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Summary

The aim of this study is to assess at a regional scale the effects of different

management practices on the plant species composition of agricultural grasslands. The

region of the Schaffhauser Randen in Northern Switzerland provides ideal conditions

for such a study. The area is predominantly forest, but includes several 'islands' of

agricultural land with a mixture of arable land and grassland. The total area is about

20km
,
and soil and climatic conditions are relatively uniform. Three types of

grasslands were investigated: 1) 'Extensively' used grasslands are not fertilized and are

cut only once, in July or August; 2) 'Less intensive' management comprises moderate

fertilization (manure) and two cuts per year; 'Medium intensively' managed sites are cut

two or three times each year and are fertilized with slurry or mineral fertilizers.

The three chapters cover the following three questions:

1) How has the species composition of grasslands been affected by management,

past and present?

2) What roles do seed and recruitment (microsite) limitation play in differently

managed grasslands?

3) Do species that occur in differently managed grasslands show genetic adaptation

to the different habitats?

Chapter 1 presents a description of the different types of grassland, and relates

species composition to management history. A vegetation survey with a spatially

stratified design to control for variation due to the position within different 'islands'

revealed that management strongly affected the grassland communities in terms of both

species composition and dominance structure. Species richness was considerably lower

in more intensively used grasslands and a large part of the variation in species

composition could be explained by management intensity. Slight differences in

management amongst the more intensive grasslands were assumed to cause the less

fixed hierarchy of the most abundant species in these meadows.

A reduction of management intensity from medium intensive to less intensive led

within a few years to a reduction in soil fertility and a slight increase in species

composition. This was shown in a comparison of medium intensively used sites with

sites that have been extensified since 1992, when a new agricultural extensification

programme was introduced in Switzerland.
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Chapter 2 describes a two-year seed addition experiment to investigate whether

species diversity is limited by seed availability. Seeds of 24 species were sown in

established vegetation of the differently managed grasslands. Half of the experimental

plots were 'disturbed' by scraping the soil surface and removing any moss. Seedlings of

most species were able to establish after seed limitation was overcome by sowing,

though the numbers of individuals were generally very low. There was a clear trend for

higher establishment in extensively used sites than in intensively used ones; for four

species the difference were statistically significant. Disturbance played a minor but

significant role in promoting recruitment.

Overall, the results suggest that seed limitation can be an important factor limiting

species richness in these grasslands. However, seed limitation was less significant in

intensively managed grasslands where some species were limited by habitat conditions

unsuitable for establishment (recruitment limitation). Recruitment was probably

prevented by the low light availability in the dense vegetation of fertilized grasslands.

Less intensively managed sites, which are promoted as ecological compensation areas in

Switzerland, did not provide more favourable conditions for establishment than medium

intensive sites. We conclude that a considerable change in vegetation structure,

sufficient to enhance light penetration into the stand, is needed to enhance microsite

availability for germination and allow introduced species to establish. In practice this

means decreasing the productivity of the site by reducing the nutrient capital of the soil.

Chapter 3 investigates genetic variation in three species which occur in all three

grassland types: Plantago lanceolata, Lotus corniculatus and Campanula rotundifolia.

In a common environment experiment the role of genetic adaptation to the habitat in

enabling these species to survive in strongly differing grassland types was investigated.

Plantago lanceolata showed an increased growth rate of the flower-stalk, indicating an

adaptation in timing of flowering to the earlier cutting of the vegetation. Campanula

rotundifolia showed higher root biomass in plants originating from extensively used

sites. Increased allocation of resources to root biomass can be seen as an adaptive

response to enhanced nutrient acquisition in habitats with low nutrient availability.

These results suggest that genetic adaptation may develop within a relatively short

period (15-30 years) as a consequence of changes in management practices.
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Zusammenfassung

Der Einfluss der Bewirtschaftungsintensität auf die Artenzusammensetzung

landwirtschaftlich genutzter Wiesen steht im Zentrum dieser Studie. Das Gebiet des

Schaffhauser Randen bietet ideale Bedingungen für eine solche Untersuchung. Das

Untersuchungsgebiet liegt auf den Hochflächen des grösstenteils bewaldeten

Hügelzuges und umfasst mehrere inselartige offene Gebiete, die landwirtschaftlich

genutzt werden. Die Gesamtfläche beträgt ca. 20 km2 und sowohl Bodeneigenschaften

wie auch klimatische Bedingungen sind innerhalb des Gebietes recht einheitlich. Drei

Wiesentypen wurden untersucht: 1) 'Extensiv' genutzte Wiesen werden nicht gedüngt

und nur einmal pro Jahr geschnitten. Der Schnitt erfolgt im Juli oder im August, 2)

'Wenig intensive' Bewirtschaftung umfasst eine massige Düngung mit Mist und zwei

Schnitte pro Jahr; 3) 'Mittel intensiv' genutzte Wiesen werden dreimal geschnitten und

mit Gülle oder mineralischen Düngern gedüngt.

Die drei Kapitel dieser Arbeit decken die folgenden Hauptfragestellungen ab:

1) Wie wird die Artenzusammensetzung durch heutige und frühere Bewirtschaftung

beeinflusst?

2) Welche Bedeutung haben Samen- und Etablierungslimitierung in unterschiedlich

bewirtschafteten Wiesen?

3) Weisen Arten, die in unterschiedlichen Wiesentypen vorkommen, genetische

Anpassung an die Bewirtschaftungsart auf?

Kapitel 1 umfasst eine Beschreibung der verschiedenen Wiesentypen und bringt die

heutige Artenzusammensetzung in Zusammenhang mit der Bewirtschaftungsgeschichte.

Die Vegetationsaufnahmen wurden räumlich stratifiziert durchgeführt, um die

Variabilität in der Artenzusammensetzung, die auf die Lage der Untersuchungsflächen

in verschiedenen dieser inselartigen Gebiete zurückzuführen ist, herauszufiltern.

Die Vegetationserhebung zeigt, dass sowohl die Artenzusammensetzung wie auch

die Dominanzstruktur der Bestände wurden sehr stark von der Bewirtschaftung

beeinflusst werden kann. Die Artenvielfalt in intensiv gedüngten Wiesen war deutlich

geringer als in extensiv genutzten und ein grosser Teil der Variabilität in der

Artenzusammensetzung konnte durch die Bewirtschaftung erklärt werden. Geringe

Unterschiede in der Bewirtschaftung der intensiv genutzten Wiesen waren
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wahrscheinlich für die weniger konstante Hierarchie der häufigsten Arten in diesen

Beständen verantwortlich.

Eine Umstellung der Bewirtschaftungsintensität von ,mittel intensiv' zu ,wenig

intensiv' kann innerhalb weniger Jahre zu einer Verminderung der

Nährstoffverfügbarkeit im Boden und zu einem leichten Anstieg der Artenvielfalt

führen. Dies ergab ein Vergleich zwischen mittel intensiv genutzten Wiesen und

Wiesen, die nach der Einführung von Okoausgleichs-Zahlungen 1992 extensiviert

wurden.

In Kapitel 2 wurde mit einem Einsaat-Experiment untersucht, ob die Artenvielfalt

durch SamenVerfügbarkeit limitiert ist. Samen von 24 Arten wurden in unterschiedlich

genutzte Bestände eingesät. Die Hälfte der Experimentflächen wurde durch entfernen

der Moosschicht und durch aufkratzen der Bodenoberfläche 'gestört'. Nach Aufhebung

des Mangels an Samen durch die Einsaat waren die meisten Arten in der Lage in

mehreren Flächen Keimlinge zu bilden. Die Anzahl Keimlinge war aber im allgemeinen

sehr gering. Die Anzahl etablierter Individuen war in extensiv genutzten Wiesen

tendenziell höher als in intensiv genutzten. Für vier Arten war dieser Effekt signifikant.

Die Störungsbehandlung hatte einen etwas geringeren, aber auch signifikanten Effekt

auf die Etablierung neuer Arten.

Insgesamt deuten die Resultate darauf hin, dass sich durch eingeschränkte

Ausbreitungsmöglichkeiten verursachter Samenmangel limitierend auf die Artenvielfalt

in diesen Wiesen auswirken kann. In intensiver genutzten Wiesen war dieser Effekt

weniger stark. In diesen Wiesen standen eher die für die Etablierung ungünstigen

Habitatsbedingungen als limitierender Faktor im Vordergrund. Das Aufkommen neuer

Arten wurde vermutlich durch die ungenügenden Lichtverhältnisse in den dichte

Beständen verhindert. In wenig intensiv genutzten Wiesen, die in der Schweiz als

ökologische Ausgleichsflächen gefördert werden, waren die Bedingungen für die

Etablierung nicht wesentlich günstiger als in mittel intensiv genutzten Beständen. Die

Einwanderung neuer Arten in solche Bestände bedingt beträchtliche Veränderungen in

der Bestandesstruktur, d.h. Verbesserung der Lichtverhältnisse und erhöhte

Verfügbarkeit von für die Keimung günstigen Habitatsnischen. Dies erfordert eine

starke Verminderung der Produktivität durch Extensivierung.

Kapitel 3 untersucht die genetische Variabilität von drei Arten, die in allen drei

Wiesentypen vorkommen: Plantago lanceolata, Lotus corniculatus und Campanula
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rotundifolia. Inwiefern genetische Anpassung an das Habitat für die breite ökologische

Amplitude dieser Arten von Bedeutung ist, wurde durch den morphologischen

Vergleich von Individuen aus Populationen unterschiedlich genutzter Bestände, die

unter identischen Bedingungen kultiviert wurden, untersucht. Das stärkere Wachstum

des Blütenstengels von Plantago lanceolata deutete auf eine Anpassung der Blütezeit

an den früheren Schnitt der Vegetation hin. Individuen von Campanula rotundifolia, die

aus extensiv genutzten Wiesen stammten, wiesen mehr Wurzelbiomasse auf als

Pflanzen aus intensiver genutzten Beständen. Verstärkte Investition in die Produktion

von Wurzelmasse kann als Anpassung an Standorte mit geringer Nährstoffverfügbarkeit

interpretiert werden. Diese Resultate zeigen, dass sich genetische Anpassung innerhalb

relativ kurzer Zeit (15-30 Jahre) als Folge einer Nutzungsänderung entwickeln kann.
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General Introduction

In many parts of Europe grassland management changed drastically during the

second half of the 20th century. Formerly, species-rich grasslands were widespread on

nutrient-poor soils in the hilly areas of Western Europe, and for centuries were an

important resource in the agricultural economy (Willems & Nieuwstadt 1996). During

the last few decades, the area of these grasslands has decreased drastically due to more

intensive management, with more frequent mowing and increased use of fertilizer

(Willems 1983, Berendse et al. 1992), or due to the conversion of grasslands into arable

fields. These changes not only reduced the absolute area of species-rich grasslands but

also had consequences for dispersal of seed and pollen in the increasingly fragmented

landscapes (Poschlod & Bonn 1998, Kiviniemi & Eriksson 1999). The traditional

management of the remaining species-rich grasslands is no longer profitable for the

farmer, and the habitats are maintained either by creating nature reserves or by paying

subsidies to farmers to continue the traditional management of these sites. In

Switzerland subsidies are paid for both the maintenance of 'old' extensively used

grasslands and for changes in management to restore species-rich meadows from

formerly intensively used grasslands. Several studies have investigated the possibilities

of recreating species-rich grasslands from intensively used ones by lowering their

productivity through reduced use of fertilizers (Olff & Bakker 1991, Berendse et al.

1992, Bobbink & Willems 1993, Olff et al. 1994,).

This study aims at assessing the influence of different management practices on

species composition, community structure and establishment processes of different

types of agricultural grassland communities. As in many ecological studies, the question

of why a species does or does not occur in a specific habitat is central to this study.

The general principles of community assembly are well summarised in the species-

pool concept of Belyea & Lancaster (1999). At a large scale, the presence of a potential

species in a regional species pool is dependent on migratory processes, i.e. on historical

factors (Zobel 1992). Species that occupy a specific site are selected by environmental

as well as by dispersal constraints from the regional species pool, forming the

ecological 'species pool' which contains the species that may occur at this site.

Environmental and dispersal constraints set the boundary conditions within which

deterministic assembly rules (internal dynamics) must operate and determine which
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species belong to the 'actual species pool' and inhabit the site (Belyea & Lancaster

1999, Partei et al. 2000). Competition, prédation and parasitism have been identified as

critically important dynamic processes within communities (Matthies et al. 1995).

The environment provides a range of microsites within a habitat and may be

compared with a filter, or hierarchy of filters, that deletes species by selecting for or

against particular traits (Belyea & Lancaster 1999). Each microsite in a habitat provides

its own mesh size, selecting for species with particular traits. This mechanism is the

basis of the dynamic keyhole-key model (Gigon & Leutert 1996) which explains the

coexistence of species in a habitat in terms of microsite availability. Many factors -

chemical and physical stress factors, disturbances, herbivores, pathogens etc. - may

influence the availability of microhabitats (Braakhekke & Hooftman 1999).

Environmental heterogeneity is especially important for maintaining or enhancing

species diversity by enabling different species to establish at available microsites

(regeneration niches; Grubb 1977). However, it remains a problem in plant ecology to

understand how so many species can coexist when the diversity of niches appears to be

limited. Tilman (1994) concluded that coexistence occurs because species with

sufficiently high dispersal rates persist in sites not occupied by superior competitors and

that therefore the trade off between competitive ability and colonization ability is of

major importance.

Adding of fertilizer leads to reduced spatial heterogeneity in soil nutrient conditions,

with the result that any differences in plant species composition due differing nutrient

availability disappear. Furthermore gaps are grown over more quickly, leading to

reduced microsite availability for germination (Gigon & Leutert 1996). Such

environmental changes may cause different types of reactions within a plant

community. Firstly, plant individuals may adapt their morphology to the new conditions

by plastic responses. Secondly, the genetic structure of a population may change as a

result of changed selective force. Finally, altered competitive abilities of the species

may displace some species and enable others to invade (Matthies et al. 1995).

The negative effects of enhanced management intensity on species-richness of

grasslands and the associated changes in species composition have been shown in

several studies (e.g. Tilman 1987, Willems 1980, Mountford et al. 1993, Willems et al.

1993, Smith et al. 1996), often by means of experimental soil fertility gradients or by

comparing sites with well known histories in nature conservation reserves. In this thesis
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the effects of different management practices on plant species communities were

investigated at a regional level by comparing sites that have been in agricultural use for

many decades.

Outline ofthe thesis:

The aim of this study is to assess at a regional scale the effects of different

management practices on the plant species composition of agricultural grasslands. The

region of the Schaffhauser Randen in Northern Switzerland provides ideal conditions

for such a study. The area is predominantly forest, but includes several 'islands' of

agricultural land with a mixture of arable land and grassland. The total area is about

20km2, and soil and climatic conditions are relatively uniform. Three types of

grasslands were investigated: 1) 'Extensively' used grasslands are not fertilized and are

cut only once, in July or August; 2) 'Less intensive' management comprises moderate

fertilization (manure) and two cuts per year; 'Medium intensively' managed sites are cut

two or three times each year and are fertilized with slurry or mineral fertilizers.

In chapter 1 species diversity and species composition of differently managed

grasslands are assessed by means of a study with a spatially stratified sampling design

to control for spatial variation in soil properties and climatic conditions. Referring to the

community assembly concept of Belyea & Lancaster (1999), the focus in this chapter is

on the environmental constraints acting on these communities.

Chapter 2 describes a two-year seed addition experiment to investigate whether

species diversity is limited by seed availability or by the availability of suitable

microsites. Twenty four plant species were sown into three types of grassland and their

establishment monitored over a period of 18 months. In this chapter, dispersal

constraints and internal dynamics (establishment potential) are considered.

In chapter 3, the question of how certain species manage to be able to occur in

several strongly contrasting grassland types is discussed. Within species genetic

variation is assessed in a common environment experiment for four species that are

widely distributed in the study region. In this chapter internal dynamics (genetic

adaptation) are addressed.
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In the appendix (Appendix 3) a study integrating the floristic and the faunistic studies

that were performed by several workers within the scope of this project is presented.
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Chapter 1. The effects of past and present land use practices on grassland
communities

A case study in the Schaffhauser Randen

Sibylle Studer1, Peter Edwards2, Kirsten Edelkraut2 and Erhard Meister1

1
Research Institute for Agroecology and Agriculture (FAL), Postfach, CH-8046 Zürich

e-mail:sibylle.studer @fal.admin.ch
2
Geobotanical Institute ETH Zürich, Zürichbergstr.38, CH-8044 Zürich

Abstract

The development and the present-day species composition of the grassland

vegetation in the Schaffhauser Randen are analysed and discussed in relation to land use

history and present management.

Three levels of management intensity were recognised in terms of fertilizer inputs

and cutting frequency. The effects of management on species composition and

community structure are investigated on a regional scale with spatially stratified design

to control for variation due to different habitat quality.

Species richness decreased and the dominance structure changed with increasing

management intensity. A large part of the variation in species composition can be

explained by management intensity. Extensively managed grasslands were dominated

by the same one or two plant species and there was a high consistency in the rank order

of species abundance. Under more intensive management, however, rank order

hierarchy was less fixed and there was a greater spatial heterogeneity in species

composition; thus more species were able to reach intermediate to high cover. This

variation may be due to differences in management practices.

In sites where management intensity has been reduced a decrease in soil fertility and

an increase in species number could be demonstrated after only six years.

Several sites in the region were ploughed and used as arable land for a short period

during World War 2. After around 50 years slight differences in community structure

could be detected but the species composition was almost identical to that of sites which

have not been ploughed for more than a century.
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Introduction

For many centuries extensively managed species-rich grasslands played an important

role in agriculture and covered large areas in the hilly regions of Western Europe

(Bobbink & Willems 1993). The radical changes in agriculture in the second half of the

20th century have led to a drastic decline in such grasslands in Europe (Willems 1983).

Apart from the calcareous grasslands, traditional Arrhenatheretum associations have

also decreased (Dietl 1995). In recent years great efforts have been made by the Swiss

government to preserve and restore the traditional grassland types by means of subsidies

paid to the farmers (DZV 1998).

The influence of management intensity on grassland species composition and

diversity has been shown in a large number of experimental studies (e.g. Mountford et

al. 1993, Willems et al. 1993, Ryser et al. 1995). The addition of fertilizer can reduce

species richness within a short time (Willems et al. 1993) and result in a drastic shift in

species composition (Tilman 1987). Several theories have been developed to explain

why plant species tend to be separated along gradients of habitat productivity (see Olff

1992, Tilman 1993).

Since agricultural grasslands are anthropogenic plant communities, it is important,

when plans are developed to conserve or restore traditional grassland types, to

understand the influence of both past and present management on species composition.

Several studies show, that species richness may be increased after cessation of

fertilization though the rate of change is variable (Olff & Bakker 1991, Smith et al.

1996). Factors that influence the success of restoration measures include the

management before the restoration as well as the availability of seed sources in the

vicinity (Oomes & Mooi 1981, Smith et al. 1996, Willems & Nieuwstadt 1996).

Studies investigating the effect of management on the species composition of

grasslands are often performed on experimentally established plots or are based on long-

term studies of individual sites. In this study the effects of management were

investigated at a larger scale, using a large number of sites located within an area of

about 20km2. The study region lies in the Schaffhauser Randen region, Switzerland

where due to the unfavourable soil conditions and the relatively isolated situation of the

region, agricultural intensification has been less marked and began later than in the

more fertile regions of the country. Therefore a broad range of grassland types from

species rich calcareous grasslands to mesotrophic Arrhenatheretum communities still
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can be found under relatively homogeneous environmental conditions. To control for

variation in factors such as soil and climatic conditions, the study sites were selected in

a spatially stratified design.

Considerable information on management practices in the study region is available

from published sources (Kelhofer 1915, Zoller 1954, Bronhofer 1956, Huber 1998) as

well as from local farmers.

In this paper we study the effect of management on these grasslands. In particular we

address three issues:

1. How is species composition affected by management? We compare species

composition, consistency in rank order and relative abundance distributions of

sites managed at different levels of intensity.

2. How do intensively managed grasslands respond to extensification? We report

the changes that have occurred since new schemes to promote species diversity

were introduced six years ago.

3. How has species composition been affected by ploughing some 50 or 60 years

ago? Using historical records about land use in the region we analyse how the

present species composition has been affected by a period of arable land use

during World War 2.

Study site

The Schaffhauser Randen lies at the eastern end of the Jura mountains of northern

Switzerland. It is an extensively forested area with a number of more or less isolated

patches of agricultural land on the plateau. Four of these patches (650-850 m asl.) with

varying proportions of arable and grassland habitats were selected for study. The soil in

the region is nutrient poor, with a skeleton-free top layer of 10-15 cm on a limestone

subsoil. Mean annual precipitation in Schaffhausen (437 m asl.) is 866 mm, with the

highest rainfall occurring in summer and the lowest in late winter. The mean annual

temperature is 7.8 °C, with a maximum in July (17.1°C) and a minimum in January

(-1.7°C)(SMA1997).

