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2 Abstract

The lapwingVanellus vanellyshas suffered serious population declines in recent years in
Engand and Wales. Certain governmennded AgrHEnvironment $hemes (AES) are

intended to provide suitable nesting and rearing habitat for gromegting birds such as
lapwing. This study compares breeding success on AES plots versus conventional crop fields,
and goes on to evaluate if chick survivalenéfbetween individual AES plots. Given that AES
plots are more successful than crop fields and some AES plots are more successful than
others, the characteristics of AES plots in relation to the wider landscape in which they are
set are examined and thafluence these factors may have on breeding success. Nests on
multiple sites were monitored and random sample athicks raio-tracked, as well as
surrounding vegetation mapped. Analysis of the data collected tentatively suggests that the
immediate vegettdon type surrounding AES plots may be an important factor determining
chick fledging success. Results also suggest that lapwing chick survival may currently fall
short of the minimum required to maintain a stable lapwing population, despite the AES
intervention. As such, an evaluation of the design of AES schemes is suggested as well as
more extensive research with a larger sample size to further study interaction with other

variables and to validate these findings over a larger population.
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4 Introduction

4.1 Introduction to the problem
"A species that has declined to the degree that the lapwing has in Britain can only be

considered as in serious troub{&hrubb 2007)

The lapwingvanellus vanelluis an iconidbird of UK farmland, and frequently considered as

' Wol NBYSGUSNI 2F (KS K SDefrai2R12HHRoNaver litdhlidbersy R S O2 a
have fallen by 50% in the la8@years, andt A & YR2HA &3¥9 SRQ a | 60ANR 27
concern(Eaton et al. 2009A marked downward trend has been recorded in almost all

parts of the UK, but the decline has been most noticeable in England and Wales. Shrubb

(2007) describes Lapwing as on the verge of extinction in southwest England outside of

nature reserves.

There is an increasing body of evidence that indicates that the decline is directly linked to
changes in farming practises and agricultural intendibce which have resulted in lapwing
breeding productivity falling below a sustainable lef#ilson et al. 2007; Taylor, Sheldon,
et al. 2010; Géraith 1988b; Milsom 2005)

The changes include a switch from spring sown to autumn sown ¢xgygton 2004)

which has reduced the amount of suitable nesting hal&trubb 2007)changes in
management such as increased chemical applications jwtage affected both nesting
habitat and food supplySheldon et al. 2004a; Newton 20@&4)d also the move away from
mixed farming systems to mooulture arable. All of these changes affect bird species such
as the lapwing which rely on a mosaic of habitats for nesting and chick r¢Shngbb

2007; Newton 2004)

Currently, the main delivery mechanisms for revegsihe declines in farmland bird

populationsin the United Kingdonare AgriEnvironment Schemes (AEB)e purpose of

these governmenfunded schemes is to increase biodivergityilliams et al. 2012hrough
G@2ftdzyd I N2 I ANBSYSyGa GKIFG LI & FIENYSNER G2 Y
F NAX Sy R(NaurabEnglagd 2009b)

The AES intervention can take mangnis.C2 NJ f I LI Ay 3a s dzy RNAf f SR LJ

comprise one option that is designed to provide both nesting and foraging opportunities.
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These uncropped plots aeeminimum ofone hectare in sizeandsited within large arable
fields(Natural England, 2009#%) QCI fifQ2 6 NBt 2y S 2F (KS Yz2al
LI @ YSYy G Q | NI¥ofS liscénsideialiieinRegtinent iteryl, R.£6(nkIiSrNG

in England(Defra 2012h)

O«
No
Qx

Approximately 40% dallow plots withinAESare estimated to be used by breeding
lapwings(Chamberlain, Gough, Anderson, Macdonald & Grice 2@@@)nformation on
their breeding success on these plots is poor. Data collected byahe@nd Wildlife
Conservation Trust 8CTin 20162012 suggestthat nest survival on fallow plots is
reasonable, but chick survivialpoor (estimatednest survival of 57%, average brood
survival of 19%with overall productivity estimated at maximum 0.48 fledged young per
female (GWCT unpublished data

It is congilered thateach breeding pair of Lapwings needs to fledge approximately 0.7
chicksper annumto maintain a stable populatioMerricks 201Q)Thus, thelimited data
from GWCT alssuggesthat overall breeding success is too low sustainable lapwing

populations angoor chick survival is a possible limiting factor

Other breeding studies, such @3each et al. 1994have also indicated poor breeding

success of lapwing populations on arable land, which produce too few fledglings to sustain
themselves- thusacting apopulationd & &y (A Y ¢ KA OK toaBowddP RdzOG A 2y A
counterbalanceghe adult mortality(Merricks 201Q)Sharpe et al (2008) believe that that

chick mortality is the main reason for Lapwing population ded8tearpe et al. 2008)

The disparity in sufficient nest survival and poor overall breeding success suggests that
gKAfald G0KS WFILffz2g LI20Q ! 9{ 2LWA2ya YI & LINP
necessarily provide good chigkaring habitatFor instance, Lapwing are known to have

different habitat requirements for nesting and chick rearing, and often move chicks from

nest sites to areas which can provide better sources of {&ubb 2007; Wilson et al.

2001)

Lapwing bick survival has been poorly researched to date, but understanding how to
increasechicksurvival may be vitally important for the lofigrm preservation of lapwing

populations.



There is a need for a larggeale assessmeid understand the requirements of lapwing
broods on arable landandwhether chick survival is a limiting factor in populatstability,

as well ago suggest improvements thatre likely to improve the effectivenest AES

4.2 Study aims and objectives

The aim of this research was assessvhether AES fallow plotare an efficientool for
lapwingconservatiorg specifically whether AES fallow plotdomland arable/mixed
farminglandscapegrovide suitable rearing habitat to ensure fledgling succesdo they
only provide good nesting habitat for lapwintfhis is the case, the intention is to establish
which landscape factors have most influence on chick survival, tadeeiiuture targeting

and ensure that future management of plots maximizes breeding success.
The research questions were:

e Is breeding success higher on AES plots than on spring crops witheut agri
environment measures?

e Is there a difference in both chickisival and condition between different AES
plots?

e What is the relative importance to lapwing chick survival of the wider landscape

within which AES plots are set?
Specific objectivewere as follows

(1) To compare lapwing nest survival fatlow plots withnest survival on spring cereal
fields

(2) To estimate, through radio trackingyrvivaland condition of chicks hatching on AES
fallow plots and chicks hatching on sprorgps

(3) To compare chick success between different AES plots

(4) To compare thalistances mogd and habitas used relative to availability by chicks
hatching ordifferent AES fallow plots.

(5) To investigatdhe relative importance to chickondition and chickurvivalon AES plots
of theselandscapéhabitat variables
e Proportion of grass within homenge.

e Crop types immediately surrounding the AES plot.
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e Heldenclosureindex.
(6) To investigatavhether predation rates are correlated with habitat/landscape

characteristics.
Based on other research (presenteccimpter4), the central hypotheses were that

1) Lapwing nest survival on AES plots is significantly higher than on conventional spring
crop without the agrenvironment intervention.

2) Lapwing chick survival on AES plots is not significantly higher than on conventional
spring crop without the agrenvironment intervention.

3) Lapwing nesting success on AES plots is higher than chick success on AES plots.

4) Chick movement and habitat use is a@ndom, influenced by the wider landscape in
which the AES plot is set.

5) Chick survivalrad condition on AES plots is influenced by the wider landscape in which

the plots are situated.
The methods developed to test the hypotheses are presemezhapter6.

This project, looking at the lapwing chick survival on #al&wv plots in the UK, is part of3a
yearDEFRAunded research project that the Game and Wildlife Conservation Trust (GWCT)
is running in collaboration with RSPB. The overall objective of the project is to assess the
efficacy of AES fallow plots asamkfor lapwing recovery in lowland farming landscapes in

the UK.

4.3 Naming convention
For the purpose of this study, aganvironment scheme fallow plots will be referred to as
AES plots or plots. Conventional crop sites without-agvironment interventiorwill be

referred to crop sites or crops.

5 Background

5.1 The lapwing ( Vanellus vanellus)
The lapwing is a ground nesting bird of @bharadriforme®rder. It is a medium sized wader

about the size of a wood pigeon, with contrasting black and white plumagadrainged

AKIFLS FyR o60flFO1 ONBaldoe LU KFa Ylyeé NBIA2YL f
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NEFfSOG GKS az2dzyR 2F Ala RAAGAYOGADS RAALX I @&
wavering flighttRSPB 2013)

Theglobal distributionof the lapwingspreads from parts of Asia to Europedahis seen
throughout the UKRSPB 201®) ¢ KS f F LI6AYy3IQa 2NAIAYyLFf 06NBSRA
but with the disappearance of many grassland areas across Europe, the lapwing has adapted

to become a common bird of mainigwland,open farmlandShrubb 2007)

5.2 Breeding

The lapwing often nestsemi-coloniallyin open habitats such as pastures and arable land
(Berg et al. 1992; Shrubb 200The breeding season generally begins in late March/early
April (Shrubb 2007)

Lapwing typically lay fowryptically coloured eggs per clut@figurel), and incubation lasts
approximately 27 days. If a nest faithe female will usually lay another clutch within two
weeks(Berg et al. 1992) apwingmay have up to three nesting attempts in a seasdahef

first clutches fai(Shrubb 2007)The breeding season comes to an end in June/July when the

final chicks fledgat the age of betwee28 and 35 daygShrubb 2007)

Figurel: Typical lapwiig nest with eggs, found during surveys (Photo credit: Sarah Johnson).

