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Abstract

Abstract

The aim of this study was to determine the relatioetween the intensity of land
use and the characteristics of different habitgiesy within the grassland
ecosystem in the Biosphere Area “Schwabische AlbGermanyData has been
collected based on 50 examination plots (4x4 m) tieé Biodiversity
Exploratories project. These plots representeedifft land use types and levels
of intensity which are 1) grazed, ungrazed 2) otwee, three times mowed, 3)
fertilised, unfertilised. All vascular plants, theground cover and several
environmental parameters (soil type, solum thicknexlination and exposition)
were recorded. Biomass was taken (g/0.2 m?2) andewasiined. Data analyses
were taken from several bivariate and multivarigtatistics. The results
indicated that the land use parameters grazing,ingpand fertilisation were the
most important determinants for species richneg®ec{es number/16 m?2),
evenness, (Shannon) diversity, composition and assnproduction. Inclination
was an important environmental factor. DCA showed averlap between
frequently mowed meadows and mowed pastures dudetcsimilar species
composition. Grazed pastures were clearly sepafetdadall other samples due
to a different species composition, high speciehnéss and a rather low
biomass production. Highest species richness avelsiiy and lowest biomass
were found in semi-dry grasslands. Traditional useddows with low mowing
frequency and low or none fertilisation reachedhhgpecies richness and
diversity and low to intermediate biomass productmmpared to all other
samples. Through raising the cutting frequency @oreddegree of fertilisation,



Keywords:

biomass production was increasing respectively bpecies richness and
diversity were shown to be reversibly related. &a&st with low livestock unit
and long grazing duration showed a higher biomas&lyztion than other
grazing schemes. Cattle and horse pastures obtibomedpecies diversity and
richness, compared to sheep grazed pastures, wiigimly occurred in
traditional transhumance shepherding. Since plgpecises’ diversity and
production was mainly affected by the intensitytlué land use, the results may
help to find appropriate land use management giegen order to maintain and
promote species diversity of the cultural ecosystaimthe Biosphere Area

“Schwabische Alb”.
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Species richness, species evenness, species tivesgecies composition,
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1 Introduction

1 Introduction

1.1 General introduction

Biodiversity describes “the variety of life, andees collectively to variation at all
levels of biological organization” (Gaston & Spic2004). The term also includes
diversity within species, between species and afsgstems (Secretariat of the
Convention on Biological Diversity, 2003). Due tletcurrent impact of human
activity, biodiversity is reducing at an alarmingte (Kim & Weaver, 1994;
Blockstein, 1995; Zechmeister & Moser, 2001). Buaalsity is the essential resource
of life and its destruction by humans has becomnmeagr issue worldwide (Soulé,
1991; Willemset al, 1993; Kim & Weaver, 1994; Forester & Machlis, 969
Millennium Ecosystem Assessment, 2005). In 1992hatEarth Summit in Rio de
Janeiro, this concern was raised to global levem(kK& Weaver, 1994). The
Convention of Biological Diversity states the nded “conservation of biological
diversity, the sustainable use of its componentstha fair and equitable sharing of

the benefits” (Secretariat of the Convention onl@&jaal Diversity, 2003).

More than 150 nations ratified the convention, udodhg Germany (Gaston & Spicer,

2004).

Another older worldwide project that advances coret@®n of biodiversity is the
establishment of biosphere reserves (BfN, 2007 UDNESCO is responsible for
this World Network of Biosphere Reserves (UNESCOQ8&. Over 500 reserves

have been established in 110 countries all ovemtbidd (Schulz 2006). There are
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three functions and levels of preservation for piwse reserves. First, biosphere
reserves include a protection (core) area in dimlepnserve landscapes, ecosystems,
species, and genetic diversity. The second levelitmis the development of the
region (buffer zone) to promote sustainable devekqt, both socio-culturally and
ecologically. Finally, biosphere reserves providgistic support (transition zone).
The reserves promote demonstrations, environmeadaication, research, and
environmental observation of local, regional, nadilp and international subjects and

sustainable development (BfN, 2007).

Germany's 13 biosphere reserves cover a total afed.73 m ha (without the
protected area of the North and Baltic Sea) (BfoSQ& UNESCO, 2008). There are
great efforts in creating a new reserve, which thién be the I biosphere reserve
in the country (BfN, 2008). This reserve is locatedhe southwest of Germany and
is called “Biospharengebiet Schwabische Alb”, megnibiosphere area”. This
neutral name was chosen to reduce inhabitantsegngi living in a protected area
with many prohibited actions. “Biosphere area” eaghes the cooperation of
humans and nature (LA&mmle, 2007; Schneider-Rapge&l&rger, 2008). Since the
beginning of 2008 it has already been proclaimetBassphere Area” in the national

law (RP Tlbingen, 2008a).
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1.2 Establishing a biosphere reserve

On 24" April 2007, the Cabinet of Baden-Wiirttemberg fisedl the border of the
new Biosphere Area “Schwabische Alb” (Start-Teanosphéarengebiet am RP
Tibingen, 2007). The concept was finalised andesigm 11 March 2008 and was
then handed in to be reviewed by UNESCO (MLR, 2008a 229 March 2008 the
new reserve was entered into force through theraetature Conservation Law (8
28 LNatSchG) (BfN, 2008; RP Tubingen, 2008a). Cutfyeit is expecting some

official resolutions from UNESCO.

1.3 Introduction of Biodiversity Exploratories

To advance biodiversity research in Germany a nesjegt named “Biodiversity
Exploratories” was launched in 2006. The exemplange-scale and long-term
research project emphasizes exploration as opptsedescriptive observations
(Fischeret al, 2006). It aims to establish and sustain “thergdic infrastructure
and develop the intellectual framework needed tdress critical questions about
changes in biodiversity and to evaluate the impatthose changes for ecosystem

processes” (Pfeiffer, 2007b).

The Biodiversity Exploratories project establistgegberimental and monitoring plots
in grassland and forest areas, whilst the relatipndetween land use intensity,

biodiversity change, and ecosystem functions ises$gd (Pfeiffer, 2007b).
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The project is taking place in three

exploratories around Germany (Figure

1). The Biosphere Reserve Schorfheide-

Schorfheide-Chorin D

hd
Berlin

Chorin (State of Brandenburg), the
National Park Hainich and its
surroundings (State of Thuringia), and
the designated Biosphere Area

o
Frankfurt

Schwabische Alb (State of Baden-

[ ]Schwébische Alb Wiirttemberg) comprise the areas. In the

Mungh
three exploratories, 300 automated

environmental sensing devices were
Figure 1: Locations in Germany, where

biodiversity exploratories take place (Pfeiffer

2007b). installed to measure environmental

parameters over extended spatial and
temporal scales. After implementation it is assunteeble one of the largest scientific

measurement systems in Central Europe (Pfeiff€780

This thesis focuses on the biosphere exploratochwébische Alb” and does not

address the other two areas.

1.4 Justification

Biodiversity, including plant diversity, suppliesitanity with essential resources
and ecosystem services (Schlapfer, 1999) like yingfair and water. As it serves
like a buffer against pollution, recycles, removesins but also provides space for

human recreation, it is seen as indispensable domamity. To be able to protect
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Biodiversity its familiarisation needs to improvRgscia, 1994). Research projects
are important to address the effect of human damimaon ecosystems and the
benefits that ecosystems provide to society (TilmB®O9b). There are still few
empirical studies on how human actions affect hiediity, although human impact
on nature is immense (Forester & Machlis, 1996; dé&eld, 1996). Thus it is
important to point out the human’s effect on ectays (Tilman, 1999b). A major
determinant is agriculture causing detrimental emrmental impacts on many
ecosystems. Much agricultural interference hapmengrasslands, which cover 5.5
m ha (19.6 %) of Germany (Fuchs & Schumacher, 2@@&iicularly the intensity of
land use is one key to conserve biodiversity (\Wikeet al, 1993; Pfeiffer, 2007a).
Extensive land use types promote species divemsitich makes them important to
support (Bignal, & McCracken, 1996)Thus, it is necessary to increase the
awareness about the different ecosystems and tgbliae impacts, especially on
agricultural landscapes, can be minimized (TilmE®99a). This might not only be
obtained through habitat protection but also byusiiljg the management and
finding appropriate strategies (Willemet al, 1993; Rescia, 1994; Roberts &
Gilliam, 1995; Zechmeister & Moser, 2001), whichlghen guiding towards
sustainable land use. This is especially impoifiana densely populated country like

Germany.

Maintenance and restoration of grasslands includimayving and grazing, are a
central part of nature management policy in manyopean countries (Pykala,

2003).
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The Swabian Alb (“Schwabische Alb”) offers a higlsiyuctured cultural landscape,
which serves as an ideal area to study biodiveestgan be seen in its mixture of
different forests and grasslands maintaining diffiédand use intensity and species
richness (Fischeet al, 2006) a typical feature of the European cultyrahaped

landscape. Thus the region is highly suitable &search in plant production and

species diversity in conjunction with different thnse types and their intensities.

1.5 The importance of the region for nature conservatia

The study area (biodiversity exploratory, biospharea) is located in the centre of
the Swabian Alb. Its geomorphology is heterogenedhs altitude is ranging from
about 400 m a.s.l. to 850 m a.s.l. The area’s clerniatics are morphological fairly
flat parts (“Mittleres Albvorland”, “Mittlere Flaatnalb”) (Figure 3, p. 21) but also
hilly parts and steep canyons. The region is anaoéé of settlement with an own
developed land use system where agriculture trednveere adapted to. Nowadays
the entire region is still been used relativelyeasively and therefore conserving a
high biodiversity. The markedly high diversity dfiet landscape, especially the
complex mosaic of forests, grasslands, arable landssettlements can not be found
in any other biosphere reserves. Striking featareghe canyon forests and different
types of beech forests. Since the soil is fairly [roductive grasslands are dominant
compared to fields. Particularly valuable from axservational perspective are the
rocky habitats and dry meadows with many relictsspécies (Bachmanet al,
2007). Of high value are the juniper heats formgdtranshumance shepherding

(“Wanderschéferei”) occurring on calcareous soms aiving rise to (semi-)dry

6
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grasslands. They maintain many rare and endangdesds like orchids, carline
thistles and gentians. In Baden-Wurttemberg theye r@markably declined in the

last decades due to the decrease of shepherdiagr(i@r 2002).

The former military training area near Munsingemtcbutes to the stellar value of
the Swabian Alb because it covers a large, nomyieajed area with many rare
communities such as juniper heats, tall oatgrasadme (“Glatthaferwiesen”);
infertile pastures und woodland pastures (“Huteedd The military training area
with its open landscape, solitary trees and copse®nsidered today as the most
continuous and most silent region of Baden-Wirttergk{Figure 2). The landscape
character of the area was formed by utilisatiorth&f military and thus continual
extensive agriculture (mainly transhumance shephgydAlso extensively used hay
meadows are declining in favour of silage meado®@sce to twice and only
moderately fertilised meadows maintain many plag@cges and describe a typical
ecosystem of the Swabian Alb. In these small biquenecosystems many rare and
endangered plant and animal species can be foeedcfmpter 3.1.8). Many of these

habitats and species are protected by the FFH-Guédeof the European Union and

Figure 2: The picture gives and idea of the unfragmnted grasslands of the old military training
area. Forests, solitary trees and pasture grasslandre scattered. On the left hand side an old
military bunker is visible.

7



1 Introduction

are listed in its Annex I, Il and IV. Through théferentiated settlement structures
and the development of the cultural landscape di\mosity emerged, which turns
the military training area and the whole biosphemea to a national and international
valuable part of the European natural and culthesitage. The development of the
region’s unique cultural ecosystem, which goes bawdr thousands of years, has

created a very valuable and conservable regionhfBaonet al., 2007).

1.6 Objectives and research hypotheses

1.6.1 Overall objective

The overall aim of the study was to determine asgkss the influence of land use
systems and intensity levels on the cultural edesysin the Biosphere Area

"Schwabische Alb” in Southwest Germany.

1.6.2 Specific objectives
Therefore specific objectives were:

a) to describe the habitat types of grassland withifiergnt land use types and
intensity levels in terms of species richness, maess, diversity, species

composition and biomass production
b) to compare different land use types and intensitgls
c) to determine the relation between species richmgstsity and biomass

d) to assess the influence of land use practices sigéme background of

8
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1.6.3

b)

d)

conservation strategies for the Biosphere AreaWW&diische Alb”

Research hypotheses

The grassland types differ in species richnessnness, diversity, species
composition and biomass production due to differkamd use types and
intensity levels. It is expected that grassland$ wimilar land use types and
intensity levels obtain similar species richnesgnaess, diversity, species
composition and biomass production and can bendisished from grassland

with other land use types and intensities.

It is expected that species composition alters walithnging land use. Species
richness, evenness and diversity are higher insanéth low agricultural use
like no fertilisation, extensive mowing and extemsigrazing. Biomass
production is higher in areas with intensive largk wue to agricultural

treatments like the use of fertiliser, frequent nmaypand grazing.

The relationship between species richness or diyeend biomass is
influenced by different parameters. It is expedtest both, species richness
and biomass production, or diversity and biomasslyction are reversibly

related to each other.

The practises of different land use are suitablenaintaining grasslands of
the Biosphere Area "Schwabische Alb” in differenays. Only certain, in
particular extensive, management strategies sugppertonservation of the

cultural ecosystem.
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2 Literature review

2.1 Plant species diversity and biomass production: aaverview

2.1.1 Plant species diversity

Species richness and diversity are seen as beiagobthe most basic criteria of
biodiversity (Zechmeister & Moser 2001). “Plant sjgs diversityrefers to the
number of species (richness) and their relalmendance (evenness) within a defined
area” (Sandersoet al, 2004). Thus, diversity measures the amount astdllition

of species within an area. This term should be seem@ constantly generated or
readjusted measurement (Margalef, 1994). It infbesnthe biomass production and
stability of ecosystems whereas it is still uncleaw important species diversity is

(Tilman, 1999b).

Disturbance (especially in terms of agriculturag)usf plant communities plays also
an important role for species diversity. It hasrbhgpothesized that species richness
is highest at intermediate levels of disturbandaictvis caused by the coexistence of
colonizing species with competitive species thaulMyoout-compete the colonizer

without disturbance (Grime, 1973a; Huston, 1979).

Studies have shown that the disturbance-diversitionship can be either negative
(Baur et al, 2007) or positive depending on productivity {#ko& Mazumder,
1998; Kondoh, 2001). Kondoh (2001) agrees that sitige disturbance-diversity
relationship is observable only when productivity high while a negative
relationship is detected only when productivityass and a unimodal pattern when

productivity is moderate. According to Margalef 949 productivity is highest if
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there is no disturbance. After disturbance expenime low diverse, anthropogenic
grasslands Gendron & Wilson (2007) concluded thatlowest species diversity is
found in the undisturbed plots receiving the highaddition of N. Proulx &

Mazumder (1998) showed that plant species richmeseased with increasing
grazing pressure in a nutrient-rich environment ibutecreased in a nutrient-poor

environment.

It does not necessarily mean that high speciesnegh equals high value for
biodiversity protection. The potential value of amea depends on what type of plant
species occur in the area and not the amount. dfea contains few species and they

can not be found elsewhere, it is valuable (Margetel, 1994).

2.1.2 Biomass production

“Biomass means [...] organic material originatingnfrglants, animals and micro-
organisms” (United Nations Framework ConventiorGhimate Change [UNFCCC],
2005). In the context of thus study only plant bém® as the total mass of plant
material in a specific area is addressed.

Biomass production differs among habitats due totibiand abiotic factors.
According to the hypothesis of Tilman (1999b) manlages are the most productive
systems and that communities with higher diversitguld not be more productive.
Other models promote niche complementarity (LorebB298; Loreau & Hector,
2001; Hoopetet al, 2005). They expect that differences among speaaigesource
or environmental requirements (e.g. space) wodtmvatombinations of species to
more completely capture and use resources (Nagtewl, 1994; Hector, 1998;

11
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Loreau, 1998). This phenomenon is called overymgdiriiman, 1999b).

Different methods to measure biomass productione haiveady been used. In
grasslands, biomass is often clipped, oven driedl vaeighted (Ranet al, 1989;
Willems et al, 1993; Maet al, 2008). A further method is to use a disc pasture
meter, which estimates the standing crop of hedscelant material in a grass
sward (Bransby & Tainton, 1977). This is based I fact that depending on the
amount of grass the higher the height from the mgoto where the disc settles
(Bransby & Tainton, 1977). More recent methodsemtémations of biomass through
the usage of remote sensing and geographic infamalystems (GIS) modelling
(Iversonet al, 1994; Ma, 2008). The biomass production candbeutated with the

aid of different bands of satellite images anddbleurs vegetation reflects.

2.1.3 Plant species richness or diversity and its relatimto biomass

One direction researchers are heading towardseigligtussion about plant species
diversity, composition, biomass, and the relatietween them. Existing studies state
that the productivity-diversity relationships caa jpositive (Abrams 1995; Lambers
et al, 2004), negative (Rosenzweig 1971) or unimodaini& 1973b; Rosenzweig &
Abramsky 1993; Tilman & Pacala 1993), as confirmeg empirical studies

(Kondoh, 2001).

On the one hand data from an experiment confirnieed the species richness-
productivity relationship and calculated measures dveryielding result in the
positive relationship between species richnesshammiass production (Balvaneea

al., 2006; Cardinaleet al, 2006; Roscheret al, 2007). On the other hand
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observations during experiments in grassland pkiteyed loss of diversity led to
significant decreases in productivity (Tilman, 1B9®ector, 1999). Hector (1998)
states that species-rich communities have a highaability of containing highly
productive species. Thus, it can be suggestecetteat the best monoculture does not
reach many higher diversity communities (Hector99)9 These finding are
supported by Roschet al (2007), while they specify the increase of biogniem
monocultures to mixed cultures. Their findings supphe overyielding hypothesis
as it has shown that their observed strong incrisags® monocultures to two-species
mixtures was due to trait-independent complementaaifects. Overyielding was
greater in mixtures but did not increase with speaichness, which is consistent
with the constant complementarity effect. Domingpécies with broad niches and
therefore similar requirements reach their potémdianiche complementarity under
conditions of low diversity due to reduced intrasific competition (Roschest al,
2007). Manhoudet al. (2005) state that a decrease in biomass cleaalysl¢o an
increase in plant species numbers. This trend Bas bonfirmed by other scientists
agreeing that over a wide range of moderate-to-hgimass values, biomass
production is negatively related to species ricendsven by increasing competitive
exclusion at higher productivity (Grime 1973a, 197990; Willemset al, 1993;
Grace 1999; Thompsoet al, 2005). Intraspecific competition occurs for mernts,
water, light and other for surviving essential ¢ast(Van Der Walet al, 2000).
Decreasing species richness results in a decreasgsomass of certain trophic
groups, leading to less complete depletion of resmuused by that group (Cardinale

et al, 2006).
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Experiments have shown that the effect of speciesiposition on biomass
production is relatively high compared to the effeaf species richness (e.g. Tilman
et al, 1997; Hooper, 1998; Crairet al, 2003; Roscheet al, 2007). Contrarily,
Hector et al (1999) found a strong evidence of a simultaneeffisct of species
composition on biomass production like plant spedigersity on productivity.
Biomass production also correlates positively vighilisation (Stevensgt al, 2004;
Manhoudtet al, 2005). Thus reducing nutrient input leads torargase in species
number (Manhoudet al, 2005, Schippers & Joenje, 2002). Furthermoreissud
found out that the species richness and produgtigtationship also depends on
soils. The general pattern of plant species richmegrasslands is described as poor
in areas of very low soil productivity, rich in ae of low and intermediate
productivity, and poor again in areas of high pidity (Huston, 1994; Margulest

al., & Huston, 1994; Rescia, 1994).