Forest clearance from the 16th to the 18th century, mainly associated with the

exploitation of wood for iron smelting, strongly reduced the forested area. During the

18th and 19th century the deforested areas on the plateau were used for cereal

production. However, due to a decline in the human population after the cessation of
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mining around 1860 much of the arable land on the plateau was abandoned and

grassland vegetation developed in its place. By the end of the 19th century most of the

non-forested area on the plateau was covered by species-rich calcareous grasslands

(Kelhofer 1915, Kummer 1937). This situation lasted until the middle of the 20th

century when a period of agricultural intensification started (Zoller 1954, Bronhofer

1956), though this was less marked than in more productive regions of Switzerland.

Nevertheless, grassland management on suitable sites has intensified and the proportion

of arable land has again increased, especially since 1970. The majority of the

agricultural areas are now arable land or grasslands under moderately intensive

management (Huber 1998).

Three types of management can be distinguished today: (1) 'extensive', (2) 'less

intensive' and (3) 'medium intensive'. This classification is used by the Swiss

government to determine the level of subsidies to be paid in compensation for

'ecological services'. Extensive sites are cut only once, usually during the first half of

July, and no fertilizer is supplied. One or two cuts are made in less intensive sites, the

first occurring between mid-June and mid-July, and the second between late August and

late September. Fertilizer is mainly provided in the form of manure and in some cases

as mineral fertilizer. Most sites in this category have been extensified since 1992.

Medium intensive sites are mostly cut three times each year. The first cut is made

between the end of May and mid-June, the second cut at some time between the end of

June and mid-August, and the third cut between mid-August and late September. In

some cases the third cut is replaced by grazing. Varying combinations of fertilizer may

be used (slurry; different mineral fertilizers; slurry/manure; slurry/mineral fertilizer), but

the total amount of nutrients added does not vary much.

Historical records show that most of the meadows in the region developed from

arable land 100-130 years ago (Zoller 1954, Huber 1998). In addition, some fragments,

which are now the sites where some of the rarer species still occur, probably escaped

ploughing at any stage and.

Since 1992 subsidies have been paid to fanners in the region by the canton of

Schaffhausen and the KURA foundation to promote the maintenance and restoration of

'extensively' and 'less intensively' used grasslands. These subsidies are seen as

important tools to enhance these culturally and ecologically valuable grasslands (Dietl
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1995, Ellenberg 1996, Briemle 1998) and, more generally, to reduce the management

intensity in the region.

Methods

Species composition in relation to present-day management and soil conditions

All grasslands in the four study areas were provisionally classified as either

'extensive', 'less intensive' and 'medium intensive'. Three meadows of each type were

then randomly chosen in each of the four areas, giving a total of 36 sites. The size of the

sites ranges between 40 and 240 ha (Table 1).

Table 1. Number of sites per area and management type.

area size of area extensive less medium less / medium

ha intensive intensive intensive

Hinterranden 40 3 2 3 1

Zelgh / Mosh 30 3 2 2 2

Klosterfeld 100 3 1 3 2

Bargemer Randen 240 3 3 2 1

All the sites were chosen and the farmers were interviewed to obtain detailed

information on both their present-day management and their management history.

Questions concerning cutting date and frequency, amount and type of fertilizer added

and changes in management regime were included in the questionnaire. Based on this

information the original identification of some sites had to be revised. For six sites a

clear distinction between either less intensive or medium intensive was not possible

(Table 1). Site characteristics and the precise locations of the sites are given in

Appendix 1. Botanical nomenclature follows Lauber & Wagner (1996).

Soil conditions for plant growth were assessed by both chemical analysis and a

bioassay. For the chemical analyses ten to twenty soil samples (0-15cm depth) were

taken at random from each study site. The samples were pooled and P and K

concentration were determined using the standard methods of the Swiss agricultural

research institutes (FAL 1996).

For the bioassays, six soil samples (0-15cm depth) were taken at randomly selected

locations on each site in March 1999. The six samples were then pooled to give one

sample per site. The top 2cm were removed and the soil was sieved. In the glasshouse

test plants were grown in the soil and differences in biomass production. As test plants a



16

grass species (Lolium perenne) and a legume species {Trifolium pratense) were chosen

(P.Ryser, pers.comm.). Seeds were germinated in a growth chamber and the the

seedlings planted into small pots. For both species, there were five replicate pots per

site, each containing three seedlings. Plants were grown in a heated glasshouse (23 °C

day-temperature; 18 °C night-temperature) with additional lighting by high pressure

sodium vapour light (400 W). All individuals were harvested after 30 days. Plant

material was dried for two days at 70°C and weighed. Because a few plants died, mean

biomass per individual was calculated for each pot. No soil data were available for one

of the sites because it was ploughed before the soil samples could be taken.

Plant species composition was surveyed during May and June 1997. Six lxlm2

quadrats were randomly placed on each site and the cover of all vascular plants was

estimated.

To investigate the variation in species composition of the different sites we

performed a Correspondence Analysis (ter Braak 1992) on the abundance data. For this

purpose the six subsamples were pooled and the percentage cover values were log-

transformed. Species occurring in less than 5 samples were excluded from the analysis.

To allow for variability related to the location of the sites a variable that defines in

which of the four areas each site is located was included as a covariable. The biomass of

Lolium perenne and the time of the first cut (3 categories: 1) in May; 2) in June; 3) in

July or later) were included as environmental variables. To test the power of the two

variables in explaining variance in the species data a canonical correspondence analysis

followed by a Monte Carlo permutation test was performed on the same data.

Rank order consistency and dominance structure in relation to present-day
management

Community structure of the different grassland types was compared in terms of rank

abundance and rank consistency. The rank abundance distributions were used to

characterise and compare the species abundance patterns of the different grassland

communities (Magurran 1988). Vegetational heterogeneity within the communities was

assessed by rank consistency. The importance of rank consistency in plant communities

(i.e. consistency in the relative abundance of species) was emphasised by Grubb et al.

(1982), and Mitchley & Grubb (1986). Watkins & Wilson (1994) developed an index of

community structure by which rank consistency can be conveniently measured using the

variance in ranks.
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v
species

Cr = 2* -1

» speciesT" » interaction

VSpecies = the variance for species; VinterdCtlon = interaction variance species x quadrats (sites)

This index, Cr, expresses whether community replicates are consistent in the identity

of the species occupying each rank. The index has a value of +1 when the ranks are

identical between replicates, 0 when the ranks vary randomly, and -1 when the ranks

are as different as they can be (Watkins & Wilson 1994). The availability of within site

replicates allowed us to assess Cr among replicate quadrats of individual sites, and also

among sites of the same management type, using the pooled data for each site. The

analyses were performed separately for the 5 and 10 most abundant species, i.e. species

with highest mean cover values. The most abundant species were defined for each

management type separately. The differences between management types could only be

tested at the within-site level since there were no replicates for Cr among sites of one

management type.

Recent changes associated with the introduction ofthe new subsidies scheme

A subsample of the data set was used to investigate the effect of recent

extensification (i.e. a change from medium intensive to less intensive management) on

species richness and soil fertility. For this purpose, five less intensive sites that had been

converted from medium intensive in the last six years were compared with six medium

intensive sites that had experienced no change in management.

Effects ofploughing in the 1940's

During the Second World War several grassland sites were temporarily converted to

arable land. To compare the floristic composition and vegetation structure of these sites

with those of 100-150 year old grasslands, we selected 14 sites which had been used as

arable land in the 1940's and which are now extensive grasslands. As a control, 14

extensively managed old grassland sites in the same areas were chosen. The sites are

distributed across six spatially separated areas which were included in the analysis as a

block factor. At each of the 28 sites, all species of vascular plants were recorded in three

randomly located lxlm plots and their cover was estimated.
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Statistical analysis

For testing the effect of management on soil fertility, species number and rank

consistency, the spatial stratification of the study sites in the different areas was

included as a block factor in the ANOVA analyses. To reduce the deviation from the

normality assumptions, plant biomass in the bioassays and P concentration were log-

transformed and species numbers were square-root transformed.

For all but the multivariate analyses we used the STATISTICA statistical software

(StatSoft 1997).

Results

Species composition in relation to present-day management and soil conditions

All measures of soil fertility increased with increasing management intensity. The

differences in soil fertility between extensively managed sites and the two more

intensive types were statistically significant (Fig. 1). There was also a significant

difference in the soil P concentration between less and medium intensively managed

sites. The different measures of soil fertility were positively correlated with each other

(Table 2). The correlation between the biomass of L. perenne and T. pratensis in the

bioassay experiments was very strong (r = 0.86).

Table 2. Correlations between the different measures of soil fertility.

Bioassay Bioassay
L. perenne T. pratensis

Bioassay Trifolium 0.86

Mean P 0.47 0.64

MeanK 0.51 0.57 0.44
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pratensis in the bioassay (Fig la) and on soil P and K concentration (Fig lb) Comparisons of means

(contrasts) are given

The first two axes of the correspondence analysis (Fig. 2) accounted for 29.9% and

9.1% of the total vanance m the species data respectively. The explanatory vanables

'yield Lolium' (bioassay) and 'time of first cut' together accounted for 18.1% of the

total vanance in the species data. As indicated by the relatively high correlations of the

two vanables 'yield Lolium' and 'time of first cut' with the first axis (r = -0.56 and

0.617, respectively), this axis corresponded well to the gradient in management

intensity Sites located on the left side tended to have higher soil nutnent contents and
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to be cut earlier The classification of grassland types was consistent with the ordination

results. Extensive sites were located m the nght half of the ordination diagram and

formed a clearly separate group. The dominance of Bromus erectus and the occurrence

of species adapted to low nutnent conditions, (e.g. Sanguisorba minor, Briza media, and

Scabiosa columbaria) were charactenstic of the extensively managed grasslands (Table

3). The two more intensive types were not so clearly separable but the less intensive

sites tended to take an intermediate position with respect to the first axis. In most of the

more intensively used grasslands Trisetum flavescens and Arrhenatherum elatius were

the dominant species (Table 3).
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Briza media, Be Bromus erectus, Bh Bromus hordeaceus, Cj Centaureajacea, Fo Festuca ovina, Ga

Galium album, Hs Heracleum sphondyhum, HI Holcus lanatus, Lp Lohum perenne, Ov Onobrychis
vicufoha, Pp Poa pratensis, Pa Poa pratensis angustifoha, Pt Poa triviahs, Pv Primula veris, Rfr

Ranunculus friesianus, Ral Rhinanthus alectorolophus, Sm Sanguisorba minor, Sc Scabiosa

columbaria, Tof Taraxacum officinale, Tr Trifolium repens,Vc Veronica chamaedrys,
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Table 3 Mean cover (%) and range of ranks of the 50 most abundant species in the three grassland types

extensive, less intensive and medium intensive

Medium
Extensive Less intensive

intensive

mean range of mean range of mean range of

cover ranks cover ranks cover ranks

Species typical for extensive sites

Bromus erectus 20 5 1-4 1 1 6-25 09 8-29

Sahia pratensis 102 1-4 74 1 -21 62 3-22

Rhinanthus alectorolophus 45 3-26 1 3 5-16 06 7- 11

Sangmsorba minor 44 2-10 06 9-23 00 28-35

Anthoxanthum odoratum 24 5-20 07 12-25 08 6-29

Plantago media 18 5-31 04 12-31 07 11-32

Festuca ovina 1 1 5-32 00 25-25

Onobrychis vicujoha 09 7-27 00 32-32 02 16-31

Briza media 07 10-29 01 25-36

Euphorbia cyparissias 06 7-35

Primula veris 05 9-30

Trifolium montanum 04 7-29 01 17-17

Trifolium campestre 03 12-24

Scabiosa columbaria 03 14-33 00 32-32 00 25-25

Species typical for intensive sites

Arrhenatherum elatms 66 1-18 12 1 1-8 14 6 1-31

Trisetumflavescens 62 2- 13 116 1 -4 13 0 1 -6

Poa triviahs 1 6 3-26 96 1 -17 117 1 -11

Lolium perenne 1 1 10-31 53 3-32 75 1 -8

Ranunculus acris 08 4-28 15 7-32 56 1-12

Taraxacum officinale 01 19-40 17 3-28 3 1 6-29

Heracleum sphondyhum 00 30-31 01 22-22 07 8-18

Anthriscus sylvestris 01 19-19 04 11 -21

Species with similar abundances

in all types

Trifolium pratensis 72 1-11 89 1-17 97 1-18

Trifolium repens 22 6-20 100 1-33 29 4-12

Galium album 2 1 2-26 62 1-25 35 5-23

Dactyhs glomerata 17 5-23 23 5-18 45 4-29

Centaureajacea 16 6-24 20 5-13 08 8-25

Plantago lanceolata 1 7 6-20 16 6-27 10 8-25

Festuca pratensis 14 3-31 13 4-25 12 4-36

Leucanthemum vulgare 1 1 10-26 12 8-22 1 1 5-22

Ranunculus bulbosus 09 6-34 12 9-26 13 9-19

Helictotrichon pubescens 15 6-32 1 1 8-23 08 9-20

Lotus corniculatus 17 5-30 09 7-24 02 14-36

Myosotis arvensis 06 6-37 18 5-32 04 16-35

Achillea millefolium 05 13-32 09 9-31 1 1 8-36

Knautia arvensis 1 3 6-25 04 14-29 02 10-31

Rumex acetosa 06 8-31 07 9-31 05 9-29

Belhs perennis 03 16-38 03 14-36 09 9-24

Veronica chamaedrys 04 9-31 05 11-23 04 6-31

Medicago lupulina 07 8-35 02 16-30 02 20-42

Veronica arvensis 02 13-38 06 12-30 03 17-40

Bromus hordeaceus 02 10-35 04 10-26 04 9-25

Cerastium holosteoides 03 14-34 04 17-31 03 18-31

Vicia sepium 02 15-28 04 9-24 02 18-29

Poapratensis angustifoha 01 15-31 04 6-6

Campanula glomerata 03 15-34 00 20-20

Centaureajacea ssp angustifoha 03 12-28 03 10-10

Daucus carota 03 14-31 00 28-28 02 15-41

Poapratensis 03 12-26 00 26-26
Picnshieracioides0122-370025-250122-31
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There were significant correlations between the various soil fertility measures and

species composition as represented by the sample scores on the first axis of the

Correspondence Analysis (Fig. 3). In the multiple regression with the four soil fertility

measures as explanatory variables the biomass of L. perenne in the bioassay and the P

concentration explained significant amounts of the variation in species composition (R

= 0.6; bioassay L. perenne: t(3i) = -3.7, p < 0.001 and P concentration: t(3i) = -2.3, p <

0.05). The bioassay results of T. pratense were strongly correlated both with the values

for L. perenne and with the soil P concentration (Table 2), and inclusion of the T.

pratense bioassay did not significantly increase the proportion of the variance explained

by the model.
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concentration; (b): soil K concentration; (c): bioassay with T. pratense (mean weight per plant); (d):

bioassay with L. perenne (mean weight per plant).

Both the mean number of species per lxl m2 and the total number in six lxl m2 plots

decreased significantly with increasing soil fertility (Fig. 4). Soil P concentration was
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the best predictor for both measures of species richness (multiple regression; t(3]) = -

2.36, p < 0.001). Variation in total species number between sites was highest in medium

intensively managed meadows (coefficient of variation: medium int. = 0.269; less

intensive 0.16; extensive = 0.128). The mean coefficient of variation within sites

showed the same tendency (CV: 0.17, 0.13 and 0.11, respectively), but the differences

were quite not significant (ANOVA F2,24= 3.27, p = 0.056).
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(b)) and soil P concentration (Fig. (c) and (d)).

Rank order consistency and dominance structure in relation to management

The frequency distributions of species abundance showed considerable differences in

the dominance structure between the three grassland types (Fig. 5). The extensive

grassland type was characterised by a clear dominance of one species, Bromus erectus,

which had a mean cover of 20.5 % (Fig. 5, Table 3). There was a large number of
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species which, though quite frequent, reached only low cover. In less and medium

intensively used sites the dominance of a single species was weaker, with a variety of

species reaching cover values of around 10% in different quadrats and a clearly lower

proportion of species with low abundance. Shannon evenness did not show this

difference in dominance structure. In fact, the mean values for the Shannon evenness

index (E) scarcely differed, being 0.74, 0.76 and 0.71 for the extensive, less intensive

and medium intensive type, respectively (ANOVA: F 2,24
= 1.435, p > 0.05).

Mean cover %

Fig. 5. Frequency distributions of species abundance of the three grassland types, a) extensive, b) less

intensive, c) medium intensive. Species abundances are expressed in terms of mean cover %. Cover

classes are built on a log2 scale.
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The analyses of rank order consistency showed that Cr varied, not only according to

management type, but also according to the level at which it is calculated (Fig. 6). Less

intensive and medium intensive communities generally showed a very similar pattern,

with no significant differences between them. At the within-site level, species

composition of the 10 most abundant species was more heterogeneous in extensively

managed sites than in the other two management types (contrast extensive vs. (less +

medium intensive)): t = 3.04, p < 0.01). Cr of the 5 most abundant species did not differ

significantly between the three management types. However, rank order consistency

between sites was much higher in the extensively used sites than in the sites with more

intensive management, irrespective of the number of species considered. These results

indicate that species composition of the most abundant species is more consistent within

fertilized grasslands than among unfertilized ones, but that the pattern is reversed at the

between-site level.
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Recent changes associated with the introduction ofthe new subsidies scheme

The effect of the recent extensification of medium intensive sites was analysed by

comparing five sites extensified since 1992 with six sites that have remained under

medium intensive management. This comparison reveals slight differences in species

composition and higher species richness in the extensified sites.

Plant yield in the bioassays with Lolium perenne and Trifolium pratense (Fig. 7a)

was significantly lower in extensified sites (U-test p = 0.047 and p = 0.028

respectively). The total number of plant species in six lxlm2 quadrats was significantly

higher (U-test: p = 0.0277) in sites with management change. The same effect was

recognisable in mean species number per lm2 site (p = 0.0062) (Fig. 7b). Diversity

measured by Shannon index (H') and the evenness (E) were slightly higher for

extensified sites than for medium intensively used sites (H' (ext.) = 2.6, H' (med.) = 2.2

and E (ext.) = 0.76, E (med.) = 0.7), but the differences were not significant.
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Fig. 7. Soil fertility (bioassay with Tpratense and L perenne) (a) and total and mean species numbers (b)
for extensified (black bars; N = 5) and for medium intensively used sites (white bars; N = 6). error bars:

standard error. All differences are significant (U-test p < 0.05).

Although Arrhenatherum elatius, Trisetum flavescens and Poa trivialis were still the

most abundant species in the vegetation, the reduction in management intensity was

indicated by higher frequencies and higher cover values of species such as Salvia

pratensis and Bromus erectus, and by lower abundances of Achillea millefolium,

Dactylis glomerata and Rumex acetosa (Table 4).
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Table 4 Mean cover % of species at extensified and medium intensively managed sites Only species

which occur in at least two sites of one of the two types

No oftoccurrences Mean cover %

Medium Extensified Medium Extensified Difference

Salvia pratensis 6 5 4 39 5 93 154

Festuca pratensis 4 5 0 63 195 1 33

Hehctotrichon pubescens 2 4 0 75 183 108

Ranunculus bulbosus 6 4 0 92 2 00 108

Bromus erectus 2 4 0 67 1 69 102

Veronica chamaedrys 4 2 0 96 1 54 0 58

Leucanthemum vulgare 3 5 0 33 0 90 0 57

Rumex acetosa 5 3 0 63 1 19 0 56

Knautia arvensis 2 3 0 42 0 94 0 53

Myosotis arvensis 4 5 0 83 130 0 47

Veronica arvensis 5 5 0 57 0 87 031

Cerastium holosteoides 4 5 0 27 0 37 0 10

Trifolium pratense 6 5 6 75 6 73 -0 02

Lolium perenne 6 5 4 33 4 20 -0 13

Plantago media 4 4 0 67 0 50 -0 17

Galium album 6 5 444 4 18 -0 26

Bellis perenms 5 3 0 73 0 42 -0 32

Achillea millefolium 6 5 135 0 88 -0 46

Taraxacum officinale 6 4 3 22 2 67 -0 56

Poa triviahs 6 5 14 42 13 83 -0 58

Plantago lanceolata 3 5 1 61 0 78 -0 83

Trifolium repens 4 5 5 54 4 27 -128

Anthoxanthum odoratum 2 3 3 17 1 28 -189

Dactylis glomerata 6 5 5 24 2 52 -2 72

Trisetumflavescens 6 5 18 00 12 63 -5 37

Ranunculusfriesianus 6 5 6 78 1 15 -5 63

Arrhenatherum elatius 6 5 18 28 12 23 -6 04

Effects ofploughing in the 1940's
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Fig 8 Frequency distributions of species abundance in sites that were arable 50 years ago (open bars) and

sites that were permanently used as grasslands (filled bars) Cover classes are built on a log4 scale
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The extensive grasslands ploughed during the 2n World War did not differ from the

older sites in total species number (Anova: Fi, 20
= 0.088, p = 0.76) and ploughing did

not have a significant effect on species composition (CCA, Monte Carlo test p = 0.14).

