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Errata
-page 9, fig. 3:
"80 years" in text "85 years"

-page 14, fig. 8:
The text is incorrect and should be:
Fig. 8: Total seedling survival. For each species are shown the percentage of all
germinated species that survived until the end of August 1998. Helianthemum oelandicum did
not emerge, and had thus a survival of 0.
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Summary

Two moments in the course of vegetation processes taking place after the
abandonment of formerly cultivated fields at the species rich alvar dry grasslands on
the Baltic island of Oland (Sweden) were studied. After 50 years of natural restoration
not all species had returned. Twelve missing species were sown into the field and the
local species pool was investigated. Eleven species emerged and survived one
growing season. Short-term establishment was possible and diaspore dispersal
seems to be the limiting factor for species returning. In the local species pool occur
160 characteristic species, including all missing species.

After 85 years Juniperus communis forms an almost closed woodland. The
seed bank of small open places inside the woodland contained not more than 31
species in total. In the open places and in places at the edge of the woodland,
flowering intensity and light availability were measured. Both were lower inside.
Disappearance of grassland species in the open places seems to be initiated by a
decreased reproduction due to less flowering caused by shadowing by the junipers.
Seed production is decreased and the seed bank depleted. When shrub cutting is
done as restoration measure, returning of species has to come from seed dispersal
since only few species survive in the seed bank or vegetatively.

Restoration of dispersal possibilities for plant species should be included in
restoration measures of calcareous grasslands and other habitats. Artificial
reintroduction is an option that should be considered more. This study is an example
of research about the restoration processes in habitats related to traditional
agricultural systems. More knowledge about these systems has to be gained in order
to restore and maintain them.
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2. The berries were red, and the leaves they were green,
And the juniper tree, wa.s the finest I've seen.

CHORUS:
The jun4per tree, hi-o,
The jun-I-per tree, hi-o.

3. The years have gone by, but In mem-ry I see,
The two of us under the jun-i-per tree.

REPEAT CHORUS;

Preface
This song about the Juniper Tree I found in one of the songbooks at the

Ecological Research Station on Oland. After a few months of field work between the
Juniperus communis shrubs (and Prunus spinosa & Rosa spec.) I could probably
make up a song myself, though it will not be that lyric. Usually I was alone, and I don't
think it's really pleasant to sit under such an itchy bush full of ticks.

However, wandering around on the Alvar alone still makes me lyric. I have
been there in all seasons except winter, and I was never bored. The numerous plant
species, the smells, and the sounds of birds and grasshoppers will definitely stay in
my memory. The island has become a place which I could call a home, at least last
year I felt that way each time I returned there after having been away for a week or
so.

It is three and a half years ago since I first talked about Oland with Jan, that
was during a vegetation dynamics course on Schiermonnikoog. He talked about a
biodiversity course and the possibility to do a masters project there. In 1997 I was
there with the biodiversity course, already knowing that the next year I would do the
project. I was asked whether I would like the island- well, there was no doubt about
that from the first moment I was there (despite the fact that it was raining cats and
dogs that first day). The millions of orchids did their impressive work.

This report is "only" the scientific result from my field work and stay in Sweden
among many other results: impressions, photographs, friends, memories, culinary
recipes, the experience of having seen a system during a whole growing season
(though that's probably not enough to learn this system that differs from year to year),
and much more. I hope there will be more such results in future: scientific and
educational as well as the other ones!

Frank Hoffmann
Haren, April 22, 1999
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Introduction
When restoring grasslands which were previously used for agricultural

purposes with subsequent losses of species richness, it is necessary to know which
processes take place when plant species are returning into the vegetation. In manyplaces in Europe the situation is so that the area to be restored lies amid intensive
agricultural areas, industry etc. (Verkaar 1990) so that natural restoration (i.e.
spontaneous returning of species) may be difficult as diaspore dispersal could be alimiting factor in re-establishment (Poschlod et a!. 1997, 1998, Poschlod & Bonn
1998, Strykstra et a!. 1 998a). With this knowledge, it is interesting to investigate whathappens in a situation where the area to be restored lies amid the target
communities. The present study focused on this theme in dry Alvar grasslands inSweden.

The Stora Alvaret in the Baltic island of Oland (see Sterner 1926, 1938,
Bengtsson et a!. 1988, Rosen 1982, 1988) features an extensive dry limestone
grassland vegetation of the Veronica spicata- Avenula pratensis association
(Krahulec eta!. 1986), further called Avenetum. This vegetation type is very speciesrich, with maximums of approximately 40 vascular species per m2 and 80 species per100 m2 (van der Maarel & Sykes 1993). The Alvar was almost exclusively used forextensive grazing and periodic shrub cutting since the first centuries AD, resulting inthe open characteristic grassland of the Alvar (Rosen 1982). Due to a growing
human population approximately 200 -250 years ago small parts of the Alvar with soildepths of at least 30 cm were cultivated and settlements were founded. The soil waspartially ploughed and manure was added, causing a decrease in species richnessand even the disappearance of characteristic Avenetum species. These settlements
were abandoned again at the end of the 9h century, but the cultivated fields werestill used by farmers from surrounding villages for several years. One of the former
settlements is DrOstorp. Here cultivated fields were abandoned at different periods ofthe 20th century, and one area of 4 small fields is still used. This still exploited field
harbours very little dry alvar grassland species in both the established vegetation
and the seed bank (Bakker et a!. I 996a). At Drostorp many characteristic Avenetum
species returned, although not all. Steg (1996) found that after 48 years of
abandonment, 14 characteristic species had not returned (in the vegetation as wellas in the seed bank).

The Avenetuni vegetation also contains Juniperus communis, which developsinto shrubland after complete cessation of grazing and fire wood collection, and
causes a decline in species number (Rosen 1982, 1988, Rejmánek & Rosen 1988).
The DrOstorp site abandoned approximately 85 years ago is dominated by a densethicket of Junipers with an age of 70 - 95 years, and a height of 2- 3 m. Under the
Junipers nearly all Avenetum species have disappeared and very little seeds are
present in the seed bank: less than half compared to the open Alvar (Bakker et a!.1996a). Between the Junipers are small open places of 1 - 10 m2. In these open
places most Alvar species are still present in the vegetation. From a seed bank
analysis in 1997 it appeared that the soils of the small open places did not contain
more than 10 species each.

During cultivation followed by abandonment, several processes can be
distinguished: Firstly, cultivating (ploughing and fertilising) causes the number ofspecies in the vegetation to decline. Secondly, species number increases again after
abandonment, but does not reach the same number as before cultivation. Finally,
species number will decline again, when shrubs become dominant in the vegetation
(See also fig. 1). The factors involved in restoring the original vegetation are abiotic
conditions, the persistence of a few species in the vegetation and seed bank directly
after abandonment, and later on the dispersal capacity of seeds from elsewhere
(Poschlod et a!. 1997, 1998). Vegetation composition is not only determined by
abiotic conditions and competitive interactions between plants, but also by the
availability of species in the local and regional species pools (Zobel 1992, 1998,



Zobel et a!. 1997,) and the dispersal possibilities of the species (Bakker et a!. 1996,
Fischer et a!. 1996, van Groenendael et a!. 1998, Poschlod & Bonn 1998, Strykstra
eta!. 1998a, 1998b).

