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4 E. van der Maarel & J.P. Bakker

Left above: Eje Rosén, ‘promotion day’ Uppsala university, June 1982, with laurel-wreath; after obtaining his Ph.D. degree at Uppsala
University, June 1982.

Left below: Eje enjoying coffee on Gettlinge alvar, June 1989 (photo: Renate Huber);

Right above: Lunch pause on the alvar, June 1994; but Eje (left) busy with an identification; further (left to right) Graciela Rusch, Camilla
Wessberg, Dai Xiao-bing; Cecilia Dupré, Martin Sykes, Mikael Lonn & Eddy van der Maarel;

Right middle: Eje Rosén taking photographs of 1-m?2 permanent plots on the alvar, June 1994;

Right below: Eje Rosén in typical position during a course for students from Groningen University and Universitdt Oldenburg, May
2006 (photo: Roos Veeneklaas).
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Ejvind Rosén 65 years

Eddy van der Maarel!” & Jan P. Bakker!-2

1Community and Conservation Ecology Group, Groningen University, P.O. Box 14, NL-9750 AA Haren,
The Netherlands; 2E-mail j.p.bakker @rug.nl
*Corresponding author; E-mail eddy.arteco@planet.nl

Ejvind Gosta Rosén, Eje for his many friends, young and
old, was born in Gévle, the capital town of the County
of Gévleborgs 14n, north of Uppsala, an old coastal town
along the Baltic. Eje studied Biology at Uppsala University
and became a Ph.D. student at the Department of Plant
Ecology, then called Department of Ecological Botany
(Vixtbiologiska institutionen). His doctoral thesis dealt
with the dynamics of the limestone vegetation of the
Great Alvar, especially in relation to sheep grazing. His
supervisor was docent Dr. Erik Sjogren, who knew the
island from his childhood and whose father, a well-known
painter, had portrayed the scenery of the Great Alvar in
many paintings and etches. Sjogren, who continued a much
longer tradition of ecological research on Oland — which
started with the lichen research of G. Einar Du Rietz, had
studied the deciduous woodlands on Oland and stimulated
Rosén to study the open landscape.

After his PhD studies Eje continued with research on
Oland, for which he obtained the ‘docent’ degree in 1988,
comparable to the German habilitation degree, a qualifica-
tion for a professorship.

Inspired by Eje’s work, the first author who had joined
the Uppsala department in the early 1980s, decided to
build a research group on the fascinating dynamics of
the limestone grasslands; the group also included Martin
Sykes, then post-doc, now professor in Lund, who is one
of the authors to this volume. When our colleague Robert
K. Peet from Chapel Hill, NC, US suggested cooperation
in a transcontinental study of species-rich grasslands in
relation to productivity and dynamics, we decided to extend
our project and from 1984 onwards Eje was instrumental
in selecting suitable study sites and maintaining them, in
identifying the species and in putting our findings in the
broader perspective of the historical development of the
Alvar landscape in relation to livestock grazing.

Parallel to our common project on fine-scale dynamics
Eje continued and newly established permanent plot
research on scrub encroachment (notably Juniperus
communis) under reduction or temporary absence of
grazing, and on the population dynamics of rare vascular
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species known for their irregular occurrence on the alvar,
e.g. Ranunculus illyricus.

Eje used to make long seasons of field work on the
island; he lived at the Ecological Research Station of
Uppsala University (which has practically ceased to exist
as such, despite the many efforts of Eje and others). He
usually arrived in April and stayed usually until late au-
tumn, interrupted by short visits to Uppsala and excursions
elsewhere. His family spent summer holidays and shorter
periods on Oland, but Eje was separated from them for
most of the very long season.

The willingness of Eje to help colleagues and students
with their projects was proverbial. He used to visit their
research sites and give advice on the setup of descriptions
and experiments. He was similarly helpful to other guests
at the Station and he often gave slide shows on the alvar
vegetation and its rarities.

During the 1990s two new developments occurred

in the career of Eje Rosén. First the Department of Plant
Ecology extended the existing ecological field course to an
international event where the second author (who spent a
sabbatical leave at Uppsala University) participated with
students from the University of Groningen, The Neth-
erlands, and later also students from the University of
Marburg, Germany, under Prof. Peter Poschlod, and from
Lund under Prof. Honor Prentice joined the course. Honor
had started her Swedish career as a postdoc in Uppsala
where she developed genecology with particular interest in
typical alvar species; after she became a professor in Lund
she continued research and teaching and she contributes
with a paper in this volume.
Following our interest in the historical development of the
landscape in relation to ups and downs in the agricultural
management of the alvar, and possibilities for restora-
tion after bush encroachment, the Groningen department
introduced seed bank analysis in the course, and also in
new research projects. A paper in this volume is one of
the outcomes.

The ecology course was a highlight for many years
because the students (often 25 - 30) combined intensive
listening to lectures with field work and close contacts
with the teachers, including Eje.

A second development was the shift of emphasis from
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6 E. van der Maarel & J.P. Bakker

ecology of the alvar to management. This was stimulated
by a EU funded LIFE project (1996-1999), which exam-
ined the effects of grazing and scrub clearance. Valuable
information was obtained for the large-scale restoration and
management programme supported by the European Union
agri-environment schemes. Eje with his wide knowledge
of grazing and its impact on the landscape was the obvi-
ous person to get involved in research and management
plans. Many visitors and students were shown around at
new experimental sites.

One of the major outcomes of this new development,
to which Eje has greatly contributed, was the recognition
of the agricultural landscape of southern Oland as a World
Heritage. The description and justification presented by
UNESCO includes: “Human beings have lived here for
some five thousand years and adapted their way of life to
the physical constraints of the island. As a consequence,
the landscape is unique, with abundant evidence of con-
tinuous human settlement from prehistoric times to the
present day.” “The landscape of Southern Oland takes its
contemporary formfromits long cultural history, adapting
to the physical constraints of the geology and topography.
Sodra Oland is an outstanding example of human settle-
ment, making the optimum use of diverse landscape types
on a single island.”

The added list of publications witnesses E je Rosén’s
achievements in ecology and nature management and his
cooperation with many colleagues.

Finally we wish to confirm what many friends already
know: Eje’s intensive social network, particularly as an
active member of the Swedish scout movement and, last
not least, of ‘Vixtbio’, his beloved institute where his
friendship and helpfulness are legendary. Hundreds of
colleagues will remember his splendid slide performance
during the annual Christmas party at the institute which
he has presented since the 1970s.

We hope that this volume will give Eje a similar pleas-
ure as so many of his colleagues and friends have enjoyed
for so many years in their cooperation with Eje.

Major publications on the dynamics and
management of dry grasslands on Oland
(co-)authored by Ejvind Rosén

Rosén, E. & Sjogren, E. 1973. Sheep grazing and changes of
vegetation on the limestone heath of Oland. — Zoon (Upp-
sala) Suppl. 1: 137-151.

Rosén, E. 1980. Plant cover regeneration in a mechanically
disturbed limestone heath on Oland, Sweden. — Acta Phy-
togeogr. Suec. 68: 123-130

Rosén, E. 1982. Vegetation development and sheep grazing in
limestone grassland of south Oland, Sweden. — Acta Phyto-
geogr. Suec. 72: 1-104.

Krahulec, F., Rosén, E. & vander Maarel, E. 1986. Preliminary
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classification and ecology of dry grassland communities on
Olands Stora Alvar. — Nord. J. Bot. 6: 797-809.

Prentice, H.C., Rosén, E., Moberg, R. & Sjogren, E. 1988. The
dry alvar grasslands of Oland: ecological amplitudes of
plant species in relation to vegetation composition. — Acta
Phytogeogr. Suec. 76: 21-46.

Rejmanek, M. & Rosén, E. 1988. The effects of colonizing shrubs
(Juniperus communis and Potentilla fruticosa) on species
richness in the grasslands of Stora Alvaret, Oland. — Acta
Phytogeogr. Suec. 76: 67-72.

Rosén, E. 1988. Shrub expansion in alvar grasslands on Oland.
— Acta Phytogeogr. Suec. 76: 87-100.

Rosén, E. 1988. Developmentand seedling establishment within
a Juniperus communis stand on Oland, Sweden. — ActaBot.
Neerl. 37: 193-201.

Rosén, E. & Sjogren, E. 1988. Plant cover in alvar junipers on
Oland. Distribution features correlated to shrub size and
shape. — Acta Phytogeogr. Suec. 76: 101-112.

Zobel, K., Zobel, M. & Rosén, E. 1994. An experimental test
of diversity maintenance mechanisms, by a species removal
experiment ina species-rich wooded meadow. - Folia Geobot.
Phytotax. 29: 433-437.

Rosén, E. 1995. Periodic droughts and long-term dynamics
of alvar grassland vegetation on Oland, Sweden. — Folia
Geobot. Phytotax. 30: 131-140.

Bakker, J.P., Bakker, E.S., Rosén, E., Bekker, R.M. & Verweij,
G.L. 1996. The soil seed bank composition along a gradient
from dry alvar grassland to Juniperus scrubland. — J. Veg.
Sci. 7: 165-176.

Zobel, M., Suurkask, M., Rosén, E. & Pirtel, M. 1996. The
dynamics of species richness in an experimentally restored
calcareous grassland. — J. Veg. Sci. 7: 203-210

Bakker, J.P., Bakker, E.S., Rosén, E. & Verweij, G.L. 1997.
The soil seed bank of undisturbed and disturbed limestone
grassland. — Z. Okol. Natschutz 6: 9-18.

Pirtel, M., Kalamees, R., Zobel, M. & Rosén, E. 1998. Restora-
tion of species-rich limestone grassland communities from
overgrown land: the importance of propagule availability.
— Ecol. Engineer. 10: 275-286.

Pirtel, M., Kalamees, R., Zobel, M. & Rosén, E. 1999. Alvar
grasslands in Estonia: variation in species composition and
community structure. — J. Veg. Sci. 10: 561-570.

Rosén,E. & Borgegérd, S.-O. 1999. Theopencultural landscape.
— Acta Phytogeogr. Suec. 84: 113-134.

Prentice, H.C.,L6nn, M., Lager, H., Rosén, E. & vander Maarel,
E. 2000. Changes in allozyme frequencies in Festuca ovina
populations after a 9-year nutrient/water experiment. — J.
Ecol. 88: 331-347.

Rosén,E. & vander Maarel, E. 2000. Restoration of alvar vegeta-
tion on Oland, Sweden.— Appl. Veg. Sci. 3: 65-72.

Mitlacher, K., Poschlod, P., Rosén, E. & Bakker, J.P. 2002.
Restoration of wooded meadows: a comparative analysis
along a chronosequence on Oland (Sweden). — Appl. Veg.
Sci. 5: 63-73.

Rosén, E. & Bakker, J.P. 2005. Effects of agri-environment
schemes on scrub clearance, livestock grazing and plant
diversity in a low-intensity farming system on Oland, Swe-
den. — Basic Appl. Ecol. 6: 195-204.

Rosén, E.2006. Alvar vegetation of Oland—changes, monitoring
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Structure and dynamics of alvar vegetation on Oland
and some related dry grasslands: Introduction
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Historical notes

This volume contains contributions on the structure and
dynamics of dry grassland, mostly on Oland, and particu-
larly on the huge limestone area known as Stora Alvaret,
the Great Alvar. Since the early 1980s alvar ecology has
been a major research object of Vixtbiologiska institutio-
nen, the Institute of Ecological Botany (now Department
of Plant Ecology) of Uppsala University. This research
was certainly triggered by the doctoral dissertation of
Ejvind Rosén (1982) as van der Maarel & Bakker (2007)
point out in the first paper in this volume. However, eco-
logical research on Oland has a much longer tradition.
Not only the bryological-ecological studies in the decide-
ous forests of Oland by Rosén’s supervisor Erik Sjogren
(1961, 1964) mentioned in the preceding paper, but also
the study by Rosén & Sjogren (1973) can be mentioned
as a precursor. In retrospect, the latter paper, dealing with
changes of the alvar vegetation in relation to sheep graz-
ing, was in fact the starting point for all the later dynam-
ical-ecological work.

This study had its predecessors as well, and the Upp-
sala Institute has played a major part in the history of
ecological research on Oland, as Sjogren (1988b) intro-
duced in his opening paper in an earlier Special Volume
on Oland (Sjogren 1988a). In particular the detailed phy-
tosociological study of the Great Alvar by Nils Albertson
(1950) has been a source of information until the present
day. Albertson (1946) prepared his doctoral thesis at the
Uppsala department on flora, vegetation and environment
of Kinnekulle, a largely calcareous table mountain rising
above the undulated landscape south of Lake Vinern.
This area is very similar to Oland in substrate and vegeta-
tion and is often called an alvar area. Albertson’s profes-
sor was G. Einar Du Rietz, who himself (Du Rietz 1923)
published a much earlier account on the plant communi-
ties of the Great Alvar, in particular the Helianthemum
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oelandicum association, which had been described ear-
lier in Uppsala dissertations by Hemmendorf (1897) and
Witte (1906). From the same time dates the monograph
by Gosta Grevillius (1896) who made a then novel study
of the special growth forms of plants on the peculiar al-
var substrate. Much further back in the history of Upp-
sala research on Oland, Sjogren (1988b) traced a study
by Géran Wahlenberg (1821) on observations on Oland's
nature. Wahlenberg was the last professor of both botany
and medicine; after him the chair was split into botany
and medicine and towards the end of that century eco-
logical botany was recognized as a separate chair. From
Wahlenberg to Carl Linnaeus is not a big step and so we
end at the very beginning of Oland’s ecology through the
natural history of Oland reported by Linnaeus in his book
Olandic and Gotlandic Journey 1741 (Linnaeus 1745).

Linnaeus mentioned over 300 plant species for the is-
land and described briefly their morphology and habitat
conditions. Surprisingly many typical alvar species are
well characterized, most of them with at least in part the
Latin name as we know it nowadays. One of the most
interesting cases is Cistus oelandicus, observed in large
populations, on the open alvar which according to the
description must be Helianthemum oelandicum — which
is confirmed by the London Natural History Museum in
its ‘Linnean typification project’ (see the website of this
museum). From this habitat are also mentioned Festuca
ovina and crustaceous lichens, exactly as the situation is
today. Other spectucalar alvar species, e.g. Globularia
(‘rare in Europe’) and Potentilla fruticosa are mentioned
as well.

The well-known ‘Avenetum’ with its remarkable rich-
ness was not recognized as a vegetation of its own but
Avena pratensis and Veronica spicata and many orchid
species are reported all right.

Acta Phytogeogr. Suec. 88



8 E. van der Maarel

Phytosociology

Following the old research line from Du Rietz (1923),
Albertson (1950) to Krahulec et al. (1986), it is logical to
start the six papers following in this special volume with
the paper by Swante Lobel & Jiirgen Dengler (2007), who
studied the dry grassland vegetation on southern Oland
in much greater detail than earlier while they included
areas outside the Great Alvar. Albertson’s study was also
very detailed, but in his approach which followed the old
‘Uppsala school’, very small sample plots of 0.25 m?2
were used, which is insufficient to get a realistic descrip-
tion of the composition of taller vegetation. Albertson
himself explained that his quadrats were too small, but
in his view sufficient for the low moss- and lichen domi-
nated open alvar vegetation. Krahulec et al. (1986) used
the Braun-Blanquet approach, with larger plots and more
and representatively chosen sample plots. They covered
only part of the variation on the Great Alvar with ca. 60
relevés and additional soil analyses. These were numeri-
cally classified and ordinated which resulted in the dis-
tinction of four community types.

Inthesame way Lobel & Denglermademorethan450
relevés completed by microtopography and soil analyses
and were able to distinguish no less than 15 associations
or equivalent units which they assigned to three major
syntaxa, the subclasses Koelerio-Corynephorenea and
Sedo-Scleranthenea (already treated in earlier separate
studies: Dengler & Lobel 2006; Dengler et al. 2006) and
the class Festuco-Brometea. Whereas the first category
comprises impoverished variants of widely distributed
syntaxa, all Sedo-Scleranthenea and Festuco-Brometea
communities lack direct counterparts in central Europe.
The alvar communities proved to be floristically well
separated from the others. All species endemic to Oland,
Oland + Gotland and Oland + some more geographically
and ecologically related areas, find their place in the new
syntaxonomical system, most of them as association-
characteristic species. According to their ordination re-
sults soil depth and moisture content were the main fac-
tors differentiating the three main community groups.

Species richness

Lobel & Dengler also followed another line of research,
that of species richness on very small plots within several
alvar plant communities. Such studies had been started
on Oland in 1985 by Ejvind Rosén & Eddy van der Maar-
el (van der Maarel 1988; Rejmanek & Rosén 1988) and
were included in an international research project on spe-
cies diversity on different scales in species-rich commu-
nities in relation to soil nutrient status (Peet et al. 1990;
Sykes et al. 1994). In these studies it was discovered that
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in the Veronica spicata-Avenula pratensis community
fine-scale species richness (on plots of 10 to 100 cm?)
was very high and moreover did the species composition
on these small plots change considerably from year to
year. This high within-community species mobility was
interpreted with the help of the carousel model which
suggested that most of the species would move around in
the community and would reach virtually all microplots
in the long run (van der Maarel & Sykes 1993).

Lobel & Dengler analysed species richness in nest-
ed plots of 10 sizes from 1 cm?2 up to 9 m?, within and
around the phytosociological sample plots. They found
similar high species numbers on small plot sizes as van
der Maarel & Sykes (1993) did, for instance a maximum
of 25 species on 0.01 m2 Their results for the standard
size of the sample plots, 4 m2, were higher than compara-
ble figures for the Avenetum obtained so far. The highest
values were found in the Gypsophila fastigiata-Globu-
laria vulgaris association with 80 taxa. This is one of the
highest values known in the world.

Lobel & Dengler (2007) mention harsh and variable
conditions, small plant sizes and a large local species
pool as possible causes of fine-scale species richness.
From earlier work in the Avenetum including fertilization
and irrigation experiments we know that a low nutrient
status and irregularly occurring summer droughts, and
the resulting low stature of vascular plants and abun-
dance of mosses and lichens, are important prerequisites
for species richness (Huber 1994, 1999). The continuous
creation of small gaps through small-scale disturbances,
notably herbivore trampling and dung deposition, has
been demonstrated as another important factor (Rusch &
van der Maarel 1992; Rusch & Fernandez-Palacios 1995,
Dai 2000).

Species richness is also the main topic of the next
paper in this volume by Aveliina Helm, Pille Urbas &
Meelis Pirtel. This contribution continues the coopera-
tion between the Uppsala and Tartu plant ecology depart-
ments on the topic of alvar ecology, concentrated in the
beginning on the concept of species pool (species reser-
voir as I prefer to call it). Based on own as well as other
papers (notably Eriksson 1993) the concept was further
established and differentiated into regional, local and
community species pool (Pirtel et al. 1996; Zobel 1997;
Zobel et al. 1998). Also the idea of filtering was elabo-
rated: the community pool is a selection of the larger pool
around the local community mainly based on habitat pref-
erences. The determination of the regional species pool
for alvar communities was elaborated by Dupré (2002)
by selecting species with (1) similar Ellenberg indicator
values as the species in the target community and (2) a
similar phytosociological position. Helm et al., compar-
ing species richness and species characteristics of dry
alvar grassland communities on the islands of Saaremaa
(Estonia) and Oland (Sweden), considered that so-called
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core species in the species pool — with a high frequency
of occurrence in the data set — would behave different
from the low-frequency satellite species. There were no
significant differences in the sizes of the community spe-
cies pool and a-diversity between the two regions. There
was a strikingly similar number of core species, while the
number of satellite species was much higher for Saare-
maa. Per site, there were significantly more satellite spe-
cies in Saaremaa than on Oland. Average potential height
of plants was significantly larger on Estonian alvars indi-
cating better soil conditions there. This is also expressed
in the higher demand for soil moisture and lower demand
for light of species from Saaremaa alvars. Core and satel-
lite species had similar differences in their environmen-
tal demands in both regions: satellite species preferred
higher soil nutrient content and more soil moisture than
core species.

Species turnover and mobility

The high species turnover and species mobility within
the community as related to continuous gap formation
in alvar grasslands as suggested by van der Maarel &
Sykes (1993, 1997) was elaborated in various studies by
Graciela Rusch (Rusch 1992; Rusch & van der Maarel
1992; Rusch & Fernandez-Palacios 1995) and Renate
Huber (1994, 1999). Rusch indicated especially the need
of small gaps forregeneration from seed in the Avenetum.
Huber studied species turnover in very small to small
plots in relation to changes in environmental conditions.
Inthe third paper in this volume, Huber & van der Maarel
(2007) repeat the set-up of the experiments and quantify
turnover measures. Nutrient and water supply, light avail-
ability and removal of biomass were manipulated in an
alvar dry grassland on Oland from 1990 to 1993 in order
to investigate how these factors influence species rich-
ness and year-to-year turnover at fine scales. Turnover
was broken down into disappearance (‘extinction’) and
appearance (‘immigration’) of vascular plant species and
was measured at different spatial scales in plots ranging
from 4 cm? to 0.25 m2,

For most treatments, turmover was highest at the fin-
est scale, both measured as absolute and relative numbers.
Turnover rate increased at all scales when the weatment im-
plied such a change in the environment, where application
of fertilizer was combined with shading. In these cases, dis-
appearance of species largely exceeded appearance in a pre-
dictable manner, and resulted in species-poor assemblages
at all scales. In plots treated with either fertilizer or shade,
there were large differences in the direction of the tunover
(i.e. whether immigration or extinction dominated) between
years, apparently depending on the weather conditions in the
respective year. After drought spells total turnover was also

high for such treatments, whereas plots regularly receiving
additional water had rather similar turnover rates during the
whole experiment.

In the starting paper on small-scale species dynamics
van der Maarel & Sykes (1993) approached the year-to-
year changes in various ways. The following contribu-
tion to the volume by Kathrin Studer & David Newbery
(2007) refers to a geographically different but still quite
similar Mesobrometum calcareous grassland in the Swiss
Jura and fits very well in this volume. In this case the
community dynamics were investigated in 25 1-m? plots
where 50 0.01-m?2 subplots per plot were recorded over 6
years. Data are presented for 53 non-woody species and
the variables were spatial frequency, temporal frequency,
frequency fluctuation, turnover, and cumulative frequen-
cy (each species), and cumulative species richness (all
species).

Spectra for all species and all variables were differ-
ent for the two investigated spatial scales (0.01 m? and 1
m?). The comparison with other investigations of similar
grasslands showed that the behaviour of some species is
specific for this type of vegetation in general (e.g. Achil-
lea mille folium, Arrhenatherum elatius, Bromus erectus),
but most species behaved in a stand-specific way, i.e.
they may play another (similar or completely different)
role in another grassland stand. Six spatio-temporal pat-
terns were defined across species. One conclusion is that
in order to understand community dynamics, not only the
dynamics of mobility, but also of frequency fluctuations
and spatial distribution of the species are fundamental.

Studer & Newbery also present a typology of species
mobility types after comparing the systems of Herben et
al. (1993) and van der Maarel (1996).

Dynamic ecology and management

Although management aspects have been part of the al-
var ecology projects from the beginning (e.g. Rosén &
Sjogren 1973; Rosén 1980), during the 1980s both the
knowledge of the ecological basis of alvar management
and the need for management and restoration increased.
Under reference to the preceding tribute to Eje Rosén
(van der Maarel & Bakker 2007) the experience, im-
agination and openness to new developments of Eje has
been seminal in the development of alvar management.
Important management aspects include:

1. Adaptation of grazing pressure in order to obtain
optimal diversity of alvar grasslands in relation to (a)
overgrazing and resulting reduction of biomass and di-
versity (e.g. Rosén 1982; Titlyanova et al. 1988), and (b)
reduced grazing resulting in encroachment of Juniperus
and Potentilla fruticosa (e.g. Rosén 1988a, Rejmanek &
Rosén 1988).
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2. Restoration of alvar grasslands through clearance
of Juniperus scrub and subsequent re-introduction of
grazing (e.g. Rosén 1988b), in which the availability of
propagules has become a key issue (e.g. Partelet al. 1998)
which is a matter of seedbank availability (e.g. Bakker et
al. 1997) and of dispersal (e.g. Mitlacher et al. 2002).

3. Integration of alvar grasslands in a wider frame-
work of ancient agricultural landscapes (the ‘open cultur-
al landscape’ of Rosén & Borgegérd 2002) (e.g. Poschlod
& WallisDeVries 2002; Rosén & Bakker 2005).

The final two papers in this volume deal with features
of the third aspect. In the contribution of Jan P. Bakker,
Ejvind Rosén & Karin Steg (2007) the starting point is
that alvar grasslands have formed and locally still form a
mosaic with (low-productive) agricultural fields and that
in the course of history fields were often abandoned. The
question is which alvar species would return spontane-
ously on these fields and in which speed. In the past, ar-
able fields were established locally on the alvar at the
northern side of the Great Alvar near an abandoned vil-
lage. For this purpose a series of arable fields was se-
lected forming a chronosequence from still cultivated, ca.
20 years abandoned, ca. 50 years abandoned, and never
cultivated. Species of man-influenced habitats gradu-
ally disappeared from the former arable fields, but a few
persisted after 50 years. A group of alvar species had re-
established after 20 years, but others did not re-establish
even after 50 years of abandonment, although those spe-
cies are present in the local species pool.

The final paper by Honor C. Prentice, B. Olle Jon-
sson, Martin T. Sykes, Margareta Thse & Merit Kind-
strom (2007) deals with fragmented grasslands in an area
around a village at the northern edge of the Great Alvar.
These grasslands have a different history and position in
the landscape. The site will provide an arena for future
investigations of the relationships between present-day
species diversity and gene diversity and the spatial prop-
erties of the present and past landscapes. The interest is
on the occurrence of individual vascular plant species in
relation to grassland continuity and previousland use, and
the dominant gradients of soil moisture and eutrophica-
tion. This part of the work is based on an earlier study by
Bengtsson et al. (1988). Gen diversity has already been
shown to be an interesting topic as far as alvar species are
concerned (Prentice et al. 2000). Because relationships
between grassland age and plant community composition
are confounded by local grassland eutrophication, it ap-
peared to be difficult to use the present grassland data
set to draw conclusions about the extent to which the
distributions of individual species reflect a long history
of continuous grassland management or an absence of
eutrophication.
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Retrospect and perspective

In these various contributions most of the actual themes
in the plant community research of dry grasslands have
been touched upon. In addition just two out of several
lines of research will be added. No contribution dealt
specifically with the topic of species traits, character-
istics of plant species which can be used in addition to
the quantification of habitat requirements in order to un-
derstand the dynamic behaviour of alvar species. In the
papers in this volume attention was largely restricted to
growth form and Ellenberg indication values. Neverthe-
less the topic of species traits has formed an intrinsic part
of alvar research starting with van der Maarel (1988) and
continuing with Dupré & Diekmann (2001) and Dupré &
Ehrlén (2002). In the latter paper deciduous woodlands
on Oland were included. Indeed, ideas on small-scale
species dynamics and species traits have also been inves-
tigated in woodlands, in particular by Camilla Wessberg
(Dupré et al. 2002), which resulted among other things in
the confirmation of the significance of the species pool
hypothesis.

Another extension remained within the domain of
alvar grasslands but focussed on the role of bryophytes
in the development of ‘pattern and process in the plant
community’ (Watt 1947; van der Maarel 1996). Manuela
Zamfir studied at different scales the relation between
bryophytes and vascular plants in community dynamics
(Zamfir et al. 1999) and the role of species interactions
(Zamfir & Goldberg 2000).

All in all the dry grasslands and more generally the
alvar vegetation of Oland has inspired many ecologists
to work on the island and to combine field work in this
unique environment with all kinds of theoretical studies.
For more than 100 years Uppsala University has been
a centre for this work. The old Plant Biology Institute,
made a world-known institute by professors Rutger Ser-
nander and G. Einar Du Rietz has ceased to exist as such
and the Ecological Research Station on Oland, founded
by the entomology professor Bertil Kullenberg and ap-
proaching its 50th anniversary is no longer a centre of re-
search, even if it is still a basis for field courses and field
studies. Nevertheless, more publications from the old
Uppsala team on the work in the 1990s and 2000s are in
preparation. Meanwhile Lund University has taken over
a more active role in community research on Oland.

In conclusion, not only our ecosystems but also our
research and research organizations are in a continuous
process of dynamics. Institutes arise and disappear, re-
searchers retire, but research will always continue.
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Abstract

We studied dry grassland vegetation on southern Oland,
both within and outside the Great Alvar, using the Braun-
Blanquet approach. We were able to distinguish 15 as-
sociations or equivalent units belonging to three major
syntaxa. Dry grasslands on sandy soils (class Koelerio-
Corynephoretea; subclass Koelerio-Corynephorenea)
occurred along the east and west coasts. Weathered rock
and outcrop communities (class Koelerio-Coryne phoretea,
subclass Sedo-Scleranthenea) inhabited shallow skeletal
soils, mainly on the Great Alvar. Semi-dry basiphilous
grasslands of the class Festuco-Brometea occurred on
moraine soils, which were the least extreme in terms of
soil moisture and nutrient availability. Whereas the first
category comprises impoverished variants of widely
distributed syntaxa, all Sedo-Scleranthenea and Festuco-
Brometea communities lack direct counterparts in central
Europe. The alvar communities proved to be floristically
well separated from the others. Species density on 4 m? was
highest in the Sedo-Scleranthenea (that of the Gypsophilo
fastigiatae-Globularietum vulgaris with 80 taxa being
one of the highest known), intermediate in the Festuco-
Brometea, and lowest in the Koelerio-Corynephorenea.
Harshand variable conditions,smallplantsizes, and a large
local species pool are considered possible causes.

Keywords: Alvar; Biodiversity; Environmental condition;
Festuco-Brometea;, Koelerio-Corynephorenea; Sedo-
Scleranthenea; Species richness; Syntaxonomy

Nomenclature: Vascular plants: Tutin et al. (1968-1993);
Allium schoenoprasum var. alvarense and Silene uniflora
ssp. petraea: Jonsell & Karlsson (2004); Mosses: Hill et
al. (2006); Liverworts: Grolle & Long (2000); Lichens:
Santesson et al. (2004).
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Introduction

Since the first visit of Carl von Linné in 1741, Oland has
been known for its unique vegetation and outstanding
flora. Four vascular plant species (Artemisia oelandica,
Festuca oelandica, Galium oelandicum and Hieracium
xdichotomum) and several infraspecific taxa (e.g. Allium
schoenoprasum var. alvarense, Crepis tectorum ssp.
pumila, Helianthemum oelandicum ssp. oelandicum, Silene
uniflora ssp. petraea) are considered endemic to Oland
or Oland and Gotland (Rosén 1982; Jonsell & Karlsson
2004). However, Dengler & Boch (2007) found three of
these taxa also on alvar sites of the island of Saaremaa,
Estonia. Further plant species reach the limits of their geo-
graphic range, or occur as outliers on Oland (e.g. Rosén &
Borgegéard 1999). In central Europe, many of the species
of this latter category characterise different dry grassland
syntaxa,and one wonders whether these communities also
occur on Oland.

Studies aiming to classify dry grassland communities
in northern Europe are rare, and their results controversial
(e.g. Braun-Blanquet 1963; Hallberg 1971; Westhoff et
al. 1983; Krahulec et al. 1986; DierBen 1996; Dengler &
Lobel 2006; Dengler et al. 2006a, b). In northern Europe,
generally few attempts have been made to develop supra-
regional, hierarchical classifications of vegetation types
(cf. Lawesson et al. 1997). One usually relies on informal
classifications that are not backed up by vegetation tables
(e.g. Pahlsson 1999).

Like many other Scandinavian vegetation types, dry
grasslands proved to be difficultto assign to higher units of
the phytosociological system. Many diagnostic species are
missing in northern Europe, whilst at the same time char-
acter species different syntaxa frequently occur together
(e.g. Diekmann 1995, 1997). The poor characterisation
of Nordic vegetation types and the lack of a formal clas-
sification cause problems since the EU legislation (e.g. the
Habitats directive) is largely based on phytosociological
units.

Acta Phytogeogr. Suec. 88
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On Oland, dry grassland communities have mainly been
studied and described from the Great Alvar, especially by
Albertson (1950), Krahulec et al. (1986), and Bengtsson et
al. (1988). Krahulec et al. (1986) provided the first modern
and comprehensive classification of dry grassland types
of the Great Alvar (except the open moss and Sedum
communities). They distinguished four associations and
discussed their position in the phytosociological system
but refrained from validly describing these new units.
Knowledge about dry grasslands outside of the Great
Alvar is limited (e.g. Ammar 1978). However, species
distribution maps (Sterner & Lundquist 1986) suggest that
some of the alvar communities and other dry grassland
types may also occur inother parts of the island. Very little
was known about dry grasslands on sandy soils (subclass
Koelerio-Corynephorenea), even though these are quite
interesting from a phytogeographical point of view.

We studied the dry grassland vegetation in the north-
ern part of southern Oland, including dry grasslands
on sandy soils (Koelerio-Corynephorenea), weathered
rock and outcrop communities (Sedo-Scleranthenea) and
basiphilous grasslands (Festuco-Brometea). In the central
part of the study area, where the Great Alvar is located, the
limestone bedrock is only partly covered by a thin layer of
quaternary deposits. Lime-poor moraine soils interchange
with residual soils of varying thickness originating from
the limestone bedrock. Shallow, weathered soils also
occur in the smaller alvar areas on the east coast. Along
the Western Landridge, soils are characterised by coarse
gravel originating from ancient shorelines. Glacifluvial
deposits form sandy soils along the west coast and in the
northeastern part of the study area (Sterner & Lundquist
1986).

The aims of our study are (1) to characterise and
compare all dry grasslands types that occur within the
study area, both floristically and ecologically, (2) to as-
sign them to units of the phytosociological system and to
discuss their differentiation on Oland and in comparison
with other regions, and (3) to document and discuss their
differences in species richness patterns.

Methods
Vegetation sampling

During spring and summer 2001, we made 469 phy-
tosociological relevés of dry grassland vegetation in the
northern part of southern Oland. The villages Férjesta-
den and N Mockleby mark the northern, and Morbylanga
and Alby the southern border of our investigation area
(see Fig. 1, below). Dry grassland areas were identified
using topographical, geological and species distributions
maps (Sterner & Lundquist 1986). Within the areas, sample
plots were subjectively chosen according to homogeneity
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criteria. We tried to select sample plots that represent the
local variation of community types.

Sample plots were 4 m? in size throughout; this size is
a compromise between the usually very small plots (1 m?
or less) used by many Nordic scientists (e.g. Albertson
1946, 1950) and the sizes suggested for dry grasslands in
phytosociological textbooks (e.g. Dierfien 1990). Uniform
plot sizes are important for the determination and compari-
son of many characteristics of communities, e.g. species
richness, constancy values and thus fidelity of species (e.g.
Dengler 2003; Dengler etal. in press).

All vascular plant, bryophyte, andlichen species (with
the exception of epilithic crustose lichens) were identi-
fied in the field, or if necessary taken into the laboratory.
Abundance was estimated according to the Braun-Blanquet
cover-abundance scale in the modified version of Wilmanns
(1998). This scale closely resembles that of van der Maarel
(2005) but draws the limitbetween 2a and 2b at 15% instead
of 12.5%. All relevés and their precise position data are
available in Lobel (2002).

Additionally, species-area analyses were carried out
in 31 representative stands representing the five associa-
tions on the Great Alvar to be described below. We used a
nested-plot design and arranged the subsequent plot sizes
(0.0001 m?, 0.004 m2, 0.009 m2, 00025 m2, 0.01 m?,
004 m2 0.09 m2, 025 m2, 1 m? 4 m? and 9 m?) in a
spiral so that the smallest plot was situated in the centre
of the largest. All plants ‘rooted’ in the respective plots
were recorded (grid-point system of Williamson 2003).

Structural and soil parameters

For each plot, several environmental and structural
parameters were recorded. Soil depth (cm), micro
-topography (cm), cover of bare rocks (%) as well as
total and group-specific cover of vegetation (%) were
determined in the field. We took a mixed soil sample
of the uppermost layer (0-10 cm) at different points of
each plot. The samples were dried at 105 °C. For each
sample, the soil pH was measured with a pH electrode
(WTW). In 130 soil samples, we also determined the
content of organic matter (mass %) as loss at ignition
(905 °C) corrected for calciumcarbonate.

Mean moisture-values (F-values) according to El-
lenberg et al. (1991) were calculated for each relevé,
weighting species by the mean coverage (%) that cor-
responds to their respective cover-abundance value.

Phytosociological classification

The phytosociological classification was undertaken ac-
cording to the consistent application of the Braun-Blanquet
approach proposed by Dengler (2003; see also Dengler
et al. 2005). Important aspects of this approach are the
objective definition of character and differential species,



and the possibility to describe one ‘central syntaxon’ within
each syntaxon of superior rank. The central syntaxon is
characterised by the diagnostic species of the syntaxonomic
level(s) above, although it may have insufficient or no
character species of its own. The validity of character spe-
cies is limited to the distribution range of the next higher
syntaxon (see also Bergmeier et al. 1990).

