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Theds SImmary

The Golden Eaglé&dquila chrysaetgsand White-tailed Eagléléliaeetus albicillawere once
widespread across historic Britain, before decliairtpe hands of human persecution during

the 18" and 19" CenturiesWith both eagle species now breeding in limited parts of Northern
Britain, both eagles are currently extinct from many parts of their historic range, including
England and Wales. This thesis examines the feasibility of restoring either/or both native
species of eagles to Wales, by addressing the standard reintroduction criteria set out by the
International Union for Conservation of Nature (IUCidpter One). Little scientific research

has previously been conducted on this notlwowever, this thesis provides evidence that both
species were historically widespread across Wales prior to th€d8tury, and the extinctions

of both species were attributed solely to persecution by humghapter Two). With
knowledge that the Welsh landscape has been devoid of eagles for over 150 years, breeding
ranges of ecologically similar birds of prey were mapped to examine their habitat assocations
and avoidance of modern-day anthropogenic factos, providing proxy environmental indicators
of how reintroduced eagles would potentially use the Welsh landsChagtér Three). Species
Distribution Models (SDMs) were then created to examine the distribution of suitable habitats
that meet the breeding requirements of both species across Britian, including Welsh local
mapsChapter Faur). By understanding the distribution of breeding eagle habitats in Wales,
spatial analysis and mapping of anthropogenic land uses was overlaid with breeding habitats,
§} & A o t o e<{daylavdiability to sustain populations of both the Golden and White-
tailed EagleCGhapter Fve). This thesis provides the most in-depth assessments to date, of the
feasibility of restoring either/or both eagle species to Wales. The biological, ecological and
environmental evidence gathered in this thesis, provides the fundamental information needed
to initiate restoration programmegifapter Sx), and further discuss the additional regional
assessments that need to be carried out to complete the license application to reintroduce

eagles to Wales.
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1.1. The Importance of Reintroduction Bology

Our natural environment is continuously changing, and this transdtion has resulted in a high
rate of biodiversity loss across the globe. The rate at which we sirgglour biodiversity has been
reported to be more rapid in the past 50 years than ever recorded atiarg/in human history
(Watson et al., 2015) The Intergovernmental Science-policy Platform on Biodiversity and
Ecosystem Services (IPBES) announced that species extinction rates are bed@@amd 10,000
times more rapid than recorded natural rates (IPBES, 2019). These elevated ratasyake
attributed to modern land use change, anthropogenic activities (Reidsmal., 2006) and
expanding human habituation (Concepc#tal., 2015) in turn, resulting in habitat loss (Pardini,
Nichols and Puttker, 2017), fragmentation (Had@adl,, 2015) or destruction (Storch, Jetz and
Keil, 2015), which has direct negative impacts on native biodivelsitiie face of unprecedented
biodiversity losses, effective strategies for the conservation of ecologioghgrtant species are

urgently required (Laubest al, 2011; Bainbridge, 2014)

Virtually every country across the globe suffers with bioditeisiss, which has motivated both
national and international responses to attempt to reverse these trends (DirdoMendoza,
2008). Many governments realise the need to establish better spaces faerfatuthe benefit of
wildlife and people (IPBES, 2018). The Convention on Biological Diversigr{ttonon Biological
Diversity, 2018), an international response to biodiversity loss 2 1€onvention on Biological
Diversity, 2006 U o0 u vC }uv3EJE.&}v E]B 1A E -] 3 @ith St@hdardispae |
aims to: i) conserve and enhance biodiversity; ii) support healthyfuadtitioning ecosystems, and
iii) where practical to restore species populations to their naturatdnic ranges (Secretariat

Convention on Biological Diversity, 2010).

The rate of biodiversity loss is not consistent for all species pades. Species which require

larger territories, have low population numbers and low reproduction ratesmore vulnerable

to population declines and regional extinctions (Cokerml., 2011). The rate of biodiversity loss

across the globe also varies, with some countries suffering hadgwines than others. According

8} 8Z h<[s "8 38 }( E SUE Z %}ES ~11i6.U ] IAITBECST|PL & &3
global averages (Hayhost al., 2019); with 56% of recorded species declining between 1970 and

2
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2019, ranking Britain one of the 29vorst countries analysed (Hayhat al., 2016). Extinction
rates in Britain rose from the %o the 20" Century, with habitat loss reported to be the principle
driver (Hambler, Henderson and Speight, 2011). Britain has lost manygaadly important
species such as; the wolfypug3, eagle Aqula), and beaverGastoreaCarrollet al., 2003 Evans,

K[S}}o v ¢ld,]Z012 Stringer and Gaywood, 2016)

The health of our natural environments is maintained by their native plantsanimals. When
native species fall regionally extinct, the loss of one species d¢figgers the loss of others
(Kanerydet al,, 2012), often leaving our natural environments less ecologicallfyergsand less
able to support human basic life necessities (e.g., food, clean air and; Wédeeet al.,2020). In
light of this knowledge, species recovery programmes are incregsiegh as a valuable tool for
conservation (Corletet al, 2016). As part of the international and national responsibility to
conserve our natural habitats and their respected biodiversity, then increasing pressure to
restore native biodiversity and habitats (Santamaria and Méndez, 2012). This dutyato
restore extinct species is further supported by; Article 22 of the tdesband Species Directive and

Article 11 of the Bern Convention of European Wildlife and Natural Habitats:

)] Habitats and Species Directive #members should explore the possibility of
reintroducing species on Annex IV listings, that are native to natural geograpbes,
where this may benefit their global conservation stdi@ouncil Directive 92/43 EEC,

1992).

1)) Bern Convention of European Wildlife and Natural HabitatsZ v }p& P SZ
E JvSE} p 81}v }( v 8]A % ] }( Alo (0}& v (uv]
international and national conservation status of endangered and coatenv
concern specig¢Council Directive 82/72/EEC, 1979).

1.2. onservation Trandocations, UK

Species translocationsE (Tv JBZ v¥]}v o u}Afalivisd organism into a wild
space, from other wild or captive populations (Armstrong and Sed2l@dg; Carteet al.,2008).
Across Britain, there are species translocations registered for two primary olgsct) the
intentional movement of exotic species (i.e. non-native) for recreational fisly. game birds),
nutritional (e.g. cultivation, livestock) or ornamental objectives (e.g. platpscas; Griffittet al.,

1989; Seddon., 2010); or ii) the intentional movement of native spéaig®nservation purposes
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(IUCN/SSC, 2013). Reintroduction biologists commonly us8 tiiEgpeZies reintroductiohsuch
terminology allows conservationists to catalogue this management strategy forer@t®n

purposes only (Manchester and Bullock, 2000).

British species translocation projects, relate almost exclusively dbally rare, endangered,
regionally extinct or species of conservation concern (Tarsisal., 2014). Translocation
programmes are formerly conducted on aa-hoc basis, often as the last resort to avert a
population decline or extinction or to restore lost ecological fiores (Corlett, 2016)Species
translocations have matured into its own discipline in Britain (IUCN/SSC, X298, Rational
Species Reintroduction Forum, 2014), with many archives of succegsfties translocation
programmes, including; the Beav@gstor fiber flarringtonet al.,2015) Red KiteMilvus milvus
(Evanset al., 1999); Pine MartenMartes martes fMacphersonet al, 2014) and White-tailed
Eagled;laliaeetus albicillaMee, 2016 Denniset al.,2019).

Species translocation programmes are now accepted as an important comporgnitisif nature
conservation and has developed in response to two separate conservation management
Jvd EA vi]}vewstorsiion] 3 @radiiction] %.  } P EGriffiths et al., 1989; IUCN/SSC,
2013). Species restoration programmes comprehend the population restoragoriprcement

or reintroduction of native species, within the species histoange (Seddon and Armstrong,
2019). While conservation introduction programmes involve the phiiion of non-native
species, outside the species historic range (Seddon, 2010). Itmsh@o knowledge that
conservation introduction programmes are the least preferred option in Br{tei€N/SSC, 2013),

as species outside their historic ranges can frequently cause negativegeeablosocial and

economic impacts (Ewet al,, 1999, Neekt al.,2014; McGinlewt al.,2017).

Restoration programmes, which translocate native species within th&ordic ranges, meaning
reintroducing native species into known ranges they once histoyicaltupied, are reported to
offer a range of potential benefits. Such programmes enable great contributiongysems,
habitats and other species by restoring lost ecological functions (Byrné&#ciiford, 2016)to
culture and hertiage by restoring parts of heritage (Laurila-@aral., 2015); to further promote
the long-term survival of species at a global scale (Tarszisz €tlal); 2nd by providing additional

economic benefits to wild release sites across Britain (Weeés, 2011)

Species translocations, thus far, have proved to be an effective consert@tian the UK, but its

application on its own or in conjunction with other conservationnatigation strategies needs
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rigorous assessment, evidence and justification (Griiéthal., 1989; IUCN/SCC, 1998, 2013).

"% ] e SE veo} S§]}ve v Al A e E *%o}veuvilEehatona E } o
law and present era of increasing biodiversity loss and acceleratolggecal change (Armstrong

and Seddon, 2008).

1.3. Secies Trandocation Rolicy, UK

The release of native species into an empty landscape is not straightforv&pdcies
translocations are often a strict, highly regulated licashprocess and in the case of the UK, with
standard translocation criteria set out by the International Union for @oregion of Nature
(IUCN/SSC, 1998, 2013). There is also guidance from the National Species R&orrédugm
(2014).

The assessment, proposal and licence application of a species transtdodtie UK are usually
in the form of multiple inter-linked reports hitting upon a numbef & <] ]0]SC WZ o ¢
surrounding the restoration of focal species (Joaesl 2012; Macphersoet al., 2014). These

reports include the assessment and identification of the following phases:

i) Biological and Ecological Feasibility
i) Environmental Feasibility

iii) Genetic Feasiblity

iv) Social and Socio-economic Feasibility

V) Risk Assessments

Species licence reports are usually different for each species, as eeergsspas different critical
dependencies on other species, landscape features and within their #eosy (Dennis, 2003;
Guisaret al,, 2013; Tarszisz, Dickman and Munn, 2014). So, how do we knowqudstions to
address for certain species translocations? Any well-planned specieergg@rogramme starts
by addressingwhether a species translocation is the most acceptable optidh@ criteria to

VeA E §Z]e <p *8]}v ]+ 33BpetiesE w]-]ad]s Caisna duestions are as follows:

i) The international and national conservation status of the species.
i) If the release environment is within the historic range of the speésezet al., 2012).
iii) If the cause of extinction has reduced, eliminated or been rectified (Batfgugtt and

Richardson, 2015).
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iv) If there is a possibility for the species to naturally colomglout human intervention
(Clark and Westrum, 1989).

If these initial critelon point to a species reintroductiorkEigure 13, then a series of inter-linked

& <] ]o]SC Sulztitted below, are initiated and evidence gathered to establish project

logistics, in the form of a licence application, to restore focal speciestodhce historic ranges.

{ Is the release intentional? ’ w ‘ Accidental translocation W

Is the primary objective of the
release to:

1. Improve conservation status.
OR
2. Restore natural ecosystem
functions?

Conservation translocation

A R Conservation introduction
Is the release environment within the

historic range of the species?

( Species reintroduction ’
-

Population restoration
Are there individual species already in

the release environment?

Least acceptable option!
( Species reinforcement ’
Most acceptable option!

Figure 1.The initial translocation spectrum to initiate whether a species transtotagi the

e Rehabilitation release
Recreational release
e Biological control

1. is the cause of extinction still
present?

2. Can the species naturally

colonise?

most acceptable option for the release species (IUCN/SSC, 2013)
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1.3.1.Biological and Ecological Feasibility

This phase compliments initial assessments by gathering information dodakspecies biology
and ecology, to evaluateZ ] ( SE veo} S8]}v ] S$Z u}eSfor théspece3[ X% S]}v
Information can be collated from available publications, reports, action plansansultations
with professional naturalists (Sarrazin and Barbault, 1996). Understnlden basic biological
knowledge of release species (e.g. reproduction, social structuresilgtmn growth, population
dynamics, etc.), enables a comprehensive picture of the biological needsa@uicements of the
species for the release environment (Sutherland, 1998). Understgrtii@ species ecological
abiotic and biotic requirements, such as: habitat use, regional adaptatthsisersal and dietary
requirements, are also an important component of this phase (Hétzal, 2004; Cheyne, 2006
Ewen and Armstrong, 20Q7) is common practice, where knowledge on focal speisdémited,
to retrieve the best available information from closely-related species to be aseelvidence

(Tegaret al. 2016).
1.3.2.Environmental Feasibility

In conjunction with complied information on the biology and ecolofiyhe species, this phase
takes into consideration the modern-day land use of the release environmeelyaluate Z | (
translocation is the most acceptable optidor the release are@[ It is often the case that
environmental conditions have been modified, altered or transformed ppstigs extinction
(Mouri, Shinoda and Oki, 201®chmid, Dallo and Guillaume, 2018). Thus, It is extremely
important for translocation proposals to include information on modern-@and uses and if they
are compatible for species release (Donaldson, Wilson and Macléan).2.andscapes vary over
space and time, and it is often recorded as good practice to illustrate a Higrafchabitat
suitability within the release environment, highlighting areas of lovedium and high land use
risks (Guisan and Thuiller, 2005). By assessing suitable aitabbes habitats within the release
environment, the practical steps of how many species and source giguican then be further

derived.
1.3.3.Genetic Feasibility

The genetic feasibility is a phase that considers the donor/source atiuilselection. This phase

aims to provide evidence and select the most appropriate donor stock fordiméroduction
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process. Following IUCN guidelines, source population selectiothdsaiou to provide adequate
genetic diversity IUCN/SSC, 2013Therefore, source populations physically closer to, or from
habitats that are similar to, may be more genetically suited to release areasetiG
considerations for source population selection is case-speleifgeneral, if the source population
hasawide genetic base to start with, then it is unlikely to limit treasibility of a reintrodction
programme. However, if the source population has low genetic variabilitl are widely separate
populations there may be genetic incompatibilities (i.e. inbreeding,etiendeterbration,

outbreeding depression & genetic drift; Leberg, 1993; Negro and Torre).1999

There are examples of conservation introductions that may justify moreécahdourcing
strategies. For example, the re-establishment of the Noth American PeregrinoenK&kalco
peregrinug deliberately mixed multiple donor populations aimed to maximise ratselection
and diversity among individuals (Tordof and Redig, 2001; Johetsain 2010. Hence increasing

the likelihood of some translocated individuals and their offsgpthriving under novel conditions.

Thus, it is important to consider the genetic difference between the originpllation and the
translocated population for any reintradtion programme. For eagles it is good practice, to avoid
generic detemration, unrelated individuals need to be reintroduced at regular intervdidi (et

al. 2019). Also to avoid outbreeding depression translocatedithgiis need to be from the same
species and evolutionary significa(Hailer et al. 2006). The genetic feasibility for eagles to be

translocated to Waless discussed in detail i@hapter 6
1.3.4.Social and Socio-economic Feasibility

This phase combines the knowledge of modern-day land uses wittamumterests and social
attitudes, toevaluateZ]( S@& veo} S8]}v ]* S$Z u}-%orthe faldaseo E}%pS]v] o
infrastructure? [ $ocial interests towards species translocation are usually varied,sacidl
attitudes, beliefs and values can be extreme and internally conflictingéEand Pitchford, 2016)
This was particularly true in British translocations for Beavers (Auster,dRuital Brazie2019),
eagles (Fielding and Haworth, 2014; Mayhetval., 2016) and Pine Martens (Ambrose-Qji, Dunn
and Atkinson, 2018)An understanding of the local attitudes, beliefs and values allowsdsi-
effective ways to identify and address points of conflict between &osnand wildlife (Coz and
Young, 2017). In light of this, species translocations shouldebelaped within the regional

conservation, human and social infrastructures (Hayward and SomedS; 20nsorte-McCrea
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and Thompson, 2014); in recognition with key conservation enterprisaelsolders and local

communities (Sharma, 2005); Seddxral. 2007)
1.3.5.Risk Assessments

By gathering information on the previous phases, specific risk factors at a specidandscape
level can be addressed. Risk assessments, however, should alste imftarmation on risks to
source populations and translocation methods (Weekal.,2011), the ecological consequences
of translocated species on other species or ecological procéBsdanet al,, 2020), disease risks
(Hartley and Sainsbury, 2017), and socio-economic risks (SeddonAmmstrong, 2019)
Conservation through human intervention, like species reintroductions arecoonmon, but with
increasing evidence and appreciation of the risks (Fernandez, Kramer-Sctiddiwdke, 2006).
There are many reasons that are reported (Cox and Gaston, 2018), why adadiosionay be of
high risk:

)] Species with lengthy extinction durations.

i) Landscape with large-scale environmental changes

iii) Species that have high dependencies on other species.

iv) Species with extreme genetic differences from original popufatio
V) Disproportionately high numbers of released animals

Vi) Extreme negative impacts on human interests.

When all IUCN feasibility phases are complete, translocation methods areeglaand all
evidence gathered, all reports are submitted to statutory conservation agencieapfmoval.
Dependent on the location of the release environment, British translocatiomdes are
commissioned by either: Natural England, Scottish Natural Heritage (SNH), NatunatcBeso

Wales (NRW) or Norther Ireland Environmental Agency.

1.4. Eagle Reintroduction Wales (HRW) Roject

In 2016, the Eagle Reintroduction Wales (ERW) was developed as a PhD funded p@aediffat
University, to assess the potential of restoring two native eagle spbai@sto soaring the skies

of modern Wales Https://www.Eaglereintroductionwales.con)/ The concept of translocating

eagles to Wales is not a novel concept and has been suggested for manyDeanss and Ellis,

i660V z o vU Tii6Voold andUWHitfield, 2012), but little research has yet been
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conducted and no formal proposal developed. The ERW project has babenheading project
guiding scientific research in Wales for both the Golden Edgjailé chrysaetgs known in the
Welsh language as Eryr Euraid, and the White-tailed Edgleaéetus albicillp known in Welsh
as Eryr y mor Initiating species feasibility studies to provide sufficient inforomatio Welsh
'JA Evu v3 v E SuE o Z «}uE ¥thedranstoEafian of Galden and/or White-
tailed Eagles is the most acceptable optionthe species AND for Walég [ X

1.4.1.ERWProject Aims

The information and research in this thesis aims to provide information for tbedical,
ecological and environmental feasibility of restoring either/or both tr@den Eagle and White-
tailed Eagles to Wales, by drawing information from national and internatiomahtitre. The
primary objective of this thesis is to draw a conclusion on whettemservation translocation is
the most acceptable option for both eagle species and the welsh landsegtpethe short-term
objective to initiate a conservation translocation programme and in thegHd@mm restore
both/either species to Wales. The information in this thesis, ranges fr@matiire reviews to

novel analysis of the species and welsh landscape.

Through the next section of this chapter, we explore the biological antbgical literature for
}18Z Po <% ] U AZC A 0] A }3Z Po o }¥SEAEIs Vv
translocation criteria, why Wales is considered to hold sufficienteeégbitat, and the main

justifications for our research.

142. v] § Zo ¢ "% ] °

1.4.2.1. The Golden Eagle (Eryr Edjai

Among all eagles worldwide Golden Eagles are, on average, the seventh haadidstve the
fifth longest wingspan. In the UK, the average male weighs 3.7 kg (8 Ib), vaitlei@ge wingspan

of 2.0 m (6% ft.) and the average female weighs 5.2 kg (11¥z Ib), with agewargspan of 2.2

m (7 ft.; Watson, 2010). Britshfto v Po « & }ve] & Zu ]pherejsup[ E
to six races of this species across the globe (Daiydé, 2016). Adult Golden Eagles are essentially
dark brown with an auburn nape that flashes gold in the sunlightareds of paler grey on the

wings and tail (Forsman, 2016). The young are uniformly brown, withipesrwhite underwings
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and tail and by annual moults they slowly attain their adult plumags éowur to five yearsKigure

2), by which time they are sexually mature (Cieslak and Dul, 2006).

© Jeff Bleam © Ingo Waschkies

Figure 2.The dark brown and pale grey plumage of
an adult Golden Eagle (left; Bleam, 2019), compared to the unifonmalynbplumage with
prominent white underwings and tails of a young Golden Eagle;(Mgaschekies, 2019).

Historically, the Golden Eagle nested throughout much of the northern hemispilthough
many of these areas are still used for nesting today, the species has beéin édirpated from
several areas, including; eastern Nebraska, southeastern South Dakota, Wistimn<dentral
Valley of California (Harlow et al. 1989), lowa, Minnesota, Indiana (Wingfi@®d.) INorth
America now has the largest population, it occurs from Mexico wpuifh the western United
States and across Canada (Kochert et al., 2002). Historical changes havecatsedoacross
Eurasia and Africa, however, publicised information of these changes atedlirAlthough the
species is still extinct as a breeding species in SouthdairBjiie. Wales & EnglandA veU K[3}}o0
and Whitfield, 2012). Golden Eagles now inhabit mountainous regiocendinental Europe from
the Iberian Peninsula through the Pyrenees and Alps to eastern Europe amtin@e& with the
biggest populations in Spain and Norway (Birdlife International, 201 %)sia, they occur across
Russia and China, east to Japan and South to Turkey, the Caucasus dlagasirand the central
steppes (Unwin, 2016). In the Middle East and North Africa, they breed indbatains of Israel,

Oman, Morocco and Tunisia (Brown, 1996).

The species is associated with open and semi-open habitats with nefgaicto medium length

vegetation. The largest number of Golden Eagles are found in mountainous seyioyss the
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Chapter One: General Introduction

globe, with many eagles hunting and nesting in upland rock formation®p@oWoodbridge and
Brown, 2017)The species largely avoids areas with human habituation and land usatefwive
agriculture, as well as heavily forested regions (Ruddock and Whi@@0¥). The species can be
fairly adaptable to habitats, they are not solely tied to high elevated uplzadatats and have

been recorded to utilize trees in lowland areas (Moss, 2015) if negizabitats are suitable.

Golden Eagles are opportunistic raptors and are recorded to catch and eagaoprey items (
Simmons, 1980), from insects, reptiles, mammals and birds and snmlates to scavenging
carcasses. Despite a wide array of prey items, the average breeding pastsobgust 3.57 prey
species, with the average weight of prey being 1.6 kg (3 & typically consisting of small to
medium-sized, ground-dwelling birds (e.g. game birds) and mammaldegjeogids;Whitfield et
al., 2009). They are often observed flying close to the ground in sedgiound-dwelling species
in short vegetation. They build large stick nests, which are usuallyrootes on inaccessible cliffs
(Taylor, 2010), or in some parts of the world in large mature trees (Nedfx8). A pair normally
produces one to two eggs and the eggs hatch around 4% days of incubation (Hardey et al.
2009). The chicks, one or both, fledge after roughly 75 days, bukaceded to stay with their
parents for another three to six months before becoming independent for fouvéoykears before

entering the breeding population (Weston, 2014; Murphy, 2017)

1.4.2.2. The White-tailed Eagle (Eryr y mor)

White-tailed Eagles are on average the fourth largest eagle in the world. In Eurozitaid, the
average male weighs 4.5 kg (10 Ib), with an average wingspan of 2.2 m (7 ft.) and tgeaver
female weighs 6.9 kg (15 Ib), with the maximum recorded wingspan of 885/ft.; Unwin, 2016).
Originally considered to have two races or sub-species acroggahe, only one is recognised, as
the population in Greenland is no longer considered a dissnbtspecies (Del Hoyer and Colar,
2014; Haileet al,, 2007). Adult White-tailed Eagles have an unmistakable plumage, a brown body
contrasting with a pure white-tailed, a pale head with a bright yellow(Bibrsman, 2016). The
young are a mixture of yellow and browns all over, includingttileand head and by annual
moults, they slowly attain the adult plumage over a four to five-yeamod Eigure 3, before

reaching sexual maturity (Cieslak and Dul, 2006).
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Figure 3.The dark brown body with contrasting pure white tail, pale haad vibrant yellow
beak of an adult White-tailed Eagle (left; Davies, 2019), compareletdriown and yellow
full-body plumage of a young White-tailed Eagle (right; P2D19).

Historically, the White-tailed Eagle was once distributed as a breedingagirass the northern
Palaearctic. With drastic population reductions and mattons, during the 19 century, from
extensive areas of their historic range, including; Britain, Faeroes, WestespeEand most of
the Mediterranean (Dementavicus et al. 2016) The population has now recovemeahy regions
and now occurs from Japan, Kamchatka and the Bering Strait in the @@¢rmany, Scotland,
Ireland and Iceland in the west, extending to Greenland in the Nearctic (Bitdtérnational,
2020). Total population numbers are not known, however, they am@er bird than the Golden
Eagle, with the largest breeding population recorded to be in Norway>2000 pairs), followed
by Russia (i.e. >1500 paifdailer et al, 2006). Across their global range, the majority of
populations are associated with coastlines (Evainal., 2010), estuaries and lowland wetlands
(Radovic and Mikuska, 2009), where they often nest in mature taeelscoastal cliffs (Taylor,
2010). The species is also capable of inhabiting inland ranges wieree are plentiful large
mature trees to build their nests near rivers and large freshwater |akiis sufficient food (Krone,
Nadjafzadeh and Berger, 2013).

White-tailed Eagles are generalist raptors, often eating carrion such as dead mamindslsynol
often dead fish washed up in coastal and freshwater shorelines (Whittedtl, 2013). They are
extreme food pirates (i.e. kleptoparasites), often stealing food from Ottentrg lutrg), Gulls
(Larug, and CormorantsRhalacrocoracidaeNadjafzadeh, Hofer and Krone, 2015). They are

seasonal hunters mostly feeding off live prey such as; watdsbiv  (]*Z vz E $Z A § E[e +}|
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in the spring and summer seasons (Sulkava, Tornberg and Koivusaai, 48® switching to

carrion, waterfowl and small to medium mammals in the winter (Wille and Kat@83)

They build large stick nests, which may be constructed in large en&ters, on rocky cliffs and
even on the ground on small Islands (Love, 2013). A pair normatlyges one to three eggs and
the eggs hatch after 38 days (Hardey et al. 2009). The chicks, on average arseat two, will
fledge the nest at eleven or twelve weeks (Whitfieldal., 2009). Young eagles stay with their
parents for another three to six months before moving away from their familatal territories.
Young eagles wander widely before becoming sexually mature at the age of fiowe (Balotari-
Chiebacet al.,, 2016).

1.4.3.Conservation Status

The Golden Eagle is a species of European Conservation Concern, category 3 specfes (BirdLi
International, 2018a), mainly attributed to the total European population stilhgpeelatively

small and declining in many countries, associated with human patisecand land use change
(Madders and Walker, 2002). The species is on Annex 1 of the EBii# Directive (Directive
2009/147/EG v« epu Z A]3Z]v 83Z h<U Z « B % [ FOWNE}]Y S }50 v (
protection and conservation. Many countries, including Britain, contagionally small

%0} %oppo S]}ve }( & JvP '}o v Po sU *} |3 ]*%u%ESwWwS EA dFv
across the wider countryside with measures to protect and enhantk fovaging and nesting

habitats (Whitfieldet al., 2006). There is no UK Biodiversity Action Plan (BAP) for Golden Eagles,
and no overall plan in the public domain for the species recoveryeli®iess, a species
translocation and the restoration of Golden Eagles to suitable habitats in phitteeir British

historic geographical range would represent a significant further conservateasure of national

(UK) and European importance (Whitfieidal., 2008)

The White-tailed Eagle, albeit a rarer eagle than the Golden Eagle, enjoys high ranking protection
status in most international conventions. White-tailed Eagles are a species of gpoisalvation

concern and a SPEC 1, rare species (BirdLife International, 2018b). Thegibation is still

A EC *u 00 A]J3Z ou}e3 009 }( 3Z A}Eo0o FIEE C]vwW Zj%jo~3]i&
International, 2015). The species is considered vulnerable across mitstarige due to its low
production, slow adult maturity and illegal persecution (Sansom, Evans, arg] Ral6). It is

extinct as a breeding species in many parts of its historic ranglading habitats along Southern

Europet Italy, France, Iberia, England and WatesA veU K[5}}o v tZ]3Ké¢ spetiesiiie
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is on Annex 1 of the EU Wild Birds Directive (Directive 200#£C)7and a Red-listed Species in

E]8 JvU o e Z AJSZ]v 8Z h<U Z o Z"% §] 0 MG ewe J v YW 3] [V T VIE
and Ireland for its protection and conservation. There is no recognised BXRita-tailed Eagles,
but there is a UK Species Action Plan (SAP; Scottish Natural Herithgp, T2tere are two main

long-term objectives of the SAP, these are:

)] NS} e | E }Whilegailpd Eagles to as much of their former UK range as is
*uls o _
1)) To seek the removal of factors limiting further natural expansion inkcuatable

Z ]S S SZE}IUPZ}IpuS S$Z h<U ]Jv % &S] po E 3y E] U } »

These long-term objectives are advised to be best achieved in the shortoer rolling scheme
of reintroduction programmes for the species in Britain. This confirasahy plan to restore the
White-tailed Eagle to Wales would substantially aid, National, Europeaintandational efforts

to restore the species to its historic ranges and contribute to the glaipacies recovery

programme.
1.4.4.Ecosystem Functions of Eagles

The Golden and White-tailed Eagle occupy the role of apex predators abeissespective
habitats. That is, they are situated at the top of the food chain and play &trote in the way

an ecosystem functions (Serggbal., 2007), rendering them keystone species. Both eagles main
ecological role is to directly serve their ecosystems, respgnttirseasonal fluctuations, preying
upon the most abundant prey source to keep populations in lda(Donazaet al, 2016).
Without the top-down influence of apex predators, like eagles, trofghiels of the food chain can
quickly get out of balance (Morris and Letnic, 2017). This is keswantrophic cascade and can
lead to an ecosystem being completely transfodifeeoet al., 2019). Both eagle species catch a
broad array of prey items, and provide this balancing service senasy levels of the food chain,

in multiple habitats. This top-down force influences a wide rangecosystem processes that

often enhance biodiversity.