At DrOstorp, the vegetation naturally restored itself, except for the 14 missing
species. Pilot studies suggested that they do occur in the lotal species pool, but
have either not reached the field abandoned 48 years ago (dispersal as limiting
factor), or were not able to establish there (abiotics and/or competition with other
plant species as limiting factor). Wind as a disperser was proven to be negligible:
experiments at Drostorp itself (Steg, 1996) and elsewhere (Strykstra et a!. 1 998a)
revealed a poor seed rain. Poschlod et a!. (1997) supposed that zoochory by
especially sheep used to be an important seed dispersing factor in calcareous
grasslands over long distances. At Drostorp cattle is grazing at low stocking rate and
elks, roe-deer and hares are occurring, and they might be a dispersing factor.
However, this does not explain the absence of the 14 species. The question is
whether the missing species are able to establish in the present vegetation in the
field now abandoned 50 years ago. In other words: are the abiotic or competitive
conditions suitable once the species have arrived?

In the Juniper encroachment, many species have reached the area, but are
threatened to disappear again because of the Junipers. A first step for this may be
the depletion of the seed bank. Under Juniper canopy alvar species seem to survive,
but not to reproduce (Rejmânek & Rosen 1988), and during pilot studies it seemed
that only low numbers of flowering stems were present in the open places. A reason
might be that the shading of the Junipers prevented many species to flower. This
might explain why so many species that are present in the vegetation are lacking in
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Fig. 1. Model of the development of species number of a calcareous grassland after
abandonment (A) and following restoration management (adapted from Poschlod et a!. 1998).
The broken line represents species number in the soil seed bank, the unbroken line in the
established vegetation. I = grassland, II = young fallow sites without shrubs and trees, Ill =
older fallow sites (shrubs or sparse forest stages) and IV = very old fallow sites (thick shrubs or
forest stages). Restoration management implied clear-cutting (1), stimulating growth of the
species still present in the long term persistent seed bank, management by mowing (2),
enhancing seed dispersal including wind dispersal, and introduction of sheep grazing (3),
leading to the immigration of 50 more species. It is supposed that the still missing species (4)
can also be dispersed by sheep.
The model can also be used for the present situation at DrOstorp, where (A) is the moment of
agricultural cultivation, and (IV) the time of abandonment. Natural returning of Avenetum
species is hypothised to come from (1) the seed bank, (2) by wind dispersal and (3) by
zoochory (cattle). (4) Represents the still lacking species, either due to dispersal limitation, or
unsuitable (abiotic) growing circumstances (research question one). The number of species
decreases again due to overgrowing by Junipers (5), research question two focuses on this
issue.
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the seed bank. As most Alvar species have transient or short-term seed banks
(Bakker eta!. 1996a) they need regular input from the seed rain to maintain a soilseed bank.

Aim
The present study focused on two moments in the course of vegetation

processes taking place after the abandonment of cultivated fields:
Firstly, it was hypothesised that diaspore dispersal was the limiting factor in the
establishment of 14 dry alvar grassland species so far lacking 50 years after
abandonment. Twelve missing species were introduced into the field to see whether
they were able to establish and the local species pool was investigated.
Secondly, it was hypothesised that 85 years after abandonment a decrease in the
number of dry alvar grassland species starts with a reduced seed rain as a
consequence of shading in small open places in between the Junipers.
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Fig. 2. Map showing the location of the study area; a: South Baltic Sea, b: Oland, and C: adetail of the map of the island showing the location of the abandoned hamlet of DrOstorp.

Study area
The present study was carried out at the Stora Alvaret at the Swedish islandof Oland at the abandoned fields at DrOstorp at 56°50'N, 16°34'E, about 3 km west of

Skarpa Alby (See fig. 2). The site is situated on 10 - 50 cm deep brown soils
developed in re-worked glacio-fluvial deposits on Ordovician limestone (Rosen 1982,
Krahulec et a!. 1986).

Cultivation at Dröstorp started officially in 1757 by two boatswains from the
nearby village of Skarpa Alby. Before this time Dröstorp was mentioned as an
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uninhabited homestead, though some farmers from Lenstad had some illegal
cultivated fields there. Somewhat later the two men moved to the place to live there,
being followed by more people in later years. In total the population included four
families. The fields were used for growing various kinds of crops and some for hay
making. Fields were ploughed and in some cases manure or organic matter (algae)
from coastal drift line was added. At the end of the 9t century the people moved
away from the place during the emigration period to America and other places.
Exploitation, however, continued in many fields, and in present the time four fields
are still in use as a sown hay field. During the course of the 20th century, all the other
fields were abandoned at various time intervals (fig. 3) which are known from maps
and farmers in the nearby villages. In 1996 the age of Juniperus communis was
examined in each of the fields, and their ages as derived from ring countings
corresponded very well with the time of abandonment. The junipers were probably
established right after cessation of agriculture and can thus give a good measure of
the time of abandonment (Steg 1996).

The present study was carried out at two sites: In the field abandoned 50
years ago 12 species were introduced and in the site abandoned 85 years ago the
effect of Juniper shading on flowering of Alvar species was investigated (fig. 3).

9

/
Dröstorp

Skarpa Alby

Ekelunda

0 200 400m

Fig. 3. Map of the abandoned hamlet of Dröstorp. Indicated are the times of
abandonment of the different fields. I = the field abandoned 50 years ago in which the seed
introduction experiment was performed, 2 = the field abandoned 80 years ago in which the
influence of shading by Junipers on flowering was in vestigated. The white area
surrounding the hamlet is the open Alvar.

= maximal exploitation; E- = still exploited in 1940; Il = still exploited in 1998.
= unpaved road (Adapted from Bakker et al. 1996a)
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Species reintroduction

Material and methods
Twelve of the 14 missing species were chosen to be introduced into the field,

the seeds of this species vary in weight between 0.02 mg and 1.85 mg (see table 1).
In July, August and September 1997, seeds of the twelve species were collected. Of
each species the seeds were tested for germinability. Of each species 50 seeds were
put directly into climate chambers at 15/25°C (night/day), and 50 seeds kept at 5°C
for a month to stratify them, afterwards they were put at 15/25°C, too. All seeds were
washed in a chloride solution to sterilise them against fungi, and then put into a Petri
dish with a double layer of humid sterilised filter paper, fight regime was 12 h light /12
h dark. The results are indicated in table 1, and are the basis for what can be
expected in the field.

Table 1: Species for seed experiment. The table shows the introduced species, their
germination percentages after 120 days in a climate chambre and their seed weights. The
!Pecies are orded according to increasing seed size.
Species % stratified - % not stratified seed weight (g)
Sedum reflexum 75 28 0.02
Antennariadioica 52 74 0.06
Phleumphleoides 54 42 0.14
Satureja acinos 72 72 0.22
Hellanthemum
oelandicum

10 4 0.46

Asperula tin ctoria 36 28 0.65
Prunella grandifiora 6 6 0.68
Helianthemum
nummularium

20 34 0.72

Anthoxanthum odoratum 74 52 0.80
Danthonjadecumbens 44 84 0.80
Pulsatilla pratensis 32 16 1.04
Oxytopis campestris 32 28 1.85

Seeds were counted and sown into the field on October 6, 1997. Species
were sown according to a scheme, 50 seeds of each species in a quadrate of I OxI 0
cm, thus 12 quadrates per plot. Before sowing, the plots (lxlm) were mown with a
hand mower (to ca. 4-5 cm height), to make sure that the seeds were getting to the
soil, and to mimic grazing. Ten replicates were chosen, all with similar vegetation
structure. The seeds were sown in October to have them stratified in the field during
the winter. At the end of April 1998, the area with the introduction plots was fenced
with electric wire to prevent trampling by cattle being released into the Alvar in the
first week of May.

