Conseqguences of winter habitat use
In a migratory shorebird

X
B &
&

sf



Consequences of winter habitat use
In a migratory shorebird

Daniel Beck Hayhow

Thesis submitted for the degree of Doctor of
Philosophy at the University of East Anglia,
Norwich, 2009

© This copy of the thesis has been supplied onitondhat anyone who
consults it is understood to recognise that itsyagpt rests with the author
and that no quotation from the thesis, nor anyrmédion derived there-
from may be published without the author's priatften consent.



Contents

Abstract

Acknowledgements

Introduction

Chapter 1
Population trends, distribution and habitat usdadlandic
black-tailed godwits in Ireland

Chapter 2
Shorebird use of a habitat matrix during wintertaive
profitability of intertidal and terrestrial habitat

Chapter 3
Selection of grassland fields by foraging blacketi
godwits, Limosa limosa islandica

Chapter 4
Effects of urbanisation on foraging and vigilanahhviour
in wintering black-tailed godwits

Chapter 5
Changing use of an inland wetland by an expanding
shorebirds population

Conclusions

13

36

67

87

109

131



Daniel Beck Hayhow Submission Year: 2009
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Abstract

In this thesis | explore the importance of usinffedent habitat types in winter for a
migratory shorebird, the Icelandic Black-tailed witd Limosa limosa islandica
Godwits use a mixture of estuarine and freshwatetlarnd habitats across all major
wintering regions. The Irish wintering populatioh dack-tailed godwits makes up
20% of the flyway population, and these birds usastal mudflats and adjacent
grassland habitats throughout the winter. In addjtvery large numbers congregate on
inland wetland ‘callows’ in late winter and sprinbhe Icelandic godwit population is
currently increasing, however, numbers of godwitmteving in Ireland have not
increased as rapidly as elsewhere in the wintegeaver the last 40 years. Using
detailed behavioural studies, | show that grasslaimd Ireland provide essential
resources for godwits, as prey consumption rateb@mudflats are insufficient to meet
energetic requirements. Despite their importanceyssjands receive virtually no
protection. Surveys of field selection by godwitsotughout southern Ireland indicate
that small, enclosed fields are avoided but thalwgts use large, open fields in both
urban and rural dominated areas. Levels of urbaoisalso have little impact on the
use of resources on mudflats or grasslands by ged®andidate fields for inclusion
within protected areas would therefore ideally #gé, open fields situated throughout
urban and rural areas. Finally, | explore the evodefor increasing use of grassland
habitats by godwits wintering in the east of Endlawhere rates of population increase
have been particularly high and annual survival basn estimated to be lower than
other winter regions. Count information and recoofisndividually marked godwits
indicate a rapid shift in habitat use since theQEQ®vith inland grasslands now being
used by large numbers of godwits. These siteslacebeing used progressively earlier
in the winter, which may indicate that estuarineypresources are also limited in the
east of England. Thus, while there is evidence @satiarine habitats are preferred by
godwits in winter, grasslands are also essentraf@intaining a large proportion of the
Icelandic black-tailed godwit population, and imygrggy protection of these habitats

should thus be a priority.
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Introduction

Many species can occupy a range of different haligpes, both spatially and
temporally. Species may vary in their use of ddferhabitat types across their range or,
in mobile species, individuals may occupy differgnges of habitats at different points
in time. As habitats can differ in the availabiliy quality of critical resources such as
food-supplies, shelter or suitable breeding siteshitat occupancy can potentially
influence individual fitness (Orians and Wittenbergl991, Rosenzweig 1991,
Sutherland 1996, Newton 1998, Munday 2001). Fompte, the abundance and quality
of food supplies have been shown to influence dgr@id breeding success in many
species, including red groutagopus |. scoticugMoss 1969), pigeon guillemot chicks
Cepphus columbdLitzow et al. 2002) and ground squirreSpermophilus townsendii
(Van Horneet al. 1997). Similarly, the availability of nesting stecan influence
breeding densities (e.g. Brawn and Balda 1988, L&hand Remm 2005, Maret al.
2009), and breeding site quality can influence potidity (Tye 1992, Holmest al.
1996, Nagy and Holmes 2005). Habitat quality caso abe influenced by the costs
incurred in occupying a habitat, such as variatiopredation risk or the energetic costs
associated with different climatic conditions. Example, the costs of thermoregulation
have been shown to differ among habitats for aetarof taxa, from large-bodied
mammals such as moogdces alcegBelovsky 1981), to small-bodied wading birds
such as red kndZalidris canutugWiersma and Piersma 1994). Variation in the cokts
occupying different habitats can result in beharaburade-offs that may influence
individual fitness. For example, in order to minsaipredation risk, adult redshank
Tringa totanushave been shown to preferentially forage on hebitawhich prey intake
rates are lower than in the habitats with highedption risk (Cresswell 1994). Thus,
understanding the implications of different patteoi habitat use in a population may

require consideration of multiple determinants abitat quality.



When individual fitness varies among different haiotypes, local population changes
can potentially be driven via changes in environt@econditions that influence habitat
availability and/or quality (Sutherland 1996, Silalyd Hone 2002). However, the extent
to which a population responds to changing enviremiad conditions can depend on
species-specific density-dependent processes (Gastsidet al. 1995, Sutherland
1998, Pettiforet al. 2000), and there is a wealth of theoretical rededescribing the
influence of population density on changing pateaf spatial and temporal use of
habitats of varying quality (e.g. Fretwell and LacE970, Sutherland 1983, McNamara
and Houston 1990, Sutherland 1996, McPee#l. 2001, Cressmaet al. 2004). At low
population densities, individuals are expectedregipminantly occupy the better quality
patches and, as the population increases, poosditygpatches are increasingly used.
When fitness varies in relation to habitat qualitye proportion of the population
occupying good or poor quality habitat can influen@ates of population change.
Disproportionate expansion into poor quality hasitduring periods of population
increase, resulting in a decreasean capitafitness, has been termed ‘the buffer effect’
(Brown 1969, Sutherland 1996, Gdt al. 2001, Gunnarssoet al. 2005b). This pattern
of population expansion into poorer quality halsitabs been shown in a number of
species (Mearns and Newton 1988, Moser 1988, HalamdaDueser 1994, Suter 1995,
L6hmus 2001). However, the fitness implicationspodgressive occupation of poorer
quality sites have only been demonstrated in a $twdies. For example, in two
increasing raptor populations (Spanish Imperiall&agquila adalberti and Ospreys
Pandion haliaetus declines inper capita fecundity have been recorded due to an
increasing proportion of the expanding populaticoupying poorer quality sites (Ferrer
and Donazar 1996). In the case of the Spanish iaipBagle, these declines per
capitafitness have been suggested as a possible redsothe/population is no longer

expanding (Ferrer and Donazar 1996).

A large proportion of the world’'s bird species anggratory (Newton 2008), and the
ranges of many migratory populations cover largegggphical distances. Identifying
the impact of habitat quality on individual fithessmigratory species is complicated by

the fact that individuals may be influenced by atnds experienced in more than one



part of the world. It has been long acknowledgedt tthe control of migratory
populations can be influenced by factors that dpeoa individuals at both ends of the
migratory range (Alerstam and HoAgstedt 1982, Slahdr1996, Marra 1998, Newton
2004, Sorenseret al. 2009). These ‘carry-over’ effects operating in agnatory
population mean that observed changes in numbdithess in one location may be due
to changes experienced at the other end of theatoigr range. In addition, the fithess
consequences of individuals occupying poorer quahabitats in one season can
potentially be exacerbated by carry-over effectsr Example, individuals in poor
condition may have to delay departure for the brepdrounds in order to gain the
resources needed to make the journey, resultifgerarrival which may influence mate
and territory acquisition, and subsequent breedutgess. Such links have been shown
at the level of the individual and the level of thepulation (Lundberget al. 1981,
Kokko 1999, Gillet al. 2001, Norriset al. 2004, Gunnarssoet al. 2005b). In addition,

if habitat quality varies in both the breeding andn-breeding seasons, then the
consequences of buffer effects will be influencgdunether individuals tend to occupy
similar or different quality habitats in both seaspa pattern which has been termed
‘seasonal matching’ (Gunnarssehal. 2005a). If similar quality habitat is occupied in
both seasons then expansion into poorer qualititdtalmay result in reducgxbr capita
survival and fecundity. Seasonal matching could therefore ieflatness inequalities
between parts of the population occupying goodaar muality habitats in summer and

winter (Gunnarssoet al.2005a).

Effective conservation policies need to considdaitah quality in the design of protected
areas. For example, current international polié@sthe protection of migratory bird
species typically use the measure of a percentagdlpvay population being recorded
on a site as the primary criterion for inclusionaiprotected area network (e.g. (Delany
and Scott 2002). However, high quality sites suppgrindividuals with high survival
and reproductive success may or may not reach timegg but they can be of equal or
greater importance to the population. Understandmegextent of variation in habitat
guality across the range of a species and theivelahportance of different habitats

necessary to maintain the population could theeef@otentially improve the



effectiveness of protected area design. Given timeent widespread declines in many
migratory species (IWSG 2003, Boese al. 2006, Sandersoat al. 2006), identifying
and improving conservation strategies for theseiepas an issue of increasing urgency.
Shorebirds are typically long-lived, migratory sigs¢ many of which spend a large part
of the non-breeding season on specialised intéialitats; discrete patches of habitat
in an otherwise unsuitable landscape (Piersma aakieB2000). However many
shorebird species actually use a range of haliatsighout the non-breeding season,
including freshwater wetlands and agricultural ketisi including arable crops, pasture
and rice fields, in combination with intertidal siflats and mudflats (Goss-Custard
1969, Colwell and Dodd 1999, Masero and Perez-idar001, Smart and Gill 2003,
Evans Ogderet al. 2005, Lourenco and Piersma 2009). Understandiegrelative
importance of this wide range of habitats in suppgr shorebird populations is
important, especially as the primary commerciappse of agricultural means that they

are rarely included within protected areas.

The Icelandic black-tailed godwliimosa limosa islandicégs an example of a generalist
shorebird that is known to use estuarine mudflats feeshwater grasslands as foraging
habitats on the wintering grounds (Gall al. 2002). Icelandic black-tailed godwits breed
almost exclusively in Iceland and winter predomthamn the west coast of Europe.
Studies of this population over the last decadagassigthat the type of habitat used in
winter plays a key role in driving carry-over effecStable isotope analysis of feathers
taken from godwits on the breeding grounds thatewgnmown during late winter has
indicated habitat type used in late winter is lihkim some way to habitat quality
occupied and breeding success. Godwits that useeshabitats (primarily estuarine
mudflats and saltpans) more extensively in latetaviomccupy higher quality breeding
sites and have higher breeding success (Gunnaetsain2005a) than individuals that
use freshwater habitats (grasslands and wetlanH®)wever, the mechanisms
determining why individuals from freshwater winteabitats tend to breed in poorer

guality areas is not known.



This Icelandic black-tailed godwit population hasdargone a sustained increase in
numbers over the last century, resulting in changedistribution, habitat use and
abundance across the migratory range (Gill et@122007 Gunnarsson et al 2005b).
The most rapid rates of population increase haes lagpparent on estuaries on the east
coast of England since the 1970s (Rehfistlal. 2003, Austinet al. 2008), and Gill et

al. (2001) showed that godwits on these sites hawer rates of prey consumption,
lower annual survival and later arrival on the biieg grounds than individuals that
winter on traditionally occupied sites on which ptgtion sizes have remained stable in
recent decades. This expansion into poorer quaiityer locations in which individual
fitness is lower than in traditionally occupiedesits indicative of a buffer effect (Brown
1969, Gill et al. 2001). A buffer effect has alseeh apparent in the breeding grounds
through the period of population increase, as gtdwave expanded into parts of
Iceland in which poorer quality habitats, on whibleeding success is lower, are
proportionately more abundant than in traditionalbcupied sites (Gunnarsson et al.
2005b). Stable isotope analyses of feathers oskardund Iceland have also indicated
that birds in recently occupied breeding sites tenoe those that use freshwater habitats
in winter. Thus the role of saline and freshwaiabitats in carry-over effects in godwits
may also have implications for the rates of popotaexpansion, and may ultimately

play a key role in regulating population growth (@arssoret al.2005b).

Ireland is the closest wintering location for mamgterbirds that migrate from breeding
grounds in Iceland and Greenland each year. Coesdgulreland supports a large
proportion of the flyway populations of a number whterbird species including
whooper swanCygnus cygnug$61%), brent goos®ranta bernicula hrota(100% of

Nearctic race) and ringed plov€haradrius hiaticula(20%) (Croweet al. 2008). There

is a long history of Icelandic black-tailed godwigtering in Ireland (Prater 1975), and
current population estimates indicate that Irelawpportsc. 20% of the flyway

population (Gunnarssoet al. 2005c, Croweet al. 2008). Ireland’s location on the
flyway, its relatively mild climate and importantithe abundance and diversity of
foraging areas for waterbirds is likely to influeni¢s importance as a wintering location

for these species. In comparison to the UK androthretering locations for black-tailed



godwits, Ireland still has extensive areas of pasigrassland, and godwits are known to
use both mudflats and grasslands quite extensiuelyreland (Hutchinson 1979,
Hutchinson and O'Halloran 1994, Crowe 2005). Irélentherefore an ideal location in
which to investigate the importance of freshwated saline habitats for black-tailed

godwits in the non-breeding season.

In this thesis, | use extensive field data in cambibn with historical survey
information and population-wide marking and trackof individual godwits to explore
patterns of habitat use by godwits, and the impbea for the godwit population and for
the design of protected areas for this species.pbpailation of Icelandic godwits has
expanded rapidly over the last century but patt@fgopulation increase have varied
among different winter locations. @hapter 1, | use historical survey information to
explore the population trends and distribution ctldndic black-tailed godwits
wintering in Ireland over the last 40 years. Thasalyses indicate that godwit numbers
in Ireland have changed far less rapidly than numioe some other winter locations,
although there are indications of increasing usgoofie estuaries, particularly in eastern
Ireland. | also examine patterns of seasonal useadtal and inland sites across Ireland,
which highlights the extensive availability of miatfand grassland resources on coastal
sites throughout Ireland, and the particular imgace of inland grasslands in late winter
and early spring. Potential reasons for the pojuarends in Ireland are explored in

this chapter.

In Chapter 2,1 explore the relative quality of mudflat and glassl habitats for godwits

in Ireland using behavioural and distributionaladabllected during three seasons of
fieldwork on the south coast of Ireland. These dataused to compare the costs and
benefits of foraging on mudflat and grassland lbiand to attempt to determine the
relative importance of each in supporting the wing population. These analyses
indicate that foraging on grasslands in the coasgtede entails costs of increased
disturbance and vigilance rates. However, grasdiaradjing also appears to be essential
for these godwits, as the resources available enntndflats do not appear to be

sufficient to support the godwit population throoghthe winter.



Given the importance of grasslands for godwits relahd, Chapter 3 explores the
factors that influence the selection of grasslandding sites by godwit flocks. In south
Ireland, there is still an abundance of grasslaslds around most estuaries. However,
while most of the intertidal areas are designategmtected areas, very few of the
grasslands are included within these protectedsaiidee main purpose of these analyses
was therefore to identify the key features of tmasgland fields that are selected by
godwits in order to provide guidance for which arshould be prioritised for potential

protection from development.

High rates of urbanisation in Ireland over the tagi decades have resulted in extensive
loss of coastal grasslands, and some estuaring areanow quite highly urbanised.
Observation of high levels of development aroundigtsites for this thesis led to me to
explore the influence of urbanisation on godwit wderesources on mudflat and
grasslands Ghapter 4). Across nine estuarine complexes in south Irelaadels of
urbanisation vary extensively but this does noteappto influence the foraging or
vigilance behaviour of godwits across these sitégse findings suggest that protecting

grasslands is likely to be equally important inamtsed and rural areas.

Grasslands are an important habitat for godwitosacrother winter regions, but
particularly in the east of England where high saté population increase have been
apparent in recent decades. Godwits in the eashgfand used to be largely restricted
to estuarine habitats but use of inland wetlandsl®en increasingly reported since the
mid-1990s. InChapter 5, | explore how the extent and timing of use of thedand
sites has changed in recent years, and considexspalt grasslands have played in the
continued increase of the godwit population wimegrin this region. As the five data
chapters have been written as manuscripts for gativin, there is some repetition of

methodological details in some chapters.
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Chapter 1



Population trends, distribution and habitat use of
Icelandic black-tailed godwits in Ireland

Abstract:

1. The Icelandic population of black-tailed godwitsmosa limosa islandicahas
undergone a sustained increase in population sidedsstribution over the last
century. The non-breeding range of Icelandic goslwittends from Britain and
Ireland in the north to Iberia in the south, andhitaring in these areas over the
last three decades has indicated that numbersma sibes have remained stable
while numbers on other sites have increased shaoffigring opportunities to
identify drivers of population growth and regulatiby comparing patterns of
population change across wintering locations.

2. lIreland is estimated to suppast 20% of the flyway population of Icelandic
black-tailed godwits in winter. Coastal mudflatslametlands throughout Ireland
are used by godwits throughout the winter but itasknown whether the overall
population increase has influenced the spatias®sed or habitat distribution of
godwits in Ireland.

3. Waterbird numbers in Ireland have been monitoretbuth three major
initiatives since the 1970s. Counts of black-tadediwits from these surveys are
used here to explore the evidence for changes mbats of Icelandic black-
tailed godwits wintering in Ireland over the lag yiears, changes in the spatial
or seasonal distribution of wintering godwits asrdseland, and to identify
potential explanations for population changes actisse wintering locations.

4. Across the sixteen major coastal and three majandhsites in Ireland there has
been little change in total numbers of godwits otler last 40 years; between
4000 and 5000 have regularly been recorded on tie=e However, numbers
on some more recently used estuaries, particulanlythe east coast, have
increased, while numbers on south coast and inktes have remained quite

stable.
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5. Northern and southern sites appear to be used ma@etumn while east coast
sites are used more in winter and spring, indigatimat there may be some
seasonal shift in distribution. This is unlikelylie driven by habitat availability
as mudflats and grasslands are available at alinidger sites included in these
surveys. The use of inland sites also tends tad&eatey in late winter and spring.

6. Since the 1970s, the numbers of godwits winteringh@se sites in Ireland have
not shown the rapid increases that have been redondother parts of the non-
breeding range. As Irish wintering godwits breedl @er Iceland, these
differences are unlikely to have arisen becausé Mintering godwits comprise
a distinct part of the breeding population. An m@tgive explanation could be
that the environmental conditions within Irelan@ awot sufficient to support a

rapid population increase.

Introduction

Expanding populations provide an opportunity to lese the drivers of population
change and habitat selection that can be impoitamtgulating or facilitating population
growth. The manner in which habitats of varyinglguare predicted to be used by an
expanding population has been described as théetbaffect’ (Brown 1969); at low
population densities only high quality habitats aecupied and, as the population
expands, the increase in numbers is greatest on gquaality habitats that initially
supported low densities. If there are fitness cquseces of occupying poor quality
habitats, population expansion into poorer qualigbitats can potentially be a
mechanism for population regulation (Sutherland 6)9%However, as buffer effects
assume that differences in habitat quality are tamied over time, changes in
distribution of an expanding population could alssult from changes in the availability
or quality of sites and habitats. Changes in tlhetive use of habitats of varying quality

may therefore be either a cause or a consequerpafation expansion.
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In migratory species, identification of driversppulation change is complicated by the
fact that environmental changes and density-dep#mqmecesses can operate at either or
both ends of the migratory range, and processes intayact between breeding and
wintering sites (Sutherland 1996, Newton 2004).efattions between seasonal
processes in migratory birds have been describedrag-over effects, where conditions
experienced in one season impact on fitness inesulent seasons (Ebbinge and Spaans
1995, Marra 1998, Webstet al. 2002, Sorenseat al. 2009). For example, conditions
experienced on the wintering grounds can impacdhdividual survival probabilities but
can also influence body condition for migration autbsequent breeding (Madsen 1995,
Bearhopet al. 2004, Reecket al. 2004). Variation in rates of local population chan
across the range of a migratory species could fitrereesult from changes in conditions

in either or both of the breeding and non-breedicgtions.

The Icelandic population of the black-tailed godiés shown a sustained increase in
numbers over the last century frarb000around 1900 to recent estimates050,000-
75,000 individuals (Gilket al.2007). This expansion has been evident both iance as
new breeding grounds have been colonised (Gunmamsal. 2005b), and on the
wintering grounds in the UK (Gilket al. 2001). The causes of this population increase
have not been fully identified but possible drivéhsit have been proposed include
changes on the breeding grounds such as climatkoaatien and/or changes in habitat
structure increasing the area available for breedjodwits, or climatic and habitat
changes in the non-breeding range improving survarad/or body condition for

migration and subsequent breeding (@tlal.2007).