An eagle can provide this service much faster than a terrestrial predat@eeking out an aerial
view and weeding out slow, weak, injured, diseased and dying ptesngthening the general

health and gene pools of prey populations in multiple habitats (Hedémstind Rosén, 2001)
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When apex predators are no longer present, lower orders of the food ¢haiease in abundance
and generally occupy larger foraging grounds, these trends put a great deaéssupe on
ecosystem functions and native biodiversity (Rodriguez-Loetalo, 2015). For example, in North
America, the absence of apex predators such as wolves and cougaigrédant impacts on the
numbers of both native (deer) and non-native (wild horses, Equus;féamkeys, Equus africanus)
ungulates. High-density populations of middle-trophic ungulates ledver-grazing leading to

biodiversity loss through the food chain and desertification (Veved. @007; Beschta et al. 2013)

Lennoxet al. (2018) revealed many negative connections to the rema¥ahpex predators,
including; increased inter and intra-specific competition over f@dl resources, increase in
smaller predators (i.e. mesopredator release; (Preglal, 2009), increased spread of disease,
less biodiversity and lower quality habitats. Thus, a reintroductf eagles to Wales would
support and regulate resource availability, habitat complexity and higalthiodiversity, generally
creating more resilient ecosystems. A prime example of this isnwWhite-tailed Eagles
recolonized the Finnish archipelago they were found to significantlpresg the introduce
American minkNeovison visoRin turn, leading to cascading benefits to native birds, amphibians,

small mammals, and plants (Roberge et al. 3004

Apart from their main ecological roles, eagles also provide otherlaémy and supporting
services to their habitats. The Golden and White-tailed Eagle are both facultatiengeas and
provide critical ecosystem services by removing decaying aniratgermand maintaining clean
habitats (Peislegt al., 2017). DeVaukt al. (2016) suggest this service helps break down organic
matter, in turn accelerating nutrient cycling, limits the spread of dise@sg. leptospirosis),
provide natural pest control (e.g. Red f&u{pes vulpgs RavensGorvus corgx JackdawsCorvus
monedula) and transfersa significant amount of energy between trophic levels, for a more
balanced food web. Both eagles are known to use multiple habitats acresslifa cycles and
transport organic material and nutrients between many ecosystems (Segkrcid006). By
transporting minerals and nutrients eagles can be vital resource linkarsicularly between
lowland and upland and aquatic and terrestrial habitats. Both eagles arsafgimel species to
track trends in environmental toxicants. For example, the systematic coltecti blood and
feather samples from Canadian BaldEagles are used to measure/track concentrations of

bioaccumulative compounds in aquatic systems (Bowerman et al.)2002
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Thus, the restoration of either/both species to Wales enhances the conservatiors siftine
species, but wilultimately contribute to restoring ecosystem functions to priority habitats and

improving ecosystem resilience across Wales.
1.4.5.Why Restore Eagles to Wales and Known Limitations?

We believe that by gathering the appropriate evidence, the information in this thesismisean

opportunity to initiate the restoration of either/both the Golden and White-¢gilEagle to parts

of their historic ranges in Wales. Both species of eagles were once wadespnd abundant

throughout much of Britain, from which it is believed both spscwere eradicated due to

persecution by humans during thefl@entury~z o vU Tii6V A veU K[3}}o v tZ]3(
A veU K[d}}o v tZ]3(] o ~1iifeU +3Ju 8 3Z %J}% @b S]Pvisil }

1,400 and 1,000t 1,500 pairs in 500 CE for Golden and White-tailed Eagles, respeatiitbly,

breeding pairs located in Wales. Across Wales, however, therdarkaf historic information

about eagles, which has presented questions around their indigenous brestitus in Wales

(Marquiss, 2005). The knowledge gap orientated around the indigenous statslelsen Wales

is deliberated irChapter Two

The restoration and translocation of young eagles is not a novel conceptittonBand are
thoroughly understood, following the successful reintroduction prtgethat have been
undertaken for both species in Scotland and Ireland (Scottish Natural Her2ga@;, Mee, 2016),
with the most recent being White-tailed Eagles translocated to the Isle gh\WBouthern
England, in 201%{gure 4 Denniset al.,2019).
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ite-tailed Eagle arrives at
Fair Isle, Scotland in 1968, with Roy Dennis,
George Willgohs and George Waterston (left;
Love, 20 13) and the first White-tailed Eagle at
Isle of Wight, England in 2019, with Steve
Egerton-Read, Tim Mackrill, lan Perks and Roy
Dennis (right; Roy Dennis Wildlife Foundation,
2019).

The managers of these projects have offered the opportunity to share experiencdestd
practice, as they believe that a reintroduction project would be the nedBtient way to re-
establish both eagle species, in Wales. The project would alspleormant wider European and

Global efforts to restore both species to their historic ranges.

Although the general population trends, at present, are said to be increasirgptbrspecies in
Europe, the current European range remains restricted compared to historic tinmet i(&
International 2015, 2018; Sato et al. 2020). This can be attributed to the liteyhigaits of eagles,
which are monogamous and have long-life spans, low reproducttes rdelayed sexual maturity,
strong competitive ability, and slow dispersal (Webb, Brook and SBD®). Whitfield et al
(2009), found that the White-tailed Eagle display strong natal philopatry, paralleitmet al[ »
(2016) findings for Golden Eagles; meaning that when they reach sexual maturigneendhe
breeding population at the age of four or five, they breed close tirtimatal sites. This is

particularly true for reintroduced birds, with Scottish birds stayoyal to release sites, which can
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*uUPP 8§ 3§} @&S]§] Ko v Swithth&bredding eagles breeding on average 11 km
away from release sites (Whitfied al., 2009).

Given the constraining nature of strong natal philopatry and its signifie in terms of where new
territories are established. It has been mentioned by eagle experts that thétéeshance that
either species can naturally colonise Wales, or southern England dofotleseeable future
(Marquiss, 2005; Dennis, 2019), despite suggesting there are great expansealié sareeding
habitat in Wales for them (Dunan Halley and Roy Dennis, pers. comm). it yeees, Wales has
experienced scarce and sporadic visits from young wandering Europedritiad eagles (Dennis,
2020). Wandering sub-adult eagles would likely join a breedinglptpn once established (Roy
Dennis, Duncan Halley pers. comm). The lack of any breeding eagless) Wdalever, means
there is no clear incentive to settle. Nevertheless, a reintroduction of éhosthd White-tailed
Eagles would act as an important link and facilitate gene flow between newly sbidbland
expanding populations in Europe with those in Scotland and Irelanly @¢el Phillips, 2016). Due
to the lack of eagle sightings in Wales (Aderyn, 2018a, 2018b), thereinsraasing effort to
understand how eagles would use the modern welsh landscape. One @omemtroduction
method is to assess how ecologically similar species ang tise landscape (IUCN/SSC, 2013),
thus, to fill in this knowledge gap we discuss the environmental feamsssciated with breeding
distribution and features that were correlated to areas not occupied by brepdiVelsh

mesopredators irChapter Three

}SZ *% |+ & o} E P & (o PePBidei¢sHa upfand, coastal and wetland
conservation across Europe (Smith and Sutton, 2008); thereby corrobothé&ngption that the
conservation of iconic and charismatic species would bring wiamtiversity conservation. The
restoration of either/both species would help raise the profile of thesgrvation and protection
of associated habitats in Wales, in turn leading to knock-on benefita fouch broader array of
threatened or declining species that share the same habitats (Entwisti@aweén-Jones, 2002)

In this regard, eagles could also be considereduthbrella] *%. ] *V u Vv]vP §Z }ve &,
% E}S 3]}V }( SZ *% ] [ Z 1538 E <p]E u vse AJoo *Ju ZFuvP }(
(Roberge and Angelstam, 2004). While thergenlaeen many studies looking into the expansion

of British eagles (Fielding and Haworth, 2014; Sansom, Evans and RoogstH#&g)as been no

(} ue }v E]S Jv[e (Ho0o ]J0]3C 3} *u%o %} ES EEQhdpid? FolRo U AZ] Z

19



Chapter One: General Introduction

In addition to the conservation and ecological case for the reintroductic@adien and White-
tailed Eagles to Wales, evidence suggests that it will also have economic bém&ftstland eagle
tourism is popular and recent RSPB commissions reports have shatithe presence of White-
tailed Eagle generates up to £5 million to the economy of the Isle of Mull ezt gnd £2.4
million to the Isle of Skye through visitor spend in local areas (Mdl@i]). To complete our
oe eou vSewhéth&r a reintroduction is the most acceptable option for both spa@dipgd $Z &
needs to be a thorough understanding of what areas of Wales can sulpg@ding birds, main
areas of risks and best areas for release. Information on the best availa@el@ihy areas in Wales

for both the Golden and White-tailed Eagle are discussé&hmpter Five
1.4.6.Why the Welsh Landscape?

The Welsh landscape is characteridga rich mosaiof habitats; from coastal sand-dunes, rocky
shorelines and several offshore Islands, through to ancient oak woodlangastdres, up to
moorlands and high mountains (Blackstock, Howe, and Stevens, 2010). fEstri@rhabitats of
Wales are mostly mountainous and surroundeyg stretches of mainland coastline2,205 km
(1,370 mi) in length. The stretches of the Welsh coastline are embedded e@itiiass beds and
several specialised reefs, which support high levels of biodivétsatyhowet al. 2016, 2018). The
Welsh coast encompasses an array of protected heritage coasts, witimlaenwf internationally
important seabird colonies and have been recommended to be highly suitatzsiging sites for
the White-tailed Eagle that will feed on the adults and young and scavenge dead(buncan

Halley and Roy Dennis pers. aos).

Wales encloses more than twenty-two mountain ranges, many of which hese ddvocated to
be suitable for Golden Eagles. North Wales has the highest mountainding;lthe Snowdonia
hills, Arenig hills, Cadair Idris and the\Bgr mountains in the north-west and the Clwydian range
in the north-east (Styles, 1973). The Cambrian mountains run from northteeastith-west and
cover most of mid-Wales. There are the Brecon Beacons, the Black Mauatainsouth Wales
and Gwent Valleys (Pennigton, 2017). Wales has a relatively small nopalationof 3,187,203
individuals (Office for National Statistics 2019), 64.9% of the popuolas and around the
industrial areas of South Wales, specifically, Cardiff, Swansea and Neamgbothe adjoining
South Wales Valleys. A large proportion of the population in Walesnigmall settlementspf

less than 1,500 individuals (Gartregral. 2007).
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Wales has large protected areas, with 30% of its land and 36%aufeigss protectedHigure 5,
due to their international or national natural and cultural importance (Natural RessikVales,
2017). There are 123 sites in Wales recognised and protected by Europgamnemnational law
(Marsden et al. 2015). The European Union identified 112 Natura 2000 sit8pe@ial Protected
Areas (SPASs), and 20 Special Areas of Conservation (SACs), across Wales. Thel@ Reanadso
sites of international wetland importance and a single UNSECO Biosphere reserve altales
recognises 142 protected areas of national importance (Wales iseocof National Parks,
2019), including three National Parks, five Areas of Outstanding NaturatyB@ddNBs) and

134 Nature reserves.

Mountain Ridgelines
o
[
I National Nature Reserve
SSSI
[ RAMSAR
SPA
AONB
National Park

[ ] Local Authorities Wales

Figure 5 The national and international terrestrial and marine statutory designatedseayokes

of Wales, including ridgeline mountain contours.
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Chapter Two

History of Eagles in Wales

QAIan M. Hunt
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There is no doubt that both the Golden and White-tailed Eagle were formerly
Al % E E}eet 0 U ipes o]l }us.

Roy Dennis, MBE, Pers. Comms (2018).
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2. Chapter SImmary

Two species of eagles (Golden and White-tailed) bred in Wales during prelsistbhi¢storic times and
became regionally extinct as breeding species in the mid-1800s. Téegoaic and charismatic, and
discussions about reintroducing them back into the Welsh landscape have beengofwoiears.
Reintroductions, however, can be risky, costly and/or contentious. To address themmgoand to judge
AZ 3Z E 15 ]* %% E}% E] & 3} E JvSE} E Pl}v oo@Qv]ESIYE -
Conservation of Nature (IUCN) have produced criteria by which a proposed reintrodaictimnassessed.
A key criterion is that the potential reintroduction location lies withanformer range of the species. In this
study, we addressed this criterion by assessing the past distributions of Gold&dhiteetailed Eagles
within Wales. Using historic observational data, fossil/archaeological records ahehesifrom place-
names in the Welsh language, we demonstrated strong evidence for the presdmath of these eagle
species in Wales in pre-historic and historic times. We used kernel density functiongltheatiklely core
distributions of each species within Wales. The resulting core distributions passed much of central
and west-north Wales for both species, with the White-tailed Eagle exhibitingex ware distribution
extending into south Wales. Our results fill knowledge gaps regarding the histugies of both species in

Britain, and support the future restoration of either or both species to Wales.

2.1. Rationale

<v}Ao P }( *% | [ MHEE VS V %o *S ]J*SE] uG]}v%]e S(euM(u
biodiversity conservation. Historic occurrence data are often used to infer fodisénibutions
and changes in these distributions over time, as well as the currdnerability and future
conservation of a species (Eli¢h al.,2006 Kuemmerleet al.,2012; Guisaret al.,2013; Yanget
al., 2016). Historic data and distribution modelling are vital tools to gtine restoration of
species to areas from which they have become extirpated (IUCN/SSC, 19%), Z0e
combination of environmental history, which is principally the intetption of the past, and
conservation biology, which predominantly aims to shape the future, pesval framework fo

understanding the conservation of species that are represented on the Internationah Wor
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Conservation of Nature (IUCN) Red List. This understanding enables the development of
conservation strategies appropriate to the species (e.g. reintroduction progranByéstet al,,

2014), and the implementation of new policies, legislation and egguis appropriate to the
management of such populatiorfSinclair, White and Newell, 2010; Guisral., 2013 Syfet et

al., 2014)

2.1.1.The History of Eagles across Britain and Wales

There are two eagles native to Britain, the Golden E#glei(a chrysaetgsand White-tailed Eagle
(Haliaeetus albicillip Both eagles belong to the famiccipitridae(Mindell, Fuchs and Johnson,
2018), however, the two species are not closely related and belong toehtféeneraAquila
(booted eagles) andHaliaeetugsea eagles) and differ substantially in their behaviour and ecology
(Evanset d., 2010; Whitfieldet al., 2013). In Wales, both the Golden Eagle (known in the Welsh
language as Eryr Eurgj@nd the White-tailed Eagle (known in Welsh as Eryr y Mor) are currently
regionally extinct. They are iconic and charismatic species of ecolagittalal and conservation
importance across the British Isles. A restoration project for either/othbspecies would
contribute to the Welsh, National and International aims of Article 22 of the HabitatSpadies

Directive (Council Directive 92/43/EEC, 1992); to restore native species tdotfmear ranges.

Golden Eagles were extirpated from England and Wales by the late 19th emdrfrom Ireland

by 1912 (Eatomet al.,, 2007; Hayhovet al., 2017). A pair returned to breed in England from 1969
until 2004 ~ vv]e v 00]eU i660V A veU K[3}]}&olden Bagles(rpnoaitkediiiie
extant in parts of Scotland, where the population today stands at nttwaia 500 breeding pairs
(Whitfield and Fielding, 2017). White-tailed Eagles became extinct in Erggidnid/ales by 1860,

and in Scotland and Ireland by 1918 (Yald¢ 71116V A veU K[3}}o v .tHes(] o U
subsequent recoveries of both species elsewhere in the British Islesbiean attributed both to

legal protection from 1880 (Dennis, 2003; Taylor, 2011), and agalicheme of successful
reintroduction programmes, including in areas of western and eastertia®do(Love, 1988;
Bainbridgeet a. 2003), in Ireland (Nygard, Halley and Mee, 2009), most recently in southern
Scotland (Fielding and Haworth, 2014) and southern England, specifiealbfe of Wight (Dennis

etal., 2019).
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2.1.2.Welsh Obligations to Restore Extinct Eagles

Both species display strong natal philopatry, meaning; when they reach seatwaity and enter
the breeding population at the age of four to five, they are attracted to areas whitbrdoreeding
eagles and generally breed close to their natal sites (Whitéeldl. 2009; Millsapet al., 2014;
Whitfield and Fielding, 2017). Given the constraining nature of natabpmtily on where new
territories are established, it has been suggested that other breeding ptpns within the
British Isles are too distant for natural dispersal to lead to the re-distabent of Golden or
White-tailed Eagles in Wales (Marquiss, 2005; Degnial. 2019). Populations of both eagle
species are subject to increasing environmental pressures in the UKo(®akvans and Roos,
2016; Whitfield and Fielding, 2017), and a species restoration groge Wales would be an
effective long-term conservation programme to conserve both eagle populgtlmsth nationally
and internationally, by expanding their current range into an area where theyregionally
extinct. The first step in any well-planned reintroduction feasibilitydgfufollowing IUCN
guidelines (IUCN/SSC 1998, 2013), is to assess the historic distributmth epbcies within the
proposed region for the reintroduction, and program approval is subjectlease sites being

located within the former distribution of a species.
2.1.3.Knowledgé&sapsn British Eagle History

Robust information on the historic distribution of both eagle species in Walaberefore, an
essential requirement of a properly planned species recovery programfaklen (2007) and
A veU K[d}}o v tZ]3dyblished asskssments of the former distribution of eagles in
the British Isles. The latter study estimated the population size of eachespecbe 800t 1,400
and 1,000t 1,500 pairs in 500 CE for Golden and White-tailed Eagles, respeatiitblyistoric
records located in Wales. However, while this research referenced detadeatibievidence for
the distribution of eagles in England, Ireland and Scotland, they did net th@vsame level of
information for Wales. Therefore, there is a need to fill in this knowledge gap.rétuires a
comprehensive review of historic data for eagles in Wales, in order to adthred&JCN criteria

for the validity of any proposed species restoration project.
2.1.4. Chapter Two Research Objectives

This study addresses the historic evidence for both Golden and White-tailesk Eesgbreeding

species in Wales and estimates the core regions where historicde@we distributed for each
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species, collated from both English and Welsh-language sources. Thububgisopaper, these
historic resources are categorised into three record types: i) histivgervational recordst
including ornithological literature, persecution records and museuetspens; ii) archaeological
or palaeontological records; and iii) place-name records. Weaitifie increasing understanding
of the habitat preferences of both species within the UK (Eeaa$, 2010; Whitfielcet al.,2013;
Sansom, Evans and Roos, 2016) to maximise the utility of the available datastdentify the
environmental features associated with Golden and White-tailed Eagle recovdales. We then
use these environmental predictors of species identity and apply Discriminardtion Analysis
(DFA) to assign likely species identities to historic records afauik eagle species. This enables
us to map and model the historic distribution of both species acWdates, utilizing both known

species identities, and species identities predicted by the Discriminauatibo Analysis.

2.2. Methods

2.2.1. Collection of Histomt Data

The historic distribution of both the Golden Eagle and White-tailed Eagle wezstigated by
collating information from three types of records: historic observationahaeological and place-
name records, ranging from pre-historic times to 1920 CE. Date and locatttsmation were
also collected for all record types, where available. Historic recortsuti sufficient locality

information (i.e., coordinates or specific place-names) were excluded frerm#in analysis.

We extracted information by searching (manually or electronically) for &ysvkrds set out in
Table 1 comprising common, regional and international terminology for eaglegeireral (i.e.
non-species-specific records) and Golden and White-tailed Eaglpariicular (i.e., species-

specific records).

2.2.2.Historic Observational Records

2.2.2.1. Ornithological Literature

Primary sources were natural history accounts and historic regiondl rbports. From such
documents, 46 sources were found to document eagle sightings alesNwith 23 sources

providing sufficient locational information to be included in the analysis.
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Table 1.Search terms used in the study to collate non-species and specidig-$psitiric

eagle records for Wales.

Species Search term Language and context
Non species-specific records

Eagle English
Erne English (historic|
Unspecified eagle species Eryr (heryr) Welsh (+ mutated form
Eryrod (heryrod Welsh plural (+ mutated forn
Aquila Latin
Golden Eagl¢ English
Golden Eagle Eryr Euraio Welsh
Aquila chrysaeto: Latin
White-tailed Eagle English
Sea Eagle English
White-tailed Eagle Great Erne English (historic
Eryry Mor Welsh
Haliaeetus albicille Latin

2.2.2.2. Persecution Records

Persecution records for both eagle species were collated primadly The National Online
Library of Wales (Welsh Online Newspaper Library, 2019). The searcherkta total 1,551
articles reporting a persecution incident of an eagle species, representing8dvardividual
incidents between 1804 and 1920.

2.2.2.3. Museum Specimens

In search of historic eagle records, 52 museums around Wales and neigithparts of Britain
were contacted regarding taxidermy mounts or skeletal parts of Golden antk\d#iied Eagles.
Specimens were only used if they had accompanying documentatibimgs the geographical

origin of the material.
2.2.3.Place-name Records

Place-names in Wales referring to eagles were collated from the Royal €siomon the Ancient
and Historical Monuments of Wales (20M9) § ZArcHwilio_ ,]*S}&E] VA]J]E}vu vs Z
(Archwilio, 2019), the Melville Richards Archive Place-name Databas8);(201d Ordnance
Survey Six Inch Maps of England and Wales, 1842-1952, supplementedNigtitmal Library of
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Scotland (2019). These sources were searched for place-names with compaséetsibly
E % E » v3]vP A E] §]}ve }( §Z t P ZE u{EAERC @t [ahd
HAeryrod] as well « $Z vVPo]*Z P @M ZEv Qut of a total of 82 place-names
incorporating an eagle-related component, only 64 were considered t@li included in the

analysisgee Results 2.3.1)2

2.2.4.Archaeological and Paleontological Records

Archaeological (i.e. human-associated) recoveries of bones, as well as paleontolagieal (n
human-associated) sub-fossil and fossil records were collated from previoudishaabwork

from Yalén (2006), Harrison (1987), Bramwell (1980), and Bell (1915). Additional
archaeological and paleontological eagle records were collated from open souwrcechdnts
produced by four Welsh Archaeological Trusts; Clwyd - Powys ArchaeologicalCRASt,

2017), Dyfed Archaeological Trust (DAT, 2017), Glamotg@went Archaeological Trust
(GGAT, 2017), and Gwynedd Archaeological Trust (GAT, 2017). There were 12 archaeological

records found for Wales, only 8 provided enough information to use irstingy.
2.2.5.Data Preparation, Modelling and Mapping

All records were assigneds ]3Z E Z<v }ekords feferring to a named eagle species; or 2)
ZhvIiv}Av /H t}E « VvIS]vP v Z Po [ }( uVIVIAV % ] «X/Z][ }E -
category mainly consisted of place-name records. Date, latitude, loregitudi county were
compiled for both record types. All eagle records were assigndidetdhirteen old counties (i.e.
Anglesey, Brecknockshire, Caernarfonshire, Carmarthenshire, Ceredigion, Denbighshire,
Glamorganshire, Flintshire, Gower, Gwent, Meirionnydd, Pembroke&hRadnorshire), as well

*+ 3} 8Z u} EvV "%E& « EA _ }uvs] e }(t o SPACHYXC 'ACtve3 U

Glamorgan, East Glamorgan, Mid Glamorgan & Gwent).

In order to identify the habitat features associated with the past distrianutf both eagle species,
historical environmental variables were compiled for each record, usimgert sources and
historic data sources from the 19th and early 20th Century. From thieedjabitat associations
of White-tailed and Golden Eagles were modelled. For example, as White Eaitgels are more
closely associated with lowland areas in close proximity to maricefr@shwater sources than
the Golden Eagle, distance to the coast and altitude (OS Terrain 50, 2019heheded (Evanst
al., 2010; Moss, 2015; Sansom, Evans and Roos, 2016; Halyalg\017). The Ancient Woodland
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Inventory (2011) and Historic LandMap Wales (2017) were chosen to feflemtic land use data
for Wales between 1805 and 1920 CE. From the Historic LandMap of Wales \@®&Xjracted

data on historic standing waterbodies and urban settlement areas for further sinaly

QGIS spatial software (v 2.18; QGIS Development Team, 2019) was used toavesizgpe and
eagle-location data onto a Welsh Country Boundary-line shape file. This wagalassess the
distribution of such spatial attributes across Wales in relationistohic eagle records. To assess
the association between the species-identity of species-speciftoritisrecords and selected
habitat variables, the distance to the nearest habitat feature (m) and the area of thatahab

feature (m2) were calculated in QGIS for each eagle record.

Quantitative data analysis was carried out using R (R Core Team, 2019), implineRtStudio
(v3.4.2, RStudio Team, 2019). A Generalised Linear Model (GLM) with &baroon distribution
v Zo}P]8[ o]vl (pv 8]}v A « Jv]8] 00C pe Z3}]8 & EuiMEAZRA ZEZ ] u!
strongly associated with species identity of eagle records, usingthset of records with a
known, species-specific identification. Habitat variables were retaingeeifinal model based on

stepwise deletions (following the rationale set out in Thoretal., 2017)

The environmental variables retained in the final GLM explaining specestityd were

M e <pu VSOC pe ]V ]* EJulv 8]1}v &uv 3]}v Dv 0'\CPe ~ B ol |Zs]vA
7.3 t 47; Venables and Ripley, 2002). The prediction accuracy of the Disgrirfiunction was

tested by comparing the species identities predicted by the DFA, with thalapecies identities

}(8Z ZIVIAv /[ & E }E X , AJvP e oo 5Z]-AoCUIEZ]¢ SV S
A e 3Z v pe 38} %%E ]38 5Z 0]l 0C *% ] ] w3BCIV AYZ/ R }&Z
predicted species records and known species records were therbined)y and species
distribution plots for each eagle species were overlaid with computidsation distribution

ANl EV O0e_ 8} E % E « v §Z JE E « AZ E Z]|+3}ERUENIE » A
Wales. These core areas were assessed by plotting 50% kernels (i.e. the avsmgmicé central

A19 }( §Z 8}S o J*SE] pusSlv }( Z]*S}E] €& }E v U{(]v¥PZ §Z

Z Z 18 8,Z[ % | P ~AiXdXidV o vP U TiioeX
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2.3. Reaults

2.3.1.A Review of Eagle Records for Wales

2.3.1.1. Historic Observational Records

A total of 55 historic observational records were collated from the oabayical literature, 24

from written persecution records and 15 from museum specimens.uAlbbe of the 15 museum
specimens were excluded from the main analysis due to the lack of lodat#yprovided with

each specimen. Of the remaining 80 historic observational recordisded in the analysis, 73

records (91%) were described to species level and included 37 Whéad-Eagle and 36 Golden

Po & }& U §Z & u ]Jv]vP 6 €& }E& - JVP «%e ] R ve X ZZ 7l e} E

observational records were distributed across all of the modees@rved counties of Wales,

apart from Mid GlamorgarHgure 6, A

2.3.1.2. Placename Records

Eighty-two records were collated, of place-names ostensibly imcating an eagle component.

00 }( 8Z +« E }E « E %E « vS§ v uvIiviAv Z PdEE[*] AvE]S@XS K
included in the analysis as they were consider¢d@ E 3} Z A ZZpu v[ }E& Zu} CEv]|
(e.9.,]v opg JvP Z+ 8§80 u v8U Z v O}euCE [ }E& ZZ}pe [=U }RHBLC VE] ]
(e.g., Eryrys Mine and Cymery-Mawr Well), considered unlikely to indivatesist occurrence of
eagles. Of the remaining 64 place-names, all were Welsh-language names;of¥s ré89%)

Jv JE%}IE § $Z A}JE Z ECE[U v 6 ~ii9¢ v JE%RE 30 - ECE
vu E }E ¢ ]JvoplvP §Z toeZ (JE&ue ZZVPOEZ [(J&uZ ZEPE [V} HE
Place-name records were distributed widely across Walestecing more abundantly in the

north and north-west of the country, mostly in Gwynedd and Civwsidure 6, . Place-names

included and not included in this analysis are showAppendix 1.

2.3.1.3. Archaeological and Paleontological Records

Of the 8 such records, 4 were identified as Golden Eagle, andwhds-tailed Eagle. These

records were mainly distributed near coastal areas across \Waigsré 6, &.
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Figure 6.The historic distribution of known (k) and unknown (Unk) eaglerds in Wales before modelliri@) observational record4y) place-

name recordsg) Archaeological records ami all historic records together.
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2.3.2.Known and Unknown Species Eagle Records

Including all acceptable record types, the dataset consisted of 151 separatelseepresenting
the past occurrence of eagles across Wales, with earliest records detakgmore than 5,000
years seeAppendix 1 The § ¢ § }u% E]- 01 ZIVIAv /| [ E }E U 381 E %
Eagles and 40 representing White-] o Po X dZz § ¢35 o0} ]vop 0i Zhvlv]
which could indicate the historic occurrence of either speckgure 6, J. The geographit¢a
distribution of these 151 records provides compelling evidence that sagkre widespread

across Wales, with records obtained from every modern preserved couitales.
2.3.3.Habitat Features Associated with Species-Specific Eagle Records

The binomial GLM model to explain species identity of Known-ID eaglelseadentified altitude

(m asl; LRT = 8.9, d.f. = 1, p = 0.01) and distance to the nearest coast ("§.4RIf==1, p =

0.003) as being significantly associated with species identityexpsected, White-tailed Eagle
records were associated with lower elevations (mean elevation: 104.2 #4-m} located closer

to the coastline of Wales (mean coastline distance: 9039.4 +/- 198h.&vhereas Golden Eagle
records were associated with higher elevations (mean elevation: 244%9m &sl), further from

the coast (mean distance to coast: 17,383.6 + 2127.8 m). Altitude and disiamearest coast

A E 3Z ue 0A ¢ %}*]3]A 0C }EE 03 ~W EAVIXIiYJER( AlviU
<0.001)

Species identity was also significantly associated with distannearest waterbodies (m; LRT =
8.6, d.f. =1, p = 0.003) and the area of such water bodies (m?; LRT =.7=11,dof= 0.007). As
expected, White-tailed Eagle records were associated with closer ptgximiwaterbodies
(average distance to waterbody: 2120.5 +/- 259.4 m) than Golden Eagles (ad&stayee to
waterbody: 2254.9 +/- 308.7 m). White-tailed Eagles were also associated switiler
waterbodies (average waterbody area: 131,080.3 +/- 58,604.5 m?), whereasrIoédjles were
associated with larger waterbodies (average waterbody area: 202,758.9 +/- M. f89/Distance
to the nearest historic settlement was the least significant influentdditat variable. There was
little difference between the mean distance of Golden Eagle records to lussetilements
(average settlement distance: 4372.5 + 3701.3 m) and White-tailed Eagle re@welsge
settlement distance: 4198.8 + 3610.6. m). Initially, this variable was sequgelialinated from

the model as the variable was marginally non-significant. Howevettodaelusion of this variable
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presenting a much more efficient model (i.e., lower AIC, higheugs R2, and later providing
higher DFA prediction values) and the biological relevance of this hahiiable for both eagle

species, distance to settlement areas was retained in the final model

Other environmental variables: distance to nearest woodland cover (rep af the nearest
woodland cover (m2), woodland type (coniferous/broadleaved/mixed), histmvironment type
(rural/built) and the area of the nearest historic settlement (m?) were not signifigagsociated
with species identity and were not retained in the final averaged molde. six habitat features
retained in the final averaged GLM model were incorporated into the DiscrimifRancttion
V OCe]e pe 3} e¢]Pv 0]l 0C *% ] ] v%tEbrecBldsSZ ZhvIv}Av][ o

234 WE ] &]vP "% ]« / v&]8C }( ~hviviAv / _  Po

The Discriminant Function correctly classified 86.3% of the known-ID reagiels; specifically,
correctly classifying 34 of the 40 known White-tailed Eagle o=c(85%), and correctly classifying
35 of the 40 known Golden Eagle records (87.5%). Classificafianknown-ID eagle records had
a mean likelihood of 84.4% for records classified as White-tailegéscagd 72.6% for records
classified as Golden Eagles. Combiningbaf Iv}AYy v  -&ssigned species identities, gave

51 species-specific eagle records for Walé&l Golden Eagle and 70 White-tailed Eagle records
(Figure 7.
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2.3.5.Where were Eagles Formerly Distributed in Wales?

