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1 Introduction

The aim of this report was to complete and extéedoilot study on grassland ecosystem serviceshnhas
elaborated in 2010. That pilot study explained ¢heice of grasslands as a model ecosystem duesto th
importance which grasslands play in the Europeanrintom the perspective of economy and EU budget a
well as due to the long in tradition in agricullurmanagement. Also the relation to the fundamental
initiatives in ecosystem services assessment —Igavlibfennium Ecosystem Assessment — was estaldishe
in 2010 pilot study. The recent outcomes are basethe findings from the previous year which sethgp
delineation of grasslands in the Czech Republicgenatroduction to the methods of ecosystem sesvice
guantification, explored main available dataset$ executed the first attempt to analyse ecosystewices

in terms of quantity of their flows. The 2010 stualgo employed so called habitat mapping layer whic
captures data on abundance and distribution ofcpéat habitats on the finest possible resolutidhe
authors built on this rare feature of dataset @sgjands and established a 'habitat approachbtystem
services assessment which allows further diffeatioth within a broader ecosystem category of gaask|
according to the individual habitats (or group$abitats).

This report presents (in chapter 3) the outcomextended and completed assessment of severalstewsy
services which contribute extensively to the bdagfiovided by grasslands and which were targeyettido
2010 pilot study. These services, namely livestokision, carbon sequestration, soil erosion raigum,
water flow regulation, invasion resistance andeation were further supplemented by waste treatifient
nitrogen removal). This survey made the assesswieatl these services complete by calculating both
biophysical quantity and economic value of eackiser

However, expectations on ecosystem services assessias raised since the last year due to thedsicrg
acceptance and popularity of the TEEB study as astiue to the newly adopted EU Biodiversity State

to 2020, besides others. If the ecosystem serghesld be taken into account in decision makingliat
levels, more information would be needed and mampiex and precise analyses would have to be
performed in order to gain sound, fair and reliablput. Therefore, this year survey has been fuarthe
extended by several items. An overview of all estsy services which grasslands are expected tadgrov
is presented in chapter 2. Comments on potentiagragslands to contribute to these services should
complete the image of grasslands and their sigmifie for human well-being.

Chapter 5 presents several attempts to advancearthlysis of trade-offs among ecosystem services.
Ecosystem service trade-offs occur when the prowisf one ecosystem service is reduced as a comsegju

of the increased use of another one. A compreheltisdrature review was carried out in order toensthnd

the effects of change in management scheme —raanghigh nature value grasslands, intensive megdow
abandonment of management, grazing, turn to atabteetc. — on ecosystem services provision (sapteh
5.1). The effects of biological diversity on ecdsys services provision level could be seen from the
comparison of management schemes that improvesveisdy to the measures which in turn causes
decrease of biodiversity like conversion to ardatel, fertilization, high cutting frequency etc.féilure in
grassland management frequently results in gradslagradation. Therefore, habitat degradation iefliar
described in connection with drivers of change raisgland ecosystem quality and distinguished imteet
categories of descending quality. Quantitativenessties of impact of degradation on the level of gstesn
services were derived from literature (chapter.5T2ade-offs among ecosystem services usually sdour
time and space. To be able to fully appreciateetfect of change in use or management of grasslands
future, the flow of grassland benefits was caladaacross a long time period and expressed assarpre
value of ecosystem services. While well-informedisiens should be based on both benefits and dbsts,
calculation of net present value made use of data £ conservation programmes and took the costs of
grassland maintenance and conservation into acesuwell (see chapter 5.3). Since mapping of etesys
services has gained an increasing popularity @®lafdr consideration of spatial trade-offs in pasteral
years, a small mapping exercise is attached tordlpiert in chapter 5.4 (the actual maps are predeint
Annex Il).
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Broadening of geographical scope of this survegttr Central European countries was foreseenrhfer t
survey. A small workshop of representatives of Garym Switzerland, Austria, Slovakia and the Czech
Republic was held in order to get input with regata both the methods of assessment and data ldeaila
By coincidence, there has been an assessment sdlamd ecosystem services conducted in all of these
countries while the focus on grasslands is rather in other European regions. All experiencesiapdts
which could improve this report in terms of metheasl data were included. Furthermore, the conalgsio
of this report could be generalized to other caasatto the extent to which they enjoy similar regib
conditions in terms of nature, climate and grasklamnagement. The habitat approach to ecosystem
services assessment which builds on the EUNIS dtabiassification makes the outcomes of this study
relevant to the countries where the respectivetaisbare present. The same applies to the ovenfi¢rnade-

offs imposed by change of use of grassland hatyipais/ecosystems where the type of land use establi
the differentiating category.

This report has been elaborated in the consortiuthree institutions. Agency for Nature Conservatand
Landscape Protection of the Czech Republic andl&h&amiversity Environment Center (CUEC) represent
the team of the 2010 pilot study. CUEC have domentfain part of job on the chapters 2, 3, 5.2 ad 5.
Austrian Umweltbundesamt (UBA) joined the team jmirsg 2011 and offered contribution consisting of
literature review of ecosystem services trade-@ffsapter 5.1). As the different parts of the repoetre
elaborated paralelly but separately, the overaittssis of contributions of all partners was naggiole to
complete due to time restraints. Therefore, eaelptel has its own brief introduction as well asatasions.

As the UBA team provided really comprehensive amdlépth review, only a condensed summary was
included in the main report. Most of the interegtadetails — often intriguing — are presented in é&nhto

this report.
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2 Ecosystem services which grasslands are
expected to provide

In this section, we review ecosystem services plexviby semi-natural grasslands, even though ntiteiur
quantified in the chapter 3. We review basic apet different classes of ecosystems servicesl€Tap
with regard to ecosystem services provided by setural grassland habitats. Where available, etssnaf

biophysical quantities or economic value are preskn

Table 1. Classification of ecosystem services (TEEB 2010).

PROVISIONING SERVICES

1 Food (e.g. meat, milk, honey)
2 Water (e.g. for drinking, irrigation, cooling)
3 Raw Materials (e.g. fodder, fertilizer, bioenergy)
4 Genetic resources (e.g. medicinal purposes, gene banks)
5 Medicinal resources (e.g. biochemical products, models & test-organisms)
6 Ornemental ressources (e.g. décorative plants)
REGULATING SERVICES
7 Air quality regulation (e.g. capturing (fine) dust, chemicals, etc.)
8 Climate regulation (C-sequestration and storage, greenhouse-gas balance)
9 Moderation of extreme events (e.g. flood prevention)

10 | Regulation of water flows (e.g. natural drainage, irrigation and drought prevention)

11 | Waste treatment (especially water purification, nutrient retention)

12 | Erosion prevention (e.g. soil loss avoidance, vegetated buffer strips)

13 | Maintenance of soil fertility (incl. soil formation)

14 | Pollination (e.g. effectiveness and diversity of wild pollinators)

15 | Biological control (e.g. seed dispersal, pest and disease control)

HABITAT SERVICES

16 | Maintenance of life cycles of migratory species (e.g. bio corridors and stepping stones)

17 | Maintenance of genetic diversity (especially in gene pool protection)

CULTURAL & AMENITY SERVICES

18 | Aesthetic information (e.g. harmonic agricultural landscape)

19 | Opportunities for recreation & tourism (e.g. agro-tourism)

20 | Inspiration for culture, art and design

21 | Spiritual experience

22 | Information for cognitive development
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2.1 Food provision

Grasslands are an important source of food ressunzenely meat, milk or honey. There is some ewéden
that livestock performance can be improved by preseof semi-natural herbs and legumes. Although
pasture on managed grasslands provides usuallgefarfibetter quality, effects on milk and meat aiafje
from semi-natural grasslands have been documelRtedxample, sensory properties and texture ofsgsee
can be linked to botanical diversity of grasslaf@isulon et al. 2004). Meat nutritional quality rees also
considerable attention with regard to effects omé&n health. The content of polyunsaturated omefzdtg-
acids can be promoted by shifting concentrate fepth pasture forage. While digestibility of foraigem
semi-natural grasslands is usually lower than dilgigs/ of forage from managed grasslands, fordgean
semi-natural grasslands contains beneficial compugnéke vitamin E, carotenes or terpenes (Hopkins
2009).

2.2 Water provision

Grasslands have effects on surface water as wghoasmdwater quality and recharge. The main pressom
groundwater include use of agricultural nitrogertilieers and pesticides. The natural levels ofatés in
groundwater are low, typically less than 10 mgNIO3 (EEA 1999). Conversion of arable land to deasis
usually results in reductions of groundwater ngrabncentrations in shallow aquifers as the nitnoge
outflow from permanent grasslands, even fertilized10 times lower than from arable land (Jankowska
Huflejt 2006).

2.3 Raw materials

Semi-natural grasslands provide forage, fibresiaakasingly is also recognized their potentiaptovide
bioenergy. Concerning forage quantity, several istuchave provided the evidence that species-rich
grasslands achieve higher biomass and hence hialg yldooper et al. 2005, Bullock et al. 2007). ks

et al. (2010) identified provision of fibres amoaige of the key contribution of semi-natural grasgtaand
agro-ecosystems in general. Bioenergy provisiogdmbustion of biomass from semi-natural grasslasds
an alternative use of grasslands (Tonn et al. 2@Bi@energy from semi-natural grasslands is noalgu
associated with negative environmental impacts saghgreenhouse gas emissions or land use change
induced by bioenergy crops on arable land. The agsarvested from grasslands is usually useddga®
generation by anaerobic fermentation. Probablyntioge suitable option for mature herbaceous biomass
from semi-natural grasslands is the combustiomasdmbustion technology has been successfullytediap
to the particular physical properties of herbacemafuels (Tonn et al. 2010). However, herbacedatibls
contain more ash and nitrogen than wood fuels aakfore their combustion contributes to air pabhoit

2.4 Genetic resource

Semi-natural grasslands cover probably the mostrsiéy habitats in Europe and therefore are extensive
repositories of biodiversity and genetic materi&emi-natural grasslands in Europe contain andpticel
diversity of plants, insects (e.g. butterflies)rdsi or fungi. Plant populations in European sentiira
grasslands exhibit a strong pattern of genetiedifitiation and erosion (Picé and van Groenenda@l)2
Genetic diversity is generally negatively relatedragmentation of grasslands and current humanlptpn
density (Helm et al. 2009).

2.5 Medicinal resources

Semi-natural grasslands have been traditionallycesuof medicinal plants and other medicinal resesir
Pharmaceutical use of medicinal and aromatic pléktaPs) is connected with the content of active
substances such as oil or tannins (DuSek et aD)2@Emi-natural grasslands are significant soafaaany
medicinal plants, such as Common St. John’s wiypéricum perforatuin Common agrimonyAgrimonia
eupatorig, Meadow Clary $alvinaria pratensis or Ribwort plantain Rlantago lanceolata Medicinal
plants collected on semi-natural grasslands areabé¢ for traditional medicines or are commercially
utilized for the production of teas, oils and othexdicines.

2.6 Ornamental resources

The information on the use of grassland speciesrasmental resources is insufficient. However, meadr
alpine flowers have been always used for decoratimhornamental purposes.
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2.7 Air quality regulation

The role of grasslands in air quality regulationvems rests in avoided emissions of gases ratfzer direct
effects on air quality. Grasslands can be an inambrsource of ClHand NO which are associated with
livestock and grassland management.

2.8 Climate change regulation

Climate change regulation service is usually apgred by an amount of carbon sequestered in an
ecosystem. Carbon stored in ecosystems is an iamgdrtdicator of regulation services potential Vhis
directly related to land use disturbances and lewathiagement practices. There is growing evidence tha
temperate grasslands can sequester relatively Bmgmints of carbon. Carbon sequestered in temperate
grasslands is related to net primary productionRN&s a rate of C supply into soil. On the othardha
carbon is emitted from grassland by heterotropésgpiration, fires, and also changes in soil C pouwlaced

by soil erosion or water drainage.

2.9 Moderation of extreme events

Semi-natural grasslands have the capacity to mtlesdreme events like floods or landslides. Esigci
alluvial meadows can serve as washlands for flo&#sni-natural meadows reduce runoff extremes by
maintaining sufficient recharge of groundwater.

2.10 Water flow regulation

Ecosystem service of water regulation can be défiae influence ecosystems have on the timing and
magnitude of water runoff, flooding, and aquifecharge, particularly in terms of the water storpgtential

of the ecosystem (WRI 2008). Water infiltration wsaisgggested to depend on soil type, soil texturg, so
structure, earthworm burrow numbers, earthworm ispecstable organic matter and initial soil water

content. Grasslands can reduce water runoff by 2ib%omparison with cropland and by 50 % in

comparison with urban areas. Therefore, semi-nlagnasslands complement wetlands and forests with
regard to buffering water flows and amelioratingtevastress by increasing landscape water holding
capacity.

2.11 Waste regulation

Semi-natural grasslands relatively effectively depose waste such are nitrogen compounds due to high
biological activity. Semi-natural grasslands angirthbiodiversity are threatened by increasing ajibns of
nitrogen fertilizers but also by atmospheric depmsiof nitrogen (Phoenix et al. 2003). Biomassduwed

by grassland vegetation removes a portion of nitnognd other biogenic nutrients. Soil microbiaidtgt
transforms ammonium (NP and nitrate (N@) into N,O and contributes to the removal of nitrogen from
soils by denitrification.

2.12 Erosion regulation

Grassland cover prevents soil loss due to wateraanerosion. Soil erosion is a main factor conitig to

the degradation of agricultural land and soil esnsimposes additional costs downstream in wat@rveg's

and settlements. Tolerable erosion rate or sail fokerance (T) is a related concept that limiesaimount of
erosion, which is still acceptable and potentiabes not threaten the ecological production. Swisien

tolerance can be defined as a rate of soil erasianis balanced by soil production and allows ecaical

sustainability of crop production (Verheijen et2009). Erosion costs can be differentiated acogrth the
location of impacts. On-site costs of erosion idelloss of productivity, water and nutrients (Piteéet al.
1995). Dominating off-site damage is the depositbsoil particles in water systems, which furtheduces
their ability to provide clean water, waste treatin@ood control or recreation bathing services.

2.13 Maintenance of soil fertility

A fertile soil can be defined as providing essdmiigrients for crop plant growth, supporting aetse and
active biotic community, exhibiting a typical setiructure, and allowing for an undisturbed decontjoos
(Maeder et al. 2002). One of the most importantupeters determined also by soil biodiversity id soi
organic matter (SOM) (van Eekeren et al. 2010) twléohances also the performance of several other
ecosystem services like carbon sequestration atet Waw regulation. Soil organic carbon under gtasds

is usually greater than under other land uses ceslyecropland. For example, an average differeincsoil
organic carbon (SOC) between grassland and croptasdl6.3 Mg C hHa(Franzluebbers 2009).
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2.14 Pollination

While pollination is in an agricultural Europeanndiscape maintained predominantly by bedpig
mellifera), several crops and trees are dependent on ga@liniay wild pollinator species. Pollination semic
intensity (flower-visitor richness, visitation ratand fruit set) decreases with distance from madtareas
(Garibaldi et al. 2011). Visitation rate and divgrof pollinators generally exponentially declimath the
distance from natural or semi-natural habitats K&lits et al. 2008). Grasslands provide an impottabitat

for several wild pollinator species, such as hdiexf bumblebees or feral bees. Decline of natural
pollination diversity and intensity can be reflettby decreasing yields of agricultural crops, as wa
documented for example for oilseed rape (Jaukat. 2011).

2.15 Pest control

Arthropod predators and parasitoids suppress popotaof herbivorous crop pests, providing biocohtr
services (Landis et al. 2008). Grasslands mediatbiblogical control of pests and grassland stietlzrds
are important for biological control. Grasslandshwintermediate levels of forb cover and floweretsity
supported two-orders of magnitude more natural gngiomass, fourfold more natural enemy familied an
threefold greater rates of egg predation than egmicultural field (Werling et al. 2011). Equivatgnto
pollination, pest control service, i.e. diversifiypsedators and parasitoids controls populationpests and
results in increased crop yields.

As a subcategory of pest regulation service, reigmeof invasive species is sometimes included unde
biocontrol service. DiTomaso (2000) estimated altobvst caused by invasive species on rangelareath

2 billion USD, that is 5 USD per hectare of pastared. Xu et al. (2006) estimated indirect econolosses
by invasive species to grassland ecosystem serflieeindirect economic losses) to be 317 mil. UED00
data). This translates approximately into 0.8—0SDlper hectare. Therefore, economic costs incusyed
invasive species range between 0.75-4.5 EUR péauleeaf grassland.

2.16 Cultural and amenity services

Grasslands play important roles in recreation amuidn aesthetics. Many outdoor activities, suchi@s b
watching, hunting, walking and general enjoymennafure, are linked to open landscapes and extended
views. Meadows and pastures as a component ofudtgral landscape play a role in aesthetic enjoytnoén
landscape and social cohesion of rural areas. Pempially prefer diversified agricultural landscayeere
semi-natural grasslands from a significant compomérat is reflected also by an economic value ofise
natural grasslands (Marzetti et al. 2011).
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3 Quantification of ecosystem services of semi-
natural grasslands

The aim of this section is to summarize and furtthevelop indicators and values of grassland ecesyst
services treated by the pilot study last yearcRéa et al. 2010). Main focus is on the services oédtock
provision, carbon sequestration, soil erosion regwh, water flow regulation, nitrogen, invasiorsistance
and recreation. These services have been foundrtriliute extensively to the benefits provided by
grasslands and are relatively well documented arahtifiable. We reviewed additional data sources fo
biophysical assessment as well as monetary vafuafigelected grassland ecosystem services. THasgoa
to complete assessment of all these services bulatihg both biophysical quantity and economiaueabf
each service.

The ecosystem accounting of grassland ecosysteritagrin this study is based orhabitat ecosystem
accounting approach and value/benefit transfers While grassland ecosystem services are usually
accounted as a single ecosystem category, halsitauating enables differentiation within an ecosyst
category and enables more detailed classificati@casystem services flowing from habitats witHfefiént
characteristics. For example, bundles of serviomsveld from alpine grasslands will be differentnfro
services of alluvial and wet meadows. The limitfagtor in habitat based ecosystem accounting iallysu
data availability. This pilot study differentiatetiveen 8 broader categories of semi-natural gradsland
managed pasture and meadows as an additional patefpich dominates grassland area in majority of
European countries but provides also important y&tem services despite the more pronounced human
influence.

In this section, we start with a review of grasdl@sosystem assessments, develop a general frakfawor
habitat approach to ecosystem assessment andwmtith characteristics of particular grasslandsgstem
services which have been addressed in a pilot sfeidgl chapter (3.3.8) summarizes value of ecesyst
services provided by grassland habitats in the ICRspublic.

3.1 Grassland ecosystem assessments

Several initiatives and studies following approache ecosystem services assessment and valuation
(Costanza et al. 1997, MA 2005) has been attemptirexpress benefits provided by different regions
ecosystems to society. These include for examplgatran of boreal forest natural capital and ectsys
services (Anielski and Wilson 2009) or valuationaadtland ecosystem services (Brander et al. 2008)er

et al. 2008). Although we did not find any studyhieh would comprehensively quantify grassland
ecosystem services, the value of grassland ecosydtas been already addresses and assessed 3 sever
studies. For instance, Heidenreich (2009) reviemauent research on total economic value of tentpera
grasslands. Wilson (2009) reviewed and assessates/abf grassland ecosystem services in British
Columbia. The role of ecosystem services indicateas recognized as one of the key components of
grassland ecosystem services assessments (MaazKdidinger 2008). Recently, UK National Ecosystem
Assessment covered also semi-natural grasslands asportant source of ecosystem services (Bulkdck

al. 2011).

Current evidence from assessments outlined aboggests that ecosystem services from semi-natural
grasslands has either declined or show a mixed foenause the number and size of semi-naturallgnaiss
have dramatically declined in Europe (Harrison let2810). This decline is related to abandonment of
traditional small-scale farming during the last toey, as well as to the agricultural improvememssulting

in the conversion of some semi-natural grasslanditteer cultivated arable land, permanent pastores
improved hayfields (Willems 2001; Wallis DeVries at. 2002; Poschlod et al. 2005). Semi-natural
grasslands are often associated with High Naturkie/gHNV) farmland areas. HNV areas are also
characterised by land use mosaic containing shtmdbleedgerows, orchards or woodland. However, agver
types of semi-natural grasslands (for exampleyallwr wet meadows) can be relatively intensivedgd.
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3.2 Habitat approach to ecosystem assessment

In a pilot study (Vakat et al. 2010), we applied a habitat approach teystem accounting which is based
on a classification of habitat types. Grasslandthtb/pes are regarded as ecosystem assets widchie
vital ecosystem services. We defined grasslandystmms as habitats dominated by grasses, herbs and
sedges. We identified broader grassland naturaitdtatype categories, spanning the continuum from
wetlands to rock succulents. Habitat Mapping Pnogne coordinated by the Agency for Nature
Conservation and Landscape Protection of the CRagublic consistently mapped the area and quality o
natural grassland habitats. Natural grassland dtabibver nearly 3,000 Krwhich is about 4 % of the total
territory of the Czech Republic. Permanent pastanesmeadows cover 11.7 % of total land area arsl%2

of utilized agricultural area of the Czech Republite combined Classification of habitat types @& @rzech
Republic with EUNIS and Corine Land Cover classifion to delineate 8 semi-natural grassland habitat
categories (Table 2).

Table 2. Grassland habitat categories identified in the Czech Republic.