The frequency distributions of abundances revealed a very similar dominance

structure in both groups, with Salvia pratensis as the most abundant species (Fig. 8).

However, this species is considerably more abundant in sites ploughed 50 years ago

than in unploughed sites, reaching mean cover values of 15.1% and 10.38%

respectively. Moreover, Shannon evenness showed no effect of ploughing on

community structure (ANOVA: F 1,20
= 0.005, p = > 0.05).

Discussion

Species composition in relation to present-day management and soil conditions

The 36 sites surveyed here represent a broad range of grassland types ranging from

species rich calcareous grasslands dominated by Bromus erectus (Medicageto falcatae-

Mesobrometum (Zoller 1954)) to the less diverse Arrhenatherum elatius dominated

meadows. The Arrhenatherum grasslands show the transition from the Salvia-

Arrhenatherum type to the typical Arrhenatheretum grasslands described by Ellenberg

1996).

There were large differences in species composition and in community structure

between the differently managed grasslands which are clearly related to soil fertility.

Species composition correlated most strongly with the biomass of Lolium perenne in the

bioassay, suggesting that nitrogen availability is decisive in determining species

composition (Fig. 3). There is a weaker correlation with the biomass results using

Trifolium pratense, perhaps because this species is less dependent on N-supply but more

influenced by P status of the soil. The soil P and K contents are less closely correlated

with species composition. This result is consistent with the conclusion of Pegtel 1987)

that soil nutrient concentration measured by chemical analysis often give a rather weak

indication about the present-day relationship between plant species composition and soil

fertility. In particular, most extraction methods are not suitable for comparing the

nutrient availability in nutrient poor soils (Pegtel 1987, Braakhekke & Hooftman 1999).

When, as was the case in our study, only an indication of relative soil fertility is

required, the bioassay method seems more appropriate.
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Janssens et al. 1998) investigated the relationship between soil chemical factors (N, P

and K) and grassland diversity in old, extensively used grasslands in central and western

Europe. They detected a close negative relationship between soil P content and species

richness. In their large study they found that species-rich communities were confined to

sites with less than 5 mg P/100g soil. We also found a strong negative correlation

between soil P concentration and species number. With increasing soil fertility species

diversity decreased and species composition changed significantly. Previous work has

shown that increasing productivity encourages the growth of competitive, fast growing

species and many slower growing species typical of nutrient poor sites are suppressed or

disappear (Grime 1979, Pegtel 1987, Berendse et al. 1992, Smith 1993). Under

conditions of high nutrients light is often the limiting factor and the fastest growing

species displace those less well adapted to strong competition for light (Tilman 1982,

Wilson & Tilman 1991). The high variability in species number and composition in the

medium intensive sites can be explained by two factors. Most extensive sites are 100 to

150 years old while the more intensive sites have only been managed in this way for 10

to 40 years. The extensive meadows are thus longer established communities, while

more intensively used ones are probably still in a phase of adjustment. Secondly, the

questionnaire survey revealed that the management of these sites varied. There were

differences in the time of the first cut as well as in the type and amount of fertilizer

used, with manure, slurry and mineral fertilizers being applied in different proportions.

Apart from the species composition, the pattern of the relative abundance of the

various species is one of the most obvious features of a biological community (Wilson

et al. 1996). To explain variation in the relative abundance of species between plant

communities Pielou 1975) differentiated two types of dominance/diversity models, the

evolutionary and the ecological. In evolutionary models the relative abundance of

species are seen as defined by the innate (intrinsic) properties of the species, and the

ranks therefore tend to be relatively constant between sites. In ecological models the

species hierarchy is seen as a result of species competition and other ecological

interactions, and the species may occupy different ranks at different sites according to

differences in habitat conditions (Watkins & Wilson 1994).

Rank consistency (Cr) between sites for the 5 or 10 most abundant species was very

high in extensively managed grasslands, while it was lower in the more intensively used

grasslands (Fig. 6). In extensively used sites a few species (e.g. Bromus erectus and
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Salvia pratensis) tended to reach high mean cover values at all sites. This leads to a

relatively fixed hierarchy which is probably the result of the higher competitive ability

of these species under nutrient poor conditions. The positive correlation between

interference (i.e. competitive) ability in a pot experiment and the relative abundance in a

calcareous grassland community detected by Mitchley & Grubb 1986) supports this

interpretation.

Due to their low rank consistency the more intensive sites probably represent to the

ecological model. The frequency distribution (Fig. 5) shows that there were more

species with strong competitive abilities that can reach high cover values under more

nutrient rich conditions but the precise rank order is influenced by other factors.

The communities of the differently managed grasslands differed only slightly in their

rank consistency pattern at the within site level. For the 10 most abundant species, Cr

tended to be lowest in extensive sites. Different species can become abundant at a local

scale (in individual lm subplots) without affecting the rank order of abundance at the

whole site level. This is reflected in the lower value for Cr at the within site level and

indicates greater heterogeneity within unfertilized calcareous grasslands. These results

are consistent with the view of Tilman 1982) that nutrient addition makes plots spatially

more homogeneous (high rank consistency within site) and forces more species to

compete for the same limiting resource. The outcome of this competition may vary from

site to site, depending on habitat characteristics, such as management (Watkins &

Wilson 1994). This was shown by the lower values of Cr in the fertilized sites, where

there was considerable variation in management between sites. We assume that Cr in

strongly fertilized, species poor grasslands (which do not occur in the study region)

would be even higher at the between-site level, because of a reduction in habitat

heterogeneity due to the much more uniform management and because of a reduction of

the pool of species which are competitive under extremely productive conditions.

Variation in management may therefore be important to maintain a variety of grassland

types in a region. In a parallel study of the bug fauna in the study area, variation in

management practices was also found to be of importance in providing a diversity of

habitat conditions (Di Giulio et al. in press).
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Recent changes associated with the introduction ofthe new subsidies scheme

As a response to the new subsidies scheme introduced in 1992, management intensity

at several sites has been reduced. The comparison of recently extensified sites and those

which have not been extensified suggests that species richness can increase within six

years following a reduction in management intensity (Fig. 7). In the absence of data on

species composition before the extensification, this conclusion is tentative. Nevertheless

our results are consistent with those from other studies in which an increase in species

richness after about five years has been observed (Pegtel 1987, Olff & Bakker 1991,

Smith et al. 1996). After cessation of fertilizer addition, a reduction in biomass

production and N availability - important prerequisites for the establishment of new

species (Willems & Nieuwstadt 1996) - can be achieved within 5-10 years by mowing

(Olff & Pegtel 1994). However, a reduction in soil P and K levels takes much longer to

achieve. According to the resource balance hypothesis (Tilman 1982, Braakhekke &

Hooftman 1999), opportunities for plant species richness will increase when more

resources can operate simultaneously as limiting factors. The observed increase in

species richness could therefore be caused by the co-limitation of light and N after the

reduction of fertilizer addition.

In addition, major prerequisites for the establishment of new species are a source of

propagules in the vicinity of the field (Oomes & Mooi 1981, Smith et al. 1996) and

suitable establishment conditions (Grubb 1977, Eriksson & Ehrlén 1992). The isolated

position of many of the calcareous grassland sites not only enhances the danger of

extinction of isolated populations but also restricts their function as seed sources. These

issues are addressed in a further part of this study by a seed addition experiment

(chapter 2).

Effects ofploughing

Though species richness in many of the extensive grassland sites is high (32-48

species in 6m ), rare species such as Anacamptis pyramidalis and Gentiana ciliata, are

often missing. We suppose that these species were unable to invade the newly

establishing grasslands after the period of arable use. The habitats where these species

occur 'very locally' in the region are located on the slopes of the hills, in small edge

patches and in less accessible sites which possibly escaped ploughing. In the mid 19th

century, after arable agriculture was given up, the bare soil was probably invaded within
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a short time by easily dispersing species coming from edge sites. Zoller 1954 has shown

that within a short time a relatively dense vegetation cover can be established by species

that disperse and establish easily. Under these conditions species which disperse slowly

are clearly at a disadvantage. Additionally, ploughing changes the soil conditions

drastically; mineralization of nitrogen is increased, soil structure changes and

mycorrhizal communities are heavily disturbed. As a consequence these sites can

become unsuitable for some species.

No major differences could be detected in either species composition or vegetation

structure between sites that were ploughed 50 years ago and those that were

permanently used as grasslands. The increased abundance of Salvia pratensis in

formerly ploughed sites cannot easily be explained. After the ploughing period during

the Second World War, the environmental conditions were suitable for the recovery of

the grasslands. Large parts of the surrounding area were covered by extensively

managed grasslands that provided a large species pool for regeneration of these sites.

Moreover, because the period of arable use was brief, the seed bank may still have

contained viable seeds of the former grassland vegetation. (Willems & Bobbink 1990)

In this study the effect of management on species composition and on community

structure could be shown in a regional-scale investigation under non-experimental

conditions. As could be expected, we found management to be a decisive factor

determining the composition of grassland communities and even slight differences in

management were reflected in the vegetation. In medium intensive sites, which show

the largest variation in management, the large variance in species number and rank

consistency was found. Furthermore the results indicate that the reduction in

management intensity, which is promoted by current agricultural policy, may lead to

enhanced species richness. These measures are of great importance as a counterweight

to the increasing atmospheric inputs of up to 30kg N ha"1 yr"1 (Rihm 1996). A

comparison with earlier studies of the extensively used chalk grasslands reveals a

considerable increase in mesotrophic species over the past 50 years, even in areas which

have not been subject to intensification (Appendix 2). In accordance with the

conclusions of Berlin et al. 2000) in a similar study, we attributed these shifts in species

abundances to changes in agricultural practice in the surrounding areas, including both

nutrient and seed inputs from more intensively used sites, as well as nutrient input by

atmospheric deposition.
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Abstract

The degree to which plant species diversity and abundance are limited by seed and/or

establishment limitation was assessed in three differently managed grassland types in

Northern Switzerland A seed addition expenment was conducted over a two-year

penod. 24 species were introduced by sowing seeds into disturbed and undisturbed

sward of differently managed grasslands in Apnl 1998 and October 1998. Seedlings of

all species were counted in autumn 1998, spnng 1999 and of some species also in

autumn 1999

Seed limitation was revealed as an important factor limiting species abundances in

these grasslands Of the 24 species sown, 23 established seedlings. The numbers of

recruits were generally very low, ranging from 0 07 % to 11 5 % (percentage of seed

sown) Seed mass had a slight positive effect on seedling establishment and accounted

for a significant proportion of the between-species vanabihty.

The effect of disturbance vaned between sites, but generally disturbance affected

positively the number of recruited individuals

After about one year, all species showed higher numbers of individuals m

extensively used sites than in more intensively used ones Despite the low individual

numbers, this effect was significant for four species Vanation m numbers of recruited

individuals due to management could be explained for the most part by soil nutnent

status (measured by bioassay) This result indicates that seed limitation is of lesser

importance in more productive grasslands and that species abundances are determined

more by the availability of microhabitats that are suitable for species regeneration from

seed
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Addition of seeds as a measure for restoration of species-rich grassland can therefore

only be expected to be successful when the productivity of site is sufficiently low to

provide the gaps required by seedlings.

Introduction

Grassland communities can be remarkably stable under stable conditions, but

respond quickly to changes of management, especially intensification. Various factors

have been identified as important in controlling the diversity, composition and

dominance structure of grassland communities. These include site productivity,

disturbance rate, seed prédation and the regional species pool. In any particular habitat,

species with the most appropriate combination of traits, such as growth rate, plant

morphology, seed size and seed dispersal ability, tend to be favoured (e.g. Grubb 1977,

Tilman 1987, Matthies et al. 1995).

In regions where grasslands traditionally covered extensive areas, dispersal abilities

may have played only a minor role in determining species composition, with

interspecific biotic interactions having a greater influence on species richness. That

competition is the main process regulating species composition is a view that has long

been held by many community ecologists (Tilman 1982). Regional species composition

and diversity are then viewed as largely a consequence of local biotic interactions.

In recent years, when the landscape has become more and more fragmented,

dispersal processes have become increasingly limiting (Poschlod et al. 1998); many

workers therefore stress that plant species composition has to be seen as a result of the

interplay of within-site biotic interactions and between-site dispersal abilities (reviewed

in Tilman 1997). Recruitment rate is thus a function of both microsite availability and

seed availability (Eriksson & Ehrlén 1992).

Though many grassland species are able to reproduce by vegetative means, and the

importance of regeneration by seed is additionally reduced by fertilization (Rusch &

Femandez-Palacios 1995), regeneration by seed is important for species migration over

distances greater than a few centimetres (Moora 1998). Dispersal and regeneration by

seed represent the chief mechanisms through which new species can invade a new

habitat or areas from which they have been previously displaced by agriculture (Foster

& Gross 1998).
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The successful restoration of species-rich grasslands requires knowledge of seed

dispersal, germination and establishment (Chambers & MacMahon 1994). Seed addition

experiments help us to determine whether the absence of a species is due more to its

inability to establish from seed (establishment limitation) or to its limited dispersal

(seed limitation). While seed limitation is strongly influenced on a larger scale by the

availability of vegetation acting as seed sources, microsite (establishment) limitation is

mainly a characteristic of the vegetation type considered.

The fate of an individual plant is often determined by events during the early stages

of the life-cycle, seed dispersal, germination and seedling establishment (Grubb 1977,

Harper 1977). These stages may therefore have a strong influence on the population

dynamics and species composition of plant communities (Fowler 1988). Site

productivity, the rate of disturbance and the abundance of a moss or litter layer are

factors which affect the suitability of a microsite for establishment of plant species.

While the role of disturbance has been investigated in several studies (e.g. Silvertown &

Tremlett 1989 and see Turnbull et al. 2000 et al. for references), the influence of site

productivity on invasibility has rarely been addressed (Tilman 1993, Burke & Grime

1996).

This study was designed to assess the degree to which species diversity and

abundance are limited by dispersal and/or by recruitment of species in differently

managed agricultural grasslands in northern Switzerland. In contrast to many previous

seed addition studies of experimentally established communities, we chose a more

applied approach and investigated seedling establishment in hayfields. In a two-year

seed addition study 24 species were introduced into grassland sites of different

management intensity. There was also a disturbance treatment.

If a field can be successfully colonised and species diversity can be increased

following seed addition, then a limitation of these grasslands by seed availability might

be assumed. Conversely, a low invasibility of a site would indicate that local habitat

conditions are of greater importance in determining the species composition and

abundance in this community than seed availability.
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Study sites and methods

Study sites and experimental layout

The study was conducted in the Schaffhauser Randen in northern Switzerland. The

limestone hills of this region, which represent the north eastern end of the Jura, form an

elevated plateau, incised by various valleys. It is an extensively forested area with a

number of more or less isolated enclaves of agricultural land on the plateau. In the last

century much of the area was covered by extensively managed grasslands, but today it

is mostly used as arable land or as more productive grassland. The soil is nutrient-poor

with a skeleton-free top layer of 10-15 cm. Average yearly precipitation in

Schaffhausen (437 m asl.) is 866 mm, with the highest rainfall in summer and the

lowest in late winter. Mean annual precipitation in Schaffhausen (437 m asl.) is 866

mm, with the highest rainfall in summer and the lowest in late winter. The mean annual

temperature is 7.8 °C, with the monthly maximum in July (17.1°C) and a minimum in

January (-1.7°C) (SMA 1997).

The establishment potential of 24 plant species (Table 1) was studied in three types

of hay meadows typical for the region. 'Extensively' managed meadows are cut only

once, usually during the first half of July and are not fertilized. 'Less intensively'

managed meadows are cut once or twice, in early July and in September. Fertilizer is

provided mainly as manure. 'Medium intensively' managed meadows are cut three

times per year, in early June, in early August and in September and are fertilized mainly

with slurry. The extensive type of meadows was dominated by the grass Bromus

erectus, the other two by Arrhenatherum elatius and Trisetum flavescens. (Species

nomenclature follows Lauber & Wagner (1996)).

For the experiment 18 sites (8 extensive, 4 less intensive and 6 medium intensive)

were chosen based on information on the management practices given by the farmers.

All the sites were located within 6 km2, and soil types were very similar. At each site

two blocks, each 3 m x 1 m were established and marked with steel rods (Fig. 1).

In April 1998, the soil was disturbed in one of the two blocks at each site by cutting

the vegetation at ground level, removing the moss and litter layer, and scraping the

surface soil. Immediately afterwards, 28 plots each 20 x 20 cm2 and separated from each

other by 10 cm wide buffer strips, were established within each block. Four of these
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plots served as controls and received no further treatment. In the other 24 plots seeds

from 24 meadow species were sown (Fig. 1).

The forbs selected for the experiment all occurred at low or moderate abundance in

meadows of the region. They included three legumes (Table 1). Seeds of the Gentiana

spp. and Carlina vulgaris were collected from large populations in the Western Jura. All

other seeds were provided by a commercial supplier (UFA-Samen, Winterthur) that

guarantees the Swiss provenance of its seeds. Seed density was 500 per plot, except in

the case of Carlina vulgaris (350 seeds) and Gentiana germanica (380 seeds), for which

insufficient seeds were available. The results for these two species have been converted

to the expected values had there been 500 seeds.

Due to a drought in summer 1998 seedling mortality in some species was very high.

Therefore additional plots for six of the species (Table 1) were established in September

1998 next to the existing plots. Disturbance and sowing densities were the same as in

the spring sowing experiment.

During the experimental period the usual management (cutting and fertilizing) was

emulated. Cutting was performed at the time when the farmers cut the meadows of the

corresponding management types in the region. In early spring the less intensively

managed sites were fertilized with manure (1 kg m"2) and the medium intensively

managed sites with slurry (2 1 m" ).

Seedlings of the species sown in the subplots were counted in October 1998 and in

June 1999, but it was not practicable to monitor the fate of individual plants. In October

1999 only seven of the spring-sown species (Table 1) and the six autumn-sown species

were counted again. Because some plots were disturbed by rodents, the proportion of

disturbed area in each plot was estimated and the number of seedlings was

correspondingly adjusted. To correct for the spontaneous appearance of seedlings the

mean number of individuals of each of the species found in the control plots was

subtracted.
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Table 1 Experimental plant species and their characteristics life form (A annual, B biennial, P

perennial (Hegi 1931, Grime et al 1988), seed weight, capacity for clonal growth (Klimes et al 1997) y=

exhibits clonal growth, n= no clonal growth and number of sites where the species occurred within the

whole meadow 'species sown in spring and autumn,2 species additionally recorded in October 1999

Life Clonal Seed mass where species

Species form growth (mg) occurred

Anthylbs vulnerana2 B/P V 4 77 6

Campanula patula' 2
B n 0 03 5

Campanula rotundifoha P V 0 08 7

Carum cam B n 123 4

Carlma vulgaris2 P n 2 23 0

Centaurea scabiosa1 2
P y 4 57 3

Centaurium erythraea A/B n 0 01 0

Crépis biennis1 B n 126 0

Daucus carota A/P n 109 9

Galium verum P y 0 42 8

Gentiana cihata2 B (n) 001 0

Gentiana cruciata2 P y 0

Gentiana germanica2 B n 0 17 0

Hieracium pilosella P V 0 29 2

Hypericum perforatum P V 0 13 2

Leontodon hispidus P y 136 2

Medicago lupulina A/P (y) 1 89 11

Prunella vulgaris' 2
P y 0 67 4

Sanguisorba minor1 P y 4 21 16

Satureja vulgaris P V 0 48 5

Scabiosa columbaria P V 1 12 1

Silène vulgaris P V 0 70 2

Tragopogon orientahs2 B/P n 6 40 12

Trifolium campestre A n 0 40 6

Habitat conditions

To characterize the sites, photosynthetically active radiation (PAR) was measured

immediately before the first cut at ground level at four random locations within each site

with a canopy sensor (Sun Scan probe, Delta-T Devices Ltd., Cambridge, GB). At the

time of the first cut in 1998, above-ground biomass was harvested separately for the

disturbed and undisturbed blocks, dried for 48 h at 70°C and weighed.