All eight modern counties in Wales hold historic records of eithidvoth eagle species, with the
north western parts of Wales holding over half of the recokigure §. White-tailed Eagle records
are distributed across all modern counties. Similarly, the Golden Eagbeds are distributed
E}ee 00 u} EvV }pvsS] e }(t o U % ES (E}w DRO'prUulEPE&EXvEBZ
Wales encompassed areas of Gwynedd, including the Snowdonia Mountain rantgefpaiwyd

and north-west Powys; 74.2% of Golden Eagle records were distributieth whis core historic

range Eigure 8, &

The Whites ]o Po [« }E Z]*S}E] & vP Vv }u%o e UNSZ o EP (
Golden Po [+ }&E @& vP U ]Jv opu JvP & =+ }( 'ACv F(]v v (v - 9% C
parts of Dyfed (mainly the Ceredigion Coast), West Glamorgan (predominantly the Kehfig an
Gower coast); and fragmentary areas of Mid Glamordaguie 8, B. The noth-western core

range held 36.4% of records and the south-eastern core range held 42.9% rofsreco

a)} Golden Eagle, Eryr Euriad (Aquila chrysaetos) b) White-tailed Eagle, Eryr y M&r (Haliaeetus albicillia)

Figure 8. 10 x 10 km distribution of eagle records in Wales: Historic reconddainge and
core historic distribution for the) Golden Eagle ana) White-tailed Eagle.
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2.4. Discussion

The historic and pre-historic presence of Golden and White-tailed Eagles &oglssid, Scotland

and Ireland is well understooz 0 vU Tii6V A veU K[8}}o Muttthq Kiloric U Tiile
evidence for these two species in Wales has, until now, been spargegfloveet al. 2010). Our

collation, modelling and mapping of 151 separate eagle records fraedANmakes a significant
contribution to the history of eagles in Britain and provides compellindegwe for both Golden

and White-tailed Eagles being historically widespread in Wales, idexgtipartially overlapping

core ranges for the two species. These core ranges include locations wherechigtanids are

now well evidenced.
2.4.1. Temporal Distribution of Historic Records

Evidence for the presence of eagles in Wales extends back into pre-hsategntological and
archaeological records date back to the Neolithic period (Harrison,; }8&0ison 1987). Written

records of eagles date back to thl €entury, in early Welslo- vPpu P " vwiden@\such as

Z Vvu , 0 [ ~8Z ~"}vP }( , 0 U Z ECE o][ ~ o][* P (Vv Z
Pengwern; Rowland, 1990). Many of these earlier literary references lacifclent information

to be included in this analysis, yet they still contribute to the ovemialiure by highlighting the

importance of eagles in the heritage and culture of historic Wales.

There is historic evidence for breeding Golden Eagles in Wales, with negisdmirded in Castell
Dinas Bran in Denbighshire (Forest, 1907), Carnedd Llewelyn in Gwynedah, tedhigh crags
of Eryri (Snowdonia; Johnson, 1644). The temporal distribution wirtisecords that we collated
suggests that Golden Eagles became extinct as a Welsh breeding speébs 6 fii[«U A]3Z §Z

latest breeding records coming from Snowdonia (Evans, 1974).

Our evidence reveals that White-tailed Eagles were eliminated as a breedingsspetVales in
§Z EoC i6ii[+X [EEmBry,3W&hitd-tailed Eagles were frequently observed in
Gwynedd, including the Llyn Peninsula, the Carmarthenshire and Ceredigion Goddte area
surrounding Kenfig, Bridgend and Margam in South Wales (Heathcroft, Gnffi®almon, 1967;
Hurford and Lansdwon, 1995). The Kenfig area yielded over 50 yeagutdr\White-tailed Eagle
records between 1810 and 1860, with one record reported in 1906.a8h@ésting pair of White-
tailed Eagles at Kenfig appears to have been eliminated by persecution; the feaskhot in

1816, and the male in 1828 (Welsh Online Newspaper Libraryp2019
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The extinction of both species in Wales was driven by persecutioned®ien records collated
here often detailed shootings of adult and juvenile eagles while scavengistyeep carcasses
(Welsh Online Newspaper Library 2019d). The elimination of raptors wascapted rural
practice to protect domestic livestock; not only in Wales, but ssritain and Europe (Newton,
1979). Persecution was encouraged and subsidized by bounty paymecdsded in Britain as
early as the 18 Century (Newton and Rothery, 2001). While we have no evidence of bounty
payments in Wales, there is evidence for ongoing persecution of eagles Wthes, even after

eagles become only sporadic visitors (Lovegetva., 2010).

Persecution and observational records continued into the early @@ntury; these patchy and
sporadic observations presumably relate to non-breeding eagles disgerdo Wales from other
parts of Britain. The spatial and temporal distribution of records after thimetion of eagles as
breeding birds in Wales, suggests that these sporadic records weeddistributed across their

former range.
2.4.2.Classification of Unknown Species Records

Several habitat variables provided significant explanatory value in separgtwoies records.

These variables correspond well with the observed habitat preferences dfvthepecies across

their historic and current North-Western European range, as describedeimeitent literature

~Z }YA] v DJ]lpel U jéti@Vw Aiw A veU K[3}}o v tZ]3(] o U 1iifVv ~
and Roos, 2016; Whitfield and Fielding, 2017). Golden Eagles are lagmtjatesd with high
elevations and inland mountainous habitats (Watson, 2010). By conté4ste-tailed Eagles are
associated with low-elevation, coastal habitats such as estuaries, wstlaamdl with inland
waterbodies ~Z }A] v D]l 09l Bvamget al, 2010; Krone, Nadjafzadeh and Berger,

2013).

The Discriminant Function Analysis was able to classify correctlpB&86wn White-tailed Eagle
records correctly, and 87.5% of known Golden Eagle records, with.8#08rediction accuracy

on average across the two species. This prediction accuracy compa@sradbly with that
reported in a previous study of Booted Eaglege(aaetus pennatusind Lesser-spotted Eagles
(Clanga pomaring)where DFA yielded on average a 60-82% prediction accuracy (Galanaki, 2004,
Poirazidis et al., 2007).
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A post-hocassessment of the species identities assigned to place-name recortie HYyFA

showed an interesting congruence between the species identity and eleroétite place-name

relating to geographical features known to be associated with that species. &opéx place-
VU®]v %o v toe]v ] }E%}E S Ju%}v vSe(}@ LE]*N AJ- @& [EtP
E} leU Z ECV[ ~Z]ooe v ZPA puv[ ~u}}Eo v]¥ o038 Wlodv 3ZPH -
(Fielding et al., 2019). Place-names in lowland ar ]v o Z 003[ ~t 0+Z (}E&E A}}
Z} [ ~(JE «3 }E A}} U Zv v3[ ~+8E wue Vv ZgolC¥[ AJ3Z.vZYs 13

tailed Eagles (Sansom, Evans and Roo, 2016).

While it is not possible to insist that any individual placere is related to the past presence of a
particular eagle species, the distribution of these geographical elemergagte-related place-
names across upland and lowland Wales, supports the DFA-predjmeeds-identities of Golden
and White-tailed Eagle historic records, which ultimately reflects theibligton of the two eagle

species across the Welsh landscape.
2.4.3.Core Historic Distributions in Wales

Mapping of both the species-specific and the predicted-species eagtedsecevealed clear
distinctions between the core historic ranges of Golden and White-tailecd&aljhe core historic
range of Golden Eagles is weighted towards North Wales, centred on the uplead af
Snowdonia, whereas the core historic range of White-tailed Eagles encompaassmore of
southern, lowland Wales, including the coastal areas and estuaries ofskheof Anglesey,

Ceredigion and parts of the south Wales coastline.

Core ranges mapped highlight areas of Wales where historic records, hgegati non-breeding
are now well referenced. Due to the sedentary behaviour of UK eagles, the spaizehidg of
populations are shaped by the territorial behaviour of occupied breewingories (Chambert et
al. 2020). The home range of non-breeders and breeders are differemtever, significantly
overlap due to shared habitat preferences of immature and mature birdsidimg; sufficient prey
availability and an abundance of nest, roost and perching site®@del al. 2002; Sansom, Evans
and Roos, 2016; Feildiegal. 2020) Most of the records within these core ranges are dated within
the 16", 17" and 18 Centuries providing an insight into the core distribution before the
extinction of both species as breeding birds in Wales. Most recwittsn the 19" century in

Wales refer to young visiting eagles. Thus, the use of both non-breedthprerding records
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provided a much comprehensive picture of the fine-scale histopieence of both species and

were used as a proxy measure of historic habitat suitability.

2.5. onclusion

IUCN guidelines (IUCN/SSC, 1998, 2013) state that the reintroduction of assgiecidd be
carried out within its historic indigenous or nativenge. Assessing the historic distribution of
species has proven to be a valuable part of the toolkit of methods fadatadg and planning
reintroduction programmes in Britain (Hendricks al., 2016). The reconstruction of species
historical ranges for regionally extinct species has aided the succesgfahal restoration of
species such as the White-tailed Eagle (Bainbrilgal, 2003; Nygard, Halley, & Mee, 2009;
Denniset al.,2019), European Beav&astor fibel(Kithchener and Conroy, 1997; Gaywood, Batty
& Galbraith, 2008) and Pine Martedartes martes(Macphersoret al., 2014)

It has previously been suggested the restoration of either or both eagle sgecWales is not
feasible due to the lack of historic evidence suggesting their widespreautreace in Wales
(Marquiss, 2005). Our collation of records and reconstruction ef historic distributions b
Golden and White-tailed Eagles has revealed both species to be widelgudistrin Wales until
the early-mid 19 Century and identifies the core areas within which we are mostdenfiof the

historic presence of each species.

Our analysis confirms that both species were once widespreastVales, and both fell victim
to persecution by humans. The Welsh landscape has changed significacg\oeth eagles last
bred in Wales over 150-years ago. Additional analysis is now needadsess whether the
modern Welsh landscape can still support both the Golden and Wailied Eagle and to assess

whether reintroduction of either or both eagle species to Wales is asteapossibility.
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Yn ystod y blynyddoedd diwethaf, mae effaith ecolegol gadarnhaol y ddau eryr
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n recent years, the positive ecological impact of both native eagles has
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Roy Dennis, MBE, Pers. Comms (2018).
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3. Chapter Simmary

The Golden and White-tailed Eagle are regionally extinct as a breeding spatiakes. In the absence of
these two avian apex predators, middle-trophic avian mesopredators can be cefeasecompetition and
predation, leading to rapid growth in population numbers and distributionsh \Wieésopredators now
substituting new roles and ecosystem functions, their current distribution ahilahassociations are
E 1 praxyandicators of habitat quality and anthropogenic threats. As part obioiggstudies to restore
either/both eagle species to Wales, the International Union for Conservetidlature (IUCN) suggest
gathering information on ecologically similar species. With no systematic oniogitof birds of prey in
Wales, we address this IUCN criterion by estimating the core breeding rangeabditad associations of
five avian mesopredators that share behavioural, ecological, dietary or nestingeraguis with eagles.
Using observational data in the breeding season, we use kernel densitiofigntd model likely core
breeding ranges and generalised linear models to assess the habitat assoadiationghese ranges. We
demonstrate the spatial differences between specialist and generalist mest@r&desulting in four main
landscape references to consider for eagle restorations in Wales. Our results cotdributevledge gaps
in Wales for birds of prey and provide an optimistic outlook for eagle reintrodudtianmay contribute

towards an ecologically resilient Wales.

3.1. Rationale

There are fifteen species of diurnal birds of prey native to Britaith ®leven of these species
confirmed to be currently breeding in Wales (Dobstml. 2012). These fifteen species are highly
diverse; physically ranging in size from the White-tailed E&tgéaeetus albicilla known in the
Welsh language as Eryr y mdavith a maximum wingspan of 2.5 m; to the MerliRa{co
columbariug, known in Welsh as Myrddin, with a wingspan measuring around €69
Ecologically, they encompass both habitat generalists and specialist&) &&wins of their diet,
range from scavengers and terrestrial insectivores to aerial huntesthef vertebrates (Donazar
et al. 2016).
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Birds of prey play crucial roles in their relevant ecosysteuestd their behaviour, ecology and
position in the food chain. Depending on their hunting strategy, they eagither apex predators,
being the most dominant predator in a given area, or mesopredators, beiddlentrophic level
predators, which prey on smaller species but can potentiallyregqa upon themselves (Prugh
et al.2009; Richie & Johnson, 2009). There are two apex predatorydfifgey native to Britain
the Golden EagleAquila chrysaetds known in Welsh as Eryr Euraid, dhd White-tailed Eagle.
Both eagle species are currently geographically restricted to breedBepittand and Ireland, with
recent translocations of young Golden Eagles to South Scotland (Fieldirtaeodth, 2014) and
White-tailed Eagles to the Isle of Wight (Deretial. 2019); aiming to establish long-term breeding

populations across North and South England, respectively.

The other thirteen bird of prey species are more widely distributed acm®stain and are
considered mesopredators. Both apex and mesopredators exert top-dowtmot@ver trophic
levels; apex predators positioned at the top of the food chain have stronger bemaviand
population-level control over their prey and other predators (Haywarglofners 2009; Leet al.
2019), mesopredators generally exert middle-down control, as #reyadapted to hunt smaller

prey items in smaller territories (Fedt al. 2019)
3.1.1. The Mesopredator Release Effect

The removal of apex predators, such as the Golden and White-tailed Eaglaltearthe
behaviour, habitat selection and abundance of other species, inclutiexpivores and
mesopredators, which can lead to substantial ecosystem changes (Morsn& 2017). For
example, mesopredators previously kept in balance by apex Fé (E ¢ v ZE o -+ [ (d
competition and predation when apex predators are removed, leading to rgpigvth in
mesopredator numbers, substituting new roles and ecosystem func{idas/someet al.,2017)

For example, in the absence of eagles, medium-sized birds of preylairaytte hunting grounds,

nest sites and food resources once controlled by native eagleespeci

Rising populations of mesopredators place substantial pressure ongfesir such as songbirds,
small mammals and insects, causing many species to suffeaticatieclines (Richie and Johnson,
2009). As stated by Nishijine al. (2014), ecosystems experiencing mesopredator release have
lower levels of biodiversity than ecosystems intact with their na@ypex predators. This is

because medium-sized birds of prey are typically outcompeted by eagldeddrand other
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resources. Eagles are also capable of predating on other birds of prefings mesopredators
often avoiding areas claimed by eagles or altering their hunting and foraigatgges to reduce

the chances of an encounter (Jimeretzl. 2019).

dZ Zu%iE S}E & omaybe(dund |n areas of Britain where Golden and White-tailed
Eagles are absent, particularly in England and Wales ¢Ralb 2018). There has, for example,
been a significant increase over the last decade in some adaptableeagdtile mesopredators
such as the Red Kite, Barcud Caddlvus milvuyand Common Buzzard, Bwncath Gyffre@intéo
buteg). Although both mesopredators are abundant and widespread acrossoh&sitain, they
are less abundant in the mountainous areas of Scotland where GEBlalgies are present (Austin
& Houstin 1997; Murn and Hunt 2011). This could be related to the unnatalah&e between

avian apex and mesopredators across England and Wales.
3.1.2. Birds of prey as indicator species

Despite mesopredators playing an important ecological role by exertingleaditivn control to
the food web (i.e. small birds, mammals & rodents); the mere presence of thesein a given
landscape serves as a barometer of ecological health. Mesopredatorgpaxdoredators, due to
their position in the food chain, are considered globally as biokd indicator species (Rodriquez-
Estrella et al. 1998). Attributed to the lack of apex predators in Walespprnegators are

powerful indicators for several reasons.

The presence, absence and abundance of mesopoesi@lay an important role in ecosystems
because they can determine the community structure patterns of their p(Bpth and Weber,
2008; Beuchley et al. 2019) and are considered good indicators of habétltydrecause of their
sensitivity to human disturbance and environmental contaminations (Helander ed@8)2The
spatial distribution and abundance of such species are often usedrnsgrwation management
tools to highlight anthropogenic threats like pesticides, habitat byss climate change (Jose et
al. 2016; Vali et al. 2020 ). For example, the United States, Canada, MakEorape have shown
specialist species like the Osprdyatdion haliaetusto be useful indicators for monitoring
environmental contaminants in lakes, reservoirs, rivers and estua@esvé et al. 2009) and

similarly the use of Hen Harriers for monitoring upland habitats (Madd&g&)R

Generalist birds of prey are also extremely valuable indicatoratsoas they have wider habitat

preferences, inhabit wider geographic areas and interact with a greater rangeyftems in the
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food chain (Movalli,Duke and Osborn, 2008). Researching and mogitbe population trends
of specialist and generalist meso and apex predators have proven todwostaeffective and
efficient means to detect natural and anthropogenic environmental change ( Movalli 2018)
Enabling us to take conservation action that is driven by the latest scientificBiads.of prey are
also classed as umbrella species in world conservation. Bifgeyhave wide home ranges to
cater for nesting, roosting and foraging. Thus, the protection of the langges can often facilitate

wider conservation benefits to related and unrelated habitats and bioditye(Regos et al. 2017)
3.1.3. Mesopredators as proxy indicators for Apex Predator Restorations

Inspired by the complexity and dynamic nature of bird of preyriiutions and abundance, many
studies have monitored mesopredator populations as indicatorcigseto generate important
knowledge gaps to understand the ecological requirements or biogeogrépfhompson and
McGargial, 2002; Poirazidis, 2017) to predict species distributions,ifeaintroduction sites,
prioritize conservation areas and predict the response of populationsabitat loss and
anthropogenic land use ( Franklin, 2009; Martin and Ferrer, 2013 rraral. 2018). ecologically
similar mesopredators expanding into the former ranges of past eagles damasagroxy
indicators[ *% ] ¢ Z ]S § Z-useXHduge amd anthropogenic threats (Roth & Weber,
2008). Five out of the thirteen British mesopredators occur eoccur in similar environments to
native Golden and White-tailed Eagles, attributed to shared behavioural, ecallodietary or
nesting requirements, represented ifable 2 The five focal mesopredators used in this study

include:

)] Hen Harrier, Hen Tinwy(€ircus cyaneus)

i) Common Buzzard, Bwncath Gyffre@uteo buteo)
iii) Peregrine Falcon, Hebog Tran{Balco peregrinus)
iv) Osprey, GweilcfPandion haliaetus)

V) Red Kite, Barcud Co¢Milvus milvus)

With the absence of breeding eagles and between 1-3 sporadic visiy@aefrom non-breeding

eagles across the 20Century in Wales (Aderyn 2018a, 20);8bformation on how suitable the

modern-day Welsh landscapes for native-lost eaglke is difficult to gather. The IUCN
reintroduction guidelines (IUCN/SSC, 2013) suggest gathering literature-bdsedation on

closely related or ecologically similar species as indicators of matsgr habitat suitability.
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There is, however, no systematic monitoring of birds of prey in Wad#swing the closure of the
Welsh Raptor Study Group (WRSG) in 2013. Thus, assessing the cdiegbdestribution and
habitat associations of ecologically similar mesopredators, ndy dils in crucial species
knowledge gaps, but enables a useful management tool to build compraefeemgormation
about land uses in Wales and potential anthropogenic land use mskded to consider the

feasibility of restoring eagles to Wales (Gepeal. 2017).

Table 2.The behavioural, ecological, dietary or nesting characteristics adgcally similar

species that overlap with White-tailed (WTE) and Golden Eagle (GE) $disies nhames are

given in English, Welsh and Latin.

Species Species Overlaf Habitat Use Home Rang¢g Reference

Apex Predators

Open Habitats Rabbits
Natural Grassland Hares
Golden Eagle, Eryr Euraid Upland Habitats Upland birds

Marquisset al. 1985
Evanet al.,2010

) s
(Aquilachrysaetos) / Moorland Game birds 210 6km Whitfieldet al 2013
Watson, 2010a|
Heathland Waterfowl ]
X Unwin, 2016
Crags (nests) Carrion
I\E/Ia;nntrai bays & coasts Fish
Wse::ngz Seabirds Evanet al, 2010
White-tailed Eagle, Eryr y mor Rivers Waterfowl Whitfieldet al 2013
(Haliaeetualbicilla) / Waders 3to 8 km? Sansonet al 2016
Lakes . )
. Rabbits Unwin, 2016
Lowland habitats !
Hares Denniset al. 2019
Mature trees (nest)
Carcasses
Coastal crags (nest)
Mesopredators
. Mammals
Open habitat Rabbits

Natural grassland Redpathet al.,2001
Hares

Hen Harrier, Hen Tinwyn GE Forestry plantations 3.6 to 7 km2 Watson, 2010b

(Circusyaneuy Peatbogs (nest) Shorebirds Hardeyet al. 2013
Waterfowl
Moorland (nest) Upland birds
Open habitat
Cammon Blmrd.’ Bwncath Upland habitats Mammal; Hardey et al. 2013
Gyffredin GE Upland birds 2 to 3 km?
Moorland X Wallls & Kenward, 201
(Buteobuteog) Carrion
Bare rock (nest)
. Waterfowl
Peregrine Falcon, Hebog Tramor (L;pl:l:u;rr:;k;nats Mammals Baker et al. 1997
inlan - aders 0 9 km atcliff,
(inland) GE i ot (nest) Wad 210 9 km? Ratcliff, 2010
(Falcoperegrinuy crags (nest) Corvids Hardeyet al.2013
9 Upland birds
Estuaries Waterfowl
Peregrine Falcon, Hebog Tramor Natural arassland Waders Baker et al. 1997
(coastal) WTE Rivers Seabirds 210 9 km? Ratcliff, 2010
(Falcoperegrinuy Coastal cliffs (nest) gzlrl\;lds Hardeyet al. 2013
Marine bays
Estuaries Lohmus, 2001
O9prey, Gweilch Lakes . ) Marquisset al. 2007
(Pandiorhaliaetug WTE Rivers Fish 710 10 km Hardeyet al. 2013
Lowland agricultural (nest) Mackrill, 2019
Forested areas (nest)
Open habitat Carcasses Davies & Davis, 197
Rd(l\ljtlt\a/’uiiizﬁ\eg QCOCh WTE Lowland agricultural Amphibians 3 to 6 km? Davis & Davis, 189
Mature woodland (nest) Mammals Hardeyet al 2013
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3.1.4. Chapter Four Research Objectives

This research chapter uses observational data for five ecologically simgapredators to the

Golden and White-tailed Eagle. Here we focus on observations during the tgegsefison to

identify core breeding ranges across Wales for the Hen Harrier, CorBunrard, Peregrine
Falcon, Osprey and Red Kite. Throughout this chapter, we assess the asaddnassociation
with environmental features and habitat types within each species brgedinge, as indicators
of habitat quality and anthropogenic threats. This study takes a nationapeetise to derive a
present-day understanding of land use and how current mesopredaisesthe modern-day
Welsh landscape, in a trait-based approach to discuss anthropogeks and benefits (i.e.

landscape references) of potentially restoring the two native eagle species to Wales.

3.2. Methods

3.2.1. Observational Data for Avian Mesopredators

Long-term observational data for the Hen Harrier, Common Buzzard, Peregrine Fajmey,dbsl

Red Kite across Wales, dating back to 1920 CE in some cases,av@egpby Aderyn: The Ldca
Environmental Records Centre for Wales (LERC Wales, 2019). Aggregated observational datasets,
collected by experts and the general public, were processed to réfedireeding season of each
species, using annual observation data between April and August, oyeratd Breeding season
sightings, between 2008 to 2018, were used to assess the coralibgedistribution of each
mesopredator species in Wales. By processing species data by lyessdison, between 2008

and 2018, we utilized 607 data points for Hen Harriers, 5,974 for @onBuoizzards, 2,539 for
Peregrine Falcons, 593 for Ospreys, and 4,547 for Red Kites.

3.2.2. Mapping Core Breeding Ranges of Avian Mesopredators

Annual breeding season observations throughbityears were initially used to creasel0 x 10

lu J*SE&] usS]tv So <[ (}&E r atrogs Wae& MesSdpredator distributions were
u %o %o pue]l]vP 8Z Z ]}o}P] IindQQIS }ghtial sbftwarde (v 2.18; QGIS Development
Team, 2019). Th&ernelUQfunction of the ZdehabitatHRpackage (v 0.4.15; Calenge 2006) in R
statistical software (v 3.4.2, R Core Team, 2019), was further usedit@ @¢ore breeding ranges

by computing the utilisation distribution for each species, and plott@§o kernel density
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estimations representing species-specific breeding range kerid@&mel plots denoting core
breeding ranges eliminated any potential sightings in areas only feseghigratory routes or
stopovers, like the Hen Harrier and Osprey. The 50% kernel plots were usesks core habitat
types and spatial environmental features preferred/selected by each mesopredatossattear

breeding rangen Wales.
3.2.3 Breeding Habitat Associations

CORINE Land Cover (CLC, 2018), was used to derive and map twenty-two lakgpes\aross
Wales Table 3. The total proportion of each habitat type (m?) were calculated for the entire
terrestrial surface of Wales and used as a null model to assess the stimtgthen mesopredator
breeding observations and their associated habitat preferences. The strength of tbeseiions
were assessed by comparing the frequency of observations in each habigatgipin each
species breeding range, using th® v E S zvudqpevsS§lv }( $Z uab \pakkide
(v0.1.0.1; Vaughaet al. 2018) in R statistical software (R Core Team, 2019

Table 3 The twenty-two CORINE habitat types used to examine the habitarenek and

avoidance behaviour of five mesopredator species in Wales.

Habitat Type CORINE Class Land Use Cover (km2) Lane Use Cover (%)
Arable land 12-17 1,830 8.63
Bare rock 31 48 0.23
Beaches, dunes, sands 30 70 0.33
Broad-leaved forest 23 441 2.08
Coastal lagoons 42 12 0.06
Conifer forests 24 1,041 491
Estuaries 43 39 0.18
Heterogeneous agricultural areas 19 t22 1,457 6.87
Inland marshes 35 56 0.26
Intertidal flats 39 187 0.88
Mixed forests 25 589 2.77
Moors and heathland 27 1,456 6.86
Natural Grasslands 26 2,178 10.27
Pastures 18 9,415 44.39
Peat bogs 36 488 2.30
Salt marsh 37-38 83 0.39
Scrub and herbaceous vegetation 28-29 323 1.52
Sea and ocean 44 83 0.39
Sparsely vegetated areas 32-34 194 0.92
Urban 1t11 1,155 5.45
Watercourses 40 24 0.11
Waterbodies 41 42 0.20

*Natural grassland includes Nuetral, calcareous and acididic grassatagories. While pastures include improved grassland.

The frequencies of observations within each habitat type present in core Igednges, were

then compared to the total proportion of habitat types available across Wales. iB&rhction
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was run for 100 iterations and an average mesopredator-habitat interaction maas)camputed
(Null) alongside its Confidence Intervals (CI). If the null value falls otit&idel, the interaction
can be signifiantly greater (e.g. right of the Glhigh observed frequencies) or less than expected
(left of the CIt low observed frequencies), based on the proportion of habitats availableiasw
For each species, the Standardised Effect Size (8E®an value for all interactions were
calculated to providea standardized estimate of the strength between mesopredator-habitat

interactions within core breeding ranges.

3.2.4. Environmental Features of Wales

Individual breeding seasoobservations were further used to calculate the distance (km) to a
number of selected environmental features, within each species careding range; to assess
the potential association or avoidance behaviour of each mesopredatxief To test what
habitat features are characteristic of each species breeding range, enwrdahvariables used
included; distance to nearest; woodland cover (NIWT, 2018), lake (Lakes InyeB@18), river
(Main rivers, 2018), coast, urban settlement (BUA, 2017), road (OSOR, 2088 wi(Onshore
Windfarms, 2017) and persecution incident (RSPB Raptor Persecution, 2019). Eleaat@iso

extracted for each observation (OS Terrain 50, 2018).

Additional attributes were also calculated to assess the magnitude (naljr@nsions (km?2) of
environmental features including; area of woodland cover, area of lakejahusettlement
population number, the number of wind-turbines within windfarmand the number of
persecuted birds for each persecution incident. All datasets were supptiddr the Ordnance

Survey OpenData Licence or Open Government Licence.

3.2.5. Associative and Avoidance Behaviour

To evaluate the association or avoidance of breeding mesopredator \aigars with different
environmental features in their core breeding ranges, the MASS package 1. 1.3Venables &
Ripley, 2002) in R was used to fit a Generalised Linear Model (GLM). Avadgatmial
distribution GLM, with two-way interactions, were fitted for each spe€ieble 4. Environmental
features and interactions terms (if any) influencing the occurrence of each mexipr species

in the final model were retained based on multi-model inference (Burnhamdeison, 2004).
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Table 4.The environmental features were computed to study the associative and aweidan

behaviour for five mesopredators in Wales via a negative binomial GLM.

