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Abstract

From the 1970s onwards, the population of meadow birdghe Netherlands has dramatically
declined. Disappearance of meadow birds is mainly attributed to agricutthesdgesgspecially the
shift from extensively managed, herlth meadows to intensively managed monocultures of
ryegrass causes high mortal@yjuvenile birds. There is a positive correlation between the
occurrence of stable bird populations and presencexiénsive herb-rich grasslandRemote
Sensing may contribute to mappittge distribution ofextensive meadows support monitoring of
meadow bird populationsThis thesis assesses the potential of open sobigkresolution,multi-
temporal, multi-spectral $ntinel-2A satellite data to detect differences in grassland management
intensity (fertilizing, mowing, grazingit parcel level in Friesland, the Netherlands.

A rulebasedclassificatiormethod was developed usirtge Sentinel2 Red Edge Position
(S2REPNormalized Difference Vegetation IndéX¥V) and Mean Absolute Spectral Dynamics
(MASD) for nine observatiatates in 2016. Decision rules were based on thresholds determined by
Seebunivariatedecision tree software. Monoculture grassland could reliably be differentiated from
extensive grassland on both clay and peat séitter the first mowing date, spectralesponse show
strongoverlap Therefore, availability of springtime imagenyreferably from the second half of April,
is essential for accurate classificati@ood classification results were achieved using a contextual
rule-based classification approabdased on the S2REP and NDVI values for April 21st in combination
with knowledge orfirst mowing date.The S2REP was found to be the most important attribute for
classification (100%) followed by NDVI (50%) whistMASD parameter did not contribute tioe
classificationThe contextual ruldased classification achieved an overall accuracy of 84.3% and a
KHAT of 0.65 compared to 82.5% and a KHAT of 0.59 for a statistidahsate classificain based
on decision rules for fourbservation dates.

According to the contextual rilkased classification for Littenseradiel, Friesla&8d6 of the
total grassland area is classified as extensive vs. 69% as monoculture. 69% of the registerdd nests
Blacktailed godwit, Commonredshank Northernlapwing aml Oystercatcherare found on extensive
grassland vs. 20% on monoculture grassland and 116then/arable land.

Change in NDVI between two consecutive observation dates can be used to detect first
mowing dates at parcel level. Howeyéar accurate mowig detection, temporal resolution should
be 1015 days. Fothe 2016growing seasorthe gaps between cloud free acquisition dates were too
large.With the launch of SentinélB, temporal resolution will increase to 5 days. Combining
Sentinef2 with Sentiné1 SAR data may also improve detectidmmowing
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1.0 Introduction

1.1 Grassland management andeadow birddecline

In the municipality Littenseradiel in Frieslatide Northern Netherlandsthe landscape has changed
rapidly over the lastwo decades. In springtime one could enjoy colorful grasslands buzzing with
insects and the sounds of godwits and lapwings. Today, most fdrfigdgls are without flowers,

bees butterflies andmeadow birc. This problem does not only occur in Friesldrdm the 1970s
onwards, tle population ofmigratorymeadow birc in theentire Netherlands has drastically
declined(Teunisseret al.2012). Since 1960, 75% of the breeding population has disappeared
(Koffijberget al.2012).For examplein 1975 there were 120.000 godwit breedipgirs in the
Netherlands; in 2008 their numbghad decreased to 55.000 (Jensen et al. 2008; Sovon 2017).
Despite ongoing efforts to protect thmeadow bird, their decline seems to speed up during the last
decade (TeunisseandPlate 2011; Teunissaat al. 2012)(Figure 1). Unfortunately, his trendis

visible throughout EuropéCLO 201%figure 1.2). Loss omeadow birg and decreasing biodiversity
are important problems and therefore part of the Dutch National Research Agenda (see inset below).

The Duch National Research Agendah&pter 1: Man, the environment and the economy
(p. 23)

Question 003Why is biodiversity important and how do we protect it.

Sub questionsWhy is biodiversity declining so rapidly in the Netherlands, specificédiyatory
birds, insects, amphibians and reptiles and soil organisms. What sustainable solutions are tt
for halting this decline.