Lapwing chicks move and feed independemtlthin hours ofhatching, and therefore have
much higher energy requirements that other pardetl speciesAs a result, the condition
of lapwing chicks is also linked to the factors which may limit their energy irgakeh as
food availability, and situations which limit their ability to forage, such as weather or

presence of potential predatosSchekkerman & Visser 2001)
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5.3 Habitat requirements

5.3.1 Nesting

The nest is made up of a simple scrape in the groAnahsic requirement for nesting

habitat is either bare rough ground or short vegetation, which can provide cryptic
protection to the nest and incubating female, and also proaddear view of any predators
(Shrubb 2007)Nests are often sited on the brow of large open areas of land, and away from
trees or field boundariewhich are used by predatoShrubb 2007; MacDonald & Bolton
2008) Nest survival is said to improve if nests are further away from field boundaries
(Shrubb 2007; Sheldon et al. 2004k jlsom et al. (2000) showed that the effect of a
boundary varied according the size of the enclosure. In fields larger than 10 hectares, the
boundary had no impact on the lapwings, but ilds smaller than 4 hectares, the

population decreased greatly.

5.3.2 Chick rearing
Since lapwinghicks walk and feethemselves within hours of hatching, the parent will
often lead broods away from the nest sites to areas which provide better sourced ahdoi

surface invertebrate food Shrubb P07; Johansson & Blomqvist 1996b)

Chick mortality has been shown to correlate with an increase in the distance travelled from
hatching sitegGalbraith 1988h)The proximity of invertebrate rich habitats to nest sites is

therefore important for chick¢Johansson & Blomqvist 1996&ajowever the distancthat

broods travel depends largely on the habitat on which they hatbhoods which hatch on

gl AaflyR dzaadzatfte R2y Qi Y20S Y2NB (KFry wmnny 7
(Johansson & Blomqvist 1996but chicks hatching on arable land or areas with a less

abundant supply of invertebrate food are often lead further to different fonggareas

(Shrubb 2007)

The proximity of grassland appears to be an impottfactor for chick rearing, with
recorded incidences of chicks hatching on arable sites with no available grassland
sometimes being led to grass field margins (&lgtter 1982; Johansson & Blomqvist

1996b)and over fairly large distances even when only one dayStdubb 2007)
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5.3.3 Differing habitat requirements

The ideal nesting and chick rearing habiteltsarlydiffer, and tre literaturesuggessthat a
heterogeneous habitat with an assortment of vegetation types to satisfy different
requirements of nesting and chick rearing is a key factor to lapwing breeding s@@¢ess

Teunissen et al. 2008)

According to Mayfield (1975) lapwing breeding success can be dividefivimttages: from
survival during the building of the nest, during the dgging period, during incubation, to

the hatching of the eggs arfhally the survival of young to fledging. It would seem crucial
that conservation measures aimed at increasing the breeding productivity of Lapwing in the
UK focus efforts at each stage, and ensure that the necessary habitat is available for each

stage

5.4 Decline of Lapwing

¢CKS fFLWAY3IAS INBE Gdo6ARSALINBI R I($heldoNBChangyh @St &
2007)but along with many other farmland birds, the lapwing has rapidly declined in number

in recent decadetSheldon & Chaney 2007; Henderson et al. 2002; Sheldon et al..2004;)

There have been noticeable declines in lapwing across the whole of North West Europe

since 1980 but the decline has been most marked in the UK, especially in England and Wales
(Shrubb 2007)National surveys in Wales and England revealed a population decline of

almost 50% between 1987 and 19@®&ilson et al. 2001)

Research has not indicated that a change in adult survival imesause of lapwing
population declingCatchpole et al. 1999; Peach etE94)¢ in fact a study byeach et al
(1994)showed that thedifespan of thelapwingincreased from 21 years between 19069
1952 to 35 years between 19685.

It is considered thagach breeding pair of Lapwings needs to fle@g&0.97 fledglimsper
annumto maintain a stable populatio(Ghrubb 2007; Peach et ab34; RSPB 2013;
Merricks 2010)Numerous breeding studies, such(&each et al. 1994have indicated poor
breeding success ofgaving populations on farmland, which produce too few fledglings to
sustain themselves thus acting agpopulationa a & yMerricks 2010)It isbecoming

widelyrecognisedhat chick morality, rather than nest failure, is the main cause of poor

14



Lapwing productivity and consequently of population dec{ifeach et al. 1994; Seymour et
al. 2003; MacDonald & Bolton 2008; Sharpe et al. 2008; Natural England 2012)

5.5 Changes in the farming landscape

The sharp declines in birds dependent amfiland across the UK have been linked to
simultaneous and dramatic changes in farming practises with the agricultural intensification
that has occurred over the last 70 ye&wgilson et al. 2007; Sheldon & Chaney 2007;
Chamberlain et al. 2000; Galbraith 1988b; Milsom 2005)

A major impact has been the steady rise in the uniforrafthabitatthrough field
amalgamations, and changes in managem@&ftrubb P07) The changes include a switch
from spring sown to autumn sown crops which has reduced the amount of suitable nesting
habitat (Shrubb 2007)changes in management such as increased chemical applications,
which has affected both nesting habitat and food sugheldonet al. 2004; Newton 2004)
and also the move away from mixed farming systems to monoculture acaddleof which

affect bird species such asettapwing, which rely on a mosaic of habitats for nesting and
chick rearingdShrubb 2007; Newton 2004)

The impact of the shift to autumn sown cereals has been intensified by changes in
management, such as the use of gmergent herbicides and eael application of

fertiliser, whichfuel rapid growth of cropgNewton 2004) This management is increasingly
being used for spring crepoag, which further reduces thaestingstage of the breeding
cycle(Shrubb 2007)

It is not only the nesting season that has been negatively affected bghiduegesn farming.

A consequence of theeduction ingrassland/till mix in arable farmland been a loss of
suitable chick rearing habitat close to nesting sites, which means thag sbinks have to
travel much furtherto reach suitabldoragingareas(Shrulb 2007) Newton (2004) rightly
points out that agricultural intensificatigms not a single process, but is made up of several

aspects, which have occurred concurrently and interdependently.

5.5.1 Increase in oilseeds
A more recent phenomenon in the farmingitiscape has been the rapid rise in certain crop

types, with the largest growth being for oilseed crops, such as oil seedegia 2012h)
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The oil seed rape crof®SRyvas hardly sen in the UK until the 1970s, but according to the
UK Department for Environment, Food and Foreign Affairs (Defra), approximately 756,000

hectares of oil seed rape is now groyefra 2012a)

Research is still egoing as to the impact that the growth of sied rape and other oilseed
crops has on farmland biodiversjy report by DefrgDefra 2009)ndicates that whilst the
increased oilseed rape production may have benefited species such as Stock Dove, it is

unlikely to have benefitted a wide range of other species.

Oil seed rape can grow rapidfi5cm to 2 metrs within a couple of months of being sown
(Berry et al. 2012)apwing are said to siw a preference fovegetation less thaa5cm

high, possibly due to foraging efficien@¥ickery et al. 2001; Galbraith 1989; Shrubb 2007)
and \egetation height has been cited as an imamt factor in brood survivalVickery et al.
2001)

5.6 Predation
Predation iconsideredan important cause of lapwingreeding failure potentially
responsible for up to 90% brood losses in some céBes et al. 1992; MacDonald & Bolton

2008; Seymour et al. 2003; Wolf Teunissen et al. 2008)

The red foXVulpes vulpesand the Eurasian badgbtelesmelesare listed as two of the
main mammalian predator@VlacDonald & Bolton 20084 study byBoltonet al.(2007)
indicated that a vast majority (88%) of nest losses occurred after dark, implying that
nocturnal mammals werghe main culprits of nest predatiotHowever, avian predators
such buzzardButeo buteg and carion crowsCorvus coronare alsoconsideredmportant

predators of lapwing chick®Volf Teunissen et aR008; Eglington et al. 2009)

Research suggests that predation rates are influenced bymeuate landscapdeatures,

such as fences and hedg@$hittingham & Evans 2004; Isaksson et al. 20B@xes often
follow boundariegMacDonald & Bolton 2008)hilst features such as trees, hedges and
fence lines may provide vantage points for avian predatGitsamberlain, Gough, Anderson,

Macdonald, Gce, et al. 2009)
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Astudy byMacDonald & Boltorf2008 found that nests furthest from field boundaries were
most likely to survive; howeve&eymour et al (2003) found no relationship between nest

success and the closeness of perches for avian predators.