The number of godwits wintering in the UK has iraged from a few thousands to
around 25,000 over the last 40 years (Prater 18d8tin et al.2008). During the period
of population increase, traditionally occupied siten the south coast of England have
maintained stable numbers of wintering godwits,levthere have been rapid increases
in numbers of godwits on recently occupied sitesheneast coast of England since the
late 1970s (Gillet al. 2001). On the traditionally occupied sites, godwitave been

shown to have higher prey intake rates, higher answrvival and earlier arrival dates
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on the breeding grounds than godwit populationstexing on recently occupied east
coast estuaries. Thus this pattern of expansiom pratorer quality habitat has been
described as a buffer effect (Gdt al. 2001). There is also evidence that a buffer effect
is operating in the breeding season, as godwitexanding into areas in which poorer
quality breeding habitats are proportionately mabendant (Gunnarsson et al. 2005b),
and individuals tend to use similar quality halsitet both seasons; a type of carry-over
effect that has been termsdasonal matchingGunnarsson et al. 2005a). Tracking of
colour-marked individuals has shown that individubm traditionally occupied winter
sites tend to also breed in traditionally occupadas where good quality breeding
habitat is more abundant, and individuals in rdgemtcupied winter sites tend to also
breed in recently occupied areas of Iceland, wipar@rer quality breeding habitat is

more abundant (Gunnarsson et al. 2005a).

Icelandic godwits winter predominantly in the UKreland, France and Iberia.
Throughout the winter range, godwits forage pritgaon estuarine mudflats and
freshwater wetlands, and the extent of use of tisatiee and freshwater habitats has
been implicated as a factor influencing the preseat seasonal matching in this
population (Gunnarsson et al. 2005a). Stable isotmalysis of feathers taken from
godwits on the breeding grounds that were grownndulate winter has shown that
birds that spend the late winter feeding predontigaom saline habitats tend to breed in
good quality breeding sites, while birds that prityause freshwater habitats in late
winter tend to breed in poorer quality sites. Tihdicates that the use of estuarine and
freshwater habitats in winter is likely to be a kymponent of winter habitat quality

and a driver of subsequent carry-over effects (@tssoret al.2005a).

Ireland, with its relatively mild, wet climate amdiversity of wetland habitats and
agricultural land supports internationally impottanumbers of many species of
wintering waterbirds, including. 20% of the flyway population of Icelandic black-
tailed godwits (Crowe 2005, Gi#t al. 2007). Black-tailed godwits are thought to use
freshwater habitats quite extensively in Irelandutghinson and O'Halloran 1994,

Crowe 2005), which could have implications for tieda habitat quality and resulting
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patterns of population change. Counts of blaclketagjodwits from surveys in Ireland

from 1970 to 2006 are used here to explore theeeaie for any changes in 1. numbers
of Icelandic black-tailed godwits wintering in lagld over the last 40 years, 2. the
spatial distribution of wintering godwits, 3. theasonal variation in numbers across
Ireland and 4. to identify potential explanatiorms population changes across these

wintering locations.

Methods

Sources of data

In the Republic of Ireland and Northern Irelandumis of godwits during the non-
breeding season are available for sixteen majostabaites (Table 1A) and three inland
wetlands (Table 2). Three major surveys of watdebitave taken place since 1970 (Fig.
1): the Wetlands Enquiry (1970/71 to 1975/76) (Hutson 1979), the Irish Wildfowl
Conservancy (1985/86 to 1986/87) (Sheppard 1998)tlaa Irish Wetland Bird Survey
(I-WeBS) (1994/95 to present) (Crowe 2005). The d¢B® data also include an
additional seven coastal sites on which godwitsehbgen recorded in the last two
decades (Table 1B) (Crowe 2005). In Northern Irélawo major sites were surveyed
between 1969/70 to 2006/07, as part of the BTO/R8&Bs of Estuaries Enquiry
(BoEE) which subsequently became the Wetland Bun/é&/ (WeBS) (Table 1A, Fig.
1); only counts from the same years for which ceunere also conducted in the

Republic were incorporated in these analyses.

All of the surveys involved monthly coordinated lmtide counts between September
and March inclusive. Counts are carried out byletilamateur ornithologists and
members of staff from partner organisations (Birdddreland (BWI), British Trust for
Ornithology (BTO), Joint Nature Conservation Contaet(JNCC), National Parks and
Wildlife Service (NPWS), Royal Society for the Rration of Birds (RSPB), Wildfowl
and Wetlands trust (WWT)).
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Long-term variation in numbers of black-tailed gatdwn Ireland

The total number of godwits on the 19 major sit#8 ¢oastal and 3 inland, Fig. 1) in
winter was calculated by summing the maximum coaonbrded across all sites in any
winter month (November, December or January) oheaar. These peak winter counts
were then summed and an average annual peak tekalcalculated for the years
surveyed within each decade. Sites included inghalysis had a minimum coverage of
one month (out of the possible three in each wjraad were counted in two or more
winters during the Wetlands Enquiry (1970s), IWe@390s and 2000s) and WeBS
(1970s, 80s and 90s), but since only two wintersewsounted in the 1980s (Irish

Wildfowl Conservancy), a single count was accefitech that period.

Changes in the distribution of black-tailed godwitdreland

In order to investigate whether the distributiorbtzfck-tailed godwits within Ireland has
changed over the last 40 years, the number of dedweicorded on the 16 major
estuaries each winter were collated within eachstabacounty (County Louth and
County Dublin were combined for this analysis) (IlBabA, Fig. 1). Each coastal county
contained one to five estuaries, and the peak numbgodwits in each county was
calculated as the sum of the maximum winter coimeither November, December or
January) from each of these estuaries, and thesgabhpeak counts were averaged
within three time periods (1970/71 - 1975/76, 1884F 1986/87 and 1994/95 to
2006/07). Coverage for most sites is concentratedvimter months so peak winter
counts were used for all sites except for the Sbharand Fergus Estuary, where peak
counts in any month from November to March inclasivere used as the aerial surveys
which are conducted on this site particularly whenge flocks are likely to be present,
(usually in spring months). For the three inlantéss(Table 2, Fig. 1), the timing of use
by godwits is highly variable depending on watefels, so the annual peak count was
taken from any month, September to March inclusare] averaged for the same years

as specified above.
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Seasonal variation in numbers and distribution laick-tailed godwits in Ireland

Seasonal variation in the use of sites acrossnideleas explored on the 23 coastal sites
counted between 1994/95-2006/07 (Table 1A & B).kPsmasonal counts (autumn =
September - October, winter = November - Janugmng = February - March) from
each county (1 - 7 estuaries per county) were suireneoss each county as described
above. The seasonal county peak was then averagedaur time periods (1994/95 -
1996/97, 1997/98 - 2000/01, 2001/02 - 2003/04 HGHD5 - 2006/07). Count coverage
was only sufficient in all seasons to include oml@nd site (the Little Brosna Callows)
in this analysis. For all coastal sites, the awdily of each habitat type (mudflats and
grasslands) was summarised from site descriptidnsoont areas in Crowe (2005)
(Table 1).

Breeding distribution of Irish-wintering black-teifi godwits

Since 1995, Icelandic black-tailed godwits havenbiedividually colour-marked at sites
throughout the migratory range (G#t al. 2001, Gunnarssoet al. 2004, Gill et al.
2007). A network of volunteer observers acrossrémge regularly report sightings of
these birds, which has allowed the winter and brgelbcations of several hundreds of
individuals to be identified (Gunnarssenal.2005a). In order to explore whether Irish-
wintering godwits breed within a specific part bétwintering range, and hence whether
any changes in population size within Ireland may & consequence of processes
operating outside of Ireland, the known breediraatmns of all Irish-wintering godwits

were mapped.
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Northern Ireland

Antrim & Down

Dublin

Wexford

Figure 1. Locations of the major coastal (1 - 11%) anland (1 - 3 circled) sites counted
during all waterbird surveys between 1970 and 2(&8. the seven coastal counties
(indicated with ovals, Counties Louth and Dublinmimned), additional counts are
available from seven additional sites (a - g) f604-2006. See Tables 1 and 2 for site

detalls.
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Statistical analyses

Multivariate analyses of variance were used to @epthanges in the numbers of black-
tailed godwits from surveys carried out between(Ql8Y 2006. The spatial distribution

of wintering godwits across Ireland (for 6 coastalinties and 3 inland sites) was
analysed using an ANOVA with peak count from wintaonths (Nov-Jan) as the

dependent variable and time period as a fixed fadtbe seasonal variation in counts
(across 7 coastal counties and 1 inland site) watysed using a multivariate general
linear model (GLM using a normal error distribufjamith peak count from each season
summed across the county as the dependent vaaalllseason and time period as fixed
factors and a season x time period (S x T) intewaderm. All analyses carried out in

SPSS (v16.0).

Results

Changes in the number of godwits recorded winteangnajor coastal and inland sites

in Ireland

The total numbers of godwits recorded on 16 maparstal and 3 inland sites surveyed
in each decade (1970 - 2006) have remained relatsiable since the 1970s (Fig. 2).
There is some evidence of a slight increase in musbsing coastal sites, however this
is not significant; in the 1970s and 1980s, thesestal sites typically supported between
4000 and 5000 godwits in winter but by the 200@s thtal number recorded on these
sites exceeded 6500 in four out of seven yearkipgat nearly 9000 in 2004/05. The
inland callows have supported a large number ofmsdsince surveys began in 1970;
the mean total annual peak supported on the timlaad sites exceeds 3000 in every
decade (Fig. 2).

Distribution of godwits across major coastal anthimd sites

Population trends have not been stable in all ;sggxe the 1970s there has been a

significant increase in the number of godwits reear in the north and east: counties
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Down and Antrim in Northern Ireland, and Louth dbablin in the Republic (Fig. 3). In
the 1970s and 1980s, between 600 and 1000 birdstah were recorded using five
estuaries in the north and east (Strangford Lowgifast Lough, Boyne Estuary,
Dundalk Bay and Dublin Bay), and by the early 200@=se estuaries held nearly 2500
birds each winter (Table 1A). County Wexford has twajor sites that were counted in
each decade (Wexford Slobs and the Cull and Killagwhichc. 1500 godwits were
regularly recorded in the 1970s (Fig. 3c) howederjng the 1980s and 1990s, numbers
did not exceed 500 (Table 1A). In recent yearswgisdhave been recorded in similar
numbers to the 1970s; more than 1500 godwits wererded there in four out of the

seven winters surveyed in the 2000s.

In contrast, the eight estuaries in southern cearitave had relatively stable numbers of
godwits in winter over the last forty years (Taldd). Peak numbers of godwits
recorded wintering in County Waterford and CountyrlChave been around 1000 and
2000, respectively (Fig. 3). Dungarvan, Ballymacadd Cork Harbour have regularly
supported a large proportion of the godwits in ¢hgo counties (Table 1A), although
Cork Harbour and Dungarvan have seen a slight dsersfom around 900 birds each in
the 1970s to between 500 - 600 in the 2000s. Tweroestuaries have shown an
increase in numbers over the same period; Courtmags in west Cork and the
Blackwater Estuary at Youghal in County Waterfoa/é both increased from fewer
than 50 birds in the 1970s to around 500 in theD20dicating that there may be some
shifts in site use within these counties over tst U0 years. The Shannon and Fergus
estuaries on the west coast appear to have undergote severe declines in numbers
since the 1970s (Fig. 3). However, counts on tilesae complicated by the huge area
of mudflats (over 50,000 ha) and the complexityhabitats formed by the two river
systems they encompass. In order to maximise cgeeeegerial counts are conducted at

least once a season in late winter or spring.
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Figure 2. Mean (z se) peak numbers of godwits cedioin a) 16 coastal sites in winter
(November - January) and b) three inland grasstaildws (September - March) in
surveys carried out in each decade (1970s - 2006s).

Numbers using the inland callows have not variesatly over time; the three inland
sites (Fig. 3) hold a significant proportion of tpeak number of godwits recorded
across all sites in Ireland (Crowe 2005), and aglowvo thirds of birds recorded inland
(Fig. 2b) occur on a single inland site, the LitBeosna Callows (Table 2). The Little
Brosna Callows and the adjacent Shannon Callowkwge wetland areas (1155 ha and
5841 ha respectively) located about 70 km inlanthefShannon and Fergus estuaries.
Peak counts were recorded on both sites simultaheoua number of months and the
whole area has been shown to hold over 5000 godimitthe south, the Blackwater
Callows, just 25 km inland from Cork Harbour, Batlgcoda and Dungarvan, has had
up to a thousand birds recorded in most wintersesthe 1970s, the peak count of 3500
in February 1974 has not been exceeded in theseysubut, in recent years, flocks of
over 2000 godwits have been recorded in 2006 afd ADhapter 3).
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Seasonal distribution of black-tailed godwits iceat years

Seasonal counts across all 23 coastal sites suhv@gee the 1990s indicate that the
seasonal pattern of site use by godwits variesalyaand has changed on some sites in
the last 15 years (Fig. 4, Table 3). Coastal sitesughout Ireland are used in all
seasons, but godwits typically only occur on inlgnasslands through winter and spring
months (Little Brosna; Rig 4). Sites in Northerelénd and County Cork are used most
extensively in autumn (Fig. 4); in County Cack3000 godwits have been present in
Cork Harbour and Ballymacoda in September and @ctadb the 2000s. There is a
suggestion that there is a shift in distributiomotigh the non-breeding season as
numbers of godwits are typically higher in winterdaspring than autumn. In the last
decade there has been a change with use of sithe i@ast of the country increasing
significantly in spring, notably in Northern IreldnCounty Louth and Dublin areas (Fig
4, Table 3). The varied seasonal use of sites itekfidad contrasts with the pattern in
neighbouring County Cork. The significant seasatme period interaction in County
Waterford is due to fluctuations in the timing &gk counts alternating between autumn
and winter. Whereas peak counts in County Cork f@ways occurred in autumn and
show some signs of increasing, the number recardednter and spring has remained
relatively stable. Sites in County Cork also play inportant role during spring
migration large congregations have been recorded single roost in Cork Harbour in
late spring in recent years March/April 2006 - 2008an + se peak count = 2013 + 83

(Jim Wilson,pers comn).

Habitats available on coastal sites in Ireland

All 23 coastal sites included in these surveys hraudflat or lagoon areas and grassland
habitat available to godwits (Table 1). On all lsetven sites the grassland fields are
included in the I-WeBS count area (since the 199%s) waders (including godwits) are

stated to use these fields on all but six of thess (Crowe 2005). Godwits use one site
in Dublin that has only grassland; Seagrange Rar&creational park area which floods

in winter and is less than 1 km from the mudflatDablin Bay (Crowe 2005). The

inclusion of these grassland habitats in wetlanchtsectors indicates that the
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combination of grassland and mudflat habitats oast sites is recognised to be
important and extensively used by wintering shahi

Table 3. Results of GLMs of changes in the seas(®ipeak counts of black-tailed
godwits in seven coastal counties in autumn, wirged spring. Distribution was
analysed over four time periods (T); 1994/95 - ¥9961997/98 - 2000/01, 2001/02 -
2003/04 and 2004/05 - 2006/07, and the changesaisosal distribution over these time
periods is examined using an interaction term T9.x

Season (S) Time period (T) SxT
County (df = 2,9) (df = 3,9) (df =2,9)

F p F P F p
Down & Antrim 8.55 0.008 3.92 0.048 8.02 0.010
Louth 0.54 0.601 9.58 0.004 2.83 0.112
Dublin 4.49 0.044 12.79 0.001 0.14 0.874
Wexford 3.25 0.086 8.09 0.006 3.74 0.066
Waterford 3.56 0.072 0.17 0.913 7.56 0.012
Cork 13.37 0.002 2.94 0.091 0.22 0.803
Clare 0.44 0.656 0.67 0.593 1.47 0.280

Variation in breeding distribution of Irish-winterg black-tailed godwits

The breeding locations of 44 godwits that wintedrgland have been identified since
colour-marking studies began in 1995; ten of thesger on east and north-east sites
and 34 winter on south coast sites. The breediogtins of these birds are distributed
across all six main breeding regions in Iceland.(B). Thus birds that winter in Ireland

breed throughout Iceland, making it very unlikehatt Irish-wintering birds constitute a
distinct part of the breeding population.
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Figure 5. The breeding locations throughout Icelahdndividually-marked godwits
from winter locations in the south (squares) arst @arcles) of Ireland.

Discussion

The total numbers of black-tailed godwits usingigor coastal and inland sites across
Ireland during the non-breeding season have remailatively stable over the last 40
years. The average annual totals each decade thiecE970s across 16 major coastal
sites have been around 5000-6000 individuals. Hewetotals calculated for recent
years including counts conducted on an additioraés sites indicate that between
8000 and 10,000 godwits were supported on 23 dosisés in the 1990s and 2000s,
respectively. This additional site coverage durihg I-WeBS survey since 1994
indicates that the Irish wintering godwit populatioas expanded into sites that were not
used extensively in the 1970s and 1980s, as godweits rarely recorded on these sites
prior to the 1990s.

Inland grassland sites have also been used bgea paoportion of the godwit population
in Ireland since the 1970s, and total annual numk&ceeding 3000 birds have been
regularly recorded inland over the last 30 yearkil&\all estuarine sites have grassland
pasture in close proximity, and these fields ateroused by foraging godwits, shifts

inland to flooded callows are apparent with peadsuaing inland typically in January
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and February. It is likely that use of the inlamdl@ws could be considerably higher than
the recorded counts due to movement of birds betveites. The Little Brosna and
Shannon Callows are in close proximity to each rotirel the Blackwater Callows are
only 25 km from major south coast sites such asg¥al Ballymacoda and Cork
Harbour. This could be exacerbated in spring whexnpigratory movements could

result in high turn-over of individuals moving nort

The godwit population trends on individual coasitds vary, providing further evidence
that there may be some population expansion intwipusly unused sites. Sites that
held high numbers of godwits when the surveys begainly on the south coast in

County Cork and County Waterford, have maintainedlar numbers in each decade.
In contrast, sites in Northern Ireland and on thst €oast of Ireland that only held a few
hundred godwits in the 1970s have shown a sustanoedase in numbers. This pattern
may be indicative of a buffer effect operating, hwéxpansion of the population into
poorer quality sites, as has been shown elsewheatesigodwit winter range (Gill et al.

2001).

In the 1970s, the black-tailed godwit was much nrarmerous in Ireland than it was in
Britain (Prater 1975). The UK wintering populatiaas estimated to be 3735 by Prater
(1975), at which time the estimated wintering pagioh of Ireland was 8,000-10,000.
The survey information reported here indicates (batthe major sites for which data
are available), Ireland still supported numbersuaddthis magnitude in the 2000s, in
comparison to the UK winter maximum which only fékélow 30,000 in one year
between 2002/03 and 2006/07 (Ausiral.2008).

Potential reasons for this difference in populati@nds between the two neighbouring
countries could include the Irish wintering popidat comprising a distinct breeding
population in Iceland. Godwit breeding success deland varies in relation to the
habitat type, and this varies between traditionallyl newly occupied sites across the
country; high quality marsh habitat is more widalsailable in the traditionally occupied
southern lowlands and more recent expansion has iée areas where the poorer

quality, dwarf birch bog has been more common (Gussonet al. 2005b). However,
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Irish-wintering godwits have been found on breedyngunds throughout Iceland, so it
is highly unlikely that the population trends irllnd are a consequence of changes in

breeding distribution or the types of habitat bexcgupied in Iceland.

Habitat quality for godwits across European wimtgriocations appears to be related to
the extent to which saline and freshwater habéetsused (Gill et al. 2001, Gunnarsson
2005a). In Ireland, the extent of freshwater hahitse could indicate that mudflat prey
resources in Ireland are limited and that thisestricting further population growth in
these wintering locations. Freshwater grasslanddtabare regularly used on the coast
and a large proportion of the winter populationsutbe inland grassland sites during late
winter and spring. This is also true for a numbfestber shorebirds species wintering in
Ireland (e.g. curlevNumenius arquataoystercatcheHaematopus ostralegusedshank
Tringa totanusand lapwingVanellus vanellugQuinn and Kirby 1993, Crowe 2005)),
suggesting that mudflat resources may potentialyirbited for a range of shorebirds in
Ireland. There may be benefits of using grasslates,sparticularly the huge wetland
habitats of the callows, which are unique habitatseland. The huge congregations of
birds on these sites might provide benefits of pema large flock, such as reducing
time lost to vigilance whilst foraging and ultimbtereduced risk from predation
(Pulliam 1973, Caraco 1979, Glick 1986, Cressw&) Other authors have suggested
that being in a large flock may also have benéditsdinding high quality feeding areas
(Clark and Mangel 1986, Valone and Templeton 20&#gctive flock size is further
elevated when godwits feed in mixed species flatitls large numbers of other species
present, which they frequently do on these inlaitess The callows may therefore
provide an essential habitat which, along with tdwastal grasslands, may be the
mechanism by which Ireland supports such large musnbf waterbirds over winter
despite possible constraints in resource avaitgloin coastal mudflats. Identifying the
relative quality of mudflat and grasslands as forgdocations, and assessing whether
resources on any of these habitats are limited thuis be key to understanding whether
patterns of godwit population change are indicatwebuffer effects in Ireland, and

whether Ireland can continue to support an increggodwit population.
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Chapter 2



Shorebird use of a habitat matrix during winter:
relative profitability of intertidal and terrestria | habitats

Abstract

1. Although most migratory shorebirds are restrictedcbastal areas in winter,
many species use a combination of intertidal anmgdé&ial habitats. The relative
importance and patterns of use of these habitdtddepend upon the extent to
which they vary in availability and quality, botlchlly and throughout the
winter range. Understanding variation in habitaalgy and availability can be
key to identifying priorities for habitat consernat and protection.