From mid April until the beginning of August 1998, early seedling
establishment was measured (i.e. establishment within the first growing season).
Germination of the seeds was checked weekly in April, May and June, and twice
every month in July and August (the germination frequency had decreased). To be
able to monitor different cohorts of seedlings and their fate, the seedlings emerged
were individually marked with coloured pins (Bakker & de Vries, 1992).

Results
In all plots at least some seedlings were found. The seedlings could be

identified easily, and seedlings grown in a greenhouse were used as reference for
species identification. According to their germination numbers, the introduced species
are divided into 3 categories (not tested), based on the corrected
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Fig. 4: Seedling emergence. Seedling emergence is shown as total seedling numbers
per species and are the average values for all plots.

0% of total 0 corrected

Fig. 5: Seedling emergence as percentage. The data are shown as percentage of the
total number of sown seeds and as corrected percentages. The latter are expressed as the
percentage of the expected number of seedlings (see text).

germination percentages (figs. 4 and 5). The percentages of the germinability tests
(table 1) were multiplied by the number of sown seeds (N= 500), and the resulting
numbers were used for calculating the corrected germination percentages. Five
species had a germination percentage of less than 5%: Danthonia decumbens,
Oxytropis campestris, Satureja acinos, Sedum reflexum and Hellanthemum
oelandicum, the latter did not emerge at aD. Three species had a germination
percentage between 5 and 20%: Antennaria dioica, Phleum phleoides and Pulsatilla
pratensis. A percentage of more than 20% had Anthoxanthum odoratum, Asperula
tinctoria, Helianthemum nummularium and Prunella grandifiora.

Most species had either increasing and then relatively constant seedling
numbers, or had constant seedling numbers during the whole period (fig. 6). From fig.
7 can be deduced that these relatively constant numbers are not caused by a net
effect of emergency and mortality, but of a relatively high survival. Seedling survival
(fig. 8)is higher than 50% for all germinated species, except P. phleoides (35%). Fig.
8 shows that only 4 species had a corrected establishment of more than 20%, the
rest was lower than 5%.
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Fig. 6: Number of seedlings. For every species the total number of present seedlings are shown
in the course of time. The days on the x-axis are expressed as days since the l of May, 1998.
Helianthemum oelandicum is not shown, since it did not emerge.
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Late and early germinators and species that germinate during the whole research
period can be distinguished (fig. 7). Late are especially those that have larger seeds
(D. decumbens and P. pratense), early those with smaller seeds (A. dioica and S.
reflexum).
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Fig. 7 a-k: Seedling survival. The figure shows for each species the cohorts of seedlings
and their fate in the course of time. The days on the x-axis are expressed as days since the
1st of May, 1998. Helianthemum oelandicum is not shown, since it did not emerge.
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Fig. 8: Total seedling survival. For each species are shown the percentage of all
germinated seedlings that survived until the end of August 1998 (12a) and the seedlings
present at the end of August as percentage of the expected number of seedlings.
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Discussion

Emergence and survival
The aim of this experiment was to find out whether the introduced species are

able to establish in the present vegetation in order to determine if the species lacking
in the vegetation are limited by the abiotic circumstances in situ or by dispersal. Since
most species have emerged and the majority of the seedlings have survived the
larger part of one growing season, it can be said that short-term establishment was
possible (Bakker & De Vries 1992), indicating that growing circumstances are no
limitation, and that plant species seem to be limited in their (diaspore) dispersal.
Since this conclusion is based on only one growing season, the emergence and
survival of the introduced species should be monitored at least until after the following
winter (to observe winter survival), but preferably for a few more years.

No relation was found between seed size of a species and seedling
emergence or survival. The results indicate that seed size will play a minor role in the
dispersal of the species at Drostorp, since both small-seeded and large-seeded
species lack in the vegetation, and no differences between responses of the two
types were found. This is in contradiction with many other observations: seed size is
found to be important for re-establishment, within and between species (Gross 1984).
Small-seeded species can have a disadvantage concerning establishment in dense
vegetation compared to large-seeded ones (Burke & Grime 1996); in the same study
large-seeded species showed no pronounced responses to disturbance or fertility. A
similar conclusion was reached for seedling survival in chalk grasslands (Keizer et a!.
1985). Contrarily, Tilman (1997) found that invasibility of a species was independent
of seed size, but stated that it may play a role in more fertile soils. This may also be
the case here, since the Alvar is rather a nutrient poor system. In a seed
reintroduction experiment in a nutrient-rich English flood-meadow (McDonald 1993)
seed viability was very low: 12 out of 57 species emerged. Probably the introduced
low-fertility grassland species were inhibited by the high nutrient availability or by
competition. Introduction was considered to be justified to reduce the restoration time,
that would take much longer if species had to return from the nearby species rich
target community.

Fenology and stratification
For all species, the corrected seedling emergence numbers were higher than

the uncorrected ones, especially for Antennaria dioica, Anthoxanthum odoratum,
He!ianthemum nummularium and Pulsatilla pratensis. Although the laboratory
circumstances were not the same as the field situation, they are the most practical for
testing germinability, and provide a basis for what emergence numbers can be
expected when seeds are sown into the field (Bakker & De Vries 1992). It was shown
that most species needed stratification before germination, though 3 species had
lower germination numbers when stratified (table 1).

There is a large difference between the percentage of emerged seedlings in
the field and the percentage of seeds that germinated in the laboratory. First of all,
the circumstances in the field will be less favourable and constant for germination
than in the laboratory. Secondly, seeds may have died in the field due to predation,
drought or frost. Lastly, some of the species may have germinated in autumn (Burke
& Grime 1996, De Graaf et a!. 1999). Bakker (1989) found a higher response of
Anthoxanthum odoratum in autumn. However, in the present study data of A.
odoratum showed a higher germination after stratification, and the seedlings emerged
in the field all appeared in spring 1998. If any of the sown species germinated in
autumn 1997, all their seedlings had not survived the following winter, since no
seedlings were found during the first investigations in April 1998.

From the cohorts (fig. 7) can be deduced differences in timing of germination
of all species. The small-seeded species have a tendency to mainly germinate early
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in the season (Sedum reflexum, Antennaria dioica and Phleum phleoides). The large-
seeded species needed more time before they emerged (Pulsatilla pratensis and
Danthonia decumbens). Small-seeded species probably need more light for
germination, and may have an advantage in early spring when gaps have not yet
closed. Furthermore, they have fewer reserves than larger seeds, and thus the
seedlings need the first weeks for fast growth. Usually spring is more humid than
summer, another advantage for small seedlings to emerge early in the season.
Seeds of Sedum reflexum remained small during the monitoring period, either to wait
until next spring and to grow on then, or because they were limited by the
surrounding vegetation, and need larger gaps. The large-seeded species probably
need more time to initiate germination. Furthermore, they produce larger seedlings,
which may have a higher competition ability and thus a higher survival chance later in
the season. The other species (Asperula tinctoria, Prune/Ia grandiflora and
Anthoxanthum ododratum) are emerging more continuously during the season, and
once germinated showed rapid growth.

Plots and gaps
The ten plots were chosen to be similar at sight, although there were some

small differences in vegetation structure. Plot 7 had some taller grasses, and 5 and 6
were somewhat drier and had more lichens. Maybe this caused the latter two plots to
have lower germination numbers than the other plots. It is known that a dense cover
of bryophytes (van Tooren et a!. 1987, Bakker 1989), or a closed litter layer (Rusch
1988) have negative effects on germination and seedling survival.