Soil fertility was assessed by means of a bioassay. Soil cores (15 cm) were taken at

six randomly selected locations at each site. The top 2 cm of soil were removed and the

remainder was sieved and placed into small pots (200 cm3). Seedlings of Trifolium

pratense and Lolium perenne were then planted into the pots. Five replicate pots, each

containing three seedlings, were prepared for each site and each species. Plants were

grown m a heated glasshouse (23 °C day-temperature; 18°C night-temperature) with

additional lighting by high pressure sodium vapour light (400W) in January 1999. All

plants were harvested after 30 days, dried for 48 h at 70 °C and weighed.

Effects of arbuscular mycorrhizal fungi on germination and seedling establishment

have been reported (Francis & Read 1994, Hartnett et al. 1994). We therefore assessed
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the degree of mycorrhizal infection. Root samples were taken from the soil sods

collected for the bioassay and the percentage of root length colonised by arbuscular

mycorrhizal fungi was determined following the method described in van der Heijden et

al. (1998).

disturbed undisturbed

DDDDDDDDDDD DDDDDDDDDDD

DDDDDDDDDDD DDDDDDDDDDD

laaaaaaaaqDal 1 aaaaoaaaoaal
20 x 20 cm autumn sown plots —'

Fig. 1. Experimental set-up at each of the 18 study sites. Species were sown separately in a 20*20cm

quadrat in disturbed and undisturbed vegetation.

Seedling survival

Seedling survival was investigated in two grassland types for four species which

produced numerous seedlings {Prunella vulgaris, Carum carvi, Satureja vulgaris and

Centaurea scabiosa) in two grassland types (extensive and medium intensive). Ten

seedlings of each species were marked with small rings cut from a teflon tube of 8 mm

diameter in June 1999 at four to seven sites in undisturbed and disturbed plots. The

number of surviving seedlings was recorded in October 1999.

Statistical analysis

Because of the hierarchical experimental design, the experiment was analysed by

nested analysis of variance according to the rules for testing of nested effects (Zar J.H.

1996, see Table 2). Tukey's HSD post-hoc tests were used for multiple comparisons.

Before analysis, the numbers of emerged individuals were square-root transformed (\(x

+0.5)).

Seed mass and habitat parameters were introduced in the ANOVA to test their ability

to explain species and management effects, respectively.

Seedling survival was also tested by nested analysis of variance. Proportions of

surviving individuals were arcsine transformed (arcsine Vx) before analysis. Statistical

analyses were performed using the STATISTICA software package (StatSoft 1997).
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Results

Habitat characteristics

Soil fertility as measured by the bioassays increased significantly with management

intensity, as shown by the growth of both L. perenne (F233 = 86.9, p < 0.001) and T.

pratensis (F233 = 48, p < 0.001) (Fig. 2a and Fig. 2b). Differences between plants grown

in soil from differently managed grasslands were more pronounced in L. perenne than in

T. pratensis. While the biomass of L. perenne grown in soil from medium intensively

managed sites was 3.7 times higher than that of plants grown in soil from extensively

managed sites, biomass of T. pratense was only 1.8 times higher. Similarly, biomass per

unit area at the sites increased strongly with management intensity (Fig. 2c). As a result,

light levels at ground level were much lower at the less and medium intensively

managed sites than at the extensively managed sites (Fig. 2d).

The degree of mycorrhizal infection was very high at all sites; between 73% and

93% of total root length was infected and there was very little variation among sites or

management types. The disturbance treatment influenced the vegetation structure as

indicated by the reduced plant biomass at disturbed sites (ANOVA, Fi,34 = 13.6, p <

0.001).
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Fig. 2.The influence of different management intensities on habitat conditions in the studied grasslands.
Soil fertility as indicated by a bioassay with (a) L. perenne and (b) T. pratensis; (c) plant biomass; (d)

proportion of ambient PAR at ground level;. Different letters above bars indicate significant differences

(ANOVA, Tukey post-hoc test p < 0.05) between management intensities.

Control plots

Twelve of the 24 species were found within the control plots but only in small

numbers. For most species an average of less than one plant per site was found and only

three species, Medicago lupulina, Scabiosa columbaria and Sanguisorba minor, had

more than ten plants per site.

Spring-sown experiment

Few seedlings were found in autumn 1998, six month after sowing. Species for

which no individuals were found at the time of the first count were excluded from the

analysis. These were Campanula patula, Centaurium erythraea, Galium verum,

Gentiana ciliata, Gentiana cruciata and Gentiana germanica.

There was no main effect of management intensity on the number of individuals

recruited six months after sowing (Table 2). There was an overall effect of the

disturbance treatment, but the significant site by disturbance interaction indicated that

the effect of disturbance differed among sites. At 13 sites numbers of individuals were
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higher at disturbed sites, with a significant effect at one site, while numbers of

individuals were slightly higher at five undisturbed sites. There was significant variation

in numbers of individuals between the species. However, this effect was also influenced

by local site conditions, as is indicated by the significant species by site interaction

(Table 2) Furthermore, the significant species by management and species by

disturbance effects indicated that these effects vaned among species The number of

individuals of Prunella vulgaris was significantly enhanced by the disturbance

treatment (Tukey post-hoc test: p < 0.001), while no species individually showed an

effect of management (Table 3).

Table 2 ANOVA of the effects of management, site, disturbance and species on the number of plant
individuals (square-root transformed) observed per plot 6 and 14 months after sowing in spring 1998

Rules for the calculation of the F-values are given Significant effects are indicated *
= p < 0 05, **

= p <

001, ***
= p< 0 001)

F

rules

6 months 14 months

Source of variation df SS F df SS F

management (m) m/S 2 93 13 2 187 4 14 6 ***

site (within manag ) (S) S/Sd 15 54 2 21 15 96 2 4 0**

disturbance (d) d/Sd 1 130 7 54* 1 25 3 15 9 **

manag *dist (md) md/Sd 2 68 20 2 67 2 1

site*dist (Sd) Sd/R 15 26 0 9 7 *** 15 23 9 14

species (s) s/sS 17 484 0 22 9 *** 22 1437 6 33 0 ***

species*manag (sm) sm/sS 34 63 0 15 * 44 292 1 3 4 ***

species*site (sS) sS/R 255 317 0 j 9 *** 330 654 4 1 g ***

species*dist (sd) sd/R 17 219 20* 22 62 7 2 5 ***

species*manag *dist (smd) smd/R 34 16 0 07 44 413 08

residual (R) 255 165 0 330 375 1
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Table 3 Mean numbers of individuals of spring-sown species in plots of different management intensity
and disturbance treatment 6 and 14 months after sowing E extensive, L less intensive, M medium

intensive, U undisturbed, D disturbed Significant differences (p < 0 05) between management intensity
levels are indicated by different letters (Tukey post-hoc test following ANOVA (Table 2))

Mean numbers of individuals per plot

Management Disturbance

6 months 14 months 6 months 14 months

E L M E L M U D U D

Anthylhs vulneraria 127 0 97 1 80 50 73
A 176B 6 77B 08 20 20 5 29 4

Campanula patula 2 28 064 0 20 08 15

Campanula rotundifoha 142 000 0 47 6 74 1 92 4 57 07 07 27 74

Carhna vulgaris 195 0 34 0 06 4 40 0 51 064 06 16 12 45

Carum carvi 0 40 0 17 0 88 10 00 4 47 7 88 04 06 63 97

Centaurea scabiosa 2 56 5 69 7 88 3 53 3 58 2 08 38 58 26 34

Centaurium erythraea 0 57 0 00 0 00 04 01

Crépis biennis 13 16 135 5 00 9 69 12 6 3 76 113 90 94 67

Daucus carota 6 83 174 4 75 13 64 9 73 3 72 37 61 82 97

Gentiana ciliata 0 28 0 58 0 00 01 04

Gentiana cruciata 20 80
A

185
B

3 04B 46A 13 7
B

Gentiana germanica 34 29
A

8 79B 6 55B 165 29 0

Hieracium pilosella 0 73 0 28 0 39 0 76 0 76 0 15 01 10 03 08

Hypericum perforatum 0 27 0 00 0 00 0 20 0 00 0 06 01 01 01 02

Leontodon hispidus 106 0 68 147 0 79 0 20 0 39 07 16 04 07

Medicago lupuhna 190 0 54 0 58 20 32 14 3 9 42 1 1 1 1 14 2 15 8

Prunella vulgaris 7 29 2 12 2 13 29 46 100 13 6 16A 75B 15 1 23 1

Sanguisorba minor 198 3 78 2 42 6 26 4 40 1 17 24 26 38 39

Satureja vulgaris 2 40 0 48 0 88 12 46 5 39 13 9 05 25 95 12 9

Scabiosa columbaria 0 46 0 61 0 35 140 0 68 0 47 03 06 07 1 1

Silène vulgaris 0 72 000 011 051 0 00 0 46 01 06 03 04

Tragopogon orientahs 13 91 22 7 15 8 8 56 10 4 6 17 162 16 5 114 54

Trifolium campestre 134 0 34 0 60 105 105 0 55 07 10 07 1 1

Mean per plot 26 18 1 8 76 36 28 17 26 41 58

Fourteen months after sowmg, the number of plants was counted again in spring 1999

(Table 2). The total number of seedlings was about three times higher than at the time of

the first count There was a strong overall effect of management on the number of

individuals. Significantly more individuals were found in extensively used sites in

comparison to both less intensive and medium intensive sites (Fig. 3). However, there

were considerable differences in numbers of recruits among sites of one management

type Disturbance strongly affected the number of individuals, but unlike at the first

count the effect did not depend on local site conditions.
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Fig. 3. Influence of management on mean number of individuals per plot 14 months after sowing.
Standard errors are given as error bars. Different letters indicate significant differences (Tukey post-hoc
test p < 0.05).

The effect of the identity of the species and its interactions with the other factors

affected the number of individuals in the same manner as six months after sowing.

Numbers of individuals varied greatly between species. For eleven species, <1% of

seedlings were counted (in % of seed sown). Nine species were in the range 1-5% and

three species between 5 and 10%.

For Anthyllis vulneraria, Gentiana cruciata and Gentiana germanica the numbers of

individuals were higher in extensively managed grasslands than in either less

intensively or medium intensively used ones (Table 3). Numbers of plants were higher

under extensive than under less intensive management for 18 of the 23 species, while

the numbers of individuals were higher at extensively than at medium intensively used

sites for all species except for Satureja vulgaris.

At disturbed sites 21 species showed higher numbers of individuals than at undisturbed

sites, but the effect was only significant for Gentiana cruciata (Tukey post-hoc test: p <

0.05) for which the number of individuals was about three times higher at disturbed

sites (Table 4). With about twice as many individuals at undisturbed as at disturbed sites

(11.3 and 5.4, respectively), Tragopogon orientalis departed strongly from the tendency

shown by most of the species.

Individuals of seven species were also counted 18 months after sowing. For all

species except Tragopogon orientalis numbers of individuals were highest at

extensively used sites (Table 3). Gentiana germanica and Gentiana cruciata were
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almost restricted to the extensively used sites, but the differences between extensive and

both less intensive and medium intensive management only reached significance for

Gentiana germanica (Table 5). For Anthyllis vulneraria the difference between the two

extreme management types extensive and medium intensive was also significant.

None of the species individually responded significantly to the disturbance treatment.

For the comparison with the previous recording date (14 months), a reduced

subsample of the data after 14 months containing only the same seven species at the

same sites that were recorded additionally after 18 months was analysed. The same

factors influenced the number of individuals at both recording dates. However, the

effects of local site conditions were more pronounced after 18 months. The overall site

effect, the site by disturbance, and the site by species interactions were significant at

both recording dates but the effects were stronger after 18 months. Reducing the data of

the second count did not change the results for the individual species.

Table 4. ANOVA-results for the seven species that were also studied 18 months after sowing in spring

1998 (Anthyllis vulneraria, Carhna vulgaris, Centaurea scabwsa, Gentiana cruciata, Gentiana

germanica, Prunella vulgaris and Tragopogon orientahs). Effects of management, site, disturbance and

species on the number of plant individuals (square-root transformed) observed per plot. Rules for the

calculation of the F-values are given. Significant effects are indicated: *
= p < 0.05; **

= p < 0.01; ***
=

p< 0.001)

ion

F

rules

18 months

Source of variât df SS F

management (m) m/S 2 123 6 72 *

site (within manag ) (S) S/Sd 11 94 8 5 7 **

disturbance (d) d/Sd 1 21 14

manag *dist (md) md/Sd 2 25 08

site*dist (Sd) Sd/R 11 16 5 3 0 **

species (s) s/sS 6 153 4 12 0 ***

species*manag (sm) sm/sS 12 92 2 3 6***

species*site (sS) sS/R 66 140 2 4 2 ***

species*dist (sd) sd/R 6 100 33**

species*manag *dist (smd) smd/R 12 86 14

residual (R) 66 33 3
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Table 5 Mean numbers of individuals of spring-sown species in plots of different management intensity

and disturbance treatment 18 months after sowing E extensive, L less intensive, M medium intensive,

U undisturbed, D disturbed Significant differences (p < 0 05) between management intensity levels are

indicated by different letters (Tukey post-hoc test following ANOVA (Table 2))

Mean numbers of individuals per plot

Management intensity Disturbance

18 months 18 months

E L M U D

Anthylhs vulnerana 23 3
A

52
AB 04B 97 10 1

Carhna vulgaris 1 8 02 02 05 1 2

Centaurea scabiosa 24 17 10 19 1 8

Gentiana cruciata 8 1 00 00 1 8 40

Gentiana germanica 11 0
A

04
AB 00B 32 7 1

Prunella vulgaris 19 3 66 79 114 13 9

Tragopogon orientahs 86 17 5 74 12 1 78

Mean per plot 97 3 1 16 48 59

Autumn-sown experiment

Because the numbers of individuals in the spring sown plots were very low in late

summer 1998, probably due to a drought in the early summer, six of the species were

additionally sown in newly prepared plots. At the time of the first count m October

1998, one month after sowing, there was a significant overall management effect on the

number of seedlings per plot (Table 6). Mean numbers of individuals were 27.3, 12 and

20.5 for extensively, less intensively and medium intensively managed sites,

respectively, with a significant difference between the extensive and the less intensive

management type. The significant site and site by species effects indicated that there

were between-site differences in local site conditions that could not be explained by

management effects In addition there was a significant overall disturbance effect (Table

6).

In the second count, nine months after sowing, the management effect varied among

species and the overall effect was no longer significant. Centaurea scabiosa was most

strongly affected by management. Differences m number of individuals between

extensively and both less intensively and medium intensively managed were significant

for Centaurea scabiosa (Table 7). As at the time of the first count, site effects

influenced the numbers of individuals and an overall effect of disturbance was detected

(Table 6)
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By 13 months there was no longer a significant disturbance effect (Table 6). After 13

months the same factors as after nine months affected the number of plants except for

the overall disturbance effect which was scarcely significant (Table 6).

Table 6 ANOVA of the effects of management, site, disturbance and species on the number of plant
individuals of Campanula patula, Centaurea scabiosa, Crépis biennis, Prunella vulgaris, Sanguisorba
minor and Silene vulgaris observed per plot (square-root transformed) 1, 9 and 13 month after sowing in

autumn 1998 Rules for the calculation of the F-values are given Significant effects are indicated *
= p <

0 05, **
= p < 0 01, ***

= p < 0 001)

ation

F

rules

1 months 9 months 13 months

Source of var df SS F df SS F df SS F

management (m) m/S 2 67 2 59* 2 78 7 35 2 40 7 24

site (S) S/Sd 9 515 37 * 9 102 5 6 3 ** 9 76 0 40*

disturbance (d) d/Sd 1 52 5 34 3 *** 1 39 0 21 5 ** 1 10 4 49

man *dist (md) md/Sd 2 68 22 2 54 15 2 00 0 01

site*dist (Sd) Sd/R 9 13 8 04 9 163 1 1 9 189 17

species (s) s/sS 5 11363 45 3 *** 5 674 3 50 4 *** 4 170 5 j9 o ***

species*man (sm) sm/sS 10 40 3 08 10 107 9 4 0 *** 8 46 6 26 *

species*site (sS) sS/R 45 225 5 15 45 120 4 1 7 * 36 80 6 1 8 *

species*dist (sd) sd/R 5 314 1 8 5 73 09 4 100 20

species*man *dist (smd) smd/R 10 56 02 10 15 9 10 8 79 08

residual (R) 45 154 0 45 72 9 36 44 1

Table 7 Mean numbers of individuals of the autumn-sown species in plots of different management

intensity in undisturbed and disturbed grassland vegetation 1, 9 and 13 month after sowing E extensive,

L less intensive, M medium intensive, U undisturbed, D disturbed Significant differences (p < 0 05)
between management intensity levels are indicated by different letters (Tukey post-hoc test following
ANOVA (Table 6))

Mean individual no per plot
1 month 9 months 13 months

E L M E L M E L M

Campanula patula 83 64 90 70 27 83 25 05 14

Centaurea scabiosa 39 7 8 1 30 7 49 9 A89 B34 B23 6 A17 b23 B

Crépis biennis 103 8 96 3 1194 36 3 45 7 35 0 12 3 174 74

Prunella vulgaris 317 95 14 1 70 1 36 5 49 2 29 3 23 6 160

Sanguisorba minor 13 3 3 1 73 15 8 25 43 56 13 32

Silene vulgaris 68 01 1 1 15 00 06

Mean per plot 27 3 120 20 5 24 0 10 8 12 0 12 7 62 51

Seed mass effects

Seed mass of the experimental species ranges from 0.03 mg to 6.4 mg, with most of

the species having seeds weighing < 2 mg and only four species having seeds of > 4 mg

(Table 1). The regression analysis indicated that recruitment tended to be higher for

species with heavier seeds (Fig. 4). This relationship between seed mass and number of

recruited individuals was significant after six months (Fi i6
= 8.0, p < 0.05), but

disappeared within the next 8 month (Fi2o = 2.9, p = 0.1) (Fig. 4). When the four
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species with the largest seeds were omitted from the analysis, the effect in the first count

was no longer significant.

To investigate further whether variation in recruitment was influenced by the size of

seeds, seed mass was included as a covariable in the analysis of variance and fitted

before the species factor. Six months after sowing, the seed mass effect was significant

(Fi,255 = 129.7, p < 0.0001). However, there was still considerable variation between

species that could not be explained by seed mass, as indicated by the still highly

significant species effect (Fi6,255 = 16.2, p < 0.0001). The same effect was confirmed if

seed mass was introduced in the analysis of variance for the second count 14 months

after sowing. The seed mass effect (Fi,33o = 67.0, p < 0.0001) and the species effect

(Fi,330 = 31.3, p < 0.0001) both were highly significant.
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Fig. 4. Seed mass effect on mean number of established individuals, a) first census after 6 month

(regression: FM6 = 8.0, p < 0.05) b): second census after 14 month (regression: Fi,2o = 2.9, p =0.1).

According to the transformation of the data, the numbers of individuals are presented on a V(x+0.5) scale.

Relationship between habitatparameters and recruitment success

There was a close relationship between mean number of individuals per site and both

soil nutrient status, as measured by bioassay, and PAR (Fig. 5). The degree to which the

significant main effect of management at the time of the second count can be explained

by the measured habitat parameters for soil fertility and photosynthetically active

radiation was tested by introducing these factors as covariables in the analysis of

variance. If the performance of L. perenne was included as a covariable in the statistical

model, its effect was highly significant (Fij5 = 21.31, p < 0.001). The main effect of

management was no longer significant (F2,i5 = 3.0, p > 0.05), indicating that the effect

of management mainly was due to differences in the nutrient status. Differences in
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nutrient status did not account for variation between sites of one management type, as

indicated by the still significant site effect (Fi4,33o = 4.3, p < 0.01).

Introducing PAR in the statistical model had little influence on the effects of

management and site. Though a significant proportion of variation was explained by

PAR (Fi;i4 = 8.2, p < 0.05), the effects of management and site remained significant

(F2,i4 = 13.6. p < 0.05 and F14330 = 3.6, p< 0.01, respectively).
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Fig. 5. Relationships between mean number of individuals per site and (a) soil fertility as measured by

bioassay with Lolium perenne and (b) percentage of ambient PAR at ground level. ). According to the

transformation of the data, the numbers of individuals are presented on a V(x+0.5) scale.

Survival ofthe sown species in different grassland types

When all species were pooled the mean survival rate from June to October 1999 was

clearly higher in extensive plots (77%) than in medium intensive ones (54%), though

the main effect of management was not significant (Table 8). For all species the

proportion of survivors was lower in medium intensive sites, but none of the species

showed a significant difference. The influence of disturbance on plant survival varied

among species as indicated by the species by disturbance interaction.
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Table 8. Analysis of variance m the proportion of surviving individuals of Carum carvi, Centaurea

scabiosa, Prunella vulgaris and Satureja vulgaris, in undisturbed and disturbed vegetation in extensively
and medium intensively managed grasslands between June and October 1999. Rules for the calculation of

the F-values are given. Significant effects are indicated: *
= p < 0.05; **

= p < 0.01.