The debate regarding the impact of predators on ground nesting birds is exteAsigport

by the RSPB5ibbons et al. 200@)ites an example that very low breeding success due to
almost 60% nest predation may have been responsible for the extinction of lapwing colonies
in Hampshire, rather than solely the lack of suitable breeding haf@éibons et al. 2007)

The same report also cites a four year study in northern EndEmoimpson et al. 1994)

which showed that lapwing populations remained stable in one study areaagitod

number of gamekeepersompared to a second study aredth fewer gamekeepersn

which the lapwing population halvg@ibbons et al. 2007)

However other research shows no consistent positive effect of predator controls on the
survival of nests or chicks. One reasons for this could simply be that as some predators are

removed, others move in to occuplye openniche(Fletcher et al. 2005; Bolton et al. 2007)

On the whole it is likely that predation pressure interacts with the other pressia
lapwing arefacing from modern farming practiseé€Shrubb 2007)0 the detriment of

lapwingpopulations.

5.7 Agri-environment schemes (AES)

AgritEnvironment Schemes (AES) are currently the main delmechanisms for reversing
the declines in farmland bird populationsuch as the Lapwini the United Kingdom and
werefirst implemented in the Ukhithe mid 1980'§Hodge & Reader 2010)most half of
the agricultural area of the UK had been entered into an-agvironment scheme by the
end of 200{Hodge & Reader 2010)he aim of these governmesitinded schemes is to
increase biodiversity through voluntary agreements that compensate farmers and other
land owners who manage their land in a more environmentally sympathetiq Matyral

England 2009b; Williams et al. 2012; Davey et al. 2010; Vickery et al. 2004)

The first kind of AES schenn the UK was thEnvironmentally Sensitive Areas (ESA'S)
which was introduced in the miti980s(Dobbs & Pretty 2008Under the scheme, farmers
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who could achieve particular land management conditions were offered a fixed price
contract(Hodge & Reader 2010)

Since its introduction, AES schemes have further evolved. The most current are the
Environmental Stewardship (E®heme(Hodge & Reader 2010)he ES is made up of three
levels- Organic Entry Level Stewardship (OELS), Higher Level Stew#klsB), and Entry
Level Stewardship (ELS).

Whilst HL®1as moreexplicit and bespoke prescriptions, the ELS represents an approach
GKFGQa FAYa (G2 AYyO2NLILRNIGS | ANBFGSNI | Y2dzyi
into the scheme, via a £30 peettare flat paymentVickery et al., 20041odge & Reader,

2010)

Some literature does indicate that AES schemes have the potential to bring about positive
change for some farmland bird species, é&xample the Cirl Buntingmberiza cirluPeach

et al. 2001)put success has been patcti$utherland 2004and (Sheldon & Chaney 2007)
point out the successes have been for scapecies with limited ranges only and it remains
to be seen if the successes can be replicated across much larger areas with more

widespread species

Support for AES schemes is not universal. One criticism is that the scheme is often used in
areas where thre is likely to be little additional benefit for biodiversity, and that uptake of
the AES scheme is frequently highest in areas where biodiversity is still high and lowest in
more intensively managed areas where biodiversity levels are generally |@dlegh &

Sutherland 2003)

The more inclusive and extensive coverage of average quality farmland with ELS has also
raised concerns that it provides little incentive for farm or land owners to aim for entry into
the higher level HLS with its more explicit and bespoke prescriptions. As such there is a call
to improve the quality, and not just the quantity, of AES opti(®Bisrubb 2007]Vickery et

al. 2004)

Critics also claim that AES does not provide much incentive for change, since there is
insufficient or poor monitoring before payments are apportioned, of the amount of effort

put in to meet prescriptions or the extent that there has been positive chaigleijn &
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Sutherland 2003; Bradbury & Kirby 20083iequate monitoring and advice is essential if the

schemes are to be effectiv@Bradbury & Kirby 2006; Shrubb 2008hrubb (2007) suggests

that rather than aiming for the maximum coverage of farmland, it would be better to have
FSH6SNI FANBSYSyilia 6KAOK NB aY2NB aStSOGAQS:
IKSK8¥E® gl aidsSa Y2y Se | ySRubB 2087¢{Shdzbhl 2@ B)(SArkbNY S NA @
2007)(Shrubb 200¢$hrubb 2007Bhrubb 2007)

5.8 AES and lapwing

For lapwing®n arable land  dzy RNA f f SR LI foOdtobrid nexstig bibds larée £ 2 ¢ LIt
onetype ofoption thataims to offerboth nesting and foraging opportunitie¥hese type of

plots ae included in orgoingprescriptions designed under the AES schemes the

Countryside Stewardship Scheme (CSS), Higher Level Stewardship options (HF13 & HF17),

and through the Entry Level Stewardship option (Ef3jural England 2009a)

Under these options weropped plots of at least 42 ha can be created within arablells

by cultivating the plot irspring to create rough fallow.

Approximately 40% of fallow plots withikESare estimated to be used by breeding
lapwings(Chamberlairet al.2009) but information on their breeding success on $keplots

is poor.A report byNatural Englan@ Bevelopment of a New Environmental Land
Management Scheme (NELMS a G 1Sa (KIdG FfGK2dz3K aFlft2e |
expensive per hectare agenvironment options under HLS, the majority are still

dzy’ R S N1JS NRa&ukNEhglaBk2012)

Numbers of nesting lapwing and nest stess was higher on plots than on arable crops
during the Arable Stewardship Pilot Scheme (She&tal. 2007). However, following rell

out within agrtenvironment schemes, data indicates that lapwing overall breeding success
on fallow plots is still lowRSPB data collected between 2006 and 2009 from over 250 stone
curlew plots in Hampshire, Wiltshire and Berkshire indicate a 40% decline in numbers of

lapwing pairdHoodless & Macdonald n.d.)

Data collected by GWCT on fallow plots during 20@01 indicated that while nest survival
was reasonable (57%) the average brood survival was as low as 19%. Compisnison w

GWOCT data for wet grassland within the Avon Valley (Hampshire, Dorset) in the same years
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indicates that nest survival on fallow plots is higher but brood survival IMeodless &

Macdonald n.d.)

Currently the indicators of success for HLS options relating to ground nesting birds on arable
land are not directly tied to ensuring breeding success, thdtasumber of chicks that
fledge(Merricks 2010) Various research suggeshat lapwing populations on arable land

are declining, because they are not producing enough young to mairtemdelves

(Galbraith 1988h)therefore it would be pertinent to examine whether AES prescriptions

have all the management components in place to ensure sufficient numbers of lapwing

chicks successfully fledgelerricks 2010)

Spatial analysis of AES fallow plots would provide a greater understanding of what
management technique produces the most success, the best placement of plots within the
landscape and thinfluence of wider landscape features such as crop type and distance to
field boundariegChamberlairet al.2009; Taylor, Sheldon, et al. 2010)

Much of theresearchregarding lapwing conservatidras been conducted on wet grassland
nature reserves, and chick survival has been poorly researched in comparison to nest
survival. However kmwledge on how to improve fledging success on arable farmland may

be vital to the longterm conservation of lapwing populatioiSharpe et al. 2008)

5.9 Conceptual framework for t his thesis

As detailed in previous sections, the conservation of lapwing populations on arable
farmlands is a complex issue, with many iatelated components. As such, this MSc study
sits within a much larger framework, and focuses mainly on the wideisizape in which

AES plots are set. The conceptual framework for this study is outlined beleigure2.
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Figure2: Conceptual framework, illustrating the wider context in which this MSc project sitse Greyed out sections are
not investigated as part of this project.

6 Methods

6.1 Methodological framework of the study

The methodological framework divides into two parts:

1. Collectdatafrom AES plots and crop sites on nest and chick survival. The comparison
gave context to the second part of the studyata from 2012 concerning chick survival,
collected using the same survey protocol, were made available by GWCT and also used
in this analysis.

2. Collect data on the survival and condition of 30 chicks (througlo+taacking) on AES
plots and on habitat and landscape variables for each AES plot in order to assess the
relative importance to fledging success of the wider landscape within which AES plots
are set.

The methodological framework used for this study islioed inFigure3 below.
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Figure3: Methodological framework showing the work process followed in order to answer the hypotheses.

6.2 Study Area

Data vere collected inthe south of Englandn a mixed farmindgandscapesituatedin the
National CharacteAreas(NCA)f the Berkshire & Marlborough Downs (CA116) and
Hampshire Downs (CA130); thdd€Asarelocated almost entirely witim the boundaries of
the North Wessex Down&rea of Outstanding Natural Beaut%kONB)Figure4).

84% of he North Wessex Downs ANOB is classified as farmland, with the principle land use
(over 60%) being intensively cultivated, open arable farml@oirth Wessex Downs AONB

2009)Land Use Consultants c/o The CountrysideAgency 2002)

Cereal farming is the dominant form of arable farming in the area; there has been a rise in
certain crop types in the lastedade, with the largest increase being for oilseeds, such as oil

seed rape (Agricultural Census, Defra 2010).

