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Abstract

Populations 6 many species of Afr®alearctianigrantbirds, including the WhinchatSaxicola
rubetra), have shown severe daws over the last few decadesaliitat change on the breeding
grounds especially agricultural intensification, is thought to be the main driver of the decline in
Whinchats.However, reent evidencealso suggests that thdecline may have a common
source, such as low oweiinter survival, which affects the whole UK population. To better
understand the declines, this study investigated #yedemographic parameters drivitige
breedingwWhinchat population changm Salisbury Plain, UKyhich is an area of agriculturally

unimproved grassland where Whinchats are still relatively common.

Territory settlement and nesting attempts of colinged individual Whinchats were
monitared intendvely during 2012014. Pairs were significantly more likely to breed in
sheltered valleys with long, grassy, structurally diverse vegetation and a high density of
tussocks. Territories with an abundance of perches, for use in foraging, were also prEfierred.
first occupied territories, by returning birds in spring, tended to have higher invertebrate
availability, and therder of territory occupancy waesitivdy correlated between years, which
suggest that territory quality was consistently perceivadestling starvation was rare because
food availability did not limit reproductive outpuleither did the availability of suitable
breeding habitat apparently limit the population, but nest productivity was lower than expected,
mainly because of a high eabfnest failuredue tonocturnal predator@dult apparent survival

was high relative to other opermsting passerine migrantsiowever, the survival and
recruitment of Whinchats in their first breeding year was [blis low apparent survival could
parly be explained by natal dispersathich was greater than breeding disperBabm the
reproductive output, survival and recruitment quantified in this study, it is apparent that the

Salisbury Plain population is not currently sslistaining.
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Chapter 1: General Introduction

1.1 Understanding population change

The number of individuals within a population is determined by the balance between
reproduction, mortality, immigration and emigration (the intrinsic features), all of which may be
influenced by a wid range of external factors such as climate, habitat, predation, food
availability, disease and competition (Newton 1998). By quantifying these environmental
variables along with the intrinsic features, it is possible to quantify the relative impacthof suc

factors on population change (Caswell 20Rbbinsoret al. 2004 Fletcheret al 2006; Wright

et al. 2009; Simet al.2011;Hastings & Gross 201 %riebleret al.2014).

The limitation effect of external factors may differ in impact depending on the density of a
population (density dependent) due to interactions within or between species; or may have the
same impact regardless of population density (density independeesjtqiN 1998).For
example, common density dependent limiting factors include availability of food and suitable
nesting habitat, whereas density independent effects include severe weatherGamarally,

density dependent factors have a stabilising efiagbopulations whereas density independent
effects have a destabilising impact, causing populations to fluctuate in an unpredictable manner
(Newton 1998).To separate the relativenpact of external factors on a populatidnis
necessary to know the erteof density dependent and density independent effects in all areas
the population inhabitghe ultimate limiting factor on population size occurs in whichever area
the (per capitaeffectd on sur vi v a lare greatbst (Newbod RO&40DYY.Astthg

causes of a lonterm population trend may differ from causes of stochastic yearly variation, it

is also important to separate these factors where possible (Newton 1998, 2004a, 2008,
Jenouvrieret al. 2005; Robinsoret al. 2004; Coulsoret al. 2005 Kriger 2007 Wright et al.

2009). Information on the key demographic parameters and potential limiting factorbean
collected to determine the moatlnerable lifehistory phase and the limiting factasting on a
particular populatin (Robinsonet al. 2004; Fletcheret al 2006; Wrightet al 2009; Caswell

2001; Calvertet al 2009; Sim et al. 2011; Hastings & Gross 2012 Griiebleret al. 2014).
Population trends and limiting factors may vary across a species range (e.g. Metraon
2010), bu by comparing and contrasting environmental factors between populations, and
identifying which demographic parameters are most influential to population ¢hénge
possible to improveur overall understanding ofspecieé population dynamicg~urthemore,

this approach enables usdain insights into factors that may be affectitegliningpopulations

with similar life-histories thereby applying the acquired knowledge more widely nare
effective conservation management (Martinal. 2007; Bolgeret al. 2008; Robinsoret al.

2008; Calveret al.2009).
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1.2 Population change in migrants

Migration is a taxonomically widespread phenomenon where animal populations make
geographical movements to track resources. In birds, migration is generally the annual seasonal
movement of populations between breeding and-breeding grounds (Berthold 200

Mi grants may be Oobligated, where they undert
each year, between breedingand-boneedi ng ar eas, or oO6facultatiyv
and timing is variable, and only occurs if conditions are unfawberéNewton 2008, 2011).

Migratory distances vary with some species travelling hundreds of thousands of kilometres
between continents (e.g. Arctic Terns), whereas others may only travel a couple of thousand
kilometres within a continent (e.g. Blackcap) (Beld et al. 1992; Newton 2008). Around 126

bird species are Afr@alearctic migrants (Birdlife International 2004; Vickettyal. 2014). By

definition, Afro-Palearctic migrant species move between breeding grounds in the Palearctic
region and noibreedimg grounds in Suaharan Africa (Moreau 1972; Newton 2004a, 2008).

Over the last 30 years, lomtistance AfrePalearctic migrants as a group have shown severe
declines in Europe compared to mean trends of closely related, sedentary amlistore
migrants (Bertholdet al. 1998; Sandersoet al. 2006; Newton 2004a, 2008; Heldbjerg & Fox
2008; van Turnhouet al. 2010). This suggests a population limiting effect that is acting on
migrants and has led to them increasingly becoming a subject of scientfijoolitical agendas
(Vickery et al.2014). Under the Convention on the Conservation of Migratory Species of Wild
Animals (CMS), the UK and many other European countries have an obligation to conserve
migratory speciesUNEP/CMS 201% To achieve this gbctive effectively and efficiently, it is
necessary to understand the factors causing the decline of migrant birds in detail and how they
interact with the migrants' population demographics to exert their effect (Sandealc2006;
Calvertet al.2009 Vickery et al.2014; Griiebleet al.2014).

Interactions between different limiting factors are often complex, interlinked and may change

over time (Newton 1998, 20842008). With migrantsthere is the added complication that
individuals spend a sigfitant portion of their lives in several different geographical areas
breeding, stopover and némeeding sitesThis greatly limits the opportunity for yeaound

monitoring and makes it difficult to determiméherelimiting factors operae (Newton 2004,

2008) . I n addition, influences from one area
breeding success or survival in another area (Cadtextt 2009 Table 2;Harrisonet al 2011)

Therehave been several reviews in the last decade attemptingcover the reasons behie
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large scale declines in migranisit these largely highlight the need for more studies to fill gaps
in our knowledge (Newton 2004a, 2008, Sandersoal. 2006; Vickeryet al. 2014). In this
introduction, | aim to review our current understanding of the main population limitations

operating in longlistance migrant populations.

1.3 Limiting factors operating in the breeding season

Limiting factors in the breeding seasonhave e pot enti al t o have a big
life-time fitness as they may directly impact on both survival and productiitg life-cycle

phase is the best studied and consequently breeding season limitations arendetspod

than limitatons in the wintering grounds during migratior(Calvertet al 2009;Vickery et al.

2014) A review by Vickeryet al. (2014) found that degradation of breeding habitats was the

most commotbreeding seasamfluence on demography.

1.3.1 Loss of suitablereeding habitat

Currently, potential breedingabitats are changing at an alarming ré&@»oldewijk 2001).
Common causes of habitat degradatiwa agriculturaintensification (Aebischeet al. 2000;
Vickery et al 2001, Donald et al. 2001, 2006; Newtor2004b), forestryand deforestation
(Santoset al. 2002; Hausneket al. 2003, reed harvesting,Graveland 1998Barbraudet al.
2002) land drainagg(Kozulin & Flade 1999) burning and ovegrazing (Soderstromet al.
2001) and deterioration of water quality (Beintema 19€fimatic conditions can compound
the effect ofbreedinghabitat loss, for exampley shiftingbreeding ranges and thereby leading
to a reduction in suitable habitdthlomas & Lennon 1999)limate models predict a reduction
in breeding ranges of 11% for Aff@aleactic migrants (Huntleyt al.2008).

For breeding, birds need suitablabitat for both nesting anfibraging (Vickery & Arlettaz
2012), but may requirgery different fabitat characterigs for these activitiesBentonet al.
2003).For exampleCommon Whitethroats favour tall herbaceous vegetation and bramble for
nesting and woody vegetation for foraging it do notgenerallynest in close proximity to
woody vegetation (Halupkaet al 2002). A common effect of habitat degradation is
homogenisation of the landscaphich leads to a loss of combinat®of habitat types requid

to meet both foraging and nesting requirements Bragbury & Bradter 2004; Barbaret al.
2008; Schauket al. 2010; Weisshaupet al. 2011; Vickery & Arlettaz 2012;Vickery et al.
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2014). For exampleagricultural intensificationleads to theremowal of hedgesthat many
farmland birds rely on for nestings well aglitches and grassy margins used for foraging (e.g.
Bradburyet al. 2000. Additionally, logging may remove natural cavitjased for nesting by
some species\Newton 1998)and dead treesvhich are a source dafivertebrate foodEhnstrom
2001; Hannon & apeau 2006 Loss of suitable breeding habitat may reduce the number of
pairs attempting to breed (reviewed in Newton 1998 act indirectly to reduce breeding
success by forcingpreeders intgpoor quality breedindhabitat, which may havewer food
avalability (Martin 1987;Beintemal997; Britschgiet al. 2006; Vickery & Arlettaz 2012)an
increased probabilitgpf nestfailure due to predationr increased predation risk and energetic
costs to incubating adults (Baines 1990; Martin 1993; Ost & St€dl@; /ickery & Arlettaz
2012; Seltmanet al.2014)

Habitat change within the breeding seasehich causes the habitat b@ome unsuitable, can

be particularly damaging, because onceeggs are laida bird is tied to its breeding site until
eitherthebreeding attempt fails or the chicks fledge (Anteaal 2012). For example, the shift
from hay to silage, and the associated earlier mowing date has been detrimental to populations
of many ground nesting grassland birds, causing high neqBas®wes 1990Greenet al. 1997,

Madller et al.2005; Perluet al. 2006; Broyer 2007, 2009, 201Gruebleret al.2012;Perkinset

al. 2013;Fischeret al. 2013; Gilebleret al 2015 Strebelet al. 2015 and increased female
mortality (Gruebleret al. 20(8B). The loss of femaleprevents renesting, reducing reproductive
output, and could potentially skew the population sex ratio, which may therefore limit further
growth (Steifetten & Dale 2006; reviewed by Donald 200/yl-season mowing can also deter
repeated nesting attempts chthereby effectively shortethe breeding season (Gilrat al

2009; Giiebleret al 2015).

Habitat degradation calead tofragmentationand a rise in associated edge effects, such as
reduction infood availability anchigherforagingcosts(Newton 1998, 2004 2008 Hinsley et

al. 2008. Fragmentation has also been linked to higher incidences of predadfmetially for
ground nesting birddHerkertet al 2003;Lampilaet al. 2005. The severity of the edge effect

from habitat fragmentatiodepends on the type of habitat that replaces the original habitat:
agricultural land replacing forest appears to have a greater negative effect on population
numbers and breeding success for the forest inhabitants than jirgy fedt of the forest

(Schmiegelow& Monkkonen 2002). Tie degree of isolation and the area of remaining habitat
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can also affect the impact of habitat degradatioNewton 1998) but not in all cases
(Schmiegelow & Monkkone2002).

Habitat change does nokcessarily always have a negative impact on birds and, for some
species, itmay actually introduce new nesj or foraging opportunities (Newton 1998). The
range expansion oBarn Swallows in Europe and North Ameridar example, h& been
associated wit the widespread availability of nest sitesmanmade buildinggZink et al.
2006)and foraging opportunities from livestock farmirigdller 2002 Ambrosiniet al. 2002;
Gruebleret al. 2010. However examples of positive effects are few are far between, for the
vast majority of species anthropogenic habitat change has been implicated in population
declines (Newton 1998, 2004ab, 2008; van Turnledwtl. 2010; Sheehan & Sanderson 2012;
Vickery et al 2014).

1.3.2 Limited food supply

Habitat change (e.gBeintema1997; Britschgiet al. 2006) and inclement weather (e.g.
Rotenberry & Wiens 1991Rodriguez & Bustamante 20D&ay both interactively limit food
availability during the breeding seasowhich can negatively affecteproductive success
(Wiklund 1984; Martin 1987; Siikamaki 1998, Britschagi al. 2006, Luet al 2011) Lack of
food may also be caused by an inability to respond to the earlier arrival of €@ 2014)
on breeding ground@-orchhammeret al. 2002; Crick 2004Rubolini et al. 2007 Sainoet al.
2011,but see Stervandet al.2005 Jonzn et al. 2006) leading to a mismatah the timing of
breeding and pealood abundace (Both & Visser 2001; Vissat al. 2004; Both et al. 2006;
Both et al.2009;Knudseret al 2011).

Low food availability early in the breeding season can reduce female condition, leading to
lower clutch sizes (Martin 198Blagsvold & Lifjeld 1988; Konarzewski 1993; Devriesal

2008), reduced egg quali{fMartin 1987 Gravelan & Drent 1997),lower hatching sumess
(Martin 1987 Serrancet al. 2005)and reduced levels of parental care (Martin 18Zgsvold

& Lifjeld 1988). Reduced food supplies later in the season may lead to nestling starvation (e.qg.
Wiklund 1984;Beintemal997; Luet al 2011) Lack of food carpotentially make nestlings

more vulnerable to predation by increasing the frequency and volum@ocal begging
behaviours(Cottonet al. 1996 Diego et al. 2012. Reduced food supplies mayso increase
parenél foraging time and distance (Trembla&y al. 2005; Britschgiet al. 2006), causing
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parents to spend less time guarding tiestfrom predatordMartin 1987; Komdeur & Kats

1999 Rastogiet al. 2006). Alternatively, a reduction in tliiality of food (e.g. Britschggit al.

2006) may lead to parents needing to make more provisioning visits to the nest and therefore
increase the probability of disclosiitg location (Martinet al. 2000).Food shortagelave also

been shown to influencedalt survival, as parents have to expend more effort provisioning
nestlings(Lima 2009; Lowet al.2010).As well as directly reducing the abundance and quality

of food supplies, habitat change and weather may reduce food availability by changing the
habitat structure, making efficient foraging more diffic¢@ppermann 1992; Schaub 1996;
Whittingham & Evans 2004yVilson et al. 2005; Atkinsonet al. 2005; Brambilla et al. 2007;
HosteDanylowet al. 2010)

1.3.3 Predation and disturbance

Predation has often bedémvoked as a major cause of reproductive failurené@sting birds
especially ground nestefgickery et. al1992; Martin 1993Patterson & Best 199®onaldet.

al 2002; Zanetteet. al 2006, Bellebaum &Bock 2009. Weather may iteract with predation
risk, for example by increasing the activity and population size of certain predators (Rotenberry
& Wiens 1989; Morrison & Bolger 2002; Chastal.2005), or reducing vegetation growth and
thereby nest concealment (Chateal. 2005) Predationrisk is usually density dependeand
therefore unlikely to caus@rolonged population declines its own(Newton 1998)However

it may have areaterimpactwhen combined with negative anthropogenic chanfgesexample
predation has commonlbeen found to increase with increasing habitat fragmentadioah,
these combined effects have been suggested as a factor-tnopieal migrant bird declines
(reviewed inNewton 2004, 2008)

The disturbance to breeding birds caused by predators Ismphave indirect negative effects

on reproductive success (Cresswell 2008; Lima 2009; Martin & Briskie 2009). Birds generally
perceive human disturbance as a potential pi@datsk and react accordinglyeading to

similar indirect negative effects (Eri& Dill 2002; Beale & Monaghan 2004; Price 2008). With

the growing human population and concurrent increasing use of outdoor space for recreation,
the impact of human disturbance on breeding birds is predicted to increaset (&lil997,

Price 2008. Disturbance can reduce reproductive outputimiting distribution (Ebbinge &
Spaans 2002; Cresswell 2008), restricting foraging opportunif¢sagsenet al. 2006;
Cresswell 2008), interrupting incubation (e.g. Ghalambor &rtvi 2002; Kovarik & Pave

2011 Zanetteet al.2011; IbaneAlamo & Soler 2012)reducing clutch sizes (Lim2009)and
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reducing provisioning efficiency (Eggert al. 2005; Zhao2005; Ghalamboet al. 2013.
Disturbance can also increase predation riskpbympting temporary or prmanentnest
abandonment (Trembla§& Ellison 1979; Piattet al. 1990) causing parents to inadvertently

draw attention to the nest location, or damaging the concealing vegetation surrounding a nest
(Major 1990; Weidinger 2008; Jacobsetnal. 2011). Nestmonitoring by researchers inevitably
involves a degree of disturbance and there are worries that this disturbance may reduce breeding
success, not only harming the population the researchers are trying to conserve but also biasing
estimates of demographparametergPrice 2008; Reynold& Schoech2012). It is therefore
particularly important for researchers to monitor the effect of disturbance from their research
activities and use this information when interpreting their findings and when planning future
resear ch pr etjalel@9g Brice 2008; Reyaotty Schoec2012)

1.4 Limiting factorduring the norbreeding season

Factors that limit migrant population growth in the Ameeding season are far less clear
(Clavertet al. 2009). Overwinter survival has occasionally been measured directly (Ketterson
& Nolan 1982;Conroy et al. 1989; Conwayet al 1995; Sillett & Holmes 2002 Marra &
Holmes 2001; Blackburn & Cresswell 20)5hut due to logistical constraints, survival
estimaes are usually based ongightings of colouringed birds during the breeding sea

(e.g. Saether & Bakke 2000; Stahl & Oli 20@%ardet al. 2006; Fletcheet al 2006;Clark &
Martin 2007 Wright et al. 2009; Calvertet al 2009;Sim et al. 2011). Comparative studies
suggest that popul ation change in migrant spe
adult survival (Saether 8akke 2000 Calvertet al.2009), and most adult mortality is thought
to occur in the noireeding season, espetjadluring migration itself(Sillet & Holmes 2002;
Newton 2006 Calvertet al. 2009 Klaassenet al. 2014). Migration requiredarge amounts of
energy (Klassenet al. 2012),and has the associatedks of strong competition at stopover
sites and increased exposure to bad weather and predaliBulter 2000;Newton 2006,
2007). Intraspecific competition due to differences in domina@ce Rappole & Warner 1976;
Lindstrom et al 1990, age €.g Rguibildrissi et al. 2003) and sexe(g. Yosef & Wineman
2010) can affect migration speed and survival probability on migration (Newtora, 22036,
2008).In the nonbreeding groundst is thought that climate variation and habitat degradation

are theawo main factors causing changes in population demographic rates (Vatkadr2014).
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1.4.1Limiting factors during migration

Birds migrate in stages, with large numbers of birds using the same stopover sites (reviewed in
Newton 2006, 2008). This cdead to high levels of competition (Salewskial. 2007; Moore

& Yong 1991), food depletion (e.g. i n Bewi cKkoit
Bakeret al. 2004), increased risk of predation (Lagkal. 2003) and parasitism (Figuerola &
Green 200), especially as time pressures and extreme energy requirements cause birds to focus
more on feeding, rather than vigilance behaviours (reviewed in Newtoa, ZIR6, 2008). For
example, low weight Western Sandpipers in the Strait of Georgia favowdithdein a high
predation risk area with a high fattening rate, rather than at a site with lower predation risk and
a low fattening rate (Ydenberg al. 2002). They may also be heavier due to an increase in
energy stores, and therefore less able to escape attacks (Metcalfe & Ure 199%;dLin699;
reviewed in Newton 2006). Human influenced habitat degradation has exacerbated the situation
by further limiting resources(Norris et al. 2004; Drentet al. 2006 Verkuli et al. 2012.
Additionally global warming is shifting breeding ranges northwards and therefore migration
distances between wintering and breeding grounds are predicted to increase,tteadihgr
energetic costs (Doswalet al. 2009).Birds may also suffer high mortality during migration

due to severe weather (reviewed in Newton 2007), which can increase energetic costs (e.g.
Ligon 1968 Kennedy 1970 Jehl et al. 1999 Montalti et al. 199) or kill directly (e.qg.
lightening,(Glasrud 197§ hunting(Magnin 1991; McCulloclet al. 1992; Stronaclet al.2002;

Baha elDin & Salama 1991Vickery et al. 2014; Newton 2008) and collisions with marade
structures (US FWS 2002; Newton 2007, 2008pue to global \arming the frequency of
severe weather events (IPCC 2014) is predicted to increase, as is the number of wind turbines

(Newton 2007), therefore these mortality causes may be more prevalent in the future.

1.4.2Limiting factors on the imtering grounds

The Sahel zone is a key wintering and staging grotordmany AfroPalearcticmigrants
(Vickery et al. 2014). Drought conditias have dominated here frat®681997 causing long
term habitat change (Nicholson 200Bwarts et al. 2009. In these areas the amount of
vegetation, and correspondingly the availability of suitable hahitdt food (e.g. Dingle &
Khamala 1972 Sinclair 1973 depends on the amount of rainfall in the wetson (July
September)low rainfall lead to reduced habitatnal food availability (Newton 20@4 2008
Vickery et al. 2014). Changes in Sahel rainfall patterns and primary productivity have been
linked to population fluctuations in various AfRalearctic migratory species (e.8§edge
Warbler and Common WhitethroaPPeachet al. 1991, Baillie & Peach 1992; hirundines
Robinsonet al. 2008 Norman & Peach 2013®urple Heron Den Held 1981; WhiteStork,
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Schaubet al. 2005 Lesser KestrelMihoub et al. 201Q Redbacked ShrikePasinelliet al.

2017). There isstrong evidence for a direct link between #imreding season rainfall, food
availability andbody condition in migratory bird (Strong & Sherry 2000Brown & Sherry

2008 Vickery et al. 2014) Lack of food can cause direct mortality from increased starvat

risk, or has indirect effects, such as in@ieg susceptibility to predatoesd parasitedartin

1987; Newton 1998, 20C# 2008) and causing poor quality feather replacement in moulting
birds (van den Brinket al. 200Q Sanioet al. 20048 which redices foraging efficiency and
increases energetaosts (Mglleret al. 1995; Nilsson & Svensson 199&ubolini et al. 2002).

The effects of weather on availability of suitable habitat and food are compounded by
anthropogenic habitat changéwarts et al. 2009 Vickery et al. 2014). Almost fivemillion
heactres of natural vegetatianelost to agriculture each year in S8aharan Africa (Brink &

Eva 2009, and this trend is predicted to continue as the human population expands éGaiser
al. 2011; Heubest al. 2011) Agricultural intensification is associated with increased pesticide
use, which also reducesvailable food resources (Newton 1998, 2§02008) and causes
mortality and reduced body condition through bioaccumulation (Mineau 20@@2espread
locust control measures can be particularly damaging (Dallinga & Shoenmakers 1987; Newton
2004, SancheZapataet al.2007; Vickeryet al.2014).

1.5 Carry-over effects

Poor conditions on winteringoreeding, omigration stopover sitesan also havearry-over
effects which influencéreeding successnd survival(Newton 2004, 2006,2008 Calvertet

al. 2009 (see Table 2) &arrisonet al.201% Vickery et al.2014). For example birds in better
condition tend to arrive earlier at breeding sitelljer 1994 Marraet al. 1998; Drentet al
2003; Saincet al. 2004a,b; Norriget al. 2004; Gunnarssoat al 2005 Reudinket al. 2009,

and therefore can access the best territories, have a greater choice of potentigindates,
longer breeding seaspand thereby have higher reproductive success (Smith & Moore 2005;
Sainoet al. 2004a,b; Marraet al. 1998; Norriset al. 2004; Mgller 1994; Mgller et al. 2009;
Reudinket al. 2009; Tryjanowsket al. 2004; Coopeet al. 2011, Aebischeret al. 1996; Curre

et al. 2000; Bensch & Hasselquist 1991; Dalhaigal 1996, also reviewed iNewton 2006,
2008. Poor conditions on wintering, stopover direeding grounds, leading to increased
competition for resources, caaduce an individua body conditiorand sibsequenbreeding
success (Ebbinge & Spaan®9$9Marra & Studds 2008lainguyet al.2002;Reedet al. 2004

for more examples of studies linking body condition and breeding success see Newton 2006:

Table 3. This, in turn, can increase the probability of mortality during the nextyifée phase
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(Dit Durell et al. 1997; Schmutz& Ely 1999 Marra & Holmes 2001Bakeret al. 2004;K éry et
al. 2006 and see review in Newton 2006: Table 1)

1.6 Difficultiesin determining population limitations

The impact of a potentially limiting factor depends stronglytioa species' rangdhabitat
requirements and behavio(Wunderle & Waide 1994Vickery et al. 2014; Newton 2004a,

2008. There is also individualariation in responses, for example a more efficient forager will

be able to cope with the effects of reduced food supply better than a less efficient one and a bird
with plentiful fat supplies is less likely to die in a sudden cold snap than a birdretaniation
(Newton 1998 2008. Additionally, limiting factors can act indirectly and in combination with
eachother, confounding results. For example, habitat change may force an indicidoave

to a habitat with lower food availability, which redscés breeding success, ibmay remain

where it is but be more susceptible to predators because the nesting habitat has been degraded
(Newton1998,2008). It is also hard to measure annual survival in migrants due to thedlimit
opportunities for yearound monitoring (Newton 20@4 2008). In addition problems are
compounded by a lack of data. Few field studies have been cauienhthe non-breeding
grounds and knowledge on variation in migratory speed, routes and staging areas igdacking
many speies; though the advent of technology enabling smaller satellite trackers and
geolocators is working tolfithis gap (reviewed in Bridget al. 2011, Vickeryet al. 2014 &

Newton 2008. It is necessarytherefore,to rely on models to statistically acedufor the

effects of immeasurable variables and temporal variability (Newton 1998, 260Burope,

more connectivity between different study populations is needed to uncover spatial and
temporal variation in demographic parameters and deduce the miiffisran habitat or climate
responsible for thisickery et al.2014).

1.7 Conclusions

The populations fomany species of Afré?alearctiomigrants have shown severe dees over

the last 30 years (Bertholt al. 1998;Sandersoret al. 2006; Heldbjerg &-ox 2008; Newton

2004n, 2008 Van Turnhoutet al. 2010; Vickeryet al. 2014. These declines are widespread

and affect species from a range of taxa &wodh different habitat{Sandersoret al. 2006;
Newton 2004, 2008, Vickeryet al. 2014. Currently, tle reasons behind the widespread
declines are not fully understood and are thought to vary between population and species
(Newton 2004a,2008; Sanderseh al. 2006; Vickeryet al. 2014), thoughcurrent evidence
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suggests degradation of habitat on breediogus and climate interacting with habitat loss on
the overwintering grounds may be particularly influential (Vickea/al. 2014. Migrants are
likely to be more susceptible to environmental change than residents due to their dependence on
multiple sitesduring their lifecycle (Newton 2004). Sandersoret al. (2006 also suggestd

that migrants maype more vulnerable to environmentdiange than residents eluo their
smaller brain size @ et al 2005),which suggests thahey have less capacity toagu their
behaviour. To enable positive conservati management action to try to halt these declines, we
need to understand why so many migrant species are declOriegway tcachieve this aim is
through detailed studies of a sample populatisaerte wequantify all thekey demographic
parameters and the associated environmental factors that affectetigeRiefcheret al. 2006;
Hoekmanret al 2006 Wright et al. 2009; Simet al.2011; Griebleet al.2014) Fndings from
suchstudies can then tepplied to the species more widetgking acount of key differences
between the quality of habitaind resourceavailable to different populations and tailoring

recommended conservation management action accordingly.