Gap number and size in a vegetation cover are important for the
establishment of seedlings (Miles 1974, Rusch 1988, Burke & Grime 1996). At
Drostorp some differences in cover between individual 10 x 10 cm plots were
observed, and a few had a dense moss layer, but on average the plots were similar in
cover of mosses, lichens, bare soil, grasses and herbs. Though gap size was not
measured in the present experiment, it is estimated that the majority has a diameter
not larger than a few millimetres, and still emergence and survival were not low. Watt
& Gibson (1987) found that 66% of the seedlings in their experiment established in
gaps of 1.6 mm or less, this could confirm the previous observation. In another study,
vegetation cover increased after the addition of seeds by establishment of the newly
germinated species, filling up most existing gaps, indicating that establishment is
possible as long as gaps are available. It was also pointed out that not all mineral soil
gaps are also gaps below-ground: they can already be occupied by roots (Tilman
1997). The only species that did not emerge here, Helianthemum oelandicum, might
be a species that needs large gaps, apart from the fact that the introduced seeds had
a minor quality. This species occurs in different Alvar communities, but has its main
distribution on shallow soils and more open habitats (Bengtsson et a!. 1988). In the
Avenetum (deeper soil) H. oelandicum seems to be restricted to vegetation spots with
a low canopy height, or on places with larger stones in the soil. Apart from differences
in germinability, also field conditions may have caused differences in survival and
emergence between the different species. For a better and more detailed
understanding of the germination behaviour of each individual species, an experiment
can be performed to test reaction on gap sizes, timing of germination and different
temperatures and moisture. Similar things were studied for a number of grassland
species, though partially under laboratory conditions (01ff et a!. 1994), and by Rusch
(1988).

Disturbance in terms of opening up the vegetation cover and creating gaps
can then be regarded as important for re-establishment by seeds (Burke & Grime
1996). Also Bakker (1989) observed the highest number of seedlings in grazed plots
on a salt marsh. Consequently, grazing by cattle at Drostorp should, apart from
dispersal point of view, also be continued to enhance the establishment of species.
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Sometimes ants were a disturbing factor. In some plots pathways were found
(e.g. in nr. 7), and in plots 2 and 6 a few small heaps. A few seedlings died from this,
but their number is negligible. Probably some seeds might have been taken away or
dispersed by ants, though only few seedlings were found outside the 10 x 10 cm
plots, e.g. of Prune/Ia grandiflora. Another possibility is that they were washed away
by rain, or were pushed away by frost upheaval.

In comparison with other years, late spring and summer 1998 were very wet.
This might have had a positive influence on germination and seedling survival, as
was observed in other studies (Rusch 1988, Bakker et a/. 1 996b).

During the investigations some reintroduced species were found in the
present vegetation: Asperula tinctoria in larger numbers, and a few individuals of
Helianthemum nummularium and Oxytropis campestris. These might have been
overlooked during earlier research (Steg 1996), or did expand very rapidly during the
last two years (Asperula). None of the recorded seedlings of these three species
emerged outside the plots in which they were sown, thus it is sure that the emerged
seedlings did not originate from the present vegetation or seed bank. However, it
does not alter the research results, since the species found were growing outside and
at a larger distance from the plots, and it does not matter for the reintroduction
experiment as such.

Conclusion
Avenetum species are able to establish in a vegetation by artificial

introduction, so dispersal is presumably the limiting factor. Since only short-term
establishment was investigated, this conclusion should be drawn with care (see also
Bakker & de Vries 1992). The question is what will happen in a longer period of time.
Most seedlings have survived the first research season, but they will also have to
survive the winter to be really able to establish. According to Bakker (1989),
reintroduction is only successful if the newly emerged plants are able to reproduce. It
is questionable what will happen at a longer term; also Londo (1997) stated this about
reintroduction experiments, though it is also said that the crucial period for many
species is initial seedling establishment (Bakker 1989). Considering Olands climate
(Albertsson 1950, Rosen 1982), the years to come may be very dry, which will cause
a high seedling mortality. On the long run more establishment might be possible. By
introducing these species as seeds they were also added to the seed bank. These
species belong to the transient seed bank type and therefore establishment has to be
successful within a few years.
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Juniper shading and flowering

Material and methods
In May 1997, twenty permanent plots (PPs) of 2x2 m were established in the

field abandoned 85 years ago: ten inside the Juniperus thicket in still existing open
places (inside) and ten at the border of the encroachment in open connections with
the adjacent Alvar (outside). Soil seed bank samples were taken near the ten inner
PPs by using a concentration method (ter Heerdt et a!. 1996). No seed bank samples
were taken yet in the outside PPs. This was done in May 1997, just before the fresh
seed rain. Natural stratification of the seeds had taken place in the field during the
previous winter. Around each PP ten cores of 4 cm in diameter and 10 cm depth
were collected. After removing the litter layer the cores were subdivided into 0-5 cm
and 5-10 cm. The ten samples per depth per PP were pooled. The pooled samples
were washed on a fine sieve (mesh width 0.2 mm) resulting in a bulk decrease of
about 50%. The remainder was spread in a thin layer over a 6 cm thick layer of
sterilised potting soil covered with 1 cm sterile sand in individual trays of 30x30 cm.
The trays were put into a greenhouse and watered daily. The seedlings emerged
were identified as soon as possible, counted and removed.

In 1998 the 20 PPs were each subdivided into 16 subplots of 50x50 cm. In
each subplot the number of flowering stems per species was counted. To be sure to
have counted all flowering stems of all species, this was done 6 times between April
and August. For a more complete list of plant species frequencies in each PP, all
occurring species in a subplot were listed in July. Plant species nomenclature follows
Mossberg et aI.1992.

To quantify a shadow effect by the Junipers on the flowering of the plants in
the inner and outer open places, incoming sunlight was measured. In each subplot of
each PP the light intensity (in lux) was measured with a light sensitive cell. This was
done at canopy height (at ca. 5 - 10 cm above soil level), and when the sky was clear
without clouds. At each plot a control measurement was done in full sun light, so that
later on light at canopy height could be expressed as percentage of total incoming
sunlight. To get an idea of shadow effects during a whole day (the sun is turning, and
so do the shadows), light was measured in each plot once in the morning, around
noon and late in the afternoon.

Statistical analysis
The number of flowering stems inside vs. outside, the number of flowering

species and the percentage incoming light were tested with a two-samples t-test, the
separate species were tested with a Mann-Whitney-U test. This non-parametric test
was applied because of small data sets per species, a parametric test is too critical in
this case to show possible differences.

A regression analysis was done to investigate a relation between light
intensity and the number of flowering stems and the number of flowering species,
respectively. Statistical analysis was performed in SPSS for Windows. Biostatistical
Analysis (Zar 1984) was used as manual.

Results
The seed bank in the inside plots contained 31 species. The total number of

species found in the established vegetation differed significantly between outside and
inside plots (66 vs. 72; P= 0.001 and T= -4.030), on average per plot of 4 m2 this was
32.1 inside and 38.0 outside. All occurring species are listed in table 2.

The number of flowering stems (fig. 9) and the number of flowering species
(fig. 10) were both significantly higher in the outside than in the inside plots. (P=
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Fig. 9: Number of flowering stems.
The figure shows the total number of
flowering stems per subplot of 50 X 50
cm inside (1) and outside (2) the Juniper
encroachment. Significant differences
are indicated with a different symbol.

b

2

Fig. 10: Number of flowering species.
The figure shows the average number of
flowering species per subplot of 50 x 50
cm inside (1) and outside (2) the Juniper
shrubbery. Significant differences are
indicated with a different symbol.