Large areas of the arable farmland within The North Wessex Downs ANOB are managed

under Agrienvironment schemes (AES).
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Figure4: Outline of study area with locations of sites included in the survey

6.2.1 Site selection & survey

Farm holdingsvere selecedthat had at least one fallow plot paid for by AES and that had
lapwings breedingn the plot

If possible, holdings were cken which also had one spring crop fiédeéreals pil seedrape,
maize, legumes)ith breeding lapwing whichould bepaired with the occupied AES fallow
plot on the same farmThis was to take account tufcal factors such asoil type,

topographyandfarm management

Steswere surveyed for lapwng breeding activity from end March/early April, the typical
start of the nesting stagéShrubb 2007)During the visitshe fallow plot, the ret of the
field containing the plot and fields gtent tothe field containing the plot ere surveyed to

recordcrop types angresence ofapwings orthe plot or onspring crops close to the plot.
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In total 26 suitable holdings wesirveyed early in the breeding seas@ontaining 68 sites
- 34 potential AES plots and 34 spring crop field sites respectAddy. initial visits on 3
consecutve weeks sites without lapwings were dropped and subsequent surveys focussed

on occupied farmgseeTablel below).

The aim was to radio track one chick onAiESlot and one on a crop siteer farm,which
would beselecedrandomly. Howeveras there were insufficient farms with plots holding

lapwings to do this, multiple plots were surveyed on some farms.

Tablel: Overview of site selection

Site type Sites surveyed | Sites with breeding Sites wih broods where
lapwing tracking was possible

AES plot | 34 27 15

Crop field | 34 20 6

Total 68 47 21

6.3 Nest Survival

6.3.1 Nest finding

Plotsandspring crops occupied by adult lapwing were monitohesin end March/ early
April. At each visitpbservations werdirst caried outusing binoculars or a telescope to
count lapwing pairs, and see if any femalesre incubating nests or if there was any nest

scraping activity by male lapwings.

Once incubating females had been locatedual markers were used to identify the
approximate location of the nest before attempting to find the nest. To minimise
disturbance to the breeding lapwing, a maximum of 10 minutes was spent on the plot/field
looking for a nestespeciallyduringcold or wetweather. Once a nest was found, the

location was recorded on a Garmin Etrex10 GPS devise afigintanes placed 10 metres

either side of the nest in the direction of the field's tram lines, to mark the location.

6.3.2 Egg measurements and hatch date
At all nests located, eggs were counted and eegh measured with dial callipers accurate

to 0.1mm and weighed using an electronic balance, accurate to 0.1g. These measurements
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were used teestimate the stage of incubation of a clutahd the hatch date using a formula
calculated byGalbraith 1988c)

6.3.3 Nest monitoring for hatching success

The behaviour of adult lapwing at study sites was carefully observed during site visits from
late April to ascertain if any lapwing pairs known to have neatissucessfully hatched a
brood. Sites witmests were checked within twdaysof the estimated hatch dateCareful
observations were carried out from several vantage points at the edge of the field/plot

using binoculars or a telescope.

Femalesare noticeablywocal when they hava brood, with alarm calling behaviour and
WOKAIONE Ay3Q G2 YI Ayl AShruldb200%)ThiS behagiduiihlped e S A NJ O

indicate hatched broods and their location.

Where nests were found empty, the nest lining was searched for egg fragments,
approximately #22mm in size, which show successful ig. When no such fragments
were present, the area up to 20m around the nest was searched for confirmation of

predation in the form of a punctured or crushed eggshell or mammal scat.

The daily survival probability (DSRhat a nest would survive from @nday to the next
and the overall survival probabilitgthat a nest hatches at least one youngas calculated

for each site using the Mayfield methdMayfield 1975)SeeAppendix2 for details
6.4 Chick survival

6.4.1 Chick radio tracking
Chicks were randomly selected for radio tagging, however some chickdagered oPAES
plots in situations expected to provide googhring habitat suchas adjacent to permanent

grass(Shrubb 2007)

The aim was toadio-tag one chickon each ofL5fallow plots and b crop sitesHowever,

since an insufficiemhiumber of suitable crop sites (total six) were found and too few chicks
hatched on crop sites, multiple broods were tracked on several sites to increase the sample
size. A total of 37 chicks were radagged across 21 sites: 26 and 11 chicks on AES plots

and crop sites respectively.
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One chickwas randomlyselected froma brood on the 21 AES plot sitglsortly after
hatchingor as soon as the brood was locatdthe selected chick was fitted in the fielath
a 0.4q, 3a@ay life,radiotransmitter with a 15cm aerial (Perdix Wildlife Solutions,

Warwickshire, UK(Figure5). For tagging details, se®ppendix3.

g
s }
% ‘vvnf.r‘

Figure5: Radietagged chick. (Photo credit: Sarah Johnson)

The chicks wre tracked using Biotrack Sika radio receiver andlexible,3 element Yagi

antenna, with signadletection possibleip to a distance of 500 metres

Where possible, the raditagged chicks were tracked every two days. Chick location was
determined by tiangulation ofthe tag signal from at least three pus around the field/plot
perimeter. Chicks were onbpproachedvhere death wasuspected (tags indicating a static
signal or no movement or a very large movement since the prevamagion) or when

transmitter attachmentand biometrics needetb be checked.

If a signal could not be picked up on the plot or field site, observatbaslult behaviour
(outlined ir6.3.3 were made to try and establish whether or not a brogds still orthe
site. If chicks were younger than 28 days old (imiam fledging age), surveys of the
surrounding area were carried outith frequent stops at approximately 50m intervals to

attempt to pick upa signal.

If a chickyounger than28 days couldiot be located orthree consecutive site visits,

predation or deathfollowed byscavengedvas assumedif the chick was of fledging age {28
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35 days) then the site was-+asitedthree more times in case a fledgling returned to the

site.
On all visits to |ots/fields:

x Careful observations were carried out from several vantage points at the edge of the
field/plot and the whole field scanned.

x Location used for tracking was recorded using a GPS, and corresponding compass
bearing taken of strongest tag sigrial each triangulation point.

x A gte visit sheefseeAppendixl) was completed for each visit to a plot or spring cereal
field, with information recorded on:
U Time of arrival/departure.
U If the RTchick was seen
U If the female vas seen
U The total number of lapwings seen
U The total number of alaracalling females.
U The numbers and species of all corvids, gulls, raptors, flying over or stopping in the

field.

U Grid reference and compass bearing for each triangulation point
Time spenbn the plot/field was limited to 10 minutet® minimise disturbance.

6.4.2 Chick survival rates

The data from the samplef radiotagged chicksvasused to estimatedaily survival

probability and overall survival probability, using the proportion that reachedging age

or perished The daily survival rate is the probability of a chick surviving from one day to the
next, overall survival is the probability of a chick surviving to fledging. These were calculated

using the Mayfield method cited #.3.3 but based on chick rather than nest data.

6.4.3 Chick condition
Biometricsg bill and tarsus length (to 0.1 masing dial callipe)s weight(to 0.1g using an
electronic balance)were collected for all chicks when they were first taggade was

estimated from chick development (s&&gure6) and bill lengthBeintema 1994)
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Where possible, tagged chicks were recaptured at approx. 10 day intervalsandtrics
were collected at these timed=or chicks older than 2fays, wing length was measured and
a record made of the extent of primary growttaeegorised as: onthnird, two thirds, fully

grown).

A condition index (C(Beintema, A.J. & Visser 1989; Beintema 198 calculateddr each

radio-tagged chick as:
Cl = observed weight / expected standard weight for the observed bill length

The expected standard weight for each chick was determined from bill length according to
Beintema (1994). Values of CI>1 indicated above averagbtimonand values of Cl<1 below

average condition.

Adult Recently | Part grown Well feathered Fledged

hatched

Figure6:. Guide to ageing lapwing chickkseom (Bradshaw et al. 2011Recently hatched, part grown, well feathered and
fledged equate roughly to less than 1 week, 2 weeks old, 3 weeks old ar8528ays respectively.

The aim was to collect biometric data for each radio tracked chick at least twice, with which
to calculate separate ClI scores for different ages. For these chicks the CI score for each
biometric measurement has been included separatelthe 2 different age categories.
However some chicks only contributed data to one category owing to age at tagging or time

survived.

As part of the analysis, CI scores were grouped into two categoriégjdys and 7 and

over, based on the categoriesagsby(Beintema 1994)

6.5 Brood movement and habitat use of chicks on AES plots
Grid references werdeterminedfrom the triangulated fixe$or each radietracking (RT)

visit. These gsition fixeswere plotted on 1:10,000 scale maps with the time of the fix
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was then possible to calculate tltistances travelled and time speon the AES plot dn
different habitats(details inAppendix4 below) as well as the minimum convex polygon
(MCP) as a proxy for the home range of each chiakpOseitional analysis of habitat use
relative to availabilityvas carried out. For details of how MCPs and time spent on plots and

in other habitats was calculatedeeAppendix4.

6.6 Independent habitat variables
Several Landscapelated independent variables were investigated against chick survival,

chick condition and movement:

Immediate surrounding crop type

Percentage of surrounding grass within MCP & 250m buffer

Field enclosure

Predator density (avian and mammalian)

For detai$ of how field enclosure was measured and calculated Aggendix5, and for

predator densityseeAppendix6.