2.1.4 Abiotic and biotic determinants

Plant species diversity and production dependsarsiows abiotic and biotic factors.
Vegetation depends on the ambient rainfall andahaetwisture conditions may be
among the most important ecological factors resjpte$or community composition
(Rosen, 1988, 1995; Otsus & Zobel, 2002). Rainfllespecially in calcareous
grasslands, an important factor for species richii@ssus & Zobel, 2004). Altitude,
expressing mean annual temperature and the prdmpitsum, is one of the major
factors, which influences the variation in vegetat{(Oglethorpe & Sanderson, 1998;

Botta-Dukat, 2005; Hajekt al, 2008; Zelnik & arni, 2008). Species composition
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also depends on topography and soils (Marini, 20@88)jch are usually shallow in
calcareous grasslands (Otsus & Zobel, 2004). Sesspand exposition can lead to
high temperatures (up to 50 °C at semi-dry grasislariDoler & Haag, 1995).
Abiotic factors like pH, plant-available P and silbntent are also considered as
important determinants for species richness andrsity (Zelnik & arni, 2008).
Nutrients and site fertility are also essential.hi@iml (2002) has shown that
productivity correlates positively with site feityl Furthermore exposition is
important for diversity. Usually, northern expodelli sides contain a lower diversity

than south-exposed (Schmid, 2003).

An additional factor affecting plant diversity andmmunity composition is grazing.
Herbivores impact species richness either positive negative depending on
herbivore species, stocking rate and periodicitgmizing (Amiaudet al, 2007, as
cited in OIff & Ritchie 1998; Menaret al, 2002). In general grazed meadows are
characterized by annual species. Usually specotmess is higher in grazed sites
and plant community structure differs from ungrazedadows (Amiaucet al,
2007). Experiments showed that after abandon ggaziant communities decrease
in spatial heterogeneity, a few species dominat® sjmecies richness decreases

(Adler & Lauenroth, 2001; Amiauet al, 2007).
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2.2 Land use practices: an overview

2.2.1 Land use practices and species diversity

Biodiversity is declining and even experiencingimstion, caused especially through
the agricultural sector (Willemst al, 1993; Tilman, 1999b; Schmid, 2002). The
changes in land use over the last 50 years hau#edsn a less diversified and more
fragmented landscape, which is particularly visibitea small scale (Rescia, 1994).
Modern agriculture is characterized by the changevegetation structure, its
homogeneity (Rescia, 1994; Firbank, 2008) and thdification into monocultures

(Tilman, 1999a).

However, some types of agriculture have increakeddiversity of the landscapes
(Ellenberg, 1988; Zechmeister & Moser, 2001). Ualdultivation, grazing does not
produce a decline in species richness ([Zaal, 1994). Thus, appropriate grazing
may be compatible with preserving diversity in sagnassland types (Huston, 1994).
Nevertheless, intensive grazing reduces diverstypkants can compensate the

effects of grazing only to a certain point (Noy-&di993).

Frequent mowing has a distinct negative influenecglant species richness. Where
intensive silage production happens plant specdiessity is low (Zechmeistest al,

2003).

The intensity of fertiliser application also effecbiomass production and plant
diversity. Vascular plant species richness is hsglae an intermediate nitrogen supply

(Zechmeisteet al, 2003).
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2.2.2 Land use practices in Europe and Germany

European agriculture shows a long history. At a0 BC, many farmers settled
in Germany (Ellenberg, 1988). In the area of theldan Alb the three-field rotation
system was introduced in th& 8entury (Fischeet al, 2006). It broke down in the
18" century and long-distance transhumance shepherdinge (Fischeet al,

2006).

Nowadays Germany’s landscape is characterised by adgriculture. Pristine
landscapes are very rare and hardly exist (Koen&cholz, 2007). It can thus be
described as a cultural landscape, rather thariumahdandscape (Ellenberg, 1988).
Through creating a cultural landscape, man haseasad the diversity of the
landscape in numerous areas (Ellenberg, 1988).eldre; Europe's most highly
valued biotopes occur on low-intensity farmlandsg(®l & McCracken, 1996),
which also applies to Germany. At the present,iticathl land use and management
systems change dramatically (Rescia, 1994; Firb@®8). In many European
regions with long periods of intensive land usealcextinction is widespread due to
these changes in agriculture (Forester & Mach@961 Schmid, 2002; Koellner &
Scholz, 2007). This has led to strong fragmentatbrihe remaining grasslands
(Kiehl & Pfadenhauer, 2007). Changes of agriculttae be seen on the one hand as
the establishment of intensive land use types othenother hand as giving up
agricultural as a whole (Willem®t al, 1993). Also species-rich calcareous
grasslands as often found at the Swabian Alb, aegity in Europe due to land use
intensification or abandonment (Gibson & Brown 19®@dllems 2001; Poschlod &

Wallis DeVries 2002). They are even seen to be gnba most threatened habitats
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in Central Europe (Fischest al, 2006). To protect the calcareous grasslands and
further ecosystems conservation of the biodiverbigyong to the basic aims of
German nature conservation and is fixed in the @arhature Conservation Law (8

1 Abs. 1 Nr. 3 NatSchG) (Murmann-Kirstenal, 2007).

2.2.3 Impact of land use on vegetation

Land use types strongly affect species compositiversity (Diazet al, 1994;

Firbank, 2008) and biomass (Willenet al, 1993). Intensively used areas like
grasslands, which are mowed several times a yeasddor silage, do not maintain
many different species (Schmid, 2002; Gendron &s@hl 2007). This leads to
changes in species composition where strong cotopetiare dominating the
communities. Some pastures are mowed after gramihgh is done to reduce the
expansion of certain specieRumex obtusifolius, Ranunculus acrad Cirsium

spec.) (Schmid, 2003; Elsaler, n.d.).

Has the depletion of a grassland happened, it é s a challenge or nearly
impossible to turn it back as low-diversity grassla caused by anthropogenic use
are resistant towards change in species compogi@icawleyet al, 1999; Gendron

& Wilson, 2007).

Extensively used areas like meadows erraticallyzepaby sheep flocks exhibit
relative high species richness and a diverse spamenposition of plant species
(Schmid, 2002). Willemst al (1993) state low fertility and episodic removdl o
foliage appear to be important for species divgrsihich is promoted by grazing or

mowing. However, mowing, grazing and fertilisatioreed to happen at an

18



2 Literature review

appropriate extent since they show a significafiu@mce on productivity (Willems

et al, 1993; Zechmeistaat al, 2003; Kralovec & Maly, 2006).

2.2.4 Grassland management

Extensive grasslands are managed in various waganwhile the use of herbivores
to maintain or even restore plant species divelsty become a crucial component
(Gordonet al, 1990; Amiaucet al, 2007) During their study Kiehl & Pfadenhauer
(2007) recognised that in comparison to unmanaded pmanagement by mowing
leads to higher species richness and a lower nunaberuderals (Kiehl &
Pfadenhauer, 2007). Oglethorpe & Sanderson (1988¢ribed that especially four
grass speciesCynosurus cristatysFestuca rubra Dactylis glomerataand Holcus
lanatug occurring in hay-meadow communities are assattiatiéh low but positive
levels of organic and inorganic fertilizer applicat moderate use of pesticides and
low stocking rates. Besides they prefer locati@usng southwards. It has shown that
regular and moderate agricultural use by grazimgstock or regular mowing is
probably the most important factor to maintain $gecichness in ancient calcareous
grasslands (Willems 2001; Poschlod & WallisDeVr#¥2; Kiehl & Pfadenhauer,
2007).

Fallows, where agricultural use has come to an shoyw less species richness and
also less biomass production (Ellenberg, 1988; $th2®02). If ecosystems such as
juniper heaths are not managed through removingeagmound biomass, species
diversity will decline dramatically (Willemst al.,, 1993).

In order to maintain plant diversity agriculturedatments need to be changed in an
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appropriate way. Bignal & McCracken (1996) criteithat too much emphasis is
placed on attempting to ameliorate damaging effeftagricultural management
rather than supporting ecologically sustainable-iotensity farming practices. To
promote extensive use of meadows and pastures mEargpean countries have
introduced economic incentives to farmers. Nevée® abandonment of grassland

is still seen as a problem in Europe (Amiatcl, 2007).
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3 Materials and methods

3.1 Description of the study area

3.1.1 General description of the Swabian Alb

The Swabian Alb is formed as a hilly highland. Theuntainous ridge is about 250
km long and 40 km wide with the highest point beawgr 1000 m a.s.l. It is one of
the largest connected karst regions in Germanyig\tbe whole of the north-western
boundary lays a 400 m high step in the terrain,eMlIbtrauf” (steep escarpment).
At its edge the escarpment gives way to the platédabhe Swabian Alb (Bachmann
et al, 2007). From the peak the area declines withvend@rd slope until it reaches

the Danube (Figure 3). The river flows in avera@ek parallel to the “Albtrauf”
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Figure 3: The region of the Biosphere Area “Schwaélsiche

Alb” is divided into three parts. (Bachmannet al, 2007) valleys. The Swabian Alb is

divided into two parts. The northern part followitlge escarpment is a hilly region

called the “Kuppenalb”. It is followed by the “Fl&enalb”, which is a flat plateau
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without distinct mountain peaks (Figure 3, p. ZIhe “Flachenalb” was created
through the abrasion of the Miocene Molasse SeydG& Gwinner, 1991). The

cliff line (“Burdigalkliff’) is located in the sout of Minsingen. The foreland of the
Swabian Alb, which is about 300-400 m deeper ti@npiateau, is characterised by
settlements. At the end of the foreland along tiep & the terrain a wide belt of

orchard meadows can be found (Bachmeinal, 2007).

3.1.2 Location and extent of the biosphere area

The new biosphere area covers more than 84,526bR,(2008a) and is located in
the centre of the mountain range of the Swabian. Albincludes the counties
(“Landkreise”) Esslingen, Reutlingen, and Alb-Don@duschel, 2007). Mainly
within the area of the biosphere reserve the inyatsbn area of the biodiversity

exploratory “Schwéabische Alb” is located (Figuregp423: red line).
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Flgure 4: The map shows the designated area of Bjasere Area “Schwablsche Alb* (31.01.2008).
The pink, bold line displays the border of the reseve, the purple squared area marks the area of
protection (core area) and the brown, dense patterindicates the development region (buffer
zone). The area, which is neither purple nor browrbut inside the pink line, receives logistic
support. The thin, blue line marks the municipality borders (Regierungsprasidium Tubingen,

2008b). The red line indicates the area of the bideersity-exploratory.
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3.1.3 Historical background

The biosphere area is located around the town Mgesi. Heart of the reserve is an
old military training area with a size of 6,700 (Fscheret al, 2006). On the Z1of
October 2005 the German armed forces closed tlis (fireitkrafte, 2006). Since
1895 it was a military training area and therefdased to the public, which means
that there was hardly any agricultural or othernecoical use. This area was only
affected by the military. Therefore, the naturdhe area was somehow “protected”
over a long period of time and was therefore ableldvelop a special ecosystem,
which makes it of high interest for research andseovation. Following a long
discussion, the Cabinet of Baden-Wirttemberg |a&lfoundations for the planned
Biosphere Area “Schwabische Alb”. As a result tltenaept was handed out to

UNESCO to get that international status (Musche07).

3.1.4 Climate

The study area is characterised by a continentaktd. Continentality is described
as the difference between the average temperatfird® coldest and the warmest
month. It reaches 17.1-17.5 K, which is already ohthe higher values reachable in
Baden-Wirttemberg (LUBW, 2006). Annual average terapure is about 6.5 °C
(FH Rottenburg, 2002). The highest annually averageached in July with 15.9 °C
and the lowest in January with -1.5°C (LUBW, 200&hnual total of precipitation

averages 960 mm (in MUnsingen-Apfelstetten). Pretipn maximum is reached in

June with 124 mm (FH Rottenburg, 2002; LUBW, 2006pwest precipitation
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occurs in February with only 61-70 mm (LUBW, 2008jnce the area is located in a
mountainous region vegetation period is short. Blogical beginning of spring,

which is measured by the beginning of the applesddm, is late on 16.-20. June.
Autumn tints of birch, which starts on 8.-12. Oaolmarks the beginning of the
autumn. Approximately 130 days per year are dayeeefzing (LUBW, 2006). There

is even the possibility of frost days during summferclosed or partial snow cover
occurs around 85-90 days. In average there aréIfays with temperature beyond

25 °C (Hummel, 2006).

Mountains and traverse constellation of elevated lavith regard to main wind
direction, coming from the west, caused in speclahate conditions (Kramer,
2000). Hence it is warmer than expected at thisudl also due to approximately
1700 sunshine hours at crests therefore the regi@me of the sunniest areas in
Germany (Hummel, 2006). As a result the region settled and cultivated at a very

early stage in time despite its high altitude (Ke&n2000).

3.1.5 Morphology, geology and soils

The geology of the highlands was formed during theiary period, when the
sediments of the Jurassic Sea rose because ofiteatovements in the upper Rhine
Valley. During this process especially the southtwest of the Alb was elevated
resulting in inclining geologic layers from northsteto southeast. The mountains
contain calcareous bedrock and the landscape iesemtative for a wide range of

similar calcareous mountain ranges. They extenth ftbe Franconian Alb in the
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northeast of Baden-Wirttemberg to the Swiss anddirdura mountains (Geyer &
Gwinner, 1991). Relief strongly influences the depenent of the soils, which

results in mainly shallow soils (Pfeiffer, 2007b).

The geological underground is characterised bynsewli rocks, which rose during
the period where the Jurassic Sea covered the ateeh) was about 150 m years
ago. Three main formations can be distinguishecl{Bennet al, 2007). The clay
containing black jura (lias) can be found at theeland of the Swabian Alb
occurring as a minority in the study area. Browraj(dogger) builds up the middle
jura-layer and is found at the base and steep @m®eat (“Albtrauf”) e.g. around Bad
Urach, while the plateau of the Swabian Alb maiobnsist of white jura (malm)
(LGRB, 2003). Today the area is still subject tmis) weathering processes due to
chasms within the limestone, which allow waterleavfthrough. The clays swell and
slide and the limes glide to lower levels. Begimnat the escarpment the lime layer
of the inclining plateau extents to the southe@styer & Gwinner, 1991; Bachmann
et al, 2007). The remaining part contains of lime m¥#dry young limestone soils

contain mainly mineral substances (Bachmeanal, 2007).

An extraordinary geological phenomenon can be fowhmse to and in the
surroundings of the town Bad Urach. (Bachmatral, 2007). It is the “Swabian
volcano” (“Schwabischer Vulkan”), possessing apprately 350 eruption craters
(diatremes). They are distributed around Bad Uweithin a radius of 25 km (LGRB,
2003). About 16 to 17 m years ago tectonic plateeneent within the jura layers
caused lave breakthroughs, which hardened intoamolorents as basalt tuff. But

only 7 % of the vents were used by lava, whilsyayds eruptions developed in the
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others (Geyer & Gwinner, 1991). The former volcaremts are impermeable to
water and created maars, peat bogs and small matiésl “Hulen” (Bachmanret

al., 2007).

Usually on top of limestone medium-heavy, clayejlssoan be found containing
water that is only partly available for plants (1Keerwitterungslehme”) (Bachmann
et al, 2007). Soil types, which were mainly found ire tarea, are brown-earth-
rendzinas and rendzinas with a high pH value (Bachmet al, 2007; Pfeiffer,

2007b). The height of the development of the ssilsigher at deeper areas like in
valleys. Due to high steepness shifting of soil aniat occur at sites with less

vegetation cover. The results are colluvisols (fgi2007b).

3.1.6 Hydrology

The Swabian Alb shows a distinctive hydrology. Thaéareous bedrock structure of
the white jura leads to many caves, dolines and9since it is soluble in water and
rain seeps through cracks through forming subteaarrivers (Geyer & Gwinner,
1991; Bachmanet al, 2007). At the plateau a small of amount of stefevater can
be found as water flows through a large system ases until they emerge at
boundary springs (“Schichtquellen”) or karst spsireggg. near Seeburg (see map at
appendix VIII) (Geyer & Gwinner, 1991; Bachmaet al, 2007). The mattock
geology has a low water storing capacity, causingtew in “dry valleys”

(“Trockentéler”) to only be able to flow when snasvmelting and the ground is
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frozen or after a strong thunderstorm. Normallytexdrickles away immediately

(Geyer & Gwinner, 1991; Kramer, 2000) and is uniase for plants.

The European Watershed cuts from southwest to easththrough the study area,
whereas the water from the southern parts draataube and the northern parts to

the Rhine (Geyer & Gwinner, 1991).

3.1.7 Fauna

The area provides habitats for many animal spetiekiding protected species such
as birds like Grey-headed woodpeckBic(is canuy Red-backed shrikeLanius
collurio), Boreal owl Aegolius funereys Red kite Milvus milvug, Black
woodpecker Dryocopus martius Peregrine falconHalco peregring Eurasian
hobby Falco subbutely Woodlark Lullula arboreg, Whinchat Saxicola rubetrg
Stonechat Saxicola torquaty Quail Cortunix cortuniy and Northern wheatear
(Oenanthe oenanthe(Fischeret al, 2006). More than half of the grasshopper
species in the region are endangered (Letnal, 2005). At the orchard meadows
near the escarpment one can find Bechstein's Mgibt{s bechsteinjj which is a
highly endangered species (FFH Guidelines - Appehyi{Bachmannet al, 2007).
Particularly meadows offer habitats for diverseetts including various species of
butterflies and moths (Kinkele, 2007b). Endangdratterflies such as Spotted
Fritillary (Melitaea didymg Baton Blue Pseudophilotes batdn Purple-edged
Copper Lycaena hippothge Damon Blue Agrodiaetus damgnoccur in the study

area (Bachmanat al, 2007).
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Additionally mammals like deeC@preolus capreolyshare [Lepus europaeysfox
(Vulpes vulpesand wild boar $us scrofacan be sighted. Although the habitats are
not very humid, they support reptiles such as ¢éigaand amphibians including frogs

and newts (Kinkele, 2007a).

3.1.8 Flora and land use types

The study area is characterised by a diverse pattetand uses (Bachmarat al,
2007). In the area of the middle, flat part of teabian Alb mainly large-scale
fields occur whereas on the middle, gently hillytpamall units with a frequently
change in land use of field; grassland,
forest and villages are typical (Figure 5)

(Bachmanret al, 2007).

An exception in this pattern is the old

military training area, which is dominated

Figure 5. The picture shows the highly by grasslands and forests (Fiscletral,
structured cultural landscape (in view of

Rietheim). 2006).

Different types of beech forests are the naturajetegion of most parts of the
Swabian Alb (Fischeet al, 2006). Nowadays, the forests are composed ahbleet
also mixed beech woods. Tree species like beEagus sylvaticp oak Quercus
petraeg, ash Fraxinus excelsigr sycamore mapleAcer pseudoplatanis pine
(Pinus sylvestris and larch I(arix decidud characterise the area withagus

sylvatica being the most dominant species in the regione(ibérg, 1988). Near-
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natural beech forests take up a big part of the eoea of the reserve. They are not
pristine but most similar to the potentially natuwagetation although they are used
for timber production (Fischeat al, 2006). Beech forests are interrupted by several
stands of spruceP({cea abiey monocultures (Fischeat al, 2006). They are planted
as plantations to use for timber production. Theegtsurface of the escarpment is
dominated by Canyon forests (“Hang- und Schluchdesd) with occasionally lime
rocks sticking out (Bachmaret al, 2007). These forests are the natural vegetation
of the humid and shady canyons and played a maybirpqualifying as an UNESO
site (Fischert al, 2006). Many of them are part of small natureeress and FFH

areas.

Another characteristic land use type is the fosteriof orchard meadows
(“Streuobstwiesen”) (Bachmanat al, 2007). Usually these meadows are also
extensively used since the trees are planted irs moot offering as much space as
modern tractors would need. As a consequent mailiyand slow machines are
used. Orchard meadows are also threatened due teigh investment in time but

resulting in low profit (Seehofer & Wolf, 2008).

Root crop fields are scattered within forests aradgjands. Fields are hardly suitable
for cultivation of cereals. Vegetation period i®oghand water availability is limited.
In general, the area has been characterized byn@nsive agricultural use for many

centuries (Pfeiffer, 2007a).

A relatively high part (ca. 20 %) of the biodiveysexploratories area is covered by
grassland. This is mostly due to a many-centurgltmadition of sheep herding

(Pfeiffer, 2007a). Nowadays, grassland is mainkoduas meadow, pasture or mowed
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pasture.