CODE | CATEGORY AREA (HA)

Semi-natural grassland habitat categories

DG Dry grasslands 7 604
AM Alluvial meadows 16 005
MG Mesic grasslands 38 661
WG Seasonally wet and wet grasslands 202 907
AG Alpine and subalpine grasslands 5259
FF Forest fringe vegetation 406
SM Salt marshes 99
HT Heathlands 530

Total grassland in the Czech Republic

SG Semi-natural grasslands 271475
P Pastures and managed grasslands 702 162
Grasslands total 973 633

Different approaches to ecosystem accounting tetiterproblem of the delineation of the basic aotiog
units (Luck et al. 2003, Kremen 2005). The prewgiliapproach to ecosystem services accounting
conceptually converge to the notion that ecosystenuices should be expressed as quantities weigiyted
their value to a society, i.e. price. The geneaitat-based ecosystem accounting framework issddvi
from current concepts on ecosystem services aseassand valuation (Table 3). The ecosystem asset, 0
biophysical structure supporting the functioning eafosystems, or service providing unit is in thise
particular habitat type. Habitat type provides biggical quantities of services which are describgd
biophysical indicators, e.g. tons of carbon searedt cubic meters of water infiltrated or numbér o
invasive species prevented to be established iabi#tat. Biophysical service flows then provide \aile
benefits to human society, which are usually exggésas an economic value of particular habitat.type
Habitat approach to ecosystem service assessmienisatlifferentiation within a broader ecosystem
category, i.e. grassland. However, due to datatdiions it is sometimes difficult to assign diffete
intensities to different habitats. Therefore, rewdie level of aggregation is required.
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Table 3. General accounting structure of ecosystem services flows and values originating
from ecosystem assets, in this case grassland habit at types.

ECOSYSTEM ASSET BIOPHYSICAL SERVICE QUANTITY ECONOMIC VALUE

Biophysical indicator Monetary value/price

Grassland habitat area (ha)
(Mg/ha, m3/ha, No. of species) (EUR/ha)

3.3 Assessment of ecosystem services provided by grasslands habitats

Quantification and valuation of ecosystem servisesonsidered to be a prerequisite for mainstregmin
ecosystem services into conservation planning auisidbn-making. In this section we analyze ecosyste
services provided by grassland habitats in the IER=public. The basic approach is based on a resfew
ecosystem functions and services quantified insimad habitats and benefit transfer of economicesl
specific for grassland ecosystems. We attemptedaatify both biophysical indicators and econonatues
associated with particular grassland habitats.

3.3.1 Livestock provision

3.3.1.1 Biophysical quantity

The production of livestock for meat and milk pda$ the most widespread use of grasslands worldride
addition, the wild herbivores are also dependengrassiands (Gibson 2009). Neither number stagistor
rates of livestock (ruminants and horses) fed leyftiage from Czech grasslands are known. Nevesbegl
Kvapilik et al. (2009) roughly estimated the rate utilization of pastures and managed grasslands
(permanent grasslanjisby livestock (e.g. pasture, green and presenardg€). Derived from these
assumptions, in 2009, 456 300 LU utilized the perema grasslands, 36 % non-milking cows, 51 % mgkin
cows and beef cattle and 13 % sheep, goats andsiors

To estimate livestock numbers (potential) suppoltgdjrasslands habitats, we use a Maximum Livestock
Capacity (MLC) approach (Hakova et al., 2004). Magproach is based on grassland area, average dry
matter productivity, livestock weights and pastyreriod. According to this approach, semi-natural
grasslands habitats can potentially support 156+ddsands of milk cows, while pasture and meadzams
support 526 thousands of milk cows.

3.3.1.2 Economic value

It was suggested that grass-fed meat has lowearofgtent and higher content of Omega-3 fats. Thegefo
consummation of meat derived from grasslands coaleé health benefits. However, livestock has &etar
price as it is traded on market. Trading price afoav in 2010 was 525 EUR per cow head on average.
According to our estimates of number of milk-cows livestock value derived from grasslands woudd b
375-507 million EUR. Semi-natural grasslands watddtributed to this total livestock value by 85-224
million EUR.

3.3.2 Carbon sequestration

3.3.2.1 Biophysical quantity

There is growing evidence that temperate grasslaadssequester relatively large amounts of carbon.
Carbon sequestered in temperate grasslands isddtanet primary production (NPP) as a rate ofigply

into soil. Carbon sequestration depends on watgmes temperature, nutrient status and age of lqradsis
well as on grassland management practices. Netpyiproduction (NPP) forms an annual flow of carbon
into grassland ecosystems, but carbon storageriespmnding to Net Biome Production (NBP). NBP ban
defined as Net Ecosystem Production that is NPlRedsed by heterotrophic respiration, taking intwoaaot
changes in C ecosystem pools by harvest, fireshar ¢ateral flows. In intensively grazed grassarD %

of carbon is ingested by animals. Management regjoverns the carbon storage. Conversion of grasgslan
to cropland can release 0.90 Mg C'ha™ in average during a 20-year period (Soussana.e208l4).

ETC Biological Diversity Pageg/8s



Conversion of arable land to permanent grasslandrgéy results in 0.49 Mg C Hayr* carbon storage over
20 years. We identified rates of carbon sequestrdtased on the literature review.

3.3.2.2 Economic value

Our estimate of social value of carbon sequestrai® based on marginal abatement cost (MAC).
Traditionally the policy debate on climate changes iocused on the costs of emissions reductioms, th
mitigation of greenhouse gas emissions. Such mibigacosts or abatement costs serve as a proxy for
environmental cost (externality) analysis. The aloobst of carbon is based on ExternE MAC reseltiemw.

The resulting cost of carbon emissions €84 isaeredtby lower mean value (€67) from Tol (2005) egwof
marginal damage cost (MDC) studies and by highearmealue €95 from Kuik (2007) review of MAC
studies. In the Czech grassland study, we suggesse this center value €84 as a social value flanl
carbon sequestrated by grassland. The other vafumsbon reported in this review could serve asiig for
sensitivity analysis of the results.

3.3.3 Erosion regulation

3.3.3.1 Biophysical quantity

Grassland cover contributes to soil conservatiod prevents soil loss due to water and air erosion.
Therefore, estimation of value of grassland habitatsoil loss prevention is based on a comparisahe
alternative cropland use of land. In Europe, 0.8-Mg ha'yr* of soil loss is recommended as sustainability
limit of tolerable erosion rate, which reflect trege of soil formation depending on natural cowdis. Soil
erosion tolerance can be defined as a rate ofesodion that is balanced by soil production andve
economical sustainability of crop production (Veje et al. 2009). Actual rates of soil erosiondarope

on arable land have been detected in the range Bigiba' yr* (Verheijen et al. 2009). According to
Cerdan et al. (2010), the mean erosion rate inui® 1.2 Mg hayr™ and in the Czech Republic 2.6 Mg
ha' yr'. Bazzoffi (2009) considers soil erosion tolerafmenatural grasslands of 0.5 Mghg™ and 0.8
Mg ha'yr? for permanent grasslands. Therefore, even if denisig the most conservative limit of average
actual erosion rate 3 Mg hgr, grassland save 2.2-2.5 Mg'ha™ of soil.

3.3.3.2 Economic value

Erosion costs can be differentiated according ¢oldleation of impacts. On-site costs of erosiorude loss

of productivity, water and nutrients (Pimentel et1®95). Dominating off-site damage is the deposiof

soil particles in water systems, which further waRitheir ability to provide clean water, wastatmeent,
flood control or recreation bathing servicestulalova et al. (2000) evaluated costs of erosion on
agricultural land in the Czech Republic based astcto dredge sediments from waterways. They esima
annual benefits of grass cover in reducing eroateh512 CZK per hectare of land (265 EUR a2010).

3.3.4 Water flow regulation

3.3.4.1 Biophysical quantity

Runoff coefficients describe the ratio between fliand rainfall and enable to express capacityodfretain
water and reduce runoff (Bazzoffi 2009). Runofffficeent is a percentage of rainfall transformeduooff.
Leitinger et al. (2010) found a mean surface ruraiéfficient of 0.01 on abandoned areas and 0.18 on
pastures in mountain grassland ecosystems. Craplasdally reach runoff coefficients of 0.4-0.6 whil
pastures 0.02—-0.3. Natural ecosystems and forestdly reach runoff coefficient values of 0.1 andiér.
However, the runoff from grasslands is seasonallldstrated in runoff coefficients for differerad uses,
grasslands reduce runoff by 20 % in comparison witipland and by 50 % in comparison with urbansrea
Equivalent approach is based on a surface rundfigute SCS curve number equation (Chanasyk et al.
2003). We estimated runoff curve numbers (i.e. @ves) for a habitats based on their soil and water
infiltration characteristics.

3.3.4.2 Economic value

Based on a replacement cost method, the averagefcadificial water retention of 1m3 of water hasen
estimated at 16.5 EUR (Pithart et al. 2008).
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3.3.5 Invasion regulation

3.3.5.1 Biophysical quantity

Resistance to invasive species can be regarded@s@onent of disease and pest control regulaBovice
of ecosystems (EASAC 2009). Generally, human doraithdowland habitats with high levels of land
transformation are most invaded while nutrient tédi montane habitats are less invaded (Chytry .et al
2008). Alpine and subalpine grasslands have therdfw level of invasion and invasibility. Mown and
grazed grasslands have intermediate levels of iowdmit still relatively low invasibility. Evidencsuggests
that some grasslands habitats are effective baiwienvasions (i.e. are more resistant to invasiéor
instance, semi-natural perennial grasslands (dey,and saline) or forest fringes have low levelgwasion
despite relatively high invasion pressure (Chytrgle2008). Low invasibility of semi-natural gréssds can
be at least partially explained also by relativeigh levels of biodiversity which buffers introdian of
invasive species by rapid recovery after disturbafor example, species richness in Czech nataesves
is highest in dry and humid grasslands (PySek &0f12).

We used data reported by Chytry and PySek (2008 Chytry et al. (2008) to estimate level of invasénd
invasibility of grassland habitats. These datal@sed on more than 20,000 vegetation samples fé&om 3
habitats in the Czech Republic (Chytry et al. 2008)el of invasion can be used as a physical atdicfor
calculating the potential cost of alien speciegsegsion while invasibility can refer to a benefiinvasion
barrier and resistance and hence the preventiovasion by alien species.

3.3.5.2 Economic value

The economic assessment of invasion regulationcesof grassland habitats has proceeded fromcangri
technique rather than from valuation technique bseaf lack the empirical evidence in this fielde \ly
on data from actual costs of maintaining / prevengnvironmental degradation of grasslands asay/goo
economic value. This approach is more about “cfiettveness” approach where a predetermined dlgect
regarding the environmental quality of natural glasds is set and then the most cost effective sneéin
achieving this goal are selected (OECD, 2004).

In this study, we demonstrate this approach onritasion regulation of the Giant Hogweddefacleum
mantegazzianunThe data comes from the database of Landscapagement programme operated by the
Czech Agency for Nature Conservation and Landsé&oeection. The maintenance expenditures on the
invasion regulation of GH are observed from theetiperiod 2008-2010. Table 4 presents the average
expenditures per hectare and grassland habitat foypmvasive regulation measurements realizedhi t
examined period. Number of measurements (N) fon gaassland habitat type and year are also reported

Table 4. Average expenditures in EUR per hectare an d grassland type for invasion
regulation (values are in 2010 prices)

CODE | 2008 2009 2010

EUR/ha | N EUR/ha | N EUR/ha | N
AM 9,34 1 9,73 1 9,80 1
MG 4428 |26 68,71 |27 52,00 |26
WG 25,51 73 26,73 |75 20,41 72
AG 43,12 1 36,63 |1 157,45 |2

Source: Landscape management programme, AOPK
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3.3.6 Waste treatment

3.3.6.1 Biophysical quantity

Semi-natural grasslands contribute to the removatitnbogen from soils and therefore prevent nitnoge
leaching into groundwater. Wet and alluvial grass& can remove 0.5-2.4 kg N “halay' by a
denitrification process. Moreover, nitrogen is renmb with biomass, where nitrogen content can réaté—
0.30 t hd. Denitrification and nitrogen sink in biomassueds the pollution load for drinking water.

3.3.6.2 Economic value

Rybant et al. (1999) used the substitute market appréachn estimation of nitrogen abatement value. The
value of nitrogen removal is expressed in monetargns as the operational clean-up cost for the same
amount of nitrogen in conventional wastewater tneait plant with the biological elimination of nigen.

The value of nitrogen sink is estimated at 161.9REiér hectare in 2010 prices. For example in theaMo
river floodplain, the nitrogen abatement makes ificant part of Total Economic Value (Rybanet al.
1999).

3.3.7 Recreation and aesthetics

3.3.7.1 Biophysical quantity

Grasslands play important roles in recreation amtidn aesthetics. Many outdoor activities, suchies b
watching, hunting, walking and general enjoymennafure, are linked to open landscapes and extended
views. Moreover, grasslands could utilize the pgmn of human aesthetics, i.e. making residentiehs
more semi-natural. Parks in settlements and gradslaround community houses, directly determine the
general impressions of humans. The biophysical tifyandicator of recreation could be used for exdara
number of visitors attracted by grassland habaatsually. However, no such information is availadi¢he
national level.

3.3.7.2 Economic value

Estimates of recreational and aesthetic valuesbased on a contingent valuation (CVM) study by
Kitimalova et al. (2000). Agricultural mosaic with grsficant coverage of grassland (meadow) habitats h
been identified as a harmonic agricultural landecadje study determined the willingness-to-payftiother
maintenance of the Czech landscape, including wéosity-rich meadows. The environmental change, for
which people expressed their willingness-to-pay ) TWwas defined as potential improvement of langisca
(higher proportion of valuable habitats, minimunaatboned land).

The derived average WTP was 492 CZK per year afdXZX for the whole sample and for the respondents
that were ready to pay the positive amount, respdgt The final amount for the whole Czech popigiat
(7.9 mil inhabitants that are potentially able tmwibute) was derived on 3.9 bil. CZK and 4.9 QZK
respectively. If we assume that there is 4.28 hal.of agricultural land in CR, we get 1,144 CZK per
based on real WTP estimates (i.e. 620 CZK). Relakt to EUR of 2010, we obtain €55.45 per ha and
year.

Based on the results of reviewed study, we usevdhee €54.10/halyear as a central estimate foCttexch
case that could serve as proxy value for recregltiand aesthetical benefits provided by grasslaRds.
further investigation of this type of benefits, wecommend to realize a primary valuation study tase
stated preferences (e.g. choice experiment) thatl cefine our calculations.

3.3.8  Summary of findings

In a pilot study on grassland ecosystem serviceasgsessed multiple ecosystem services provideérir s
natural as well as managed grasslands in the Gzephblic. Ecosystem services assessed includdédoles
provision, carbon sequestration, erosion regulatimater flow regulation, waste removal, invasion
regulation and recreation. We approached ecosysggmices provided by semi-natural as well as mahage
grasslands by gquantitative indicators (Table 5)e Btonomic value of ecosystem services provided by
grassland habitats has been based on relevanigorabrstudies which has been using different apphes

to estimation of economic value (Table 5).
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Table 5. Summary of ecosystem services assessed, ec  osystem service indicators and
economic valuation techniques used for the estimati on of economic value of a

habitat.

zEABI'\IgICf(I;RY ECOSYSTEM SERVICE INDICATOR lf:;':%“éuc VALUATION
Provisioning Food provision Livestock numbers Market price

Climate regulation Carbon sequestered Marginal abatement cost (MAC)
Regulating

Invasion regulation Level of Invasion/Invasibility Maintenance cost

Erosion regulation Soil loss prevented Damage cost (D)

Water flow regulation Water infiltration Replacement cost (RPC)

Waste treatment Nitrogen removal Substitute market approach
Cultural Recreation and tourism Value per hectare Willingness to pay (WTP)

Pastures and managed grasslands provide the lacgpstity for livestock provision, hypothetically
supporting 526 thousand milk-cows. Semi-naturakgjends have a capacity to support 416 thousands of
milk-cows. The value of livestock numbers is basadca market price per cow head and this translates
total value of grazing provision of 507 million EURowever, on a per hectare basis, the largestsaive
reached in alluvial, wet and mesic meadows dubdo higher average levels of net primary produtgtias

a prerequisite for grazing (Vk&r, 2010). These semi-natural grasslands can sufp@®i.6 livestock units

per hectare of grassland habitat, while pasturesnagadows support on average 0.75 livestock umits p
hectare of land.

Grasslands in the Czech Republic sequester 550 Mign@ally with a value of 47 million EUR per annum,
with semi-natural grasslands contributing by 368d pastures and managed grasslands by 64 % tothlis
amount. Intensities of carbon sequestration ddfeong habitat types, with maximum values reachethag
in alluvial and wet meadows. High biophysical qitéed translate also into high economic valuesasbon
sequestration. Equivalently to several other sepjicarbon sequestration is dependent on the laistce
regime, biodiversity and net primary productivity.

The main role of grasslands in soil quality regolatis a prevention of soil erosion which is draiceilty
increasing with agricultural intensification. Satosion not only decreases a capacity of arabld tan
provide yields in the future but also brings cakig/instream. Grasslands reduce soil erosion rat@2by.5
Mg ha'yr' in comparison with agricultural land. In totalagslands save 2.1 million Mg of soil if compared
with cropland erosion rates. The value of servimfesoil erosion regulation is estimated at 258 iomllEUR
annually.

Water runoff from grasslands with average annuafak typical for the Czech Republic (674 mm) basm
runoff coefficients and CN curves typical for glassis can reach 557 million cubic meters. Consliera
fraction of water is infiltrated on grasslands amahtributes to regulation of floods or droughts.tdmal,
grassland water regulation service amounts to ye28l million cubic meters of water absorbed by
grasslands. The value of this service based orstamate of artificial water retention is 1.6 biltief EUR.
Water regulation is thus the ecosystem services largest value, probably due to relatively largsts of
artificial water retention.
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Grasslands regulate also water quality due to demsesystems and nutrient filtration. We includbe
service of nitrogen removal as the excessive ansooihitrogen are considered to be a problem dbajlo
extent. Alluvial, wet and mesic grasslands remdv& 61g N annually, with a value of 35.5 million EUR

Semi-natural grasslands with conserved numbersriginal species can serve as a barrier to invasion.
Invasion regulation function is a combination ofvlg@roportion of invasive species in a habitat aow |
invasibility of a habitat. Semi-natural grasslarfdsy, wet and saline) or forest fringes have lowels of
invasion despite relatively high invasion pressditee total value of invasion regulation based oailatle
data reach 7.1 million EUR.

Highest value of ecosystem services is reache@asanally wet and wet grasslands, followed by &luv
meadows. Both habitat types provide service valmese than 4,000 EUR per hectare (Fig. 1). These
habitats are followed by mesic grasslands which gtovide multiple ecosystem values. Forest fringe
vegetation, alpine and subalpine grasslands andyidgslands provide comparable benefits in theerang
2,585-2,919 EUR per hectare of habitat. Pasturdsneanaged meadows provide relatively low economic
values compared with semi-natural grasslands. ®@aly marshes and heathlands were found to provide
lower economic values per habitat area. The dormicamponent of ecosystem services is water flow
regulation, followed by livestock provision and sian regulation.

Figure 1. Economic value of ecosystem services per area of grassland habitat. Units are
EUR in 2010 prices per ha per year.
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Table 6. Summary of biophysical indicator assessmen

t of grassland ecosystem assessment.

CODE | CATEGORY MAX LIVESTOCK | CARBON EROSION WATER LEVEL OF | NITROGEN
NUMBER SEQUESTRATION REGULATION REGULATION INVASION REMOVAL
[LU/HA] [MG C HA™ YR'] [MG/HA] [M3/HA] [MG/HA]
DG Dry grasslands 0,69 0,20 2,20 111,00 | intermediate NA
AM Alluvial meadows 1,61 0,80 2,20 180,00 | intermediate 0,3
MG Mesic grasslands 1,29 0,50 2,20 120,00 | intermediate 0,16
WG Seasonally wet and wet grasslands 1,64 0,80 2,20 180,00 | intermediate 0,25
AG Alpine and subalpine grasslands 0,47 0,45 2,20 125,00 | low NA
FF Forest fringe vegetation NA 0,50 2,20 163,00 | intermediate NA
SM Salt marshes NA 0,40 2,20 111,00 | intermediate NA
HT Heathlands NA 0,30 2,20 97,00 | low NA
P Pastures and managed grasslands 0,75 0,50 2,20 75,00 | intermediate NA
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Table 7. Summary of calculated monetary values of s

elected grassland ecosystem services.

CODE | CATEGORY MAX CARBON EROSION WATER INVASION NITROGEN RECREATION SUM OF
LIVESTOCK SEQUESTRATI- REGULATION REGULATION REGULATION REMOVAL [EUR/HA] VALUES
|\1ELlJJ|\|;|/B:: ON [EUR/HA] [EUR/HA] [EUR/HA] [EUR/HA] [EUR/HA]
[ ] [EUR/HA]
DG Dry grasslands 370,72 17,22 265,48 1 875,90 55,45 2 584,76
Alluvial

AM 864,09 68,88 265,48 2 755,00 9,80 161,95 55,45 4 180,64
meadows
Mesic

MG 695,39 43,05 265,48 2 113,00 52,00 161,95 55,45 3224,37
grasslands
Seasonally

WG wet and wet 883,55 68,88 265,48 3 042,00 20,41 161,95 55,45 4 497,71
grasslands
Alpine and

AG subalpine 252,83 38,75 265,48 2 028,00 157,45 55,45 2 797,95

grasslands

pp | Forest fringe 0,00 43,05 265,48 2 555,00 55,45 | 2918,98

vegetation

SM Salt marshes 0,00 34,44 265,48 1 875,90 55,45 2 231,27

HT Heathlands 0,00 25,83 265,48 1 268,00 55,45 1614,76

Pastures and
P managed 403,71 43,05 265,48 1639,00 55,45 2 406,69
grasslands
Average 385,59 42,57 265,48 2 127,98 26,63 53,98 55,45 2 647,96
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4 Significance of grasslands for biodiversity of
the Czech Republic

Czech Republic is situated in the zone of decidumwsst, which would cover a large portion of our
territory, without a human impact to nature (Kuhi&p 2005). The species compaosition of these forests
would be limited, probably with a strong predomioarof competitively strong beech. The cause of the
present vegetation diversity is a man, and alsctalmean and his activities a large part of our geagls has
been created (Chytry, 2007). The anthropogenidroafygrasslands is what makes them different fother
natural habitats. Most plant species of pastures rmaadows are native in the area of Czech Republic,
however, before the arrival of man, these specasldieen found only rarely in light woods or opesaar
maintained by large-herbivores grazing (Vera, 2000)

The look of today’s grasslands has undergone amdigndevelopment. First artificial pastures wereated

in the Neolithic, usually in the place of abandofieltls. However, even long after that, people @mefd to
graze cattle in the woods (Chytry, 2007). Beginainfj first meadows are in the Bronze and the Irge,A
when the low-lying areas were deforested, and aldpment of metallurgy enabled the production of
sickles (Mladek et al., 2006). Although the origofgrasslands are already in Neolithic, duringrthestory

in many grassland localities occurred a returnaoégt and then again its suppression, the conversio
grassland into arable land and back, to the foonatind extinction of scrub, etc. (Jongepierova,8200
which contributed to the further species enrichmehthabitats. The vegetation also reflected to the
agricultural management by emergence of new ecsfyged spreading of species adapted to grazing or
mowing (Chytry, 2007).