Dependent Variable Independent Variables Interaction Terms

Distance to coast
Distance to river (km)

Distance to road Distanceto lake x Area of lake

Distance to lake (km) Distanceto persecution x No. of incidents
Species Occurrence Distance to persecution location | Distanceto settlement x Population no

Distance to settlement Distanceto windfarm x Wind-turbine no.

Distance to windfarm Distanceto woodland x Area of woodland

Distance to woodland (km)
Elevation (m asl)

3.3. Reaults

3.3.LAvianD *}% E S}E So [ VvV }E & ]JvP Z vP -

The core breeding ranges within Wales differed for each of the five mesopresip¢mies. The
Hen Harrier and Osprey had the smallest breeding ranges covering?d@id 11.35% of the
Welsh terrestrial landscape, respectively. The Hen Harrier and Osprey passed single-core
breeding ranges distributed exclusively in Norigure 93 and North-west Waleg={gure 9d.
The Common Buzzard had two disjunct core ranges, together covering 29.27&tesf @he in

the south and one in the north, extending into the Isle of AngleB&u¢e 91).

dz W & P &]vcor& boeddirg range was very similar, sharing a southerly coralimge
range with the Common Buzzard but fragmented into two distinct rangdgiiorth, altogether
covering 27.05% of WaleBiQure 93. The Red Kite was by far the species with the biggest core
breeding range, covering 34.14% of Wales. Core ranges for breeding Beddfitprised of five
core breeding areas; two large ranges covering South and Mid-Wales,ngpueost of the Black

and Cambrian Mountains, and three smaller ranges dispersed across North(Wates 9¢.
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a) Hen Harrier, Hen Tinwyn (Circus cyaneus)

b) Common Buzzard, Bwncath Gyffredin {Buteo buteo)
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c) d) Osprey, Gweilch (Pandion haligetus)
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e) Red Kite, Barcud Coch (Milvus milvus)
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Figure 9.10 x 10 km atlas maps denoting the core breeding ranges (yellow aoedbgfa)
Hen Harrier, Hen Tinwyn (Circus cyanebsZommon Buzzard, Bwncath Gyffredin (Buteo
buteo); c) Peregrine Falcon, Hebog Tramor (Falco peregriny€)sprey, Gweilch (Pandion

haliaetus); and e) Red Kite, Barcud Coch (Milvus milvus) in Wales between 2@08 &nd
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3.3.2. Habitat Associations of Avian Mesopredators in Wales

3.3.2.1. Hen Harrier, Hen Tinwyg@ifcus cyanels

The largest proportion of habitats within the core breeding range of WEksh Harriers were;
pastures (703 km2), moors and heathland (475 km?), natural grasslands (3),4£&nifer forests
(220 km?) and peat bogs (201 km?). The greatest number of breedimg\vait®ns were recorded
on peat bogs (n = 139) and moors and heathlands (n = 121). Thegestdmbitat association for
breeding Hen Harriers were demonstrated by a positive associaitbrp&at bogsrgull: 9.45, 95%
Cl: 6.18t 13.61, SES: 66.J1%0llowed by moors and heathlandu(l: 28.54, 95% CI: 20.9634.86,
SES: 24.8§8There were also significant positive breeding associations with sctlbeabaceous
vegetation, inland marshes, dunes, and bare rdegyre 103. There was a significant negative

association (i.e. avoidance) of pasturesl(; 184.02, 95% CI: 169.69.97.65, SES: -2345

3.3.2.2. Common Buzzard, Bwncath Gyffrednteo buted

The greatest proportionob v }A & A]8Z]v }uu}v pil E [+ E ]JvP E vP
(2415 km?), arable land (911 km?), urban areas (832 km?), naturalamdsg647 km=2), moors and
heathland (612 km?2), and heterogeneous agricultural areas (470 km?2). The greatelsémafm
breeding observations were observed in pastures (n = 1323), urban @rea4192) and arable
land (n = 1110). The most positive habitat associations for breeding Bezazare with urban
areas (ull: 312.15, 95% CI: 471.8531.02, SES: 71)0and arable landnill: 495.35, 95% CI:
471.55 t 531.03, SES: 40))6ollowed by sparsely vegetated areas, dunes and sands, coastal
lagoons and waterbodiesEigure 10B. Despite Buzzards being observed most frequently in
pastures, this was shown to be simply due to the abundance of pEsiarWales. Indeed, the
distribution of breeding Buzzard observations were significantly negatassdgciated with both
pastures Qull: 2545.16, 95% CI: 2490.132594.88, SES: -42)68nd natural grasslandsi(ll:
590.54, 95% CI: 562.9%20.05, SES: -17)86

3.3.2.3. Peregrine Falcon, Hebog Trameal€o peregrinys

Due to similarities in Peregrine breeding ranges to those of the Buzzard, igihesh
proportion of land cover across the Peregrines breeding ranges were also =&050 km2),
arable land (993 km?), urban areas (924 km?) and natural grasslands (721 kmi&)gHdmst

number of breeding Peregrine observations were observed in urban areas (msu8687.86,
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95% CI: 74.7% 99.56, SES: 42.88nd arable land (n = 268ull: 139.10, 95% CI: 123.80
152.79, SES: 20.18nd these habitats were also strongly positively associated with breeding
Peregrines, along with salt marsh, sea and ocean, intertidal fldeydmmarshes, coastal
lagoons, beaches and dunes, and waterbodiggure 10§ The strongest negative habitat
association was, as with Buzzards, pastuned:(712.53 95% CI: 682.32737.25, SES: -35)57
and natural grasslandsaill: 165.56, 95% CI: 150.60.82.83, SES: -4 0

3.3.2.4. Osprey, GweilchHP@ndion haliaet)s

The most extensive land cover types in the core breeding rahiéelsh Ospreys were; pastures
(772 km?), natural grasslands (506 km?2), moors and heathland (484 km3)oaifer forests (200
km?). Ospreys were observed more frequently in areas of pastures (n = 214heterdgeneous
agricultural areas (n = 227). There was a weak negative association withgsagull: 289.40,
95% CI. 272.7& 308.38, SES: -8)land a strong positive association with heterogeneous
agricultural areasnull: 44.67, 95% CI: 35.8%4.09, SES: 3913 here were also positive breeding

associations with salt marshes, intertidal flats, sea and ocean, and wateesaiigure 104.

3.3.2.5. Red Kite, Barcud Cod¥ifvus milvus

The highest proportion of habitat cover within core breeding rangeReaf Kites were pastures
(3387 km?), natural grasslands (1477 km2) and heterogeneous agricultaes @r184 km2). The
number of breeding observations were also greatest within these habitat tyaessires (n = 928),
natural grasslands (n = 348), heterogeneous agricultural areas (n = 3l&pbandareas (n = 298).
As with Buzzards and Peregrines, pastures were again the habitat with tregest negative
association with Red Kitesu(l: 1201.11, 95% CI: 1106.111174.29, SES: -14)9@ he strongest
habitat association for Red Kites was with natural grasslandis 276.84, 95% ClI: 253.7297.30,
SES: 6.09heterogeneous agricultural areasu(l: 186.21, 95% CI: 169.9903.81, SES: 14.pand
urban areasr{ull: 145.98, 95% CI: 130.5260.63, SES: 19.)14ollowed by salt marsh, inland
marshes, coastal lagoons and waterbodiegygre 10¢. The number of observations and the

strength of habitat associations for each mesopredator are tabulatégppendix 2.

52



Chapter Three: Ecologically Similar Species

a) Hen Harrier, Hen Tinwyn (Circus cyaneus) b) Common Buzzard, Bwncath Gyffredin (Buteo buteo)
Watercourses P
Waterbodies © Watarbodies o 3
Spaely wegetated areas - Sparselyegmared ares *
Scrub and herbaccous —o Scrub and herbaceous veygetation i
vegetation o Peat bogs o
Peat bogs Fastures. e
pastures . e Natural grassland P * e
Natural grassland o miugf"rd I:eathland o
Moors and heathland = . tariini i o
Mixed forest P Inland marshes 0
Inland marshes SIS Heterogeneous agricultural areas by <o
Heterogeneous agricultural > Estuaries +
areas I Coniler farests 5
— Coastal lagoons .
Conifer forests e = Broad-lcaves forest o
Broad-lsaves farest Beaches, dunes & sands °
Beaches, dunes & sands hd Bare rock H
Bare rock re Arablelsnd — °
f T T T T J ] I I
0 500 2500
5 50 100 150 200 1000 1500 2000
B No. of observations
No. of observations
c) Peregrine Falcon, Hebog Tramor (Falco peregrinus) d) Osprey, Gweilch (Pandion haliaetus)
Watercourses L
waterbodics g Watercourses |
Urkan — e Urban i
Sparsely vegetated areas © o
i e it Sparsely vegetated areas L
Serub and herbaceous vegetation o Seaand ocean I
Salt marst m = Scrub and herbaceous vegetation f'_
Peatbogs il Salt marsh .
Pasturcs ° — b
Matural grassland @ Peatbogs i
Moors and heathland & Pastures } s =
ol i Sl Natural grassland : -
Intertidal flats o (A
Inland marshes o Moars and heathland i
Heterogensaus agricultural areas . Mixed forest e
Estuaries Intertidal flats e
Conifar farasts < b
Coastal lagoons N Inland marshes 1
Brosd-lusves Morast te— Heterogeneous apricultural areas ! 5 =
Beaches, dunes & sands e Conifer forests 18—
Barc rock b s,
Arable land i — & Broad-leaves forast |
T T T T T T T T T T
o 200 400 600 800 0 50 100 150 200 250 300
No. of observations No. of observations
e) Red Kite, Barcud Coch (Milvus milvus)
Waterbodies g
Urban B *
! Sparsely vegetated areas &
' Sea and acean +
' Scrub and herbaceous vegetatic Le
'salt marsh 2%
"Peat bhogs o
| Pastures - =
| Natural grassland i
Maars and heathland =
| Mixed forest o
| Intertidal flats -
| Inland marshes ®
| Heterageneous agricultural are: e @
| Conifer forests -
| Coastal lagoons 1
| Broad-leaves forest =
| Beaches, dunes & sands o
| Bare rock 3
Arable land @
f T T T T T T
0 200 400 600 800 1000 1200

No. of observations

Figure 10.Habitat association plots comparing the frequency of breeding obsengadots)
with available breeding habitats in Wales, of tagHen Harrier, Hen Tinwyn (Circus cyaneus);
b) Common Buzzard, Bwncath Gyffredin (Buteo butgoperegrine Falcon, Hebog Tramor
(Falco peregrinus)l) Osprey, Gweilch (Pandion haliaetus); a)dRed Kite, Barcud Coch
(Milvus milvus). Red dots denote a positive habitat association, biiseddmote negative

habitat association, and white dots indicate no positive or nggatabitat association.
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3.3.3. Environmental Features Selected or Avoided by Avian Mesopredators

3.3.3.1. Hen Harrier, Hen Tinwyg@ifcus cyanels

Five out of nine environmental features assbprovided significant explanatory value in the
selection and avoidance of environmental features within the core bregpdange for Hen
Harriers. There was a positive association between occurrence and disteoast (nean: 73.99
+/- 0.52 kn), lakes ihean: 2.91 +/- 0.10 kjp and wood coverngean: 1.04 +/- 0.04 K
observations were more abundant in closer proximity to these features. @atens were also
more frequent in areas of high elevatiomé¢an: 460 +/- 4.4 m gshnd in close proximity to
locations of persecution incidentsigan: 13.79 +/- 0.36 KmThe size of lakes and number of birds
persecuted in a given area also affected occurrence, observations were greatese proximity
to larger lakes and decreased in close proximity to smaller lakesr(: 0.41 +/- 0.15 kM2
Observations were less likely near areas of high frequency of recorded raptor y@reezvents
(mean: 2.1 +/- 0.07 birdsEnvironmental features and interactions terms significant to Hen

Harrier breeding distributions are shownTable 5t Model 1.

3.3.3.2. Common Buzzard, Bwncath Gyffrednteo buted

For this wide ranging species, all nine environmental variablesigédexplanatory value for the

occurrence of observations within the core breeding ranges of Buz{aedde 5t Model 2.

Buzzards were greater at close proximities to; lakes (mg&& +/- 0.0m), rivers (mean0.91

+/- 0.0]), woodland (meani.21 +/- 0.0%m), coastlines (meari0.05 +/- 0.1km), the location

of persecution incidents (meai:3.77 +/- 0.11km), windfarms (meanl1.24 +/- 0.10km) and
urban settlements (meart.50 +/- 0.0Zkm). Buzzard observations were also frequent in areas of
higher elevations (meari:26 +/- 1.7 masl) and in greater proximity to roads (medn75 +/- 0.02
km). Observations were frequent in both low and high populated urban greaan:27,980 +/-
948 people), and in areas with low wind-turbine numbers, however, Bagmitly decreased in

areas of high wind-turbines areas (me&nwind-turbines +/- 0.ind-turbines).

3.3.3.3. Peregrine Falcon, Hebog Traméal€o peregrin)s

Within the core breeding range for Peregrines in Wales, seven environnfeatales provided

significant explanatory valudéble 5t Model 3. The occurrence of Peregrines were significantly

higher in areas in close proximity to; coaste@n: 6.70 +/- 0.24 kjnrivers (nean: 1.97 +/- 0.04
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km), lakesihean: 2.02 +/- 0.05 kjrand windfarmsrfiean: 9.81 +/- 0.26 kilnThere was a negative
association between occurrence and distance to; urban settlemeneai: 1.42 +/- 0.04 kjn
woodland cover rfiean: 1.00 +/- 0.02 kjn persecution locationsmean: 16.71 +/- 0.20 kmn
observations were more abundant at greater distances from these features. The size and
magnitude of lakes, woodland cover and wind-turbines were also adsdcwith Peregrine
occurrence, in regards to the proximity to these features. Observations wreger in areas at
greater distances from larger woodlandsdan: 0.63 +/- 0.04 krpdand in closer proximities to
larger lakesrfiean: 0.53 +/- 0.03 kmhand wind-turbinesrfean: 6 +/- 0.2 wind-turbings

3.3.3.4. Osprey, GweilcHPandion haliaetys

Observations of Ospreys within their core breeding range in Wales wsoeiated with only three

environmental featuresTable 5t Model 4. Osprey occurrence was negatively associated with

distance to lakes and with elevation, meaning that observations were greateeas af lower
elevation (mean: 13.6 +/- 2.1 m gsand in closer proximity to lakesngéan: 1.91 +/- 0.04 n
Osprey occurrence were higher at greater distances to urban settlenmetn 1.38 +/- 0.06 in
and also higher in areas located away from settlements with higlilpdipn numbersifhean: 233

+/- 3 peoplg.

3.3.3.5. Red Kite, Barcud Coch (Milvus milvus)

All environmental features tested were significantly associated with olasieins of Red Kites
(Table 5t Model 5. There was a positive association between breeding occurrence and efevati

(mean: 190 +/- 2.6 m gshnd distance to; urban settlementmé¢an: 1.51 +/- 0.05 kjnroads

(mean: 1.72 +/- 0.03 kjrand lakesrfiean: 2.21 +/- 0.03 kjnobservations were more frequent at
greater distances from these features and at higher elevations. There were negative asssciatio
between occurrence and distance to; coase@n: 21.20 +/- 0.3 kjnpersecution incidentsi{ean:

8.01 +/- 0.15 y windfarms fnean: 8.33 +/- 0.11 Knrivers fnean: 3.10 +/- 0.06 kjrand wood
cover (mean: 0.39 +/- 0.01 jnobservations were greater in close proximity to these features. The
relationship between breeding occurrence and distance to windfarms,epat®n, lakes and
urban settlements were affected by the magnitude or the size of such features.KRed
observations were greater in closer proximities to areas with a highbeu of persecuted birds
(mean: 2.8 +/- 0.1 birdsand urban population sizesngan: 777 +/- 25.6 peoplehowever
abundance was lower in areas of high abundance of wind-tasimean: 8.2 +/- 0.2 wind-

turbineg and large lakesr(ean: 0.15 +/- 0.01 kmin?
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Table 5.General Linear Models of environmental spatial features significantly assdeigh

the core breeding range of each indicator species.

Model Sig. Variables Min Max Mean | T value| P Value
Hen Harrier, Hen Tinwyn (Grcus cyaneus)
1 Dis. to coast (km) 49.46 91.76 73.99 5.85 | **<0.001
1 Dis. to lake (km) 0 8.16 291 2.76 ** <0.01
1 Dis. to lake: Area of lake (m?) 0 4.53 0.41 -2.75 ** <0.01
1 Dis. to persecution (m) 4.33 32.38 13.79 -3.75 | ***<0.001
1 Dis. to persecution: No. of incidents 1 4 2.1 -4.11 | **<0.001
1 Dis. to wood (m) 0 2.85 1.04 1.98 * <0.05
1 Elevation (m asl) 140 822 460 5.75| **<0.001
2 Dis. to coast (m) 0 41.69 10.05 -32.76  ***<0.001
2 Dis. to lake (m) 0 8.19 1.86 -15.45 | ***<0.001
2 Dis. to persecution (m) 0.67 44.92 13.77 -21.21  ***<0.001
2 Dis. to river (m) 0 7.08 0.91 -17.86 **<0.001
2 Dis. to road (m) 0 7.99 1.75 26.82 ***<0.001
2 Dis. to settlement (m) 0 11.55 1.50 -7.53 **<0.001
2 Dis. to settlement: Population no. 117 345,810 948 -5.54 | **<0.001
2 Dis. to windfarm (m) 0.17 32.43 11.24 -11.96 | ***<0.001
2 Dis. to windfarm: Wind-turbine no. 1 76 6 8.76 | **<0.001
2 Dis. to wood (m) 0 3.06 0.48 -10.97  ***<0.001
2 Elevation (m asl) -4 805 126 470 | ***<0.001
3 Dis. to coast (m) 0 46.27 6.70 -12.42  **<0.001
3 Dis. to lake (m) 0 10.34 2.02 -4.08  **<0.001
3 Dis. to lake: Area of lake (m?) 0 3.08 0.06 -5.39 **<0.001
3 Dis. to persecution (m) 0.60 37.87 16.71 6.42  ***<0.001
3 Dis. to river (m) 0.29 8.97 1.97 -11.04 **<0.001
3 Dis. to settlement (m) 0 10.22 1.42 480 ***<0.001
3 Dis. to windfarm (m) 23 27.86 9.81 1.67 .<0.1
3 Dis. to wood (m) 0 5.53 1.00 8.15| **<0.001
3 Dis. to wood (m): Area of wood (m?) 0 270.23 0.06 3.98 ***<0.001
3 Dis. to windfarm: Wind-turbine no 1 76 6 -12.33| **<0.001
4 Dis. to lake (m) 0 4.58 1.91 -2.66 *»* <0.01
4 Dis. to settlement (m) 0 8.23 1.39 5.61 | **<0.001
4 Dis. to settlement: Population no. 32 657 233 -2.74 ** <0.01
4 Elevation (m asl) 0 664 13.6 -3.60  ***<0.001
5 Dis. to coast (m) 0 62.79 21.21 -3.96 | ***<0.001
5 Dis. to lake (m) 0 8.06 221 -2.83 *»* <0.01
5 Dis. to lake: Area of lake (m?) 0 0.27 0.15 6.08  ***<0.001
5 Dis. to persecution (m) 0.71 44.57 8.01 432 **<0.001
5 Dis. to persecution: No. of incidents 1 22 2.8 -5.34 | **<0.001
5 Dis. to river (m) 0.01 14.57 3.10 8.37 | **<0.001
5 Dis. to road (m) 0 9.61 1.72 -3.34  **<0.001
5 Dis. to settlement (m) 0 11.78 2.52 -15.80 ***<0.001
5 Dis. to settlement: Population no. 1 4,486 777 -7.67  ***<0.001
5 Dis. to windfarm (m) 0.29 24.70 8.33 -5.28 | **<0.001
5 Dis. to windfarm: Wind-turbine no 1 103 12 3.54 **<0.001
5 Dis. to wood (m) 0 3.49 0.39 -5.29  **<0.001
5 Elevation (m asl) 0 806 190 7.77 | **<0.001
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3.4. Discussion

There has been a lack of systematic monitoring for breeding birdsrey f.e. avian
mesopredators) and their associated habitat preferences across Wales, sttituthe closure
of the Welsh Raptor Study Group (WRSG) in 2013. Our estimation, modellingappthg of core
breeding distributions, habitat associations and avoidance ofdiien mesopredators in Wales
make a significant contribution to our understanding of how habitatagelsts and specialists use
the Welsh landscape. At present, Welsh mesopredators sit at the top of tloectwain, attributed
to both avian apex predators; the Golden and White-tailed Eagle, being extinct in Waldsare
tve] & mditajgr species of habitat quality and anthropogenic threats (RoWeber,
2008). The information gathered in this chapter provides an interesting framanofstape
references for the consideration of restoring native eagles to Wales, these landscapes$eatur
include; the proportion of livestock pastures, distance to windfgrpgssecution areas and urban

settlements.

3.4.1. Breeding Distributions of Avian Mesopredators in Wales

Core breeding ranges were estimated using a Utilisation Distribution (UD) nib@ghome range
can be defined as the minimum area in which a species has some sppoifiEbility of being
located. While core breeding ranges may be an overestimation of thesedatiche used by birds
of prey in Wales. The results presented here highlight areas of Wales wigehigghest likelihood
of breeding occurs taking into consideration thendéy of breeding observations for each species.
As a result, revealed clear distinctions between ecological generalist ao@bgt species across

Wales.

The Red Kite and Common Buzzard, are generalists (Carter and Grice, 2000; SwWamwe2811
both the most common and widespread breeders in Wales, followetheyhighly adaptable
Peregrine Falcon. The Hen Harrier and Osprey, are considered speciaisegnéard, Poole and
Washburn 2014; Gaywardt al, 2016), both had small breeding ranges and were the least
common breeders in Wales. Consistent with global trends (Buchvaiitumier 204; Poisotet

al., 2015), the occurrence of specialist species are defined by themtadhl with specific habitats

or dependence on specific resources (Catleal. 2009), whereas generalists have wider habitat

or resource tolerances (Sillivan al. 2016).
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Generalist mesopredators display consistent levels of fithess acrossligmyrof conditions and
stronger dispersal abilities, in comparison to specialistdigdiilet al. 2006). Thus, can expand
sufficiently into empty patches of suitable habitat (Verbetlal. 2010). With two generalist avian
apex predators regionally extinct in Wales, generalist mesopredators are reportesithe most
common species to fill in former historic ranges of lost apex paddtlimeneet al., 2019; Suraci
etal,71i6«U }uu}lvoC & ( EE S8} =+ SZ Zu *}% E etsdER00).0 -
Generalist apex predators are good candidate species for reintroductiongmmoges (Genest

al., 2017) as they can re-establish more balanced, resilient ecosystethecosystem functions

across multiple habitats.

There is evidence that restoring either/or both the Golden and White-tailed Eagles Waildd
regulate the abundance of generalist mesopredators, not only through etitign and nesting
displacement but through intraguild predation (Lourergg@l.,2011). Golden Eagles, in particular
are knownto predate on other mesopredators across Europe (Loureneh,2011). For example,
Roemar et al. (2002) found that the natural colonisation of Golden Eagles to ffer@alChannel
Islands had significant impacts on native mesopredators. The top-down eff@lden Eagles
resulted in the decrease of over-abundant populations of Island(Boocyon littorali$, which

directly increased populations of near-extinct Island Spotted Skbpilogale gracilis amphialus

While this is less common for White-tailed Eagles, there are exaropleesopredator release
effects. For example, Kamarauskateal. 020) found that White-tailed Eagles occasionally prey
upon the nestlings of Buzzards. Across Germany, these apex predatoralé@aeen observed

to reduce numbers and control the movements of the non-native Americauk iflieogale vison

also have been observed (). The mesopredator release effects these apex psextatiol have on
habitats across Wales via the suppression of mesopredators, caropgdsodiversity and more
ecologically resint ecosystems (Sergio and Hiraldo, 2008). However, it is worth noting that
intraguild predation could include suppression of species thatthemselves endangered (e.g.
Hen Harrier). Thus, additional assessments will be required to understanddlmgeal benefits

and risks potentiayl brought to endangered species in Wales.

3.4.2. Prominent Welsh Pastures

Livestock grazing is an important form of land use in Wales, coveringfib&oterrestrial surface

(Armstrong, 2016). As a result, pastures, or commonly knowrmasoved grassland, were
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recorded to be the greatest land cover within the core breeding ranges ofeslbpredators in
Wales. All avian mesopredators displayed negative associations witlakisise; meaning that
pastures were actively avoided as a breeding habitat preference for Wietishds prey. Livestock
pastures do, however, present great opportunities for avian mesopredatorgnanodating
open expanses of land for hunting and artificial perches (i.e. pfestses, masts etc.) to aid sit-
and-wait hunting (Meunier, Verheyden and Jouventin, 2000; Cardador, Carret®afndsa,
2011), explaining why breeding Ospreys, Red Kites, Peregrines and Buzzandscoreled to be
frequently observed in pastures (Setal. 2000; Mackrill, 2019; Hardey, 2013

Birds of prey desire large territories, which often encompass themtihg grounds. Generalist
species that require open space for hunting, may adapt and do well ioutigral landscapes,
particularly eagles (Sergét al. 2006b; Sansoret al. 2016; Tinajero, Barragan and Chapa-Vargas,
2017). The overlap between apex/mesopredator occurrence in agricultural/fgrpriactices has
been correlated to; prey availability, reduced grazing intensity, comptexctured habitats,
positive socio-economic attitudes and the absence of illegal persac(Martin and Possingham,
2005; Whitfieldet al., 2007; Grandest al, 2018). Intense grazing may benefit some species that
prosper from hunting in short or grass-dominated vegetation, likeGoexmon Buzzard@f & r
Higgirset al.,2009), or carrion feeders which benefit from sheep carcassesrgead, like the
Red Kite and White-tailed Eagle (Fuller and Gough, ;19&&ns eal. 2010). By contrast, some
species, like the Hen Harrier and Golden Eagle are heavily influenced mditeet effects of
livestock grazing on upland vegetation height, composition and reduced praalality
(Mysterud, 2006; Amaet al. 2011; Angereet al. 2016), perhaps throwing light on why ground-
breeding Hen Harries avoided Welsh pastures. These results furtheighigthle importance of
considering the habitat quality and prey availability in livestoagtures across Wales; to validate

the restoration of Golden Eagles, in particular.
3.4.3. Perils from Persecution

Historic conflicts betweeavian predators and livestock practices have already caused population
declines and extinctions in Wales, being the main cause of extirpation f@dhden and White-

S ]o Po ~ A veU K[d}}o v tZ]3(] o U 1iiTeXEdZ by e(@dwed E ] -
in a bad light or misconceived for naturally predating on liveskagk for socio-economic benefits

(i.e. sheep, lambs and gamebirds: Newton, 2010; Netwon, 1974; Whitéieldl, 2003)

Persecution rates of birds of prey, now an illegal practice, have rafiyedeclined from historic
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rates across Britain (RSPB, 2018). lllegal persecution does, however, stil@ossrmodern-day
rural Britain and is more substantial for certain species with nahahitat and prey requirements
that overlap with these conflicting land uses; such as the Golden Badlelen Harrier, that rely
on upland birds and mammals (Whitfield & Fielding, 2017; Murgdtret al. 2019) and
scavengers like the White-tailed Eagle and Red Kite, that bank on livestocksearfasley and
Bolen, 1971; Blanco, 2014)

Wales contributes to 6.9% (n=84) of the overall recorded persecutimdents, between 2007
and 2019, across Britain (RSPB RaptorPersecution, 2019). The core dmeedjes of Welsh
mesopredators contained at least one recorded illegal killing, apart freamtrthern lowland
breeding ranges of the Osprey. While specialist species, like the Heeartdad Peregrine Falcon
displayed clear avoidance, the Red Kite and Buzzard overlapped with areatetbedth illegal
persecution. The Common buzzard, Red Kite and Peregrine Falcon, mesopredattits iaitipest
distributions in Wales, were the highest victims of illegal persecution, théhuse of Beniocarb
and Fention poisons the main cause of death for recorded incidents (RSPB Rapecution,
2019). Rural countryside practices are the key to the survival ofiads bf prey and their socio-
economic attitudes will be the key to the success of a potential restoratia@agles to Wales, in

the near future.

3.4.4. Hazardous Obstacles

Windfarms are considered hazardous obstacles for many avian pred@tbexter et al., 2017)
There are 778 onshore and 160 offshore wind-turbines operatin@3nindfarm locations across
Wales UKWED, 2017). The single offshore windfarm (Gwynt y Mér), locatedeoffoast of North
Wales does not present a problem to current avian mesopredatorsrayt highlight as a risk for
coastal White-tailed Eagles (Heustkal., 2019). The largest onshore windfarm located in South
Wades (Pen y Cymoedd), operates 103 wind-turbines and overlaps witkatltbern breeding
ranges of the Common Buzzard, Peregrine Falcon and Red Kite. These speajesidisplverlap
with small windfarms (under 6 wind-turbines), but clear displaestraround large windfarms,
apart from the Peregrine Falcon which overlapped with small and langelfavms. Most
windfarms in Wales are relatively small; 68% of windfarms holdos fewer wind-turbines
(UKWED, 2017). There were no recorded windfarms in the Welsh bgerediges of Hen Harriers

or Ospreys.
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The placement of windfarms can ultimately displace avian predators insoskgisable habitat,
reducing ability to survive or reproduce (Madders & Whitfi@d06) Consistent with our results,
windfarm displacement and collision rates are recorded to be highesdaring birds like Red
Kites, Buzzards, which can be extended to both the Golden and White-tailed (Batpéari-
Chiebaoet al. 2016; Hotker, Krone & Nehls, 2017; @tiral. 2018) attributed to slow flight
manoeuvrability, higher wing loadings and dependencies on thermal&alrfar flight (Barrios &
Rodriguez, 2004; Pérat al. 2017) Mesopredators like the Peregrine Falcon use powered flight
to escape the risk of collision (De Luetal. 2008), explaining the great overlap with wind-turbine
distribution in Wales. The placements and size of windfarms in suitable eagtatwill need to
be evaluated as a risk factor in further assessments. There is, however, evidence lhaskig
species such as the Red Kite, Golden Eagle and White-tailed Eagle adetigrbimes, and do not
breed within 3 km of a windfarm (Dahl et al. 2013; Watsbal. 2018; Heuck et al. 2019).