1.8 The Whinchat

The WhinchatSaxicolarubetra is an example of grassland, ground nestinigsectivorous,
Afro-Palearcticmigrant that was once common across Europe but has suffered major and
widespread declines over the last-@D years (Sharrock 1976; Holloway & Gibbons 1996;
Baillie et al. 2014 EBCC 2012. Whinchat populations in the UK have deeld by 57%
between 1992010, making hem an amber listed species (Bailtieal 2014, and by 6% in
Europe between 198009 (EBCC 2012), causing them feature on the IUCN red list
(Birdlife International 2012). Whthats are now restrictéd marginal upland habitat in much

of Europe Miller et al. 2005 Hendersoret al. 2014; Bergmiuller & Fruhauf 20)&nd have

recently become extinct as a breeding bird in Luxembourg (Bastian, M. 2015).

1.8.1 Current threats

Agricultural intensificationon the breeding grounds @@mmonlycited as themain cause of
Whinchat decline¢Grotenhus & Van 1986 Bastian 1989; Richter &uttmann2004;Griebler
et. al 2008; Broyer 2009Fischeret. al 2013; Elts 2015Kurlavicus 2015 Earlier mowing in
particular has frequently been implicatddiler et al 2005; Britschgiet al 2006 Broyer
2009; Broyeret al. 2012; Tome &Denac 2012Strebelet al. 2015, and causes destruction of
nests Muller et al. 2005; Griiebleret al.2008, a reduction in food supplies (Britschefi al
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20069, and increased female mortality when incubati@glébler et al2008). Miller et al

(2005 found that switching to earlier mowing regis led to the Swiskbwlands becoming
population sinks Rulliam 1988, 1996 the Whinchatscould not change their behaviour and
start breeding earlier to adapt tost change, consequently their breeding success was reduced.
Intensification practises in general, such as using largetigies of fertiliser and changing the
structure of the habitat through intensive grassland maregeamd extensive drainage also
have negative impactThe associated change in the vegetation structure limits suitable nesting
habitat andreducesfood aailability, both directly, by reducingnvertebrate diversity and
abundance and indirectly, by reducing access to invertebrates and foraging efficiency
(Oppermann 1990; Opperman 1992; Basgaml 1994;Bastian & Bastian 1998)ppermann
199; Orlowski 2004; Britschgiet al 2006; Fischeet al. 2013). On the other hand, a recent
study by Hulme &Cresswell (2012 found that Whinchats may actually benefitom the
moderately intensive farming their wintering grounds if it leads to the creation of mquero
habitat. So far, however,this has been thenty research project on population limitations in
Whinchatson thewintering groundsandas itwas limited b one area within Nigeria, the results

may not be representative for Whinchats across the whaheiofwinteing range.

Predation hasalso been implicated as a factor in reduc®dhinchat breeding success
(Frankiewicz 2008 Tome & Denac 2012 Shitikov et al. 2015, thoughit has notyet been

shownto have effects at the population évFledglings are particularly vulnerable in their first

107 15 days after leavingthenest bef or e they switch from their
predato evasion t@escape bylying (Tome & Denac 2012). Howevarther studiesfrom more

intengvely farmed landhave suggested that predation rated\hinchatsare generally lower

than for other ground nestindpirds (Gruebleret al. 2012. Nests may also be lost from
occasional events such as trampling from livestock and floo@Brgy 1974; Frakiewicz

2008.

It is also thought that climate change may negatively affect Whinchats, by reducing habitat
quality or causing a mismatch in peak food supply and demand (Ba$tian2015). However
currently this has not lea specifically studied and ceequently there is no evidence for any
effect of climate changelllegal hunting during migration may also reduce Whinchat
populations: Whinchats are the most commdrdyppedspecies in Southern ltaly (Heyd 2015).
More study is needed to determine therallempact of hunting on the Whinchat population
(Bastian & Feulner 2015b).

28



Chapter 1: General Introduction

1.8.2Conservation action

Conservation methods suggested to reduce the decline in Whinchats generally focus on
delaying mowing (Broyer 2007, 2009, 2011, Brogerl.2014a, 2014b; Tome & Denac 2012;
Fischeret al 2013; Griebleet al. 2015), reducing the speed of mowing machines, changing
the angle of the cutting bar, leaving strips of the field uncut and marking nests forsfewsmer
avoid (Gruebleet al. 2008; Grueler et al. 2012; Siemsvedhorn 2015). Grieblat al. (2015)

used models to determine the best strategy of mowing datesheproportions of early and

late mown meadows necesséoy a stable Whinchat populatio@riebleret al. (2012) found
thatmarking ness for protection from mowing was effectiand did not increasthe predation

risk but wass homrlty ta nme fi x6, tandndiel not solmtseassociategl and c
problems of reduced food availability and loss of suitable nesting habhh (2015) found

leaving fallow strips and wooden poles in fields improved Whinchat brgeduccess.
However Horch & Spaar (2015) found that in the letegm only large scale late cutting of
flower meadows was likely to be effectivelorch & Birrer (011) tried to determine the
minimum area necessary to conserve to benefit breeding Whinchats by erecting fences to
exclude cattle from some parts of the fieldhelr results suggested that tfemced off areas

need to be at least ohectare and represeni0% of the area davourablegrasslandto have

any positive &ct on territory establishment.

1.8.3 Why Whinchats?

Degradation of breeding habitats wasnd to be the most likelgreeding seasamfluence on

the declines in AfréPalearctic migrants (Vickergt al. 2014).In Europe one of the biggest
causes of habitat change is agricultural intensificatn@ldet al. 2006; Thaxteet al. 2010;
Vickery et al 2014). Due to their habitat preferees (section 2.1.2) Whinchats would be
expected to be particularly sensitive to agricultural intensification on their breeding grounds
(Mller et al 2005), and indeed agricultural intensification on the breeding grounds is
commonly thought to be responiglior the Whinchat declingGrotenhus & Van 1986 Bastian
1989; Richter &Duttmann2004; Griebleret. al 2008; Broyer 2009Fischeret. al 2013; Elts
2015;Kurlavicus 201%» However,a recent study has found evidence to suggest that events in
the nonbreeding season may also play a role (Hendezsah 2014).My study area, Salisbury
Plain, is a habitat that has largerly escaped agricultural intensificatione(/A¢H2011; section

2.2). Therefore, it offers the perfect opportunity to investigate whether agricultural

intensification on the breeding grounds is the sole reason for the Whinchat détinehats
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make a gmd study species. By are relatively conspicuous, often sittiag highly visible
perches and have a distinctive song. Thegp clearly defined territories in the breeding
season, allowing tracking of the same individuahd show site fidelity (Bastian 1992; Muller

et al. 2005), enablingthe measuement of adult suvival and population turnoverWhinchats

also are single brooded which greatly simplifies calculations of reproductive success (Cramp
1988). Theyarebecoming increasingly well studied across Europe, with study groups currently
working on Whinchats in 1Buropean countrigd® European Whinchat symposium: Bastian &
Feulner 2015a) anthe recent formation of an International Whinchat working Grdbpreby
allowing broadscale comparisons of trends in populations wdifierent quality breeding
habitat. Tk high availability of data, combined with the sensitivity of Whinchats to declines in
grassland and farmland habitat quality make tteegood indicator species for assessing the
impacts of anthropogenic activity on migrant populations and grasslanddsigitiv

1.8 Thesis outline

This thesis aims to quantify the vital demographic parameters of reproductive success, adult
survival and juvenile survival and recruitment, and to determine how these vary according to
habitat quality in a population of Whihats on an unimproved grassland habitat. First,
background information on the study site and methods is provided (Chapter 2).iiThen
Chapter 31 investigatedhe hypothesis that Whinchat settlement will vary in relation to the
vegetation and topographicfeatures and invertebrate fauna of an arelhe fabitat features

that are associated thwiWhinchat occupancyeredetermined (Gapter 3) and this information

was used to develop a habitat suitability model to determinerhiogh suitable breedirttpbitat

was present in the study area (Chapter™)is model, in conjunction with ground truthing
surveyswasused tatest the hypothesis thatiitable breeding habitat ot a limiting resource

on Salisbury PlainAdditionally, the hypothesis that Whthat occurrence would be affected by

the suitability of the surrounding habitat was also tested, thereby investigating potential effects
of habitat fragmentationNext, | aimed to investigate whickxternal factors were limiting
breeding success (Chapterly assessing the variationenvironmental factors associated with

the observedvariation in breeding succes¥he breeding success estimates for the study
population was compared to other Whinchat studies to see how it differed and these differences
were interpreted in relation to differences in habitat between the populatio@hapter 6 |

aimed to determine whether researcher nest monitoring activity affected the ob&bivetat
breeding success.hfough two experiments, treffecs of nestmonitaing onegg phase daily
survival rates and nestling provisioning rates wgrantified (Chapter 6)n Chapter 7 pparent

survival esimates for adult males, adult females and Whinchats in their first breeding year were
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determined. The results were intertad relative taesults from other Whinchats studies and
other studies on Afr®alearctic migrantsTo improve our understanding of the accuracy of the
apparent survival estimatedstested the hypothesis that breeding and natal dispersal distances
would vary according to age, sex and breeding success the previous year. | also aimed to
investigate the pattern of arrival on the breeding grounds and territory settlement, and to
determine how this varied according to age and sex, whether it was relatetitdoy tquality

and whether arriving earlier was linked to higher breeding sucEesdly, the demographic
parameters determined from the previouspbfis were brought togetheranpopulation model

which aimedo predict the future population trend aaid insuggedbn of the most appropriate
conservation actions (Chapter 8).
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Chapter 2: General Methods

Soldiers training on Salisbury Plain
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2.1Study Species

2.1.1 Life history

Whinchatsare grassland, ground nesgj, Passerines from the family Turdidadich also
includes Wheatears, t@echats and &lstarts. Whinchats are approximately 12 cm high
(Robinson 2005) and the mean adult body mag$.8g during thebreeding season (n = 127,
pers.obs.). A typical lifesmn is twoyearsand the maximum recorded age is four years 11
months(Robinson 2005).

On average, \Minchats start arriving in their UK breeding grounds from th& Aril
(Robinson 200p They are territorialduring the breedingseasonand form monogamous pair
bonds (Cramp 1988) but will change partners between seasossraptimes within a season
(pers obs). Cases of polygyny and polyandry have bearely observed (prs obs). First
breeding occurs in their first sprinGlutch sizes are usually&blue eggsGray 1974; Cramp
1988;Midiller et al.2005; Robinson 2005; Britschegt al. 2006; Frankiewicz 2008; Tome 2015;
pers. obs), though larger mean clutch sizes of 6.75 have been found for one site in Russia
(Shitikov et al. 2015. For the Salisbury Plain population the mean clutch size was 5.6 (range 3
31 7). Whinchatsgenerally only lay a singlelutch (Cramp 1988 Robinson 2006but may

have another attempt if the firfils: this occurred fo55.3% of pairson SalisburyPlain and

some males weraebserved having four attemptse(p obs.).Nests are usually at ground level,
well hidden in dense vegetation, with existing hollows sometimes used (Cramp 1988;
Frankiewicz 2008). On Salisbury Plain, nests were commonly bosgedo a tall protruding
piece of vegetation used as a perch (pers. obkg.female builds the nest of grass stems,
leaves and mossncubates the eggend brads the young, but both sexes will provision the
nestlings Cramp 1988; Frankiewicz 2008; peahs).Eggs are laid one a day, and incubation
startswith the last egg and lastssound 13 daysRobinson 2005pers obs.)Whinchat nestlings

are altricial,and hatch blind ad naked, apart from sparse dowiatching successanges
between 76 an82% (Frankiewicz 2008; Britschgit al. 2006). After hatchingnestlings grow
following a logistic growth curvewith peak growtlratesbetween 3 7 daysandadult weight
achievedby nine days old (Bastian & Bastian 1993). Fledglings leave the nest-dt5ldays

old, fly at 177 20 days old and are independent byi ZB) days (Cramp 1988 ome & Denac
2012; pers. obk. Estimates of nest success based on daily survival rates generally range
between 35 55.7% for a 29 day breeding cycle (adapted froriteBleret al 2012; Shitikovet

al. 2015 M.; Tome, D., pers comm.) but can vary widely between years (frdm5T%,

Shitikov et al. 2015 and are considerably lower for early mown sites (12 .Gboebleret al.
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2012). Themeannumber of fledglings producegker pair ranges from 3134.17 (Frankiewicz
2008; Fischeet al. 2013; Shitikovet al. 2015, but again idower for early mown areas (1.8,
Fischeret al. 2013).0n Salisbury Plain, the breeding season lasted a mean of 55.3 days ( +/
2.19 days), with ta earliest first egg date ranging frofii57" May and the latest first egg date
from the £ i 3% July (from 20127 2014), which was similar to other European sites
(Frankiewicz 2008Fischeret al 2013; Shitikowet al.2015; Tome 2015).

Whinchats vinterin open vegetated areas in Ssdtharan Africa in two distinct zones: Senegal

to Cameroonand North East Zaire and Uganda to Zamf@aamp 1988).Whinchatsare
solitary onthe wintering grounds but will form feeding and roostingcte while onmigration

(Koce & Denac 2010 They exhibit lreeding site fidelity with site fidelity higher in adults
(older than their first breeding year) compared to birds in their first breeding year. A mean of
50% of adultmales(range 37.5 73.6%), 300 of adultfemales (range 11:857.1%) and 11%

of first-years(range 1i 26.2%) returrto the study sitéhe following year (Schmidt & Hantge
1954; Bezzel & Siel 1982; Rebstock& Maulbetsch 1988 Bastian 1992Mdiller et al. 2005;
Shitikovet al 2015;Tome, D. perscomm).

2.1.2Habitat and resources

Whinchatsare generally insectivorouhoughtheywill eat berries on migration (Cramp 1988).
They feedon a wide range of invertebrates (Bcihgi et al 2006) and generally forage by
searching from perches and diving to catch their,dvay they will also atch insects on the
wing and forage on the ground (RitcherD&ittmann2004; Barshept al. 2012; gers obs).In
the breeding seaspiVhinchats need an area ofagslandthat is not heavily managed for
agriculture that iswithin their altitudinal limits(500- 1800m; Cramp 1988Calladine & Bray
2012, hasplenty of perchegsuch as tall herbaceous plants and fence pastshasa rich
diversity of medium to laye invertebrate$Opperman 19900pperman 1992Bastianet al.
1994; Orlowski 2004;Mdller et al. 2005 Britschgi et al. 2006; Broyer 2009;Griiebleret al
2012;Fischeret al. 2013).Territory sizesange betweef.381 4.14 ha (Bastian 198 Cramp
1988;Bastian & Bastian 1996; Calladine & Bray 20tRpugh this varies depending on habitat
quality (Calladine & Bray 2012)as does territory densjtyhich can range from 0.8 to 33.3
territories per 10 héOrlowski 2004 Frankiewicz 2008
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2.2 Study area

Salisbury Pain is in Wiltshire, southest England. It is a large area covering 40,0q@0akm

east to west, 15 km north to souttlich has been set aside amarmy trainng areasince 1897
(Ashet al.2011]). Due to thisthe habitat orsalisbury Plaireffectively escaped the agricultural
advancement which has affected much of the rest of theTb&main study siteonsists of an

area of 92.76 kfin the western part of Salisbury Plain (Latitude 51°11'521R16'4"N
Longitude 1°57'32V- 2° 9'32"W Figure 2.1). This area was chosen becauagge scale
Breeding Bird Surveys carried out by the Royal Society for the Protection of Birds (RSPB) and
the Defence Estates in 2000 and 268fealed a strongvidespread population /hinchatsin

this area (Stanburgt al. 2000, 2005). Also, iis not generally used for live firingnilitary
exercises, so regular access is possible center area, which appears to have a larger
Whinchat population, is impossible to gain regular access to beitaisdive firing zone. The

East area is mostly low intensity farmland and has a much smaller Whinchat population. This
area would have made an interesting comparison population of Whinchats compared to the
unimproved grassland in the west. However, uime constraints with the east area taking 1

2 hours to drive to, it was not possible to study the Whinchats in this area too.

Salisbury Plain is the largest areaurfimproved chalk grassland in nortkst Europeand as

such has high biodiversity ks, supporting 104 species included on the UK Biodiversity
Action Plans (BAP) (see JNCC 2007 for more explanation on BAP) and 34 birds species listed
as red or amber status indicating a need for conservation concern (Ash & Toynton 2000; Eaton
et al 2009) Due to this,20,000 hectares of the plaare designated as a Site of Special
Scientific Interest (SSI), a Special Area for Conservation (SAC) and a Special Protected Area
(SPA) (Ash & Toynton 2000; Astet al. 2011). Salishury Plain held an estimated 4p8irs of
Whinchats in 2005 (Stanbust al. 2005),approximately 1%ef the population irGreat Britain
(47,000 pairs(Musgroveet al.2013.
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Figure 2.1.A map of Salisbury Plain. The red dots depict whinchat sightings from surveys carried out by Staslh@§00 and 2005. The circled area is
the study site in the western part of Salisbury Plain. Based on [2011, Salisburiy Rlast, 1:25,000].Map produced on behalf of The Controller of Her
Maj estyds Stationary Office E Crown Copyri ght000288idncaster University, B
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The majority of the study area classified as agriculturally unimprovedassland (Walker &
Pywell 2000 Figure 2.2), mainly Bromus erectugrassland withFestuca rubra- Festuca
arundinaceasubcommunity andArrhenatherum elatiugrassland withFestuca rubra sub
community (Rodwell 1992)In some areas there is alstaserel scrub and small blocks of
plantations created for military training, but these covered less than 4% of the total study area
Low level grazing was reintroduced to parts of the plain around th9®®vent excessive scrub
encroachmenbut, prior to thisthe area was ugrazed for over 50 yeafStanburyet. al2002;

Ash & Toynton 2000)All land management on the site is strictly controlled by the Defence
Estates to limit any potential impacts on the fauna and flora ¢Asth 2011; Ash & Toynton
2000).Some grazing by cattle and sheep occurs year r@nading is limited to 1414 days on
areas of 8.2 ha or when the sward height reaches 5 cm (Ash & Toynton Béfilisers are

not allowed on the majority of the study area. Mowing is restricted to sif&il fields on the
edge of the study areand none is allowed until after thé" duly to minimise the impact on
breeding birds (Ash & Toynton 2000)

Some preliminary workwas undertaken in three valleys in the study ame2010and 2011

(Figure 2.3: Berril, K-crossing, Imber; Henderspih pers. comm.)and focused on colour

ringing Whinchatsand finding and monitoring nestBhese three valleys, along witlid others
(Figure2.3: Southdown Tack and West Hill)were selected for more intensive stungiuding

territory mapping, nest monitoring and habitat sampling. The two additional valleys were
chosen because preliminary surveys in 2010 and 2011 suggested they supported large
populations of Whinchats and they were relatively easy to actes2013 and 2014, due to a
reduced number of breeding pairs in the five sites alreadylishdy an additional site, Ic

Valley (Figure2.3), was also studied.
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Figure 2.2. View across Salisbury Plain
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2

K-crossing

=

Figure 2.3. A map of the study sites. Total Map Area = 15km by 12 km. Based on [2011,
Salisbury Plairi West, 1:25,000lMap produced on behalf of The C
Stationary Office© Crown Copyright. Lancaster University, Bailrigg, Lancaster, OS Licence

No. 100028811.
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2.2.1The Salisbury Plain population is stable relative to the UK trend

A large relatively stable population aiVhinchatspersists on Salisbury PlaiRigures2.4 and
2.5 compare the population trend in WKhinchats between 1994 a@13 (Figure2.4) ard the
population trend for the west of Salisbury Plain from thseeveys carried out in 2000, 2005
and 2012013 (Figure2.5). The UK Whinchat population hasedlined by 57% between 1994
and 2013 whereas the Salisbury Plain population has remastaiole: population estimate in
2000 = 402(95% ClI: 234- 613) (Stanbunet al 2000), population estimate in 2012013 =
411 (95% CI: 263 644)). Seesection2.2.2 for details on how the 201R 2013 distance

estimate was calculated.
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Figure 24. Figure of the yearly UK Breeding Bird Survey estimates of the Whinchat
population size from 19941 2013 taken from Baillieet al. (2014), available at:

http://blx1.bto.org/birdtrends/species.jsp?year=2014&s=wfilihe green band depicts the 85%
confidence intervals, the dots are the population estimates for each year and thimesolid
depicts the smoothed population trend. The population size for each year is shown relative to
2012, which is set at 100.
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Figure 25. The predicted number of Whinchats in 92.76%khthe west of Salisbury &h

during 2000, 2005 and 20122013. Predictions are based on distance adjusted estimates of
density (knf) (Thomaset al. 2010). The 2000 and 2005 results come from Stanbursl.
(2000, 2005); 45 onekilometre British National Grid squardés the west of the Plaiwere
surveyed usg Breeding Bird Survey methods (Normahal. 2012). The 2012 2013 results

are from a survey using the same methods sampling 3Rilongeter squares in the west of the
Plain (see section 2.2.2). The dots mark the population estimatethizdhree sweys and the

bars are the upper and lower 95% confidence intervals derived from 999 bootstrapped

resamples.
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2.2.2Large scale surveys to asséisspopulation size

During 2012and 201333 one kilometre by one kilometsguares we selected fosurveying;

one of these squares was covered by a local volunteer. Squares were selected to give a good
coverage of the west of Salisbury Plain and include the six study®iesriginal bird surveys
undertaken by Stanbust al. (2000, 2005) covered 4fe kilometre by one kilometre squares.

The survey in 2012 2013 covered 70% of this area.

The surveys in 2012 2013 followed the same methodology as Stantatirgl (2000, 2005),

and were based on the Britishr T s t for Ornithol oey yGegory®&r eedi n«
Bashford 1996). Two one kilometre lime@ansects (500n apart) in eaclone kilometre by one
kilometre square were walked at a slow constaatep(30i 40 minutes per transegtin good
visibility, between 6:00i 10:30 in the morning and 16:30 19:30 in the evening.The
orientation of the lines (east to west or north to south) was randomly assigned. The first visit
took place between #0May i 3™ June in 2012 and the 20May i 26" May in 2013.The
second visitbetween the § 11" July in 2012 and 3 7" July in 2013 accounted for any
movement ofWhinchatsdue to the loss of first broodall Whinchatsseen or heard during the
transect were recorded along with their perpendicular distance from the transdoistiaeces

were estimatethy eye. To ensure accuragysample of distance estimates were initially tested

used éhand held GPS device (Garmin exTrex)

Distance version 6.0 (Thoma®t al. 2009) was used to calculate the population size of
Whinchats on thevhole west of SalisburyPlain For each 200 m sectioof the one kilometre
transectsthe maximum recorded number @fhinchats on a single visivas usedin the
analysis. This value was chosen, rather than the mean of the two visits, to follow the same
methods thaBtanburyet al (2000, 2005) used for the other taarveysUsingonly the second
visit would have missed pairs that finished breeding early and wasilygthe first visitmay
have missed late arrivals. Thata were truncated, so that only Whinchats observed witliin 25
m were used to increase the precision of the detection function (Treinas2010). Three
models were compared using AlCc: a hatfmal key with cosine adjustments (AICc = 142), a
uniform key with cosine adjustments (AICc = 144) and a hazgel key with simple
polynomial adjustments (AICc = 146). half-normal key with cosine adjustments was the best
fitting model. To ensure the distance adjusted estimates were accurate, distdincated
Whinchat numbersol 10 one kilometresurveysquareathat coered the four main study sites in

2012 (Imber, Berril, West Hill and kcrossing) were compared to the numbeMdiinchats
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determinedrom intensive surveys within the sites in the same year (sd@fter #or details

on study site survey effodach yegr The correlation from the graph does not appear strong
(Figure 2.6). However, the Whinchat counts from the intensive surveys and the distance surveys
were significantly correlate(PMCC = 0.638, p = 0.047, n = 10) and the relationship between
the variabésdid not deviate significantly from 1: T {test:t = 0.591, df = 9, p = (669; Figure

2.6). This suggests the distance estimates performed relatively well, though were not as accurate
as the intensive surveys when applied at the smaller scale of a one kilometre by one kilometre

square.
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Figure 2.6. Verification of distance adjusted estimatefs Whinchat abundancecomparing
number of Whinchats estimated to occur in 10 one kilometre bykitomaetre squares from
distanceadjusted estimates of transsatveys in 2012 to the real number of Whinchats known
to be within the squares from regulateinsive surveying throughout 2012-{@st: t = 0.59, df
=9, p=0.569). The line is a 1:1 line.
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2.3 Nest finding and monitoring

Nests were found for all known pairs within the study sites. Neste found by observing
breeding pairs from alistance, using RSPB optics binoculars (10 x 42 HD) anceica
telescope (2% 60 x 65). The location where femalesre nest building or incubativgas then
determined This location wasapproached andharked with a caneUK Ordnance Survey
coordinates wre recorded for each nest ditethe nearest 1 msing a hand held GPS device
(Garmin exTrex)Figure2.7 shows twoNhinchat nes Generally mstwere monitored at least
every two dayantil failure or fledgng. However occasionally due to access regtons this

was not possible, therefore the visitation intervalged between one to five daysnean 2.85

+/- 0.02 days A nest was considered as failed due to predation if the contents had disappeared
or the eggs were damaged, and was considered @iehif the parents were not present in the
territory on three consecutive visits and the eggs were cold but undamadgedestlingswere

dead Nests designated as abandon@dy also include cases where parents were predated as it
was not possible tegarate these two scenarids nest was considered successful if at least

one nestling fledged.
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Figure 2.7. Two Whinchat nests, the arrows mark the nest. In b) the woody cane used to mark

the nest is also shown to the right of the arrow.
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2.4 Biometrics

During the 201014 breeding seasons (MayJuly), as manyadultsas possible that bred
within the six study sitesvere caught and individually marked with colour ringghinchats
were trapped before breeding and during the incubation esiling rearing phases but not
during nest building and egg laying. Whinchatsre caught mainly using baited spring traps
located within their breeding territory, and for each bird thex; sge (Jenni & Winkler 1994,
Svennson 1992)wing length (mm), faand muscle scose(Redfern & Clark 2001) were
recorded (Table.1). Nestlingswere weighedand the tarsus measured at thtiege intervéds
(unless predated), ® and 9 days after hatchingith day zero referringo thehatchingdate,
although due to occasionatcess restrictionsr inclement weathethis occurred a day either

side in a minority of cases

2.4.1Ageing and sexingVhinchats

Male Female

Figure 2.8. Picture of a male and a femalehichat (RSPB 2015:

https://www.rspb.org.uk/discoverandenjoynature/discoverandlearn/birdguide/name/w/whinchat/

Sexing adult Whinchatds relatively simple,the males are darker with a reddreast ana
sharper contrast between the eye stripe and the rest of th¢Figoee 2.8). There is little
difference in male and female size and weight (matesan wing = 76.4/- 0.193 mm mean
weight = 15.4 +/0.130 g,females: mean wing = 73.7-#J.241 mm, mean weight = 15.5-+/

0.177). It is not possible to sex fledgling Whinchats based on appearance.
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Ageing Whinchats is notoriously difficufJenni & Winkler 1994; Sverson 1992 Adults
exhibit a complete moult before migration, whereas juveniles only exhibit a partial Bothit.
adults and birds in their first year aleghibit a partial moult on the wintering grounisfore
returning to breed (Svesan1992. Ageing aiteriafor birdsin their first breeding yeaare the
moult limit in the greter covertsbetween changed inner greater coverts and retained outer
greater covertgshown by 76% of firsyearg, a moult limit in the mediacoverts and wear on

the remigesr rectrices(Jenni & Winker 1994 Svennson 1992 The majority of Whinchats
were aged retrospectively using a phtaken of theright wing to avoid a lengthyandling

time.
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b)

Figure 2.9. a) A male Whinchatn his first breeding yeathe moult limit is circled, b) a male
either in his second breeding year or older
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Table 2.1. Biometrics taken from Whinchats

Measurement Method

Wing (adults andirst-years only) Wing length: the distance from the carpal jo
to the tip of the longest primary on a flatten

wing measured using a stop rule

Weight & 0.059) Measured using a battery powered, digital |
balance. The birds were placed in a small
while weighing to prevent escape

Minimum Tarsus £ 0.05mm) Distance between the depression in
intertarsal joim, fi n oto ctied tarse

metatarsal joint

Fat Score (adults and firgears only) Scored betwae0-8, (0=none,
8=overflowing), eeRedfern &Clark 2001,
p227228

Pectoral Muscle Score (adults only) Scored between-8, (0=little muscle, 3=thick

muscle) seeRedfern & Clark 2001, p22800
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2.4.2Nestling growth arve

To estimate nestling age for nests which were found after the hawhiaga growth curve
model was created for nestlings where the exact hatching date was known. The data were
modelled in R version 2.8 (R development Core Team 2014ing a Norinear least squares

model (NLS) of a logistic growth curve:
Arp AGBDE A& A

a= asymptote, b= inflection point on the age axis where growth changes from accelerating to
decelerating, k= constant scale parameter for rate of gro{RRitklefs 1998 Bastian & Bastian
1993;Remes & Martin 2002; Mainwaringt al. 2011)

Models were created separately for nestling mass and tarsus .IBigiting values for the
model were estimated from plotting the initial curve of nestiitegss(g) against age: a =16, b
= 6, k = 0.4 and nestling tarsus length (mm) against age: a = 18, k = B,4(Table 2.2;
Figure2.10).