An important milestone was the beginning of mamyraround the middle of the 19th century, which
enabled spreading of meadows outside the floodplaimater flows. Probably at that time started scdbte
development of pastures and meadows. The turniitg pame in the second half of the 20th centuryervh
farming intensification (drainage of wet meadowsorsger manuring, sowing strong competitive species
led to a reduction of the original species divgrditegative effect on vegetation also has abandohofenot
easily accessible meadows that are, without the dfeh man, defeated by dominant species and awergr
by trees, and as a result they lose their diverBitgsent species-rich meadows are a relict ohexte or
slightly intensive farming of the years around 1-%%0 (Chytry, 2007). Their importance for biodisity
and conservation of historic cultural landscapériigplaceable. Such meadows are now still relativel
abundant, but vulnerable, and it is necessary fataia them by traditional management.

The richest Czech traditionally-managed meadowsomansist of up to 75 plant species per square meter
(Jongepierova, 2008), which is more than any nassland habitat. Grassland ecosystems are alsiespec
rich zoologically, because they provide sheltermfany animal species, especially insects. Highibavdity

of grasslands is maintained by disturbances (maovgraging etc.) that can, if they come at the appate
intensity and frequency, increase both alpha ama digersity of landscape (Chytry, 2007). Very intpot

for biodiversity is also diversity of environmeirigcause it depends not only on the species richofess
individual habitats, but also on the number of masi habitats. For the grassland vegetation the most
significant ecological gradients are soil moisty, and nutrient availability (Chytry, 2007). Ndt gypes

of grasslands are extremely species-rich, yet @jether they compose a diverse vegetational mosaic.
However, some parts of the Czech Republic (e.g.t&/Barpathians) are unique for their high species
diversity, despite the fact their abiotic condiBemnd vegetation are relatively uniform (Jongepiér@008).
Anyhow, it is necessary to seek to maintain thalibgrsity of grasslands, at least because thatye of
landscape, resulting from the gradual blendingwh&n and nature, is most often perceived as gracefu
harmonious.
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5 Trade-offs among ecosystem services provided
by grasslands under various use

5.1 Overview of ecosystem service trade-offs as a result of land use change

In the following chapter (5.1.1) a comprehensivergiew is provided of knowledge and findings relavio
the topic of trade-offs among ecosystem servichs. dther chapters (5.1.2 to 5.1.6) are concern#dthe
guestions ‘to what extent ecosystem services aveided by different grassland types and other hbit
used in agriculture and how they respond to differeanagement schemes?*.

All chapters are based on an in-depth literatuvéeve starting with a literature search in threfedent
databases provided by the following publishing lesuspringer, Wiley and Elsevier. Additionally,eehnt
literature was found using the Google search endisea third step the literature search was coraglély
checking the references cited in the relevant [gafoemnd in above databases and Google.

The search focused mainly on European data publishepeer-reviewed journals after 2000. In total,
approximately 200 research papers were includeal further selection process. About half of themewer
chosen to be studied thoroughly and to be congidarthe final report including Annex 1.

A review of the selected papers has been shown ttieae are no studies with comprehensive and
comparative data that deal with all — or a high bamof — ecosystem services provided by the folhawi
grassland or other agriculturally used habitats:VH@jfassland, extensive meadows, intensive meadows,
pastures, abandoned pastures, arable land, abahdwable land, and fields for biofuel production.
Additionally, there is no peer-reviewed paper whareunderstanding of all possible ecosystem service
trade-offs which may result from land use changedifterent management schemes, is provided.

The majority of the available papers are concewrdg with a single ecosystem service within a speor

a few habitat types. The three grassland ecosystemiices productivity, carbon sequestration and
pollination are the topics which prevail in most tbe available literature. Considerably fewer redea
papers are available on ecosystem services probigedil (e.g. soil fertility) and fresh or groungter (e.qg.
water provision or retention) and most of them doexplicitly refer to grassland habitats. Alsolyoa few
studies were found on cultural ecosystem servieas @esthetic value or recreation). On other extesy
services like genetic resources, biochemicals rabhazard regulation, disease regulation andqmegtol in
grassland habitats almost no studies were founllinga sound evaluation of ecosystem service piavis
by different grassland habitat types or managerseimémes almost impossible. Some literature wasdfoun
on invasion control and erosion regulation, butrdgults provided referred only to a few habitgeety.

Given the data availability mentioned above, it wlasided to adopt the following approach to sumneari
existing knowledge on the various ecosystem sesvidegrassland habitats and their changes as H ofsu
land use change: in order to avoid subjective juglgisall conclusions should be explained basechen t
basis of reliable sound literature findings wherepessible. Therefore, the following ecosystem ises/
were chosen to make trade-offs evident: plant prtdty, carbon sequestration and animal pollinatidhe
aim is to build a sound knowledge basis rather thark with fragmentary data or assumptions which ye
need to be confirmed and therefore have less yafuand management decision- making process aepte
or in near future. Although less information hasme@ublished on cultural services in grasslandtaesithe
recreation service has been chosen as the founysgtem service to be treated in the following téap
since ongoing research, especially in Switzerlamnight provide additional findings in the future.

In order to allow understandable conclusions in ¢hapters on productivity, carbon sequestration and
pollination, the following questions are raised aadswered, using findings from literature: ,Which
preconditions are essential for providing a cerinsystem service and which factors are impedigy t
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ecosystem service?", and as a consequence ofwhish habitat types and types of land uses areigiray
these preconditions and thus supporting a certanystem service and what kinds of land use angchegl
this ecosystem service?”. The detailed resultdlaftadies contributing to the answer of these jaes are
presented in Annex | of the report. Whereas, chiaf@el.2 to 5.1.5 are providing summarized studylte
and conclusions on possible trade-offs resultioghfaltered land uses or management schemes iragreiss
schemes. To highlight these trade-offs ecosystermicge performance by different habitat types is
categorized either based on a quantitative evaluati a qualitative. Although these classificatians based
on simplifications or generalizing assumptions —iclthare not appropriate to make trade-off analysis
referring to habitats on local scale — this apphnaatows to conclude general principles on the eqnences

of land use changes or altered management scheme forovision of ecosystem services in grassland

5.1.1 Ecosystem service trade-offs

5.1.1.1 What are ecosystem service trade-offs?

Ecosystem service trade-offs occur when the prowisf one ecosystem service is reduced as a cogisegju

of the increased use of another one, thus creaingin-lose situation. Such trade-offs arise from
management choices made by humans, which can chiaadggpe, magnitude, and relative mix of services
provided by ecosystems (Rodriguez et al., 2006kdme cases, ecosystem service trade-offs mayt resul
from explicit choices, while in others, trade-ofisse without having been intended. Rodriguez amd c
authors (2006) are mentioning that such uninteatitrade-offs happen: when the people who decide ar
ignorant of the interactions between ecosystemasywhen the knowledge of how they work is ineotr

or incomplete and when the ecosystem services @stgun have no explicit market (and are therefore
underestimated, if they are estimated at all).

5.1.1.2 Characteristics of ecosystem service trade-  offs

Many ecosystem service trade-offs are expressadess remote from the site of degradation (i.ey thke
place across space). The effects of such managelaeistons have to be borne by others than thoseand
benefiting from the enhancement of a targeted estesyservice. For example, a reduced habitat shityab
to support pollination as a result of grasslanénatfication might also affect the adjacent langssa not
only the habitat which underwent a land-use change.

If management decisions focus on the immediateigimv of an ecosystem service, at the expenseeof th
same ecosystem service or of other services ifuthiee, they take place across time. Which is teedor
many natural processes that occur at such slows thtd several generations may pass before signtfic
effects are perceived by humans. These may be gges¢hat create soil, alter soil fertility, andugrdwater
levels. Therefore, the perceived impact is crugiglependent on the time period chosen for analysis
(DeFries et al., 2004).

Ecosystem service trade-offs do not only occur sespace and time but usually result in more thren o
ecosystem service trade-off for the ecosystem sereing enhanced (Rodriguez et al., 2006). Thig ma
happen if intensification of hay production in giasd habitats may not only adversely affect the
performance of pollinators but also the recreatiervice of the surrounding landscape. Additionatere
will be an impact on the plant communities of adjacgrasslands due to a reduction of local animal
pollinators and an alteration in the species abucela

One of the results of ecosystems being complexdgmdmic systems with interactions between nutrjents
plants, animals, soils, climate and other compaEnthat a linear response of ecosystems andgbweiices

is unlikely. The more common ecosystem responsehtmges in land use is non-linear, so that small
changes in land use would have large ecosystenegoasces, or vice versa, depending on the degree of
land-use change.

5.1.1.3 Necessity of integrating trade-off analyses into trade-off decisions

Ecosystem service trade-offs are rarely fully cdeséd in decision-making. According to De Friesaket
(2004) this is partly
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. due to the sectoral nature of planning and decisiaking,

. because some of the effects being displacedn@ éind space cannot be identified or quantified wit
current scientific understanding, and

. because some ecosystem service trade-offs mighdgtanot have been recognized.

This report on grassland ecosystem services isiiilgotion to reduce some of the existing knowledges
which are the reason that decision making is bagsddsufficient data.

On principle, decisions on land-use change basedrame-off analysis are to be related to the area
concerned. Knowledge of local environmental facessvell as concrete management schemes is egsentia
for trade-off analyses, as these factors influesmesystem service performance. However, how mush th
information can be taken into account depends emtailability of appropriate data for quantifyirejevant
ecosystem services on the local scale, which sdente the main obstacle to comprehensive trade-off
analysis. Additionally, it is necessary to estdblisparticipatory governance structure for commecision-
making of survey, analysis, and evaluation of estesy assessments and the ecosystem services derived
from them.

Decision makers can only take the full range ofsemuences into account if the consequences ofus@&d-
change are identified and quantified to the expassible (De Fries et al., 2004).

Figure 2. Relationship between land-use change, eco logical knowledge to assess
ecosystem consequences, and societal values to asse  ss trade-offs associated
with land-use decisions (taken from De Friesetal. , 2004).

Land-use change

* Deforestation

» Urbanization

» Agricultural expansion

« Conversion to rangeland
« Agricultural intensification

Ecological knowledge

Ecosystem consequences
* Food, fiber, timber for human consumption
« Climate feedbacks

« Disease
« Water quantity and quality
« Biodiversity
Societal values
Assesment
of trade-offs

According to de Groot et al. (2010) an analysie@dsystem service trade-offs, when being done wbref
and systematically, should:

. focus on the impacts of land-use changes on ishay ecosystem service as well as the effects on
the total ,bundle” of ecosystem services and thalues and on biodiversity overall (including tinérinsic
value),
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. consider effects on the local/regional up todlobal scale (spatial scale),

. include effects which may potentially take platehe future (temporal scale),
. compare all the costs, benefits and non-use salue
. take into account: multiple goals and the wislusmultiple stakeholders. This should be

implemented by following a participatory approachiecision-making (Ash et al., 2010)

5.1.2 Productivity

Herbage productivity of different grassland typegurope is reported by a high number of studiesst\df
them are comparing productivity on the basis ofvalgoound biomass per year (t dry mattet yig'). Only a
few studies are also concerned with the qualitthefherbage produced and the metabolizable enaigg v
of hay, but the data currently available are irisigffit for a comparison of different grassland kethiypes.
A detailed description of all study results whidle aelevant for the following essay is providedAinnex |
of the report.

In the following text some general principles whidfer to the effects of land use changes or altere
management schemes on grassland habitats are ddduweliterature findings. Concerning these prhes
there are some restrictions of validity due toghely results which should be taken into considamat

. There is lack of studies comparing all or mostha& habitat types listed in Tab. 8 in regard tgirth
productivity under the same conditions (e.g. edaphd climatic conditions, soil nutrient contedgmtically
use of fertilization and equal management schemes).

. Although the varying management schemes applieddascribed in detail in most of the studies,
differences in soil nutrient content, soil moistued climatic conditions affecting productivity aaéso
arising. But these effects on productivity are atrimpossible to quantify and therefore not regbrte

. For some grassland habitats (e.g. pastures)otapaoductivity are scarcely reported in the litera
or the results are contradictory. Therefore, sossiaptions had to be made which are indicated in a
(e.g. pastures, abandoned arable land, fieldsiédudd production).

Although European grassland vary greatly in thedrbhge productivity (Smit et al., 2008), the data
published on plant productivity show that intengivmanaged meadows are able to produce the highest
yields (up to 10 t Hayr" and exceeding) of all grassland habitat types urseyricultural practice (e.g.
Weigelt et al., 2009; Statistik Austria, 2010).rGdite conditions and soil moisture are as impofamplant
growth as a certain amount of nutrients in the. dailconventionally managed grassland this is dgual
obtained by an increased application of fertilizer.

Raising species richness and including legumeslant pmixtures has been shown to be an alternative
approach to raising the nitrogen content of sdilgield experiments grass-legume mixtures turnetto be

as productive as intensively managed meadows Nigfgler et al., 2009 & 2011). Even modest increases
agronomic species diversity can enhance agriclilrcaduction in intensive grassland systems (Kirvean
al., 2007). But the positive effect of legumes awdoctivity is significantly reduced at high mowing
frequencies and fertilization levels: For some momgs it has been shown that a low number of cudting
combined with moderate fertilizer application paed the highest yields (Weigelt et al., 2009).
Additionally, the number and combination of functid groups (e.g. grasses, small herbs, tall hends a
legumes) had an influence on increased abovegnotgatlictivity.

In order to make use of the benefits derived fromlldwalanced grass-legume mixtures and enhance
agricultural productivity, some important issuesvhich are relevant for a long tern effect — needé¢o
considered: firstly, the fact that, patterns ofcspg interaction which are responsible for raigngductivity
may be associated with certain environmental candit and secondly, the fact that the persisteffdbeo
species in mixtures, especially in highly fertilizgrasslands, is only temporal. Therefore, in orer
overcome difficulties in maintaining well-balancedixtures and to counteract tendencies of losing key
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species (Guckert and Hay, 2001), research in agmngi® needed to maximize productivity through dsitgsr
effects and to enable a competitive long-term ystabmers (Luscher et al., 2008).

The plant productivity of pastures was assessdxt tow and high according to unpublished data ctedpi

by the Austrian Agricultural Research Center in Rbharg Gumpenstein which showed that pasture
productivity (e.g. 2.0-8.5 t Hayr') results in yields comparable to those from meado@ontrary to
unfertilized meadows grazing allows that nutrieate returned to the sward through livestock excreta
Furthermore, grazing supports the growth of leguimeproviding additional nitrogen inputs through N
fixation (Kayser and Isselstein, 2005). This mighpport the assumption that in some cases pastavesa
higher productivity than extensively used meadofést there is evidence that in some cases grazing
increases above and below-ground primary produdiginin other cases the opposite has been reported
(Collins et al., 1998; Gough and Grace, 1998; Knappl., 1999; Frank et al., 2002). Published examp
suggest that it is not possible to predict the pidie effect of grazers on grassland processes entierse
interactions have not yet been studied (Thiel-Egeett al., 2007).

For some plant communities (e.g. grass-legume magjua less frequent cutting regime which takes int
account the herbage mass before harvesting (yasdde cutting regime) results in a higher dry matter
productivity than higher cutting frequencies (Ekrea and Schlepper, 1997; Unkovich et al., 1998th¢in
2006). Corresponding to this finding, heavy grazingssure also seems to reduce the amount of tydxéhad)
provided by grasslands.

Compared to mowing, grazing animals have profouifiects on legume-based pastures in several ways,
including a physical impact on soil and plants tigio treading, the redistribution of nutrients thgbu
excreta and more frequent defoliation (Menneet.eP@04).

Some results support the assumption that interneediatting frequencies result in the highest lewals
grassland productivity (Cop et al., 2009; Weigelale, 2009). This is due to the fact that mostges cease
to produce new leaves after flowering whereas thagkly regrow after being cut. Frequent mowingdea
to an early defoliation during the period of thetést plant growth in spring which cannot be corspésd
by subsequent regeneration and regrowth, espeaatlyn legumes and tall herbs.

Compared to a time-based regime, the yield-bastohguegime allows longer growing periods (or leng
periods of regrowth) and hence results in higheldgi on the less fertilized plots. It has been ghtvat in
mixed swards with a low nitrogen application ratdjte clover performs better if rather longer intds
between harvests are allowed (Nevens and Rehu@3) 20

Grassland extensification (due to termination dfiffeer application) was shown to have a decmegsiffect

on biomass production, but to a lesser extent uadeoderate cutting regime (Hejcman et al., 2020).
Cutting regime without fertilizer application inde& a decrease in available nutrients, and in bismas
production, more quickly than grazing, because 6090 of the nutrients from ingested herbage artemet

to the pasture through excreta. Furthermore, ggamn productive grasslands supports the growth of
legumes by providing considerable amounts of aoilti nitrogen input through Nixation.

Arable land is used for the production of crops bat for hay production. If abandoned arable lasd i
colonized by herbage productivity will increaseaaertain extent, but also other competing plaifts |
bushes will grow — depending on how long the lasdeft abandoned — preventing a strong increase of
herbage productivity. In most cases fallow fields situated in nutrient-poor or agriculturally widarable
areas, which is why it is likely that productivisyll remain low.

Fields for biofuel production are generally used daltivation of fast growing trees to be harvesétdn
early stage. Here herbage productivity is insigatfit.
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Table 8. Herbage productivity of different habitat types

ARABLE FIELDS FOR
::XSS- EXTENSIVE INTENSIVE fERGAlflf/-IE ﬁiSNDO- PASTURE LAND & | BIOFUEL
LAND MEADOWS | MEADOWS MIXTURES | MEADOWS S SBANDONE :RODUCTIO
Habitat moderate
Productivity
(based on moierat moderate high high to
literature insignificant
data) !
. moderate | insignificant
Habitat
productivity to to insignificant
assumed)’
( ) high moderate
Range of
yield (t ha™ <4 3-6 6-12 5-18* <3
yr)?
—— Nitrogen: . .
Zf rt;':f t'?{]) 0 0 up to 200 Ng:‘i%%n' 0 excreta
J y (or above)
Manage- 1 but
ment late in 1-2 (2)3-6 2-7d) 0
(cuts) season

5.1.3 Carbon sequestration

Carbon sequestration is the process of removing ft@n the atmosphere through photosynthesis and
storing it in carbon pools of varying lifetimes (Bdrton et al., 2010), in biomass (tree trunks, thas,
foliage and roots) and soils.

There is a difference between gross primary pradtctwhich refers to the whole carbon absorptinthe
terrestrial ecosystem, and net primary productivitshich is reduced by carbon loss through plant
respiration.

There are three main types of carbon sequestration:

. Carbon sequestration in terrestrial ecosystems
. Carbon sequestration in the Oceans
. The subsurface sequestration of carbon dioxidederground geological repositories.

Carbon storage in terrestrial ecosystems is cuyréiné focus of the most attention and is the esasaed
most immediate type of sequestration at the predsest The other options may become more impoitant
the future, as science and corresponding legaésygstievelops (Environ Holdings, 2011).

! Depending on how long land is left abandoned
2 No relevant data found in the literature

% Taken from literature discussed in the text abave Annex |, serving as examples for dry matteidgi@rovided by
habitats

* Data based on field experiments (see Annex |,&apl

ETC Biological Diversity Pagey / 85



Grasslands covered approximately 3.5 billion ha0A0, representing 26 percent of the world land ared
70 percent of the world agricultural area, and aionabout 20 percent of the world’'s soil carborclkso
(FAOSTAT, 2009; Ramankutty et al., 2008; Schlesin@877).

Grasslands are able to store more carbon as daalole. The reasons behind this are, among othesisced
soil cultivation, ground cover, higher content afnfus and intensive root penetration, all ensuriob r
supplies of organic material in the soil of grasdia

Of the large number of studies on carbon sequesirathich have been conducted in recent years and
reviewed for this report, a few representative pajpave been discussed more detailed as followsednly

all of these reviewed papers carbon sequestratiag found to be strongly related to land use and
management practices. The authors of these pajpedlsté assess carbon sequestration rates by afgerv
direct effects of vegetation types, land use chaagd change of management practices on carbon
sequestration of certain plots. For further, moetailed, information, figures and related tablestlod
reviewed papers please see Annex I.

Conant and Co authors (2001) compared in theirystatbon sequestration rates due to different land
management practices and concluded that on averagegement improvements and conversion from
cultivated land into pasture result in increasesaiifcarbon content and net soil carbon storage.

Long time experiments by Fornara and Tilman (2008)ere biomass and carbon sequestration rates had
been measured in different soil depths, led toréselts that particularly a combination of C4 gessand
legumes cause carbon sequestration rate to incfeasgared to monoculture plots with C3 grasse€4r
grasses) and is therefore suggested if higherdenfesoil carbon accumulation and biomass prodocii@

to be achieved (Fornara et al., 2008).