We mainly follow the classification scheme of dry
grassland types proposed by Dengler (2004a, b), which
is based on the evaluation of vegetation data from large
parts of Europe. For the basiphilous rock and outcrop
communities we adopt the results of our own supraregional
study (Dengler & Lobel 2006; Dengler et al. 2006a). The
nomenclature of the syntaxa follows the International Code
of Phytosociological Nomenclature (Weber et al. 2000).

Ordination

Ordinations were undertaken using Detrended Corres-
pondence Analysis (DCA, Hill & Gauch 1980) with
detrending by segments. Three different floristic datasets
were ordinated: (1) all species, (2) vascular plants only,
and (3) cryptogams only. In addition, we analysed relevés
assigned to the three different dry grassland (sub-)classes
separately. We used mean species cover (%) in the analyses.
Neither down-weighting of rare species nor transforma-
tion was applied. Ordinations were performed using the
program CANOCO 4.51 (ter Braak & Smilauer 2002),
and ordination plots were created with CANOCO Draw
4.1 (ter Braak & Smilauer 2002).
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Results

Phytosociological classification and floristic charac-
terisation

Table 1 lists the 15 plant communities distinguished, their
valid names and their assignment to higher syntaxonomic
units. For details of the nomenclature and synonyms,
see Dengler et al. (2003, 2006), Dengler (2004a, b) and
Dengler & Lobel (2006). In the text, we do not mention
author citations of these syntaxa. In Table 1, the associa-
tions are also linked to the units of the Nordic vegetation
classification (Pahlsson 1999).

In the synoptic table (see App. 1), we present species
constancy values for all associations and for the three differ-
ent dry grassland (sub-)classes. Character and differential
species areindicated by shading. Fig. 1 shows the distribu-
tion of stands assigned to the various communities.

Plates 1, 2, and 3 show typical representatives of the
main groups: Koelerio-Corynephorenea, Sedo-Scleran-
thenea and Festuco-Brometea.

Differentiation of the dry grassland (sub-)classes

The diagram of the ordination of all relevés of the first
two DCA axes (Fig. 2) reveals aclear floristic distinction
between the relevés of the three main groups, Koelerio-
Corynephorenea, Sedo-Scleranthenea, and Festuco-
Brometea. Separate DCA analyses of vascular plants and

Community

s Crepido-Allietum

%  Fulgensio-Poetum

® Helianthemo-Galietum

*  Gypsophilo-Globutarietum
+  Sedo-Cladonietum

>

Corn.-Corynephoretum

B Airetum praecocis

® Festucetum polesicae

®  Helichryso-Jasionetum

< Diantho-Armerietum

® Sileno-Festucetum

& Phieum bertolonii-comm.

o \eronico-Avenetum

@ Trifolium montanum-comm.
¢  Adonis vernalis-comm.

o

12 4 -] 8 10
Kilometres

Fig. 1. Investigation area with locations of all sample plots. Dry grasslands on sandy soils (Koelerio-Corynephorenea) are restricted
to the coastal areas; the Sileno-Festucetum also occurs on the Western Landridge. All weathered rock and outcrop communities (Sedo-
Scleranthenea) except the Sedo-Cladonietum only occur in the alvar areas. The Phleum bertolonii-Saxifraga granulata community
occurs in the smaller alvar areas along the east coast, whereas the Veronico-Avenetum is restricted to quaternary deposits on the Great
Alvar. The other semi-dry basiphilous grassland communities (Festuco-Brometea) occur in the central parts of the island.
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Table 1. Syntaxonomical classification of the dry grassland communities of southern Oland. The corresponding units in
the Nordic vegetation classification of P&hlsson (1999) are given in square brackets. Since this source lacks vegetation
tables, the assignments are based on the verbal descriptions only.

Class: Koelerio-Corynephoretea Klika in Klika & Novdk 1941

Subclass: Koelerio-Corynephorenea (Klika in Klika & Novak 1941) Dengler in Dengler et al. 2003

Order: Corynephoretalia canescentis Klika 1934 (central order)
Alliance: Corynephorion canescentis Klika 1931

Al - Corniculario aculeatae-Corynephoretum canescentis Steffen 1931 nom. invers. propos. [5.5.3.1a — Agrostis vinealis-Corynephorus

canescens-variant]
Order: Thero-Airetalia Rivas Goday 1964
Alliance: Thero-Airion Tx. ex Oberd. 1957

A2 — Carici arenariae-Airetum praecocis Westhoff et al. 1962 nom. invers. propos. (central association) [5.3.1.1c — Aira praecox-Sedum

anglicum-variant]
Order: Trifolio arvensis-Festucetalia ovinae Moravec 1967
Alliance: Armerion elongatae Potsch 1962

A3 - Diantho deltoidis-Armerietum elongatae Krausch ex P6tsch 1962 nom. cons. propos. [5.2.1.3 — Festuca ovina-Pleurozium schreberi-
type; 5.4.1.2a — Festuca ovina-Armeria maritima-variant; 5.5.3.1 — Agrostis vinealis-Rumex tenuifolius-type]
Ad - Sileno otitae-F estucetum brevipilae Libbert 1933 corr. Kratzert & Dengler 1999 nom. invers. propos. (central association) [5.4.1.2 —
Festucaovina-Lychnis viscaria-type; 5.4.1.7c — Avenula pratensis-F estuca stricta-variant]

Order: Sedo acris-Festucetalia Tx. 1951 nom. invers. propos.
Alliance: Koelerion glaucae Volk 1931

AS — Helichryso arenarii-Jasionetum litoralis Libbert 1940 (central association) [5.5.3.1a— Agrostis vinealis-Corynephorus canescens-

variant]

A6 — Festucetum polesicae Regel 1928 [5.5.3.2 — Koeleria glauca-type]
Subclass: Sedo-Scleranthenea (Br.-Bl. 1955) Dengler in Dengler et al. 2003

Order: Alysso alyssoidis-Sedetalia Moravec 1967

Alliance: Tortello tortuosae-Sedion albi Hallberg ex Dengler & Lobel 2006

Suballiance: Tortello tortuosae-Sedenion albi (Hallberg ex Dengler & Lobel 2006) Dengler & Lobel 2006 (central suballiance)

B1 - Cladonio symphycarpiae-Sedetum albi Tx. 1951 nom. invers. propos. (central association) {5.3.2.1 — Sedum album-Tortella spp.-type]
Suballiance: Tortello rigentis-Helianthemenion oelandici Dengler & Lobel 2006

B2 — Crepido pumilae-Allietum alvarensis Krahulec et al. ex Dengler & Lobel 2006 [5.3.2.1 — Sedum album-Tortella spp.-type]

B3 — Fulgensio bracteatae-Poetum al pinae (Albertson 1950) Dengler & Lobel 2006 [5.3.2.1 — Sedum album-Tortella spp--type]

B4 - Helianthemo oelandici-Galietum oelandici Krahulec et al. ex Dengler & Lobel 2006 (central association) [5.3.2.2 — Festuca

ovina-Tortella spp.-type]

BS5 — Gypsophilo fastigiatae-Globularietum vulgaris Krahulec et al. ex Dengler & Lobel 2006 [5.3.2.2 — Festuca ovina-Tortella spp.-type]

Class: Festuco-Brometea Br.-Bl. & Tx. ex Klika & Hadac1944
Order: Brachypodietalia pinnati Korneck 1974

Alliance: Filipendulo vulgaris-Helictotrichion pratensis Dengler & Lobel in Dengler et al. 2003 (cenwral alliance)
C1 - Phleum bertolonii-Saxifraga granulata community [5.4.1.2 — Festuca ovina-Lychnis viscaria-type; 5.4.1.7 — Avenula pratensis-

Fragariaviridis-Filipendula vulgaris-type]

C2 - Veronico spicatae-Avenetum Krahulec et al. 1986 nom. inval. [5.4.1.7b — Avenula pratensis-Veronica spicata-variant]
C3 - Trifolium montanum-Medicago falcata community [5.4.1.7 — Avenula pratensis-Fragaria viridis-Filipendula vulgaris-type]
C4 - Adonis vernalis-Ononis arvensis community [5.4.1.7 — Avenula pratensis-Fragaria viridis-Filipendula vulgaris-type]

cryptogams (not shown) gave very similar results. The
Pearson correlation coefficients of sample scores on the
first and second axes were high and significant at P <0.05
(r,=0.862 and r, = — 0.686).

Species differentiating the Koelerio-Corynephorenea
from both the Sedo-Scleranthenea and the Festuco-
Brometea are mainly species confined to sandy, unstable
soils such as Corynephorus canescens, Carex arenaria,
Jasione montana and the slightly acidophilous mosses
Ceratodon purpureus and Brachythecium albicans. Other
species, e.g. Thymus ser pyllum ssp. serpyllum, Festuca
ovina, and Cladonia rangiformis, which in central Europe
are restricted to the Koelerio-Corynephorenea (e.g. Berg
et al. 2001, 2004), show a wide amplitude on Oland, and
occur in all three major syntaxa of dry grasslands. The
same is true for some typical Festuco-Brometea taxa, e.g.
Abietinella abietina.

Sedo-Scleranthenea communities on Oland are char-
acterised by several acrocarpous bryophytes, especially
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Tortella spp., Encalypta spp., Didymodon spp., and Ditri-
chumflexicaule as well as several epilithic lichens. Charac-
teristic vascular plants are Sedum album and several small
therophytes, e.g. Arenaria serpyllifolia, Erophila verna,
Hornungia petraea, and Saxifraga tridactylites. Similarly
confined to weathered rock and outcrop communities
are the assumed island (Baltic) endemics Helianthemum
oelandicum ssp. oelandicum, Allium schoeno prasum var.
alvarense, Festuca oelandica and Crepis tectorum ssp.
pumila.

The Festuco-Brometea communities are characterised
by many mesophilous species. Typical taxa are Filipendula
vulgaris, Veronica spicata, Helianthemum nummularium,
and Asperula tinctoria. Many Festuco-Brometea character
species, however, also occur in the Sedo-Scleranthenea,
e.g. Anthyllis vulneraria, Medicago lupulina, and Homa-
lothecium lutescens.



DCA axis 2

Fig. 2. Ordination diagram with axes 1 and

2 of Detrended Correspondence Analysis;

eigenvalues: 0.608 and 0.442. Floristic 1
relationships between dry grassland communities

belonging to the Koelerio-Corynephorenea,
Sedo-Scleranthenea, and Festuco-Brometea

are revealed. In addition, correlations of the

DCA axes with important environmental and

structural variables are indicated.

Dry grasslands on sandy soils:
Koelerio-Corynephorenea

In the study area, Koelerio-Corynephorenea communities
occur exclusively on sandy soils outside the Great Alvar.
Even though some ‘Oland specialities’ can be found in these
stands, the communities all fit well in widely-distributed as-
sociations. We distinguish six such associations (Fig. 3).

The few relevés of the Corniculario aculeatae-Co-
rynephoretum canescentis are only poorly characterised.
Corynephorus canescens dominates the field layer, but the
ground layer is poorly developed. The Carici arenariae-
Airetum praecocis is characterised by Aira praecox and
differentiated towards other associations by Polytrichum
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Jjuniperinum. Floristically, the community connects the
Corniculario aculeatae-Coryne phoretum canescentis and
the communities of the Armerion elongatae. The associa-
tions of the latter alliance are characterised by Peltigera
canina, and differentiated by Trifolium campestre, Festuca
brevipila, and Allium vineale. The Diantho deltoidis-
Armerietum elongatae includes the characteristic Dianthus
deltoides and Armeria maritima ssp. elongata. The Sileno
otitae-F estucetum brevipilae (Plate 1, p. 19) is mainly nega-
tively characterised, but is differentiated by a high number
of basiphilous species. The communities of the Koelerion
glaucae are characterised by a rather strong continental
element and a rich fruticose lichen flora. The Festucetum
polesicae contains the character species Koeleria glauca

DCA axis 2

Fig. 3. Ordination diagram with axes 1 and 2
of Detrended Correspondence Analysis of the 11
Koelerio-Corynephorenea relevés; eigenvalues:
0.471and 0.350. Floristic relationships between
the dry grassland communities in this subclass
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Fig. 4. Ordination diagram with axes 1 and
2 of Detrended Correspondence Analysis of
the Sedo-Scleranthenea; eigenvalues: 0.431
and 0.322. Floristic relationships between the
dry grassland communities of this subclass
are revealed. In addition, correlations of the
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and Festuca polesica. The Helichryso arenarii-Jasionetum
litoralis has no species that characterise it specifically,
but it is separated from the Festucetum polesicae by the
occurrence of several mesophilous species, e.g. Festuca
rubra.

Weathered rock and outcrop communities:
Sedo-Scleranthenea

We distinguish five associations belonging to the Sedo-
Scleranthenea (Fig. 4) (for details see Dengler & Lobel
2006; Dengler et al. 2006a).

DCA axes with important environmental and
structural variables are indicated.

The Crepido pumilae-Allietum alvarensis is character-
ised by Crepis tectorum ssp. pumila and the continental
Artemisia rupestris. The field layer is often dominated by
the graminoids Agrostis stolonifera, Festuca ovina, and
Festuca oelandica. Several taxa indicating loamy soils
such as Prunella vulgaris, Saginanodosa, and Leontodon
autumnalis as well as some rich fen mosses characterise
this association. The Fulgensio bracteatae-Poetum alpinae
is characterised by its rich cryptogam flora, especially the
crustose lichen species Fulgensia bracteata, F. fulgens,
Moycobilimbialurida, and Toninia sedifolia. Sedum album
is the dominating vascular species; in addition, several
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il DCA axis 1 DCA axes with important environmental and
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Plate 1. Sileno otitae-F estucetumbrevipilae
(class Koelerio-Corynephoretea;, subclass:
Koelerio-Corynephorenea) at the Western
Landridge with Festuca trachy-phylla,
Sedum acre,and Plantago lanceolata (photo:
J. Dengler, June 2001).

Plate 2. Helianthemo oelandici-Galietum
oelandici (class Koelerio-Corynephoretea;
subclass: Sedo-Scleranthenea) on the Great
Alvar with Helianthemum oelandicum
ssp. oelandicum, Sedum album, Allium
schoenoprasum var. alvarense, Cerastium
pumilum, Erophila verna, and the lichen
species Thamnolia vermicularis (photo: J.
Dengler, June 1994).

Plate 3. Veronica spicatae-Avenetum (class:
Festuco-Brometea) on the Great Alvar with
Filipendula vulgaris, Avenula pratensis,
Festuca ovina, Asperula tinctoria, and
Dianthus deltoides (photo: J. Dengler, June
2001).

Dry grassland communities on southern Oland 19
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small therophytes colonise the moss cushions. Poa alpina
separates this community from the others.

Amongst the flowering plants of the Helianthemo
oelandici-Galietum oelandici (Plate 2, p. 19), Helianthe-
mum oelandicum ssp. oelandicum and Thymus serpyllum
ssp. serpyllum predominate. They also occur in the fol-
lowing community. Floristically, this central associationis
poorly defined, and Galium oelandicum and Sisymbrium
supinum are the only characteristic species. The ground
layer contains several fruticose lichens shared with the
Gypsophilo fastigiatae-Globularietum vulgaris. This last
association is characterised by Globularia vulgaris and
Gypsophila fastigiata, which have their major distribution
ranges in southwestern and eastern central Europe, re-
spectively. Other typical southeastern European plants are
Vincetoxicum hirundinaria, Melica ciliata, and Oxytropis
campestris. Species indicating moist soil conditions are
missing; Agrostis stolonifera is replaced by Agrostis gi-
gantea. Finally, the Cladonio symphycarpiae-Sedetum albi
lacks most of the typical alvar bryophyte and lichen species,
but contains more acidophilous taxa, e.g. Racomitrium
canescens and Potentilla argentea agg.

Semi-dry basiphilous grasslands: Festuco-Brometea

We distinguish four locally well-characterised com-
munities (Fig. 5). Since it is unclear at present which
of these will prove to be well-defined associations in the
supraregional context, we treat them as informal units and
we refrain from validating the Veronico spicatae-Avenetum
(Plate 3, p. 19), which has been given a provisional name
by Krahulec et al. (1986). Work on a synthesising study

aiming to resolve these problems in a supraregional con-
text (Sweden, Norway, Finland, Denmark, N Germany,
N Poland, Lithuania, Latvia, Estonia, NW Russia) is in
preparation (see also Dengler et al. 2006b).

The syntaxonomical position of the Phleum bertolonii-
Saxifraga granulata community is problematic since
the community shows a mixture of elements from the
classes Molinio-Arrhenatheretea Tx. 1937, Koelerio-
Corynephoretea and Festuco-Brometea, although the
last are most pronounced. Amongst the flowering plants
Filipendula vulgaris, Ranunculus bulbosus, and Saxifraga
granulata predominate. In depressions, relatively tall-
growing grasses such as Phleum pratense ssp. bertolonii,
Anthoxanthum odoratum, and Avenula pubescens ssp.
pubescens dominate, whereas on hummocks, Koelerio-
Corynephoretea taxa can be numerous.

The Veronico spicatae-Avenetum is characterised by
the Oland endemic Artemisia oelandica, the orchids Or-
chis mascula and O. morio and the southeastern Prunella
grandifiora. Other frequently occurring flowering plants
are Helianthemum nummularium ssp. nummularium, Fili-
pendulavulgaris, and Veronica spicata. The ground layer
is much better developed than in the following communi-
ties. Some acidophilous species serve to differentiate the
association, e.g. Danthonia decumbens and Antennaria
dioica. The floristic composition varies much, and two
subtypes each with two variants can be distinguished
(Lobel 2002).

The Trifolium montanum-Medicago falcata community
is characterised by Trifolium montanum, and differentiated
by many slightly ruderal taxa, which are absent on the Great
Alvar but frequently occur along roadsides, e.g. Medicago

Table 2. Site conditions and vegetation structure of the dry grassland communities of southem Oland. Mean values and standard
deviations (in brackets) are presented. Note that soil organic matter was measured only in a subset of 130 plots, whereas all other data

represent all 469 relevés of this study.

Cover Cover Cover Cover Soil Soil Micro- Soil F-value
total (%) field ground bare organic depth (cm) topo- pH(H,0) Ellenberg
layer (%) layer(%) rocks(%) matter (%) graphy (cm)

A - Koelerio-Corynephorenea
Al - Corniculario-Corynephoretum 37 (6) 35(6) 2(3) 0.0(0.0) 1.2(03) 51.7(144) 0.0(0.0) 50(0.8) 2.2(0.2)
A2 — Carici-Airetum 78 (6) 55(6) 48(3) 0.0(00) 13(.0) 356(17.1) 0.0(00) 49(03) 2.6(0.3)
A3 — Diantho-Armerietum 92(11) 83(15) 43(20) 0.0(0.0) 7.7(74) 232(162) 04(00) 46(0.2) 32(0.1)
A4 - Sileno-Festucetum 91(11) 77(14) 50(24) 08(00) 68(40) 300(17.3) 0.5(1.3) 58(1.0) 29(0.5
AS — Helichryso-J asionetum 75(19) 54(10) 50(25) 0.0(0.0) 3.4(3.5) 343(148) 0.0(0.0) 60(0.8) 28(0.5)
A6 — Festucetum polesicae 79(13) 56(10) 51(27) 0.0(0.0)0 1.4(03) 504(12.7) 0.0(0.0) 53(0.8) 2.8(0.4)
B - Sedo-Scleranthenea
B1 — Cladonio-Sedetum 80(30) 55(15) 55(37) 93(9.3) 14.7(10.5) 5.5(40) 0.0(0.0) 7.2(0.5) 2.6(0.5)
B2 — Crepido-Allietum 68(21) 57(20) 32(23) 39(10.5) 173(62) 7.1(33.9) 52(56) 7.4(0.6) 4.5(0.9)
B3 — Fulgensio-Poetum 43 (18) 18 (13) 35(17) 28.4(265) 208(69) 24(1.3) 1.6 (2.1y 7.4(04) 33(04)
B4 - Helianthemo-Galietum 68 (18) 52(17) 38(21) 4.6(6.5 13.6(8.0) 57(29) 05(1.5) 7.4(0.5) 3.6(0.7)
B5 — Gypsophilo-Globularietum 78 (13) 60(13) 52(17) 8.1(10.6) 22.7(5.1) S5.1(29) 03(1.2) 7.2(0.5 3.5(0.5)
C — Festuco-Brometea
C1 - Phleum bertolonii-Saxifraga granulata comm. 96 (7) 83(12) 52(21) 0.5(1.8) 12.0(68) 189(13.4) 56(6.7) 59(0.7) 3.1(0.5)
C2 - Veronico-Avenetum 96 (5) 85(12) 55(19) 0.6(1.9) 16.8(63) 206(13.3) 23(54) 5.8(08) 3.6(1.1)
C3 - Trifolium montanum-Medicago falcata comm. 97 (11)  94(11) 39(15) 0.6(1.9) 10.8(3.4) 29.2(19.6) 23(54) 61(1.0) 3.4(1.0)
C4 — Adonis vernalis-Ononisarvensis comm. 89 (11) 89(11) 15(15) 3.2(63) 11.6(49) 19547 05(1.6) 6.0(0.3) 3.5(0.3)
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sativa ssp. falcata and Centaurea scabiosa. Knautia ar-
vensis, Fragaria viridis, and Primula veris are shared with
the next community. Two subtypes are distinguished; the
first is characterised by Trifolium montanum, the latter by
Carex caryophyllea and Potentilla cinerea.

The Adonis vernalis-Ononis arvensis community
forms a distinct group in the ordination diagram. Adonis
vernalis, Ononis arvensis, and Polygala comosamay serve
to characterise this community, at least locally.

Site conditions

The first ordination axis separating the Sedo-Scleranthenea
fromthe Festuco-Brometea and Koelerio-Coryne phorenea
could be interpreted as mainly representing a gradient in
soil depth (Fig. 2). Thesoildepth was negatively correlated
with the soil pH and the cover of bare rocks. The second
ordination axis was positively correlated with the Ellenberg
F-value, and thus may indicate a gradient in soil moisture.
Table 2 gives the mean values of the measured environ-
mental and structural variables for all communities.

Dry grasslands on sandy soils

Among the Koelerio-Corynephorenea, the Corniculario
aculeatae-Coryne phoretum canescentis inhabits the most
extreme sites in terms of water and nutrient availability.
The sandy soils are very poor in organic matter. On steep
slopes, the sites are fairly unstable. The Carici arenariae-
Airetum praecocis is slightly more mesophilous. Sites are
usually affected by mechanical disturbance, especially
on tracks used by walkers and cyclists. The Helichryso
arenarii-Jasionetum litoralis occurs on soils with consid-
erably higher pH values with a mean of pH 6.0. The soil
pH measured for the Festucetum polesicae is surprisingly
low (mean: pH 5.3). The communities of the Armerion
elongatae grow at the least extreme sites in terms of
soil moisture; in addition, the organic matter content is
comparatively high here (Table 2). Soils of the Diantho
deltoidis-Armerietum elongatae are more acid than those
of the Sileno otitae-Festucetum brevipilae (Table 2). Sites
of both associations are often grazed by cows or unused,
but in the latter case, some anthropogenic disturbance
occurs, especially in recreation areas. The Sileno otitae-
Festucetum brevipilae often occurs on southern or western
slopes with a distinctly warmer microclimate. These sites
are partly mown.

Weathered rock and outcrop communities

Within the Sedo-Scleranthenea, the floristic differentia-
tion of communities can be at least partly explained by
differences in soil moisture and soil depth (Table 2, Fig.
4). The soil pH is high in all alvar communities, but de-
creases slightly with increasing content of organic matter
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(Gypsophilo fastigiatae-Globularietum vulgaris).

The Crepido pumilae-Allietumalvarensis grows at the
wettest sites on loamy soils, which are poorly drained and
affected by frost action, which sometimes leads to polygon
structures and an often significant microtopography. The
Helianthemo oelandici-Galietum oelandici grows in con-
siderably drier places, which, however, still are regularly
inundated in winter. The Gypsophilo fastigiatae-Globu-
larietum vulgaris occurs on well-drained sites, especially
in karst areas. Sites of this community are often situated
close to Juniperus communisshrubs with asouthernaspect,
which leads to an especially warm microclimate. Ecologi-
cally, the sites of the Fulgensio bracteatae-Poetum alpinae
are clearly distinguished from the other alvar communities
by extremely shallow soils and a much higher coverage of
barerocks (mean: 28.4%; Table 2). This community is the
first to colonise solid bedrock and gravel. In the initial stage,
single moss cushions develop; during succession, fine soil
rich in organic matter accumulates and the moss cushions
increase in size. Later during succession, the community
may be replaced by the Helianthemo oelandici-Galietum
oelandici. However, due to wind- and water erosion as
well as trampling animals, the community may persist
over quite long periods.

Semi-dry basiphilous grasslands

The Veronico spicatae-Avenetum inhabits a broad range of
both soil moisture and soil pH. The two subtypes indicate
differences in soil moisture; within each subtype, it is pos-
sible to distinguish a variant occurring on more acidic and
one on more base-rich soils. Sites are extensively grazed
by cows, sheep, and/or horses. The floristic differences
between the Veronico spicatae-Avenetum and the Phleum
bertolonii-Saxifraga granulata community may be partly
due to differences in the disturbance regime. Sites of the
latter community are more intensively grazed, mainly
by cows. Trampling animals together with rather poor
drainage lead to an extreme microtopography with height
differences up to 30 cm. Arising hummocks may also
be caused in part by ant activities. Sites of the Trifolium
montanum-Medicago falcata community are not or only
rarely used, being either mown or grazed by cows. Sites
often have a southern aspect at the margin of scrubs or
forests, or they lie in larger forest gaps. The same is true
for the Adonis vernalis-Ononis arvensis community, whose
soils have a higher loam content. Sites are lightly grazed
by cows, and many are visited by tourists.

Species richness
The studied dry grassland communities differed in spe-
cies richness (Fig. 6), with species numbers ranging from

7 up to 80 per 4 m? plot. The mean species density was
highest in Sedo-Scleranthenea communities, followed by
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Fig. 6. Means of total and group-specific species richness on
4 m? for the dry grassland communities studied (see Table 2 for
community codes). In addition, the standard deviation of the total
plant species richness values is indicated. The three groups of
columns correspond to the three major syntaxa, viz. from left
to right Koelerio-Corynephorenea, Sedo-Scleranthenea, and
Festuco-Brometea.

those in the Festuco-Brometea, and lowest in the Koelerio-
Corynephorenea. Mean species density on 4 m? was at its
maximum in the Gypsophilo fastigiatae-Globularietum
vulgaris (53.4 species) and at its minimum in the Cornicu-
lario aculeatae-Corynephoretum canescentis (8.0 species).
The Crepido pumilae-Allietum alvarensis had the lowest
number of species among the alvar Sedo-Scleranthenea
communities, with a mean of 42.1 species. Among the
Koelerio-Corynephorenea, the Sileno otitae-Festucetum
brevipilae showed the highest species-richness (34.5 spe-
cies). With a mean of 43.9 species per 4 m?, the Veronico
spicatae-Avenetum was the most species-rich community
of the Olandic Festuco-Brometea.

The mean contribution of bryophytes and lichens to
the total species richness at 4 m? varied between 8% and
75%. For all Sedo-Scleranthenea communities the number
of bryophytes and lichens species exceeded on average
that of vascular plants. The maximum richness values
found on average for the three taxonomic groups on 4 m2,
were 49 vascular plants (Veronico spicatae-Avenetum),
40 bryophytes (Fulgensio bracteatae-Poetum alpinae),
and 24 lichens (Gypsophilo fastigiatae-Globularietum
vulgaris).

In the species-area analyses, we found maximum val-
ues of 4 species on 0.0001 m2, 6 species on 0.0004 m2, 11
species on 0.0009 m?, 15 species on 0.0025 m?, 25 species
on 0.01 m?2, 33 species on 0.04 m2, 43 species on 0.09 m?,
54 species on 0.25 m?, 63 species on 1 m?2, 77 species on
4 m?, and 81 species on 9 m2 The richest plots of the
smaller sizes mostly belonged to the Crepido pumilae-
Allietum alvarensis, those with the larger sizes mostly to
the Gypsophilo fastigiatae-Globularietum vulgaris.

Acta Phytogeogr. Suec. 88

Discussion

Phytosociological classification

Even though some characteristic species of superior
syntaxonomical ranks, e.g. classes and subclasses, are
missing or lose their indicator value on Oland, our data
showed that the three (sub-)classes are still floristically
well-separated (see App. 1). Similarly, Krahulec et al.
(1986) and Bengtsson et al. (1988) found acleardistinction
between Sedo-Scleranthenea and Festuco-Brometea com-
munities in their numerical analyses (they did not include
Koelerio-Corynephorenea communities). As the Sedo-
Scleranthenea and the Koelerio-Corynephorenea have
both considerable numbers of specific character species,
e.g. Cerastium semidecandrum and Cladonia furcata for
the Koelerio-Corynephorenea; Sedum album and Peltigera
rufescens forthe Sedo-Scleranthenea, and of joint character
species, e.g. Sedum acre, Ceratodon purpureus, Syntrichia
ruralis var. ruraliformis, the concept of one class with two
subclasses reflects the situation on Oland well (see App.
1). This approach had been proposed by Dengler (2001,
2003, 2004a and in Dengler et al. 2003) based on the
analysis of a comprehensive dataset from large parts of
Europe. It reconciles the two alternative classifications of
other authors, who either distinguish these units on class
level (e.g. Schaminée et al. 1996; Rivas-Martinez 2002)
or accept one class with three or more orders (e.g. Mucina
& Kolbek 1993; Pott 1995), which does not reflect the fact
that these orders fall into two floristically and ecologically
distinct groups.

The communities of the Great Alvar proved to be flo-
ristically very distinct from the others. Most associations
accepted in our classification areeither (largely) restricted
to alvar sites or to non-alvar sites (see Fig. 1). This may be
explained by differences in site conditions and history (i.e.
centuries or even millennia continuity of atleast semi-open
conditions on the Great Alvar).

Dry grasslands on sandy soils

Within the Koelerio-Coryne phorenea, no distinctive Fen-
noscandian syntaxa seem to exist. On Oland, the suboce-
anic Corynephoretalia canescentisreach the northeastern
limit of their range (DierBen 1996). We observed a few
stands of Corynephorus-dominated pioneer grasslands,
which could be assigned to the central association Cornicu-
lario aculeatae-Corynephoretum canescentis. However,
compared with records of this association from other re-
gions these are remarkably poor in cryptogams, especially
lichens. This may be because the association inhabits only
slightly acidic soils on Oland, whereas lichen-rich stands of
the association are usually best developed as a long-lasting
successional stage on more acidic soils (Dengler 2004a).
The oceanic order Thero-Airetalia also reaches Oland, but



only with one fragmentary association.

The communities of the Trifolio arvensis-Festucetalia
ovinae show the most northerly distribution within the
subclass (e.g. Dierffen 1996). They are represented with
two associations of the subcontinental alliance Armerion
elongatae. Both are common within the study area, and
cover huge areas.

The Sedo acris-Festucetalia have their main distribu-
tion in the subcontinental and continental parts of temperate
Europe (Dengler 2001) and reach their northwestern limit
on the island (DierBen 1996). On Oland, we found typical
stands of the Festucetum polesicae. This vegetation type
has been reported from several regions and typically oc-
curs adjacent to the southern Baltic Sea (e.g. Bocher 1947,
Andersson 1950; Olsson 1974; Dolnik 2003; Dengler
2004a; Boch & Dengler 2006). Stands on the southern
Swedish mainland, however, showed distinctly higher soil
pH values than those that we observed on Oland. Records
from Gotland (Westhoff et al. 1983) are floristically im-
poverished and lack Koeleria glauca.

Weathered rock and outcrop communities

Our comparison of Sedo-Scleranthenea communities from
the whole of northern Europe with those of central Europe
(Dengler & Lobel 2006; Dengler et al. 2006a) showed a
clear distinction between the Nordic and central Euro-
pean basiphilous rock and outcrop communities (Alysso
alyssoidis-Sedetalia). Therefore, we proposed a Nordic
alliance Tortello tortuosae-Sedion albi, to be placed within
the Alysso alyssoidis-Sedetalia and opposed to the central
European Alysso alyssoidis-Sedion Oberd. & T. Miiller in
T. Miiller 1961, comprising all Nordic communities on
shallow, base-rich, skeletal soils (for details, see Dengler
& Lobel 2006; Dengler et al. 2006a).

Since we found a close relationship betweenthe Olandic
relevés from outside the Great Alvar and those reported
fromthe Swedish mainland (Hallberg 1971), we suggested
to assign them to the same association, called Cladonio
symphycar piae-Sedetum albi. Due to the high number of
shared species, we further suggested the discrimination
between the alvar communities and the other Nordic
communities as two suballiances, Tortello rigentis-Heli-
anthemenion oelandici and Tortello tortuosae-Sedenion
albi, respectively (Dengler & Lobel 2006; Dengler et al.
2006a).

With our classification of the alvar communities of
shallow, skeletal soils we could largely confirm the units
provisionally proposed by Krahulec et al. (1986), and we
thus validated their names (Dengler & Lobel 2006). An
exception is the differentiation of the Fulgensio bracte-
atae-Poetum alpinae from the Crepido pumilae-Allietum
alvarensis, which, however, could be attributed to the fact
that such stands were only covered to a minor extent by
Krahulec et al. (1986). Albertson’s (1950) Sedum album-
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Tortella tortuosa-community is mostly identical with the
Fulgensio bracteatae-Poetum alpinae.

The Crepido pumilae-Allietum alvarensis probably
occurs in all extreme alvar areas of hemiboreal Europe
(Dengler et al. 2006a). For example, Pirtel et al. (1999)
mention alvar stands from Estonia heavily affected by frost
action in which Artemisia rupestris is quite common, which
are placed in this association by Boch & Dengler (2006)
and Dengler et al. (2006a). Albertson (1946) described a
periodically inundated Tortella-Schistidium-subassociation
of his ‘Festucetum tortellosum’ from a small alvar area
on the Swedish mainland (Kinnekulle, Vastergétland)
which also may be included. The Fulgensio bracteatae-
Poetum alpinae may similarly occur in the other Nordic
alvar areas (Dengler et al. 2006a). For example, Albert-
son’s (1946) ‘Sedetum tortellosum’ may be assigned to
this association. Krahulec et al. (1986) considered the
Helianthemo oelandici-Galietum oelandici as endemic
to Oland. However, since we classified this community
as a central association of the suballiance, we suggest
that it also occurs in the other alvar regions, though lack-
ing the name-giving species (Dengler et al. 2006a). The
Gypsophilo fastigiatae-Globularietum vulgaris is probably
endemic to Oland and Gotland (Dengler et al. 2006a). We
found one relevé originating from Stora Karlsd (Westhoff
et al. 1983), a small island near Gotland’s coast, which
may belong to this association. However, more data from
Gotland are needed.

Semi-dry basiphilous grasslands

Semi-dry basiphilous grasslands (order Brachypodieta-
lia pinnati, class Festuco-Brometea) in northern Europe
widely lack characteristic species of the south-western and
south-eastern alliances Bromion erecti W. Koch 1926 and
Cirsio-Brachypodion pinnati Hada¢ & Klika in Klika &
Hadac 1944, respectively, but are differentiated by a high
number of mesophilous species (e.g. Lobel 2002; Dengler
2003; Dengler et al. 2003, 2006a). Therefore, a northern
central alliance Filipendulo vulgaris-Helictotrichion
pratensis, as put forward by Dengler & Lobel (in Dengler
et al. 2003), seems logical, resolving most classification
problems of the Olandic Festuco-Brometea communities
(e.g. Braun-Blanquet 1963; Krahulec et al. 1986).

The Veronico spicatae-Avenetum has been provision-
ally described by Krahulec et al. (1986). We confirmed it
as a very distinct community of the alvar vegetation. Our
data also support the authors’ differentiation between a
xerophilous and hygrophilous subtype of this community.
These largely correspond to Albertson’s (1950) ‘Fes-
tucetum alvarense rhacomitriosum’ and his ‘Avenetum
alvarense’, respectively. Veronica spicata,from which the
community takes its name, however, cannot serve to define
the association since it also frequently occurs in the other
Festuco-Brometea communities as well as in the Sileno
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otitae-Festucetum brevipilae and the Festucetum polesicae.
There are hints that the Veronico spicatae-Avenetum also
occurs in alvar areas on Gotland (N. Ingerpuu unpubl.).
However, in these relevés the characteristic Olandic spe-
cies are missing, but differential species such as Thymus
serpyllum, Antennariadioicaand Danthonia decumbens do
regularly occur. Whether the Phleum bertolonii-Saxifraga
granulata community represents a legitimate association
remains unclear. It may alternatively be considered as a
subtype of the Veronico spicatae-Avenetum. The Trifolium
montanum-Medicago falcata community and the Adonis
vernalis-Ononis arvensis community are floristically well
differentiated. We do not describe these communities for-
mally here, but there are some indications that the former
is widely distributed and occurs on the Swedish mainland
(Hallberg 1971; Albertson 1946), Gotland and Estonia (N.
Ingerpuu unpubl. data). The Fragario-Helichtrotrichetum
described by Hallberg (1971) from Bohuslan, is closely
related to the Potentilla cinerea-subtype of our Trifolium
montanum-Medicago falcata community. The Trifolium
montanum-rich subtype shows some similarities to the
‘Avenetum’ described by Albertson (1946) from Vistergot-
land, especially his Inula salicina-consociation. Species
such as Adonis vernalis, Trifolium montanum, Polygala
comosa, Ononis arvensis, and Medicago falcata show
some affinities to the alliance Cirsio-Brachypodion pin-
nati, which is distributed in the subcontinental parts of
central Europe. However, a comprehensive supraregional
study would be needed to decide upon the position of the
Trifolium montanum-Medicago falcata and the Adonis
vernalis-Ononis arvensis community in the syntaxonomic
system (see Dengler et al. 2006b). In addition, the posi-
tion of the Brachypodietalia pinnati communities rich in
Avenula pratensis and Filipendula vulgaris from Russia
(Znamenskiy et al. 2006), Estonia (Partel et al. 1999; Boch
& Dengler 2006), and Latvia (Rasina 2007) needs to be
clarified since they are floristically somewhat floristically
intermediate between the Veronico spicatae-Avenetum and
the Trifolium montanum-Medicago falcata community of
Oland.