(L Y i [{

Black-tailed Godwit (-63%) Northern Lapwing (-240%) Oystercatcher (-68%) Common Redshank (-18%)
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Figure 11: Decline offour important meadow birdspeciesn the Netherlandsfrom 1990 to 205 (Indexbreeding
population 1990= 100%)(CLO 2017=CBS, Sovometwerk Ecologische Monitoring.
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Figurel.2: Decline of Farmland Bird Indicator from 1990 to 201the Netherlands vs. Europé@\etwerk Ecologische
Monitoring (Sovon, CBS), European Bird CenSosncil2015).

Grasslands cover 28% of the land surface of the Netherl@@BS 2016jnost of these grasslands
have an agricultural function, serving as the main source of forage for livestock, nevertheless
are alsoof high nature value ascologicahabitat ofmeadow birc, wild bees, roe deer and other
animals(Carlieret al.2009) Changes in agricultural grassland management are high on the list of
causes ofneadow birddecline(CLO 2017; CLO 2015 0enet al.2012 Kentieet al. 2013; Kleijnet
al. 2010. Dairy farmers strive to maximize productivity througkeinsification of grassland u¢€LO
2017) Meadows are frequently reeeded with proteirrich, high produceperennial rygrasgLolium
perenng. Simulated by theapplication othigh amounts ofiquid manure and artificial fertilizer, this
fast growing grass produces dense swaddfields carbe mown for silage productionmore
frequent(almost once a monthgnd earlierin spring ca.end of April, beginning of Ma¥sroen et al.
2012; Kleijn et al. 2010; Koffijberg et al. 2012; Verhulst et al. 2008)

In thisthesis these intensively managéidnproved'grasslands are referred to as
monoculture grasslands, emphasizing their uniformity and monotonous appea(aimee 1.3). The
term extensive grasslands is used éatensively managefields that contain variouspecies of
grasgsand herbs In this context, extensive management meams:application of artificial fertilizer
or liquid manureand sparingly applicatioof dry manure grazing by small herds of cattle or sheep
(usually after the breeding seasofijst mowing dateafter June 15thhigh groundwater levels and
presence of footlrains(=narrow ditches within the field) his type ofyrasslands rebecome rare
andis usuallyonly found within nature reserves arat organic farmers.

New bird protection schemes, developed from 2012 onwards, focus eceledmeadow
bird core areasweidevogel kerngebiedgiiTeunissert al.2012). Here, suitable @ironmental
conditions should be created or preserviedmaintain a healthy population. Required
environmental conditions are: openness of the landscape, latgeconnected breeding areas,
presence of clayandor peat soils, high groundwater levelsspring (2640 cm below surface), a
delayed first mowing date (nddefore Junel5th), noliquid manure injection and the presence of
herb-rich grasslandTeunissen et al. 2012an 't Veeret al.2008).These conditionare typically
found in areas with eensively managed grasslands

Conservation effortare now alsoaimed atprotection of herbrich grasslandRed de rijke
weide, an initiative of the DutcWogelbeschermingtrives to achieve 200.000 ha herich farmland
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in 202Q 94 farmers have alregdoined this initiative (Vogelbescherming 2F) In August 2015
LandschappenNla partnership of twelve Dutch provincial landscape organizations has pleaded to
subsidize farmers in order to stimulate development of hadh grasslands (LandschappenNL%0
They argue that it is highly desirable to map the distribution of freasbbmeadows To this date, no
such dataset is available.

Grassland use intensity is spatamporally variable, surveying the large area of grasslands
would be timeconsuming ad expensive (Franket al.2012).Thanks to their ability to gain detailed
information on large areas at relatively high temporal resolutRamote Sensin@RS}echniques
have been increasingly used for nature conservation monitofiog exampleto assesdaseline
habitat condition and extenas well as changes in habitat conditi@pecies diversitgnd threats
(Nagendraet al.2012 Toivonen and Luoto 20QRSmaytherefore alsobe suitable tamap the
presence of herlsich meadowsand support moitoring ofmeadow birdpopulationsand their
habitat. A prerequisitdor this is that different grassland types can be distinguished and that images
are available that allow assessment at pastlle Currently, just a few examples of this type of
grasslandRS research exiGAsam et al. 2015 ourault et al. 201(Franke et al. 2012; Sibanda et al.
2017).This thesis explores the potential foée open sourcemulti-temporal, high resolution, mukHi
spectral Sentine? satellite data for detectinggriculturalgrassland management intensity and herb
richness at parcel level in a study area in Friesland, the Netherlands.