2. During the non-breeding season, Icelandic bladkdagodwits Limosa limosa
islandicg use both estuarine mudflats and freshwater gmdshabitats to
varying extents throughout the range. Grasslandisugarticularly apparent in
Ireland, where many estuaries are surrounded btogadsfarmland. Godwit
flocks use both habitats throughout the winter menproviding an opportunity
to explore the relative profitability of each hatbit

3. Across eight coastal mudflat and grassland complex& one inland flooded
river valley, large-scale surveys and detailed gorg behaviour studies were
carried out during the winters of 2006-2008. Theat are used to quantify the
pattern of use of intertidal and terrestrial haitay godwits throughout the
winter, and to explore variation in the relativeofgability of each habitat, the
consequences of habitat choice for godwit foragingcess and the implications
for the relative importance of each habitat for\gitsl

4. Use of grasslands did not vary with the tidal cytlet a seasonal pattern was
evident with greater use of both coastal and inlgrasslands in the middle of
winter. Despite higher perceived predation riskcoastal grasslands resulting in
three times more disturbance flights per hour tbammudflats, godwit flocks

spend about half their time foraging on grasslaitdssin the coastal zone

36



throughout the winter. However, estimates of d&ilgd consumption on each
habitat indicate that mudflat foraging alone isuifisient to meet the energetic
requirements of godwits, and that the availabilify grasslands as foraging
habitats is essential to support the godwit pojrain Ireland throughout the
whole winter.

5. The freshwater grasslands used in Ireland by sirdselhre primarily managed
as grazing pasture and, in contrast with the adjaceidflats, have little or no
legal protection. As Ireland supports 20-30% of the entire Icelandic black-
tailed godwit population in winter, and use of gtaads by godwits is common
throughout the country, protecting these grasslant®sy be critical for

maintaining the internationally important godwitgudation.

Introduction

Variation in habitat quality and the extent to whanimals can exploit different habitats
can be a key driver of individual fithess (Pulliamd Danielson 1991, Sutherland 1996,
Newton 1998), both in terms of survival and bregdnccess in subsequent seasons. In
migratory species, the cross-seasonal effects ofipying habitats of varying quality
during the non-breeding season are particularlyptexnto identify, but a growing body
of literature is highlighting the importance of gapver effects over large spatial scales
(Bryant and Jones 1995, Szep 1995, @tllal. 2001, Newton 2004). Conditions in
wintering areas have been linked to annual fluaaatin numbers of several migratory
bird species breeding in Europe; for example numbéiSedge warblergcrocephalus
schoenobaenyon northern breeding grounds have varied in ioglato rainfall (and
hence food supplies) in west African wintering dees (Peach 2008) and more direct
links between winter conditions and subsequentdingesuccess have been described in
Dark-bellied Brent Geesd(anta bernicula berniculg in which females that returned
to the wintering grounds successfully with youngl,han average, been heavier on

spring departure from the staging grounds (EbbargeSpaans 1995).
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Migratory animals encounter varied and heterogememyironments throughout their
annual cycle and have to exploit different habitgtes that may vary in quality and
availability, both spatially and temporally. Thepact of winter habitat quality will vary
among individuals or groups that occupy differergaa or exploit different resources.
For example, habitat-specific stable isotope sigmest in American Redstarts
(Setophaga ruticilla wintering in Jamaica have been used to show itidividuals
occupying low quality scrub habitat in winter depdr later and in poorer physical
condition for the breeding grounds than conspexiiintering in higher quality forest
habitat (Marra 1998). Early departure for the bnegdgrounds is likely to be
advantageous in gaining good quality territoried eaising more young (Kokko 1999).
Similarly, Icelandic black-tailed godwitsLifnosa limosa islandiga show strong
seasonal matching between either good quality sumand winter habitats or poor

quality habitats in both seasons (Gunnarssaad.2005a).

It is clear from these studies that population deercould vary depending on the
condition of habitats throughout the migratory eycln order to identify habitats of
conservation importance for maintaining populatiahsis therefore important to
understand the variation in habitat quality and thktive importance of different
habitats. For migratory shorebirds in the non-biegdseason, habitat quality is
generally related to variation in foraging oppoit@s in a tidally constrained
environment, for example habitats may differ in #iindance, quality or accessibility
of prey (Goss-Custard 1980, Gillings 2007, Grara2D07). In addition, issues such as
predation risk (Yasuet al.2003), human disturbance (Stillman and Goss-Cdi2@02)
and site availability (Masero and Perez-Hurtadol2@@urenco and Piersma 2009) can
also influence relative habitat quality. Thus shids face a choice of foraging
locations and individuals may have to trade-oftdeg including the quality of foraging
opportunities and the distance between foraging aodst sites (Rogerst al. 2006).
The perceived risk of predation and the subseqglesets of vigilance activity can also
influence habitat choice (Lima and Dill 1990, Rdpad996, Yasueet al. 2003).
Vigilance activity is assumed to occur at the exgeeof food intake (Pulliam 1973), thus

individuals may adapt foraging behaviour on habithat differ in predation risk, for
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example individuals can increase the durationegudency of scans for predators in high
risk locations (Browret al. 1988, Cresswell 2008). Quantifying the variatinriaraging
opportunities and costs associated with the uskffefent habitats can therefore provide

insights into the relative profitability and cogtsurred by foraging in each habitat.

When habitats vary in quality and availability, teler of use can indicate an animal’'s
preference for one habitat over another; in marsgsdess preferred habitats may only
be used when resources in the preferred habita begn depleted. For example, brent
geese Branta berniclg have been shown to shift from foraging on inti&atialgal beds
and saltmarshes to grasslands and agriculturalsciopesponse to depletion of the
saltmarsh vegetation (Vickemst al. 1995), and poor intertidal food supplies have been
shown to result in turnstondrenaria interpre¥ increasing their use of alternative food
sources such as of wheat grain (Smart and Gill RGR&ference can also be indicated if
an additional habitat is only used when the pretétrabitat is unavailable. For example,
redshank Tringa totanu} use supratidal salinas in Spain as a supplemefdsaging
habitat at high tide when mudflats are unavailghdlaseroet al.2000). Factors affecting
habitat choices may vary through the season or tghcondition of the animal (Beale
and Monaghan 2004) and, for species occupyingrteetidal zone, habitat choice may
be restricted by the tidal cycle. Therefore in ptew, heterogeneous and temporally
variable landscapes, studies may need to go beywiad of use of habitats and consider
how distribution of animals may be influenced by ttombination of habitat options
(e.g. (Lourenco and Piersma 2009)). Gaining an staleding of the relative
importance of different habitats can inform prisation of habitat conservation efforts;
this requires studies that fully explore the rapn§&abitats used by a population. When
habitats of varying quality are used this will b&pecially important to understand in
order to protect the combination of habitat resesmecessary to maintain populations
(Masero and Perez-Hurtado 2001).

The Icelandic black-tailed godwit is a migratorysdbird that breeds almost entirely in

Iceland and winters in the coastal regions of waskurope. During the non-breeding

season, godwits aggregate in flocks to forage piiynan soft coastal mudflats, but
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freshwater grasslands are also used across the (BElugchinson and O'Halloran 1994,
Gill et al. 2001, Gill et al. 2002). These freshwater habitats range from cbasta
grasslands and pasture to inland wetlands. Inndelaeveral seasonally flooded river
valleys (known locally as “callows”), are also ussdgodwits when surface flood water

is present (Crowe 2005).

In this study we explore patterns of habitat usélagk-tailed godwits and the relative
profitability of freshwater and estuarine habitatsprder to quantify 1. seasonal patterns
of use of intertidal mudflats and grasslands by wjtsd throughout the winter, 2.
variation in the relative profitability of intertad and terrestrial habitats, 3. the costs
associated with foraging on different habitats @dhe implications for the relative

importance of each of the habitat types throughio@ihon-breeding season.

Methods

Study area

Black-tailed godwit use of estuarine and freshwatdritats was explored on the south
coast of Ireland (County Cork and County Waterfpfd)m October to March in the
winters of 2006/07 and 2007/08. The habitat typesevstudied in two major zones; the
coastal zone included eight estuarine complexewao100 km of coast and the inland
zone comprised one flooded river valley complexg(FiL). Coastal complexes
encompassed extensive mudflat areas (mean + SB % 24 ha, range = 25 to 224 ha, n
= 25) and surrounding freshwater grazing pasturtes gblocks of fields that can be
viewed from one location, mean = SE = 15 £ 2 hagea= 3 to 28 ha, n = 18). The study
area includes four areas of international and dneational importance for wintering
black-tailed godwits (Crowe 2005).
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Godwit habitat use throughout the winter range

Since 1995, a programme of marking and trackingkstailed godwits has maintained.
c. 1 — 2% of the population individually colour-matk (Gunnarssoet al. 2005b) and,
with the help of a large network of volunteer obges, the winter locations and habitats
used byc. 50% of these birds have been identified (Gunioares al. 2004). For each of
the seven major wintering areas throughout the eatitge proportion of sightings of
individually marked birds on either saline habitataidflats and saltpans) or freshwater
habitats (grasslands, river valleys and rice fleldsautumn (October and November),
winter (January and February) and spring (March Apdl) between 1995 and 2006

was used to explore seasonal and geographic eeri@tiwinter habitat use.

In Ireland, study sites were selected from withighe coastal zone complexes (Fig. 1),
each of which encompass the mudflats of an esarahthe grassland fields surrounding
them. Within each complex, between 2 and 5 separatdflat sites and 2 and 4
grassland sites that were used by godwits wereded in the study. Each grassland site
comprised a block of 1 - 8 separate fields thaiccali be viewed from one location.
Between October and March, each complex was vidibed times in each season:
autumn (Oct/Nov), winter (Dec/Jan) and spring (Mdy). The number of godwits
foraging on each mudflat and grassland site wasrded on arrival, and all flocks were
checked for colour-ringed birds. Within each complgodwits typically foraged in one
discrete flock on one habitat at any one time aongement between habitats tended to
involve the whole flock moving over the course ofeav minutes. Within each site,
flocks were observed for 20 - 130 minutes, and sanpling every 20 minutes was
used to record the behaviour of each individualadong, roosting or loafing/preening)
within the flock (Table 1, only flocks with a minum of 20 individuals were included
in these analyses). The mean percentage of thk ftwaging during each observation
period was estimated to be the proportion of tilva the flock spent foraging (Altmann
1974), thus the proportion of time a flock spenmtafpng on any particular habitat each
day could be calculated from the percentage of rebtien time spent on that habitat

and the percentage of time spent foraging withit time period. Time of day was
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recorded and the time relative to high tide was tbetermined using published tide
tables (http://www.ukho.gov.uk). Tidal states weegegorised as high tide (two hours
either side of published high tide time), fallindet (2 — 4 hours after high tide), low tide
(2 hours either side of published low tide time}l aising tide (2 — 4 hours after low

tide) (Table 1).

Figure 1. Map of Ireland detailing the study areatloe south coast (County Cork and
County Waterford) and the locations of the nine dgtu sites: 1.
Timoleague/Courtmacsherry 2. Owenabue 3. LoughbeBotiglas 5. Cork Harbour
North 6. Ballymacoda 7. Youghal 8. Dungarvan 9.cRVgater Callows.

The inland zone grassland complex known locallyhasBlackwater Callows (site 9 on
Fig. 1) is an 83 ha river valley located23 km inland and comprised of three distinct
sites (mean £ SE area = 28 = 7 ha). Each site wgt®d once each month but visit
frequency was increased after periods of rainféligeeater than three days (which
typically results in flooding of the grasslandsrfrahe adjacent river) to a minimum of
once every two weeks. When godwits were presenthiae sites were visited weekly

until the flock left the valley. The movements, i@ty and foraging behaviour of all
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flocks on these sites were recorded as describ@gealdn every visit, the percentage of
each site covered by surface water was estimaseiy.

Invertebrate sampling

Variation in prey density across grassland sites @glored by sampling invertebrate
abundance and biomass on nine fields (one inlad &nd eight across seven coastal
complexes). On each field, 20 randomly distribtBezin diameter cylindrical soil cores
were collected in November/December 2007 and agairMarch/April 2008. In
addition, between December 2006 and January 20@7effect of variation in local
rainfall on prey availability on grasslands wasdstigated on five fields (three fields
sampled twice each, one field four times and oek fonce, a minimum of one month
between repeating a sample on the same field) byplgzg invertebrate abundance
using the same 8 cm diameter cylindrical soil cae20 evenly spaced points along a
diagonal transect across each field. Cumulativefaliiin the preceding three days was
recorded for each field with funnel rain gaugesufueter 12.6 cm) placed at the edge of
each field. All sample cores were bagged, labelde@led and hand sorted within 10
days of collection. All potential godwit prey itenfdlutchinson and O'Halloran 1994)
were measured (unstretched wet length for earthaommaximum body length for
Diptera larvae). Earthworms were the most commaemi@l prey encountered during
these surveys; a reference collection was preseirveD% ethanol for subsequent
biomass estimations.

Godwit foraging behaviour

Foraging godwit flocks consisting of a minimum df Birds (flock size range: coastal
complexes = 25 - 435; inland complex = 158 - 2008)e observed for between 10 and
121 minutes (depending on the length of time foicWliflocks stayed within a site). The
mean number of disturbance flights per hour wasutatled for each observation period
(disturbance flights were defined as occasions wh8&0% of the flock simultaneously

took flight). Focal sampling was used to record tbeaging behaviour of individual
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godwits within flocks (Table 1). Instantaneous pietake rates of randomly located
individuals were measured by recording the timenalo make ten paces, during which
the number of successful and unsuccessful peckalsasounted. In addition, the time
each individual spent being vigilant (head and aiblbve the level of the body) or in
aggressive interactions was also recorded, andasiéd from the total observation time
in order to calculate prey intake over the timens@etively foraging. A minimum of 25
individual intake rates (range = 28 - 80) were rded for each flock and averaged to
give a mean intake rate per foraging flock. Thesia éllow direct calculation of peck
rate (pecks per second of foraging time) as a measuforaging effort, and step rate
(steps per second of foraging time) as a measuedfoift expended in foraging. All
variables recorded during these surveys are détail@able 1. The prey type (bivalve
or polychaete (on mudflats) or earthworm (on geass) was recorded and the size of
each prey item was estimated in the field as smadlium, large, or very large (Table
2).

Biomass calculations

Samples of bivalves were collected in Cork Harbaufebruary 2008, and earthworms
in 10 fields across all coastal complexes from Ddwer 2007 - March 2008. The ash-
free dry mass (AFDM) of each individual was meadwsing the protocol described by
Crisp (1971). No polychaetes were encountered dutire sampling periods and so
values for polychaete AFDM were taken from J.A.|IQuinpublished data from
England). The number of each prey size consumeshbly focal bird was multiplied by
the ash-free dry mass (g) of that prey size cate@bable 2), summed and averaged
across all focal individuals to give a mean biomagske rate (mgAFDM.sé&9 for each
flock.
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Table 2. Body lengths and ash-free dry mass of paep type and size class. Length-
weight regression equations and sources are atsonsh

Prey type Size Length AFDM Source
class (mm) (mg)
(class
midpoint)
Bivalves: Small 5 0.0008 Log (AFDM) = 2.68 x Log (length) - 4.75
Scrobicularia plana Medium 10 0.0034 (individuals sampled: n = 69, length range=
Large 15 0.0154 8.9 -59.6 mm)
Very 20 0.0380
large
Polychaetes Small 15 0.0034 Log(AFDM) = 1.87 x Log (length) - 4.72
Nereis diversicolor Medium 30 0.0111 (from J.A. Gill, unpublished data from
Large 60 0.0407 England).
Very 80 0.0870
large
Earthworms spp. Small 10 0.0093.0g(AFDM) = 2.334 x Log (length) - 5.70.
Medium 30 0.0280 individuals sampled (n = 45, range = 15.4-
Large 55 0.0514 103.0 mm). _ o
Very 85 0.0636 Foraging observations indicated that

smaller worms were primarily broken
sections of larger worms (i.e. large
fragment diameters), thus AFDM of small,
medium and large categories were
estimated as fractions of a 100 mm worm
(a typical very large worm).

large

Calculations of daily consumption rates

The mean intake rate (AFDMmg.580c0f godwit flocks foraging on mudflats in each
season was used to estimate the maximum poteailglahergetic consumption if birds
foraged continuously on mudflats for the averaggodefor which the mudflats are
exposed by the tide (12 hours.dhy Published estimates suggest that black-tailed
godwits require a minimum of 173.3 kJ/Day to measdd metabolic rate (BMR)
requirements (Kersten and Piersma 1987). The etiexmtent of the estuarine prey in
this study (bivalves and polychaetes) was estimase?1.67 kJ:JAFDM, which is the
mean of the following reported valuesereis diversicolor21.8 kJ.g AFDM (Zwarts
and Wanink 1993); cold water marine benthic invewrées; 22.9 kJy AFDM
(Wacasey 1987) and 20.5 K3.4FDM (Dauvin and Joncourt 1989).
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Statistical analyses

Variability in godwit use of zones, complexes aitéss(Table 1) was modelled using
mean monthly peak flock size as the dependent blariam general linear models
(GLMs). Each GLM used appropriate normal errorribstions. Zone, habitat, complex,
month (or season) and tide were included as figetbfs and year as a random factor,
with habitat x month, zone x month, and tide x seamteractions to explore any
seasonal variation in use of habitats or locatiand in the effect of tidal variation on
godwit distribution. Differences in foraging behawt on mudflats and grasslands were
explored in GLMs with each component of foragindpdaour (Table 1) as dependent
variables, mudflat was compared to all grasslandagtal fields and inland combined),
and habitat (mudflat or grassland) and month (asse) were included as fixed factors
with year as a random factor. Vigilance behavialisturbance rates and roost distances
on each of the three habitat types were modelleGliMs with zone, habitat and
complex as fixed factors and month (or season)yaad as random factors. A paired t-
test was used to assess seasonal variation inveanthdensities across grassland fields
in seven complexes (including one inland site) achefield, and the relationship
between earthworm density and cumulative rainfallthe previous three days was

analysed using linear regression.

Results

Habitat use across the non-breeding range

In the south of the winter range (France and Ibegadwits make occasional use of rice
fields and river valleys but they are mainly reged to intertidal mudflats and adjacent
saltpans, as over 80% of all sightings of colonged birds were on saline habitats in all
seasons (Fig. 2). The use of freshwater grasskmgite common in England, but the
majority of grassland sightings are typically frowhen flocks make large-scale

movements to a small number of seasonally floodéahd wetland sites, as there are
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few remaining coastal grasslands. In contrastralamhd the estuarine areas are typically
surrounded by freshwater grazing pastures whichuseel by godwit flocks throughout
the winter (Fig. 2).

Seasonal and spatial variation in godwit habita¢ uis Ireland

Throughout the non-breeding season in both yeatseo$tudy (2006-07 and 2007-08),
the number of godwits using the eight coastal zoomplexes each month totalled
1000 birds (Fig. 3a). The monthly peak flock sipeseach complex in the coastal zone
varied from 50 to 500 but there was no significdifference in peak flock size between
years (k23 = 1.64, p = 0.214) or monthss(lz = 0.41, p = 0.999). Observations of
colour-ringed individuals across Ireland indicdtattgodwits are highly site-faithful to
coastal complexes; of the 104 individuals that Haaen seen more than once, 50% have
only been recorded on one estuary complex, andtlaeiu30% have been seen on sites
less than 20 km apart. Within the coastal complegedwit flocks used mudflat and
grassland habitats in all months (Fig. 3b) and wergquently observed moving from

one habitat to another during the 20 - 120 minibieovation periods.