Species richness

With the species densities recorded, the studied plant
communities are among the most species-rich vegetation
types on small spatial scales (0.0001-10 m?) documented
so far. The richness values of the Olandic dry grassland
communities are significantly higher than those of the cor-
responding communities in central Europe(Dengler 2005),
although central European dry grasslands already belong
to the most diverse communities of that region (Hobohm
1998). This difference is particularly pronounced in the
communities of base-rich, shallow, skeletal soils (Alysso
alyssoidis-Sedetalia). In this order, the Oland stands are
approximately twice as rich as their central European
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counterpartson4 m?are (Dengler & L6bel 2006). Although
this increase is most pronounced in bryophytes and lichens,
even thedensities of vascularplants are significantly higher
on Oland (Dengler & Lébel 2006).

If total plant species richness is considered, few other
plant communities worldwide reach or exceed the maxi-
mum values achieved in stands of the Tortello rigentis-
Helianthemenion oelandici on alvar sites in Oland (and
similarly on Saaremaa, Estonia, cf. Dengler et al. 2006a).
Comparable are lichen-rich, basiphilous grassland and
heath communities of Greenland (class Carici rupestris-
Kobresietea bellardii Ohba 1974) with documented densi-
ties of up to 70 on 0.16 m? and 85 on 4 m2 (Liinterbusch &
Daniéls 2004; Sieg et al. 2006). Also some types of semi-
dry basiphilous grassland (Brachypodietalia pinnati) are
very rich. Extreme vascular plant densities (non-vascular
plants are not included in the available publications but
play a minor role in these communities) within stands of
this order are documented from a wooded meadow on the
Estonian mainland (up to 25 on 0.01 m?, 42 on 0.04 m?,
and 76 on 1 m?; Pirtel et al. 2005), from the Brachy podio
pinnati-Molinietum arundinaceae Klika 1939 of Czechia
(up to 67 on 1 m?, 88 on 4 m?; Klimes et al. 2001), and
from meadow steppes in Russia (up to 80 on 1 m2, Donitd
et al. 2003). Finally, Cantero et al. (1999) found up to 89
vascular plants on 1 m? in mountain pastures of Argen-
tina.

Whatcanexplain thehighersmall-scalespecies densi-
ties in Olandic (or more generally speaking, hemiboreal)
dry grasslands compared to their phytosociological coun-
terparts in central Europe? According to the species-pool
hypothesis, the small-scale species richness of a particular
ecological community is determined by the size of the
local species pool, which is positively correlated to the
regional species pool for this community type, whose size
in turn reflects historical past processes of speciation and
migration (e.g. Zobel 1992; Zobel et al. 1998). Several
studies have shown that small-scale species densities are
positively correlated with local and regional species pools
(e.g. Pirtel et al. 1996; Pértel & Zobel 1999; Dupré et al.
2002). When, however, species richness patterns in dry
grasslands of, say, southern Sweden and Germany are
compared, the results do not fit in this pattern.

Although the regional species poolfordry grasslands is
undoubtedly much higher for vascular plants in Germany
than in southern Sweden (most dry grassland plants of
Sweden occur also in Germany but not vice versa) and
seems to be quite similar in both regions in the case of
bryophytes and lichens (due to the usually large distribu-
tion ranges of most cryptogams), the small-scale species
densities nevertheless behave conversely (Dengler 2005;
Dengler & Lobel 2006). This does not mean that the
species-pool hypothesis is wrong but only that the effect of
the different species-pool sizes here is overruled by other
factors. Dengler & Lobel (2006) suggested two potential



reasons. First, interspecific competition, which is gener-
ally assumed to reduce species richness (e.g. Grime 1979;
Grace 1999), could be lower in northern Europe due to a
lower productivity of the stands of the same vegetation type
caused by shorter vegetation period, harsher climate, and
less fertile soils. In an experiment, Huber (1994) showed
that competitive exclusion is practically irrelevant in the
Veronico spicatae-Avenetum, even when the stands are ei-
ther sufficiently fertilized or irrigated. Second, a ‘sampling
effect’ might contribute to the results in so far as average
plant size in Nordic dry grasslands is usually smaller than
incentral European ones (both individuals of the same spe-
cies grow lower and small-sized taxa such as cryptogams
contribute more to the total richness in northern Europe).
If the plants are smaller, more individuals fit on the same
area, and these more individuals simply by chance may
represent more different species.

Moving from continental to regional patterns of spe-
cies densities, first the differences between the three major
syntaxa catchtheeye. The increasing species densities from
Koelerio-Corynephorenea over Festuco-Brometea towards
Sedo-Scleranthenea nicely correspond to an increase in soil
pH (Table 2). When Lobel et al. (2006) applied multiple
regression models to the relevés of the present study, soil
pH turned out to be the single most important factor de-
termining species densities. This relationship was linearly
increasing for total richness, bryophytes, and lichens, and
unimodal for vascular plants with a maximum at about pH
= 6. This is consistent with analyses throughout southern
Sweden (Tyler 1996), in northern Germany (Schuster &
Diekmann 2003) and in Czechia (Chytry et al. 2003), where
either monotonously increasing or unimodal relationships
with maxima mainly between pH = 5 and 7 were found
fordry grasslands. It is widely accepted that the reason for
the positive relationship between pH and small-scale spe-
cies density, which is dominating in temperate and boreal
regions worldwide (Pértel 2002), lies in the predominance
of calciphilous species in these regions, and this in turn can
be attributed to speciation centres and glacial refugia with
dominant base-rich bedrocks (Pirtel 2002; Ewald 2003).

Second, the diversity patterns within the three subclass-
es may be partlyexplained by the intermediate disturbance
hypothesis (Connell 1975), according to which both too
high disturbance and too low disturbance reduce species
densities (e.g. Grace 1999). The fact that we found the low-
est species densities of the Koelerio-Coryne phorenea com-
munities in the Corniculario aculeatae-Corynephoretum
canescentis, and of the Sedo-Scleranthenea in the Crepido
pumilae-Allietum alvarensis, fits well in this hypothesis,
as these two associations inhabit the most disturbed sites
of the respective subclass. The Corniculario aculeatae-
Corynephoretum canescentis on southern Oland was found
on active coastal cliffs and on sites heavily disturbed by
cattle trampling, whereas the Crepido pumilae-Allietum
alvarensis grows on those alvar sites that are most heavily
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exposed to cryoturbation. Within the Festuco-Brometea,
on the other hand, the two communities of the grazed alvar
sites (Veronico spicatae-Avenetum, Phleum bertolonii-
Saxifraga granulata community) have significantly higher
species densities than those usually growing on either
abandoned or mown sites (7rifolio montanum-Medicago
falcata community, Adonis vernalis-Ononis arvensis com-
munity), which could be attributed to competitive exclusion
due to too low levels of disturbance. Dupré & Diekmann
(2001) found similar trends for different grassland types
in southern Sweden.

The specifically high species densities in the commu-
nities of the Great Alvar and the adjacent smaller alvar
areas seem to be at least partly attributable to a large local
species pool, which comprises nearly all basiphilous dry
grassland species of the regional species pool in southern
Sweden. It is well-known that the Great Alvar has a long
history of centuries if not millennia of at least semi-open
habitats (e.g. Konigsson 1968; Rosén 1982; Sterner &
Lundquist 1986) and this site continuity together with
the large size may have contributed to the accumulation
of a huge local species pool through migration and in the
case of the endemics even through speciation. This line
of reasoning is supported by Pirtel & Zobel (1999) who
showed for the Estonian west coast that species density of
alvar communities is positively correlated with the eleva-
tion above sea level, with the latter being a surrogate for the
time since the emerging fromthe sea. Additionally, Helm et
al. (2006) demonstrated for alvar grasslands on the island
of Saaremaa that extension and connectivity of grassland
habitats in the past play a crucial role in determining the
present-day species densities.

For the richest communities in the present study, those
of the Sedo-Scleranthenea, also spatio-temporal niche-
separation may have contributed to the extraordinary
species densities (see Dengler & Lobel 2006). The sites of
this subclass often have a distinct microtopography caused
by cryoturbation and/or cattle trampling leading to a high
small-scale heterogeneity. This combined with the high
temporal variability of the environmental conditions at
these sites with very shallow soils (water logging or even
flooding in winter, severe drought in summer) probably
enables the co-existence of a large number of taxa that
normally would not grow at the same sites (e.g. Agrostis
stolonifera with Sedum album). On the one hand, the mul-
titude of spatio-temporal micro-niches on the alvar sites
provides suitable habitats for species with very divergent
ecological requirements; on the other hand, the high spatio-
temporal heterogeneity prevents any one species from
playing off its competitive superiority. This assumption is
supported by Lundholm & Larson (2003), who in a Cana-
dian alvar site found that small-scale species densities are
highly positively correlated to the within-plot variability
of soil depth and microtopography as well as the number
of microsite types. Additionally, van der Maarel & Sykes
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(1993) demonstrated for the Veronico spicatae-Avenetum
that even without niche separation of the adult plants high
numbers of different species can co-exist whenthey mostly
are annuals or short-lived perennials and differ in their
requirements for (re-)establishment (carousel model).
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App. 1. Synoptic table of the dry grassland communities on southern Oland. Taxa are labelled as vascular plants (V), bryophytes (B), lichens
(L), and 'algae' (A). Percentage constancy values are given per taxon and per asscociations. Columns based on less than 10 relevés (and there-
fore less reliable) are printed in italics. The columns to the left refer to all relevés and to the three major syntaxa. In the first case, constancy
was calculated based on individual relevés, whereas for in the columns A to C mean constancy values of the included associations are given.
The diagnostic value of the taxa is indicated by shading and frames and refers to the situation in southern Oland.

MR - character taxon |___] = differential taxon
;= transgressive character taxon on the superior hierarchica level = negatively differentiating taxon within a 'species block’

Class g = %‘ g E Koeterio-Cwynephnre!ea . Fast

Subclass e B 2 22 o2 A Koslerio-Coryngphiorsnea 8 +Sado-Seletantionse

Order, alliance, or suballiance 3 23 K] § E§ 338 Aa E; Abll ac 11 _ad B, a1 Cs

Association (or equivalent unit) 6 TE 3E BE GE A A2l RS Adll A5 A8 izl 83 ] m I Bs} Lcilcaieal

Number of releves or associations 468 Gass. Sass. 4ass. 3 4 €0 66 712 3 74 25 4% 38 3¢ 6125

Mean number of plant taxa (total) 41 27 47 39 8 28 3 M 0 B 39 43 48 53 54 42 4 AN

Mean number of vascutar plant 24 19 18 31 73 16 2 27 20 21 23 9 12 20 23 3t 30 27

Mean number of bryophytes 11 43 18 6.0 87 €3 55 65 28 51 ki % 23 13 19 81 97 34

Mean number of lichens 58 4.5 94 21 00 73 28 29 79 69 50 .51 13 13 .11 32 .44 08

Class Koelerio-Corynephorstea

C  Sedumacre A 45 22 64116 8
Ceratodon puipureus B 25 1 33 8
Svntrichia ruralis var. ruraliformis B kil 9 %5 4
Cetran'a acuteata L 21 4 5 10
Artemisi {ns ssp. v 31 10 15 5§ 20
Cladonia foliacea L 18 5 5 13
Androsace septentrionalis v 4 1 5 .

D Catraria islandica v 28 11 i 25 5 23 100 83 816 66 S0] 10{ 3c] 4

A- 4 Ci 14

C  Cerastivm samndocendmm \ 22 10 " 33 3 15 311 8 4
Cladonia furcata L 30 14 24 33 5 4 20| 10 44 411 12
Corynaphorus canescens \ 5 . . . .

Jasione montana \ 9 1 - 3

Rumex acsfosslla v oo22 [ 8 231 . s 217 4
Brachythecium albicans B 25 8 8 33 . 4 5 15 5 12
Carex arenaria \ 8 . 2 . . 8 .
Scleranthus perennis \ 8 1 4 5 8 g .
Trifolium arvense v 10 . 6 . . a1 10
Cladonia fimbriate L 8 4 5 4 0 5 3 16 .
Scleranthus annuus ssp. polycamos v 8 0 3 : i ‘ . . 2 . 10 2

D Hypochoeris radicata v 0 0 1 67 75 38 17 14 50 L 5 .
Hieracium umbellatum v 8 42 . 1 l 3 75 23 6 29 83 . . . . . 3 2 .
Ciadonia srbuscula L 16 30 6 15 R 25 17 12 43 83 . 3 .10 18 B 38] 4

Order A.b — Thero-Alretalia

C  Aira praecox v 4 21 . . 5 .

Polytrichum junipesinum B 8 19 [ 5 3 2 8 8 4

Order A.c ~ Trifolio arvensis-Festucetalia ovinae

C  Trifolium campastre \ 19 18 8 16 . . 14 8 33 9 . . 31 1 20
Dianthus deltoides \ 18 25 2 16 - 25 28 W . 4 4 . . 36 13 16
Peltigera canina L 8 12 7 4 . 25 . 33 1 . 2 . 5 2 8 .

D Rhytidiadelphus squarosus 8 16 15 . 22 . . 60 21 _. __8_ . . R . M 118 20
Campanula rotundifolia \ 26 21 7 25 . . 33 38 29 25 1 . 7 4 3.4 8 [34 &5 .
Siene nulans \ 13 14 5 9 . . 43 24 . . . . 0 15 5.2 2 .
Allium vineale A 15 14 12 19 25 23 3 . 33 1 . 10 15 I 211 3 40 ] 10

Alfiance Armerion elongatee

C  Festuca trachyphylia v ) 13 1 2 25 R . . 3 . . 3 . 4

D Potentills amentea aaq. v 16 19 24 17 . 25 35 38 14 5 . 10 3 l 31 2 4 | 30

A iation A3 — Ofanth

C  Asmeria maritima ssp. elongata v 10 i 4 3 2

OrderA.d - Sedo acris-Fastucetalia

C  Carexfigerica v 3 [ . 1 3
Veronica vema \ 1 7 .

Alliance Koelerion aisucae

B Cetrania ericetorum ssp. ericetorum L 16 30 21 7 . 25 10 3 86 58 . 1 4 | 48 54 8 15 4
Flevooetraria nivalis L 9 18 6 1 . . . 2 |71 33 . . . 29 49 . 2 .

Association AS - Hellchryso arenarii~Jasionetum litorats

D Festuca rubra ssp. rubra v 8 19 8 8 . 25 7 9 71 1 B 33 8 . . 8 13
Flavocetraria cucullata L 7 10 10 3 . . . . 87 - 1 4 17 28 3 10
Racomitrium canescens B 10 15 19 10 . 25 5 8 43 8 67 4 8 7 10 18 20

A ! A§ — Fest 7
Koeleria glauca v 3 5 1 3 14 . 3
Fesluca polesica v 1 10 . . . . . . .

D Cladonia gracilis ssp. aracilis L 10 12 8 9 . 2 & 50 ' . . 24 18 5 ] 3
Cladonia ciligta L 14 17 & 15 25 12 8 _4 4 . 15 13 {21 3 4

Subck B~ Sedt
Sedum album A\ 35 5 3 . 2 12 17
Erophila verna \ 30 18 19 50 20 2 17
Peltigera rufescens L 16 3 8 . 15 .

Bryum elegans B 15 3 .
Bryum caespiticium B 13 1 6 3 3
Peltigera didactyla L ] ¥ 1 2 2

Order B.a - Alysso alyssoidis-Sedetalia

C  Acinos arvansis v 34 5 55 19 .1.20, 8
Arenaria serpvilifolia ssp. serpyiiifolia \" 33 15 54 23 2 45 b3
Tortelle inclinata var. inclinsta B 21 48 2 .
Cladonia symphycarpia L 20 48
Cerastium pumitum \ 21 4 48 12
Saxifraga trdactytites \ 18 4 47 5 2 12
Homungia petraea v 15 2 40 2 kil
Psora decipiens L 11 27 1

Allnance Tortello tortuosae-Sedion albi
Ditrichum flexicaule B 37 1 75 1 6 21 18 4
Cladonia pocitium L 14 1 35 3 .
Encalypta rhaptocatpa 8 7 5 20 1 3 3
Bacidia baglietioana L 5 1 . . .

O Tortslla tortuosa B 34 [ 7 3 2 3 7
Barbula convolute B 30 1 57 £l - 2 6 . 15 20
Bryumcapiliare B 18 10 30 8 25 8 S 17 21 5 4
Bryosrythrophylium recurviroskum B 3 1 26 3 . 5 8 5
Leptogium lichenoides L 9 . 21 2 . 7
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Ciass 2 g %—' g 3 Koelerio-Corynephoretes C-5
Subclass _S o <z @2 o e
Order, alliance, or subaliance § E é? 23 33 8 g Ca
Association (or equivatent unit) 3 £ 3E 3E 8& cifcz| calca
Number of relevés or associations 469 Gass 5ass. 4 ass, 3 4 &0 66 712 . 3....74_.25 a1 39 39 6 25 10
Subaliiance 8.a2 ~ Tortello rigentis-Hali 4 landici
C  Cladonia subrangiformis v 25 8 a7 10 5 3 5 14
Encalypta vuigaris B 22 1 43 5 . 5 . 10 8
Alfium schoenoprasum var. alvarense \ 19 36 3 3 7
’ icum ssp. i v o1 ¢ 3% 7 2 3 (23]
Trichostomum crispulum B 18 . 36 3 . . "
Distichium capillaceum B 18 1] 41 3 2 5 8
Tortalla rigens 8 16 32 1 5
Didymodon ferrugineus 8 14 33 4 3N
Didymodon rigidulus 8 11 25 1 5
Athatamia hyalina 8 10 25 3 3 7
Festuca oelandica v 9 22 .
Gymnostomum aeruginosum B8 7 13 7
Leptogium schraden L 6 13 1 3
Silene unifiora sep. petraea \ 3 4
Hisracium x dichotomum \ 1 0 2 . . 2 . .
D Didymodon faliex B 24 1 54 5 2 2 8 1
Welssia brachycarpa B 23 1 42 6 3 8 15
Agrostis stolonifera v 26 42 6 13 10
Pseudocalliergon turgescens B 21 42 8 8 15
Pleuridium acuminatum 8 16 . 32 3 . 10
Campyliadefphus chrysophylius B 22 [¢] 3t " 2 8 ] 3l 4
Grimmig pulvinata 8 10 1 23 1 8 . 4
Myureita julaces 8 12 ) 2 4 5 10
Coltema tenax L 8 17 1 5
Clenidium molluscum 8 1 . 17 5 3 15
Pseud idium h hil 8 7 0 17 1 2 2
DA lations B2 and B3 B4 and B5)
Nostoc sp. A 13 . 32 . . . . -
Assoclation B2 ~ Crepido pumilae-Allletum atvarensis
C  Crepis tectorum ssp. pumila \ “ . 23 1 3 2
Artemisia rupestris v 4 . 5 . 3 . .
D Puwnelia vuigans v 19 25 17 13 33 . 20
Sagina nodosa \ 13 1w 5 8 10
Leontodon autumnalis v 9 4 13 14
Scorpidium cogsonii B 7 g . .
Calliergonelia cuspidata B8 8 6 8 8 16
Eucladium verticrlletum B 7 12 1 S
i B3¢ it Poetum alpinae
C  Fulgensie bracteata L 13 . 32 1 2
Toninia sedifolia L 9 . 25 .
Syntrichia calcicola 8 10 1 31 1 2 2 3
Mycobilimbie luida L 10 25 1 . 5
Schistidium atrofuscum 8 8 19 1 3 2
Fulgensia fulgens i 4 11 .
Tontslla inctinata ver. densa 8 6 14 1 2
Ceratodon conicus 8 3 9 1 2
Leptogium gelatinosum L 3 7 3 2
Squamarina cartilaginea L 1 3
Squamarina lentigera L 1 4 . . . . .
D Poa alpina ' 8 [ 27 1 f 2 3 2
Collema cristatum L 7 19 1 3
Collema crispum L 8 20 1 . 2
Bryum argenteum B 6 1 15 1 . 3 2 2 .
Schistidium apocarpum B 6 1 14 1 3 4
DA ations B2 and B3 (against B4 and B5)
Hieracium piloselia v 40 30 25 50 . 25 L 48 52 14 42 . 18 4 | 45 59 118 51 60 Y0 E
Potentilla tabermaemontani v 39 21 27 44 25 _ 5 43 . . 8 12 | 51 62 Lﬂ&_ 72 4 10
Th ii i is var. subulifo L 10 . 26 . . . . . . . . 20| 49 59 . . . .
Cephaloziella divaricets 8 16 10 25 6 . 25 7 . . 25 . 19 4 49 51 15 7 . .
Taraxacum ervthrospermum agg. v 32 17 39 32 . . 13 L4 4 3 67 20 8 ; 46 B4 59 .34 l 4 {_30
Scapanie calcicola B 9 18 1 . . . - . . 9 8 | 34 41 . 3 . .
Hypogymnia physodes L 1 ket 16 6 . X 7 . . 1 43 38 L 1312
Sedum rupastre v 17 6 20 22 . . . 2 4 17 33 8
A B4-
Galium oslandicum v 7 1 1" 2 2 2
Sieymbrium supinum v 3
A lation BS — Gi i " 1obulariaf "
C  Globularia vulgaris \ 7 15 1
Gypsophita fastigiate v 6 15
Cladonia convoluta L 3 7 1
D Vi i i ssp. hi rhi \ 7 15 1
Rhytidium rugosum 8 12 1 9
Melics ciliata \' 4 9 1 .
Oxvtropi is $sp. v 10 6 13 9 . 14 33
Arabis hirsuta var. glaberrima v 8 1 9 8 . . 2 3 . . .
Agrostis gicantea ssp. giqantea v 4 8 1 . . . . . .
Class Festuco-Brometea
C  Homalothecium lutescens B 46 13 44 . . 7.} 55 .7 [Le7
Veronica spicata ssp. spicata v 35 19 10 . .22 42 14 33 .
Helianthemum aummularium ssp. numm. v 19 8 3 . . - L4 . 8 .
Asperula tinctoria v 20 2 13 . . . 6 . 8 .
Medicago sativa ssp. faicata v 17 13 3 . . 8 | 585 . 17 .
Poleritilla cinerea v 15 10 6 . 5 [ 27 . 25 .
Arabis hirsuts var. hirsuta v 16 4 14 . . 5 W . . 33
Scabiosa columbaria v 6 2 3 . . . 1 . . .
D Fragaria vindis ssp. vindis v 13 3 H a7 | . 2 18 . . . . .8 3 f . 4 52 100)
Hypericum perforatum v 20 18 7 36 ) . P58 25 33 . . 5 4 12 13 {13 a1 28 80}
Order C.a — Brachypodietalie pinnati
C  Avenula pratensis ssp. pratensis VATt 20 22 . . [28 _70] 14 8 33 7 .
Filipenduia vulgans \" 35 3 21 . . 3 17 . . . 19 4 32 49
Ranunculus bulbosus A 30 13 9 . 12 | 48 . 17 - 22 - % 10
Briza media ssp. media v 15 1 1 52 . . . 3 . . . 3 .
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Koelerio-Corynephoretea

At=C featae-C

A2 = Carlcl aronariae-Airetum praecocts
A4 = Sjleno otitae-Festucetum brevipilee
Bt = Ci 1

olb!

Class 2 g H i 2 C - Festuco-Brometea
Subclass o Bc <z @7 © Jud fario-Corynephorenss B - Sedo-Scleranthenss
Order, alliance, or subalfance 3 £8 88 £% §¢ Ac Ad B.62 Ca
Ass ciati n (or equivalent unit) 6 TE -3E ZE GE A3 mall a5 | a6 |82 B3l ealms5 cilc2lcaleca
Number of relevés or asseciations 458 §ass. 5ass. 4.ass. 3 4 60 __ 86 712 3 7425 4% 39 39 6t 25 10
Lotus comiculatus v 2z 8 4 40 15 2 3 [3] . s 3
Carex caryophyliea v 13 5 1 - . . 1 . . 5
Cirsium acaule ssp. acaule \ 13 1 10 . 22 18
D Achillea millefolium ssp. milietolium v 43 31 3 70 43 33 T . 64 57 80 80
Avenula pubescens ssp. pubescens \" 1% 6 7 33 . 33 . 3 18 36 56 20
Cerastium fontanum ssp. vulgare \" 31 15 12 33 14 . 4 12 15 4 66 12 10
Poa pratensis v 18 13 8 2 33 2 . 31 8 :20 70
Plagiomnium affine 8 17 8 4 31 20 27 . . . 3 33 43 28 20
Trifotium pratense v 7 3 1 28 2 - 14 . . 5 ..3..20 28 60
Thifolium repens $sp. repens v 15 n 10 25 18 20 29 . 33 16
Alliance —~ Filfy
D Galium borsale v 12 1 5 29 3 5 1
Sesleria caerulea \ 10 2 25 . . 1
Hylocomium splendens B g 3 1 21 7 8 4
DA C1and C2 C3 and C4} —
Dicranum scoparium B 33 13 18 41 25 { 35 11 8 16
Steliania graminea \ 16 " 1 20 23 32 8 5
Assoclation C1 - Phieum b, IS
C  Saxifraga granulata \" 3 7 3 26 25 K il . . _14
Phieum pratense ssp. bertolonii \" 1 3 13 15 2 5 8 33 23] 4
D Veronica arvensis \ 13 9 8 19 15 24 17 33 7
My issima asp. \Z 7 1 2 13 3 5 . 8
Myosotis stricta A 7 2 8 13 . 2 8 33 8
Rhinanthus minor \Z 10 6 3 18 25 13 . . . . 14
Climacium dendroides B 10 6 9 10 18 15 . . 33 1
Association C2 - Veronico spicatee-Avenetum
C  Prunella grandifiora ssp. arandifiora v 5 + 2 3 . 8
Orchis mascula ssp. mascula v 4 1 8 2 5 3 4
Orchis morio ssp. morio v 3 1 6 2 3 5
Artemisia oslandica v 1 3 . .
D Carex fiacca ssp. flacca \ 12 . g 20 . " 7 15 49 | 12 20
Danthonia decumbens Y 6 1 13 3 . . 43| 8
Antennaria diolca \ 6 z 10 1 5 3 3 .36
DA iation C3 and C4 (ag: C1 and C2)
Knautia arvensis v 9 6 38 13 12 8 &0 90
Primula veris sep. veris v 4 0 25 2 8 (32 60
Agsociation C3 — Trifolium A falcata
C  Pimpinefia ssxifraga A 7 7 1 15 15 11 17
Trifolium montanum \ 3 0 . 1 . 2 .
D Carexernicetorum A “ 8 6 25 7 9 4 8 1 .
Centsurea scabiosa \" 7 6 4 9 3 8 4 5
Association C4- Adonis vernalls-Ononis arvensis community
C  Adonis vemalis \ 2 . . .
Polygala comosa v 5 2 4 1
Ononis arvensis \ 1 . . . . . .
D Dactyiis glomersta ssp. glomersta v 9 5 2 30 8 {23] 2 8 2 3 12{100
imonk foria ssp. v 2 . 23 . . . . 2 50
Leucenthemum vulgare \ 2 0 23 . 2 . . . 2 80
Veronica chamaedrys ssp. chamaediys \" 6 7 24 15 5 14 8 5 2 & 70
Clinopodium vulgare ssp. vuiare v 1 13 50
Festuca pratensis 8sp. pratensis v 1 . 13 50 |
Df and io-C o8 inst Sedo-Scleranthenee}
Anthoxanthum odoratum v 31 32 -] 53 . 50 32 20 57 33 . 9
Pulsatilta pratensis ssp. pratensis v 28 55 [ 27 33 . 47 58 100 82 . .
Agrostis capillaris v 25 32 2 23 25 73 38 M 42 3
Luzuia campestris v 25 23 . 53 25 37 30 29 17 . .
Phieum phleoides v 24 .28 | 3 3 2 67 29 50 . 4
Df and Sedo- Koelerio-Cor orenea) e
I ia 88. vull v 39 16 40 49 25 7 27 29 8 33 34 4 . 41 87 6 66 32 30
Abietinefla abieting B 37 14 40 39 13 | 56 17 67 4 32 27 3 56 51 40 10
Medicago lupulina v 36 8 5¢ 48 8 [ 38, 100 30 40 63 62 68 25 28 70
Fissidens dubius B 32 1 43 20 . .l 72 4 68 T2 2t 38 20
Linum catharticum v 30 . 34 37 . . 68 . 12: 54 36 3 66 8 80
Taraxacum officinate agq. v 27 13 30 37 18 27 14 17 33 24 8 : M 51 44_ 21 12 70
Other species (with more than 10 % constancy in the whole data set)
Festuca ovina v 82 78 79 100 75 82 73 57 75 67 76 56 100 92 $2 97 68 60
Galium verum ssp. verum v 68 65 45 87 50 83 91 100 67 67 32 1 46 69 g0 80 8 90
Hyprum cupressiforme ver. lacunosum B 68 48 kel 54 . 50 60 653 57 87 67 51 88 980 97 74 90 52 .
Plantago iarceolets v 58 41 37 88 33 25 73 85 29 . 100 38 . 29 18 87 87 88 90
Thymus serpylium ssp. serovilum \" 52 43 60 38 26 28 38 100 67 33 38 52 90 87 3B 79 I
Cladonia rangiformis L 50 44 51 38 . 5 48 33 57 75 33 34 28 76 85 77 59 18
Bromus hordeaceus ssp. hordeaceus v 38 48 46 38 33 50 35 52 57 58 100 30 60 37 5 80 16 16 30
Cladonia pyxidata agq. L 24 27 26 23 00 27 15 . k14 33 16 . 32 49 38 33 . 20
Poa compressa v 14 3 18 15 . 8 9 . . 33 23 4 17 13 23 23 12
Euphresia stricta v 12 4 14 3 5 12 . 8 . 30 4 7 18 . 7 4
Potentiila x subarenaria A" 10 9 2 16 3 21 4 17 . . . 7 5 15 15 32
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Abstract

We compared species richness and species characteris-
tics of dry alvar grassland communities on the islands of
Saaremaa (Estonia) and Oland (Sweden). In addition we
distinguished the species with contrasting abundance in
alvars — core and satellite species — and compared their
characteristics in both countries. Altogether we included
37 alvar sites from Saaremaa and 21 alvar sites from
Oland. There were no significant differences in the sizes
of community species pool and o-diversity between the
two regions. There was a strikingly similar number of
core species: 34 on Saaremaa and 35 on Oland, while the
number of satellite species was 170 for Saaremaa and 91
for Oland. Per site, there were significantly more satellite
species in Saaremaa thanin Oland. Average potential height
of plants was significantly greater on Estonian alvars indi-
cating better soil conditions there. This is also expressed
in the higher demand for soil moisture and lower demand
for light of species from Saaremaa alvars.

Core and satellite species had similar differences in their
environmental demands in both regions: satellite species
preferred higher soil nutrient content and more soil mois-
ture than core species. In summary, there are remarkable
similarities in the species number between two regions,
but the differences in species characteristics indicate that
conservation knowledge from one region cannot be directly
applied to protect alvars in another region.

Keywords: Calcareous grassland; Core species; Oland;
Saaremaa; Satellite species; Species richness.

Nomenclature: Mossberg & Stenberg (2003).
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Introduction

Alvargrasslandsaredry calcareous grassland communities
on shallow soil (< 20 cm) on Ordovician or Silurian lime-
stone (Rosén 1982; Partel et al. 1999). Alvars have limited
distribution in the world due to the lack of exposure of
limestone parent material. These grasslands occur only
scattered on the Swedish mainland, on the islands of Oland,
Gotland, the Estonian islands of Saaremaa, Hiiumaa and
Muhu, on coastal parts of the Estonian mainland (Rosén
1982; Partel et al. 1999) and in NW Russia, on the Izhora
plateau near St. Petersburg (Znamenskiy et al. 2006).
Similar communities on limestone bedrock and partly
overlapping species composition have also been described
from Canada and from some otherparts of Europe (Belcher
etal. 1992; Catling & Brownell 1995; Dengler et al. 2006;
Dengler & Lobel 2006).

Alvar soils are rendzic leptosols, with a humus hori-
zon lying directly on the limestone (Reintam 1995). Soil
conditions are variable and soil heterogeneity is related
to the amount of woody species in the grassland (Pértel
& Helm 2007). Alvars are characterised by high spe-
cies richness both on the community level and on finer
scales (van der Maarel 1988; Sjogren 1988; Pirtel et al.
1996). There are several explanations for the causes of
high biodiversity on calcareous grasslands (Huber & van
der Maarel 2007). First, many species prefer to grow in
calcareous soils (Partel et al. 1996). Partel (2002) showed
that the large regional species pool of calcareous com-
munities is caused by the presence of evolutionary centres
on calcareous areas. Secondly, the high species richness
in semi-natural communities is the result of long-lasting
and continuous management (Cousins & Eriksson 2002;
Prentice et al. 2007) and the current number of species
on alvars is determined by the management history and
human population density as far back as 1000 years ago
(Pirtel et al. 2007).

Alvars are semi-natural communities anddueto the ces-
sation of traditional managemente.g. grazing and mowing,
alvars overgrow with shrubs and trees (Partel et al. 1999;
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Rosén & van der Maarel 2000; Bakker et al. 2007).

Pictures of grazed and abandoned alvars on Oland have
often been published and are also found in papers in this
volume. For comparison two pictures from Saaremaa are
added here (Figs. 1 and 2).

Duetohabitatloss and fragmentation, the area of alvars
in Estonia has declined from ca. 50000 ha in the 1930s to
only 10 000 ha in 2000 (Kukk & Sammul 2006). In Sweden,
the area of alvars has declined as well (Ekstam & Forshed

2002). Due to the general validity of the species-arearela-
tionship S = A%, this kind of loss should be reflected in the
decreased species number compared to the period before
fragmentation. However, the slow intrinsic dynamics and
long life-cycles of many grassland plants may create rem-
nant populations and remnant communities in the modern
landscape (Eriksson 1996) so that species richness may be
maintained for some time. Helm et al. (2006) found that
currentspecies richness in Saaremaaalvars is not described

Fig. 1. Alvar grassland on western
Saaremaa on deep soil grazed by
sheep.

Fig. 2. Abandoned alvar grassland
on eastern Saarema on deep soil;
Juniperus communis is encroaching.

Acta Phytogeogr. Suec. 88



Plant diversity and species characteristics of alvar grasslands in Estonia and Sweden 35

by current area and current connectivity of grasslands,
but by historical area and connectivity, i.e. the landscape
structure before fragmentation. This indicatesthe existence
of an ‘extinction debt’ (Tilman et al. 1994; Hanski 2000,
2005). As species richness ultimately depends onareaand
connectivity future extinctions are inevitable.

Alvars are well studied, both in Sweden (Albertson
1950; Pettersson 1965; Rosén 1982; Krahulec et al.
1986; Rejmanek & Rosén 1992; Rosén & van der Maarel
2000; Ekstam & Forshed 2002; Rosén 2006; Dengler
& Lobel 2006; Lobel & Dengler 2007) and in Estonia
(Vilberg 1927; Laasimer 1946, 1975; Zobel 1987; Zobel
& Kont 1992; Partel & Zobel 1995, 1999; Pirtel et al.
1999, 2007), but a rigorous comparison of species rich-
ness between the two regions is still missing.

Species richness, however, is a very general measure.
We have shown previously that species with different re-
gional abundances have different effects on small-scale
diversity: species which are represented in most of the
habitat patches of a studied community (core species)
have influence on the o.-diversity and species which are
represented in only few patches (satellite species) have
influence on the B-diversity (Pirtel et al. 2001). Thus,
core and satellite species richness should be compared
separately. Species regional abundance (belonging to
core or satellite group) is most likely defined by species
characteristics. In order to understand the variability in
species diversity, we must study which kind of species
form the actual community.