1.2Research ain& objectives

Main aim of this research is tevelop a Remote Sensibgsed method that allows to detect
differences in grass types and grassland use intens#ting free open source satellite imagery and
free open sourc&lIS softwarelf extensively managedherb-rich meadowscan be recognized on
high resolution Sentine€? imagery the methodcan be used to create distribution msypf herbrich
grasslando support monitoring othe Dutchmeadow birdpopulations.If, in the nearby future,
farmers will be subsidized for creating heibh grasslands, the methadayalso be used to assess
changesin total area of herkrich meadowsthrough timeand to monitor the effect of the subsidies.
Because open source data and software is used, the methodlsobe affordable for norprofit
nature conservation organizations.

To achieve this aimpectrd separability for monoculture and extensive grasslands on both
clay and peat soils is assessed. Two vegetation index time series are gereiiesked for rule
based classificatiorthe Normalized Difference Vegetation Index (NDVI) and the Sei2tRetiEdge
Paosition (S2RER)tilizing information fronthe two Sentinel2 rededge bandsAlso, the Mean
Absolute Change Dynamic (MA®R)ameter(Frankeet al.2012) is calculated and its usefulness for
classification of grassland management intensiipvestigated Two related classification methods
are applied and validated through groutrdthing: 1) statistical rulebased classification based on a
decisiontree (DT)generated using the Seeb (C5.0) algoritlmg 2) contextual rulebased
classificatio, which uses simplified decision ruldsrived from the See5 Dih combination with
knowledge ofocalgrassland managemengpecifically the 1st mowing dat& demonstrate its
potential with regard to meadow bird conservatipthe most accurate grassid management map
will be compared with the distribution aheadow birdnestsin the municipality Littenseradiel,
Friesland Possibilities for detecting mowing and grazagarcel leveare also examingdsince
these are important aspects imeadow birdconservationJensen et al. 2008ppectral
heterogeneity will be teste as goroxyfor biodiversity since this parameter may be usefal
examinedifferencesin herbrichnessbetween monoculture and extensive grasslands, as well as
variations in herlrichness between extensive grasslands
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1.3 Research questios

The overall research question is:

Can multispectral Sentine? satellite imagery be used to differentiate between extensively
managed, herbrich grasslands and intensivehanaged, monoculture grasslands at parcel level in
Frieslandthe Netherland?

Subquestions:

1: Is there a significant difference between spectral response curvestefnsivdy managed
grasslandand monoculturegrasslands?

2: Which Sentine? spectral bands arlhe most suitable for mapping grassland management
intensity?

3: Is there asignificantdifference in spectralesponsgor monocultureand extensivgrasslands on
peatsoils compared talay so#?

4: What is theoptimal time of year to discriminate between extensive and monoculture grasstand
5: Is it necessary to use a combination of images acquired at different times of the growing geason
achieveaccurate classificatioaf grassland managemeht

6: What arghe benefits ofthe S2REP vegetation index comparedhe NDVI?

7: Is the Man Absolute Spectral Dynamic A0 parameteruseful for classification of grassland
use intensity?

8: Which classification method yields the best results in terms of clagsificaccuracy?

9: Can spectral heterogeneity be used as an indicator of species richness/biodiversity?

10: Can mowing and grazing be detectdcarcel leve?

11: Based on the results for thmurrentstudy area, is it possible to mgpassland management
intensity andherb-richnessfor the entire Netherlands?

1.4 Thesis outline

Chapter 2.0 contains badkgind information on grasslandeneraliinportance of grasslands
discussedndthe seasonal graggoductioncurveis explained,iace this will help to understand
spectral response curves and NDVI and S2REP time édiiesture review of causes of meadow

bird decline is presented as well as a literature review on remote sensing of grasslands. Chapter 3.0
describes the data thatere usedIt gives background informath on the Sentine missionand the
capabilities of the Sentinél red-edgebands for vegetation analysiPataprocessingteps, such as
atmospheric correction, are explaine@hapter 4.@escribeshe SouthCentral Friesland study area
and Littenseradiel and Grouw field survey areas. It contains additional information on local weather
conditions and a timeline for agricultural grassland management activities for, 284éntial

background knowledge fanterpreting NDVI and S2REP time series. Chapter 5.0 discusses the
methods thatwere used.Results can be found Chaptel6.0, which containspectral response
curves,vegetation indexime series, MASD maps, classification results and accuracy assessment
Chapter7.0 potential applications dhe grassland managemeittensitymap for meadow bird
conservation are giver.heoutput mapis compared with the distribution of meadow bird nest sites

in Littenseradiel Also, amodel for detecting mowing angrazingis presented andiscussed.