Of all species (90), 13 had more flowering stems outside (8 in seed bank), I
more inside (1 in seed bank), and 62 flowering species showed no significant
differences (17 in seed bank); 9 species were only found in the vegetation (none in
seed bank) and 5 only in the seed bank (table 2). A part of the differences in number
of flowering stems between inside and outside plots can be attributed to differences
in occurrence of species. Results of the regression analysis between occurrence and
N flowering stems revealed: inside r2= 0.170 (P= 0.000) and outside r2= 0.289 (P=
0.000).

There was no relation between the number of flowering stems and the
number of seeds in the seed bank (fig. 11 a). However, it can be seen that the seed
bank types are reflected in flowering intensity (fig. 11 b-d): Species with a transient
seed bank type are mainly flowering at a high intensity, but have few or no seeds in
the seed bank. Species with a long term persistent seed bank are mainly flowering at
a lower intensity, and have more seeds in the seed bank. The species with a short
term persisent seed bank are intermediate the latter two types. Seed bank types are
also indicated in table 2.
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fig. lid: Transient seed bank.

average number of flowering stems /plot of 4m2

Fig. ii: Flowering stems and seed bank. The number flowering species in the inside plots
is plotted against the number of seeds in the vegetation. In fig. 5a are shown total seed
numbers, in fig. 5b- 5d seed numbers per seed bank type: Transient (b), short term persistent
(c) and long term persistent (d). The graphs to the right are details of the ones left.

Light intensity per subplot (in percentage of full sunlight, fig. 12) was
significantly higher in the outer plots than in the inner plots (P= 0.000, T= -9.482).

A regression analysis showed no relation between light intensity and
flowering, though in fig. 13 can be seen that both the number of flowering stems and
the number of flowering species is higher when light intensity gets above 60% (in the
outside plots).
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fig. II b: Long term persistent seed bank.
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Fici. 13: Light intensity and flowering. The average % light is plotted against the total number of
flowering stems in fig. 13a, and against the number of flowering species in fig. I 3b (values in both
cases per subplot).
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a

b

1 2

Fig. 12: Light intensity. The figure
shows the average light percentage per
subplot inside (1) and outside (2). The
average is calculated over a whole day
(morning, noon, afternoon) and over all
subplots. Significant differences are
indicated with a different symbol.
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Discussion
The areas of the inside open places were of a similar size. The outside plots

were all in open connection with the adjacent Alvar. Paths and dung traces showed
that cattle appeared frequently, and sometimes also hares, roe-deer and elk.

As expected, the non-flowering species are absent from the seed bank. No
flowering means no seed rain, and dispersal from the open Alvar is obstructed by the
(tall) shrubs. Whether less flowering stems and less species inside are reflected in
less seeds in the seed bank, cannot be judged yet. A comparison with the seed bank
in the outside plots is necessary, but is still to be done. It would be good if real
(actual) seed rain could be measured. However, this is difficult to do and extremely
time consuming (Zobel et a!. 1998), though it could be tried with a small number of
species.

The majority of the species present belong to transient (e.g. Alilum vineale,
Erophila verna, Phleum phleoides, Thymus serpyllum), or short-term persistent (e.g.
Briza media, Campanula rotundifolla, Carex ericetorum, Sedum reflexum) seed bank
types. Despite the fact that the transient species are flowering at high intensity, their
densities in the seed bank are very low, whereas the long-term persistent ones (e.g.
Arenaria serpyllifolia, Potentilla tabernaemontani Trifolium campestre) are flowering
at low intensity, but have high densities in the seed bank. This is in accordance with
the theory about longevity of seeds in seed banks (Thompson et a!. 1996).

Light circumstances are changing in the course of the year, but since
Junipers are evergreen and thus will cast shades all year round, differences in
flowering fenology will not have influenced flowering intensity too much. The question
is whether light intensity and flowering are directly related; the regression analysis
didn't show this. But nevertheless fig. 13 is indicating a trend that there still might be
a relation. In fact, this relation was not directly measured. To do this, a number of
plots along a range of increasing light intensity should be selected in which flowering
stems will be counted. This should be done inside and outside the Juniper shrubbery,
both with the same light intensity range. Maybe this should also be done under
Juniper bushes (more than 90 % cover). At another study site light intensity under
Juniperus bushes was between 5.4 and 6.6% of incoming sunlight, and the
remaining Avenetum species did not reproduce (Rejmânek & Rosen 1988).

More differences within species inside vs. outside might be probable if the
data set (i.e. number of subplots) would be larger. Many species have a low
occurrence and thus (probably) existing differences are difficult to prove statistically.

Competition for light is directly related to plant height (Mitchley & Grubb 1986,
Mitchley 1988, Keddy 1990). Since Junipers are taller than the grassland species,
the latter will have a high chance to be outcompeted easily, whereas shade plants or
fast growing plants (light stress toleraters according to Grime (1977) or light
competitors according to Tilman (1985, 1990) will be favoured. Light competition
increases variability in plant sizes or canopy height (Weiner 1985, 1986, Zobel et al.
1996). Furthermore, higher species richness is related to a less diverse vertical
structure, and light competition is responsible for the elimination of species in more
shaded conditions. Consequently, a lower tree canopy causes a higher species
richness, which was the case at a site in a species rich Estonian wooded meadow
(Kull & Zobel 1991). In nutrient poor habitats, like the Alvar, differences in vegetation
structure are also related to herbivory: less or no grazing (being the case in the inside
plots of this study) causes a taller and more uneven canopy height, and in this way
will increase competition for light and place and decrease species richness as well
(Bakker 1989, Oksanen 1990, Kull & Zobel 1991, Glenn-Lewin & Van der Maarel
1992). Though species density is not lower in the inside plots compared to the
outside ones, the abundance of many species per plot of 4 m2 (measured as
presence in each of the 16 subplots in a plot of 4 m2) is lower inside, which can very
likely be explained by the aforementioned competition processes. A lower flowering
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intensity can be a consequence of less abundance in the vegetation. However, it was
shown that only 17% (inside) and 29% (outside) of the flowering intensity is explained
by abundance. Furthermore, Festuca ovina, Gallum verum and Sedum reflexum do
not differ in abundance, but have more flowering stems outside. So it is clear that
abundance is only a part of the explanation. However, to occur less inside has
consequences. Probably not only flowering less per individual, but also occurring less
as an additional factor may cause a lower seed production. Flowering can also be
influenced negatively by competition, since reproduction is considered to be costly,
and the plants may be needing energy to compete for light and space either above-
and/or below-ground.

At last, a thicker litter layer in the inner plots may affect vegetation structure
and flowering as well, possibly in combination with soil acidification by Junipers.
However, a study showed that pH was only slightly influenced by Juniper needles
under and a few centimetres away from Juniper shrubs (Rosen 1988). So it can be
expected that influence on the soil in the open places is minimal.