The two growth curve modelalong with observations on feather development and eye status
(closed, opening, open) (King & Hubard 1981; Murphy 1981; Jongsenpt 2007) were

used to age nestlings found after hatghias using a combination of features is the most
reliable method of aging (King & Hubard 1981; Murphy 1981.epczyket al 2000; Podlesak

& Blem 2002;Jongsomijitet al 2007).

51



Chapter 2: @neral Methods

Table 2.2. NLS model of a) the change in nestling weight (g) and b) the change in nesting
tarsus length (mm) with age, using 252 measurements from known age nestlings. The weight
model has the formula: Nestling Weight (g) = 17.3/ (1 + e8®8 (Nestling Agei 4.12))),

starting values: a = 16, b = 6, k = 0.4. The tarsus model has the formula: Nesting Tarsus (mm)
=248/ (1+exp-0.39 (Nestling Agei 3.63))), starting values: a=18,b =5, k=0.4.

a) Nestling Weight (g) Parameter Estimates
Constant scalparameter for growth rate (k) 0.53 +£0.033
Inflection point (b) 412 +/0.131
Asymptote 17.3+/- 0.381

b) Nesting Tarsus (mm)

Constant scale parameter for growth rate (k) 0.39 +£0.027
Inflection point (b) 3.63 +£0.165
Asymptote 24.8 +/0.639
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Figure 2.10. a) Growth curve of increasing nestling mass (g) with age (days), b) Growth curve of
increased nestling tarsus length (mm) with age. Based on 252 measurements from known age nestlings.

The weight model has the formula: Nestling Weidgg) = 17.3 / (1+ exg§-0.53 (Nestling Agel

4.12))), starting values: a = 16, b = 6, k = 0.4. The tarsus model has the formula: Nesting Tarsus (mm) =

24.8 / (1+ exp (0.39 (Nestling Agei 3.63))), starting values: a =18, b =5, k =0.4.
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2.5 Effective sampling ofWhinchat habitat requemens

2.5.1Effective vegetation sampling

In Chapter 3, vegetation was measured for 317 200 m long transect sections. Initially in 2012
threequadratsanples of the vegetatioandthree sweep net samples of thgertebrate fauna

were t&en per 200 m section for 187 200 m sections. However, it was thought that this may not
be enough to capture all the variation in a 200 m section. To test this, the sample size was
doubled and six samples instead of three were taken for eahk @ifst 10 transect sections
sampled in 2013. In the program R, version 2.3.1, (R core Development team 2014),
diminishingreturrs curves were created for each measured vegetation variable for each of the
10 sections by randomly sampling the collected data wiilacementl000 times for each of a

range of sample sizes (2, 3, 4, 5, 10, 15, 20), for each of the 10 transect sections. The mean and
standard error of these 1000 random samples for each sample size were calculated and the
standard error plotted to createetdiminishing returns curve (e.g. Figu?ell) (Lowry 2013).

The diminishing returnsurves suggested that 105 samples would be needed to capture all

the variation for every vegetation variable within a 200 m section. It was, however, not possible
in the time available to complete this many samples per 200 m section and still ensure a good
survey coverageof the sites for arriving Whinchats. Therefore as a compromise between
effective sampling and time available, six samples were taken for every 200 m section in 2013,

which took about six hours per ten 200 m sections.

The same analysis was conducted ushmghabitatdata collected from Whinchat territories.
The diminishing retureicurves suggested that five samples would be sufficient to capture the
majority of the variety in the measured vegetatioarabteristics; therefore, | aconfidentthat

the ninesamples taken for each territory effectively sampled the vegetation.
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original data with 6 samples per secjias plotted.
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2.5.2Effective food sampling

In 2012, faecal samples were collected as the opportunity arose from nestlings while weighing
and measuring. Eightfive samples were collected from 26 nests. These samples were stored in
ethanol for later examination under a lpawer binocular microscopéusing guidance from
Moreby 1988 and Davies 1977). Additionally, a video camera on a tripod was placed 1 m from
the nests, pointing at a perch used by parents before entering the nest with a feed. A total of 246
feeds from 13 nestwere captured on video. Prey items were identified by freezing the video
and using an inseadentification guide (Chinery 1986) and advicem an entomologist (pers.
comm. Tomazella, V.). The information on nestling diet obtained via these methods is

presented in Tabl2.3.

In 2012, invertebrates were sampled wita Vortis suction sampler (Burkland Ltd,
Rickmansworth, UK)using 12 secondsuction burstswith three samples per transect section
(Chapter 3) and nine samples per territory (Chapter bgsel samples consisted mostly of
CollembolaandAcari, which do not form a large propanti of the nestling diet (TabR3), and

were heavily skwed towards insects less thamgh which again would not be expected to
form a large component of the neggfi diet (Britschgiet al. 2006; Pudil & Exnerova 2015;
Koce 2015).After 2012, herefore the method of sampling invertebrate food availability was
changed tesweep nettingwhich wasmore effectivefor samplingthe invertebratesbserved in

the diet (pes. obs. and see Doxat al. 2011) Only the 2013and 2014invertébrate sampling
data are used in the analysedieTinvertebrate sampling data were summarised in three
measures:overall abundance, order richness anterred biomass.Inferred biomass was
estimatedfrom body length in millimetres (L) using a formula from Rogerst al. (1976)
Weight (mg)= 0.03051*°%. The body length was taken to be the length of the main body of the
insect, excluding antenna or other protrusidnsertebrate were measureih the field, and
assigned to size categoria2 mm bands: 0 2 mm, 2i 4 mm, etc. The median length for each

of these size categories (i.e. 1, 3, 5 etc.) was multiplied by the number of insects in the size

category and these values wetenmed to give an inferred biomass value for each sample.
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Table 2.3. The percentage afestlingfaecal samplegcollected in 2012kontaining different
invertebrateorders n= 85 from 26 nestsand thepercentage of feedsom provisioning parents
(recorded in 2012¢ontaining different invertebraterders from video footage taken at the nest

for comparison, i 246 from 13 nests.

% of nestling faecal sample % of provisioning feeds containing

containingeachinvertebrate eachinvertebrateorder
order

Coleoptera 97.7% 33.1%
Araneae 62.4% 18.4%
Lepidoptera 38.8% 8.57%
Hymenoptera 32.9% -
Larvae
Diptera 28.3% 16.7%
Eggs 25.9% 2.04%
Lepidotera Larvae 16.5% 11.4%
Orthoptera 11.8% 10.2%
Pulmonata 8.24% 0.41%
Hymenoptera 5.88% 4.49%
Acari 5.88% 0.41%
Collembola 3.53%
Coleoptera Larvae 3.53% -
Neuroptera 2.35% -
Cicadellid 2.35% -
Hemiptera - 1.22%
Dermaptera - 0.41%
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Chapter 3. Habitat selection by
breeding Whinchats on lowland

grassland

An adult maleabout to feed his nestlings

58



Chapter 3Habitat Selection

3.1 Abstract

Habitat degradatiors thought to be the most important breeding ground inflr@mc migrant
population changeTo determine the impacts of habitat change on a populati@h suggest
appropriate conservation actjone first have to identify wieh habitat features they require.
Previous studies haveidentified habitat features which are linked Whinchat habitat
preferences. blwever these hve been limited tareaswhich havealreadyundergone change,

due to agricultural intensificatiorand so they may not represent the full range of habitat
featuresthat might influence breeding WhinchatSalisbury Plain is the largest area of
unimproved chalk grassland in nortlest Ewope Due to its role as an army training ground it

has escaped much of the agricultural intensification that has affected the rest of timethi&
chapter| aim to explore the habitat requirementdofeding Whinchats on a site where habitat
choiceshave not been restricted by recent habitat change. The vegetation and invertebrate food
availability of 317 200m sections of habitat were assessed and an index of Whinchat
abundance in these areas was determined. Additionally, the consistency of tecdigugtion

from 2012 to 2013 was determined and linked to the variation in vegetation between territories.
Breeding Whinchats selected sheltered valleys, with a high percentage cover of tall, dense,
structurally diverse grassy vegetation and a high den$itussocks. They also preferred areas
with an abundance of perches from which to forage. On Salisbury Plain, invertebrate
abundance, diversity and biomass did not differ between areas with Whinchats and areas
without, suggesting invertebrate availaliwas not limiting. Whinchats did, however, tend to
select areas with less variation in insect abundance, diversity and biomass, suggesting a
preference for a consistent food source. Habitat choices for nesting Whinchats were thought to
minimise thermoredatory costs and predation risk to both incubating females and the nest

contents.

3.2Introduction

Over thepastthree decadeghe populations of many species of Afralearctic migranbirds

have shown severe declines, compared to populations of ecologically simitdoseig related
sedentarspecies (Bertholét al 1998; Sandersoet al. 2006; Newton 2002 2008; Heldbjerg

& Fox 2008 Van Turnhoutt al.2010).A recent reviewby Vickery etal. (2014 foundthat the

most important breeding ground influence on AR@ | e ar c t i populationgsizeawas s 0
habitat changeHabitat change can cause population deckniberdirectly, via loss of nesting

habitat (e.g. Newton 1998/alpas 2013a) oindirectly, via reductions in food availability (e.g.
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Schmidtet al. 2005; Brischgiet. al.2006)andincreases in the risk of predation (e.g. Ejsmond
2008) and parasitism (Newton 1998004a, 2008 Agricultural intensificationis frequently
cited asthe cause of breeding ground habithnge(Donald et al. 2006; Thaxtelet al. 2010;
many examples reviewed in Vickeet al 2014). In Europethe global area of cropland has
increased 5.5 fold between 17@6d 1990, while pasture has increased 6.6 fold (Goldewijk
2001). Many Afro-Palearctic migrant€hoose open habitats, such as agricultural land, for
breeding whereas residentsdashort distance migrants do rebtow this preference (Bohning
Gaese & Oberrath 23). They may, therefore, be disproportionately affected by European
agricultural intensification (Vickergt al. 2014).Successive governments have pledged to halt
the decline of biodiversity throughout the European Urizl02 UNEP/CBDCOP 6 Decision
VI1/26) and to conserve migratory speci&NEP / CMS 2011 Accordingly, a range of gri-
environment schemes adth at reduéng the declines of farmland biodiversity have been
compulsory in European Union member states since Regulation 1257 inrl@@derto focus
conservation action and ensure the best use of limited funds, it is necessdentify a

breedingspecieékey habitat prefereres and requirements

Selection of a goothreeding territoryis particularly important as once a bird has buikest

and laideggs it is tied to that area until its breeding attempts either fail or succeed (Ataéau
2012). A breeding territory encompasses the nesting site and foraging area: these two
components may have different requirement®\ nest site should providea suitable
microclimate and an environment to minimise predation risk (Gillial. 2012). Often both

these features cannot be optimised simultaneously (Amat & Masero 2004) and parents must
engage in a tradeff to maximise the chances dhe current brood fledging without
compromising the production of future offsprinfriyers 1974 Robertson 2009; Seltmaret

al. 2014). In ground nesting birds especiallyigher concealment by increased vegetation may
reduce the risk of a nest being deéel and improve thermoregulatory abilibyit often makes it

more difficult for the adult t@ee predators and to escape quickly (Ost & Steele 2010; Seltmann
et al. 2014). A similar trad®ff exists for foraging habitats, with short vegetation increasing
foraging efficiency andreducing predation riskby improving visibility, whereaslonger
vegetationis associated with higher food abundaibce a greater predation rigkvhittingham

& Evans 2004).Individuals under selection to maximise their fitnesaveto balance these

various costs and benefits to select the optimal breeeliritpry (Martin 1998)

Habtat change can create conditiodsferent from those under which the species evolved
meaning that specific resource cues used in habitat selestigmo longer maximise fitness

and reproductive success, (Msnhdltergdottenbergp2000 a n
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Anteauet. al2012;Hollanderet. al2013. This can even occur withimbreeding season with
no prior warning. For exampla switch from hay to silage production could result in thig-
season mowing of meadowsringing with it the associatdigh mortality of nestindemales
and nestlings (Miler et al. 2005; Grléler et al. 2008; Tome & Denac 201Broyer et al.
2012 Gruebleret al 2015). Additionally, habitat change may mean tdividuals camot
display their true preferences because the optimal habitats are rare or lalsémportant to
understand evolvefiabitat cues tgoreventthe creation of ecological trapgndto encourage
species towards suitable breeding habitats in a changed envirq@mesiuetal. 2012)

The ground nestingVhinchatis one example of a declining Aff@alearctic migrant that was
once common across Europét has declined by 67%etweenl1980 and 2009 (EBCC 2012)
and this is mainly thought to be due dgricultural intensification on the breediggounds
(Grotenhuis & VanOs 1986 Bastian 1989Richter & Duttmann2004; Griebler et al. 2008;
Broyer 2009 Fischeret al 2013. Variousstudies have looked @fhinchathabitat preferences
in the breeding groundsnd identified important featurd®pperman 1990Qppermann 1992;
Bastianet. al 1994; Bastian & Bastian 19960rlowski 2004;Richter & Duttmann 2004
Mdiller etal. 2005; Britshg et al. 2006; Frankiewicz2008; Broyer 2009Griebleret al. 2012;
Fischeret al. 2013. However, most of these studies have worked on declining Whinchat
populations inagricultural areagalbeit of different management intensitied).id therefore
possible that some habitat features that would be benefidfdhiochats werainavailable due

to the effects of agricultural intensification

Different populations may liven habitats of varying qualities which can affect their
vulnerability (Bothet d. 2010) It is possible to use this variation within a species to find stable
local populationsvhich have not suffered from habitat charigem which to draw conclusions
on beneficial habitat features that may be missing in declippgilatiors. In orcerto uncover

the naturally evolved resource cues Whinchats use when selecting breeding territories, here we
study an aparently stable (section 2.2.&fronghold Whinchat population on an agrictatly
unimproved grassland sit8alisbury Plain Salisbuy Plainhas been under military ownership
since 1897 and consequentially has escaped much of the agricuitaradificationthat has
affected the rest of the Uksection 2.2)Despite the habitat qualitpast surveys (Stanbust

al. 2002 & 2005) reveded variations in breeding densities &Whinchas, which imply
settlement decisions are not random but must be based on habitat quhbliogical factors
such as conspecific attractioif. habitat quality is the main settlement cue this implies

variations in food avdability or variation in habitat structure, composition and extesing
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this natural variation in habitat provides apportunity to examinewhat resource cues

Whinchats are selectirig a habitat similar to the pigecline habitat

In this Chapterwe intend touncover the naturally evolved resource cues used by Whinchats
when selecting breeding territories in agriculturalhdeveloped grassland habitatvertebrate

fauna and vegetaticend topography feares wereneasuredor a sample of line transects and

the same areaseresurveyed for Whinchat#dditionally, vegetation and topography features
from known Whinchat territories in 2012 were assessed at the beginning of 2013 and surveyed
to determine which of the territorieseve occupied again by Whinchaf&he differencs in

habitat features between areas witihinchats and areas without wesssessedwWhinchats

need a good source of food close to the nest when breeding (Anderssonah@8they are

single broodedwith a slort breeding seasgrsuggesting they may be more vulnerable to
fluctuations in food availability than closely related mbitooded species (Hendersenh al.

2014). To maximise reproductive success during their short breeding season, Whinchats would
also e expected to select breeding habitat to reduce thermoregulatory stress and minimise
predation risk(Gillis et. al 2012). Based on ihdings from previous studies, gredict that
Whinchats will select breeding territories with thicker more structurallyreévevegetation,

more perches and a higher food supf@pperman 19900ppermann 1992Bastianet. al

1994; Orlowski 2004Richter & Duttmann2004 Fischeretal. 2013). The null hypotheses may
expect no significant association with food or habitat, palerty if neither was currently

limiting breeding densities at this site.

3.3Methods

3.3.1Study aea

The study site wasnaarea 0©2.76 kni in the west parbf Salisbury Plair(see section 2.2 for

more details)

3.3.2Survey design

Within the site 32 onekilometre British National @d squares were selected for surveying over
a two year period2012 and 2013. Squares were selected from the map before visiting the site
to ensure a balance between a good coverage of the area and acceSdigiliguveys

consisted oftwo onekilometre transect lines from each grid square, positioned 500m apart,
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based onthe Britisir ust f or Orni thol ogybs Br &Badhfordg Bi r d
1996) Figure3.1). The orientation of the linegeast to west onorth to south)was randomly
assigned. Each transect line was then further split intor20ections. A handheld Global

Positioning Systems (GPS) device (Garmin eJrexs used to navigagach transect.

Vegetation invertebrate faunatopographyand Whnchat abundancerere sampéd for each
200 m section.The features of habitat measured were selected based on results from previous
studies of Whinchat habitat preferences to cover all possible important varflbiesyetation
and invertebrate measureene carried out by the same observer for consistefdcgmall
proportion of the bird surveys were conducted by other observers but all observers were

experienced bird surveyors.

Vegetation was also sampled for known Whinchat territories from 2012, a@ethening of
2013. These territories were then surveyed throughout the 2013 season to record occupation of
the same area by breeding Whinchats.
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Figure 3.1. Lay out of the survey design. The dotted lines show the transect lines for each
square. The map covers an area of approximately 11 km by 14 km. Based on [2011, Salisbury
Plain i West, 1:25,000.Map produced on behalf of The Co
Stationary Office © Crown Copyright. Lancaster University, Bailrigg, Lancaster, OS Licence

No. 100028811.
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3.3.3Vegetation sampling

Vegetation wasamped between 1®\pril i 9" May in 2012 and 18i 26" April in 2013 to
coincide with Whinchat arrival and thereby reflecany habitatcues the Whinchats were
selecing near to the time of settlementerT 200m segments wersampled later on the 11

May due to access restrictions. In 2pftRee 1n? quadrats were recorded 0, 10 and 2@n

from the starof each 200m section A diminishing return curve of the variance in the samples
(Lowry 2013) suggested three samples were not enough to capture all the variation in a 200 m
section (section 2.5.1). In 2013, therefahe sampling effort wadoubledo six samplestaken

every 33m. These replicates were averaged to giverneanvalue for each 20én sectionln

total, ten vegetation characteristics were measured to capture the structure of the grassland
(Table3.1).

For known territories from 2012gegetation was recorded in nine Aguadratsn 2013 between
27" April i 4" May. The centre quadrat was based on the nestitocttie previous year and
then fourquadrats at 2én intervals were taken goingprth and west from the nest (@0 m).

The average size of &Vhinchat breeding territory on agriculturally unimproved grassland is
0.015i 0.018 km* (Bastian & Bastian 1996Wwhich gives a radius of approximately 76 m,
therefore thigprovidesan appropriate scale at which to sample thestaipn tocapture the

habitat featuregnportant to breeding Whinchats.
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Table 3.1. Vegetation variables measured for each*juadrat in 2012 and 2013, all

measurements were observed by eye.

Variable Definition

Plant species richness Number of planspecies when viewed from above
% Cover ground level Percentage of ground covered with vegetatiewed from above

% Cover 2@&cm above Percentage of vegetation cover 20 cm above groiaveed from
ground level above

% Grass tderb ratio  Percentagef grass relative tberb viewed from above

Mean vegetation heigh The meanof 5 measurements taken (one in each corner of
guadrat and one in the centr@)plastic sward disk (weight 135 ¢
diameter = 2@m) wasdropped from a height of h with abamboo
cane though the centre

Standard deviation The standard deviation of 5 measurements taken (one in each
(SD)in vegetation of the quadrat and one in the centre). A plastic sward disigkw
height 135 g, diameter = 20 cm) walropped from adight of 1m with a

bamboo cane though the centre

Perch abundance Number of perchein quadrat. A perch is amyojection above the
height of the general vegetatithmat can support approximately @€
(the mearweight of aSalisbury Plain Whinchat

Minimum perch height The heightof the smallest perch in thguadrat measured from tt

ground vertically upwards

Maximum perch height The heidit of the tallest perch in thguadrat measured fmo the

ground vertically upwards

% Cover tussocks Percentagefaguadratarea covered by tussockden viewed from

above atussock igdefined as a clump of grass
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3.3.4Invertebrate sampling

Invertebrates were sampléétween 09:30 and 17:00 on dayisen the grass was dry atlte

wind speed was less than 12 mph (Beaufort scale8p In 2012, invertebrates were sampled

via a Vortis suction sampler (Burkland Ltd, Rickmansworth, Ugihg three 12 secorsdiction

bursts at Om, 10m and 20m from the start of each 200 m seldtiorever, dta on nestling diet

in 2012, collected from video footage at nests and nestling faecal samples, demonstrated that
this was not an effective method of sampling
found to be a much more effective and efficiergthod (section 2.5.2). In 2013, invertebrate
samples were takamsing a sweepet (37 cm diameter by 82 cmijith 10 sweeps of an equal

depth and intensity forming one sdmplnvertebrates were sampled thiames on three
separate visitor each squarevith sample taken at 0 m, 66 m, and 133 m from the start of
each 200 m sectiormhe order of sampling the survey squares was rotatednionise bias.

Time periods for the three survey visits were thié 1% June, the i 7" July, and the 1%i

20" July to capture the change in invertebrate fauna for @¢hm section through the season
Some 200m sections were mwn before the last visit iduly, which drastically altered the
habitat and led to a large reduction the number of invertebratébe®e sections. Therefore

these samplesere not used in the analysisavoid biasing the results. As this was only a small
percemage of the total sample area (eightt of 390 200m sectiony any dfect should be
minimal. The invertebrate sampling dataere summarised in three measuresverall

abundance, order richness anférredbiomasgqsection 2.5.2).

3.3.5Topography

UK Ordance Survey coordinatesre taken from each 38 sampling point in 2013 and at the
beginning of each 200 m section in 201ging a handheld Geographic Positioning System
device (Garmin eTrex). These coordinatese used to calculate altitude, aspect and slope from
the Dgital Elevation Model (EM; NERC Earth Observation Data Centre 20Rédhead, J.

Pers. Comm.).

3.3.6 Whinbat surveys

The Whindat surveys aimed to establislcomparable index of abundance for each 200 m by
250 m section rather than provide an absolute value of population size. ibacktrk square
was surveyed twicethefirst visit being between 20May i 3 June in 2012 and May i

26" May in 2013and the second visit , betweeri 81" July in 2012 and 3 7" July in 2013.
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Surveys were conducted after ttéhinchas had settled onto territoriesd therefore should
reflect breeding habitat choice$he second visitallows sightings of any new Whinchats
moving territories after a failed first nesting attemijot 2012 surveys took place between
06:0010:30 and 16:30.9:30Q in 2013 sirveys took place between 06:009:30. Surveys were
only carried outn good visibility and the order of the surveys was rotated to ensure no bias. As
the purpose of this analysis was to identifytallie areas ofWhinchathabitat the maximum
count of Whinchas observed for each 200 section out of the two visits was ds& the
analysis

To account for any difference in detectabilitM@hinchas in the different 206n sections, two
more variables, visibilityand percentage scrub coyverere included in the analysigisibility
was calculatedndividually for each trarect using the DEM of Slisbury Plain NERC Earth
Observation Data Centre 200a&hd the arc Viewshed tool (from ARGIS 10.0; ESRI, 2010).
Percentage scrub covesas calculated sing data from a survey by theefre for Hydrology
and Ecology(CEH) (Redheadet al. 2012). Aerial photographs were used to count the number
of 0.25m by 0.25m squares with scrub and this value was then transformedartentage
cover for each 10hby 100m square.Zonal histogramand zonal statistiosere then used to
determinethe percentage area visildad the mean percentage scrub cdoem 250 m radius
from the midpoint of each 200n section along thigansectsThis value was chosen to cover as
much of the survey area as possible while avoiding overlap between phnakelas the

transect lines were 500 m apart.

In the 2012 season, four areas within the study site with high Whinchat populations were
regularly surveyed (at least every two days) betweerApidl and midJuly and the Whinchat
territories mapped (Bibb2000). These territories were then regularly surveyed throughout the
2013 season; each area was visited at least every twoadeyscored either as occupied or

unoccupied.

3.4 Data analysis

3.4.1 Whinchabhabitat preferences

The data were analysea the R statistical package version 3.1.2 (R Development Core Team

2014. All variables were tested for outliers, only one outlier was present, a particularly tall
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piece of vegetation in thaean vegetation heigldata;this was an accurate value. The analysis
was rerun without this value to test for anyfeft: the results were the santberefore the
analysis is presented using thel datsset All variables were tested for normality and

transformed where necessatye transformations are listedTiable3.2.

Due to the large number of variables and because six of the vegetation variables were highly
correlated, a Principal Components Analysis (PCA) was used to summarise the main variability
of these vegetation characteristics. Principal Components wentesketo explain at least 80%

of the variation in the original variables (Zwtral.2007).

Initially a Generalised Additive ®del (GAM) was fitted to the data to check for nlimear
trends using the gam function in the mdjtwary (Wood 2014)The gaphical trends from this
model were approximately linear and thkiective degrees offreedom (edf) equalled one,
which both indicated that a linear model was suitable.

The dependenvariable,the counts forwhinchas per 200m section wasfound to be mghly

zero inflated wih the excess zemounts causing ovatispersionso a hurdle model was used
(Mullahy 1986; Zeileiset. al 2008). This model consists of two parts: a zero truncated count
component modelled witla poisson distribution (a negative bimial distributiondid not
improve the AIC: 315 as opposed to 3la8nd a hurdle component which models the zeros
versus larger counts using a binomial distribution. A hurdle model was chosen instead of a zero
inflated model as the excess number of zererevdeemed to be real values rather than false
zeros Keileisetal. 2008; Zuuret al. 2009). Each saare was surveyed an additional faoumes

to collect data on vegetation and invertebrates and from this it was found that the original
survey detected 90% #fhinchats, adding in these missathinchats did not remove the zero
inflation. Additionally, a habitat suitability model in l&&apter 4found a large proportion of
suitable Whinchat breeding habitat was unoccupied, suggesting the population is well below
carrying capacity.Therefore the occurrence of false zerevas considered to be marginal.
Initially all variables were included in bottomponents of the modalong with an interaction

term for altitude and aspect because a study by Calladine & Bray (2012) found the effect of
aspect on Whinchat abundance was different at different altitddegwise deletion was used

to simplify the moe!l until only significant terms were left. Nested models were compared via

likelihood ratio tests using the Irtest function from the Imtest package (Zeileis & Hothorn 2002)
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which corrects for testingn the boundary (Zuwetal. 2009). A spline correlograrfinom the ncf

package (Bwnstad& Falck 2001), was used to check the modaadpson residuals for spatial

autocorrelation (Zuuret al. 2009). A correlogram graphically represents the spatial
autocorrelation between locations at a range of lag distancde apmaximum. A spline
correlogram with 95% bootstrap confidence intervals and a maximum lag distance of 10km
showed naspatial autocorrelation in theeRrson model siduals,therefore a spatial correlation

structure was deemeshnecessary.