Chapter 80 gives the final conclusion/discussion followed byrferences in Chapted.0. The
Appendices contain additional maps and tables with results for statistical tests.
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Extensive grasslandt Skrok, Littenseradielclay soil area  Monoculture grassland near Easterein, Littenseradielay
(March3rd 2017) soil area(March 10th 2017).

Extensive grassland at Lionserpoldéittenseradie| clay Monoculture grasslandear Lionserpolder Littenseradie)
soil area(April 17th 2017) clay soil aregApril 17th 2017)

Extensive, herkrich grassland at De Burd, near Grouw, Monoculture grassland near De Veenhoop, peat soil aree
peat soil area(April 22nd2017). (April 22nd 2017).

Figurel.3: Differences between extensive and monoculture grassland in March and April.
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2.0 Backgrou

2.1 Grasslands

2.1.1Importance of grasslands

Grasslands coved1.5% of the global landmass (Ali et al. 2016). Extensive grasslands, e.g. hay
pasturesin Europe, support plant and animal biodiversity and have high nature value (Carlier et al.
2009; Halabuk eal. 2015). As the second largest terrestrial carbon sink, grasslands are also an
essential part of the global carbon cycle and grassland use intensity and grassland degradation
influence greenhouse gas emissioAd €t al. 2016Franke et al. 2012). In éhNetherlands, 956.000

ha (28%) of the land surface consistsngproved, intensively used agricultural grassland. 90% of this
grassland is used for the production of silage to fdauly cattle during wintertime 3% for

production of hay, 4% for fresh gmto feed cattle that are kept indoors during the summer and 3%
is used for other purposes (CBS 201i6}k estimated that grasslands in the Netherlands contain 148
million tonnes of carbon (Schils 2012).

2.1.2Grass production curve

Seasonalgss production curves typically displawo peaks (Figur@.1). Grass growth begins in
March, speeds up in April and reachediitst, and highestpeak in May. In June and July, growth
slows down due to slower rgrowth after the first (or second) cutbthisis also related to the
flowering season for grass vegetation, ca. half May to half Qvisscher 2010)n Augustgrass
growth reaches a second pedie twopeaked production curve is found for grass species on
different soil types and in alliohates (Alberda 199.

Grass growth in kg DM/ha/day
100

80
60 |
40
20 -

0 T T T | T T T | T T T I T T T | T T T | T T T | T T 1
april may june july august  september october

— grass 250-300N

grass/clover

Figure2.1: Seasonal grass production curve for graggh application of 250 kg N and a grass/clover mixture (from:
Visscher 2010).

2.1.3Factors that influence grass growth

The five factors thaaire most important foigrass growth are: light, temperaturair (CQ and Q),
moisture(rain and soil moisturegndavailability ofmutrients (nitrogen) Grassland use, e.g. grazing
or mowing and management intensity also influence grass production and grassonal quality
(Visscher 2010Grass, as afllants, useslight as energy source for photosynthesis; from March
onwards the amount of daylight is adequate to initiate vegetation grothset of grass growth is
found at soil temperatures betweend@nd8 °C measured at a depth of 10 cm below ground surface.
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In the Netherlands, optimalir temperature for grass growth is between 15 and°2habove 25°G

grass ceases to grofiollenbeek and Hoving 201@&)vailability ofwater is also essential for
photosynthess. During periods of drought, leaf stomata close, reducingup@ke and reducing leaf
growth. The natural decrease of grass growth in June/July will be enhanced during dry summers
(Visscher 2010Presence ofdo much moisture, e.g. very wet sailae to highgroundwaterlevels,

will slow down grass growthecause lese soils require more time to warm up in spring (Gollenbeek
and Hoving 2016)n extensive grasslands in spring, water levels are usually highepthatensive
grasslands, thereforthe onset of grass growtwill be delayed