Mowed meadows occur in different intensity levéisfor agriculture favorable sites

grasslands are mainly used as intensive grasslaidsh are fertilised and mowed

several times a year (Bachmagtral, 2007).

Further land use types
are cattle or horse
pastures. These pastures
are usually intensively

used as grazing duration

g * | is long and some are

Figure 6: The picture shows a rotation pasture, whih was grazed . )
by cattle and horses (AEG 44). On the right side mart of a even fertilized.Different
juniper heat is visible.

types occur at the
Swabian Alb. Permanent pastures (“Dauerweiden”ehawng grazing periods and
relatively short brakes in between. Usually grovghow limiting grazing selection
of the animals. Grazing periods of rotation pagui&mtriebsweiden®) (Figure 6)
are a few days and recovering periods three taveeks. Grazing area is small and
grazing pressure (less selection, high trampling) high. Ration grazing
(“Portionsweiden”) are half-day or full-time pastsr Grazing area gets changed
once or twice a day (Starz & Pfister, 2008). Ithe most intensive way of grazing
with the highest animal density and fertiliser ihpGome of these pastures are
mowed after grazing to remove residual plant matemd suppress dispersal of so-
called pasture weeds.

Many extensive used sheep pastures are locatée aid military training area. At
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the moment 30,000 sheep (15,000 ewes) are grazitttgat area (Bachmaret al,

2007).

In the study area protected semi-dry grasslandaspgu heats) with extensive sheep
grazing occur (Figure 7, p. 33). These calcaresasstand communities developed
in areas of clearing and forest-grazing and latraime common pastures the so
called “Allmende” (Fischeret al, 2006). With transhumance shepherding grazed
semi-dry grasslands arose (Fischeanl, 2006). Especially at very shallow soils and

rocky habitats some rare, arid grasslands are f@@achmanret al, 2007).

At the Swabian Alb agriculture still happens on raali-scale basis and many
producers are active. In total more than 50 farroalvate in the area (Biodiversity

Exploratories, n.d.).

3.2 Field work

3.2.1 Selection of study sites and demarcation of the g

As this thesis’ field work took place in the cortex the Biodiversity Exploratories

project the plots were chosen in order to fit tbtlaé subjects and projects of the
various working groups. As a first step 1000 graings, including grasslands and
forests, were laid on the area of the exploratayich partly covers the Biosphere
Area “Schwabische Alb” (Figure 4, p. 23). At thaged points plant species number
and abundance as well as land use types and itytelesiels were recorded.

Additionally, soil samples were taken and analydddxt step required choosing
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grassland from the pool of grid points for moreemgive studies, including the
possibility to set up experiments. These plotsas@nt a land use intensity gradient
ranging from extensively to intensively used ectays (Pfeiffer, 2007b). Soil

properties also played an important selection roiteas the two main soil types
(rendzina and brown earth) should be included atagmately identical number.

Besides, properties had to be found, where the mnalowed the establishment of
the experimentation plots. Then 50 plots, whichensgratified according to land use,

from the total pool of possible plots were selectwttiomly.

After selection of the plots they were temporantarked with rods (Figure 7) and

permanently with a subterranean iron nail. AddiibnGPS coordinates were given

for each plot.

Figure 7: The rods mark plot AEG 26. The juniper hat is surrounded by mostly frequently
mowed meadows.
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3.2.2 Sampling units

The 50 grassland plots were located between thite cdschtenstein” near Grol3-
Engstingen (W), Bottingen (E), Bad Urach (N) anditBahausen (S). The north-
south extension of the study area covered 13.25%vkile eastern- and westernmost

points were 22.5 km apart from each other (seerapp&/Ill).

The 50 grassland plots with a size of 4x4 m weignatl to the point of the compass.
Usually the examination plot was situated in theenior of the land use unit to

prevent edge effects.

The plots are called AEGs meaning “Alb ExploratoBrassland” to be able to
distinguish grasslands and forests of the plotlldhree exploratories. Although the
study was only undertaken at Alb grasslands théoexjopries numbering was kept to

be consistent.

3.2.3 Geographical output

To locate the examination plots, Geographical imiation System (GIS) was used.
The sampling units were marked in the digital n@aprovide the printed output with
the location in the area and in relation to eadhentThe map can be found in

appendix VIII.
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3.2.4 Levels of intensity and combinations

The selected plots covered all main grassland tes&dtypes and levels of intensity
occurring in the study area. The 50 examined plastained three different
treatments of agricultural land use as grazing, mgwand fertilisation. The
treatments were undertaken in different intens#yels and combinations (12

combinations) as shown in Table 1.

Table 1: The land use treatments occur in differentintensity levels. The plots were either
mowed, grazed or both. Additionally, they were ferlised or unfertilised. Grazing took place
through different animal species. It was not possik to find every combination in the field (e.g.
meadow, 1x mowed, fertilised or meadow, 3 x mowednfertilised) since some combinations
were not used by farmers. n shows the number of pi&

Land use treatment and intensity level

Pasture, sheep, unfertilised (semi-dry grasslands) 9
Pasture, sheep, unfertilised (pasture grassland) 1
Pasture, cattle, unfertilised 1
Pasture, cattle-horse, fertilised 3
Meadow, 1 x mowed, unfertilised 7
Meadow, 2 x mowed, unfertilised 2
Meadow, 2 x mowed, fertilised 2
Meadow, 3 x mowed, fertilised 13
Mowed pasture, sheep, unfertilised 6
Mowed pasture, cattle-horse, fertilised 4
Mowed pasture, cattle, fertilised 1
Mowed pasture, sheep, fertilised 1

This data set could be extended as in 2006 a guestire survey was undertaken in
the context of the Biodiversity Exploratories paijencluding all land owners of the

experimentation plots. The survey contained questmn land use and its intensity.
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In this context data was collected on the landtyse, which could either be pasture,
meadow or mowed pasture. The questionnaire inclidfiedmation on grazing. First
question focused on whether a plot was grazed or Falowed by measuring
modality and intensity of grazing in terms of typlegrazing animals (sheep, cattle,
horse or no animals), livestock unit, which is usualefined as the grazing
equivalent of one adult dairy cow (Muldet al, 2005) and the number of grazing
days. Further question involved investigating wietthe plots were mowed or not.
Mowing intensity was expressed in frequency of mmyyiwhich could be, never,
once, twice or three times a year. The last majariable taken from the
questionnaire was fertilisation. Focusing in thmstfiquestion on whether the plots
were fertilised or not. For measuring intensity émeount of fertilisation usually used
per year and the frequency of fertilisation witlairyear (never, once or twice) was

recorded (see appendix Il and IV).

All these data were used for statistical analydengas major parameters (grazing,
mowing and fertilisation), which described whetlieat treatment occurred or not,
were analysed first to give them the main evalmaiio the analysis. Afterwards
parameters with additional information about intgngevels (frequency, amount,

etc.) were taken into account for delicate evatuatwithin the main parameters.

3.2.5 Environmental factors

To determine further factors that might have inficed biomass production and

diversity, additional available data of the plotdlected by other researchers of the

36



3 Materials and methods

Biodiversity Exploratories project were reviewedat® gathered by other groups
included information on exposition (eight categs)jesoil type (rendzina or brown
earth) and solum thickness. Additionally, whilstrkiag in the field all plots were

divided into inclination categories ranging fromang flat (1), moderate steep (2) to

steep (3). The data set is found in appendix I.

These factors were used as agents for abiotichtasawhich could be applied for

statistical analysis as independent variables.

3.2.6 Species diversity and composition

For plant nomenclature Wisskirchen and Haupler 8198as used. To determine
species diversity (number of species per plot &et £venness) and composition all
vascular plants occurring at a 4x4 m square weeatiied and recorded for the
inventory list (see appendix V and VI). Abundancaswestimated as percentage
cover of perpendicular projection of all aerial tgaof the plant (Britz & Ward,
2007). All species with a high cover were recordiest. Cover of dominant and
abundant species was estimated. The area was tese@rbefore this process was
finished to avoid trampling and therefore falsifyirthe records. To record and
estimate cover of rare species the plot was entanddhe ground searched for these
plants. The estimation was undertaken for all viascplants (adults or juveniles),
shrubs and tree seedlings (there were no adul treéhe plots). Since grasslands
usually consisted of different layers of plants tibal cover estimation could exceed

100 percentages.
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Some of the plots had already been mowed befone dbeld be recorded. In this
case mean height of vascular plants was not gieeprévent biased data (see

appendix II).

3.2.7 Biomass production

The records of the biomass were performed in atgiod of time (09.06.2008-
12.06.2008) to make sure that the plants were Bagepromptly because biomass

changes with onward vegetation period.

To estimate the productivity of grasslands,
above-ground biomass (g/m?) was
recorded at each plot. Two samples of
above-ground biomass were clipped at
each grassland plot and packed into paper
bags. Plant material was removed with
hand scissors 2-3 cm above the soil
surface, in order to prevent any lethal

effects (Willems et al, 1993). The

constant size of the samples could be

Figure 8: The picture shows biomass harvest
through using a wooden frame at plot AEG guarantied through using a wooden frame

48.
with fixed measurements (interior range: 20 x 50 ¢Rigure 8). To make sure to
harvest all biomass produced since last wintes#meples were taken in a part of the

plot, which was fenced since the beginning of tkgetation period and therefore

38



3 Materials and methods

protected from mowing and grazing. Vegetation witthat plot was not removed

before July so all biomass could be harvested befiis strategy also allowed that
the plot used for species recording could be etlliby agriculture as usual to keep
the original land use treatments over years. Tératdd plot was usually located 5 m
in the north of the vegetation recording plot. &ses where this fenced part was not
set up before biomass removal, samples were takenthe nearest and most similar

point to the original plot.

After cutting the samples were put into an ovenemglthey were dried for 24 h at 80
°C (Ramet al, 1989). To begin with some of the first samplesraevalready
weighted after 8 h to see whether the weights webkhge within another 16 h of
drying. As no difference occurred it was guarantged the samples were tried to
constant mass after staying in the oven for one édtgrwards the two weight
measurements of one plot were added and arithriigteogeraged to get one mean

biomass per examination plot.

3.3 Data manipulation and analysis

3.3.1 Environmental factors

The environmental variables of soil type, solunckhiess, exposition and inclination
were analysed in order to compare their importaimceelation to the land use
parameters. Data was investigated concerning nordistribution and equal
variance. One Way ANOVA was used for environmefdators since they had low

correlation with each other (Table 8, p.70). If thesumptions for a One Way
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ANOVA was met it was run to investigate the meahthe data sets and see whether
an environmental parameter had significant infléeno the dependent factors like
species richness and diversity (see appendix e Way ANOVA). Two Way

ANOVA was also used in combination with land useapzeter to see whether they

were additive.

3.3.2 Species diversity

Species richness was always referred to the nuofltsgrecies occurring in the 16 m2
plot. Species diversity of grasslands was detertharal expressed as Shannon-Index

S
(H= - p Inp, whereSis the number of species in the community pne the

i=1
abundance of theth species in the sample). The records of the grocover
estimations were used as surrogates for abund@heecalculation of the index was
done with a biometrics program that was able to e diversity indices on basis

of cover estimations in percentage. In the follayvspecies diversity was always

referred to Shannon-diversity.

Evenness (Shannon’s evenness) describes the lévegual distribution or the
relative abundance of individuals among the spedilee higher the index for species

evenness the more even is the plant community.

To determine the importance of land use intengityspecies richness, evenness and
species diversity the data sets were tested fanaldy and equality of variances. If

the assumption could be accepted, a multiple regne¢ANCOVA) was carried out.
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This was done separately for all three variablespesies richness, evenness and
diversity were not independent. It is one assumptibANOVA or ANCOVA that
the factors are independent from each other (DytH2006). Multiple regressions
were used to firstly find out the difference betwarowed pastures and the other
land use types to be able to have mowed pastuieséparate category because they
were mowed and grazed (see appendix VII: Multiggressions). Otherwise the
mowed pastures would be allocated to meadows astdrea. Secondly mowing and
grazing was analysed. Fertilisation was the thimlmparameter to be investigated.
In the next step the more detailed intensity patarsevere explored to see whether
these factors make a difference in addition tortteen parameters. Thus they were
sorted and analysed according to their importaaoe(nt of fertilisation, frequency
of fertilisation, livestock unit, type of animalurhtion of grazing and frequency of
mowing) (see appendix VII). Mowing frequency wa®rsas less important since

grasslands were first influenced first by fertitisa.

Two Way ANOVA indicated, whether interaction hadkedn place between two
parameters concerning a dependent variable orlinedriance of the data was not
equal a Scheirer-Ray-Hare Test was used (Dythai®§)2®\l statistical analyses

were done at a significance levelpsf0.05.

3.3.3 Plant species composition

Species composition of grassland was analysed sgrideng the recorded species of

all plots along a land use gradient as absenceesepce. For running a DCA, which
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is a multivariate ordination, only species data evesed (ter Braak, 1987). The
gradients or axes of the indirect gradient analygse unknown and were inferred
from species composition data (ter Braak, 1987mesl 2008). The axes were the
explanatory variables of the environmental paramsdieeyer & Wesche, 2007). The
unconstrained ordination axes correspond to thections of the greatest variability
within the data set (ter Braak, 1987). The DCA oedehe plots along that unknown
environmental gradient (Digby & Kempton, 1987). Tleagth of the axes could be
seen as species turnover or beta diversity. Funibier the length showed how
different the plots were from each other and homafzart they were on the gradients
of species composition (Palmer, 2008). Plots witimilar acting and similar
influencing variables were grouped together. Theaathge was that correspondence
analysis ran a search for the optimal gradient.tl@nbasis of the clustering the
environmental gradients could be interpreted (LegerWesche, 2007). Thus
Ellenberg’s indicator values of plants helped tiipret the pattern (Ellenbeeg al,

1992).

The grouping of the samples in the output grapplay®d the influence of both land

use and environmental data on composition.

Additionally a cluster analysis was run to identdgtual groups. A hierarchical
clustering could be applied because the data set stil small. It determined
similarity or distances between cases or in theeqaots. To be able to visualise it a
dendrogram was drawn. The lines indicated the mist® of the plots displayed as
ratio of the original distances. The smaller th&ahce, the higher was the similarity

between the plots (Norusis, 2008). As date inpatigs number data was used.
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3.3.4 Biomass production

The biomass collected at each grassland plot anth#ans of parameters concerning
land use intensity were statistically analysed vaitmultiple regression (ANCOVA)
after the data were checked for normal distributiad for the same variation in each
factor combination (Dytham, 2006). Multiple regresswas used again to firstly
determine the difference between mowed pastureshendther land use types. Then
the three main land use treatments grazing, moamndyfertilisation were explored
followed by the more detailed intensity paramet¢asnount of fertilisation,
frequency of fertilisation, livestock unit, type ahimal, duration of grazing and

frequency of mowing).

Two Way ANOVA was used to signify, whether interanthad taken place between
two parameters concerning biomass or not. All stiatl analyses were done at a

significance level 0p<0.05.

3.3.5 Determinants of species composition

To find out whether environmental factors or lanse ufactors had a stronger
influence or which variable was the most import@ator a direct gradient analysis
was carried out. The environmental and land usteifgevere used for the ordination
and served as explanatory variables for speciegposition. CCA was applied as it

recognizes an environmental basis for communitynattn (Britz & Ward, 2007).
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It identified the patterns of variation in commuynitomposition, which could be
explained through these environmental variablesitAB& Ward, 2007) and
developed a theoretical gradient, which spreadotbes in a maximal way (Leyer &
Wesche, 2007). These gradients (ordination axepladied as much as possible of
the variance and the linear combinations of theirenmental parameters. In this
way it was able to combine the relationship of emwnental parameter and species.
The length of the axes could be seen as speciesvier or comparing species
diversity along an environmental gradient (Paln2&08). The statistical calculations
occurred on the basis of a multiple regression. dygropriateness of the axes was
explained in eigenvalues. Eigenvalues describeldgeee of the maximal dispersion,
meaning the separation of the species value almmgiis. They presented the degree
of the participation of the variance measured atttital dispersion of the species
composition. The bigger the eigenvalue the strongas this axis, and thus the
underlying gradient, in relation with the variation species composition. The axes
displaying the relationship between environmentalables and species composition
were chosen by the programme slightly differenhtfa the DCA. In the context of
this study land use parameters could be seen iéisi@rtenvironmental variables.
The plots were scattered around the point of orggid along the axes. Arrows were
indicating the environmental parameters. The lorggerarrow the more important
was that variable for changing species composifidre longer an arrow compared
to an axis the closer was the relation of this mmrnental parameter to this axis and
the axis variation. Plots lying at the same sidéhefcoordinate system like an arrow
had a higher weighting for this environmental vialéa However, plots located very

close to the origin did not have a relation to &xes or the environmental variables.
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The direction of an arrow explained the directidrthee variation of a variable and
the length the power of the variation of that Vialéa The longer an arrow was
concerning an axis the closer was the relatiorhefenvironmental variable and the
species composition (Leyer & Wesche, 2007). Cuniudapercentage variance of
species-environment relation expressed the amduiniedia explained by the axes
as a fraction of the total explainable inertia. déscribed the quality of the

relationship of species and environmental variaffiedmer, 2008).

To check whether the correct environmental varablere used for the CCA, the
DCA was applied. If the variables were correct tbeation of the plots of both
ordinations are at the similar position within gp@ph. Additionally the eigenvalues

of the axes should be the same (Leyer & Wesche?)200

3.3.6 Statistical variables

The data were tested for normality before using etfmer statistical analysis. After
confirming homogeneous variances of the data byyicey out Levene’s Test of
Equality of Error Variances the following testscmmpare the means of the data were

done with multiple regressions (ANCOVA) if not ottwse indicated.
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4 Results

4.1 Data range of study area: an overview

In total 184 different plant species were foundhia 50 grassland plots. The chosen
plots and intensity levels covered a wide rangespEcies poor to rich plots. The
same was seen for species diversity. Also biomessuption covered a wide range

from nearly unproductive to high productive plossdisplayed in Table 2.

Table 2: The table shows a short overview on the avage and range of the results of the
dependent variables, which were measured in the 5ots of the study area.

Dependent variable Average Range
Species richness (n) 32.60 18.00 — 57.00
Species evenness (E) 0.708 0.534 - 0.848
Species diversity (H’) 2.44 1.60 - 3.30
Biomass (g/m?) 613.00 30.00 — 1165.00

To receive more precise results the three main lesadtreatments (grazing, mowing

and fertilisation) were investigated focusing oeittdifferent intensity levels.

4.2 Meadows, pastures and mowed pastures

Three main land use types occurred in the study, aneadows, pastures and mowed
pastures. Out of 50 plots 20 were grazed, 22 plete mowed and 8 plots were both
grazed and mowed. These three land use typesadtlfiarabiotic factors. Meadows

and mowed pastures occurred mainly on flat to inésliate steep plots. Pastures
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were usually situated at steep sites where soluckribss reached in average about
23 cm. Solum thickness of mowed pastures was asibosv with 25 cm in average.
Meadows occurred on the thickest soils (mean: 3P The habitat of meadows and
mowed pastures was relatively moist while pastuvese mainly situated on dry
underground. Indicator plants showed low nitrogentent for pastures, higher for
meadows but highest for mowed pastures.

Meadows in the study area contained a total ofiBérdnt dicotyledons (herbs and
tree seedlings); mowed pastures only 40 and pasteexched 129. The same order
was found for monocotyledons (grasses). Meadowsitaiaed 21, mowed pastures
12 and pastures 34 different species in total, wmeans that mowed pastures had
the highest proportion of grasses (23.1 %) in thasgtherbs-ratio compared to
meadows (20.6 %) and pastures (17.3 %).