Source of variation F-rules df SS F

management (m) m/S 1 0 563 4 16

site (S) S/Sd 5 0 677 2 09

disturbance (d) d/Sd 1 0 006 0 09

manag *dist (md) md/Sd 1 0 003 0 05

site*dist (Sd) Sd/R 5 0 324 2 96

species (s) s/sS 3 0 703 2 28

species*manag (sm) sm/sS 3 0 116 0 38

species*site (sS) sS/R 3 0 308 4 69 *

species*dist (sd) sd/R 3 0 985 14 98 **

species*manag *dist (smd) smd/R 3 0 650 9 88 **

residual (R) 9 0 197

Discussion

Establishment success of most of the species was very low. This is an often reported

result in seed addition experiments in established grassland swards (Thompson & Baster

1992, Ryser 1993, Burke & Grime 1996, Stampfli & Zeiter 1999). Grassland habitats

generally are unfavourable for reproduction by seed and many typical grassland species

are able to reproduce vegetatively (Rusch & Fernandez-Palacios 1995). Both inhibition

of germination by unfavourable light conditions (i.e. generally low light intensity at the

ground level and low red:far red ratio), and high seedling mortality contribute to the low

establishment success of the sown species (Senden et al. 1986). Moreover, post-

dispersal seed prédation may considerably influence species recruitment in grassland

vegetation (Borchert & Jain 1978, Reader 1993, Hulme 1994, Edwards & Crawley

1999). Seed losses by prédation may heavily reduce the number of seeds that reach the

state of germination; for example, for Scabiosa columbaria Verkaar et al. (1986) found

a > 80 % reduction in the amount of seeds. For Anthyllis vulneraria and Carlina

vulgaris 30-70% prédation of seeds has been recorded (van Tooren 1988).

As could be shown in the autumn-sown experiment, there was high germination of

Centaurea scabiosa and Crépis biennis within one month of sowing (Table 7). For

Compositae species a general tendency for germinating rather rapidly was established

by Grime et al. (1981). It may be that in the spring-sown experiment, these species were

more affected by the summer drought in 1998, e.g. Crépis biennis, Centaurea scabiosa,

Tragopogon orientalis and Leontodon hispidus.
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Several species showed enhanced germination one year after sowing (Table 3). For

some of them (e.g. Dauern carota) chilling is known to favour germination (van Tooren

1990). For others the need for scarification of their hard coated seeds (legume species)

might account for the delayed germination (Grime et al. 1981, ISTA 1999) and

Gentiana germanica is known to be an obligatory spring germinator (van Tooren 1988)

that forms a persistent seed bank (Fischer & Matthies 1998). However, when comparing

establishment success of different species, it has to be kept in mind that environmental

conditions vary considerably between years and different species may profit or suffer

from these varying conditions (Grubb 1977, Rusch & van der Maarel 1992, Stampfli

1992, Gigon & Leutert 1996, Cerletti 1997).

Many species that were absent from the sub-plots germinated when seed limitation

was overcome by seed addition. Most of the species did not appear in the control plots

and many were also absent from the experimental sites. Since 23 species germinated

following seed addition, this strongly suggests that seed availability is one factor

limiting the occurrence of these species. The species investigated differed considerably

in their sensitivity to management intensity. While management had no effect on the

recruitment ability of Tragopogon orientalis, possibly due to its erect growth form

(Bosshard 1999, Gross 1984), the Gentiana species were more or less restricted to the

extensive sites after 18 month (Table 5). The low rates of germination in many species

mean that possible management effects could not be detected statistically. Nonetheless

there were significant management effects on recruitment of some species (Table 3,
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Table 5 and Table 7). Because of the relatively short duration of the experiment we

do not know whether the introduced species could persist locally if enough seeds were

available. In a review study Turnbull et al. (2000) found that 64% of the sites where

seeds were introduced did contain seedlings, while only 23% of the sites also contained

adults. This implies that, for many species, conditions for establishment and persistence

are more stringent or simply different from those for germination.

The lower establishment success of several species in more intensively used

grasslands indicated that in these habitats establishment limitation is more important

than in extensive sites. Recruitment is assumed to be prevented by the increased

biomass of the surrounding vegetation, associated with strongly reduced light

availability. This was also concluded in other studies with experimental seed addition

(Fenner 1978, Bakker et al. 1980, Peart 1989, Tilman 1993, Foster & Gross 1998,

Haugland & Froud-Williams 1999, Partei et al. 2000). Furthermore, an investigation of

natural seedling distributions in fertilized and unfertilized grasslands showed that

fertilization may reduce the importance of regeneration by seed so that vegetative

growth becomes relatively more important (Rusch & Fernandez-Palacios 1995).

A positive effect of disturbance on seedling establishment has been repeatedly shown

in seed-addition experiments (Turnbull et al. 2000 and references therein). In a seed

addition study conducted by Fischer & Matthies (1998) recruitment of Gentiana

germanica was enhanced by clipping the vegetation before sowing, and this effect

increased when the soil was additionally disturbed. We found such an effect but it

varied according to local site conditions and also among species for the spring-sown

experiment. There was also an overall effect of disturbance in the autumn-sown

experiment (Table 2 and Table 6), though few individual species showed a significant

response. The treatment was only applied in June 1998 and this may have limited its

effectiveness. Many seeds germinated in autumn 98 or spring 99, when the effect of the

disturbance treatment had probably decreased considerably.

In the seed addition experiment conducted by Burke & Grime (1996), there was a

strong interaction between disturbance and soil fertility. They found enhanced

recruitment in high fertility plots under very high rates of disturbance, while at a low

level of disturbance recruitment success was higher in low fertility plots. No such

interaction was evident here. These results are not necessarily contradictory, since there
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are considerable differences in the experimental layout, which may account for the

different results. In contrast to our study, the fertility gradient in that of Burke & Grime

(1996) was only established at the beginning of the experiment, and highly competitive

species adapted to more fertile habitats were probably still missing. Furthermore they

applied much 'heavier' disturbance treatments, which created 25-100% bare soil.

Seed size had a slight positive effect on establishment success (Fig. 4). Although

there were only a few species with large seeds, the results support the positive

relationship between seed size and recruitment ability found in many other studies

(Gross 1984, Reader 1993, Burke & Grime 1996, Turnbull et al. 1999, Jakobsson &

Eriksson 2000, Turnbull et al. 2000). Since seed prédation is inversely related to seed

size (Reader 1993), the positive effect of seed size may have been reduced by enhanced

prédation intensity.

Effects of arbuscular mycorrhizal fungi on germination and seedling establishment

have been reported (Francis & Read 1994, Hartnett et al. 1994). We found a generally

high degree of mycorrhizal infection at all sites, irrespective of management intensity

(Fig. 2), and the differences in establishment success in different grassland types could

not be explained by the degree of mycorrhizal infection in this case. However,

arbuscular mycorrhizal fungi may be host specific (van der Heijden et al. 1998), and

several studies indicate that complex species-dependent interactions between host plants

and AM fungal species composition exist (Sanders & Fitter 1992, Bever et al. 1996,

Eom et al. 2000); these interactions were not considered in this study.

Conclusions

Sowing led to an increase in the number of individuals of the sown species. This was

also true after 18 months when the very critical seedling stage was overcome. Sowing of

the desired species to enhance the regeneration of species rich grasslands appears to be a

straightforward measure to overcome seed limitation and to enhance biodiversity in

these grasslands. But our results also show that the habitat conditions in more

intensively used grasslands are unfavourable for germination and establishment of new

species. Less intensively managed sites, which are promoted as ecological

compensation areas in Switzerland, did not provide more favourable conditions for
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establishment than medium intensive sites. Disturbance played a minor but significant

role in promoting recruitment. The applied treatment (removal of litter and moss and

slight scratching the top soil) which only caused a slight disturbance and did not create

gaps of open soil, does represent a realistic agricultural management option. Like Olff et

al. (1994), we conclude that a considerable change in vegetation structure to enhance

light penetration into the stand is needed to enhance microsite availability for

germination and allow introduced species to establish. In practice this means decreasing

the productivity of the site by reducing the nutrient capital of the soil (Marrs 1993).
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Abstract

Genetic differentiation of populations of three species growing in differently

managed grasslands was investigated. Seeds of the three species - Plantago lanceolata,

Lotus corniculatus, Campanula rotundifolia - were collected in two grassland types

differing in cutting frequency and level of fertilization. In a common environment

experiment plants were grown in a growth room for five weeks and several

morphological traits were measured weekly.

All three species showed considerable within- and between-population variation. For

Plantago lanceolata increase in the biomass of the flower stalk was more rapid and

more intense in plants from intensively managed grasslands than in plants from

extensive sites. This result is interpreted as an adaptation in flowering time to the earlier

cutting of the vegetation in this grassland type. A loss of genetic within-population

variability due to strong selection pressure is indicated by the reduced within-population

variation in this trait.

Campanula rotundifolia and Lotus corniculatus both showed lower root biomass in

plants that originate from intensively managed grasslands. This finding is consistent

with the hypothesis that increased resource allocation is an adaptive response to

enhanced nutrient acquisition in habitats with low nutrient availability.

This study indicated that genetic adaptation may develop within the relatively short

period of 15-30 years as a consequence of changes in management practices.

Introduction

The species composition of grasslands is very sensitive to management and some

species rapidly disappear following a change in management regime. However, many
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others occur over broad ecological and geographical ranges (Bradshaw 1984).

Characters that enable a plant to survive in a particular habitat vary according to the

conditions in which that plant grows. Such variation in relevant traits may reflect

plasticity of the individual or genetic adaptation to the habitat or both (van Groenendael

1985, Matthies et al. 1995). A common test to establish whether or not there is a genetic

basis for differences in morphological features is to grow plants from different sites

under uniform conditions (van Groenendael 1985, Ouborg et al. 1991). Genetic

differentiation has been found in relation to various habitat characteristics, e.g. soil

moisture, nutrient levels, temperature and altitude (see Turkington & Aarssen 1984,

Venable 1984 and Kuiper 1985 for references). For the well studied species Plantago

lanceolata, adaptations to the grassland habitat type in growth habit, onset of flowering

and number of seeds have been demonstrated (van Tienderen & van der Toorn 1991a,

van Tienderen & van der Toorn 1991b and references therein). Similarly, populations of

Euphrasia rostkoviana from different altitudes exhibit differentiation in growth habit

and onset of flowering (Zopfi 1998). Such differences can develop rapidly and over a

small spatial scale in response to consistent differences in management. For example,

Snaydon & Davies 1976 established genetic differentiation in Anthoxanthum odoratum

at adjacent differently fertilized plots in the Park Grass experiment in growth habit and

onset of flowering date. Moreover, Turkington & Harper (1979) showed that micro-

evolution may occur at a very fine spatial scale in response to selection pressures

exerted by different neighbouring grass species. Thus, the spatial scale over which

differences have been found ranges from hundreds of kilometres to just a few metres

(Bradshaw 1984).

Genetic differentiation has often been studied in plants originating from nature

reserves with a long continuity of management (Snaydon & Davies 1972 and 1976,

Masuda & Washitami 1992) or from strongly contrasting habitats, such as hayfields and

pastures (Primack & Antonovics 1981, van Groenendael 1985, Wolff & Van Delden

1987, van Tienderen 1990). Less is known about the degree of genetic differentiation in

agricultural grasslands with variable management or with recent changes in

management.

In a common environment experiment, we investigated the growth of three species -

Plantago lanceolata, Lotus corniculatus and Campanula rotundifolia - collected from

extensively managed sites and sites which had been intensified within the past 15-30
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years. Several morphological traits were compared between individuals originating from

seeds collected from extensively and intensively managed sites. The ecological genetics

of Plantago lanceolata have been the subject of numerous studies (mainly in the

Netherlands). For this species both a high level of phenotypic plasticity and rapid

genetic adaptation to habitat conditions have been found (van Tienderen 1990, van

Tienderen & van derToorn 1991a).

If considerable genetic change in response to intensification can be detected, further

studies will have to investigate whether this adaptation is reversible in case of

extensification of the habitat.

Methods

Seeds from populations in two differently managed types of grassland were collected

in the Schaffhauser Randen in northern Switzerland. This is an extensive forested area

with a number of more or less isolated enclaves of agricultural land on the plateau.

During the last decades most of the unforested area has been used as arable land or as

moderately intensive grasslands.

'Extensively' managed sites are cut only once, usually during the first half of July,

and are not fertilized. 'Intensively' managed meadows are cut three times per year, in

early June, in early August and in September, and are fertilized mainly with slurry.

While the intensive grasslands have developed in response to management changes

within the last 15-30 years, the extensively managed meadows are much older (-100

years). The differences in management are reflected in large differences in floristic

diversity. On average 38 species of vascular plants were recorded in six lxl m quadrats

at the extensively used sites compared with 26 species in the intensively used ones.

For all species, two meadows of each management type served as seed sources. The

meadows were separated by several hundred metres and additionally by patches of

forest. Plants from different sites therefore represent different populations.

Soil fertility and light conditions at the sample sites were measured. Soil fertility was

assessed by means of bioassays, with Lolium perenne and Trifolium pratense as test

species. Plants of both species were grown in a heated glasshouse (23 °C day-

temperature; 18°C night-temperature) with additional lighting by high pressure sodium

vapour light (400W) in January 1999. All plants were harvested after 30 days, dried for

48 h at 70 °C and weighed. Biomass (dry mass) of these individuals was used as an
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indicator of soil fertility. Light penetration into the stand was measured immediately

before the first cut with a Sun Scan probe (Delta-T Devices Ltd., Cambridge, GB) at 0

and 20 cm above ground.

Plantago lanceolata, Lotus corniculatus and Campanula rotundifolia were chosen as

experimental species because they are common in both extensively as well as

intensively managed grasslands. Plantago lanceolata is an outbreeding, self-

incompatible, mainly wind pollinated species (Grime et al. 1988) that is commonly

found in habitats ranging from open, grazed pastures to dense hayfields (van Tienderen

1989). Lotus corniculatus is an insect-pollinated, mainly outbreeding species and is

particularly common in limestone pastures and wasteland (Grime et al. 1988).

Campanula rotundifolia is a self incompatible, insect-pollinated species which is most

abundant in dry grassland (Grime et al. 1988).

Mean seed mass of 100 seeds was obtained for each species at all sites. Seeds were

germinated on moist filter paper under standard conditions recommended by the

International Seed Testing Association (ISTA 1999). For Salvia pratensis and

Campanula rotundifolia a prechilling treatment (7 days at 10°) was applied. The freshly

germinated seedlings were transplanted into separate sand culture containers consisting

of a polyethylene tube (according to Grime & Hunt 1975) with a volume of 500 cm3

(6.4 cm diameter; 15 cm height). Washed silica sand was used as rooting medium. The

plants were grown for 35 days in a controlled environment room (day-temperature: 20

°C; night-temperature 15 °C; rel. humidity: 90 % night and 80 % day; light: 32 Wm2).

The pots received 20 ml 'Long Ashton' nutrient solution on alternate days (Hewitt

1966). In total, 101 plants of Plantago lanceolata (46 and 55 from extensively and

intensively used sites, respectively), 58 individuals of Lotus corniculatus (40 and 18,

respectively) and 91 plants of Campanula rotundifolia (60 and 31, respectively) were

available.

At least four replicate plant individuals were harvested after two, three, four and five

weeks, by immersing the pots in a water bath and removing the sand remaining on the

roots.

For some species low germination and high mortality of seedlings reduced the

number of replicates. For Lotus corniculatus only three instead of four harvests were

performed and the number of individuals from the intensive populations were extremely
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low. For Campanula rotundifolia individuals originating from only one intensive site

could be studied.

For each plant, various morphological traits were measured. Number of leaves was

counted and the fresh weight of the fully turgid plant was measured immediately after

harvesting, shoot and root material separately (fresh weight). To determine leaf area,

freshly cut leaves were spread out on plain white paper sheets and photocopied. These

images were scanned and leaf area was assessed using an image processing program

(Scionlmage, Scion corporation, Frederick, Maryland USA). Shoot (leaf) length was

measured as the maximum length of above-ground plant material immediately after

harvesting. For Plantago lanceolata the length of flower stalk was also measured. All

plant material was dried at 100° for 48h. Leaves, roots, flower stalks and stems were

then weighed separately. Cotyledon biomass was determined at the first harvest. The

influence of maternal effects (which has been found in previous work to be correlated

with seedling biomass; Roach & Wulff 1987) was assessed by analysing differences in

cotyledon biomass between populations and management types.

Mean relative growth rate per week was calculated from the formula: (In 5W - In

2W) / T (Fisher 1920) where 5W and 2W are mean whole-plant biomass at 5 and 2

weeks, respectively and T is the time interval, 3 weeks.

The influence of management and site conditions on different morphological

measures was analysed using analysis of variance models with management, site and

harvest as factors. The site factor was nested within the management types.

To reduce the deviation from the normality assumptions, a logarithmic

transformation was performed on the data for leaf area, shoot and leaf length, length of

the flower stalk, biomass of the flower stalk, FW/DW ratio and root/shoot ratio. The

number of leaves was V(x + 0.5) transformed.

Statistical analyses were performed with STATISTICA software package (StatSoft

1997, vers. 5.1)
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Results

Habitat characteristics

Biomass of both bioassay test species indicated large differences in soil fertility

between the two habitat types studied The differentiation was stronger with L perenne

than with T pratense (Fig. la). Mean biomass of L perenne was about four times

higher in intensive grasslands. Furthermore, the extensively managed sites were

charactenzed by a more open vegetation cover (Fig. lb). This is indicated by the

differences in light conditions at 20cm and at ground level. At both levels, the

photosynthetically active radiation was more than 50% lower in intensive than in

extensive sites
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> 0.05) (Fig. 2). For both species there was no indication of an effect of seed mass on

seedling biomass.

There were no significant differences in mean seedling biomass between extensive

and intensive populations, suggesting that environmental maternal effects were not an

important factor.

Plantago lanceolata
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Fig. 2. Seedling and seed mass 2 weeks after the start of the experiment at extensively used sites (open
bars) and at intensively used sites (filled bars). Vertical bars denote +1SE Significant differences

(ANOVA; Tukey post-hoc test p < 0.05) between populations are indicated by different letters.
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Variation in morphological traits

Plantago lanceolata

At the fourth harvest coefficients of variation (CV) indicated high within-population

variation for root mass, shoot mass and the mass of the flower stalk; the last exhibited

by far the largest variation (Table 1). There was significant between-population

variation after five weeks in root dry mass and leaf number. For both traits there were

significant differences, not only between extensive and intensive sites, but also between

the two extensive populations (Table 1). Several traits showed significant site or site by

harvest effects, indicating a generally high variation among populations in this species

(Table 2).