The first aim of this study was to compare the spe-
cies richness and species characteristics of dry alvar
grassland communities in Saaremaa and in Oland. The
second aim was to distinguish the species with contrast-
ing abundance in alvars — core and satellite species —and
to compare their characteristics in both countries.

Material and Methods

We carried out our studies on alvars in two regions of
the Baltic Sea: the Estonian islands of Saaremaa and
Muhu and the Swedish island of Oland. Saaremaa and
Muhu are situated west of the Estonian mainland (ca.
58° N, 22-23° E) with a total area of 2900 km? Oland
is situated east of the South-Swedish mainland (ca. 56-
57° N, 16-17° E) with an area of 1342 km? Saaremaa
and Muhu are very close to each other and they can be
studied together (afterwards we use the terms Saaremaa
or Estonia). Both regions have a mild maritime climate
with a mean precipitation of 500-600 mm per year on
Saaremaa (Raukas 1995) and 400-500 mm per year on
Oland (Rosén 1982). The coldest month is February
with a mean temperature of —1 to —2 °C on Oland and
—2.5 to —4.5 °C on Saaremaa. The summers are warm
with a mean temperature in July of 16-17 °C both on

Saaremaa and Oland.

Altogether we studied 58 alvar grasslands, 37 sites
on Saaremaa and Muhu, and 21 sites on Oland. These
grasslands belong to the dry alvar type (Avenetum and
Festucetumtypes; cf. Albertson 1950; Pirtel et al. 1999).
Fieldwork was carried out in June and July of 1992-
1994, 1996, 1998 and 1999. Werecorded the size of the
community’s vascular plant species pool for each site
(ca. 50 m x 50 m) and the small-scale species richness
on 5-15 plots of 1 m X 1 m (a-diversity).

Within the overall species lists we separated between
core and satellite species (Hanski 1982; Pirtel et al.
2001) on the basis of the frequency of occurrence in
the two sets of sites. Core species are defined as species
occurring in at least 75% of the study sites in the respec-
tive regions; satellite species are defined as occurring
in less than 25% of the sites.

For comparing the species composition of alvar
communities of the two regions and for comparing core
and satellite species, we distinguished several species
characteristics: (1) mean potential plant height, showing
the potential to compete for light (Mossberg et al. 1992;
Leht 1999); (2) Ellenberg indicator values for light,
soil moisture, nutrient content and reaction according
to Ellenberg et al. (1991). Ellenberg indicator values
indicate the optimal habitat conditions for particular
species.

We used the Mann-Whitney U-test to compare the
size of community species pool and a-diversity between
two regions and to evaluate the characteristics of core
and satellite species.

Results

Altogether we registered 263 vascular plant species
fromthe 37 dry alvarsites in Saaremaa and 185 species
from the 21 Oland alvar sites. There were 131 species in
common between the two species groups. Fig. 3 shows
the frequency distribution of species occurrences on
(a) Saaremaa-Muhu and (b) Oland. Most of the species
occur in less than 25% of the sites and thus belong to
the satellite species group. On Saaremaa, 170 out of
263 species, or 65% were satellite species, on Oland
91 out of 185 or 50% were satellite species, which is
considerably less than on Saaremaa. The core species
were almost equal in number with 34 on Saaremaa and
35 on Oland, but the proportion on Oland was higher:
19% against 13%. There were 16 core species in com-
mon between the two regions and 38 common satellite
species (App. 1).

Five Estonian core species were satellite species in
Sweden: Leucanthemum vulgare, Pimpinella saxifraga,
Pinus sylvestris, Senecio jacobaea, Trifolium montanum,
while eight Swedish core species were satellite species
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Fig 3. Frequency distribution of species over (a) 37 alvar sites
on Saaremaa-Muhu and (b) 21 alvar sites on Oland. The 25%
and 75% boundaries are indicated toshow the amount of satellite
species and core species.
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o~diversity per site for Saaremaa-Muhu and Oland. Box and
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are no significant differences according to the Mann-Whitney
U-test.
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in Estonia: Agrostis gigantea, Allium schoenoprasum,
Bromus hordeaceus, Cerastium semidecandrum, Crepis
tectorum, Erophila verna, Hornungia petraea, Sagina
nodosa. This is remarkable because most of these spe-
cies are common in the two floras.

The size of the community species pool and the
small-scale species diversity did not differ between the
two regions (Fig. 4a, b). Average number of core spe-
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Fig 5. Mean number of (a) core species and (b) satellite species
per site in alvars of Saaremaa-Muhu and Oland. Box and
whiskers represent standard error and standard deviation of
mean respectively. There are no significant differences between
the number of core species, but according to the Mann-Whitney
U-test there are more satellite species in Saaremaa (U = 236,
P=0.014).
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Fig 6. Mean potential height of species on alvars of Saaremaa-
Muhu and Oland. Box and whiskers represent SE and SD of
mean. The Mann-Whitney U-test shows significantly greater
plant height in Saaremaa: U = 16396, P = 0.001.
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cies per site showed no significant difference between
the regions (Fig. 5a), but there were significantly larger
numbers of satellite species per site on Saaremaa and
Muhu alvars than on Oland (Fig. 5b).

The Mann-Whitney U-test indicated that the mean
potential plant height was significantly greater on Esto-
nian alvars (Fig. 6). According to the Ellenberg indicator
values species from Estonian alvars had a significantly
higher demand for moisture and lower demand for light
as compared to species from Oland (Table 1).

In Estonian alvars, core and satellite species did not
differ in mean potential height (Fig. 7a), while the Swedish
core species had significantly lower mean potential height
compared to satellite species (Fig. 7b). Both in Estonia
(Table 2) and in Sweden (Table 3) core species preferred
lower soil fertility. In addition, core species preferred
drier soil in Estonia, all other demands for environmental
conditions were similar between the two species groups
in both countries.
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Fig 7. Mean potential height of core and satellite species on
Saaremaa-Muhu (a) and Oland (b). Box and whiskers represent
SE and SE of the mean. According to the Mann-Whitney U-test,
core and satellite species differ in height only on Oland (U =
1018, P =0.012).

Table 1. Mean Ellenberg indicator values (+ SD) for alvar grasslands on Saaremaa and Oland. Mann-Whitney test: U- and P-values.

Significant P-values are indicated in bold.

Saaremaa Oland U P
Light 69 1.3 73 1.0 16250.0 0.010
Soil moisture 46 +1.7 42+16 12830.5 0.020
Soil nutrient content 35+1.8 3319 734.5 0.140
Soil reaction 68 +1.6 64+19 8705.5 0.180

Table 2. Mean Ellenberg indicator values (+ SD) of core and satellite species for alvar grasslands on Saaremaa. Mann-Whitney test:

U- and P-values. Significant P-values are indicated in bold.

Core species Satellite species U P
Light 7.1+09 74+79 2119 0.654
Soil moisture 40+13 48 +1.7 1231 0.026
Soil nutrient content 26+14 3719 1169.5 0.004
Soil reaction 69+1.6 6.7+1.7 912.0 0234

Table 3. Mean Ellenberg indicator values (+ SD) of core and satellite species for alvar grasslands on Oland. Mann-Whitney test: U-

and P-values. Significant P-values are indicated in bold.

Core species Satellite species U P
Light 7.5+09 72+1.0 1134 0.149
Soil moisture 38+1.6 44x1.7 7285 0.067
Soil nutrient content 28 +1.7 3.7+20 746.5 0.044
Soil reaction 7.1+14 6.5+20 603.5 0.346
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Discussion

The frequency distributions of species occurrences in
the sites show a clear predominance of low-frequent
species (Fig. 3a, b) forming a reversed J-shape distribu-
tion. Pértel et al. (2001) found a U-shaped distribution
when considering the species data from 16 Estonian
alvars which were previously numerically classified as
the Avenetum community type (Pértel et al. 1999). The
discrepancy between the two studies may be caused by
the more complex type of communities in the current
paper as bimodality is expected in the case of homoge-
neous species composition between sites.

It is probable that the differences in climate, geol-
ogy and habitat configuration have resulted in different
regional species pools for Oland and for Saaremaa.
Oland is located more south than Saaremaa and due to
its narrow shape the winters are milder. The area of alvar
grassland is much larger on Oland and the distribution
of alvars is different. In Saaremaa, alvars are small and
quite equally scattered, while on Oland alvars occur
mainly in the southern part of the island forming one
large area called the Great Alvar (Stora Alvaret). Oland
is geologically older; most of it emerged from the sea
ca. 10 000 BP (Svensson 1989). Most of Saaremaa’s
calcareous areas arose from the sea 7500-4000 BP
(Poska & Saarse 2002).

Though Oland is expected to have a larger regional
species pool, there were no significant differences in
the sizes of community species pool and a-diversity
between the two regions (Fig. 4a, b). This result can be
explained by the almost identical core species listin both
regions. Glenn & Collins (1990) and Partel et al. (2001)
confirmed that small-scale (a-) diversity is mainly de-
termined by the number of locally more abundant core
species while satellite species are responsible for the
variation between sites and also within the site. There
were no significant differences between the number
of core species between alvar sites of Saaremaa and
Oland (Fig. 5a), but Estonian alvars had significantly
higher numbers of satellite species per area (Fig. 5b).
As alvars in Saaremaa are generally smaller and more
scattered than alvars on Oland, the higher number of
satellite species may be caused by the edge effect. For
example, Helm et al. (2006) found that the number
of non-specialist (satellite) plant species in alvars of
Saaremaa is negatively related to the current area since a
large perimeter to area ratio supports the species present
in the surrounding habitats to disperse to an alvar.

Mean potential height of the plant species involved
was significantly greater on Estonian alvars (Fig. 6).
This can be explained by the higher proportion of deeper
and moister soils on Saaremaa, whereas most of the
Oland alvars have very shallow soil. Comparison of
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species by Ellenberg indicator values showed the same
pattern: species in Estonian alvars had a higher demand
for moisture but a lower demand for light than species
in Swedish alvars (Table 1). Satellite species preferred
higher soil nutrient contents in both regions and, in
Estonia, more soil moisture than core species (Tables 2,
3). On Oland, core species were also significantly lower
on average than satellite species (Fig. 7). According to
these results, core species are better adapted to survive
the harsh environmental conditions of alvars and drought
and low nutrient availability are tolerated better.

Alvars harbour unique, species-rich and vulnerable
communities, which have high cultural and aesthetic
value. For proper conservation management it is nec-
essary to carefully study the processes that have been
responsible for creating the variation in species com-
position and species richness of these communities.
Although the species richness did not differ between
Saaremaa and Oland, neither on the community level
nor on finer scales, there were differences in the number
of satellite species and in the species characteristics.
Thisdoesnot allow us to directly transfer management
knowledge from one region to another without more
profound studies.
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App. 1. Species lists for the alvars on Saaremaa/Muhu = S and Oland = O. Percentage of species occurrence in studied stands. Index ©
refers to core species, index ® to satellite species.

S 6] S o] S 8]
Acer platanoides 30 0 Chaenorhinum minus 0 5 Hieracium umbellatum 8s 5s
Achillea millefolium 97¢ 90°¢ Cirsium acaule 92¢c¢ 76¢ Hornungia petraea s 76¢
Acinos arvensis 49 95 ¢ Cirsiumarvense 5s 5s Hypericum maculatum 5s 5
Aegopodium podagraria 3s 0 Cirsium vulgare 19s 14 Hypericum perforatum 89 ¢ 29
Agrimonia eupatoria 30 0 Clinopodium vulgare 3 0 Hypochaeris maculata 14 s 0
Agrostis capillaris 8s 145 Convallaria majalis 65 0 Inula salicina 73 0
Agrostis gigantea 3s 76¢ Convolvulus arvensis 8s 29 Juncus articulatus 0 14 ¢
Agrostis stolonifera 70 81 ¢ Corylus avellana 19 s 0 Juni perus communis 100 = 100 ¢©
Agrostis vinealis 16 s 57 Cotoneaster scandinavicus 0 Ss Knautia arvensis 46 0
Alchemilla vulgaris 65 14 s Cotoneaster spec. 5s 0 Lathyrus pratensis 113 5
Allium oleraceum 5 0 Crataegus monogyna 5% 0 Leontodon autumnalis 145 62
Allium schoenoprasum 35 8¢ Crataegus rosaeformis 0 5 Leontodon hispidus 49 0
Allium vineale 3s 29 Crepis praemorsa 22s 19 Leucanthemum vulgare 84 ¢ 5s
Anagallis arvensis 0 24 s Crepis tectorum 225 86°¢ Libanotis intermedia 8 0
Androsace septentrionalis 3s 10 Cynosurus cristatus 35 10 Linaria vulgaris 8s 24
Anemone sylvestris 11 0 Cypripedium calceolus 3s 0 Linum catharcticum 97 ¢ 86¢
Angelica sylvestris 3 0 Dactylis glomerata 46 0 Listera ovata 30 0
Antennaria dioica 95¢ 33 Dactylorhiza incarnata 5 0 Lithospermum officinale 0 10 ¢
Anthemis tinctoria 22 s 0 Dactylorhiza sambucina 0 5% Lonicera xylosteum 46 0
Anthericum ramosum 0 5 Danthonia decumbens 14s 105 Lotus corniculatus 86 ¢ 67
Anthoxanthum odoratum 145 43 Daucus carota 16 103 Luzula campestris 32 38
Anthriscus sylvestris 1 s 0 Deschampsia caespitosa 5s 0 Luzula multifiora 5¢ 0
Anthyllis vulneraria 97 ¢ 90°¢ Dianthus deltoides 3s 38 Luzula pilosa 3 0
Aquilegia vulgaris 3s 0 Draba incana 0 29 Maianthemum bifolium 8s 0
Arabis hirsuta 70 90 © Echium vulgare 24s 38 Malus domestica 5 0
Arctostaphylos uva-ursi 3s 0 Elymus repens 0 5s Malus sylvestris 1% 0
Arenaria ser pyllifolia 27 100 © Epipactis atrorubens 3s 0 Medicago falcata 8s 38
Arrhenatherum elatius 1 s 0 Epipactis helleborine 3s 0 Medicago lupulina 81¢ 76¢
Artemisia absinthium 5 5 Epipactis palustre 5% 0 Medicago sativa 0 5s
Artemisia campestris 49 71 Equisetum palustre 3 0 Melampyrum arvense 3s 0
Artemisia oelandica 0 14 s Erigeron acer 14 s 5 Melampyrum cristatum 3s 0
Artemisia rupestris 41 57 Erodium cicutarum 35 29 Melampyrum nemorosum 3s 0
Artemisia vulgaris S5s 0 Erophila verna 19s 86¢ Melampyrum pratense 3s 0
Asperula tinctoria 89¢ 90¢ Euphrasia officinalis 19 s 0 Melica nutans 3s 0
Asplenium ruta-muraria 8s 10 Euphrasia stricta 0 62 Melilotus albus 5s 0
Asplenium trichomanes 8 s 0 Festuca oelandica 0 52 Mentha arvensis 0 5s
Astragalus danicus 228 0 Festuca ovina 97 ¢ 100 ¢ Menyanthes trifoliata 3 0
Astragalus glycophyllos 8s 0 Festuca pratensis 8s 0 Molinia caerulea 24 s 0
Bellis perennis 0 24 s Festuca rubra 62 5 Mpyosotis arvensis 0 24 s
Berberis vulgaris 32 0 Filipendula vulgaris 95 ¢ 100 ¢ Myosotis stricta 3s 67
Betula pendula 9 s 5 Fragariavesca 59 29 Ononis arvensis 8s 0
Botrychium lunaria 5 0 Fragaria viridis 68 33 Ononis repens 5¢ 0
Brachypodium pinnatum 30 0 Frangula alnus 68 0 Ophrys insectifera 22s  10®
Briza media 89 ¢ 33 Fraxinus excelsior 24 s 0 Orchis mascula 11s 38
Bromus hordeaceus 3s 100 ¢ Fumana procumbens 0 5s Orchis militaris 41 5
Bromus inermis 3s 0 Galium album 35 0 Orchis morio 5¢ 0
Calamagrostis epigeios 3s 0 Galium aparine 0 5s Orchis ustulata 145 33
Calluna vulgaris 3s 10 Galium boreale 89¢ 95¢ Origanum vulgare 14 s 0
Campanula glomerata 59 0 Galium mollugo 3s 0 Oxytropis campestris 0 38
Campanula persicifolia 46 10 ¢ Galium uliginosum 8s 0 Oxytropis pilosa 3s 0
Campanula rotundifolia 70 43 Galium verum 100 ¢ 100 ¢ Padus avium 22's 0
Cardamine pratensis 3s 0 Gentiana cruciata 5 0 Paris quadrifolia 11 0
Carex caryophyllea 84 ¢ 38 Gentianella amarella 3s 0 Phleum phleoides 14s 38
Carex digitata 3s 0 Geranium columbinum 0 14 s Phleum pratense 8s 0
Carex elata 3s 0 Geranium dissectum 0 10 s Phleum pratense ssp. bertolonii 3s 48
Carex ericetorum 5s 43 Geranium molle 0 33 Picea abies I1s 0
Carex flacca 84c¢ 176¢ Geranium pusillum 0 5s Pilosella officinarum 95 ¢ 62
Carex hirta 55 0 Geranium robertianum 3s 14 Pilosella praealtum 5s 43
Carex montana 3 0 Geranium sanguineum 19s 48 Pimpinella major 3s 0
Carex ornithopoda 51 0 Geum rivale 14 s 5 Pimpinella saxifraga 92 ¢ 5
Carex panicea 5% 14¢ Geum urbanum 3s 5s Pinus sylvestris 84 ¢ 5°
Carex spicata 3s 0 Globularia vulgaris 0 14 s Plantago lanceolata 92¢ 90°¢
Carex tomentosa 38 0 Goodyera repens 3s 0 Plantago major 5s 0
Carlina vulgaris 73 14 s Gymnadenia conopsea 54 10 ¢ Plantago maritima 24s 33
Carum carvi 3s 0 Gypsophila fastigiata 0 19 s Plantago media 76 ¢ 0
Centaurea jacea 86¢ 71 Helianthemum nummularium 27 29 Platanthera bif olia 3s 0
Centaurea scabiosa 41 5s Helianthemum oelandicum 0 81 ¢ Platanthera chiorantha 30 19 s
Centaurium erythraea 3s 0 Helictotrichon pratense 100 ¢ 67 Poa alpina 0 62
Centaurium pulchellum 3s 0 Helictotrichon pubescens 22s 29 Poa angustifolia 54 38
Cephalanthera longifolia 3s 0 Hepatica nobilis 24 s 0 Poa bulbosa 0 24 s
Cerastium fontanum 46 67 Heracleum sibiricum 3 0 Poa compressa 62 8l ¢
Cerastium pumilum ssp. glutinosum 0 19 s Herminium monorchis 8s 0 Poa pratensis 5s 0
Cerastium semidecandrum 22s  90¢ Herniaria glabra 0 33 Polygala amarella 70 19 s
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App. 1, cont.

S 6 S 0 S o]
Polygala comosa 22s 0 Rumex acetosa 195 245 Thymus serpyllum 100 ¢ 100 ©
Polygala vulgaris 3s 19 Rumex acetosella 0 57 Tragopogon pratensis 3 0]
Polygonatum multifiorum 11's 0 Rumex crispus 3s 0 Trifolium arvense 3s 195
Polygonatum odoratum 30 0 Sagina nodosa 19s 8¢ Trifolium campestre 0 81 ¢
Potentilla anserina 14 s 0 Saxifraga granulata 8s 48 Trifolium medium 8s 0
Potentilla argentea 0 33 Saxifraga tridactylites 14s 19 Trifolium montanum 78¢ 10
Potentilla erecta 19 s 5 Scabiosa columbaria 3s 145 Trifolium pratense 65 24 s
Potentilla fruticosa 0 24 s Scleranthus perennis 0 5s Trifolium repens 19s 19
Potentilla neumanniana 76 ¢ 100 °© Scorzonera humilis 19 s 0 Trifolium striatum 0 33
Potentilla reptans 43 0 Sedum acre 54 95 ¢ Tussilago farfara 5 0
Primula farinosa 5% 0 Sedum album 30 86 ¢ Valeriana officinalis 113 0
Primula veris 70 10 ¢ Sedum rupestre 0 71 Valerianella locusta 0 29
Prunella grandifiora 0 71 Selinum carvifolia 3s 0 Veronica arvensis 0 62
Prunella vulgaris 68 71 Senecio jacobaea 8l ¢ 5s Veronica chamaedrys 22s 10
Prunus spinosa 0 52 Senecio vulgaris 11 0 Veronica officinalis 41 19 ¢
Pulsatilla pratensis 14s 193 Sesleria caerulea 89 ¢ 57 Veronica spicata 54 90 ©
Quercus robur 14 s 0 Silene nutans 32 19 s Veronica teucrium 22% 0
Ranunculus acris 8s 5° Silene vulgaris 14s 195 Viburnum opulus 35 0
Ranunculus bulbosus 41 90 © Sisymbrium supinum 0 14 s Vicia angustifolia 0 19 s
Ranunculus illyricus 0 10¢ Solidago virgaurea 84 ¢ 0 Vicia cracca 57 14 s
Ranunculus polyanthemos 49 0 Sonchus asper 0 10 ¢ Vicia hirsuta 0 29
Rhamnus catharcticus 73 0 Sorbus aucuparia 81 ¢ 0 Vicia lathyroides 0 5%
Rhinanthus minor 3s 5s Sorbus intermedia 38 10 s Vicia sepium 3s 0
Rhinanthus serotinus 0 29 Stellaria graminea 8s 33 Vicia tetrasperma 3 5°¢
Ribes alpinum 51 0 Succisa pratensis 19s 10 Vincetoxicum hirundinaria 3s  24°¢
Ribes uva-crispa 3+ 0 Swida sanguinea 27 0 Viola arvensis 0 19 s
Rosa canina 0 43 Tanacetum vulgare 3s 0 Viola canina 0 10 s
Rosa majalis 16 * 0 Taraxacum officinale 76¢ 95¢ Viola collina 5s 0
Rosa mollis s 0 Tetragonolobus maritimum 3s 0 Viola hirta 225 10
Rosa spec. 19 s 0 Thalictrum aquilegifolium 3s 0 Viola mirabilis 35 0
Rosa vosagiaca 228 0 Thalictrum flavum 5s 0 Viola rupestris 78 ¢ 0
Rubus caesius 30 0 Thalictrum simplex 3 0 Viola tricolor 0 62
Rubus saxatilis 43 0 Thiaspi arvense 0 24 s
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Abstract

Nutrient and water supply, light availability and removal
of biomass were manipulated in a limestone grassland
community on the Swedish island of Oland from 1990 to
1993 in order to investigate how these factors influence
species richness and year-to-year turnover at fine scales.
Turnover, broken down into disappearance (‘extinction’)
and appearance (‘immigration’) of vascular plant species,
was measured at different spatial scales in plots ranging
from 4 cm? to 0.25 m2

For most treatments, turnover was highest at the finest
scale, both measured as absolute and relative numbers.
Turnover rate increased at all scales when the treatment
implied such a change in the environment, where applica-
tion of fertilizer was combined with shading. In these cases,
disappearance of species largely exceeded appearance in
a predictable manner, and resulted in species-poor assem-
blages at all scales. In plots treated with either fertilizer
or shade, there were large differences in the direction of
the turnover (i.e. whether immigration or extinction domi-
nated) between years, apparently depending on the weather
conditions in the respective year. After drought spells total
turnover was also high for such treatments, whereas plots
regularly receiving additional water supplies had rather
similar turnover rates during the whole experiment.

Keywords: Competition; Disturbance; Diversity; Grazing;
Irrigation, Light conditions; Oland; Species richness.

Nomenclature: Tutin et al. (1964-1980)
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Introduction

Studies on species turnover originate in the Theory of
Island Biogeography by MacArthur & Wilson (1967) who
regarded species richness in a certain area as the resultof a
dynamic equilibrium between extinction and immigration
of species. They developed the concepts of turnover and
turnover rate as theoutcome of extinction and immigration
per time unit. These can be regarded as a combination of
key processes in the dynamics of plant communities, not
only in the course of succession (Gibson & Brown 1991),
butalsoasinternal dynamicsina stable community where
the current diversity of a certain species assemblage is
maintained (van der Maarel 1996).

Studies of species turnover, originally concerned with
islands (MacArthur & Wilson 1967; Nilsson & Nilsson
1982, 1983, 1985), can be extended to experimentally
treated mainland sites (e.g. Gibson & Brown 1991; Glenn
& Collins 1992). Recently, studies in grasslands have
indicated the importance of species turnover for the
maintenance of plant species richness found in these com-
munities, especially at fine scales (e.g. Glenn & Collins
1993; Herben et al. 1993; van der Maarel & Sykes 1993,
1997; Huber 1994, 1999). Van der Maarel & Sykes (1993)
introduced the ‘carousel model’, describing fine-scale
species mobility in short, open alvar limestone grassland.
One implication of this model is that species disappearand
appear from any patch in the community in an apparently
random manner. As measures for the appearance aspect
of this mobility were used (1) cumulative species number,
i.e. the number of species in a given subplot plus all new
species observed in the subsequent recordings; (2) camula-
tive species frequency, i.e. the number of plots occupied
at least once during a series of recordings.

Inthiskind of grassland, we are dealing with fine-scale
movements: species can easily move into and out of very
small plots without immigrating from further away, or
without going locally extinct. Furthermore, only the pres-
ence and absence of above-ground organs is considered,
which mainly result from germination of locally available
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seed, resprouting from below-ground organs, and from
local dieback. Therefore, we should preferably use disap-
pearance for extinction and appearance for immigration
as more suitable terms.

Species turnover, taken as the sum of species disap-
pearances and appearances, can be influenced in several
ways, e.g. composition of,and conditions in, the seed bank,
the structure and frequency of gaps, competitive relation-
ships between established plants, and other environmental
conditions (e.g. Gibson & Brown 1991; Rusch & van der
Maarel 1992), notably weather fluctuations (Grubb 1988;
Dai 1998). In the present contribution we address two main
questions:

1. How do changes in the availability of nutrients,
water, and light, as well as removal of biomass, affect
species turnover? According to Grime (1979) and Tilman
(1982, 1988) extinction rates should increase with higher
nutrient availability as a result of stronger competition.
On the other hand, Tilman (1993) observed a temporary
increase in immigration rates following nutrient addition,
caused by germination of nitrogen-dependent seed bank
species. Higher rates of immigration can also be caused
by vegetative expansion of nutrient-demanding species.
Tilman also claimed that a subsequent reduction in rich-
ness is possible, which is not only caused by higher rates
of extinction, but also by lower rates of immigration. Such
a decrease in the immigration rate and hence richness
can be caused by the development of a denser and higher
sward: tall species dominate and the light intensity near
the ground is reduced. This, forinstance, makes it difficult
for seedlings to establish and/or survive. Considering
the normally nutrient-poor conditions of alvar grassland,
fertilization could be expected to have a strong effect. On
the other hand, productivity is also limited by irregular
water availability. Therefore, extra regular supply with
water could be expected to influence turnover rates.

Effects of light reduction on species diversity have not
often been studied in a systematic way, but through the
simulation of a higher sward, richness may be reduced. The
only study which is known to us concerns an increasing
of the light regime (Eek & Zobel 1997). Concerning graz-
ing, there are different findings, in some cases an increased
turnover was obtained (cf. Gibson & Brown 1991), in other
studies turnover was lower in grazed than in ungrazed
patches (e.g. Milberg & Hansson 1994).

2. Does turnover rate, i.e. the degree of disappearance
and appearance vary with different scales of observation
and in different years? In order to maintain an equilibrium
state at a given spatial scale, disappearances and appear-
ances must be equal. In general, populations on large
plots should be more stable and their turnover rates lower
(Robinson & Quinn 1988). When equilibrium conditions
are negatively influenced through experimental changes,
it can be assumed that the rate of disappearance increases
more at fine scales, where species which are present with
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only few specimens, vanish more easily (Nilsson & Nils-
son 1982). With larger areas and larger population sizes,
species would be ableto remain present with at least some
individuals, but there would also be a possibility for ap-
pearances because a larger area provides a greater chance
for seedling establishment or vegetative dispersal from the
surrounding area.

Material and Methods

Study area

The study was carried out between 1989 and 1994 at
Gettlinge (56°23' N, 16°27" E) on the ‘Great Alvar’ on the
Baltic island of Oland, southeastern Sweden. The alvar
is a vast limestone plateau with grassland, including the
species-rich plant community Veronico-Avenetum (Kra-
hulec et al. 1986) occurring at sites with relatively deep
soils (10 - 30 cm). Species richness is very high, especially
at a fine scale — with maxima of ca. 40 species on 1 m2, 33
on 0.25 m? 250n0.01 m?, and 15 on 0.001 m2(van der
Maarel & Sykes 1993).

Sheep, cattle and horses have grazed the alvar for along
time, probably for more than 2000 yr. The experimental
site is lightly grazed by cattle and afew horses, but grazing
was interrupted during the summer period for the time of
the experiments. Mean annual rainfall is 430 mm (1965 to
1980; Rosén 1982); frequently occurring summer droughts
cause heavy damage and die-back of the vegetation, lead-
ing to subsequent drastic changes in species composition
(Rosén 1982; van der Maarel 1996).

During the period of observation, the amount of rainfall
over the growing season fluctuated strongly (Huber 1994).
While rainfall was evenly distributed during the growing
season of 1990, the early summer of 1991 was extremely
wet. In 1989 and 1992, two longer drought periods of
6 and 10 weeks, respectively, occurred. The start of the
growing season in 1993 was also very dry. Therefore extra
water was supplied to all plots in order to avoid drought
damage in non-irrigated plots and to be able to finish the
experimental part of the study (cf. Huber 1994).

Experimental design and sampling

Experimental plots were established within five blocks
of 1.5 m x 7.5 m, situated near to each other: maximum
distance between plots was ca. 20 m (Figs. 1 - 3). Each
block consisted of 20 plots (thus, n = 100) in two rows
with 20-cm buffer zones between neighbouring plots. This
layout was chosen for practical reasons. These plots were
sampled at three nested spatial scales, ranging from 50 cm
x 50 cm (large), with a central sub-plot of 10 cm X 10 cm
(medium) to 2 cm X 2 cm (small, 25 cells in a contiguous
grid on the 10 cm X 10 cm sub-plot).
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Fig. 1. Layout of the experiments on Gettlinge Alvar;
one of the blocks is shown with 50 cm x 50 cm in two
rows separated by a buffer zone (photo: R. Huber).

Fig. 2. One of the blocks with the shading net upright.
Two more blocks are visible in the distance (photo:
R. Huber).

Fig. 3. Block with shading device and microclimatic
instruments (not discussed in this paper) in the fore-
ground. The effect of the serious summer drought in
1992 is clear (photo: R. Huber).
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Table 1. Combinations of treatments and their abbreviations.

C = No treatment (including no grazing)
F = Fertilization
S = Shading
W = Irrigation
G = Simulated grazing
FS = Fertilization + shading
SG = Shading + simulated grazing
FW = Fertilization + irrigation
FWG = Fertilization + irrigation + simulated grazing

FWS = Fertilization + irrigation + shading

Table 2. Annual nutrient supply to the F, FS, FW, FWG and
FWS plots.

Element Addition (g/m2) Chemical compounds
N 133 NO,NH,

P 59 KH,PO,

K 14.8 KCl, KH,PO,
Ca 4.0 CaCl,

Mg 3.3 MgSO,*7H,0
Zn 08 ZnSO,*7H,0
Mn 0.8 MnSO,*H,0

Cu 03 CuSO,*5H,0
Fe 03 FeSO,*7H,0

B 0.03 Na2B,0*7H,0
Mo 0.008 Na,Mo0,*2H,0

From May 1990 until June 1993 the plots were treated
with 10 different combinations of nutrients and/or water,
reduced light availability and changed grazing conditions in
arandomized split-plot design with shading as split factor.
Each factor was applied separately, and in combination (of
maximally three treatments) with 10 replicates for each
treatment (See Table 1 for combinations of treatments and
abbreviations).

Aliquid fertilizer solution (NPK and micronutrients;
see Table 2 for amounts) was given four times during the
growing season. The irrigation treatment consisted of the
addition of water equivalent to 80 mm rainfall per month
from May to August—applied twice a week in equal doses
of 10 mm. This extra yearly supply of 320 mm largely ex-
ceeded 173 mm, the mean forthe growing season (Rosén
1982).

A green shading net, asused in horticulture, clamped on
a wooden frame, was put over the shaded plots during the
whole year; this reduced photosynthetically active radia-
tion (PAR) to ca. 30% of full light (Fig. 2). The northern
sides of the frames were only closed by a wire net to avoid
exclusion of pollinators and to allow pollen and diaspores
to pass, but to prevent grazers from approaching the plots.
Grazing was simulated by clipping the vegetation with
scissors once a year in September, to 2 cm above ground
level —this to mimic the height of the surrounding naturally
grazed vegetation. As a matter of fact, this treatment (G)
can be considered to be closest to the baseline conditions
of this system, whereas the control C was rather a ‘non-
treatment’ without any grazing. We checked for differences
in effect between these two treatments. Since significant
differences were hardly found, and the clipping did not
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entirely mimic natural grazing conditions, we considered
treatment C as an appropriate measure of ‘natural’ condi-
tions, i.e. without human interference. This makes C to
our ‘null model’, comprising the ‘normal’ turnover of the
system.

Actually, several null models have been proposed in
relation to the carousel model (van der Maarel & Sykes
1997; Palmer & Rusch 2001), and it is still unclear (1)
which random configuration of species occurrences to
adopt for such a null model, and (2) to which of the treat-
ments a null model should be related. Presence/absence
of above-ground organs, rooted, as well as non-rooted
parts, was recorded at all scales in June of the years 1989
to 1993. In June 1994, one year after termination of the
experiment, the 50 cm X 50 cm plots were re-sampled (it
was not possible to sample the subplots, since their mark-
ings had been removed at the end of the treatments).

Turnover indices

In addition to the determination of absolute numbers of
appearing and disappearing species, turnover calculations
were based on the following measurements of the disap-
pearance rate v and the appearance rate v, between two
consecutive recordings at times ¢, and 7,

_ No. of species disappearing between ¢, and ¢,,, * 100 (1)
g Cumulative no. of species at ¢, and z,,,

_ No. of species newly appearing at¢,,, * 100
we Cumulative no. of species at ¢, and 7.,

@

Disappearance and appearance rates as direct measures
of release and occupation of space (cf. Palmer & Rusch
2001) were calculated separately in order to disentangle
the processes determining possible changes of species rich-
ness as a response to the experimental manipulations. The
cumulative species number was calculated as the number
of species recorded at ¢; plus the number of newly occur-
ring species at ¢;+1. The turnover rate can simply be taken
as the sum of these two values. Calculations were carried
out for the transitions 1 (1989-1990), 2 (1990-1991), 3
(1991-1992) and 4 (1992-1993) for small and medium
plot sizes: for the large plot size a fifth transition (1993-
1994) was included. For the small plots (2 cm X 2 cm)
mean values over 25 cells (i.e. the grid) were calculated
first. Several other indices of species turnoverare available
but there seems to be no clear preference for any of them
(Nilsson & Nilsson 1982; Gibson & Brown 1991; Kellner
1993; Milberg & Hansson 1994; Pértel & Zobel 1995).
In most indices all species in two consecutive recordings
are considered, i.e. species occurring in both recordings
are counted twice. In contrast, our equations (1) and (2),
are based on the cumulative number of species. This is
conform to the study by van der Maarel & Sykes (1993)
at the same site.



Statistical methods

Absolute numbers of disappearing and appearing species
and total turnover were calculated as mean values over the
four experimental years. Differences between treatments
were tested with the Tukey test, p <0.05. The percentage
data on disappearance and appearance rate were arcsine-
transformed to improve the fit to a normal distribution and
to reduce heteroscedasticity (Zar 1984). The material was
first examined with ANOVA (balanced design in Minitab
11), followed by an F-test; all possible interactions were
included in the model in order to detect overall heteroge-
neity in the material (App. 1). Since a strong year-to-year
influence was found, subsequent analyses (procedure GLM
in Minitab 11) were carried out for each year separately;
technically the covariates were used as dummy variables
forF, S, W, and G (Zar 1984). Two- and three-factor treat-
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ments included all possible combinations (e.g. treatment
FW implied that the value of the covariates F, W, and FW
was set to 1, for treatment FWS covariates F, W, S, FS,
FW, and FWS were set to 1).