In contrast to the continuous presence of godwak$ on coastal complexes, occupancy
of the inland grassland site varied strongly imtieh to the level of standing water
present; godwits were only observed inland when dn@ount of standing water
exceeded 15% of the total site area (Fig 3a). Gpresdly, there were significant effects
of month and a zone x month interaction on thel totgnber of birds present on each

zone throughout the winter (Table 3a).
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Figure 2. Schematic diagram of the proportion dbeoering sightings of individual
black-tailed godwits on saline (white bars) andlirgater (black bars) habitats in seven
of the major godwit wintering sites in each seagdnAutumn (Oct-Nov), W: winter
(Dec-Jan) and S: spring (Feb-Mar)).
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Figure 3. Variation in habitat use by black-tailgadwits in S Ireland throughout the
non-breeding season of 2006-07 & 2007-08. a) meaBSK) total number of birds
recorded in each month on the eight coastal coreplétark bars) and three inland sites
(light bars). b) variation in the mean (+ SE) patoaf standing water on the inland sites.
c) mean (x SE) proportion of mudflat (open diamgQnasd coastal grassland (filled
squares) sites occupied by godwit flocks withinstabcomplexes.
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The decrease in the total number of birds on thasteb zone in December is a
consequence of the congregation of godwits inl&id18 individually colour-ringed
individuals seen at the inland sites, 14 were atsorded on the eight nearby coastal
complexes in the same year, thus the majority afsbon the inland sites are likely to
have come from these local coastal complexes. Aghothe number of godwits on
coastal complexes declines during the period wioglwg congregate on the inland sites
(Fig. 3a & Table 3a), the proportion of occupieteésiin the coastal complexes varies
little throughout the season (Site occupancy modnth x site interaction;ks; =
0.74, p = 0.723) or on each habitat type (Site pangy model: Habitat x month
interaction; Bs; = 2.15, p = 0.074, Fig. 3b), indicating that thevednland is not
restricted to godwits abandoning a subset of coxesleor habitats. The proportion of
mudflat sites occupied throughout the season rsfgigntly greater than grassland sites
(Fig. 3b, Table 3a). Godwit flocks did not show d@epdency to use grassland habitats
as solely supplementary foraging sites when muglfisre unavailable at high tide, as
use of grasslands occurred at all states of tide (®cupancy model: tide x habitat
interaction; k1;7= 0.571, p = 0.635, Fig. 4). Occupancy of mudfiaés always higher
than grasslands except in winter at high and fgllide.

Table 3. Results of GLMs of a) seasonal variatiorgodwit use of zones (coast or
inland) and habitat complexes, b) zone, season hatitat (mudflat or grassland)
variation in godwit foraging behaviour and c) thests associated with use of different
habitat types. Only statistically significant resulare reported. See Table 1 for
definitions.

a) Godwit use of habitat complexes df F p

Zone peak count: month 5,59 21.58 0.001
coast/inland x month 6,59 19.74 0.001

Site occupancy: habitat 1,113 1453 0.001

b) Godwit foraging behaviour

% time spent foraging habitat 2,132 12.32 0.001

No. prey consumed per second habitat 1,33 30.56010.0

Peck rate (no. pecks per second) habitat 1,33 6.12 0.019
season 2,33 13.87 0.001

Step rate (no. steps per second) habitat 1,33 19®B801

c) Cost associated with each habitat

Vigilance levels habitat 2,35 10.00 0.001

Disturbance levels habitat 2,190 7.86 0.001

Distance to safe roost site habitat 2,54 3.97 0.025
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Figure 4. Variation in the mean (x SE) proportidmudflat (open bars) and grassland
(filled bars) sites occupied by black-tailed godmin coastal complexes in S Ireland
through the tidal cycle (H=high, F=falling, L=low=rising) in a) autumn (Oct/Nov), b)
winter (Dec/Jan) and c) spring (Feb/Mar).
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Grassland invertebrate surveys

Earthworms made up the majority (c. 77%) of potdrdodwit prey items found in soil
cores across all 8 fields surveyed. All other itelerates were considered to be smaller
than the minimum sizes typically consumed by gosiwinchytraeidae (22.4%) and
earthworm cocoons (6.7%) or were too rare to bsigrdificance in the diefDiptera
larvae = 0.5%). There were no significant diffeehn mean earthworm density (ind.m
%) across the eight fields sampled early (281 + gkl )and late (266 + se = 20) in the
season (paired t-test; t = 0.34, df = 7, p = 0iA42007/08. There was no significant
effect of localised rainfall on earthworm abundate= 0.015, o= 0.13, p = 0.724)

in 2006/07 (Fig 5).
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Figure 5. Variation in the mean (+ SE) earthwormgiy on four grassland fields in
relation to localised cumulative rainfall for thréays prior to sampling Dec - Jan
2006/07.
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Relative profitability of mudflats and grasslands godwits

Levels of foraging activity in godwit flocks variesharkedly between mudflats and
grasslands (Table 3b). On coastal grasslands,dieemtage of time spent foraging by
godwits was 80 - 90%, in comparison to 50 - 70%imE spent foraging on mudflats
throughout the winter (Fig. 6). On inland grasskiniévels of foraging activity were
similar to those of flocks on mudflats, with 500% of time spent foraging during the

months in which inland sites were used (Fig. 6).
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Figure 6. Variation in the mean (x SE) percent mdividuals within godwit flocks
observed foraging on mudflats (open diamonds, dditee), coastal grasslands (filled
diamonds, solid line) and inland grasslands (filtkamonds, dashed line) during each

month of the winters of 2006-07 and 2007-08.
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Although instantaneous prey intake rates of godwaits coastal grasslands were
consistently slightly higher than those on mudfatinland grasslands, there was no
significant difference between the three habitkig.(7, habitat: F37= 1.65, p = 0.206).
Although the highest prey intake rates on mudftatsur in the autumn, there is no
evidence for seasonal declines in intake rate gnhabitat (season x habitat; §7 =
0.30, p = 0.744).
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Figure 7. Seasonal variation in the prey intakesatf godwits foraging on coastal
grasslands (black), mudflats (white) and inlandsgi@nds (grey). Boxes represent the
inter-quartile range and the line bisecting eack the median value, error bars
indicate the data values that are within 1.5 tirtles inter-quartile range and values
exceeding this range are represented by open dots.

55



These intake rates could be masking depletion el pn the environment if the
proportion of the diet comprising prey of differesites were changing over the winter.
However, diet composition varied little betweensse®s, with very few large prey items
consumed on any habitat, and medium and largeifmeng combined (> 10 mm length)
only just exceeding 5% of the prey consumed on fatglf(Fig. 8). On coastal and
inland grasslands, more than 95% of prey were sifgalthan 10 mm in length)
throughout the winter (Fig. 8).
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Figure 8. Seasonal variation in the proportion ofyptypes and sizes consumed by
black-tailed godwits on different habitats. HatcHeats = bivalves on mudflats, filled
bars = polychaetes on mudflats and earthworms asstand, and colour represents size
classes (pale grey = small, mid grey = medium, dzidy = large) in A: autumn
(Oct/Nov), W: winter (Dec/Jan) and S: spring (FebfM. Numbers of individual
observations are given in brackets under each aolum

As the components of godwit foraging behaviouralet rates, peck rates and step rates)
varied little (GLMs, p > 0.05 in all cases) betwearland and coastal grasslands, these

were combined in order to compare foraging behawougrasslands and mudflats. The
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number of prey items consumed per second was signify higher on mudflats than

grasslands in all three seasons (Fig. 9a, Talbet®oth peck and step rates were higher
on grasslands than mudflats in each season (Fig:, 9lable 3b). Peck rates increase by
more than 50% on both habitats over the courseh@fseason but there is no such
seasonal variation in intake rates. Step ratedoaver on mudflat than grassland and
increase from 1 to c. 1.5step.deon mudflat between autumn and spring (Fig. 9)

although this increase is not statistically sigrafit.
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Figure 9. Seasonal variation (A=Autumn, W=Winted &~Spring) in mean (+ SE) a)
prey consumed per second, b) peck rate and cyatepf black-tailed godwits foraging
on coastal grasslands (filled bars) and mudflgteiidoars).
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Costs associated with use of different habitats

During observations of individual foraging boutse frequency of vigilance events was
c. 2 - 3 times higher on grassland than on mudf{gtg. 10a, Table 3c). Godwits
foraging on coastal grasslands took flight in res@o to disturbance events
approximately once every 15 minutes, whereas gederaging on mudflats and inland
grassland were disturbed less than half as frebéhig. 10b). The great majority
(grass: 96%, n = 144; mudflat: 98%, n = 59) of wlisance flights had no identified
cause; raptor attacks were observed on fewer thaof3listurbance flights on grassland
and never on mudflats, human disturbance was ftshtas the cause af. 1% of
disturbance flights on all habitats. Disturbanceres frequently caused godwit flocks to
return to a roosting location, which is typicalhetnearest area of shallow water (either
the tide edge or a shallow pool). The distancd¢onearest roosting site was3 times
greater for flocks foraging on grasslands (Fig. )1@tan on mudflats or inland

grasslands, where godwits rarely foraged furthan ttO0O m from the waters edge.

Implications of habitat profitability

Published estimates of the basal metabolic ratbladk-tailed godwits suggest they
require a minimum of 173.3 kJ/day (Kerstest al. 1998). Based on average
instantaneous intake rates recorded in this stumlly energy content values from the
literature, estimations of maximum potential energynsumption were made for
mudflats. Continuous foraging on the mudflats atrtites reported in Fig. 7 for 12 hours
per day would provide onlg. 20 kJ/day in excess of BMR. As tidal constraimisan
the mudflats are not exposed for 12 hours on a6 dand as digestive constraints mean
that continuous foraging is rarely possible in shinds (Van Gilset al. 2005), the
combination of mudflat and grassland habitats afgpéa be essential for the Irish
wintering population of black-tailed godwits to rhemeir energetic requirements

throughout the winter.
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Figure 10. Variation in the behavioural and envinemtal costs associated with godwits
foraging on different habitats: a) the number dftulibance flights per hour, b) the
proportion of observations in which a vigilance mveccurred c) the average distance
(m) from foraging locations on each habitat typ@éarest safe roosting site.
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Discussion

Both freshwater and estuarine habitats are impbftarblack-tailed godwits wintering
throughout the coastal regions of western Europethe extent to which each is used is
highly variable (Fig. 2). Ireland is unique in pidwg an abundance of freshwater
grazing pasture surrounding most estuaries whefeasyintering sites elsewhere in
Europe, the availability of freshwater habitatyipitally restricted to a small number of
isolated inland wetlands. These fields are not clpibird watching sites so the
percentage of sightings of colour-ringed birds casgland in Ireland are likely to be an
underestimate of the extent to which this habgatsed. In Ireland, godwits use mudflat
and grassland habitats in the coastal zone onlw loksis throughout the non-breeding
season. There is no strong seasonal or tidal paittethe intensity of use of coastal
mudflats and grasslands, but godwits make extenssee of inland grasslands when
seasonal flooding results in areas of standing mtatevhich godwits can retreat when
disturbed. Similar instantaneous energetic intaltesr are achieved on mud and grass
throughout the winter, however, godwits foraging anastal grasslands are disturbed
significantly more frequently than on mudflats or inland grassland, they have higher
levels of vigilance and have to travel further @fesroosting sites when disturbed.
However, while coastal grasslands may be more \cbsibitats in which to forage (as
disturbance rates and vigilance levels are higmgygetic intake rate on mudflats alone
appear not to be sufficient for godwits to meeirtle@aergetic requirements throughout
the winter, and thus grassland foraging resources &ritical part of the habitat matrix

required to support the godwit population in southeeland.

The difficulties in meeting daily energetic requirents for godwits wintering in Ireland
are also indicated by the large proportion of they épent foraging (Fig. 6). In
comparison, black-tailed godwits wintering in wéxirtugal can meet their energetic
requirements in onlye. 5 hours of foraging per day on mudflats and salifAlves
2009). In Ireland, continual use is made of grasidadespite the apparent cost of the

high level of disturbance experienced, suggestirag tood supplies for godwits on all
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habitats are limited, and thus that the matrix eofdffat and grassland habitats is very

important in providing sufficient foraging opporitias throughout the winter months.

Interestingly, there was no strong evidence fomgea in godwit behaviour reflecting
seasonal depletion of prey resources, as bothrtogion of time spent foraging and
the instantaneous intake rates are maintained|drabitats throughout the winter. This
may appear to contradict the idea that prey regsuese limited, however, godwits
wintering in Ireland move between habitats freqlyefuften several times per day), and
flocks may therefore be regularly encountering rfevaging patches. Prey depletion
may therefore occur over small spatial scales aag masult in localised changes in
patch use and foraging effort which may not be @diclip in large scale studies such as
this. There is an indication that foraging effantrieases in spring; on both habitats
godwits increased peck rate significantly from awututo spring. When foraging on
grassland, godwit step rates and peck rates argistently higher than on mudflats.
Increased step rates may increase encounter rétepney and higher peck rates may
increase the chances of encountering prey everovatdensities. Thus, increased
foraging effort on grasslands may offset any deslim prey abundance. However, prey
sampling on fields in autumn and spring suggedtatl éarthworm abundance does not
decline strongly over the winter, and the availabibf earthworms does not appear to
be greatly influenced by levels of rainfall (Fig. Earthworm densities recorded here
are comparable with those found elsewhere in Itelam permanent pasture; densities
ranged from 203 to 324 individuals’{Curry et al. 2007). Godwits are solely tactile
foragers on grasslands, whereas prey on mudflatsbealocated visibly, which may
make slower pacing worthwhile as it increases scgniime and may thus increase prey

encounter rates (Speakman and Bryant 1993).

Although the energetic intake rates that can bé&sael on grasslands are comparable to
those on mudflats, the higher vigilance levels gnelater rate of disturbance flights
suggest that there may be significant costs to gedef foraging on grasslands. In
addition, the coastal grassland sites are typicall§y - 400 m away from roosting sites

(usually the tide edge on adjacent mudflats), wdeergodwits foraging on mudflats
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typically forage within 200 m of the tide edge (Fif). This means that grasslands are
potentially a more costly place to forage than rtatdf Although predator attacks and
human disturbance incidents were rarely observestand sites are clearly perceived
to be riskier habitats than mudflats, warrantinghler levels of vigilance and frequent
escape flights even in the absence of an appaaesecPerhaps as a consequence of the
differing costs of habitat use, godwits on mudfigend up to 35% of their time in non-
foraging activities (preening, roosting etc) whargadwits on grassland sites spend less

than 5% of their time in these activities.

Grassland fields are all typically surrounded bydes and trees, providing a level of
cover which could contribute to the perceived ledetisk. Godwits’ ability to detect a
potential predator attack could be reduced by thgetation resulting in the reported
levels of vigilance. The high levels of vigilancesmlayed by godwits on coastal fields
could be influenced by differences in field aremcaastal fields are typically smaller (
15 ha) than inland grassland fieldsZ8 ha).

Legal protection of sites in Ireland for winteringaterbirds is varied; the inland
‘callows’ sites are listed as sites of national aripnce due to the large congregations of
wintering water birds and therefore designated pecial Protection Area (SPAS), in
accordance with the EU Birds and Habitats direc{Ne. 79/409/EEC). In contrast, on
the coast, the current level of legal protectioly @esignates the intertidal mudflat areas
and the boundaries of these SPAs only include & wanall number of coastal
grasslands. However, to support the internationatigortant numbers of black-tailed
godwits in S Ireland, all the components of thestalaestuarine and freshwater habitats
as well as inland wetlands appear to be necessargclfinson and O'Halloran 1994).
Without the extensive use of coastal grasslanddwige would have to meet their
energetic requirements for the majority of the infrom mudflat prey resources, and

the analyses presented here suggest that this likelyg to be possible.

The problem of limited legal protection of freshesahabitats in Ireland is mirrored

across the non-breeding range in Europe, with mmosiflat areas being protected under
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international agreements whereas the importandeeshwater habitats is less widely
recognised. The extent of use of marine and fresweabitats by godwits across the
non-breeding range is clear from the distributibeaour-ring sightings (Fig. 2), and in
Ireland the grazing pasture is an essential hathitatighout winter. Protection of these
habitat complexes of grassland fields in combimatrath mudflats would therefore

appear to be critical in order to maintain the eiirtg godwit population in Ireland.
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Chapter 3



Selection of grassland fields by foraging
black-tailed godwits, Limosa limosa islandica

Abstract

1. Protected areas typically encompass rare or thredtkabitats that are important
for wildlife but they may exclude adjacent, moremeoon, habitats which may
be important for mobile populations. In coastalsystems, protected areas for
waterbirds often only incorporate intertidal areagh the boundaries coincident
with the high water mark. However, waterbirds freqily use adjacent
agricultural fields in addition to intertidal hasis, and these supratidal habitats
often have no legal protection despite evidencdffeir importance in supporting
populations of wintering birds.

2. Inclusion of agricultural lands within protectedearboundaries would require
identification of the factors influencing field dice by waterbirds. Grasslands
are commonly used as foraging habitats by wadedswaaterfowl, and Ireland
has permanent pasture surrounding many coastahrgstuareas which are
important for wintering shorebirds. Ireland suppoct 20% of the flyway
population of the Icelandic black-tailed godwit gmevious studies have shown
grasslands to be critical in supporting the godpopulation throughout the
winter. Identifying the factors influencing the sefion and use of grasslands by
foraging birds is therefore an important step invaleping strategies for
protecting these habitats.

3. In 2008, a large-scale survey of 112 pasture fisldsounding eight estuaries in
southern Ireland was undertaken during January +ctMathe period when
godwit use of pastures is most frequent. The prEsen godwits on each field
was recorded along with a suite of structural aamti$cape characteristics. In
addition, monthly surveys of seven frequently udiedds were undertaken
during which the location of godwit flocks withinaeh field was mapped,
allowing comparison of the characteristics of theaa of fields selected and

avoided by godwits.
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4. Godwits avoided very small fields (< 1 ha) and wemech more likely to use
fields larger than 5 ha, but no other field struetar landscape features appeared
to influence field selection. The selection of [irey patches within fields was
restricted by the degree to which visibility wapeded; flocks were more likely
to forage in areas further from field boundariebeve the boundary had more
gaps and where the overall levels of visibility evéigher.

5. The absence of legal protection for most grasslaledpite the strong evidence
for their importance in supporting waterbirds thgbhaut the winter is an issue of
conservation concern. High rates of urban expansimnagricultural landscapes
in Ireland mean that identifying the sites in whiplotection may have the
greatest influence on the populations that theypsrtigs of key importance. This
study suggests that only small, enclosed fieldshich visibility is hampered are
actively avoided by foraging godwits, and thus tleage fields with an open

boundary structure are likely to be particularlyorntant to protect.

Introduction

Establishing networks of protected areas in kegtioos has been a fundamental part of
international policies to protect species and ladbitn order to conserve biodiversity
(Primack 1995, Chapet al.2005, Sinclair and Byrom 2006). In the EU, undier Birds
(1979) and the Habitats (1992) Directives, membtates are required to protect
threatened and vulnerable flora and fauna, migyadpecies and the habitats on which
these populations rely. The development of a netwb protected areas is the primary
means by which these directives have been implesdenwith Special Areas of
Conservation (SACs) designated under the Habitatsciive, and Special Protection
Areas (SPASs) designated under the Birds Direcfiv@ing the basis of the Natura 2000
network (Donaldet al. 2007). Member states of the EU have a legal reqent to
maintain the species and habitats protected wiNatura 2000 sites. However, while
protected areas may encompass habitats of particigortance for nature
conservation, they often exclude more common hgbithiich are also used by species

for which a site was designated, particularly hyghhobile species such as birds.
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Recognition of this issue in Ireland has led tostderation of potential mechanisms for
including common habitats adjacent to SPAs witthea protected area boundaries (J.
Fuller, SPA Designations Team Leader, National ®akd Wildlife Service, pers.

comm.).

Wetland areas are afforded particular attentionpi@tection of migratory waterbirds
under the Birds Directive and the Ramsar ConventanWetlands of International
Importance (www.ramsar.org). Coastal wetlands camprise a complex mixture of
habitats (e.g. mudflats, sandflats, saltmarshesrackly shores) and many mobile bird
communities exploit a range of habitat types (Préaf@81). For most coastal wetlands,
the protected area encompasses intertidal habitatshe boundaries are coincident with
the high tide mark. However, many waterbirds wiinigin coastal areas use a variety of
intertidal and supratidal habitats, depending octoig including tidal cycles, prey
abundance and the availability of adjacent habigats (Connorset al. 1981, Goss-
Custardet al. 1996, Van Gilset al. 2005). Many supratidal habitats used by shorebirds
as foraging and roosting sites are agriculturahature, and include grazing marshes,
pasture and arable fields (Goss-Custard 1969, rraitié Lloyd 1981, Townshend 1981,
Lovvorn and Baldwin 1996, Shufoet al. 1998). Understanding the relative importance
of the different habitat types used by such spec#ss provide important information
about the potential effectiveness of protectedsar€he relative importance of supratidal
habitats for shorebirds may also vary among indiaid. For example, immature
Oystercatcherslaematopus ostralegusve been reported to forage on grasslands when
excluded from foraging on intertidal mussel bedstoyre dominant adult birds (Goss-
Custard and Durell 1983), and Townshend (1981)rteddhat male curlewumenius
arquatawith shorter bills were significantly more likely use pasture fields while large
females were more likely to forage on intertidal ditats, where deeply buried
polychaetes were more accessible to larger birdsveder, both studies also reported
increases in the overall extent of field use byhespecies during periods of lower
temperatures, high tides or intense rainfall, wila profitability of foraging on
mudflats is reduced as prey are inaccessible @r detive (Townshend 1981, Goss-
Custard and Durell 1983).
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Patterns of use of non-intertidal habitats by watds have also been shown to be
influenced by landscape-scale factors such asndist® roosts or safe refuges (Lovvorn
and Baldwin 1996), and the presence of human featur the landscape. For example,
several species of goose wintering in agriculttaatiscapes have been shown to avoid
foraging close to roads (Madsen 1985, Sutherlamtd Grockford 1993, Gill 1996). In
addition, the abundance and quality of alternatbraging sites in the locality has been
shown to influence the distribution of dunli@alidris alping as use of individual
wetland patches is influenced by the levels of fedirand flooding patterns which
determine the amount of available foraging halfifaft 2006). These studies emphasise
the potential importance of considering the distalbetween roosts, alternative foraging
habitats and human features in the surroundingstzapme when selecting sites for

inclusion in protected areas.