For all harvests, the analyses of variance (Table 2) revealed considerable differences

between populations of Plantago lanceolata originating from differently managed

grasslands in several traits but a significant management effect was only detectable for

the mass of the flower stalk (Table 2, Fig. 3). The effect of management changed with

time (indicated by the management
* harvest interaction). The dry mass of the flower

stalk increased faster in the plants from intensive sites between harvest 2 and 3, and was

significantly higher at the last two harvests (Tukey post-hoc tests: harvest 3 and 4: p <

0.01). The fresh weight / dry weight ratio was higher in plants from medium intensive

sites, but the effect was only marginally significant (p = 0.0507) (Fig. 3). Furthermore,

Plantago lanceolata shows significantly higher within population variation in the

biomass of the flower stalk and in the dry weight / fresh weight ratio (Table 1).
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Table 1 Coefficients of variation (CV) and means (between brackets) of traits after five weeks of growth
for four populations of Plantago lanceolata, three populations of Lotus corniculatus and three

populations of Campanula rotundifoha Significant differences in means between sites Tukey post-hoc
test for the site*harvest interaction in the ANOVA (Table 2)

Extensive

Site 2 (N = 5) Site 3 (N = 10)

Intensive

Site 7 (N = 7) Site 8 (N = 7

Diff between sites

Plantago lanceolata CV mean CV mean CV mean CV mean Post-hoc test

DW root (g)

DW shoot (g)

Leaf length (cm)

DW flower stalk (g)

DW root/shoot

FW/DW shoot

Leaf area (cm2)
No of leaves

0 42 (0 41)

0 42 (0 59)

0 04 (12 5)

0 87 (0 17)

0 11 (0 62)

0 08 (7 51)

0 03 (244 5)

0 19 (13 41)

0 22 (0 75)

0 25 (0 95)

0 03 (12 5)

0 93 (0 12)

0 21 (0 82)

0 11 (6 76)

0 05 (466 7)

0 13 (22 0)

0 14 (0 65)

0 11 (0 87)

0 02 (13 1)

0 13 (0 32)

0 11 (0 74)

0 03 (8 55)

0 03 (397 1)

0 11 (17 0)

0 38 (0 57)

0 27 (0 90)

0 11 (14 4)

0 40 (0 26)

0 20 (0 62)

0 05 (8 33)

0 05 (445 7)

0 15 (13 9)

2 vs 3*** 2 vs 7*

2 vs 3** 3 vs 8**

Lotus corniculatus Site 2 (N = 7) Site 4 (N = 7) Site 5 (N = 3)

DW root (g)

DW shoot (g)

Shoot length (cm)

DW root/shoot

FW/DW shoot

Leaf area (cm2)
No of leaves

0 85 (0 27)

0 55 (0 58)

0 03 (24 5)

0 43 (0 38)

0 13 (5 3)

0 07 (143 2)

0 25 (49 9)

0 30 (0 21)

0 19 (0 74)

0 02 (22 8)

0 21 (0 29)

0 06 (4 50)

0 08 (208 9)

0 11 (64 9)

1 19 (0 15)

120 (0 31)

0 08 (16 5)

0 12 (0 48)

0 10 (5 76)

0 20 (79 4)

0 41 (29 5)

Campanula
rotundifoha

Site 1 (N = 6) Site 4 (N = 6) Site 7 (N = 11)

DW root (g)

DW shoot (g)

Shoot length (cm)

DW root/shoot

FW/DW shoot

Leaf area (cm2)
No of leaves

0 90 (0 02)

0 54 (0 02)

0 06 (5 52)

0 34 (0 74)

0 05 (6 59)

0 15 (39 7)

0 24 (12 6)

0 56 (0 02)

0 72 (0 02)

0 08 (4 69)

0 20 (0 82)

0 08 (6 41)

0 22 (33 7)

0 23 (118)

0 83 (0 01)

0 45 (0 02)

0 07 (6 82)

0 45 (0 51)

0 04 (5 92)

0 23 (36 15)

0 22 (13 04)

Table 2 ANOVA of the effects of management, site and harvest on the different morphological measures of Plantago
lanceolata For transformations of the variables see methods section Identity of the site is nested withm management

and, correspondingly, the site * harvest interaction is nested within the management
* harvest interaction Values are

sum of squares, F values are shown in brackets *
=p < 0 05

Management Site Harvest

(df = l) (df=2) (df=3)

Management
* harvest

(df =3)

Site * harvest Error

(d f = 6) (d f = 85)

Dry weight shoot 0926(003) 54 91 (13 1)* 1142 (181 6)* 4496(037)

Dry weight root 8 339(0 56) 29 56(12 9)* 579 9(168 6)* 0 985(0 08)

Dry weight flower stalk 1 159 (150 5)* 0 015 (0 11) 13 34 (64 5)* 1 368 (37 8)*

No of leaves 5 943 (1 51) 7 826 (20 5)* 91 05 (158 9)* 2 241 (1 46)

24 17 (1 92) 178 3

22 69 (3 29)* 97 45

0 072 (0 17) 5 863

3 057(2 67)* 16 21

(df = 1) (d f = 2) (d f = 3) (d f = 3) (d f = 6) (d f = 84)

Leaf area 0 027(0 06)

Dry weight root / shoot 0 006 (7 53)

Leaf length 0 027 (1 37)

0 825(26 1)* 21 18(446 9)* 0 068(2 41)

0 001 (0 36) 0 011(15) 0 009 (0 66)

0 040(2 48) 0 873(35 9)* 0 001(0 13)

0 057 (0 6) 1 329

0 030 (2 02) 0 208

0 024(0 51) 0 678

(df = 1) (d f = 2) (d f = 3) (d f = 3) (df =6) (df =81)

Fresh / dry weight 0 038(18 2) 0 004(0 52) 0 437(36 5)* 0 050(18) 0 055(2 32)* 0 322
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Lotus cormculatus

Within-population variation at the fourth harvest differed considerably between the

two extensive populations for several traits (Table 1). For the intensive populations,
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only three individuals were available from one site and no firm conclusions can be

reached about within-population vanation under this management (Table 1). There were

no significant between-population differences in any of the traits at the fourth harvest

(Table 1)

For all harvests the ANOVA revealed that root dry mass was significantly higher in

plants onginating from extensively used grasslands (Table 3). This effect as well as the

general tendency of the individuals onginating from extensive sites to be larger m the

fourth harvest mainly was a consequence of the small number of individuals from the

intensive populations (1 and 3 individuals, respectively) and the considerable

differences among individuals.

Table 3 ANOVA of the effects of management, site and harvest on the different morphological measures

of Lotus cormculatus For transformations of the variables see methods section Identity of the site is

nested within management and, correspondingly, the site * harvest interaction is nested within the

management
* harvest interaction Values are sum of squares, F values are shown in brackets

*
=p < 0 05

management

management site harvest * harvest site * harvest error

(df =1) (df =2) (df =2) (d f = 2) (d f = 4) (d f = 46)

Dry weight shoot 23 37(6 9) 6 784(149) 40 35(89 1)* 8 043(0 75) 2132(0 06) 104 2

Dry weight root 2 389 (21 7)* 0 220 (0 12) 55 75(32 1)* 0 473(0 48) 1937(0 55) 39 96

No of leaves 13 09(4 78) 5 478(2 75) 282 16 (141 7)* 2 677 (0 77) 6 907 (1 73) 45 807

Leaf area 0 640(6 67) 0 192(2 48) 18 34 (236 9)* 0 174 (1 73) 0 200(129) 1778

Dry weight root / shoot 0 000(0) 0 001(0 39) 0 037(117)* 0 009(0 69) 0 026(4 07)* 0 074

Fresh weight/dry weight 0 014(13 5) 0 002(0 24) 0 090(10 3)* 0 011(0 38)0 056(3 22)* 0 200

(d f = 1) (d f = 2) (d f = 2) (d f = 2) (d f = 4) (d f = 45)

Shoot length 0 297(5 56) 0 106(4 38)* 7 558 (309 8)* 0 024 (3 25) 0 015 (0 31) 0 549
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Campanula rotundifoha

As for the other two species, the coefficients of vanation within populations at the

fourth harvest was relatively high for root and shoot biomass for Campanula

rotundifoha (Table 1), but none of the traits differed significantly between populations

after five weeks

No site or site by harvest effects were found in the ANOVA (Table 4) for this

species



75

The effect of management on root biomass changed with time and was most obvious

in the fourth harvest (indicated by the management by harvest interaction); (Table 4,

Fig.5). At this time root biomass of individuals originating from extensively used sites

was significantly higher than that of individuals from intensively managed grasslands

(Tukey post-hoc test: p < 0.05).

The leaves of plants from extensive sites tended to be longer after two weeks, but

this relation was reversed in the following three harvests. No differences were found for

the other traits of shoot size and biomass.

Table 4 ANOVA of the effects of management, site and harvest on the different morphological measures

of Campanula rotundifoha For transformations of the variables see methods section Identity of the site

is nested within management and, correspondingly, the site * harvest interaction is nested within the

management
* harvest interaction Values are sum of squares, F values are shown in parentheses

*
=p < 0 05

Management

(df =1)

Site

(df =1)

Harvest

(df =3)

Management
* harvest

(df =3)

Site * harvest

(d f = 6)

Error

(df = 85)

Dry weight leaves

No of leaves

Leaf area

0 0053 (62 9)

1014(1115)

0 000 (0)

0 0001 (0 02) 0 409 (34 07)*

0 009 (0 03) 66 77 (72 47)*

0 016(0 24) 19 06(95 52)*

0 004(131)

0 068 (0 34)

0 037 (3 09)

0 003 (0 27)

0 199(0 21)

0 012 (0 06)

0314

24 26

5 251

(df = 1) (d f = 1) (d f = 3) (df =3) (df =3) (df = 82)

Shoot length 0 061 (41 26) 0 001(0 09) 9 410(182 4)* 0 385 (5 48) 0 070(136) 1411

(d f = 1) (df = 1) (df =3) (df =3) (df =3) (df = 76)

Dry weight root 0 0001 (0 9)

Dry weight root / shoot 0 014(611)

Fresh weight / dry weight 0 001 (0 7)

0 0001 (0 02) 0 237 (24 68)*

0 002 (0 42) 0 038 (2 28)

0 002 (0 25) 0 053 (2 24)

0 007(10 9)*

0 015 (3 70)

0 019(0 6)

0 0006 (0 06)

0 004 (0 24)

0 032(133)

0 241

0 419

0 604
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Relative growth rate (RGR)

Plantago lanceolata showed a significantly lower mean growth rate than the other

two species (ANOVA, Tukey post-hoc p < 0 05) (Fig.6). In Plantago lanceolata mean

RGR was rather constant among all four populations, regardless of their origin. In

contrast, RGR in Lotus corniculatus vaned considerably between populations from

extensively used meadows and intensively used ones In Campanula rotundifoha mean

RGR differed considerably between the populations from extensive sites.
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Discussion

Considerable variation in different morphological traits within and between

populations was detected. Vanability was greatest in Plantago lanceolata. Including the

identity of the sites allowed us to differentiate between vanability between sites and

vanability between the two management types.

Maternal effects are commonly a result of the nutntive role that the seed-producing

parent has on the developing seed (Schaal 1984) and may be mediated by seed size

(Werner et al. 1997). Seedling size was found to be correlated with maternal quality

through the correlation with seed size (Roach & Wulff 1987). The high positive

correlation between seed mass and seedling size for Plantago lanceolata indicates that

the size of seedlings was strongly dependent on seed size, as has been shown by other

workers (see Ouborg & Van Treuren 1995, Werner et al. 1997). Since seed and seedling

size did not differ greatly between management types, no major effects onginating from

the different management of the maternal habitats could be detected. However, seed size

is one of the least plastic of plant characters (Harper 1977, Werner et al. 1997) and

Werner et al. (1997) concluded that maternal effects appear to be small compared to

other factors that influence a plant's fitness.

The more rapid and more intense growth of the flower stalk of Plantago lanceolata

in the more intensively managed grasslands points to selection on timing of flowenng as

a habitat-related genetic adaptation to the earlier cutting of the vegetation. Local

adaptation in the timing of flowenng to the cutting regime has already been shown for

this species in several studies (Kuiper 1985, van Tienderen & van der Toorn 1991a and

b). Our results indicate that the habitats investigated provided sufficient continuity in

selective forces that adaptations to management could develop. The lower FW/DW ratio

in extensive populations indicates a higher tissue mass density, which can generally be

interpreted as an adaptation to environments with low resource availability (Wahl

2000). High tissue mass density is often associated with slow growth (Poorter 1990),

but this relationship was not found here. The significantly lower coefficients of

vanation within the populations from intensively used sites could be due to the stronger

selective pressure for a specific time of flowenng in the intensively used grasslands,

which are cut earlier (Wolff & Van Delden 1987). Van Tienderen & van der Toorn

(1991a) also found differentiation in growth habit (leaf size and form) and in allocation
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to shoot growth, but these differences were found between a hayfield and a pasture

population, habitat types that show greater differences in vegetation structure

(vegetation height, light conditions) than differently used hayfields. A limitation of this

and several other studies, however, is that there is limited or no replication of the habitat

types.

Campanula rotundifolia and Lotus corniculatus both showed lower root biomass in

plants that originate from intensively managed grasslands. For Lotus this effect goes

together with a general tendency for reduced biomass production of the whole plant at

intensive sites but this may be a chance effect. In fact, no clear conclusions can be

reached about management effects on Lotus corniculatus because there was only one

population under intensive management and the number of individual plants very small.

In Campanula rotundifolia there was no sign of a parallel decrease in shoot biomass.

The lower root biomass therefore indicates a shift of the resource allocation towards the

shoot, though the difference in the root / shoot ratio was not significant. Greater

biomass allocation to roots to enhance the nutrient acquisition is a characteristic of

plants of habitats with low nutrient availability that has been shown for several species,

but mostly as a non-genetic plastic response (Hunt & Nicholls 1986, Poorter 1990,

Gedroc et al. 1996). However, genetic differentiations between populations often

resemble the plastic responses of plants grown under conditions where the selective

factor (light availability; nutrient availability) is varied (van Groenendael 1985, van

Hinsberg & van Tienderen 1997). Since there is much more continuity in management

in extensively used grasslands than in the intensively used ones, and Campanula

rotundifolia is known to have occurred in the region for a long time (Zoller 1954), the

populations of the extensively managed grassland are certainly older and lower root

biomass in the intensive population can be seen as an adaptation to the higher nutrient

availability at these sites.

At the species level, a general tendency was shown for species with a low growth

rate to have a competitive advantage in unfertile sites; the reverse is true in productive

habitats. In particular rapid shoot growth is important to enhance light interception in

tall vegetation (Grime & Hunt 1975, Crick & Grime 1987, Poorter 1990). For the three

species studied here no genetic adaptation in growth rate to the habitat could be

established. Plantago lanceolata was the most abundant of the three species in

intensively managed grassland, but there was no indication of higher growth rate in this
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species. However, the erect growth form and the rapid increase in plant height and leaf

area in the first two weeks may be an advantage for Plantago lanceolata in comparison

to the other two species.

The time necessary for the development of genetic differentiations varies widely.

Different studies report periods of about 100 years (van Groenendael 1985), about 50

years (Snaydon & Davies 1972) and 30 years (Masuda & Washitami 1992). Our study

indicates that adaptation to changed grassland management may develop within 15-30

years for characters such as flower stalk length which are under strong selection. The

loss of genetic variability by strong selection for a specific trait may reduce the capacity

for adaptation to future changes in habitat characteristics (e.g. extensification).

The results presented here indicate a potential for development of genetic

differentiation in a relatively short period in two of the three species studied. To confirm

our results a partial repetition of this experiment with a higher level of replication and

additional experiments including transplant and competition experiments to study the

influence of the differentiation on plant fitness would be appropriate, before

investigating the significance of the adaptation in connection with extensification the

grassland management.
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Conclusions

As in many regions in Western Europe, the importance of grassland in the

agricultural system changed drastically in the study region in the second half of the 20l
.

century. Many of the extensively used grasslands that formerly covered large areas were

transformed to arable land and the productivity of most of the remaining meadows was

increased to meet the fodder demands of increasing numbers of livestock. This study

gives some insight into the vegetation characteristics and processess determining

species abundance and their variation between the resulting grassland types.

If soil and climatic conditions vary little at a regional scale, as is the case in the study

region, vegetation characteristics are largely determined by management practices. The

most obvious response to different management regimes is variation in species richness

and species composition. However, understanding this variation is far from simple since

it is the result of many processes acting at different levels, from the individual plant to

the regional scale.

The survey of differently managed grassland (chapter 1) revealed a high sensitivity

of the grassland vegetation to management. This was most obvious for the more

intensively used sites, where slight differences in management led to variation in

species composition and species abundance, even for the most abundant species. In

contrast, there was only minor variation in the management of extensive grasslands, and

the consistency in species composition between sites was higher. These results show

that variation in managment plays an important role in maintaining the diversity of

valuable habitats. Management guidelines that are developed in the context of subsidy

practices therefore have to be defined carefully to avoid standardization of the species

composition of these grasslands.

Within sites, the species tended to be more consistent in rank order in the more

intensive sites. Fertilization is known to reduce spatial heterogeneity in plant species

composition, since where nutrients are no longer limiting small scale variations due to

nutrient availability disappear. Furthermore, gaps are overgrown more quickly in the

more productive vegetation, thus reducing the opportunities for establishment from

seed. The more consistent pattern of species abundance within fertilized sites is

therefore interpreted as a consequence of the reduced habitat diversity in these sites

(chapter 1). The loss of spatial heterogeneity, and thus also of regeneration niches, has
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its greatest effects at an early stage in the life-cycle of plants. The seed-addition

experiment (chapter 2) revealed more severe establishment limitation at fertilized sites;

in contrast, in extensive meadows establishment success of the sown species tended to

be higher and the limitation of species abundances is therefore attributed to a larger

extent to dispersal limitation.

As a consequence of limited establishment in the dense sward of more productive

grasslands, many species may disappear from a site after fertilization. However, there

are several species that occur in widely differing grassland types. Genetic adaptation to

local site conditions may be important in at least some of these species. Both Plantago

lanceolata and Campanula rotundifolia exhibited some genetic variation between

populations which appeared to be adaptive to local conditions. Early and rapid growth

of the flower stalk of Plantago lancolata is interpreted as an adaptation to the earlier

cutting of the vegetation. Similarly, differences in resource allocation to the shoot in

Campanula rotundifolia is seen as an adaptation to the shift from nutrient limitation in

unfertilized grasslands to light competition in fertilized meadows.

Recent changes in agricultural policy have included the aim of enhancing species

diversity in the agricultural landscape. Towards this end, the extensification of fertilized

meadows is promoted as a conservation measure. In the study area, where the

environmental conditions are favourable for supporting a high plant species diversity

(dry and originally nutrient poor soils), we found indications of an increase in species

richness and a shift in species composition as a consequence of reduced fertilization and

cutting frequency (chapter 1).

Seed addition is a straightforward measure to overcome seed limitation and thus

enhance species diversity in grasslands. However, in fertilized grasslands the

availability of microsites is a strongly limiting factor. In such sites seed addition will

only be effective after several years of extensive management, when the productivity of

the site has decreased and the vegetation structure has opened up.

Chapter 3 raised the question of how species that show genetic adaptation to the

intensive management will respond to a renewed change in habitat quality. For

Plantago lanceolata there was a strong reduction in genetic variation of flower stalk

biomass in populations from intensively used grasslands. It seems that the plants which

have been successful in the more intensive sites exhibit a subset of the variation which

exists in the original populations from extensive sites. Although Plantago lanceolata is
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an extremely common species which is known to exhibit a high level of genetic

variation, it illustrates how changes in management could lead to a loss of genetic

diversity. For some species, such loss of genetic variation due to strong selective

pressures may be a disadvantage in adapting to changed environmental conditions in the

future, and may lead to a need for recolonization from other sites.
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Appendix 1

Characteristics of the study sites of the vegetation survey (chapter 1) Area h = Hinterranden, z =

Zelgli/Mosli, k = Klosterfeld and b = Bargemer Randen, Management e = extensive, 1 = less intensive

and m = medium intensive, 1/m = no clear distinction possible Total number of species in 6 m
,
Mean

number of species per m2, Bioassay biomass of the test-species Lolium perenne and Trifolium pratense,
P and K nutrient status and grid references

Area Manage¬

Species
number

Bioassay g/plant
P K

Site no Area (ha) ment Total Mean Lolium Trifolium mg/kg mg/kg Grid reference

1 h 0 70 e 44 23 2 0013 0 019 0 977 11 62 683905 96 / 287243 89

2 h 0 33 e 44 28 7 0 036 0 030 1 287 20 75 683155 20 / 287569 97

3 h 0 33 e 41 28 2 0 022 0 020 0 915 13 28 683259 47 / 287496 65

7 z 0 81 e 46 25 7 0 015 0 015 0 775 4 98 683857 36 / 289135 23

8 z 103 e 48 27 3 0 014 0 015 0 62 5 81 683355 00 / 288638 97

9 z 0 89 e 44 22 2 0012 0 015 1256 83 683580 71 / 288502 39

13 k 0 30 e 46 213 0 021 0 028 1054 1162 686954 42 / 288453 16

14 k 0 15 e 32 17 3 0 014 0 014 0 977 166 686713 77 / 288445 15

15 k 0 24 e 33 19 0 0 023 0 019 1287 16 6 686561 11 / 287938 22

19 b 159 e 45 19 3 0 013 0017 0 977 83 684727 04 / 291314 20

20 b 2 39 e 39 24 0 0 032 0 036 2 17 15 77 685980 14 / 292281 33

21 b 0 62 e 39 18 8 0011 0 014 2 124 2158 687664 95 / 292265 19

6 h 0 26 1/m 42 25 7 0015 0 015 0 682 664 683274 26 / 287486 05

10 z 0 57 1/m 29 162 0 050 0 032 2 496 18 26 683829 10 / 289164 11

23 b 0 66 1/m 30 14 3 0 054 0 042 3 348 29 05 684856 19 / 291452 32

30 z 0 52 1/m 34 20 5 0 034 0 028 0 868 4 98 683816 53 / 289072 29

31 k 0 46 1/m 38 217 0 021 0018 1798 23 24 686792 21 / 288509 43

33 k 0 42 1/m 32 20 3 0 031 0 022 1287 19 09 686958 23 / 288550 54

5 h 0 35 25 17 2 0 054 0 041 1 783 19 09 683219 49 / 287520 95

25 h 0 43 34 19 8 0 024 0 027 1659 15 77 683373 61 / 287614 76

28 z 0 45 35 213 0 025 0 024 1 829 12 45 683300 49 / 289024 05

29 z 0 77 34 23 5 0 035 0 028 1085 5 81 683338 21 / 288720 40

32 k 0 38 32 19 3 0 032 0 029 1473 15 77 686638 33 / 288381 02

34 b 0 35 32 148 0 035 0 037 2 604 39 01 685077 41 / 291723 61

35 b 109 39 23 2 0 032 0 030 2 434 3154 685469 43 / 292246 62

36 b 1 82 25 16 5 0 033 0 028 3 131 20 75 687494 16 / 293048 00

4 h 0 59 (m) 26 15 5 0 033 0 022 1767 10 79 683488 44 / 287558 26

11 z 031 m 24 113 0 051 0 060 9 626 47 31 683301 77 / 289045 05

12 z 0 14 m 21 107 0 032 0 039 5 255 12 45 683359 36 / 288970 56

16 k 0 30 m 43 20 3 0 051 0 045 1 814 2158 686363 85 / 288297 57

17 k 0 25 m 27 138 0 038 0 035 1876 7138 686699 07 / 287603 54

18 k 0 43 m 41 20 0 0 042 0 024 2 387 19 09 686713 36 / 28741139

22 b 1 13 m 24 12 3 686947 17 / 292418 58

24 b 0 55 m 29 14 5 0 044 0 034 3 302 33 2 685924 58 / 292430 86

26 h 0 60 m 40 20 2 0 044 0 048 1426 23 24 683014 55 / 287492 23

27 h 231 m 38 218 0 039 0041 1473 38 18 683030 78 / 287223 05



Appendix 2 88

Appendix 2.