3.4.5. Subtle Settlements

The distribution of urban settlements and human disturbance to breedirdsb# an additional
constraint for many birds of prey (Kettef al., 2018); some adapt and thrive in urban areas and
others avoid them. Mesopredator distribution like the Osprey and Henétare associated with
fewer human settlements (Geary, Haworth and Fielding, 2018; James Reghalds2019); as
our results indicate. Peregrine, Buzzard and Red Kite breeding rangesemalValerlapped with
urban settlements, with only the Red Kite showing clear avoidance towagks laban areas. All
three species were at higher densities in their natural habitats in Whigsonfirm that elements
such as; nesting on buildings (Peregrine) and supplementary feedinghstatisidst and in close
proximity to urban areas (Red Kite and Buzzard) can boost natural populatimobens and
distributions (Ratcliff, 2010; Orros & Fellowes, 2015). However, as BuzRedskites and
Peregrines are common and familiar species in the public eye there may tleservational bias
towards breeding habitat selection in/near urban areas. Especiallyetfiep observations are
more commonly seen in areas with more human activity. However, spéikee Golden Eagles
Hen Harriers and Ospreys are extremely elusive and avoid urban @eaddock & Whitfield,
2007). By Contrast, White-tailed Eagles are more tolerant and can beiaesl with areas in

closer proximities to urban/industrialised areasZz }A] ~ D]luel U Tidt@V,2619)o

Urban settlements in Wales are irregularly distributed across the aastin rural areas, with

only 20% of the Welsh population concentrated in these regions. Therityapf the Welsh
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population (80%) live in urban areas concentrated within lowland zomeluding regions close
to the English border, with 66% of the entire population centralisetiniSouth Wales (Office for
National Statistics, 2013}Vith much of the uplands and coastlines of Wales sparsely ptgul
estimated to be between zero to one persons per hectare (Office for National Sta@§ti&));
all mesopredators were at higher densities in their natural habitats alie®/ This gives us great
optimism for Golden and White-tailed Eagle reintroductions to Wales, as Ipetties required
spaces are associated with upland habitats and coastlines (Wa3d@; @nwin, 2016), signifying

the likelihood of great expanses of non-populated areas for them to occupy

3.5. onclusion

The information gathered from ecologically similar avain mesopredatorsthis chapter,
contributes to the understanding of how eagles would use the Welslskzape, a crucial
assessment of the IUCN criteria for UK species reintroductions (IUCN/SCC, 20883ye3tits
provide an informative frame of landscape-scale reference, that willimfature decision making
for a potential reintroduction of the Golden and White-tailed Eagle to Wales. Ttrédisn of
breeding generalist and specialist mesopredators have indicated ceréaid Lses and
anthropogenic threats that currently present opportunities and riskdich are important
considerations to assess the environmental compatibility of habitatsland uses for eagles to
be returned to Wales. Generalist mesopredators display versatility acregdeadistribution,
presenting evidence to support mesopredator release effects in Wales. The evideaice
generalist mesopredators, like the Common Buzzard, Red Kite and Peregrine Ral@a wide
breeding range is Wales, and the ongoing population recoveries otlimgapecialists, like the
Osprey and Hen Harrier, gives us great optimism that both generalistpapdators could also
thrive in the Welsh landscape. This suggests that the restoration of eithbokh eagle species
may contribute to exerting top-down control of generalist mesopredatonnbers, and in return

natural biodiversity, enabling more ecologically resilient ecosystemsatitales.
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4. Chapter SImmary

Species reintroductions are important management techniques to reverse thetiexti of many
ecologically important species. The Golden Eagle (Aquila chrysaetos) andailléitid=agle (Haliaeetus
albicilla) were once widespread breeders across Britain. Now rare breedt#ts north, weuse the
ecological traits of these territory-holding birds to develop two Species DigiridMbdels (SDMs) to define
habitat suitability across Britain. We also use SDMs to highlight regional bgragghic areas in Wales for
restoration. Our results show that habitat type and topographical features are two tenga@xplanatory
variables of the breeding distribution of both species, with distance from mountain ridgeline and distance
from coast marking distinct ecological breeding niches. Our research highlightsegpeaises of new
potential breeding areas within the current northern rangaxj empty southern British ranges, with Wales
illustrated as the next priority area for the restoration of either or botijleapecies. The models presented
in this chapter will contribute to directing the conservation for population eaggpansion, restoration
projects and provide confidence for the long-term breeding success for the yayleg ezntroduced to
South Scotland and Isle of Wight, England. We suggest that these modielgl wibnservation planning

efforts for Golden Eagles and White-tailed Eagles in Britain.

4.1. Retional

The widespread loss of apex predators is a conservation problem instewsyacross the globe
(Palkovacs, Wasserman and Kinnison, 2011; Nyhus, 2016). IreEex carnivores such as the
Greywolfs (Lupudupug, Red foxesulpes vulpes Eurasian Otterd.utra lutrg, Eagle owlsBubo
bubo), White-tailed EagleHaliaeetus abicillpand varioufAquilaeagles, exert fundamental roles
in ecosystems, and the decline or regional extinction of suehisp leads to pervasive influences
on natural environments (Sergiet al, 2014) Although such species are now experiencing
population increases, there has been significant range redactions freasathey occupied

historically, due to the wide-spread depletion or modification of thesgional habitats, and
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human-wildlife conflicts over land uses, which in turn resuh increased mortalities through

illegal persecution (Palkovacs, Wasserman & Kinnison, 2011; VX0irs,

Nyhus, 2016)In recent years, the negative ecological impacts of losing native predators has
become increasingly evident through the proposition of trophiccaedss, which often results in
dramatic changes in ecosystem structure, quality and functionality (Terb&rdistes, 2013;
Wallach, Ripple & Carroll, 2015). These reasons place apex carnivoreshae@ap of the
conservation agenda, and species restoration programmes have emerged as three ro&in
conservation tools to reverse these trends at a national and international scale (&ergip

2006a; Ordiz, Bischof & Swenson, 2013).

Many apex% E S} E+ E HEE v%0 C] Ju{(] }&E @ZA §]ipeluding bav [
the Golden EagleAquila chrysaetgsand the White-tailed EagléHéliaeetus albicillaBirdLife
International, 2015a; 2015b). Both species have been shown to exert sheimgvioural and
demographic control within their ecosystems (Taylor, 2011), lmgethem as keystone species.
A reintroduction of either or both species, into their historic ranges,ulohelp restore
biodiversity and key ecosystem functions (Sharma, 2005; Garsdr 2008; Sergiet al,, 2014a
Wolf, Ripple & Wolf, 2018). The small and fragmented global and nationalgimms of both
species would considerably benefit from a conservation reintroducbgimcreasing the numbers

and distribution of the species (Maquis, 2005; Scottish Natural Heritage).2017
4.1.1.The Native Status of Eagles in Britain

Both species once historically occupied all of Britain, with histeopulations estimated to be
between 800 -1,400 pairs of Golden Eagles and 100200 pairs of White-tailed Eagles in 500
AD (A veU K[38}}o v tZ]BRdthospdciesiwere widespread across Scotland, England
and Wales prior the 19 Century, until both eagle populations suffered in the hands of targeted
human persecution (Newton, 1979, Yalden, 2007). The Golden and White-tailed Eagtevare
limited, as a breeding species, to Scotland and Ireland and are albsentmost of their British
historic range, including England and Wales. The UK Government is required@uraged to
enhance biodiversity and restore extinct native species, as a signatdhe cConvention on
Biological Diversity (1992), Habitats and Species Directive (Council Dig¢i8eEEC, 1992), and

the Bern Conventio (Council Directive 82/72/EEC, 1979). Both species went extinct as a

consequence of human activities, as a result, we have a moral dugstore them. One of the
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main criteria to restore native species to their historic ranges asigdiyothe IUCN reintraaktion
guidelines (IUCN/SSC, 2013); is to understand and assess the proporsigitabfe habitat for

both species across modern-day Britain.

The international habitat preference of Golden and White-tailed Eagles and the envircament
variables that influence their distribution, particularly breeding pairs, el understood
(Radovic and Mikuska, 2009; Evansl., 2010; Crandall, Bedrosian and Craighead, 2015). Much
of lowland and upland Britain, particularly in areas where eagles are gbkamé changed
significantly since eagles occupied the skies, over 150 yearMagdonald, 2019). Understanding
and learning more about the proportion of Golden and White-tailed Eagleding habitat across
Britain, is key to provide an insight into the potential modern-dasgridhution of both species,
thereby helping delineate priority areas for reintroduction programmes (Miragtda., 2019; Tef
and Lescu, 2019a sound conservation strategy for the national and international conservation

status of both these apex avian predators (Guisan and Thuiller, 2005).
4.1.2.Mapping Suitable Eagle Habitat

Species Distribution Models (SDMs) are becoming an increasingly valualtar teihtroduction
programmes (Grangt al., 2015; Smeraldet al,, 2017; Parlato and Armstrong, 2018). One of the
main advantages of SDMs to advance the visual scientific evidence and to highlight the
capabilities of the proposed release environment to support restored spethat are required
by statutory conservation bodies. The premise of SDMs is to attempt to relate thenkno
ecological niche requirements predicted to be correlated with the distrdmutr abundance of a
species (Gomest al, 2018). In light of this, when species presercceombined with relevant
environmental requirements, a value can be produced that denotes a probaiifitesence. This
ZoE} ]0]5C }(sar€kassumeqd the likelihood of a species being present, in a particul
area, is some function of the environmental requirements selected (&liéth, 2006; Ficetolat

al., 2014) Thus, by creating SDMs for both Golden and White-tailed Eagles will aid atifmmm
about the British landscape, which is key to enhancing species conservatnagement
measures (Henglt al., 2009; Chalghadt al., 2019.
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4.1.3.Chapter Four Research Objectives

In this Chapter, we relate the conservation and ecology of territory-hgl@olden and White-
tailed Eagles to; 1) develop SDMs for both species to identify regional stiosgland

environmentally suitable breeding areas across Britain. We do so Isyraoting and testing

SDMs using spatial maps of environmental requirements that are directly linkeactospecies

breeding ecology, and 2) use these SDMs to highlight biogeographic segfidliales, and the
proportion of suitable habitat that could plausibly hold breedieagles, as a focus for more
targeted work to restore both species to Wales. Only areas that can suipg@ding eagles were
considered, as part of the inteo]vl ( ] Jo]3C *3p C 8} (MESZ E o+ o [AZ §.
is the most acceptablé % S]}v (}E t 0 *M[X

4.2. Methods

4.2.1.Eagle Occurrence Data

Breeding locations were obtained for both the Golden and White-tailed Eagle feometvork
documents (Whitfielcet al,, 2006; Whitfieldet al., 2008; Sansom, Evans and Roos, 2016; Hayhow
et al, 2017) and previous datasets collated by local experts (Andrew Stevanso@at Barlow
pers. comm). Breeding buffers were created to represent the breeding teeg@f both species
including 6 km buffers for Golden Eagle and 8 km for White-tailed E&igesd 1).

As the majority of Britain is void of eagle breeding territories, tkze sif breeding buffers were
selected to represent breeding areas, in Scotland, where the populagosity is low and still
expanding into suitable ranges (McLagdl 2002; Sansom, Evans and Roos, 2@iégervational
records of both species, obtained from the Global Biodiversity Infoomdtacility (GBIF, 2019),
were used to enhance breeding occurrence data. Additional occurrence poirdach eagle
territory maximise the output of the SDM to sufficiently map suitable bregdi®as across Britain
(Phillipset al., 2009). To validate the mapped SDM results for Wales, historic recbtased

from Chapter Twoand recent sightings of visiting eagles collected from Aderyn; the Local
Environmental Records Centre for Wales (LERC, 2019), were employedsii¢hidata may not
reflect breeding habitat preference, the data provides sound means of testiygnaodel

predictions for eagle habitat.
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Figure 11.The breeding distribution is represented by territory buffers for the Golden
Eagle(6km) and White-tailed Eagle (8km) in Scotland.

4.2.2.Important Habitat Variables

At a national level, elevation appears to be a common denominator to determine bative
core breeding distributiorof Golden and White-tailed Eagles (Evanhal, 2010). Elevatiore{eV)
was derived from the Ordnance Survey (OS) 50 m Digital Terrain Model (@8 3@y2019). The
positioning of nests is also an important choice for breeding eagles il preference varies
internationally, many prefer to position nests facing prevailing wihadse & Ball, 1979; Watson
& Dennis, 1992). Slopsl¢p and Slope aspecagpt) were generated in QGIS Spatial Software (v
3.6; QGIS Development Team, 2019) using the OS Terrain 50m (2019}teastegunt for nest
positioning. To map breeding habitats across Britain, 44 habitat tyees obtained from CORINE
Land Cover (CLC, 2058d categorised into 22 common habitat typéslfl t hab 23.

Across their global range, Golden Eagle nests are frequently recordech Wj200 m from a
mountain ridgeline (Mcgradgt al,, 2002; Fieldingt al, 2019 Tef & Lescu, 2019). By contrast,
White-tailed Eagle breeding territories appear to contain a fresh or mamater-source or a

mature forested area within their territories (Hergglal.U 7116V Z }A] ~ D]lpel U fiidgVv »
Evans & Roos, 2016). Due to these breeding requirements revealing a non-kwagrid the

potential nest use, as distance from the habitat feature increases, additistahce rasters were
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derived. The OS Terrain 50 m and CORINE land use datasets were furthesqudoasentify

mountain ridgelines, lakes and forested areas across Britain. Distastsgs were then derived

by generating multi-distance buffers of 200 m increments aroundtatfeatures, ranging from

0 to 1,200 m from a ridgelinedge) for Golden Eagles and 0 to 2,000 m from lakass), coasts

(coag and forested f¢st) areas for White-tailed Eagles. Spatial projections, grid cell size, and

spatial extent of all variables were processed to ensure consistea®ss all layers and were

projected to the World Geographic System (WGS84) with a grid cell sizevof 50

4.2.3.Environmental Predictor Variables

A total of seven environmental and twenty-two land type variables, covering tsspEc

topography and land use, were used to map suitable breeding habitat for ppéties, all

recorded to be important explanatory variables linked to breeding distribufi@blie 6.

Table 6.Environmental predictor variables used for the Species Distridvtoiels (SDM) to

map suitable breeding areas for the Golden (GE) and White-tailed Eagle (WTE) r@ietioss B

Environmental Variables Predictor description Spatial units Species
elev Elevation Metres above sea level ~ WTE & GE
slop Slope Percent WTE & GE
aspt Slope aspect Degrees WTE & GE
rdge Distance from ridgeline Metres GE
lake Distance from lake Metres WTE
coas Distance from coast Metres WTE
frst Distance from forest cover Metres WTE
habl Artificial surfaces (n = 111) Polygons/ m? WTE & GE
hab2 Arable land (n = 127) Polygons/ m? WTE & GE
hab3 Pastures (n = 18) Polygons/ m2 WTE & GE
hab4 Heterogeneous agricultural areas (n =23 Polygons/ mz WTE & GE
hab5 Broad-leaved woodland (n = 23) Polygons/ m2 WTE & GE
hab6 Coniferous forest (n = 24) Polygons/ m2 WTE & GE
hab7 Mixed forest (n = 25) Polygons/ m2 WTE & GE
hab8 Natural Grassland (n = 26) Polygons/ m? WTE & GE
hab9 Moors and heathland (n = 27) Polygons/ m? WTE & GE

hab10 Scrub and herbaceous areas (n =228- Polygons/ m? WTE & GE
babl1 Beaches, dunes and sands (n = 30) Polygons/ m? WTE & GE
hab12 Bare rock (n = 31) Polygons/ m? WTE & GE
hab13 Open spaces with little vegetation (n = 32} Polygons/ mz WTE & GE
hab14 Inland marshes (n = 35) Polygons/ m2 WTE & GE
hab15 Peat bogs (n = 36) Polygons/ mz WTE & GE
hab16 Salt marsh (n = 338) Polygons/ m2 WTE & GE
habl17 Intertidal flats (n = 39) Polygons/ m2 WTE &GE

hab18 Water courses (e.g. rivers; n = 40) Polygons/ m? WTE & GE
hab19 Waterbodies (e.g. lakes; n = 41) Polygons/ m? WTE & GE
hab20 Coastal lagoons (n = 42) Polygons/ m? WTE & GE
hab21 Estuaries (n = 43) Polygons/ m? WTE & GE
hab22 Marine waters (e.g. ocean; n = 44) Polygons/ m? WTE & GE
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4.2.4.Species Distribution Models (SDMs)

Both eagle species are rare breeders in Britain and attributed to the large et study area,

a maximum entropy algorithm was implemented using MAXENT software (verdidn Bhillips

et al., 2020). MAXENT models were chosen to account for presence only nesbs@dvational
data, for both speciesto further project suitable areas across Britain with the habitat
requirements to sustain territorial holding paifwo separate MAXENT models were produced to
gain the most uniform distribution for breeding Golden and White-tallegyles, determine the
most influential environmental variables correlated to their distribution astimate parallel

areas across Britain with similar characteristics.

4.2.5.Model Validation

d} 8 8 8Z %E ] 3]A % E(}JEu v }(38Z (]vo ™ DIEXREEG} p 3§ (}d
were randomly partitioned using a jackknife cross-validation procediitadosavljevic &
Anderson, 2014), resulting in 70% of records assigned as trailaitay and as test data the
remaining 30% of records. The relative importance of each environmental vaf@bkach

MAXENT model was evaluated by both percent contribution and jack-knife semalyjhe
contributions of each environmental variable in the models logig&digtion were indicated by
response curves. Thus, each models predictive performance was evaluataeldlgting the Area

Under the Curve (AUC) of Receiver Operating Characteristics (ROC), based anarairtiest

data. The prediction of the model corresponds to a random model If Alg€sishan 0.5, while a

value above 0.5 indicates a model performs better than chance.

By combining prediction results for both species, a weighted value of imgeulitability was
produced for each 50 m cell across Britain. The weighted average, whereby eaclwasap
weighted by its AUC value provided a robust method for building detemnsensus. An arbitrary
threshold of 0.3 was used to illustrate the proportion of suitable andiitable breeding habitats
for both species in Britain. For Wales, only suitable habitats (i.e. vakms0.3) were used to
highlight bio-geographic areas of breeding importance. To represent an#able for breeding
eagles, polygons were manually plotted to highlight areas of suitabiliyales. Welsh datasets
on the historic distribution (pre-1920s) and current eagle visitenfidderyn (1920-2019) were

mapped to cross-validate predicted areas with areas of historic and modern us
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4.3. Results

Taking into consideration the number of breeding locations and obsenstiothin predicted
breeding territories, the two SDMS produced obtained 1021 occurrencedsdor Golden Eagles
(nests = 497, territorial observations = 525) and 362 records fotewWdiled Eagles (nests = 119;

observations = 243).
4.3.1.Golden Eagle MAXENT Model

Overall, the Golden Eagle SDM displayed a high predictive power, the mean dezghenROC
curve (AUC) for the training data was 0.835 and 0.841 for test data. The impsrtant
environmental variables influencing the breeding distribution of Golden Eagles wabrattype
(57.9%), elevatiore{ev, 28.7%) and distance from mountain ridgelingge; 9.1%). We found that
these variables also produced high permutation importance; meaning thahwbked in isolation
each variable provided great explanatory value about the distribution of Gdideytes. Slope
(sbp) and slope aspectagpt) did not result in high model percent contributions. Despite this,
however, Sloperevealedsome permutation importance, while slope aspect did not and was
dropped from the model. Percent contributions and response curvestifer Golden Eagle
MAXENT Model are shownAppendix 3

We also found the predicted suitability for Golden Eagle breeding territan@eased in areas
where elevation was more than 356 m adilstance to mountain ridgelinevas less than 218 m,
and slope was more than 10%he most common habitats used by territory holding Golden Eagles
were; peat bogshabl15 40%), moors and heathlantdb9 13.7%), pastureshéb3 10.8%) and
open spaces with little vegetatiofhabl3 9.2%). Further descriptive statistics on Golden Eagle

territories are described iAppendix 4

4.3.2.White-tailed Eagle MAXENT Model

The mean area under the ROC curve (AUC) for White-tailed Eagle training dat®2¢aar@
0.901 for the test data, which indicated a high predictive ability for theXHMNT model. The
environmental variables that contributed most to the predictive output of fitting thodel were
habitat types(53.7%)elevation(elev; 29.2%) andistance fromthe coast(coas; 14.3%}sing the
jack-knife test, all variables with the highest contribution resulted high permutation

importance. Slope (8p) and slope aspeciaépl) were the lowest variables with permutation
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importance and did not reveal sufficient explanatory value when in isolaitevationwas the
only variable that decreased the gain when omitted, which indicated that tbdeihdepends
heavily on this variable. Percent contributions and response curvethdéoWWhite-tailed Eagle
MAXENT Model are shownAppendix 5

The modelgredicted suitability for the White-tailed Eagle increased in areas whereligvation
was less than 124 m asl, less than 700 m from the coast or 48dmnman inland lake. The White-
tailed Eagle presented a broader preference for habitat types than the Golden Eagleseand w
more associated to beaches, dunes and sahdb11;, 16.5%), bare rockhébl12 12.9%), natural
GrasslandHab8;9.9%), peat bog$é&b15 9.6%), watercoursehé&b18 9.1%), coniferous forest
(hab6 8.8%), estuariesh@b2l; 8.5%) and marine waterhdb22 8.1%).Further descriptive
statistics on White-tailed Eagle territories are describedppendix 6

4.3.3.Priority Areas Across Britain

4.3.3.1. Golden EagleAquila chrysaetds

As model parameters were based on Scottish upland habitat featuresh wiu&cotland was
highlighted to hold great proportions of suitable habitat for Golden Eadlbés. model also
highlights new areas in Central, East and South Scotland suitableefdihg birds. Although
habitat suitability reduced around the urban areas of Edinburgh aladg@w and increasing
suitability ranging into the uplands of South ScotlaRijfre 13. Across Southern Britain, Wales
provides the second largest proportion of suitable habitat for Goldeglesa with much of
Snowdonia and the Cambrian mountains being suitable. Much of Northern Brajimhighlights
priority areas for restoration including; the North Pennines, Lake Oistrid North Yorkshire

moors, with Southern England scattered with patchy, fragmented areas.

4.3.3.2. White-tailed Eagle (Haliaeetus iaitha)

E]S Jv[e o}vP } xBge]expah}es of suitable coastal and marine habitats for breeding
White-tailed Eagles. Based upon the high habitat suitability of occuigtbries across the West
and North Coast of Scotland; the model highlighted new breeding rangesdaxg into eastern
and southern ranges, for example, Donorch Firth and Galloway Fofegisrd 13. Suitable
habitats continue to stretch intermittently into large coastal bays and irdet®ss much of North

and South England, with areas such as; the Humber Estuary, Lincolnskaie OBse Estuary,
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Norfolk and Pool Harbour and the Solent Estuary, Dorset. Great expdnd&des also illustrate

a stronghold of less fragmentary suitable habitats, including the Iskenglesey, Llyn Peninsula

and the Pembrokeshire coast.

Golden Eagle (Aquila chrysaetos)

sieygey

Arbitrary
threshold

3jqeynsun

Figure 12 Predicted distribution of suitable breeding habitat for the @ol@&Eagle across
Britain. The colour gradient defines the habitat suitabilitthwed and amber indicating high

suitability, yellow and green indicating typical coratis and blue for low suitability.
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White-tailed Eagle (Haliaeetus albicilla)

Figure 13 Predicted distribution of suitable breeding habitat for the \&Ht#tiled Eagle across
Britain. The colour gradient defines the habitat suitabilitthwed and amber indicating high

suitability, yellow and green indicating typical coratis and blue for low suitability.
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4.3.4.Bio-geographic Zones in Wales

Ona local scale, Wales offers a high proportion of suitable breedingatslor both species. For
the Golden Eagle, our SDM results highlight 44.1% of Wales encompi2simayntainous bio-
geographic zones that are environmentally suitable for breeding biflgue 14. Including;

Snowdonia National Park, Cambrian Mountains and Brecon Beacon National Park.

For the White-tailed Eagle, 38.3% of Wales depicting 14 coastal and @ lnitageographic zones
were highlighted as suitable breeding habitaEsgure 15. When historic and current records for
Wales were overlaid onto suitability maps for both species, 71% Wfe@dzagle records (n =
63/88) and 77% of White-tailed Eagle records (n = 52/66) were withingtestlbio-geographic
zones, validating the past and future ability for the Welsh landscape dtaisuboth species of

eagles.
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Golden Eagle (Aquila chrysaetos)

o

@ Historic Place-names (500 AD - 1920 CE)
B Histroic Observations (1200 AD - 1920 CE)
© Recent Observations (1921 CE - 2019 CE)
Suitable Golden Eagle Habitat
/<03
[ 0.474
[ 0.648
I 0.821
I 0.995
[ Golden Eagle Bio-geographic Zones
[] Wales Boundary

Golden Eagle Bio-geographic Zones of priority for Wales:

1. | South Wales Valleys (East) 7. | Cambrian Mountains

2. | South Wales Valleys (West) 8. | Lower Snowdonia National Park
3. | Brecon Beacons National Park | 9. | Llangollen & Berwyn Mountains
4. | Black Mountains 10. | Central Snowdonia National Park
5. | Hay-on-Wye 11. | Upper Snowdonia National Park
6. | Radnor Forest 12. | Pentre-Llyn-Cymmer

Figure 14.Prediction of bio-geographic areas highlighted for more focus Wari Golden
Eagle reintroduction in Wales, illustrating the historic and curdesttibution of welsh records

across Wales.
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Figure 15 Prediction of coast and inland bio-geographic areas higldayfdar more focus work
for a White-tailed Eagle reintroduction in Wales, illustrating thistoric and current

distribution of welsh records across Wales.
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4.4, Discussion

In this chapter, we highlight for the first time the plausible, natiorwaks breeding distribution of
the Golden and White-tailed Eagle across Britain; a result that igimiepmanagement and
conservation interest to many southern regions (Sharma, 2005), particulalgs\WWe find that
habitat type and topographical features were the most explanatory variables litkkeitie
breeding distribution of the Golden and White-tailed Eagle in Scotland. Guelscapes, on
average, higher than 356 m asl that enclose lowland or upland holigsand mountain ridgelines
were important elements characterising and projecting the breeding tigion of Golden Eagles
across Britain. By contrast, we found coastal lowlands and inland fegshsources, on average,
less than 124 m asl that enclosed either marine water (e.g. estuariégsgdshwater sources (e.qg.
an inland lake), to be key elements in mapping the breeding disimibwof White-tailed Eagle

across Britain.

This chapter highlights great expanses of new potential Golden arntk\diled Eagldreeding
areas within the current northern ranges and empty southern ranges taiBriOur results
illustrate lowland and upland bio-geographic areas across soutBeitain, particularly Wales,
that meet the breeding requirements to potentially sustain populations ahbeagle species.
Wales is void of eagles, highlighting its landscape potential to hathl fireeding eagles and a

suitable priority area for an eagle reintroduction.
4.4.1.Golden Eagle Breeding Habitat

The Golden Eagle is a widespread northern hemisphere species, adaptegdon a broad range
of habitats. One shared key element of their global distribution, ipteeence of open landscapes
(Pedrini & Sergio, 2002; Sergo al, 2006b; Whitfieldet al., 2007; Lado & Tapia, 2012). The
preference for open landscapes were reflected in our results, as open halped such as; peat
bogs, moors and heathland, pastures and open spaces with little vegetat#e, correlated to
Golden Eagle breeding distribution in Scotland. Breeding territories amgrktdbencompass both
nest sites and feeding grounds (Watson, 20Mdisapet al, 2015). Watson and Dennis (1992)
suggest that nest site selection is associated to open habitat with mesgietation, directly
linked to favour prey detection and hunting success. Whilst ourehddes not account for prey
availability, it does act as a proxy to map suitable open expaoiskabitat, able to support the

nesting and foraging requirements of a breeding eagle.
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Topographical features were also important explanatory variables for our MAKIBN&]. Our
results revealed breeding Golden Eagles to position nests at high elevations (=365imclose
proximity to mountain ridgelines (<218 m), two variables in line whh majority of breeding
locations across the globe (Mcgraeiyal, 2002; Di Vittori & Lopez-Lopez, 2014; Fieldinhgl,
2019; Tef & Lescu, 201%ccording to Evaret al. (2010), they position nests at higher elevations
to avoid predation risks and illegal persecution, often weighted byeextr weather and
difficulties transporting prey uphill If nests are positioned tochhj@/atson, 2010). Golden Eagles
can also be a species of lowland mountains and flat topography, EK€aiga of northeast Europe
and North America (Morneaet al, 2015; Cloueet al, 2017), such distributions are heavily
correlated with good quality habitat, food availability and regionaldie and human
relationships (Whitfielcet al., 2004; Millsaget al., 2015). Our models reveal that across Britain,

there are more breeding areas, that meet the requirements of Golden Eagles, in inalaitats.

Airspace can also be tied into our findings as its use has bagecsed to the underlying
terrestrial topography (Melorose, Perroy & Careas, 2015). The species retgpiovih mountain
ridgelines, in this study, has been correlated with the provisiomwioid-energetic lift in other
studies (Bohreet al, 2011), a recent finding in low and high mountainous habitatesacthe
globe (Mcgradet al, 2002; Fieldingt al,, 2019; Tef & Lescu, 2019). According to Fieldtray.
(2020), Golden Eagles rely on anabatic and orographic winds to praritt=ablift to supplement
their energy fuelling flights. Golden Eagles often position nests sites daseuntain ridgelines,
at lower elevations than their surrounding territories to maximised sources (Dunét al,, 2019)
providing ample conditions for low flight hunting and low energyesditure, in return
maximising hunting and provisioning requirements (Watsbal., 2018) It can assume that these

features are expected to be of importance elsewhere in Britain for the Golden.Eag|
4.4.2.White-tailed Eagle Breeding Habitat

White-tailed Eagles are breeding bimfghe northern Palearctic associated with lowland habitats.
The species has a wide array of selected breeding habitats from the cmastestuaries of
Norway, Ireland, Iceland and Greenland (Radovic and Mikuska, 2009; Santangelarider &
Laaksonen, 2013), to the alluvial wetlands of Croatia and Romania (W,illg@i9, to the shallow,
fish-rich rivers and lakes of Germany (Krueger, Gruenkorn & Struwe2®1il). Across Scotland,
our results indicate that breeding White-tailed Eagles were associated withitwland coastal

(i.e. marine waters and estuaries) and inland areas (i.e. conifer forests daccaarses).
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Across the globe, breeding territories share two main ecological chaistater nest placement is
usually close to marine or fresh water and forested areas ( Krueger, Gruearkar&truwe-Juhl,
2010; Santangeli, Hogmander and Laaksonen, 2013) The species id&hogad in mature trees

or coastal cliffs (Hardest al.,2013). Our results suggested that the breeding selection in Scotland
were mostly associated with forested areas close to coastlines (sny0fonsistent with national
and international studies that render them as coastal birds (e, 2003 Evanset al,, 2010)
Global differences between cliff and tree nests have been correlatedthétbxtent of woodland
cover and the proximity of forest cover from water sources witlffisient prey availability
(Todorov, Daskalova & Shurulinkov, 2015; Sansom, Evans & Roos, 20i&)&ebv, 2019). The
White-tailed Eagle MAXENT model described in this chapter characterisemeditdgpcoastal and

inland areas across Britain suitable to hold breeding pairs.