6.7 Data analysis
Analyses were completed using RStudio 3.0.1, platformv@@smingw32/i386 (32it)

6.7.1 Analysis between site types (AES plot, crop site)

6.7.1.1 Variation in nest survival

The Mayfield methodMayfield 1975Wwas used to calculate the probability of nest survival.

A logistic regression model (GLM with binomial dependent variable) was then rfumegt
success days as the dependent variable and each day of nest exposure treated as a binomial

trial and sitetype (plot/crop) as the factor.

6.7.1.2 Variation in chick survival
The Mayfield methodMayfield 1975Wwas used to calculate the probability that a chick

would survive until minimum fledging age on an AES or conventional cereal crop field.

A logistic regression (GLM with binomial dependent variable) was run to compare chick

survival between AES plots and conventional crop, with the proportional success (da
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exposed as binomial trials and days survived as success days) as the dependent variable and

site type (plot/crop) as the factor.

Binomial GLM was run using Year as a factor to compare overall chick survival probabilities
between the two years data wamllected, 2012 and 2013 and an additional Binomial GLM

was run to examine if there was any interaction between year and site type.

6.7.1.3 Survival rate with age of chicks
A comparison of the lapwing chick survival rate with age was carried out using the Kaplan

Meier estimator.

6.7.1.4 Chick condition
A condition index (C(Beintema, A.J. & Visser 19@®intema 1994yvas calculated for
each radietagged chick. A Welch Two Samptedt was usedo test for a significant

difference in theCl score of chicks.
6.7.2 Analysis between AES plots

6.7.2.1 Correlation between nest and chick survival
Histograms of nest and chick survival were plotted to examine distribution of nest and

survival probabilities.

I {LISENXYIFIYyQa NIyl O2NNBflGA2Yy | yirdolg,akdaz gAGK
nest survival as the independent variable, was run to examine if there was a linear

relationship between nesting and chick survival.

6.7.2.2 Comparison of chick survival on different AES plots
The Mayfield methodMayfield 1975Wwas used to calculate thgrobability that a chick

would survive until minimum fledging age on each of the AES plots

These were plotted in a bar graph to examine the variation in chick survival probabilities on

the different plots.

6.7.2.3 Condition of chicks hatching on different AES plots
A condition index (C(Beintema, A.J. & Visser 1989; Beintema 1984 calculated for each
chick.
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The mean ClI score for each AES site was first plotted. A logistic regression was then run to

examine the relationship lle’een AES plot sites and ClI scores.

6.7.2.4 Movement of chicks hatching on different AES fallow plots
A oneway Anova was run, using the (log) MCP range area as the dependent variable and
AES plot code as factor, to investigate whether the range sizes of thetracked chicks

varied significantly between AES plots.

6.7.2.5 Chick survival in relation to MCP size

A linear regression was run to examine the relationship between the number of radio track
fixes and MCP range. Once no clear linear relationship was foundiditess (i.e that the

longer a chick lived, and hence more fixes, that a chick would not be likely to range further)
a second linear regression was then run to assess whether there was a relationship between

the number of days a chick survived and the sizéheir MCP range.

6.7.2.6 Chick survival in relation to time spent on the AES plot

A linear regression, with daily chick survival (according to the Mayfield method) as the
dependent variable, and proportional time on the plot (total fixes/no fixes on the pot)

the independent variable , was run to examine the relationship between chick survival and

to the amount of time spent on or off the plot.

6.7.2.7 Relative importance of landscape and habitat related characteristics

Compositional analysis was run to compare tiabitat used (MCP) by chicks with habitat
available within the 250m radius buffers of the AES plots, and also to compare habitat used
(actual location of radio track fixes) compared with habitat available within the MCP ranges

of the chicks.

Compositionaanalysis was completed followiri§ebischer & Roberson 1993ising the

compana function of the dehabitatHS package for R.

6.7.2.8 Landscape/habitat variables
Logistic regression was run to investigate the relationship between the vegetation type
immediately surrounding the AES plot and the 4 dependent variables: chick survival

probability, condition indexres, the chick's movements and MCP range size.
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6.7.2.9 Field enclosure, percentage grass in plot buffer and MCP, predation

{LISFNYIFYyQad NIyl O2NNBftFdGA2y gl & NHzy FyR fAYyS
relationship between independent variables of enclosun@eix score, percentage grass in

plot buffer and in MCPs and the dependent variables chick survival probability, MCP range

size and proportion of time spent on/off plots

Due to small sample size of plots it was not possible to run any complex, multivariate
models, so univariate tests were run for each independent variable against the separate

dependent variables.

Pearson's produemomentcorrelatiors wererun to investigateany correlatiorbetween
chick survival and both mean mammalian predators and meamngwiedators for each site
asindependent variablesThe same correlations were repeated with enclosure index score

instead of chick survival.

7 Results
The results are divided into 2 sections:
1. Comparing nest and chick survival on AES plots and crop fetdeck if there is a
significant difference between the two.
2. Comparing differences between AES plots: survival, condition, movement and

habitat use by chicks, and landscape variables.

7.1 Nest survival on AES plots and conventional spring crops

To analyse nessurvival in 2013, 47 of sites in toialthe overall GWCT project area in 2013
had nesting lapwing. A sample of 76 nests were monitored across 27 sites on AES plots, of
which 67 hatched successfully (88%), and 41 nests on 20 sites containing sprigfcrop
which 29 hatched successfully (70%gble2 below summaries the nest survey results for

lapwing breeding sites.

Table2: overview of number of plots and cereal crop fields studied, together with negtsuccess

Qop AES plot | total
Sarting no. of sites 34 34 68
Max no. lapwing pairs 45 79 124
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No. sites with nesting lapwing 20 (58.8%) 27 (79.4%) 47 (69.1%)

No. Nests 41 76 117

No. nests known hatched 29 67 96

7.1.1 First egg and hatch dates

The majoity of nestsacross all sitewere laid in April, with by far the highest number of

nests being laid in midpril (120th April) (sed-igure7). The majority ofirst nests at each

site hatched in May, with the ghest number of nests hatching in rdiday (11th20th May)
(seeFigureB). As nesting and hatching phases were quite synchronous across all sites, it was
not necessary to split the statistical analysis of the ngséind brood season in to time

periods to test for seasonal differences
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Figure7: distribution of first nest dates for all sites, AES and cereal crop combined
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Figure8: Distribution of first hatching dées for all sites, AES and cereal crop combined
7.1.2 Comparison of nest survival probability
Nest survey resultsT@ble3) indicate that crop sites had on average a smaller mean number

of nests to start with, compared to AES plots, asimaller mean number of nests
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remaining at 27 days (the average expected incubation period of lapwing observed in
Europe(Shrubb 2007)

Table3: Mean nesting results for 2013 surveys of AES plot and cereal crop sites.

AES plots Conventional crop sites
Mean nests laid per site 3 (range % 12) 2.06 (range 1-5)
Mean nests hatchinger site | 2.7 (range @ 12) 1.6 (range €b)

The Mayfield methodMayfield 1975was used to calculate the probability of nest survival,
that is, the probability that a nest would survive until hatching on an AES or conventiona

cereal crop field.

The results indicate that there is a much higher probability (0.43 higher probability) that

nests will succeed to hatching on AES plots than on crop fieigsrg9).
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Figure9: Prabability of nests surviving until hatching on AES plots and convention cereal crop sites without the agri
environment intervention- AES plot/conventional crop site level

A logistic regression model was run with nest success days as the dependent \ar@hble
each day of nest exposure treated as a binomial trial and site type (plot/crop) as the factor.
The model indicated that the difference in nest success between AES plot and crop was

highly significantGLM, df=38, P<0.0Q1
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The results suggest that nohly do AES plots at a site level have a higher number of nests
per plot to start with, but also that the success rate of nests is higher than on conventional

crop fields. Reasons for these differences are examined in the discussion.

7.1.3 Chick survival on AES fallow plots and conventional crop sites using data
from 2012 and 2013
Broods subsequently hatched successfully on 21 sites where tracking was possible to assess

chick survival; 15 AES plots and 6 crop sites.

A total of 62 chicks were radio tracked untiey perished or the signal was lost or they
fledged.

45 of the chicks hatched on AES plots, 17 chicks hatched on spring cereal crop fields. The

sites were spread across 29 farm holdings in the study region.

21 of the chicks tracked survived until thenimnum fledging age of 28. A summary of the
radio tracking results and a breakdown of numbers surviving from AES and crop sites is

shown inTable4.