The invertbrate data could not be analysed across years as a different, less effective, sampling
method was trialled in 201gection 2.5.2) Therefore invertebrate abundance, invertebrate
order richness and invertebrate biomass were modelled aygisthatnumbe per 200 m
section for the 2013 data only. Invertebrate biomass was logged transformed to make it conform
to an approximately normal distribution; invertebrate abundance and invertebrate order richness

were already approximately normally distributed.
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Table 3.2. Transformations used to make variables for the Whinchat habitat preference model

conform to a normal distribution.

normally distributed.

After transformation all variables were approximately

Variables

Transformations

% Ground cover

% Ground Cover at 26m height

%Grass to hertonce transformed % Herb to grass

Maximum perch height (cm)
Perch abundance
Meanvegetation height (cm)
Standard destion in vegetation height (cm)
% Tussock cover

Slope (degrees)

% Scrub Cover

% Visibility

Minimum perch height (cm)
Plant pecies richness
Aspect (NW or SE)

Altitude (m)

Log (ground cover)

Log (ground cover at 20cm 1)
Log (101- % grass tderb)
Log (maxperch height 1)
Log (perchesabundance- 1)
Log (mean vegetation height
Log (sdvegetation height- 1)
Log (% tussoclcover+ 1)
Sqrt(slope)

Log (% scrubcover+ 1)

No transformation necessary
No transformation necessary
No transformation necessary
No transformation necessary

No transformation necessary
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3.4.20ccupancyof territories from 2012

For theterritory vegetation datanly one vegetation variable did not follow approximately
normal distribution ath was therefore log transformegerch abundanceNo ouliers were
present in the daté binomial Generalized Liear Model (GLM)was used with a logitrk, the
response variable was whether a territory from 2012 wagagepied in 2013 or noSSite,
depicting the four survey sites was added as a random effect to account for any correlation
between territories frorthe same site but it did not improve the AIC (AIC = 49 for GLM and

51 for GLMM) and gave exactly the same end model result, therefore it was deemed
unnecessary. The model was simplified by stepwise deletion tlemyopl command in R
(Chambers 1992). Ehexplanatory variable vgadropped in turn and the differeniceresidual
deviancecalculated and compared to a @Ghuare distribution, the least significant term
causing the smal&¢ change in residual deviance smdropped and the processs repeated

until every term was significant.

3.5Results

3.5.1 Whinchahabitat geferences

A total of 317different200m sections were sampleti30 in 2013and187in 2012. Three 200

m sections were missed from sampling in 2012 due to inability to access these site

Six vegetation variables were highly correlat@@dearson Product &nert Correlation
Coefficient (PPMCC) >0.5, Figurd.2). A principal components analysis was performed on
these vadbles using the prcomp packa@&enables &Ripley 2002;Crawley 2007) The first

two principal components summarised%M®f the variation These twacomponents ere then

used as vaables in the modePC1 which explained 60% ofhe variation in the vegetation
variables represented areas with longer grass and more vegetation cover higher up, more
variation in grass structure, lower species richness, lower percentage of herb to grass, and
higher tussock covePC2 explained a further 20% of the variation in the vegeta@oiables

and representeareas with high species richness and high herb to grass ratio, low tussock cover
and shorter grass with less structural variaijdable 3.3). Minimum and maximunperch

height wasalso highly orrelated, therefore only maximuperch height was used in the
analysis. Invertebrate order richness was correlateith invertebrate abundance and

invertebrate biomass and wéserefore modelled separately to these two variables.
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PC1 and PC2 were botbund to becorrelatedwith log(perch abundance 1) (PPMCC= 0.446
and 0.417 respectively). Therefpperch abundancsas modelled separately to PC1 and PC2.

No other variables were stronglgrrelatedwvith each other
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Table 3.3. Results of a Principal Component Analysis for vegetation data from the 200 m
transect sections. Variables included in the PCA were: plant species richness, percentage of
ground cover at 20cm height, herb to grass ratio, mean vegetation height, stani@diahde
vegetation height and percentage tussock cover. Firstly the cumulative proportion of the
variance explained by each component is presented and then the correlation coefficients for the
relationship between each habitat variable and the twoipaincomponentsLastly a verbal
interpretation of each component is given. The first two principal components summarised 80%

of the variation.

Variables PC1 PC2

Cumulative proportion of 0.605 0.804

variance

Plant pecies richness -0.239 0.697

% Ground cover 20cm above 0.450 0.184

ground

% Herb to grass -0.338 0.518

Mean vegetation height (cm) 0.449 0.322

Standard deviatiom vegetation 0.459 0.320

height(cm)

% Tussock cover 0.462 -0.072

Interpretation Areas with longer grass an  Areas with higiplant
morevegetatiorcover species richness and higl

higher up, more variation ir  herb to grass ratio, low

grass structure, lowgdant tussock cover, shorter gra
species richness, lower with less structural

percentage of herb to gras: variation

and higher tussock cover
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The best modetontained PC1 in the count component, which models the counts for areas
where Whinchats were present, and PC1 and altitude in the hurdle component, which models
the presence and absence of Whinchats (TaBle Table 3.5 gives the final model grameter
estimatesWhinchat presence wamsitively associated with PC1 and in areas of habitat where
Whinchas were presentthe number ofWhinchatsincreased as the amount of RP@pe
vegetation increased (Tab85). Therefore, an increase in the amountlarfg dense grassy
vegetation with ma variation in heigh low plant species richnessd a highdensity of
tussocksencourages settlement of breeding Whinchats. Ordination methods such as PCA make
it difficult to interpret the individual effects of the variables that make up the principal
components (Zuuet al. 2007; Davieset al.2014). However, it is possible to get an idea of the
magnitude of the influence for the different variables that form PC1 fromiexanthe means

and standard errors from the raw data for 200 m sections where Whinchats were present and
200 m sections where Whinchats were absent (Tab)e

Whinchats werealsomore likely to be observed at lower altitudegardless of vegetatiogpte
(Table3.5). From the raw data the mean altitude for 200 m sections with Whinchats was 14.2 m
lower than 200 m sections without Whinchats. Visibility and percentage scrub cover, which
were included to account for any differences in detectability bet268 m sections, did not
affect the observed number of Whinchats and were therefore dropped from the model
(Likelihood ratio test: p > 0.05). Slopaspectthe interaction of altitude and aspect, percentage
ground cover and maximum perch height did favesignificantrelationship with Whinchat
presenceand were also dropped from the model (Likelihood ratio test: p > 0.05). However,
from examining the raw data means (Tak® it is apparent that there is a trend for Whinchats

to occur in 200 m sectianwith taller perches (43.9 +8.12 cm as opposed to 35.3 1/94

cm).

The modelresults are presented graphicallyFigure 3.3. The fitted values for the hurdle part
of the model modelling Whinchat presence versus abseice, plotted gainst PC1 and
altitude, and the fitted valuesom the cowt part are plotted against PCIhere is some
curvatue in the plot of Whinchat couaigainst PClnd Whinchat presence against altitude but
the addition of a higher order polynomial terms did not increasexplanatory power of the
model Diagnostic plots of thénal modelresiduals against every potential explanat@riable

validated that this model is a suitable fit.

An alternative model usingerch abundandestead of PC1 and PC2 was created to ityate

the effect of perchesas explained earlier, the perch abundance was highly correlated to PC1
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and PC2, though not to the individual variables that formed these components, therefore it was
modelled separately to PC1 and PCthe perch abundancevas significantly positively
correlated withwhinchat occurrence (Hurdle: Est =0.935 /316, z =2.96, p = 0.003). On
average 0.5 more perches were presence in 200 m section with Whinchats than those without
(Table 3.6). Altitude wasalso significant in thisnodel, showing the same treadobserved in

the fnal model, discussed abav&he model using perch abundandéed a higher AIC
compard to the model built with PC1 and PC2L8 as opposed to 3} and therefore was not
chosen as the best model.
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Table 3.4. Thechi-squared values from the likelihood ratio sefdr thebest model selected by
stepwise deletion examining the relationship between the abundance and presence of Whinchats
per 200 m section in relation to it variablesThe model is a hurdlenodel combining a
truncated poisson with a log link to model Whinchat abundance for sections with Whinchats
and a zero hurdle component to model Whinchat presence versus absence using a binomial
distribution with a logit link (n =317).

Count Model ¢ Df Pvalue
PC1 7.85 1 0.005
Zero Hurdle Model ¢ Df Pvalue
PC1 8.13 1 0.004
Altitude 104 1 0.001

Table 3.5. The parameter estimates for thest model selected by stepwise deletion examining
the relationship between the abundance and presei¢hinthats per 200 m section in relation

to habitat variables. The model is a hurdle model combining a truncated poisson with a log link
to model Whinchat abundance for sections with Whinchats and a zero hurdle component to
model Whinchat presence versussatice using a binomial distribution with a logit link (n
=317).

Count Model Estimate Std.error Z value P value
Intercept -0.24 0.28 -0.85 0.396
PC1 0.31 0.12 2.61 0.009

Zero hurdle model

Intercept 1.60 1.14 1.40 0.162
PC1 0.26 0.09 2.78 0.005
Altitude -0.02 0.008 -3.11 0.002
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Table 3.6. The mean +/1 standard error for each predictor variable for 200 m sections where
Whinchats were present and 200 m sections where Whinchats were absent. The raw data values

for each variable are used (n = 317).

200 m sections with 200 m sections without

Whinchas Whinchas
Plant Species Richness
(number) 6.00+/- 0.32 6.65+/-0.13
% Ground cover at 26m
height 9.43+/-1.88 6.24+/- 0.62
% Herb to grassatio 12.5+/-2.17 19.8+4/-1.12
Mean vegetation height (cm) 7.54+/-0.44 6.60+/- 0.27
Standard deviation in
vegetation heighfcm) 2.47+/-0.18 1.94+/-0.07
% Tussocks cover 25.3 +/3.10 18.1 +£1.23
% Ground cover 92.2 +/1.61 90.5 +£0.73
Perch abundance 1.43+/-0.18 0.93+/-0.08
Minimum perch heighfcm) 33.6 +£3.12 27.0 +£1.42
Maximum perch heighgcm) 43.9 +/4.13 35.3+/1.94
Altitude (m) 144 +} 4.04 158.2 +/1.50
Aspect SE SE
Slope(°) 5.15+/-0.51 5.24+/-0.22
% Scrub cover 15.1 +£1.67 18.9 +£0.88

79



Chapter 3Habitat Selection

-
@ &8
T n ’ G
< . — ¥ C 0 D
G i § = i .
c ¥ < = . : L
< ) - E - N « R . .
% o | f’?" g = * e A
— B S PR - : 1"& :o
8 Lo B mo_ LN e o
— ] e e F
£ 2 T L
2 [ I N R e A e L
C'_ — = et °°M?%°°°°-;,ﬁ i -
o] — o st w I
o g LR L A T PO
U = - Foew F e :ooﬁ i
— '-«5-{ _ b=y — b L Ly ek ha
© ] o — g R YA -
8 L ® - oo T e
a | | | | | 8 T T T | |
L
-4 2 n 2 4 o -4 -2 0 2 4
PC1 PC1
-
8 -
g 1.
£ = ¥
- - @
(@] =T °"’s Ty
£ taw
s o | ol
% [} = &, Q,o;:?o
)
S o o
B CI ] Q‘%%’:'Qﬂf
& ﬁm e
2 T - ’
p— ]
= oot
2
8 I I I I I I I
S
a 100 120 140 160 180 200 220

Altitude

Figure 3.3. Plots of fitted value$or the best moddbr therelationship between Whinchat
abundance and habitat characteristicditted values for the count component of the model
(Whinchat abundance in areas with Whinchats) against PC1, B: fitted values for the hurdle
component (Whinchat presence versus aleerfcthe model against PC1, C: fitted values for

the hurdle component (Whinchat presence versus absence) of the model against altitude.
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3.5.2Invertebrate resourcesnd Whinchatdistribution

The abundance, order richness and inferred biomass ofehvates shoveeno relationship to

the abundancer the presence of Whinchats per 200 m seatiben tested individually or in a

full model with the vegetation and topography variak{ieable 3.7 and Figure3.4). It does
appear that the variability in meamvertebrate abundance, order richness and biomass is lower
in areas with Whinchats as opposed to areas withotitthe sample size of areas with

Whinchats is much smaller (23 as opposed t0.107)
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Table 3.7. The best model selected by stepwise deletion examining; A: The relationship
between the number of Whinchats per 200 m section and invertebrate abundaimtergatt
biomass, B: The relationship between the number of Whinchats per 200 m section and
inverteébrate order richness. The variables are presented with the associated chi squared values
from the likelihood ratio test upon their removal from the model. Invertebrate order richness
was modelled separately from the other two invertebrate variables as tighly correlated

with them (PPMCC 0.6). The model is a hurdle model combining a truncated poisson with a
log link to model Whinchat abundance for sections with Whinchats and a zero hurdle
component to model Whinchat presence versus absence usingnaiddidistribution with a

logit link (n =130).

A. Count Model G Df P
Invertebrate Abundance 0.145 1 0.703
Invertebrate Biomass 0.063 1 0.803

A. Zero hurdle Model 3 Df P
Invertebrate Abundance 0.040 1 0.842
Invertebrate Biomass 0.105 1 0.746

B. Count Model

Invertebrate Order Richness 0.368 1 0.544

B. Zero hurdle Model

Invertebrate Order Richness 0.114 1 0.736
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3.5.30ccupancy of territories from 2012

A PCA was used agadue to collinearity between sof thevegetation variabled={gure 3.5).
The first two principal components explained 88.7% of the variance in the vegetation variables
(Table3.8) and were used in the full modMaximum perch height and minimum perch height

were correlatedherefore only mamum perch height was included in the mibde

The best model was a binomial GLM with PC1 as the only explanatory variable @@ple
Whinchatterritories were more likely to beccupied if PC1 was highTéble 3.10, Figure 3.6).

Table 3.11 presents thenean values from the raw data of all the variables for occupied
territories as opposed to unoccupied territories, with the accompanying standard errors for a

quantitative comparison.

84



Chapter 3Habitat Selection

0 10 20 30 4 6 8 12 20 60
I T I I | | Y I | | T |
Plant -
. r=-0.40 r=-0.63 r=-0.55 r=-0.43 r=-062 [ ~
Species p==0.01 p==0.01 p==0.01 p==0.01 p==0.01 B -
richness -
i R
- —DDD $° %
o]
I ) = [.25 = .27 r=0.858 r=0.85
_ fu] GI’OUﬂd I k] I =T 0 K
=N n;; p=0.025 p=<=0.01 p=<=0.01 p=<=0.01
- o
= 8 &y cover
o 4@ e )
[=] SD —
el "o Ejg%ﬂ?: w8 | % Grass 5
=] - o
o "oy O t0 herb r=0.50 r=0.28 r=0.52 '
p=<0.01 p=0.015 p=<0.01 [
Lo
[, [u]
o _[o®a ot o )
- o o oo o o Mean
- ] (=]
e o8, no? Tod oo B veg r=10.90 r=0.95
o afe | ey ° R, o p=<0.01 p=<0.01
“ T oon o oF o height
- od® q fha_ o 25 9
. [=] DD D@ [=] & =
o =] o [= T
o Moo gl %o, 8% w5 | SD-veg o
=8 o o 5 e 0.6 -
. =088 [
woodl °|| P o Gelloo| | Bar height pm<001 |
b o oo SN | o ")
0 o @0 o - % g =0 -
=[] =] [=un] 2]
_°D°°go °F o c.g? L “oF %
[ o o9 a] 1) [a]
o o ooy =P = y=1a] &no = [ g =
1o o000 o g o oo, %8 pg o« Tussock
o _p 0 ? é' gu'-‘t"@':' o o i) 5 o8 o
o * 5 o fulx] o Dﬁ% ﬁ 'B%n% cover
T TTTTT [ [ [ I T T 11
3 5 7 8§ 70 g0 15 25 35

Figure 35.Cor rel ati ons between the six highly <corr
Product Moment Correlation Coefficief) and p values for each correlation are shown in the

upper righ panels and a plot of each variable pair is shown in the lower left panels.
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Table 3.8. Results of a Principal Component Analysis with vegetation data from Whinchat
territories. Variables included in the PCA were: plant species richness, percentage ruf

cover at 20cm height, grass to herb ratio, mean vegetation height, standard deviation in
vegetation height and percentage tussock cover. Firstly the cumulative proportion of the
variance explained by each component is presented and then the icoreafficients for the
relationship between each habitat variable and the two principal compobasily. a verbal
interpretation of each component is given. The first two principal components summarised 89%

of the variation and were used in the fulldeb

Variables PC1 PC2

Cumulative proportion 0.718 0.887
Plant species richness -0.329 0.578
% Ground cover 2@m above 0.426 0.340
ground

% Grass to herb 0.301 -0.652
Mean vegetation height 0.463 0.154
Standard Variation in 0.434 0.308

vegetation height
% Tussock cover 0.465 0.0780

Interpretation Areas with longer grass anc Areas with highplantspecies
more cover higher up, more richness and more herbs a:
variation in grass structure, opposed to grass, low tussor
lower plantspecies richness, cover, shorter grass with les
higher percentage of grass 1 structural variation

herb, and higher tussock

cover
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Table 3.9. Model selection for the relationship between the occupancy of a territory and the
territory vegetation. The model deviance, change in residual deviance (LRT) and p value for
each term as it was dropped from the model are included. The change in residaatel
follows an approximately Ckiquared distribution. The model is a binomial GLM with a logit
link (n=41).

Variables DF Deviance LRT P value
PC1 1 56.81 12.06 <0.001
PC2 1 43.5 0.041 0.839

% Ground cover 1 44.0 0.468 0.494

Perch abundance 1 44.8 0.772 0.380

Maximum perch 1 41.7 0.006 0.938

height (cm)

Table 3.10. The best model selected by stepwise deletion examining the relationship between
territory occupancy and habitat variables. The model is a Generalised Linear Model of the
binomial family with a logit link (n = 41).

Model Estimate Std.error Z value P value
Intercept 0.09 0.37 0.25 0.804
PC1 0.62 0.21 2.95 0.003
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Table 3.11. The mean +/1 standard error for each predictor variable for territories identified in
2012 that were occupied again by Whinchats in 2013 and territories identified in 2012 that were
not occupied again in 2013 (n=41).

Territories from 2012 Territories from 2012 not

occupied in 2013 occupied in 2013

Plant Species Richness 5.95 +£0.20 6.87 +/0.32
% Ground cover at 20m

height 17.2 +F1.53 6.31 ++1.16
% Grass to herb ratio 93.2 +£0.67 89.6 +£1.29
Mean vegetation heiglicm) 8.64 +£0.33 6.30 +/0.34
Standard deviation in

vegetation height (cm) 2.78 +/0.12 1.97 +£0.10
% tussocks cover 55.8 +£3.72 30.9 ++3.84
% Ground cover 94.6 +/0.72 93.6 +£0.69
Perch abundance 1.25+£0.11 1.01++0.16
Minimum perch height (cm) 25.1 +£1.97 19.0 +f1.55
Maximum perch height (cm) 33.5+/251 25.4 +/ 2.36
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Figure 3.6. The fitted values (solid line) from the best model for the relationship between PC1
and Whinchat occupancy of a 2012 territory in 2013 (n = 41), the dots are the observed values.

The model is a binomial GLM with a logit link.
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3.6Discussion

Whinchatswere more likely to be present at lower altitudes and in areas with more PC1 type
vegetation (Table3.5; Figure 3.3); long dense grassy vegetation with more variation in
vegetation height, low species richness and a high percentage cover of tussoc&sons se
where Whinchats were present, their abundance increased with increasing PC1 vegetation
(Table 3.5; Figure3.3). Additionally, Whinchat territories from 2012 were more likely to be
occupied in 2013 if they had more PC1 type vegetation (T3ably. Whinchats were also more

likely to be present in areas with a higher abundance of perches. Aspect, slope, percentage
ground cover and perch height were not significaatigociated with Whinchat occurrence or
abundance. Visibility and scrub cover were nigngicant in the final model suggesting the
results were not an artefact of variations in detectability. As stated in the introduction,
Whinchats were expected to select breeding habitat to maximise the chances of breeding
successfully without compromigirtheir ability to reproduce successfully in flaéure (Trivers

1974). Habitatwould be expected to be selected to maintain a suitable microclimate but still
minimising predation risk (Gilliet al.2012) and to ensure a good local food supply closeeto th
nest (Andersson 1981).

3.6.1 A peference for valleys

Whinchats were more likely to be observed at lower altitudiée altitude of the 200n
sections surveyedn Saisbury Plain rangeffom 102 m to 223 m above sea leveivhich is

well within a Whinchats physiological limits (Whinchats have been found up to 500 m above
sea level in the UK; Calladine & Bray 2013alisbury Plain topography consists of a series of
low hills and valleys. Tie lower altitude sections of the transects refer to tHeygatherefore

in this case a preference for lower altitude reflects a preference for valleys. Similar results have
been found in other studies on the Plain (Stanketig}. 2002; Redhead 20)Jand differences

in vegetation between the valleys and hiltdpas been suggested as the redsothis study,
however, vegetation type was also accounted for in the model and the correlation between
altitude and PC1 type vegetation was low (PPMCQ.£14). The top 20 % of sections with the
highest altitudes (abev180 m) contain some sections which also had very high values of PC1
(2.071 4.0) and despite the highly suitable vegetation these areas were not occupied by
Whinchats. Therefore, the observed preference for valleys must be to do with the structure of
the valleys themselves rather than any correlation with the vegetationSgpsbury Plain is
subject to strong winds due to the open nature of the, platin few features to act as wind

barriers. In this situatignvalleys may presers more sheltered mioclimate than hilltops.

90



Chapter 3Habitat Selection

Extreme temperatures when incubating have been found to increase the energetic costs to
incubating birds (Rauter & Reyer 20Qindcan also result in slowffspringgrowth (Robertson

2009) reduced immunity (Ardiat al. 2010)andreduced fledging success (Ardia 2013). For
altricial passerines, like Whinchats, arsulated microclimate is especially impamt, as the

nestlingsare unake to thermoregulate until about' ® days old (Visser 1998

3.6.2 Vegetation preferences

PC1 which decribed areas witnhigh percentage of long graashigher percentage cover at 20
cm height(indicating a higher vegetation densjthiigher tussock density and morariation in
vegetation heightsvas significantlypositively correlated with bottWhinchatoccurrence and

the number of Whinchats an area. The importance of PC1 is again exemplified in the second
analysis lo&ing at territory occupation. Whinchat territories from 2012 with a higher level of
PC1 were significantlymore likely to be occupied again in 20IBhis suggests PCflype
vegetation is strongly selected whafhinchat are choosing breeding territories.

Whinchats build concealed nests, deep inside tussocks (pers. obs.), therefore the increased
tussock densityand vegetation height associated with increased PC1 type vegetation would be
beneficial. @her studiesincluding several on WhinchafRichter & Dittman2004 Pearce

Higgins & Grant 2006 Broyer et al. 2012) have found that grounchesting birds will
preferentially select areas with talletensewnegetation to nest jrwhich is thought to bdue to
increasedprotection from predatorand improved thermoregulatory benefits (Martin 1993;
Davis 2005 Kim & Monahan 2005Gillis et al. 2012. For many bird spges, nore exposed

nests have been found to have a higher risk of predailartin (1992) found that in 29 of 36
studies, predation rates were lower for nests with greater concealment. As well as concealment,
dense, long, vegetation can make it more diffifor a predator to find the nest by increasing

the amount of vegetation to search through and the number of potential nest sites to check
(Martin 1993). However, long vegetation can also increase predation risk for parents by
obstructing their view whe foraging or on the nest (Whittingham & Evat¥4 Wilsonet al.

2005; Seltmanmetal. 2014), and tall vegetation may also limit foraging efficiency by impeding

the birds movement and access to prey (Whittingham & Evans 2004; Witsah 2005;
Deverex et al. 2006; HosteDanylow et al. 2010). This is where the increased structural
variation in vegetation, reflected in PC1 by standard deviation in vegetation height, is also
important. It provides both tall dense vegetation for shelter and concealndesti@ater more

open vegetatiosuitable for foraging in close proximity (Wilsat al. 2005; Fischeetal. 2013
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Murray et al. in prep).PC1 also includes a higher percentage of grass cover but as the areas
with long, dense vegetation also tended to be the areas with a higher percentage of grass, this
does necessarily indicate a preference for grass specifically. In fact, Whinchats have bee
shown to preferentially select areas of bracken cover at sites in North England and Scotland

(PearceHiggins & Grant 2006) but there is no bracken on Salisbury Plain.

Perch abundandead a significant positive effect adhinchatoccurence but not on Wnchat
abundance in areas where Whinchats occu@der studies have also found an association of
Whinchats with increased perch abundan@ppermann 1990; Opperman 1992; Bastian &
Bastian 1994; Richter &uttmann2004). Oppermann (1992) even found thadtling artificial
perches to a habitat encouraggdake by Whinchat Whinchats rely on perches for hunting,
detecting prey from a perch and pouncing (pers. &bshter & Dittmann2004 Barshepet al.
2012), therefore an increase in perch abundanceoirap theirforaging efficiency.Perches
could also act as loedut posts, aiding early detection of predators by improving the range of
vision (e.g.Yasukawaet al. 1992 and in the case of males, as song posts for territorial defence
(Orlowski 2004).

3.6.3Featuresnot significantly associated with settlement

Slope ad aspect were not significantly related to Whinchat occurérue preference shown

for valleys, as already discussed, would suggest a preference for slopes. Hiveefaat that

this rehltionship was not apparent in the analysis suggest the preference for lower altitudes and

PC1 type vegetation was more important for breeding Whinchats than Slope.and aspect

affect the soil moisture content and surface temperature (Behalie2008) and this has been

shown to affect the energetic costs of incubation (Rauter & Reyer 2000). Calladine & Bray
(2012) found Whinchats favoured south and east facing aspects, especially at higher altitudes.
However, it isimportant to note that all sampliitades from this study were low (less than 223

m) compared to Calladine & BrayoO$6lpmpbeve wher e

sea level, therefore selecting aspect to maximise surface temperature may not be necessary.

The maximum perch heighvas not significantly associated widhinchat occurrencelaller
perches might be preferred as they woalldw a wider field of view to deteapproaching
predators(as found for Reavinged blackbirds in Yasukawet al 1992) and potential prey
items (e.g. Poole 2005; Anderssab al 2009) Hulme & Cresswell (2012) found that
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Whinchats in their study preferred perches of 108 cm which was significantly higher than
randomly selected potential perches (mean height 52 @ther studies have also suggested
perch height might be important in male song post sele@@antrale 1983) and could act as an
indication of male quality (Spraet al. 2012), with the best quality males risking higher
exposure to predations and incredshermoregulatory costs (Waetal 2005) by singing from

more prominent posts (dller et al. 2006).Harrison (1977) actually tested the hypothesis that
taller perches are preferred as song perches for six territorial grassland bird species and
concludel that in general individuals will use virtually any elevated perch regardless of height
but Castrale (1983) found that if there is a choice between two perches in close proximity the
highest one was used almastclusively However my study only lookedtamaximum perch

height with Whinchat occurrence and abundance, not the maximum height of perches the
Whinchats actually used, Whinchats may have been using the taller perches within an area
more. On average perches were 8 cm taller in areas with Whirachafgposed to areas without
(Table3.6) suggesting a trend towards selecting areas with taller perches.

Percentage of ground cover, which refers to the cover of vegetation as opposed to bare earth,
was also notstatistically significanty related to Whighat occurrence or abundandgare

ground was expected to be a significant component of Whinchat occupancy since they are
visual predatorandbare ground may improve prey accessibility and foraging efficiency. At the
scale of sampling, however, there wasdetectable variation in the percentage of bare ground

in sections with and without Whinchats (TaBl6).