The species preference to breed in lowland areas, as described iresuits, can be mostly
explained by their wing morphology. White-tailed Eagle wings are shoriger\{i.e. lower aspect
ratio), and squarer with lower wing loadings, making them better suited to,lective and load-
carrying flights than the Golden Eagle (Shatkovska & Ghazali, 2017). The figitiesies on
rising currents of air that involve net gain in height, different to the Golgagle (Whitfielekt al.,
2013). According to Evaret al. (2010), different ecological niches and the gradual physical
adaptations prompted by strong competition in the past has resultechimmised competition
attributed to breeding differences in nesting and foraging habitat. This higklithat the
restoration of both species to one area would be feasible in pafrBritain with no eagles if the

conditions are right.
4.4.3. Welsh Eagle Restorations

Our MAXENT models illustrate large expanses of new suitable breediitgtlmdross much of
Britain; with Wales highlighted to demonstrate the highest proportion d&dle habitat, for both
species. Maquiss (2005) revealed that natural colonisation by eagles to Watdikédy for the
foreseeable future, attributed to breeding populations being too far north. $tatement can be
attributed to two main behavioural aspects of the life cycles of botlcise Firstly, both eagles
are K-selected species that exhibit, low reproductive outputs, glopulation growth and limited
population dispersal (Byrne and Pitchford, 2016; Morandini and Fe2@t7). Secondly, both
species display delayed sexual maturity and strong natal philopatritf{(§ithet al 2009; Ewamet

al. 2016); meaning when the birds reach sexual maturity and enter thedbrgeoopulation, at
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the age of four or five, they breed in close proximity (50m) from their rsates. It has been shown

that release sites also act as artificial natal areas (Whitéekd, 2009)

The strong natal philopatry limits the ability of the eagles to naturally estallew territories
away from their current ranges. It has been suggested that a rolling scluémestoration
programmes are a sound conservation measure for both species in Britaitfi@ltl et al., 2006;
Taylor, 2011 Scottish Natural Heritage, 2017). Despite a recent restoration projegoong
White-tailed Eagles to Isle of Wight, England (Dennis, Mackrill and Serg@as,, aatural
colonisation to Wales will likely take decades, and presumably even |émgdre Golden Eagle.
Thus, Wales offers large expanses of suitable breeding habitat for bothalderGand White-
tailed Eagle and could serve as the next priority area for restoration inrBi@air results signpost
multiple welsh bio-geographic regions able to host viable breedomylations in the long-term,

much like the case for both species restored in Ireland (btesd., 2003; Taylor, 2011)
4.4.4.Model Interpretation and Assumptions

Species Distribution Models (SDMs) are based on analysis that relates the occurrence of arspecies i
places to features of those places (Wiens et al. 2009). Both species have global geographangnges
wide habitat preferences and each species respond independently to the environmental features that
determine its niche space (Hirzel and Le Lay, 2008). Presence data for SDMs cobkkhasedected

from eagle breeding populations anywhere across the globe. However, Scotlandegrdkél best
source of presence data. Both eagles have been widely monitored by the Scottish Raghyo® &tup

since the early 19 century and both breeding datasets provided a good sample size of accurate and

archived data.

Thus, the model presented in this chapter assumes that the variables for each eagle spkLids,SD

reflect the niche requirements of both species in Scotland and would be the prefered habitaefea
selected in Wales. Although there may be data uncertainties with model interpretation, the
distribution of breeding eagles in Scotland may be biased towards the North and Véssida@ctly

linked to land-use conflicts. Many studies have referenced the spatial avoiddrreeding eagles

towards driven grouse moors in Scotland (Whitfield et al, 2004; Thompson, 2008; Sansog0&7al

Whitfield & Fielding, 2017). If this is the case and persecution is a s@roblem correlated to the

spatial distribution of eagles, it does not alter those regions potentialidable habitat or reduce the

potential restoration of an Po S8} ~}usz v €E]S JvX /( vCSZ]vPU pun S8} §Z]
presented in this chapter may be an underestimate of the true potential of habitat suitableoth

species of eagles across the UK.
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45. onclusion

The models presented in this chapter provide an opportunity to conteitta the conservation
status and framework strategies of both the Golden and White-tailed EagleamB@ur results
reveal large potential breeding strongholds across most of Britain, patigiWales. The results
from this chapter highlight the potential to restore both speciesVMales and England, and
provides strong evidence for the potential of population growth and expansidheir current
ranges; in line with other predictive modelling studies on the spe(®sssom, Evans & Roos,
2016; Whitfield & Fielding, 2017). The results of this chapter alswvige great optimism and
confidence for the long term-breeding success of two recent conservation eagléotratisns in
Britain: the young Golden Eagles restored to the upland of South Scotlatdir@& Haworth,
2014) and the young White-tailed Eagles restored to the Isle of Wight, England €D &ftakrill
and Sergeant, 2039
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5. Chapter Simmary

Modern-day anthropogenic land uses often limit or reduce a sppisgbution, by causing reductions in
their survival anfbr reproductive success, often due to reductions in faallability To examine the
feasibility of proposals to restore the Golden (Aquila chrysaetos) and Valiéd-Eagle (Haliaeetus albicilla)
to Wales, we use habitat suitability analysis to identify and anagilableeagle breeding areas in Wales; to
expand our knowledge of whether Golden and White-tailed Eagle breeding habitatempatible with
modern-day anthropogenic land uses. Understanding additionalland use corstaaiatrisks for eagles,
and their sensitivity to these land uses within suitable breeding areaqiaotal assessments to validate
an eagle restoration programme in Wales. Spatial analysis and bio-geograpkinganethods are used
to illustrate anthropogenic land-use intensity surrounding breeding habitatptheortion of breeding
habitat lost to land uses and the proportion of available nest sites in Waltef@olden and White-tailed
Eagle. The results reveal plentiful nest sites and breeding habitats in WalesHospeaies and, more
importantly, provide strong evidence that Golden and White-tailed Eagle brekdbitsare compatible
with modernday Welsh land uses. The restoration priority areas for the Golden and Wiéte-Ezgle in
Wales are identified. The information represents a signifieglence in the evidence required to support

the restoration of native eagles back to soaring the skies of Wales.

5.1. Rationale

One of the main factors limiting the distribution of vulnerable speciestlropogenic land use,
AZ] Z }(3 v GE pu -distsibigtioh thfough habitat loss, modification, fragmentation or
degradation (McCluret al., 2018). Adverse habitat change cauaesduction in the survival and
reproductive success of many bird populations (Wong and Can@flitb; Donazaet al., 2016).
Gathering information on current and historic anthropogenic threats that limit@nstrain a
*% ] *[ %0 }% po 3$}Qsed]tool icanservation management, particularly in regards to

restoring native lost species (Foden and Young, 2016). As part of the [IUCNJrghto criteria
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(IUCN/SSC, 1998, 2013), itis an essential requirement to recognise and understeodmental

constraints that have led or could lead to population declines, extinst@range contractions.

To restore native species into their former historic rangeZ *% ] [ 1181 % 1338
requirements must be compatible with the modern-day land uses founbinvthe release area
(IUCN/SSC, 2013). Many modern land uses and landscapes have chanfieargigfiom historic

land uses and landscapes. This is certainly true for Wales andafauelost native species. For
example, the Welsh landscape has changed significantly sincatiheteon of native eagles, over

150 years ago. Recent work has mapped suitable breeding areas acrossthdale®et the

breeding requirements for both eagle specie€hépter Four. Understanding additional
anthropogenic land-use constraints and risks for eagles and their séysit these land uses

within suitable breeding areas are pivotal assessments to validatéagle restoration programme

in Wales (Corlett, 2016; IUCN/SCC, 2013; National Species Redtitmod-orum, 2014).

5.1.1.Anthropogenic Land Use Threats to Eagles

It is a sad reality that the natural threats that Golden and White-tailed Eagtesierce, amount
to little compared to anthropogenic threats introduced to their habitatdioynans (Urwin, 2016)
Almost all current threats to eagles are attributable, directly or indiye¢o anthropogenic land
uses and associated human activities (Birdlife International, 2015adtiféBinternational, 2020).
Anthropogenic land uses can constrain eagle populations by cpdsact mortality, or indirectly
through negative impacts to habitat, prey and nest site availability (Huak, 2017). Direct land-
use threats include shooting, trapping, collisions, nest destruction and mog¢Sansom, Evans,
and Roos, 2016; Whitfield and Fielding, 2017). Indirect land-use thresakargely associated with
modifying or losing suitable eagle habitat, in turn reducing the abiity of prey, foraging areas

and/or nest sites (Whitfielét al., 2007; Sansom, Evans, and Roos, 2016

The quality and security of eagle habitat is an important aspect of glkdigle conservation,
management and reintroduction (Whitfielet al., 2006; Whitfieldet al., 2008; Scottish Natural
Heritage, 2017). Historic land-use change has been a critical factor iarthe recovery of eagles

in Britain, attributed to the loss or modification of suitable habitatsA veU K[3}}o v tZ]3(]
2012). The expansion and magnitude of livestock grazing and comnieregtty plantations are

two modern land uses that have indirect associations in constraining tbigibdition and

abundance of good quality eagle habitat (McGrady, Michael and Petty, 2001;ekaddd
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Walker, 2002; Van Rijn and Zijlstra, 2011). While the constraining natuhese anthropogenic
land uses are dependent on the extent of habitat change, there are land usels, asu
urbanisation, which can completely deplete or displace eagles from prdyisugable habitats
(Leclercet al.,2015; Collopy, Woodbridge and Brown, 2017; Cosgebat, 2017).

In addition to transforming the availability of good quality eagle habitathaxe also littered such
habitats with hazards and obstacles, from areas prevalent with raptor killingeets cluttered

with wind-turbines (Heulet al.,2019); Direct persecution and collision risks are influenced by the
density of eagle exposure in areas where conflicting issues arise enew¥ind turbines exist
(Whitfield, Fielding, Mcleodgt al, 2004; Percival, 2005). These land uses can also have indirect
effects and have been associated with avoidance/barrier effects, disturhatisglacement or
complete exclusion of breeding and non-breeding birds from bregdrounds or foraging areas,

via learned behaviours (Ruddock and Whitfield, 2007). Thus, it is tamporfor species
reintroduction projects, to understand how empty landscapes void @&ebding eagles, like
England and Wales, would be influenced by modern-day anthropogemaikes that either bring

adirect threat to survival, or influence species occupancy of otheraistable habitats.
5.1.2.Reevaluating Suitable Breeding Areas to Assesses Availability

In Chapter Fourtwo Species Distribution Models (SDMs) were derived to display suiia®ding
areas for the Golden and White-tailed Eagle in Britain. These models highligfiile suitable
breeding areas across Britain, the chapter also revealed region spbimfgeographic areas
across Wales for both breeding species. It is common know|ddgyvever, that many species can
often be absent from suitable habitatBéyer et al, 2010; Piperet al, 2013, due to
anthropogenic land uses that limit their survival or ability tepdirse Pulliam, 2000 Thus, it can
be assumed that the proportion of suitable eagle breeding habitat, previously edamould be
proportionally larger than habitats currently available for eagles to ogdagday (Hirzel and Le
Lay, 2008)lt is essential for any well-planned species recovery programme-¢valuate areas
of suitable habitat, offering reliable information on (i) their overlap withrrent land uses, (ii)

areas lost by certain land uses and or (iii) areas at more or l&ssitisland uses.
5.1.3.Chapter Five Research Objectives

In this chapter, we relate the bio-geographic zones, that have been Higgdign Chapter 4as

suitable to support breeding eagles, with related anthropogenic land,usdocus in on the most
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suitable breeding areas for the Golden and White-tailed Eagle in Wales. Wkisdby; i)
estimating the proportion of suitable breeding habitat lost to certain aogfmgenic land uses; ii)
rank each bio-geographic zone as a function of the exposure to ardgesyic land use and risk;

and iii) illustrate current breeding habitats and nest-sites avaal&in both species across Wales.
This study focuses on the modern-day potential of Wales to support brg&slatden and White-
tailed Eagles, and the threats to breeding eagle habitat needed to be considered for a

reintroduction programme.

5.2. Methods

5.2.1.Suitable Breeding Habitat for Eagles in Wales

Two spatial datasets identifying all suitable breeding areas in Wales,ddédiden and White-
tailed Eagle, were obtained from Species Distribution Models (SDMs), cre&bdpter FourFor
the present chapter, the SDM spatial data for each species were convertetlimary data of
non-suitable (0) and suitable breeding habitats (1). Spatial SDM data represantaigeshabitat
were further defined by bio-geographic breeding zones, which were mnoedated in the
previous chapter; to illustrate breeding zones enclosing slétahgle habitat across Wales. These
two spatial datasets, and species-specific bio-geographic zones, werasieds the research
%o E& ¢ VS Jv SZ % E ¢ vS Z %S EX dZ <% S] o "D S ]JvPopu = ¢
a suitable breeding habitat, across 12 upland bio-geographic breextings of focus for the
Golden Eagle. For the White-tailed Eagle, 38% of land coverage, atsssial and 3 inland bio-
geographic zones were of focus in WalEggre 16. For a true reflection of the coverage of
breeding habitat across Wales, we also assessed suitable habitats thiat ff@Nland areas of
Wales for the Golden Eagle and applied these areas as a single bio-geogamhi(i.e. bio-

geographic zone 13).
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Figure 16 Species Distribution Models depicting the plausible distributicuitdble breeding
habitats for both the Golden and White-tailed Eagle in Wallesstibiting 44.1% of terrain as
suitable for Golden Eagles across 12 upland bio-geographic zank88a88% of terrain as
suitable for White-tailed Eagles across 17 bio-geographic zonesoistal and 3 upland

zones).

5.2.2.Anthropogenic Land Use Intensity

Anthropogenic land-use features were mapped for Wales using QGIS spatiadr8dit 3.6; QGIS
Development Team, 2019), and projected using the World Geographic System8aNGEhly
anthropogenic land uses recorded to directly or indirectly influenaeting eagle distribution
were considered. Windfarms (UKWED, 2017), urban areas (BUA, 20@ifercial forestry
plantations (NWTI, 2017), livestock pasture (CLC, 2018), and raptor persenuaidanis (RSPB
Raptor Persecution, 2019) were the additional anthropogenic land-use caristcainsidered for
breeding eagles in Wales. The total proportion of terrestrial coveeémh anthropogenic land
use were calculated for the whole of Wales and for each bio-geogrdpbeding zone for the
Golden and White-tailed Eagle to derive percentages of land cover thatrentyravailable for

eagles.
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Anthropogenic land uses were calculated according to either; i) thegptiop of terrestrial cover

(m?) allocated to each of the five land uses within species bio-geographes, estimated as a
percentage (e.g. % livestock pastures); or ii) the magnitude of focal lasdiudio-geographic
zones, estimated as a number (e.g. number of wind turbines). The percentage amagoitude

of these five land uses are used in this study as a measure of angeopoland-use intensity
within each species bio-geographic zone across Wales; providirg measure of habitat quality
and/or possible threats to survival or reproductive success. Spatiak ran@ heat maps were
produced to illustrate anthropogenic land-use intensity, with the distiitm and regional risks to
breeding Golden and White-tailed Eagle habitat in Wales. All spatialsegpging anthropogenic
land uses are provided #ppendix 7 to Appendix 26r both Golden and White-tailed Eagles.

5.2.3.Eagle Habitat Lost to Anthropogenic Land Uses

In order to assess the proportion of eagle habitat lost to anthropogkamd uses in Wales, we
derived the geographic extent for which breeding displacement ocduhs. loss of breeding
habitat for each eagle species was only considered for wind-turbémesurban areas across
Wales, attributed to data availability and the lack of sufficient data at gmmte spatial and
temporal scales. Species-specific breeding displacement buffersnetdtd#iom Ruddock and
Whitfield (2007), were created to surround windfarms and urban areasguéikm and 1 km
breeding displacement buffers respectively for Golden Eagles, angl 8%m and 0.5 km buffers
respectively for White-tailed Eagles. Relevant land use buffers were combinealardid with
the suitable breeding habitats for both eagles, to derive the full spatial éxteloreeding habitat
overlapping with land use buffers that represent areas at high riskiofjdost as breeding habitat
to eagles. Habitat lost by breeding displacement was quantified by sunmtimngroportion of
Goden and White-tailed eagle breeding habitat that fell within breeding digpent buffers
across Wales and for each bio-geographic zone. By subtracting the fioopwoirbreeding habitat
lost within anthropogenic breeding displacement buffers, from the prapo of suitable habitat
across each bio-geographic zone, the proportion of available breedibitggh remaining for the

Golden and White-tailed Eagle was revealed.
5.2.4.Available Habitat and Nest Sites

To assess the true availability of breeding eagle habitat across Walespfiatpn of nest sites

in Golden and White-tailed Eagle bio-geographic zones were derived.spat@l datasets,
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Ordinance Survey crag®$ vector map, 20)1%nd the National Woodland and Tree Inventory
(NWTI, 2017), were utilized to map the extent of available nest sites for both sagbées. For
White-tailed Eagles we explored the proportion of crags and tree sites availébla & km from
the Welsh coastline, and tree sites within 3 km from an inlandhimeger source. For Golden
Eagles, we explored the proportion of inland crag sites available witiZirkm of a mountain
ridgeline. To explore how nest sites and available breeding areasoficonservation initiatives
across Wales, five spatial datasets were combined and mapped to rdikedpiatial extent of
protected areas in Wales (SPA, 2019; AONB, 2019; RAMSAR Sites, 2019, SSIBIR2@Q039).
We then estimated the proportion of available breeding habitat that is digtet within

protected areas across bio-geographic zones and Wales.
5.2.5.Ranking Bio-geographic Breeding Zones

All empirical anthropogenic measures such as land use intensityfdigestock pastures and no.

of wind-turbines), land use loss (e.g. % loss to urban areas) and abenpént of availability

breeding areas (e.g. % overlap with protected areas) and nest sites (e.g.l8blavaest sites)

were applied in a bio-geographic zone ranking method. For each speeeiicsbio-geographic

zone, a value was obtained and ranked according to the proportion of ardgespc land use

intensity and suitable habitat loss in a given region. Each anthropoggaise was given a rank

« }E SA v Zi[ v Zii[ &} Juu} 8 (JE pkoorR @& OYAE& V}o Ev
Po U v Zi[ v Zi6[ (}J& } S0 v ]Jvo v -t@HedHagksZz ]S S« (}E&

For land use intensity and loss rank measures, the lower the seole the more compatible
breeding areas are with anthropogenic land uses in that given area. On theago for the

proportion of available breeding habitat and nest sites, ranked scoree wsietilarly obtained,
however, in this case the higher the score the more compatible dinge areas are with
anthropogenic land uses. The use of this ranking method was to deterthe hierarchy of
available Golden and White-tailed Eagle breeding areas and their suitadddgrding to

anthropogenic land uses across Wales.
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5.3. Reaults

5.3.1.The Proportion of Eagle Habitat Lost in Wales

5.3.1.1. Golden Eagle Breeding Habitat Availability

Previous analysis highlighted 44.1 % of land area in Wales being sbitadting habitat for the
Golden Eagle, split across 12 bio-geographic zones. From our syetysstimated 8 % of suitable
breeding habitat is lost via the placement of windfarms and urban afggsrel7); 4.9 % lost to
windfarms Appendix § and a further 3.1 % lost to urban aredgppendix §. The bio-geographic
zones with the highest proportion of Golden Eagle breeding habitat dssillustrated inFigure
17, were; South Wales Valleys (West; 32.8 % lost), Pentre-Llyn-Cymmer (&hd Seuth Wales
Valleys (East; 14.8%)he bio-geographic zones with the lowest proportion of habitat losteyer
HayOnWye (0 % lost), Black Mountains (0 %) and Central Snowdonia Nation&) Pafigure
17). Taking into consideration the proportion of breeding habitat lost du¢h&se land uses,

leaves 36.1% of total land area remaining available as breeding habitat tlerIehgle in Wales.

5.3.1.2. White-tailed Eagle Breeding Habitat Availability

Previous estimates quantified 38.3 % of land area in Wales asdsinigble breeding habitat for

the White-tailed Eaglesplit across 14 coastal and 3 inland bio-geographic zonesafalysis
estimates that 5.3% of suitable breeding habitat is lost via ttaiaglpdistribution of urban areas

and windfarms Eigure 18; 2.5 % lost to windfarmdAppendix 9 and 2.8% lost to urban areas
(Appendix 10). The bio-geographic zones with the highest proportion of habitiost were:
Swansea Bay & Afon Forests (23 % lost), the Severn Estuary (9.7 %) antu&yfiaBd Dyfi
Forests (9.1 %). The bio-geographic zones with the lowest proportion datsalost were
Ceredigion Bay (1.7% lost), Mawddach Estuary and Coed Y Brenin forests (2.2%) and
Pembrokeshire National Park (2.5%). Taking into account these |@39%spf the terrestrial

surface of Wales remains availablesgsreeding habitat for White-tailed Eagles.
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Figure 17.The estimated loss of Golden Eagle breedingitat attributed to the plausible
displacement by windfarms (4 km displacement buffers) and urbasdfekm displacement
buffer) across Wales. Available breeding habitats are denoted by uplargkographic zones

(red) and also takes into consideration lowland areas (bio-getigamne 13).
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Figure 18.The estimated loss of White-tailed Eagle breeding habitat attributed tgldesible
displacement by windfarms (3 km breeding displacement buffer) and urban(@®&adsn breeding
displacement buffer) across Wales. Available breeding habitats are dengtemdstal bio-

geographic zones (blue) and zones for inland areas (bio-geographic zones 15 to 17).
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5.3.2.Eagle Breeding Habitat and Land Use Intensity in Wales

5.3.2.1. Golden Eagle Breeding Habitat and Land Use

Livestock pastures currently account for 75 % of the total land usealas\MHabitats suitable for
breeding Golden Eagles encompass 62.2 % of Welsh livestock pastu@e¥; ih upland pastures
within 1.2 km of a mountain ridgeline, and 44.3 % of in lowlaastyres Appendix11). Golden
Eagle bio-geographic breeding zones with the highest proportion of pasiuges Other Lowland
Areas, South Wales Valleys (West) and BeyA/ye Table 3. Commercial forestry plantations
constitute 6.7% of land use in Wales, with 5.6% of the total landousdapping with upland
breeding habitats suitable for breeding Golden Eagles, but only 1.I5&lahd breeding habitats
(Appendix12). The upland breeding areas with greater overlap with commercial foresthyde;
South Wales Valleys (West), Cambrian Mountains, and Lower Snowdonia Nation@aBekj.

Wales currently accounts for 102 terrestrial windfarms, with 77@rapng wind-turbines. Over
69.8 % of windfarms located within habitats suitable for breeding &voleagles have 3 or fewer
wind-turbines Appendix 13. The breeding zones with the highest number of windfarms were;
South Wales Valleys (West); Welsh Lowland Areas and Cambrian Moum&hies §.

Urban areas make up 4.4 % of the total land area in Wales, with an estimatethpopwf 3.1
million people. Golden Eagle breeding zones with the higheste®of human habitation include;
Welsh Lowland Areas, South Wales Valleys (East), and South Wales(MéktyBable 3. Welsh
urban areas equate to 8.1 % of the land use in upland habitat congasuitable habitat for
breeding Golden EagleAgpendix 14.

Eighty-five raptors have been recorded to be illegally persecuted across W&ilgeen 2007 and
2019, of which 63.5 % were recorded within upland habitatsable for breeding Golden Eagles,
and 36.5 % in suitable lowland habitats. Golden Eagle bio-geograpteding zones with the
highest number of persecuted incidents were; all Lowland Breedimegisi Brecon Beacons
National Park, and Llangollen & Berwyn Mountains. Upland zones liker,LOentral and Upper

Snowdonia National Park, and Pentre-llyn-Cymmer, recorded no raptor pemedntidents

(Appendix 15.
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5.3.2.2. White-tailed Eagle Breeding Habitat and Land Use

White-tailed Eagle breeding habitat overlaps with 40.5 % of livestodkneasn Wales; 10.6 % of
lowland pastures within 3 km from a coastline and 29.9 % wighkm of an inland freshwater
source Appendix 16. Bio-geographic breeding zones with the largest proportion of lamed us
assigned to pastures were; Ceredigion Bay, Caerfyrddin Bay, and Isle ofepn@kdse §.
Commercial forestry plantations constituted 5.8 % of the total land userang coastal breeding
habitat and 45.6 % of inland breeding habitégppendix 17. Commercial forestry overlapped
greater with inland breeding habitats such as the Cambrian MountainsBaedon Beacons
National ParkTable §.

White-tailed Eagle breeding zones with the highest number of windfavere; Swansea Bay &
Afon Forests, Cambrian Mountains, and Isle of AngleBallé §. Only 6.6 % of wind-turbines
were positioned near the Welsh coast and 56.8 % across inlandibgekdbitats Appendix 18.
Breeding zones where urban areas prevailed include; The Severn Estuary, Swanseaf@ay &
Forests, and Brecon Beacons National PEakle §. Urban populations encompass 32.1 % of land
cover within 3 km of the Welsh coastline, with 23.5 % of ur@as surrounding inland breeding
habitats Appendix 19)Recorded raptor persecution incidents were recorded to overlap with 6.3
% of coastal breeding habitats and 53.3 % within inland breddibgats for White-tailed Eagles
Inland breeding zones with the highest number of recorded raptorgmenson incidents were;
The Brecon Beacons National Park and Y Berwyn National ReBaple §) Coastal zones such
as the Mawddach Estuary & Coed y Brenin Forests and Glaslyn Es&rmoywa@onia National Park
displayed no recorded raptor persecutiodgppendix 20)

5.3.3.Bio-geographic Breeding Zones of Priority in Wales

5.3.3.1. Golden Eagle Breeding Zones of Priority

The top seven bio-geographic zones with the highest final rank saoréélies for available
breeding Golden Eagle habitat, were: Central Snowdonia National Park, BlackaMsubpper
Snowdonia National Park, Lower Snowdonia National ParkOadye, Brecon Beacons National
Park, and the Cambrian Mountain§aple 9. Central Snowdonia National Park and Upper

Snowdonia National Park gained the highest-ranking score for availaldedumest sites

(Appendix 21).By contrast, South Wales Valleys (East) and Pentre-llyn-Cymmer revealed the

lowest ranks for available nesting crags for Golden Eagles.
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Table 7.Descriptive statistics of the anthropogenic land-use effectsafch apland bio-geographic zone (1-12) and lowland breeding ¢I8)

suitable to hold breeding Golden Eagles in Wales

Suitable Habitats Habitat Loss Land-use Intensity Available Habitat and Resources
%
0, 0,
% A) Yo Land No. % % Final
% . Habitat Land No. . % . overlap
. . . Habitat covered . of Population . Available ] Zone
Bio-geographic Zones Suitable lost to covered by of Wind- . Available with
. loss to . by . Persecution No. . nests Rank
Habitat ) Urban Commercial | . turbines . habitat Protecte
Windfarms Livestock Incidents (crags) Score
areas Forestry d areas
Pasture
1 t South Wales Valleys (East) 43.1 14.1 0.7 19.7 53.3 8 7 973,898 28.3 0.2 11 12
2 t South Wales Valleys (West) 52.9 32.3 0.5 36.6 63.0 204 7 689,530 20.1 0.9 1.2 13
3 t Brecon Beacons National Park 67.9 5.3 0.1 14.4 45.4 1 15 103,493 62.5 7.3 8.7 6
4 t Black Mountains 41.4 0.0 0.0 11.9 41.6 0 2 11,349 41.4 1.0 10.2 2
5 t Hayon-Wye 41.7 0.0 0.0 13.7 57.9 0 1 205 41.7 0.2 0.1 5
6 t Radnor Forests 39.2 10.1 0.0 10.2 57.6 123 4 22,015 29.1 0.6 6.6 10
7 t Cambrian Mountains 54.0 6.7 0.0 36.5 43.5 167 7 17,227 47.3 10.8 20.2 7
8 t Lower Snowdonia National Park 75.0 6.0 0.1 31.8 34.6 2 0 8,274 69.0 9.1 34 4
9 t Llangollen & Berwyn Mountains 51.8 9.3 0.0 17.9 49.7 58 11 107,302 42.5 4.3 16.2 11
10 t Central Snowdonia National Pard  78.7 0.0 0.0 16.1 24.2 0 0 11,600 78.6 12.9 13.6 1
11 t Upper Snowdonia National Park 78.6 0.0 0.1 12.9 18.3 0 0 28,215 78.5 26.9 13.3 3
12 t Pentre-Llyn-Cymmer 45.9 315 0.0 24.6 55.8 38 0 5,975 14.3 0.2 8.4 8
13 t Welsh Lowland Areas . . 1,907,194 9
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Table 8 Descriptive statistics of the anthropogenic land-use effectsdoh coastal bio-geographic zofiel4) and inland breeding zones (15-

17); suitable to hold breeding White-tailed Eagles in Wales.