Table4: Summary of lapwing chicks radio tracked in 2018122013 to examine survival rates between AES plots and
conventional cereal crop sites without the ageinvironment intervention

Years combined 2012 2013

AES plot | Crop AES plot | Crop AES plot | Crop

No chicks tracked 45 17 18 7 27 10

No chicks survivingntil | 17 4 7 2 10 2
fledging age

Mean no chicks survivin| 0.38 0.24 0.39 0.29 0.37 0.20
until fledging age (sd0.49) (sd 0.44) | (sd 0.5) (sd 0.49) | (sd 0.49) | (sd 0.42)
Mean no days chicks | 12.59 9.94 10.75 9.14 13.81 10.50
survived

Analysis of theadio tracking survey results from both years combined indicate that a
smaller mean number of chicks survived to the minimum fledging age of 28 days on crop
sites (0.24) compared to AES plots (0.38). The standard deviation for both crop and AES

plots indcates a variation in fledging success between different sites.
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7.1.3.1 Probability of chick surviving to fledging
The Mayfield methodMayfield 1975was used to calculate the probability that a chick

would survive until minimum fledging age on an AES or converteamaal crop field.

The results suggest that there was a higher probability that chicks would succeed to fledging
on AES plots (0.26) than on crops sites (0.10).Tab&5 below.

Table5: Probability ofa chick surviving to fledging at site and individual chick level of analysis, and also showing the
results for 2012 & 2013 combined as well as separately. Calculated using the Mayfield méthayfield 1975)

Chick survival probability All sites AES plot Crop fields
level of analysis/yar

Site levek years combined 0.21 0.26 0.10

Site level 2012 0.16 0.19 0.10

Site level 2013 0.27 0.32 0.13
Chick levet years combined | 0.20 0.24 0.10

Chick level 2012 0.16 0.35 0.10
Chick level 2013 0.22 0.27 0.10

Alogistic regression was run compare chick survival between AES plots and conventional
crop, with the proportional success (days exposed as binomial trials and days survived as
success days)s the dependent variable and site type (plot/crop) as thédlacThevariance

in chick survival success between AES plot and crop was not significant (P <0.1). Therefore
this implies no significant difference in the probability of lapwing chicks fledging from AES

plots and conventional cereal crops.

Binomiallogisic regression model was rwsing Year as a factor to compare overall chick
survival probabilities between the two years data was collected, 2012 andi@@E3e chick
survival had been influenced by any temporal factors. The model showed that, although
there was some variation in proportion of chicks surviving to fledging in 2012 and in 2013,

the variance between years was not significant (P<0.1).

Binomial bgisticregression was run to examine if there was any interaction between year

and site type. Aga, the result was not significant (P>0.8).
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7.1.3.2 Kaplan Meier estimation of chick survival with age

A comparison of the lapwing chick survival rate with age was carried out using the Kaplan
Meier estimator. The results show that the overall survival rate torttze fledging age of

35 days is higher for chicks hatching on AES plots than those chicks hatching on cereal crop
fields without the agrenvironment intervention Figurel0). The survival rate for chicks
hatching on crop fieldsilower than chicks hatching on AES plots after the age of 12 days,
and the gap in survival rates increases with age. The probability of survival for chicks
hatching on cereal crop fields stabilises at. 0.24 after 21 days, whereas the probability of
survival for AES plot chicks stabilises at 0.38 after 26.5 dagarel0).

Frobability of survival

a 5 w15 200 25 300 35

Chick Age

Figurel0: Probability of chick survival with age, comparing chicks hatching on AES plots to those hatching on
conventional cereal op fields without the agrienvironment intervention. The dashed line indicates age 12 days.

A second comparison of the lapwing chick survival rate with age was carried out categorising
the chicks by the year they hatche®012 or 2013 to check whethersival might be
influenced by temporal variables, such as climate. The results showed that the year was not

a factor.
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7.1.4 Chick condition

Figurellillustrates the different mean Condition Index (CI) scores for stheltching on

AES plots and on crop sites. There was no significant difference in the Condition Index (ClI)
score of chicksWelch Two Sampletestt = 1.5549, df = 19.263>0.1).
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Figurell: Comparison of mean Condition Indexase of chicks hatching on AES plots and conventional crop fields. The
/L a02NXB A& olasSR 2y (KS 20aSNWSR O2yRAGA2Y 2F G(GKS adN©WsSes

There was also no significant difference in the CI of chicks A&& plot or convention crop

sites when the CI was divided into age categories >7days and <Figysel?2). For each

age category the mean Cl is above 1, which indicates chick condition was above what would
be expected for theiage. However there was some variation around the mean for both site
types, with the CI score for some chicks hatching on AES plots falling below the CI score of 1

at each age category.
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Figurel2: Comparison of mean Condition lea score of chicks hatching on AES plots and conventional crop fields. The
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7.2 Comparison between AES plots in 2013
This section presenthe results of analyses relating to differences between AES plots in

2013 only.

7.2.1 Comparing nest survival and chick survival rates

Lapwing chicks were radio tracked on a total of 14 AES plots in 2013 study year. The data
from the radio tracking study was egared with the nest survival rates from the same year
for those AES plots to examine if there is a correlation between nest survival and chick

survival.
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The nest survival and chick survival probabilities per plot were calculated using the Mayfield

method. Histograms of nest and chick surviviaigurel3) show a very different distribution

of nest and survival probabilities.

MNumber of plots
MNumber of plots

T T T T T 1 T T T T T 1
00 0z 04 06 08 10 00 0z 04 06 08 10

Probability of nests surviving to hatching Probability of chicks surviving to fledging

Figurel3a andFigurel3b: Histograms showing the pimability of nest and chick survival for AES plots surveyed in 213
illustrating the difference in frequency of survival rates.

The mean nest survival probability was much higher (0.97) compared to chick survival

(0.43), as shown imable6.

Table6: Nest and chick success means on AES plots surveyed in 2013

Mean Range
Nest success AES plots only 0.97 0.00%-1.0
Chick succes&ES plots only 0.43 0-1.0

I {LISENXYIFyQa NIyl 02 NshBvalladitte 2igpentayftivariabie, farsd =
nest survival as the independent variable, indicated that there was no linear relationship
between nesting and chick survival (correlationeficient 0f0.0182t = 0.6894, df = 12,-p
value = 0.5037). This suggestat although nest survivalverall is high on AES plots, AES

plots with high nesting success, do not necessarily guarantee high fledging success.
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7.2.2 Comparison of chick survival on different AES plots

A comparison of daily survival probabilities (DSP) andsal probabilitie{DSP®) between
AES plots showed that the survival probabilities varied between the AES plots surveyed
(Figurel4). Figurel3b illustrates that the chick survival probabilities foetdifferent AES

sites was not normally distributed.

=1
B Grass
O OSk
O Other Crop
B Stubble
e
@
fao]
=
k=)
0 U RRpRpRY et
T
=
- [{e]
S o 7
=
&
40
o
i)
2
= —
~
= =]
ks =
=
=
o
o]
=
o
o~
[l
= / L | _ [— I

COM THUT  TID1 KRG IMNS1  LECS  BCWY B FAR1 HAN-1 LEC4 RMOR1 WES1 HG2

AES plot

Figurel4: plot showing the probability of surviving until fledging on each of the AES piqiots colourcoded according
to the immediate surrounding crop type. The dottedonizontal line on the graph represents the estimated 0.7 average
fledged young per lapwing pair per year, which is required to maintain stable lapwing populations.

Table7 shows the range of chick numbers across sites and theerahgurvival

probabilities. The unequal number of chicks on some plots may however have influenced
the probability estimation. For example, plot LEC4 (survival probability 1.0) only had one
chick which was tracked and fledged, whereas on site NOR 1v@yswobability 0.5), 4
chicks were tracked, 2 of which fledged, lowering the overall survival probability for that

site.

Table7: Overview of the range in chicks and survival probabilities between different AES plots
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Range

No chcks tagged per plot 1-6

No chicks that perished per plot 0-6

Chick daily survival probability (DSP) per plot | 0-1

Chick Survival probability per plot (3YP 01

7.2.3 Condition of chicks hatching on different AES plots

The majority of chicks radio tracked &S plots had a Condition Index (CI) score of 1 or

above, with a mean condition index score of above 1 for 10 of 14 plots (71.4%), indicating

GKIFIG GKS OKAO1 Qa O2yRAGAZ2Y gl a +020S 6KFG gl
weights observedKigurelb).
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Figurel5: Mean Condition Index (Cl) scores for each of the AES plots, caloded according to the immediate
surrounding crop type.

Figurel6 shows the relationship betweesurvival probability and mean @llthough chicks
within the Condition Index score category of 1.11 and above, had the highest mean survival
rate, there was no significant relation between chick survival probability and Condition
Index scores in the chks that were radio tracked in 2013 on AES plots (GLMJ) 1380,

P=0.408.
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Figurel6: Chick survival probability against mean Condition Index (Cl) score across for each AES plot.

Since there is no significant relationship betwesghick survival and CI scores, and a high
number of the CI scores for the radi@cked chicks were close to or over 1, thega

suggests that condition may not be a strong deciding factor of survival for the lapwing chick

in this dataset.
7.2.4 Movement of chicks hatching on different AES fallow plots

7.2.4.1 MCP size
There was a wide variation in range si288.5 nf ¢ 82,960nt) (Figurel7). The mean MCP
range size wag2,390nt. All but three of the chicks had MCP range size of 30T

lower. Those three chicks all had home ranges of over 70,000m2.
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Figure17: (log) MCP range sizes of the radio tracked lapwing chicks
7.2.4.2 Variation in MCP range size between AES plots

There was variation in the mean MCP range setevben the different AES plots. A variation

in MCP size is also seen according to the crop type surrounding a plot, with a general trend

F2NJ OKAOl&a 2y L)X 20a adzZNNRPdzy RSR 0 &iguke?8)i KSNJ ONER
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Figure18: Mean MCP ranges for each AES plot, coloaded according to the crop type immediately surrounding the
LX 20 b23SY GKSNB Aa y2 YSFy a/t F2NJ!19{ L2040 W.L5Q> a y2
necessary to create an MCP.