Agricultural habitats are particularly widely uség shorebirds (Goss-Custard 1969,
Hutchinson and O'Halloran 1994, Colwell and Dod®9,9Evans Ogdemt al. 2005,
Lourenco and Piersma 2009), and the physical ctarsiics of agricultural fields can
influence the extent to which they are selected ased by different species. For
example, species such as lapwiNgnellus vanellusand golden ploverPluvialis
apricaria frequently forage on coastal grasslands, and mardies describe preferred
fields as being large, without enclosed boundares with short swards (Milsoet al.
1985, Shrubb 1988, Tucker 1992, Gillings 2007ahaalgh sward height preferences
are often less apparent in longer-legged speciel surlew and black-tailed godwit
(Milsom et al. 1998). In Ireland, a comparison of the relativefipability of foraging on
mudflat and grassland habitats has shown that theskgnds surrounding estuarine
complexes are critically important habitats for maining the internationally important
Icelandic black-tailed godwit population (Chaptex. PHowever, only a very small
number of these fields are currently included witprotected areas, and high rates of
coastal development mean that many fields are b&sg to housing and urban
development. Urban land cover increasedcb80% across the whole of Ireland from
1990 to 2000, and the greatest land use changédeas conversion of grassland and

wetland habitat into urban developments (EPA 20@yen the primary commercial
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purpose of agricultural habitats, it is likely thatly small areas would potentially be
included within protected area boundaries, thustitleng the specific characteristics of

fields most likely to be important for shorebirds essential. This study aims to
understand the factors influencing the selectioth @se of grassland foraging locations
by black-tailed godwits at a range of scales byidéhtifying whether godwits display a

preference for specific physical characteristics fiefds within the landscape; (2)

quantifying variation in prey abundance betweerdusmed unused fields; (3) exploring
variation in the frequency of use of fields in teda to their physical and landscape
features and (4) comparing characteristics of ws®t unused foraging patches within
fields.

Methods

Large-scale survey of field use by foraging godwits

The survey encompassed 112 individual pasturesfi@ddated across eight estuarine
complexes located in County Cork and County Watdrftreland (Fig 1). The survey

was carried out between January and March 2008derdo maximize encounter rate
with godwits, as previous surveys indicated tha tise of grasslands by godwits is
highest during these months (Chapter 2). Only $iétd which the whole area could be
observed from one location were included and swvesre carried out on blocks of one
to eight fields, with each coastal complex contagnone to seven blocks. Each block
was visited once during the survey and observed3@minutes, during which the

presence of any godwit flocks was recorded. AlldBeincluded in the survey were

within 3 km of the nearest estuary, as previoudistu(Chapter 2) indicate that this is

the typical maximum daily distance that godwit Reavill travel from estuarine sites.

For each field, a suite of structural and landscatperacteristics were recorded (Table

1A). On the survey visit to each field, the bounydsiructure was mapped and the state
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of tide and the number of cars passing on the seasad during the 30 minute survey
was recorded. As all the fields were managed asrggasture, sward height within
each field was highly uniform, and thus the predwant sward height was estimated
visually. Google Earth (2005) images were usedatoutate the level of urbanisation in
the landscape surrounding a field by overlaying lant grid divided into 100 rhcells
centred on the middle of each field. A cell contanany urban or human features
(buildings, roads, tracks or industry) was categgatias an urban cell and the percentage
of urban cells within each grid was used as thelle¥ urbanisation. The same images
were used to measure the slope, from the maximwngghin elevation across each
field, the field area (ha) and the distance to estapotential roost site (shallow pool or

tide edge).

Figure 1. The distribution of the 112 fields inchablin the survey of field use by black-
tailed godwits across eight estuarine complexeshan south of Ireland. Numbers
indicate the number of fields in each site; fromstveéo east: Timoleague &
Courtmacsherry (24), Garranefeen (15), Cork HarboOmwenabue & Loughbeg (16),
Cork Harbour - Douglas Estuary (3), Cork HarbourrtNo(17), Ballymacoda (2),
Youghal (19), Dungarvan (16). Inset indicates tbeation of the complexes within
Ireland.
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Resource characteristics of fields

Between December 2007 and March 2008, variatigorely abundance was explored on
eight fields, four of which were regularly used dpydwit flocks and four with the same
environmental characteristics and location whictivgits were never recorded using. On
each field, 20 randomly distributed 8 cm diametgindrical soil cores were extracted
and the contents were hand-sorted in the laboratatlyin 10 days of collection.
Earthworms were the only invertebrates found tloaddt be considered large enough to
be potential godwit prey items (Hutchinson and d#tan 1994). Prey density was
calculated in terms of no. of individual earthworpes nf.

Frequency of field use and within-field patch selection by godwits

A subset of seven fields known to be used regulaylgodwit flocks (Chapter 2) were
selected and surveyed monthly (October 2007 — Ma@D8) in order to establish
frequency of use by godwits. Between October andcMaeach field was visited four
times in each of three seasons: autumn (Octobeeidber), winter (December/January)
and spring (February/March). On each visit, 60 r@euvas spent at each field and, if
any godwit flocks were present, the locations waspped. At the end of March 2008,
these maps were then used to identify six usedsandnused 30 x 30 m patches within
each field, each of which was then visited and piatphs were taken at five randomly
located points (minimum distance between pointsO=ni) within each patch. The
camera was positioned on a horizontal plane ormpadrset to a height of 30 cm (the
approximate height of an alert godwit), and fouotolgraphs were taken at each point
with the camera being rotated 90 degrees betweeh photograph. A spirit level
attached to the tripod ensured that the tilt of tamera on every plane was zero. The
percentage of each photograph that comprised skg/ thvan calculated using GLA
imaging software (Frazeat al. 1999) and averaged across the four photographiseca
measure of the visibility at each point. Sward heigas below the height of the camera
in all cases so the visibility within each photqgradescribes the amount of sky not

obscured by either the field boundary or the slojpeld (referred to hereafter as % sky
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visible). An additional estimate of restrictions godwit visibility at each point was
calculated by recording the number of discrete ssgmin the section of boundary that
was visible within each photograph, and averagingsé numbers across the four
photographs. The distance to the field boundarythacearest mudflat were estimated
in the field (Table 1B) for each photo point.

Statistical analyses

Variation in the characteristics of fields selecbydgodwits for foraging was explored
using data was in the form of a presence/absenue\sso a logistic regression analysis
was the most appropriate method (Table 1). Block egained in the model throughout
to account for any variation caused by differenmiesach location. The best model was
derived by manually removing the least significaatiable in turn until only significant
variables remained. To assess variation in pregitleacross four used and four unused
fields, a Mann-Whitney test was used due to inetyuaf variances across fields. A
paired t-test was used to determine whether thexe any seasonal change in prey
density between visits in winter (Nov/Dec) and sgri(Mar/Apr). The factors
influencing the percentage of visits on which gadwvere present on a subset of seven
fields was modelled in a linear regression (Tab)lerhe same 7 fields were divided into
used and unused patched and the factors influenaiigin-field patch use were

modelled using logistic regression (Table 1B).

Results

Field selection by foraging godwits

Godwit flocks were recorded using 20 of the 112d8eincluded in the large-scale

survey. Used fields varied in area framl — 17 ha but godwits were significantly more

likely to use larger fields from within this rand€ig. 2). The mean + SE area of

occupied fields was 6.2 = 4.7 ha compared to tka af unoccupied fields of 3.6 £ 3.7
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ha (R 110= 7.34, p < 0.008). The great majority of fieldstle region are less than 5 ha
in area but only 11 of the 82 fields in the surtegt were < 5 ha were used, whereas

four of the nine fields greater than 10 ha weralusegodwits (Fig. 2).

A wide range of field types were occupied, encomas almost the full range of
variables described in Table 1. Godwits used fieldso 1.5 km from roost sites and
field selection was not influenced by traffic lesvethe extent to which fields sloped or
the structure of field boundaries (Fig. 3). Theyaislight suggestion that longer swards
(> 20 cm) and steeply sloping (> 10°) fields mayaveided (Fig. 3), but these effects
were not statistically significant.
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Figure 2. Variation in use of fields by foragingbk-tailed godwits in relation to field
area (Exp(B) = 1.2, Wald = 8.9, df = 1, p = 0.00Bars show the mean (+ S.E.)
proportion of occupied fields of a given area (sk®size in parentheses), and the line
is the fitted logistic regression curve showingdacted probability of field occupancy.
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Figure 3. Variation in the location, structure aramposition of fields occupied (filled
bars) and unoccupied (open bars) by godwit flocksggrassland sites adjacent to
estuaries in S Ireland (see Table 1 for details).

Effects of prey abundance on field use

Earthworms were the only potential prey types foumdhe soil samples, and they
comprised 70% of all invertebrates found in sollesoacross all eight fields surveyed.
All other invertebrates were either smaller thaa mhinimum sizes typically consumed
by godwits (Gillet al. 2001); Enchytraeidae (22.4%) and earthworm coc@@n$s) or

were too rare to be of significance in the diBtptera larvae = 0.5%). In the winter
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months (November and December), earthworm densitiassed fields were higher than
on unused fields but this difference was only ofgireal statistical significancéviann-
Whitney: U4 = 1.5, p = 0.06); all used fields had earthwormsitess of over 300
ind.n? compared to the unused fields which had lowesities ranging from 200 to
250 ind.nf (Fig. 4). By spring, there was no difference inypdensity (Mann-Whitney:

Usq = 8, p = 0.99) with all but one field containingréhaworm densities of around 300

ind.nt.
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Figure 4. Mean earthworm density on grassland didddtween fields that were used
(dark bars) and unused (pale bars) by godwit flanka) November/December and b)
March/April.
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Frequency of use of fields by godwits

The seven fields that were regularly used by gadlwitre occupied on between 17 and
83% of the monthly visits (Table 3). Although theona frequently used fields were
slightly closer to the estuary than the less fretjyaised fields (Table 3), the frequency
of field use was not statistically significantlylaged to field area (R= 0.43, p = 0.65),
mean patch % sky visible {R 0.13, p = 0.42) or distance to the estua’y<R.54, p =
0.06)

Within-field foraging patch selection by godwits

Areas of the field that were used by foraging gdswiad distinct characteristics in
comparison to areas that were never used (Tabteabwits selected foraging areas that
had higher visibility (Fig. 5a), and that were @o$o the mudflat (Fig. 5b). Patches with
an enclosed boundary structure were significantlyided; godwits selected patches in
areas with an open boundary structure where maligidual boundary segments (and
hence more gaps in the boundary) were in view (b@). In addition, patches further
than 100 m from the field edge were much more yikel be used than those closer to

the perimeter (Fig. 5d).
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Table 4. Results of a logistic regression modelhs effect of visibility and patch
location characteristics on the probability of gadworaging in particular areas within
fields (comparison of 210 used and 204 unused poimtseven fields).

Variable Wald Exp(B) df | Sig.

Mean % sky visible 6.67 1.04 1 0.009
Mean boundary segments 16.82 1.48 1 0.001
Distance to edge 21.728 1.02 1 0.001
Distance to mudflat 32.802 0.99 1 0.001
Site 19.422 6 0.004

Predicted probability
paldnoado uomodold
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Figure 5. Variation in the use of patches withelds by foraging black-tailed godwits in
relation to a) mean % sky visible from patch, bgtaince to nearest mudflat, c) mean
number of segments in nearest boundary to the @etdid) distance to the nearest field
edge. Bars represent the mean (x SE) proportigratthes of each category occupied
(sample sizes above each bar). Lines show thel fittedicted probability curves from
logistic regression analyses.
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Discussion

Godwits do not appear to be highly selective in types of fields used for foraging,
either in terms of the surrounding landscape atrecor the characteristics of the fields
themselves. Very small fields (< 5 ha) are avoi@féd. 2) but a wide variety of field
types were used in sites with a wide range of Ewélsurrounding urban development
(Figs. 3a & b). Fields up to 1600 m from a safestaite were occupied, and neither the
structure of the field boundary (Fig. 3e & f). Sdidreights taller than 20 cm and steeply
sloping fields may be slightly more likely to be oided but neither parameter
significantly influenced field choice. Small pastufields are very abundant around
coastal areas of southern Ireland; 83 of the 1dlddisurveyed were smaller than 5 ha,
and only eleven of these were used. The analygipadivit selection of foraging patches
within fields highlights the likely reason for thigreference for larger fields, as the
patches that were used had significantly greatgibility, were further from the field
boundary and the boundary in view had more gapg. ®). Thus, maintaining high
levels of visibility appears to be an important gament of the choice of foraging
locations on grassland fields by godwits. Godwitgafing on grassland fields
frequently take flight, and their levels of vigilss are higher than when foraging on
mudflats (Chapter 2), thus grassland fields appede perceived as a risky habitat by
godwits. A greater proportion of a large fieldfisther from the boundary therefore
avoidance of enclosed areas is likely to be thenmaason for the preference for large
fields.

Avoidance of small, enclosed fields has also besstribed in foraging flocks of golden
plover and lapwing on agricultural fields (Milsoet al. 1998, Gillings 2007b). In

addition, factors affecting prey abundance and labiity, such as levels of manure
application, time since reseeding and levels afifadli have been shown to influence
field use by foraging shorebirds (Tucker 1992, Gdlvand Dodd 1999). In this study,
earthworm abundance in used and unused fieldsatidary either in winter or spring

(Fig. 4). The similarity of earthworm densities asatard structures on the fields is
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likely to be a consequence of the majority of geass fields in southern Ireland being
managed as grazing land with similar types and ilessof livestock (Curryet al.
2007). In addition, variation in rainfall appeats Have little influence on earthworm
availability in the south of Ireland (Chapter 2gF5a).

The agricultural landscape on the south coastedéd is rather uniform in terms of
field area, the structure of perimeter boundaries sward heights; this could mean that
there are few restrictions on godwit use of figldshe current environment. However,
high rates of urban development across Irelantiendst two decades have led to many
areas of farmland being developed as residentiahdustrial areas (EPA 2008). As
these commercially farmed grasslands typically iveceno protection, despite their
importance for maintaining populations of migratomaterbirds in southern Ireland
(Chapter 2), identifying suitable areas for pratatis of likely to be of importance for
conservation. Recent discussions regarding theisiah of adjacent grasslands within
the boundaries of Natura 2000 sites in this rediame taken place (J. Fuller, SPA
Designations Team Leader, National Parks and \i&lddiervice, pers. comm.). Given
the wide range of fields used by godwits, the figdi presented here can potentially help
to form the basis of recommendations for the paldictypes of fields most likely to be
used and to be of greatest value for inclusion iwighrotected areas. Across eight
estuarine complexes in southern Ireland, the pymestriction on the use of grassland
fields is an avoidance of small, enclosed fieldsug any large fields (> 5 ha) with open
boundary structures and within 1 — 1.5 km of estsaare likely to be potential
candidates for protection. These fields are useddweral other waterbird species in
addition to black-tailed godwits; during this studgrge numbers of curlew,
oystercatcher, lapwing and wigeé&mas penelop&ere recorded foraging on the same
fields as the godwits. On a few occasions sevenaller wader species were also seen
foraging on these fields, including redshafkinga totanus knot and dunlin.
Agricultural fields are therefore likely to be impant in supporting a wide range of the
waterbird species wintering in Ireland, and pratecof fields adjacent to the estuarine
habitats from urban development may be criticalmaintaining these populations,

which is a legal requirement of signatories toE@@Birds Directive.
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The most heavily populated areas in Ireland aréhéncoastal zone and the levels of
urbanisation around the major estuaries and weslgrat godwits rely on throughout the
winter vary greatly. Habitat selection and the ribsttion of godwit flocks does not

appear to be influenced by the level of urbanisaiio the surrounding landscape;
godwits use fields in urban-dominated sites as wsllrural areas. It is possible,
however, that godwit behaviour within these fietsild be altered by high levels of

urbanisation in the surrounding area thereby imitiregy the capacity of the birds to

exploit the available resources, which might infloe the relative effectiveness of
protecting fields in rural or urban areas. Thus,aaeessment of the consequences of
landscape urbanisation for the behaviour of forggjadwits would help to confirm the

findings reported here, and to identify the gras$$asites of greatest importance for
black-tailed godwits in southern Ireland.
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Chapter 4



Effects of urbanisation on foraging and vigilance
behaviour in wintering black-tailed godwits

Abstract:

1. Urban development and human population growth eselting in increasingly
human-dominated landscapes in many areas of theldwdrandscape
urbanisation may influence species distributiomptigh direct habitat loss and
avoidance of areas with high levels of human agtivilowever, many species
continue to use urbanised landscapes. Human peesesig have little impact on
the distribution of such species but their capatotyise the available resources
may be altered if human presence influences tlediaour.

2. In Ireland, since the 1990s there have been hitgs raf urban development,
particularly in coastal areas. As Ireland’s estmrsupport internationally
important numbers of many species of wintering watds, the rapid increase in
coastal development could influence the capacitysitdés to support these
populations.

3. Ireland supports about 20% of the Icelandic bladletl godwit flyway
population in winter. Throughout the winter, blaeiled godwits in Ireland
forage primarily on soft muddy estuaries but also acommercially farmed
grassland habitats. Across the south coast ofnidelthe landscape around some
estuarine-grassland complexes is now quite higblyetbped while other, more
rural, sites are comparatively undeveloped. Bladled godwits use mudflats
and grasslands throughout this gradient of urb#oisebut the presence of
humans in the landscape could influence their dgpéx use the resources in
these sites if their behaviour varies in relationlévels of urbanisation. This
study therefore investigates the behaviour of ludilablack-tailed godwit on ten
estuarine complexes in southern lIreland, in orderexplore whether key
components of the foraging behaviour of the birdsyvin relation to levels of
urbanisation, and whether these effects vary betweedflat and grassland
habitats.
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4. The ten complexes varied greatly in levels of urbation, with human
development of the surrounding landscape rangiognfO — 78% and the
frequency of observed disturbance events of gotlegks ranging from 0 — 15
per hour. However, there were no clear differentegyodwit foraging or
vigilance behaviour in relation to levels of urksation on either habitat across
the ten complexes. However, clear differences imagmg and vigilance
behaviour are apparent between the two habitats) wgilance levels and
frequency of disturbance flights on grasslands dgpeimnsistently higher than on
mudflats across all complexes.

5. Levels of urbanisation vary greatly across thesesdbut most components of
godwit foraging behaviour vary between but not withabitats, suggesting that
godwits perceive risks to be higher on grasslahds mudflats irrespective of
levels of urbanisation. The rate of urban develapnie southern Ireland has
been very high in recent years and many grassliesl lsave been converted to
urban or industrial uses. As godwit behaviour omsglands does not vary with
levels of urbanisation, protecting grassland fargghabitats is likely to be
equally important in urban and rural areas, anchtaaiing the availability of the
habitats would appear to be a far more importardgtegy than limiting the

effects of disturbance on existing sites.

Introduction

As human populations grow over most of the worlte areas of co-occurrence of
humans and wildlife are increasingly of conservatawncern (Marzluff et al. 2001,

McKinney 2002). Urban areas are expanding rapidlgeveloped countries; there has
been particular growth of low density housing oe tlutskirts of cities (Theobald 2001,
Grimm et al. 2008). The resulting urban sprawl tetm an increase in the area of the
interface between urban and rural habitats (Albemtdl Waddell 2000, 2003). Where
wildlife does persist in the natural or modifiedbltats that remain in the human

dominated landscape, their distribution and behavimay be affected by human
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presence and activities. From a site conservateyapective it is important to establish
whether changes in distribution impact adverselywddlife using that area (Gill 2007,
McKinney et al.2009).

Over a range of spatial scales, studies have theschow the distribution of species of a
range of taxa has been impacted by different legéleuman activity. For example,
songbirds (Blair 1996) and lizards (Germaine anck&Wiag 2001) have shifted species
composition in relation to levels of urbanisatiomem studied on a landscape scale
covering 28 krfi and 1158 krhrespectively. Human presence and activity may &hpa
animal distribution within an area; restricting haimmaccess to an area of foreshore
resulted in a 50% increase in the number of béedajodwitsLimosa lapponicdeeding
there (Furness 1973). Similarly, areas with higkele of human activity may be used
less frequently than expected; for example sevepaicies of goose in agricultural
landscapes have been shown to avoid foraging ttossads (Madsen 1985, Sutherland
and Crockford 1993, Gill 1996). This avoidance ofas with high levels of human
activity can constrain the capacity of a speciesuse the available resources, for
example, pink-footed geesénser brachyrhynchusvoid areas of fields close to roads,
which significantly reduces the number of bird-sldlyat are supported on these fields
(Gill 1996).