Contribution to the bulletin of the Naturforschende Gesellschaft Schaffhausen 45, 2000

Entwicklung der Wiesenvegetation im Schaffhauser Randen in Abhängigkeit der

Bewirtschaftungsintensität

Sibylle Studer

Eidg. Forschungsanstalt für Agrarökologie und Landbau (FAL), Postfach, CH-8046 Zürich

e-mail:sibylle.studer@fal.admin.ch

Einleitung

Aufgrund der Intensivierung der landwirtschaftlichen Nutzung ist in den letzten 50

Jahren ein starker Rückgang artenreicher extensiv und wenig intensiv genutzter Wiesen

zu verzeichnen. Die heutige Agrarpolitik strebt nun den Erhalt und die teilweise

Zurückgewinnung dieser Lebensräume an. Grundlage für die Entwicklung gezielter

Massnahmen ist ein grundlegendes Verständnis der ablaufenden Prozesse.

Am Beispiel des Randens versuchen wir den Einfluss unterschiedlicher

Nutzungsintensitäten in einem durch die Entwicklung der landwirtschaftlichen Nutzung

geprägten Gebiet aufzuzeigen. Der Schaffhauser Randen ist für diese Studie ein ideales

Untersuchungsgebiet. Auf relativ kleinem Raum können unterschiedlich genutzte

Wiesen verglichen werden. Zudem können viele Informationen zur Nutzungsgeschichte

dieser Landschaft früheren Arbeiten entnommen werden.

Welche Veränderungen die Vegetation der Magerwiesen den letzten 50 Jahren

erfahren hat, haben wir in einem Vergleich früherer Studien aus demselben Gebiet mit

unseren Erhebungen untersucht.

Damit sich eine artenreiche Vegetation entwickeln kann, müssen sich Pflanzen in

einem Gebiet ausbreiten und an einem neuen Standort etablieren können. Anhand eines

Übersaatexperimentes wurden die Etablierungschancen von 19 Arten in unterschiedlich

genutzten Wiesen untersucht.
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Methoden

Zur Erfassung der Vegetation in Abhängigkeit der Bewirtschaftung wurden in den

vier Gebieten Merishauser Randen, Hinterranden, Zelgli/Mösli und Klosterfeld je drei

Wiesen der Nutzungstypen extensiv (keine Düngung; 1 Schnitt), wenig intensiv

(schwache Düngung; 2 Schnitte) und mittel intensiv (massige Düngung; 2-3 Schnitt),

als Aufnahmeflächen, ausgewählt (total 36 Aufnahmen). Eine Aufnahme besteht aus

sechs zufällig über die Fläche verteilte Im Teilaufnahmen mit detaillierter Artenliste

und Deckungsschätzung. Die Daten wurden mit einer Korrespondenz Analyse TER

Braak (1992) ausgewertet.

Für die Untersuchung der Entwicklung der Magerwiesen-Vegetation in den letzten

50 Jahren wurde die Artenzusammensetzung in 28 extensiv genutzten Wiesen erfasst.

Das Artenspektrum dieser Wiesen entspricht dem von Zoller (1954) beschriebenen

Medicageto falcatae-Mesobrometum. Zum Vergleich wurden dementsprechend aus den

früheren Erhebungen von 1947 (Zoller 1954) und 1976 (Keel 1993) nur die dieser

Gesellschaft zugeteilten Aufnahmen verwendet. Die Arten wurden gemäss der

Entwicklung ihres prozentualen Vorkommens (Frequenz) in den vorhandenen

Aufnahmen in Klassen eingeteilt.

Die Etablierungschancen verschiedener Arten wurde in einem Übersaatexperiment

untersucht. An 18 Standorten (6 pro Nutzungstyp) im Gebiet Merishausen wurden im

April 1998 19 Arten sowohl in den ungestörten wie auch in den gestörten (Moos- und

Streuschicht entfernt; Boden aufgerauht) Bestand eingesät. Die Einsaat erfolgte für jede

Art separat, mit einer Saatdichte von 500 Samen auf eine Fläche von 20x20cm. Die

gekeimten Individuen wurden im Oktober 1998 und im Juni 1999 ausgezählt.

Resultate

Vegetation und Bewirtschaftung

Mit den von uns erhobenen Vegetationsaufnahmen wird das Spektrum der

regelmässig genutzten Wiesen im Randen mit dem Übergang von artenreichen

Magerwiesen (mittlere Artenzahl: 41) bis zu den intensiver genutzten Glatthaferwiesen

(mittlere Artenzahl: 30) abgedeckt. Die extensiven Wiesen unterscheiden sich deutlich

in Artenzusammensetzung und -Vielfalt von den intensiver genutzten Beständen.

Dominierende Art ist Bromus erectus (Aufrechte Trespe), typische Begleiter sind

Scabiosa columbaria (Skabiose) und Sanguisorba minor (Kleiner Wiesenknopf).
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Die wenig intensiven Bestände weisen zwar durchschnittlich mehr Arten auf, können

aber im Randen bezüglich Artenzusammensetzung nicht klar von den mittel intensiven

Beständen abgegrenzt werden. In beiden Typen sind Arrhenatherum elatius (Fromental)

und Trisetumflavescens (Goldhafer) die häufigsten Arten.

Durch die Befragung der Landwirte wurde deutlich, dass hinter dem breiten

Spektrum an Wiesentypen eine ebenso grosse Vielfalt an Nutzungsweisen steht, auch

innerhalb der anerkannten Nutzungstypen. Besonders im Bereich der intensiver

genutzten Wiesen bestehen grosse Unterschiede in der Wahl des Schnittzeitpunktes und

in der Art und Menge der Düngung.

Entwicklung extensiv genutzter Wiesen in den letzten 50 Jahren

Generell kann eine starke Zunahme von Arten, die nährstoffreichere Verhältnisse

anzeigen festgestellt werden (Abb.l). Nur wenige Arten weisen eine stetige Zunahme

seit 1947 auf (Klasse 1), es sind dies vor allem Arten, die typischerweise in massig

gedüngten Wiesen vorkommen. 12 Arten, vorwiegend Fettwiesen-Arten, zeigen eine

deutliche Zunahme bis 1976 und bleiben seither auf einem sehr hohen Niveau recht

konstant (Klasse 2). 12 weitere, ebenfalls vorwiegend nährstoffzeigende Arten, sind erst

in den letzten 20 Jahren häufiger geworden (Klasse 3). 10 typische Magerwiesen-Arten

sind bis 1976 stark zurückgegangen, blieben aber seither konstant (Klasse 4).
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Etablierungschancen verschiedener Arten — Übersaatexperiment

Die eingesäten Arten entwickeln sich erwartungsgemäss unterschiedlich rasch. Nach

sechs Monaten sind keine Unterschiede zwischen der Bewirtschaftungsintensität des

Ausgangsbestandes erkennbar. Einige Arten sind noch nicht oder nur in sehr geringen

Zahlen vorhanden (Tab.l).

nach 6 Monaten nach 13 Monaten

Arten Anz. Ind Nutzung Störung Anz. Ind. Nutzung Störung Arten

Wundklee 64 d 1194 a, c Anthylhs vulneraria

Wresenglockenblume 0 59 a Campanula patula
Rundbl. Glockenblume 59 229 d Campanula rotundifohum

Golddrstel 56 126 a Carlina vulgaris
Kümmel 28 375 Carum carvi

Skabiosen Rockenblume 232 147 Centaurea scabiosa

Wiesen-Pippau 451 374 Crépis biennis

Wilde Möhre 242 d 414 Daucus carota

Gefranster Enzian 0 13 c Gentiana cüiata

Kreuzblattriger Enzian 0 486 a, b Gentiana cruciata

Deutscher Enzian 0 775 a, b Gentiana germanica

Langhaariges Habichtskraut 31 28 Hieracium pilosella

Steifhaariges Milchkraut 59 33 Leontodon hispidus

Hopfenklee 69 755 Medicago lupulina
Gemeine Brunelle 232 d 788 a d Prunella vulgaris
Kleiner Wiesenknopf 156 220 a Sanguisorba minor

Wirbeldost 121 487 Satureja vulgaris

Gemeine Skabiose 40 72 Scabiosa columbaria

Wiesenbocksbart 691 344 Tragopogon orientalis

Tabelle 1: Anzahl gekeimter Individuen und statistisch signifikante Unterschiede in Abhängigkeit der

Nutzungsintensität und der Störungsbehandlung: a: Individuenzahl in ext. Flächen > mittel int. Flächen;

b: ext. > wenig int.; c: wenig int. > mittel int.; d: gestörte Fläche > ungestörte Fläche

Im Juni 1999, nach 13 Monaten, sind gesamthaft mehr Individuen gefunden worden.

Gemäss optischer Einschätzung handelt es sich fast ausschliesslich um Jungpflanzen,

die erst im Frühling 1999 ausgekeimt sind. Mit Ausnahme von T. orientalis weisen alle

Arten die höchste Individuenzahlen in extensiv genutzten Wiesen auf, für acht Arten ist

dieser Effekt statistisch signifikant.

Das Entfernen der bodenbedeckenden Moos- und Streuschicht zeigt für mehrere

Arten einen positiven Effekt auf die Anzahl gekeimter Individuen.

Diskussion

Erwartungsgemäss konnte ein klarer Zusammenhang zwischen Nutzungsintensität

und Artenvielfalt und -Zusammensetzung festgestellt werden. Die wenig intensiven

Wiesen sind im Vergleich zu den anderen Nutzungstypen weniger einheitlich. Viele

dieser Wiesen wurden erst vor ca. sechs Jahren durch Extensivierung von mittel

intensiven Beständen geschaffen und die Vegetation hat sich noch nicht an die Nutzung

angepasst. Gesamthaft sind die wenig intensiven Wiesen ökologisch wertvolle Habitate.
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Im Vergleich zu den mittel intensiven Wiesen weisen sie im Mittel die höhere Artenzahl

auf und bieten für einige Arten deutlich bessere Keimungsbedingungen.

Der Anstieg des Anteils nährstoffzeigender Arten widerspiegelt die Entwicklung der

Landwirtschaft in diesem Gebiet. Die Nutzung der extensiven Wiesen selbst hat sich in

dieser Zeit wahrscheinlich nur geringfügig geändert. Was aber drastisch änderte ist der

Flächenanteil dieses Wiesentyps im Gebiet und die Nutzung der umgebenden Fläche.

1947 wurden die Hochflächen noch grösstenteils als extensives Wiesland genutzt, die

Tendenz zur intensiveren Nutzung der Randenwiesen hatte aber bereits eingesetzt und

einzelne Wiesen wurden leicht gedüngt. Durch die Intensivierung der Bewirtschaftung

vieler Wiesen konnten sich Arten wie Fromental und Glatthafer im Gebiet etablieren

und wiesen 1976 auch in den extensiv genutzten Beständen ein stetiges Vorkommen

auf. Die regelmässige Düngung und häufige Nutzung von Wiesland setzte im

Randengebiet in dieser Zeit ein. In der Folge entwickelte sich der mittelintensive

Wiesentyp. Typische Fettwiesenarten, wie der scharfe Hahnenfuss oder das engl.

Raygras, weisen dementsprechend 1976 noch kein erhöhtes Vorkommen auf, breiten

sich aber bis 1998 stark aus und sind heute auch in extensiven Wiesen anzutreffen.

Einige typische Magerwiesen-Arten, wie z.B. die Spitzorchis, die 1947 im Gebiet noch

weit verbreitet war, weisen eine Abnahme der Häufigkeit auf. Die extensiven Wiesen

sind jedoch auch heute noch sehr artenreich und bieten einigen seltenen Arten einen

Lebensraum.

Durch die intensivere Nutzung der Umgebung und auch durch Nährstoffeinträge aus

der Luft wird das Nährstoffniveau auch in extensiv genutzten Flächen angehoben (Rihm

1996). Die Flächen sind heute zudem ziemlich isoliert und verstreut über das ganze

Gebiet. Verbindungen über Wald- oder Feldränder sind kaum vorhanden. Zur Erhaltung

und Förderung dieser Lebensräume sind Massnahmen wie die Extensivierung der

umgebenden Nutzung oder gezielte Naturschutzmassnahmen, wie das Auslichten von

Wäldern, sehr wichtig und sollten weitergeführt werden.

Bedingung für Veränderungen in der Artenzusammensetzung ist, dass sich Arten in

der Landschaft ausbreiten und an einem neuen Standort etablieren können (Tilman

1997). Das Übersaatexperiment hat gezeigt, dass die Etablierungchancen für viele Arten

in extensiven und z.T. auch in wenig intensiven Wiesen bedeutend grösser sind. Eine

Störung der vorhandenen Grasnarbe kann sich positiv auswirken, auch wenn die

Keimung erst nach Monaten erfolgt.
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Die Tatsache, dass es sich bei den erfassten Individuen vorwiegend um im Herbst

ausgekeimte Keimlinge handelte, deutet darauf hin, dass extreme

Witterungsbedingungen, wie die Trockenperiode im Sommer 98, zum Absterben von

Keimlingen führen und die Wiederbesiedlung hemmen.

Die Resultate nach 14 Monaten zeigen, dass der Keimungserfolg und somit auch die

Etablierungschancen vieler Arten in extensiv genutzten Wiesen deutlich grösser sind.

Die Etablierung neuer Arten ist in intensiv genutzten Beständen also bereits in einer

frühen Keimlingsphase, wahrscheinlich durch den geringen Lichteinfall in diesen

dichteren Beständen, limitiert. Bei Extensivierung intensiv genutzter Wiesen kann ein

erheblicher Artenzuwachs demnach erst erwartet werden, wenn sich die

Bestandesstruktur durch die verminderte Nährstoffverfügbarkeit gelichtet hat.
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Appendix 3

Insect and plant diversity patterns in agricultural grasslands

Manuela Di Giulio, Sibylle Studer, Luzia Widmer & Peter J. Edwards

Summary

1. The purpose of this study is to investigate the effects of management and landscape
structure on plant and insect diversity of agricultural grasslands. In this paper we

focus on the local diversity of different meadow types and their contribution to the

regional diversity of the research area. Further, we investigate whether variation in

species number and abundance of individual species between sites is related to the

surrounding land use.

2. The research area (Schaffhauser Randen) is located in the North of Switzerland and

belongs to the Swiss Jura. Four study areas with varying landscape structure were

selected and in each area, meadows of two grassland management types were

investigated.

3. The true bugs (Heteroptera) and the butterflies (Lepidoptera: Rhopalocera,

Hesperiidae, Zygaenidae) were chosen as indicator groups for local insect diversity
because they differ ecologically in various ways and therefore respond to their

environment differently.

4. Extensive meadows are more species rich than medium intensive sites and contain

more rare and specialised insect and plant species. They therefore contribute

stronger to the regional species diversity. In contrast to the flowering plants and the

butterfly fauna, the heteropteran communities differ greatly between the areas

investigated. It is argued that the heteropteran bugs appear to be more limited by
dispersal than the plant and butterfly species. These findings are supported by a field

experiment which investigated how rapidly new habitat patches are colonised and

by which bug species.

5. The differences in the heteropteran bug communities of meadows in different areas

can partly be explained by the surrounding land use. Multiple regression analyses
indicate that several bug species do respond to the structure of the landscape
surrounding a site.

Key words: grassland management, Heteroptera, landscape structure, Lepidoptera, local

diversity, regional diversity, Vegetation
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Introduction

When looking down from a aeroplane, agricultural landscapes appear as a mosaic of

various forms, structures and colours. The heterogeneity of the substrate, and the

various types of natural disturbance and human activities all contribute to the

development of this mosaic structure. A landscape is composed of local ecosystems,

which are relatively homogenous and more or less clearly limited (Forman 1986, 1995).

Our study is concerned with both the ecosystem and the landscape levels. It investigates

the effects of management and landscape structure on plant and insect diversity of

agricultural grasslands. In this paper we describe the local diversity of different meadow

types and their contribution to the regional diversity, or as suggested by Whittaker

(1972), we investigate the alpha diversity of differently managed meadows and discuss

their contribution to the gamma diversity of the research area. Our study was carried out

in an extensive forested region in the north of Switzerland, known as the Schaffhauser

Randen, which has several more or less isolated enclaves of agricultural land. These

enclaves are situated on a plateau of 650 to 850 m a.s.l. and have different mixtures of

arable and grassland habitats with varying proportions of shrubs and woods. Four such

enclaves were selected to investigate the influence of landscape structure on plant and

insect diversity. In each enclave (area), differently managed meadows were chosen to

assess the influence of management on species diversity.

We chose the true bugs (Heteroptera) and the butterflies (Lepidoptera: Rhopalocera,

Hesperiidae, Zygaenidae) as indicator groups for local insect diversity because they

differ ecologically in various ways and therefore perceive and respond to their

environment differently. A first difference is that the bugs are an ecologically very

diverse group, including phytophagous, saprophagous and predatory species (Dolling

1991), while butterflies are strictly phytophagous and therefore closely bound to the

vegetation. Secondly, the larval stages and adult individuals of bugs live in the same

habitat, while the different stages of butterflies can live in totally different habitats.

Thirdly, butterflies are a highly mobile group and most species are strong fliers, while

bugs have a wide range of dispersal abilities, with flightless species but also very

mobile ones. Finally, from a practical point of view both groups are manageable in

terms of numbers of species.

To understand how species survive in agricultural landscapes it is important to know

how they move and how they perceive their environment (Macdonald & Smith 1990;
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Samways 1994). Rather little information is available for bugs and we therefore

designed an experiment to assess dispersal ability of bugs. The main goal of this

experiment was to investigate how rapidly new habitat patches are colonised and by

which species.

The present pattern of species diversity has been influenced by the history and the

development of the landscape. We therefore describe briefly how the Schaffhauser

Randen developed and what were the most important factors determining the spatial

structure of this landscape. During the Middle Ages the area was cleared of forest to

gain charcoal for the smelting of iron ore. Only later were the clear-cut areas used

agriculturally. The fields on the plateau have been used for several hundred years to

cultivate cereals and hay for livestock. For most of this period the agriculture was very

extensive and was organised in a special system called 'Dreizelgenwirtschaft'. The land

belonging to a community was divided into three sectors which were cultivated

differently. A communal plan defined which crop was to be cultivated annually in each

sector respectively on which piece of land, and the farmers had to keep strictly to this

plan. There was a system of crop rotation on every field which included a fallow period

when the land was used to produce hay for the livestock or as grazing (Bronhofer 1956;

Russenberger 1984).