Additionally to the investigations from Fornara ahiiman (2008) about the importance of legumes for
carbon sequestration De Deyn and co-authors (2€drifjrm this importance by the example of Trifolium
pratense by demonstrating that the observed bsrfit. pratense for soil carbon and nitrogen ggerare
compatible with restoration of grassland biodivgrsi

In trying to quantify sink and source relationscafbon and nitrogen and to clarify the driving madkm
for carbon and nitrogen losses during grasslandadedgjon, investigation of carbon changes havededtie
result that the total carbon stored in the grasskrosystem was reduced by up to 14 % dependineon
severity of the degradation. (Zhang et al., 2011)

Dawson and co-authors (2007) noted in their stumbut,Carbon losses from soil and its consequefares
land-use management” uncertainties in their cagiyoness figures due to the heterogeneous natigeilsf
land-uses and management practices. This is whymgdens and generalizations had to be made and
further research will be necessary to answer aqudéitg questions concerning carbon sequestration.

The effect on carbon sequestration of land, whiat lbeen converted for biofuel production, deperedtg v
much on the kind of land, where conversion occars]l how biofuels are produced there (Tilman et al.,
2006; Fargione et al., 2008). Besides the mona@lljproduction on fertile soils, Tilman and co-aarth
(2006) perform in their study the possibility toride biofuels from low-input high diversity grassth
(mixtures of native grassland perennials), which itecrease the carbon sequestration rate, if pextion
degraded lands. Fargione and co-authors (2008)iroorihe positive aspect of biofuel production, if
perennials are planted on degraded land; but éosdke of completeness it should be noticed, tpasaible
increase of carbon sequestration under the cireumoss described above is not applicable for biofuel
production only.

Continuous excessive grazing and management pgaatibich diminish soil carbon stocks have a negativ
effect on plant communities and soil carbon stogksnant et al., 2001). Grassland degradation niyt on
results in soil degradation, but can also advaheeemission of soil carbon and nitrogen compourgds a
greenhouse gases into the atmosphere (Zhang 2041.).

With land management changes carbon sequestradidd be significantly increased. An improved land
management can increase carbon storage in treeasdoreserve existing tree and soil carbon,reddce
emissions of Cg methane (Ck) and nitrous oxide (D). Climate, land-use changes and management
practices play a significant key role for carboimmgand losses. New technologies for grassland geaameant
practices allow an increase of carbon sequestratisails.
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The following table lists the carbon sequestratimtes of different habitat types according to défd land

use changes and specified management activitiei€prichness was shown to positively affect aarbo
sequestration (HNV grassland). Intensification cdsgland use due to a high cutting rate in intehgiv
managed meadows reduces plant species diversityaand result, the carbon sequestration rate. The
introduction of grass-legume mixtures positivelfliences the carbon sequestration rate. Assuming an
increased duration of leys in the management ofdmea the carbon sequestration rate will be enharaed
might happen in abandoned meadows. Due to higleet gpecies richness compared to intensively used
meadows and due to a lower number of cuttings par garbon sequestration rates for extensively used
meadows can be found in the range between thosdesfsively managed meadows and HNV grassland.
The carbon sequestration rates of pastures whiat be@en published in the literature depend onytpe of

land use and management practices: land use chaogesrable land to pastures resulted in sequesira
rates which deviated from those reported for lasd and management changes from native or cultivated
land (not defined in detail by the authors) to peest. In spite of the deviations, all kinds of lars® change
increased the carbon sequestration rate. By wapmfast, conversion from grassland to arable laddo a
negative carbon sequestration rate. Biofuel pradoctan cause diverse carbon sequestration rates
depending where and how plants and crops are peddddl carbon sequestration rates listed beloweddp

on the initial situation of the land, where lane whanges and specified management activitiesedtasg
described in the here cited literature. It also tmde considered that duration of increase of ararb
sequestration is limited and differs dependingamdluse and management activities.

Table 9. Carbon sequestration rate of different hab
and specified management activities

itat types according to land use changes

HNV Extensive | Intensive | S'3SS” LD Arable | Fields e
legume ned Pastures biofuel
grassland | meadows | meadows : land . 5
mixtures meadows production
Carbon moderate negative negative
§equgstratlon ratp to to moderate moderate moderate  negatjve to
in soil (based on
literature data) high moderate moderate
Carbon moderate
sequestration rat to
assumed .
(assumed) high
Range of rate
027~ | -0.95-
(10°kg C 1.2-6.4 -09-1.1 | 0.3-0.78 | 0.2-058 1ottt 172
ha' yr)
Fertilization no no
Management
0-1 1-2 >2

(cuts)

® Conversion from grassland to fields for biofuebgction: depending on land (abandoned, degrajjegipe of soil,
species richness (Tilman et al., 2006), (Fargidra.2008)

® Depending on the number of cuts, plant speci¢meiss and type of soil

" Intensification of grassland: highest value fdeirsification of nutrient poor grassland (Dawsoalet2007)

8 Introduction of grass-legume mixtures (Dawsonl e2807)

® Increased duration of leys (Dawson et al., 2007)

19| and use change from arable land to permaneniga@dawson et al., 2007)

™ Land use change from cultivated land to pastuoné@t et al., 2001)

12 Conversion from grassland to arable land (Dawsah. £2007)

ETC Biological Diversity

Pagsy /85




5.1.4 Pollination service by insects

Grassland habitats are supporting pollination serddy insects. Vegetation, structure and agricalltur
management of grassland habitats are affectingdamae and number of flowering plants species akasel
number of pollinating insects. This chapter eludaessential preconditions and the suitabilitgraissland
habitats to provide pollination service at the pboile. The effects of surrounding landscapes en th
pollination situation in adjacent grassland habit@e. provision of pollination service at landseascale)
are not discussed in this chapter. A detailed dasam of all study results relevant for the follmg essay is
provided in Annex | of the report.

In order to judge the validity of the general piples described below — which are derived from sield
data on the performance of pollinating insects agsalt of different grassland habitats or agrimalt
management schemes — the following restrictiong hawe taken into consideration:

. Most of the studies published during the lastryeampare effects of one habitat type, or a few
habitat types, or agricultural management schemeth® pollination service. There are no studiesctvhi
compare all the different habitat types presented@able 10 on the same conditions. Important aspafct
these conditions may include for example weatherditimns, soil fertility, plant species richnesdan
species evenness, species richness of other gotknand the habitat adjacent matrix. These fachoes
influencing the pollination performance and areyirag between different habitats of the same typanost

of the studies these conditions are not reportatl Gannot be quantified as far as their impact an th
pollination service is concerned.

. In different categories of relevant habitat tyfesy. extensive meadows, arable land) different
variations of management schemes are applied inidhucl habitat types (e.g. different number of lcays,
timing of hay cutting and amount of applied ferti). As these variations may affect pollinatioeytishould

be considered in an assessment of this ecosystemseseBut not all of the published papers provitle
necessary details allowing a sound comparisoneoh#bitat conditions. In these cases, any statsnadut
pollination services in a certain habitat type andy possible to a limited extent. In other casietailed
information on different management schemes oregifit habitats conditions is sufficiently availalibe
suggest that a comparison of the pollinators” perémce would be invalid due to the differences dieed.

. There are different reactions of wild bees, bwhbks, hoverflies and butterflies to land-use
changes. Therefore, it is not possible to makeree g statement for all pollinator groups about éffects

of land-use changes on pollination services. Moshe studies deal with wild bees and bumblebeesiwh
require different habitat conditions and therefetew different reactions to changing habitats. ©Othe
pollinating animal groups dealt with in the litareg are hoverflies and butterflies, but only toiagnextent.

Based on the literature review and in view of theve mentioned reasons for the restrictions toppdied

to generalizing conclusions, the following conotusi can be drawn about habitat suitability andufsport

of pollination services (c.f. table 10, showing tsttmulating or impeding influence of habitat typeis
agricultural management schemes on the pollinaperformance of wild bees, representing animal
pollinators): Grassland habitats with a high pldinersity like HNV grassland and extensive meadbasge
been found to best support pollination servicegeeially when they are provided by bees but alsother
insect species. A high number of flowering plané@ps and an increased density of blossom covea are
requirement for a high frequency of pollinator tgsfe.g. Ebeling et al., 2008; Fenster et al., 2@dffan-
Dewenter and Tscharntke, 2001). Increasing flordource heterogeneity leads to an increasing
attractiveness for many pollinator species seekingle and multiple resources (nectar and poll&y.
example, semi-natural habitats such as calcaremsslgnds offer a rich supply of floral resourcesf
early spring to late autumn and further provideedse microhabitats for nesting and larval developraed
therefore may contribute to the preservation ofipator diversity in agro-ecosystems (Duelli andridt)
2003).

Each kind of land-use that maintain species-ri@dsgiand habitats, e.g. extensive grazing, congibta an
enduring pollination service: Cattle grazing of ammproved chalk grassland once a year was shown to
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maintain flowering-rich extensive grassland with @pen structure providing high bumblebee density
(Carvell, 2002). Also, the species richness of hdlies was found to have had been supported bywna |
intensity of grazing providing tall vegetation (8j6 et al., 2008). Extensification schemes beingliad to
hay meadows with intermediate land use intensdytdea significant positive effect on bee specieBress
and abundance as a result of a postponed firsincduine at the earliest (and no use of fertilized a
pesticides) (Kohler et al., 2007).

Depending on the grazing intensity, pastures cavaheble habitats for pollinators (especially blgbiees)
as well as abandoned pastures. In contrast t@ gatizing, sheep grazing or mechanical mowing falese
value for bees and bumblebees, because grazingtty creates a more structurally and floristicaliyerse
sward that also benefits other invertebrates (TaR@02).

It was shown, that grassland which had not bedfegrtized for nearly two years led to a decreaseaber
of bumblebees and their forage plants (Carvell,220Therefore, a regular form of controlled rotaab
grazing is of great importance for bumblebees theitareas should be large enough to support assione
of suitable forage plants. But other than for buebkks abandoned grassland with tall vegetationostspp
species richness of hover flies.

Bumblebees and bees differ with respect to thedithbineeds: The use of seed mixes (including éalhec
Brassica-species), fallow habitats and grass ceopeSted to produce silage are land managemens type
which have been found to support the number of beipeles (Redpath et al., 2010). This is because for
bumblebees a number of key forage plant speciesaapp be more important than a greater diversitphé
plant community.

Intensifying the grazing activity on grasslands hasegative impact on bees (Le Féon et al., 20jbairset
al., 2008) and bumblebees (Carvell, 2002), maindgdiated through changes in flower diversity. Altgbou
small increases in grazing intensity may not resula declining plant species richness, they carsea
changes in plant composition and a lower speciesr@ss of pollinators, which might lead — in theglo
term — to a reduction of the species diversity @aveet al., 2007).

Agricultural intensification has been correlatedhna decline in wild pollinator (especially beejuadance,
diversity and the service provided to crops (Kreraeal., 2007). Intensified land use being charamd by
machine-driven farming and increased input of lisdis and pesticides directly kills pollinatorsreduces
nest and flower resources. Increasing nitrogentitpuarable crops has also been shown to reduce the
abundance and diversity of wild bees (Le Féon.e8f10). Flowering crops (monocultures) on arddnhel

also offer floral resources for some pollinator @ps. Bumblebees are less affected by agricultural
intensification than bees: according to their Isgscialized floral requirements, better flying digit and
longer foraging distances (than solitary bees) ptloportion of bumblebees increased with increasswy of
insecticides, fungicides, retardants and nitrogguits to permanent grassland (Greenleaf et al7)200

Flowering plants gradually colonizing abandonedleréand are of value for the pollinators. Wherdigsdds
for biofuel production which are used for the awdtion of fast growing trees rarely provide poltma with
resources.
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Table 10. Habitat suitability for pollination servi ce (wild bees)

ABANDO- ABANDO- ABANDO-
::XSS- EXTENSIVE INTENSIVE | NED PASTU- NED ARABLE NED gllf)l-l?leL FOR
LAND MEADOWS | MEADOWS | MEA- RES PASTU- LAND ARABLE PRODUCTION
DOWS RES LAND
Habitat T T
suitabilit moderate Insignt- insignifi- insignificant
(based yon high to ficant to cant to ’ to
) de- de-
literature 13 mo i mo (E:, moderate'®
data) high rate rate
AELLE: insignifi- moderate
suitability cagnt o moderate insignifi-cant
(assumed)
Habitat 1cut 1-2 cuts, |0V.V to
manage- . . . high
late in first cut in . . no more
ment the June at the 3-6 cuts intensity razin
(cutting or . of g g
. season earliest .
grazing) grazing
S |
Fertilisation no no an.nua. excreta no
application

5.1.5 Recreation

Cultural ecosystem services are defined as the atamral benefits obtained from ecosystems. The
recreational ecosystem service is one of the alliecosystem services and is defined by the réonsdt
pleasure that people derive from natural or managedystems (Maes, 2011).

The recreational services provided by grasslandade many possibilities for outdoor activitiesdikiking,
fishing, climbing and other sporty activities, winialso have a cultural and a spiritual importamagicators
assessing recreational services provided by gradsiend to be more subjective than quantitatieeabse
enjoyment and the recreational satisfaction gafrad grasslands is perceived differently.

Natural ecosystems have an important status as piheyide places where people can come for rest,
relaxation, refreshment and recreation. With insirganumbers of people, as well as growing affleescd
leisure-time, the demand for recreation in natarahs (,eco-tourism*) is most likely to continueincrease

in the future (De Groot et al., 2002).

Generally, the capacity of ecosystems for providiagreational services depends on their unigquetiess,
culture that generated them and the possibilityofddoor activities. The relation between this cityaand
the associated flow of benefits is a positive orctv is influenced by human accessibility to ectays
and the infrastructure in place to host or guidsteis. If ecosystems are beautiful, but not aébkssheir
associated flow of benefits will be low (Maes et aD11).

The relation referred to above is expressed as: diobenefits ~ capacity * accessibility

13 Depending on the cutting regime (number of cutsdate of the first cut in the season)
14 Depending on grazing intensity and type of grazingnal (cattle or sheep)
!> Depending on how long the land is left abandoned

16 Depending on cultivated crop
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Although there are some studies which addressational benefits in general in the form of varidresvel
cost models, studies about the recreational seryic®/ided by grasslands are still rare.

One of these studies, which was conducted in Srlatzé (Lindemann-Matthies et al., 2010) investidate
people’s perception and appreciation of speciesrdity in a series of experiments and field stydigth the
result that plant diversity in itself was foundHde attractive to humans. The current decline ofdikersity

of grasslands due to intensive management mayrddige the attractiveness of regions where gragslan
are a dominant feature of the landscape. This cbakk negative consequences for tourism and may
contribute an economic argument in discussions talleel conservation of biodiversity in grasslands.
Similarly, the attractiveness of species-rich vagieh may also provide an economic argument indawd

the conservation of grassland biodiversity.

Another report (Matzdorf et al., 2010) is focused the assessment of important ecosystem services
provided by High Nature Value Grassland (HNV-grasd) and presents a list with possibilities for
guantification and monetarization. For the provisiof recreational services they recommend hedonic
pricing and spatial discrete choice modelling. Rerton, the authors try to anticipate the develaproéthe
recreational services provided by HNV-grasslandh& current land use and management practices are
changed to the following: shrub encroachment, sifemation, mulch-grassland; nearly all changesehav
slightly negative influence on the recreationalsgstem service.

Constanza and co-authors (1997) define, in a tabtéfferent biomes, an average global value fanusth
ecosystem services. For the recreational ecosyseewice provided by the biome grassland, they fset t
value 2 $ ha yr*. Compared to this, the value attributed to theertion service of wetlands is estimated at
574 $ ha yr*, for coral reefs at 3008 $ har™, and forests at 66 $ har™.

How differently managed agricultural landscapetugrice recreation and the psychological well-beiag
examined by Martens and co-authors (2011). Whitearticipants were walking on a treadmill either a
intensively managed agricultural area, an extehsimeanaged agricultural area or a control film was
presented. The results show that landscape gsaditie perceived differently in intensively and esieely
managed agricultural areas. However, no differeimcebe psychological well-being were observed.lBot
the extensively and the intensively managed agdticall area increased the personal well-being more
significantly than under the control conditions, e the participants were exposed to a physicalityct
only. The findings can be used to improve the manmant of natural areas with regard to their infaeeon
human recreation and well-being.

Data on recreational services are difficult to ohtdut their availability is essential to follovorceptual
models for valuing this ecosystem service. Accuestgessments of the quality of the recreationaices
provided especially by grasslands and investigatafrthe continued capacity of grasslands to petiese
ecosystem services require comprehensive systardat® collection, monitoring and reporting.

According to the limited number of published davaikble on the recreational value of differentsgtand
habitats or other agriculturally used habitats,l@ation of recreational suitability was based omple’s
perception and aesthetic appreciation of vegetalibis had been shown to be correlated with plpaties
richness which in itself is attractive to humankefefore, habitats providing high species richreeesh as
HNV grasslands are classified as highly suitableréareation, whereas reduced plant species rishimes
intensively used habitats like intensively managesdows, arable land and fields for biofuel proiuncare
of insignificant value for attracting people in sgaof recreation. Extensively used meadows, ahaealo
meadows and pastures can be assumed to be maatiedtifor leisure activities due to their moreeatse
species richness and the surrounding landscapetstes in which they may be embedded. Other factors
influencing the attractiveness or suitability ofofiats for recreation are their uniqueness, théureilthat
generated them, the possibility for outdoor adgsgitand human accessibility to ecosystems, asasethe
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infrastructure in place to host or guide visitd@st these factors depend on circumstances whichpaeific
to local habitats and cannot be generalized irfadha of a categorisation of habitat types. Therefthese
factors are not considered in Table 11.

Table 11. Suitability of different habitat types fo r recreation, based on an aesthetic
appreciation of grassland vegetation

HNV Extensive Intensive Abandoned Arable F]elds e
Pastures biofuel
grassland | meadows meadows meadows land .
production
. moderate
Recreation
suitability (based high to Insignificant
on literature data) .
high
. moderate moderate
Recreation
suitability to to insignificant insignificant
d . .
(assumed) it it

5.1.6 Conclusions of ecosystem service trade-offs as aud of land use change

The intensity of agricultural use of grassland tabiimplies clear effects on the provision of vas
ecosystem services. Altered management schemedandeise changes may support some ecosystem
services and impede others, at the same timeateratime.

In order to estimate possible future ecosystemiaetvade-offs prior to planned land-use changeslatal
scale knowledge on future management schemes avillsbhimportant as considering local conditions like
edaphic and climatic conditions, precipitation ahe habitats slope (e.g. DeFries et al., 2004; DmoGet

al., 2010; Matzdorf et al., 2010). On the otherchknowledge on general principles how ecosystenices

are affected by land-use changes may provide impbtints on possible ecosystem service trade-offs,
although the degree of effects at the local scahmat be deduced from general principles.

Such principles are presented for effects on thasystem services productivity (chapter 5.1.2), carb
sequestration (chapter 5.1.3), pollination (chaptdr4) and recreation (chapter 5.1.5). Possilaldetioffs
between these four ecosystem services in caseanfjeld agricultural use are described below. Thpgzed
categorizations of ecosystem service performaneebased on the conclusions of the chapters meudtione
above and summarized in Table 12. Any interpratatad these categorizations should take into
consideration the restrictions which need to bdiego the results of the above mentioned chapters

Literature data give evidence for, that as a resfulitrong intensification of agriculturally usedagslands
(intensively used meadows), high productivity ibiaged at the expense of carbon sequestrationebhsisv
the pollination and recreation performance. By wyontrast, extensively used grassland habitadV(H
grasslands, extensively used meadows and exteysiget pastures) are endowed with lower produgtivit
but provide a larger contribution to climate regiola due to a higher level of biodiversity, and gort
pollination by insects considerably more, and theyof greater value for recreation. The pollinraservice
is almost not supported by intensively used pasture

Agricultural use of certain plant species mixtucagable of particular species interactions (gragsthe
mixtures) can lead to high herbage productivity an increase of the carbon sequestration ratepa@ale
to that provided by intensively used grasslandsti@massumption that grassland species diversktgreses
the attractiveness to humans (published by Lindexhatthies et al., 2010), habitats providing ontags-
legume mixtures are likely to be of less valuerfigreation. Other factors influencing the attraetiess or
suitability of habitats for recreation are theiiqueness, the culture that generated them, thebpdgsfor
outdoor activities and human accessibility to estays, as well as the infrastructure in place tst loo
guide visitors. But these factors depend on circantes which are specific to local habitats andhotibe
generalized in the form of a categorization of kathiypes.
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Provision of herbage productivity, pollination argtreation byabandoned meadowstrongly depends on
how long the land is left abandoned: strong shrobr@achment is reducing herbage production and
pollination service, and might prevent possibiitier recreating out-door activities at this hatbiype.

Conversion to arable land has negative effects asbon sequestration (carbon losses might have to be
expected), is of no importance for hay production supports pollination only if flowering crops are
cultivated (e.g. rape, sunflowers). Furthermor@bke land might be less suitable for human reareati
compared to grassland habitats. In case of arablé being abandoned, herbage productivity and dtabit
suitability for pollination service may be enhan¢ddpending on the length of time for which thedldleft
abandoned as well as on the use which follows).

Fields for biofuel production are of no particulianportance neither for herbage productivity nor for
pollination. The effects on carbon sequestratiolandl, which has been converted for biofuel prodnctan
range from slightly positive effects by derivinghiels from low-input high-diversity grassland osgdaded
lands to negative effects by deriving them from pwritural crops on fertile lands. Suitability facreation
seems to be of minor importance compared to graddiabitats, although some nicely flowering species
might be the exception.

Although a categorization of the suitability of ttiéferent habitat types for providing ecosystenve®es has
been carried out on an exemplary basis for a lonm@mber of services, the influence of differemdaises
can clearly be demonstrated. Ecosystem serviceendemy on biodiversity like carbon sequestration,
pollination and recreation are affected by land cls#nges in a comparable manner: biodiversity asing
agricultural measures positively influence theiopsion but biodiversity decreasing activities ateduce
ecosystem service performance. For the same regsasgland improving measures like fertilizatiord an
high cutting rates to enhance herbage productiliityinish the other three services considerably. rEisalts

of this classification indicate that for semi-naugrasslands the fundamental trade-off arises drivhay
production on the one hand and carbon sequestratdimation and recreation service on the other.