Nitrogen(N)is an important element in chlorophyll amgenzymes required for
photosynthesis (Clevers and Gitelson 20B&sidesN, othernutrientsthat are importantfor
building proteinsare minerals such sphosphorussodium, potassium, calcium, molybdenwamd
iron. Local sil type influences the amount of minerals that is available for the grass vegetation. Peat
soils contain high amounts of organic matter and hence nhbitgan sandy soil§Visscher 2010 CIay
soils have a high cation exchange capacity which increases soil fertility; the clay minerals attract e.g.
sodium, potassium, magnesium and calcium (Schils 2012).

The amount ofwvailablenutrients is regulated by application of fertilizers. General rule of
thumb is that the moreN applied, the higher the grass producti¢viisscher 2010)Grass growth in
monoculturemeadowsis mainlystimulated by application of liquid manure, this is aléx from
February 1t onwards.European member states allow farmers to apply a maximum of 170 kg N/ha;
however, in the Netherlands, farmers that own at least 70% grassland are allowed to apply 250 kg
N/ha (derogation) (Hooijboer et al. 2019ompared tdntensivdy managedyrasslands, grass
growth in April is much slowem extensive grassland because little or no fertilizer is applied
(Visscher 2010)

Finally, grass production also depends on grass species. Nowadays, in the Netherlands,
ryegrassl(olium perenng is the most important grass type uséor dairy farming. Quality of
grasslandin terms of nutritional value for dairy cattless measured in the amount of ryegrass that is
present: the morayegrasdhe better. Therefore, most intensively managed fields contain
monocultures of ryegras# disadvantage of ryegrass is that it is sensitive to dry and very wet
conditions. To ensure high production levels, intensively managed meadows are frequently re
sealed. Mixtures of ryegrass with smoottmeadow grassRoa pratensisand clover also occur
because these are more suitable for grazi@gganic farmers often use mixturesdifferent grass
typesand clover. Clover acts as a natural fertilizer, it enhancagaiability of soils (Visscher 2010).
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2.2 Meadow birds

In the Netherlands,ite term meadow birg' is used for migratory birds that breed agricultural
grasslandsr arable land¢Groenet al.2012) This thesis focuses dour meadow birdspeciesthe
Blacktailed Godwit (GruttoLimosa |. limosgthe Northern LapwingKievit Vanellus vanellysthe
Oystercatcher$choleksterHaematopus ostralegiind the Common Redshank (Turelutninga
totanus) and their habitatsThe Netherlands dwe an internationalconservatiorresponsibility for the
Godwitbecauset0% of the European population bregldere Hooijmeijer et al. 201XKleijnet al.
2010).

2.2.1 Causes aiheadow birddecline

Over the last 50 yearthe population ofmeadow bird in the Netherlands has dramatically declined
despite ongoinggrienvironmental and otheconservation schemg&entie et al. 2013afeunissen
andPlate 2011; Teunissari al.2012) The most important factors that explain this decline are:

1) Habitat Ies caused by expanse of urban areas and infrastructure, combined with the increase of
traffic (CLO 2017; CLO 20T=unisserandPlate 2011).

2) Loss of habitat quality due to changes in agricultural manageaier@d atincreased efficiency
andto maximizeproductivity of dairy cattle

- Use of larger and faster tractors for mowing and for manure injecticeufisserand Plate 2011).

- Intensification of grassland ug€LO 2017; CLO 201&0en et al2012; Kentieet al.2013; Kleijn

et al.2010); this causes

- Ashift from herbrich grasslando structurally uniformmonocultures of proteirrich, fast growing
grass typesuch as ryegrastdgliumperenng, which leads to earlier and mofeequent mowing
(Verhulstet al.2008).

- Increased usef pesticides (CLO 201&0d use of anthelminthicdrugs(avermectinsand
ivermectins) in cattle and sheep; residues of these drugs excreted in faeces of treated animals are
insecticidal reducing the amount of food for juvenitérds (Vickeryet al.2001)

- Increased use of fertilizer and manure injection; earthworm numbers decrease under high
fertilizer application ratesreducing the amount of food for adult bir@gickeryet al.2001).

- Removal ofmicro)relief through dragging or rolling of meadowisleijnet al.2010).