Conclusions
This study made the theory about disappearance of species by shading of

Junipers very plausible, but still provides no absolute proof. Shading plays an
important role, probably together with some other factors, so canopy height,
thickness of the litter layer and soil pH ought to be investigated more thoroughly.
Increased Juniper density and less grazing causes Avenetum species to become
less abundant, e.g. by competition. Junipers take over the best grazing areas, often
in aggregations (Rosen 1988). Particularly when Juniper cover exceeds 75%
Avenetum species disappear rapidly (Rejmánek & Rosen 1988). Shading then
causes less flowering, and together with decreased abundance due to increase of
competition for light and space, seed production decreases. It can be regarded as a
vortex, with decrease in abundance, no flowering resulting in no seed rain, and finally
seed bank depletion. Most species can only survive vegetatively (above-ground or in
a below-ground stolon bank), and have a high chance of total disappearance. In
following investigations this adjusted hypothesis ought to be tested.
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Local species pool

Material and methods
To get a full idea of whether species can return into the abandoned fields, it is

necessary to know if lacking species have a chance to get into the fields. Therefore,
the composition of the local species pool around Drostorp was investigated. The
local species pool is the set of species occuring in a landscape around a target
community that is capable of coexisting in that community. These species are able to
migrate to the community relatively rapidly, say within a few years. The community
species pool is the set of species present in the the target community. It includes the
species in the vegetation and the seed bank (Zobel 1997, Zobel et a!. 1998). This
was done by walking through the area within 200 metres around Drostorp and
looking carefully for all species. The area was divided into 5 zones (fig. 15, appendix)
where in each the procedure was repeated several times. By this it was possible to
see the composition of the species pool in the different parts around the hamlet.

The goal was to get a list of species of the target community, the Avenetum,
so the total species list was filtered. The problem is that at the moment there is no
official "screening list" for this community. Therefore, the (unpublished) data for the
publication by Zobel eta!. (1998) were used in combination with the preliminary Alvar
classification by Krahulec eta!. (1986) and Van der Maarel (1988).

Results
The local species pool contains 232 species, of which 160 are considered to

belong to the Avenetum (these are listed in table 3). The species number was
approximately similar in the zones: The zone in the north (=zone 1) contained 134;
the east (2) 123; the south (3) 129; and the southwest (4)120 species. In the west
only 27 species were found. This very humid zone was the smallest and was
investigated less thoroughly than the other four.

Table 3: Local species pool at Drostorp. All species that are considered to belong to the
Avenetum within 200 metres around DrOstorp are listed. A "I" indicates that a species was
found in a zone. The last column shows the occuring species in the community pool in the field
50 years ago abandoned at Dröstorp (from Steg 1996).

zone
community
pool

north east south south-
west

west

Achilea millefolium 1 1 1 1 I
Agrimonia eupatoria 1 1 1 1

Agrostis capilaris I 1 1 1 1

A. gigantea 1 1

A. vinealis 1 I 1 1

Aichemilla spec. 1 1 1 1

A/hum vineale 1 1 1 1

Alopecurus geniculatus 1

Anagaihis arvensis 1 1 1 1 1 1

Andmsace septentrionalis 1

Antennana dioica 1 1 1 1

Anthencum ramosum I I
Ant hoxant hum odoratum 1 1 1 1

Anthyhhis vulneraria 1 1 1 1 1

Arabis hirsuta 1 1 1 1 1

Arenana serpyhlifohia I 1 1 1 1

Artemisia absinthium 1 1
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zone
community
pool

north east south south-
west

west

1 1 1 1

1 1 1 1

1 1

1 1 1 1 1

1 1 1 1 1

1 1 1 1

1

I I 1 1 1 1

I I I I
1 1 1 1

1 1 1 1 1

1 1 1

arenosa I
1 1 1 1

1 1 1 1

1 1 1 1 1 1

I I I

I

I I I I I
1 1 1 1 1 1

I I I I
I I I I I

I I I
I I
1 1 1

1

I I I I I
1

I 1 1 1 1

I I I I
I

1 1 1 1

1 1 1 1 1

1 1 1

I
1 1 1 1

1

1

I I I
I I I I I
I I I
I I I I
1 1 1 1 1 1

1 1 1 1

1 1 1

1 1 1 1 1 1

1 1 1 1 1

1 1 1 1 1

1 1

1 1 1 1 1
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Gent lane/Ia uliginosa

Geranium dissectum

G. molle

Globularia vulgaris

Gymnadenia conopsea

Gypsophila fastigiata

Helianthemum nummularium

H. oelandicum

Hemiaria glabra

Hieracium peleterianum

H. piosella

H. praealtum

H. umbellatum

Homungia petraea

Hypencum perfortatum

mu/a salicina

Juniperus communis

Knautia ariensis

Leontodon autumnalis

Leucanthemum vulgare

Linum catharticum

Lithospermum officinale

Lotus comiculatus

Luzula campestris

Medicago falcata

M. Iupullna

M. sativa

Moilnia caerulea

Myosotis ramosissima

M. stricta

Odontites vulgaris

Orchis mascula

0. militaris

0. ustulata

Oxytropis campestris

Pamassia palustris

Petrorhagia pro/hera

Ph/eum phleoides

P. pratense pratense

P. pratense bertolonll

Pimpinella saxifraga

Plantago Ianceo!ata

Platanthera chiorantha

Poa compressa

P. prafensis ssp. angustifolia

Polygala amarella

P. comosa

P. vulgans

Potentilla argentea

P. erecta

north east

I

1

I

I
I
I
I
1

1

1

1

I
I
I
I
I
I
I
I
I
I
I
I

I

I
I
I
1

1

I

I
I
I
1

I
I
I
I
I
1

I
I
I

south south-
west

west

I I I
I I
I I I

I
I I I
I I I
I I I
1 1 1

I I I
I I I
1 1 1

I
I
I I I
1 1 1

1 1 1

1 1

I I
I I
I I I
I I I
I I I
I I I
I I I
I I I

I
I

I I
1 1

1 1 1

1 1 1

1 1 1

1

1

1 1 1

1 1 1

1 1 1

I I I
1 1 1

1 1 1

1 1 1

I I I
I I
1 1 1

I I I
1 1 1

1 1 1

30

community
pool

1

1

I

I

I
1

I

I
I

I
I
I
I

I

1

I
I

I
1

I
I

I
I

I

I

1

1

1
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P. fruticosa

P. tabemaemontani

Potentilla vons

Prunella grandiflora

P. vulgans

Prunus spinosa

Pulsatilla pratensis

Ranunculus bulbosus

R. illyricus

Rhinantus serotinus

Rhinantus spec.

Rosa canina

Rumex acetosella var. tenuifolia

Salix tepens

Satureja acinos

Saxifraga granulata

S. tridactylites

Scabiosa columbaria

Scieranthus annuus

S. perennis

Sedum acre

S. album

S. reflexum

Seneciojacobea spp. gotlandicus

Silene nutans

Stellana graminea

Succisa pratensis

Taraxacum spec.