Results
Differences between blocks and plot sizes

Significant differences between the five experimental
blocks were only found in a few cases, in the small plots
for the transition from year 1 to 2, and (weakly) year 2 to
3, and in the large plots from year 2 to 3 (Table 3). This
block effect re-appeared in the SO0 cm X S0 cm plots in the
year after termination of the experiment, indicating that
experimental effects dominated over site heterogeneity as

Table 3. Between-year appearance and disappearance rates for (a) 1989 to 1994 large plots (50 cm x 50 cm), from 1989 to 1993 (June
samples) (b) medium plots (10 cm x 10 cm), (¢) small plots (2 cm X 2 cm). Bold values refer to treatments with a significantresponse in
the regression analysis (p < 0.05), italics to values close to significance. (app1/dis1= appearance/disappearance rate from 1989 to 1990,
app2/dis2 = appearance/disappearance rate from 1990 to 1991, app3/dis3 = appearance/disappearance rate from 1991 to 1992, app4/
dis4 = appearance/disappearance rate from 1992 to 1993, app5/dis5 = appearance/disappearance rate from 1993 to 1994).

a.50 cm x 50 cm

Block  v,;;1 Vais] VappZ Vgis2 Vapp3 Vgis3
* KKk
C 12.7 29 7.4 L5 34 8.3
F 18.2 23 39 51 2.8 11.2
S 20.7 2.2 3.8 5.2 2.1 10.5
w 12.8 2.6 3.6 37 43 3.2
G 15.4 2.4 44 3.9 3.0 6.6
FS 16.7 2.3 2.6 9.8 23 17.3
SG 17.6 3.0 6.2 4.1 3.3 6.2
FW 16.5 1.5 5.2 4.8 31 9.5
FWG 214 1.7 5.6 42 27 7.6
FWS 177 19 33 17.2 39 16.4
b.10cm x 10 cm
C 15.0 7.0 17.4 3.8 42 19.2
F 18.8 5.0 13.4 11.6 7.3 24.7
N 19.3 5.8 59 10.2 6.1 19.7
w 19.6 83 14.3 53 8.4 13.1
G 17.3 7.1 11.2 6.6 49 12.1
FS 20.6 6.4 4.0 372 58 34.1
SG 22.4 8.7 124 10.2 10.9 17.2
FW 18.9 6.3 715 16.8 6.0 17.6
FWG 23.1 34 12,9 9.5 6.2 12.2
FWS 212 6.9 5.4 334 10.1 33.1
c2ecmx2cm
Block *kk *
C 36.7 19.6 33.1 12.7 11.4 36.6
F 339 19.0 28.1 20.9 17.0 425
S 333 17.0 26.7 234 16.7 36.6
w 324 16.4 27.7 16.4 203 234
G 336 18.5 273 154 139 31.7
FS 349 18.3 19.9 39.8 15.6 523
SG 35.7 15.9 225 234 17.8 26.5
FW 423 16.5 23.4 26.6 20.1 324
FWG 380 16.0 308 21.1 223 23.6
FWS  39.0 18.6 19.2 43.6 21.6 43.2

vapp4 Vgt vaPPS Viisd
*k

8.3 5.6 7.3 3.0
8.3 55 13.0 5.6
8.4 3.1 7.5 7.2
4.0 32 3.0 5.0
9.7 5.1 5.4 4.8
4.5 75 19.6 53
7.0 39 44 5.8
4.8 4.3 11.0 4.1
7.1 31 4.5 55
94 5.7 15.1 35
10.4 14.8

12.6 14.1

12.4 10.0

10.7 9.7
9.4 8.1

13.2 26.8

12.3 7.3

19.6 7.6

10.4 4.7

17.2 16.2

255 21.0

31.6 220

29.1 23.5

21.7 214

224 16.3

29.6 30.7

239 15.2

320 203

23.4 19.0

28.5 31.9
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Fig. 4a. Mean number of disappearing species involved in the year-to-year turnover (1990/1991, 1991/1992, 1992/1993) on quadrats
of different sizes (2 cm X 2 cm, 10 cm X 10 cm and 50 cm X 50 cm) under the different treatments (see Table 1 for abbreviations). b.

Mean number of appearing species; ¢. Mean total number of species involved in the turnover (disappearing + appearing species). Tukey
test; P < 0.05. Different letters indicate significant differences between plot sizes per treatment.
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long as the experiment went on.

Generally, the number of disappearing species was low-
est in the large plots, and in five weatments the difference
towards the medium plots was significant (Fig. 4a). More
species disappeared in plots treated with moisture and
shade, and particularly in these treatments disappearance
is significantly largest in the medium plots and not in the
smallest ones. Regarding appearance the pattern was less
clear, and differences were mostly insignificant: for some
treatments the number of appearing species was largest in
the small plots, but in others (e.g. F,G and FWS) the number
of appearances was higher in the large plots (Fig. 4b). The
turnover figures, combining disappearances and appear-
ances, largely follow the disappearance pattern (Fig. 4c).

Turnover rates decreased with increasing scale (Table
3), and among the treatments, differences were much more
pronounced in the small plots than in the large plots. In the
small plots both disappearance and appearance rates are
typically between 20 and 30% with extremes 11.4% and
52.3%, in medium plots 10 - 20% (3.4 - 37.2%) and in large
plots 3-10 % (1.5 - 21.4%). For turnover rates (being the
sum of disappearance and appearance rates) the extremes
are 30.2 - 67.9% for small, 25.1 - 41.2% for medium and
7.3 - 24.9% for large plots. The lower number of species
present in the smaller plots (Fig. 4, Table 3) explains, of
course, the large relative values.

Duringthefirstone ortwo transitions the disappearance
rate was much higher than the appearance rate, for all plot
sizes and all treatments, particularly F-treatments.

Differences between treatments and years

Transition 1: 1989-1990

At all scales and for most treatments the appearance rate
was much higher than the disappearance rate. This means
thatthe species richness increased. This trend is reversed in
the later years, particularly in the treatments FS and FWS,
which leads to a strong decrease in species richness here
as already described by Huber (1994).

Transition 2: 1990-1991

Application of fertilizer or shade without simulated
grazing, significantly increased the rate of disappear-
ance; especially when F and S were applied together, the
disappearance rate was high (treatments FS and FWS).
Moreover, S reduced the appearance rate significantly at
all scales, while a significant effect for F was found only
in the large plots. In the medium and small plots, FWG
both resulted in a higher than expected appearance rate, as
well as lower than expected disappearance rate.

Transition 3: 1991-1992

High rates of disappearance in almost all treatments are
characteristic for this transition, although they are signifi-
cantly lower than the control for treatment W in large and

Plant species turnover in an alvar limestone grassland 49

small plots. Treatments F, S and W, at the medium scale,
had somewhat higher (though insignificant) appearance
rates than C and so had FWS, but this was significantly
lower than expected from the single-factor treatments. The
same pattern occurred in the smallest plots, where F, S,
and W had significantly higher appearance rates than C,
but FS significantly lower than expected.

Transition 4: 1992-1993

Appearance rates were much higher than in the previous
transition at all scales and for almost all treatments and
reflect the re-colonization of the plots after the drought
spell in 1992 (Table 3): significantly higher for FWS, but
(nearly significantly) lower for W at the large scale. In this
transition, the disappearance rates for many treatments
were quite closer to appearance values compared with the
first transition, despite the fact that both were characterized
by recovery after severe drought spells.

Transition 5: 1993-1994

This sampling was carried out one year after termination
of the experiment in order to follow up the dynamics of
the system after cessation of the treatments. Significantly
higher appearance rates were found for the former treat-
ment F (Table 3). A strong re-colonization occurred also in
other treatments earlier subjected to fertilization (especially
FS and FWS), whereas S had a significantly higher disap-
pearance rate. The rate of appearance was significantly
lower in the formerly irrigated plots.

Discussion

Recently, traditional theories stating that high nutrient
levels or high productivity lead to low species richness
have been frequently questioned (e.g. Waide et al. 1999).
The results from this study support this view. Most of the
applied treatments which included fertilisation, resulted in
only temporal reductions of the number of species.

We could not find a predictable pattern, the contrast-
ing responses in the different years can only be explained
in connection with the shifting climatic conditions which
the community is exposed to (cf. Herben et al. 2003). Our
results support earlier investigations that, at least in dry
grasslands, productivity is not limited by nutrients, but by
the availability of water (Walter 1939; Huston 1994).

In growing seasons with sufficient rainfall, competi-
tively strong species could mobilize resources very fast
and gain advantage (e.g. Poa angustifolia), but suffered on
the other hand during periods of harsh environmental con-
ditions. Interspecific competition is modified by weather
conditions, and competitive rankings can change, triggered
by the comparatively small differences in size between
species (Herben et al. 2003). The frequent alternation
between wet and dry seasons, a distinct feature in alvar
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grasslands, is an important driving force for the mainte-
nance of species richness (Chesson & Huntly 1997). The
fast recovery after drought spells with a different species
assemblage indicates both the presence and importance
of below-ground storage organs. Typical alvar species
are able to regainrapidly the open space, which becomes
available during drought spells, when water-demanding
competitors have difficulties to survive.

The regular extra supply of water, but without addi-
tion of nutrients (treatment W) resulted in relatively low
turnover rates throughout the experiment. This is partly
explained by the uniform environmental conditions which
this treatment creates (cf. Holland 1978). It demonstrates
that drought is a major mortality factor, resulting in spe-
cies turnover. Anyhow, species richness remained still
high, since the turf remained short due to the shortage of
nutrients.

Since treatment F resulted in significantly high disap-
pearance under wet conditions (transition 2), one could
expect low appearance and high disappearance rates
for treatment FW throughout the experiment due to the
regular water supply. Moreover, biomass was highest of
all treatments (almost 800 g.m~2; Huber 1994), Neverthe-
less, species richness was only occasionally lower (Huber
1994) and turnover did not significantly differ from the
control throughout the experiment. Willems & Bik (1998)
observed similar patterns in a limestone grassland in The
Netherlands, which they explained with the small-scale
pattern of the vegetation, and the small-scale resource
heterogeneity, which allows a higher species density than
expected only based on productivity. There could be other
explanations for our observations: 1. The comparatively
low height of the turf (11-17 cm) in this treatment, still
preventing competition for light. 2. The possibility of
some litter removal by winter storms or by small grazers,
keeping the turf slightly open. 3. The frequency of water
addition, especially during the drought of 1992. Novop-
lansky & Goldberg (2001) found that infrequent water
pulses favoured slow-growing species from low-productive
environments. 4. The duration of the experiment might
have been too short; under a long perspective treatment
FW might result in stronger and more persistent rates of
disappearance. 5. Willems & Bik (1998) observed very
low seed numbers in a large abandoned experimental
plot. The relatively small size of our experimental plots
(0.25 m?) still allowed for temporal mass effects from the
surroundings.

Treatment FWG, though including high nutrient levels
and water supply, generally had the most positive effect on
the maintenance of a species-rich sward. In certain years
this combined treatment had an effect different from that
of the single factors. In transition 2, S, W, and G reduced
appearance rates, whereas FWG, the combination of fac-
tors, did not have this effect. Tilman (1993) found increased
richness in high-nitrogen treatments in an old-field experi-
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ment in Minnesota, which he explained as the result of a
higher germination rate of nitrogen-dependent seed bank
species. In the present study, the yearly clipping of living
biomass and litter removal in the FWG-plots regularly
opened the turf. This enabled the nitrogen-demanding
annual Cerastium semidecandrum to invade the plots
in large numbers, as well as low-growing perennials to
survive (pers. obs.). Repeated disturbance through clip-
ping delayed a possible saturation of space as expected
under nutrient-rich conditions (Lavorel et al. 1994), and
a species-rich turf could be maintained.

Treatments FS and FWS, which combined a high level
of nutrients with reduced availability of light, were the
only cases where the climatic forces could not dominate
over the experimental changes. Fertilization had a positive,
though only transient effect in the start of the experiment
(cf. Tilman 1993). The addition of nutrients gave some
species a strong advantage to grow fast into the small
gaps, which were numerous after the drought spell in 1989.
This resulted in a dense, but still species-rich sward (Fig.
1). Later on fast-growing species were favored, and very
soon space became limited and further establishment or
persistence of species was difficult (cf. Lavorel et al. 1994),
which is indicated by increasing disappearance rates.

Responses to treatments FS and FWS, and changes
in species richness, were persistent and directional, as
reported earlier (Huber 1994); the disappearance rate was
high and the appearance rate was low.

A very tall (25 - 30 cm) turf with relatively large gaps
at the ground developed in FS and FWS plots due to the
fact that most low-growing species disappeared during the
course of time (Fig. 2). However, colonization of these
gaps was comparatively difficult because of shelter from
the shade netting, as well as the dense and tall sward of
fast-growing species, especially grasses, and litter. This
caused a homogeneous, very low, unfavourable light
regime at ground level (cf. Mitchley & Willems 1995;
Willems & van Nieuwstadt 1996). Regeneration by seed,
which is of great importance in this grassland (Rusch &
van der Maarel 1992), was almost impossible under these
conditions (Huber unpubl.; Tilman 1993). The irregular
patternof highest disappearance in the medium-sized plots
(Fig. 4a) can be explained by (1) a high degree of disap-
pearing species in these treatments, and (2) the fact that
the total number of species present in the smaller plots is
much lower from the beginning.

Underconditions of simulated grazing (G) there was a
slight tendency of a lower turnover than for the ungrazed
C treatment, which coincides with observations of Milberg
& Hansson (1994). On the other hand, Gibson & Brown
(1991) found increased rates of appearance and disap-
pearance under grazing, but also year-to-year variations
in the turnover rates unconnected with grazing which
they relate to other environmental forces. Pirtel & Zobel
(1995) reported scale-dependent turnover patterns from



grazed Estonian alvar grasslands. Possible explanations
for these inconsistent results in the above-mentioned
studies may be found in the different degrees of grazing,
and the different types of grassland included. Allen et al.
(1995) found heavily grazed vegetation in New Zealand
to be more susceptible to environmental stress such as
drought than ungrazed vegetation,; this could also explain
our findings.

Drought seems to be the driving force in this type of
vegetation; appearance rates around 40% indicate that
a large proportion of species involved in the turnover
between 1992 and 1993 were newcomers which were
not present during the previous recording, but were able
to colonize gaps which arose due to die-back of drought-
sensitive species.

Similar results have alsobeen mentioned in earlier stud-
ies where large fluctuations in the species composition of
communities were found (Stephenson & Herendeen 1986;
Watkinson 1990; Rusch & van der Maarel 1992). This
grassland community seems to be a space-time mosaic of
local extinctions and colonizations ata very fine scale (van
der Maarel 1996), whereas at a m?-scale it is very stable
(Huber 1999). The maintenance of the high richness lies
in the fast and large turnover in the species composition
on very small patches (Shmida & Ellner 1984; van der
Maarel 1993), which bear different species assemblages.
This continuous species exchange supports the coexistence
of many species.

The absolute number of species that was exchanged in
the small 2 cm X 2 cm quadrats was usually greater than
in the largest plots; especially the number of disappearing
species was, as expected, largest in the small and medium
plots, whereas the appearance pattern was not uniform:
for a number of treatments the number of newcomers was
similar over all scales. Immigration/appearance and extinc-
tion/disappearance seem to be two independent, not highly
related processes, the first dependent on the frequency of
a certain species, the latter independent thereof (Palmer
& Rusch 2001).

Anotheraspect of the large absolute exchange at the fine
scale might be the relatively low number of rare species in
this grassland combined with a high species richness at the
small, but comparatively low one at the large scales (van
der Maarel 1988). This may also be an explanation for the
different patterns found at the different scales. Palmer &
Rusch (2001) found shorter residence times and a more
random-like behaviour of species at fine scales. This is
supported by this study where the largest turnover (both
relative and absolute) and fastest dynamics were found in
the small plots.

Still, the mechanisms behind the large turnoverand high
species richness at these fine levels are not fully understood;
a high degree of randomness seems to play an important
role, as results from the first year indicate: similarly treated
plots showed different patterns. This might also point to
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the importance of small-scale heterogeneity in chemical
soil properties (Ryser et al. 1995) or soil depth (van der
Maarel & Sykes 1997). Therefore there is still a need for
detailed, long-term, and fine-scale experiments.
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App. 1. Balanced ANOVA for overall heterogeneity at the different scales; df = Degrees of freedom; SS = Sum of squares; MS = Mean square;
Trmt = Treatment; Repl = Replicate 1 and 2 in each block.
Trmt*Repl(Block) was the denominator in the F-test.

F-test
Source df SS MS F P Numerator df MS F P
Large plots (50 cm x 50 cm)
Appearance
Trmt 9 0.23331 0.02592 2.83 0.004 Trmt 9 0.025923 2.03 0.058
Block 4 0.27906 0.06977 7.60 0.000 Block 4 0.069766 5.45 0.001
Trmt*Block 36 0.38065 0.01057 1.15 0.269 Trmt*Block 36 0.010574 0.83 0.721
Repl(Block) 5 0.03193 0.00639 0.70 0.627 Repl(Block) 5 0.006385 0.50 0.775
Trmt*Repl(Block) 45 0.57600 0.01280 1.40 0.066
Year 4 4.76793 1.19198 129.93 0.000
Trmt*Year 36 1.47185 0.04088 4.46 0.000
Block*Year 16 0.24822 0.01551 1.69 0.052
Trmt*Block*Year 144 1.91351 0.01329 1.45 0.009
Year*Repl(Block) 20 0.39768 0.01988 217 0.004
Disappearance
Trmt 9 0.50837 0.05649 3.78 0.000 Trmt 9 0.056486 4.52 0.000
Block 4 0.07873 0.01968 1.32 0.265 Block 4 0.019684 1.58 0.197
Trmt*Block 36 0.39273 0.01091 0.73 0.868 Trmt*Block 36 0.010909 0.87 0.660
ReplBlock) 5 0.04142 0.00828 0.55 0.735 Repl(Block) 5 0.008284 0.66 0.653
Trmt*Repl(Block) 45 0.56196 0.01249 0.84 0.758
Year 4 1.75933 0.43983 29.42 0.000
Trmt*Year 36 1.20514 0.03348 224 0.000
Block*Year 16 0.36697 0.02294 1.53 0.092
Trmt*Block*Year 144 1.97479 0.01371 0.92 0.705
Year*Repl(Block) 20 0.33004 0.01650 1.10 0.349
Turnover
Trmt 9 0.887595  0.098622 11.45 0.000 Trmt 9 0.098622 5.06 0.000
Block 4 0.221295  0.055324 6.42 0.000 Block 4 0.055324 2.84 0.035
Trmt*Block 36 0.608910  0.016914 1.96 0.002 Trmt*Block 36 0.016914 0.87 0.668
Repl(Block) 5 0.040501  0.008100 0.94 0.456 Repl(Block) 5 0.008100 0.42 0.836
Trmt*Repl(Block) 45 0.877930  0.019510 227 0.000
Year 4 1.205395  0.301349 34.99 0.000
Trmt*Year 36 0.715019  0.019862 2.31 0.000
Block*Year 16 0.326306  0.020394 2.37 0.003
Trmt*Block*Year 144 1.422889  0.009881 1.15 0.191
Year*Repl(Block) 20 0.277020  0.013851 1.61 0.055
Medium plots (10 cm x 10 cm)
Appearance
Trmt 9 0.33173 0.03686 2.00 0.043 Trmt 9 0.03686 125 0.28
Block 4 0.16596 0.04149 2.26 0.066 Block 4 0.04149 1.41 0.245
Trmt*Block 36 0.70418 0.01956 1.06 0.388 Trmt*Block 36 0.01956 0.67 0.895
Repl(Block) 5 0.12962 0.02592 141 0.225 Repl(Block) 5 0.02592 0.88 0.501
Trmt*Repl(Block) 45 1.32218 0.02938 1.60 0.021
Year 3 2.68524 0.89508 48.67 0.000
Trmt*Year 27 1.02725 0.03805 2.07 0.004
Block*Year 12 0.13755 0.01146 0.62 0.820
Trmt*Block*Year 108 2.55655 0.02367 1.29 0.082
Year*Repl(Block) 15 022325 0.01488 0.81 0.666
Disappearance
Trmt 9 2.71705 0.30189 12.89 0.000 Trmt 9 0.30189 15.66 0.000
Block 4 0.19252 0.04813 2.06 0.090 Block 4 0.04813 2.50 0.056
Trmt*Block 36 0.55734 0.01548 0.66 0.925 Trmt*Block 36 0.01548 0.80 0.750
Repl(Block) 5 0.05738 0.01148 0.49 0.783 Repl(Block) 5 0.01148 0.60 0.704
Trmt*Repl(Block) 45 0.86751 0.01928 0.82 0.771
Year 3 2.71711 0.90570 38.68 0.000
Trmt*Year 27 2.19786 0.08140 3.48 0.000
Block*Year 12 0.21592 0.01799 0.77 0.682
Trmt*Block*Year 108 2.85207 0.02641 1.13 0.253
Year*Repl(Block) 15 0.31512 0.02101 0.90 0.569
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App. 1, cont.

F-test
Source df SS MS F P Numerator df MS F p
Turnover
Trmt 9 1.76370 0.19597 15.37 0.000 Trmt 9 0.19597 794 0.000
Block 4 0.09153 0.02288 1.79 0.133 Block 4 0.02288 0.93 0.457
Trmt*Block 36 0.65879 0.01830 1.44 0.073 Trmt*Block 36 0.01830 0.74 0.822
Repl(Block) 5 0.12813 0.02563 2.01 0.081 Repl(Block) 5 0.02563 1.04 0.407
Trmt*Repl(Block) 45 1.11084 0.02469 1.94 0.002
Year 3 0.06753 0.02251 1.77 0.157
Trmt*Year 27 0.82291 0.03048 2.39 0.001
Block*Year 12 0.15788 0.01316 1.03 0424
Trmt*Block*Year 108 1.65836 0.01536 1.20 0.152
Year*Repl(Block) 15 0.21730 0.01449 1.14 0.331
Small plots (2 cm X 2 cm)
Appearance
Trmt 9 0.137488  0.015276 2.46 0.013 Trmt 9 0.015276 2.79 0.011
Block 4 0.043372  0.010843 1.74 0.144 Block 4 0.010843 1.98 0.114
Trmt*Block 36 0.186139  0.005171 0.83 0.736 Trmt*Block 36 0.005171 0.94 0.567
Repl(Block) 5 0.037117  0.007423 1.19 0.316 Repl(Block) 5 0.007423 1.36 0.259
Trmt*Repl(Block) 45 0.246402  0.005476 0.88 0.683
Year 3 2.286377  0.762126 122.54 0.000
Trmt*Year 27 0.578287  0.021418 3.44 0.000
Block*Year 12 0225206  0.018767 3.02 0.001
Trmt*Block*Year 108 0.615292  0.005697 0.92 0.681
Year*Repl(Block) 15 0.041807  0.002787 0.45 0.961
Disappearance
Trmt 9 1.486660 0.165184 28.37 0.000 Trmt 9 0.165184 3267 0.000
Block 4 0.072664  0.018166 3.12 0.017 Block 4 0.018166 3.59 0.013
Trmt*Block 36 0.182153  0.005060 0.87 0.681 Trmt*Block 36 0.005060 1.00 0.495
Repl(Block) 5 0.027878  0.005576 0.96 0.446 Repl(Block) 5 0.005576 1.10 0.372
Trmt*Repl(Block) 45 0.227556  0.005057 0.87 0.702
Year 3 2.097277  0.699092 120.05 0.000
Trmt*Year 27 0.990277  0.036677 6.30 0.000
Block*Year 12 0.099144  0.008262 1.42 0.165
Trmt*Block*Year 108 0.581923  0.005388 0.93 0.662
Year*Repl(Block) 15 0.092166  0.006144 1.06 0.404
Turnover
Trmt 9 1.396791  0.155199 32.84 0.000 Trmt 9 0.155199 13.98 0.000
Block 4 0.034099  0.008525 1.80 0.132 Block 4 0.008525 0.77 0.552
Trmt*Block 36 0.353730  0.009826 2.08 0.001 Trmt*Block 36 0.009826 0.88 0.645
Repl(Block) 5 0.090166  0.018033 3.82 0.003 Repl(Block) 5 0.018033 1.62 0.173
Trmt*Repl(Block) 45 0.499681  0.011104 2.35 0.000
Year 3 0.141693  0.047231 9.99 0.000
Trmt*Year 27 0.504213  0.018675 3.95 0.000
Block*Year 12 0.098672  0.008223 1.74 0.065
Trmt*Block*Year 100.287540 0.002662 0.56 0.999
Year*Repl(Block) 10.075095  0.005006 1.06 0.400
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Abstract

Community dynamics in a calcareous grassland (Meso-
brometum) in Egerkingen (Jura mountains, Switzerland)
were investigated for 53 non-woody species in 25 1-m?
plots over 6 years. 50 0.01-m? subplots per plot were
recorded. The derived variables were spatial frequency,
temporal frequency, frequency fluctuation, turnover, and
cumulative frequency (each species), and cumulative spe-
cies richness (all species).

Spectra for 53 species of all variables were different
for the two investigated spatial scales (0.01 m2, 1 m2). The
comparison with other investigations of similar grasslands
showed that the behaviour of some species is specific for
this type of vegetation in general (e.g. Achillea millefolium,
Arrhenatherum elatius, Bromus erectus), but most species
behaved in a stand-specific way, i.e. they may play another
(similar or completely different) role in another grassland
stand. Six spatio-temporal patterns were defined across
species.

To understand community dynamics, not only the
dynamics of mobility but also of frequency fluctuations
and spatial distribution of the species are fundamental. In
addition, the understanding of temporal behaviour of all
species present should be included. Averages always hide
important information of vegetation dynamics, as was
shown by the present investigation.

Keywords: Contingency; Frequency spectrum; Meso-
brometum; Mobility behaviour; Mobility spectrum; Niche
limitation; Species list; Species richness; Variance deficit;
Vegetation dynamics.

Nomenclature: Binz & Heitz (1986).

Abbreviations: CF = Cumulative frequency; FF = Mean
frequency fluctuation; SF = Spatial frequency; TF = Tem-
poral frequency.
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Introduction

In the last 20 years numerous studies of particular aspects
of ‘internal community dynamics’ (Glenn-Lewin & van der
Maarel 1992; van der Maarel 1996a) have been carried out,
many of them in grassland vegetation. Species composi-
tion and species richness have been shown to be spatially -
variable and temporally highly dynamic in communities
such as the tall-grass prairie of Kansas and Oklahoma, USA
(Glenn & Collins 1993), in the meadows of the Krkonose
Mountains (Herben et al. 1993b) and subthermophilous
meadows of South Moravia (Klimes§ 1995). They are tem-
porally rather stable, however, for instance alvar grassland
vegetation on Oland (van der Maarel & Sykes 1993),
Australian Themeda triandra grassland (Morgan 1998),
limestone grassland in Limburg (The Netherlands) and
wet grassland in North Carolina and Mississippi (Sykes
et al. 1994). Spatial variability of species richness in a
tall-grass prairie in southwestern Louisiana was related to
environmental effects and not to plantabundance (Grace et
al. 2000). A review of influences of ecological factors on
species richness is given by Pausas & Austin (2001).

The observation of spatial and temporal variance of
species richness other than the one expected from ran-
domness, at scales between 0.01 m? and 10 mZ2, has been
the topic of numerous papers in the last decade (Palmer
1987, Gitay & Agnew 1989, Wilson et al. 1987, Watkins
& Wilson 1992, Wilson et al. 1992, Zobel et al. 1993,
Bycroft et al. 1993, Wilson & Roxburgh 1994). Variance
excess (i.e. the ratio of observed to expected variance in
species richness > 1 under a null model) results when the
plots are environmentally heterogeneous (e.g. as reported
from an abandoned and fertilized meadow by Klimes et al.
1995), but variance deficit (ratio < 1) may have different
causes (Wilson 1995).

A widely discussed cause for variance deficit is niche
limitation. Due to niche limitation intense competition
occurs and some species become excluded (Wilson et
al. 1995a, b). This has, however, been questioned by
van der Maarel et al. (1995) and Leps (1995). Klimes et
al. (1995) did not investigate the variance deficits of all
species of their community but those belonging to its
internal structure, i.e. those of individual guilds. Since
competition between species within one guild is likely to
be higher than competition between species of different

Acta Phytogeogr. Suec. 88



56 K. Studer-Ehrensberger & D.M. Newbery

guilds (van der Maarel 1988), variance deficit should be
more easily detected within guilds. Klimes et al. (1995)
found no variance deficit in any guild for more than 2 out
of 5 years, and over this period no significant variance
deficits were detected in 0.09-m? subplots of the meadow
studied. This is not too surprising perhaps since Gitay &
Agnew (1989) had found that a variance deficit was not
present in grasslands at scales >0.005 m2. Another reason
for a variance deficit may be the limited number of co-
existing individual plant modules that can be packed into
the area of a plot. This has been tested by Klimes (1995)
who concluded that the limitation of individuals does not
completely explain the observed species-richness pattern
in his 5 cm X 5 cm subplots.

Quantitative composition of the vegetation also de-
pends spatially onthe distribution of environmental factors
(Wondzell & Ludwig 1995; Zhang & Skarpe 1995), or
temporally on fluctuations in the weather (Stampfli 1995;
Stampfli & Zeiter 2004). However, Herben et al. (1993b)
found that small-scale variation of species abundance did
not correlate with variation at larger scales.

Variation in the spatial patterns of species in a plant
community has been studied mainly in herbaceous grass-
land communities (Herben et al. 1990, 1993a; van der
Maarel & Sykes 1993; Zhang & Skarpe 1995; Nordbakken
2000). A classification of distribution patterns of Meso-
bromion species has been proposed by Kammer (1997) and
includes criteria of spatial and temporal pattern. Van der
Maarel & Sykes (1993) described the small-scale dynamics
of vegetation structure and proposed a ‘carousel model’
(see also vanderMaarel 2005). The ideais thatover several
years, species move around a plant community, a process
that enhances species coexistence. High species mobility
in different grasslands fromfour geographically separated
areas was found by Sykes et al. (1994). The hypothesis
was not corroborated by Herben et al. (1994), however.

This paper presents an analysis of the vegetation
dynamics of a central European grassland with the aim
of relating small-scale spatial and temporal variability
to the composition of the whole community. The central
questions were: 1. How mobile are species in this grass-
land? 2. How important is species mobility in the present
community? 3. What implications does a combination of
dynamic variables have on the detection of the behaviour
of single species and on the whole community?

Methods

Data collection

The study was carried out in a Mesobrometum grassland
atthe southernfoot of the Jura mountains near Egerkingen
in Switzerland (47°19'46" N, 7°48229" E). Mean January,
July and annual temperatures were 0.5, 18.9 and 9.7 °C,
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respectively; annual precipitationaveraged 1050 mm (data
from MeteoSchweiz for the nearby station Buchs-Suhr,
1985-2005). The 1-ha grassland was surrounded by ther-
mophilous Fagus sylvatica forest with Carpinus betulus
and Acer campestris. As in the surrounding grassland, the
vegetation was cut in early July and in September.

The area recorded was a square block of 25 1-m? plots
separated by pathways of 1 m width. Each plot was divided
into 100 0.01-m? subplots. Using a chess-board-type lay-
out 50 subplots were selected for study. Each year at the
start of the vegetation period (end March/early April) the
vegetation in the plots was examined. Cover of all rooted
species was estimated on the scale:

+ =rare; 1 = covering < 0.0025 m?; 2 =0.0025 - 0.005 m?;
3 =0.0050 - 0.0075 m?; 4 = 0075 - 0.01 m2.

Fifty-three non-woody species were recorded from
1992 to 1997. Generic names will be used, except where
a genus had more than one species and then the full names
are given. Running species numbers, as presented in square
parentheses in Table 1, correspond to the order along the
x-axes of the relevant figures, unless otherwise stated.

The study was designed originally as a fertilization
experiment. Treatments were found to be almost entirely
insignificant (P >>0.05) as regards species frequency and
mobility and the plots were accordingly pooled together
as 25 replicates for the analyses in this paper.

Data analysis

Means of species richness were determined at the plot and
subplot levels and evenness, calculated as the Shannon
index based on plot or subplot frequencies were calculated
for each year and for the whole period.

Spatial frequency (SF) of each species, at both plot
and subplot levels, was found by counting the numbers
of occupied plots, or subplots within plots, firstly across
the 6-year period, and secondly for each year individually.
Trends in frequency were determined by the significance
of linear fits of frequency against time (P < 0.05). This
led to the definition of three groups: (I) ‘increasing’, (II)
‘fluctuating’ (i.e. no significant trend), and (III) ‘decreas-
ing’. Temporal frequency (TF) was calculated for each
species as the mean number of years that it was present
in each plot or each subplot within a plot (maximum 6).

Fluctuation in frequency (FF) for each species was
found as the sum of the absolute values of annual frequency

differences:
1997

FF=f+Y (f(t)-f(z-1)) 1)

Gains (g), losses (/) and persistence (p) were respectively
the sums of newly occupied, abandoned or continuously
occupied subplots (maximum 50) in each plot/species/year.
Annual and mean (1992-1997) numbers were expressed
in an index of turnover (TO):
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(g+1)
(g+1+p) @
As this measure does not discriminate between g and [,
species mobility per se was calculated in two ways: firstly,

as cumulative species richness (CSR):
1997

CSR=S,+ Y. c(t) (3)
1992

i.e. the number of species in the first year (S,) plus the

number of species newly entering plots and subplots in
successive years c(t). This measure takes no account of
species identity, and it is not possible to differentiate be-
tween species thatmovearound in the community and those
that arrive from outside of the area. Secondly, cumulative

frequency (CF) for each species was calculated as:
1997

CF= fy+ X cf (1) 3)

1992

10 =

by adding the number of newly occupied plots or subplots
(¢f) in successive years to the frequency of the first year
(f,). This measure emphasizes spatial expansion into new
plots (subplots), but does not take into account the fates
of plots occupied earlier.

For each species and for each year the distribution over
the 25 plots and subplots was mapped. Species were then
qualitatively classified into six broadly-defined species
distribution categories (SDP) based on composite visual
assessment of spatial patterns, and SF and TF values.
The use of statistical methods (i.e. measures of departure
from spatial randomness) was prevented because neither
plots nor subplots were spatially independent or placed at
random: the plots formed a block and the subplots were
in a regular grid within each plot. Modelling of spatial
autocorrelation was beyond the scope of the present
work. The time span of 6-yr was too short for time-series
analysis.

Table 1. Classification of 53 species at Egerkingen in the 25 1-m? plots according to the similarity in their distributional patterns (SDP):
1 =regularly distributed species with high frequencies; 2 = irregularly distributed species (also temporarily) with high frequencies; 3 =
regularly distributed species with low frequencies; 4 = irregularly distributed species with low frequencies; 5 = spatially and temporally
rare species; 6 = spatially rare and temporally stable species. Within each group the species are divided into species with increasing (I),
fluctuating (II) and decreasing (III) frequencies. Running species numbers are added in brackets.

Species distribution patterns

SDP I

I

1

Arrhenatherum elatius [1]
Carex caryopyllea [2]
Galium mollugo [3]

Avenula pubescens [4]
Trisetum flavescens [5]

Leucanthemum vulgare [9]
Poa angustifolia [10]
Ranunculus bulbosus [11]
Salvia pratensis [12]

2 Coronilla varia [13]
Veronica chamaedrys [14]
Thiaspi perfoliatum [17]
Veronica arvensis [18]
3 Knautia arvensis [19] Holcuslanatus [21]
Rumex acetosa [20] Sanguisorba minor [22]
Myosotis arvensis [25]
4 Glechoma hederacea [26] Plantago lanceolata [28]
Vicia sativa [27] Scabiosa columbaria [29]
Viola hirta [30]
Daucus carota? [34]
Festuca pratensis? [35]
Valerianella locustad [36]
5 Ajuga reptans [37] Carex flacca [40]
Poa trivialis [38] Carex ornithopoda [41]
Trifolium repens [39] Hypericum perforatum [42]
Leontodon his pidus [43]
Linum cartharticum [44]
Sedum sexangulare [45]
Trifolium pratense [46]
6 Plantago media [47] Lotus corniculatus [49]

Luzula campestris [48]

Silene vulgaris [50]
Thymus serpyllum [51]
Primula veris [52]

1. Spatially + regular; 2. Transition to 5; 3. Temporarily irregular.

Bromus erectus [6]
Clinopodium vulgare [7]
Dactylis glomerata 8]

Cerastium holosteoides [15]
Medicago lupulina' [16]

Anthoxanthum odoratum 23]
Arabis hirsuta [24]

Achillea millefolium [31]
Anthyllis vulneraria [32]
Centaurea jacea [33]

Prunella vulgaris [53]
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Fig. 1. Spatial variability in species’ distribution pattern (SDP) of the six distribution types in five plots of the Mesobrometum in 1992.
Example species for SDP1: Arrhenatherum elatius, SDP2: Veronica arvensis, SDP3: Arabis hirsuta, SDP4: Centaurea jacea, SDP5:

Trifolium pratense, SDP6: Lotus corniculatus.