Table 12. Suitability of different habitat types fo  r providing the following ecosystem
services: productivity, carbon sequestration, polli nation and recreation

HNV . . Grass- Arable land | Fields for
Extensive | Intensive Abando-ned .
grass- Legume Pastures & abando- | biofuel
meadows | meadows : meadows q
land mixtures ned production
moderate moderate | insignificant
Herbage . . L
productivity moderate moderate high high ~ to to to insignificant
insignificant high moderate
moderate| moderate moderate negative
Carbon
sequestration to to to moderate moderate moderate negative to
rate in soil . . .
high high high moderate
. moderate moderate | insignificant | insignificant
Habitat
suitability for high to insignificant moderate to to to insignificant
ollination . .
P high high moderate moderate
. moderate moderate moderate
Habitat
suitability for high to insignificant | insignificant to to insignificant | insignificant
recreation . . .
high high high

The table above is based on a comparative evatuatithe extent of the respective ecosystem seheosy
provided by different habitat types. This appro&lsuitable for comparing the performance of défer
habitat types with respect to a particular ecosystervice. It is, however, not suitable for a corgua of
different ecosystem services.
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5.2 Ecosystem services in the context of environmental degradation

Grassland habitat degradation can have severahatieg drivers. The most important factors inflceg
grassland degradation is the withdrawal of manage&mdisturbance such as grazing, water drainage,
eutrofization, acidification and nitrogen depositiinvasive alien species or urban and infrastnecsprawl.
Habitat degradation is closely linked to a biodsisr status of grasslands but also to physicalattaristics

of grassland habitats (soil compaction, water d@g@). There is some evidence that habitat degoadati
reduces the provision and performance of grasstandystem services. Grassland degradation hashbyoba
more moderate effects on ecosystem services thawersion to other land uses. However, evidence
suggests that effects of habitat degradation osystem services and biodiversity can be still suiisil.

The potential to sequester carbon by improving daasl conservation, management and restoration of
degraded grasslands is substantial, approximatelypeo same order as that of agricultural and foyest
sequestration. On the other hand, carbon is emiitted grassland by heterotrophic respiration, firasd
also changes in soil C pools induced by soil erosiowater drainage. Ecosystems degraded by sealing
compaction have reduced capacity of soils reguladter inflow. Grasslands and associated habitats,
especially alluvial meadows and reed and sedge badsact as washlands and barriers to floods. doegr
grasslands reach higher runoff and soil loss odeffts than conserved grasslands and thereforeaiser
water and soil loss from an ecosystem. One of yinelremes of degradation is the spread of invasive o
synantropic species which increases the level wdsion in a grassland habitat. Degraded ecosysheens
also less attractive from an aesthetic and recmatipoint of view.

The aim of this chapter is to summarize effecthabitat degradation on the level of ecosystem sesvi
Interaction between drivers of degradation is diosessociated to the assessment of ecosystem agrvic
trade-offs.

5.2.1 Livestock provision

Grazing can be considered as one of the drivintpfacf grassland degradation. Livestock can assist
maintain soil fertility, increase nutrient retemti@s well as water-holding capacity, and creatéalSia
climate for micro-flora and fauna (Delgado et &99). However, if overgrazing occurs, soil compactand
erosion may follow with a decrease in soil fenilibrganic matter, and water-holding capacity (Wit al.
2000). As a consequence, 49 % of worldwide gradslamere estimated to be lightly to moderately
degraded, with at least 5 % strongly to extremedgrdded (White et al. 2000). Areas of high intgnsit
livestock production, under industrial and intemsimixed farming systems, the high concentrations of
animals can cause serious environmental problemdishame been called “the most severe environmental
challenge in the livestock sector” (Delgado et1#199). Grassland degradation by grazing is espe@al
major threat in mountain regions (the Alps, thepa#rians) of Europe where grazing leads to “céstheep)
steps”, i.e. contour pathways speeding up the @nasites.

5.2.2 Carbon sequestration

Changes of carbon content of grassland ecosysteesaused by land-use changes and management
changes. Generally, management practices whiclteedigturbance to grasslands, and conversion from ¢

to grasslands, increase carbon (C) sequestratmmegJand Donnelly 2004). Conversion of cropland to
grassland can lead to increases in soil C up t&030he opposite process, conversion of pastures to
cropland, always reduces the C stocks by 50 % @wbGifford, 2002). Grassland degradation reduges t
potential to sequester carbon and contributes ¢oré¢lease of greenhouse gases. According to a stydy
Zhang et al. (2011), total carbon stored in thesgleand ecosystem was reduced by up to 14 %. Gndssla
management can in some cases improve the carboestefion services provision and therefore semi-
natural grasslands may not be the most effectiVstdta concerning the carbon storage. However, the
greatest potential for carbon sequestration hastored grasslands on soils depleted by poor maramgem
(Jones and Donnelly 2004).

5.2.3 Water flow regulation

Ecosystem service of water regulation can be defiag influence ecosystems have on the timing and
magnitude of water runoff, flooding, and aquifecharge, particularly in terms of the water storpgtential
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of the ecosystem (WRI 2008). Water infiltration wasgggested to depend on soil type, soil texturig, so
structure, earthworm burrow numbers, earthworm ispecstable organic matter and initial soil water
content. There is some evidence that degradedlignassreach higher runoff coefficients than nonrddgd.
Butler et al. (2008) observed the greatest runofime from heavy-use plots on poorly drained s@ %

of rainfall as runoff) and the least from light-upots on well-drained soils (12 %). Management of
grasslands has also effect on water infiltratioertikzation increases aboveground production e t
infiltration and ground water recharge can be desegd by about 50 % (Rose et al. 2011).

Runoff from grasslands is dependent on vegetatiwercand soil properties. Runoff coefficients onafi
curve numbers (RCN) express the runoff potentibk figher the runoff coefficient, the higher theoti
potential, i.e. greater percentage of rainfallre$formed to runoff and is not infiltrated. Watenoff is
determined also by degradation by grazing. Poossigad condition is < 50 % ground cover or heavily
grazed with no mulch, fair is 50 % to 75 % groundger and not heavily grazed, and good is >75 % mgtou
cover and lightly or only occasionally grazed. Withreasing degradation the runoff is also incregsi

5.2.4 Soil erosion

Semi-natural as well as managed grasslands cotgribsoil conservation and prevent soil loss duedter
and air erosion. As soil erosion is beside the tmiye cover density dependent also on slope, @lpin
grasslands are especially susceptible to erosionzif® is the main cause of degradation in alpine
grasslands in many regions, leading to excessiusi@r. According to Cerdan et al. (2010), weighted
average erosion rate for grasslands is 0.3 (std. H88) t h& yr™. Soil erosion rates for arable land are
reaching 4.4 t Hayr'. Therefore, change of the grassland to arable las®l increases erosion rates
approximately by 4 t Rayr™. Disturbance of permanent vegetation leads toastmable increase of erosion
rates, but rates are still lower than those medsomearable land or in vineyards (Cerdan et al0201

5.2.5 Invasion resistance

Presence of non-native invasive species or domegpansive species is one of the indicators oftaabi
degradation. Disturbed habitats with high humarsguees are the most sensitive to invasive speties.
assess the susceptibility of a habitat to invastabitat invasibility and level of invasion have be
discerned (Richardson and Py3Sek 2006). Level wdsion is defined as an actual proportion of habita
invaded by alien species (Chytry et al. 2008). Hamvelevel of invasion is dependent not only onitab
properties, but also on propagule pressure, climat other characteristics. Habitat invasibilityn dae
regarded as an indicator invasion regulation sera& confounding variables (e.g. invasion prespunes
held constant. Semi-natural perennial grasslands {get and saline) or forest fringes have low lsvaf
invasion despite relatively high invasion press(€aytry et al. 2008). Low invasibility of semi-nagl
grasslands can be at least partially explained lajseelatively high levels of biodiversity which fbers
introduction of invasive species by rapid recovefter disturbance. Generally, human dominated lod/la
habitats with high levels of land transformatioe arost invaded while nutrient limited montane hatbitare
less invaded (Chytry et al. 2008). Alpine and spio& grasslands have therefore low level of invasiod
invasibility. Mown and grazed grasslands have mgstiate levels of invasion but still relatively low
invasibility.

5.2.6 Degradation scale

Grassland habitats with no degradation can be deresl as a potential for provision of ecosysteniices
from grasslands. Grassland degradation can havephlautauses and usually is associated with the ¢ds
original grassland species diversity. Thereforedagnaded semi-natural grasslands have high biciiyer
levels of original species, often higher than rathabitats which are replaced by managed grassland

Grassland degradation scale has been derived fraieviaw of studies capturing the degradation of
ecosystem services. Results of a review presemtethis chapter are summarized in Table below.
Description of grassland degradation has been edauatcording the assessment of natural habitatsein
Czech Republic.
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Table 13. Degradation scale — differences in ecosys

tem services provision

management), but these changes are not
reflected by vegetation composition or
the grassland is restored to a semi-
natural state.

?:\fET_ADATION DESCRIPTION ECOSYSTEM SERVICES LEVEL
Habitat is without noticeable [ ¢  Net carbon sink (high carbon
degradation characteristics or the storage)
degradation is negligible. There could be | «  High or sufficient water retention
some negative influences in the past |« Verylow ortolerable erosion rate
1 No (water drainage, periodic grassland | «  Very low level of invasion and
degradation improvement, withdrawal of invasibility

e High aesthetic, recreational and
conservation value

Medium
degradation

The influence of driving factors is
recognizable but not significant. Habitat
is influenced by water drainage, natural
succession or withdrawal of
management. Management withdrawal
or natural succession create spatially
distributed degradation patterns.
Synantropic species form 10-30 % of the
vegetation cover.

e Carbon sink or source depending on
stocking levels

e Soil loss corresponding to tolerable
rates

e Water runoff equals retention
(around 50 % runoff coefficient)

* Intermediate level of invasion and
invasibility

e Reduced aesthetic, recreational and
conservation qualities

High
degradation

Significant eutrofization and
synantropization, withdrawal of
management  or  strong  natural

succession. Degradation could be started
by intensification and  grassland
improvement in the past (ploughing or
seeding by forage crops). Synantropic
species cover more than 50% of a
habitat area.

¢ Net carbon source (positive balance
of carbon emissions)

*  Water runoff 70-80 %

»  Soil loss more than 1 Mg ha™ yr*

e High level of invasion level and
invasibility

e Low aesthetic, recreational and
conservation value

5.3 Comparison of costs and benefits of grassland ecosystem services

Grasslands are significant component of culturati$gape and serve as a source of multiple ecosystem
services, including production, regulation as wedl cultural services. Ecosystem services conceptual
framework creates an interface between the prooluctunction of grasslands and conservation of
biodiversity in a cultural landscape. Matching proibn intensity and biodiversity trade-offs reesir
assessment of payments schemes for ecosystemese(RES). Quantification of benefits and costs khou
generally precede designation of PES. Non-markeefits provide by grasslands could exceed conveatio
production and this could support nature consewmas well as orientation of agricultural subsidmsards
ecologically friendly farming practices, especiatlyHigh Nature Value (HNV) and specially protecteéas
such as Natura 2000 network. Moreover, as stilhdigoortion of grasslands is lost by land degradagind
urbanization, the value of ecosystem services a$giands provides information about the loss ofiraht
capital, associated ecosystem assets and the fildde-supporting functions critical for maintenanof
socioeconomic well-being.

In the Czech Republic, two main programmes progdaayments for the maintenance or restoration of
ecosystem services and biodiversity on grasslands Agri-environmental programmes (AEP) and
Landscape management programme (LMP).
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5.3.1 Expenditures from Landscape management programme

Further, we have calculated the average expenditmeggrassland management in order compare them wit
estimated economic value of grassland servicednAke case of invasion regulation, data were obthi
from the database of Landscape management programmhee expenditures for the year 2010 were
distinguished according to protection regime: (iasgland measurements in the protected areas,iiand (
measurements in unprotected area. The expendiforegach grassland habitat type and number of
measurements are reported in Table 14.

Table 14. Average expenditures in € per hectare and grassland type for grassland
management measurement (values are in 2010 prices).

CODE PROTECTED UNPROTECTED
AREAS AREAS
EUR/ha N EUR/ha N

DG Dry grasslands 380 [ 526 843 95
AM Alluvial meadows 586 66 564 29
MG Mesic meadows 594 [ 631 891 199
WG Seasonally wet and wet grasslands 458 | 858 780 179
AG Alpine and subalpine grasslands 719 [ 158 944 35
FF Forest fringe vegetation 543 14 985 5
SM Salt marshes 395 1 810 2
HT Heathlands 525 4 729 6

Source: Landscape management programme, Agendyatoire Conservation and Landscape Protection of
the Czech Republic.

5.3.2 Expenditures from Agri-environmental programmes

Agri-environmental programmes are considered asyanpnt scheme for encouraging farmers to incorporat
ecosystem services aspects into management. Payrf@nthe maintenance and ecologically friendly
management of grasslands are a dominant compofie@zexh agri-environmental programmes. While
majority of payments is devoted to ecologically stve management of semi-natural grasslands, some
programmes are focused also on species of Eurapezortance for which grasslands are the main hiabita
(e.g. corncrake or waders). Total expendituresraggiand reached 24.37 million EUR in 2008 (Talsle 1

Table 15. Expenditures from agri-environmental prog rammes, year 2010.

AGRI-ENVIRONMENTAL PROGRAMME ;gm OF PAYMENTS
mil. EUR

Grasslands total 24,37

Meadows 5,18

Mesic meadows 1,90

Alpine and dry grasslands 0,62

Wet meadows 0,24
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Important Bird Areas on grasslands - waders 0,13
Important Bird Areas on grasslands - corncrake 0,53
Pastures 8,98
Species rich pastures 6,59
Dry grasslands and heathlands 0,24

Source: Institute of Agricultural Economics andoirmation.

5.3.3 Net present value of grassland ecosystem services

For purpose of decision-making in the nature caragem, it may be useful to view grassland serviass
assets that yield flows of services over time. Tbes of grassland benefits (or losses / costeims of
decline in grassland services) are usually predemggregated across time as a present value ofstens
services. One way how to consider a temporal difoensf value in economic analysis is to apply
discounting rates. Discounting is a method usecbtovert future grassland benefits or losses tgredent
value using an economic discount rate. The basicipte of discounting as reflected by an econotheory
assigns a lower weight to a unit of benefit or doghe future than to that unit at present (OECD&).

To estimate future benefits associated with eceaystervices provided by semi-natural grasslanésga
into account social discount rates and time hoszave have calculated net present value baseden th
balance of benefits and costs of maintenance sktad ecosystem services. Assuming 3 % sociabuiisc
rate and time horizon in a range t = (0, 1, ..., 108 have calculated present values for the petarec
values of ecosystem services provided by grassiaritie Czech Republic according to the formula:

N B -C
NPV =) 2t
L0 o)

where NPV denotes net present valugh&hefits provided by semi-natural grasslandsna thorizon t, €
are in this case costs associated with the maintenar restoration of grassland ecosystem serfriogsthe

landscape management programme,aisdhe social discount rate (3 %).

Figure 3. Declining present value of value of grass land benefits and costs for different

categories of semi-natural grassland habitats. Disc ount rate of 3 %.
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The net present value of ecosystem services of-sataral grasslands is 52,594 EUR per hectare. This
estimate is based on a 3 % discount rate and 180tyee horizon (Fig. 3). Because the environmental
project could maintain or yield grassland bendfitsnany periods, we compute the present value ef th
aggregated stream of values by adding the presdutw of the benefits received in each year fontely
indefinite existence of grassland.

Figure 4. Net present value of semi-natural grassla  nd habitats based on a calculation of net
stream of benefits over 100 years and using 3 % dis  count rate.
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Net present value of semi-natural grasslands vdriesiearly an order of magnitude among particular
habitats, from 11 thousand EUR/ha to 103 thousdwi/Ea (Fig. 4). Current calculation doesn’t incladle
benefits and costs associated with semi-naturasstgads. However, it should provide a sufficiently
comprehensive picture for future decisions on mamamnt of semi-natural habitats.

Cost-benefit analysis is usually based on alteraaiptions for management of ecosystem servicash{&it
al., 2011). Costs usually include opportunity ostoeation costs which reflect the full social cadt
ecosystem services loss. Maintenance costs thumlggo present only a fraction of total costs and ou

calculation serves rather as an illustrative exangblthe overall approach of accounting for fulstsoand
benefits.

5.4 Mapping of grassland ecosystem services

Mapping of ecosystem services has gained an inogegmopularity in past several years since visual
information provided by maps could enhance undedstg of spatial aspects of ecosystem services
provision. Ecosystem services mapping is percea®e useful tool to assess trade-offs among (v&riou
bundles of) ecosystem services when certain sendgoald be provided far from the place of consuampti
(De Groot et al., 2010). Presentation of maps htdps to make explicit the phenomenon of off-sifea
which strikes the fact that local decision causassequences on distant places (Seppelt, 2011). iNgapp
could assist to highlight the multifunctionality &dndscape units, i.e. synergies in provision ofess
functions or conflicting landscape functions on ¢iieer hand.
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Most mapping approaches are based on land coves@mde the maps elaborated for this survey. kn thi
mapping exercise we have made profit from the baldpproach employed to the ecosystem services
quantification. The habitat approach combines assest based on biophysical indicators and valuatitm
particular habitat categories. Therefore, a fregodstacle consisting in indirect relation amongdl@over

and biophysical and social properties of ecosysisrgercome.

The mapping is based on the ‘habitat mapping laybgt is a product of field survey conducted akothe
area of the Czech Republic. The first dataset wgsieed in the period of 2001-2004 for the purpasies
Natura 2000 network establishment. Recently, aratgpdf habitat mapping is being carried out stgriim
2007. Every year approximately 10 % of the CzechuRéc area is surveyed and thus updated. The field
survey focuses on natural and semi-natural halpiaterentially; however, artificially altered hedis are
recorded as well even if in broader categoriesglBimabitats classified by the Habitat Catalogudhef
Czech Republi¢ (Chytry, 2010) represent the basic mapping unierage area of natural habitats is 1,76
ha. Average area of all habitats including art#ilyi altered habitats is 6,26 ha.

Quantified amounts and values of ecosystem servafeparticular habitats (categories of habitats
respectively — see Table 2) were transferred iatotht mapping layer and displayed on map using/fenww

3.3 software. The habitat mapping layer providesltgion on a very fine scale what enhances acgwaba
local level, however, hinders understanding ofrtiesssage on a larger scale like the total areaeoCttech
Republic (see Annex Il — monetary value of watgutation). Therefore, we aggregated habitats iatgdr
space units. The most appropriate unit of aggregaeems to be an administrative unit used in texic
Republic called OR® which is in between of NUTS 4 (LAU 1) and NUTSLAU 2) according to the area
and number of inhabitants. There are 206 ORPs énQR with the average area 373°kand 51 000
inhabitants in average. Area of grasslands in &R was computed and consequently the biophysical
guantities or values of ecosystem services provigegdrassland ecosystems in each OPR were redaidula
on the amount/value per OPR (compare amountsloevaalculated per hectare — Table 6 and Table 7).
Thus, each mapping unit (ORP) shows the amounteofice provided by grasslands situated in this
respective OPR. In order to make the informati@adr, we added a raster showing the area of graiss|

in each ORP.

As most of the services calculated are correlatetithus most of the maps would be alike, we produce
only 4 maps as an example (see Table 16). Thelanas are presented in separate JPG files as aaxAn
Il to this report.

Table 16. Maps of ecosystem services attached in An nex Il

ecosystem service displayed on map | mapping unit
1 | carbon sequestration biophysical quanti9RP
2 | livestock provision biophysical quantity ORP
3 | water regulation economic value habitat
4 | sum of (monetary values of) all valuated servi| economic value ORP

" Habitat Catalogue of the CR classifies the habitah finer scale than EUNIS and relies basically on
phytosociological classification while the corresgence to EUNIS and habitats defined in Annex thef Habitat
Directive is maintained. There are 140 basic wtatfined in the Catalogue.

18 obce s roz&enou fisobnosti
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This mapping exercise showed us that there is agairool available for capturing the value andoamt

of services flow in the spatial scale. The hakifgtroach to ecosystem services assessment togetihene
habitat mapping layer provide very precise input &malysis of spatial trade-offs and off-site effec
However, additional methods of analysis and visadilon are needed in order to explore the
multifunctionality of ecosystems and to derive magful outcomes for decision-making regarding é¢hg.
sustainable use of ecosystem services. Most of salimiques still remain to be developed (De Groot,
2010). Moreover, decision making based on spatialysis would make sense only if all (main) ecomsyst
were included as a lot of ecosystem services andged by more than one ecosystem, e.g. grassland.

6 Overall conclusions *°

Grasslands provide substantial flow of benefitsolvhieaches 2647 EUR per hectare on average whitg ma
other services couldn’t be valuated what meansttiwatotal value of grassland ecosystem servicesoist
probably even higher than that.

The quantification of ecosystem services basedatnitdt approach allowed us to appreciate differgnice
the level of ecosystem services provision amonguarcategories of habitats. We could see thalioheof
benefits might be two times higher or even morevéf compare natural and semi-natural habitats (e.g.
alluvial meadows or wet grasslands) to managedsignads and pastures in terms of per hectare amounts
This applies even to the provision services. Thimption of significance of natural habitats fooysion

of ecosystem services was further supported byfitiungs of the literature review which comparee th
conditions which either support or impede the @ivi of ecosystem services. There are only 4 etarsys
services sufficiently treated in the literature wiewer, this selection demonstrates that the infiaeaf
biodiversity increasing agricultural measures pesly influence the ecosystem services provisiorilaevh
biodiversity decreasing activities reduce ecosysterwice performance. The reduction of biodiversayld

by either caused by deliberate change in land usbyofailures in management like water drainage,
eutrofization, acidification and nitrogen depositianvasive alien species etc. Grassland degraddias
probably more moderate effects on ecosystem senican conversion to other land uses. However,
evidence suggests that effects of habitat deg@uath ecosystem services and biodiversity can itle st
substantial.