Suitable Habitats Habitat Loss Land-use Intensity Available Habitat and Resources
%
% % No. % % % .
% .% Habitat | Land covered Land of No. . % % Available | Available | overlap Final
. . . Habitat loss covered - of Population : Available . Zone
Bio-geographic Zones Suitable lost to by Wind- ) Available nests nests with
. to . by . Persecution No. . nests Rank
Habitat . Urban Commercial . turbine . habitat (Coastal (Inland Protecte
Windfarms Livestock Incidents (crags) Score
areas Forestry Pasture s trees) trees) d areas
1- The Severn Estuary 17.5 3.0 6.7 3.4 59.7 10 0 986,078 7.8 1.0 3 3.1 1.9 16
2- Swansea Bay & Afon Forests 76.0 13.0 10.0 9.8 40.5 198 7 524,573 53.0 33 4 1.8 11 | az |

3- The Gower Peninsula 27.8 0.5 6.5 0.3 60.5 1 1 320,677 20.9 19.1 9 2.1 3.0 8
4- Caerfyrddin Bay 21.7 2.3 2.9 1.9 76.4 33 3 58,853 16.5 4.5 13 1.6 2.2 10
5- Pembrokeshire National Park 17.5 0.9 1.6 1.3 48.3 15 2 73,131 15.0 19.5 13 5.1 15.7 2
6 - Ceredigion Bay 8.3 0.6 1.2 24 82.5 15 4 49,988 6.6 27.4 9 4.0 5.9 3
7 - Dyfi Estuary & Dyfi Forests 58.1 5.1 4.0 6.1 34.3 2 3 8,942 49.0 13.9 7 6.5 8.6 4
8- Mawddach Estuary & Coed y Brenin Fore 67.9 0.0 2.2 5.2 32.5 0 0 9,930 65.7 12.3 9 9.0 21.9 1
9- Glaslyn Estuary & Snowdonia National Pa]  60.9 0.0 3.7 1.3 27.5 0 0 63,699 57.2 8.8 5 5.1 4.4 6
10 t Lyn Peninsula 25.5 25 1.7 0.6 56.4 3 1 12,609 21.3 32.3 5 1.3 4.7 5
11- Isle of Anglesey 354 2.3 5.1 0.5 64.3 74 3 49,678 28.0 48.5 10 2.0 9.2 7
12- Conwy Estuary & Gwydir Forests 58.4 0.0 25 3.0 25.0 0 4 79,409 55.9 3.1 4 4.7 25 9
13- Clwyd Estuary & Clocaenog Forests 18.3 1.2 1.5 3.8 60.1 37 2 126,091 15.7 0.0 2 5.7 6.2 11
14- Dee Estuary & Pen y Maes Woods 22.0 0.0 4.9 0.6 43.5 0 4 306,571 17.1 0.0 3 2.2 0.2 13

15- Y Berwyn National Reserve . . 38,139
16- Cambrian Mountains

17 - Brecon Beacons National Park
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Lowland breeding zones for Golden Eagles highlighted the highest papoftbreeding habitat

in protected areasTable 9. However, upland zones such as the Cambrian Mountains (20.2 % of
breeding habitats within protected areas), Llangollen & Berwyn Mounta®® @) and Central
Snowdonia National Park (13.6 %) can be strongly suggested to be the bast preeding areas

in Wales for Golden Eaglesppendix 22.

5.3.3.2. White-tailed Eagle Breeding Zones of Priority

The top seven bio-geographic zones with the highest rank scores in Wabsgilable breeding
White-tailed Eagle habitat, include: Mawddach Estuary & Coed y Brenin Fd?estbrokeshire
National Park, Ceredigion Bay, Dyfi Estuary & Dyfi Forests, Llyn Peninsula Edaslyy &
Snowdonia National Park, and Isle of Angle3aple 10.

The Isle of Anglesey and the Llyn Peninsula gained the highest rankiadacavailable coastal
nests Appendix 23. By contrast, Clwyd Estuary & Gwydir Forests, and Dee Estuary &MRe&s Y
Woods ranked the lowest for available coastal nest crags, with none prestans mregion. These
regions did, however, illustrate sufficient amount of coastal trees fortingsor foraging
(Appendix 24. Results indicated sufficient amount of inland breeding habitat fortéMiailed
Eagles also, across Walgdppendix 23.

The bio-geographic breeding zones with the lowest rank scoredaictbe Severn Estuary and
Swansea Bay and Afon Forests, and Cambrian MouniBatde( 10. White-tailed Eagle breeding
zones with the most protected breeding habitat and can strongly beesigd to be priority areas
in Wales, are; the Mawddach Estuary & Coed y Brenin Forests (21.1% dhgrkelitat within
protected areas), Pembrokeshire National Park (15.7%), and Isle of Anglese\A{an@¥dix 26.
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Table 9 Bio-geographic zone-specific hierarchies for each bio-geograpleicreévales; depicting the level of risks and abundance of alailab

resources for Golden Eagles in Wales. High-rank numbers indicate more angmigpogks or less resource availability in a given area.

Suitable Habitats Habitat Loss Land-use Intensity Available Habitat and Resources
0,

% %. % La/(rJld No. % % overlap | Average Final

. . .% Habitat loss Habitat | Land covered covered NC." of Population % Available with Zone Zone

Bio-geographic Zones Sl to lostto by by of Wind- Persecution No. Available nests Protected Rank Rank

Habitat . Urban Commercial . turbines . habitat
Windfarms Livestock Incidents (crags) areas Score Score
areas Forestry
Pasture

1 t South Wales Valleys (East) 43.1 11 12 9 9 7 8 12 28.3 13 12 10 12
2 t South Wales Valleys (West) 52.9 13 11 13 13 13 8 11 20.1 9 11 11 13
3 t Brecon Beacons National Park 67.9 6 9 6 7 5 12 9 62.5 5 7 7 6
4 t Black Mountains 41.4 1 5 3 5 1 6 4 41.4 8 6 4 2
5 t Hayon-Wye 41.7 1 1 5 12 1 5 1 41.7 11 13 6 5
6 t Radnor Forests 39.2 10 4 2 11 10 7 7 29.1 10 9 8 10
7 t Cambrian Mountains 54.0 8 3 12 6 11 8 6 47.3 3 2 7 7
8 t Lower Snowdonia National Park 75.0 7 8 11 4 6 1 3 69.0 4 10 6 4
9 t Llangollen & Berwyn Mountains 51.8 9 7 8 8 9 11 10 42.5 6 3 8 11
10 t Central Snowdonia National Park]  78.7 1 6 7 2 1 1 5 78.6 2 4 3 1
11 t Upper Snowdonia National Park 78.6 1 10 4 1 1 1 8 78.5 1 5 4 3
12 t Pentre-Llyn-Cymmer 45.9 12 2 10 10 8 1 2 14.3 12 8 7 8
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Tablel0. Bio-geographic zone-specific hierarchies for each bio-geograpldéredales; depicting the level of risks and abundance of alailab

resources for White-tailed Eagles in Wales. High rank numbers indicate mbrepmgenic risks or less resource availability in a given area.

Suitable Habitats Habitat Loss Land use Intensity Available Habitat and Resources
%
% % % Land No. No. % % % % Average Final
0 Habitat Habitat Land covered of of Population e Available Available | - Available overlap Zone Zone
Bio-geographic Zones Suitable loss t lostto | covered by b Wind- | p i N Available " nests nests with Rank Rank
Habitat loss 1o Urban | Commercial s n ersecution 0 habitat nests (Coastal (Inland Protected an an
Windfarms Livestock | turbines Incidents (crags) Score Score
areas Forestry Pasture trees) trees) areas
1- The Severn Estuary 17.5 13 16 10 12 9 1 17 7.8 12 12 11 15 12 16
2- Swansea Bay & Afon Forests 76.0 17 17 15 6 17 15 16 53.0 10 11 15 16 14 17
3- The Gower Peninsula 27.8 5 15 1 14 5 4 14 20.9 5 4 13 12 8 8
4- Caerfyrddin Bay 21.7 9 10 7 16 12 8 8 16.5 9 2 16 14 10 10
5- Pembrokeshire National Park 17.5 7 5 6 9 10 6 10 15.0 4 1 8 8 6 2
6- Ceredigion Bay 8.3 6 3 8 17 10 11 7 6.6 3 6 10 8 8 g
7 - Dyfi Estuary & Dyfi Forests 58.1 16 12 13 4 6 8 2 49.0 6 7 5 6 8 4
8- Mawddach Estuary & Coed y Brenin Fores] 67.9 1 7 12 8 1 1 B 65.7 7 5 8 1 4 1
9- Glaslyn Estuary & Snowdonia National Pal 60.9 2 11 5 2 1 1 9 57.2 8 9 7 10 6 6
10 t Lyn Peninsula 25.5 12 6 8 11 7 4 4 21.3 2 8 17 9 8 5
11- Isle of Anglesey 35.4 10 14 2 15 15 8 6 28.0 1 8 14 5 8 7
12- Conwy Estuary & Gwydir Forests 58.4 3 8 9 1 1 11 11 55.9 11 10 9 13 8 9
13- Clwyd Estuary & Clocaenog Forests 18.3 8 4 11 13 14 6 12 15.7 13 14 6 7 10 11
14- Dee Estuary & Pen y Maes Woods 22.0 4 13 4 7 1 11 13 17.1 13 13 12 17 10 13
15- Y Berwyn National Reserve 15 1 14 10 13 16 5 / / 4 2 9 14
16- Cambrian Mountains 14 2 17 5 16 11 1 / / 1 11 9 15
17- Brecon Beacons National Park 11 9 16 8 8 17 15 / / 2 4 10 12
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5.4. Discussion

Using spatial suitability maps and bio-geographic zones, from CHapteras reference points to
validate breeding eagle habitats, we expand our assessments in thitechapaddress additional
Welsh land-use constraints. We assess whether Golden and WHéed-Eagle breeding habitats
are compatible with modern-day anthropogenic land uses. Our reputtgide strong evidence
that Wales still holds sufficient breeding habitat for the Golden and White-tailed Eaglenore
importantly, breeding populations of both species of eagles in Wakesompatible with existing
land uses. This study provides comprehensive information about rit=t available, the
proportion of breeding habitat lost, the land use surrounding bregdhabitat and the top

breeding zones of the priory for the restoration of Golden and White-tailed Eagiesad/ales.
5.4.1.Golden Eagle Breeding Habitat in Wales

The results of this chapter illustrate enough upland and lowland breduigtat to sustain a
breeding population of Golden Eagles in Wales; ready for further assessof how many
breeding pairs Wales can sustain. This is not a surprise asafilales is characterised by open
landscapes, dominated by short vegetation with restricted tree cover, mnmoan habitat
preference for Golden Eagles across their global range (Setrgig 2006b; Thompson, 2008).
With the spatial extent of modern-day anthropogenic land uses taken dotwsideration, our
results revealed compelling evidence that the uplands of Wales are better suit€bfden Eagles
than lowland Wales. Most Golden Eagle populations breed in maumtai habitats (Mcgradgt
al., 2002; Di Vittori & Lopez-Lopez, 2014; Fieldingl., 2019; Tef & Lescu, 2019), but can also
breed in relatively flat, low lying landscapes, where they can nedusixely in trees. Typical
examples are in Siberia, Sweden and parts of the north-western United Stateso(MZa1$0;
Moss, 2015; Ledn-Girdn, 2016). Breeding pairs of Golden Eaglesaiidllowland areas if the
anthropogenic disturbance is high (Whitfiedd al, 2004; Millsapet al,, 2015). Consistent with
such findings, our results for Wales demonstrate that lowland breexbings hold fewer nest sites
and enclose more anthropogenic land uses that may cause additioradibg constraints,

compared to upland breeding habitats.

Breeding Golden Eagles are extremely sensitive to human disturbance, areais! with high
human habituation (Spaul and Heath, 2017), and are often recorded to take sandtubass
disturbed upland protected areas across their global range (Haworth afdirig, 2013). Ruddock
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and Whitfield (2007), revealed the average disturbance distance for Goddgesio be disturbed
and take flight was between 250 m and 1,500 m. This suggests thattémsity of land-uses in
lowland Wales would displace breeding Golden Eagles to inhabit Wieddh upland habitats,
where there are sufficient nest sites and suitable habitats for the btalsavoid human
disturbance. The two bio-geographic zones of the South Wales Valeysgood example from

our results of areas with high urban disturbance in Wales fod&oEagles.

Upland habitats in Wales, however, still present regional challenges tde@&agles. Since the
1950s, huge tracts of upland Wales have been converted from shiallys to commercial forestry
plantations (Linnard, 1979). Our spatial analysis shows that the tapgegortions of upland
afforestation have occurred in the Cambrian Mountains and Lower Snowddaiional Park.
Increased afforestation has been associated with loss of carrionianédgle prey (Whitfielét

al., 2001) reduced breeding success of Golden Eagles (Marquiss, Ratcliffe and Roxbu®gh, 198
and loss of nesting and foraging habitats (Whitfietcal., 2007). Livestock pastures, according to
Collopy, Woodbridge and Brown (2017), also have the same directiraticect effects as
afforestation to the quality of eagle habitat and the availabilitypody. Whitfieldet al. (2007)
suggest that upland habitats are experiencing parallel land-use changdaske optimism from
our results and from global evidence that Golden Eagles can thrive in arease wie
predominant land uses are low-intensity pastoral agriculture and forestry plantatidfadders
and Walker, 2002)

Raptor persecution incidents have significantly reduced across Walesacedno historic times
(Newton, 1979; RSPB Raptor Persecutiod92Raptor persecution is more abundant in upland
Wales than lowland Wales and has been recorded in eight out of th®altgeographic regions

for Golden Eagles. Raptor persecution in upland Britain has been correlatedlandhuse
allocated to recreational shooting estates (Whitfielcal, 2004). Wales has proportionately fewer
game shoots in upland areas compared to England and Scotland (GWCTp2fiaf)s explaining

why there are fewer raptor Kkills reported in Welsh uplands, compared to Bnagfid Scottish
uplandsX Z P]}v 0 % Ee pS]}v } ¢ v}S o035 Etquhppon bréedinghdhith§ vsS] o
or reduce the potential population in Wales. It could, however, act additional anthropogenic
constraint to the selection of breeding habitat near recorded incidentsiif#ld et al., 2004). Our
results suggested the Cambrian Mountains, Llangollen & Berwyn Mountains and Central
Snowdonia National Park be the best breeding habitat for Golden Eagiéslés and should be

the focus of further work for the planning of a licensed reintroduction scheme
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5.4.2.White-tailed Eagle Breeding Habitat in Wales

Throughout most of its global range the White-tailed Eagle tends to be asstavith coastal
habitats, especially in Norway, Iceland and Greenland (Willg&éd,; an Rijn and Zijlstra, 2011,
Zeiler, 2019), where 80% often nest on cliffs or low rock face®(l1€83). In Central Europe, for
example; Germany, they also inhabit inland areas invariably withim@dakes, rivers, wetlands
and marshes, where 75% of breeding pairs nest in trees (Krueger, Gruearkebr&truwe-Juhl,
2010). The results of this chapter highlighted great expanses of ceastahland areas of Wales
able to support breeding White-tailed Eagles. For Wales, translocated windid likely be
sourced from Norway, part of the Atlantic coast phylogenetic clade (Hsibdr, 2007), rendering
coastal Wales as priority areas to release this species, twéthope that this generalist bird
disperses inland to breed in due course. The Welsh coast, charactesifedier wind turbines,
commercial forestry plantations, sporadically distributed urbareaar and fewer raptor
persecution incidents, illustrate justolv suitable coastlines may be for White-tailed Eagles in

Wales.

White-tailed Eagles are not as wary of humans as Golden Eagles are, ancé@annbcloser
proximities to urban areas (Korsma al, 2012). Ruddock and Whitfield (2007), revealed the
average flight distance for White-tailed Eagles in response to an appngatiuman to be
between 50 m and 500 m. Wales has large stretches of coastline @MQ4vhere the majority
of coastal populations are estimated to hold between 0 to 1 persarhpctare (Office for National
Statistics, 2018a), perhaps explaining why there is still an abued#ravailable breeding habitat
for White-tailed Eagles situated around the coast of Wales. Coastal Walesraismpasses a
higher proportion of breeding habitat within already protected areas thasnidlbreeding zones;
Including 14 heritage coasts that are stretches of outstanding, undeveloplediats, that could
provide sanctuary for White-tailed Eagles. Mawddach Estuary, Pembroké&tional Park and
the Isle of Anglesey are three examples of already protected habitat that encoegpsisSicient

coastal breeding areas for White-tailed Eagles.

White-tailed Eagles are known to be vulnerable to collisions by wirdres, and they have not
been recorded to show any clear avoidance flight responses shiywother species including
Golden Eagles (Mcleast al., 2002; Balotari-Chiebaet al., 2016) Heucket al. (2019), revealed
that wind-turbine density was a strong predictor of collision mortality\\dhnite-tailed Eagles. As

the majority of on-shore windfarms in Wales are positioned in uptatatats and much of coastal
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Wales idevoid of large windfarms, in a similar distribution to wind farmSawotland and Norway
(Dahlet al,, 2013). This evidence indicates that collisions with lowland airines should be of
little concern, especially as 70% of lowland windfarms in Wedesprise3 or fewer individual
wind-turbines. Once the species ranges inland, however, windrtagbcould be a much larger
risk, as is the case in central Europe (Thaetenl, 2017) Swansea Bay and the Cambrian
Mountains are examples of areas of high wind turbine density of fiégito birds of prey in Wales.
Wales also has one operational off-shore windfarm; Gwynt y Mér, wikipositioned 14 km off
the coast of North Wales, the positioning of this windfarm is tomféshore to be of risk to coastal

White-tailed Eagles if they inhabited the Clwyd Estuary.

One land use characteristic for the majority of lowland and coastal Walée high proportion
of livestock pastures. Many studies suggest that livestock pastures dtiraotly affect a regior
potential to support breeding White-tailed Eagles (Love, 2013). This isyarly reflected in our
results, as many Welsh lowland regions with high proportions of pasiiso have numerous
available nest sites available for eagles to occupy; such as the Cerethgstinand the Isle of
Anglesey. According to Love (2013), there are many examples of WhétgEaitjles breeding in

close proximities to livestock pastures across Europe but healigs on the social attitude of

0} o (Eu E+* v 8Z PV E 0 % E %3]}ve }(}PIMayh@&vdteal, Z A}

2016). The species capability to occupy coastal regions widnse live-stock pastures is
significantly dependent on local public attitudes toward White-tailed €agl Wales. Our results
suggested the Mawddach Estuary & Coed y Brenin Forests, Pembrokeshire Nedidnahd Isle

of Anglesey to be the best coastal breeding habitat for White-tailed Eagiales and should be

the focus of further feasibility assessments.

5.5. nclusion

As set out by the IUCN reintroduction guidelines, matching and mapping b&tsitability and
availability of both eagle species and assessing anthropogenic lasdaasoss empty breeding
habitats are central to feasibility assessments, reintroduction design iamalementation
(IUCN/SSC, 2013). In this chapter, we evaluated the potential of the modern Welsbdpe to
support breeding Golden and White-tailed Eagles. The results of this claptelude that there
are substantial expanses of available breeding eagle habitat, includifigiesu areas with
available nest sites across Wales. However, further assessments areetetiu assess each

E P]}v[e % pEluding assessments of; habitat quality, prey availability,seihl attitudes
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of the public. Habitat availability for breeding eagles provides assertirat the potential release
of eagles, and their subsequent movements, are compatible with currentuaed in Wales. |
discuss the potential land use issues for breeding eagles. The retthis chapter for breeding
eagles, can also be tentatively applied to sub-adult birds, whichhasee nomadic and tolerant
of anthropogenic land uses than breeding eagBrgeding eagles are territorial, and protect their
territories year-round. Being central place foragers, breeding eagles are lessntobf regional
land use disturbances. Thus, the information in this chapter, can moward the plans to restore

eagles back to Wales.
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General Discussion

‘Bydd ailgyflwyno Eryrod Cynffon Aur a Chynffon Gwyn i Gymru o bwysigrwydd
cadwraeth Cenedlaethol a Rhyngwladol

The reintroduction of Golden and White-tailed Eagles to Wales will be of
E 3]}vo v /vd Ev 3]}v o }ve EA 3]}

Roy Dennis, MBE, Pers. Comms (2019).
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6.1. Discussion SImmary

The notion of restoring eagles to Wales is not a novel concept anddes suggested for many
years (Dennis and Ellis, 8V D E<«p]e+U T1iAV z o vU 7116V A veU K[3}}o0
but until now little scientific research has been conducted andanmal proposal developed. The
overall aim of this thesis was to start addressing the IUCN reintrodugtiatelines, and to fill
knowledge gaps about the biological, ecological and environmental fegsdiiliestoring either
or both the Golden and White-tailed Eagle to Wales. The primary objectiveisofvtirk is to

}v opu Az &@irdodiiction of eagles is the most acceptable option for either species and
for WalesM [

Using a range of investigative methodologies to address IUCN reintrodudtiemac({lUCN/SSC,
2013), this study examined: the historic distribution of both eagle igsen Wales@hapter Tw;
the distribution, habitat associations and avoidance of ecologicatiyesiavian mesopredators in

Wales Chapter Threg the distribution of suitable habitat for both species across Britain,

including WalesGhapter Fouy, and the distribution of available nest sites across Wales, with
consideration of possible land use and anthropogenic threats sudiognpotential breeding
habitats Chapter Fivie Combined, this work finds strong evidence that the Welsh landscape is
compatible with the restoration of either/or both native eagles, but &tularly suitable for
White-tailed Eagles. The biological, ecological and environmental evidetiegaghin this thesis,
provides the basic information to initiate restoration programmes, and furthecubses
additional regional assessments needed to be carried out to complete the licepseadipn to

re-introduce either or both species to Wales.

6.2. History of Eaglesin Wales and the LK

The history of eagles in Britain is well studied, and there is an abuadzruistoric records for
both eagle species in Scotland, England and 25 well-known recoM&fes (Yalden, 2007; Evans,
K[5}}o v tZ]S(] o Bdthispeeies were widespread across historic Britain, with
populations estimated to be as high as 800,400 pairs for Golden Eagles and 1,@Q0500 pairs

for White-tailed Eagles in 500 CEA veU K[3}}o v tZ]% (Theohistofig irecords for
eagles in Wales gathered in these previous studies were considered insuffipravide the
basis for a reintroduction programme, leading some to question whether Gold#k\dnite-tailed
Eagles are native breeding species in Wales (Marquiss, 2005; Love,R0I@&)ing our analysis

of the history of eagles in Wale€lfapter Tw9, there are now 151 eagle records archived for
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Wales; 81 records attributed to Golden Eagle and 70 records attribistétfhite-tailed Eagle.
These Welsh records contribute to the archived data for both speciesaddatain, and by
including breeding records they effectively eliminate any doubt alloe native status of these

birds in Wales.

The analysis presented @hapter Twademonstrates that both species were formerly widespread
in Wales before suffering intense persecution during the Middle Ageshvdulcto their eventual
extinction as breeding species by the early 1800s (Evans, 1974; Hambicansdwon, 1995). A
number of archaeological accounts were found indicating the early presenioetio species in
Wales, with Golden Eagles remains found at Cathole Cave, Gower, dating HaelDEvensian
period over 20,000 years ago (Harrison, 1980); and White-tailed Eaghén®at Port Eynon Cave,
Gower, from the Mesolithic period, 6,0009,000 years ago (Harrison, 1987). Our evidence from
69 Welsh Place-names are similarly suggestive, indicating that botirespeere likely present
across most of the Welsh landscape in historic times, encompasditiyy 8d and North Wales

highlighting the importance of eagles in the heritage and culture of Wales.

Like many birds of prey, both eagle species were relentlessly perseautech resulted in the

sharp declines and local extinctions of both eagles in Wales durin@&th and 19th Centuries,

% E o0 o A]3Z 8Z AES3]v 3]}v }( }3Z Po ¢ ]v MP® W FiilkeXe U K
species were common breeders in Wales during the 16th and Cétiituries (Johnson, 1644,
Pennant, 1778), however, by the late 18th Century, we found that Golden Eaghsyedd a

limited distribution in the uplands of Snowdonkidure 8, Chapter TwoBYy contrast, White-tailed

Eagles were still present in areas of Gwynedd, Dyfed and areas of Mid Glantbigane 8,
Chapter Twg. The last known breeding pair of Golden Eagles were recorded during the late 18th
Century on the cliffs of Snowdonia (Evans, 1974) and during the sanoel plee last, and only,
breeding record for White-tailed Eagles was recorded in the Kenfig area sbthle Wales coast

east of Swansea (Welsh Online Newspaper Library, 2019b). By the mid-t8t0species were
extinct as breeding species in Wales, however, wandering youngseagre still observed -and

persecuted until at least 1918 (Lovegrove et al., 2010).

6.2.1.Have the causes of extinction been reduced or eliminated?

There is strong historic evidence that the conflicts between eagles and farohdivestock (e.qg.
sheep, lambs and gamebirds) gave rise to persecution, eventually resulting to tlomalegi

extinction of breeding eagles in Wales (Cambridge, 1899; Ingram, Salmon and,@é6@ryHope
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and Dare, 1976). Historic persecution records collatedhapter Twareference detailed records

}( Po e JvP ¢Z}5 CovVv }Av BEe p 38} Ze A[VIREVPZ}v «] (%Z & F
Zl]oo *Z % Vv ohuwnlne-Newspaper Library 2019c, 2019d). This human-wildlif
conflict was first recorded in Wales during the™Zentury and continued through the 19th

Century, eliminating all potential colonists until adjacent regionsongér held breeding eagles

or young eagles dispersing from further north in Britain (Newton, 18¥8quiss, 2005).

Persecution of raptors became illegal under the Protection of Birds Act (:Mbith was
superseded by the Wildlife and Countryside Act (1981), which unfatély in Wales, was after
many birds of prey suffered population declines and extinctions (Loveg2007). Under strict
protection many birds of prey populations recovered during the" 2ind 2% Centuries
(Hawksworth, 2003). lllegal persecution of birds afypis still sporadically recorded across the
Welsh landscape, with 85 recorded incidents between 2007 and @gR3PB Raptor Persecution,
2019). This RSPB data demonstrates poisoning to be the most common persetethad used

in Wales, accounting for 69.6% of recorded persecution incidents, folloywesthdoting (22.8 %)
and trapping (7.6 %). However, as showgapter Threggeneralist avian mesopredators occur
across large breeding ranges in Wales. The widespread modern distngirti Wales of Common
Buzzards, Red Kites and Peregrine Falcons, and the ongoing populatioeriesco¥ breeding

Ospreys and Hen Harriefsigure 9, Chapter Thr@gthere is no doubt that persecution rates have

significantly decreased from historic levels, parallel to trends observezsaddorthern Ireland
and Scotland (Part al., 2008; Musgrovet al., 2013)

Both the Golden and Whité& ] o Po @& V}A (pooC % E}S § o« NN Z poOo
Wildlife and Countryside Act (1981), meaning that it is a crime toetalibly or recklessly disturb
breeding eagles or shoot, poison or harm eagles at any time of the Aeallegal persecution is

still recorded in Wales, an essential component of any future reghtction is to enter into

dialogue with key landowners and their employees, who may perceive eagles ongoing
concern. A comprehensive risk assessment, a requirement of the IUCN deiction guidelines
(IUCN/SCC, 2013), should be part of any reintroduction planning, to assesstantjal threats

that the released birds may face, and to identify effective measures Ighvihese hazards could

be mitigated.
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6.3. The Environmental Feasibility of Eagle Reintroductions in Wales

As established, the Golden and White-tailed Eagle have been extibeteding species in Wales,
for over 150 years. The historic landscape once familiar to these eaglesdmgedtsignificantly
over time. One of the main feasibility questions in this thesis for restaragles to Wales, is
whether the modern-day Welsh landscape still holds the habitat reguents to sustain long-
term populations of the Golden and White-tailed Ea@lédpter Fouy. Both eagle species display
a broad array of habitat preferences, which render them habitat generalisissii, 2010; Moss,
2011). The Golden Eagle is an elusive bird, wary of humans, and mbathjts upland habitats,
utilising crags within 1.2 km from a mountain ridgeline for mest{McLoed, Whitfield and
McGrady, 2003; Fieldirgg al. 2019). The species can also nest in trees within lowlandiplachd
habitats that enclose their main requirement of open-landscapes for huhitidgsapet al., 2015;
Crandall, Craighead and Bedrosian, 2016). In Wales, over 44% of landnamtsrthe habitat

requirements of breeding Golden EaglésgUre 12, Chapter FourFrom the comprehensive

analysis of Golden Eagle breeding habitat across lowland Walepier Five we predict that
this species will primarily occur in upland Wales, in habgatslar to those occupied by Golden
Eagle populations in Scotland, Ireland and western Scandinavia (Watson and D@9@1id/ass,
THiAV K[d}}o % E+X Ehapet Féuicdme{udes there are 12 mountainous bio-
geographic areas of focus that are suitable for the Golden Eagle to return in Walese 14,

Chapter Four)

By contrast, the White-tailed Eagle is less elusive, more tolerable to hyrwatigan be expected
to thrive in the maritime landscapes and climate of Wales. This specidfyposfers to nest in
mature trees across lowland wooded habitats, close to the sest@ydreshwater sources (Evans
et al.,2010; Sansom, Evans and Roo, 2016), or position nests on coasalrcigles, over 38%

of land cover is suitable breeding habitat for White-tailed Eagl€gyure 13, Chapter FourThe

spatial analysis of land uses across Wale€hapter Five revealed 14 coastal, wetland and
estuarine bio-geographic areas to be best suited for breeding White-tailece€EaglWales,
comparable to populations in Scotland, Ireland and the Netherlands (H&868; Whitfield et al.,
2013; Mee, 2016). Wales also provides an abundance of inland ettt meet the breeding
requirements of White-tailed Eagles, parallel to populations in Germ&8iberia and Croatia
(Mlikovsky, 2009; Radovic and Mikuska, 2009; Krone, Nadjafzadeh and BergerCP@psgr 4
concludes that there are 14 coastal bio-geographic and 3 inlangdmgraphic arasof focus that

are suitable for the White-tailed Eagle to return to WalEgj(re 15, Chapter Four
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The Welsh landscape, as describedCimaptersFour andFive is suitable to support breeding

Golden and White-tailed Eagles. The high proportion of land cover thastustable breeding
habitat for either or both eagle species highlights the conservation impoetarf Wales as the
next priority area in Britain to restore the Golden and White-tailed Eagleddition to this
evidence, theZ ]S S+ }( % E]v ] % to Walés,}dEffied by Section 42 of the Natural
Environment and Rural Communities (NERC) Wales Act (NERC, 2006),vattentagny of the
habitat requirements for Golden Eagles and White-tailed Eagjedsi¢ 1). From the list provided
in Table 11 the current conservation foces on many Welsh coastal, wetland and upland
habitats an eagle reintroduction would place Wales as a leader in respect ofciis fon and
progressive stance towards biodiversity conservation and ecolagistration of these habitats,

using eagles as flagship species.