Species likeCerastium holosteoideFaraxacumspec. andrisetum flavescensere
very common and occurred in all investigated meaddactylis glomeratassp
glomerata Poa trivialis ssp trivialis and Ranunculus acrisvere found in 95 % of
the meadows;Trifolium repens Veronica arvensisand Rumex acetosan 86 %,
Plantago lanceolata Veronica chamaedrysGalium mollugo agg. and Lolium
perennein 82 %, andlrifolium pratensessp pratenseandVicia sepiumin 77 % of
the meadows. In 85 % of the pastures occuP&htago lanceolatain 80 %
Plantago mediand in 75 %laraxacumspec. In all mowed pastures wegaxacum
spec., Dactylis glomeratassp glomerata Ranunculus acrisPoa trivialis ssp
trivialis and Rumex acetosd@ound. Cerastium holosteoideslrisetum flavescens
Anthriscus sylvestrissp sylvestris Alopecurus pratensjsAlchemilla spec., and

Heracleum sphondyliunoccurred in 88 % and/eronica chamaedrysTrifolium
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pratensessp pratense Poa pratensis Galium mollugoagg. andArrhenatherum
elatiusin 75 % of the mowed pastures.

Mean ground cover of vascular plants of pastures nather low with 87.9 %. Mean
cover of meadows was high with 93.7 % but the hsglever showed mowed
pastures (95.9 %). The land use types also differatiean vascular plant height.
Average height of pastures was 20 cm while plahtaeadows and mowed pastures

were fairly high (50 cm, 60 cm).

Observations in the field have already shown thatved pastures (Figure 9) had
lower species numbers and diversity than pastwbde biomass was relatively

high. Especially traditional grazed juniper he&tig@re 10) were low productive but

high in species richness.

Figure 9: Mowed pasture used by cattle Figure 10: Extensive grazed semi dry
before grazing in spring 2008 (AEG 4). grassland before grazing in spring 2008 (AEG
27).

4.3 Grazing and mowing

Grazing and mowing were counterparts of each o#&t influenced species
richness, evenness, diversity and biomass produdtiodifferent ways. Usually

grazed pastures were more diverse, species rictteteas productive than mowed
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meadows or mowed pastures. Meadows were high ptigdwnd the most even land
use type. Mowed pastures were poor in species egshiand diversity and not as

productive as meadows (Table 3).

Table 3: Mean and range of species number (n), eveess (E), diversity (H’), and biomass
production (g/m?) were investigated on the three nan land use types occurring at the Swabian
Alb.

Land use type Mowed pasture Meadow Pasture
Species number (n)

mean: 24.00 28.91 40.05
range: 21.00 - 30.00 18.00 — 42.00 20.00 - 57.00
Evenness (E)

mean: 0.655 0.730 0.707
range- 0.534-0.764 | 0.594-0.829 | 0.542—0.848
Diversity (H")

mean: 2.01 2.44 2.60
range: 1.60 — 2.60 2.00-2.90 1.70 - 3.30
Biomass (g/m?)

mean: 713.13 776.36 392.50
range: 400.00 —980.00 440.00 — 1165.00 30.00 — 1135.00

Grazing and mowing showed to be very important diactinfluencing species
richness, and biomass but not diversity and evenndewever, species richness,
evenness and diversity were negatively influencégrwone plot got both mowed
and grazed whereas this double utilisation hadigwifcant influence on biomass
production.

Mowed pastures had a significantly lower speciebness £=19.777,p<0.001),
evenness K=5.138, p=0.029), and diversity H=16.879, p<0.001) compared to
pastures and meadows (Figure 11, p. 50). For biempesduction mowed pastures

were not significantly different to the other lanske typesK=2.527,p=0.120).
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However, pastures and meadows themselves showeadh@ortant difference in

influencing species richnessF%36.680, p<0.001) and biomass production
(F=40.619, p<0.001). Species richness was higher at grazed @ot biomass
production yielded higher at mowed plots. There was significant difference

between pastures and meadows for species evenkeds018, p=0.319) and

diversity F=3.452,p=0.071).
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Species composition also differed. Mowed pasturasiy consisted of grasses like
Dactylis glomerata, Poa trivialiandAlopecurus pratensiand herbs likéAlchemilla
spec and Rumex acetosaHigh productive meadows consisted of lapgrennial
grasses such aBoa trivialis and Trisetum flavescenswhile Taraxacumspec.,
Trifolium repenswere the most common herbs. Low productive meadmmsained
often Festucaspp.,Phleum pratenselrisetum flavescensnd les$?oa trivialis than
intensive meadows. On only grazed pastiestucaspec. Helictotrichon pubescens
ssp. pubescensand hardly Poa trivialis were found. Juniper heats (semi-dry
grasslands) maintained many herbaceous plantsedatively less grasses. Species
like Agrimonia eupatorisssp.eupatoria, Asperula cynanchica, Carspp.,Carlina

spp.,Euphorbia cyparissiaand further rare species grew there.

4.4 Fertilisation

Fertilisation was essential for vegetation. In k@& plots were fertilised and 22 plots
were not fertilised artificially. Six plots were @v fertilised twice a year. Farmers
used nitrogen, phosphate, liquid and litter marasdertiliser. Fertilisation mainly

influenced species richness, diversity and biorbassot evenness (Table 4).

Table 4: The table shows mean species richness (Byenness (E), diversity (H’), and biomass
(g/m?) of the fertilised and unfertilised plots atthe 50 plots at the Swabian Alb.

Dependent variable Unfertilised grassland Fertilisd grassland
Mean species richness (n) 39.15 26.79
Means species evenness (E) 0.715 0.703
Mean species diversity (H’) 2.64 2.30
Mean biomass (g/m?) 414.32 768.57

51



4 Results

Multiple regressions demonstrated that fertilisatitecreased the number of species
(F=12.022,p=0.001), and diversityR=6.197,p=0.017) (Figure 12). Evenness of
fertilised and unfertilised grasslands was fairlynilr (F=0.238, p=0.628).

Fertilisation had a significantly positive effech diomass productionFE4.919,

p=0.032).
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Figure 12: The charts show the effect of fertilisabn on (a) species number, (b) evenness, (c)

diversity, and (d) biomass in 50 grassland plots dhe Swabian Alb. Given are mean values and 95
% confidence interval.

52



4 Results

4.5 Fertilisation intensity

4.5.1 Amount of fertilisation

The amount of applied fertiliser at the 50 plotdled study area ranged between 10
kg and 130 kg N/ha/year. The most applied amouistavaund 50 N kg/ha/year and

only four plots received more than 80 N kg/ha/year.
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Alb.
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Increasing amount of fertilisation decreased specanessK=4.995,p=0.031) and
diversity F=5.602,p=0.023) but not evennes§<1.852,p=0.181) (Figure 13, p.
53). With decreasing fertilisation biomass produttialso decreased~£8.416,

p=0.006).

The difference in biomass production and specidmdss of highly fertilised plots
(Figure 14) and unfertilised plots (Figure 15) waseady visible in the field.

Fertilised grasslands were high productive butilospecies richness.

Figure 14: AEG 2 was fertilised twice a year Figure 15: This near natural meadow near

with a total of 130 kg N/ha. The intensive Minsingen was not fertilised. AEG 22 was
meadow was mowed three times a year. It mowed once and late in the year. It reached 42
maintained 18 species and vyielded 1165 different plant species and 465 biomass g/mz2.

biomass g/m?2 (see also Figure 32, p. 86).

4.5.2 Frequency of fertilisation

Multiple regressions showed that after analysing #mount of fertilisation

frequency (once or twice fertilised) was not impattany more (see appendix VII:
Multiple regressions). Nevertheless, biomass wghdriat two of the fertilised plots
compared to grasslands that were fertilised once/gar (Table 5, p. 55). However,
these differences amongst the plots were probahlger] mainly through the amount

of fertilisation as already illustrated.
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Table 5: The table shows mean species richness (eyenness (E), diversity (H’), and biomass
(g/m?) of once or twice per year fertilised grasslads of the study area at the Swabian Alb.

Dependent variable 1 x fertilised (per year) 2 x fertilised (per year)
Mean species richness (n) 27.24 25.83
Means species evenness (E 0.703 0.703
Mean species diversity (H’) 2.30 2.27

Mean biomass (g/m?) 711.67 969.69

4.6 Grazing type and intensity

4.6.1 Livestock unit

One considerable parameter of grazing was the tenisanimals or livestock unit.
Livestock unit in the study area ranged from O &9 Jnimals per ha. However,
different livestock units were not meaningfibr species richnessF£3.450,

p=0.071), evennes$£0.145,p=0.706), diversity £=0.255,p=0.616), and biomass

production F=3.535,p=0.067) (Figure 16).
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Figure 16: The charts display the effect of livesttk unit (n/ha) on (a) species number, (b)
evenness, (c) diversity, and (d) biomass in the goassland plots at the Swabian Alb.

An approximate tendency was visible that pasturéd & higher livestock unit

(especially sheep pastures) had higher speciesassh and diversity than plots with
a low density. However, is density exceeding appnaxely 80 livestock units per ha
then species richness, evenness and diversity seémnéecline again. Biomass

production was increasing with decreasing animakite

4.6.2 Type of animal

Out of 50 examination plots 22 were ungrazed, 18vgeazed by sheep, 5 by cattle

Figure 17: Cattle pastures were fairly Figure 18: Sheep grazed pastures were less
productive (AEG 21). Only cattle-horse productive (AEG 8).
pastures were more productive.
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and horse and 4 by only cattle. Cattle (Figure d36) and cattle-horse plots had
fairly similar dependent variables whereas sheepupas (Figure 18, p. 56) differed

(Table 6).

Table 6: The table shows mean species richness (ryenness (E), diversity (H’), and biomass
(g/m?) of cattle, cattle-hose and sheep grazed psoat the Swabian Alb.

Dependent variable Cattle Cattle-horse Sheep
Mean species richness (n) 26.00 23.00 40.74
Means species evenness (E 0.727 0.593 0.710
Mean species diversity (H’) 2.33 1.88 2.63
Mean biomass (g/m?) 637.50 722.00 389.21

Type of animal was statistically important for esess F=6.796,p=0.013) (Figure
19 (b)). Cattle grazed and ungrazed plots (E=0.73d)the highest mean evenness.
Cattle-horse pastures showed especially low evenrfgsecies richnes$%£0.297,
p=0.589) and biomass productidr=0.239,p=0.591) were not important but species
diversity was nearly significantFE4.018, p=0.052). Again sheep grazed and

ungrazed plots were more diverse than plots grhyexhttle and horse.
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Figure 19: The effect of grazing animal species ofa) species number, (b) evenness, (c) diversity,
and (d) biomass was less important at the Swabianl® Given are mean values and 95 %
confidence interval.

4.6.3 Duration of grazing

The duration of grazing (0-240 days) was a verydrtgnt parameter. It was still
influencing all four dependent variables althoughvas the second last parameter
that was entered into the multiple regressionsyaiglsee appendix VII: Multiple
regressions). The duration of grazing was negativelated with species richness
(F=19.894, p<0.001), evennessF€5.111, p=0.029) and diversity H=13.140,
p=0.001) (Figure 20, p. 59). Two groups of graziygtems can be seen on the
graphs. Grasslands with short grazing periods wased through traditional
transhumance shepherding and long grazing period& place at ration or
permanent pastures. Biomass production increas#d iméreasing grazing period
(F=6.473, p=0.015). However, when grazing exceeded approximal®5 days
biomass production was declining again. The urifeeti pasture grasslands of the
military training area can be seen as a naturaldagproduction. They produced 442

g/m2in average.
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Figure 20: The graphs display the effect of grazingluration on (a) species number, (b) evenness,
(c) diversity, and (d) biomass in the 50 grasslanglots at the Swabian Alb. Given are mean values.

In order to analyse possible interaction within thependent variables Two Way

ANOVA was used, which showed significance in onsbmation only. The number

of grazing days and vegetation cover of vasculantsl showed interactiofr£3.622,

p=0.011). The longer grasslands were grazed theneéhimascular plant vegetation

cover was whereas semi dry grasslands were thesaosittive plots.
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4.7 Mowing intensity

4.7.1 Frequency of mowing

Frequency of mowing was a closer description of mgwand its intensity. A

tendency was visible showing increasing mowing ey decreased species

richness, but not evenness and diversity (TableBimass production increased

with increasing frequency.

Table 7: The table displays mean species richnesy (evenness (E), diversity (H’), and biomass
(g/m?) of once, twice and three times mowed grasglds at the Swabian Alb. Mowing frequency

influenced the dependent variables only slightly #hough the values differed.

Dependent variable 1 x mowed 2 x mowed 3 x mowed
Mean species richness (n) 42.00 28.40 27.83
Means species evenness (E 0.659 0.749 0.674
Mean species diversity (H’) 2.30 2.49 2.22
Mean biomass (g/m?2) 465.00 760.00 884.17

However, frequency of mowing was statistically grsficant for species richness

(F=0.229, p=0.635), evenness$£1.682, p=0.202), diversity £=1.463, p=0.234),

and biomass productiofr£0.198,p=0.658) (Figure 21).
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Figure 21: The graphs show the effect of mowing fruency on (a) species number, (b) evenness,

(c) diversity, and (d) biomass in the 50 plots athie Swabian Alb. Given are mean values and 95 %
confidence interval.

Observable was that the more frequent a meadowmased and the earlier in
vegetation period the first cut happened (first nmgwaround beginning of May) the
lower was species richness and diversity. The sktely used once a year mowed

meadow was not cut before the™&f June after many plants had already flowered

(Figure 15, p.54).

Interaction for biomass production was also fouatiieen the frequency of mowing
and mean height of vascular plants=2.903, p=0.039). Vascular plant height
pastures was in average 0.22 m high, 3 times mow&d m, 2 times mowed

meadows 0.43 m and once a year mowed plots 0.5¢m h
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4.8 Environmental factors

Grasslands with brown earth as subsoil countednt6randzina 34 plots and their
solum thickness ranged from 0.11 m to 0.63 m. Tlaéspwere relatively evenly
distributed concerning exposition whereas southosag plots were the most (10).
The study area contained 12 nearly flat plots, ¢tewairly steep and 27 plots were
in between.

For One Way ANOVA neither soll type, nor expositimnsolum thickness influenced
species richness. Only inclination was signifiq@16.227,p<0.001) (Figure 22).
None of the environmental parameters were sigmfiéar evenness.

The examined environmental variables were not ¢isdéefor species diversity,
however, inclination was significant~£€4.323, p=0.019). Flat plots reached a
diversity of 2.35 H’ followed by 2.37 H’ for modegasteep plots. Steep plots, mainly

in extensive agricultural use, had the highestrditaewith even 2.73 H'.

The abiotic factors had no influence on biomassagatn inclination was significant
(F=12.634,p<0.001). Average biomass production of flat plossw46.67 g/m2 and

moderate steep plots produced 681.30 g/m2. Stetp n@lached only 298.18 g/m? in.
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Figure 22: The graphs show the effect of inclinatio (1: nearly flat, 2: moderate steep, 3: steep)
on (a) species number, (b) evenness, (c) diversiand (d) biomass on the 50 plots at the Swabian
Alb.

Two Way ANOVA showed that there was an interactlmetween soil type and
exposition F=2.486,p=0.41) in regards to biomass. Southern exposed piat a
higher biomass production than northern exposets.plo the same way brown

earths had a higher biomass production than readzin

To analyse the interaction for species number gangs to soil type and fertilisation,
which showed significance (Two Way ANOVA) but unefjuvariance, a
nonparametric test had to be used (Schreier-Rag)Hamnce the variances were not
the same. Nevertheless, after changing the testrdbelt was not significant

(p=0.419).
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4.9 Species composition

The 50 plots contained different plant species amsitpns. Similar land use types
caused similar plant species compositions. DCA was to group similar plots

together along synthetically axes indicating enwinental variables. If their distance
to each other was short the plots were similathdfy were far from each other the

plots were dissimilar (Figure 23).

=2
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Figure 23: The DCA grouped plots of the Swabian Albaccording to their similar plant species
composition. Semi-dry grasslands (purple) were faly different to all other plots. Mowed
pastures (blue) twice (orange) and three times mowlemeadows (red) were clustered together
indicated by the grey ellipse. Pasture grasslandgreen) were scattered in the middle of the chart.
The once a year mowed meadow (yellow) was closethe semi-dry grasslands.

Clearly visible was the grouping of semi-dry grassls (juniper heats). Just AEG 8
and 28 were divided from that group. Semi-dry deasis were dominated by
herbaceous plants. Graminoides covered only a gr@lortion of the ground cover.
They contained mor€arex species than other plots. Thorny plants I&arlina
vulgaris and Cirsium spp. also occurred on the grazed semi-dry grasslandain
decisive parameter was unfertilised and therefather nitrogen poor soils.

Additionally, species richness was distinctivelghmer than on the other plots.

64



4 Results

Mowed pastures, twice a year and three times ameared meadows were mainly
assembled together near to the origins of the axé&aning the synthetically
environmental gradients had only low influence twese plots. The plots had a
higher amount of grasses and ruderals. Herbs vwwesedominant. Many of the plants
(e.g. Alopecurus pratensjs Heracleum sphondyliumTaraxacum spec.) were
indicators for nitrogen. The once a year mowed raea(AEG 22) was located
between meadows and mesoxeropytic pastures buérctosthe latter. Species
composition was similar to semi-dry grasslandsweith more Bromus erectusnd
Helictotrichon pubescenssp pubescensvere dominant. The species of these plots
were also mostly decisive of nitrogen poor soilscading to Ellenberg’s indicator

values.

The most scattered plots were the pastures alththeyhwere closer to the meadows
and mowed pastures. More intensive used pastures @leser to intensive used
grassland (AEG 21, 29, and 44). These pastureadsiread a high proportion of
grasses (e.d.olium perenneand Poa trivialis ssp trivialis) similar to frequently
mowed meadows. Some pastures were similar to sgngrdsslands (i.e. AEG 49).
The part in herbaceous plants aDdrexspp. was lowerBriza mediaand Bromus
spp. were also less common then at semi-dry gradsl|d hey also contained grazing

indicators likeCirsiumspp. but no nitrogen indicators likdopecurus pratensis

The hierarchical cluster analysis using for specigsber displayed similar results
(Figure 24, p. 67). The cluster sorted the 50 glotsvo main groups. The first main

group (A&B) was similar in species number since distances between the vertical
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lines or linkages were close to the left side. @ré&B contained mostly two to
three times mowed meadows and mowed pastures. Gkogpntained mainly
(mowed) pastures and twice mowed meadows. Mangrdift plots were found in
group B. It included (mowed) pastures, twice mowseshdows and nearly all three
times mowed meadows.

The second main group (C&D) was less similar ielitthan group A&B since the
linkage was further away from the origin (at arouhdompared to 5). That means
that the variety in species number was bigger timagroup A&B. Group C&D
mainly contained semi-dry grasslands (AEG 8, 486,47, 27, 28, 9, 25), some
sheep grazed grasslands (AEG 30, 31, 49, 33) andrtbe a year mowed meadow
(AEG 22). This group could be divided in mostly shegrazed pastures (C) and
semi-dry grasslands (D).

The cluster indicates that group A&B and group C&i@ very dissimilar since their

linkage was far away from the other linkages.

Rescaled Distance Cluster Combine

CASE O© 5 10 15 2 0 25
Label + + + + R +

(AEG 35
AEG 50
AEG 14
AEG 21
AEG 42

AEG 5
A.<AEGZ4
AEG 39
AEG 46
AEG 4
AEG 19
\AEG 2
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AEG 11
/;E617
AEG 38
AEG 44
AEG 23
AEG 34
AEG 10
AEG 18
AEG 36
AEG 20
AEG 37
AEG 3
AEG 13
AEG 6
AEG 41
AEG 32
AEG 45
AEG 15
AEG 1
AEG 40
AEG 29
AEG 43
AEG 12
\AEGlG
AEG 30
AEG 31
AEG 8
C< aeG 22
AEG 49
\LAEG 48
7AEG 7
AEG 26
AEG 33
D< AEG 47

AEG 27
AEG 28
AEG 9
\AEG 25

Figure 24: The hierarchical cluster analysis showethe influence of location parameter on the 50 plat
at the Swabian Alb on species number. The dendrogna was using average linkage (between groups).
Two main groups could be detected. The second grougontained nearly all pastures grazed by sheep
and the once a year mowed meadow. The first groupntained all other meadows, mowed pastures and
pastures grazed by cattle and horses.
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4.9.1 Determinants of species composition

The CCA could explain which variables, or at leagtjch factors related to these
variables, were controlling the plant species cositmm. In order to see whether
land use or environmental variables were most itapbiboth were included.