This survey has made a substantial progress amdais®d our ability to make informed decision on the
sustainability of grasslands ecosystem servicesudder, even if such substantial achievement washesh
we ended up in front of a mosaic of findings whiglstill too sparse to allow us to make sound aasiohs.

To be able to fully appreciate all effects of diffet grassland use and management including caatgerv
and to include that knowledge into decision makimg,need to further elaborate quantification ofsystem
services provision by grassland under alternatise (turn to cropland or fields for biofuel prodoctj
change in intensity of management, abandonmentseteation etc.) including grassland degradation.
Considerations on sustainable use of ecosysteritesmequire also to fully implement not only adinefits
provided by ecosystems but also all costs connewitbidecosystem management and conservation.

Not only a complete bundle of ecosystem services babe taken into account, but services of atltdeast

the main ecosystems must be included since the sansémilar service is often provided by various
ecosystems. Therefore, considerations on balantkzhtion of ecosystem services as well as optadiz
trade-offs among alternative management schemeagdshe based on the complete overview of ecosystem
services provision options.

19 please not that due to the process of elaboraticthis report when the chapters were elaboratgars¢ely by

different partners there are conclusions of eaelpthr presented at the end of the respective ahapterefore, please
for more details on the outcomes of quantificatidrecosystem services, review on ecosystem setrade-offs as a
result of land use change etc. please refer tsuh@emary or conclusion of the particular chapter.

ETC Biological Diversity Pages /85



It is necessary to interpret conclusions of thiglgtwith caution, especially these which are basediata
derived from literature (and not original studiesfield data collection). Moreover, literature shohat
local conditions like edaphic conditions, climatestope (e.g. DeFries et al., 2004; De Groot et24110;
Matzdorf et al., 2010) could significantly influenthe level of ecosystem services provision.

Lessons learned from some assessments (e.g. Ukndhtccosystem Assessment, 2011) tells us that also
other features in ecosystem services assessmeittebedata gathering and analysis play a role in
streamlining ecosystem services into decision ngakifspecially the process of assessment has aakruci
influence on the acceptance of assessment outc@taeholders perceive higher ownership of thelteesu
and are more prone to accommodate their activifigbey are involved in the process of assessment.
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Annex |

The following chapters provide detailed descripsian all relevant study results considered in the of
the following main report chapters:

5.1.2 Productivity,
5.1.3 Carbon sequestration, and

5.1.4 Pollination by insects

7.1.1.1 Content of Annex |
1.1 Productivity 53

1.1.1 Importance of this ecosystem service for ruminants 54
1.1.2 Which preconditions are essential for providing herbage productivity? 54

1.1.3 Which habitat types and kinds of land use provide these preconditions and thus
support plant productivity? 55

1.1.4 Positive effects of grass-legume mixtures on plant productivity 57

1.1.5 Which factors impede plant productivity and what kind of land use reduces this
ecosystem service? 60

1.1.6 Grassland yields and productivity under different management schemes 61

1.2 Carbon sequestration63
1.3 Pollination service by insects 65
1.3.1 Importance of pollination 65

1.3.2 Which preconditions are essential for pollination by insects? 66

1.3.3 Which habitat types and kinds of land use provide these preconditions and thus
support pollination by insects? 67

1.3.4 Which factors impede pollination? 70
1.3.5 What kind of land use reduces pollination? 70

1.3.6 What are the consequences of reducing the provision of pollination services for
biodiversity? 73

1.4 References to Annex | 74

7.2 Productivity

In this chapter, the plant productivity of diffetdmabitat types is compared on the basis of abouegt
biomass per year (t dry matter’hgr'), a method which is used in most of the literat@ely a few
studies are also concerned with the quality ohiérdage produced and the metabolizable energy ehlue
hay. Although these are important parameters f@stock production, they are not considered in this
chapter because the data currently available awefficient for a comparison of different grassland
habitat types.

Detailed study results presented below are sumethiizchapter 5.1.2 of the report.

Survey on grassland ecosystem services in the Gzephblic and literature review 53



7.2.1 Importance of this ecosystem service for ruminants

European grasslands vary greatly in terms of tim@nagement, agricultural productivity, sustain&pili
wider socio-economic values and their nature caagien status. Herbage from various grassland &iabit
types is essential for hay production and is thénnfieed supply for domestic livestock in Europe,
although there are spatial differences of prodigtiv Smit et al. (2008) are reporting the spatial
distribution of permanent grassland productivitEurope. The highest productivity of about 101 &’

is achieved in the western and north-western geEuoope adjacent to the Atlantic. The regions \tfith
lowest productivity are located in the Mediterrameaith annual yields limited to 1.5 t haThe Central
European areas reach fairly high yields, dependm¢he altitude of grassland habitats and the siitgn
of agricultural management schemes (in the rang®-6ft hd yr). Although an increasing amount of
concentrate feed and other forage crops are usetidgorovision of feed for ruminants, grassland wi
continue to be of major importance for livestockdguction throughout Europe (Wilkins et al., 2003).

7.2.2 Which preconditions are essential for providing hebage productivity?

Grassland productivity is affected by climatic fast such as rainfall, temperature, the length ef th
growing season and soil quality. For European ¢aads it has been found that annual precipitatson i
the most important factor (Smit et al., 2008). Autdtially, specific habitat management practicesehav
considerable influence: yields and the nutritivéugaof grasslands are strongly affected by manageme
factors like the cutting regime and the use ofogin fertilizer, which have a well-known positiviéeet

on above-ground productivity of forage plants (Nevand Rehuel, 2003). Biomass production very often
comes from intensive grassland being associateu avitigh input of nutrients and widespread use of
monocultures.

Agricultural experience shows that low-diversityaggslands can be highly productive due to agricailtur
intensification using fertilisation, irrigation ardgh-yielding cultivars. On the other hand, higledsity
low-input grasslands grow on extensively managées sire often nutrient poor and usually have low
yields (Weigelt et al., 2009). In general, specielsness in semi-natural grassland is negativetyetated
with a high content of available soil nutrients armhsequently, with high biomass production rates
(Honsova et al., 2007).

On semi-natural grassland, less yield variabilitgynoccur over time where raised water levels are
maintained through the growing season, thus résigithe severity and duration of soil moistureicies.

As studies on agriculturally improved grasslandghshown, the application of nitrogen fertilizeloals

a more effective use of water for growth, whichwigy it is possible that, under conditions of lowl so
nitrogen availability in unfertilized semi-naturgdasslands, a soil moisture deficit could havelatixely
large impact on yield (Tallowin and Jefferson, 1999

Grassland productivity has been increased sucdlysdiy sowing seeds of specifically designed
mixtures, combining hfixing legume species with fast-growing grass sge¢Barnes et al., 2007). In
agriculture, grass-clover mixtures are commonlyduse the most productive grassland systems.
Facilitative interactions among,Nixing legumes and non-fixers usually decreasé wiil fertility, as N
fixation can be reduced under high fertilisatiomells and because co-occurring non-fixing species ar
less dependent on the additional nitrogen inputldgumes (Nyfelder et al., 2009). In diversity
experiments the positive interactions betweerfiting legumes and non Nixing plant species often
contributed to a significantly larger extent to mmix effects in biomass yield than the interactions
between other functional groups (Nyfeler et al1 0 Substitution of nitrogen being applied byifesers

by an improved exploitation of symbiotic ,Nfixation in agricultural grasslands could increase
sustainability and resource-efficient agricultsgstems (Gruber and Galloway, 2008).

Studies on relatively species-rich and nutrientrpgr@ssland (Tilman et al. 1997, Hector et al., 299
Cardinale et al., 2007) found that higher biodiitgreads to increased productivity. Under nutripnor
conditions, more diverse plant communities are etgaeto acquire more of the limited growth resosrce

ETC Biological Diversity Pages /85



and to transform them more efficiently to biomasant less diverse plant communities (Hooper et al.,
2005). Reasons for this are niche differentiatibspecies, positive inter-specific interactionsg anore
highly productive species (Cardinale et al., 200H)rther reasons for the biodiversity-productivity
relationship might be increased soil resource fpaming and facilitation (Reich et al., 2004) ociieased
light partitioning by enhanced growth form diffeoess among species (Gross et al., 2007). In other
words, more diverse communities are better utidjzavailable resources due to their greater ocoupati
of niche space, and because of the fact that taeg b greater probability of containing positiveern
specific interactions (Kirwan et al., 2007). Resbadealing with the influence of biodiversity on
productivity is focusing on species richness, thmposition of species or functional groups, intecigs
interactions in the community and also on the rnetabbundance of species, being expected to be an
important determinant of the diversity-functionatedbnship (Hooper et al., 2005).

It has been suggested that biomass variabilitypétigs-richer grassland communities may be lowar th
in those which are poorer in species (Dodd et B994). These findings are supported by an
extensification experiment in the Netherlands, whgeld variation was recorded for 14 years afiier t
cessation of fertilizer application (OIff and Bakk&991): the yield variation between the yeargekesed

in the later years, during which time the specieBness increased. This might be due to the fat th
species richness may provide a greater buffer agelimatic variation than can be expressed inisgec
poor grasslands. Dodd and co-authors also suggasthere could be an interaction between species-
richness, biomass production and soil moisturecdefivith the soil moisture deficit being a key faic
influencing variability in yields between the yeafhis corresponds to the finding of Smith (1960)
according to which a close relationship exists leetwhay yields and transpiration, which is in turn
closely related to soil moisture deficits during tieriod of growth.

7.2.3 Which habitat types and kinds of land use provide liese preconditions and thus support
plant productivity?

Based on the above mentioned findings relating e tonditions necessary to support herbage
productivity, the following paragraphs describe thest relevant studies in greater detail, showihgclv
grassland habitats and agricultural managementrsehare suitable for advancing productivity andtwha
yields can be achieved. A compilation of the magbartant results and general principles can bedoun
in chapter 5.1.2 of the report.

A study by Tallowin and Jefferson (1999) reviewedadon the productivity of different communities of
lowland semi-natural grasslandsin the UK. The dry matter yield being investigatsdthese authors is
defined as the yield of cut herbage harvested abaugtting height of approx. 5 cm above groundlleve
The yields of dry matter from different unfertildzegriculturally unimproved semi-natural grasslaimds
lowland Britain when first cut in late June or Julynged from 1.5 t iato about 6.0 t Ha(not taking into
account any losses during the hay making procés®).total annual yield of dry matter for unfertdd
grasslands ranged from less than 2.0 T tm approx. 8.0 t ha Fertilizer application to certain
communities of semi-natural grasslands led to an areased dry matter yieldby 50 % to more than
100 %. On the other hand, fertilizer applicatiosuteed in changes of botanical composition.

The seasonal productivity of 13 perennial grasscispeco-occurring intemperate semi-natural
grassland communities in Europe was estimated in a fieldeeixpent conducted in France by Pontes et
al. (2007). Most of these grass species are nat isegricultural systems as cultivated grass crops
Above-ground yield of dry matter (cutting height:cén above ground level) was measured in two
successive years being produced under two leveigraofen supply and two levels of cutting frequenc
For all species which were grown in monoculture;, khatter yields were reduced with an increase in
cutting frequency in spring, in the other seasdws tields of dry matter of most of the species were
slightly stimulated by an increase in the cuttirggtiency. The mean dry matter yield in the sprergss

all species (4 t h was about twice that obtained in summer (2.27%) lend autumn (2.3 t Hy The
mean dry matter yield per year for the 3-cut regimas 9.2 t ha yr* and for the 6-cut regime 7.8 tha
yr'! showingthat increasing the period of regrowth from one tawo months increased the amount of
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harvested herbage averaged over all species. This difference wawelver, greater for grasses which
were highly productive at a low cutting frequen®ut different responses may be observed when
comparing the performance of grasses in monocultame in plant communities. On average, an increase
in nitrogen supply increased the dry matter yiedd pear, which was significantly higher in the plot
receiving 360 kg N Hayr® (3.2 t h& yr") than in those with120 kg N Hayr* (2.5 t ha yr'). The
authors argue that the performance of these speoier natural field conditions might be signifitign
reduced due to the extensive conditions and podilitie but the results show that some of these
grassland species have a nutritive value whiclisparable to that of forages selected for highdgiel

Cop and co-authors (2009) assessed the influencattifig regimes and fertilizer application on save
traits of twowet grassland habitatsin Central Europe (Slovenia). The annual dry magtelds were
averaged over the seven years and tested for thetebf cutting and fertilizer treatment. The fesu
showed that theutting frequency had a small to moderate negativeffect on the dry matter yield In
the first experiment, the four-cut treatment ledatignificantly lower yield of dry matter than the
delayed two-cut and three-cut treatment (averagest dertilizer treatment): the cutting frequency
reduced annual dry matter yields from 8.351 tiader the delayed two-cut treatment to 7.64t with
the four-cuts treatment. In the second experimém, dry matter yield under the delayed two-cut
treatment was significantly higher than the yieddhieved with the two-cut and three-cut treatmeioken
each fertilizer treatment: a higher cutting frequereduced the annual dry matter yield from 8.26i't
under the delayed two-cuts treatment to 6.86'turaler the three cut treatment.

In contrast to the cutting frequency, tgplication of fertilizer had a strong positive efect on the dry
matter yield. The yield increased significantly in the firspeximent from 5.63 t Rawithout fertilizer to
9.25 t ha yr* with fertilizer application PK + N, including patsium (K: 158 kg hayr), phosphorus
(P: 31 kg ha yr') and nitrogen (N: 100-400 kg har?), and in the second experiment from 3.95t ha
without fertilizer to 9.42 t HA with the same fertilizer application as in thestfiexperiment. In both
experiments the dry matter yield was averaged alVeutting regimes.

The effects of cutting or grazing on the herbagsdyat different levels of N fertilization on a Riesh
sandy loam soil are reported by Nevens and Rel@€13). Four levels of nitrogen fertilizer treatment
were applied on existing grassland: 0, 100, 2004@dkg N h& yr*. The plots were cut (at a height of 5
cm above soil) on a production-based schedule nagimi yields of 3.0-4.0 t dry matterheut®. The dry
matter yield of the 400 kg N treatment (averageer dlie years from 1999 to 2005) was 16.6't .,
which amounts to a very high production level coragéato productivity figures published in the liteenae
(Hopkins, 2000). High average yields were alsoiabthon the 100 kg N and 200 kg N plots: 13.8 and
14.7 t h& yr respectively.The dry matter yields are reflecting the growing aml management
conditions in experiments which are much better tha on farmland. Moreover, harvesting,
conservation and feeding losses occur under pahationditions, resulting in lower net yields. The
variability of dry matter yield between the yearasaguite high, which may have been due to the white
clover content changing between the years. As @tref an increasing amount of white clover on the
unfertilized control plot, a remarkably high yieldas obtained on these plots from 1997 onwards.
Another factor allowing relatively high yields unde zero or low N fertilization was a yield-based
cutting regime: compared to a time-based regime, the cuttingeaysthich was used for this experiment
allowed longer growing periods and hence, resuitddgher yields on the less fertilized plots. dishbeen
found that in mixed swards with a low nitrogen ation rate, white clover performs better if longe
intervals between harvests are allowed.

Species-poor grasslandsgvhich areagriculturally optimized for the single function of hay production
(e.g. clover-grass mixtures) with fertiliser ind@00 kg N h& yr?) and up to 6 cuts per year have been
shown to achieve forage yields between 1.0 and a4 yr* (Tallowin & Jefferson, 1999).
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For Thuringia (Germany), mean forage yields havenbeeported to amount to 7.9 t*hgr' for
conventionally managed permanent grasslandith fertilisation and 3—4 cuts yr-1 (Weigelt ef 2009).

The effects of fertilizer application on herbag®duction were investigated in herb-riaketland hay
meadowsin UK (Sommerset Moors) by Kirkham and Wilkins §49. The swards were cut after 1st July
each year, followed by one or two aftermath cutge Total annual dry matter production increasethfro
4.7 t hd without fertilizer to 10.5 t Hawith fertilizer application (200 kg N, 75 kg P aB@0 kg K ha
yr'). The results suggest that the potential outpuhe$e meadows is similar to that of a wide rarfge o
less diverse permanent pastures.

7.2.4 Positive effects of grass-legume mixtures on plaptroductivity

In addition to the studies described above impofiatd studies have been published showing theceff
of grass-legume mixtures on herbage productivity:

The Europe-wide COST experiment (at 840 plots icduhtries) showed thaven a moderate increase
of plant species richness from one to four speciésvo legumes and two grasses) had strong positive
effects on the above-ground biomass in intensiveljanaged grasslandthe above-ground biomass
was consistently greater than expected from motaeuperformance, even at high productivity levels
(Kirwan et al., 2007). The plots were managed by tavfive cuts per year and the annual applicatibn
nitrogen fertiliser ranged from 0 to 200 kg'h#&dowever, high N application rates were not incatiipe
with producing diversity effects. Comparing thelgiief grassland with species-mixture with the higthe
yielding monoculture led to estimates of averagadgressive overyielding of 12 % to 16 % (i.e. kiem
yield of the mixture exceeded that of the highesiding monoculture). This diversity effect was
consistent across a wide geographical scale. Thduptivity increasing effect was due to pairwise
interactions between the species of the mixturegoedlated to species evenness. The positive aitena
between two grass species or two legume specieasvstsong as that between a grass and a legurae. Th
authors are concluding that the transgressive eldgg being observed in their study strongly sesig
that modest increases in agronomic species diversity caontribute to agricultural production in
intensive grassland systemsBut the strength of inter-specific interaction ymdiffer in other plant
communities. Additionally, patterns of species hattion may be associated with environmental
conditions and the temporal persistence of theispét mixtures realizing the diversity effect. 3 an
important issue which is the basis for a long-teffact.

Part of the COST experiment was an ecological exm@t including fertilisation onintensively
managed grasslandgublished by Luscher et al. (2008), showingoaitive effect of species mixtures
even under very high levels of nitrogen additioneven though overyielding decreased with increasin
N fertilization, transgressive overyielding wasdl stbserved at the highest fertilization rate (480N ha'

yr).

The effects of increasing management intensitiesn the biodiversity-productivity relationship have
been assessed for the first time itaage-scale field experimentin Germany by Weigelt et al. (2009).
Using a combination of different mowing frequencdjeee, two or four cuts per season) and fertiligati
levels (0, 100 and 200 kg N har?) the productivity of 78 experimental grassland ommities of
increasing plant species richness (one to 16 spearel functional group richness (one to four fiomel
groups including grasses, small herbs, tall herib lagumes) were studied in two successive years.
Species were selected using the approach of caresfreandom selection from the 60-species pool. The
management intensity gradient applied to the hagdmes was ranging from low input (single mowing,
no fertilisation) to high input (four times mowingP0 kg N h& yr?) for two successive years. Annual
aboveground biomass was used as a proxy for maapriproductivity.
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In plots with higher species richness, abovegroundoroductivity increased in both years,
independent of management intensity For example, on plots being mown twice withouttiliser
application, an increase of aboveground produgtivias observed from approx. 3 t*hgr™ (in low
diversity grassland plots) to approx. 7.0-7.6t ig" (in high-diversity grassland plots with 16 spekies
and even to approx. 10.0-13.0 t*ha™ (in high diversity grassland plots with 60 spefkidis effect
was enlarged by the application of 100 kg N &' (and two cuts) to more than 8.0 t'ha™. A further
increase of mowing (4 cuts) and fertilisation (2@PN ha' yr?) did not lead to a further increase of
productivity. Plots with a higher number of functional groups(grasses, small herbs, tall herbs and
legumes) alsshowed significantly higher levels of abovegroundrpductivity , but communities with
three functional groups often showed higher levafisproductivity than those containing all four
functional groups. Thpresence of legumes significantly increased abovegmd productivity, but the
positive effect of the legumes on productivity v&gnificantly reduced under high mowing frequencies
and fertilisation.

The results showed that there is a positive effécipecies richness and productivity. Xtreasing
number of species raises the productivity of eachf ehe differently managed grasslands. Both the
mowing frequency and fertiliser application had sigificant positive effects on productivity (see
Fig. 1): increasing the mowing frequency from ooévto had a positive effect on productivity; howeve
increasing the mowing frequency from two to four fertilised plots had a minor negative effect on
productivity on plots without legumes, and a sigaiht negative effect on plots with legumes. Inhbot
years, higher levels of diversity were more effetin increasing productivity than higher manageimen
intensity. As agriculturally improved grasslandsrai result in higher hay/forage yields comparethto
highly diverse and multifunctional mixtures whichoguced up to approx. 1 kg hai' in this study,
Weigelt and co-authors conclude that the biologoachanisms leading to enhanced productivity in
mixtures (of species) can be as effective for yigldduction as a combination of several agricultura
measures, including selection of highly productivdtivars and a high input of energy and fertilsser
They emphasise the fact thatgh diversity plots cannot be sustained in fertised meadows
(Plantureux et al., 2005) due to competitive disphaent of subordinated species under nutrient input
(Gough et al., 2000). Therefore, long-term expenimavith highly diverse but fertilised plots aret no
possible.