Results
Distribution of the species
The species distribution patterns of the Mesobrometum

at Egerkingen as characterized in groups SDP1 to 6, are
shown in Table 1. Group 1 contained the species with both
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high spatial and temporal frequencies (Table 2). Group 2
was heterogeneous: spatial frequency was high in subplots,
low to medium in plots, variability of spatial frequency
between plots was higher than in group 1 (Fig. 1), and
temporal frequency was medium in subplots and plots. In
group 3 both spatial and temporal frequency was medium,
while the variability of the spatial frequency between the
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Table 2. Mean and standard error (SE) of dynamic variables for six species distribution groups (SDP) in the Mesobrometum at0.01m?
and 1m?. a. SF = Spatial frequency; TF = Temporal frequency; FF = Frequency fluctuation; TO = Turnover; CF = Cumulative frequency;
b. P = Persistence; G = Gains, L = losses; CH = changes (G+L) in absolute values.

a. SF TF FF TO CF

0.01 m2 I m2 0.01 m2 1 m?2 0.01 m? 1 m? 0.01 m? 1 m? 0.01m?2 1m?2
SDP Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE

1 451.9 644 248 0.1 2.7 0.2 6.0 0.0 4371 719 262 04 0.6 0.0 0.0 0.0 479 4.0 0.0 00
2 2399 52.1 19.7 1.9 1.7 0.2 4.8 0.4 2528 1085 40.5 6.2 0.8 0.0 0.3 0.1 430 11.0 114 82
3} 1223 11.6 219 05 1.6 0.1 52 0.1 92.7 224 350 22 0.8 0.0 0.2 0.0 68.8 2.9 8.0 2.1
4 392 40 120 1.2 1.4 0.1 35 02 312 50 286 3.7 0.8 0.0 0.4 0.1 68.2 35 338 6.1
5 6.4 2.1 34 1.0 1.0 0.0 1.7 0.2 8.9 30 125 3. 1.0 0.0 0.8 0.1 86.3 35 769 65
6 143 34 6.4 1.3 1.7 02 30 03 173 45 170 3.6 0.7 00 0.5 0.1 68.2 4.1 47.1 82
b P G L CH
0.01 m? 1 m2 0.01 m? 1 m2 0.01 m2 1 m2 0.01 m? 1 m?

SDP Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE

1 2850 58.5 245 02 1565 12.1 02 0.1 169.6 13.8 02 0.1 16305 1094 20 08
2 86.2 247 170 24 1106 28.1 23 0.6 1512 362 28 0.9 13088 2726 252 6.0
3 453 89 202 08 738 54 15 02 830 84 22 0.5 7840 590 184 33
4 1.7 23 91 11 254 29 26 04 291 36 32 04 2726 308 291 35
5 04 02 13 05 62 20 24 05 54 18 2.1 05 580 18.6 223 49
6 51 13 38 09 87 24 24 05 87 29 24 07 8.9 256 243 60

SDP1 SDP2 SDP3 SDP4 SDPS SDP6

Bromus erectus. Cerastium holost. Sanguisorba minor Vicia sativa Trifolium pratense Silene vulgaris
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Fig. 2. Temporal variation of species’ distribution patterns (SDP) from 1992 to 1997 in plot 15, with Bromus erectus (SDP1), Cerastium
holosteoides (SDP2), Sanguisorba minor (SDP3), Vicia sativa (SDP4), Trifolium pratense (SDP5) and Silene vulgaris (SDP6). Yellow:
1 year in the same subplot; orange: 2 years in the same subplot; red: 3 years; violet: 4 years: blue: 5 years; green: 6 years in the same
subplot.
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Fig. 3. (a) Mean species richness (+ SE); (b) Cumulative species
richness in the Mesobrometum at Egerkingen 1992-1997 at the
scales 0.01 m? (dotted, n = 50); 0.25 m? (narrowly broken line,
n=100); 0.5 m? (broken line, n = 50), and 1 m? (uninterrupted
line, n = 25).

plots was low. The species of groups 4 to 6 were distributed
irregularly in the plots. Spatial and temporal frequencies of
group 4 were higher than those in group 5. Many species of
group 4 occupied many of the subplots in some of the plots.
Species of group 5 were rarely found in the same subplots
during two consecutive years, with the exception of Trifo-
lium pratense, which may have persisted for 2 years, and
Trifoliumrepens, which exceptionally stayed for 5 yearsin
a subplot in plot 15. The species of group 6 occurred in a
few subplots in some of the plots and showed a relatively
high temporal frequency (3 - 5 years; Fig. 2).
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Species numbers and evenness

Mean numbers of species (+ 1 SE) in plot sizes of 1, 0.5,
0.25 and 0.01 m? were 31.3 (£ 0.6), 26.8 (+ 0.5), 22.0
(£ 0.5) and 6.7 (+ 0.3), respectively. In the smallest plots
(0.01 m?2), significant differences of species numbers from
year to year were most frequent (Fig. 3a). Mean frequency
fluctuation FF of the species numbers was 2.6 + 0.4 spe-
cies/year for a plot, or 2.0 +0.2 species/year for a subplot,
between 1992 and 1997.

Cumulative species numbers of the different plot/
subplot series are given in Fig. 3b. They increased from
33.2 to 42.6 in 1-m? plots and from 8.4 to 17.0 in 0.01-
m? subplots over 6 years, meaning increases of 28% and
102% respectively. Species accumulation at the 0.01-m?
scale did not correlate with the cumulative species number
at 1-m? (r <0.001, df = 23, P=0.97).

Evenness was smaller in 0.01-m2 subplots (E = 0.82)
than in 1-m? plots (E = 0.95; Fig. 4). Plot sizes of 0.25 m?
and 0.5 m? had intermediate frequency distributions and
values of evenness (not shown). In the 1-m?2 plots, ca.
25% of the species were present in 24 - 25 plots (Fig. 4).
Nearly 50% of the species were present in less than half
of the plots.

Spatial species frequencies over time

Spatial variability of frequency between plots was smallest
for Arrhenatherum, followed by Bromus, Dactylis, Poa
angustifolia and Medicago (Table 1). Achillea, Carex
flacca, Luzula, Sedum and Silene showed the most patchy
distribution patterns between the investigated plots. The
species of group 1 were most regularly dispersed in the
plots, whereas those of groups 5 and 6 tended to have patchy
distributions. Exceptions existed for all groups (Table 1).
Fig. 5 gives the species composition and a spectrumof their
relative quantities in the grassland over the 6 years.

The frequency fluctuation varied much amongst the
species. In terms of the rank order of species, the most
frequent species on the 0.01-m? subplot level from the
beginning changed completely in the following S years: the
first three species of 1992 (1) Bromus, (2) Arrhenatherum,
and (3) Medicago, changed rank. Arrhenatherum became
the most frequent, followed by Galium (15 in 1992) and
Veronica arvensis (4in 1992). Bromus dropped three places
(to 4) and Medicago was in 21 in 1997. At the plot level
the changes were less pronounced (Fig. 5).

The annual changes of the species’ abundances showed
trends during the investigation period of 6 years. The
frequencies of 14 species increased significantly, 21 spe-
cies decreased in frequency whereas 18 species fluctuated
(Table 1).

The degree of frequency fluctuation between 1992 and
1997 of each species was specific. Overall, values of FF
at the 0.01-m? scale were least for the group of fluctuat-
ing species. The increasing species had smaller FF-values
than the decreasing ones (Fig. 6a). At the 1-m2 plot scale,
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Fig. 4. Mean frequency (z SE, n = 6) of 53 species in the Mesobrometum during 1992-1997 at (a) 0.01 m?, and (b) 1 m2. Species se-
quence: 1, 6, 10, 12,7, 18, 3,5, 15,2 () 8, 11, 9, 16, 4, 13, 20, 19, 14, 23, (), 24, 22, 21, 17, 25, 33, 32, 31, 27, 29, (I) 34, 30, 26, 28,
53, 52, 36, 35, 46, 39 (1) 38, 49, 48, 47, 51, 50, 43, 42, 44, 40, (I) 41, 37, 45. For species names see Table 1.
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values of FF were almost zero for group 1 but very high
for Medicago (Fig. 6b).

Temporal frequency of species
For the entire investigated area (25 m?2), all species, except
forfiverare ones, had TF-values of 100%. The rare species
Ajugareptans and Linum catharticum were present during
3 of the 6 years, Sedum in 4 and Carex flacca and C. orni-
thopoda in 5 years. In the Mesobrometum at Egerkingen
the temporal frequency of the species was higher at the
1-m?2 than at the 0.01-m? scale (Fig. 7). Some species had
high TF-values in the plots but, on average, they stayed
for only 1 year in the subplots (Anthyllis, Thlaspi, Vale-
rianella). The others showed means of 2 - 3 years at the
subplot level (Achillea, Silene).

The six distribution categories showed different spectra
of TF-values (Fig. 8). The life-spans of the species of group
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1 (long) and those of groups 3 to 5 (short) were contrasting.
The species of group 2 were frequent butrather short-lived
and SDP6 contained rare species with high numbers of
long-lived individuals in their populations.

Persistence, gains and losses

Mean persistence (+ SE) for all species was 12.8 + 1.4
subplots per plot and year, whereas the values for gains and
losses were 1.8 + 0.3 and 2.0 + 0.4, respectively. Highly
frequent species persisted in the subplots and showed gains
and losses with high annual variability (e.g. Galium and
Medicago). Rare species added little to the changes in the
community. At the 0.01-m? scale, two species increased
in persistence during the investigated period: Galium
and Coronilla, both perennials (Fig. 9a). Several species
were losing persistence at the 0.01-m? scale: Thlaspi after
1993, Anthoxanthum after 1994, Medicago after 1995,

SDP 1 SDP4
Arrhenatherum elatius Bromus erectus Centaurea jacea Vicia sativa
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Fig. 8. Spectra of temporal frequencies at the subplot level in the six species distribution categories (SDP1 to SDP6). Two species of

each group are given as an example.
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Fig. 9. Mean annual variation of persistence and changes of 53 species of six distribution categories (SDPI to SDP6) at (a) 0.01 m2and
(b) 1 m?. Black: persistence, grey: gains, white: losses. Species sequence 1-53; see Table 1 for names.

and also some less frequent ones. The number of subplots
in which Bromus persisted decreased by 50% during the
6-year study. Persistence of Bromus was minimal between
1996 and 1997. Medicago had no persistence after 1995
(Fig. 10).

Atthe plotlevel, several decreasing species had 100%
persistence (Fig. 9b), despite their considerable thinning
in the plots: Bromus, Dactylis and Salvia and for all
years. Achillea (irregularly distributed with low frequen-
cies, group 4) had unchanged persistence for all 6 years,
Prunellalikewise after 1994. Very dynamic species at this
scale were Medicago and Thlaspi (Fig. 9b).

Species turnover

Mean species turnover TO in the subplots during the 6
years of investigation was high (> 66%) for 40 species,
medium (< 66%, > 33%) for 12 species, and low (< 33%)
for just one species (Arrhenatherum [6]; Fig. 11a). Species
with low values of TO prevailed in the plots: 9 : 15 : 29
(Fig. 11b). Annual variability of TO was low: TO-values
for group 1 were minimal.

Cumulative frequency

Species mobility was spatially restricted. If a species had
reached all available positions in the community, CF was
maximal and could notincrease further (Fig. 12; e.g. Ceras-
tiumin plot 15 after 1996). All 50 subplots of one single plot
had been visited by Bromus, Cerastium, Poa angustifolia in
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1993, Arrhenatherum in 1994, Veronica arvensis in 1995,
and Clinopodium and Salvia in 1997. No species reached
all possible subplots: the three most frequent and mobile
species Arrhenatherum, Bromus and Poa angustifolia
reached 1242, 1214 and 1176 out of the 1250 subplots,
respectively. The highest increases in CF occurred for (1)
Galium (plus 707 subplots), (2) Coronilla (562 subplots;
13 plots), and (3) Trisetum (487 subplots).

With a mean increase of 4.7 subplots, Galium showed
the highest annual rate of increase of CF. Coronilla fol-
lowed with 3.7 subplots and 2.2 plots at the 1-m? scale.
Poa angustifolia (3.2 subplots/year) was faster than Ar-
rhenatherum (2.7) and Bromus (2.1). Some less frequent
species such as Primula (plus 74 subplots and 16 plots)
and Poa trivialis (77; 17) had high increases also atthe plot
level, and were, together with Trifolium repens (71; 15),
most efficient in gaining new space at medium distances
(Fig. 13a). The CF of Achilleaincreased only at the subplot
level (67; 0).

It took 6 years at the most for all the plots to be visited
by species from groups 1, 2 and 3. The species of the other
groups would probably need several years to some decades
(e.g. Achillea and Luzula, to reach all plots (Fig. 13b). At the
subplot level the estimated time could be 15 years for the
species of group 1, increasing for groups 2 - 6 to perhaps 20,
30, 60, 60-80 to 120 years respectively (Fig. 13a).
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Fig. 10. Annual variation of persistences (black), gains (grey) and losses (white) in the six species’ distribution categories (SDP1 to
SDP6) at 0.01 m? between 1992 and 1997.
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Fig. 11. Mean annual amounts of turnover of 53 species of six distribution patterns (SDP1 to SDP6) in the Mesobrometum at (a) 0.01 m?
and (b) 1 m2 Maximal annual turnover is 1. black: turnover between 1992 and 1993, hatched: TO (1993/1994), grey: TO (1994/1995),
hatched: TO (1995/ 1996), and white: TO (1996/1997). Species sequence 1-53; see Table 1 for names.

Discussion
Spatio-temporal species distribution maps

All of the species present behaved individually in the
Mesobrometum plots. Nevertheless, spatial and temporal
arrangements occurred which were similar for several
species. The annual distribution maps of all 53 species
in the 25 investigated plots were classified in six species
distribution categories (Tables 1 and 2). Round 90% of the
species were easily added to one of the 6 SDPs because
of their SF (Fig. 1) or temporal appearances (Figs. 2 and
12). For the rest of the species a compromise had to be
found. Leucantheumum (group 1), for instance, had low
SF (0.01-m? scale) and TF values. However, FF was too
small to add itto group 2. Thlaspi, an irregularly occurring
species, had low SF for group 2, but was too frequent for
group 4. In group 4, Achilleabehaved completely individu-
ally, because this species had high TF, no accumulation
(CF) in the plots, low TO and low FF. Valerianella could
also have been classified in group 5, but would be equally
conspicuous there. Due to its exceptionally high abundance
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at specific plots and times, it was classified in group 4.

The spectrum of spatio-temporal distribution categories
depends on the individual combination of the ecological
factors of the community under study (see ‘species clas-
sifications based on distribution patterns’), and gives a
method to compare the community dynamics in different
communities. It is an abstraction of the real vegetation
dynamics. These dynamics can not be described by a sin-
gle variable such as SF, TF, persistence, gains and losses,
TO, CSR or CF and not even by a combination of several
of them, but have to be read from the distribution maps.
The success of a considerable number of species coexist-
ing in the Mesobrometum at Egerkingen is not due to its
precise fit to any of the SPDs, but rather to the many-fold
possibilities of the species to react differently.

Each of the above variables, that are frequently used to
describe vegetation dynamics in a community, has limited
possibilities of providing a full reflection of each species’
dynamics, as will be shown in the following paragraphs.
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Fig. 12. Cumulative frequency of species’ distribution patterns (SDP) between 1992 and 1997 in plot 15. SDP1: Bromus erectus, SDP2:
Cerastium holosteoides, SDP3: Sanguisorba minor, SDP4: Vicia sativa, SDP5: Trifolium pratense, and SDP6: Silene vulgaris.

Species’ dynamics variables

Spatial frequency and frequency fluctuation

Spatial frequency SF is a coarse measurement of a species’
relative occupancy of space. SF is a relative measure, and
no information about the location of the individuals in the
community is involved. Spatial variability of SFis species-
specific. Furthermore, SF atone scale is notderivable from
that at another scale.

Frequency fluctuation FF is a net value, which is not
related to space. It remains unclear whether decreases in
the fluctuasion occur because (a) individuals just disappear
and the population does not rejuvenate, or (b) individuals
disappear and rejuvenation continues. The biological con-
sequences of these two situations are completely different.
Even when FF is zero, all individuals can change position,
i.e. vegetation dynamics remain undetected.

Between 1992 and 1997, net FF (i.e. the absolute

difference between the number of subplots from which a
species emigrates and the ones into which itimmigrates) of
Salvia (with a decreasing frequency), Viola(fluctuating fre-
quency) and Veronica chamaedrys (increasing frequency)
was ca. 1% of the absolute FF (sum of changes, i.e. (gains
+ absolute values of losses; Table 2). Therefore, in this
period, the quantities of the three species fluctuated 100
times more than indicated by FF (Fig. 6). They had high
ephemeral presence. For Veronica arvensis the given FF
was 5.5% of the absolute FF. In contrast, FF of the small
Cerastium, Medicago and Thlaspi (all with decreasing
frequency, and the last two being monocarpic) as well as
the clonally spreading Coronilla, Galium and Ajuga (all
increasing frequency; Table 2) corresponded to the absolute
FF during the 6 years of investigation. The other species
showed intermediate patterns of behaviour.
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Temporal frequency of species

The duration of the continuous survival of a species in the
vegetation is indicated by the temporal frequency TF of
a species. This value does not give the exact life-span of
an individual. It depends on the size of the investigated
plot. In a larger plot TF may be substantially higher (e.g.
Avenula: 6 years at the plot, 2 years at the subplot scale).
A species population in a vegetation patch has a spectrum
of TF-values (Fig. 8). Arrhenatherum and Bromus had
the highest TF-values of all the species. The conclusion
that TF corresponded to the effective life expectancy of
a species can only be demonstrated by experiments of a
population’s biological nature.

Species turnover and persistence

Species turnover TO is a relative measure of change
in a vegetation patch. It is complete if all individuals of
a species have changed positions in a plot. TO does not
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increase with the number of changed positions. It does not
make any difference whether there are gains or losses. Ifall
the occupied places are abandoned in a subsequentyear or
all (empty) subplots become colonised, TO is maximal.
Thus, the vegetation is completely restructured. Per-
sistence reduces TO. Only Bromus and Arrhenatherum
remained in more plots than they colonised. In relation
to persistence, the proportions of gains and losses were
lowest for these species: 25% gains, 20% losses for Ar-
rhenatherum, 30% gains and 40% losses for Bromus
(Table 2). Interestingly, the polycarpic species Ajuga,
Leontodon, Sedum, and also partly Glechoma with its
long runners, Festuca pratensis, Trifolium pratense, Poa
trivialis and Carex ornithopoda behaved in the same way
as real therophytes, notably Thlaspi, Vicia, Valerianella,
Linum , Myosotis, and partly Medicago and Anthyllis. The
former were not as vital and competitively successful in the
present community as the two perennial grass species.
Turnover was minimal for Arrhenatherum (< 30%),
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for Bromus up to 40%. The species of the SDP1 group
(Avenula with 70%), but also Achillea (SDP group 4) and
Silene in group 6, showed similar values (< 60%). Species
of group 5 newly colonized 90 - 100% of the subplots an-
nually (Table 2).

Forthe species at Egerkingen, TO was calculated with
the same method used by Morgan (1998) and his spectra
with categories low (< 33%), medium (>33% and < 66%)
and high (> 66%) may therefore be directly compared
with the values of the present study. Morgan (1998) found
spectra which varied annually. At both spatial scales, the
species with low TO prevailed for 1 year and those with
high TO for a further 1 year. At Egerkingen, most species
had constantly high TO in the subplots, whereas in the
plots the ones with low values prevailed. A slightly similar
tendency may be seen in Morgan’s data. However, his
values varied widely, possibly because his 0.01-m? plots
were not situated within 1-m? plots and TO varied most
as a consequence of presence or absence of the species.

In 2 cm X 2 cm plots, Otsus & Zobel (2002) found the
highest TO (mean of 3 years) for Prunella vulgaris, fol-
lowed by Carex ornithopoda, C.flacca, Thymus ser pyllum
and Achillea millefolium. In the plots/subplots at Egerkin-
gen, these species had different sequences each year and
only Achillea showed the lowest TO at both scales. At
Egerkingen, as well as in the small subplots of the Esto-
nian calcareous grassland, the last-mentioned species was
practically immobile. In contrast to Otsus & Zobel (2002),
who exclusively found high TO-values for sedges, in the
Mesobrometum not only the sedges Carex flacca and C.
ornithopoda had high TO-values, but also the grass Poa
trivialis. Nevertheless, another sedge, C. caryopyllea, had
alow TO as did the other common species in the Poaceae:
Arrhenatherum, Avenula, Bromus and Trisetum.

Cumulative frequency

Cumulative frequency CF increased when new areas
were occupied. Even if a species loses all its previous posi-
tions and appears in a single new one, or if itadds to all the
former ones a new one, this is not expressed in CF per se.
The FFs remain hidden. In a certain way, species of SDP
groups 2,4 and 5 increased their presence in the community
by moving annually from subplot to subplot and so they
were able to compensate their short stays (Fig. 2; cf. Fig.
12). A species with very low CF was Silene, whichremained
for 4 years in the same subplot, whereas at the same time
Trifolium pratense occurred in nine different subplots of
plot 15. Veronica arvensis, a therophyte, showed a rela-
tively high CF, as did the therophytes of Klimes (1999),
but in general the non-clonal Mesobrometum plants were
not the most mobile ones. The therophyte Thlaspi had a
conspicuously low mobility, yet Galium, a clonal plant,
had very high mobility.

In the Avenetum of Oland (van der Maarel & Sykes
1993), the species, which occurred in > 80% of the sub-

plots (n = 40) more than trebled (from 5 to 18), i.e. after
6 years, 40% of the species became highly frequent. In
the Mesobrometum at Egerkingen, in the same period,
only four species accumulated high frequency (n = 1250),
another six species arrived in 60 - 80% of all subplots, i.e.
nearly 25% of the species substantially increased their
cumulative presence. Furthermore, 50% of the species
of the Mesobrometum (10% in the Avenetum referred to)
occurred in a maximum of 20% of subplots. Therefore,
the species of the Oland Avenetum showed much higher
mobility than those of the Swiss Mesobrometum, a fact that
is possibly due to the extreme ecological factors affecting
the former.

Community organisation

Constancy of species list but varying frequency of the
species

During the period of investigation, notrend in the develop-
ment of species richness and high persistence was observed.
Furthermore, no major change in the species composition
was detected and hence the grassland community was
considered to be a stable ecosystem.

However, in the whole of the investigated area, SF
decreased for 40% of the species, and for 26% of them
it increased. Therefore, nearly half of the species had
continuously less individuals and were in danger of disap-
pearing, whereas a quarter of the species increased their
presence significantly at the cost of the former ones. The
species with decreasing frequency are mainly found in
Central-European semi-natural grasslands, half of which
areindicators of calcareous and nutrient-poor soils (Studer
2000). Four decreasing species areindicators of moderately
nutrient-rich and moist soils; another seven species indi-
cate nutrient-rich and humid soils. Half of the increasing
species are indicators of nutrient-rich and humid soils,
half are indicators of soils with low nutrient content and
moderate dryness (Studer 2000). The trend in the abun-
dance of the species was probably the result of nitrogen
input from the air. At Egerkingen the annual amount of
nitrogen deposited corresponded to the fertilisation in a
typical Swiss hay meadow, one which is harvested twice
a year (Rihm 1996).

A continuous decrease of SF in 40% of the species
(down to their final disappearance), and the increase of
26% of other species, would decrease species richness,
and alter species composition, at the site considerably.

Cumulative species numbers

The increase in cumulative species numbers within the
investigated Mesobrometum was of the same order as that
in plots with corresponding dimensions in Oland, Lim-
burg, North Carolina and the Mississippi region (Sykes
et al. 1994). In a Bromus grassland in the Bilé Karpaty
Mountains, a similar number of species were found at the
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0.01-m? scale (Klime$ 1999). However, on a scale 0.25
m?, cumulative species richness was considerably higher:
32 - 45 species in the Bromus grassland, compared with
25 - 32 in the Mesobrometum at Egerkingen.

Species classifications based on distribution patterns

Kammer (1997) described species distribution patterns
for another Mesobrometum in Switzerland. The aim of his
investigation was to detect the amount of species spatial
variability on an increasing scale. He distinguished four
different distribution patterns. These patterns did not seem
to have satisfactory details for the present investigations.

In addition to Kammer’s spatially and temporally regu--

larly distributed species with high frequency, irregularly
distributed species occurred at Egerkingen (SDP2). Fur-
thermore, not only sporadically allocated and coinciden-
tally occurring species (SDP5, Kammer 1997), but also
sporadically and continuously occurring ones (SDP6) were
classified at Egerkingen.

Two different classifications of species mobility types
have been published (Herben et al. 1993a; van der Maarel
1996a). The classification by Herben et al. ordinates the
species along the two axes ‘persistence’ (as a combina-
tion of spatial and temporal occurrences of species) and
‘long-distance spread’. The four resulting types were: (1)
‘sitters’ (high persistence), (2) ‘phalanx’ (medium persist-
ence), (3) ‘short-range guerrilla’ (low persistence) and (4)
‘long-range guerrilla species and annuals’ (low persistence
and high degrees of long-distance spread). These axes are
appropriate for the grassland vegetation in which Herben
et al. (1993a) worked, i.e. a Nardetum with relatively few
long-lived species, but were not straightforward to under-
stand as they involved sophisticated calculations which
in the Mesobrometum were not of the same biological
importance.

In the simpler and more universal classification by van
der Maarel (1996b) TF and SF are the main ordination
axes. Five types are distinguished: the highly frequent
‘constants’, medium-frequent ‘pulsating’ (fluctuating)
species and ‘circulating’ (accumulating) species and the
rare ‘occasionals’ and ‘locals’. Van der Maarel’s classifi-
cation was applied to an Australian grassland by Morgan
(1998). In the Australian Themeda grassland, as well as
in the Mesobrometum at Egerkingen, species occurred
that fitted in the classes of the extreme values: constants
(SDP1), occasionals (SDPS5) and locals (SDP6). By con-
trast, the differentiation of the spatially and temporally
medium-frequent species ‘pulsating’ and ‘circulating’
species posed problems also for Morgan (1998). He re-
defined these two groups more widely as ‘low to medium
SF and large yearly FF’ and ‘medium SF and low yearly
FF, appearing in new plots regularly and accumulating
in space over time’, respectively. His two types included
SDP2 to SDP4. Morgan’s method of classification seems
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inappropriate for the reason that one and the same species
may belong to different mobility types, depending on
spatial scale at which it has been investigated. However,
more interesting biologically is the fact that in two differ-
ent stands of Themeda-grassland species existed which
showed the same mobility type, e.g. Themeda triandra
(constant), Pentago pon (circulating) and Juncus bufonius
(occasional). Nevertheless, in Morgan’s Themeda-grass-
land, species which behaved differently in the two stands
were more numerous. The same stand-specific classifica-
tion of mobility types may be stated for the species of the
Mesobrometum at Egerkingen in comparison to the one
by Kammer (1997).

It seems reasonable to suppose a species spectrum
of mobility behaviour which depends on its specific sur-
roundings, i.e. one that is contingent. This spectrum of
species may be abstracted in species classifications as e.g.
Grime’s universal competitor class (Grime 2001). For the
study of a specific vegetation stand such abstract types are
not intended to be used directly, but may have possibilities
of application in a similar way to the ecological indicator
values of Ellenberg (1974) and Landolt (1977).

The spectrum of mobility types of a whole commu-
nity (and not the spectrum of mobility possibilities of a
single species, as above), may be an expression of various
ecological factors forming the community. This is the rea-
son why van der Maarel (1996b) defined mobility types
for the ecologically extreme Avenetum of Oland which
were different from the ones of the temperate Australian
Themeda-grassland of Morgan (1998) and the present
Mesobrometum at Egerkingen.

Carousel time

Forthe carousel model of van der Maarel & Sykes (1993),
Palmer & Rusch (2001) defined a ’carousel time’. This
is the time that a species needs to visit all places in the
community. Palmer & Rusch (2001) concluded from
their analysis of data from an Oklahoma grassland that
carousel time for the species would have the dimension
of centuries. Single species also have shorter values:
Ambrosia psilostachya with minimal carousel time would
need 13.4 years for the 1 m?-scale or 33.6 years for one
of 0.0125 m2. In the plots of the present study, all species
of SDP1 to SDP3 had estimated carousel times of up to 6
years (except for Thlaspi, 12 years). As also observed by
Palmer & Rusch (2001), the estimated carouseltime in the
subplots of the Mesobrometum was (much) longer (Fig. 13a
and b). For the visit of 25 subplots, carousel time of SDP1
would be 6 years (except Avenula, 7 years), of SDP2 6 - 8
years (except Thlaspi, 26 years) and SDP3 12 years. For
all 50 subplots more time would be necessary.

If carousel time is defined as the time it takes to visit
all sites of a given grain within a community, Palmer &
Rusch (2001, pp. 316/317) note that CT will be extremely
long at a fine grain. In addition, they state that with another
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definition, i. e. number of quadrats where this number is
equal across grain sizes, CT is usually longeratlarger than
smaller grain. Contrary to this statement of the two authors,
carousel time in the subplots of the Mesobrometum was
longer than in the plots, even though, instead of 50 subplots
only 25 (same number as plots) had to be reached (e.g. for
Coronilla 6 years for 25 plots and 7 and 15 years for 25
and 50 subplots, respectively). The only exceptions were
Achillea and Luzula with more accumulation of places at
small scales, i.e. shorter CT (Fig. 13a and b).

Palmer & Rusch (2001) calculated their carousel times
for 14 widespread non-matrix species only and therefore
it remains unclear whether the spectrum of carousel times
of the species in Oklahoma grassland is comparable to the
one of the Mesobrometum. Such comparisons could help to
reveal to what extent ecological factors influence carousel
time.

Conclusions

In a community allthe species present are equally impor-
tant. Vegetation dynamics can only be understood if all
occurring species are considered. The size of the investi-
gated subplots in this study was suitable for the detection
of individual plants and partly showed their behaviour. An
annual observation of single individuals or ramets of all
species would have been even more desirable, as recom-
mended by Mason et al. (2002). The plot (100-fold larger)
revealed spatial patterns of single species in the grassland
community with satisfactory results. The entire study used
a small area (25 1-m? plots, each separated by a gap of
1 m), since no larger homogeneous Mesobrometum was
available. Had the possibility of a larger area been there,
further understanding of spatial variability of the grassland
could have been investigated.

The investigation period of 6 years was an absolute min-
imum. For most species, the characteristics of individual
behaviour could be detected during this time. Of course it
would have been desirable to continue the observations in
order to investigate further whether the behaviour of the
species continued to correspond to the designated SDPs
or whether the species would change their SDP and even
new SDPs would arise.

Important insights into the processes of vegetation
dynamics may be gained if the present methods are applied
to other geographically and ecologically different plant
communities. Additionally important to these insights
is the necessity of studying the specific behaviour of all
species present, and to describe their dynamics with a
combination of several simple variables, that can be directly
evaluated.
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Abstract

In the past, arable fields were established locally on the
alvar on Oland. Several persisted until the present time, but
some of them were abandoned shorter or longer ago. We
found a series of arable fields forming a chronosequence:
still cultivated, ca. 20 years abandoned, ca. 50 years aban-
doned, and never cultivated. Species of man-influenced
habitats gradually disappeared from the former arable
fields, but a few persisted after 50 years. A group of alvar
species had re-established after 20 years, but others did not
re-establish even after 50 years of abandonment, although
they are present in the local species pool. We found no evi-
dence of dispersal as a constraint for re-establishment.

Keywords: Dispersal; Seed bank; Seed mass; Seed shape;
Soil fertility; Species pool.

Nomenclature: Lid (1987); Hieracium praealtum was
identified according to Mossberg (1992).
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Introduction

Many reclaimed arable fields established on former
semi-natural vegetation in many parts of the world have
now been abandoned. Authorities in charge of nature
conservation often try to restore the plant communities
present before cultivation, e.g. species-rich grassland or
heathland on nutrient-poor soil. Such attempts often fail,
which can be attributed to the eutrophicated soil conditions
or dispersal limitations of the characteristic species of the
former communities (Bakker & Berendse 1999). Intensive
management aiming to reduce the nutrient surplus by top
soil removal is of ten not sufficient for the re-establishment
of the target species (Verhagen et al. 2001). In many agri-
cultural landscapes, the re-establishmentsite is surrounded
by agricultural fields, hence the target species are lacking
in the local species pool (Zobel et al. 1998).

The present study focuses on the spontaneous re-
establishment of the original dry alvar grasslands of
Oland. Alvar refers to the system of dry grassland plant
communities growing on thin soil over limestone bedrock
(Rosén 1982). This vegetation harbours the species-rich
Veronica spicata-Avenula pratensis community (Krahulec
etal. 1986; Bengtsson et al. 1988; Lobel & Dengler 2007).
This community can disappear either by overgrowing with
Juniperus communis shrubs, or by transformation into
arable fields. In both cases re-establishment of dry alvar
grassland species from the community species pool (Zobel
et al. 1998) will be restricted, as the long-term persistent
seed bank of these species is poor (Bakker et al. 1996,
1997). Locally cultivated fields have been abandoned in the
alvar area of Oland (Fig. 1). The longer ago cultivated fields
have been abandoned, the lower the cumulative nutrient
input, the better the starting position for re-establishment
of species of nutrient-poor soil conditions (Bakker & OIff
1995). With likely favourable abiotic conditions, dispersal
of propagules may be a constraint for the re-establishment
of dry alvar grassland species.

The aim of the present study is to establish how fast the
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dry alvar grassland community can re-establish in previ-
ously cultivated arable fields. As these cultivated fields are
surrounded by extensive, never-reclaimed species-rich dry
alvar grasslands, dispersal of propagules is unlikely to be a
constraint. Hence, we hypothesize that all dry alvar grass-
land species have re-established after some decades.

Methods
Study site

The study site is situated at ‘Stora Alvaret’ in the southern
partof Oland. It is part of the abandoned hamlet of Drostorp
(56°35’ N, 16°34’ E), ca. 3 km west of Skarpa Alby. The
site has 10-50 cm deep brown soils developed in reworked
glaciofluvial deposits on Ordovician limestone (Rosén 1982;
Krahulec et al. 1986).

CultivationatDrostorp started in 1757 by two boatswains
from Skarpa Alby. At this time Drostorp was mentioned as
an uninhabitated homestead. The land belonged to the com-
munity of Skarpa Alby. After some time the two manmoved
up there and each of them established a farm. Somewhat
later one or more farmers from Skarpa Alby also cultivated
some land. The two farms remained until the end of the 19th
century, when people returned to Skarpa Alby. However,
the cultivation of the now uninhabited homestead continued.
Inthe 1990s only four agricultural fields, including the “still
cultivated’ field in the present study, were still exploited as
a sown hayfield with artificial fertiliser (Fig. 2). Since the
1960s, the four fields still cultivated have been alternately
used as arable field (oat, rye and barley), and as hayfield
including grazing the aftermath. The fields have not been
ploughed since 1988 when barley was sown together with a
grass mixture including Dactylis glomerata. After harvest-
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ing barley, the field was cut annually for hay and grazed
afterwards by cattle. During the past decades artificial
fertilisers have been applied. It implies that the fields in
the study sites have been cultivated without interruption
during about 200 years.

Five areas have been included in the present study, (1)
a field still cultivated, (2, 3) two fields abandoned for ca.
26 years, (4) a field abandoned for 48 years, and (5) an
areawhich hasneverbeencultivated. The afore-mentioned
application of fertilisers has probably been the same in all
cultivated fields. The two fields abandoned 26 years ago
differ in conditions before abandonment. One has been
used as a hayfield for some years (3), and is left as such.
The other (2) has been ploughed (but not further treated)
after six years of abandonment, 20 years ago (the vegeta-
tion, including already established small junipers was only
partly damaged). This field is referred to as 20-26 year
abandoned. From Fig. 2 itis clear that the group of fields
is surrounded by an extensive uncultivated area. Land use
has been livestock grazing and collection of Juniperus
communis for fuel for many centuries (Rosén 1982).

In all former cultivated fields, at the start of this study,
12 junipers were cut to examine their age by counting tree
rings. [tis likely that they started to establish immediately
after cessation of agriculture in the bare soil, and thus could
give extra information about the periods the fields were
abandoned.

In 1994 the study in the uncultivated area and in the
still cultivated field took place (Bakker etal. 1996, 1997),
whereas the abandoned fields were studied in 1996. To as-
certain similar abiotic conditions at the various fields, sample
plots werechosen so as toavoid Juniperus communis shrubs
and thinner soil. Juniper shrubs which were very abundant
in the 48-year abandoned field, could have caused shading
effects (Rejmanek & Rosén 1988) and a locally lower pH

Fig. 1. Abandoned arable field near Drostorp,
Oland, with encroachment of Juniperus com-
munis.
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(Rosén 1982; Bengtsson et al. 1988). Thinner soils were
avoided since the major trends in plant community com-
position were associated with soil moisture levels, which
are correlated to the thickness of the soil (Bengtsson et al.
1988). The thickness of the soil overlying the limestone
was measured at ten points in each of the ten plots for
vegetation monitoring with a little auger.

Vegetation and seed bank sampling

The established vegetation was monitored fromearly June
until late July by recording the presence of all species in
ten subplots of 1 m X 0.4 m in each of ten plots of 2mx
2m in each individual field. Moreover, an inventory was
carried out to record species present in the fields but not
found in the plots. Specimens of Polygala vulgaris may
have included some P. amarella. Cerastium species without
flowering parts were considered Cerastium cf. fontanum,
but may in part have been Cerastium semidecandrum.
The species were divided into four ecological groups
accordingto van der Maarel (1988) and Rejmanek & Rosén
(1988):
A: Dry alvar grasslands on either shallower or deeper
soils;
W: Scrub, woodland and understorey in woodland;
D: Wetlands in depressions, ranging from temporary pools
to alvar lakes;
M: Man-made and/or strongly human-influenced habitats
To calculate a weighted nitrogen figure for each site
according to Ellenberg (1979), the original N-values of
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Fig. 2. Map of the abandoned hamlet of Dréstrop. Indicated are
the still cultivated fields (A), the field abandoned 20-26 years ago
(B), the field abandoned 26 years ago (C), the field abandoned

48 years ago (D), and the never cultivated site (E).

the species were multiplied by the number of 1 m X 0.4 m
subplots in which the species was found, and the product
was divided by the total number of 2 m X 2 m plots per
site in which the species occurred.