Thalictrum flavum

Thiaspi arvensis

Thlaspi perfoliatum

T. caerulescens

Thymus serpyllum

Trifolium arvense

T. campestro

T. montanum

T. pratense

T. repens

T. striatum

Veronica arvensis

V. spicata

Vicia cracca

Viola canina

V. pumila

V. rupestns

V. tricolor

total number of species

zone

I

1

1

1

north east south

1 1

I I
1 1

1 1

1 1

1 1

1 1

1 1

I
1

1

1

I
I
I I

1 1

I 1

I I
I I
1 1

1 1

I 1

I
I
I

1 1

1

1 1

1 1

1

I I
I

I I
1 1

I I
I
I
I
I I

134 123

south-
west

1

1

1

1

1

1

1

1

I
I

1

1

1

I
I

I
I

I
I
I
I
1

I
I

I

I

1

I
I
I
I
1

I
I
1

1

I

I

129

west

1

1

1

1

1

1

I
I

I
I

I

I

1

I
I
I

1

1

1

I
1

1

1

1

1

1

I
I
I
I
I
I

I

120

community
pooI

I

1

1

I
1

I

1

1

27

I

1

1

1

I

I

I

1

1

1

1

I

62

I
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General discussion
Dröstorp

A new overview of the situation at DrOstorp can be given now. It is known at what time the
different fields were abandoned and what they were used for, and their vegetation composition
and seed bank content (together the community pool) are described (Steg 1996). This study
provided evidence that after approximately 50 years a number of species have not returned due to
dispersal limitation, which is in accordance with the prediction. Furthermore, the local species pool
was investigated, providing thus data about which Avenetum species potentially may reach the
former cultivated fields of Drostorp. It appeared that in the area surrounding Drostorp all lacking
species are occurring, and that if the whole local species pool is considered, more species could
be classified as "lacking": 161 species in the regional pool vs. 71 species in the community pool of
the field abandoned 50 years ago. However, the community pool of the open Alvar investigated by
Steg (1996) is at a lower scale compared to the local pool, and thus a sample of the latter. So not
all extra "lacking" species will or can occur simultaneously in the field 50 years ago abandoned
(Van der Maarel & Sykes 1993). Many species may enter the field, though a minimum number of
characteristic species should occur permanently to get and maintain a species rich Avenetum
community. The probability of a species belonging to the local or regional species pool to enter the
community pool of a target community depends on a number of factors (Zobel et al. 1998, Bakker
& Berendse 1999): 1. the habitat requirements of a species, 2. the distance of the habitat to the
nearest population, 3. fecundity, abundance and dispersal capacity of the species, 4. the presence
of dispersal agents, 5. the ability of the seed to germinate, and 6. the longevity of the seeds in the
seed bank. Habitat requirements and distance are no problem in the Drostorp situation, and the
species lacking have a relatively high abundance around the former village. Fecundity could be
considered high, since it was easy to find many germinable seeds for most species (except maybe
Hellanthemum nummularium). Seedling survival should be added to the list, since this is also a
crucial factor for establishment. Longevity of the seeds in the seed bank, and dispersal capacity
and agents seem to be the main problems in the present situation.

The remaining question is why species could be dispersal limited. According to Poschlod
et a!. (1997, 1998) there is a succession of ways of re-establishment: firstly from the seed bank,
secondly by wind, and thirdly by animals. As we know, the first two factors are thought to play an
unimportant role, or those stages had already been passed. Diverse animals are occurring around
Drostorp, and especially cattle is crossing the field regularly (fig. 16 in the appendix gives an
impression of frequently used cattle tracks), so these can be assumed to be the main
transporters. It is known that endozoochorous seeds can germinate in cattle dung, and it is
hypothised that cattle dung reinforced re-establishment of species after abandonment of a
ploughed field (Malo & Suárez 1995). Dai (1998) showed that at least 24 Avenetum species were
transported via cattle dung, concluding that species become more mobile by endozoochory.
Whether seed transport by fur and hooves is important on the Alvar ought to be investigated more
thoroughly. Fischer et a!. (1996) found that sheep have a better seed dispersal capacity than
cattle. Considering the experiences with bad effects of sheep overgrazing on the Alvar (Rosen
1982), the introduction of sheep, if anyway, should be done with great care.

In the end it could also just be a matter of chance and time until all species have reached
the field (Ter Borg 1979, Strykstra et a!. 1998). The problem is, however, that not much time is
available, since Juniper shrubs take over the fields after a certain time, as was seen earlier and in
this study. Although shrub clearing is done as a nature management measure now (Rosen, pers.
corn.), this still can be a problem.

So we can see that the combination of the model by Poschlod et at. (1997, 1998) and the
ideas about processes taking place when abandoning former cultivated fields (fig. 1) are very well
reflected in the Drostorp situation (fig. 14). Firstly, species number declines, increases again after
abandonment, but does not reach its original level. Later species number declines again due to
overgrowing with Juniper shrubs. These presumably decline the flowering intensity of the
grassland species by shadow effects, causing the depletion of the seed bank.



under
Juniper

Fig. 14. Species numbers at Dröstorp. The figure shows the species numbers in the different fields
(x-axis) and at different scales (community pool, local species pool, seed bank). The community pool
also includes the numbers from the seed bank. "80 years open" means the open places inside the
Juniper encroachment, "80 years under Juniper" means the vegetation under Juniper shrubs.The
arrows 1, 2 and 3 indicate the numbers of species lacking in the community pools of the respective
fields compared to the community pool in the open Alvar.

Implications for other situations
In comparison with central Europe, the Drostorp situation can be considered to be "ideal":

the target vegetation community surrounds the area to be restored, the agricultural impact was not
very intensive, there is little or no atmospheric nutrient input, and possible acidification is mainly
eliminated by the calcareous soil. In spite of this, natural (spontaneous) restoration still takes more
than 50 years. In this particular situation that time aspect is not that crucial, since a large area of
the target community still exists and does not have a direct threat. However, in many other
situations in Europe there is not much time to restore an area, since the source target
communities (i.e. the regional and local species pools) are often threatened themselves (van
Groenendael et a!. 1998, Strykstra et a!. 1 998b), so the chance that species return by themselves
is decreasing. Thus compared with the "ideal" situation, natural restoration will take even more
time in the "non-ideal" situation, and when the abiotic and biotic circumstances are (made)
suitable, dispersal of diaspores often remains as a limiting factor.

The results of this study suggest that the artificial reintroduction of plant species can
overcome the dispersal problem, and accordingly may be a good measure to restore an area
faster. This reinforces the statements by Strykstra et a!. (1 998b) that when dispersal is limited and
source populations are threatened, creating new populations artificially can decrease this threat
and the endangered status of a species. It also reinforces the need for less conservative criteria
for the (re-)introduction of plant species proposed by van Groenendael et a!. (1998). Many of the
criteria are based on theoretical deduction rather than on scientific experiments, and in literature
(re)introduction experiments (e.g. Bakker 1989, Bakker & De Vries 1992, McDonald 1993, Van
Duren eta!. 1998) are scarce, as was also stated by Londo (1997). If in future plant species
reintroduction should become a more widespread restoration measure, more knowledge should
be gained from (re)introduction experiments first. Some authors suggest that before introducing,
traits of the species to be introduced and of those already present in the vegetation should be
studied. Successful establishment in a vegetation depends on appropriate traits of the introduced
or invading species relative to the local conditions (Bazzaz 1986, Burke & Grime 1996, Tilman
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1997). For making predictions about whether a large-scale reintroduction will be successful, small
experiments as in this study can be performed. However, at a longer time scale community
assembly has a strong stochastic factor; one is still forced to use probabilities to make predictions
about whether species will establish or not (Weiher & Keddy 1995).