Invertebrate abundance, diversity anfkrred biomass wereot related tdNVhinchat presence

or abundancewnhich suggests food abdance,diversity and biomass are not influencing
variation inWhinchatsettlement on Salisbury Plain. Comparisons of invertebrate abundance,
diversity and biomass for 200 m sections with and with@hinchats (Figur&.4) suggest little
difference in average vats at this scale of sampling. Field observations suggest that food was
not limiting on Salisbury Plain. Owf the 199nests monitored over the 2012, 2013 and 2014
seasons, only four nestlingganed to death in the nest (Chapter 5) and the condition of
nestlingsin fledged nests (based on residual weight) was not significantly different to failed
nests. Thereforeit appears justified to assume that invertebrate abundance, diversity and
biomassn the sampling areia uniformly sufficientfor Whinchatbreeding need®©ther studies

of Whinchat habitat preferences have found higtvertebrate diversity and biomass to be
important in settlement decisiorfey exampleBastianet al. (1994) found species richness and

biomass of invertebrates was greateidninchatoccupied plotsbut the abundance was lower
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and Opperman (1999) also suggests a clear relationship béteechathabitat use and food
availability. However, both of these studies compawgtiinchatsettlement between habitats
with very differert invertebrate populatiordue to different levels of agricultural management,
whereas Salisbury Plain is virtually all agriculturally unimproved grass{Astl & Toynton

2000; Ashet al 2011) It is also important to recognise that availability of inebratesto
foraging Whinchatsis not the same as invertebrate abundance, diversity and biomass.
Availability of invertebrates may rely me on the vegetation structurddosteDanylow et al

(2010 found that vegetation structure influenced birds in thkeoiee of a foraging spot far
more than prey abundance. Variation in vegetation height may increase access to invertebrates
while still providingconcealment from predators (Whittingham & Evans 2004) and gegth
abundancandtall perchesmay improve thevisual field for searchingRoole 200%h

3.6.4 Conclusions

In conclusion thigesearch suggests that in unimproved grassland Vidwetleappears not to be
limiting, breeding season occupancy of habitat is biased towards valleys and areas where the
dominant vegetation is tall, structurally diverse, grass with high tussock density and abundant
perch availability. Occupancy of this habitat is likely to minimise nest predation risk and
thermoregulatory stress and increase foraging efficieBalisburyPlain allows us to look at
Whinchat habitat choices in a stable population in optimal habitat, where food abundance and
diversity is not limiting enough to determine habitat occupancy. This information can then be
used to guide effective conservation managerf@eniWhinchats. For example if we want to
encourage Whinchats into an area and we have already taken action to ensure a healthy insect
population then the other priorities to focus on are to ensure a sufficient area of dense, structural
diverse vegetation ith a high density of tussocks and perches to maximise foraging efficiency
while minimising predation risk anéhermoregulatory stress, and to consider the shelter
topography can offer when selecting sites to conserve. Increasing structural heterogeneity
would also benefit other grassland nesting birds and grassland biodiversity in gg@eetahét

al. 2003; Wilson et al. 2005 Vickery & Arlettaz 2012. Studying stable populations of a
declining species in optimal habitat can thus help to uncover important habitat selection cues

and thereby guide effective conservation management action for the species as a whole.
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Chapter 4: Using Habitat Suitability
Modelling to determine whether
breeding habitat is limiting for a

declining migrant bird

One of the core survey valleys witlagge Whinchat population
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4.1 Abstract

As the trend inanthropogenic habitat loss continues it is becoming increasing important to
identify strongholds of suitable habitat that still exist to enable implementation of effective
conservation management strategies. In the previous chapter the breeding haliitmentg

of Whinchats were established. Heteuse this information to create a Habitat Suitability
Model for Salisbury Plain from Whinchat occurrence data and large scale environmental data
The predictive power of the model is tested via a grounditgitburvey, with 267 random
points in the west Salisbury Plain area surveyed for Whinchats and the results compared to the
habitat model predictions. The habitat suitability moghetonjunction with the ground truthing
surveysis used to investigate thellnerability of Whinchats to fragmentation atuddetermine

if suitable breeding habitat i@ limiting resource The habitat suitability model successfully
predicted areas where breeding Whinchats were more likely to be obsarvgdneral
Whinchats wee not sensitive to fragmentation at the level present on Salisbury Plain. The
number of Whinchats sighted was far below the value expected in highly suitable and
moderately suitable habitats, with whinchats observed at only 24.3Wredicted highly
suiteble points. This suggests a large proportion of apparently suitable habitat was unoccupied

on Salisbury Plain.

4.2 Introduction

Anthropogenic habitat change has been the most important cause of declinepapbiatiors

in the past century (Sakt al 2000, Greeret al. 2005). Habitat change can cause declines via

loss of suitable breeding and foraging habitat (e.g. Newton 1998, Tabl&dhaidtet al.

2005, Brischgiet al.2006; Barbaroet al. 200§ and via reduced patch size, increased isolation
andincreased edge habitat due to fragmentation (Andren 1994; Hetkdr2003; Hinsleyet

al. 2008. As this trend continues it is becoming increalirigmportant toidentify strongholds

of suitable hab#t that still existso we can implement effective conservation management
strategies (e.gSageGrouse, Yostet al. 2008 Stony Corals, Tittensaoet al. 2009; European

Bison, Kuemmerletal.2 0 1 0 ; El eonor aétal.2614.1lt spassiblea dd this s ar a
on a small scale, with detailed habitat sampling and corresponding surveys on the relative
abundance of a particular species (e.g. Chapter 3) but this method is very labour intensive and
therefore often not possible to conduct over a large area more remote locations (e.qg.
Buchananet al. 2005). However, it is also possible to use habitat preference data to model
expected species distributions. Due to advances in remote sensing technology and large scale

environmental monitoring, there isrcently a large range of climatic, vegetative, aquatic and
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topographic data available at different resolutions and covering different geographical areas
(Buchanaret al. 2005 Tittensoret al. 2009; Elith et al. 2011). Species occurrence data have
also beome increasingly available over the last decade, with a much broader coverage, due to
the rise of the internet providing easier data sharing and the corresponding increase in citizen
science l(epczyket al. 2009. Advances in Geographical Information Systems (GIS) software
and statistical modellingow mean we can predict areas of suitdiabitatfor key species on a

scale of our choosingyrovided there is readily available species occurrence data and habitat
datafor the area of intere¢Buchanaret al.2005;Yost et al. 2008; Elithet al.2011). We have

the capacity, therefore, to create large scale habitat suitability maps for a particular species,
making it much easier to determine how much suitable habikeft isnd which areas are most
important toconserve (Tinocet al.2009).

Habitat suitability models can also be useful for assessing the effect of fragmentation on a target
speciesSpecies differ in their vulnerability to the effects of habitat fragatént depending on

their requirementsmobility and ability to exploit matrix habitats between their preferred habitat
patches $chmiegelow & Monkkonen 2002Antongiovanni & Metzger 2005)There is
currently a lack of data on the response of grassland,dtth as Whinchats, to variations in

patch size and landscape composition (Wisteal. 2006).Assessing a speci@gulnerability to
fragmentation enables us to determine the minimum patch size necessary for persistence and
therebyprovides evidence fatonservation initiatives (Pdra et al. 2004). In most studies of
habitat fragmentation patch size assignment is based on contiguity of a broad habitat type
(Girvetz & Greco 2007)However what is commonly not taken into account is the perceptual
responses and behaviourtbé study organism (Girvetz & Greco 2007; étual. 2012). Wtat is

a patch for the organisnidue to ts mobility and behavioymay be different to the pzh
assigned bycontiguity. Habitat suitabilitymodek usea variety of environmental variables
important tothe study organisno predict suitable habitand therefore it would be expected

that hese predicted patches of suitable habviit be a closer approximation the patcheas

the study organisrperceives themthan patches determined by contiguity. Patches defined in
this way <can then be assessed for the study

determine if isolation and size affect patch occupancy.

Habitat suitability models may also be used to determine how much of the suitable habitat is
currently in use(e.g. Lauver & Busby 2002and thereby help to understand the population
limitations better Many studies onwhinchas have invoked habitat lossn dhe breeding
grounds aghe main cause of the population decline (&gotenhius & Van 1986Bastian

1989; Richter & Dittmann2004; Griebleret al. 2008; Broyer 2009fischeret al. 2013).
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However it has been suggested that the recent sharp declik¢hisfichas may actually be
driven by reduced survival during winter on migration(Hendersoret al. 2014). Largeareas
of suitable but unoccupied breeding habitabn Salisbury Plain would suggest that, in this
population at least, breeding habitat @ timiting. This information combined with data on
productivity, overwinter survival and recruitment (Chapter&5) can give us clues as to the

cause of the population decline.

In this chapter, Whinchat occurrence data collected from R@IL3 andavailable lage scale
environmental data wenesed to create a map of Whinchat habitat suitability for the west of
SalisburyPlain. The west of the plain was chosen as that is the region where thé&/hioshat
occurrence dataereavailable The program Mxent wasaused to create the habitat suitability
model as it has been found to perform particularly well when compared to other habitat
suitability modelling methodgiving robust and precise estimates even when the sample size is
small (Elith et al. 2006 Hernandezt al. 2006; Phillipset al. 2006) To test the predictive
power of the model, ground truthing surveys were conducted, with random points in the west
Salisbury Plain area surveyed for Whinchats and the results were compared to the habitat
suitebility model predictions.The habitat suitability model in conjunction with the ground
truthing surveys was used to investigate the vulnerability of Whinchdtagmentation and
determine if suital@ breeding habitat was limiting. The predictions wéeg Whinchatswould

beless likely to be present in small isolated patches of suitable hebitggared tdarge well
connected areaand that not all suitable breeding habitat would be occupled chapter aims

to improve our understanding of the roliebreeding habitat availability in Whinchat population

dynamics

4.3 Methods

4.3.1 Study i®ea

The study site was a section 8alisbury Plain Wiltshire, in southwest England (Latitude
51°11'52"'N-51°16'4"N; Longitude1°5732'W- 2° 9'32'W; Woodcok et. al (2005). The study
area covered 178 Knin thewest part of the plain, which is predominantly used by the military
for combat training includin¢garge scaléroop manoeuvresind tank exercises but also includes
Warminster live firing rangeThe majority of the study site is classified agriculturally
unimprovedgrassland (Walker & Pywell 20p0mainly Bromus erectugrassland withFestuca
rubra - Festuca arundinacesubcommunity ard Arrhenatherum elatiusgrassland with

Festuca rubrasubcommunity (Rodwell 1992) (see section 2.2 for more details).
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4.3.2 Habitat Suitability Model

Maxent software version 3.3.3kPhillips et al. 2007) was used to create a map of habitat
suitability for the study area based on sightings of Whinchats fron® 202013 and
environmental variablesThe program works bwising maximum likelihood taestimatethe

likely distribution of a species over a finite area, such as the study area, based on a set of
environmental predictor variables and the values these legitdike at a sample of species
occurrence pointsnltially it is assumed that the probability of a species occurring is uniform in
geographic space and therefore a species will occur in proportion to the availability of an
environmental predictor variadlThe data on species presernioerelation to an environmental
predictorvariable places constraiis on the modeforcing it away from a uniform distribution
towards the mean value for the variable at presence locallemsparameter variables for the
predictor functions are proposed and accepted if they improve the fit of the distribution
compared to a uniform distribution (for details see Phikipal. 2006; Phillips & Dudik 2008;
Baldwin et al. 2009 Elith et al. 2011). The pixels of the study area define the probability
distribution,which can be viewed iArcGIS (ESRI 2010). The output is logistic, scaled to be
between 0 and 1. Areas with high values are predicted to be very suitable habitat and areas with
low valuesare predictedo beunsuitable habitafor a more detailed statictical explanation of

how Maxent works please see Elghal.(2011).

4.3.3 Occurrencedaa

All Whinchatsightings recordedroSalisbury Plain fron20107 2013 were used as occurrence
datn. These dataonsist of sightings from line transect survégection 3.3.6)unstructured
valley suneys and regular surveys of the study sitegsection 7.3.3)Occurrence data need to
be a series of coordinates rather than areas, therefore to exssoanihinchat territory,00 m
radiuscircular buffers werecreatedaround all Whinchasightings in ArcGIS 10.0 (ESR2010).

A grid of 100 m by 100 m squares was then aidronto the circular buffer and tla&erage X
and Y coordinates of the intersections of egigti cell within the bufferwerecalculated (Figure
4.1). In this way a cluster of points surrounding each sighting which represented the area of
habitat use was creatéthe meansize of awhinchatbreeding territory in natural grassland is
0.0157 0.018 km? (Bastian & Bastian 1996which gives a radius of approximately 76 m, and
from nest watche@Chapter 6)it was found that 99% of recorded Whinchat foraging took
place 100 m or less from the est location A 100 m radiusshould therefore.encompass the
majority of the habitat theWhinchas use.The model uses clusters for occurrence datao
avoids making stringent assaptions on where Whinchats will and wilbt occur This was

preferablebecause there was lack of high quality vegetation data available for use as a
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predictor variablén the model which was likely to affect the mod&l accuracyA model was
also runwith just the original Whinchatsighting locationsto check for any substaniia

differences in the model output.

/T N\

N/

Figure 4.1. Diagram of how the cluster of points depicting territory use feach Whinchat sighting was
created.The dot is aVhinchat sighting, the circle is H00 m radius buffer and the grid is the 100 m by
100 m grid that was overlaid. The average X and Y coordinates of the intersections of each grid cell

within the buffer were then calculated to give a cluster of points.

Maxentrelies on an unbiased samplé presencadata points for species occurrence. These
points provide data on the values of environmental variables where the species occurs and
Maxent will also randomly draw environmental data from background points where there are no
occurrenaadn aPeodpes @Ehlpeeat ale2006).0The stracfured and
unstructured survey coverage that prodidiee Whinchat occurrence datal not extend over

the whole of the wesof Salisbury Plain, meaning that for some areas it was not known if
Whinchats were present or nothdérefore a maskayer was used to depict survey effand

avoid potential biasA mask is a raster with a value of one for all surveyed 100 m by 100 m
pixels and a value of zero for surveyed pixels. livorks byrestrictingthe Maxent model to

only draw backgroundenvironmental data (pseudo species absence points) from the area
surveyed (Elithet al 2011). Additionally, six regions in the surveyed area were study sites for
Whinchat nest monitoring (see sections 2.2 & 218) therefore had much better coverage than
the other areas.olaccount for any possible biasing effect from this variation in survey effort, a
bias file was also creatgehillips & Dudik 2008) A bias file works in asimilar way to the
survey area maskproportionally weighting background samples wards more heavily
surveyed aread/lodels with ad without a bias file were run antbmparedo see if including a

bias layer improved the model.fit
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4.3.4 Predictowvariables

Any available &rge scale dataano be used agredictor variable in Maxent modelling
including climatic, edaphic and biogeographic variables (Phillips & Dudik 200&}entis not
strongly influenced by the number of parameters used in model building and will automatically
ignore noninformative predictorgPhillips et al 2008 Tinco et al. 2009. This allowsfor the
selection of mangnvironmental parametetisat might be important anthe assessient of their

influence,without a reduction in model precision.

All chosen predictowvariables were on a 100 loy 100 mcell raster resolution to correspond
with a Whinchat 6s aYapablesxwers aeleeted basead on theofindngss i z e
from chapter 3, findings from other studies of Whinchat habitat preferences, and theldyailab

of environmental data at an appropriate spatial sCeddle 4.1) The only vegetation data
available at the appropriate spatial scale was a National Vegetation Classifiddti@) (
(Rodwell 1992)map from 1996 (Walker & Pywell 2000). Preliminary Bsés identified CG3d

and MGlas the most common habitat types\éhinchat territories, therefore the area of these

two habitat types in each 100 m by 100 m cell was chosen as an environmental predictor for the
model. The perimeter d€G3d and MG1 vegetatn in each 100 m by 100 m cellas also
included to explore a possible edge effe€G3d ismainly Bromus erectugrassland with
Festuca rubra- Festuca arundinaceaubcommunity, which in common terms descrilvaak
tussocky chalk grassland associatethwow level grazing. MG1 is mainhArrhenatherum
elatiusgrassland withH-estuca rubrasubcommunityand could also be described as reverting
arable grassland (Rodwell 1992s the vegetation variables came from a NVC survey from
1996 and therefore may hbe accurate for the habitat in 2014, models were run with and
without the vegetation variablés see which fitted the data bettéil environmental predictor
variables were converted fanerican Standard Code for Information Intercha(a®8ClII) files

for input to Maxent.
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Table 4.1. Description ad source for the predictoariables used in thidaxentmodel.

Variable Description Source

Percentage scrub cover Percentage of a 100 m by 100 m c Image analysis of aerial
covered in scrub. This is converted from t photography (Redheaat al.
original data of the number of 0.25 by 0.: 2012)
m cells designated as scrub in a 100 m
100 m cell.

Percentage baground  Percentage of a 100 by 100 mcell that is Image analysis of aerial
bare ground. This is converted from tl photography (Redheaat al.
original data of the number of 0.25 by 0.: 2012)

m cells designated as bare ground in a .

m by 100 m cell.
Altitude (m) Height in meters above sea level NextMap Digital Elevation
Model (DEM; NERC Earth
Observation Data Centre
2007).
Slope (°) Steepness of the slope in degrees above 1 Calculated from DEM
(Redhead, J. pers. comm.)
Northness (°) Nort hness = cos ( ( CalculatedfromDEM
180) (Redhead, J. pers. Comm.)
Eastness (°) Eastness = sin ((as Calculatedfrom DEM
(Redhead, J. pers. Comm.)
Area of CG3d (m?) Square meters dEG3dtype vegetatin in a Vegetation survey (Walker &
100 m by 100m cell Pywell 2000)
Area of MG1 (M) Square meters of MG1 type \agtion in a Vegetation surveyWalker &
100m by 100m cell Pywell 2000)

Perimeter ofCG3d(m) Edge of CG3dvegetation in meters in a 1C Vegetation surveyWalker &
m by 100 m cell Pywell 2000)

Perimeter of MG1 (m) Edge of MG1 vegetation in meters in a 1 Vegetation surveyWalker &
m by 100 m cell Pywell 2000)
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Transformations of th@redictor variablesre used in the programather than the raw data,

these are called features (see Phillgpsal 2006 for a list of feature types cmefinitions).

When specifying a model it is possiblerestrict the set of transformatioktaxentcan apply to

the data and for smallsample sizes this is recommeddHowever, he default settings have

been validated using a largetaset covering 226 species and sigions of the world, with

sample sizes ranging fromi25822 andwith 117 13 environmental predictors for eacmnd

have been found to have aéidthgyéadfbeen tad oncte al mo s
eval uat i o rPhilipa & RBudik 2069 .eFbrfthes an@lysistherefore the default setting

were used but models were als@driusing asimpler set of featureso see if a simpler and

smoother model improved the fit (as suggested in Etitid. 2010 and Kemmerleet al.2010)

ENMTools version 1.4.3 wasised to check for cormions between the predictoariables
(Warrenetal. 2010) The only correlation evident was between tleaand length variables for
MG1 and CG3d (Pearson Correlation Coeffcient 57), and no effect of correlation was
evident from the modelesponse cues (Phillipset al 2007). Additionally Maxent models
have been found to be relatively robust toreations between predicteariables (Phillipset
al. 2006 Tittensoret al. 2009.

4.3.5Model selection and validation

The candidate models were comparesing AICc (Burham & Andersson 2002) (with
ENMTools) which Warren & Seifef011) found to perform better than alternative methods.

The Area Wder theReceiver Operator Characteristic Cur¥dJC) was used to evaluate the
final model fit. AUC measures the probability that a randomly chosen pcesée will be
ranked with a higher suitability thanrandomly chosen background site (Phillgisal. 2006).
Values of AUC between 0.7 0.9 indicate a moderately useful model, with values above 0.9
indicating excellent performance @ee & Ferrier 200). Maxent also performs binomial tests
on the AUC todetermine whether a model will predict the test localities significantly better
than random. A has been used in many other studiesveduate model fit (e.@Vollan et al.
2008 Yost et al. 2008; Tinoco et al. 2009; Tittensor et al 2009; Boubli & Lima 2009;
Kuemmerleet al 2010 and is one of the most widely used accuracy measuexlagy (Liu

et al. 2009), though there is some controversy over its use (ebld 2008). However, other

suggested methods such as Kappa and the True Skills Statistic (TSS) do not allow model cross
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validation and are only suitable when a binary threshold for habitat suitability is wanted
(Alloucheet al.2006) As the model will also bestedin the fieldby surveying random points

AUC was deemed a sufficient measure of fit.

Cross validation was used on the final model to imprageuracy and create confidence
intervals(Phillips et al. 2006; Boubli & Lima 2009; Tnoco et al. 2009; Tittersonet al. 2009;
Elith et al. 201Q Elith et al. 2011). The datavere split into 10 subsets, and for each sutheet
model wa un with 90% of the data with the remaining 1@#thheld and used fdesting

4.3.6Ground tuthing

To test the final Magnt model prediction, 400 random points were generated in ArcGIS 10.0
(ESRI 2010). The points were restricted to be at least 100 m apart to avoid overlapping samples.
The spread othese random points was assesteddnsure a good coverage of a range of

predicted habitat suitabilities, and differdmiels of fragmentation.

The predicted suitability value for each point was extracted from the raster. A 150 m radius
buffer was used to isolate the pixels surrougddach point and the average suitability of the
habitat within 150 m of each poimascalculated taletermine the average predicted suitability

of the 100 m by 100 m squares immediately surrounding the survey poiatsess the effect

of patch isolatioras determined by predicted habitat suitability, the habitat suitability raster was
split into three classes of polygons (0 < = unsuitable < 0.3, 0.3< = moderately suitable < 0.6, 0.6
< = highly suitable < 1.0), depicting areas of highly suitable hakiraas of moderately
suitable habitat and areas of unsuitable habitat. For each random point, the area of the fragment
it was in was then calculated, along with the shortest distance from the point to each of the
habitat types (highly suitable, moderatalyist abl e and unsui healbbué ) , us i
toolin ArcGIS.

For all of these different variables (predicted habitat suitability, surrounding predicted habitat
suitability, area of fragment, distance to highly suitable habitat, distance toatelgesuitable

habitat and distance to unsuitable habitat) histograms were created and the data distribution
examined to determine if coverage was even. It was found that too few points were in habitat

predicted to be highly suitable so another 200 paiete randomly generated just in the highly
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suitable habitat polygons and a random sample of 120 of these points were added to the main
group of survey points. Such a large number of points were generated to allow for uncertainty
in how many it would be patble to survey during the field season, and allow for any that
might prove inaccessible. A total of 267 randomly selected points were surveyed in 2014,
between the ™ May i 28" June. The points were surveyed in tetrads to make sampling

quicker and morefficient, and ensure a good coverage of the whole study area.

To allow more points to be surveyed, the Imber Consiervdsroup a local volunteer group,
carried out some of the surveys. All the points were surveyed before 11 am or after 4 pm, when
Whinchats were observed to be most active (pers).ddandheld Global Positioning (GPS)

Units were used to navigate to each point. Upon arrival the observer watched for five minutes,
listening for Whinchat song and scanning all around with binoculars.nfiivetes was chosen

as a compromise between allowing detection of any Whinchats present and redinciigg

time to allow more points to be sampled. Prior knowledge from surveys in 2012 and 2013
suggested five minutes should be long enough to detecedibgeWhinchat if the observer is
within the Whinchatodos territory. Each point
number of points sampled. The start time, weather, number and sex of Whinchats seen were all
recorded. An approximate measure of alise was also recordedhether the Whinchats seen

were within 100 m of the observyer between 100 m and 250 m.

Some of the 267 sampling points had to be moved from their original location due to
inaccessibility (crop fields, buildings etc.), thereftie predicted suitability value, suitability

of the surrounding 150 m radius of habitat, the area of the fragment it was in, and the shortest
distance from the point to each of the habitat types (highly suitable, moderately suitable and
unsuitable), was realculated to look at Whinchat sensitivity to fragmentation. Additionally

the average suitability of the surrounding habitat for a 250 m radius and a 500 m radius around
the sampling point was calculated to allow assessment of Whinchat response tatatigme

at different scales.

4.3.7 Assessing model fit

The Maxentmodel predictions were testedaanst Whinchapresence within 400 m survey
radius and a 250 m survey radius using the statistical program R version 2.3.1 (R Development

Core Team 2014)Exact countswere not used as fewhinchatswere encountered and
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therefore the model would have been zero inflatedinomial Generitssed Linear Model
(GLM), with a logit link, was used. Thém.morard test function (Cliff& Ord 1981 Bivan
2014) was usedo test for spatial autocorrelation in the model residuaging an inverse
weighted distance matridand found no significant autocorrelation (Morah's 0.121 p =
0.106). Howeverthe moran test functiowas created for testing residuals of a linegression,
and has notbeen validated foruse on GLMs, therefore apline correlogram with 999
bootstrapped 95% confidence intervals (Zatial. 2009)was also usedhe correlogranalso
did not indicate significant autocorrelation

4.3.8 Vulnerabilityto fragmentation

Salisbury Plain is the largest area of continuous grassland in northwest Europet (@sh
2011). Compared to habitats such as abandoned farmland interspersed with forest (e.g. Shitikov
et al 2015), Salisbury Plain would appear reldiivan-fragmented. However, here | am
considering finer scale fragmentation which is less obvious from visual observation.
Fragmentation here is defined by the lack of necessary habitat features for breeding Whinchats.
The habitat predicted as suitablethg model should contain all the habitat features necessary
for breeding Whinchats, whereas habitat predicted as unsuitable should not. Therefore the
habitat is fragmented in the sense that Whinchats cannot breed everywhere in thébtabitat
can only breding in areas of habitat above a certain suitability valie assess Whinchat
vulnerability to this level of fragmentation, the presence of Whinchats within 100 m of a survey
point was modelled against the various measures of fragmentation determihedpbgdicted
suitability values of the surrounding habitéhe varidles used to measure fragmentatiogre

all correlatedwith each other and with¢h sur vey poi nt 6s( Pperag giomtdesd
Product Moment Correlation Coefficient > Q.8)erefore they were modelled separately in a
seriesof GLMs using R version 2.3.1 (R Development Core Team 201d)separate the
effects of surroundindpabitat suitability on the probability of Whinchat presenftem the

effect of survey point suitabiliton Whinchat presenctehe dataveresplit into threecategories

based on thegredictedsuitability value which from here on will be called the suitability
category(unsuitable < 0.3, 0.3 < moderately suitable < 0.6ighly suitable >= 0.6). Fragment

area had a skewed distribution for all suitability categories with areas either small or very large.
Therefore area was split into two categorical variables (based on the fragment size) for
moderately suitable and unsuitable survey points and into thiegocigal variables for highly
suitable survey points. All model residuals were examined for spatial autocorrelation with

Morandés | wusing I m. moran, but none showed sig
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4.3.9 Proportion of suitable habitat occupied

To detemine whether most of the suitable habitat was occupied by ahis, the number of
sampling points where an individual wabserved within a 100 m radius of each sampling
point was compared to the maximum, mean and minimum number that would be exmeuated fr
the model if all suitable breeding habitat was occupied. It is important to note here that the
model predicts the probability of an area of habitat being suitable for breeding, not the
probability of a Whinchat being in a particularea Kuemmerleet d. 2010. If availability of
breeding habitat was limiting we would expect all suitable habitat to be occupied. Using the
suitability categories, the predicted number of sample points with Whinchats was calculated by
multiplying the number of sample poinis each category (sample size) by the minimum,
maximum and mean predicted suitability for that categbigwever, it is also necessary to
account for the reliability of the Maxent predictor model. The AUC of the model effectively
provides a measure of meldaccuracy, an AUC of 0.715 means that71.3% of casesa
randonly selected point with \WWinchats will have a greater habitat suitability score than a
randonly selected point where there were nohilichats Therefore the AUC value of the final
model wasusal to adjust minimum and maximum estimates to account for the prediction model

accuracy Thefollowing formulas were used for ttse calculatiors:

Predicted maximum number of Whinchats in the habitat suitability categmaximum
suitability value forthe category number of squares in the categergmaximum suitability

value for the category number of squares in the category)1-AUC).

Predictedminimumnumber of Whinchats in the habitat suitability categominimum
suitability value for the categy number of squares in the categoryminimum suitability

value for the category number of squares in the category)1-AUC).