The seed bank was studied using the concentration
method (ter Heerdt et al. 1996). Soil samples were taken
in April prior to the fresh seed rain of the season. Natural
stratification of the seeds has taken place in the field during
the previous winter period. Ten cores (4 cm diameter) were
taken adjacent to each of the ten plots per site, in which the
established vegetation was monitored. After removal of the
litter, the samples were subdivided into 0-5 cm and 5-10
cm layers. The samples per depth interval per plot (volume
0.71) were pooled. The pooled samples were washed on a
fine sieve (mesh width 0.2 mm). The reminder was spread
in a thin layer over a 6 cm layer of sterilised potting soil
covered with 1 cm sterile sand in individual trays of 30
cm X 30 cm. The trays were put into the greenhouse and
watered daily. Temperature was 15 °C during the night
(20:00 - 08:00) and ranged between 25 - 45 °C during the
day. The seedlings emerged were identified and removed
as soon as possible, counted and removed.

The relationship between the presence of species in the
established vegetation and the seed bank, including depth
of the soil layer allows the classification into transient,
short-term and long-term persistent according to Thompson
etal. (1997).

Species were classified according to seed size and
shape. Carex spp. were measured without their utricules,
grass species without lemmas and awns, and Asteraceae
were measured without their pappus. Data on 101 species
were thus analysed. The size of a diaspore was quantified
as the air-dry weight. The shape was quantified by the ex-
tent to which it differed from a sphere, using the variance
of diaspore length, width and depth, after transforming
all values so that the length was unity (see Bakker et al.
1996).

Data analysis

Comparisons of the thickness of the soil layer in the five
sites were made by a non-parametric Kruskal-Wallis one-
way ANOVA.

The means of the number of species per 2 m X 2 m plots
and 1 m x 0.4 m subplots in all sites were also compared
by a non-parametric Kruskal-Wallis one-way ANOVA.
Differences among sites were assessed by a non-parametric
Student Newman Keuls test (Zar 1984).

To check on differences in the occurrence of individual
species in the 1 m X 0.4 m subplots, the frequencies of
occurrence in the 2 m X 2 m plots were compared. This
was done by a non-parametric Kruskal-Wallis one-way
ANOVA. Differences among sites were assessed by a
non-parametric Student Newman Keuls test (Zar 1984).
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Results

The sites

The depth of the soil layers on top of the limestone bed-
rock ranged from 15-25 cm in all five sites, and did not
significantly differ among sites (Table 1). The weighted
Ellenberg nitrogen figures indicate that the still cultivated
field harbours plant species bound to a relatively high nutri-
ent availability, while the never cultivated site on the alvar
harbours species with alow nitrogen figure, but differences
were not significant (Table 1). In the fields abandoned ca.
48 and 26 years ago, junipers with an estimated age of 48
and 26 years, respectively, were found.

The species

Thetotal number of plant species in the established vegeta-
tion was significantly lower in the still cultivated field as
compared to the field that has been abandoned for 26 years
and ploughed 20 years ago, and in the field abandoned
for 48 years, both in the 2 m X 2 m plots and in the 1 m X
0.4 m subplots (Table 2). The total number of germinated
species found in the seed bank did not differ for the sites.
The number of species and seedlings germinated from the
top soil (0 - 5 cm) was higher than that germinated from
the deeper soil layer (5 - 10 cm) (Table 2).

A group of 19 species with Festuca ovina and Filipen-
dulavulgaris was present in the uncultivated site, absent in
the still cultivated site, but had returned in the abandoned
sites (App. 1). With the exception of Viola hirta, all are
A-species characteristic of dry alvar grasslands. Most of
these species are classified as having a transient seed bank.
A group of 17 species with Helianthemum nummularium

and Asperula tinctoria had not yet returned 48 years after
abandonment. Except for Sesleria caerulea and Anthox-
anthum odoratum, these are A-species as well, and again
most have a transient seed bank (App. 1).

The following three groups of species in App. 1 are
largely M-species, characteristic of man-made and/or
human-influenced habitats. A group with Medicago sativa
and Lolium perenne had disappeared after 26 years of
abandonment. A second group with Daucus carota had
disappeared after 48 years of abandonment. A third group
with Dactylis glomerata includes species which were still
present after 48 years of abandonment; these are common
grassland species.

Most of the species of the group with Carex flacca and
Chrysanthemum leucanthemum (often common grassland
species) are frequent in the fields abandoned for 26 years
and ploughed 20 years ago, whereas the group with Arabis
hirsuta and Fragaria viridis (many species characteristic
of dry alvar grasslands) have a significant high frequency
in all previously cultivated fields (App. 1).

Five species (Raphanus raphanistrum, Rumex crispus,
Alyssum alyssoides, Galium aparine and Silene vulgaris)
only occur in the still cultivated field, have a wansient seed
bank, and most of them are characteristic of man-made
habitats.

Finally, 34 species in the group of Juncus articulatus
and Juncus bufonius were only found in the seed bank.
Often only one or two seedlings were found. The species
with more seedlings were often classified as having a
persistent seed bank (App. 1).

Mean seed weight and variance of shape did not differ
among the groups (Table 3). The nitrogen figures of species
not yet returned after 48 years are low, whereas those of
species that had initially established in the abandoned sites,

Table 1. Mean thickness of the soil (+ SE, n = 100) and weighted nitrogen figure according to Ellenberg, in the five study sites: still
cultivated, abandoned since 20-26 years, 26 years, 48 years ago, and not cultivated

Cult. 20-26 years ab. 26 years ab. 48 years ab. Not cult.
Mean thickness (cm) 17.6 £0.3 224 +05 21.2+0.6 206 £0.6 16.8 0.4
Weighted Niwrogen figure 3.7 22 2.6 2.3 1.9

Table 2. Total and mean (= SE) number of species in the established vegetation in the five investigated fields. Total number of species
and seedlings in the seed bank. Different superscripts indicate significant differences (P < 0.05), assessed by a non-parametric multiple

range Student Newman Keuls test.

Cult. 20-26 years ab. 26 years ab. 48 years ab. Not cult.
Number of species per 40 m2 (n=1) 40 91 69 82 64
perdm? (n=10) 20.2¢+0.6 58.12+ 1.3 38.9bc+20 46.58b + 17 38.55C + 1.4
per 0.4 m2 (n = 100) 94¢ +0.2 36.92+0.4 22.76¢+ 0.5 29.13b+ 05 22.8bc+0.38
Number of species 0-5 cm depth 39 54 43 42 49
in seed bank 5-10 cm depth 32 43 30 33 32
0-10 cm depth 48 56 45 47 51
Number of seedlings 0-5 cm depth 431 1111 789 443 1025
in seed bank 5-10 cm depth 261 706 324 318 653
0-10 cm depth 692 1817 1113 761 1678
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but disappeared later, are high. However, the differences
were not significant (Table 3).

Discussion
Numbers of plant species

The sites do differ somewhat in thickness of the soil layer,
but they can all be considered deep silicious alvar soils
(15 - 50 cm) according to Bengtsson et al. (1988). Hence,
abiotic differences between the five sites are unlikely.
The estimation of the age of the junipers confirms the
information from other sources such as aerial photographs
and farmers of the nearby villages of Skarpa Alby and
Ekelunda, that the sites represent a chronosequence from
a still cultivated field to long-term abandoned fields with a
never cultivated site as a reference system. The differences
in the established vegetation and the soil seed bank can,
therefore, be attributed to the various periods of abandon-
ment from cultivation.

The number of plant species in the study area differed
considerable among the fields, and ranged between 20 and
58 species per 4 m . The decrease in the number of species
characteristic of man-madehabitats upon abandonment is
in agreement with the decrease of commonly cultivated
species after abandonment (Kiirikki 1993). The field
abandoned for 26 years was exploited as a hayfield before
abandonment. The stand with tall grasses such as Dactylis
glomerata, Arrhenatherum elatior and Poa angustifolia
caused competition for light, especially for seedlings
(Lodge 1993). Old fields previously planted with Dactylis
glomerata showed a lower species turnover than fields
with other final crops. It dominated early succession stages
by inhibiting other species to establish (Myster & Pickett

1990). In contrast, the field ploughed 20 years ago is very
rich in species compared to other calcareous grasslands
(Bengtsson et al. 1988, Willems & Bobbink 1990, Gibson
& Brown 1991). This can be explained by the combined
occurrence of many alvar species as well as a number of
species characteristic of man-made habitats. It is likely
that ploughing made the site accessible for species that
could establish with a little competition for light during
some time. This field might also be trampled by livestock,
because it is situated closer to the well of Drostorp than
the other fields. Livestock included cattle and, during the
last five years, also sheep. Trampling may cause more bare
soil, which makes the field more accessible for species to
establish (Rusch 1992).

The group of species established after abandonment
in the present study are partly the same as those described
in the study by Gibson & Brown (1991) on calcareous
grassland after abandonment of cultivated sites. Six out
of the 15 species found to return early (20-26 years) after
abandoning in the present study were classified by them
as ‘already present in early (1-10 years) or mid (11-100
years) succession’: Avenulapratensis, Anthyllis vulneraria,
Briza media, Cirsium acaule, Linum catharticum and Viola
hirta.

Aftertheinitial establishment of species characteristic
of dry alvar grasslands. no new species established be-
tween 26 and 48 years of abandonment. It seems that the
window of opportunity for establishment becomes closed
after stabilisation of the sward. This is in agreement with
results from old fields in North America (Myster & Pickett
1994). Newman (1993) suggested, according to studies on
calcareous grasslands in southern England, thatre-creation
of a ‘complete’ community by unassisted succession can
take at least 100 years after abandonment.

Table 3. Total numbers of species, and total numbers of species of group A (characteristic of dry alvar grasslands on either shallower or
deeper soils), M (characteristic of man-made and/or strongly human-influenced habitats), D (characteristic of wetlands in depressions,
ranging from temporary pools to alvar lakes) and W (characteristic of scrub, woodland and understorey in woodland), differentiated
according to their relation to field abandonment: ret26 = returned after 26 years; notret48 = not returned after 48 years; dis26 = disappeared
after 26 years; dis48 = disappeared after 48 years; pres48 = still present after 48 years; pres26 = only present in 20-26 years abandoned
field; prescult = only present in former cultivated fields. Mean (+ SE) nitrogen figure according to Ellenberg and mean (+ SE) seed weight
and variance of seed shape for each of the groups. Also indicated is the number of species found to have LP (long-term persistent) seeds

in the soil seed bank.

Position 1etlé notretds di1s26 disd8 presdd PpresZo prescult
Total numbers of species in group 19 17 7 3 6 13 12
Number of A species 18 15 3 0 2 3 8
Number of M species 0 1 4 3 4 4 1
Number of D species 0 1 0 0 0 4 1
Number of W species 1 0 0 0 0 2 2
Nitrogen figure 23+0.2 2.0£0.2 4810 6.0+20 58+10 38 +0.6 38+0.6
Seed weight 08 +£0.2 0.6+0.1 1.3+ 06 20(n=1) 44+3.1 0.5+0.2 0.5+0.2
Variance of seed shape 0.07+0.01 0.07+0.01 0.10+x0.01 010(»=1) 0.07+£002 006+002 0.06+0.02
Number of species with LP seeds 3 1 1 0 0 2 4
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Characteristics of species

The groupof 19 species with Festuca ovina and Filipendula
vulgaris that had returned in the abandoned sites, and the
group of 17 species with Helianthemum nummularium and
Asperula tinctoria that had not yet returned 48 years after
abandonment apparently differ in dispersal capacity. Both
groups feature seedsthatcan be classified as having a short-
lived seed bank. Seeds of both groups do not differ in mean
seed weight and variance. Nevertheless they might differ in
some other characteristics. Viable seeds of Festuca ovina,
Avenula pratensis, Potentilla tabernaemontani, Galium
verum, Thymus pulegioides and Linum catharticum found
in dung at the alvar suggest that at least part of the species
of the group of Festuca ovina occurring after about 20
years of abandonment (Table 2) can be dispersed by cattle
(Dai 2000). However, also Helianthemum nummularium,
Prunellagrandifiora, Phleumphleoides, Veronica spicata,
Agrostis vinealis and Helianthemum oelandicum of the
group of Helianthemum nummularium that did not occur
after 20 years of abandonment, can be spread through
cattle dung (Dai 2000).

When taking into account all vectors of dispersal
(wind, water, birds, other vertebrates and man), as is
adopted for the Northwest European flora (see the LEDA
database, Knevel et al. 2003), six out of the 19 species of
the Festuca ovina group may be dispersed by two or more
vectors, whereas this holds for two out of the 17 species
of the Helianthemum nummularium group (Tamis et al.
2004). Both groups harbour about seven species that may
be dispersed by a single vector. Unfortunately the dipsersal
vector of six species of the Helianthemum nummularium
group is not known.

We conclude that there is not enough evidence to sug-
gest thatthe group of speciesthatdid not establish after ca.
20 years of abandonment has poorer dispersal capacity than
the group that did establish. Introduction experiments may
reveal whether abiotic conditions might be the constraints
for establishment of plant species that apparently did not
spread over a distance of a few hundred metres.
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App. 1. Total number of 0.4 m? plots in which species occur in the established vegetation of the five investigated field sites (abbreviations
as in Table 1), Species represented by ‘x’ were found in the field but outside the recorded plots. In parentheses total number of viable
seeds/125 cm” in the respectively 0-5 cm depth layer (devided from 10 replicates). Species characteristics of dry alvar grassland are
indicated by A, of wetlands in depressions by D, of scrub and woodland by W, and of heavily man-influenced habitats by M. The Nitrogen
figure according to Ellenberg is indicated (1 =lowest, 9 = highest). Then weight (mg) and variance of shape (length, width and height) of
seeds is indicated. In the last column the type of seed bank derived from this study is indicated. T = transient, SP = short-term persistent
and LP =long-term persistent. Data for species with very few seeds in alayer, i.e. < 3 seeds per site, were left out of consideration while
classifying species into T, SP or LP. Species marked with * are not classified because their seeds did not germinate in the greenhouse.
Different letters a, b, ¢ indicate significant (P < 0.05) differences of frequencies in the established vegetation.

Species Still cult. 20-26 26 48 Not cult. N-figure Seed Seed shape  Seed bank
years ab. years ab years ab. Ellenberg  weight (mg) variance class.

Species returned after 26 years

A Anthyllis vulneraria b 10024/1)  13b 752 48ab(32) 3 1.72 0.05 T

A Avenula pratensis b 413b 473b 902 94 2 1.78 0.15 T

A Avenula pubescens < 702b 992 82ab 69b¢ 4 - - T

A Brizamedia b 923(13/1)  533b(35/2) 933(3/-) 48ab(1/.) 2 027 0.06 T

A Campanula persicifolia b 703(13/5)  473b 883(21/8)  558b(1/3) 3 0.05 0.06 SP/T/LP
A Carex caryophyllea b 21ab 2b 26ab 743(18/3) 2 0.72 0.04 T/SP
A Carlina vulgaris 42b 352 b gab 2b 3 0.92 0.13 T

A Centaurea jacea 2ab 352 1b 102 35ab(1/-) - 0.89 0.09 T

A Cirsium acaule b 412 2ab 12ab 263b 2 3.55 0.10 T

A Festuca ovina 2e 56ab(1/.)  14be(l/-)  993(1/4)  993(7/1) - 0.50 0.13 T/LP
A Filipendula vulgaris b 1003(7/1) 763(2/-) 904(2/-) 994 2 0.62 0.12 T

A Galiumverum b 1003(36/3) 1003(28/-) 1003(11/1)  893(2/-) 3 0.24 0.01 T/SP
A Linum catharticum < 93ab(a4/11) 36bc(11/-) 938(66/28) 21P€(159/37) 1 0.13 0.11 SP
A Luzula campestris < 462b 28abc 32bc2/-)  792(6/2) 2 095 0.02 T

A Galium boreale b 4b 27ab 203b1) 672 2 0.59 0.04 T

A Orchis ustulata b 143b xb 11ab 132 3 - - T

A Potentilla tabernaemontani 15(-3) 924(11/-) 20D(19/4)  943(29/3)  2913(76/17) 2 0.71 0.05 SP/T/LP
A Thymus ser pyllum b 43ab3) b 32ab 653(1/-) 1 0.10 0.03 T

A Trifolium campestre b(10/4) 273(7/3) 3ab 168b(3/2)  13b(7/2) 3 030 0.03 T/SP
W Viola hirta b 25ab 32ab 472 11ab 2 - - T
Species not returned after 48 years

A Agrostis vinealis b b b b 223(9/3) 1 - - SP

A Antenneria dioica b 3b b b 53a 3 0.06 0.11 T

M Anthoxanthum odoratum b gab b b 133(3/-) - 0.80 0.09 T

A Artemisia oelandica b b -b b 172 - 0.22 0.09 T

A Asperula tinctoria b 3b 4b b 992(3/.) 3 0.65 0.01 T

A Calluna vulgaris b b b b 433(451/459) 1 0.05 0.04 LP
A Carex ericetorum b 4b b b 593(45/15) 2 0.80 0.02 SP/T
A Danthonia decumbens b sb b -b 553(6/-) 2 0.80 0.12 T

A Helianthemum nummularium b xP by xb 100327/1) 1 0.72 0.04 T

A Helianthemum oelandicum b - b b 172 - 0.64 0.03 T

A Oxytropis campestris -b b 1b 3b 622(17/2) - 1.85 0.05 T

A Phleum phleoides b xb 1b gb 592 1 0.14 0.09 T

A Prunella grandifiora b xb 4b -b 732 3 0.68 0.07 T

A Pulsatilla pratensis b xb b b 192 2 1.04 0.11 T

D Sesleria caerulea b 10ab b gb 592 2 1.03 0.06 T

A Veronica spicata b 113bz.y b xb 533(15/6) 2 0.09 0.09 SP/T
A Viola canina b b -b b 358(1/-) 2 - - T
Species disappeared after 26 years

M Carum carvi 17336/21) -b b b b 6 - - SP
A Erophila verna 343(11/8) 6D/ basa) 1b@/9) b 2 0.03 0.09 LP/SP/T
M Lolium perenne 913(3/-) b b -b b 7 2.40 0.13 T

M Medicago sativa 482 b xb b b 3 231 0.07 T

M Poa pratensis 563(1/-) b -b b b 6 0.26 0.09 T

M Polygonum aviculare 63(10/7)  -b1r2) -br2) b2 -bary . . . SP/T
A Veronica arvensis 743(5/-) b 1b b b - - - T
Species disappeared after 48 years

M Convolvulus arvensis 364 163b 402 b b - - - T

M Daucus carota ban 882(17/1)  24ab9/5)  14b b 4 - - SP/T
M Elymus repens 202 73b 24a3b xb b 8 1.97 0.13 T
Speciesstill present after 48 years

A Allium vineale 322 442 152b 113b b 7 16.66 0.05 T

M Arrhenatherum elatius b xb 1002 1002 b 7 - - T

M Dactylis glomerata 1003(-/1) 974 10034/-) 763 b 6 1.06 0.12 T

M Plantago lanceolata 5b 993(39/2)  883(25i-)  903(3/2)  763P(3/-) - 0.85 0.09 T

A Ranunculus bulbosus 832 984(2/-) 793(7/3) 893(7/4) 1b 3 2.65 0.09 T/SP
M Vicia cracca 23ab 33ab 228b 642 b . 0.74 0.02 T

Acta Phytogeogr. Suec. 88



Re-establishment of alvar plant species in abandoned arable fields on Oland

81

App. 1, cont.

Species Still cult. 20-26 26 48 Not cult. N-figure  Seed Seed shape  Seed bank
years ab. years ab years ab. Ellenberg  weight (mg) variance class.

Species only significantly present in field abandoned for 20-26 years

D Agrostis gigantea b 532(120/65) -b -b -b - 0.08 0.08 SP

D Carex flacca b 923(109/17) 6P(5/-) 105(5/9) 10b(512) - 0.97 0.02 LP/SP/T

M Chrysanthemum leucanthemum b 813(9/-) xP gb b - - - T

M Cynosurus cristatus b 282 xP 5b b 4 0.47 0.08 T

W Fraxinus excelsior b 113 b b -b 7 - - T

A Hieracium praealtum b 643(6/1) b 8 b - - - T

W Hieracium umbellatum b 302 1b xb b 2 - - T

D Inula salicina b 77337/ 5P 11b b 2 - - T

A Myosotis stricta b 242 b 2b b - - - T

M Phleum pratense pratense 4ab 182 b b b 6 0.56 0.05 T

A Polygala vulgaris < 722 10b¢ 35ab 15bcqny 2 1.70 0.05 T

M Rumex acetosa b 673(1/) 2P -b b 5 - - T

D Sagina nodosa b 63(82/73)  -b b beary 5 0.04 0.03 LP/T

A Satureja acinos b 3084(7/2)  -b b - - 022 0.06 T

Species only significantly present in the former cultivated fields

W Agrimonia eupatoria - 612 562 762 b 4 - - T

A Arenaria serpyllifolia 5ab(167/88) 170¢5/21)  23b29/26) 363(8/3) 1b(9/3) - 0.05 0.03 SP/LP

M Anagallis arvensis b 3333/40)  12ab 3ab b 6 - - LP/T

A Arabis hirsuta b 663(11/1)  128b(y1)  1238bcy/1)  5b@3/-) - 0.10 0.13 T

A Cerastium cf. fontanum -b 452 29ab 442 b 5 - -

A Fragaria viridis <(71-) 79ab 53b(2/3)  198b@/9)  xb(/1) 1 0.03 0.09 LP/T

A Hypericum perforatum b 903(118/101) 283b(21/17) 543(61/28) xb - - - SP

A Lotus corniculatus -C 733(3/-) 12bc 36ab(2/-) 9b°( 1/-) 3 0.93 0.03 T

M Medicago falcata -b 3b 603(4/1) 682(1/-) - - - - T

M Medicago hybrida b b 682 17ab - - - - T

A Medicago lupulina 21bc 1002(20/6)  532b(58/9)  778b(21/5)  xC(/1) - 1.37 0.02 SP/T

A Phleum pratense bertolonii b 14ab 152 7ab b 4 0.20 0.04 T

W Poa angustifolia -b3/3) 883(5/2)  1003(28/1) 713b2s3) b 3 0.18 0.10 LP/T

A Polygala amarella b 372 113bys)  25ab b - - - T

D Potentilla reptans 6b(4/19) 633(51/40)  683(255/142) 558(114/153) -b 5 0.24 0.03 LP/SP

APrimulaveris b gab 7ab 382 xb 3 0.96 0.03 T

A Prunella vulgaris b 77327/15)  -b 12abz/y b - 0.46 0.05 T/SP

A Sedum acre b/3) 163(5/4) 1003(22/1)  1003(5/-) 17b¢ 0.35 0.04 T

A Trifolium pratense b 813(1/-) 32ab 26ab(1) b - 143 0.03 T

Species without a significant preference

M Achillea millefolium 75ab(13/13) 992(1/2)  74ab 622b 46bq1/-) 5 0.12 0.14 T/LP

A Agrostis capillaris - - 1 9 2(9/3) 3 - - T/SP

A Agrostis stolonifera - x(5/1) - - - 5 - - T

W Alchemilla glaucescens - 1 - 4 - - 0.51 0.03 T

A Allium oleraceum - X 2 2 - 4 - - T

M Alyssum alyssoides 1 - - - - 1 - - T

A Artemisia campestris - - - - X 2 - - T

M Barbarea vulgaris 2(3/3) x(3/1) - - - 6 - - LP/T

M Bellis perennis - 1 - - - 5 - - T

A Bromus hordeaceus 3 - - X 3 3.73 0.14 T

A Campanula rotundif olia -b 9ab(1/.) 3ab b 375¢20/15) 2 0.06 0.09 T/SP

D Carex tomentosa - X - x(1/-) - - - - T

A Centaurea scabiosa 20(1/-) X - - - 3 - - T

A Cerastium fontanum 592(29/9)  383b(52/14) 15b(32/8)  43abai3/e) 193b42/9) 5 0.10 0.02 SP

A Cerastium glutinosum 3 2(1/1) - - 1 - - - T

A Cerastium pumilum - 3 - - - - - - T

A Cerastium semidecandrum - 3 3 X 1 - - - T

W Crataegus laevigata - 1 1 2 - - - - T

A Dactylorhiza sambucina - - - - X - - - T

M Festuca pratensis 2 - - 4 - 6 - - T

M Festuca rubra - - 1 - - - - - T

W Galium aparine 1 - - - - 8 - - T

A Geranium columbinum - X 6 - - - - T

M Geranium molle 2 - X - - - T

A Globularia vulgaris X - - 1(1/-) - - - T

D Gymnadenia conopsea - 1 - - - - - - T

M Heracleum sphondylium - - X - - 8 - - T

A Hieracium pilosella b 45ab 35b 942 23b 2 015 0.13 T

A Juniperus communis - 55ab 9¢ 30ab 13 be - 6.84 0.06 T

A Knautia arvensis -(1/-) 4 21 9 3 3 225 0.09 T

M Linaria vulgaris -(1/1) x(-30?) 3(1/-) - - 3 - - LP/T

A Luzula multifiora - X X - - 3 - - T

A Myosotis ramosissima 3 - X - X - - T

A Orchis mascula - - X 2 5 3 - - *

D Orchis militaris - X 8 - - 2 - - *
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App. 1, cont.

Species Still cult, 20-26 26 48 Not cult. N-figure  Seed Seed shape  Seed bank
years ab. years ab years ab. Ellenberg  weight (mg) variance class.

A Pimpinella saxifraga - 15 - 30 - 2 - - T

A Poa compressa -ba/1) 743(25/16)  883(20/11)  3b(4/6) beny 2 0.12 0.10 SP/LP/T

D Platanthera chlorantha - 34 13 14 1 - - - *

A Potentilla argentea 4(1/2) 6(7/6) 23(82/23)  7(14/15) - 1 - - SP/T

D Potentilla erecta - 1 - - - 2 0.36 0.02 T

W Prunus spinosa < 15¢ 832 63ab 30 be 106.79 0.05 T

W Pyrus communis - - - 1 - - - - T

M Raphanus raphanistrum 2 - - - - 5 - - T

W Rosa cf. canina - 11 8 13 X - - - T

M Rumex crispus 2 - - - - 5 - - T

A Saxifraga tridactylites - 2(54/144)  -(16/40)  -(1/1) - 1 - N LP/T

A Scabiosa columbaria 202 b b b 163b 3 0.56 0.09 T

A Scleranthus perennis - - 19 - - 1 - - T

A Sedum album - - - -(3/5) 1 1 - - SP/T

A Sedum reflexum -(-/1) - 5 - 9(7/2) - 0.02 0.09 T

A Silene nutans - - - - 1 3 - - T

A Silene vulgaris 1 - - - - 2 - - T

A Stellaria graminea -(1/-) - p -(2/-) -(1/-) - - - T

M Trifolium dubium 7 - - - - 4 - - T

W Trifolium medium - - P 10 - 3 - - T

W Trifolium montanum - 1 2 X - 2 0.57 0.03 T

A Trifolium repens -(211) X 3(1/1) X 1(12/22) 7 - - LP/T

A Trifolium striatum -(1/-) - - 2 -(2/-) - - - T

W Veronica officinalis -(1/-) 1 - 12(-/1) - 4 - - T

D Veronica serpyllifolia - -(23/28) -(1/1) -(1/1) - - - - LP/T

A Vicia hirsuta 3(31) - - - - 3 - - T

? Taraxacum spec. 78%1/1)  2bQ/-) 223b 30ab 125211) - . - T

Species only occurring in the seedbank

A Arabis glabra -(1/-) - - - - 5 - - T

M Atriplex littoralis -(-/1) - - - - 7 - - T

W Betula pubescens - - - - -(1/-) 3 - - T

M Capsella bursa-pastoris -2/1) - - - - 5 - - T

D Carex oederi - - - - -(1/-) 2 - T

A Chaenorrhinum minus - -(20/19) -(4/5) -(2/3) - - - - LP/SP

M Chenopodium album -(63/55) - -(1/1) -(1/2) - 7 - - SP/T

ADrabaincana -(11/8) - - - - - - - SP

D Eleocharis uniglumis - -(1/-) -(1/-) a/-) -(1/-) 5 - - T

M Erigeron canadensis -(1/-) - - - - - - - T

A Erodium cicutarium -(3/-) - - - - - - - SP

A Herniaria glabra -(3/11) -(20/5) - - -(-11) 4 - - SP/T

A Hornungia petraea -(1/-) - - - - 1 - - T

D Juncus articulatus -(5/3) -(5/3) -(13/5) (4/1) -(18/19) 2 - - SP/LP/T

D Juncus bufonius - -(13/10) -(2/4) -(2/2) -(13/16) - - - LP/SP/T

A Leontondon autumnalis - - - - -(1/-) 5 - - T

M Medicago minima -(4/1) - - - - 1 - - SP

M Papaver dubium -(-11) - - - - 5 - - T

M Papaver rhoeas -(-/1) - - - - 6 - - T

D Salix caprea - - - - -(-11) 7 - - T

A Senecio sylvaticus - - - - -(-11) 8 - - T

M Sinapis arvensis -(1/-) - - - - 6 - - T

M Sonchus arvensis - -(2/-) - - - - - - T

M Papaver agremone - - -(-/1) - - 5 - - T

M Plantago major - -(212) - - - 6 - - LP/T

M Thlaspi arvensis -(-/1) - - - - 6 - T

D Typha angustifolia - -(-11) -(1/-) -(4/1) -(1/-) 7 - - SP/T

W Veronica chamaedrys -(24/2) - - - - - - - SP

M Viola arvensis -(5/-) - -(-13) -(-11) - - - - SP/LP/T

A Viola rupestris - - - - ~(6/-) 2 - - SP

A Viola tricolor -(2/3) - - - - 6 - - T

? Crepis spec. -(1/-) - - - - - - - T

? Juncus spec. - - -(1/-) - - - - - T

Unidentified species - /- 1/-) 2/-) - - - - T1
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Abstract

Therelationships between properties of present landscapes
and species diversity within fragmented grasslands have
been the subject of many studies. However the potential
roles of grassland history and past landscape structure as
determinants of diversity have not been widely studied.
We therefore focus on these roles with an overview of
patterns of variation in plant community composition
in grassland fragments, of known ages, within a 22 km?
site around the village of Jordtorp on the Baltic island of
Oland. While the frequencies of individual vascular plant
species in 328 50 cm X 50 cm quadrats showed trends
related to grassland continuity and previous land use, the
dominant gradients of plant community composition were
interpreted in terms of gradients of soil moisture and eu-
trophication. Because relationships between grassland age
and plant community composition are confounded by local
grassland eutrophication, it is difficult to use the present
grassland data set to draw conclusions about the extent
to which the distributions of individual species reflect a
long history of continuous grassland management or an
absence of eutrophication. Our results suggest that stud-
ies thatattempt to explore associations between grassland
age and fine-scale species richness, or the occurrence of
individual species, should be based on sampling rules
that standardize the type of plant community that is to be
compared between grassland fragments.

Keywords: Eutrophication; Gradient; Grassland history;
Habitat continuity; Plant species occurrence.

Nomenclature: Karlsson (1998).

Abbreviations: CIR = Colour infra-red; PA = Previously
arable; PF = Previously forest; RA =Recently arable.
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Introduction

The structure of European agricultural landscapes is
changing rapidly. Landscapes with a longland-use history
and a close connection between local animal husbandry
and crop production are increasingly being replaced by
regionally specialized landscapes (e.g. Jongman 1996;
Stoate et al. 2001).

Traditionally-managed cultural landscapes are often
characterized by a high structural diversity (e.g. Skanes &
Bunce 1997) and support high levels of species diversity
(e.g. Bernes 1994). These types of economically-unproduc-
tive grassland habitats are becoming increasingly rare in
Europe (e.g. Bruunet al. 2001; Poschlod & WallisDe Vries
2002). For example, within Sweden, the area occupied by
unimproved pastures and hay meadows has decreased by
more than 90% since the 1870s (Bernes 1994) and the re-
maining traditionally-managed grasslands are fragmented
and disjunct. There is currently considerable interest in the
conservation and management of pastures and meadows,
and theirrichflorasand faunas (e.g. Blackstocket al. 1999;
Norderhaug et al. 2000; WallisDeVries et al. 2002; Pirtel
et al. 2005).

Pastures and hay meadows are among the mostspecies-
rich habitats in Europe (e.g. Kull & Zobel 1991; van
der Maarel & Sykes 1993; Dupré & Diekmann 2001).
Abandonment of grazing and mowing and the rapid
fragmentation of such grassland habitats is accompanied
by the local extinction of grassland plants, the isolation
of the remaining populations and the loss of both species
and gene diversity (e.g. Rejmanek & Rosén 1988; Fischer
& Stocklin 1997; Rosquist & Prentice 2000; Cousins &
Eriksson 2001, 2002; Kiviniemi & Eriksson 2002; Pluess
& Stocklin 2004).

The current interest in biodiversity in agricultural
landscapes has not only focussed attention on the rela-
tionships between present landscape structure and species
diversity but also on the possibility that levels of species
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diversity may reflect historical processes within earlier
landscapes.

Different classic ecological models predict how spe-
cies co-existence and diversity may be influenced by
factors such as disturbance or nutrient-availability (e.g.
Connell 1978; Grime 1979). Other diversity models in-
clude stochastic processes (e.g. van der Maarel & Sykes
1993, 1997) or the dynamics of species pools (e.g. Eriks-
son 1996; Pirtel et al. 1996; Zobel 1997). However, it
is becoming increasingly clear that field-based attempts
to test hypotheses about the control of species diversity
may be severely limited by the fact that present levels of
diversity may depend on historical processes — as well as
on the present demographic and structural properties of
populations and landscapes (e.g. Norderhaug et al. 2000;
Eriksson et al. 2002; Lindborg & Eriksson 2004; Helm et
al. 2006).

We have established a study area, including the village
of Jordtorp, on the Baltic island of Oland that will allow
the inclusion of data on historical landscape structure and
habitat continuity in investigations of the mechanisms
controlling species diversity and genetic diversity within
grasslands. The mosaic structure of the landscape means
that there is spatial replication of different present-day
land-use categories/vegetation types. The grassland frag-
ments that represent different historical continuity classes
are also spatially scattered within the landscape (Johansson
et al. in press).

As afirst step in the design of future sampling protocols
for species diversity, we require an overview of the major
gradients of vegetation composition in the species-rich
grasslands within the Jordtorp area. Here we characterize
gradients of grassland community composition and explore
the extent to which the distributions of individual species,
as well as variation in vegetation composition, are related
to grassland continuity and previous land use.
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Material and Methods

The Jordtorp study area: The present landscape

The study site (centred on 56°40'49" N, 16°33'58" E) is
located in the parish of Algutsrum in the central part of
the Baltic island of Oland, covers an area of ca. 22 km?
and includes the land associated with Jordtorp and four
adjacent villages: Ovetorp, Holmetorp/Héssleby, Hult and
Tornbotten. The limestone bedrock of the area is mostly
overlain by varying depths of neutral to weakly-acidic
moraine. The topography is generally flat, but the area is
crossed by afew low ridges of coarse sedimentary material
(Forslund 2001) (Fig. 1). The annual mean temperature
on Oland is 7 °C, with a July mean of 17 °C and a January
mean of —1 °C (Alexandersson et al. 1991). The island is
in the rain shadow of the Swedish mainland and the mean
annual precipitation is low (400 mm).

The present landscape consists of a mosaic of arable
cultivation (mostly concentrated within the areas adjacent
to the villages), semi-natural grasslands and deciduous
forest (cf. Goransson 1969). There are small disjunct frag-
ments of alvar vegetation (cf. Ekstam & Forshed 2002)
in sites with flat, outcropping limestone bedrock and thin
base-rich soils. The area also contains a number of small
fens and shallow (often ephemeral) wetlands.

Much of the forest vegetation in the area has an open
character and the underlying herb layer contains many
grassland species. These open forests appear to represent
a succession from more-or-less sparsely tree-covered out-
field pastures, whereas forest areas with a typical forest
herb layer flora are often found in enclosed areas nearer
to the villages (cf. Goransson 1969).

Most fragments of semi-natural grassland within the
study area contain dry grassland vegetation although there
are a few patches of moist grassland with a flora that in-
dicates previous management as hay meadows (Lindahl
& Vik 1997).

Fig, 1. View to the east along the glacio-fluvial
ridge of Jordtorpsasen. The dry grasslands
belong to the continuity category OLD (see
Table 1) and have had at least 270 years of
grassland continuity. The trees are Sorbus
intermedia (photo: Triin Reitalu).