Although avoidance of disturbed areas does notssacdy mean that individual fitness
or population processes are influenced by humasepee (Gill et al. 2001, Beale and
Monaghan 2004), behavioural responses to distugbeaic be a tool to indicate whether
a species’ ability to use a site has been affedtatherland 1996, Gill 2007).
Disturbance could reduce a species’ ability to finodd by reducing foraging efficiency
thereby effectively reducing habitat quality; thi®uld operate through increased
vigilance levels or time lost to foraging engagedlisturbance flights. A comparison of
a populations’ foraging behaviour, foraging succasd levels of vigilance between
undisturbed habitats and habitats with high hunrasgnce will allow the response to be
guantified (Caro 1999). Studies across a gradiéneéwels of disturbance can inform

policy makers decisions as to which sites are malkstable to protect and can aid the
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design of buffer zones to ensure that sites casffeetively used by target species (Fox
and Madsen 1997, Yasué 2006).

Recent rapid economic growth and development irRéeublic of Ireland, in part as a
consequence of the funds available through EU meshie(OECD 2000), has resulted
in increasing levels of urbanisation in some aréager 60% of Ireland’s population
lives on the coast and consequently rates of udmahsub-urbanisation in the coastal
zone have been particularly intense in the lasyes; the greatest land use change in
Ireland has been conversion of grassland and wkettabitat into urban sites (EPA
2008). Many estuaries now have adjacent housingirahastrial developments, while
others are still surrounded by the traditional pedtrural landscape, which comprises
more than half of the land area of Ireland (EPA&O0Qreland is particularly important
for migratory waterbirds due to abundance of wetléwabitat and mild climate, and
several shorebird species take advantage of théurebof estuarine and freshwater
habitats that make up many coastal complexes (Cr29@5). However, freshwater
habitats are particularly threatened by habitas ldse to urbanisation, but there is no
legal protection for the conservation value of thhabitats, as their primary purpose is

commercial grazing.

Ireland supports about 20% of the flyway populatidricelandic black-tailed godwits
(calculated from Gunnarsson et al. (2005) and Cretad (2008)). In Ireland, the main
foraging habitats used by godwits are mudflats grasslands, and insufficient food
resources on the mudflats means that the grasskmedsssential in maintaining the
wintering godwit population (Chapter 2). Godwiteusudflats and grasslands in urban
and rural areas, and they therefore experiencengadegrees of urbanisation and levels
of human activity in the local landscape. This d¢bapnvestigates variation in the
behaviour of black-tailed godwits foraging on matl and grassland sites across ten
estuarine complexes in southern Ireland, which eaftigm urban sites adjacent to a
large city with high levels of human activity torall sites with low levels of human
presence and activity. Specifically we (i) quantife variation in levels of urbanisation

across grasslands and mudflats used by godwits,(igndssess the extent to which
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levels of urbanisation affects the levels of disaurce and godwit foraging and vigilance

behaviour both within and between the two habitats.

Methods

Habitat characteristics of black-tailed godwit foraging locations

Locations were selected to represent the gradiéntucal- to urban-dominated
landscapes used by black-tailed godwits on teragstiand grassland complexes on the
south coast of Ireland (Fig 1). Within these compte regularly used mudflat (n = 29,
mean = SE area = 16.3 + 3.7 ha) and grassland2@, area = 6.8 £ 1.7 ha) foraging
locations were identified and a range of local kwaghe characteristics and indicators of
human presence were collated using Google BA2RB05(Table 1). On grasslands, the
boundaries for each location were defined by fibllndaries while on mudflats
boundaries were defined by the low tide mark, dmesand boundary features such as
large water channels and jetties. The landscap@wsuding these foraging locations
typically comprises mudflats and grasslands (allwdfich are potentially available
foraging habitats for godwits) and urban developimé€roads, footpaths, and buildings
including farms, housing developments and factdriise proximity of each location to
roads and footpaths was measured from the centeadf location (Table 2), and the
percentage of the perimeter of each location tteet wvamediately adjacent to mudflat or
grass fields was used as a measure of the avdiadiladjacent alternative foraging
habitat (Table 1). The level of local urbanisativas estimated by overlaying a 1 m
grid sectioned into ten 100 x 100 m cells onto dachtion, centred on the central point
of each location, using Google Edfh2005. All cells containing any building, road,
track, jetty, car park or playground were classdifés urban cells and the percentage of
urban number of vehicles passing on the nearesidpanad during a 30 minute survey

was recorded.
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Figure 1. Location of the ten estuarine complexasufty Cork and County Waterford)
included in this study. Symbols for each site cgpomnd to symbols used in other
figures. Inset shows the location of the study avihin southern Ireland.
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Table 1. Name, unit of measurement and descripifothe components of landscape
structure recorded on the 29 mudflat and 20 graddlzcations, and the components of
foraging behaviour recorded during observationblatk-tailed godwit flocks on these

locations.
Variables Unit Description
Landscape structure
Urban land cover % Percentage of the surrounding hundred 100
x 100 m cells centred on each foraging
location containing any human features
Adjacent habitat % Percentage of the cells adjacetite

Distance to nearest m
footpath

Distance to nearest m

road

Vehicles per minute n.mih

Mudflat area ha

perimeter of each field or mudflat that
contain mudflat or grass fields
Distance from the centre of each foraging
location to the nearest footpath
Distance from the centre of each foraging
location to the nearest road
No. of cars on nearest road during 30
minute survey

Area of each mudflat used by farggi
godwit flock

Components of
behaviour
Disturbance flight rate .hour*

Vigilance frequency %

Vigilance intensity %
Prey intake n.sét
Peck rate n.séc
Step rate n.sec
Intake rate mg

No. of occasions on which each flock took
flight during each observation period at
each foraging location
Percentage of individual tpnag
observations in which one or more
vigilance scans were recorded
Percentage of individualdging time
spent vigilant
No. prey items consumed per second by
foraging godwits at each location
No. of pecks per second by foraging
godwits at each location
No. of steps per second by foraging godwits
at each location
Biomass of prey consumed per second by

AFDW.sec¢ foraging godwits at each location

93



9/0F9T GSTIOOFET0 GSTIF00Z [LSSFOPyr 99€¥680T €  sselb
6E0FT80 8TO0OF8Y0 99TT*¥. 8Y2ZIF9/.C 8Y8TF9Z2TIVyr § pnwi ueArebung
88'T+¥.C L00F8T0 0'G¥0'S6 GT+GT 9CZFTV Z  sselb
68°0FTSC 900FEV0 TSECZFLOT. 969FE€L€C 86TFICVT € pnw [reyBnoA
/€0FSST ZTOFPr0 GSTTF008 GZ8F/9%CZ OLTF¥6V8 €  sseld
1€0 90 00T 0 80°G¢ T pnw  epodewA|eg
/SO0FO0T 900FTITO0 GSTIFOOF 8SOTF¥F06F 09CF9yG €  sselb
ZT'0¥820 200F0T0 VITTIFZS 76'6 F TV Zre¥eeL S pnw JInogieH 10D
800 ¥0°0 0 0'2S 10'S T  sselb
90'0F.T0 V¥0OO0FLTO0 98TZF.99S [EETF/.907 69GTF6T.C € pnw se|bnoq
0 sselb
80'0F2€0 800F9TO0 0FGT S¥6¢E 96'0F¥89S ¢ pNw  UMOISHUOIN
8T'0FT¥'0 SO000F¥20 O0GFO0SS 0TF062 0€F98.T ¢  sselb
Z20F6V0 LOOFSE0 S2TFSCS G0F¥S8E  L2CFIZ8 1 pnw BaqybnoT
440 70 008 0'LT 99'T T  sselb
8T'0FE€C0 GOOFLTO LO9TFO0E T8BTFEEGS 0S8FISET € pnw angeusmo
1€0 S0°0 G/l 0'8¢ T T  sselb
€00FET0 TOOFTTO GFS GEFGOr 2STFZ6E ¢ pnw  usdjeuURLIED
TOFIEO0 SOO0F9TO0 6LTITFGL8S €€€FGL9Z2 $STF8S v sselb
TTOF¥20 <2Z00F0T0 20CTFEEES ¥.L8F00E 9V9TF806T € pnw  anbesjowi]
(w) (w) (Arepunoq o)
yred 1saleau peol 1saleau Jeligqey (%) 18102
aouelsip aouelsIp uaoelpe puejueqin  (ey) eale als sselo) xa|dwod
(3IsF)uesy (IsF)uesN (ISFuUedsN (ISF)uUesN (IS F) UeSN  ON  /PNIA auuenis3

‘(Juauodwod [ean1onAs Yyoea Jo suoniulep

1o} T 9|qel g8 aulen)ss yoea ul suonedo| Buibelo) puafSeere je(jpnul JO 8iN1ONIS pue Jaquinu 8yl ‘g a|gel

94



Foraging behaviour

Foraging godwit flocks consisting of a minimum @& Rirds (flock size range: 25 - 435)
were observed for between 10 and 121minutes (deapgrmh the length of time that
flocks stayed within a site). The mean number istudbance flights per hour was
calculated for each observation period (disturbaitights were defined as occasions
when over 80% of the flock simultaneously took Hllg Focal sampling was used to
record the foraging behaviour of individual godwit#hin flocks. Instantaneous prey
intake rates were measured by observing randombtéa individuals for the time taken
to make ten paces, during which the number of ssfekand unsuccessful pecks was
also recorded. In addition, the time each indivicga@ent being vigilant (head and bill
above the level of the body) or in aggressive adgons was also recorded, and
subtracted from the total observation time in orttercalculate time spent actively
foraging. A minimum of 25 individual intake ratesafige = 28 - 80) were recorded
within each flock and averaged to give a mean mtake per foraging flock. These data
allow direct calculation of peck rate (pecks perosel of foraging time) as a measure of
foraging effort, and step rate (steps per seconrafing time) as a measure of effort
expended in foraging. All variables recorded duringse surveys are detailed in Table
1. The prey type (bivalve or polychaete (on mudjlair earthworm (on grassland)) was
recorded and prey size taken was estimated ini¢lteds small, medium, large, or very
large. The number of each prey size consumed Ry feagal bird was multiplied by the
estimated ash-free dry mass (g) of the median cif aey size category and summed
and averaged across all focal individuals to givemaan biomass intake rate
(mg.AFDM.sed") for each flock (see Chapter 2, Table 2 for prizes and biomass

calculations).

Data analyses

Variation in levels of urbanisation across the 2@dftat and 20 grassland locations were
guantified by incorporating the components of lanage structure (Table 1) within two

separate PCA analyses for mudflat and grasslaradidms (Table 3). The resulting PCA

scores were then used as predictors in generarimedels with different components

of godwit foraging and vigilance behaviour of gotbvon mudflat and grasslands
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separately. In all models, estuary complex wasuohell as a random factor and retained
regardless of statistical significance, in orderatzount for variation resulting from
differences between complexes. Variation in godfataging behaviour between
habitats was explored within general linear modelsvhich habitat type (mudflat or
grassland) was included as a fixed factor and pstt@nmplex was included as a random
factor.

Results

Levels of urbanisation on coastal habitats used by foraging black-tailed godwits

Across the ten estuarine complexes, the amounthzfnuland cover surrounding both
mudflat and grassland foraging locations variesnf® — 78%, the amount of adjacent
foraging habitat varies from 0 — 100% and, whilensolocations have roads and
footpaths adjacent to them, others are hundredmeiters to kilometres from such

features (Table 2). Mudflat foraging locations teddo be larger than grass fields and
slightly, though not significantly, further from dtpaths (Fig. 2, Table 2), as many
estuaries have adjacent amenity walks. However, flatadand grassland foraging

locations were otherwise similar with both habitdtaving a similar range of

surrounding urban land cover, surrounding potengatiwit foraging habitat and

distances to the nearest road (Fig. 2, Table 2).

To explore variation in levels of urbanisation beén foraging locations, the landscape
factors (Table 2) were incorporated into separatacypal component analyses for
grasslands and mudflats. These analyses each pe@ucomponent explaining 49.5%
and 54.1% of the variation in among locations fasglands and mudflats respectively
(Table 3). Each component was then used as anisatian gradient which was plotted
against each habitat characteristic that was imclud PCA analysis for each foraging
location (Fig 3). The urbanisation gradient dessiby the PCA factor scores followed
the same pattern for both habitat types, with l@lugs indicating higher levels of local
urban land cover, lower amounts of adjacent forgdiabitat and closer proximity to
footpaths and roads (Fig. 3). On grasslands, traéfvels were included in the PCA
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because of the fields’ close proximity to roads] &w factor scores indicated higher
traffic levels (Fig. 3). Traffic intensity was notcluded in the mudflat PCA because it
correlated poorly with other landscape variabled agsulted in creating a separate
component where traffic intensity explained mosttioé variation. Patch area was
included as smaller locations tended to be at #z&l lof the estuary and therefore likely
to be in more urban areas (Fig. 3). Field areaexatuded from the grass PCA as it did

not improve the amount of variation that was expdiby the resulting component.

25

a) w0 © T
2 [ g
s = 30
s 15 >
o 38
5 0 - 20
I
2 g
5 D 10
0" 0
701 b) 12001
607 [ 1000
< 50 1 —~
£~ £ 800"
S S 407 o [
£ o O 600 1
2 E 301 S
o= T
o o | n 400
o o 20 a
= O
S 10 200 1
0 0 -
Grass fields Mudflats Grass fields Mudflats

Figure 2. Variation in the mean (xSE) (a) area {82, df = 47, p = 0.08), (b) percent
of the adjacent land suitable for godwit foragihg .18, df = 47, p = 0.86), (c) percent
cover of urban features in the surrounding 22 ki 0.84, df = 47, p = 0.41) and (d)

distance to the nearest footpath (solid bar, t67,1df = 47, p = 0.10) and road (hatched

bar, t = 0.63, df =47, p = 0.53) of grassland fiflitled bars) and mudflat (open bars)
foraging sites.
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Table 3. Correlation coefficients and proportion wariance explained in principal
components analyses of landscape features on 28lgmd and 29 mudflat foraging
locations used by flocks of black-tailed godwitssouthern Ireland. See Table 1 for
definition of variables.

Principal components analysis | Coefficients

Grassland variables

Urban land cover (%) -0.879
Adjacent habitat (%) 0.883
Distance to nearest road 0.665
Distance to nearest footpath 0.411
Vehicles per minute -0.558
% of variance 49.46

Mudflat variables

Urban land cover (%) -0.729
Adjacent habitat (%) 0.795
Distance to nearest road (km log) 0.844
Distance to nearest footpath (km.761

log) 0.500
Mudflat area (ha)
% of variance 54.12

Behavioural responses of black-tailed godwits to different levels of urbanisation
Vigilance and disturbance levels

Across all ten coastal complexes godwit flocks dgamg on grass fields displayed a
significantly higher frequency of vigilance behawio(c. 18% of observations) and
spend significantly more time being vigilant (c. A%an those foraging on mudflats
(Fig 4a,b). In addition, the number of disturbarsents, when the flock is forced to
take flight, is nearly three times higher on grasds than on mudflats (Fig. 4c).
Although levels of urbanisation vary greatly betwegrassland locations, godwit
vigilance behaviour and levels of disturbance westrelated to levels of urbanisation
(Fig4b,c).
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Figure 3. The correlations between the factor sciman PCA analyses describing an
urbanisation gradient for grasslands (left coluamm) mudflats (right column) on ten
estuarine complexes, and the five habitat charattey included within each PCA
analyses. Symbols represent different complexesKge 1) and Table 1 gives
definitions of the habitat structure components.
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On mudflats, on most locations fewer than 5% ofobetions of foraging godwits
included any vigilance events, and there was natfer increasing vigilance rates with
urbanisation (Fig 4a). Similarly, godwits foragiag mudflats spend only about 1% of
foraging time being vigilant, and this also doesvary with levels of urbanisation (Fig
4b). The frequency of disturbance flights on mudfia also unrelated to levels of

urbanisation (Fig 4c).

Components of foraging behaviour

Different components of godwit foraging behavioarywdepending on whether godwits
are foraging on grasslands or mudflats, but theldtie evidence of changes in any of
these components in relation to levels of urbammsabn either habitat (Fig. 5). Peck
rates on mudflats decline slightly as levels ofamibation increase, but this is only
marginally statistically significant (Table 2). Thiuwhile foraging effort appears to be
higher for godwit flocks on grass fields, with stejtes and peck rates being 26% and
47% higher on grasslands than mudflats respecti(&able 4), these behavioural
differences are consistent across the range oflslesk urbanisation. Despite prey
consumption rates (in terms of numbers of prey eoresl per second) on grass fields
being lower than on mudflats (Table 4), instantaisdaiomass intake rates on grasslands
are consistently around 0.4 mg AFDM.3ewhile on mudflats they vary between 0.1
and 0.7 mg AFDM.sét However, in neither case is there any variatiomiake rate in

relation to levels of urbanisation (Fig. 5d).
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Figure 5. Variation in the mean (+ SE) (a) steréb) peck rate, (c) prey intake rate
and (d) biomass intake rate of foraging black-thigpdwits on grassland fields and
mudflats across ten estuarine complexes, and @&igelto the urbanization gradient on
individual grassland fields and mudflats within tlkemplexes. Symbols represent
different complexes (see Fig. 1). Definitions of thehavioural components are given in
Table 1 and see Table 4 for statistical analyses.
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Discussion

The coastal mudflats and grasslands of the soutistaof Ireland provide important
foraging locations for a wide range of shorebirdd aildfowl (Crowe 2005). This area
comprises areas of intense urban development arcitied and towns and highly rural
areas with small villages and farming communitMsich of the literature focussing on
disturbance and predation risk has considered ¢lgeed to which habitats are avoided
or abandoned as a result of perceived risk (Linth2il 1990). Such non-lethal effects
are described detail in redshankiinga totanus shown to avoid highly profitable
foraging habitat except in times of high starvatiek due to high predation risk from
sparrowhawksAccipiter nisusin these areas (Yas@ al. 2003). The scale at which
these non-lethal effects operate is predicted tdabger in heterogenous fragmented
habitats such as European farmland dissected lyehads (Cresswell 2010). The level
of human presence and activity can have similatigatoons for the perception of ‘risk’
of a habitat as predation and can also impact @ulpton distribution. If however, as
had been shown in southern Ireland that godwitgiogdistribution does not appear to
be impacted by the level of human presence (as tifjednby urban intensities
surrounding a foraging location, Chap 3); then canmy behaviour across a range of
sites with varying levels of ‘disturbance’ can minate whether non-lethal affects can
operate more subtly. Using detailed analysis ofthhlbbomponents to create a gradient
of urban intensity this chapter show that despite high levels of urbanisation
surrounding some of these sites (<78%) do not appeafluence key components of
vigilance and foraging behaviour of godwits, shagvthat their capacity to exploit the
available resources is not adversely affected.igl kevels of urban intensity, godwits
on grassland fields exhibited no changes in fogdirhaviour in terms of energetic
intake rate or foraging effort in comparison tddgin predominantly ‘low risk’ rural
areas. Feeding rate can also be reduced whennggilaehaviour is elevated in high-risk
environments (Lima and Dill 1990).There was no #gigant difference in levels of
vigilance behaviour across the urban gradient eiti@vever variance in the percentage
of time spent vigilant during foraging bouts apgehto be greater in more urban

environments. This study may suggest that godwiplaly a level of habituation to
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human presence because in the most urban sitdanagifrequency and disturbance
rates were as low as on the mudflats whereas irsithe in the middle of the urban
gradient, where unexpected human activities migicun vigilance behaviour appears

to be elevated.