- Higher stocking densitie&éntieet al.20133.

- Adecrease in the total area of grassland caused by a shift from grass to crops, e.g. maize and
biofuels Frankeet al.2012 Koffijberget al.2012). Between 1950 and 2013 the total area of
grassland in the Netherlands decreased from 1.317.000 ha to 932.0@Mtaughthe last few years
it has slightly increased to 956.000 ha, which is mainly due to increase in temporary gr{d€&8ah
2017).

3) Changes in water managemeimicreased and deeper drainage to maintain low groundwater
levels (Koffijbergt al.2012).Foot drainsare replaced by underground drainadgecause ofirier
conditions in the fields, farmers can startitgect liquid manure early in spring (Groeat al.2012).

4) Climate changdeading to increased winter and spring temperaturgisice the 1980s median
mowing dates have been advanced 15 days due to early warming of soils in gilsghatching of
e.g. gdwit eggs has not advancelowadaysmore chicks are exposed to agricultural activities
(Kleijnet al.2010).

5) Increased predation pressure; numbers of predators have increased and places where juveniles
can hide from predators are lacking due tarraval of relief, removal of foot drains and early
mowing (Kentieet al.2013).
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2.2.2 The importance of hersich grasslands
The factors stated above especially contribute to the loss of juvareedow birg, which is the main
reason for population decline (Verhulst al.2008). Godwit andedshank chicks cannot survive in
monoculturegrasslands, the juveniles require lofyit not too long) herbrich vegetation that
contains enouglinsects for feeding. Ehdense ryegrass vegetation lagkage)insects, it also
inhibits movement of the juveniles and many birds get killed during mowing and manKengj« et
al. 2013a¥Verhulstet al.2008). Extensively managed grasslands with a high concentration «f, herb
e.g. dandelions, cuckeitowers and buttercups, are required for the survival of juvenile bi@®én
et al. 2012 Verhulstet al.2008). It was found that apparent survival during the first yddife is 2.5
times higher for gdwit chicks that hatckd on herbrich fields than chicks hatched on intensively
managed, monoculture fieldKéntieet al.2013a; 2013h

Groenet al.(2012) investigated habitat selection gddwits inSouth West Frieslandin total
8480 hagrassland was investigated of whi@b% consisted of intensively managed grassland with
low groundwater levels. It was found that vegetation heidhness, presence of fodrains and high
groundwater level are the most important landscape characteristics influencing the qualitydefit
habitat. Moist, herbrich fields with foot drainsittracted highest densities obglwits (Groeret al.
2012). Influence of soil type was also investigated; it was found that golditits preferred sandy
clay loam and sandy clay. Soil texture affects the number of earthworms and penetrability of the soil
and therefore the availability of earthworms, the most important prey for agatiwits (Groeret al.
2012).

In this thesisa simlar definition of herb-richness is used as the research of Groeet al.
(2012)and Kentieet al.(2013). Three categories ofdrb-richnesscan be discerned
1) Herb-poor: fields dominated by highroductive ryegrass types, 1 to 3 plant species inolgidi
some Dandelions (Paardebloefraraxacunspecies)Nettle (BrandnetelUJrtica dioicd or Stitchwort
(Muur, Stellariaspecies) mostly on parcel edgentensively use@monoculture)grasslands belong
to this category
2) Moderate herbrich: high producegrass types but with higher amount loérbs, e.g. Dandelion,
Stitchwort, Buttercup (BoterbloenRanunculuspecies)Sorrel(VeldzuringRumex acetogaCuckoo
flower (PinksterbloemCardamine pratensjsind Daisy (Madeliefj@&ellis perennjs
3) Herbrich: meadowswith over 10 species of herbs and various gtgpss e.g. Sweet Vernal Grass
(ReukgrasAnthaxanthum odoratur)) Crested Dog's tail (Kamgr&snosurus cristatyiandTufted
Grass(Gestreepte WitbolHolcus lanatusand beside the herbsf category 2, also other herbs such
as Ragged Robin (Echte Koekoeksbldgitanefloscuculj, Yellow Rattle (Kleine RatelaRhinanthus
minor), Water Forgeme-not (Moerasvergeemij-nietje, Myosotis scorpioidgsin the Netherlands,
this type of fieldss usually only found within grassland reserves managed by nature conservation
organizations.
The indirect effects of grassland managementnmeadow bird are summarized in Figure.2
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Figure2.2: Diagram of the indirect effects of grassland management on birds (Vickesl. 2001).
2.3 Meadow birdconservation in Friesland