Land-use history and the historical map database

Animal husbandry was historically important on Oland.
Until the middle of the 18th or the early 19th century, the
common pastures (‘utmarker’ or out-fields, comprising
both grasslands and unfenced, open wooded pastures)
lay outside the villages and were shared by the farms
belonging to the village (Goransson 1969). Most of the
land used for arable cultivation and hay production was
restricted to small fields (‘indgor’ or in-fields), adjacent to
the villages (Goransson 1969). An attempt to rationalize the
agricultural landscape was made in a series of Enclosure
Acts during the late 18th century and the first half of the
19th century (Tollin 1991). The villages in the Jordtorp
area are covered by survey maps dating from 1723-33 as
well as by cadastral maps (1801-1810; 1821-1851) that
were produced in connection with the Enclosure Acts (cf.
Tollin 1991). In addition, data on historical land use are
available from black and white aerial photographs (1938;
1959) and the modern landscape is covered by colour
infra-red (CIR) aerial photos from 1994.

A map database has been constructed to cover the
land-use history of the Jordtorp area from 1723/33 to the
end of the 20th century (Johansson et al. in press). The
base map for the database is a land-use/vegetation map for
1994/1997 derived from the interpretation of CIR aerial
photos (taken in 1994) supported by ground validation in
1997. This base map is at the scale of 1:10 000 and all the
maps for the earlier time periods are rectified and justified
relative to the base map. GIS overlay analysis was used
to determine continuity classes for all the map polygons
(ranging insize fromca. 0.1 hato 14.0 ha)that were classed
as ‘semi-natural grassland’ in the 1994/1997 base map of
the Jordtorp area (Johansson et al. in press).

Grassland continuity classes

In the present study, we defined the time categories for
the different classes of grassland continuity in relation to
1998, the year when the vegetation sampling was carried
out (Table 1).

The map polygons from whichwe recorded vegetation

data are assigned to four main land-use history catego-
ries:
OLD (old grassland), PF (grassland that was previously
forest), PA(grassland that was previously under arable cul-
tivation) and RA (young grasslands on recently abandoned
arable land). The polygons that belong to the historical
land-use categories (OLD, PF and PA) were classified as
‘semi-natural grassland’ in the 1994/1997 base map. The
land-use category RA polygons were classified as ‘culti-
vated grassland’ in the 1994/1997 base map (Johansson
et al. in press).

The old grasslands (category OLD) have had a con-
tinuous history of at least 270 years as grassland. The
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pre-1700 history of the old grasslands is not known, but
it is likely that many of these grasslands are considerably
older than 300 years.

The categories PF and PA represent intermediate-aged
grasslands that were forested or used for arable cultivation
at some stage during the last 177 years and which have
had a grassland history of less than 177 years. Both the
PF and PA grasslands are divided into three subcategories
based on the age of their transition from forest or arable to
grassland. The PF,,, polygons have been grassland since
at least 1938 but were classed as forest in 1821/1851 (ca.
100 years of grassland continuity; Table 1), and the PFy,
polygons have been grassland since at least 1959 but were
classed as forest in 1938 (ca. 50 years of grassland conti-
nuity; Table 1). The PA,, polygons have been grassland
at least since 1938 but were arable in 1821/1851 (ca. 100
years of grassland continuity; Table 1). The PA, polygons
have been grassland at least since 1959 but were arable in
1938 (ca. 50 years grassland continuity; Table 1).

The PF,5 and PA, 5 polygons (ca. 25 years of grassland
continuity; Table 1) were classified as forest and arable,
respectively, in 1959 (Johansson et al. in press).

It takes at least 15 years for abandoned arable fields
to develop a ‘signature’ that allows them to be scored
as semi-natural grassland in CIR photographs (M. Ihse
pers. obs.). Therefore the fact that the PA, s polygons were
recognizable as ‘semi-natural grassland’ in the 1994 IR
aerial photos indicates that arable cultivation ceased at
least 15 years earlier and, in 1998, these polygons had had
a grassland continuity that was longer than 19 years. In
contrast, because much of the forest in the Jordtorp area
is open and characterized by a grassland flora (cf. Ekstam
& Forshed 1992), the transition to semi-natural grassland
after forest clearance may be more rapid than the arable-
to-grassland transition. PF,5 polygons that were interpreted

Table 1. Numbers of sampled map polygons and vegetation quad-
rats within different grassland continuity classes in the Jordtorp
area. Details of the land-use history categories are given in the
text: all time intervals are given in relation to 1998 (the year of

the vegetation survey).

Land-use history category
/grassland continuity class

No. sampled No. sampled
polygons quadrats

Polygons classified as ‘semi-natural grassland’ in the 1994/1997 base map

Grassland ca. 270 years ago (OLD) 45 174
Forest 60-177 years ago (PF,y;) 5 25
Forest 39-60 years ago (PFs,) 1 4
Forest ca. 5-39 years ago (PF,;) 6 20
Arable 60-177 years ago (PA,q,) 10 24
Arable 39-60 years ago (PA() 7 17
Arable ca. 19-39 years ago (PA,;) 15 44
Grasslands with no historical documentation (G) 5 13

Polygons classified as ‘cultivated grassland’ in the 1994/1997 base map
Recently arable (RA) 2 7
Total 96 328
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as ‘semi-natural grassland’ in the 1994 IR aerial photos
might thus have been cleared only a few years earlier.

Polygons in the category ‘recently arable’ (RA) were
interpreted as ‘cultivated grassland’ (including both grass
leys and recently-abandoned arable fields) in the 1994
aerial photos. In 1998, these grasslands were still in the
process of reverting to semi-natural grassland.

Collection of vegetation data

Vegetation data were collected between 3 June and 13
July 1998, from semi-natural grassland polygons that were
spread throughout the study area and represented the range
of polygon sizes as well as the seven different historical
land-use classes (Table 1). We also collected data from a
limited number of polygons that were classified as ‘culti-
vated grassland’ in the 1994/1997 base map. Data were not
collected from wetland vegetation, from moist grasslands
(dominated by Sesleria uliginosa or Molinia caerulea) or
from ‘alvar’ vegetation on thin base-rich soils.

Within each sampled polygon, we divided up the
grassland plant communities into ‘vegetation types’ and
randomly laid out 50 cm X 50 cm quadrats within each
of the vegetation types. Frequency data (based on pres-
ence/absence in 25 5 cm X 5 cm sub-quadrats within each
quadrat) were collected for vascular plant species.

The nutrient status of each quadrat was subjectively
assessed (in terms of overall appearance, vegetation colour
and lushness, and presence/absence of animal dung). Nutri-
ent status was scored as: 0 =no indication of eutrophication;
1 =indications of some eutrophication; 2 = indications of
heavy eutrophication.

Data analyses

Data were analysed using Detrended Correspondence
Analysis (DCA) (program MVSP; Kovach 1998) to pro-
duce quadrat- and species-ordinations based on frequency
dataforthe individual species in the 328 sampled quadrats.
Ellenberg nitrogen (N) values (Ellenberg et al. 1991), were
assigned, where available, to individual species and plotted
on the species-ordination. These N-values provided addi-
tional qualitative information on nutrient status that was
used in the interpretation of the ordination axes. A number
of recent studies support the validity of using Ellenberg
values as habitat indicators, even in areas outside their
original central European context (e.g. Ekstam & Forshed
1992; Diekmann 1995; Diekmann & Falkengren-Grerup
1998; Hill et al. 1999).
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Results

Species occurrences in relation to grassland continu-
ity

The occurrences of the individual species (percentage
quadrat presence and average frequency within quadrats)
in the different grassland continuity categories are summa-
rized in App. 1. Of the grassland species that were present
in five or more of the 328 quadrats, few (e.g. Antennaria
dioica, Saginanodosa, Sedum rupestre, Silene nutans, and
Vicia tetrasperma) wererestricted to OLD grasslands. No
grassland species was found exclusively in the quadrats
from previously forested (PF) grassland polygons. The
species that were restricted to polygons classed as either
OLD or PF, and were absent from previously arable (PA)
polygons, included, for example, Artemisia campestris,
Orchis mascula, Sedum album and Trifolium medium.

A larger set of species had their highest presence and
frequencies in quadrats from OLD and PF polygons, had
lower presence and frequencies in the PA,,,, PAg, and
PA, polygons, and were absent from the recently arable
(RA) polygons (see App. 1). This set of species included
Agrostis vinealis, Anemone pratensis, Asperula tinctoria,
Danthonia decumbens, Festuca ovina, Helianthemum
nummularium, Melampyrum cristatum, Poa compressa,
Prunella grandiflora, Satureja acinos, Sedum acre and
Thymus serpyllum. Ekstam & Forshed (1992) classed many
of these species as being characteristic of traditionally-
managed pastures.

A suite of species that had their highest frequencies

and/or percentage presence (see App. 1) in grasslands from
previously arable (PA) polygons included, for example,
Brizamedia, Campanula persicifolia, Cerastium arvense,
Convolvulus arvensis, Fragaria viridis, Helictotrichon
pubescens, Knautia arvensis, Medicago lupulina, Polygala
comosa, Rumex acetosa, Veronica chamaedrys.
Species with their highest frequencies and/or percentage
presence in grasslands on recently abandoned arable fields
included Daucus carota, Festuca rubra, Prunellavulgaris
and Saxifraga granulata.

A setofannual species, including for example, Aphanes
arvensis, Rumex tenuifolius, Vicia lathyroides and Viola
arvensis was largely absent from the PA quadrats, but
present in both OLD/PF and RA quadrats.

Gradients of plant community composition

The grassland history/continuity category (Table 1) for
each quadrat is superimposed on the DCA (axes 1 and 2)
quadrat-ordination (Fig. 2). The firsttwoaxes of thequadrat
ordination had eigenvalues of 0.472 and 0.319, and the
cumulative variance accounted for by these axes was
9.33%. While there is no obvious relationship between
species composition and grassland history/continu-
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Fig. 2. Grassland continuity cate- 3-
gories plotted on the first two axes

of the quadrat-ordination from a

DCA based on the frequencies

of 217 species of vascular plants

in 328 quadrats from fragmented
grasslands in the Jordtorp area on %
the Baltic island of Oland. The
grassland continuity classes (see
Table 1) are indicated by the fol- '
lowing symbols:

¢ =OLD, a = PF100, = = PF50,
& =PF25,0=PA100, © =PA50,
vV =PA25,A=RA,0=G.

The %-presence and frequencies

of the individual species in the
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OLD, PF, PA,y,. PAs), PA,; and
RA are summarized in App. 1.

Fig. 3. Plots of within-quadrat frequencies
for eight vascular plant species. The plots
are based on the same quadrat-ordination
(DCA) as Figs. 2 and 4. The species illustrate
different types of distribution in relation to
gradients of moisture (axis 1), eutrophica-
tion (axis 2; cf. Figs. 4 & 5) and categories
of grassland continuity (cf. Fig. 2 & App. 1)
Anemone pratensis (highest presence/fre-
quency in OLD and PF; no eutrophication),
Artemisia campestris (only in OLD and PF;
no eutrophication), Sedum acre (highest
presence/frequency in OLD and PF; dry; no
eutrophication), Asperula tinctoria (highest
presence/frequency in OLD and PF; moist;
no eutrophication), Bromus hordeaceus
(highest presence/frequency in OLD and PF;
dry; indifferent to eutrophication), Centaurea
Jjacea (highest presence/frequency in PA;
moist; indifferent to eusrophication), Lolium
perenne (highest presence/frequency in RA
and PA; dry to moist; eutrophicated) and Po-
tentilla reptans (moist; eutrophicated). The
quadrats in which aspecies occurred are indi-
catedby filled circles, and the within-quadrat
frequency of the species is indicated by the
size of the circle. Quadrats in which the spe-
cies was absent are indicated by dots.

Axis 2

Axis 1

Anemone pratensis ol

Artemisia campestris
=100% -

Sedum acre Asperuia tinctoria
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ity on the first axis, there is a tendency for quadrats from
younger grasslands on previously arable sites (PA,s 5, 100)
to have higher scores on axis 2. Quadrats from the OLD
grasslands are mostly concentrated on the lower half of
the second axis, but some OLD grasslands also have high
scores on axis 2.

The first ordination axis represents a moisture gradi-
ent (cf. Bengtsson et al. 1988). Species such as Bromus
hordeaceus (Fig. 3), Scleranthus annuus and Sedum acre
(Fig. 3) that are typically associated with dry grassland
habitats on Oland have low scores on axis 1. Species that are
characteristic of somewhat moister grasslands (e.g. As perula
tinctoria (Fig. 3), Centaurea jacea (Fig. 3), Danthonia
decumbens, Potentilla reptans (Fig. 3) Sesleria uliginosa
and Succisa pratensis) have high scores on axis 1.

The field assessment of the nutrient status of the indi-
vidual quadrats is superimposed on the quadrat-ordination

in Fig. 4. This figure suggests that the second ordination
axis represents a nutrient/eutrophication gradient. All the
quadrats scored as showing indications of heavy eutrophica-
tion (2) have high scores on axis 2, while quadrats scored
as having no indication of eutrophication (Q) are mostly
concentrated towards the bottom of the axis.

The plot of Ellenberg N-values on the species-ordination
in Fig. 5 supports the interpretation that axis 2 represents
a eutrophication gradient. No species with N-values of 1
(i.e. species that are intolerant of N; e.g. Festuca ovina,
Helianthemum nummularium, Sedum acre (Fig, 3)) are
found in the upper half of axis 2. Species with high (4-8)
N-values (e.g. Bellis perennis, Lolium perenne (cf. Fig. 3),
Potentilla reptans (cf. Fig. 3)) are predominantly found
in the upper half of axis 2, while most occurrences of
species with N-values of 3 or less (cf. Anemone pratensis
and Asperula tinctoria in Fig. 3) are found in the lower

Fig. 4. Eutrophication categories plotted on the first
two axes of the same DCA (quadrat) ordination as
in Fig. 2. The quadrats were assigned in the field
to three, subjectively assessed, categories: 0 (no
indication of eutrophication), 1 (some indication

T of eutrophication) and 2 (indications of heavy

5 eutrophication).

Fig. 5. Ellenberg nitrogen (N) values (Ellenberg et
al. 1991) plotted onthe species-ordination from the
same DCA analysis as in Figs. 2 & 4. The Ellenberg
N values 1 to 8 indicate species that are associated
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with low to high levels of nitrogen. Other species
are indicated by dots.



half of axis 2. A few species, such as Geranium dissec-
tum, Draba muralis and Vicia tetrasperma, have high
Ellenberg N-values (4-6), yet have low scores on axis 2.
These annual species also have low scores on axis 1 and
arerestricted to dry habitats. They characteristically occur
in small gaps in the grass sward that are associated with
fine-scale disturbance, trampling and dung-deposition by
cattle. A few other species with high (6-8) N-values and
low scores on axis 2 have high scores on axis 1 (i.e. occur
in moister vegetation). This group of species also includes
annuals that rely on disturbance and gap-formation for
their establishment (e.g. Myosotis arvensis), as well as
tree (Fraxinus excelsior) seedlings.

Discussion

A survey of dry alvar grasslands on Oland (Bengtsson et
al. 1988) showed that the main gradients of variation in
unimproved grassland vegetationtypes on the island are re-
lated to pH/soil depth, and to soil moisture. The Bengtsson
etal. (1988) survey included bothtruealvar (shrub-heath)
vegetation on thin soils overlying limestone bedrock (cf.
Ekstam & Forshed 2002) as well as species-rich grasslands
ondeeper,neutral to weakly acidic morainic soils. The few
patches of true alvar vegetation that occur on thin calcare-
ous soils on outcropping limestone bedrock in the Jordtorp
area were not included in the present study and the plant
communities described here represent a limited subset of
those described by Bengtsson et al. (1988). The first and
second ordination axes are short, and the main trends of
variation inthe studied vegetationare notrelated to soil pH.
The majority of the grassland fragments in the Jordtorp area
occur on neutral (pH 6.5 - 7.0) morainic soils (T. Reitalu
& M. Vandewalle, unpubl. data). The main gradient of
variation inplant community composition, represented by
the first ordination axis, in the Jordtorp study is explained
by soil moisture. In contrast to the unimproved grasslands
that were the focus of the Bengtsson et al. (1988) survey,
a proportion of the grasslands in the Jordtorp area are
close to villages or farms. These grasslands are subject to
eutrophication by concentrations of cattle (or, less com-
monly, sheep). Variation in plant community composition
along the second ordination axis is interpreted in terms of
a nutrient/eutrophication gradient.

The presence and frequencies of many plant species
in the Jordtorp area are related to grassland age and the
previous land use of the younger grasslands (see App. 1).
Some species have their highest percentage presence and/
or frequencies in young grasslands on previously arable
sites (PA) and decline in presence/frequency with increas-
ing grassland age. This suite of species includes species
that are characteristic of recently abandoned arable fields
(e.g. Veronica chamaedrys and Convolvulus arvensis). A
number of species (e.g. Briza media, Phleum phleoides
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and Saxifraga granulata) that are generally regarded as
indicators of traditionally-managed grasslands (cf. Ek-
stam & Forshed 1992) also have their highest presence
and/or frequency values in young and intermediate-aged
grasslands (see App. 1). While these species are typical
constituents of old grassland communities in the Jordtorp
area, the present study shows that they are also relatively
early colonizers of grasslands developing on previously
arable sites (cf. Prentice et al. 2006).

Alarge suite of species shows an opposite trend, with
percentage-presence and frequencies that increase to their
maxima in the OLD grasslands. Many of these species are
regarded as indicators of old, long-continuity grasslands
(see e.g. Eriksson 1998; Ekstam & Forshed 1992). Only
a small number of species are exclusively found in OLD
grasslands and absent from grasslands belonging to the
other grassland land-use/continuity categories. However,
a larger suite of species is restricted to OLD grasslands
together with grasslands that were previously classed as
forest (PF),and absent from grasslands that were previously
arable (PA). The distinction between forest and grassland
within the out-field areas in the study areais often unclear,
and areas classed as forest on the basis of tree canopy
cover at the present-day may have a field-layer that is rich
in grassland species. It is likely that the tree cover on the
grazedout-fieldareas also varied historically (cf. Danielson
1918) — but that much of this area nevertheless supported
an unbroken continuity of grassland vegetation. The fact
that many species that typically indicate traditionally-
managed grassland in Sweden (Ekstam & Forshed 1992)
show their highest presence and/or frequencies in the PF,
rather than in the OLD grasslands, may be explained by
the observation that few quadrats in the PF grasslands
show indications of eutrophication.

Although the occurrences of individual plant species
show trends that are related to grassland continuity and
previous land-use history (App. 1), relationships between
the age and previous land use of the grasslands and plant
community composition (Fig. 2) are confounded by local
eutrophication. The majority of the OLD grasslands (with
more than ca. 270 years’ continuity as grassland) have low
scores on the second ordination axis. The fact that quadrats
from the grasslands on previously arable sites (PA5 54 190)s
tend to have higher scores on the axis is consistent with the
expectation that nutients will persist in the soil during the
succession fromarable to grassland. However, a proportion
of the quadrats from the OLD grasslands also have high
scores on the second ordination axis. Even in old sites,
with a long documented history of grassland continuity,
local eutrophication may result in the presence of species
that are typical of younger grasslands, and the absence of
grassland species that are intolerant of eutrophication. It is
thus difficult to use the present grassland data set to draw
conclusions about the extent to which the distributions of
species such as Artemisia campestris or Asperula tinctoria
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(Fig. 3) reflect a long history of continuous management
as grassland or an absence of eutrophication. The present
results suggest that studies that aim to investigate associa-
tions between grassland age or structure (the present and
past sizes and distributions of grassland fragments) and
fine-scale species richness, or the occurrence of individual
species, should be based on sampling rules that standardize
the type of plant community that is to be compared in the
different grassland fragments.
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App. 1. Species-occurrences (in vegetation quadrats) in relation to grassland history within the Jordtorp study area. Species present in
less than five quadrats are listed at the end of the Appendix. Grassland history categories (cf. Table 1): OLD (174 quadrats) =more than
270 years of grassland continuity; Previously forest: PF (pooled data from categories PF,,, PF, and PF,s, 49 quadrats) = transition
fromforest 177-4 years ago; Previously arable: PA,,, (24 quadrats) = transition from arable land 60-177 years ago; PA,, (17 quadrats) =
transition fromarable 39-60 years ago; PA, (44 quadrats) = transition fromarable ca. 19-39 years ago; Recently arable: RA (7 quadrats)
= recently arable land. ‘%’ = the percentage of quadrats within which a species was present; ‘frq’ = the mean frequency of a species
within the quadrats. Data from 13 quadrats from polygons with unknown grassland history (Table 1) are not included.

OLD PF PA, 4 PA, PA, RA

% frq % frq % frq % frq % frq % frq
Achillea millefolium 65 5.4 47 42 58 6.3 65 9.4 73 8.8 89 12
Agrimonia eupatoria 1.7 0.0 6.1 0.1 13 0.4 12 03 9.1 0.2 - -
Agrostis capillaris 49 49 55 5.7 25 25 53 7.2 25 3.2 89 12
Agrostis gigantea 8.6 0.7 - - 4.2 0.0 29 51 - - - -
Agrostis vinealis 35 2.8 51 45 21 2.6 - - 23 0.0 - -
Alchemilla glaucescens 5.2 0.4 4.1 0.2 4.2 0.1 - - - - - -
Allium oleraceum/vineale 15 0.6 20 - 4.2 0.0 12 03 9.1 0.2 33 1.3
Anemone pratensis 32 1.4 47 14 25 0.9 5.9 0.1 9.1 0.5 - -
Antennaria dioica 29 0.3 - - - - - - - - ~ -
Anthoxanthum odoratum 30 29 18 1.0 25 1.1 35 14 9.1 0.3 22 1.1
Anthyllis vulneraria 32 1.9 29 1.1 33 0.9 59 0.1 39 35 11 0.1
Aphanes arvensis 5.2 0.2 - - - - - - 45 0.0 22 0.4
Arabis hirsuta 9.8 0.2 4.1 0.1 17 0.5 5.9 0.1 16 03 22 0.4
Arabidopsis thaliana 34 0.1 - - - - - - - - - -
Arenaria ser pyllifolia 40 3.0 31 1.3 42 1.7 24 1.2 25 1.1 44 0.8
Arrhenatherum elatius 7.5 0.3 - - 13 0.7 18 1.6 16 1.2 11 1.9
Artemisia absinthium 1.1 0.1 - - - - - - 6.8 0.2 - -
Artemisia campestris 7.5 0.2 25 1.1 - - - - - - - -
Asperula tinctoria 18 1.3 47 4.0 42 0.5 59 0.2 45 0.6 - -
Bellis perennis 18 1.5 22 1.1 29 2.1 29 0.7 34 3.4 22 5.6
Brachypodium sylvaticum 2.3 0.1 4.1 0.4 - - - - - - - -
Briza media 41 3.0 47 29 54 6.2 41 2.2 55 6.5 - -
Bromus hordeaceus 29 3.1 33 5.3 83 0.5 - - i1 1.6 1 2.6
Campanula persicifolia 52 0.3 4.1 0.4 13 0.4 18 0.5 16 3.0 11 0.3
Campanula rotundifolia 24 1.3 33 3.2 17 1.5 29 1.3 25 2.1 22 52
Capsella bursa-pastoris 1.7 0.0 20 0.1 - - - - 9.1 0.2 11 0.2
Carex caryophyllea/ericetorum 51 49 69 7.2 25 19 18 21 27 3.0 - -
Carex flacca/panicea 20 23 10 0.8 17 2.3 47 45 21 1.9 - -
Centaurea jacea 31 2.5 25 1.7 50 4.3 41 3.2 48 3.7 - -
Centaurea scabiosa 5.7 0.2 - - 13 0.5 12 0.9 9.1 0.6 22 0.3
Cerastium arvense 1.1 0.1 - - 42 0.3 5.9 0.1 4.5 1.0 - -
Cerastium semidecandrum 23 1.7 18 1.3 13 0.5 - - 14 0.9 56 4.1
Cerastium fontanum 56 2.5 43 1.8 71 35 82 6.3 64 22 67 53
Cirsium acaule 6.3 0.3 20 0.0 42 04 59 0.1 23 0.1 - -
Cirsium arvense 1.7 0.1 4.1 0.1 - - - - - - - -
Convolvulus arvensis 4.0 0.2 - - 17 0.3 5.9 0.3 16 0.7 - -
Cynosurus cristatus 7.5 0.8 2.0 0.2 17 1.6 47 5.6 21 1.5 22 29
Dactylis glomerata 17 13 12 0.8 42 3.7 59 4.4 50 38 22 22
Danthonia decumbens 11 0.9 12 0.3 4.2 0.0 59 0.1 45 0.0 B -
Daucus carota 1.1 0.1 41 0.4 - - - - 9.1 0.2 22 3.0
Dianthus deltoides 12 0.4 8.2 03 4.2 0.2 12 0.4 - - 11 0.2
Draba muralis 8.0 0.5 20 0.0 83 0.2 5.9 0.1 4.5 0.1 11 0.1
Erodium cicutarium 11 0.5 16 0.9 - - - - 6.8 0.1 11 0.2
Erophila verna 27 1.1 22 0.5 17 0.2 24 0.8 16 0.4 67 3.4
Festuca ovina 89 17 94 18 71 11 53 6.5 71 9.4 - -
Festuca pratensis 34 0.1 20 0.2 13 0.8 53 4.6 14 1.2 - -
Festuca rubra 14 0.7 10 1.1 13 1.4 59 45 41 38 67 8.0
Filipendula vulgaris 43 5.4 22 33 54 7.0 53 6.9 23 2.2 - -
Fragariavesca 39 35 37 2.3 54 59 24 0.9 52 55 11 0.3
Fragariaviridis 35 2.8 27 0.9 46 3.1 41 4.4 46 2.6 22 3.1
Fraxinus excelsior 1.7 0.0 - - 4.2 0.0 - - - - 11 0.1
Galium boreale 19 1.7 12 1.4 17 20 24 1.8 6.8 0.6 - -
Galium verum 86 13 86 14 92 16 77 9.5 86 15 44 5.3
Geranium columbinum 12 0.8 8.2 0.3 8.3 0.8 12 0.7 23 0.0 22 0.4
Geranium dissectum 23 0.0 2.0 0.1 - - - - 23 0.0 - -
Geranium molle 22 0.9 - - 21 0.6 59 0.1 11 0.7 78 3.9
Geum rivale 34 0.2 - - - - - - 2.3 0.1 - -
Geum urbanum - - - - - - 18 0.2 4.5 0.1 - -
Geum urbanum/rivale 1.7 0.0 2.0 0.0 8.3 0.1 - - 6.8 0.2 - -
Helianthemum nummularium 58 8.6 63 11 38 4.6 12 0.3 21 2.3 - -
Helianthemum oelandicum 5.7 0.5 10 1.2 4.2 0.1 - - 9.1 0.5 - -
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OLD PF PA, 5 PA,, PA,s RA
App. 1, cont. % frq % frq % frq % frq % frq % frq
Helictotrichon pratensis 45 6.1 53 9.4 42 7.1 59 0.9 43 55 - -
Helictotrichon pubescens 24 1.1 27 1.7 42 33 41 3.6 52 3.2 - -
Herniaria glabra 29 0.0 - - 4.2 0.1 - - - - - -
Hypericum perforatum 13 0.4 6.1 0.2 17 0.5 29 0.6 1 03 - -
Juncus articulatus 23 0.1 - - - - 12 0.9 - - - -
Knautia arvensis 29 0.1 - - 21 0.4 - - 21 0.5 - -
Lathyrus pratensis 2.9 0.1 - - - - - - 1 0.8 - -
Leontodon autumnalis 23 0.1 - - 8.3 1.0 - - 14 0.5 22 0.4
Leucanthemum vulgare 1.7 0.0 - - 4.2 0.1 - - 23 0.6 - -
Linum catharticum 36 1.7 27 0.8 21 0.4 24 0.3 39 2.2 - -
Lolium perenne 6.3 0.4 6.1 0.7 17 1.0 5.9 03 21 2.0 22 0.6
Lotus corniculatus 40 1.4 37 1.0 38 1.8 24 1.8 27 0.7 - -
Luzula campestris 56 3.6 65 5.7 50 3.3 41 44 66 4.5 33 0.8
Medicago falcata s.1. 24 29 6.1 0.8 58 4.3 29 25 50 5.6 11 03
Medicago lupulina 39 1.5 14 0.5 67 43 35 32 68 53 11 0.1
Melampyrum cristatum 8.0 04 10 0.3 - - - - - - - -
Mpyosotis arvensis 2.3 0.0 - - - - 59 0.1 - - - -
Myosotis ramosissima 20 0.8 18 0.7 8.3 0.1 18 0.3 9.1 0.2 22 0.7
Myosotis stricta 1.7 0.0 6.1 0.1 - - - - - - 22 0.2
Orchis mascula 17 0.1 6.1 0.1 - - - - - - - -
Oxytropis campestris 5.2 0.2 4.1 0.1 13 0.2 - - - - - -
Phleum phleoides 40 3.0 6.1 0.6 50 5.8 12 0.9 21 1.1 - -
Phleum pratense pratense 0.6 0.0 - - 13 0.3 12 0.2 23 0.0 11 0.8
Phleum pratense serotinum 9.2 03 - - 17 0.8 18 0.5 9.1 03 - -
Pilosella lactucella 57 0.4 - - 4.2 0.0 - - 2.3 0.0 - -
Pilosella officinarum s.1. 38 3.7 49 2.6 38 4.0 35 1.7 36 3.0 22 3.1
Plantago lanceolata 91 12 82 9.9 71 7.0 65 5.7 71 73 67 11
Poa annua 29 0.3 2.0 0.0 - - 18 0.6 2.3 0.0 11 0.1
Poa bulbosa 4.0 0.4 - - - - - - - - 22 29
Poa compressa 14 0.9 18 1.7 8.3 0.6 5.9 0.3 6.8 0.1 - -
Poa pratensis pratensis 13 0.9 6.1 0.8 17 25 29 0.6 21 2.0 78 14
Poa pratensis angustifolia 76 6.7 61 6.7 79 12 94 8.4 75 10 89 27
Polygala amarella 23 0.1 - - - - - - 4.5 0.1 - -
Polygala comosa 6.9 0.2 4.1 0.0 25 0.8 59 0.3 18 09 - -
Polygala vulgaris 1.7 0.0 8.2 02 - - ~ - 45 - - -
Potentilla argentea 24 1.1 22 0.7 - - - - 16 1.3 22 1.2
Potentilla erecta 1.1 0.0 - - - - - - 6.8 0.7 - -
Potentilla reptans 6.3 1.0 4.1 0.3 83 0.6 59 0.8 16 13 - -
Potentilla tabernaemontani 69 5.1 76 5.7 75 4.2 35 1.5 59 40 33 12
Primula veris 14 0.7 8.2 09 21 0.6 59 0.1 11 0.6 - -
Prunella grandifiora 13 0.9 18 14 - - 18 03 9.1 0.2 - -
Prunella vulgaris 4.6 0.5 4.1 0.5 42 0.0 12 0.4 9.1 0.1 22 3.6
Prunus spinosa 20 0.5 12 02 33 0.9 29 0.9 14 0.3 - -
Ranunculus acris 4.6 0.4 4.1 0.5 - - 12 0.4 11 0.7 - -
Ranunculus bulbosus 82 5.1 67 34 83 4.0 77 6.4 77 44 67 42
Rosa spec. 2.3 0.0 - - 8.3 0.1 - - 2.3 0.0 - -
Rumex acetosa 7.5 0.2 6.1 0.4 17 0.4 41 1.2 25 0.5 11 0.1
Rumex acetosella tenuifolius 7.5 04 2.0 0.0 - - - - - - 11 0.3
Sagina nodosa 52 0.2 - ~ - - - - - - - -
Sanguisorba minor - - - - 83 0.9 - - 18 1.3 - -
Satureja acinos 16 0.6 12 0.5 8.3 0.3 - - 2.3 0.1 - -
Saxifraga granulata 17 0.4 12 0.4 4.2 0.1 24 1.5 2.3 - 44 1.4
Scabiosa columbaria 1.7 0.1 - - 8.3 04 - - - - - -
Scleranthus annuus 9.8 0.7 12 1.1 - - - - 6.8 1.0 33 1.3
Sedum acre 24 23 29 2.7 21 1.5 - - 6.8 0.2 - -
Sedum album 2.3 0.2 2.0 0.0 - - - - - - - -
Sedum rupestre 4.0 0.2 - - - - - - - - - -
Senecio jacobaea 1.7 0.1 - - - - 29 1.5 14 0.2 11 0.6
Sesleria uliginosa 13 1.8 2.0 0.0 42 0.3 41 1.4 16 0.7 - -
Silene nutans 5.2 0.2 - - - - - - - - - -
Stellaria graminea 2.9 0.2 - - 8.3 0.3 35 1.8 - - 56 6.3
Taraxacum sect. Erythrosperma 377 1.1 51 1.4 25 0.8 12 0.2 30 0.9 44 1.7
Taraxacum sect. Ruderalia 14 0.8 8.2 1.0 33 1.8 53 1.3 36 1.5 4 1.1
Thlapsi caerulescens 1.7 0.0 - - 8.3 0.5 - - 2.3 0.4 - -
Thymus ser pyllum 26 2.4 45 4.1 4.2 0.4 - - 18 2.3 - -
Trifolium arvense 14 0.5 20 1.8 4.2 0.1 12 0.1 - - 11 0.4
Trifolium dubium/campestre 43 2.4 43 2.4 17 0.8 29 1.0 27 1.5 44 53
Trifolium medium 3.4 0.2 4.1 0.6 - - - - - - - -
Trifolium montanum 0.6 0.0 - - - - 12 02 4.5 0.3 - -
1. pratense 19 1.2 25 1.2 17 0.3 29 1.2 34 42 11 0.1
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OLD PF PA o PA, PA,¢ RA
App. 1, cont. % frq % frq % frq % frq % frq % frq
OLD PF PAgo PAs, PA,s RA

% frq %o frq % frq % frq %o frq % frq
Trifolium repens 2 15 22 1.1 33 3.8 77 83 25 23 44 1.9
Trifolium striatum 21 2.1 - - 42 0.0 59 1.1 6.8 0.8 - -
Ulmus minor 5.2 0.1 - - - - - - - - - -
Valerianella locusta 29 0.3 2.0 0.0 - - 5.9 0.2 23 0.2 11 0.4
Veronica arvensis 41 3.1 29 1.5 21 0.9 12 0.2 27 1.7 89 89
Veronica chamaedrys 11 0.4 - - 25 1.5 24 0.5 16 1.3 11 1.8
Veronica officinalis 23 0.1 14 0.8 - - - - 23 0.1 - -
Veronica serpyllifolia 4.0 0.1 4.1 0.2 - - 12 0.2 6.8 0.1 22 0.3
Veronica spicata 25 23 39 3.6 8.3 0.8 - - 2.3 0.2 11 1.4
Vicia hirsuta 4.6 0.1 2.0 0.0 - - 5.9 0.1 4.5 0.2 11 0.6
Vicia lathyroides 4.6 0.1 - - - - - - - - 22 0.7
Vicia tetrasperma 4.6 0.1 - - - - - - - - - -
Viola arvensis 7.5 0.1 - - - - - - 6.8 0.4 11 0.1
Viola hirta 18 0.6 25 0.8 46 1.3 41 1.2 32 0.8 - -
Viola
riviniana/reichenbachiana / canina 4.0 0.1 - - - - - - - - - -

Species recorded in less than five quadrats: Acer platanoides, Aira praecox, Alopecurus geniculatus, Alyssum alyssoides, Anchusa officinalis, Anemone hepatica,
Anthemis arvensis, Arabis glabra, Artemisia rupestris, Barbarea vulgaris, Betula pendula/pubescens, Bromus sp., Calluna vulgaris, Cardamine pratensis, Carex
hirta, C. muricata, C. tomentosa, C. sp., Centaurium pulchellum, Cerastium pumilum, Cirsium vulgare, Corylus avellana, Cynoglossum officinale, Dechampsia
caespitosa, Elytrigia repens, Erigeron acer, Euphrasia stricta, Galium aparine, Geranium pusillum, G. sanguineum, Glechoma hederacea, Hypochoeris radicata,
Inula salicina, Juncus bufonius, Juniperus communis, Luzula multiflora, L. pilosa, Lychnis viscaria, Melampyrum pratense, Moehringia trinervia, Ononis spinosa
ssp. arvensis, Ononis spinosa ssp. maritima, Orchis ustulata, Origanum vulgare, Pilosella dichotoma, Plantago major, Platanthera sp., Quercus robur, Ranunculus
auricomus, R. ficaria, R. illyricus, Rhamnus cathartica, Rhinanthus minor, Salix repens ssp. argentea, Saturejavulgaris, Scleranthus perennis, Scorzonera humilis,
Scutellaria hastifolia, Sherardia arvensis, Silene vulgaris, Stellariamedia, Succisa pratensis, Thalictrum flavum, Thlaspi perfoliatum, Trisetum flavescens, Valeriana
officinalis, Veronica hederifolia, Vicia cracca, Viola rupestris.
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