The arrows of correlation variables were closertbgr as seen at the amount of
fertilisation, frequency of fertilisation and fregpcy of mowing. Also soil type and
exposition seemed to be fairly similar.

The arrows of the parameters could be seen as @i gnoups. Arrows pointing to
the lower left corner illustrated mainly the fregag of mowing, frequency and
amount of fertilisation. All three arrows were fgifong concerning the first axis but
also the second, which showed that fertilisatiod mrowing, were closely related to
these axes and its association to the variatiospeties composition. Fertilisation,
for instant, influenced the first axis (soil propes) through changing soil fertility
and the second axis through land use treatmentthelnopposite corner pointed
parameters concerning animals like livestock umt daype of animals. These
parameters were less important for species comgogsince they were a bit shorter
than fertilisation and mowing in comparison to fiist axis. The parameter duration
of grazing was relatively unrelated to the othelapzeters as the arrow was in a right
angle towards them. However, it was the most ingmaréxplanatory variable for the
second axis followed by livestock unit and on thegative side frequency of
mowing.

Abiotic factors were scattered a little bit moraclination was fairly strong and
similar to the type of grazing animal. It was thesnhimportant variable for the first

axis. Solum thickness was pointing in the oppoditection and was only a weak
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parameter; though, closely related to the secom& Bxposition and soil type were
also relatively unimportant for vegetation compiosit but closer related to the
second axis than solum thickness (Figure 25, p. 71)

Many plots, in particular meadows, were locatedelt the origin. These plots were
influenced little by the parameters. However, ddtp were influenced by several
displayed factors. Plots located at one side obttes where an arrow was indicating
towards, were all influenced by this factor. At tloever left side mostly meadows
and some mowed pastures were found. They were tedfeby mowing and
fertilisation. Especially AEG 11 and AEG 38 wereatidy manipulated by
fertilisation although the amount was not very higfeG 1 and AEG 37 were
directed by mowing frequency. AEG 16 was also affeédy mowing but also by
further factors exhibited by the second axis. Darabf grazing, which was hardly
correlated to the other variables, was importamt A&G 29 and other pastures
situated further apart from the duration arrow éuthe same side of the coordinate
system. AEG 4 and 5 were influenced through graziogation but also from
fertilisation. These plots were used as a fertiliaad mowed cattle-horse pasture. In
the upper left corner further pastures and moweslupas were located. Only few
meadows (twice mowed) were additionally found thdreey were all affected by
fertility and mowing or grazing. AEG 50 was a mowsleep pasture situated
between semi-dry and the other grasslands. Pagtasslands were located in the
upper middle of Figure 25 (p. 67). They were lodad the other side of axis one
than the juniper heats. Juniper heats were theesedtplots on the right hand site
(AEG 26, 7, 9, 46, 47, 25). They were dominatedngjination, type of animal and

livestock unit. Also soil type and exposition hamine influence since juniper heats
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were steep and mainly on rendzinas.

Table 8: The statistical output of the CCA showedhe mean, standard deviation and variance
inflation factor (VIF) of the environmental and land use variables of the 50 plots at the Swabian

Alb.
Name (weighted) mean stand. devar. inflation factor
Environmental variables:
Soil type 1.4583
Solum thickness 24.8841 13.4759 1.3944
Exposition 1.2011
Inclination 1.7732
Land use variables:
Type of animal 5.5038
Livestock unit 28.6054 36.4981  3.8697
Days of grazing 67.8165 88.1948 2.0129
Frequency of mowing 8.2287
Frequency of fertilisation 7.4997
Amount of fertilisation 26.7979 30.1936 4.2414

Variables with a very low variation inflation fact¢vIF) had very less correlation

with other factors. Table 8 shows the variabled $gpe (VIF: 1.4583), and

exposition VIF: 1.2011) as such factors. Frequency of mowiil:(8.2287) and

frequency of fertilisation\(IF: 7.4997) correlated highly with each other andeoth

factors, which is visible in Figure 25 (p. 71).

Table 9: The table displays a summary of axes andgenvalues. The figures show how well the
axes were able to explain total variation of the 5flots at the Swabian Alb.

Axes

Eigenvalues:
Species-environment correlations:
Cumulative percentage variance
of species data:
of species-environment relation:

Sum of all eigenvalues
Sum of all canonical eigenvalues

1 2 3 4  Total inertia
0.650 0.18946 0.118 5.428
0.899 0.71749 0.767
120 15#8.1 20.3
434 5665.8 73.7

5.428
1.496
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Figure 25: The CCA, a direct gradient analysis, shes parameters and their influence on plant speciesomposition along a land use gradient at the
Swabian Alb. Important factors for twice (AEG 1, 11 37, 38) and three times mowed meadows (AEG 15,,1%7, 41) were the amount and frequency of
fertilisation and frequency of mowing since many pits were accumulated next to these factors. Livestk unit, type of animal and inclination were
important for semi-dry grasslands (AEG 7, 8, 9, 2526, 27, 47, 48). Duration of grazing was influenag the plant species composition of mainly cattleral
horse pastures (AEG 6, 19, 20, 44) and sheep pastsr(AEG 31, 32, 33, 34). Exposition and soil wemaportant parameters for twice (AEG 12, 13, 14, 36,
37, 39) and three times mowed meadows (AEG 2, 18)land some pastures (AEG 24, 43). The once a yeaowed meadow (AEG 22) was found at the

grazing side.
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The axes combined once again the relationship leetve@vironmental factors and
species composition. Table 9 (p. 70) shows thensmaes of the four axes. The
bigger the eigenvalue the closer the relationsHighs axis to the variation in
species composition was. The first eigenvalue weéively high (0.650), meaning
that the first axis represents a relatively strgradient. The relationship of this axis
to the variation in species composition was faglgse, which meant that species
composition was well explained through this axifieTsecond axis was much
weaker, and the third even weaker. Cumulative peacge variance of species data
implied that the first axe explained 12.0 % of totariation. The second axe was
weaker so the first and second axe explained tegetfy 15.4 %.

For describing the quality of the relationship pésies and environmental variables
cumulative percentage variance was given. The twsl axes taken together
displayed more than half of the variation (56.0 %#fjch couldbe explained through
the variables. This meant that more than half efufrriation of species compaosition

of the study area could be described from two e (or variables combinations).

In general the CCA confirmed the selection of theameters, which were analysed
within this study. Especially the land use paramseigere mainly affecting plant

species composition of grasslands in the culturatacterised ecosystem.
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4.10 Relationship of species richness, diversity and hieass production

The relationship of biomass production and speuigsber was investigated through
applying Univariate Analysis of Variance. The reésaf the test, using species
number as depended variable and biomass produasiatovariate, was significant

(F=65.624,p<0.001).
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Figure 26: The relationship of species number andibmass (in g/m?) could be described with a
linear function (y=-0.263*x+48.671) for the 50 plat at the Swabian Alb.

To be able to predict the relationship of biomassdpction and species number it

was decided to perform a linear regressigir(.578,p<0.001) (Figure 26). For the
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study area it was clearly visible that species nemdnd biomass production were

related linearly. Species number was declining @hibmass was increasing.

One Way ANOVA showed that biomass and diversity)(Miere significantly
negatively correlated, tod-€2.680,p=0.009). The chart displayed the distribution of
the plots according to their production and divgraHigh diverse grasslands had a
lower biomass production than low diverse grassdaAdtrend was visible showing
that biomass production increases with decreasivgrsity. The graph could also

indicate that at grasslands with very low biomasglpction diversity might start to

decrease again (Figure 27).
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Figure 27: Biomass (g/m?) decreased with increasirdjversity (H’) in the 50 examination plots at
the Swabian Alb. The outlier (400 g/m?, 1.6 H’) wasa pasture (AEG 19), which might have been

grazed before harvesting biomass.
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5 Discussion

5.1 Data range of study area: an overview

The diverse land use types and intensity levelsvsbodifferent effects on the

independent factors species richness, diversitybgsrdass production.

Although the area was mainly used for agricultuream species number was
relatively high (approximately 33) compared to othegions in Germany (mean
species number of Biodiversity Exploratory Hainkh and Biodiversity Exploratory
Schorfheide-Chorin  16). Species diversity (2.44 Hi)as also fairly high

(Biodiversity Exploratory Hainich 2.03 H' and Bioairsity Exploratory

Schorfheide-Chorin 1.66 H’). High species richnassl diversity was due to the
variety of different habitats offered by the hetgoeous region of the cultural
ecosystem Swabian Alb. Biomass production had e wahge due to the wide
variety of plots. However, it was rather low congzhto other regions in Germany or
Europe (MLR, n.d.b). Extensive grasslands (e.g.typpecal Swabian Alb semi-dry
grasslands) located at mountain hillsides were agymtive. Intensive grasslands

were often located in the limited valleys were mpreductive.

The precise results of the land use types and sitjefevels are discussed in the

following chapters.
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5.2 Meadows, pastures and mowed pastures

Farmers of the Swabian Alb also distributed thandl use types according to abiotic
factors; therefore flat plots were mainly used r@gnsive meadows whereas steep
and mostly shallow plots were used for extensivienahgrazing (Doéler & Haag,
1995; Briemle, 2007). More intensive utilisation mkeadows and mowed pastures
was also shown through higher nitrogen contenthef foil as they got fertilised

(Mayeret al, 2005).

Fewer herbs than grasses were found on mowed past@mpared to meadows
since cutting was not selective and herbs, havifgger leaf area, showed more
sensitivity towards trampling than grasses (Briem®®07). Intensive grazing
promoted plant growth and led to overcompensatioth® losses. The greater the
damage of grasses the greater the growth wherehs heacted more sensitively
(Tidow, 2002). The lowest proportion of grasses parad to herbs was found at
pastures (Doler & Haag, 1995) as many herbs werapettive under these

conditions (no mowing, no or less fertiliser, grawi (Schmid, 2003).

Mean ground cover of vascular plants was highestaated pastures, intermediate at
meadows and lowest at pastures. Same results weane for average plant height,
which also reflected that intensive land use (gmzor cutting) promoted plant
growth, which led to high and ground-covering pg&a(fidow, 2002). High growing
plants also indicate a strong fertilisation (Mageal, 2005). Plants of pastures were
more restricted in cover and height by abiotic destlike shallow soils and rocky

parts of the ground (Thompsenal, 2005).
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5.3 Grazing and mowing

Grazing or mowing or even the double utilisationswafluencing strongly species
richness. Species diversity and evenness showderatites at mowed pastures
compared to meadows and pastures; however, thesenwalifference evident in

diversity and evenness of meadows and pastures. Wés caused through similar
evenness due primarily to a similar proportionatritbution of plants within the

single land use types. Therefore diversity of gdapéots had a similar range as
diversity of mowed plots (see Table 3, p.49).

Observable at the Swabian Alb was that speciemegh was higher at grazed
pastures than at mowed meadows. On mowed plotsir@=ig8) on average 11.14

fewer species occurred than on plots with grazkigure 29). This was, on the one

Figure 28: AEG 39 was a twice mowed Figure 29: AEG 25 was a juniper heat grazed
pasture with relatively low species richness by sheep. It was very high in species richness
(20) due to few dominant species. (57). Especially many small plants occurred
there.

hand, due mainly because of a more extensive waytilidation of grazed plots
compared to meadows (Send ikait& Pakalnis, 2006). Especially semi-dry
grasslands were grazed with a short duration, wkight the disturbance low or
intermediate. In general grazing promotes sped@mess (Amiauckt al, 2007).

Animal grazing was selective, caused trampling laading to more different small
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scale habitats enabling more plant species to flamel reproduce (Bauschmann,
1994). The pastures of the military training arearav still maintaining many
different species although they were grazed mdensgive than semi-dry grasslands.
On the other hand there was lower species richatesmwed plots due to additional
stress for all plants (Willems, 1983). This presstavoured some species, which
were able to cope with these conditions, whilsts lesbust plants disappeared
(Schmid, 2003). This was especially due for mowesdtyres. The combination of
mowing and grazing put additional pressure on tlantp (Schmid, 2003) and
therefore species richness and diversity was thedofound in the study area. Often
animal grazing started early in the vegetation querpreventing many plants to
reproduce. Surviving plants could deal with mosthegular grazing and regular
mowing. Grazing happens selectively and particylanng plants get removed.
Mowing removed all flowers at once and destroyeddinucture (Schmid, 2003).

If land use would be more extensive and grazinglevgtop succession would take
place and change species diversity and composiggatively (Déler & Haag, 1995;
Briemle, 2007).

For biomass production statistical analysis did nuke a difference whether
grasslands were mowed pastures or used by the latitiuse types caused by the
fact that mowed pastures and meadows were fainhylagi in production. Mowed
pastures and meadows can be described as veryctikadplots due to continuously
removal of plant material and therefore promotimanp growth. Cutting stimulates
plants to grow since they need new leaves for @yoithesis production (Nachtigall,
1986). Within mowed plots all plants were cut & game time and also started to

grow simultaneously encountering similar chancesdévelop (Briemle, 2007).
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Nevertheless, too frequent cutting reduced bionpasduction and thus permanent
pastures had a lower production than rotation pasiwhich was also observed by

Vinther (2004).

However, pastures and meadows were different iardsgto each other in biomass
production. Grazed plots produced remarkable low@mass (only half) than
mowed plots. One reason was that pastures werelyriagated at hill sides with
shallow soil (Thompsoet al, 2005) and for agriculture unattractive placethviow

plant growth in general (Briemle, 2007).

5.4 Fertilisation

Fertilisation had an important effect on speciebness and diversity. Fertilised plots
maintained more than one third less species thdertilised. On fertilised plots
some species (e.garaxacumspp., Vicia sativa Ranunculus repehswere more
supported than others (Figure 30) and
could therefore prevent the establishment
of less competitive (e.g. for light, Wilson
& Tilman, 1993) species AGperula

cynanchica Campanula rotundifolia

.. LR e Galium verum ssp. verum Leontodon
Figure 30: AEG 37 was a fertilised plot with a ) ) ]

distinct Taraxacumspec. aspect. autumnalis etc.) resulting in a low
number of species (Gendron &Wilson, 2007). Throtigh application of fertiliser
plants can get the nutrients immediately (Schudteal, 2006), which favours

particularly some species (Gendron &Wilson, 200Ad atherefore decreases
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diversity. Fertilisation had hardly any effect oreeness, which was due to an equal
numerical distribution of plant species within utifesed but also fertilised plots
(King & Kemp, 2001). Fertilised plots had less éifint species but the occurring

species were fairly uniformly distributed.

Fertilisation also had a major influence on biomassluction. Fertilised grasslands
were much more productive than unfertilised, whbnfirmed the results of
Kralovec & Maly, (2006) and Willemst al. (1993). Plants (e.drifolium spp.) grow

faster because fertiliser (at the Swabian Alb isdusitrogen, phosphorus, lime)

supports plants to grow (Send ikai& Pakalnis, 2006).

5.5 Fertilisation intensity

5.5.1 Amount of fertilisation

Not just fertilisation but also the amount of festtion strengthened the effect on
species number and diversity. The higher the amthantower was species richness
and diversity. Species evenness was again unattettee more fertiliser was used
the more grassland speci@sifolium repens, Taraxacurepec.) grew and hampered
the establishment of low competitive or slow grogvispecies (Gendron &Wilson,
2007). In particulaiPoa trivialis produced a thick felt preventing other species to
grow (ElsaBer & Grund, 2003). Especially less caitige species (e.g
Leucanthemum vulgaréotus corniculatusPrunella vulgaris andRhinanthusspp.)

able to occur at meadows disappeared soon afterféitliser application.

However, biomass was increasing with increasinguarhof fertilisation (Stevenst
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al., 2004; Manhoudet al, 2005).

Some of the abundant species in fertilised gradslde.g.Poa trivialis) were even
seen as undesirable for farmers due to their foddality and loss of power in the

second and following cuts (Elsal3er & Grund, 20d8ak&er, 2004).

5.5.2 Frequency of fertilisation

Frequency of fertilisation was not important. Theses no effect of frequency on the

dependent variables as the amount of fertilisatiaa the crucial factor.

5.6 Grazing type and intensity

5.6.1 Livestock unit

The amount of animals grazing on the plots was wagortant in other European
countries (Amiaucet al, 2007, as cited in Olff & Ritchie 1998; Menatlal, 2002)
but not in the grazing system of the Swabian Altmb@bly even the heavy grazed
plots had still less grazing animals compared teeotegions. Nevertheless, animal
density was only influencing species richness siygiihe trend showed that higher
animal density led to higher plant species richn&sulx and Mazumder (1998)
discovered through comparing several reports thatises richness increases with
high grazing pressure in nutrient-rich ecosystdpnebably this also happened at the
Swabian Alb since the soils are relatively nutdgah (UM Baden-Wirttemberg,
n.d.) However, increasing species richness, whilst irgingalivestock density, can

only work to a particular stage. Plants can comatenthe effects of grazing only up
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to a certain point (Noy-Meir, 1993). Furthermord, Had to be taken into
consideration that livestock unit considers the bearof animal per area but not per
time. Plots with a high livestock density were afgaheep pastures mainly used by
long-distance transhumance shepherding, which nteahthe grazing duration was
only a few days at a stretch. Therefore, high dgnsiessure was still low although
livestock unit was high.

Diversity was not affected by livestock unit sirtbe duration of grazing was much
more important (see chapter 5.5.3). Livestock had also no influence on evenness.
Livestock unit still had some influence on biomgs®duction. High biomass
production was found at plots with a low livestatdnsity since the grassland was
not overgrazed (ElsaRRer, n.d). Additionally, it hadbe taken into consideration that
plots with the highest grazing density were semgighasslands occurring at anyway
fairly unproductive sites. However, the extensivetp at the old military training
area had similar site conditions to the other pastwand they also produced less
biomass under a high animal density. Probably temyrgrazing animals damaged

plants’ lasting and prevented high biomass produaditlsaRer, n.d).

5.6.2 Type of animal

The grazing animal species was less important coedpé&o livestock unit and
duration of grazing. Nevertheless, it was imporfanevenness. Where pressure was
high (e.g. at cattle-horse pastures) species catigrosvas shifted to few dominant
species (low evenness) since they displaced o#ssr dompetitive species (Grime,

1973a).
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Although it was hardly significant any more thereres some differences in grazing
animal type for species diversity. Sheep pastur®wmore diverse than cattle-horse
pastures although they were grazed by a higher auwibanimals since they were
extensively grazed. Sheep are not as heavy ag cattiorse causing less trampling
(Bauschmann, 1994) and they transport seeds freatitm to location (Fischest

al., 1996). Lower diversity of cattle-horse used paesticould also be attributed to a
greater grazing pressure (especially duration atigg, trampling and deeper bite of
horses, low selective bite of cattle) (Elsafer).n.d

Species richness was statistically unimportantesthere was hardly any difference
between cattle and cattle-horse pastures. Neveshietheep grazed grasslands were

species richer compared to cattle-horse and cp#ttures. Sheep are much more

Figure 31: The picture shows a cattle-horse pasturAEG 19) after first grazing of horses at the
beginning of May. The sward was damaged by tramplig and deep grazing.
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selective in grazing than cattle or horses. Thewpida some species whilst avoiding
others (Bauschmann, 1994; Schmid, 2003). Cattlehremges are intensive grazers
and therefore they put more pressure on the vegetatiowever, cattle pastures
showed higher species richness than horse-cattié pastures. One reason for this
could be that horses damage plants as they bijgedélean cattle (Schmid, 2003).
Therefore they can still be used for pastures aftdtle grazing. Horses cause a
greater damage by trampling, also due to their diwafs and their strong urge to
move (MLR, n.d.a) (Figure 31, p. 83).

Cattle-horse and cattle grazed plots produced iniorm@ass than sheep pastures due

to high promotion of plant growth (Tidow, 2002).