Disturbance levels are highest on grassland fiéhdspmparison to mudflats, indicating
that godwits perceived this to be a more risky tepespecially as they seem to avoid
using very small enclosed fields where it is presbip more difficult to see
approaching predators or humans (Chapter 3). A figduency of disturbance flights
can increase energy expenditure and therefore aseréhe energetic consumption
required for survival (Bélanger and Bédard 199Q)t there was no evidence for
increased foraging intensity on fields with highkrvels human presence and
urbanisation (Fig 5). Frequent disturbance fligiise been suggested to reduce fithess
in some systems; for example, oystercatchers fogagn cockle beds in France were
disturbed up to 1.7 times per hour (Goss-Custaal. &006), which the authors suggest
is likely to increase mortality in years with poamvironmental conditions. However,
flight responses to human presence do not nechssadicate significant costs as
individuals may be more likely to take flight whéme costs of moving are low and/or

alternative locations are available (Gill et al02D

Within Ireland, the grasslands used by foragingwjtsd are typically managed as
commercial grazing pasture, with very few recogmisar their conservation value by
any legal protection. Ireland still has a greateasof grassland pasture than any other
northern European country (OECD 2000). Land use@bs over the last two decades
have resulted in the largest conversion of land deng from pasture and wetland to
urban (housing services and recreation) and otheficial surfaces (industry and
commercial sites, mines, quarries and waste dispasd transport infrastructure) (EPA
2008). Land claim of intertidal areas has alsoltedun the loss of mudflat habitats in
many major estuaries (Crowe 2005). This study e that, despite the fact that levels
of urbanisation vary greatly across all mudflat agrdssland sites, godwit foraging

behaviour and vigilance behaviour does not seenvaity with increasing human
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presence and activity. However, both the frequesfayisturbance incidents and godwit
vigilance levels are higher on grass than mudflat®n in the most rural areas. As
godwit behaviour on grasslands does not vary watlels of urbanisation, protecting
grassland foraging habitats is likely to be equatiportant in urban and rural areas, and
maintaining the availability of the habitats woudgpear to be a far more important
strategy than limiting the effects of disturbanage existing sites. If urbanisation of
coastal zones continues in Ireland, providing mtide for grasslands to maintain their
availability to foraging shorebirds in the faceautinued development is likely to be
very important (Chapter 2). Small and enclosedd§ieare not extensively used by
godwits (Chapter 3) but beyond that there appeabdofew constraints on field
preferences. As grasslands are important foragiegsathroughout the coastal areas of
southern Ireland, and as the field choices andbetiaof godwits on these fields does
not appear to vary with level of urbanisation, ustbn of some fields within as many
intertidal SPAs as possible even in the most udmaninated sites is likely to be of great

value in maintaining the large numbers of wintemgaglwits in Ireland.
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Chapter 5



Changing use of an inland wetland by an
expanding shorebird population

Abstract

1. The availability of habitats of varying quality cée a key driver of population
size and distribution. In expanding populationgylexing patterns of habitat use
can help to illuminate the relative importance tfedent habitats and their role
in driving population change and patterns of disttion.

2. The Icelandic population of black-tailed godwitshseen increasing in number,
particularly in the last three decades. During rilba-breeding season, godwits
forage on mudflats and grasslands, with the exdénise of grasslands varying
greatly between winter sites. Numbers of godwitsitening in the east of
England have increased particularly rapidly sinece 1970s and, while these
godwits used to be restricted to mudflat habitatsyecent years increasing
numbers have been reported on two inland areasasslgnd in E England, the
Ouse and Nene Washes. This changing pattern ofahalse and distribution
may result from (a) improved foraging conditionstba grasslands, (b) resource
constraints on mudflats requiring the use of adddl habitats, (c) increased
awareness of grassland foraging opportunities orclilBnging patterns of
migratory behaviour if the birds using these glas$$¢ are from other winter
sites.

3. The availability of inland grasslands to godwitgyigically determined by water
levels, as godwits forage in soft sediments andtrooareas of shallow floods.
Here, long-term monitoring of godwit numbers onskhesites and records of
water level data on the Ouse Washes are used lorexpe relationship between
environmental conditions and numbers of godwits dlre last three decades. In
addition, colour-marking of individual godwits ised to explore changes in the
proportions of godwits arriving on the grasslanasit different winter locations
throughout the range.

4. Icelandic black-tailed godwits have been recordedhe Ouse and Nene Washes

since the early 1990s, when flocks of a few hundnéd/iduals were present in
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March and April. Since then, numbers have steadityeased to flocks of over
3000. In addition, godwits have been arriving om sftes progressively earlier in
the winter, with first flocks now appearing betwelovember and January.
Although water levels fluctuate on the Ouse Waslsestable conditions for
godwits appear to have been available in virtuallywinters, and there is no
clear correlation between numbers of godwits antkmlavels over the period of
the population increase.

5. Between 60 and 85% of the individually marked gdadwecorded on the Ouse
and Nene Washes between 1997 and 2009 came frotarvacations on the
east coast of England, but godwits from IrelandinEe, Portugal, Spain and
elsewhere in England also use these sites in sgHogever, the increasing use
of grasslands earlier in the winter is primarilgansequence of birds from the E
England coast moving inland earlier each year, evtithing of arrival of birds
from more distant winter locations, particularlyakce and Iberia, does not
appear to have changed.

6. The rapid increase in numbers of godwits using@use and Nene Washes in
late winter and early spring in recent years doefs appear to be related to
changing water levels at this time of year. Thdieaarrival of godwits from
local winter sites in recent years is thereforesljjkto indicate more rapid
depletion of resources on mudflats by the increpgopulation size and/or

increased awareness of foraging opportunities esetlgrasslands.

Introduction

When populations expand in size and range, idengjfthe causes and consequences of
those changes can be complex. Increases in papulaize can result in density-
dependent constraints on resource use and congbBguepansion into new sites
(Sutherland 1996, Newton 1998). For example, duangeriod of increase of the grey
plover Pluvialis squatorolajpopulation wintering in Britain, Moser (1988) shalthat
estuaries were filled sequentially, suggesting tldgnsity-dependent processes

constrained occupied estuaries from supportindhéurincreases. Expansion into poorer
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quality habitats has been reported in a numbetunfiess, for example, breeding ospreys,
Pandion haliaetus(Lohmus 2001) and Spanish imperial eaghegjila adalbertj (Ferrer
and Donazar 199@)ave been shown to expand into habitats where ingeiccess is
lower, and wintering cormorant®halacrocorax carbohave expanded into progressively
poorer quality water bodies in Switzerland (Sut@®3). If there are fithess consequences
of occupying poorer quality habitats then this casult in a buffer effect (Brown 1969),
which can ultimately be a mechanism for populatiegulation (Panek 1997, Gt al.
2001a, Soutulleet al.2006). However, expansion into new sites can la¢ésas a result of
changing environmental conditions. For examplergased use of new sites or habitats
could occur if conditions in those sites improveaaesult of increased food abundance
(Sutherland 1996), discovery of novel food sour¢@dl et al. 1997) or reduced
disturbance on a site (Madsen 1998). In contrabufter effects, expansion into sites or
habitats in which environmental conditions have nowed could facilitate population
growth, if these sites provide fithess benefitsi{*&d Price 2004, Urbaet al.2007).

The Icelandic population of black-tailed godwitsHeeen increasing in number and range
for over a century (Gilkt al. 2007). The winter range of this population extefrdsn
Britain and Ireland to Iberia, and the populatiomtering in Britain increased four-fold
between 1970 and 1999 (Gét al.2001a). This population increase has not beemumif
throughout Britain; the estuaries of the south tod€ngland have supported large and
stable numbers of black-tailed godwits since the0s%ut the estuaries on the east coast
of England were first occupied by godwits during t970s, and numbers on these sites
increased very rapidly through the next two decgdel et al. 2001a). Comparison of
conditions on east and south coast estuaries tedicthat this pattern of expansion
followed a buffer effect, as both prey intake ra@msd adult survival rates were
significantly lower on the recently occupied easast estuaries than on the traditionally
occupied south coast estuaries (Gill et al. 200Aa)godwits from the east of England
sites also arrive later on the breeding groundB éGal. 2001b), and as later arrivals tend
to have lower breeding success (Gunnaretad. 2005b), the population expansion into
the east coast of England was likely to result idealine inper capitasurvival and

breeding success, which could ultimately limit plapion size and growth (Gilet al.
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2001a, Gunnarssoeat al. 2005b, Gunnarssoat al. 2005c). Since 1999, high rates of
population growth have continued on east coast&st) comparison of WeBS counts in
the 1990s and 2000s have shown that numbers haneetham doubled in the last decade
on the Wash, Breydon Water & Berney Marshes in dlkrdnd on the Alde and Orwell
estuaries in Suffolk (Musgrowet al.2001, Austiret al.2008).

Godwits are known to use a mixture of estuarine faeshwater foraging habitats across
the non-breeding range (Chapter 2, Figure 1). Quthee 1990s on the east coast of
England, godwits foraged almost exclusively on rraidf and rapid depletion of the
invertebrate prey resources on these mudflatstegsin very low prey intake rates by the
end of the winter (Gilet al. 2001b), which was likely to be the cause of the survival
rates among these birds at this time (Gill et &01a). Recent comparisons of the
energetic trade-offs associated with different gibavintering locations confirms that the
intake rates achieved by godwits in east Englanthiat time were not likely to be
sufficient to meet their energetic demands (Alve89). Use of grassland by godwits in
the east of England was very rare during the 198Qs since 2001, increasing use of
grasslands has been reported, and grassland ukésinegion is now quite common
(Austin et al. 2008). In comparison to Ireland, where godwits camke use of the
abundant grass fields surrounding many estuarasyigs in the east of England have to
travel some distance inland to the flooded grasislam which they now forage. The main
grassland sites now used by godwits in the eadtrgfland are the Ouse and Nene
Washes in Cambridgeshire.

This changing pattern of habitat use by the expangopulation of black-tailed godwits
wintering in the east of England may have resuftedh resource constraints on the
mudflats requiring additional, even poorer qualihgbitats to be used. However, if
increased use of grasslands is as a result of wadrforaging conditions on these sites or
increased awareness of good foraging opportungieshe grasslands, then the shift
inland may have reduced the fitness inequality betwbirds in the traditional and
recently occupied winter sites. Alternatively, thereasing use of these grasslands may

be a consequence of godwits from elsewhere in theemwrange using them as stop-over
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sites, in which case the shift inland would havanflmence on the godwits wintering on
the east coast estuaries. In order to explore ttiéfeeent options, long-term survey data
on numbers of godwits, locations of individuallyjaar-marked godwits and water levels
on grasslands were used to explore; (i) whetherbeusnof godwits on the Washes have
changed in recent years, (i) the timing of use tbé Washes by godwits, (iii)
environmental conditions on the Ouse Washes andhe/winter site origins of godwits

using the Washes.

Methods
Study Sites

The Ouse Washes and Nene Washeahkerfenlands of Norfolk an@ambridgeshire (Fig

1) are extensive areas of seasonally flooded waststand habitat (2469 ha and 1517 ha
respectively). Originally constructed in the™entury as flood storage areas to protect
the surrounding farmland from riverine flooding,tbcsites comprise linear areas of
unimproved grassland between retaining river baimkmes of flooding, and when peak
flow coincides with high spring tides, river watesr diverted through sluices into the
channels that run within the Washes, which thdrafitl overflow to flood the washlands.
The Ouse and Nene Washes lie in different rivestocaent areas, so flooding of each site
is independent beyond the influences of regionialfalh and tide levels (Ratcliffet al.
2005). Both Washes are designated as Ramsar sitea &rge proportion of each site
comprises nature reserves, which are primarily matdy NGOs, including the Royal
Society for the Protection of Birds, the WildfowlcdaWetlands Trust and Cambridgeshire

Wildlife Trust, primarily to benefit breeding wadesind wintering wildfowl.
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Sources of data
Large-scale waterbird censuses

Since 1969, the number of waterbirds on many Britigetlands has been counted
monthly by volunteers, as part of the BTO Wetlandi8 Survey (WeBS) (Austiet al.
2008). Co-ordinated counts are conducted once pathmprimarily from September to
March. The Ouse and Nene Washes have been couatedl®70 to the present, but no
Icelandic godwits were recorded on the site uritéd tvinter of 1991/92, and not in
significant numbers (> 50) until the winter of 1998 The numbers of black-tailed
godwits recorded on each site during the WeBS cowete used to examine changes in
extent and timing of use of these sites duringnioeths November - April inclusive (as
no godwits have been recorded earlier than Noveinbany year). Data were available
for all years from 1991/92 to 2005/06. Peak anmuahbers on each site were used to
explore long-term trends in numbers of godwits gglmese wetlands. To assess changes
in the timing of use of the Washes by godwits, ager bi-monthly (November and
December, January and February, March and Aprdakm®unts were calculated for the
Ouse and Nene Washes combined.

Water levels on the Ouse Washes

Use of inland grasslands by black-tailed godwipsadglly does not occur until rainfall has
been sufficient to create areas of shallow floodingund which the birds can forage and
roost (Chapter 2). On the Ouse Washes, waterddwale been recorded daily by RSPB
staff on the Delph River Channel since 1970 (J.vieee RSPB site manager pers.
comm.). Mean monthly water levels (+ SD) were clat®d from these data in order to
explore whether godwit numbers were related to miatesls. To explore whether timing
of flooding or mean monthly water levels have clehguring the period of increasing
godwit numbers on the Ouse Wash, the time serieshvaded into 3 periods (1991/92 to
1996/97, 1997/98 to 2002/03 and 2002/03 to 2008/G8ivariate analysis of variance
was used; mean monthly water level as the depemaeiable and time period and month

as fixed factors with a month x time period int¢i@e to see if flooding patterns had
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changed seasonally over time. RSPB reserve sta# lalso mapped the relationship
between the water depths in the Delph and the egtdlooding on the grasslands; below
water depths of 0.9 m there are no floods preserthe grassland and thus the site is
likely to be too dry for foraging godwits. Conseqtlg, the percentage of days in which
water levels exceeded 0.9 m in (a) November ance®éer, (b) January and February
and (c) March and April of each year was calculadsda measure of variation in
availability of suitable conditions for godwits dime Ouse Washes. In addition, at water
depths above 1.7 m, flooding is continuous betwienretaining banks and the whole
site is under water (J. Reeves, pers. comm.). Afihat is likely that some foraging areas
are still available in the shallower parts of thas® Washes at these water levels, the
percentage of days in which water levels were betm@9 and 1.7 m in each bi-monthly
period of each year was also calculated as a meastihe likely minimum availability of
suitable foraging conditions for godwits. Pearsorrelation analyses were used to assess
the relationship between the peak number of blatke godwits recorded on the Ouse

washes and the percentage of days suitable forhgibitat was likely to be available.

Winter origins of colour-ringed black-tailed godwits recorded on the Ouse and Nene
Washes

Icelandic black-tailed godwits have been caught i@mged during autumn migration on
the east coast of England since 1995 (@&illal. 2001a), and on the Icelandic breeding
grounds since 1999 (Gunnarssstral. 2005a, 2006). Colour-ringing of these populations
has taken place over several years, so the nunfilimiaur-ringed godwits estimated to
be alive in each winter was calculated from theuahtotals (between 16 and 284 colour-
ringed each year between 1995 and 2007) and pebliektimates of the survival rates
during the first year of life (50%) and annual suaV rates for adults (93%) (Gikt al.
2001a, 2007). With the help of several hundred m&er observers, non-breeding godwit
flocks throughout the range are regularly scanrdcblour-ringed individuals, which
has allowed the winter locations and migratory esutf more than half of these birds to
be identified (Gunnarssaet al.2004). Regular visits by colour-ring observershie sites

along the Ouse and Nene Washes that support ddek-godwits have resulted in 294
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different individuals being recorded between 196d 2009, and the winter location of
186 of these individuals is known. The proportidrcaour-ringed birds from eachmajor
wintering location was calculated in order to assekether winter origins of individuals

has changed as numbers have increased on the Washes

¥
'/
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s | of N\ The Wash
- =1 ™,
(.! S C: ‘_‘_’a

Nene Washes

Ouse Washes

Other fen
wetlands

Figure 1. Location of Ouse and Nene Washes and#jer rivers flowing through them
and out to the sea at the Wash. Additional fen amel$ detailed upstream of the Ouse
Washes are also used by godwits.
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Results

Recent changes in numbers of black-tailed godwits on the Washes

No Icelandic black-tailed godwits were recorded edtiner the Ouse or Nene Washes

before the winter of 1991/92. Since these firsbrds of godwits on the Washes, numbers
have increased dramatically (Fig. 2a), particulasty the Ouse Washes. In the early
1990s, only a few hundred godwits were ever reabatethe Ouse Washes, by the late
1990s, peak counts exceeded 1500 and, since 20Q2#@R counts in excess of 3000

have been recorded in most years (Fig. 2a). UsheoNene Washes has also increased
but less markedly; peak counts of around 500-1@&ah lvecorded in several winters since
1993/94.

Timing of use of the Washes by black-tailed godwits

Increasingly large numbers of godwits have beeards=rl on the Ouse and Nene Washes
earlier in the winter (Fig. 2b). Peak counts caltedl over bi-monthly periods each year
indicate that, in the early 1990s, the vast majarftgodwits counted on the Washes were
only present in March/April, with only a few hundrebirds being recorded in
January/February during these years. However, enldke 1990s, many more godwits
were recorded on the Washes during January/Febamatyduring the 2000s, the earliest
arrivals of godwits occurred during November/Decem{g-ig. 2b). Despite this trend for
godwits to move inland earlier in the winter, theewf the Washes in early spring has
also increased over time, thus both the numbebsrd$é and the length of time for which

the Washes are used have increased dramaticaliytevéast two decades.
Extent and timing of flooding on the Ouse Washes
Water levels on the Ouse Washes fluctuate grelathughout the year (Fig. 3). The Ouse

Washes begins to flood when water levels exceednf).@and this level is typically

exceeded from October until April or May (Fig. 3)hus, during the period when
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Icelandic godwits use on the Washes (November -il)Apvater levels are typically

sufficient to create areas of flooding, and theraa indication that the timing of flooding
has varied through the period of increasing godwimbers or timing of use of the
Washes (Fig 3). There is some indication that wiatezls between November and April
have been higher in the more recent two time per{®ig 3), but there is no significant
difference in mean monthly water levels betweentlatbe time periods 1991/92 to
1996/97, 1997/98 to 2002/03 and 2002/03 to 2008/90= 1.34, p = 0.27) (Fig. 3).
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Figure 2. Annual variation in the peak number afchttailed godwits recorded during
Wetland Bird Surveys on (a) the Ouse (open bard) Mene (filled bars) Washes
between November and April and (b) both Washes aoedbduring November and
December (black bars), January and February (gres) land March and April (open
bars) in each winter.
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Fig 3 Variation in monthly mean (+ SD) water levetgsorded on the Delph River of the
Ouse Washes throughout the non-breeding seasothdoyears 1991/92 to 1996/97
(black circles), 1997/98 to 2002/03 (grey trianylesd 2002/03 to 2008/09 (white
circles). The horizontal line indicates the 0.9 eudl where the Ouse Washes starts to
flood.

The length of time for which flooding is present the Ouse Washes also shows no
evidence of having changed over the last two decaiace 1992/93, water levels have
exceeded 0.9 m on 40 — 100% of days in NovembeDawgmber, 95 - 100% of days
in January and February and 40 - 100% of days ircMand April (Fig 4). However,
high levels of rainfall can result in extensivedtiing that is likely to restrict the
availability of suitable foraging sites for godwitsn the Ouse Washes. When water
levels exceed 1.7 m on the Delph River, the Ousshé& floods extensively between
the two retaining banks and the majority of the &t under water. The percentage of
days on which water levels were between 0.9 andnli@ each bi-monthly period was

therefore also calculated (Fig. 4). Even when #regntage of days is restricted in this
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manner, suitable foraging conditions would havenbeeilable to the godwits an 30
—50% of days in all winters since the 1990s (Big 4
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Figure 4. Percentage of days during each two mpeatind a) November and December,
b) January and February and c) March and April tickvthe minimum threshold for
flooding to start (0.9 m) was exceeded (diamonds dgwoited line), and on which water
levels were between 0.9 m and 1.7 m (squares diidise). See text for details.
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The peak numbers of godwits recorded on the Ousgh®¥g¢ain each bi-monthly time
period between 1992/93 and 2008/09 were not saamfly correlated with the
percentage of days on which water levels were @9 and 1.7 m or the mean water
levels in the Delph River (Table 1). Maximum watevels were weakly, negatively
correlated with the peak numbers of godwits readideMarch/April (Table 1), but no
other significant correlations were apparent..

Table 1. Results of Pearson correlation analysethefpeak numbers of black-tailed
godwits recorded in WeBS counts on the Ouse Waash@she percentage of days when
suitable foraging habitat is likely to be availalpteater levels between 0.9 and 1.7 m),
mean water levels and maximum water levels in by periods in each year

between 1992/93 and 2008/09.

% days Mean water Maximum
habitat depth (m) water
available depth (m)
Peak count r p r p r p
Nov/Dec 0.37 0.217] 0.23 0.456 -0.04 0.990
n=13
Jan/Feb 0.43 0.140| -0.39 0.188 -0.54 0.058
n=13
Mar/April 041 0.163| -0.47 0.106 -0.58 0.037
n=13

Winter origins of colour-ringed black-tailed godwits recorded on the Washes

A total of 294 different individually colour-markedodwits were recorded on the
Washes between 1996/97 and 2008/09, and the numbeardividuals recorded on the
Washes in each year has increased in line withinbeeasing population using the
Washes (Fig 2a), and with the number of colour marodwits estimated to be alive in
the population (Fig 5a). Since 1999, the numbeandividuals recorded on the Washes
has been between 50 and 150 in most years. Prig0@6/01, more than 70% of all

individuals were recorded in March/April (Fig. 5yt since then the number sighted

122



earlier in the winter has increased, with nearlly bkall first sightings now occurring in
January/February, and some birds being seen evker @ November/December (Fig.
5b).