A oneway Anova was run, using the (log) MCP range area as the dependent variable and
AES plot code as factor, to investigate whether the range sizes of the radio tracked chicks
varied significantly between AES plots. The vamain range size was not found to be

significant (Anova; F = 0.939,dfFvalue=.551).

7.2.4.3 Chick survival in relation to MCP size

A linear regression was run to examine the relationship between the number of radio track
fixes and MCP range. Once no cleagdinrelationship was found after 4 fixes (i.e that the
longer a chick lived, and hence more fixes, that a chick would not be likely to range further)
a second linear regression was then run to assess whether there was a relationship between
the number of @ys a chick survived and the size of their MCP ralRigeiel9). The

relationship was found not to be significatM; F= 3.865 B0, p-value=0.06)
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significant linear relationship between the two.

7.2.4.4 Chick survival in relation to time spent on the AES plot
The mean percentage of time a chick spent on its AES plot was Bdt3ke amount of
time spent on a plot ranged widely from 100% (never left the plot) to 0% (only fixes off the

plot once chick was tagged=jgure20).
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Figure20: Range of time spent on AES plot by radiacked lapwing chicks.

A linear regression, with daily chick survival (according to the Mayfield method) as the
dependent variable, and proportional time on the plot (total fixes/no fixes on the plot) as
the independent variable, showed that chick sualiwas significantly related to the amount
of time spent on or off the plot (LM73.36,DF=25, P<0.01). Chicks which spent more time

proportionately on the plot, survived for fewer days. Saegure2l.

Days Survived

% Time Onthe AES plot

Figure21: Number of days chicks survived against time spent on the AES plot.
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7.2.5 Compositional analysis of habitat use relative to availability

Figure22 shows how the proportions of different habitat types in the surrounding éuff

varied between plots; it also illustrates the variation in habitat use in MCPs and chick actual
habitat use (based on the location of RT fixes) as compared to the habitat available in the

buffers.
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Figure22: A comparison of tk mean % of different habitat types making up the composition of the 250m radius buffers
around the AES plots, the MCP ranges of the radio tracked chicks, and the actual habitat use of the chicks, based on the
grid references for their radio track fixes.

7.2.5.1 Comparing home range composition against buffer zone available to chicks.

The compositional analysis of habitat used (MCP) compared to what was available within
the 250m radius buffers of the AES plots showed significartrandom use of habitat
(Composiibnal Analysis; by randomisation: Lamb@a#&, P= 0.012, Parametric test:
Lambda#$.4&, df=4, P=0.003).

Fallow plot is the most popular habitat, followed by oil seed rape, other crops and grass
(Table8).

Table8: Ranking of proportional habitat use according to their use when comparing habitat composition of the 250m
radius plot buffers with habitat composition of the chick MCPs. Ranking of habitats ( 0 = least used, 4 = most used).

Rank Parametric Test Randomisation Test
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4 (most used) Fallow Plot Fallow Plot

3 OSR OSR

2 Other crops Other crops

1 Grass Grass

0 (least used) Other habitats Other habitats

7.2.5.2 Comparing proportional habitat use based on radio locations against home

range
The compositionahnalysis of habitat used (actual location of radio track fixes) compared to
what was available within the MCP ranges of the chicks, also showed significant non
random use of habitat (Compositional Analysis; by randomisation: Lardg26-P= 0.004,
Parametic test: Lambda=0.396, df=4, P=0.0004).

Ly GKAA Fyrteara 2F KFoAdGl Ga

spring barley, oil seed rape, other crops, winter wheailowed by grass. The use of fallow

dza SR S6AGKAY

plot falls down the anking to 6th place below grass. There was no significant difference
between other crops, winter wheat and grass. Oil seed rape and spring barley are the most

used habitat types, according to the analysis rankings.

Table9: Rankingof proportional habitat use according to their use when comparing habitat composition of the MCP
with the habitat used by chicks based on RT locations. Ranking of habitats ( 0 = least used, 4 = most used).

Rank Parametric Test Randomisation Test
4 (most sed) Other crops Other crops

3 OSR OSR

2 Grass Grass

1 Fallow Plot Fallow Plot

0 (least used)

Other habitats

Other habitats

The results of this second compositional analysis show very different results to the results of
the buffer crop and MCP hahit use, in that fallow plots were ranked most popular in the
FANRG Fylfeaaia RNRLILISR F2dzNJ L | OSa Ay

track location fixes. This would suggest that fallow plots are not being used as a main

o dzii

rearing site ér chicks. Fallow plots are unsurprisingly well represented in the chick MCP
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NI yaSaz Fa GKS OKAO1Qa ySald Aa lftglea 2y (KS
the MCP The fact that oil seed rape and other crops are higher in the rankings éssnrgr
both compositional analyses could reflect the amount available to chicks in close proximity

to the plots.
7.2.6 Landscape/habitat variables

7.2.6.1 Habitat type surrounding the plot

Logistic regressions were run with grass as the level of factor to investiglageafwas any
significant difference in the effect that various vegetation types immediately surrounding
the AES plot had on the 4 dependent variables: chick survival probability, condition index

scores, chick's MCP range size as well as the proportiim@spent on the plot.

The habitat types of the immediate surrounding vegetation were divided into 3 categories:
DN} aas> hAif {SSR wl LDbe tdthe{swal sampleRsizeysepartd dtsO N2 LJa Q

were run for each of the dependent variables, @ssurrounding crop type as the factor.
The results are detailed ihable10below.

The result of a binomial GLM indicate that the chick survival probability in the plots
& dzNNR2 dzy RSR 0@ h { asndt sigRificaptly affsréNilor® tNe@sudéval &

probability of chicks on plots surrounded by grass.

The results of a gaussian GLM indicate that the mean MCP range size for chicks in plots
AdzZNNB dzy RSR ¢ A ( K hdsmot sigyffiBantly gifterfers i dal&indéal &

probability of chicks on plots surrounded by grass.

The results of a gaussian GLM indicate that the mean Condition Index (Cl) scores for chicks
Ay LI 23Ga adzNNE dzy RS R waskdthKsigificantly different Mogh ih&l S NJ ONER L

mean CI of chicks onagssurrounded plots

The results of a gaussian GLM indicate that the mean proportion of time spent by chicks in
L)X 23 a adzZNNERdzy RSR ¢ awaskachs{gnificantly &ifferérs fiioka $haline@rNE LJa Q

proportion of time spent by chicks on grassrrounced plots.

Therefore the results suggest that the type of crop immediately surrounding a plot does

have an effect on chick condition and movement.
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Table10: Summarised results of logistic regressiquiifferences in four dependent vdables against surrounding crop

types with grass as factar

Estimate Std. Error| z value | Pr df
Chick survival probability
OSR 0.1306 0.707 0.185 0.853 10
Other Crops 0.1238 0.548 0.226 0.821 10
Condition Index score
OSR 0.13205/ 0.05756| -2.294| 0.0447* 10
Other Crops 0.11971, 0.04864| -2.461| 0.0336* 10
MCP size (f)
OSR -2664 13642| -0.195 0.85 9
Other Crops 21734 11982 1.814 0.103 9
Time spent on the plot (%)
OSR 1.0029 0.4758 2.108| 0.03506* 10
Other Crops -1.2316 0.4172 -2.952| 0.00316** 10

7.2.6.2 Field enclosure

The correlation between mean field enclosure and chick survival probability, mean MCP

range size and mean time spent on and off the plot was tested using Spearman's rank

correlation.Tablel1 below shows that no significant relationship was found, indicating that

the field enclosure scoralone appears to have no significant effect on these other

variables.

Tablell: Summarised results from testing the correlation beter the enclosure index and other habitat dependent

variables using Spearman's rank

correlation.

Correlation | Significant P value
Chick survival Negative No 0.27
MCP range size Positive No 0.75
Time spent on/off plot | Positive No 0.82

7.2.6.3 Percentage grass within the 250m buffer of the plot

The correlation between the mean percentage of grass in the 250m buffer around each plot

and chick survival probability, mean MCP range size and mean time spent on and off the
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plot was tested using Spearman's rank correlatiTablel2 below shows that no significant
relationship was found, implying that the percentage of grass in the buffer has no significant

effect on these other variables.

Table12: Summarised results frortesting the correlation between the percentage of grass in the 250m buffer and other
habitat dependent variables using Spearman's rank correlation.