5.6.3 Duration of grazing

A short grazing duration had a positive influencespecies richness, evenness and
diversity since many different plant species couttover in between grazing
periods. Pastures with lower livestock density waisstly horse and cattle pastures
with a longer duration of grazing (permanent pasgurPermanent grazing leads to a
shorter time to recover and a denser sward reguitindisplacement of herbs in
favour of grasses (LfL, 2008). Consequently valaafddder grasses and herbs
disappeared, species richness decreased and tisegptomore uneven. The most
species-rich, even and diverse plots were founctlatively short grazed semi-dry

grasslands.

The frequency of grazing affects growth form, suaVirate and reproductive output
(Fisheret al, 2004).Highest biomass was reached at a grazing durafi@moaind
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105 days. Permanent grazing resulted in even amd glkant heights and therefore a
higher light availability for seeds and small pRigrowing at the bottom. Probably
plants were able to close the gaps in the swardimgunigher biomass production.
The plots were continuously fertilised by faeced arine since animals stay on the
same pastures. High grazing pressure (durationetotigan 105 days) reduced
biomass, which was confirmed by Vinther (2004) B@nmark. Plants were damaged
(also from the season before) and not able to meduauch biomass any more.
Grasses storing nutrients in stubbleslium perenne, Festuca pratensisd Dactylis
glomeratg get damaged and start disappearing (Elsé&3e), Rldts grazing less than
105 days were semi-dry grasslands. These plotsdwoaler produce a lot of
biomass since they were restricted by abiotic facli&e soil thickness (usually less
than 0.2 m). When sheep were permanently moveg, deéecate not at the same
place where they have grazed and removed biomassally they were fenced

around a field or meadow next to the semi-dry dgaass (Beinlich, 2002).

The effect of vascular plant cover on species eskndepended on the duration of
grazing. Pastures, which were grazed over a shddng period, had less ground
cover than intermediate plots around 105 grazing.dat intermediate grazed plots
cover was dense as was explained earlier. Sharedrplots (semi-dry grasslands)
often contained stones and dead wood covering uhace also leading to a low
vegetation cover. Ground cover of long grazed pieés disturbed by trampling

(Buchmann, 2008).
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5.7 Mowing intensity

5.7.1 Frequency of mowing

The frequency of mowing was not as
important as fertilisation or mowing
itself. However, pressure on plants
increased with the frequency of

mowing. The more frequent meadows

were mowed, the poorer they were in

Figure 32: AEG 2 was mowed for the first time at SPecies richness, which was also
the beginning of May. It was the first cut meadow
of the examination plots and had the lowestpobserved by Schmid (2002). If

species number (18).

meadows were mowed once the
moment of cutting was later than for twice or thtmees mowed meadows (Figure
32) and more species had the chance to flowereprdduce (Wieden, 2003).
Additionally, mowing several times over the coutdea growing season increased
the grass component, as already described.
Diversity was not continuously increasing with deging mowing frequency like
species richness. That the once mowed meadow heel Ispecies diversity than
twice mowed meadows was due to its relatively loemnmess. Whil&romus erectus
made up 55 % of the ground cover of the once maweddow, many other species
were only represented by few individuals. In geheti@ersity decreases with highly
increasing frequency (Gendron & Wilson, 2007) sisome species, mainly annuals,

were not able to survive frequent mowing and disappd. Robust and often

perennial species likBoa trivialis, which candeal with frequent cutting and much
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action of light, began to dominate with up to 60o%dotal cover. They can outlast
winter, proliferate vegetative and are light gerators (ElsaRRer & Grund, 2003).
Biomasswas increasing with increasing frequency (TidowD20 Twice or three
times mowed meadows, which were often used fogejlavere high productive.
Semi-dry grasslands and the once a year mowed nmweagoe similar in their low
biomass production. On extensive grasslands higipgstions of rosette plants
occurred, growing just above the surface and cogedi lot of the soil surface. This
led to a low biomass production, since one usualygrowing rosette plant covered
a higher proportion of the ground than one highaging grass species. In addition
rosette plants were not cut for sampling biomasenahey were smaller than 2 cm.
However, mowing frequency was a result of ferttiza and therefore increasing
biomass production with increasing land use intgnsbuld rather be attributed to

fertilisation than to frequency of mowing.

The effect of mowing frequency on biomass dependedmean vascular plant
height. The higher the plants were, the more fragmeowing was and the more
biomass was produced. As already mentioned cutgrgmoted plant growth

(Nachtigall, 1986) and high plants usually prodadet of biomass.

5.8 Environmental factors

The investigated abiotic factors (exposition, $gge and solum thickness) did not
influence species evenness, diversity and bionfdss.could have been mainly due
to the similar site conditions. However, inclinatiovas important for species
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richness and biomass production. The steeper tbe flle higher was species
richness and diversity, which could also be obskmenther European regions (Baur
et al, 2007). Besides, steep plots offered more divieaddtats on small scales (open
rocks, gravel, soil etc.). Higher habitat diverdisads to a higher species richness,
which was also found by Zechmeister & Moser (200)e steepest and highest
diverse plots in the study region were the semigitasslands. Flat plots could easily
be used as intensive meadows and pastures resuititigv species richness and

diversity (Briemle, 2007).

In contrary biomass production was decreasing imitheasing steepness. Steep plots
had shallow soils and nutrients were washed awagrg(B RO6Ring-Bockmann,
2003; Thompsoret al, 2005), which resulted in a low natural producti®&lopes
were difficult for mechanised agricultural utilisat and therefore not fertilised
(Doler & Haag, 1995). Flat plots showed high prddut as soil was thick
(Thompsonet al, 2005) and fertile due to erosion, which accun@dasoil and

nutrients in the valleys (Kuntz al., 1994).

There was interaction between soil type and exjpwositoncerning biomass. The
effect of soil type on biomass depended on exmsitOn brown earth biomass
production was also high at the unfavoured nortisées. The further developed soill
type brown earth could probably compensate theddasatages of sun adverted hill
sides while plants on nutrient poor rendzinas wess supported by soil properties

(Berg & R6Ring-Béckmann, 2003).
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5.9 Species composition

The DCA and the hierarchical cluster analysis stibwanilar sorting for plant
species composition. The axes displayed synthitieavironmental gradients. The
first axis probably indicated parameters concernmgogen content or soll
properties. AEG 39 was a well fertilised, intensimeadow located directly at the
origin of the nitrogen axis. Nitrogen poor plotkeithe semi-dry grasslands were
clustered war away from the origin. The second aas less important as it was
only half as long as the first axis (Leyer & WescB807). The second axis was
much more difficult to interpret.

Semi-dry grasslands had a distinct species compogiDdler & Haag, 1995). Many
herbaceous plants could survive at semi-dry gradsldboecause ground cover was
gappy and competitive plants small. The plants vesfapted to high temperatures
and shallow soils (Doler & Haag, 1995). Plants w#bikes Carlina vulgaris
Cirsium acauleand C. arvensg were typical grazing indicators. Grazing animals
avoid eating plants protected by spikes and thavhdst in mowed meadows thorns
do not protect. They also avoid poison species Ekghorbia cyparissiasand
acrimoniously species such #&3entianellaspec. andPolygala amarella Carex
montana, Brachypodium pinnatum, Prunella granddlandBromus erectuas they
were indicators for dry and alkaline soils, whicbrmdnated the conditions of the
juniper heats (Déler & Haag, 1995). Species Brachypodium pinnatum, Koeleria
pyramidataandFestuca ovinandicated grazing (Ddler & Haag, 1995).

A main decisive parameter was nitrogen poor sQii€r & Haag, 1995).

Intensive used grasslands like frequent mowed mesdontained a high cover of

gramnoides and ruderals. Ruderals (Blgntago majoy were common in disturbed
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areas and condensed soils. Species sucAn#wiscus sylvestri@nd Heracleum
sphondyliumindicated high nitrogen contents (Ellenbezy al, 1992). Mowed
pastures maintained species likiehemillaspec.,Dactylis glomerataPoa trivialis,
Alopecurus pratensjsand Rumex acetosaMany of them indicated again high
nitrogen content (Ellenbergt al, 1992).Poa trivialis was prevalently on condensed
soils with high fertiliser application. Howevd®, trivialis is an unpopular grass for
farmers since its ability to store nutrients is I@ElséaRer, 2004).

If meadows were mowed once a year their speciegpaosition was similar to the
composition of semi-dry grassland&omus erectuslominating composition of that
extensive meadow showed alkaline and nitrogen poits (Ellenberget al., 1992).
Since very different insensitive uses of pasturesuoed in the area, they were
scattered in the DCA. Intensive used pastures glaybigh part in grasselsolium
perenneis a typical grass able to deal with grazing siiigs tolerable to trampling
due to its runners (Starz & Pfister, 200Bpa trivialis indicated again high nitrogen
(Ellenberget al, 1992) and was able to deal with frequent cutéilsgp due to runners
(Briemle et al, 2002). The moderate intensive used pasturetieaiold military
training area showed similarity to semi-dry grasdk&a However, typical plants of the
semi-dry grasslands likBromuserectusandBrachypodium pinnaturwere missing.
Very common were species such@gosurus cristatyswhich is a typical indicator
for grazing, especially sheep grazing (Déler & Hab@P5).Dactylis glomeratassp
glomerata also found in these moderate intensive pastwass,be used as fodder
grass (Aichele & Schwegler, 1998) but also occuiretivo to three times mowed

meadows.

90



5 Discussion

5.9.1 Determinants of species composition

For CCA both land use and environmental variablesewused, which permitted to
see that land use parameters were definitely nmop®itant for the study area than
environmental parameters. This was mainly due &teaper gradient of land use

factors.

Meadows parameter (frequency of mowing, amount faeguency of fertilisation)

and pasture parameters (livestock unit, type ofnat)i had opposite effects on
species composition. It can be explained with thet that usually grassland were
either mowed or grazed (but not mowed pastures)thackfore the effects were
contrarily. Both groups were important, which shdwiae length of the arrow

according to the axis of the CCA (Leyer & Wesch@)?).

Fertilisation (amount and frequency) was importimttwice and especially three
times a year fertilised meadows (Pykald, 2003).rijeal plots at the fertilisation
and mowing site were indeed fertilised and mowealvéler, the plots were close to
the origin meaning these variables were not stgomgportant for the plots (Leyer &
Wesche, 2007) but their absence was essentiahéoplots on the right hand side far
from the origin (semi-dry grasslands). Thus mowaemyd fertilisation was more

important when they were absent.

Type of animal and livestock unit also was impatrtam particular for the sheep
grazed semi-dry grasslands and had the strondgkstnoe on species composition of
AEG 27 a juniper heat. This plot had the highestephdensity of all juniper heats.
The other semi-dry grasslands were less domindtemlgh grazing duration as

grazing happened only a few days at a stretchjdmiper heats (except AEG 26, 27)
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seemed to also be influenced slightly by fertilishich could have originated from

the soil, faeces or even from the air (Doler & HaE@P5).

The pasture grasslands of the old military areavaéso influenced by livestock unit
and type of animal. AEG 33 was the pasture gradshath the highest livestock unit
and therefore located close to it and far from tgin. Additionally grazing
duration was in particular important for pasturdsG\29 and 30. These two plots
were the plots with the longest duration of the lglexamination plots. AEG 50 was
the pasture grassland with the lowest grazing ouraand thus was located at the
opposite site of the grazing duration arrow. Dwmatdf grazing was unrelated to
meadows and pasture parameters (right angle artbes and low variation inflation
factor) (Leyer & Wesche, 2007). Grazing parametgenined species composition
much more than mowing and fertilisation parametnee the plots were further

apart from the origin (Leyer & Wesche, 2007).

All environmental variables were far less corredatend therefore not really
influencing each other (Leyer & Wesche, 2007). Tiest important environmental
variable was inclination. Especially the steep sdrgigrasslands were influenced by
inclination. Strong inclination was also responsitibr surface water run-off and
temperature and therefore for dry and warm siteditioms (Ddler & Haag, 1995).

Flat meadows and pastures were not really affdeyadclination.

Solum thickness was a weak parameter but some ggetsed to be influenced by it.
Their solum thickness was shallow (between 20 amar8) and mainly rendzina
(Marini et al, 2006). However they were all very close to ftggsvhich probably

influenced composition too.
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For many plots exposition and soil type were somedfiecting species composition
(Marini et al, 2006). Rendzina soils are usually poor and catngs (alkaline) soils.
Brown earths are loamy with weathered, ferrous maise (Berg & RORIng-
Bockmann, 2003). Exposition influenced the length vegetation period and

temperature (Pott, 2005) and therefore also cortipngiMarini et al, 2006).

The axes demonstrated the relationship betweemaemaental variables and species
composition (Leyer & Wesche, 2007). Although soltimtkness correlated highly
with the first axis it could not be the only parasrenfluencing the first axis since
the arrow was short. The first axis was rather esped by soil properties (fertility
and solum thickness). The variables of the firss axere explaining more than half
of the variation of species composition. The secaxid was much more difficult to
interpret. It could to indicate something like mese through land use treatments or
even nature. Plots located at the negative sidettadeal with higher pressure

compared to plots on the positive side of the téyer & Wesche, 2007).

5.10 Relationship of species richness, diversity and bieass

As was observable in other regions (Grime 1979,01%illems et al, 1993) the
findings showed that above-ground biomass was selgmrelated to plant species
richness. Probably, an increase in biomass pramucgisulted in an increasing rate
of competitive exclusion and this finally led ta@acrease in species richness (Grime
1979, 1990; Willemt al, 1993; Stevenst al, 2004; Thomsoret al, 2005). The
competitive species were perennials (eRma trivialis, Taraxacumspec.) and

biennials (e.g.Carum carv), which probably exclude most species. However, if
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more harsh habitats (vegetation on rocks) woulteHzeen taken into consideration

biomass would have declined further but also sga@hness would decrease.

As in further studies (Collingt al, 1998; Gendron & Wilson, 2007) the results
showed that above-ground biomass was increasiny eétreasing plant species
diversity. This trend was caused by a change imtpé@pecies composition. High

diverse plots like juniper heats showed a high propn of herbaceous plants and a
lower proportion of grasses (Ddler & Haag, 1995) &ow diverse plots contained a
higher proportion of grasses. Herbaceous plants amdndividual higher ground

cover and were often smaller in height. In contranpre individual grasses could
cover the same area. Additionally, they were highan herbaceous plants so they
were able to produce more plant material. Some hef grasses were highly
competitive and displaced other species resultimgai low diversity of high

productive plots (Grime, 1973a).

Whilst the range of species diversity data was watel the plots in the diversity-
biomass graph (Figure 27, p. 74) were more scdlitéhe range of species number
data (Figure 26, p. 73) was more narrow and thts pdss scattered along the line of

the linear function.
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6 Conclusion

The region of the Biosphere Area “Schwéabische Albhtained different land use
treatments including mowing, grazing and fertilisat performed at different
intensity levels. Environmental variables were afs@stigated and a few were seen
of importance for the 50 examination plots. Anadyshowed some main factors
influencing species richness, diversity, compositad biomass production.

Different soil types, solum thicknesses and expwsst had no significant influence
on species richness, evenness, diversity and beomasgluction. Only sites with a
strong inclination had higher species richness dindrsity probably due to also
steepness caused heterogeneous small scale habitaterease in inclination was
negatively related to biomass. Many of the steepsphere juniper heats caused by a
century old transhumance shepherding.

A very important land use treatment was grazingwmg or both.The highest
species richness was found on pastures; many ai there semi-dry grasslands,
mostly juniper heats. Lowest species richness oeduwon mowed pastures du to high
land use pressure. Meadows could be ordered ineeetwMowing and grazing
heavily affected species composition.

Grazing or mowing was irrelevant for species diigrand evenness as both types
maintained a wide range of intensity levels. Howgedeversity of mowed pastures
was remarkable lower than diversity of meadowsastyres. Whilst mowed pastures
and meadows had similar biomass, pastures reatioed laalf of it.

Through increasing amount of fertilisation specreashness and diversity were

declining due to the increase of some plants spedtgninancy. To conserve species
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richness fertilisation needs to be accomplished gensitive. Increasing fertilisation
increased biomass production since nutrients waseyeavailable and plant growth.
There was no effect on evenness but fertilisatitiered species composition.

Frequency of fertilisation was not important fdrdg¢pendent variables.

Livestock unit, as one indicator of grazing intéysad its strongest importance for
species composition of juniper heats and pastuasstands of the old military
training area. For other plots it was less meaningince other parameters had a
much stronger influence on them.

Which animal species were grazing on the plots wly important for species
composition and a little for species diversity. THdferent animal types were
different in selective grazing, trampling and demthbite and thus pressure on
vegetation. Sheep pastures were more speciesHitidigerse than cattle or horse
pastures. However, cattle-horse pastures had @himbmass production than sheep
pastures since grazing promotes plant growth. Rlantposition was different and
adapted to the grazers.

The duration of grazing was a very central paranfetespecies richness, diversity,
composition and biomass. The longer pastures weazed the lower species
richness and diversity was and the longer plotevwgeazed the higher biomass was.
At approximately 105 days of grazing, pressure lesoming too high and biomass
was also declining again.

Frequency of mowing was not important since it wasonsequence of fertilisation.
The more a plot was fertilised the more biomass pvaduced and the more frequent
cutting was possible. Thus, frequent cut meadowe \eav diverse and species poor

but high in production. However, frequent cuttinjles species composition,
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richness and diversity. Not all plants could wittnt this high pressure and the

survival of many herbaceous plants was hampered.

The relationship of biomass and species richnessimeersely due to competitive
exclusion. In the same manner biomass was incigagih decreasing plant species
diversity. Once again it was visible that comped#itgrasses gained the upper hand

over herbaceous plants.

The findings clearly showed that abiotic factorgeviess important for plant species
diversity and biomass production than land useofacin the study area. Therefore
one could conclude that the different land usetrineat like mowing, grazing and
fertilising and their intensity levels were majoeterminants for species richness,
diversity, composition and biomass. This means diparopriate land use treatments
are able to preserve high species richness andsdivewhilst still reaching

intermediate biomass production.

Furthermore the results indicate that the semigptagslands are very different from
all other plots in species composition, richness diversity. Their species richness
and diversity is extraordinary high and it serves many rare and endangered
species as retreat areas. Shepherding is one otultgral important land use

treatments for the Swabian Alb. These areas arblyhigaluable and need to be
maintained and conserved. With their decline thgiore loses a typical character
coining the region.

The pasture grasslands of the old military trainamga are not as diverse and
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species-rich as the juniper heats but they haveernbéeen used for intensive
agriculture and are therefore still near-naturdleyl are stretched over a wide area
and the grasslands are not fragmented. An unfragpdearea similar to this can not
be found in Baden-Wiurttemberg any more. If thisgkgets destroyed, it can not be

remediated again.

The region is less important for high agricultunatoduction and therefore
predestined for nature conservation. The uniquemésthe century old cultural
landscape of the Swabian Alb, in particular theigen heats and the pasture
grassland of the military training area, makes tkgion highly valuable for
biodiversity conservation. This also resulted ie tiedication of a biosphere reserve.

Thus, whatever is possible to conserve these halnieeds to be done!
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7 Recommendations

To find an appropriate way to meet agriculture aatlre conservation management
models need to be developed, which consider thae faators and goals of both. For
farmers a land use management system needs tagyisédand economic feasible.
On the other hand it needs to be able to maintejh Bpecies diversity, richness,
endangered species and habitat types to consevdevdvisity. Policies and support
programmes (especially financially) of the EU, Bexleral Republic of Germany and

the Land Baden-Wurttemberg promote sustainable dgedMLR, 2008b).

The findings of the results and discussion shoel@ im making suggestions on how
to manage specific land use types to conserveraptbive diversity of plants whilst
the areas continue to be under agricultural utibsa As agriculture created the
landscape it is important to maintain land use. Wapecies and habitats, in
particular calcareous grasslands, depend on gramidgmowing management and
currently even more than in the past (Willems 20Bbschlod & WallisDeVries

2002; Kiehl & Pfadenhauer, 2007; Pykéala, 2007).