The winter locations are known for 186 of the indual godwits recorded on the
Washes since 1996/97. The majority (between 608&84) are known to winter on the
east coast of England, but godwits from IrelandnEe, Portugal and Spain as well as
other locations in Britain are also recorded eaghr\Fig. 6a). The proportion of birds
from different wintering locations using the Waslesh year has changed very little
sincel996/97 (Fig 6a). The earlier winter use ef\fashes by godwits in recent years is
largely a consequence of birds moving inland eafliem the east England estuaries
(Fig. 6b). Prior to 2000/01, only. 20% of birds from the east coast of England adiv
in January/February, but in recent years this Imaseased tac. 60% with a small
number being recorded even earlier in November/Dee. Timing of arrival on the
Washes of birds from more distant wintering locasioparticularly Iberia and France,
does not appear to have changed; godwits from tkeséhern wintering locations
appear to use this as a stop off site on springatian and have not been recorded
earlier than January. There is some indication ¢joalwits are arriving slightly earlier
from other UK winter locations and from Ireland F6b); between 2005/06 and
2008/09 over 50% of birds from these locations weo®rded in January or February as

opposed to fewer than 10% in the late 1990s.
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Figure 5. Annual variation in the (a) numbers afiwidually colour-marked black-tailed
godwits recorded and b) proportion of first siggsn of individuals in
November/December (black bars), January/Februaey (gars) and March/April (white
bars) on the Ouse and Nene Washes, and the tatabaruof colour-marked godwits
estimated to be alive in the population (diamondd &ne) between 1996/97 and
2008/09.
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Discussion

Use of inland grasslands by godwits in the ea&irafland has increased dramatically in
the last two decades, from a few hundreds in thky 4800s to several thousand in the
2000s. This increase has not just been in spriodyvgs are arriving earlier in the winter
with first flocks being recorded in November in moscent years. Godwits remain on
the site and can now be found on the Washes betdaarary and April in much larger
numbers than in the 1990s. This change in distohuand the extent to which the new
habitat is being used is unlikely to be a resultngbroving conditions on the Washes.
Godwits rely on areas of shallow water in whichided and roost, however, water levels
on the Ouse Washes have not changed over theMasidcades, Management of both
the Ouse and Nene Washes has been consistenthbrdgube last two decades, with the
primary change being an increase in the frequendyextent of flooding in late spring
(Ratcliffe et al. 2005). However, the Icelandic godwits have deplafoe their breeding
grounds by this time and are therefore unlikelyb&oaffected by these changes. This
suggests that sufficient water levels on the siteehbeen available in all winters since
the early 1990s, and thus that the availabilitjooaging conditions are unlikely to have
changed. As black-tailed godwits are a long-livpdcses with high site-fidelity (Gilet

al. 2002), the pattern of increasing use of the Waslves the last two decades may

represent increasing awareness of additional fogagpportunities.

Increasing use of the Washes in spring could ats@ lbeen as a result of more birds
from distant wintering locations using the site asstop-over on spring migration.
However, the proportion of birds from different wering locations using the Washes
has not changed since the 1990s; the vast mapfrityrds €. 70%) are from estuaries
on the east coast of England. Previous studies imaeated that the prey resources on
mudflats of the east of England are very limitetbtigh the winter (Gillet al. 2001a,
Gill et al.2001b), and that rapid depletion of these resauresults in prey intake rates
that are not always sufficient to meet energetimaleds on these estuaries (Alves 2009).

The increasing timing and extent of exploitationimifand grasslands each year may
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therefore be an indication that the Washes plagyarkle in supporting the increasing

population of godwits in this region.

Like many wading birds, godwits prefer to roostsimallow water and will alight on
pools or at the tide edge after disturbance flig@isapter 2). The availability of inland
grassland habitats for godwits may therefore relytlee presence of shallow floods.
Godwits wintering in Ireland have been shown tqoesl rapidly to the presence of
shallow floods on inland grasslands after suffitieainfall, and that godwits rapidly
depart from these sites when flood levels decli@bkapter 2). On the Ouse Washes,
however, the recorded water levels suggest thaldaiforaging and roosting condition
are available to godwits from October until Apml €very winter. As water levels on
inland grasslands are likely to be very importamtets of their availability for foraging
godwits, changes in winter rainfall patterns couiffuence the availability of suitable
conditions. Records of colour-marked godwits intiéc#hat the use of freshwater
grasslands is important across the non-breedingerg@hapter 2). Flooded inland
grasslands are particularly important during lateter and early spring; sites such as the
Blackwater Callows and Little Brosna Callows inldred and the Ouse Washes and
Nene Washes in England often support flocks of mévkRousand Icelandic godwits. As
the entire population of Icelandic godwits is estied to be around 50,000 individuals
(Gill et al.2007), this suggests that a very large propomibtine population uses these
grasslands at this critical time of year. Recorfdsabour-marked birds also suggest that
there is significant turnover of individuals on téashes, so it is likely that many more

than recorded in the peak counts use these sitbsyear.

The change in timing of use of the Washes is b@ingarily driven by more birds

moving from east coast estuaries earlier in the.y@&@dies of resource availability and
conditions on the east coast estuaries over the i@t the godwit population has been
increasing indicate that prey depletion signifitaméduces intake rates for godwits on
all major estuarine sites by the end of the wi@tl et al. 2001b). The energetic costs
of living for godwits are also higher on the easast of England than on winter sites in

Portugal and Ireland, primarily because of higheindv speeds and lower air
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temperatures in east England (Alves 2009). Analgééise survival rates of black-tailed
godwits wintering in east England between 1995 20@0 indicated that average adult
annual survival was 0.87 + 0.02 se (Gtlal. 2001a). However, in more recent years,
the survival rates of godwits wintering in east Bng appear to have increased (average
adult annual survival, 1995-2006: 0.96 + 0.01 s@, Gill unpublished data). This
increase in survival is coincident with the inceeas numbers of using the inland
grassland sites, which suggests that the foragipgomunities available on the
grasslands are sufficient to overcome the shorifaihtake that was experienced by

godwits foraging only on the mudflats in the 19964l et al. 2001b).

Inland grassland sites may provide suitable ressufor foraging godwits but they are
also likely to be more sheltered from wind chilfeets than coastal habitats, as a
consequence of being enclosed by river banks andhdndall vegetation within which
the birds can forage and roost. Wind chill has & #trong influence on the energetic
costs of living of shorebirds (Wiersma and Piersi®®4). Large areas of flooded
grasslands also provide an abundance of foragidg@osting sites in the same location
without having the travel costs imposed by tidatleg. Thus, the continued increase in
the numbers of godwits wintering in the east of IBnd (Austinet al. 2008) may be a
consequence of increased use of these grasslamirfgrsites at the key times of year
when resources on the mudflats are not sufficiemeet energetic demands.

References

Alves, J. A. 2009. Implications of migration strgites and winter location in a migratory
shorebird. Unpublished PhD Thesis. School of Bigldgniversity of East
Anglia. UK

Austin, G., Collier, M., Calbrade, N., Hall, C. aktisgrove, A. (2008). Waterbirds in
the UK 2006/07. The Wetland Bird Survey. Britistu3tr for Ornithology,
Wildfowl and Wetlands Trust, Royal Society for tReotection of Birds and
Joint Nature Conservation Committee

Brown, J. L. (1969). The buffer effect and produityi in tit populations American
Naturalist 347-354

128



Ferrer, M. and Donazar, J. A. (1996). Density-delean fecundity by habitat
heterogeneity in an increasing population of Sgahigperial EaglesEcology
69-74

Gill, 3. A., Hatton, L. and Potts, P. M. (2002).eTBlack-tailed GodwitThe Migration
Atlas: Movements of the birds of Britain and Irelaikds: C. Wernham, Toms,
M., Marchant, J., Clarke, J., Siriwardena, G., &llBa S. .

Gill, J. A, Langston, R. H. W., Alves, J. A., Atldon, P. W., Bocher, P., Cidraes Vieira,
N., Crockford, N. J., Gélinaud, G., Groen, N., Gargson, T. G., Hayhow, D.
B., Hooijmeijer, J., Kentie, R., Kleijn, D., Loureo, P. M., Masero, J. A,
Meunier, F., Potts, P. M., Roodbergen, M., Schakiaer, H., Schroder, J.,
Wymenga, E. and Piersma, T. (2007). Contrastingisen two black-tailed
godwit populations: a review of causes and recongatons Bulletin 114
December43

Gill, J. A., Norris, K., Potts, P. M., GunnarssdnG., Atkinson, P. W. and Sutherland,
W. J. (2001a). The buffer effect and large-scaleutettion regulation in
migratory birdsNature 412 436-438

Gill, 3. A., Sutherland, W. J. and Norris, K. (20)1Depletion models can predict
shorebird distribution at different spatial scaRceedings of the Royal Society
of London Series B-Biological Scienc288 369-376

Gill, J. A., Watkinson, A. R. and Sutherland, W(1P97). Causes of the redistribution
of Pink-footed GeesAnser brachyrhynchus Britain. Ibis. 139 497-503

Gunnarsson, T. G., Gill, J. A, Appleton, G. F.slason, H., Gardarsson, A., Watkinson,
A. R. and Sutherland, W. J. (2006). Large-scaletdb@issociations of birds in
lowland Iceland: Implications for conservatidiological Conservationl28
265-275

Gunnarsson, T. G., Gill, J. A., Atkinson, P. M.jIph W., Croger, R. E., Guillaume, G.,
Gardarsson, A. and Sutherland, W. J. (2005a). BEsing Population size in
Black-tailed Godwitd.imosa limosa islandicly colour-markingBird Study
52 153-158

Gunnarsson, T. G., Gill, J. A., Newton, J., PdsM. and Sutherland, W. J. (2005b).
Seasonal matching of habitat quality and fithess migratory birdProceedings
of the Royal Society B-Biological Scienc&2 2319-2323

Gunnarsson, T. G., Gill, J. A, Petersen, A., Appie G. F. and Sutherland, W. J.
(2005c). A double buffer effect in a migratory sélard populationJournal of
Animal Ecology74: 965-971

Gunnarsson, T. G., Gill, J. A., Sigurbjornssonaid Sutherland, W. J. (2004). Arrival
synchrony in migratory birddNature 431 646-646

129



Lohmus, A. (2001). Habitat selection in a recovgi@spreyPandion haliaetus
population.lbis. 143 651-657

Madsen, J. (1998). Experimental refuges for miggaweaterfowl in Danish Wetlands.
II. Tests of hunting disturbance effeclsurnal of Applied Ecology5: 398-417

Moser, M. E. (1988). Limits to the numbers of GRigversPluvialis squatarola
wintering on British estuaries: an analysis of ldagn population trends.
Journal of Applied Ecology5: 473-485

Musgrove, A., Pollitt, M., Hall, C., Hearn, R., Holay, S., Marshall, P., Robinson, J.
and Cranswick, P. (2001). The Wetland Bird Surv@99:2000 Wildfowl and
Wader Counts. British Trust for Ornithology, Theltow! & Wetlands Trust,
Royal Scoiety for the Protection of Birds and Jdiature Conservation
Committee

Newton, I. (1998)Population Limitation in BirdsAcademic Press

Panek, M. (1997). Density-dependent brood prodndtidhe Grey Partridg@erdix
perdixin relation to habitat qualitgird Study 44: 235-238

Ratcliffe, N., Schmitt, S. and Whiffin, M. (2005ink or swim? Viability of a black-
tailed godwit population in relation to floodingpurnal of Applied Ecology2:
834-843

Soutullo, A., Limifiana, R., Urios, V., Surroca, &hd Gill, J. A. (2006). Density-
dependent regulation of population size in colohraleders: Allee and buffer
effects in the migratory Montagu’s Harri€ecologia 149 543-552

Suter, W. (1995). Are cormorarf®halacrocorax carbavintering in Switzerland
approaching carrying capacity? An analysis of iaseepatterns and habitat
choice.Ardea 83: 255-266

Sutherland, J. W. (1996from Individual Behaviour to Population Ecologyxford
University Press

Urban, M. C., Phillips, B. L., Skelly, D. K. and iip, R. (2007). The cane toad's
(ChaunugBufg marinug increasing ability to invade Australia is revehl®y a
dynamically updated range modetoceedings of the Royal Society2B4:
1413 - 1419

Wiersma, P. and Piersma, T. (1994). Effects of amabitat, flocking, climate and
migratory goal on energy expenditure in the aneyele of red knotsThe
Condor. 96: 257-279

Yeh, P. J. and Price, T. D. (2004). Adaptive phgpictplasticity and the successful
colonization of a novel environmerithe American Naturalisi64 531-542

130



Conclusions



Conclusions

Understanding the habitat requirements of a pojomats essential for effective
conservation and design of protected areas. Maggiep can occupy a variety of habitat
types, and the use of different habitats may vaatially and/or temporally. Different
habitat types may also vary in their relative gydior the populations that they support.
When variation in habitat quality is sufficient ofluence the fithess of individuals
occupying those habitats, habitat quality has théengial to also influence population-
scale processes (Orians and Wittenberger 1991,nResgy 1991, Sutherland 1996,
Newton 1998, Sibly and Hone 2002, Johnstml. 2006). In such cases, the protection
of habitats in which fitness is highest may be wered preferable. However, poorer
quality habitats can also play a key role in suppgrpopulations, particularly when
individuals occupy different habitats types at eliéint points in time, and may thus

require resources from all habitats irrespectivéheir relative quality.

In migratory species, identifying the relative imamce of different habitats is
particularly complicated because of the huge shati@es across which individuals can
travel within the migratory range. The widespread growing evidence of carry-over
effects in migratory species, in which the condisicexperienced in one season can
influence fitness in subsequent seasons, highligjetesomplex manner in which habitat
quality can impact on individuals (Ebbinge and 3a&995, Marra 1998, Gikt al.
2001a, Bearhopet al. 2004, Norriset al. 2004, Gunnarssoat al. 2005a, Studds and
Marra 2007).Variation in the availability and occupancy of hiaks of varying quality

in the breeding and non-breeding seasons can therpbtentially restrict or facilitate

population growth in migratory species.

Over the last two decades, studies of an exparghogebird population, the Icelandic
black-tailed godwit, have revealed a migratory eystin which variation in habitat
quality influences individual fitness and carry-oveffects (Gill et al. 2001a,
Gunnarssoret al. 2005a) and may also influence the rate of pomragirowth, as the

population is expanding into poorer quality halsitet both seasons (G#t al. 2001a,
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Gunnarssoret al. 2005b). The inspiration for this study came frdm finding that the
extent of use of saline and freshwater habitatswdividual godwits in winter appeared
to be a key component of habitat quality that \hiéeross the winter range and was
related to survival (Gillet al. 2001a), the type of breeding habitat occupied and
subsequent breeding success (Gunnarssal. 2005a). However, the reasons for this
difference in quality between saline and freshwatdsitats, and hence the mechanisms
underpinning the carry-over effects and demogragbitsequences, were not known.
Consequently, the main purpose of this thesis wasxplore the implications of using
saline and freshwater habitats in winter for bléaled godwits. Ireland was chosen as
the study location both because it supports langmhers of godwits in winter, and
because the grasslands which are the primary fiashvhabitat used by godwits are
abundant throughout Ireland. Over the course oéehwinters, | studied godwit
distribution and behaviour across nine habitat dergs in southern Ireland, each of
which comprised an estuary surrounded by grasdlahis. These data clearly show that
grassland habitats are not simply a supplementaaging site used when mudflats are
unavailable. The matrix of mudflats and grasslaiet$ provides a wide variety of
foraging patches and godwit flocks regularly moetween the two habitats within a
tidal cycle. Prey intake rates are comparable oth b@abitats but the high levels of
vigilance displayed on grasslands indicate thatgisdoerceive them as ‘risky’ foraging
locations, which is likely to be a consequenceha higher rates of disturbance and
reduced visibility on grasslands, coupled with thggieater distance from safe roosting
locations (Chapter 2). Critically, however, the myatic intake rates achieved by godwits
on mudflats in southern Ireland are not sufficiemmeet daily energetic requirements.
The coastal grasslands therefore appear to be tedsen supporting the godwit

population wintering in southern Ireland.

These finding are supported by a recent studyettiergetic costs of wintering in three
different parts of the winter range for Icelandladk-tailed godwits (Alves 2009). This
study used the energetic intake rates reportethignthesis for south Ireland together
with similar information for west Portugal and e&sigland, and showed that godwits in

Ireland need to forage for twice as long as thosé@artugal to maintain a positive
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energy balance (Alves 2009). Maintaining this egdoglance in Ireland can only be
achieved through the additional use of grasslasdgedl as estuarine resources (Chapter
2). In contrast, energetic intake rates for godwitistering on the east coast of England
were found to be lower than both south Ireland aebt Portugal (Alves 2009),
primarily because estuarine food supplies were fiiegent to meet the high
thermoregulatory costs of this location (Gitlal. 2001b). However, the energetic intake
rate data used for these calculations for eastadglvere collected during the 1990s, at
a time when only mudflats were used by this popaatin Chapter 5, | describe how
godwits wintering on the east coast of England ren@vn a rapid increase in use of the
inland wetlands since the 1990s, which may havéribored to the apparent increase in
survival rates for this region in recent years. Jignasslands appear to provide key
resources for godwits in both Ireland and the e&&tngland, two areas which together
may supportc. 30-40% of the world population of Icelandic blaeiled godwits in
winter (Austinet al.2008, Croweet al.2008).

The lack of any substantial increase in the numioérgodwits wintering in Ireland
(Chapter 1) despite the recent overall populatimraase, which has been especially
apparent in some parts of the UK (Auséihal. 2008), indicates that the mudflat and
grassland resources in Ireland may be limitingdize of the wintering population in
this part of the range. Despite this apparent &tion, Ireland still supports a large
proportion of the godwit population, and their @ali dates in Iceland are not
significantly later than the earliest birds whiahiee from Portugal (Alves 2009). The
analyses presented in this thesis suggest thaisthidarge part due to the abundance of
grasslands that remain in Ireland. In particulaland wetlands (callows) are potentially
a key part of the mechanism by which Ireland hastioaed to supports such large
numbers of godwits over the last 40 years (Chapterhe large flocks that congregate
on inland sites in late winter and early spring ntmnefit individuals by reducing
predation risk and levels of vigilance (Pulliam 39Tlark and Mangel 1986). The
benefits accrued on the callows in Ireland wilkelikise apply to godwits congregating
on inland wetlands throughout the range; partitplan the Washes in East Anglia
(Chapter 5) and on flooded river valleys in thelidefands (Gerritsen and Tijsen 2003)
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which are primarily used as stop-over sites by gtedthhat have wintered further south
in France and Portugal (Alves 2009). Use of both\Washes and the Dutch grasslands
by Icelandic godwits has increased rapidly sina 1890s (Chapter 5, Gerritsen and
Tijsen 2003), and both regions now regularly supflocks of several thousand godwits
in spring. Therefore a large proportion of the gadwpulation is supported on inland

grasslands at some point during the non-breediagpse

Given the importance of grasslands for godwits r@eeént high levels of urbanisation of
coastal zones in Ireland, the lack of protectiangi@sslands is of concern. Urbanisation
has been shown to impact on wildlife through bddtvelopments resulting in direct
habitat loss, but distribution and behaviour casodle influenced by animals avoiding
areas of high human activity (Blair 1996, Clergesiial. 1998, Bock and Jones 2004,
McKinney et al.2009). During my field research, some of the Balded by godwits the
previous year were building sites when | returrteglfollowing year. The greatest land-
use change in Ireland has been from pastoral fadnland wetlands to urban
development, especially in the coastal zone whef®% of the population livelEPA
2008). Despite this, Ireland is in a unique ponitas it retains a larger proportion of
grassland habitat than any other northern Europeamtry (OECD 2000)Recently,
interest has been shown in incorporating some effiglds in the estuarine habitat
complexes that are used by waterfowl within the $BAndaries that provide protection
for the intertidal habitats (J. Fuller, SPA Desigmas Team Leader, National Parks and
Wildlife Service, pers. comm.). Chapters 3 andetéfore set out to identify the types of
fields used by godwits and where those fields wdiddt be located. Only very small
and enclosed fields are avoided by godwits. A wideety of larger, more open fields
with good visibility are used by godwits and, altlgh fields up 1500 m from the estuary
were used, the majority were adjacent to the mtgjflahich allowed flocks to retreat to
the tide edge when disturbed. In addition, theradsevidence for changes in godwit
distribution or behaviour in relation to local- mndscape-scale urbanisation (Chapter
4). Consequently, candidate fields for inclusiotihim protected areas could include any
large, open fields close to the estuary throughloeiturban and rural areas of the south

coast of Ireland.
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For Icelandic godwits, a range of habitats appedoet essential during the non-breeding
season. Prey resources on mudflats may be prefduedgrassiands provide an
important food source when estuarine resourcedimrgng, and particularly during

spring migration when a large proportion of the ylapon makes use of inland

grasslands in Ireland, England and the Netherlahlis. illustrates the dynamic nature
of habitat use and relative habitat importance; twoy different habitat types that are
essential in supporting different parts of the efirtg population of a single species at

distinct points throughout the non-breeding season.
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