Predicted mean number of Whinchats in a habitat suitability category = mean suitability value

for the category number oquares in the category

4.4 Results

4.4.1Habitat Suitability Model

The Maxent model with the lowest AlICc was selected (Tdl#® this model used all the
variables, all feature types and no bias lajéwe final, crossvalidatedmodel had an average
AUC of 0.715 ¢/- SD 0.028) This meanghatin 71.5% ofcasesa randonty selected point

where there were Whinchats will have a greater habitat suitability $learea randomly
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selected point where there were no Whinchats (¥bsi. 2008).All testedmodels performed

significantly better than a randomodel(Binomial test of omission: § 0.0001).

Table 4.2. AICc scores for candidate models, with sample size, number of model parameters
and log likehood. The model description is in the left column, tiéhdifference in variable
specification compared to the other models in bold. Three factors were changed in models:
variables of low contribution to the model output were removed and simpler feature types and a
bias layer were trialled. The models add in order of increasing AlICc. All models used a

maximum of 5000 iterations.

Model Log Parameters Sample AlCc
Likelihood Size Score
All variables, restricted survey area, all -6217 85 793 12625

feature types

All variables, restricted survey aremly -6278 39 793 12638
linear, quadratic and product feature

types

All variablesexcept aspectrestricted -6243 70 793 12639
survey area

All variables, restricted survey area, all -6245 80 793 12668

feature typeshias layer

All variablesexceptbare ground, -6240 88 793 12678

restricted survey area, all feature types

No vegetation variablesbut others -6256 78 793 12685
included, restricted survey area, all featul

types

All variables, restricted survey aremly -6350 8 793 12716

linear features

All variables, restricted survey aremly -6258 92 793 12724

hinge features
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The selected model was run using clusters of points in a 100 m buffer around Whinchat
occurrence locations to depict territories and habitat use. A model just using Whinchat
occurrence locations was also run to test for any substantial difference inahmdidel. The
influence of the environmental variables of the two models on habitat suitability, and the
relative contribution of each environmental variable to predicted suitability, was the same for
both modelsThe main difference was that the modehgsthe clusters of points to represent
Whinchat territories was moreconservative representing anore gradual change in habitat
suitability, compared to the model using just téhinchat occurrence location$he more
conservativecluster model was chasdor the analysis as the clustef points were thought to
represent Whinchat habitasebetter.Using the suitability categories defined earl@¥ of the

area (15.9 ki) is highly suitable, 40% (70.6 Kinis moderately suitable and 51@l.5 knf) is
unsuitablgFigure4.2).

Maxent measures the permutated importance of each variable. This is calculated by randomly
permutating values of the variable among the data used to fit the model, and measuring the
resultant decrease in model fit. A large deseeahows the model depends heavily on that
variable (Phillipset al. 2007). These values are then normalised to give a percentage (Table
4.3). Altitude made the most informative contribution to predicting suitability; it contributed
43.4% to the modepredction (Table 4.3). Slope waghe next most informative predictor
contributing 19.6%. These two variables were the most important predictors of suitable habitat

in the model and contained most of the information used to create the model prediction.

Thereis a strong trend for higher predicted habitat suitability at low altitudes (Mg@j)rand in

areas with moderately steep slopes. None of the other variables have such a strong influence on
the predicted habitat suitability. Other trends were for higitedicted habitat suitability in

areas with less scrub cover, less bare ground and a very slight trend for higher suitability with
higher percentage cover of MG1 a@&3d a more westerly aspect and a larger perimeter of
CcG3d
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Predicted
Suitability

l 0.891

Figure 4.2. The Maxent projected predictions for Whinchat occurrence using clusters of
occurrence points within a 100 m buffer around Whinchat sightings. The Whinchat presence
occurrences clusters used teate the modehre shown as bludots. The map is based on

[2011, Salisbury Plaiii West, 1:25,000].Map produced on behalf of The Controller of Her

Maj estyods Stationary Office E Crown Copyright
Licence No.100028811.
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Table 4.3. The permutated importance of the environmental variables used in the cross
validated Maxent prediction model. The permutated importance is calculated from randomly
permutating the values of the variable among the data used to fit the mddekasuring the
resultant decrease in model fit. This value is then normalised to give a percentage. A high

permutated importance shows the model depends heavily on that variable.

Variable Permutation importance
Altitude 43.4
Slope 19.6
Area of CG3dvegetation 6.1
Percentage scrub cover 14.3
Area of MG1 vegetation 2.3
Eastness 4.9
Percentage bare ground 3.4
Perimeter of MG1 vegetation 2
Northness 3.2
Perimeter ofCG3dvegetation 1
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Figure 4.3. Response curves for the effect of each environmental variable on the Maxent model prediction. The
curves show how the logistic predicted habitat suitability (y axis) changexhsavironmental variable is varied
keeping all other environmental variables at their average sample value, 0 = unsuitable habitat, 1 = highly suitable

habitat. The curves show the mean (red) response from 10 crossfold validat@re standard deviatih (blue).
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4.4.2 Assessing model fit

Model fit was assessed usinghiichat sightings within 100 m of the survey point. Of 267
sampling points, Whinchats were present within a 100 m radius of 18 sampling points. Only
one Whinchat was observed within a I80adius of a point where the habitat was predicted to
be unsuitable. The megmedicted suitability for points wheMyhinchas were present within

100 m was 0.562 +0.037(SE),comparedo the maximum suitability predicted for any of the
survey pointswhich was 0.77and the measuitability predicted for highly suitable squares
which was 0.650 +/0.006.From the Maxent prediction map, 11.2% of the area has a predicted
suitability of 0.562 or above which translates into 26.Krirty of the 267 sampiig points had
Whinchats observed within 250 m. Tresults of the analysis usinghivichat sightings within

250 m of the sampling point was qualitatively similar and therefore is not presented here for
brevity. Figure4.4 displays the sampling poinfdotted on a map of the Maxent predicted
habitat suitability.

Observing a Whinchat was significantly more likely at a sampling point with a higher predicted
suitability (GLM: Est = 5.41 +/1.66 (SE), p = 0.001, n = 267). The Maxent model accurately
predicted areas where Whinchats were more likely to be present. Hdudisplays the fitted
values for the model of the relationship between predicted habitat suitability and the probability
of observing a Whinchat within 100 m of the survey point. As soifhinchats were sighted at
survey points the probability of seeing a Whinchat only reaches about 30%, even when the
predicted habitat suitability is 0.80.
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Predicted
Suitability

0.891

Figure 4.4. The random survey poinggotted on a map of the Maxent projected predictions for
Whinchat occurrence using the 100 m buffer cluster of points around Whinchat sightings as
occurrence data. The green spots are survey points where no Whinchats were seen, the black
spots are points kere Whinchats were seen within 100 m of the survey point. The map is based

on [2011, Salisbury Plainh West, 1:25,000].Map produced on behalf of The Controller of Her

Maj estyods Stationary Office E Crown e€@®Byright
Licence No.100028811.
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Figure 45. The fitted values (solid line) for the relationship between predicted habitat
suitability at a sample point and the probability of observing a Whinchat within 100 m of the
sampling point (n = 267). The dots are the observed values. The model is a bBbiialith

a logit link.
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4.4.3 Effect ofragmentation

There was a significant effect of the predicted suitability of the surrounding 150 m and 250 m
of habitat on Whinchat occurrence for moamtely suitable sampling points (Tablel): if the
predicted gitability of the surrounding 150 m and 250 m of habitat was higher there was a
significantly higher probability of observing a Whinchat (p = 0.012 and 0.019 respectively).
The predicted suitability of theurrounding 150 m and 250 m of habitat was nati@antly
correlated to the probability of observing a Whinchatsampling pointsn highly suitable
habitat. The predicted suitability of the surrounding 500 m of habitat had no significant effect
on the probability of Whinchat oooence for either hdiat category.Results from the
unsuitable habitat categy are not included becausé\hinchat was observeat only oneout

of 106 sampling points and therefore a reliable model could not be fitted.

The significant correlation between higher suitapilitf surrounding habitat at moderately
suitable habitat points, artde probability of observing a khchat could simply be a spurious
correlation affect. The average predicted habitat suitability value for Whinchat occupied points
in moderately suitabledbitat was 0.544 +0.027 (SE), whereas the average predicted habitat
suitability for all moderately suitable points was 0.4640.013. The Whinchats were observed

at the moderately suitable sampling points witjher suitabilityvalues,and higher sitability

of a point is correlated with higher suitability in the surrounding 150 m and the surrounding 250
m of habitat (PPMCC = 0.656 and 0.522 respectively). Therefore this does not provide strong

evidence of an effect of the surrounding habitat onngHmet occurrence.

The distance to highly suitable, unsuitable and moderately suitable habitat did not significantly
affect the chances of observing a Whinchat (p > 0.05; Téldle The area of the habitat
fragment a survey point was in also did not significantly affect the probability of observing a
Whinchat. In general, the predicted suitability of the surrounding habitat, fragment area and
distance to other habitat types apgeiar have had little effect on the probability of Whinchat

occurrence (Tablé 4).
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Table 44: GLM binomial models with a logit link for survey points in each category of
predicted habitat type (moderately suitable: 0.3 < = suitability < 0.6, n =higlly suitable:
suitability > = 0.6, n = 57). Results from the unsuitable habitat category are not included as a
Whinchat was observed at only one out of 106 sampling points and therefore a reliable model
could not be fitted. The dependent variable inhez&se was Whinchat occurrence in a 100 m
radius from the survey point. The explanatory variables are listed on the left. The parameter
estimate +/ 1 standard error and p value for the explanatory variable in each model are
presented. An asterisk is useddenote p values below 0.05.

Variables Just predicted suitable Just predicted

habitat survey points moderately suitable
habitat survey

points

Predicted suitability of surrounding 150 Est =-2.16+/- 5.33 Est =1241+/-4.95

m radiusof habitat

p =0.685

Predicted suitability of surrounding 250 Est =-4.23+/- 4.5],

m radiusof habitat p=0.348

Predicted suitability of surrounding 500 Est =-6.50+/- 4.05

p = 0.012*

Est = 11.34+/- 4.82,
p = 0.019*

Est=7.52+/-4.76

m radiusof habitat p=0.109 p=0.114
Distance to nearest predicted suitable NA Est =-0.0@ +-
habitat 0.002 p =0.248
Distance to nearest predicted moderate Est =-0.012 +/-0.016 NA

suitable habitat p =0.461

Distance to nearepredicted unsuitable Est =-0.000 +/- 0.004 Est =0.174 +
habitat p =0.923 0.092 p =0.059

Fi sher 6s
p =0.757

Area of fragmenthe survey point is in

exaFisher 6s

p =0.382

1. variable was squam®ottransformed to make it conform to an approximately normal distribution
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4.4.4 Proportion of suitable habitat occupied

Far fewer Whinchats were observed at survey points in the moderately suitable and highly
suitable habitat categories than would be exqubtiased on the Maxent model predictions of
habitat suitability and the number of survey spots in each habitat category (EFigusee
methods for a reminder of how these expected counts were calculated). When allowing for
sightings within a 100 m radiugVhinchats were only observed at 24.3% of the highly suitable
survey points predicted to have Whinchats, and 16.6% of the moderately suitable points
predicted to have them. The results usingifghat sightings withi250 m of the sampling

point werequalitatively similar and therefore are not presented.HEmnes suggests that there is

a large area of unoccupied, yet suitable, breeding habitat for Whinchats on Salisbury Plain.

It is possible that Whinchats did use an area within 100 m of a surveydpeoing the season

but were not seen on the surveys. Each point was only surveyed once; therefore Whinchats that
failed early and moved away or that moved into the area after failure elsewhere may have been
missed depending on the date of the survey. Nirtke 267 sampling points were within 100 m

of known nests during 2014. Of these points Whinchats were sighted within 250 m of six of the
points and within 100 m of five of the points. It is possible to account for this uncertainty by
assuming the worstase scenario, that Whinchats were missed at 44% of points where they
were present. The adjusted estimates of expected number of Whinchats in each habitat taking
into account possible missed Whinchats are also plotted in Hduréhe observed number of
Whinchats is still below what would have been expected even accounting for the possibility of a
high rate of missed observations, with Whinchats observed at only 43.3%taifle habitat

points and 29 % of moderately suitable habitat points where theyldvbave been expected.
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Figure 4.6. A comparison of Winchat expected and observed occurrencelation to habitat
quality. The spots show the number of sample points where Whinchats were observed within a
100 m radius. The black bars show the mean, minimum and maximum expected number of
survey points with Whinchats, as predicted by the habitalsliiy model. Expected counts are
calculated in proportion to the number of points sampled in each habitat category (Highly
Suitable (predicted suitability > = 0.6), n = 57, Moderately Suitable (0.3 < = predicted
suitability < 0.6), n = 104, Unsuitablergalicted suitability < 0.3), n = 106). The grey bars are
adjustments of these estimates to account for the possibility of missing Whinchats at 44% of the

points where they were expected.
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4 .5Discussion

The Maxent prediction model, using large scale gandabitat data based on NVC
classifications, aerial maps and topography, successfully predicted areas where the random
point survey showed that breeding Whinchats were more likely to be observed @gure
However, only relatively few Whinchats were sighted, meaning the predicted probability of
observing a Whinchat was low even in the most suitable habitats. Whinchats were more likely
to be observed in moderately suitable habitats if the surrounding helittility was higher

but this may be a spurious correlation effect. There were no other indications of sensitivity to
fragmentation at the level present in Salisbury Plain. The number of Whinchats sighted was far
below the value expected in highly suiatand moderately suitable habitats, even when
accounting for the possibility of false negatives, with Whinchats not observed at 56.6% of
highly suitable points where they were predicted to be (Fige This suggests that a large

proportion of appareht suitable habitat was unoccupied on Salisbury Plain.

Detailed vegetation data were unavailable on the scale needed for an environmental predictor
variable; the only vegetation data available at a 100 m by 100 m pixel scale for the entire study
area wee NVC classifications from 1996. This means some features such as long, dense,
structural diverse vegetation, which we know are important for breeding Whinchats (Chapter 3),
could not be directly included in the model. Futstedies ould also use Light Btecting and
Ranging (LiDAR) data to get mofee grain information on vegetation structuas Buchanan

et al. (2005 did. Additionally, the vegetation may have aiged since 199€are is needed,
therefore, when drawing biological inferences on theuerite of the selected variables on
habitat suitability (Tinocet al. 2009). However, to increase our confidence in this model, it is
useful to compare the habitat preferences seen here with the results of Chaptehn yoks at

Whinchat habitat prefeneges in more detail, over a smaller scale.

Altitude and, to a lesser extent, slope were the two most important variables in predicting
suitable habitat; with higher predicted suitability values occurring at low altitudes on
moderately steep slopes. Thisiggests, as found in Chapter 3, that valleys are important
breeding habitatdowever, slope did not diffegignificantly between areas with Whinchats and
areas without in Chapter 3 (5.2-8:5 to 5.2 +0.2 Chapter 3, Tabld.6) and actually varied

more Pr areas with Whinchats. If the middle range was preferred, as seen in the Maxent model,
we would expect the standard error to be smaller for Whinchat occupied areas. The slope

variable may be correlated with something else that was not included in tieatvtaxdel, such
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as less waterlogged ground conditions, as slopes facilitate faster run off of rain than flat ground.
Higher predicted suitability values were also associated with lower amounts of bare ground and
lower scrub coverThe same trends in bareognd and scrub cover with Whinchat occurrence
were observed in Chapter 3. Bare ground from the aerial maps used in the Maxent analysis
generally refers to military roads and tank tracks, areas with large amounts of bare ground
which are unsuitable for nisg, as Whinchats need long dense structurally diverse vegetation
(Chapter 3; Fischeet al. 2013; Richter & Duttmann2004 Broyer et. al 2012). Areas with a

high percentage of scrub cover, as defined by the aerial map used in this analysis, are actually
generally blocks of trees planted for military training exerciséscheret al (2013) found
Whinchats preferred to nest further away fromefts and suggested that this was due to
predator avoidance. Extensive scrub cover may block the view of an approaching predator
(Gotmarket al. 1995) and provide lookout points for avian predators to spot a nest from (Berg
et al. 1992; Anderssoet al. 2009). There was a slight trend for higher suitability values with
increasing cover ofCG3d (rank tussocky chalk grassland) and MG1 (reverting arable
grassland) This reflects findings from other studies thhinchas are commonly associated

with abandoneddrmland and unimprovedrassland (Fischeet al. 2013 Orlowski 2004;
Frankiewicz 2008 Generally there is a high degree of congruence between the predicted trends
in the environmental features from the Maxent model in this chapter and the empiricall habit
preference data in Chapter 3. | therefore conclude that the Maxent model predicts the habitat

preferences of Whinchats with a high degree of certainty.

The average suitability of points Whinchats were sighted at was 15% lower than the average
suitabiity of highly suitable points. This suggests Whinchats are not just selecting the most
suitable breeding habitat according the environmental variables included in the model,
something else must be determining which areas they select to breed in. ltiltepbss an
important variable is missing from the model, as mentioned abevesgetation data available
were not highly detailed and was from 1996, but due to the limited management allowed on
SalisburyPlain (Ashet al.2011) habitat change should In@inimised Broadscale comparisons

with a smaller scale NVC survey conducted in 2004 (pers. comm. Redhead, J.) suggest little
change in NVC classifications between 1996 and 28@bther possibility is thatWhinchas

are undervaluing highly suitable habjtaelying on rapidly assessed cues that fail to fully
represent habitat qualityor are beingdeterred by changes in habitat appearance despite no
change in quality (Gilroy & Sutherland 2007Alternatively Whinchat may be selecting
breedinghabitat basedn other factors in addition to habitat quality. Often a species behaviour
and life history influence its occupation of habitat, not just the habitat suitability. For example,

many territorial species are thought to shownspecific attraction, clusterindespite the
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presence of nearby suitable habitat (Stamps 19883.could benefit the species by improving

the dances of finding a materoviding enhanced detection and early warning of predaiors
providing cues of habitat suitability Stamps 1988).Ward and Schlossberg (2004)
experimentally demonstrated conspecific attragtishowing that BlackCapped \feos
establisked territories in previously unoccupied areas if tapes of their searg played.Site

fidelity (Lane et al. 2001) andassessmestof conspecifics breeding success (Doligezal.

2002) have also been found to play a roléieeding habitat selection. Thus these behavioural
influences on habitat selection are very important aspects to consider in conservation
management as it means ttta¢ current distribution of Whinchats may have been influenced by
the prior distribution, and also suggests a poor capacity to colonise newly created areas of
suitable habitat (Mulleet al. 1997; Laneet al.2001;Ahlering & Faaborg 2006

In themoderately suitable habitaM/hinchat presence was associated with significantly higher
values of predicted suitability in the surrounding habitat (Td¢ This could suggest that
when habitat suitability is at the lower end of the habitable rangioties need to be bigger to
compensate, and therefore having surrounding habitat with similar or higher habitat suitability
values becomes moiieportant. This theory is supported by Calladine & Bray (2012) who
found thatWhinchat territories at highemltitudes werearger and suggestedt was due to
reducedfood availabilitycompared to lowealtitudes. Howeverit is also possible that, in this
study, the Whinchats were just selecting habitat based on the high predicted suitability at the
survey pointand the fact that these points also had higher predicted suitability in the
surrounding habitat was irrelevant. In general the predicted suitability of surrounding habitat
had little effect on the probability of Whinchat occurrence; with 10 out of 12 Is\¢Table4 4)
suggesting Whinchats were not sensitive to fragmentation at the level present in the study site.
However, it is important to note that in this study there were not large changes in predicted
suitability between neighbouring 100m by 100m sgesaandhe patch definition was restricted

by thesize of theraser cellused in delineation (Girvetz & Greco 200%).areas with more

stark changes in habitat type, such as intensive agricultural land, Whinchats may be more
susceptible to fragmentatioand patch isolatiorHorch & Birrer (2011 looked atWhinchat
occupancy in wgrazed plots of 900f* and 1000m? within cattle grazed fieldsThey found

that theseplots needed to be at least,d@ m* and represent at least 10% of the area of
favourable grassland to have an effectWhinchatterritory establishmentOrlowski (2004)

found that the smallest field occupied by a Whinchat pair 989 m*. Therefore any of the

100 m by 100 m squares proédcby the Maxent prediction model with a high enough
predicted suitability would be sufficient for territory establishment. It may be necessary to study

territory establishment on an even smaller scale to determine any effect of fragmentation on
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Whinchatslt is also important to consider that breeding success of the pairs in different habitat
suitabilities was not assessed in this analysis (discussed in \&iatie2006). It is possible that
Whinchats breeding in more isolated fragments have lower nestss, as has been found for

various grassland prairie birds (Herketial. 2003).

Far fewer Whinchats were observed at suitable and moderately suitable survey points than
would be expected from the model if breeding habitat was limited (Figj6)ye Even when
accounting for the model accuracy and using the minimum predicted habitat suitability value
for the category, only 38% of highly suitablepoints from the minimum expected actually had
Whinchats. This suggests there is a lot of suitable breediadpitat that is unoccupied
(approximately 64%). It is possible that Whinchats were present at some of the points and not
observed, though the surveys were conducted in good weather at the times of day when the
birds were most active, and in the middle lné breeding season when most pairs had eggs or
chicks, and were alarm callingudly, which should minimise this problem. As all points were
only surveyed once in order to maximise the number of points that could be sampled, it is also
possible that for sne points Whinchats may not have been occupying the area when the point
was surveyed but were there at a different point in the season and either, left early due to early
failure, or moved into the area later due to failure elsewhere. If we allow foodisébibity of a

high rate of false negatives and assume 44% of whinchat were missed, still far fewer Whinchats
were observed than would be expected (Figd®, suggesting that the Salisbury Plain
Whinchat population is below carrying capacity. Possildasons for a site being below
carrying capacity may be that it is small and isolated or that there are not enough Whinchats to
fill it (Newton 1998). Salisbury Plain is the largest area of continuous grassland in Northwest
Europe (Ashet al. 2011) and halat patches are generally not isolated. However, Whinchats
have declinedn abundance by an estimated¥6 Europe since 1980 (EBCC 2012), which
does suggest there may not be enough birds to fill the habitat. This implies that for the
Salisbury Plain popation at least, demographic parameters are currently limiting the

population, rather than lack of suitable breeding habitat.

The Maxent model was able to reliably predict suitable Whinchat habitat, demonstrating that it
is possible to create an accurate habitat suitability map even if spatial data are not available for
all the relevant environmental variables. This opens up ryppities for rapid creation of
habitat suitability maps for many other species using citizen science collected occurrence data

(for example from birdtrack: http://www.bto.org/volunteesurveys/birdtrack/taking

part/birdtrackapps), and selecting the most relevant existing spatial data available for the area
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of interest. Citizen scientists can also be
have confidene in its predictive power. Habitat suitability maps can be used to direct
conservationplanning and research efforts towards conserving areas of key halitads,
thereby reduce population declines associated with habitat loss and fragmeMasioet al.

2008; Tittensoet al.2009; Ivin et al.2013).
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Chapter 5: Limitations to breeding
successn a declining grassland
migrant bird
A predated Whinchat nest.
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5.1 Abstract

Population growthand expansiommay be limited by loweproductive success or low adult
survival and low recruitment. Previous chapters have established that the preferred breeding
habitat of Whinchats is not apparently limiting the population on Salisbury Plain. Here, the
causes of breeding failure and potential limitations to Whinchat breeding success are identified.
Productivity was low compared to other populations of Whinchats in similar habitat. Nocturnal
predation was the main cause of breeding failure and nestiingaBon was very rare. Clutch

sizes and hatching success were similar between years and to other studies elsewhere in Europe,
suggestingthat parental condition was not a key limitation to breeding output. Egg daily
survival rates were lower in territes with moderate amownbdf bare ground coverand
nestling survival rates were higher in territories with medium vegetation height and a high
abundance of invegbrates, if the perch abundancesview. Grazig by livestock during the
breeding season hadnegative influence omlaily nestling survival rates. In genertie low
proportion of variance explained by all the models suggests that predation risk may vary within
and between yearmdependently of any of the measured vegetation, food, weathempotal
variables.This study illustrates that predation has the potential to limit breeding success in

ground nesting grassland birds.

5.2 Introduction

Reprodiction requires a large energy input fogamete production and parental cévartin
1987). The amount of food available to the parents before egg laying can determine their
subsequent investment in the offspring, with parents in poor condition generally exhibiting
reduced clutch sizes (Martin 1983lagsvold & Lifield 1988Konarzewski 1993Devrieset al.

2008), lower hatchinguccesgMartin 1987; Jamieson 200&errancet al. 2005) and reduced
parental care (Martin 1987; Slagsvold & Lifjeld 1988). In yeahen conditions on the over
wintering grounds, or on arrival at the breeding grourads favourable, with abundant food
and mild weather conditions, the inpapulation variation in body condition is reduced
(Newton 1998; Newton 2008); however, when resources are limiting, subordinate individuals
will be outcompeted and forced into soptimal habitats, leading to a subsequent decline in
their condition (Marra & Holberton 1998; Mared al. 1998; Marra & Holmes 20Q1Higher
variability in clutch sizes, hatching success and brsiadscan, therefore, suggest a lack of
good quality ovewintering habitat or poor spring food supplies at breeding ¢$hiégstedt

198Q Martin 1987; Forbe$991).
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Causes of partial or complete nest contents loss in breeding birds include préhfaion

1993; Vickeryet al. 1992; Patterson & Best 199@®onald et al. 2002 Zanetteet al. 2006a;
Bellebaum & Bock 2009 adverse weather (Rotenberry & Wiens 1989, 1991; Chass.

2005; McDonaldet al 2004; Elkins 2010), food shortage (Wiklund 1984; Martin 1987;
Siikamaki 1998; Britschget al. 2006; Luetal. 2011), disturbancéePhillips & Alldredge 2000
Steidl & Anthony 2000; reviewed ifrrid & Dill 2002 and Price 2008and agricultural activity
(Baines 1990; Greent al. 1997; Mller et al. 2005; Perlutet al. 2006; Posadad.eal et al.

2010; Giebleretal. 2012; Fischeet al.2013). On Salisbury Plain, with the lack of agricultural
activity and limited access allowed, predation or lack of food would be expected to be the main
cause of breeding failure. Adverse weather can also cause direct clutcloaids® (i.e. via
flooding nests (Gray 1974; Frankiewicz 2008), or chilling nestlings (McDoetlal. 2004;

Elkins 2010)). However, extreme weather events resulting in widespread egg or nesting
mortality are relatively rare (Newton 1998) so weather uguelerts its effect through
interactions with food availability (Rottenberry & Wiens 1991; Rodriguez & Bustamante 2003)
or predation risk (e.g. Morrison & Bolger 2002; Chasal.2005).

In ground nestingyrassland birds, predation is commonly cited as the primary cause of nest
failure (e.g. Bestet al. 1997; Winter 1999; Koford 1999; Frankiewicz 2008; Ludletval.

2014, therefore we would expect parent birds to be under strong selection pressuresto choo
breeding habitats which reduced the risk from preddMastin 1993).Generally for grassland

bird species,higher nest concealmerand denser vegetation are associated witducel
predation risWinter 1999;Davis et al. 2005; Winteret al. 2005;Knutsonet al. 2007; studies
reviewed in Wilsonet al 2005) Denservegetation makes predator movement more difficult
andprovidesbetternest sitecover, and the relatively homogenous habitat dilutes the chances of
a predator actually finding the nestesjMartin 1993. Many previous studies, however, have
found weak and inconsistent correlations between breeding success and vegetative cover for
grassland birds (Davis 2005; Winter al. 2005; Jones & Dieni 2007; review by Chalfoun &
Schmidt 2012; Vicker et al. 1992 Koford 1999).Chalfaun & Schmidt (2012) suggested
severalhypotheses fotheseapparentdiscrepanciesincluding anthropogenic, methodological,
ecological and evolutionary explanatioriBvo of the more commonly cited reasons are a
diversepredator communityFilliater et al. 1994, Pietz & Granfors 2000, avis 2005) and
conflicting habitatrequirementdor the birds themselves, i.e. the safest nesting sites may not
coincide with the best foraging habitgi&/ilson et al 2005;Lima 2009 Vickery & Arlettaz

2012 GoOtmarket al.1995.
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The effects of food limitation on breeding success may act more subtly than the effects of
predation. Rather than causing complete breeding failure, food limitation may increase within
brood variability in neding condition and incidences of partial brood mortality (Pipel.