7.1 Semi-dry grasslands

Since semi-dry grasslands or juniper heats shoaldydazed for a short duration
(there should still be some remainder of floweng)sheep herding, which was also
the land use system, creating this vegetations. t@razing of horse or cattle
negatively influence juniper heats (Breunig, 200)er a regeneration period of six

to eight weeks the pasture in the study area is &blbe grazed again by sheep

99



7 Recommendations

(MLR, n.d.a). Juniper heats should not be grazechd&gvy grazers like cattle or
horses since trampling, especially at steep sitesjld destroy the grass sward,
promote erosion and bite would be less selectivaugBhmann, 1994). Also goats
could be used as they are grazers and browserg. CHmeavoid succession because
they are able to eat tree seedlings (éumiperuscommuniy Apart from that it is
often necessary to mow juniper heats. This shoelcmforced in late autumn or

winter (Bryset al., 2004).

7.2 Pasture grasslands

There are different types of pastures occurringha study area. Rotation pastures
(especially sheep herding for hill sides) should fagoured before permanent
pastures or ration grazing. The recovery periodothtion pastures is longer and

therefore it is the pasture type with the highesicges richness in the study area

There is no perfect point when grazing should stad it is suggested to have a
mosaic of different beginnings. Pastures shoulahmnged several times within a
year to allow the vegetation to recover for appmadely 4 weeks in spring and 6-8
weeks in autumn before grazing the grasslands alyeean plant height should be
more than 20 cm before reinforcing grazing and neberter than 5 cm. Farmers
have to reduce grazing density or shorten grazurgtwn, if biomass production is
too low. With short grazing duration less foddetsglst through trampling and
grass pollution. Therefore intensive grazing redube quality of the pasture and the
food for animals (Elsafer, n.d.). Animal density horses and cattle should not be

too high and grazing periods should not be lonigen two to three weeks with a two
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month brake in between (MLR, n.d.a). However, iingossible to give an exact
number of livestock units for pastures as it wolkddifferent for each pasture and
year. Nevertheless, Fuchs & Schumacher state tihativestock units under 1.4 per
ha enable a low increase of diversity. There cdndcbne rule arguing for intensive
used pastures, available biomass should be grazetidut 10 to 20 % remaining
grass (Schmid, 2003). At steep sites nitrogenlifegti should be drastically reduced

otherwise sward looses and the pasture loosesitgting resistance (Elsal3er, n.d.).

7.3 Mowed pastures

From the conservation point of view pasture shdadédmowed once in autumn to
avoid succession and dominance of some speciés.nibt necessary to mow the
pasture after each grazing as the pressure onsptantd be too high. The negative
effects of mowing are combined with the negativee@§ of grazing. Selective

removal of specific weeds can be achieved at sabarsas (Schmid, 2003).

7.4 Mowed meadows

Frequent and early mowing changes species commosand hampers species
richness but promotd3oa trivialis. Thus, the first cut should be later whilst thie$a

should be at the beginning of July (to keep spem@sposition) but there can not be
a fixed date (Briemle, 2000). However, Fuchs & Sohaher (2006) recommend that
point and frequency of mowing should orientate xemsive grassland utilisation

common practiced in the 1950s and 1960s. Impor&gntot to mow all meadows
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simultaneously and in the same sequence everytgegive the plants a chance to
reproduce. One should consider that plant heigithes at least 5 — 7 cm before

mowing (Briemleet al, 2002).

High amount of fertilisation promotes strong conipes, which take space away
from valuable meadow grasses. Fertilisation wigill manure should not happen as
ammonium (~ 60 % of N in liquid manure) as it istfavailable and promotes
grasses rather than herbs. Fertilisation, if neggsshould happen after the first cut

(Briemle, 2007) and should not exceed 50 kg N/hecliE & Schumacher, 2006).

7.5 Incentives

Bignal & McCracken (1996) highlight that the contation of low intensity farming,
is the only feasible, socially acceptable, and anable management strategy for
many European landscapes and biotopes of high enatminservation value. For
extensive use of meadows and pastures differeentives need to be created and
promoted. Thus, many European countries establishspecially economic
incentives for farmers (Amiauet al, 2007). Such financial incentives can be MEKA
(Marktentlastungs- und Kulturlandschaftsausgleicl)ZL (Ausgleichszulage
Landwirtschaft), LPR (Landschaftspflegerichtlini®, . ENUM (Projekt des Landes
zur Erhaltung und Entwicklung von Natur und UmwelbIFE+ (L'Instrument
Financier pour I'Environnement - promouvoir 'unsoutenable), direct farm bonus,

and many more can be found at the ministries weh(BILR, 2008b).

The aim is to conserve landscapes and biodiveasityell as to promote sustainable

use and development in agriculture.
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Appendix |: Environmental variables

AEG ID Soil type Exposition Solum thickness Inclination
AEG 1 Rendzina SW 16 1
AEG 2 Rendzina SE 19 1
AEG 3 Rendzina SW 23 1
AEG 4 Brown earth S 24 2
AEG 5 Rendzina SW 21 1
AEG 6 Rendzina SE 15 2
AEG 7 Rendzina SW 14 3
AEG 8 Rendzina NW 11 3
AEG 9 Rendzina S 217 3
AEG 10 Rendzina NW - 2
AEG 11 Rendzina sSwW 30 1
AEG 12 Rendzina W 11 2
AEG 13 Rendzina S 21 2
AEG 14 Rendzina W 40 2
AEG 15 Rendzina sSwW 12 1
AEG 16 Rendzina W - 1
AEG 17 Brown earth SE 35 2
AEG 18 Brown earth N 28 2
AEG 19 Rendzina SE 14 2
AEG 20 Rendzina N 12 3
AEG 21 Rendzina S 14 2
AEG 22 Rendzina S 16 2
AEG 23 Rendzina NE 36 1
AEG 24 Rendzina NW 26 1
AEG 25 Rendzina E 35 3
AEG 26 Rendzina N 17 3
AEG 27 Rendzina E 13 3
AEG 28 Rendzina NW 20 2
AEG 29 Rendzina NW 41 2
AEG 30 Rendzina S 21 2
AEG 31 Rendzina E 29 3
AEG 32 Rendzina S 20 2
AEG 33 Rendzina N 20 2
AEG 34 Rendzina NW 217 2
AEG 35 Rendzina E 60 2
AEG 36 Rendzina NW 3b 2
AEG 37 Brown earth E 13 2
AEG 38 Brown earth SSwW 63 1
AEG 39 Brown earth S 25 2
AEG 40 Rendzina NE 28 2
AEG 41 Brown earth W 60 2
AEG 42 Brown earth NE 4P 2
AEG 43 Brown earth N 3P 2
AEG 44 Brown earth W 24 3
AEG 45 Brown earth W 37 2
AEG 46 Brown earth N 40 2
AEG 47 Brown earth SW 21 3
AEG 48 Brown earth S 22 3
AEG 49 Brown earth E 35 1
AEG 50 Brown earth S - 1
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Appendix Il: Biomass, indices, cover

Biomass | Species No., Shannon Evenness Cover Mean

AEG ID (g/m?) (n) Index (H") (E) plants (%) | height (m)

AEG 1 995.0 31 2.5 0.7280 95.00 0.60
AEG 2 1165.0 18 2.1 0.7266 85.00 -
AEG 3 640.0 26 2.5 0.7673 90.00 0.40
AEG 4 980.0 21 1.8 0.6228 100.00 0.60
AEG 5 705.0 22 1.7 0.5675 100.00 0.60
AEG 6 760.0 29 2.2 0.6602 98.00 1.00
AEG 7 80.0 49 2.9 0.7452 85.00 0.05
AEG 8 635.0 42 2.5 0.6689 60.00 -
AEG 9 395.0 52 2.5 0.6327 90.00 0.15
AEG 10 625.0 34 2.9 0.8224 96.00 0.40
AEG 11 870.0 35 2.2 0.6188 99.00 0.40
AEG 12 870.0 30 2.6 0.7644 95.00 0.35
AEG 13 830.0 26 2.5 0.7673 97.00 0.55
AEG 14 965.0 23 2.6 0.8292 96.00 -
AEG 15 1045.0 28 2.1 0.6372 98.00 -
AEG 16 745.0 30 2.6 0.7644 85.00 -
AEG 17 455.0 35 2.3 0.6522 98.00 0.60
AEG 18 1100.0 27 2.2 0.6675 95.00 0.55
AEG 19 400.0 21 1.6 0.5341 98.00 -
AEG 20 475.0 26 25 0.7673 97.00 0.35
AEG 21 710.0 23 1.7 0.5422 90.00 -
AEG 22 465.0 42 2.3 0.6154 85.00 0.30
AEG 23 520.0 34 2.7 0.7657 95.00 0.45
AEG 24 850.0 23 1.8 0.5823 84.00 -
AEG 25 170.0 57 3.2 0.7915 90.00 0.05
AEG 26 170.0 49 3.3 0.8479 85.00 0.10
AEG 27 205.0 51 2.6 0.6753 85.00 0.15
AEG 28 305.0 50 3.2 0.8139 96.00 0.20
AEG 29 460.0 30 2.1 0.6174 95.00 -
AEG 30 710.0 39 2.7 0.7319 85.00 0.50
AEG 31 575.0 38 2.2 0.6048 93.00 0.30
AEG 32 670.0 28 1.9 0.5586 80.00 0.30
AEG 33 180.0 47 2.8 0.7272 96.00 0.20
AEG 34 200.0 34 2.7 0.7657 98.00 0.20
AEG 35 760.0 23 2.4 0.7654 96.00 0.55
AEG 36 660.0 27 2.2 0.6675 97.00 0.45
AEG 37 630.0 26 2.4 0.7366 99.00 0.60
AEG 38 440.0 33 2.9 0.8294 90.00 0.40
AEG 39 900.0 20 2.3 0.7678 100.00 0.70
AEG 40 825.0 31 2.7 0.7863 85.00 -
AEG 41 795.0 29 2.0 0.5939 90.00 0.40
AEG 42 645.0 24 2.4 0.7552 94.00 0.50
AEG 43 680.0 30 2.6 0.7644 97.00 0.35
AEG 44 450.0 32 2.6 0.7644 97.00 0.50
AEG 45 780.0 28 2.6 0.7803 95.00 0.50
AEG 46 1035.0 20 2.2 0.6602 98.00 0.45
AEG 47 95.0 48 2.8 0.7233 75.00 0.20
AEG 48 30.0 44 2.9 0.7663 65.00 0.05
AEG 49 300.0 41 2.7 0.7271 98.00 0.20
AEG 50 685.0 23 2.4 0.75- 96.00 0.45
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Appendix Ill: Land use (mowing, fertilisation)

No. of Amount fertil.

AEG ID |Land use No. of mowing| fertilisation (kg N/ha)

AEG 1 Meadow_2xmowed_fertilised 2 1 50
AEG 2 Meadow_3xmowed_fertilised 3 2 130
AEG 3 Meadow_2xmowed_fertilised 2 1 20
AEG 4 Mowed pasture_cattle-horse_fertjl. 1 1 50
AEG 5 Mowed pasture_cattle-horse_fertil. 1 1 50
AEG 6 Mowed pasture_cattle-horse_fertil. 1 1 50
AEG 7 Pasture_Sheep_unfertilised (Sdg 0 0 0
AEG 8 Pasture_Sheep_unfertilised (Sdg 0 0 0
AEG 9 Pasture_Sheep_unfertilised (Sdg 0 0 0
AEG 10 | Meadow_2xmowed_fertilised 2 1 10
AEG 11 | Meadow_2xmowed_fertilised 2 1 35
AEG 12 | Meadow_2xmowed_fertilised 2 1 50
AEG 13 | Meadow_2xmowed_fertilised 2 1 50
AEG 14 | Meadow_2xmowed_fertilised 2 2 80
AEG 15 | Meadow_3xmowed_fertilised 3 2 40
AEG 16 | Meadow_3xmowed_fertilised 3 2 90
AEG 17 | Meadow_3xmowed_fertilised 3 1 25
AEG 18 | Meadow_3xmowed_fertilised 3 2 100
AEG 19 | Mowed pasture_cattle-horse_fertil. 1 1 50
AEG 20 | Pasture_cattle-horse_fertilised 0 1 50
AEG 21 | Pasture_cattle-horse_fertilised 0 1 80
AEG 22 | Meadow_1xmowed_unfertilised 1 0 0
AEG 23 | Meadow_2xmowed_unfertilised 2 0 0
AEG 24 | Mowed pasture_Sheep_unfertilised 2 1 10
AEG 25 | Pasture_Sheep_unfertilised (Sdg) 0 0 0
AEG 26 | Pasture_Sheep_unfertilised (Sdg) 0 0 0
AEG 27 | Pasture_Sheep_unfertilised (Sdg 0 0 0
AEG 28 | Pasture_Sheep_unfertilised (Sdg 0 0 0
AEG 29 | Pasture_Sheep_unfertilised (Pgrld) 0 0 0
AEG 30 | Pasture_Sheep_unfertilised (Pgrld) 0 0 0
AEG 31 | Pasture_Sheep_unfertilised (Pgrld) 0 0 0
AEG 32 | Pasture_Sheep_unfertilised (Pgrld) 0 0 0
AEG 33 | Pasture_Sheep_unfertilised (Pgrld) 0 0 0
AEG 34 | Pasture_Sheep_unfertilised (Pgrld) 0 0 0
AEG 35 | Meadow_2xmowed_fertilised 2 1 10
AEG 36 | Meadow_2xmowed_fertilised 2 1 35
AEG 37 | Meadow_2xmowed_fertilised 2 1 50
AEG 38 | Meadow_2xmowed_fertilised 2 1 10
AEG 39 | Meadow_2xmowed_fertilised 2 1 50
AEG 40 | Meadow_2xmowed_fertilised 2 1 9
AEG 41 | Meadow_3xmowed_fertilised 3 2 45
AEG 42 | Mowed pasture_cattle fertilised 1 1 20
AEG 43 | Mowed pasture_Sheep_fertilised 1 1 17
AEG 44 | Mowed pasture_cattle-horse_fertil. 0 0 0
AEG 45 | Meadow_2xmowed_unfertilised 2 0 0
AEG 46 | Mowed pasture_cattle_unfertilised 0 0 0
AEG 47 | Pasture_Sheep_unfertilised (Sdg) 0 0 0
AEG 48 | Pasture_Sheep_unfertilised (Sdg 0 0 0
AEG 49 | Pasture_Sheep_unfertilised (Pgrld) 0 0 0
AEG 50 | Mowed pasture_sheep_unfertilised 1 0 0
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Appendix IV: Land use (grazing)

AEG ID |Pasture type Animals No. Animals | Livestock mit | Grazing days

AEG 1 no no 0 0 0
AEG 2 no no g 0 0
AEG 3 no no g 0 0
AEG 4 Rotation pasture Cattle 7 16.2 180
AEG 5 Rotation pasture Cattle; horse 57 44.2 180
AEG 6 Rotation pasture Cattle; horse 57 44.2 180
AEG 7 Rotation pasture Sheep 780 78 4
AEG 8 Rotation pasture Sheep 350 27.5 6
AEG 9 Rotation pasture Sheep 600 60 6
AEG 10 | no no @ 0 0
AEG 11 | no no @ 0 0
AEG 12 | no no @ 0 0
AEG 13 | no no @ 0 0
AEG 14 | no no @ 0 0
AEG 15 | no no @ 0 0
AEG 16 | no no @ 0 0
AEG 17 | no no @ 0 0
AEG 18 | no no @ 0 0
AEG 19 | Rotation pasture Cattle; horse 57 44.2 180
AEG 20 | Rotation pasture Cattle 55 33 180
AEG 21 | Permanent pasture  Cattle; horse 50 33.4 150
AEG 22 | no no @ 0 0
AEG 23 | no no @ 0 0
AEG 24 | Ration grazing Sheep 100 10 140
AEG 25 | Rotation pasture Sheep 825 62 4
AEG 26 | Rotation pasture Sheep 950 70 8
AEG 27 | Rotation pasture Sheep 1000 100 6
AEG 28 | Rotation pasture Sheep 900 75 8
AEG 29 | Rotation pasture Sheep 1000 85 240
AEG 30 | Rotation pasture Sheep 1000 85 240
AEG 31 | Rotation pasture Sheep 1000 85 240
AEG 32 | Rotation pasture Sheep 900 75 180
AEG 33 | Rotation pasture Sheep 1800 150 180
AEG 34 | Rotation pasture Sheep 900 75 180
AEG 35 | no no @ 0 0
AEG 36 | no no @ 0 0
AEG 37 | no no @ 0 0
AEG 38 | no no @ 0 0
AEG 39 | no no @ 0 0
AEG 40 | no no @ 0 0
AEG 41 | no no @ 0 0
AEG 42 | Rotation pasture Cattle 25 20 180
AEG 43 | Permanent pasture  Sheep 40 3.5 150
AEG 44 | Rotation pasture Cattle 12 7.2 180
AEG 45 | no no @ 0 0
AEG 46 | Permanent pasture  Cattle; horse 25 18.5 105
AEG 47 | Rotation pasture Sheep 850 21 21
AEG 48 | Rotation pasture Sheep 600 60 6
AEG 49 | Rotation pasture Sheep 900 75 180
AEG 50 | Rotation pasture Sheep 700 70 8
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Appendix V: Plants inventory list (AEG 1 — AEG 25)

AEG ID

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Achillea millefolium agg

0.5

0.5

0.5

0.5

0.5

Acinos arvensis

Aegopodium podagraria

25

Agrimonia eupatoria ssp eupatoria

0.5

0.5

0.5

Ajuga reptans

Alchemilla spec

0.5

0.5

0.5

Alchemilla monticola

R o

0.5

Alopecurus pratensis

20

30

15

35

10

0.5

60

Antennaria dioica

Anthoxanthum odoratum

0.5

Anthriscus sylvestris ssp sylvestris

20

0.5

15

0.5

0.5

0.5

0.5

0.5

0.5

Anthyllis vulneraria

0.5

Arenaria serpyllifolia

Arrhenatherum elatius

30

0.5

0.5

15

0.5

20

Asperula cynanchica

0.5

0.5

0.5

Bellis perennis

0.5

0.5

0.5

15

0.5

0.5

Betonica officinalis

Bistorta officinalis

Brachypodium pinnatum

25

30

Briza media

0.5

Bromus erectus

35

35

55

Bromus hordeaceus ssp hordeaceus

0.5

0.5

0.5

15

0.5

0.5

Campanula patula

0.5

0.5

Campanula rapunculoides

0.5

Campanula rotundifolia

0.5

0.5

0.5

0.5

0.5

Capsella bursa-pastoris

0.5

0.5

0.5

Cardamine pratensis

0.5

0.5

Carex caryophyllea

0.5

0.5

0.5
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Carex ericetorum

0.5

Carex flacca

0.5

0.5

N

Carex montana

0.5

Carex spicata

Carlina acaulis ssp simplex

0.5

0.5

Carlina vulgaris

0.5

Carum carvi

10

0.5

0.5

0.5

0.5

Cerastium arvense SSp arvense

0.5

Cerastium holosteoides

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

05 1

0.5

Chaerophyllum aureum

Chamaespartium sagittale

Cirsium acaule

0.5

Cirsium arvense

Cirsium eriophorum

Cirsium palustre

Cirsium vulgare

Colchicum autumnale

05 5

Convolvulus arvensis

Crepis biennis

0.5

0.5

0.5

0.5

0.5

0.5

Cruciata laevipes

Cynosurus cristatus

0.5

=

N

3}

0.5

Dactylis glomerata ssp glomerata

25

40

10

15

15

30

20

0.5/ 0.5

0.5

Daucus carota ssp carota

0.5

0.5

Deschampsia cespitosa

Euphorbia cyparissias

0.5

0.5

Euphrasia officinalis ssp rostkoviana

Fallopia convolvulus

0.5

Festuca guestfalica

15

Festuca nigrescens

Festuca pratensis ssp pratensis

10

0.5

0.5

10

Festuca rubra ssp rubra

25

0.5

10

10

0.5

X Festulolium loliaceum

0.5

0.5

0.5

0.5

0.5

Vi
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Fraxinus excelsior

0.5

Galium mollugo agg

10

10

0.5

10

0.5

0.5

Galium pumilum

0.5

0.5

0.5

Galium verum ssp verum

[N

0.5

0.5

0.5

0.5

Gentiana verna

0.5

Geranium dissectum

Geranium pusillum

Geranium pratense

0.5

0.5

Geranium pyrenaicum

0.5

Geranium sylvaticum

Geum urbanum

0.5

Glechoma hederacea ssp hederacea

0.5

Helianthemum nummularium ssp obscurum

Helictotrichon pratense

0.5

Helictotrichon pubescens ssp pubescens

0.5

10

Heracleum sphondylium

10

0.5

0.5

0.5

40

Hieracium subg Pilosella

Hieracium pilosella

10

10

Hippocrepis comosa

Holcus lanatus

0.5

0.5

Hypericum perforatum

0.5

Hypochaeris radicata

Juniperus communis ssp communis (juv )