Annex 1, Figure 1. Above-ground biomass of plots wi thout legumes (white bars) and with
legumes (grey bars) in 2006 (open bars) and 2007 (h atched bars). Means
over all plots are given for the management intensi  ty gradient. The dashed
line separates the non-fertilised (left) from the f  ertilised (right) plots (taken
from Weigelt et al., 2009).
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Nyfeler et al. (2011) quantified nitrogen acqugitiof grasses and legumes from symbiotic and non-
symbiotic sources and transformation of acquireidthl biomass. The aim was to measure processes that
drive beneficial effects of mixtures on biomassldidn order to study interactions among the two
functional groupgyrasses and legumes, monocultures and 21 grass-legumixtures with the four
most important agronomic species for intensive sjaasl were included in field experiment which
served as a model system. The design of these masxtesulted in legume percentages of 0 %, 7 %, 20
%, 50 %, 80 % and 100 %. Three levels of nitrogetiliser were applied (50, 150 and 450 kg N ke

Y. Plots were cut five times a year at 5 cm abeeground surface. The results showed that thé tota
nitrogen yield of the entire sward was clearly leigthan expected from the proportional contribigioh

the pure grass and legume stands. Important stionylanteractions between the two functional groups
grasses and legumes — resulted in acquisitionrab®tic nitrogen being maximised not in pure legume
stands but in mixtures with 40 to 60 % legumessTamonstrates that positive effects of mixing ggas
and legumes rely not only on the direct effectthefsymbiotic N fixation. Two processes are postulated
as being responsible for this: First, increasing percentage of grasses in mixtures stimulated the
percentage of symbiotically fixed,Nh the legume plants (activity of;Nixation by legumes depends on
the nitrogen demand of the whole sward), and secth increased grass percentage in the sward
increased the apparent nitrogen transfer of syndlaibt fixed nitrogen from the legumes to the gesss
Therefore, both grasses and legumes are able tndxiheir acquisition of nitrogen from symbiotic
sources when grown in mixtures. Only when grasse® Wwelow 40 % of sward biomass or when high
amounts of N fertiliser were added to the systeB0(Kg N hd yr') did the legumes reduce theip N
fixation activity.

The authors conclude that thesitive effects (of mixing grasses and legumes) biomass production

do not rely solely on the direct effect of symhioll, fixation but that they are the result of mutual
stimulatory effects on the nitrogen acquisitiortted grass component and the legume component,las we
as the efficiency with which nitrogen is acquiredbi biomassThe largest benefit of mixing grasses
and legumes in terms of biomass yield was achievetl low to moderate levels if nitrogen fertiliser

(50 and 150 kg N Kayr?) with about 40 % to 60 % legumes in the sward.

A previous study by the same authors (Nyfeler e28l09) quantified the diversity-productivity etfe of

the same experiment. Strong overyielding was oleskity each year and over all three years at 50 kg N
ha' yr'. The estimated overyielding due to combining ggasand legumes was 43 %, 106 % and 55 %
for each of the three years. However, nitrogerilietion (450 kg N ha yr') decreased the effect of
mixing grasses with legumes from 106 % to 34 %hedecond year, and from 55 % to 13 % in the third
year. Nevertheless, overyielding due to interactimiween grasses and legumes was significant at
fertilisation rates of 450 kg N Hayr in the first and second years and over the theaesyoverall. A key
finding of the study was thahe yield of the most productive mixture exceededhait of the most
productive monoculture (= transgressive overyielding), at all nitrogenells and in each of the three
years, although not always significantly. Transgiras overyielding declined with increased nitrogen
fertilization: for individual years it was up to 8%, 53 % and 19 % at rates of 50, 159 and 450 kgiN
yr’, respectively. Over the three years, legume-grassures produced 1.6, 1.55 and 1.5 times the
biomass yield of the average of the four speciesanoltures being fertilized with 50, 150 and 450Ng
ha' yr', respectively. The yields of the mixtures andlthe! of transgressive overyielding significantly
depended on the legume proportion in the sward

A second key finding was that the diversity effagtye so strong that the mixtures producing thédsy
yield at rates of 50 kg N Hayr* were at least as productive as the highest yigldionoculture at rates
of 450 kg N, per ha and per year, in the firstosgicand over the three years overall. At rate0dtN
ha' yr' the highest yield was predicted for mixtures wigume proportions of 70 % (yield: 16.8 tons
Dry Matter had yr) for the first year, 56 % (yield: 18.5 tons Dry ta ha' yr') for the second year and
63 % (yield: 13.1 tons Dry Matter hayr®) for the third year. Increased N fertilization veed the
legume proportion needed to achieve the highedd, yispecially in the third year. In the first yetre
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average legume proportion for all four-species mies at a N rate of 450 hgr' reached 32 %, which
was not much below the legume proportion of platisd fertilized at a rate of 50 kg N hgr™. But the
legume proportion decreased to 24 % in the seceadand to 5 % in the third year.

7.2.5 Which factors impede plant productivity and what kind of land use reduces this ecosystem
service?

The following paragraphs describe relevant studhedetail, showing which agricultural management
schemes have been found to reduce productivitywdrad the yields achieved are. A compilation of the
most important results and the general principtshe found in chapter 5.1.2 of the report.

The long-term effects offrassland extensificationand nutrient depletion on biomass production and
plant species composition were observed by Hejcamthco-authors (2010) over a period of 12 years.
The experiment was established in 1993 ofertilized and mown pasture in south-west Germany.
From 1993 to 2006 different cutting regimes wergliapl to the study site each year: two cuts, faisc
and continued intensive mowing for control purposidditional treatments of some plots included
liming. Before the start of the experiment, thedgtsite was under common farm management (i.e. a
pasture with one to two silage cuts per year amefrafth grazing until mid-October in two to three
rotations). In addition, P and K fertilizer was wéayly applied to maintain a soil content of 8-19 B per

100 g s<1)il and 8-12 mg K per 100 g soil, and nirogas added once per year at average rates op 60-8
kg N ha.

In the course of the experiment, biomass yields ctinuously decreasedfrom approx. 7 to 5 t ha
This slow long-term decrease in biomass productias similar under both cutting regimes and the
decrease was only slightly affected by cutting fragency. although the two-cut regime led to a higher
biomass yield in 9 out of 12 years compared tdfdbe-cut regime; the difference was significantyoml
two years. In the first and the last year the pbasg cut twice provided higher biomass yieldd, the
difference was only significant in the first yedie effect of a cessation of fertilizer application
biomass yield was calculated as an annual deci&a&@9 (four cuts without liming), 202 (two cuts
including liming), 292 (four cuts without liming)nd 240 (four cuts including liming) kg Hafor the
different cutting regimes. In total, biomass praihrc decreased from 7 to 5 t dry mattef ltring the

12 years. The authors assume that the high intewadrvariability in biomass production was probably
affected by the different amount and distributidrpecipitation in each vegetation season as veelya
different temperatures affecting the mineralizatdrsoil organic matter and nutrient supply. Suue-
annual variability in biomass production is typiGaid has been recorded in other long-term studies
performed in Central Europe (Pavlu et al., 2006nstwa et al., 2007; Smits et al., 2008; Hrevusdva e
al., 2009; Maskova et al., 2009).

A remarkabledecrease in biomass productiomfter termination of fertilizer application can aehieved
by long-term cutting management with biomass and rnmient removal (Niinemets and Kull, 2005).
This is in line with findings published in a study Kayser and Isselstein (2005) showing thatting
management without fertilizer application induces a decrease in available nitrogen, phosghand
potassium and in biomass production more quickBnthrazing. This is due to the fact that under
grazing about 60-90 % of the nutrients from ingé$beage are returned to the pasture through bost
excreta. Furthermorgjrazing on productive grasslandssupports the growth of legumes by providing
considerable amounts of additional nitrogen inpubdigh N fixation.

A species-rich permanent meadow with two cuts eyear on a relatively nutrient-poor soil and adjdce
abandoned meadowdominated by grasses, were investigated in a acatipe study by Bohner et al.
(2006). The abandoned meadow was afforested with arfew spruce trees, whereas the adjacent
permanent meadow was moderately fertilized withrgluVithin seven years, trebandonmentcaused

a reduction in vascular plant species richnesgcéire in flowering plants, a change in the plgreces
composition with increases in rhizomatous specsgtgde-tolerant species and species with a low
tolerance to frequent defoliation. Additionally, iacrease in below-ground biomass and a slighe#mss

in above-ground biomass at the time of the firdt @uthe meadow were observed. The harvestable
above-ground biomass of the first growth of the desawas 2.1 t Hhcompared to 2.4 t Haproduced

by the abandoned meadow. The fact that the dryemgitld was only assessed for the first growth and
that the abandonment led to a shift in the specidavour of those with a low tolerance to frequent
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defoliation suggests that the total seasonal yéldry matter on the abandoned meadow would berlowe
compared to the permanent meadow.

The response ofubalpine grasslandto simulatedgrazing in the Central European Alps was
investigated by Thiel-Egenter et al. (2007). Theyrid that, compared to simulated moderate grabing (
clipping vegetation immediately after snowmelt be theight of 2 cm above the soil surface), heavy
grazing simulation (by clipping re-growth to a Haigof 2 cm at monthly intervals) did not affect
aboveground net primary production in a vegetatype which had been adapted to grazing by red deer
for approximately 80 years. But net primary produtidecreased in the non-grazing adapted vegetation
type. Dry plant biomass in short grass, averagen buth grazing treatments, amounted to 0.93'tyiva

! Dry plant biomass levels in tall-grass vegetaticere significantly higher under simulated moderate
(compared to heavy) grazinghe authors found lower aboveground net primary praluction in the
grazing adapted short-grass compared to the non-geing adapted tall-grass vegetation These
findings are similar to findings from American tgllass prairies, whergrazing adapted plots
produced less biomass than ungrazed plotdnapp et al., 1999). But there acentrasting results
from the Serengeti (McNaughton, 1985) and Yellowstdlational Park (Frank and McNaughton, 1993),
where higher biomass yields were observed on grézeapared to ungrazed) grassland. A possible
explanation is that in nutrient-limited grasslamidgg and urine inputs from large grazing mammads ar
likely to accelerate nutrient cycling, leading tdigher biomass yield. But the subalpine grasslaad

not nutrient limited so that the aboveground netnary production on this type of grassland was
independent of dung inputs by red deer. Anotheramgtion could be that a stimulation of plant
productivity might be the result of a very long eokition of plants and large herbivores, as in the
Savanna grassland of the Serengeti and the prafrigestern North America.

The effects ofcutting frequency on the plant production gferennial ryegrass-white clover swards
were estimated in a two-year field experiment imiark by Vinther (2006). In order to compare efect
of mowing and grazing, two different cutting regsnevere applied: infrequent cutting at monthly
intervals (three cuttings in the first and fourtings in the second year) simulating mowing anddent
cutting at weekly intervals (seven cuttings in finst and twelve cuttings in the second year) satinb
grazing. Total dry matter production was in thegerof 3-7 t ha yr' with lower dry matter
production levels being associated with the frequercutting treatment. In the first year (2002) dry
matter production gave a significantly differentaioccumulated yield of 7 t Ha(infrequent cutting) and
5.7 t ha (frequent cutting). Due to unfavourable weathenditions (cold spring and dry summer in
2003), dry matter production was significantly aféel in 2003 and resulted in total cumulated yieitls
3.2 t hd (infrequent cutting) and 3.0 t hgfrequent cutting). There was no significant diéiece in
yields between the two cutting treatments in theosd year. The reduction of harvested dry matter
biomass as a result of frequent cutting to simudmézing is in line with earlier findings by Swit al.
(1992), who found a 50 % reduction in dry mattezlds of white clover varieties when comparing
simulated grazing with five to six cuts per yeamiar results have been published by Unkovichlet a
(1998) who found a 27 ¥eduction of dry matter yields after intensive grazng (compared to a lightly
grazed sward). A 10 %ower dry matter production in a grass-clover sward was observed by
Elgersma and Schlepper (1998 a result of more frequent cuttinggat a herbage mass of 1.2 t dry
matter h&) compared to a less frequent cutting regime faraage mass of 2.0 t dry mattefha

7.2.6 Grassland yields and productivity under different management schemes
Annex |, Table 1.Yield and productivity of grasslan  ds under intensive agricultural use.

GRASSLAND  TYPE | pry
(AS REFERRED TO | pmATTER | NITROGEN

IN THE LITERATURE
YIELD FERTILIZATION
INDICATED IN THE CUTTING/GRAZING | COUNTRY | REFERENCE

“REFERENCE” (T HA™ | (KGHA'YR™)
-1
COLUMN) YR™)
Managed 7.9 Fertilizer applied 3.4 cuts Germany Weigelt et al.,
permanent (no detailed 2009
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grassland information)
Intensively used . Statistik
7. 2 At | 2 A

meadows 8 00 tleast 2 cuts ustria Austria, 2010
Statistisches

Permanent e A Bundesamt

Grassland 7.9 No specifications No specifications Germany Deutschland,

2010
Wetland hay United Kirkham et al.,
meadow 105 200 2-3 cuts Kingdom 1994

Annex |, Table 2. Yields and productivity of grassl

ands under extensive agricultural use.

GRASSLAND TYPE | pry
(AS REFERRED TO | MATTER | NITROGEN
IN THE LITERATURE
YIELD FERTILIZATION
INDICATED IN THE L o CUTTING/GRAZING | STATE REFERENCE
COLUMN) )
Extensivel used Statistik
y 3.4 0 1cut Austria Austria,

meadows 5010
Wet grasslands Statistik
species-rich, 3.9 0 1 cut Austria Austria,
nutrient-poor 2010

. Thiel-
Subalpine 0.9 0 Moderate.to heavy Switzerland | Egenter et
grassland grazing Al 2007
Permanent . Bohner et
meadow 2.1 Slurry 2 cuts Austria al., 2006

2.4
Abandoned (afisrefsgd 0 No cutting during Austria Bohner et
meadow first the last seven years al., 2006
growth)

Unimproved United Tallowin &
species-rich  semi- 2.0-2.8 0 1-3 cuts Kinedom Jefferson,
natural grassland & 1999

Annex |, Table 3. Yields and productivity of plots

forming part of field experiments.

GRASSLAND ~ TYPE SATTTER NITROGEN

(AS REFERRED TO IN

THE LITERATURE | YIELD FERTILIZATION | cUTTING/GRAZING | STATE REFERENCE
INDICATED IN THE | (T HA'| (KGHA'YRY)

“REFERENCE” YRY)
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COLUMN)
Grasses/legume Nyfeler et
mixtures 13-18 50 5 cuts Switzerland | al., 2011 &
(55-70 % legumes) 2009
2 silage cuts plus Hejcman et
Pasture / 80 aftermath grazing Germany al., 2010
Hay meadow field Weigelt et
(16 species mixture) 7.0-7.6 0 2 cuts Germany al., 2009
Hay meadow field Weigelt et
10-1 2
(60 species mixture) 0-13 0 cuts Germany al., 2009
Hay meadow field Weigelt et
(16 species mixture) 8 100 2 cuts Germany al., 2009
Perennial
Vinth

ryegrass/white clover 7 0 3 cuts Denmark Inther,

2006
swards
Perennial .
ryegrass/white clover 5 0 7 cuts Denmark Vinther,

2006
swards

7.3 Carbon sequestration
Detailed study results presented below are sumetrizchapter 5.1.3 of the report.

Conant and co-authors (2001) analyzed over hurstreties worldwide which examined the influence of
improved grassland management practices and céoneirto grasslands on soil carbon in order to
assess potentials for carbon sequestration, coirgidéhe initial situation of land and duration of
monitoring for assessing carbon sequestration r@€snant et al., 2001). Improved grassland
management practices mainly included fertilizatiomproved grazing management, conversion to
pasture (from native and cultivated land) and titeoduction of legumes. The results of this analysi
show that, on average, management improvements@mncersions into pasture lead to increases in the
soil carbon content and net soil carbon storageilllistrate the potential for carbon sequestration
comparison of carbon sequestration rates has bedarmed for various land uses and management
practices (see table 4), showing that extensivestaad coverage, under improved grassland managemen
potentially provides a substantial global sinkd@mospheric carbon (Conant et al., 2001) (see &ble

Annex |, Table 4. Carbon sequestration rates by typ
taken from Conant et al., 2001).

e of management change (figures

MANAGEMENT C SEQUESTRATION (MG C. HA YR)®
Irrigation 0.11

Fertilization 0.3

Improved grazing 0.35

Conversion: native to pasture 0.35

Conversion: cultivation to pasture 1.01

Introduction of legumes 0.75

Earthworm introduction 2.35

Improved grass species 3.04

Mg C ha' yr' is the equivalent of metric tons (or a thousandsiof carbon produced by hectare per year; Mg is
a Megagram = 1 x f@yrams or a metric ton. It has been used to awmidusion with different standards for ton in
different countries.
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In order to have an idea of the potential of gaasd$ as a sink for atmospheric carbon, it is ingmrto
look at the soil carbon and nitrogen. Fornara aidan (2008) measured, in their long term experitnen
the net carbon and nitrogen accumulation in gradsldo a soil depth of 100 cm and found that high
diversity grasslands store 5 to 6 times more cardnmh nitrogen than monoculture plots of the same
species (Fornara and Tilman, 2008).

Neither C4 grasses (perennial grasses can befdsss either C3 or C4 plants; these terms refe¢né
different pathways that plants use to capture gadioxide during photosynthesis) nor legumes had an
effect on biomass between soil depths of 60 andcb®0but they had a very significant positive intpac
on the amount of biomass in the upper 30 cm of 3dik study demonstrates that the presence of C4
grasses and legumes increases the total belowghiaméss up to nearly 1000 g*rhetween soil depths

of 0—30 cm and that the total belowground biomasshes nearly 200 ghbetween soil depths of 30—
60 cm. At soil depths between 60 and 100 cm tHeeante of C4 grasses and legumes results in a total
belowground biomass of only approx. 100 g, mvhich is considered not significant.

Hence, an illustration of the net soil carbon acalation shows a dependence of soil carbon andgatro
sequestration down to soil depths of 60 cm on timetfonal composition (Fornara and Tilman, 2008).
Here it can clearly be seen that the functionagfihdiversity” composition (a combination of 16 sigsc
with at least three or four C4 grasses and legugsch), resulted in an increase of the carbon
sequestration rate up to over 60 g yn' — in stark contrast to monoculture plots wherey @8 grasses
are present, which implicates a negative carbonesgrption rate, whereas a functional compositigh w
monoculture plots of C4 grasses or legumes onlyltrgsa sequestration rate of nearly 20 g yn’.

In view of the aims of European agricultural polidhe management of grassland for biodiversity
conservation and restoration, a study (De Deyn.e2@11) was conducted recently to investigatdaar
and nitrogen accumulation rates in soil and carwh nitrogen pools in vegetation in a long-ternfdfie
experiment in which fertilization, plant seedinglahe abundance of the leguefolium pratensevere
manipulated. Following the investigations by Foenand Tilman (2008) De Deyn and co-authors (2011)
examined the positive influence dfifolium pratenseon soil carbon and nitrogen storage and the
biodiversity of grasslands, which is a major gohtle European agri-environmental policy, although
science does not as yet have a full understandittgieanechanisms involved in the enhancement of soi
carbon and nitrogen sequestration (De Deyn e2@1.1).

Another study (Zhang et al., 2011) attempted tongfyathe sink and source relations of carbon and
nitrogen and to clarify the driving mechanism foarlmon and nitrogen losses during grassland
degradation. Investigations of changes in the cadmntent showed that the total carbon stored én th
grassland ecosystem was reduced by up to 14 % diegean the severity of the degradation. It was
concluded, that substantial proportions of soiboarand nitrogen were lost due to grassland detjoala
resulting in unbalanced carbon and nitrogen budget$ that the capacity of carbon sequestration
decreased significantly (Zhang et al., 2011).

With regard to possible management options for ¢edusoil carbon loss a further study was conducted
in the UK by Dawson and Smith (2007), reviewing &mount of carbon within the terrestrial pool, the
processes involved and factors influencing carlvansport to and from soils. Land-use scenarios that
affect carbon losses are also discussed in thity stu
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Annex |, Table 5. Carbon sequestration rates by typ e of land-use change; positive values
indicate carbon gains, negative ones carbon losses (figures taken from
Dawson and Smith, 2007).

LAND-USE CHANGE C SEQUESTRATION (X10° KG C.HA™ YR™)
Arable to grassland 0.3to1.9

Arable to permanent pasture 0.27

Grassland to arable -0.95t0-1.7

Moorland to grassland -09to-1.1

Climate and land-use change play a significantriég/ for carbon gains and losses. New technoldgies
grassland management practices allow for an inerebsarbon sequestration in soils.

The following table gives a more detailed overviemvcarbon sequestration rates according to differen
management changes of grasslands consideringitia situation of land and duration of monitorifay
assessing carbon sequestration rates (Dawson aitid 3607):

Annex |, Table 6. Estimates of the ability of grass land soils to sequester carbon under
management changes (figures taken from Dawson and S mith, 2007).

TYPES OF GRASSLANDS C SEQUESTRATION (X10’ KG C.HA™ YR™)
Conversion to grass-legume mixtures 0.3t00.75
Intensification of permanent grassland 0,2
Intensification of nutrient-poor grassland -09to 1.1
Permanent grassland to medium duration leys -0.2

Short duration leys to grassland 0.3to0.4
Increased duration of leys 0.2to0 0.5
Improved grazing management 0.35
Improved grass species 3.04
Introduction of earthworms 2.35
Species-rich—limestone, cutting 1.2 (+/-0.5)
Species-rich—peaty gley, no cutting 6.4 (+/-0.6)

In their conclusion the authors of the study (Dawand Smith, 2007) noted uncertainties regardieg th
carbon process figures due to the heterogeneousenat soils, land-uses and management practices.
This is why assumptions and generalizations haldetanade and further research will be necessary to
answer outstanding questions concerning carboresagtion.

7.4 Pollination service by insects

This chapter deals with the pollination servicevited by insects in different grassland habitaegyfi.e.
pollination service at plot scale) as a resulthairt vegetation, structure and the agricultural agament
applied. The effects of surrounding landscapesabdimption situation in adjacent grassland habitats

pollination service at landscape scale) are natudised in this chapter.

Detailed study results presented below are sumethiizchapter 5.1.4 of the report.