2012; Davieset al. 2014) Lack of food can also act indirectly to make nestlings more
vulnerable to predation. Hungry nestlingill beg more frequently and more loudly which may
attrect predators (Cottoat al. 1996; Diegoet al.2012), or a lack of food may increase parental
foraging time and distance (Tremblatal. 2005; Britschgiet al. 2006). The parents spend less
time guarding the eggs or nestlings (Martin 1987), or make more trips to the nest, which
increases the chances of revealing its location (Matial. 2000). Parents may be able to
compensate for reduced food availabilityibgreasing their provisioning rate or food load sizes
(e.g. Siikamaki et al. 1998 Martin 19873 and, therefore, the effect of food availability on
breeding success may only be noticeable when shortages are partacidelyTremblat al.

2003, 2005)lt is also important to note that food availability does not just depend on the raw
abundance and calorie content of the food source; it is also affected by access to food resources
determined by vegetation structure (e.g. Whittingham & Evans 2004; Aikigisal. 2005;

Wilson et al 2005; HosteDanylow et al 2010; Vickery & Arlettaz 2012. In the case of
Whinchats, the availability of tall herbaceous plants are important for access to food because
they act as observation perches for the visually foraginds (Opperman 1990; Oppermann
1992;Bastan & Bastian 1994; Richter & itmann2004).

In this chapter | aim to determine the factors limiting Whinchat reproductive success on the
Salisbury Plain. Reproductive output can be limited either through parental condition,
resulting in reduced clutch sizes and hatching success, or via losses of eggs or nediiciys

on Salisbury Plain is mainly due to starvation or predation. The potential limiting effect of
parent condition will be explored by compagivariation in clutch size and hatching success
both within the site between years, and to other studiesropBEuCauses of breeding failure

will be examined viaregular nest monitoringnd measures of food availability and habitat

quality for individud territories.

Low clutch sizes and hatching rates, and more variability within the population, would suggest
low parent condition, probably linked to harsh over wintering conditions or harsh conditions on
arrival at breeding sites. High partial brood tabty, along with high mortality from diurnal

predators attracted to begging nestlings, would suggest a limiting food supply and should be
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reflected in the measurements of food availability per territory. Links between successful
breeding and vegetatiorr dopographical features would suggest that variations in habitat
guality were mediating predation risk and may also reflect variations in food availability. It
would be predicted that Whinchats in territories with denser cover and with a higher atgilabili

of invertebrates would have a higher breeding success due to increased food availability and
increased cover from predators. Due to the high quality habitat on Salisbury Plain (section 2.2),
breeding success would be expected to be higher here contpaogider populations from
farmed areas.

5.3Methods

5.3.1Studyarea

The study area was a sectionSalisbury PlainWiltshire, in southwest Englandlnitially, four

valleys with high Whinchat populations were selected for intensive survey work in(\2@k2

Hill, Berril, K-crossing and Imber). An extra sitS8outhdown Track, was added pady

through the 2012 season, although vegetation and invertebrate data were not collected for this
site in 2012. In 2013 and 2014, due to a reduced number of brgealisgn the study areas
already established, an additional site, Ic valley, was used and vegetation and invertebrate data

were collected as for all other sites (section 2.2 for more details and a map of the sites).

5.3.2 Habitatsampling

Vegetation gadrats and invertebrate samplesre taken at the nests aatdpoints 20, 40, 60

and 80 mnorth of nest and the same distances to the w&kese distances were chosen
because the average size of a Whinchat territory in a natural meadb@i5si 0.018 km?
(Bastian & Bastian 1996 which gives a radius of approximately 76. vdditionally,
provisioning parents on Salisbury Plain remained within 100 m of the98e®6 of the time

(pers. obs)In 2012, sampling was conducted between tH&i121% July, which is towards the

end of the breeding season, and consequently only final nesting attempts for each pair were
sampled. As the abundance of invertebrates towards the end of the breeding season may not
accurately reflect the availability of insedis the Whinchats during reproduction, and the
vegetation may differ, sampling was performed either in the week before a nest was due to
hatch or in the week after a nest hatched in 2013 and 2014. Territories were sampled for all

nesting attempts to captuvariations in territories through the season that may influence nest
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success. In 2013he sample at the ndsir successful nests weaken after the nesiadfinished
to avoid excessive digbance. However, this meant that one ofdhmples foeach siccessful
nestin 2013wastaken 13 weeks later than the other sampkesdtherefore it was decided to
exclude all samples taken over the nests in 2013 to aiaséihgthe data and insteadrie the
average vegetation amasect variables from the otheight samples for each territory. 2014

it was decided that on balance any disturbance from samplingaovastivenestwas unlikely
to have any more effect than a gexerest visit to measure nestlingsr 2012 and 2014, all

nine samples were us&alcalculate a mean value for each invertebrate and vegetation variable.

Vegetation was recorded fromn¥ quadratsat each sampling point. Tabliel defines each of

the vegetation variables measur@eégetation variables were selected based on findiugs

other studies about which habitat variables are important for breeding Whi(Bhitsshgi et

al. 2006; Bastianet al. 1994; Bastian & Bastian 19960pperman 1990Qppermann 1992;
Orlowski 2004 ;Richter & Duttmann2004; Miler etal. 2005; Frankiewic2008; Broyer 2009;
Gruebleretal. 2012;Fischeretal. 2013) All of the vegetation data were collected by the same
observer in order to minimise any intbserver variability in sampling techniques.
Invertebrates wereampledwith a sveep net §7 cm diameter by 82 gnwith ten sweepsof

equal depth and intensity at 1 m intervals heading away from the nest, and starting at each
sampling point Invertebrate data in 2012 were collectad a different method which was
found to be inapprapi at e f or sampling the Whinchatso6 di
2014 invertebrate data were used in this analggstion 2.5.2 for details)nvertebrates were
sampledbetween 09:30 and 18:00 on dayisen the grass was dry atite wind speed waselss

than 12 mph (Beaufort scale3). The invertebrate sampling data were summarised in three
measuresoverall abundance, order richness amférred biomass(section 25.2). Invertebrate

order richness and invertebrate abundance were highly positivestated and therefore only

invertebrate abundance was used in the analysis.

UK Ordnance Survey coordinates were recorded for each nest site in 2012 and for each of the

nine sampling point in 2013 and 2014 using a hand held GPS device (Garmin &he)

coordinates were used to calculate altitude, aspect and slope fronyitat Elevation Model

in ArcView (DEM; NERC Earh Observation Data Centre 2Q@0edheadJ. pers. comm.; &Rl

2010).To aid interpretation, aspect was converted two levelf act or of 6-nort hea
135¢e anxd6 Belbaend O6soliBhwest 6 for 136¢
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Grazing data acquired from the Ministry of Defence (MOD) (Defence Estates, Tilshead, pers.
comm.) were marked out on an ArcGIS map on a monthly basis between Januagnd011
June 2014. The data were categorised based on how recent the grazing activity was2)Table
For all nests, a 100 m radius buffer was drawn around the nest site using ArcGIS 10.0 (ESRI
2010 and the most recent grazing activity that overlapped thithbuffer was taken as the
grazing category for that nesdrazing isby sheep and cattle andlisiited to 1614 days on

areas of 8.2 ha or when the sward height reaches 5 cm (Ash & Toyntgn 2000
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Table 5.1. Vegetation variables measured for each?goadrat in 2012, 2013 and 20Measurements
were observed by ey@ther vegetation variables were also measured but were not included in the
analysis to avoid high correlations between variables (grass:herb ratio, standard deviation in vegetation

height, maximum perch height, percentage of ground cover at 20cm heighé section 3.3.3 for

definitions).

Variable Definition

Plant species richness Number of plant species obserwgten viewed from above

% Cover ground level Percentage of ground covered with vegetatiben viewed from
above

Vegetation height (cm) The mean of 5 measurements taken (one in each corner «
quadrat and one in the centre). A plastic sward disk (weight
g, diameter = 20 cm) was dropped from a height of 1 m &i
bamboo cane though the centre

Perch abundance Number of perches in @arat. A perch is any projection abo
the height of the general vegetation that could sup
approximately 16 g (the mean weight of a Whinghat

Perch height (cm) The height of the smallest perch in the quadrat measured
the ground

% Cover tussocks Percentage of quadrat area covered by tussatien viewed

from above A tussock is defined as a clump of grass

Table 5.2. Grazing categories based on monthly grazing ftata cattle and sheep grazifgy the west

of Salisbury Plain provided by the MID(Defence Estates, Tilshead, pers. comm.) from 2011 to 2014.

Category Description

0 Un-grazed the previous year

1 Grazed Januaspugust of previous year

2 Grazed Septembekpril before breeding season

3 Grazed during the breeding season while thewastactive
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5.3.3Nest success

Over the thregear study period, extensive searches resulted in 199 nests being found: 17%
werefound at thdaying stage, 70% of nests were found during the incubation stagé3&nd

were found after hatchindgNestlocations were recorded to the nearest 1 m, using a handheld
GPSunit (Garmin eTrex)Subject to access restrictiongss were monitored every one to five

days (mean 2.85 +/0.02 day} until failure or fledgng. To monitor dates and times of
predation gents accurately, a ThermochroiButton© (DS1921GF5) temperature sensaras

placed into 9hests. Thessensorsecord the temperature of the nest cup every 30 minutes, and
so reveal when the contents are taken or when the parents cease broodingatioindab

some cases the parents removed the iButtons and some nests with iButtons were successful or
were abandoned; therefore, the actual sample size of iButton data from nests that failed due to
predation is 47For nests which failed, but were withaButtons, the end date was estimated as

the midpoint between the last visit when the nest was active and the final visit when failure
was detected. A nest was considered to have failed through predation if its contents had
disappeared, and was consideaddndoned if the parents were not present in the territory on
three consecutive visits and the eggs were colth@nestlingswere dead in the nest. A nest

was considered successfuitiproducedat least one fledglingn 2014 an experiment to assess

the impact of the researcher on nest success was condBoted. ests were not visited but
instead the nest activityasconfirmed byremote observation of thgarentsn the neswicinity

(section 6.3.2).

Where adult Whinchats were colatinged it was pssible to identify the breeding adults and
whether a nest was a first or second attempt. Where the parent birds were not ringed, a nest was
assumed to be a relay if a second clutch was laid within two weeks of a failed nest within the

same territory.

Nine daysafter hatching all nestlingg were weighed antlad ther tars measured (section

2.4.1), although due to occasionatcess restrictionghis occurred a day either side in a

minority of casesThe hatching date was accurate to within 1.5 daysests found at the egg

stage. For the small proportion of nests found Jdtatching date was estimated based on a

growth curve created from weight and tarsus measurements from lagemestlings, and

based on physical characteristics such as feaffuevth and eye opening status (see section

242y Anindexof mdy condition was <calcul ated(gby reg

against their size (measured by targum)) andextracting the residuals for use in the analysis
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(Davieset al. 2014). Bdy condition was normally distribute@ihe necessary assumptions that

mass and tarsus length were linearly related (LM: Est = 0.560.637, p < 0.0001, n = 301)

and that condition was independent of tarsus
Coefficient (PMCC) =5.35 x 10%, df = 299, p = 1) were upheld (Green 2001). Body condition

at day nine was useas the majority of nestling grofwthad occurred by this stage (section

2.4.2) and therefore effecbn nestling condition due &dack of foodshould be most evident.

5.4 Data aalysis

5.4.1 General breeding statistics

Mayfield estimate of Daily Survival Rate and nest survival fali nests and all yeansere
calculatedwith standard errorfor both the egg and nestling staddtayfield 1975 Johnson

1979). Daily Survival Rate (DSR)s the probability of a nest surviving from one day to the

next, whereas nest survival is the probability of a nest successfully fledging at least one chick
and is calculated by raising the mean DSR to the pofvéneolength of the breeding cycle
(Mayfield 1975). Nest survival can also be separately calculated for the laying, incubation and
nestling rearing periods. The laying period was taken to be four days, the incubation period 13
days and the nestling peridi2 days (Crampl988) therefore, for nests that survived the
nestling phase the end date was taken to be 12 days after the nestlings hatched and the end of
the egg phase was the day of hatching. The final nesting attempt of each pair was used in these
estimates to measure thmverall seasonal productivityThe Mayfield methodis more
meaningful than apparent breeding success estimates (from raw percentages of successful
versus failed nests), because it accounts for the positive bias from nests that are found at a later
stage ad therefore arenore likely to be successfak they have already survived for part of the
breedingcycle (Mayfield 1975)In addition clutch size, hatching success and fledging success
were compared between yea#s nests were found at different stagesl some nests were not
checked between the laying and incubation stages in 2014 (for an experiment Chapter 6), the

sample size of nests for these calculations varies.

5.4.2 Modelling @ily Survival Rites

The effect of vegetation, invertelie fauna, tpography and grazingn nest success were
explored umg logisticexposure models [@ffer 2004). These models are similar to a typical
generalized lineabinomial modé except thdink function containsan additionakexponentof

1/observation interval Ife number of days between successive nest visits) in the numerator and
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denominator. Thisccounts for the fact that the probability of a nest surviving an observation
interval depends on its lengtiihis method has advantages over the Mayfield methodain th
temporal influences on nest survival can be included rather than assuming constant nest survival
for a set nest stage (i.e. incubation and nestling rearing), and continuous predictors can be
modelled (Shaffer 2004). Asith the Mayfield method, the logfic exposure models give Daily
Survival Rates (DSR) and the two methods give almost identical results on the same dataset
(Lloyd & Tewksbury 2007). For this analysis, nest survival was splittiwtmodels looking
separately at eggtagesurvival andnedling stagesurvival as it was thought that different
factors were likely to be operating at the two stagé® incubation and laying stages were
analysedtogether due to the small sample size of nests found at the laying stage and the
consideration thathe effect of the predictors would be unlikely to vary to any great extent
between these two periods. Twwests wererun over by tanks rather than predated or
abandoned: these nests were removed from the analysis.

5.4.3 Variable selection andadelbuilding

The data were analysed in the R statistical pgek@® Development Core Team 2Q1All
variables were tested for normality and transformed where necd3sdng 5.3). Vegetation

and topography features were analysed separately to invertebrate features because the
invertebrate data were unavailable for 2012 (section 2.5.2). Due to the large number of
variables, it was not possible to reliably analyse all the vegetatisinaertebrate variables in

one model just for 2013 arD14 the number of predictors would exceed the 10:1 subjects to
predictorsrule (Harrell, 2001)and result in ovefitting. Instead, invertebrate variables were
analysed with perch vegetation vatad perch abundancand perch height as these were

most likely to be connected to foraging efficier{@ppermann 1990; Opperman 1992; Bastian

& Bastian 1994; Richter &uttmam 2004). Theeffect of grazing was also modelled separately
because it was maa®d on a different scale, and also used up degrees of freedom meaning

fuller models would notonverge.

Temporal variables were included in all full models to account for any variation due to first egg
date, nest age or ye@dinsmoreet al. 2002; Nuret al. 2004; Granget al. 2005).First egg date

was calculated in April days, with thé April for each year set to 1, and first egg date derived
as number of days since this daf@st egg datewas either known for nests found during
laying, or estimateé by backcalculation for nests found during incubation or after (mean

accuracy over all nests =-#.89 days, minimum accuracy+#- 6 days for two nestsMean
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nest agewhich is the number of days a nest has been aeta® catulated from the firsegg

datefor each observation interval of a nest.

Following the suggestion of Burham & Andersson (2002) regarding the nde/¢oapriar
hypotheses for all terms before incluglithem in the global modesquared terms were only
included forvegetationheight percentage bare groundirst egg dateand nest age because

these werevariables where prior knowledge of the study species and studies on similar species
suggested possibleugdratic relationships with the DSR (Peakiggins & Grant 2006Hood

& Dinsmore 2007; Grangt al. 2005; Davis 2005). A quadratic term foest agevas included

for egg phase models only, to account for any difference in the effenisbfgewithin the

laying and incubation phaséSrantet al. 2005). Only interactions lich made biological sense
were consideredyhich included: aslopeand aspectinteraction (Calladine& Bray 2012) an
interaction betweemerch abundancgeand invertebrate abundancand biomass because of

their potential link in foraging, and an interiact betweerfirst egg dateandgrazing

For the egg stage31l nestswere relays and for the nestling stage, 3 were reldyss
problematic to use random effect models s$arvival analysis as the data de# truncated,

nests that fail early may be missed, this therefore violates the assumption that the random effect
is normally distributed with a mean of zero (Heise¢wl. 2007 & Rotellaet al.2007).However,

clutch size,hatching success and fledglirayiccess forcolour ringed individualsvere not
significantly correlatedbetween and within year6Kruskal Wallis Test: p> 0.44) This
suggests a random effect for 'individual parent' is unnecessary and nesting attempts can be
treated as independent et@despite sharing some parents. Similar conclusions were reached in

a studyon Alpine Accentrs (Hartleyet al. 1995; Daves et al. 1995). The residuals of the

global model9plotted against site showed no relationship, suggeatistge’' random effect wa

unnecessary.

In addition to the models of DSR, the relationship between variation in nestling condition at day
nine and food availability was assessed, since it is reasonable to assume that chick condition is
maintained by food supply. The variablegdido represent food availability were: invertebrate
biomass, perch abundance grafch height, and these were tested against imeed nestling

condition at day nine anitls standard deviatianTemporal variables could not be included as
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the sample sizevas small for this analysis1 (= 35) which meant only a maximum of three

variables could be included in the model to avoid diténg.

Global models were created for each analysis and the residuals assessed visually to ensure a
good fit. The dredge function from the MuMlpackage Barton 2014) wasthen used to
evaluate all possible models derived from the global model and rank themdpates small

sample variant of the Akaike Information Criterion (AICc; Burnham & Anderson 2002).
Smaller values of AICc indicate models which explain the most variance while limiting the
number of parameters (Sugiura 1978). Model averaging was used Whsremas no single

best model with a weight > 0.9 (Gruelsral. 2011). Models within 2 AICc of the top model

were averaged to give parameter estimates and unconditional standard errors which incorporate
the model selection uncertainty (Burnham & Ander2002). There are two types of model
averaging possible: the d6dnatur al average meth
2002; Gruebeet al. 2011). The natural average method estimates each predictor only over the
models in which it appears in tset and weights it by the summed weights of these models.
The zero method substitutes a parameter estimate and error of zero into models where the given
parameter is absent and then averages over all the models in tAdesatatural average
method is reecmmended where the main predictonsay have weak effects relative to other
covariates(Nakagawa & Freckleton 20)}1and as preliminananalysis suggestectlatively

weak effects of habitat variables compared to temporal variables the natural average method
was chosenThe global model parameters were standardiaesl mean of zero and a standard
deviation of 0.5 to ensure the model averaged parametesinterpretable relative to each

other (Gruebeetal.2 01 1) wusi ng atrimd R Gped20idarg/wWing Shaffer

& Thompson (2007), any effects where the 95% confidence intervals did not include zero are
displayed graphically.
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Table 5.3. Transformations used to make variables conform to a normal distribution. After
transformation all variables were approximately normally distributeele Table5.1 for
definitions of the variables.

Variables Transformations

% Ground cover: once transfoed = % bare ground Log (101- % ground cover)

Perch abundance Sqrt (perch abundange
Invertebrate abundance Sqgrt (invertebrate abundance)
Invertebratebiomass (mg) Sqgrt (invertebrate biomass)

138



Chapter 5 Productivity Limitations

5.5Results

5.5.1General breeding statistics

Nestsurvival estimates for the egg and nestling stages were not significantly different: 44.7%
(95% CI: 35.1%i 56.8%) for eggs and 54.4% (95% CI: 45.2965.3%) for nestlings. The
overall nest survival ratgaken over all yearsvas 24.2% (95% CI: 20.7%28.3%, n = 207,

DSR = 95.2%) Clutch sizes, hatching success and other nest productivity measures are
summarised in Tablé.4. Partial brood mortality was rarm the Salisbury Plain study
population,as was abandonmeniigble5.4), so nearly all nestlingthat hatched, and were not
predated, subsequently fledged. Out of the 199 monitored nests, 69.4% failed to fledge any
young. The majority of nests failures were attributable to predation (89.1%), desertion at the
egg (7.25%), or nestling stages (2.17%)] 4M5% were run over by military vehicle3ver

20127 2014 a mean number Gf6 ++ 0.22nestlings fledgd per nesting attempt and 2.18 +/

0.23 nestlings fledged per pair.

Data from tempeture sensors (iButtons) in 4&iled nestsshowed that 8% were predated

between sunset andirgise. A Chisquared tesassuming equal probabilities a nest being

predated in darkness or light proportion to the amount of light available, found that nests
were significantly mor &324dk=el|px000@8). be predated

Studies on other Whinchat populations in Europe have found similar mean clutch sizes and
hatching success (Robinson 20@jtschgi et al. 2006; Frankiewicz 2008 Griiebleret al.

2012. However, he number of fledgligs perpair for Salisbury Plairf2.18 +f 0.23) is low
compared to other studies on comparable habitat types slatk azown meadows (3.3-41.3)

in Germany(Fischeret al. 2013)and abandoned fields in Poland (4.17 G:24; Frankiewicz

2008) and Russia (3(7+/- 3.07; Shitikov et al. 2015), though the Russian estimates vary
widely by year The overall nest survival raie also unexpectedly lowg4.2% (Cl: 20.7%

28.3%) compared to the mean nest survival estimate over nine years from abandoned fields in
Russia (35%, CI: 23.1 46.5; Shitikovet al. 2015) and latanown meadow estimates from
Slovenia (41%, Cl: 27.4% 55.7%) (Tome, D. & Denac, D., pers. comm.) and Switzerland
(55.7%, Griebler, M. pers. comm.), but higher than estimates from early mown meadows
Switzerland: 12.2%All nest survival estimates were calculated using a 29 day breeding cycle
from the DSR.
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Table 5.4. Breeding statistics for the Salisbury Plain Whinchats each year, 2012, 2013 and
2014. The variables are listed on the left. Hatgtsuccess refers to the percentage of laid eggs
that hatch excluding predation and abandonment. The total sample size for the year is included
in brackets next to the relevant result, these refer to the number of eggs for hatching success and
to the numbr of nests for all other measures. The Daily Survival Rates (DSR) are calculated

using Mayfield estimates and only include the final nesting attempt for each pair to calculate the

overall productivity for the season.

2012 2013 2014
Mean clutch size 5.53 +£0.13 5.56 +£0.13 5.51 +£0.14

(59) (68) (57)
Hatching success 95.3% (172) 89.4% (151) 92.8% (166)

Percentage of nests abandoned a:

eggs

6.35% (63)

1.59% (63)

6.85% (73)

Percentage of nests abandoned a«  3.17% (63) 1.59% (63) 0% (73)

nestlings

Percentage of nests where partial 0% (63) 6.35% (63) 0% (73)

predation occurred

Fledglings Per Nesting Attempt 2.05 (63) 1.41 (63) 1.38 (73)

(including predation)

Fledglings Per Pair (including 2.63 (49) 1.89 (47) 2.02 (50)

predation)

Daily SurvivalRate (DSR) 95.8 +/0.82 95.1 ++0.88 94.6 ++0.94
(51) (53) (50)
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5.5.2Means and ranges foaviables used itogistic exposurenodels

The means +/1 standard error and the range for the predictor variables used in the logistic

exposure models are presented in Talde

Table 55. The mean +/1 standard error and the range, calculated over all Whinchat nests, for
the predictovariables used in the logistic exposure models. For each nest, eight or nfne 1 m
vegetation quadrats and invertebrate sweep net samples (of 10 sweeps) are averaged to give a
mean value. See Table 1 for definitions of the variables.

Variables Mean +f SE Range
Plant species richness 7.55+/0.14 3.881 13.1
% Bare gound 6.16 +£0.33 1.56- 28.8
Vegetation heigh¢m) 15.5 +£0.32 4957 24.4
Perch abundance 2.18 +/0.15 0.0071 7.33
Perch height (cm) 58.2 +f£1.37 0.0071 122
% Tussock cover 56.6+/- 1.69 5.001 95.6
Altitude (m abs) 128 +/ 1.40 1041 170
Sl ope (¢€) 5.73 +£0.26 0.001 15.7
Aspect SE NA
Invertebrate bundance 25.3 +/1.32 4.001 117
Invertebrate iImmass (mg) 62.1 +£3.80 5.001 190
First egg dte 5" June 5" Mayi 3% July
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5.5.2Vegetation and topography influencesloredingsuccess

Vegetation and topographical influences were evaluatefi6?2 nests monitored durirZp12i

2014. The highest weight for any one model was 0.24 for the egg phase and 0.07 for the
nestling phase, indicating that no one model was highly supported (5#&bleThe model
averaged standardized parameter estimates for the best supported(mitiialsx 2s6AICc of

the top model), together with their unconditional standard errors and the variable importance of
each predictor, are presented in Tablé The variable importance weights a term by how
many of the models in the <«®ICc subset it apes in- if the term is present in all models its
variable importance will be 1 (Burham & Anderson 2008)). models had low Rsquared
values (< 0.1; Table 5.6)ndicating that a large proportion of the variation in breeding success
was not explained bye influence of vegetation, topography or temporal effects.

The best modeldor egg stage survival founda strong quadratiaelationship between
percentage cover of bare grourahd the DSR (Tabl®.7; Figure5.1), with survival rates
highest at low (1%) and high (20 %)ercentage cover of bare ground, and lowest at
intermediate (7.4 %) percentage cover of bare groNadt agealso had an effect, with the egg
phase DSR highest for nests early in the breeding cycle then declining as the number bf days o

exposure increased (Tall&; Figure5.1).

The best models for nestling stage survival found a strong quadratic relationship between the
vegetation heightind nestling stageDSR (Table5.7; Figure5.2). Nestling stage DSR was
highest at intermediateegetation heightépproximately 15 cm) and lowest at lsgetation
heights(5 cm) (Figure5.2). The daily survival rates for the nestling phase also differed between
yearswith mean survival in 2014 lower than 2012: nestling phase DSR in 2012 was00.97 (
0.941 0.99), when mean values are taken for all other parameters, as opposed to 0.93 (ClI: 0.889
i 0.96) in 2014. There was also evidence of a-significant effect of first egg daty on

nestling DSR (Tabl&.7), which suggests a trend for highenswal for nestlings from clutches

laid in the middle of the breeding season rather than the beginning or end.

There was no strong evidence for effects of any other parameters on egg phase or nestling phase
DSR (the 95% confidence intervals contained kdrowever, the variable importance values
indicated thaffirst egg datein the egg phase arglope first egg dateand nest agein the

nestling phase, were common parameters in the top models. This suggests that although they
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may not have had strong effemn the DSR these predictors do help to explain some of the
variation (Tables.7).