Knautia arvensis

0.5

Koeleria macrantha ssp. macrantha

0.5

Koeleria pyramidata ssp pyramidata

0.5

Lamium album ssp album

0.5

Lathyrus pratensis

Lamium purpureum

0.5

Leontodon autumnalis

0.5

Leontodon hispidus

0.5

0.5

Leucanthemum vulgare agg

0.5

0.5

vii
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Leucanthemum ircutianum

0.5

0.5

Leucanthemum vulgare

0.5

0.5

0.5

Linum catharticum

0.5

0.5

0.5

Lolium perenne

0.5

10

10

0.5

15

25

15

40

10

Lotus corniculatus

0.5

0.5

0.5

N

0.5

Luzula campestris

0.5

0.5

0.5

Lysimachia nummularia

Medicago lupulina

0.5

0.5

0.5

0.5

0.5

Muscari neglectum

0.5

Myosotis arvensis

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

Myosotis ramosissima

0.5

Odontites spec

Ononis repens ssp procurrens

Orchis militaris

Origanum vulgare ssp vulgare

0.5

0.5

Orobanche caryophyllum

0.5

Phleum bertolonii

Phleum pratense

0.5

20

0.5

0.5

0.5

Phyteuma orbiculare

Pimpinella major

0.5

0.5

Pimpinella nigra

0.5

Pimpinella saxifraga

0.5

0.5

0.5

0.5

Pinus sylvestris ssp sylvestris

Plantago lanceolata

0.5

15

0.5

15

10

0.5

0.5

Plantago major

Plantago media

20

15

0.5

0.5

0.5

0.5

Platanthera chlorantha

Poa angustifolia

0.5

0.5

Poa pratensis

0.5

0.5

0.5

N

0.5

0.5

0.5

15

Poa trivialis ssp trivialis

15

20

40

60

50

15

20

65

55

25

60

15

10

60

50

20

50

15

60

Polygala amarella

0.5

0.5

Polygala comosa

0.5
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Polygala vulgaris

0.5

0.5

Potentilla erecta

0.5

Potentilla heptaphylla

0.5

Potentilla tabernaemontani

0.5

Primula veris ssp veris

Prunella grandiflora

20

Prunella vulgaris

12

0.5

0.5

0.5

0.5

Pseudolysimachion spicatum ssp spicatum

0.5

0.5

Pulsatilla vulgaris

Ranunculus acris

0.5

0.5

0.5

0.5

0.5

Ranunculus bulbosus ssp bulbosus

0.5

0.5

0.5

Ranunculus ficaria

0.5

Ranunculus repens

30

0.5

0.5

15

25

0.5

Rhinanthus alectorolophus

0.5

Rhinanthus glacialis

0.5

Rhinanthus minor

0.5

Rumex acetosa

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

Rumex crispus

0.5

Rumex obtusifolius

0.5

10

Rumex thyrsiflorus

Salvia pratensis

Sanguisorba minor

0.5

Scabiosa columbaria

0.5

0.5

Senecio jacobaea ssp. jacobaea

0.5

0.5

Sesleria albicans ssp albicans

0.5

Silene dioica

0.5

Silene vulgaris

Stellaria graminea

0.5

Stellaria media

0.5

Taraxacum spec

15

30

0.5

0.5

0.5

18

0.5

0.5

0.5

10

Teucrium montanum

0.5

Thlaspi arvense

0.5
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Thlaspi perfoliatum

0.5

0.5

Thymus pulegioides ssp carniolicus

w

0.5

0.5

Thymus pulegioides ssp pulegioides

0.5

0.5

20

Tilia spec

0.5

Tragopogon pratensis ssp. minor

0.5

Tragopogon pratensis ssp. orientalis

0.5

Tragopogon pratensis ssp. pratensis

0.5

0.5

0.5

Trifolium campestre

0.5

0.5

Trifolium dubium

0.5

0.5

0.5

Trifolium montanum

0.5

0.5

Trifolium pratense ssp pratense

15

0.5

=

0.5

oo

45

50

0.5

15

Trifolium repens

0.5

10

w

al

15

[N

25

12

10

20

w

0.5

Trisetum flavescens

20

20

15

30

30

12

30

30

10

o

25

0.5

Urtica dioica ssp dioica

0.5

Valerianella locusta

0.5

0.5

Veronica arvensis

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

Veronica chamaedrys

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

Veronica hederifolia

Veronica serpyllifolia

0.5

0.5

0.5

0.5

Veronica teucrium

Vicia angustifolia ssp angustifolia

Vicia sativa

Vicia sepium

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

Crataegus monogyna

Fraxinus excelsior

0.5

Juniperus communis Ssp communis

0.5

Quercus robur

0.5

Rosa rubiginosa agg
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Appendix VI: Plants inventory list (AEG 26 — AEG 50

AEG ID

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

Achillea millefolium agg

0.5

0.5

15

0.5

0.5

0.5

0.5

Acinos arvensis

0.5

Aegopodium podagraria

Agrimonia eupatoria ssp eupatoria

0.5

0.5

0.5

0.5

0.5

0.5

Ajuga reptans

0.5

Alchemilla spec

0.5

0.5

0.5

0.5

0.5

Alchemilla monticola

0.5

0.5

Alopecurus pratensis

0.5

18

20

30

25

10

20

Antennaria dioica

0.5

0.5

Anthoxanthum odoratum

0.5

0.5

Anthriscus sylvestris ssp sylvestris

0.5

0.5

15

20

20

0.5

15

Anthyllis vulneraria

Arenaria serpyllifolia

Arrhenatherum elatius

30

15

50

0.5

20

Asperula cynanchica

0.5

0.5

0.5

0.5

Bellis perennis

0.5

0.5

0.5

0.5

0.5

0.5

Betonica officinalis

0.5

Bistorta officinalis

Brachypodium pinnatum

12

Briza media

12

15

a

15

Bromus erectus

40

35

Bromus hordeaceus ssp hordeaceus

vl

0.5

0.5

0.5

0.5

0.5

0.5

0.5

Campanula patula

0.5

0.5

Campanula rapunculoides

Campanula rotundifolia

0.5

0.5

0.5

Capsella bursa-pastoris

Cardamine pratensis

0.5

Carex caryophyllea

10

Xi




Appendices

Carex ericetorum

Carex flacca

Carex montana

0.5

Carex spicata

0.5

0.5

Carlina acaulis ssp simplex

0.5

0.5/ 0.5

0.5

Carlina vulgaris

0.5

0.5/ 0.5

0.5

Carum carvi

0.5

0.5

0.5

0.5

0.5

Cerastium arvense SSp arvense

Cerastium holosteoides

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

Chaerophyllum aureum

0.5

Chamaespartium sagittale

10

Cirsium acaule

Cirsium arvense

0.5

Cirsium eriophorum

0.5

Cirsium palustre

Cirsium vulgare

0.5

Colchicum autumnale

0.5

0.5

Convolvulus arvensis

0.5

Crepis biennis

0.5

0.5

0.5

Cruciata laevipes

Cynosurus cristatus

0.5

12

12

=

15

10

Dactylis glomerata ssp glomerata

[N

10

N

10

12

12

10

10

30

Daucus carota ssp carota

0.5

0.5/ 0.5

0.5

Deschampsia cespitosa

10

Euphorbia cyparissias

0.5

Euphrasia officinalis ssp rostkoviana

Fallopia convolvulus

Festuca guestfalica

15/ 6

Festuca nigrescens

0.5

Festuca pratensis ssp pratensis

0.5

0.5

10

[

Festuca rubra ssp rubra

3}

10

40

25

0.5

0.5

15

35

X Festulolium loliaceum
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Fraxinus excelsior

0.5

Galium mollugo agg

10

0.5

0.5

15

0.5

Galium pumilum

0.5

Galium verum ssp verum

0.5

Gentiana verna

Geranium dissectum

0.5

Geranium pusillum

0.5

0.5

0.5

Geranium pratense

0.5

Geranium pyrenaicum

Geranium sylvaticum

0.5

Geum urbanum

0.5

Glechoma hederacea ssp hederacea

0.5

Helianthemum nummularium ssp obscurum

Helictotrichon pratense

0.5

Helictotrichon pubescens ssp pubescens

20

15

0.5

0.5

0.5

30

Heracleum sphondylium

0.5

25

25

0.5

N

12

Hieracium subg Pilosella

0.5

Hieracium pilosella

12

15

Hippocrepis comosa

0.5

Holcus lanatus

0.5

0.5

0.5

0.5

Hypericum perforatum

0.5

0.5

0.5

Hypochaeris radicata

0.5

Juniperus communis ssp communis (juv )

Knautia arvensis

0.5

Koeleria macrantha ssp. macrantha

Koeleria pyramidata ssp pyramidata

Lamium album ssp album

20

0.5

Lathyrus pratensis

0.5

0.5

Lamium purpureum

0.5

0.5

0.5

Leontodon autumnalis

0.5

0.5

0.5

0.5

Leontodon hispidus

0.5

0.5

0.5

Leucanthemum vulgare agg
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Leucanthemum ircutianum

0.5

0.5

Leucanthemum vulgare

0.5

0.5

Linum catharticum

0.5

0.5

0.5

0.5

Lolium perenne

15

0.5

25

15

0.5

Lotus corniculatus

0.5

0.5

0.5

0.5

Luzula campestris

0.5

0.5

0.5

Lysimachia nummularia

Medicago lupulina

0.5

0.5

0.5

0.5

0.5

Muscari neglectum

Myosotis arvensis

0.5

0.5

0.5

0.5

Myosotis ramosissima

0.5

0.5

Odontites spec

0.5

0.5

0.5

Ononis repens ssp procurrens

0.5

0.5

Orchis militaris

0.5

Origanum vulgare ssp vulgare

0.5

Orobanche caryophyllum

Phleum bertolonii

0.5

0.5

0.5

Phleum pratense

0.5

0.5

0.5

Phyteuma orbiculare

0.5

Pimpinella major

0.5

Pimpinella nigra

0.5

Pimpinella saxifraga

0.5

0.5

0.5

0.5

0.5

Pinus sylvestris ssp sylvestris

Plantago lanceolata

0.5

10

10

12

0.5

Plantago major

0.5

0.5

Plantago media

15

0.5

0.5

0.5

0.5

Platanthera chlorantha

Poa angustifolia

60

0.5

15

Poa pratensis

0.5

0.5

0.5

0.5

10

10

15

Poa trivialis ssp trivialis

[N

60

0.5

0.5

15

15

60

30

12

30

60

25

10

30

60

Polygala amarella

0.5

0.5

0.5

Polygala comosa

0.5

0.5
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Polygala vulgaris

0.5

Potentilla erecta

Potentilla heptaphylla

0.5

0.5

Potentilla tabernaemontani

[

0.5

0.5

0.5

Primula veris ssp veris

Prunella grandiflora

10

10

13

Prunella vulgaris

0.5

0.5

Pseudolysimachion spicatum ssp spicatum

0.5

0.5

Pulsatilla vulgaris

0.5

Ranunculus acris

0.5

15

20

Ranunculus bulbosus ssp bulbosus

0.5

0.5

0.5

0.5

Ranunculus ficaria

Ranunculus repens

0.5

10

Rhinanthus alectorolophus

20

15

Rhinanthus glacialis

0.5

Rhinanthus minor

0.5

Rumex acetosa

0.5

0.5

0.5

Rumex crispus

Rumex obtusifolius

Rumex thyrsiflorus

Salvia pratensis

0.5

w

Sanguisorba minor

o

0.5

N

0.5

Scabiosa columbaria

Senecio jacobaea ssp. jacobaea

Sesleria albicans ssp albicans

Silene dioica

0.5

0.5

Silene vulgaris

0.5

Stellaria graminea

Stellaria media

Taraxacum spec

0.5

0.5

0.5

0.5

10

20

12

0.5

Teucrium montanum

0.5

Thlaspi arvense

0.5
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Thlaspi perfoliatum

Thymus pulegioides ssp carniolicus

[

0.5

Thymus pulegioides ssp pulegioides

0.5

0.5

Tilia spec

Tragopogon pratensis ssp. minor

Tragopogon pratensis ssp. orientalis

0.5

Tragopogon pratensis ssp. pratensis

0.5

0.5

0.5

Trifolium campestre

10

Trifolium dubium

0.5

0.5

0.5

0.5

0.5

0.5

Trifolium montanum

Trifolium pratense ssp pratense

10

=

15

0.5

0.5

0.5

10

w

0.5

30

10

Trifolium repens

20

25

40

0.5

[N

[

12

w

w

10

20

10

Trisetum flavescens

10

20

12

20

15

30

N

20

10

25

12

Urtica dioica ssp dioica

0.5

Valerianella locusta

=

Veronica arvensis

0.5

0.5

0.5

0.5

0.5

w

0.5

0.5

Veronica chamaedrys

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

Veronica hederifolia

0.5

Veronica serpyllifolia

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

Veronica teucrium

0.5

Vicia angustifolia ssp angustifolia

0.5

0.5

0.5

0.5

Vicia sativa

Vicia sepium

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

0.5

Crataegus monogyna

Fraxinus excelsior

Juniperus communis Ssp communis

0.5

0.5

Quercus robur

Rosa rubiginosa agg
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Appendix VII: Multiple Regressions

Summary

Between-Subjects Factors

OTHERLAND USETYPE 0 42
MOWED PASTURE 1 8
MOWED PASTURE 0 8
MEADOW 1 22
PASTURE 2 20
NO FERTILISATION 0 22
FERTILISATION 1 28

Univariate Analysis of Variance — Species number

Tests of Between-Subjects Effects

Dependent Variable: Species number

Type | Sum of

Source Squares df Mean Square F Sig.
Corrected Model 3468.166(a) 9 385.352 10.870 .000
Intercept 53072.820 1 53072.820 1497.102 .000
MOWED PASTURE 701.109 1 701.109 19.777 .000
PASTURE_MEADOW 1300.303 1 1300.303 36.680 .000
FERTILISATION 426.171 1 426.171 12.022 .001
AmountFertilisation 177.088 1 177.088 4.995 .031
FrequencyFertilisation

17.303 1 17.303 .488 .489
LivestockUnit 122.303 1 122.303 3.450 .071
TypeAnimal 10.526 1 10.526 297 .589
DaysGrazing 705.235 1 705.235 19.894 .000
FrequencyMowing 8.127 1 8.127 .229 .635
Error 1418.014 40 35.450
Total 57959.000 50
Corrected Total 4886.180 49

a R Squared =.710 (Adjusted R Squared = .644)

XVil




Appendices

Univariate Analysis of Variance — Evenness

Dependent Variable: Evenness

Tests of Between-Subjects Effects

Type | Sum of
Source Squares df Mean Square F Sig.
Corrected Model 121(a) 9 .013 2.491 .023
Intercept 25.094 1 25.094 4664.333 .000
MOWEDPASTURE .028 1 .028 5.138 .029
PASTURE_MEADOW .006 1 .006 1.040 .314
FERTILISATION .006 1 .006 1.036 .315
AmountFertilisation .008 1 .008 1571 217
FrequencyFertilisation2006
4.81E-005 1 4.81E-005 .009 925
LivestockUnit .000 1 .000 .032 .858
TypeAnimal .037 1 .037 6.796 .013
DaysGrazing .027 1 .027 5111 .029
FrequencyMowing .009 1 .009 1.683 .202
Error .215 40 .005
Total 25.430 50
Corrected Total .336 49
a R Squared = .359 (Adjusted R Squared = .215)
Univariate Analysis of Variance — Diversity
Tests of Between-Subjects Effects
Dependent Variable: Diversity (H")
Type | Sum of
Source Squares df Mean Square F Sig.
Corrected Model 4.151(a) 9 461 5.676 .000
Intercept 298.168 1 298.168 | 3669.329 .000
MOWED PASTURE 1.372 1 1.372 16.879 .000
PASTURE_MEADOW .281 1 .281 3.452 .071
FERTILISATION .504 1 .504 6.197 .017
AmountFertilisation .455 1 455 5.602 .023
FrequencyFertilisation
.007 1 .007 .083 775
LivestockUnit .021 1 .021 .255 .616
TypeAnimal .326 1 .326 4.018 .052
DaysGrazing 1.068 1 1.068 13.140 .001
FrequencyMowing 119 1 119 1.463 234
Error 3.250 40 .081
Total 305.570 50
Corrected Total 7.402 49

a R Squared = .561 (Adjusted R Squared = .462)
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Univariate Analysis of Variance — Biomass

Dependent Variable: Biomass

Tests of Between-Subjects Effects

Type | Sum of

Source Squares df Mean Square F Sig.
Corrected Model 2571306.272(a) 9 285700.697 7.518 .000
Intercept 18770064.500 1| 18770064.500 493.899 .000
MOWED PASTURE 96049.339 1 96049.339 2.527 120
PASTURE_MEADOW 1543680.195 1| 1543680.195 40.619 .000
FERTILISATION 186955.831 1 186955.831 4.919 .032
AmountFertilisation 319839.950 1 319839.950 8.416 .006
FrequencyFertilisation

25792.401 1 25792.401 .679 415
LivestockUnit 134327.256 1 134327.256 3.535 .067
TypeAnimal 11142.136 1 11142.136 .293 591
DaysGrazing 245982.523 1 245982.523 6.473 .015
FrequencyMowing 7536.641 1 7536.641 .198 .658
Error 1520154.228 40 38003.856
Total 22861525.000 50
Corrected Total 4091460.500 49

a R Squared = .628 (Adjusted R Squared = .54
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Appendix VIII: One Way ANOVA

Summary

Between-Subjects Factors

Exposition

Inclination

SoilType

S

Sw

W

NW

N

NE

E

SE

1

2

3
Rendzina
Brown earth

A O WO OO O 0O O

P W R, NP
aa N B OO O

SolumThickness

11
12
13
14
15
16
17
19
20
21
22
23
24
25
26
27
28
29
30
32
35
36
37
40
41
42
60
63

P NP P NRPRPRDMRPPRPRNNRPRPNRPRPEPANORRENRE ®NMNON
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Univariate Analysis of Variance — Species number
Tests of Between-Subjects Effects

Dependent Variable: Species Number

Type Il Sum
Source of Squares df Mean Square F Sig.
Exposition 611.306 7 87.329 .858 547
Inclination 1995.795 2 997.898 16.227 .000
SoilType 141.812 1 141.812 1.435 .237
SolumThickness 2386.360 27 88.384 701 .806
Univariate Analysis of Variance — Evenness
Tests of Between-Subjects Effects
Dependent Variable: Evenness
Type Il Sum
Source of Squares df Mean Square F Sig.
Exposition .055 7 .008 1.185 .332
Inclination .004 2 .002 .318 729
SoilType .005 1 .005 .683 413
SolumThickness 143 27 .005 577 .907
Univariate Analysis of Variance — Diversity
Tests of Between-Subjects Effects
Dependent Variable: Diversity (H’)
Type Il Sum
Source of Squares df Mean Square F Sig.
Exposition 1.195 7 171 1.155 .349
Inclination 1.150 2 575 4.323 .019
SoilType 7.21E-005 1 7.21E-005 .000 .983
SolumThickness 3.107 27 115 .540 .930
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Univariate Analysis of Variance — Biomass

Tests of Between-Subjects Effects

Dependent Variable: Biomass

Type Il Sum
Source of Squares df Mean Square F Sig.
Exposition 407837.286 7 58262.469 .664 701
Inclination 1430550.567 2 715275.284 12.634 .000
SoilType 3559.765 1 3559.765 .042 .839
SolumThickness 2654679.743 27 98321.472 1.322 267

XXil