7.4.1 Importance of pollination

In principle, pollination by animals is an importaacosystem service for maintaining ecosystem
functioning (Williams et al., 1991; MEA, 2005). Aompilation of global data from sources of 200
countries shows that fruit, vegetable or seed prtolu from 87 (76 %) of the leading global fruiops
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depends on animal pollination (Klein et al., 200fe total economic value of pollination worldwide
amounted to EUR 153 billion (153 000 million), whicepresented 9.5 % of the value of the world’s
agricultural production used for human food in 2Q@allai et al., 2009). In the absence of animal
pollination, direct reduction was calculated in lggd agricultural production, ranging from 3 to 8 %
(Aizen et al., 2009).

Williams (1994) assessed pollinator needs for 264 species in Europe and concluded that production
from 84 % of these species depends at least to sateat upon this key ecosystem service. The total
economic value of pollinators for crops and comrodiops in 27 European countries slightly exceeded
EUR 14 billion (14 000 million) in a calculation ifermed by Gallai et al. (2010).

In addition to its agricultural importance, polliftn is of key importance for a very high proponti¢87.5
%, approx. 308 000 species) of the global wild #oiwg plants (angiosperms) that are pollinated by
animals (Ollerton et al., 2011).

As there is agreement on the importance of a stadilmation service for crop production as wellths
maintenance of biodiversity, there is rising conedout the fact that there is evidence of a dediine
wild pollinator populations at the global scale #fBoet al., 2010a) and also at the European scale
(Goulson, et al., 2005; Biesmeijer et al., 200&{et al., 2010b; Breeze et al., 2011).

7.4.2 Which preconditions are essential for pollination ly insects?

Although there are many different pollinating inssepecies in Europe, like honeybees, bumblebees,
solitary bees, hoverflies, butterflies and somecigseof beetles (Williams, 2002), the majority bét
research papers deal with wild bees and honey bees.

It has been shown that bee abundance and speathiegss are positively associated with abendance
and richness of flowering plant specie¢Steffan-Dewenter and Tscharntke, 2001) and thatdpecies
richness is affected by thversity of nectar sources the ratio of pollen to nectar energy content, and
floral morphology (Potts et al., 2003). These firgHi are confirmed by another study conducted in
Germany (Ebeling et al., 2008) revealing that fileguency of pollinator visits is linearly increasng
with both the blossom cover and the number of flowng plant species which was closely related to
the total number of plant species, whereas the rumbpollinator species followed a saturation eurv
The pollinator species observed in this study wgmiped into honey bees, solitary bees, bumble, bees
hover flies and remaining pollinators (butterfliegetles and flies except hover flies). Almostolthese
positive relationships were found across differgoitinator guilds (exceptions: visitation rate afitary
bees and hoverflies was only influenced by increpblossom cover), an indication of the strengtthef
overall patterns. The authors concluded that bp#tiss-rich and strongly-flowering plant commurstie
appear to be critical for grasslands in that theguee high diversity and stability of pollinatorsiti
frequency, which are in turn critical for the regucotive success and sustained stability of thetplan
communities themselves.
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Annex |, Table 7.Effects of the number of flowering plant species and blossom cover (%)
on the number of pollinator species (a and b) and t he frequency of
pollinator visits within 36 minutes of observation in 2005 and 2006 (c and
d). The solid lines show the predictions based on t he saturated (a and b)
and linear (c and d) zero-inflated negative binomin  al model respectively
(taken from Ebeling et al., 2008).
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Findings by Fenster et al. (2004) which revealeat dreater floral diversity creates a wider arrdy o
foraging niches for functional groups of visitor® an line with the study results mentioned abo\i.
these prerequisites are responsible for a diverdalaundant pollinator community which is thebasis

of pollination stability (Klein et al., 2007). Because of these connectiensironmental changes of
floral resources that alter the spatial and tempmtissribution of floral resources also influencellmator
community composition (Kremen et al., 2007).

Availability of nesting sitesis another important determinant of pollinator commity composition. Bee
nesting habits include tunnelling in bare grourging pre-existing cavities, excavating dead wood an
constructing nests inside larger cavities. The tityaand quality of nesting resources greatly iefloe
bee community composition (Potts et al., 2005).dRdg, Knight et al. (2009) showed that bumblebee
nest density was linked to the quantity of floegaources within 1000 m of their sample site. Tlmegfa
landscape should provide efficient nesting oppaties) floral resources and habitat connectivityd a
farming should be practiced with a reduced pesticise (Klein et al., 2007).

7.4.3 Which habitat types and kinds of land use provide hese preconditions and thus support
pollination by insects?

Based on the above mentioned findings in the liteeaon the conditions necessary to support animal-

mediated pollination, the following paragraphs diésc the most relevant studies in detail, showing

which grassland habitats and agricultural managésshemes are advancing pollination. A compilation

of the most important results and general prinsigken be found in chapter 5.1.4 of the report.

Semi-natural habitats such as calcareous grasslands are consideredotaglte the most species-rich
habitats in central Europe (WallisDeVries et ai02). They offer a rich supply of floral resourdesm
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early spring to late fall and further provide disermicrohabitats for nesting and larval development
Therefore, agro-ecosystems which include more s@miral habitats are often richer in pollinator
species (Steffan-Dewenter and Tscharntke, 2002nKneand Chaplin, 2006).

Another study (Carvell, 2002), conducted onuaimproved chalk grassland(calcareous grassland) in
north-west Europe, considered the effects of séwgesslands management practices in terms of their
suitability for the conservation of bumblebee hatlisit Both the overall abundance and species ristofes
the bumblebees were strongly influenced by theedbfit grassland management regimes. Habitats
providing a high number of flowers and floweringupil species (high floristic diversity) supportedhi
numbers of bumblebees. Cattle grazing was shovse fareferable to both sheep grazing and the absence
of any management, although the timing and intgrdisuch grazing was important: cattle grazingeonc

a year results in a shorter, flowering-rich exteagjrassland with an open structure being vitahigh
bumblebee density. Sheep grazing or mechanical ngpare of less value because grazing by cattle
creates a more structurally and floristically deesward that also benefits other invertebratesssknd
which had not been cattle grazed for nearly twayesapported a decreased number of bumblebees and
their forage plants. Therefore, a regular form afitoolled rotational grazing is of great importanbat

the areas have to be large enough to support &ssioa of suitable forage plants. Also, the corigars

of arable land to grassland offers considerabletitsrfor the bumblebee fauna.

Results published by Le Féon (et al., 2010) confhat there is a positive relationship between \wie

and bumblebee species richness and the proportisenoi-natural habitats (see Fig. 2). But the same
study also revealed that bumblebees and solitagg browed contrasting responses towards agridultura
intensification: The proportion of bumblebees irmg®ed with increasing use of insecticides, funggide
and retardants and with increasing nitrogen inputgermanent grassland, although floral diversityg a
abundance were reduced in these semi-natural teabitae reason is that bumblebees do not have such
narrow floral requirements and are assumed to batter flying abilities and longer foraging distasc
than solitary bees (Greenleaf et al., 2007). Hdlzbcet al. (2007) also reported a contrasting tdeul
solitary bees and bumblebees with respect to farmiactices and habitat degradation.

Annex 1, Figure 2. Relationship between the proport ion of semi-natural habitats and (a)
total wild bee species richness, and (b) bumblebee species richness (taken
from Le Féon et al., 2010).
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Agriculturally used fields are not always expected to reduce pollinationisesv Some wild bees may
benefit from agriculture (flowering crops: Le Féenal., 2010), such as ground-nesting bees that use
disturbed areas for nesting, or pollinators mayefiefrom pollen-rich crop fields, such as oilseege
(Westphal et al., 2003). Positive effects of adtize on pollinator communities may be more likédy
occur in regions where the presence of agriculinceeases rather than decreases habitat heterogenei
within the foraging range of bees (e.g. less th&mg, such as farming landscapes that includeivelst
small field sizes, mixed crop types within or betwdields, and patches with non-crop vegetationhsu
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as hedgerows, fallow fields, meadows, and semirahtnood and shrublands (Steffan-Dewenter and
Westphal, 2008).

Annex 1, Figure 3. Interplay of pollination service s, pollinator richness and abundance
and land use change (habitat fragmentation and land use intensification).
Both habitat fragmentation and land use intensifica tion affect pollinator
communities at different spatial scales and interac t with each other (taken
from Steffan-Dewenter and Westphal, 2008).

* Semi-natural habitats Agricultural landscapes

Pollination services
Pollinator richness and abundance

Habitat fragmentation
Land use intensification

Spatial scale

Grassland extensificationschemes in Switzerland and the Netherlands (Koéteal., 2007) show
different effects on pollinators: In the Swiss magadows only a postponed first cut in June or laber

no fertilizer and pesticide application were allolavhich led to a significant positive effect onebe
species richness and abundance. In the Netherlaatdgrassland mowing or grazing was prohibited
during April and June and pesticide use was rastticBut in contrast to the results of Kleijn et al
(2004), who reported a significant positive sidieetf of the Dutch agri-environmental system onlike
species number, no such significant increasingceffgas seen in this study. This might be due to the
different variety of landscapes being evaluatedbath studies. The study by Kleijn et al. (2004)oals
included small-scale landscapes with hedges andditso which probably provide suitable nesting
habitats for wild bees. Moreover, the total aburgaand number of bee species in the Dutch fields wa
very low compared to the Swiss habitats. Anothgilanation might be that the Swiss schemes had a
higher effectiveness in promoting insect pollingpdaht diversity, which led to higher quality hattg in
terms of pollinator food resources. AdditionallgetSwiss habitats are marked by an intermediatk lan
use intensity and biodiversity, whereas habita rgameent in the Dutch study has been highly intensive

The effects of the type of land managemenbn the abundance of two bumblebee species and thei
forage plants were assessed in a study publishéRedpath and co-authors (2010) conducted in north-
west Scotland. In general, the use of a ‘bird amutidebee conservation mix’ (brassica-rich mix sdan
benefit a number of bird species and also foragungblebees), fallow habitats (cultivated land thad
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not been seeded for one or more years) and sitagss crop harvested whilst green and then partiall
fermented for livestock fodder) were the land mamagnt types which supported the greatest number of
bumblebees. However, the efficacy of each of tlmaeagement types in attracting foraging bumblebees
varied throughout the season. Although the usehef ‘bird and bee conservation mix’ and silage
supported a lower abundance of bumblebee forageri@athan fallow or winter grazed sections, they
contained the highest proportion of red clover aufted vetch which were two of the most frequently
visited species by foraging bumblebees during Auglibis suggests that it is the availability and
abundance of certain key plants and not the ovdredlrsity of forage material which is important fo
maintaining bumblebee populations throughout thesee. It is possible that a greater diversity i@ th
plant community may support a greater diversitynokrtebrates, but for bumblebees a humber of key
forage plant species appears to be more impor@ignhificantly more foraging bumblebees were
observed in areas of crofts which were not sheegegt. Even at low density, sheep grazed pasture
supported negligible numbers of bumblebees anc:titier the management of sheep is a key factor in
determining the value of crofts for bumblebees.

7.4.4 Which factors impede pollination?

There are many potential drivers that affect biedsity in general and pollinator abundance in paldir
and in most cases different environmental drivargly act in isolation (e.g. Didham et al., 200Me
majority of the relevant studies analyse the impadtspecific drivers in isolation, but the awarenef
the importance of interacting drivers is also iasiag (Tylianakis et al., 2008).

The response of bee individuals, populations amadneonities to land-use change is largely drivenHay t
spatial and temporal distribution of floral, negtiend over-wintering resources in relation to fanggand
the dispersal capabilities of bees.

Among the most important drivers are land-use chanmigh the consequent loss and fragmentation of
habitats (Hendrickx et al., 2007; Goulson et al0% Winfree et al., 2009a). Other drivers are the
application of agrochemicals, environmental patinfipathogens, alien species, climate change and th
interactions between these adverse influences.eTisea lot of evidence th&abitat loss is the most
important factor driving wild bee decline (BrowndaRaxton, 2009; Winfree et al., 2009b), resultim@i
significantly decreased bee abundance and beeespeachness which is dependent on the degree of
habitat loss. Loss or dissociation of importanoteses for food and nesting are the main drivers fo
these effects (Hines and Hendrix, 2005; Potts.e2@05).

Habitat fragmentation and degradation of near- and semi-natural habdats be detrimental to bee
communities (Kremen et al., 2002, 2004; Steffan-Brater et al., 2002, 2006; Larsen, 2005; Cane gt al.
2006). Some, but not all, studies report declirspgcies richness and abundance with decreasedenagm
sizes for bees and butterflies (Tscharntke eR@D?2). Solitary bees or those collecting specidlepcare
more strongly affected than monophagous butterfliescharntke et al., 2002). The variance in the
response to fragmentation between the studies majub to the quality of the matrix surrounding the
habitat fragments and the dispersal abilities dfir@dors (Potts et al., 2010). An outstanding qioesis
whether there is a critical threshold of habita&sarequired to maintain a viable bee population.

Habitat degradation might affect bee species primarily through losfiafal and nesting resources, and
lethal or sub-lethal effects after application n§ecticides. But the significance of these distucka
could not be proved in a recent meta-analysis (&@ét al., 2009b).

7.4.5 What kind of land use reduces pollination?

The following paragraphs describe relevant studiedetail, showing which agricultural management
schemes reduce pollination. A compilation of thestmionportant results and general principles can be
found in chapter 5.1.4 of the report.
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Numerous studies show thegative effects of agricultural intensification orpollination at the local or
landscape scale, with bees being particularly teadio agricultural intensification (Klein et aR007;
Hendrickx et al., 2007). At local scales, intertsifion is characterized by machine-driven farming a
increased inputs of fertilisers and pesticides tie¢ctly kill pollinators or reduce nest and flawe
resources. At the landscapes scale, the typicaetprences of agricultural intensification are Idiglel
sizes, a reduced amount of hedge habitats and adawber of different land use types (Tscharntkal et
2005) as well as a low proportion of permanent gleasl (Herzog et al., 2006) and simplified crop
rotation.

Agricultural intensification from the local to thendscape scale is generally correlated with airteah
wild pollinator, diversity and services to cropséihen et al., 2007).

Le Féon (et al. 2010) conducted a study in four fdfesEuropean countries (Belgium, France, the
Netherlands, Switzerland) to investigate how défertypes of farming systems influence bee aburelanc
and species richness. They combined several faetbish are well known to negatively affect bees
(nitrogen input, livestock density, number of apation of herbicides, insecticides, fungicides and
retardants and the number of crops) in a globansity index. Their analysis showed that species
richness, as well as the abundance and diversityildfbees were higher at sites where livestocksign
and nitrogen inputs to arable crops were low amdube of herbicides and the number of crops rather
high, revealing that bees were be preferentialfoaisted with cropping systems or mixed farms rathe
than with intensive animal husbandry. These resuttsdue to the detrimental impact of intensiverehi
husbandry and the positive effect of a high nuntfecrops. They are in line with findings of Sjédin
(2007) and co-authors (2008) showing thigih livestock densities indicate high grazing presires on

the whole bee community which had also been proved for bumblebess (Ja2@02). The effects of
grazing are mainly mediated through changes indtogliversity. The fact that no correlation was fdun
between the proportion of semi-natural grasslami$ lavestock density reflects the de-coupling of
livestock and production from grassland area. Ofteminants are fed with food harvested in arable
crops. If cattle are still bred outside, it is anational fertilized grassland rather than on Itesjing
meadows with higher plant diversityntensive animal husbandry could therefore lead to areas
becoming unfavourable to bees because of a laftéraf resources.

Batary et al., (2010) evaluated taffects of different stocking rates(0.5 cow h& versus more than 1
cow ha') on bees and insect-pollinated plants in semimahtpastures in Hungary. Although no
management effects were observed on species rglamelsabundance with respect to cover of bees and
insect-pollinated plants (species richness and @gdnoe of bees were similar on intensively and
extensively grazed grasslands), tiiazing intensity resulted in differences in the sgcies composition

of insect-pollinated plants This absence of a management effect may have theerio the fact that
land-use intensity was low on both Hungarian figides. As compared to the findings of the study
conducted in Switzerland and the Netherlands bylétost al. (2007, see above), it turned out that th
richness of insect-pollinated plants is a good ioted of bee species richness. Thus, even if alsmal
increase in grazing intensity does not result iolideg species richness, it can cause changesamt p
composition (Loeser et al., 2007). The authorshfurtargue that increasing the intensity of land-use
results in lower species evenness, which might ieatie long-term to a reduction of species digrsi
rather than a shift towards a community consisofhdetter adapted species. Moreover, their results
suggest that bees and insect-pollinated plantstteddcline in parallel, similar to Biesmeijer &€t(@006)

and Ebeling et al. (2008). Therefore, agricultymalctices supporting high species richness andradve
insect pollinated plants are favourable to bee#tgRa al., 2009). Plant-affecting management afiiect

the resources being available for pollinators armhagement affecting the pollinator community may
have an effect on the plant community. Accordinghte results, it can be suggested that management
prescriptions limiting grazing intensities to 0.52-{animal h&) and excluding the use of fertilizers and
pesticides would contribute to the conservatioa efill highly diverse (bee) fauna.
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In another study on the effects of livestock grgzim pollination (on a steppe in eastern Mongdhia (
Yoshihara et al., 2008), the authors found a gérdealine in the species richness of both insect-
pollinated plants and pollinators mesponse to increased grazing intensityn an unfertilized and
unsprayed grassland habitat. However, in that stbhdymost intensive grazing regime involved almost
three times as much cattle as the least intensgiee.

Theinfluence of the grazing intensityon the diversity and abundance of flower-visitingects was also
investigated in eight areas in central Sweden dioly semi-natural grasslands (Sjodin, et al. 2008).
Three management regimes were studied: intensgrelzed (by cattle), grazed at low intensity (mostly
grazed by cattle, some areas by horses), and abeshdpassland that had not been grazed for attkrast
years. Flower-visiting bees, butterflies, hovedliand beetles were included in the study. Vegetatio
height was used as a variable indicating grazitgnsity, but also flower abundance and the number o
flowering plants are indicators that are measulide species richness of hover flies and beetles was
highest in tall vegetation (e.g. low intensity ohging and abandoned grasslands), whereas theespeci
richness of butterflies and bees was not influenogdhe height of vegetation. Only bees showed a
significant increase in abundance in responseotedi abundance and the bee species compositicedvari
mainly in relation to flower abundance (see Fig. Beetle species richness was negatively coritlate
with plant species richness. There were some umgagheesults: plant and insect species richnesgehs

as insect abundance were not lower in abandonedlgral compared to the other grassland management
regimes. Intensively grazed grasslands did not tegeificantly fewer flowers, lower plant species
richness or a lower diversity of bees and butesfthan low-intensity grassland. But the specidmiass

of beetles and hoverflies in intensively managekithts was significantly lower than in low-intensit
regimes. The management intensity plays an importde with regard to the identity of species found

the insect groups of butterflies, hoverflies anétles as mentioned above. No insect group was more
species-rich or abundant in intensively managedupas Bee species richness and abundance was
significantly related to flower abundance, althougts is factor that would have been expected to be
important for all flower visitors. As no detaile@gtription of the intensity of grazing has beenvigled

in the study (as far as the categories ‘intensiazigg’ and ‘grazing at low intensity’ is concerpgeit is
hardly possible to compare these contrasting iesith those of other studies.
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Annex 1, Figure 4. (a) Mean number of species per s ite of four insect groups in relation to
vegetation height. Significant regression lines are shown. Linear
regressions for bees and butterflies were not signi ficant. Hoverflies (thick
solid line: R2 = 0.36, F = 12.11 **) and beetles (d ashed line: R2 = 0.21, F =
5.86 *) showed significant regression. (b) Abundanc e for four insect groups
in relation to flower abundance. Bees (thin solid | ine: R2 =0.33, F =9.35 *),
But linear regression for butterflies, hoverflies a nd beetles were non-
significant. Insect and vegetation measures on 24 g rasslands grazed at
three intensity levels (taken from Sjodin etal., 2  008).
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7.4.6 What are the consequences of reducing the provisiorof pollination services for
biodiversity?

Potts and coauthors (2010a) conclude that a dedipellinator diversity and abundance can bringhwi

it a decline in pollination services for wild plambpulations, potentially affecting populationsasfimal-

pollinated plants and thus potentially further reidg floral resources for the pollinators. Obligate

outcrossing animal-pollinated plants are partidylaulnerable to declines in pollination servicaxda

such species have generally declined in paralléi thieir pollinators (e.g. in Western Europe (Bigere

et al.,, 2006)). In the long-term a chronic losspoflination services cannot be compensated. Several
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studies have proved that the most frequent proxincause of reproductive impairment of wild plant
populations in fragmented habitats was pollinatiomitation (Aguilar et al., 2006). Among animal-
pollinated species, those with the most special#iihation requirements might be expected to lostm
at risk.

Although many of the highest volume crops are wintlinated, a large proportion of fruit crops are
potentially vulnerable to declines in apiculturelamld pollinator stocks (Potts et al., 2010a). piesthe
importance of pollination for crop production, tees lack of knowledge about how species dive et
the abundance and community composition of polliigainsects contribute to seed and fruit yield and
quality in most crops (Hoehn et al., 2008; Winfaeel Kremen, 2009).

In recent decades plant biodiversity has undergorspid change in many regions of the world. These
declines seem to have affected obligate outcrosamgng animal-pollinated plant populations, in
particular as they rely entirely on insect poll&ctors, suggesting a general decline in floralusses for
pollinators (Bismeijer et al., 2006). For exampfethe UK there is evidence that 76 % of foragenfda
used by bumblebees declined in frequency betwe&8 a8d 1998 (Carvell et al., 2006). It is a recent
research issue linking these floral shifts to palior dynamics (Carvell et al., 2006; Fontainel e2806;
Kleijn and Raemekers, 2008).
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Annex Il — Maps of ecosystem services (carbon seques tration, maximum
livestock number, sum of calculated monetory values , and monetary
value of water regulation) in the Czech Republic
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Annex ll: mapping of ecosystem services - carbon sequestration
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Annex ll: mapping of ecosystem services - max livestock number
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Annex ll: mapping of ecosystem services - sum of calculated monetary values
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Annex |l: mapping of ecosystem services - monetary value of water regulation
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