143



Chapter 5 Productivity Limitations

Table 5.6. Mo del statistics for the best supported subs
for the effect of vegetation, topographical and temporal inflasron a) the Daily Survival Rate (DSR)

for the egg phase of the Whinchatés breeding cyc
Whi nchats breeding cycle (as there were 25 model s
are shown). Themd el 6 s we i gobnipared todhe ethfeld nddels in the set are included. The R

squared (Rsq) values for all models ranged between a) Rsq=10008%2, for the egg phase and b) Rsq=

0.0342i 0 .070 for the nestling phase.

a) Model- Egg Phase Delta Weight
Nest age -Firstegg date + % Bare ground + % Bare ground 0.00 0.24
Nest age + % Bare ground + % Bare grdund 0.53 0.18
Nest age First egg date + % Bare ground + % Bare grotn8lope 1.66 0.10
Nest age -First egg date + % Bare ground + Bare ground+ Species 1.77 0.10
richness
Aspect + Nest age First ggg date + % Bare ground + % Bare ground 1.81 0.10
Nest age -First egg date +First eyg daté + % Bare ground + % Bare 1.82 0.10
ground
Vegetation height + Nest age + Firggedate+ % Bare ground + % Bare 1.97 0.09
ground
Nest age + % Bare ground + % Bare grdunlope 1.99 0.09
b) Modeli Nestling Phase Delta Weight
Vegetation height Vegetation height- Nest age First egg date + Slope + 0.00 0.07
Year
Vegetatiorheight+ Vegetation heighit+ First egg date + Slope + Year 0.11 0.07
Nest age +First egg date +First eyg daté + Slope + Year 0.71 0.05
Vegetation height Vegetation heighit- Nest age First egg date + Slope + 0.84 0.05
Plant species richness + Year
Vegetation height Vegetation heighit+ First egg date + Slope + Plant 0.86 0.05
species richness + Year
Vegetation height Vegetation heighit+ Nest age + Slope + Year 0.89 0.05
Nest age +First gyg date +First g daté + Year 0.94 0.04
First egg date +First gyg daté + Slope + Year 0.98 0.04
Vegetation height Vegetation heiglit+ Nest age First egg date + Year 1.24 0.04
Nest Age + Slope + Year 1.27 0.04
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Table 5.7. The model averaged parameter estimates anthe-/unconditional standard error,

for the best supported models (within €&ICc of the top model) for the relationship between

the DSR for the egg phase and the nestling phase of the Whinchat breedimgamgcl

vegetation, topography and temporal variables. The number of observation intervals = 421 for

eggs, 302 for nestlings. The parameter estimates have been standardized to a mean of zero and a

standard deviation of 0.5 to make the effect sizes comparaskerisks indicate model

parameters where the 95% confidence intervals did not include zero, indicating strong evidence

for an effect. Dots indicate parameters where the 95% confidence intervals only just included

zero, indicating a weak effect. Daslhiedicate predictor variables that were not included in any

of the best models. The variable importance for each predictor in the model set is also included.

Egg Stage Nestling Stage

Predictor Parameter Variable Parameter Variable

Estimate Importance Estimate Importance
First gg date -0.27 #- 0.92 0.73 1.31 +£2.93 0.83
First egg daté -1.06 +£2.17 0.10 -4.32 +£2.73 0.35
Vegetation height -0.09 +£0.31 0.09 4.63 +/1.99* 0.62
Vegetation heigfit - - -4.58 +£1.92* 0.62
Plant species richnes:  0.16 +/0.29 0.10 0.57+£0.45 0.18
% Bare ground -5.13 +£1.92 1.00 0.32 +£0.46 0.06
% Bare grount 4.92 +£1.93 1.00 - -
% Tussock cover - - 0.21 +£0.49 0.03
Altitude - - -0.62 +£0.42 0.09
Slope -0.18+/- 0.26 0.19 -0.58 +£0.32 0.74
Aspect (SW) 0.13+/-0.27 0.10 -0.14 +£0.35 0.03
Slope : Aspect - - - -
Year 2013 - - -0.53 +£0.57 0.87
Year 2014 - - -1.01 +£0.48* 0.87
Nest age -0.75 +£ 0.29 * 1.00 0.54 +£0.35 0.72
Nest agé - - NA NA
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Figure 5.1. The predicted effedqsolid line)of a) percentage of bare grourahd b)nest ageon the DSR

for the egg stage using the model averaged parameters from tisefyesttednodels(within < 2 aAICc

of the top modeland setting all parameters othearta) percentage bare grourahd b)nest agedo their

mean valuesaspectwas set to southwest. See Tabke for the mean values of the variablPercentage

bare groundwas on a log scale but the values have been back transformed to make the axis more
interpretableThe dotted lines are the 95% confidence intervals for the prediction which are asymmetric

around the estimate after baitknsformation from the logit scale.
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Figure 5.2. The predicted nestling phase DSR (solid line) with changéggtation heightThe
prediction uses the model averaged parameters from the best supported models (within < 2
aAICc of the top model) where all parameters other thegetation heighare set to their mean
values, aspectwas set to southwesyear was set to 2013. The dotted lines are the 95%
confidence intervals for the prediction which are asymmetric around the predicted DSR after

backtransformation from the logit scale.
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5.5.3 Hfect of grazing on breedirguccess

The effect ofgrazing was evaluated for 162 nests. Model averaging was used (b&h)le
because no one model was highly supported (TaBle Again, all models had low Bquared
values (< 0.1; Table 5.8)ndicating ttat a large proportion of the variation in breeding success
was not explained by the influence of grazing or tempaghbles Only nest agehad a strong

effect on the DSR for the egg phase, as already found in the previous model5(Tablgure

5.1). The variable importance was low for all other predictors (< 0.6) indicating that none of
them were favoured in the top models (Tab&). However, there was also evidence tredr

had a weak effect on egg phase DSR (the 95% confidence intervals judeiheero), with

DSR lower in 2014 compared 2012 (Tabl®). This effect was not apparent in the previous
model, suggesting it might be related to difference in the vegetation at nest sites in 2014,

probably due to the extensive flooding of the studyisitApril of this year (pers. obs.).

A strong negative effect @frazingwas evident on the DSR for the nestling phase. The DSR for
nests whergrazing occurred within 100 m during the breeding season was 0.85 (Cli 0.69
0.94) compared to a DSR of 0.97 (CI: 019d.99) for nests with ngrazingwithin the previous

year (Tableb.9; Figure5.3). However, DSRs were similar fgrazingcategories @ 2 (Table

5.2), suggesting thairazingbefore the start of the breeding season does not influence survival
for the nestling phase. There was no evidence of an interaction befveaémg and first egg

date but that is consistent with onlyithin-season grazing affected the DSR. As in the previous
model, there was evidence of weak effect fabt{ egg daty¥ on nestling DSR (Tabl&.9).
There was no strong evidence of other temporal effects on nestling stage DSR (the 95%
confidence intervalsontained zero): the effect gearwas no longer evident, suggesting that
the year effect observed in the previous model (Tablg may actually represent a difference

in the extent otategory 3 grazing betwe@®14 and 2012. However, the variable intpoce
values indicated thdirst egg dateandnest agevere common parameters in the top models, as
was found for the previous model (Tablé). This suggests additional temporal variation in the

nestling phase DSR that was not due to variation in ggaeigime, vegetation and topography.
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Table 58. Mo d e | statistics for the best supported
model) of the effect of grazing category and temporal influences on the DSR for a) the egg
phase and b) the nestling phade ot he Whi nchat és breeding cycl
included in each model are di s aiCagommhrechtb ong wi
the other models in the set. Rsq values range between a)i0@026 b) 0.04% 0.064. : =

interaction.

a) Model: Egg Phase aAICc Weight
Nest age 0.00 0.30
Nest age + First egcate 0.53 0.23
Nest age + Year 0.71 0.21
Nest age + Year + First eggte 1.23 0.16
Nest age + First egg date + First egdedd 1.93 0.11

b) Model: Nestling Phase

Grazing + Neshge 0.00 0.22
Grazing + Nest age First gg date +First egg dtef 0.04 0.22
Grazing +First egg date +First egg @tef 0.44 0.18
Grazing + Nest age First ggg date 0.78 0.15
Grazing 1.17 0.13
Grazing +First egg date 1.69 0.10
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Table 5.9. The model averaged parameter estimatethe/unconditional standard error, for the

best supported models (within <s®ICc of the top model) for the relationship between the

DSR for the egg phase and the nestling phase of the Whinchat breeding razitey gategory

and temporal variables. The number of observation intervals = 421 for eggs, 302 for nestlings.
The parameter estimates have been standardized to a mean of zero and a standard deviation of
0.5 to make the effect sizes comparable. Asterisitcate model parameters where the 95%
confidence intervals did not include zero, indicating strong evidence for an effect. Dots indicate
parameters where the 95% confidence intervals only just included zero, indicating a weak
effect. Dashes indicate pietbr variables that were not included in any of the best models, : =

interaction. The variable importance for each predictor in the model set is also included.

Egg Phase Nestling Phase

Predictor Parameter Variable Parameter Variable

Estimates Importance Estimaes Importance
Grazing 1 - - -0.08 +£0.70 1.00
Grazing 2 - - -0.49 +£0.43 1.00
Grazing 3 - - -1.65 +£ 0.51* 1.00
First egg date 0.08 ++1.30 0.50 2.39 ++2.97 0.65
First egg date -1.76 +£2.17 0.11 -4.43 +£ 2.49 0.40
Grazing :Firstegg - - - -
date
Year 2013 -0.48 +£0.39 0.37 - -
Year 2014 -0.66+/- 0.38 0.37 - -
Nest age -0.71 +£0.29* 1.00 0.57 +£0.35 0.60
Nest agé - - NA NA
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Figure 5.3. Predicted Daily Survival Rates (DSR) for the nestling phase (dots) with 95%
confidence intervals (bars) for the different grazing categories: O-gramed for the last 2

years; 1 = grazed Januafyigust of the previous year; 2 = grazed Septeriimeil before the
breeding season; 3 = grazed during the breeding season while the nest was active; the other
parameters were set to their mean values. Confidence intervals are asymmetric around the

predicted DSR after badgkansformation from the logit scale.
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5.5.4Effect of food availability on breedirguccess

The influence of food availability was evaluated for 123 nests monitored betweein 2013.
No single model was strongly supported (Tabl&0), therefore model averaging was used
(Table5.11).

Eggphase DSR declined with increasimgst aggas seen in the previous 2 models: Tabl&s

and 5.9), but there was no evidence of an effect of food availability from the variables
measured. However, for nestling phase DSR there was strong evidence feraction effect
between invertebrate abundanceand the perch abundance(Table 5.11). Where perch
availabilitywas low, highemvertebrate abundanogas associated with a higher DSR, whereas
at higher levels gperch abundancthe abundance of invertebeatdid not have an effect on the
model output (Figurd.4a), suggesting more efficient prey capture by parents. There was also
strong evidence that nestling DSR was highestwagl through the season and lower for late
season nests (Tab#ell; Figure5.4b). The same trend was observed in the models using years
20122014 but the effect was weaker them.32 +f 2.73 as opposed t6.37 +F 2.65). Year

also had a strong effect, showing the same trend observed inSTabMhich was thought to be

due to ircreased grazing within the season in 2014. Seasofff##yegg dat¢ had a stronger
effect on nestling phase DSR thawertebrate abundancand perchabundancebut there was

also more variabilityin the relationship-6.37 +f 2.65 as opposed t@.17 +F 1.42). There
were only two best models for the nestling phase (Taldlg), and the Rsquaredvalues were

the highest out of all tihmodels in this chapter (0.104, 0.1,akough still low, suggéing a lot

of additional unexplained variation in breeding succAsBPMCC test was used to assess the
correlation between perches and other vegetation variables to ensure the agifeneoft

perch availability on nestling phase DSR was not spuricussed by a correlation between
perch abundance and other vegetation variallesch abundanceand perch heightdid not

show a correlation higher than 0.4 with any vegetation or topographical variable, giving
confidence that the model reflects a real retehip.Invertebrate abundancandinvertebrate
biomassalso did not show strong correlations with any habitat variables, the strongest

relationship being a correlation of 0.46in¥ertebrate abundanagith thevegetation height

One nest in 2014 hazhrticular high values fdnvertebrate abundanceompared to the others.
This was a real value andetinvertebrate data were squaneted to reduce the skewing effect

of variable. To ascertain that the relationship between daily nestling survival mdte a
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invertebrate abundanoc@as not just caused by this large value the analysis wam réeleting

this value. The results were qualitatively similar.

Table 510.Mo d e | statistics for the best 2athe@orted
top model) of the effect of food alalbility and temporal variablesn the DSR for the a) egg

phase and b) nestling phase of the Whinchat 6s
in each model and t h eomparatte thebother wedelgih the satiard aA |l C
included. The Rsq values for all models ranged between a) 0.01820 for egg phase, b)

0.1047 0.105 for nestling phase. : = interaction.

a) Model: Egg Phase aAICc Weight
Nest @e 0.00 0.42
Nest age + Perch height 1.50 0.20
Nest age + Invertebrate abundance 1.53 0.20
Nest age + Year 1.67 0.18

b) Model: Nestling Phase

Year +First gg date +First egg @te + Invertebrate abundanc®erch 0.00 0.72
abundance
Year + Nest age First egg date +First egg dte + Invertebrate 1.84 0.29

abundance Perch abundance
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Table 5.11. The model averaged parameter estimateshe/ unconditional standard error, for

the best supported subset of models (within 8A2Cc of the top model) for the relationship

between the DSR for the egg phase and the nestling phase of the Whinchat breeding cycle, food

availability and temporal variables. The number of observation intervals = 327 for eggs, 205 for

nestlings. The pararter estimates have been standardized to a mean of zero and a standard

deviation of 0.5 to make the effect sizes comparable. Asterisks indicate model parameters

where the 95% confidence intervals did not include zero, indicating strong evidence for an

effed. Dots indicate parameters where the 95% confidence intervals only just included zero,

indicating a weak effect. Dashes indicate predictor variables that were not included in any of

the best models, : = interaction. The variable importance for eaclctoredi the model set is
also included.

Egg Stage Nestling Stage
Predictor Parameter Variable Parameter Variable

Estimate Importance Estimate Importance

First egg date - - -6.37 +/ 2.65* 1.00
First egg date - - 5.71 ++ 2.72* 1.00
Invertebrate abundance  0.20+/- 0.30 0.20 2.40 +£0.77* 1.00
Invertebrate biomass - - - -
Invertebrate abundance - - -4.17 +F 1.42* 1.00
Perch abundance
Invertebrate biomass : - - - -
Perch abundance
Perch height -0.20+/- 0.28 0.20 - -
Perch abundance - - 0.11 +£0.58 1.00
Year 2014 -0.18+/- 0.29 0.18 -1.54 +£0.61* 1.00
Nest age -0.76+/- 0.31* 1.00 0.21 +£0.38 0.28
Nest agé - - NA NA
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Figure 5.4. The predicted nestling phase DSR (solid line) for a) variimgrtebrate abundancde areas
with low perch abundancélower quartile = 0.802, blue) and higierch abundancéupper quartile =
4.33, red) and for b) varying laid dates (in April days), ushmg model averaged parameters from the
best supported subset of model s (within < 2 &Al Cc
than a)invertebrate abundancandperch abundancand b first egg dateo their mean valuegearwas

set to 2013 The dotted lines depict the 95% confidence intervals for the prediction, which are

asymmetric around the predicted DSR after baaksformation from the logit scale.
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The relationship between nestling condition and food availability was also astmstesl 35
nests which survived until day nine after hatching. The best model averaged model contained
only invertebrate biomass, and the 95% confidence intervals for this parameter estimate
contained zero indicating no evidence for an effect on mearingestindition.The variability

in nestlingcondition also showed no strong effects with any of the variables.

5.6Discussion

The possible limitatiosito reprodictive output considered here were: poor parental conddion
shortage of fod for nestlingsand predationof nest contentClutch sizes and hatching rates
were comparable to other studiBrifschgi et al. 2006; Frankiewicz2008 Griiebleret al.
2012), suggesting that parent condition is not the main limitation to reproductive output (Martin
1987).However, without actually measuring the body condition of adults prior to breeding it is
not possible to discount an impact of parent condition oadimg success. The strongsstirce

of mortality for nest cont@s wa predation(Table 54), as has also been found for other
Whinchat populations from ufarmed areagFrankiewicz 2008; Tome & Denac 2Q1&hitikov

et al.2015. Whilst | was unable to dictly identify the nest predators, there wittkelevidence

of nestlingsstarving to death in the nest and abandonmast also relatively low (Tablg.4).
Further, nost nestswere predated at nightyhich suggests thadiurnal predatorswere not
attractel tothe nests bythe vocalbeggingof hungry nestlings (Dieget al. 2012).The logistic
exposure models suggestdee daily survival rate in the egg phaswas lowestat moderat

levels of bare ground and reduced with increasing nest age (3&bleGrazing during the
breeding season had a significant negative effectestling phase survival atidere was weak
evidence that nestlinghasesurvival was highest in the middle of theeeding season (Table
5.9). Nestling phase survival wadsohigherat moderge vegetation heights (Tabte?) and in

areas witha higherabundancef invertebrates ithe perch abundanceaslow (Table5.11).
However the condition of nestlingwas notrelated to either the abundanceirofertebrate or

their biomasswiti n breeding pairsdé territories. Tempo
some models, indicating that they probably represented differences in the grazing regime or
weather related variation in vegetation. Thesdraredvalues for all models were low
indicating thatalthough there was strong evidence for some habitat influgthees was still a

large proportion of &riation in DSR for both the egg and nestling phasesxplained by the

measuredegetation, invertebrate,gographical and temporaériables.
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5.6.1Predation risk

As most nest logswere due tgredation rather than a shortage of food, relationships between
habitat, temporal variables and daily survival rates presumably reflect mediatiprediation

risk. During the egg phaseurvival was highest for territories with low and high percentage
cover of bare ground, and nestling phase survival was highest at intermediate vegetation
heights. Moderate vegetative height and low amounts of bare ground may both improve
concealment of rets from visually searching predatghdartin 1993; Winter 1999; Rangeat

al. 1999 Davis 2005;Staufferet al 2011 and dilute th@ransmission of auditory and olfactory
cues (Martin 1993)Additionally more vegetation and taller vegetatiohasder for predators to
walk through and therefore magerve toreduce predation rates by impeditgepr edat or 6 s
progress oby deterring them t@earch irother areas (Lariviere & Meisser 1998)termediate
vegetation heightsrather than the tallestegetation are likely preferredlue to the balance
necessar between concealment and notstbcting the view for the parents of approaching
predators while thegrovisionnestlings (Whittingham & Evans 2004; Whittinghatral. 2004;
Wilson et al. 2005). Very tall vegetation would also reduce foraging efficiency by making it
harder to seand capturgrey items(Whittingham & Evans 2004; Bler & Gillings 2004
Wilson et al. 2005; Vickery & Arlettaz 201 and might lead tothe parents ledang the nest
unguaded for longer as their foraging tripsok longer.A current study found that Whinchats
were less likely to forage in areas of tall vegetation (Muet¥l., in prep. The negative
relationship of intermediate levels of bare ground with egg phase slaiyval is harder to
explain. It is possible areas with intermediate levels of bare ground attralltrsammaibn
predators suclas mice, stoats and weasels, as some vegetation praades from larger
mammalianpredatorssuch asfoxes (Jacob & Browr2000; With 1994 Davis 2005)and the
patches obare ground may allowasy foragingpportunities however this scenario remains

to be explicitly studied in detalil.

Grazing was found to have a negative effect on nestling phase daily survival rates, similar to
findings from many other studies on grassland birds (Gray 13tdell & Ball 2004;Muller

et al. 2005; Sutter & Ritchison 2005; Rahnegial. 2009 Fischeretal. 2013. No trampling of

nests occurred in this study, therefore the negative effect of grazing is likely to be mediated via
an increase in predation risk. Grazingmoves the concealing and obstructing vegetation,
making nests more visiblGutter & Rithison 2005; Fondell & Ball 2004nd easier to access
(Lariviere & Meisser 1998)In this studythe visual differenein concealment between nests in
currently grazed and wgrazed areawas striking with nests in actively grazed areas 100%

visible from above as opposed to an average of 21% ingnaped areas (pers. obsThe
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interesting aspect to note in this study is that only grazing during the breeding season had a
negative effegtnot grazingthe winter before, or anytime up to a yéafore.This may explain

why grazing during the egg phase did not have a staffegt on daily survival rates, as the
grazing was introduced part way through the egg phasbeAow levels of grazingllowed on
Salisbury Plain (a maximum of 120 cattle Belha for2 weeks once everyi23 years Ash &
Toynton 2000), the vegetation appears to be abledover to a level suitable f&/hinchat
nestingwithin one year As Whinchas have higher breeding success in areas with moderate
vegetation heigistrather than théallest vegetation, infrequent grazing may even be beneficial
for them, andt is certainly beneficial for the invertebrate fauhich compromises their prey
(Jerentrupet al. 2014). A recent study has actually found evidence to suggest that selective
grazing may help to maintain suitable foraging habitat for Whinchats (Metray. in prep.

Thus, sdong as grazing is kepo alow level and the main core sites for the Whinchats are left
un-grazed in the breeding season, it is unlikeljlave a negative impact on breeding success.

Daily survival during the egg phase reducedhwncreasing nest ag&hitikov et al. (2015)

found the opposite pattern in nesting Whinchats in abandoned fields in Russia, which they
suggested was due to clyarg activity patterns of groups of predators along with variation in
nest susceptibilityHowever,Grantet al. (2005)also found DSR decreased with nest age during
the incubation phase a study of Claycolouredsparrowsand Vesper sparrows. He suggeste

this wasprobably dudo the additive exposure risk, whetlee longer a nest is active, the more
likely it is to loose individual eggs due to predation or poor weather, which increases the
cumulative probability of total failureHowever partial predatiowas very rare on Salisbury
Plain (Table 5.4)He also found parentest visitsincreasedn frequencythroughincubation

which could increase the probability pérents disclosing the nest locatiorptedators (Martin

et al. 2000; Pietz & Granfors 2000 However, this argument would suggest the nestling phase
DSR also should decrease with increasing nest age. In &raht(2005) the oppositpattern
occurs, with DSR increasing through the nestling phadech he suggests may be due to
increasing pantal defence and reducing nestling vulnerabil®n Salisbury Plain, the
parameter estimate for nest age effects during the nestling phase was positive in all models, but
there was no evidence of a strong effdierewas also weak evidence for nestlipbase
survival to be highest in the middle of theason and lowest at the end of the seddua may

be because there is a higher densitalbEpecieshests during the middle of the seagpars.
obs.)and therefore thehanceof any one being predad is reducedrlhe hgher predation risk

at the end of the season could reflect the initial increase in the predator population directly after
their breedingcycle The same pattern was found for the Russian Whinchat population

(Shitikov et al.2015; however, studies on different species in America have found the opposite

158



Chapter 5 Productivity Limitations

pattern (e.g. Dinsmoret al. 2002; Knustonet al. 2007; Staufferet al. 2011). In general, it
appearghe effect oftemporal influencesn DSRmay varywidely between specieand even
between populations of the same spedaiedifferent geographic region¥emporal influences
are likely to reflect a variety of different unmeaasdirvariablessuch as weathgwariations in
parental behaviouandvariations in predator behaviour and abundaiibénsmoreet al. 2002;
Nur et al. 2004; Granet al 2005; Shitikowet al. 2015) Therefore, caution should be exercised
when attempting t@eneralise odraw biological inferences from relations between DSR and

temporadinfluences

5.6.2 Food availability

In the absence of nestling death through starvatiood fsupply andhe likelihood of nest
failure maystill be linked if nestling hunger increases their begging interi€iotton et al.

1996) and so their detectidoy potential predators (Dieget al. 2012). In this case, however,
nest failure was mainly attributable to nocturnadation, probably from badgers, foxes, stoats
and other mammals, which would occur independently of chick begging behaVioeir
absenceof a relationship between the conditigndex of nestlings at nine days old and the
availability of foodprovides additional support for the lack of a food shortage, though Detvies

al. (2014) noted that due to the correlation between nestling condition and parent condition it
may be difficult to detect links between nestling condition and habitat variadmsever,the
postive correlation betweemestling phase dailysurvival rates ad invertebrateabundance
when the availabilityf perches was low, but not winéhey were plentiful, conversely suggests
food availability does still have a role in determining breeding sucltasgossible that these
results reflect an interaction baten territory quality anthe effectiveness of parental defence
behaviours. Birds in better condition generally arrive on the breeding grounds first and select
the best territories (Newton 199Bokko 1999, which we would assume to beetkerritories

tha have highefood availability. Various studies have found that dominant parents that are in
better condition defend their nests more vigorously (e.g. Rufous Bush Chdiarez &
Sanchez 2003; Great Tifs Quesada &Carlos Senar 2007) and more vigoroukefence
behaviours often result ia higher probability of nest success (Anderssehal. 1980 Greig

Smith 1980; Knight & Temple 1986; Montgomerie & Weatherhead 1988). There is a large
amount of inteispecific variation in nest defence behaviour and émall passerine bird such

as a Whinchat, it is likely to encompass distraction behaviours such as alarm calling, flying
around the predat@nd attempting to lead it away from the nest rather than direct attacks on the
predator (Simmons 1952GreigSmith 1980). Additionally, with higher food availability

parents can forage more efficiently and therefore spend a shorter time foraging and
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consequently increase their nest attentiveness (Martin 19873. dlso possible that the
predators behaviour varied inidectly in relation to variation in insect abundascas
invertebrate abundance is generdiigher in thicker and taller vegetatidiVhittingham &
Evans 2004Voodcocket al.2009 , and this type of vegetation would impede predator passage
(Lariviere & Meisser 1998)However, no strong correlations were found between the measured

invertebrate and vegetation variables.

5.6.3Parental condition

The consistency of clutch size and hatching success within the population and compared to
other populations in Eope, suggests that adult condition is not the main factor limiting
breeding success in the Salisbury Plain Whinchats (Hogstedt 1980; Martin 1987; 139bes
However as clutch size and hatching success were only monitored for three years and body
condition was not measured in the adults prior to breeding it is not possible to discount a
limiting effect of parental condition on breeding success. It is possible thah cdize is
consistent because it is evolutionarily constrained in Whinchats and therefore cannot exhibit
much variability, or that Whinchats in all the compared studies are in poor condition. Further

study is needed for reassurance that parental conditiost limiting.

5.6.4Conclusions

Whinchat breeding success was lower than expected considering that the habitat is largely
unimproved from an agricultural perspect{feankiewicz 2008; Fischeat al. 2013; Shitikowet

al. 2015; pers. comm. Gruebler,.Mers. comm Tome, D. & Denac, DThe main cause of

nest failure was nocturnal predation, suggesting Salisbury Plain may have a particularly large
predator population relative to other comparable grassland sites. This is possibly due to the
large area fothe site (the largest grassland in northwest Europeef\ah 2011) and the lack of
agricultural activity, oregulated predator control, encouraging a large and diverse population
of predators (Gibbonest al.2007). Similar scenarios have been foundther high quality sites

T for example Misenhelter & Rotenberry (2008pund lower breeding success in undisturbed
areas compared to more highly disturbed areas, which they suggested may be because predatory
snakeswere deterred from the disturbedeas High predation rates are also problematic for
other species of ground nesting birds (Langgemach & Bellebaum 2005): increases in predation

associated with changés landuse are considerdthe main reason for declines in meadow

160



Chapter 5 Productivity Limitations

birds in Europe over theast forty years (Malpast al. 2013; Roodbergeret al 2012) and a

contributing factor in the decknof grassland birds in Ameri¢Brennan & Kuvlesky 2005).

In general the low proportion of variance explained by all the mquelented hersuggests

that predation risk may vary within and between years independently of any of ésarete
vegetation, topographical, foodr temporal variables. Many other studies looking at
correlations between vegetation and nest success have also failed to fingshadogive links
(Vickery et al. 1992; Davis 2005; Wintegt al. 2006 and see a review on the topic by Chalfoun

& Schmidt 2012) For ground nesting birds it has been suggested that predation is generally by
incidental opportunists rather and a coevolvpdcglist (Vickeryet al. 1992; Schmidtet al.

2001), and the resulting broad range of nest predators with different search methods mean no
one habitat type is favourab(Eilliater et al. 1994, Pietz & Granfors 2000,aDis 2003. Streby

et al. (2014) howeer, suggest that failures to find strong links between nest success and habitat
variables occur because the habitat best for overall season productivity, including post fledging
survival, may be different to what is best for nest sucdéswse\er, it is gill useful to look at
relationships between habitat anelst success becauss demonstrated hemome effects are
apparent and this understanding can be used to guide conservation efforts better than no
knowledge at all would. It is possible to findctors which can be altered to improve nest
success (Knutsost al. 2007), such as reducing grazing in the breeding season and ensuring
more habitat with moderately tall vegetation and a high invertebrate abundance. It also helps us
to understand factorsfluencing nest success which are outside human control (Knetsdn

2007).
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Chapter 6 Researcher Effects

Chapter 6: Nest monitoring does not
appear to affect Whinchat nesting

SUCCessS

A Whinchat mother feeding heestlings
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