Correlation | Significant P value
Chick survival Negative No 0.76
MCP range size Negative No 0.85
Time s@nt on/off plot Positive No 0.73

7.2.6.4 Percentage grass in chick MCP

The correlation between the mean percentage of grass in the chick's MCP and chick survival
probability, mean MCP range size and mean time spent on and off the plot was tested using
Spearman’sank correlation.Tablel3 below shows that no significant relationship was

found, implying that the percentage of grass in the MCP has no significant effect on these
other variables. It is worth noting, however, that the corrédat between chick survival and

the percentage of grass in the M@Rmost significant (p=0.066).

Tablel3: Summarised results from testing the correlation between the percentage of grass in the 250m buffer and other
habitat depencent variables using Spearman'’s rank correlation.

Correlation | Significant P value
Chick survival Positive No 0.066
MCP range size Positive No 0.28
Time spent on/off plot | Positive No 0.70

7.2.7 Predation
Table 14 shows the mean numbers of predators for estds, calculated using data from

site visits and camera trap data.
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Table14: Mean numbers of avian and mammalian predators

Predator density: Mean Range
Total avian predator density per hour across all visits 8.3 0.626.3
Meanno. corvids per hour across all visits 6.9 0-26.1
Mean no. raptors per hour across all visits 1.3 0.1.6.5
Total mammalian predator density per 24hr on camera 1.11 0-2.4
trap records across all sites

Mean no. foxes per 24hr on camera trap records 0.62 0-2.33
Mean no. badgers per 24hr on camera trap records 0.13 0-0.70

The number of mammalian predators varied between the different AES msre23),

but although there appears to be a downward trend in chick survival pritityals the
number of mammalian predators increasdddue 24), a Pearson's produchoment
correlation did not find any significant correlation between chick survival and activity of
total mammalian predators. Equally a Pearsgm‘oductmoment did not show any

significant correlation between mean avian predatper hour and chick survivélablel5s).

20
|

[0 Badger
O cat
W Fox

15

Mean number of mammalian predatorsiday
1.0

05
I

Mo 1L

00
L

BID BOwW COM  FART HAM-1 HG2 INST KRE6 LEC4 LECS NORT THUT TD1 WES1

Site

Figure23. Mean number of mammalian predators per day for each site
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Figue 24: Plot showing chick survival probability against mean number of mammalian predators per day, split into

below and above 0.5 predators/day.

Table1l5: Summarised results from testing the correlation beter the chick survival probability and mean mammalian

and avian predator numbers variables using Pearson's proeaciment correlation analysis

Correlation | Significant P value
Mean avian predators | negative No 0.4456
per hour
Mean mammalian negative No 0.8393

predators per24 hour

Pearson's produemoment correlation analysis was also run to test whether there was a
relationship between site enclosure scores and the number of avian or mammalian

predators. No sigficant correlations were foun{Tablel6).

Table16: Summarised results from testing the correlation between the enclosure index scores and mean mammalian

and avian predator numbers using Pearson's produebment correlation analysis

Correlation | Significant P value
Mean avian predators | Negative No 0.0581
per hour
Mean mammalian Positive No 0.7332
predators per 24 hour
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8 Discussion

The overall aim of this research project was to assess whether AES fallow plots are an
efficient tool for lapwing coservation, specifically whether the fallow plot option in lowland
arable farming landscape provide suitable rearing habitat to ensure fledgling swooess

whether they only provide good nesting habitat for lapwing.

The results of this study, albeit withcaveat that it is based on a limited sample size,

suggest that AES plots are not an efficient tool for lapwing conservation. The results imply

that there is not a significant differee between the numbers of lapwing chicks fledging

from AES plots and éhnumbers of chicks that are fledging from conventional crop fields

without the intervention. More importantly, the data from this research implies that, in this

study area at least, an insufficient number of lapwing chicks are currently reaching fledging

age in order to maintain a stable lapwing populatmptine probability of a chick reaching

fledging age was estimated to be 0.32 on AES fallow plots in 2013, falling far short of the
estimated0.6-0.97 fledgligs requiredoer lapwingper annumto maintaina stable

population(Shrubb 2007; Peach et al. 1994; RSPB 2018jd{e 2010)If this is the case it

would suggest that the populations surveyed in this study are currently acting as sink
populations,which produce too few fledglings to sustain themselves. The data from this

study reinforces theéncreasingly widely Hd view that chick mortality is the main cause of

poor Lapwing productivityPeach et al. 1994; Seymour et al. 2003; MacDonald & Bolton

2008; Sharpe et al. 2008; Natural England 200®)eover low chick survival rates may

have a lasting effect in a second manner: young lapwing are said to exhibit degcee of

philopatry, and therefore low fledging numbers may impact on long term recruitment and
breeding success in some ard&khrubb 2007; Thompson et al. 1994}the results of this
aGdzReQa avltf RFGFASAHG FNB | GNHzS NBFESOUA2Z2Y
St aS6KSNBE Ay (GKS 'YX AG &aSyRa Ly |fFNWAYI YS

population.

8.1 Limited success: Nest survival

The results of this study do show some limited successes for AES fallow plots. Nest success
probabilities were overall very high on the AES fallow plots studied (close to 90%) and there
was a significant diffence in the nesting success probabilities between AES plots and
conventional crop sites without the intervention, with AES plots performing much better.
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These data reflect the results of previodata collected by GWCT on fallow plots during
20102011, aswell as the higher success of nests on plots duringMifadble Stewardship
Pilot Scheme (Sheldat al.2007).

This suggests that the AES plots are providing suitable habitat conditions for n&tmgb

2007) The high successes of nests also indicate that nest predation may not be a primary

cause of breeding failure within istudy area at least, although nest predation has been

cited as anmportant cause of lapwingreeding failure elsewheréerg et al. 1992;

MacDonald & Bolton 2008; Seymour et al. 2003; W.A. Teunissen et al. 2088y by

(Bolton et al. 2007indicated that nocturnal mammals were main culprits of nest predation
Anecdotally, d  NAS ydzYo SNJ 2 F ( $tusly afieh liad activé gamekeépess LINE 2
due to pheasant rearing for shoots; ashut would be worth investigating if there was a

relationship between controlef nocturnal predatorand nest successes (as was seen in the

study cited in(Gibbons et al. 2007)

However, agMerricks 2010points out, getting the habitat right for nesting is only half the
solution; if despite, high nest successes, an insufficient number of chicks are reaching
fledging age, as suggested in this and other studies, then lapwing populations will continue

to decine.

A crucial question may be whether the AES plots are unintentiocting 'sinks' for

lapwing, areas of open ground where lapwing are encouraged to nest, although they might
not be suitable for the whole breeding season. Numerous examples iitén&ture suggest
(e.g.Shrubb 200) that a heterogeneous habitat with an assortment of vegetatioiplots
located close to grassland is the ideal location, so there is a good food source nearby.

Unfortunately this is not available on many farms.

8.2 Checking chick condition

Thechick Condion Index (Cl) scoresuggest thafood availability is at least not the single
factor determining chick survival. There was no significant difference between the Cl scores
for chicks from the two site types, which could possibly reflect the fact thatkieks that
hatched on AES plots spent the majority of their time off the plots in the surrounding crops;
most of the chicks may essentially be foraging on similar invertebrate prey. Overall the

chicks hatching within crop fields had higher CI scores tihase that hatched on AES plots
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for both age groups examined. Although the difference was not statistically significant,
further investigation of chick condition, with a much larger and more evenly split sample
size would be valuable, in combination wihick diet analysis, as well as analysis of prey
availability both on the plot and in the surrounding habitats. A number of studies have been
carried out on the food availability for lapwings on winter feeding grounds and those
breeding on wet grasslandohansson & Blomqvist 1996a; Taylor, Ausden, et al. 2010;
Devereux etl. 2004) but little research has been carried out to date on thet of and

availability of food for lapwing chicks arableland (Hoodless & Macdonald n.d.)

8.3 Variations between fallow plots

There was a wide range in the survival probabilities for chicks on the different AES plots,
with some sites having 100% survival probability whilst other sites hasLi©%val

probability. In light of this largerscale, evaluation isuggestedf how the AES plots differ,

in order to recommend improvements to management or locations.

8.4 Analysis of movement and habitat use by chicks

Analysis of the proportion of time speon the AES plots by chicks showed that most of the
chicks did not spend the majority of their time on the plot. In addition, time spent on the
plot was significantly related to chick survigakith those spending most of the time on the

plot having a fgher probability of perishing.

Lapwing chicks have much higher energy requirements that other pdeergpecies
(Schekkerman & Visser 200Rs a result, the survival of lapwing dts that remain on AES
plots, for whatever reason, could be linked to the factors which may limit their energy
intake. Investigation is needed of food availability and on vegetation cover and height on
the plots to see if this influences the time spentmots and survival; there was no scope

for this within the limitations of this study.

The compositional analysis of habitat use in relation tolatbdity also showed that chick
habitat use is significantly not random, and AES plots came second to fastrankings of
preferred habitat use, below all crop types and grass. Since lapwing are known to have
different habitat requirements for nesting and rearif\y Teunissen et al. 2008; Shrubb
2007; Newton 2004bhese results imply that AES plots in their current form do no provide

suitable rearing habitat for chicks.
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