Considering the time scale at which the species rich communities have come into
existence, it can be seen that this took several hundreds of years (Bonn & Poschlod 1998,
Poschlod & Bonn 1998). Although this was partly a consequence of the evolution process of the
human culture and agricultural techniques, it still indicates that natural restoration processes might
take more time than is considered presently. Waiting for species to return by themselves after
having restored the abiotics of the system could be disastrous in the long run. More than 50% of
Europe's most highly valued biotopes occur on low-intensity farmland, and therefore the
maintenance of low-intensity agricultural systems, or at least their management, is important to
preserve all these habitats (Bignal & McCracken 1996). Poschlod and Bonn (1998) showed that
the restoration of a whole traditional agricultural system where diaspores were exchanged
between areas and habitats (short- and long-distance) might be crucial to maintain most habitats
related to these anthropogenic systems. If this is not possible, alternative species dispersing and
exchanging ways have to be found and used, e.g. by (re-)introducing plants as seeds or adult
plants (Londo 1997, Van Groenendael et al. 1998), or indirectly via e.g. mowing machinery
(Strykstra et a!. 1997). It implies that totally natural restoration of habitats related to traditional
agriculture in Europe is very difficult, and in some cases even impossible. The success of
restoration management also depends on an area's history; areas which had a short period of
agricultural intensification have the highest restoration potential (Bekker eta!. 1997). This idea is
supported by different studies in more and less intensive agricultural areas (e.g. Bakker 1989,
McDonald 1993, Bakker et a!. I 996b, Van Duren et a!. 1998).

Future
Investigating the restoration process in the DrOstorp area should be continued. A long-term

study could be done to investigate how much time it takes for all species lacking to return. This
should be accompanied by Juniper shrub cutting and continued grazing, to prevent that the fields
turn into shrubland. Furthermore, the grazing intensity or the number of animals can be increased
to see whether this will decrease the time in which species return. Parts of the village differing in
density of grazing animals could be separated, to see if differences appear. Furthermore, it will be
interesting to see what happens when the field still in use will be abandoned. Then the processes
of natural restoration can be studied from the beginning, and detailed knowledge about which
species return from the seed bank, by wind or by animals can be gained.

Apart from vascular plants, also bryophytes and lichens are very important aspects of
species richness in the Alvar and in the Avenetum community (Sterner 1938, Albertson 1950,
Rosen 1982, Krahulec et a!. 1986, Bengtsson et a!. 1988). In this study these species were left out
of consideration. Since much of the dispersal theory is also true for lichens and mosses (Fischer
et a!. 1996), a similar investigation done with the vascular plants should be performed with lichens
and mosses. Firstly, lacking species should be investigated, and then introduced from the
surrounding local species pool.

It is not known whether Juniper shrubland is the climax vegetation (Sterner 1938,
Albertson 1950, Rosen 1988). The 85 years ago abandoned site has one of the oldest Juniper
stands, and should be kept to see whether succession will continue. Furthermore, the permanent
plots in the juniper thicket should be monitored over a longer period of several years to see what
kind of vegetation changes will appear. During this project's field studies it was observed that
former open fields that have been overgrown in the last two to four years mostly had no Junipers,
but only Prunus spinosa and some Crataegus spec. Probably this will also happen in the present
open places, since in most of them Prunus spinosa is already occurring. A last stage could consist
of deciduous trees, like Sorbus intermedia and Fraxinus exce!sior, which already occur in the
former building parts of the hamlet.

Drostorp provides one good example of research about moderate-term processes in a
relatively short research time. But more comparative research between "ideal" and "non-ideal"
situations is desirable to get more profound knowledge about restoration processes, especially



General discussion 35

about the role of species pools and diaspore dispersal. Apart from being ideal from restoration
point of view, it also has the advantage of the presence of a kind of chronosequence of
abandoned fields with a known history. But are there many more Drostorps? It will not be easy to
find similar situations in a variety of habitats. Bignal & McCracken (1996) urged that more
knowledge must be gained about the processes that make low-intensity (extensive) agriculture
areas biologically rich, together with searching for ways to make life of farmers in these systems
easier and more rewarding. A great step ahead are the ideas of Poschlod eta!. (1997, 1998) and
Fischer eta!. (1996). These should be tested in still existing traditional low-intensity farming
systems, and in this way these systems can provide knowledge about the way habitats are
maintained by agricultural management. In some parts of Europe these systems are still present,
but are also threatened by intensification and abandonment. The species rich habitats discussed
here should probably be more regarded in terms of farmland biotopes with optimum management
practices instead of remnants of habitat being left amongst farmland (Bignal & McCracken 1996).
Furthermore, restoration areas should be large enough to make them independent of surrounding
areas concerning abiotics, to include both existing fragments of (semi)natural habitats and areas
that require extensive restoration, and to preserve the species' natural social structure and genetic
diversity. At present most areas in Europe are still too small (Bakker & Berendse 1999).

Conclusions
It is known now that lacking species have a chance to establish once they arrive in the

field, and that they occur in the surrounding local species pool. However, the problem is dispersal
limitatián caused by among others changed human agricultural activities. Thus it is vital to include
the restoration of dispersal possibilities for plant species in restoration measures of calcareous
grasslands and other habitats. Another possibility is the artificial reintroduction of plant species, if
both seed bank and seed dispersal provide no solution. Before reintroducing plant species, a pilot
study should be performed to test whether circumstances in the field are suitable for re-
establishment, and in this way predict the chance of a successful reintroduction.

The decrease of Avenetum species in vegetation and seed bank in an area overgrown by
Junipers seems to be initiated by a decreased reproduction. Less flowering due to shadowing by
the Junipers causes a decreased seed production. Vegetative survival (stolons and non-flowering
plants) seems to be important for relatively few grassland plant species to persist in an overgrown
area. More knowledge about the exact details is necessary to really prove what causes the
decline and disappearance of the grassland species. The restoration of a formerly overgrown
species rich dry alvar grassland cannot rely on the longevity of seeds of the seed bank (Bakker et
a!. 1996a), but is, just like the former arable fields, relying on species dispersal, too. Dispersal is
thus the key-factor in restoration of species rich grasslands, as was mentioned by Poschlod &
Bonn (1998).

Research about the functioning and evolution of habitats related to traditional agricultural
areas and about their restoration processes is still necessary in order to be able to maintain such
habitats, and is in this way crucial for the maintenance of biodiversity.
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Appendix I

Fig. 15. Map of the species regional pool. The numbers indicate the 5 zones in which the species
pool was investigated. 1 = north, 2 = east, 3 = south, 4 = southwest, 5= west. The shaded area (the
fenced area around the still used fields) is regarded as outside the community pool area of the
hamlet.
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Appendix 2

Fig. 16. Frequently used cattle tracks in and around the abandoned hamlet of Drostorp.

_- Most used tracks

• •. s Occasionally used tracks

p944 Impassable barriers for the cattle (walls, fences, dense shrubs)
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Appendix 3

Table 3: Results from Mann-Whitney-U analysis of the data from the field 80 years ago
abandoned (shading by Junipers).

flowering occurrence
species U-value significance U-value significance
Arenariaserpyllifolia 23 0.017 24.0 0.021
Avenula pubescens 22.5 0.036
Carex caiyophyllea/
ericetorum

6.0 0.001

Erophilaverna 25 0.013 25.0 0.013
Festuca ovina 3.5 0
Galium verum 22.5 0.037
Phleumphleoides 15 0.008 24.0 0.049
Plantagolanceolata 15 0.008 20.0 0.021
Poa pratensis angustifolius 22.0 0.016
Potentilla tabernaemontani 17.5 0.014 18.0 0.015
Sedum acre 30 0.031 22.0 0.013
Sedum reflexum 29 0.05
Ste//aria graminea 19.0 0.019
Taraxacum spec. 24 0.026 25.0 0.033
Thymus serpyl/um 17.5 0.006 19.5 0.014
Trifo!iumcampestre 20 0.005 17.0 0.005
Trifolium striatum 29.0 0.049
Veronica spicata 26 0.04 15.5 0.008
Campanu/a persicifolia
(In-transformed)

3 0.01