2.3.1 Meadow birdlandscapes

Since 201Jjoint meadow birdconservation organizations in Frieslaed].'BoerenNatuur 'It Fryske
Ged, Natuurmonumenterand'Staatsbosbeheérhave focused ononservation omeadow bird
landscapesspecificlly aimed at the protection ofgpwits. These landscapes should consist of quiet,
very open, moist to wet grassland areas of at I&&)hain size with few roads, builip areas and
shrubs. They should contain at leastd@iwit pairs per D0 ha(Oosterveld & Hoekema 2012).

Within meadow birdandscapesmneadow birdcore areas can be discern#tht should provide a

safe place for breedingnda suitable habitafor juvenile birdsThe intentionis that kird populations

in these areagreable to maintain themselves. Conservation in core areas comprises bird reserves
and meadowswith agricultural nature managemenigether,these areas fan a'meadow bird
management mosai¢Oosterveld & Hoekema 201Besides conservation by professional
organizations, ast protection and protection of chicks is also performed by volunteensally
members of the Bond Friese Vogekchten (BFVW). The environment that surrounds core areas
should function as a buffer area between bird reserves ames withintensive agricultural
managementTo achieve this, in Frieslaralsoso-called 'Skriezekritesexist; this may bgroups that
focus on protection ofjodwitson parcels without agricultural nature management thatdigside

the reservesThese groups areften joint efforts of various conservation organizations in
combination with volunteers of BFVMWh other cases it may be gnosiof farmers, working together

to protect godwitsand other meadow birden their farmland (e.gSkriezekrite Idzeg@éSkriezekrite
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Idzegea 2008)

Landscape management in bird reserves is optimized to sustain high numbeesddbw
birds. In some resems 30godwit pairs perl00 hacan be found; birds in theseeas form the source
population (Oosterveld & Hoekema 20Q1Bird reserves consist of open hetibh fields with foot
drains. Groundwater levels are kept high, dry manure is applied every few(fégure2.3) and
mowing is postponed untdt least June 15thThese areas resemble traditional breeding habitats of
meadow bird Kentieet al.20133.

2.3.2 Agricultural nature management
To halt meadow bird declineeveral agrenvironment schemefor conservation ofneadow bircg
have been implemented in the Netherlansisice 1981 Agreements within these schemgsnerally
prohibit changes in drainage and requpmtection of nests by mowing around the nests or by
applyinga resting periodInsuchfieldsno agricultural activitiesre allowedbetween April 1st and
specific dates in June/July (Kledhal.2004). Unfortunatelyresearch has shown that these schemes
have not led to an increase meadow bird (Kleijnet al.2004).Reason for this mabe that the
number of parcels with agricultural nature management is too small compared to the large area with
intensive management (Kleigt al.2004).It may also behat these parcels lie too close to
infrastructure and builup areas or that theirdl type and moisture level is not suitable foeadow
birds (Teunissent al.2012).Furthermore, postponed mowing in intensively used fields with high
produce grass types creates dense swards that inhibit movement of andkhese fields maglso
not contain enougt{large)insects(Kentieet al.20133.

From 2016 onwarsl, individual agricultural nature management organizations are required
to work together as management collectives within the new-agruironment scheméAgrarisch
Natuur en Landscha@eheer 2016 ANLb2016) (Melmaet al.2016). In Friesland, seven
overarching collectives exist that coordinate the nature management activities of ca. 2000 farmers
that operate within smaller collectives; in total these farmers manage 15.000 ha. The seve
collectives are united itKollektivenberied Frysla(KBF). Farmers take part on a voluntary base but
are compensated for loss of income (KBF 2017). Before a collective of farmers is allowed to join the
new scheme, they have to develop a sound managdmkan. It is hoped that this new, more
balanced scheme will lead to better results than previous schemes (Maralri2016).

Figure 2.3Dry manure on extensive fieldsSkrok, Liguidmanure injection on monoculture fieldltens,
Littenseradiel(March 2017) Littenseradiel(March 2017)
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