The forest was intensively used but the management had little in common with that

practised today in the forests of Central Europe. The trees were regularly cut for wood

and never reached the height they do nowadays. Moreover, the forest was grazed

regularly as a kind of wood pasture so that it remained open. Thus, these forests

represented a totally different habitat type from the dense production forest which

occurs in Switzerland today. Moreover, the transition between forest and agricultural

land was less sharply defined and the transitional areas provided very species rich

habitats (Schiess-Bühler & Schiess 1997). In the mid 19th century, as a result of both

political and economic upheavals, the population of the Randen communities decreased

and most of the arable land on the plateau was abandoned. The higher areas of the

Randen were reafforested and the remaining agricultural area was converted to

grassland which was managed extensively. Thus most of the Randen was covered with

either forest or extensively managed meadows for a period of about 100 to 150 years

until the mechanisation and intensification of the agricultural production commenced in

the 1960's. Subsequently a large part of the grassland was turned into arable land and
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most of the remaining grasslands were intensified through increased use of fertiliser and

machinery (Schiess-Biihler & Schiess 1997; Zehnder 1998). These developments led to

a decline in the species richness of the region, which has been documented for both the

vegetation (Isler-Hiibscher 1980) and the butterfly fauna. A comparison of the butterfly

fauna recorded in the 1920's with new data from the 1990's showed that during this

period about half of the species had declined in their abundance while 20% had

disappeared altogether (Schiess-Biihler & Schiess 1997).

Material and Methods

Research area and sampling design

The research area is located in the Schaffhauser Randen (northern Switzerland) and

is part of a chain of limestone hills which forms the Swiss Jura. The soils are derived

from nutrient poor limestones. The average yearly precipitation in Schaffhausen (437 m

a.s.l.) is 866 mm. The average mean annual temperature is 7.8 °C, with a maximum

mean monthly temperature in July (23.2 °C) and a minimum in January (-3.9 °C) (SMA

1998).

For our study we chose a design with two levels, the landscape and the site level. At

the landscape level we selected four enclaves (areas) with varying proportions of arable

and grassland habitats (Fig. 1). Within each area we investigated two grassland

management types (officially referred to as 'medium intensive' and 'extensive'), and for

each management type we selected three replicate sites. The butterfly community was

investigated in only three areas (without Hinterranden). The management types are

defined by two main factors: the number of cuts per year, and the type and amount of

fertiliser used. Medium intensive meadows are regularly fertilised with slurry and cut 2-

3 times per year. The time of the first cut is around the end of May. The extensive

meadows are not fertilised and are cut once or twice per year. The time of the first cut is

July.
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Fig. 1. The agricultural used areas resemble enclaves in a sea of forest and have different mixtures of

arable and grassland habitats. Zelgli/Mösli has only grasslands; more than half are extensively managed
meadows, the rest comprise both medium and little intensive meadows. Hinterranden has only little arable

land, the rest are grasslands with a high proportion of extensively used meadows. The areas of

Chlosterfeld and Merishauser Randen consist of a mixture of arable land and grassland habitats.

The heteropteran bugs were sampled using a standardised sweep-net method

(Remane 1958; Bornholdt 1991; Otto 1996). The sweep-net had a diameter of 40 cm

and samples were collected every two weeks by making one hundred sweeps with the

net over a distance of about 100 m. Sampling was only carried out when the weather

conditions were good, ie a minimum of 17°C and sunshine. Sampling was also

restricted to the period between 10.00 a.m. and 17.30 p.m.; the sampling order of the

fields was varied between weeks. Every site was sampled between 7 and 9 times from

May to September. The nomenclature of the bugs follows Günther & Schuster (1990).

The butterflies were counted using a transect method. Sampling was carried out

between 10 a.m. and 4 p.m., on days when temperatures were over 17°C, wind speed

Zelgli/Mösli
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was below a maximum of 3 Beaufort and there was at least 60% sunshine. Every site

was sampled eight times from May to August. A transect of 200 m was walked at every

site and the butterflies were recorded within a 5 m corridor. The average time spent for

one transect was about 15 minutes per site (Widmer 2000). To assess plant species

composition, six lm2 quadrats were randomly located within each site. Percentage cover

of all species (top cover; summing up to 100%) was estimated in each quadrat just

before the first cut. For statistical analysis the six subsamples were pooled.

For both management types a hierarchical analyses was conducted to estimate

species diversity at the level of the site, the area and the entire region. For each level the

average species number was calculated. Two-way ANOVAs were conducted to assess

how management and area affect the species numbers of insects and plants. The

landscape elements of the four areas investigated were mapped in summer 97 and

entered into a GIS. Partial regression models were used to analyse whether variation in

species number and abundance of individual species between sites was related to the

surrounding land use. For this purpose the proportions of different land use types were

measured in the GIS for zones of 10m, 30m, 50m and 100m surrounding each site. The

regression models were developed in several steps. We first analysed which variables

were intercorrelated and excluded those which were most strongly correlated with all

others. The remaining variables were used to define partial regression models. Finally

we recalculated the models with only the significant variables.

Dispersal experiment

We enhanced plant diversity in five intensively managed sites by planting 50

individuals of each of nine different flowering plant species in plots of 5m x 5m.

Subsequently these plots are referred to as 'flower patches'. As control plots we selected

five comparable sites (in terms of topography and management intensity) and plots

within the treated meadow (outside of the flower-patch plot). The following plant

species, none of which occur in medium intensive meadows, were introduced: Lathyrus

pratensis, Sanguisorba minor, Salvia pratensis, Onobrychis viciifolia, Thymus

pulegioides, Leontodon hispidus, Daucus carota, Centaurea jacea and Knautia

arvensis. The experiment was set up at the beginning of June 1998. Sampling started

one month later and was continued at three weeks intervals until the end of September.

On each occasion 20 subsamples of 0.02 m2 (total area 0.4 m2) were taken with an
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insect suction sampler of the type 'Vortis' (Arnold 1994). The results showed, that the

suction sampler collected mostly species which live on the ground and not those living

in the vegetation layer. We therefore changed the sampling method in the second year

and used a standardised sweep net method with 50 sweeps per plot (Remane 1958;

Bornholdt 1991; Otto 1996). In the second year sampling started in April and finished in

June, when the control meadows were cut for the first time. Sampling was only carried

out when the weather conditions were good, ie a minimum of 17°C and sunshine.

Sampling was also restricted to the period between 10.00 a.m. and 17.30 p.m. We

varied the sampling order of the fields between weeks.

One-way ANOVAs were conducted to test the influence of the flower patches on bug

species number. We compared the flower patch with the control plots within the treated

site and outside. We also analysed the data qualitatively by investigating whether the

bug species found exclusively in the flower patches were specialised on one of the

introduced plant species.

Results

Spatial effects on species numbers

There were fewer butterfly species in the medium intensive sites than in the

extensive, though the partitioning of species within and between areas was similar for

the two management types (Fig. 2). For the extensive sites, the mean number of species

per area was 28 while the total number in all three areas was 43. Species number

increased by 35% from the area level to the regional level. For the medium intensive

sites, the mean number of species per area was 20.33 and increased by 41% up to 34.

For plants in extensive sites the mean number of plants per area was 62.75 and

increased by 33% up to 93 for the three areas. The mean number of plants in the

medium intensive sites was 44 per area and increased by 41% up to 74. Plant species

number of extensive sites varied little particularly between areas, while the species

number of the medium intensive sites showed a higher variation. The mean number of

bug species in the extensive sites was 36.25 and increased by 50% up to 72. In medium

intensive sites the mean species number was 28.75, while the total was 62. Species
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number increased by 54%. Moreover, the mean bug species number is significantly

higher in the Chlosterfeld (Table 1; Tukey post-hoc test).

Extensive sites

100 r

site area total ^ Plants

Medium intensive sites

100 r

site area level ^ Plants

Level

Fig. 2. Mean species number of butterflies, heteropteran bugs and plants per site, area and in total (me ±

min./max.).

Table 1 shows that plant and butterfly species number is influenced significantly by

management but not by area, while bug species number is affected significantly by both

management and area.
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Table 1. Two-way ANOVAs of the effect of management and area on the species numbers of plants, bugs
and butterflies. The species numbers of the insects were log-transformed, the plant species numbers were

square-root transformed.

source of variation df MS F-ratio p-value

Plants

Management 1 6.011 30.045 0.0001

Area 3 0.121 0.607 0.621

Interaction 3 0.886 4.426 0.02

Residual 15 0.200

Total 22

Bugs

Management 1 0.055 7.25 0.017

Area 3 0.056 7.12 0.003

Interaction 3 0.016 2.01 0.156

Residual 15 0.008

Total 22

Butterflies

Management 1 0.129 8.04 0.015

Area 2 0.052 3.23 0.076

Interaction 2 0.001 0.07 0.933

Residual 12 0.016

Total 17

Species response to the surrounding landscape structure

The land use in a zone up to 10m surrounding a site has no effect on the number of

bugs, butterflies or plant species (multiple regression analyses). Furthermore, the

number of plant and butterfly species do not differ significantly between areas and we

therefore did not carry out any further analyses (Table 1). The bug species numbers,

however, differ strongly between the four areas and we therefore investigated how the

present landscape structure affects the bug fauna. We computed multiple regressions to

analyse how single species respond to the surrounding landscape considering zones of

varying widths around the site. In total we analysed 13 species with more than 25

individuals.

Seven species seem not to respond to the surrounding landscape structure

{Adelphocoris seticornis, Carpocoris fuscispinus, Leptopterna dolobrata, Lygus

pratensis, Nabis pseudoferus and Plagiognathus chrysanthemi). Six species, however,

are significantly affected by the structure of the surrounding landscape (Table 2). The

abundance of Adelphocoris lineolatus, Notostira erratica, Lygus rugulipennis and
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Trigonotylus caelestialium increases with the proportion of arable land. For N erratica

this is the case only up to 50 m, but all others are independent of the distance In

addition, T caelestialium correlates positively with the proportion of roads in the

surrounding up to 30 m. The abundance of Polymerus unifasciatus increases with the

proportion of grassland in the surrounding (Table 2). Chlamydatus puhcarius, N

erratica and Slenodema laevigalum are affected differently by site area (Tables 2 and

3), C puhcarius is most abundant m large meadows, while S laevigatum and N

erratica are more strongly associated with small ones

Table 2 Regression analysis shows the responses of single bug species to landscape structure The p-

value represent the coefficients of the partial correlation

Species 1 Buffer distance 10 m 30 m 50 m 100 m

B p-value B p-value B p-value B p-value

Adelphocoris hneolatus R2 = 0 37 R2 = 0 54 R2 = 06 R2 = 0 68

arable land 3 63 0 001 4 2 <0 0001 4 47 <0 0001 4 71 <0 0001

Lygus ruguhpenms R2 = 0 17 R2 = 0 34 R2 = 0 42 R2 = 0 57

arable land 2 83 0 03 3 7 0 002 4 13 0 0005 4 68 <0 0001

Trigonotylus caelestialium R2 = 0 36 R2 = 04 R2 = 0 39 R2 = 0 46

arable land 1 96 0 04 2 75 0 004 2 89 0 004 3 62 0 0003

roads 4 69 0 009 5 56 0 03 47 01 118 071

Notostira erratica R2 = 0 5 R2 = 0 43 R2 = 0 41 R2 = 0 37

arable land 1 24 0 008 1 01 0 033 0 95 0 05 0 78 0 13

site area -0 74 0 001 -0 68 0 004 -0 64 0 007 -0 63 0 012

Polymerus unifasciatus R2 = 0 13 R2 = 0 24 R2 = 0 25 R2 = 0 26

grassland 1 53 0 05 2 19 0 01 2 55 0 01 3 33 0 008

Table 3 Two bug species are only affected by the site area

Species B p-value

Chlamydatus puhcarius

site area

R2 = 0 17

105 0 03

Stenodema laevigatum

site area

R2 = 0 18

-0 95 0 03

Dispersal experiment

The first summer after we set up the dispersal experiment was very dry and hot in the

Schaffhauser Randen. The introduced plants had difficulties to establish and many died
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m the first month of the expenment. Only few individuals achieved any new growth or

flowered. However, despite these difficulties four plant species not otherwise present in

the surrounding vegetation did become established and two of them flowered, at least in

the penod of the study. We were therefore able to achieve a local increase in plant

species nchness. In the flower and control patches a total of 27 bug species and 114

individuals were recorded. There is no significant difference (one-way ANOVAs)

between the mean numbers of bug species in the flower patches (6 ± 2.65) and m the

control patches withm (2.6 ± 2.07) and outside the treated sites (4.2 ± 2.17). The

qualitative analysis showed that none of the recorded species is specialised on the

introduced plants species. In general, the bug fauna recorded is typical for medium

intensively managed meadows (M. Di Giulio, in prep.).

Discussion

Spatial effects

The meadows of the Schaffhauser Randen plateau are highly fragmented habitats and

represent a only small fraction of the former grassland. Until the mid 20th century the

plateau was covered with extensive, continuous grassland and vanous studies suggest

that the species diversity was considerably higher than at present (Zoller 1954; Isler-

Hubscher 1980; Schiess-Buhler & Schiess 1997). The extensively managed meadows

are about 100 to 150 years old and are remnants of formerly much larger areas of

continuous grasslands (Bronhofer 1956). In contrast the medium intensive sites were

created by intensification over the last few decades and are of varying age. Since there

has been a longer penod for the extensive grasslands to reach an equilibnum with the

habitat conditions and management, it is not surpnsing that, in contrast to the medium

intensive grasslands, the extensive grasslands only show little vanation in plant species

nchness (Fig. 2) and plant species composition. Moreover, the management of the

medium intensive meadows is more vanable m respect to the amount and type of

fertiliser used than the extensive ones, which are not fertilised at all. Insects, however,

show a different pattern of vanation. The extensive sites investigated vary greatly in

both their bug species number (Fig. 2 ) and the composition of the bug fauna (M. Di

Giulio, in prep.), indicating that the bug fauna is determined by vanous environmental
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factors besides management, for example aspect, isolation and previous management.

The species number of butterflies varies much less between sites within an area (Fig. 2),

probably because adult insects are mobile and unsuitable habitats between the grassland

sites are not much of a barrier for them.

Given the history of land use change and the fact that most if not all of these sites

were at one time arable land, most of the plant and animal species which presently occur

there must have recolonised these areas at one stage. The present species composition of

sites, and in particular the differences between sites, will reflect at least in part the

differing dispersal abilities of different taxa. For plants, no regional differences in

species composition and species richness were detected between the four areas. Rare

species with a scattered distribution, which often are responsible for regional patterns,

are missing. After the period of arable land use until the mid 19th century, when these

grasslands developed, there were probably only few grasslands that could have served

as seed sources. Since a dense vegetation cover can establish within a relatively short

time (Zoller 1954) slowly dispersing species probably were clearly at a disadvantage.

Therefore the plant species which occur are mainly those which are common and

apparently readily dispersed. These hypothesis is supported by a separate study

conducted in the same study area (S. Studer, in prep.) where exactly the same set of

species was found in 50 years old grasslands that were ploughed during the Second

World War and in older grasslands that were not ploughed for about 150 years.

However, species that do not disperse or establish easily are now rare in the Randen and

are confined to sites which have not been ploughed. Additionally the intensification of

the land use in the region led to a fragmentation of the grasslands, especially of the

extensively used ones and, as a consequence, to a reduction in rare species. The

butterflies are obviously strong fliers and therefore the distances between suitable

habitats within and between areas might not be a barrier for them. This is supported by

the our findings that we found only small differences in species number (Table 1) and

species composition (Widmer 2000) between the areas suggesting that most species

which occur are not limited by dispersal. The bugs show the strongest differences

between areas, both in species number (Table 1) and species composition (M. Di Giulio,

in prep.). Of the regional diversity only 50% of the species occur in individual areas

(Fig. 2), indicating that many bug species occur only locally and have very restricted
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ranges. Many bug species seem not to be very mobile and therefore habitat

fragmentation represents a problem for their populations.

The bug fauna of the Chlosterfeld is richer in species than the other areas, though the

reasons are not obvious. In general, the management history has been similar in all four

areas. In fact, Chlosterfeld, due to its vicinity to the village of Hemmental, has been

used mainly as arable land and may have been managed more intensively in the past

few decades (Bronhofer 1956; Keel 1993). We think it likely that climatic conditions

are chiefly responsible for the greater species richness. Most bug species that occur

exclusively in the Chlosterfeld are associated with very warm and dry habitats and are

typical for chalk grasslands (R. Heckmann, pers. comra.). The Chlosterfeld is located

about 100 m lower, is more open and less shady than the other areas and the snow melts

sooner (pers. obs.). The climatic conditions therefore differ from those of the other areas

and may favour species which prefer warm and dry habitats. Nevertheless, we also have

an indication that the spatial structure of the surrounding landscape influences the bug

community. We could show that at least some species, like the quite common species L.

rugulipennis, A. lineolatus, T. caelestialium and N. erratic prefer a mixture of arable

and grassland (Table 3). However, we also found several less frequent species, like

Eurydema oleraceum, Aelia acuminata, Eurygaster maura or Aptus mirmicoides

(Wagner 1966; Péricart 1987) which occur exclusively in mixed enclaves. Areas with a

mixture of arable land and grassland habitats provide more niches and habitats for

insects and are therefore more heterogenous.

Dispersal experiment and bug species response to landscape structure

The results of the dispersal experiment were negative. Although we achieved a

modest increase of the local plant species diversity, there was no apparent effect on bug

species directly, and no 'new' species appeared in the community. In view of the rather

poor growth of the introduced plants, it would be a mistake to over interpret these

findings. However, it does support the general conclusion that many grassland bugs are

relatively immobile and their distribution is limited by habitat fragmentation. There is

an interesting contrast in this respect to species found on flower strips planted in arable

land, which appear to be more mobile. Ullrich & Edwards (1999) found that some of the

bug species occurring in the flower strips can colonise newly created patches of host

plants within a few weeks. Distances of over 100 m do not seem to present a significant

barrier to these species.
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The management of the adjacent fields appears to have no significant effect on the

species diversity of plants and insects. However, several bug species do respond to the

structure of the landscape surrounding a site. A. lineolatus, L. rugulipennis, T.

caelestialium and N. erratica are most abundant in grasslands that are surrounded by

arable land (Table 2). They are widespread species which feed also on crops and occur

frequently in arable land (Kullenberg 1944; Wagner 1952, 1970-1971, 1975;

Afscharpour 1960; Vans 1972; Hattwig 1997; Easterbrook 1997). For these species

arable land might represent an additional habitat or one they can switch to under

unfavourable conditions and therefore enhance their local abundance. All but N.

erratica are very mobile and have a high flight activity (Southwood 1960; Morris 1969,

1979; Gibson 1980). Previous studies have shown that N. erratica flies only over short

distances and that the females are very weak fliers because of their reduced flight

muscles (Kullenberg 1944; Dolling 1991; Bockwinkel 1990). The restricted dispersal

ability may explain why this species is influenced by crop fields only up to 50 m. T.

caelestialium is positively influenced by the roads to a distance of up to 30 m. In the

research area, the roads are mostly unmetalled tracks with wide grassy margins. We

therefore suggest that the abundance of T. caelestialium is positively correlated with the

road margins rather than the roads themselves. This mirid bug is specialised on various

grasses (Southwood & Leston 1959). Undisturbed road margins with a high amount of

grasses may represent an additional habitat and therefore enhance their local abundance.

Only field margins in the vicinity seem to be important even though it is a strong flier

(Southwood 1960).

Only one species, P. unifasciatus, is significantly influenced by the proportion of

grassland in the surroundings (Table 2). This oligophagous species feeds on Galium sp

(Kullenberg 1944; Wagner 1952). Galium spp. occur in a wide range of meadow types

and are very common in the research area. The proportion of grassland probably

correlates strongly with the abundance of this plant species, ie the bugs host plant. P.

unifasciatus is therefore positively affected by the abundance of its host plant.

Interestingly no other species were influenced by the proportion of grassland in the

surrounding. Many common species which are frequently found in meadows, like A.

seticornis, L. dolobrata, L. pratensis, N. pseudoferus and P. chrysanthemi (Kullenberg

1944; Southwood and Leston 1959; Wagner 1970-1971, 1975) seem not to be affected

by the presence of grassland in the surroundings. The bug fauna responds to the
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structure, the species composition and the management of meadows and therefore from

a bug's perspective not all meadows are suitable habitats (Remane 1958; Curry 1994;

Otto 1996). Our scale might therefore be too coarse to detect differences from a bugs

view and we would have to work on a much finer scale to analyse specific spatial

effects on bugs (Wiens 1989; Kotliar & Wiens 1990).

Site area affects three species (Tables 2 and 3). The abundance of C. pulicarius

increases with the habitat size, a relationship that has already been found in previous

studies (Simberloff 1974, 1976). The opposite is the case for S. laevigatum and N.

erratica, both species that are most abundant in small meadows.

We used a quantitative approach to investigate how landscape structure affects the

communities of plants and insects and how individual species respond to the spatial

structure of their surrounding. One problem with this approach is that only very

abundant species can be investigated. Species which occur only locally or less

frequently cannot be analysed properly for want of data, although these species would

be particularly interesting from a conservation point of view. Moreover, the scale turned

out to be too coarse and therefore only very rough pattern could be detected.

Nevertheless, the study has yielded valuable insights into what are the most important

factors affecting the regional plant and insect diversity in the Schaffhauser Randen.
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