Table 11 The twenty-one Habitats of Principal Importance to Wales (NERC) a06

associated with the habitat requirements of Golden or White-tailed Eddidstat types are

given in English and Welsh.

Priority Habitats Across Wales

Lowland calcareous grasslandslaswelltir calchaidd yr iseldir

Upland calcareous grasslandGlaswelltir calchaidd tir uchel

Lowland dry acid grassland Glaswelltir asidaidd sych yr iseldir

Lowland heathland Gweundir yr iseldir
Golden Eagle Y

) Upland heathland- Gweundir yr ucheldir
Eryr Euraid

) Purple moorgrass and rush pasture$orfeydd brwyn a glaswellt y gweunydd
(Aquila chrysaetgs

Lowland raised bog Cyforgors ar dir isel

Blanket bog- Gorgors

Mountain heaths and willow scrub Gweundir a phrysgwydd helyg ar dir mynyddig

Inland rock outcrop and scree habitatsCynefinoedd brigiadau craig a sgri mewndiro

Lowland Beech ffawydd coetir

Wet Woodland- Coedwig wlyb

Lowland mixed deciduous woodlandCoedwig gollddail gymysg ar dir isel

Rivers- Afonydd

White-tailed Eagle Mesotrophic lakes- Llynnoedd mesotroffig
Eryr y mér Eutrophic standing waters Dyfroedd llonydd ewtroffig
(Haliaeetus albicilla Maritime cliff and slopes Clogwyni a llethrau arforol

Coastal sand dunesTwyni tywod arfordirol

Estuarine rocky habitats Cynefinoedd creigiog aberol

Coastal saltmarsh Morfa heli

Intertidal mudflats - Eangderau llaid yn y gylchfa rhyng-lanw
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6.3.1.Available nest sites and breeding habitat

Nest site availability is an important resource consideration in terfnsustaining breeding
populations of Golden and White-tailed Eagles in Wales. Previous shalieshighlighted nest
site availability as a major potential limiting factor across sevaven breeding populations
(Millsap et al., 2015; Crandat al.,, 2016; Jiménez-Franeb al., 2018). While there is no strong
evidence to suggest an abundance of potentially suitable eagle breédinitats across Wales
(Chapter Fouy, this does not necessarily mean that these areas are available for eaglesuipy
today, due to lack of suitable nest sites or their sen$ytitdo human disturbance and the loss
and/or degradation of habitat to human activities (Ruddock and Whitfid®,72Korsmaret al.,
2012. Avian predators are sensitive to human disturbance and the loss adeéfmadation of
their natural habitats (Wong and Candolin, 2015). Thus, it is often gaadtige for feasibility
studies to re-assess suitable areas with anthropogenic land usesntagtcause additional
environmental constraints that could influence the availability of these atease occupied
(Byrne and Pritchard, 2016; Balatral., 2019). The temporal distribution of ecologically similar
avian mesopredators to both eaglesGmapter Thregevealed four main anthropogenic land-use
types that influenced their Welsh breeding distributions, namely; windfarurban areas,
persecution and livestock pastures. Windfarms, persecution and urban areasecorded to
displace breeding birds of prey (Rudock and Whitfield, 2007)lewhiestock pastures are
responsible for the depletion/degradation of bird of prey habitats (Doeztal., 2016).

Taking these anthropogenic land uses into consideration, we re-evaluatedlswgtaiie breeding
habitats in Chapter Five to reveal nest site availability, nesting compatibility and potential
breeding constraints within key breeding areas across Walesaverage displacement of nesting
eagles, a direct breeding constraint caused by anthropogenic langl seggested that 8% of
Golden Eagle breeding habitdtigure 17, Chapter Fiyeand 5.3% of White-tailed Eagle habitat

(Figure 18, Chapter Fiyenay be lost due to modern-day land uses. The South Wales Valleys

exhibited the greatest loss of potential Golden Eagle breeding habitsVates; undoubtedly
attributed to the dense human populations and high numbers of wind&afhable 7, Chapter

Five. The Radnor Forests and Llangollen & Berwyn Mountains had the loweabdigibf nest
sites, while the Snowdonia National Park and Black Mountains had ghedtinumber of, and

most suitable nest sites in Wales for Golden Eadlablé 8, Chapter Fiye
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By contrast, inland nest sites were much less abundant than coastakitestfor White-tailed
Eagles; primarily as a result of higher persecution incidents and windfar inland areasréble

9, Chapter Five Y Berwyn National Reserve, Cambrian Mountains and the Brecon Beacons

National Park exhibited the lowest availability of nesting sites, whetteadawddach Estuary,
Caerfyrddin Bay, and Pembrokeshire National Park exhibited the higlbesber and most
suitable nesting sites for White-tailed Eagles in&¥élable 10, Chapter Fiye

DespiteSZ < Zu} cdhsirpints on potential eagle breeding distribution, Wales still $ialal
abundance of available nest sites; leaving over 36% of land coveitasle breeding habitat for
Golden Eagles, and 33% for Wehtailed Eagles. With this research, we can state with confidence
that modern-day land uses in Wales are compatible with the restoraifoBolden and White-
tailed Eagles. Many available nesting areas for both species lie within alregidgtpd habitats

in Wales. This is an extremely important result, as biodiversitgerwation is a focus in Wales,
with 30% of the terrestrial surface and 36% of territorial waters, sujppg a rich variety of legally
protected flora and fauna within nature reserves (Natural Resources \W4&g). If Golden and
White-tailed Eagles were to be restored, they would integrate into and complemengisting

conservation initiatives already underway in Wales (Future Generation Act, 2015).

6.4. The Ecological Feasibility of Eagle Reintroductions in Wales

The ecological niches and functions of both eagle species are covetddyter OneFrom this
information, we know that reintroduction to Wales complements National and |ttonal

efforts to restore eagles to their historic native ranges (ConventioBiotogical Diversity, 2006;

SCBC, 2010). Since the Welsh landscape can support populationth cfpboies of eagles,
understanding their negative and positive ecological roles after traastocis important (Weeks,

2011). In recent years, the positive ecological impacts of suchespkaie become increasingly

evident through the proposition of trophic cascades and mesopredati@ase effects (Prugét

al., 2009; Terraube and Bretagnolle, 2018), and also via their sentinelespstztus as key
indicators of overall environmental quality (Ross and Weber, 2008). Thus, a deicticon would

restore lost ecosystem functions over a range of Welsh 1§ $+U }u% 0] v Adeing $Z Zt
}( &USPUE 'v E §]}vto e [ ~TiifieU 8} vZ v ]}]A]&2 Av SRIE C
functioning ecosystems. The Golden and White-tailed Eagle are also regarded asamnport
flagship species for upland, coastal and wetland habitats (Thompson, R@08ijset al., 2019)

supporting the view that the conservation of charismatic and iconixgpedators would bring
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wider biodiversity conservation benefits to Wal¢Sergio et al, 2006a Albert, Luque and
Courchamp, 2018). Thus, the main ecological reasoning to restore eithmtlorspecies assists
Section 6 and Section 7 of the Environmental Wales Act (2016) to enhanibeebsity and build

greater resilience into our ecosystems in Wales.

While the positive ecological effects for Wales are important to argue thewadltestoring eagles,
their potential negative ecological effects are equally important. To covidregiotential positive

and negative effects of eagles, further comprehensive analysis of theirgpessies is further
required. For example, eagles may have a positive effect by limiting the gimpulgrowth of
species that are non-native, invasive or particularly abundant, ascimerican MinkNeovison
visor), Canada Gees®ianta canadens)s Red Foxes/(lpes vulpes and Corvids (McWilliams,
Dunn and Raveling, 1998aloet al.,2008; Roemer, Donlan and Courchamp, 2002); but may have

a negative effect on small vulnerable native populations.

6.4.1.Prey Availability in Wales

6.4.1.1. The Golden Eagle (Eryr EdJjai

As generalist avian predators, both eagle species have broad diets andligtalution across
Wales would be dependent on prey abundance and availability (\&ditt al.,2009; Schweiger,
Funfstiick and Beierkuhnlein, 2015). While prey availability is ebtgnsidered in this thesis,
preliminary analyses on the spatial distribution of key prey densdm@sss Wales have been
estimated. To establish that there is sufficient prey availability in Walescies densities have
been calculated for every 10 km2 across Wales and each biogeogragion suitable for Golden
eagles Table 12; providing compelling evidence that there are fragmented, but abundant,

populations of prey sources for Golden Eagle all year round.

While many studies have reported the specialised diet of Golden Eaglestian8 (Rollie et al,
1994; Shaw 1994; Mcgrady 1994). Haworth et al. (2009) and Whitfield et @®)(@&monstrated
that, contrary to common perceptions, Golden Eagle productivity was linged to diet
specialisation. Instead it appears that prey abundance is important and pkeiadisation is an
inevitable outcome when a small number of prey items are super-abund&e variation in diet,
in accordance to prey availability, has been further observed acrosp&@Pendrini and Segio,

2001;Clouet et al. 2017; Health et al. 2021) and America (Bedrosian et al. 288t6nP2017).
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Table 12 Golden Eagle mammal and bird prey densities per 10 km? across Wales

Zone Zone Zone Zone Zone Zone Zone Zone Zone Zone Zone Zone  Zone 13 All
Species Density per 10 km2 1 2 3 4 5 6 7 8 9 10 11 12 (Lowland) Wales
Mammals (Family)
Leporidae Hares/Rabbits 10.0 6.0 1.8 4.7 4.0 5.4 4.8 7.8 10.3 6.5 8.2 5.9 10.8 8.6
Cervidae Deer 0.7 1.5 11 1.9 1.3 0.8 0.4 1.1 0.4 1.8 1.8 1.3 0.4 0.7
Bovidae Goats 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.9 12.7 0.0 0.0 0.5
Carnidae Fox 8.0 5.6 1.7 1.3 0.8 21 2.6 3.6 3.7 5.3 4.3 1.0 4.7 4.0
Muridae Rats/mice/voles 13.4 8.2 1.7 6.5 10.5 2.0 4.4 104 5.6 16.6 13.6 4.8 17.4 12.2
Mutelidae Weasels/Badgers 11.3 13.1 5.5 9.5 7.5 3.8 3.6 135 6.2 14.6 11.5 4.9 8.7 8.2
Birds (Family)
Phasianidae Grouse/Pheasant/partrige/quail 114 6.5 9.1 36.8 8.6 8.7 7.2 9.4 38.1 4.6 7.8 15.3 37.2 25.0
Anatidae Ducks/Geese/Swans 201.7 1433 812 1335 193 25.7 53.1 49.1 31.3 30.8 98.7 27.0 375.5 217.7
Rallidae Rails/Crakes/Coots 28.0 40.9 17.1 21.8 4.4 7.2 5.3 21 55 0.8 16.4 2.4 80.5 45.1
Ardeidae Herons/Bitterns 58.0 37.3 15.5 29.6 55 5.1 14.1 12.7 8.4 12.1 24.6 4.7 107.8 61.5
Charadriidae Plovers/Dottrel/Lapwings 12.4 27.8 7.2 21.6 5.2 24 11.3 9.2 4.7 5.5 18.3 45 105.6 56.7
Scolopaciidae Pipers/Curlew/Snipe 38.1 55.2 22.0 36.3 16.8 16.4 26.4 22.9 17.3 26.0 42.2 20.3 265.3 143.2
Laridae Gulls/Turns 136.5 59.0 15.1 19.1 2.0 4.0 9.9 19.5 7.3 19.6 40.6 27.1 229.6 124.8
Columbidae Pigeon/Doves 337.9 136.2 32.2 73.2 285 40.9 37.1 23.8 62.6 19.4 76.4 31.8 234.9 150.4
Alaudidae Larks 33.0 31.7 21.5 15.6 15.0 6.9 8.2 7.4 9.1 8.8 11.8 17.2 32.4 22.9
Motacillidae Pipits/Wagtails 115.2 84.8 59.3 55.2 41.6 21.3 40.7 38.8 43.3 43.9 77.7 48.4 134.4 92.4
Turdidae Thrushes/Chats 433.1 2256 888 150.8 79.3 64.5 84.8 55.4 99.7 56.3 163.8 61.8 289.3 204.1
Corvidae Crows/Raven/Magpies 801.9 4158 1355 183.6 100.0 878 116.0 844 1478 821 250.3 1125 538.5 363.0

* Zone 1 - South Wales Valleys (East); Zone 2 - South Wales Valleys Adtee 3 - Brecon Beacons National Park; Zone 4- Black Mou@iaires5 - Hagn-Wye; Zone 6 - Radnor Forests; Zone 7 - Cambrian

Mountains; Zone - Lower Snowdonia National Park; Zénellangollen & Berwyn Mountains; Zone 10 - Central Snowdonia NatiokalZ®ae 11 Upper Snowdonia National Park; & Zone 12 - PelfyfreCymmer.
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While mammals are an important component of the Golden Eagle diet,SA&isid of Mountain
Hares [Lepus timidusbut does have sufficient fragmented populations of Brown Haresps
europaeusynd European rabbit©fyctolagus cuniculisWhile both species are more abundant
in Lowland areas of Wales (Zone 13; 10.8 individuals per 10kim2)e is also sufficient
rabbit/hare populations in upland habitats such as; the Berwgnd Llangollen (Zone 9; 10.3
individuals per 10km2), South Wales Valleys (ZonelQ;ifdividuals per 10km2) and Upper
Snowdonia National Park (Zone 11; 8.2 individuals per 10km2). Bneralso other mammal
species available in these regions to prey upon including goplllations of deerCervidag and
goats Bovidag and more abundant species like FGaidag, Rats, Mice and Volesl(ridae) and
Weasels and Badgemsigstelidag.

Birds are also a big component of the Golden Eagle diet, with medium-saatgdwelling birds
(i.e. Phasianidag being a staple diet. While Red Grous@agopusLagopus scotigaare in low
numbers across Wales, there seem to be high densities of Phea&asignus colchicusand
Red-legged Partridgeslectoris ruf, estimated to be 25 individuals per 10 km2 across Wales;
with the highest densities in the Berwyns and Llangollen (Zone.9jr&Bviduals per 10km2) and
the Black Mountains (Zone 4; 36.8 individuals per 10km2). Crows, Ravéhagpies Corvidag
seem to be the highest bird population across Wales, followed by DGelese and Swans
(Anatidag, Thrushes and chats (Turdidae), Pigeon and Doves (Columbidae) anca@Gdés)LAll

of these bird species will provide plenty of prey variation fordéonlEagles in Wales.

EE]}v ] o0°} JP % ES3 }( §Z '}o v dval, po10) eSpecially durihge %o
the winter months and there is a yeasund abundance of sheep/lamb carcasses in Wales. The
combination of live prey and carrion may be sufficient to sustain alldoneeding population of
Golden Eagles in Wales (Lockie, 1964). The diet of Welsh Golden Eaglesecptbjected to
broadly resemble the diets of their European relatives from Sweden, Noth&yrench Alps and
the Pyrenees Mountains (Pedrini and Sergio, 2001; Nystebwl,, 2006; Gjershaugt al., 2018)

6.4.1.2. The White-tailed Eagle (Eryr y mor)

White-tailed Eagles choice of habitat, like that of the Golden Eagle, reflecligitsThese birds

are highly versatile in their choice of prey and are opportunisticéegdlhe diet of White-tailed
Eagles in a given location tends to be muabalder than that of the Golden Eagle (Unwin, 2016)
and are specialists catching aquatic prey. They have been reported to take a wide variety of

prey species across their range and combines fish, sea birds, wakteni@wmmals with plentiful
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scavenging (Wille and Kampp, 1983; Whitfietdal., 2013). To understand if there is sufficient
prey available in Wales, key mammal and bird population densitieslPekm? have been

estimated across Wales and each biogeographic region suitable for Vahéd-EaglesTiable 12).

Fish and carrion densities were not included dueatack of data availability. Further insight to
estimate fish and carrion numbers will be drawn, in due coursen fi@len stock and fish catch
rates across Wales. Despite fish and carrion not being quantifiedyéfienmary analysis provides
compelling evidence for abundant bird and mammal prey source¥/fute-tailed Eagles all year

round.

Birds tend to be the dominant part of the White-tailed Eagle diet in manynsg(Sulkava et al.
1997; Dementavicius et al. 2020). Halley (1998) found 64% of the Namw®dhite-tailed Eagle
diet comprised of birds and 33.3% fish. Waterfowl are a staple iteth@menu including, ducks,
geese, swans (i.e. from the famiipatidag, coots, railsRallidag and grebesRodicipedidag and
seabirds such as gullsafidag and auksAlcidag. Local preference depends on the season and
what is most easily available (Nadjafzadeh, Hofer and Krone, 2015). Walestsugpmdant
waterfowl populations, with an estimated 178.9 ducks, geese and swaresp@oatidae per 10
km?, with the highest densities found in Zone 1 (879.4 individuals pdémnid) and Zone 14 (522
individuals per 10 km?). For wintering eagles on the Danube Deltés ao® a favourite prey item
(Sandor et al. 2014), on Mull in Scotland Shags are important (Whitfield2€1&) and in Estonia
eagles mainly target Cormorants (Mlikovsky, 2009). On average acroes ¥&#s, crakes and
Coots Rallidag are in abundant numbers with 36.9 individuals pekib® reaching the maximum

of 197.4 individuals in some regiongable 13. Cormorants and shags are also plentiful with on
average 25.2 individuals per ko? across inland and coastal Wales with a maximum of 84.9
individuals in parts of Wale®©ther bird species have been recorded including, crows, magpies,
thrush and game birds, but to a much smaller extent to aquatic biedisp (Ekblad et al. 2020)

There is no doubt plenty of bird prey items across all seasons in VdaM#ite-tailed Eagles.

Mammals are also incorporated into the diet of White-tailed Eagles, althéarge parts of their
mammalian diets are taken as carrion. White-tailed Eagles are not as adept addle@ Gagle in
pursuit of hunting their prey but have been recorded to prey uporbitsh hares (i.e. from the
family Leporida¢, voles, mice ratduridae) and Roe deerCJervidae(Yurko, 2016; Ekblaet al.,
2020). Mammalian preig present in good numbers in Wales and staple prey items such agfkabbi

and Hares are more abundant in lowland areas than upland arg@asviding higher densities to
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sutain a small White-tailed Eagle population. Rabbits and Hares seemataubéant in lowland

areas across Wales with Zone 11, 14, and 1 presenting the highagapop densities.

Marine fish species such as Pollo€kdragra ChalcogrammgaGrey mullet ugil cephalusind
Lumpsucker@yclopteridagand freshwaters species such as Pisok luciys Perch Percg and
Salmon $almo salgralso play big parts in the diet of White-tailed Eagles (Willw and Keh®83;
Whitfield et al. 2013). Available terrestrial and marine carrionaisib play a big partin this] E [«
diet including, dead fish, seals, livestock and cetaceans (Marg0@35).2Vith the broad array of
prey items in the Welsh landscape The diet of Welsh White-tailed Eaglegasted to be similar
to their British and European relatives from Norway, Scotland, Ireland, Germangweden

(Willie and Kampp, 1983; Halley, 1998; Kruegeal.,, 2010; Whitfielcet al., 2013).
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Table 13 White-tailed Eagle mammals and bird prey densities per 10 km?2 across Wales.

Zone
Species Density per 10 km2 1
Mammals (Family)
Leporidae Hares/Rabbits 9.8
Cervidae Deer 0.5
Bovidae Goats 0.0
Carnidae Fox 9.4
Muridae Rats/mice/voles 38.1
Mutelidae Weasels/Badgers 18.7
Birds (Family)
Anatidae Ducks/Geese/Swans 879.4
Phalacrocoracidae = Cormorants/Shags 84.9
Rallidae Rails/Crakes/Coots 197.4
Procellariidae Petrels/Sheerwaters 1.3
Ardeidae Herons/Bitterns 256.5

Charadriidae
Scolopaciidae
Laridae
Corvidae
Gaviidae
Podicipedidae
Salidae
Threskiornithidae
Recurvirostridae
Alcidae

*Zone 1 - The Severn Estuary; Zone 2 - Swansea Bay & Afon Fores&: ZbeeGower Peninsula ; Zone 4 - Caerfyrddin Bay; Zone 5 -oResfiine National Park ; Zone 6 - Ceredigion Bay; Zone 7EdDydiry &

Plovers/Dottrel/Lapwings 164.7

Pipers/Curlew/Snipe 446.6
Gulls/Turns 389.8
Crows/Raven/Magpies — ###Ht#
Divers 1.9
Grebes 170.5
Gannets 1.4
Ibis/Spoonbill 29
Advocet/Stilts 10.0
Auks 0.4

Zone
2

9.1
11
0.0
5.7
45.1
11.6

423.7
49.3
107.3
6.9
92.7
83.8
180.1
253.6
603.4
6.1
67.5
4.1
0.6
0.3
3.4

Zone
3

6.1
0.3
0.0
54
9.0
11.7

497.1
68.9
69.2
14.2

184.7

168.7

396.9

220.2

576.2
14.2
68.2
14.9

8.6
0.6
12.8

Zone
4

23
0.3
0.0
1.6
1.7
5.0

59.9
14.4
8.1
41
21.2
31.3
47.3
51.9
200.9
21
9.6
2.7
0.4
0.3
2.7

Zone
5

6.3
0.3
0.0
54
3.2
13.4

163.7
44.0
37.0
27.9
50.6
56.4

159.3

174.4

384.8

6.0
30.0
20.4

0.5

0.1
45.3

Zone
6

6.7
0.4
0.0
4.2
6.9
6.0

43.4
9.6
7.7
1.4

20.3

13.2

49.2

47.4

223.5
11
5.8
2.5
0.1
0.0
2.5

Zone
7

6.7
0.3
0.1
23
10.4
10.5

178.1
23.6
11.0

1.0
44.9
52.6

105.9
60.6

174.5

2.5
14.5
2.9
0.1
0.1
1.7

Zone
8

7.5
15
0.8
5.7
21.2
13.7

36.3
4.8
0.7
0.3

13.7
9.1

27.4

21.3

87.3
0.6
3.3
0.7
0.0
0.0
0.5

Zone Zone Zone

9

6.9
0.2
2.1
3.6
14.2
10.2

133.2
15.6
6.3
0.9
51.8
24.8
114.2
127.4
363.3
3.9
26.5
18
0.1
0.1
3.4

10

8.3
0.1
0.1
0.7
8.5
4.3

56.4
218
8.5
7.6
28.9
37.2
94.8
115.3
235.7
8.1
51
8.4
2.2
0.1
16.1

11

25.9
0.2
0.0
3.1

19.9
7.0

397.1
53.9
98.4
151

135.6

110.5

387.9

268.1

555.5
15.3
97.0
225

1.2
0.2
58.0

Zone
12

9.7
0.2
0.6
5.6
19.8
12.1

478.3
44.9
97.4

7.2

180.1

145.6

399.7

325.8

686.3
10.7

110.1

9.3
0.3
0.4
25.0

Zone
13

9.5
0.7
0.0
18
8.9
5.2

130.7
19.1
33.3

1.7
32.4
28.3
92.8

129.1

339.5

5.3
23.7

15

0.1

0.0

2.4

Zone
14

17.4
0.1
0.0
8.3

10.7
54

522.0
47.9
95.1

0.1

153.8

143.8

361.3

125.3

673.1

0.2
73.1
0.7
1.4
6.9
0.5

ZonelS5

Zonel6

(Upland) (Upland)

10.0
0.3
0.0
3.8
7.9
7.0

27.9
2.7
4.0
0.0
7.4
3.8

14.9
5.9

1211
0.4
3.3
0.0
0.0
0.0
0.0

3.7
0.3
0.0
2.0
5.0
4.7

14.8
0.9
15
0.0
3.7
1.0
7.5
2.2

75.3
0.0
2.0
0.0
0.0
0.0
0.0

Zonel7
(Upland)

10.9
1.2
0.0
4.4

14.2

24.4

203.1
20.5
54.4

0.0
49.8
28.5
60.2
61.0

437.6

0.8
43.3

0.1

0.0

0.0

0.0

All
Wales

7.1
0.4
0.1
35
111
8.3

178.9
23.2
36.9

4.7
54.5
44.4

119.7

103.1

309.1

3.2
32.0
4.4
0.7
0.8
8.3

Dyfi Forests; Zone 8Mawddach Estuary & Coed y Brenin Forests; Zone 9 - Glaslyn Estuary & Snowdoné Riatk; Zone 10Lyn Peninsula; Zone 11 - Isle of Anglesey; Zone 12 - Conwy Estuary & Gwydjr Forests
Zone 13 - Clwyd Estuary & Clocaenog Forests; Zone 14 - Dee BsRemy Maes Woods; Zone 15 (upland) - Y Berwyn National Redenee16 (upland) - Cambrian Mountains; and Zone 17 (upland) - Brecon
Beacons National Park
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6.4.2.Ecological Risk Assessments

The diets of European Golden and White-tailed Eagles are well studied (Nystraim,2006;
Krugeret al., 2010; Whitfieldet al., 2013; Gjershaugt al.,, 2018), and, no quantifiable negative
effects of either species on wild prey populations have been detratesl (Miller et al., 2006;
Whitfield et al., 2013). This is likely because both eagle specigsttéiie most seasonally
abundant food source and are facultative scavengers that readily take advantagerioihc
~N v Z lre %b &, 2010; Nadjafzadeh, Hofer and Krone, 2013). Nevertheless, further
ecological risk assessments need to consider all key local issnesrning any potential negative
effects on species of conservation concern (Wolf and Ripple, 2@#cies of conservation
importance in Wales that need to be taken into consideration for future ecologisél
assessments to restore both Golden and White-tailed Eagles to Waedetailed inTable 14.
Species listed ifiable 14highlighted in green are not predicted to be at risk from eaglestdue
habitat differences; species highlighted in amber are small populaionl to rare for eagles to
regularly prey upon, thus, there will be no/minimum predicted risks] species highlighted in
red are global staple prey items and may be exposed to regular predapopulations numbers

are sufficient.

Table 14.Species of Principal Importance enlisted under the NERC Wales Act (2006) for

consideration and further ecological risk assessments to restore GoldeknVhitd-tailed

Eagles to Wales. Species names are given in English, Welsh and Latin.

Species Groups Open Lowland and Upland Specieg Coastland, Wetland and Estuarine Speci

European Nightjar Troellwr mawr

(Caprimulgus europaeus)

Common Cuckoe Cog Ringed Plover Cwtiad torchog

(Cuculus canorus) (Charadrius hiaticula)

Birds / Adar

Red Grouse Grugiar goch

(Lagopus lagopus)

Black-headed GuH Gwylan benddu

(Larus ridibundus)

Golden Plover Cwtiad aur
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(Pluvialis apricaria)

European Turtle Dove Turtur Balearic Shearwater Aderyn drycin y Balearig

(Stretopelia turtur) (Puffinus mauretanicus)

Black Grouse Grugiar ddu

(Tetrao tetrix)

Brown Haret Ysgyfarnog

(Lepus europaels

Mammals / Mamaliad

European Eel Llysywen
(Anguilla anguilly

Fish / Pysgod

Brown / Sea Trout Brithyll / Siwin
(Salmo truttg

Arctic Chart Torgoch

(Salvelinus alpinys

Thus, while the restoration of both eagle species will ultimately coutgitho restoring ecological
functions to priority habitats and improving ecosystem resilience adMaes, there is now a duty
to carry out Habitat Regulation Assessments Z [em all local SPAs and SACs that may be

affected either positively or negatively by eagles, before any possibleoduction programme.

6.5. The Scioeconomic Feasibility of Eagle Reintroductions in Wales

This thesis has provided an assessment of the ecological feagibitggtoring eagles to Wales.
One of the main next steps is to develop the proposal in line Wil socio-economic
circumstances, public attitudes, values and expectations (Scottish Reinti@u&orum, 2014).
One of the main socio-economic benefits thatvbhabeen reported for other reintroduction
programmes is the added benefit of increased tourism following eagle reinttimaicesulting in
regional boosts to the economy (Molloy, 2011; MacPhersbal., 2014; Hamilton and Morgan,
2015). The natural environment is a significant driver of tourisnrWiales and visitor-spend
contributes more than £6.3 billion annually and supports 206 jods (Welsh Government, 2020).
Many protected areas bring significant economic contributions, for exeyrpites of Special
Scientific Interest (SSSI) are estimated to generate £128 million per annum,tieiWales

Heritage Coast brings £32 million to the Welsh economy per annumlifé/ifdust Wales, 2013).
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Wildlife viewing and information platforms are also common apphescused to boost local
tourism in Wales. For example, the Dyfi Osprey Project attracts 40i9@@rs per year, bringing
up to £500,000 to the local economy annually (Wildlife Trust Walgk3)2 In a study carried out
by the RSPB, the reintroduction of White-tailed Eagles to the Isle of Mull is estitsadedount
for up to £5 million of tourist spend each year, supporting 11G jabd £1.4 million of local
economic income (Molloy, 2011). Species conservation and our \Watshal environments are
important to the economy of Wales. As analyseCimapter Fivethere is a large proportion of
suitable eagle habitat, particularly White-tailed Eagle habitat, within protected avadsn
Wales; there is little doubt that eagles would create additional interest awotease visitor
numbers to Wales. The reintroduction of either/or both of these charismeatid iconic species

can play vital roles in regenerating and diversifying rural economiésales.

6.5.1.Socioeconomic risks

6.5.1.1. Sheep Farming

Wales is dominated by grassland pasture, which accounts for 758dtise in WalegChapter
Five. Cattle and sheep grazing account for 35% of active farm holdings in {(¥atestrong,
2016). One of the main social-economic conflicts over restoring eaghM&les will likely be the
concerns by farmers over lamb predation. Although both eagles take aamidg of prey types,
there has been a long-standing debate about the extent to which Golden arté-Yehed Eagles
prey upon live, healthy, viable lambs (Marquétsal, 2004). In Scotland, lambs are incorporated
into the diets of both eagle species during the breeding seasorhddound at nest sites offer
irrefutable evidence of this (Whitfielet al.,2013). Nevertheless, the majority (up to 75%) of such
remains found at nests, were found to have been scavenged rather than taken liveu{4aeq

al, 2004; Simmet al.,2010).

One study in Scotland, reported Golden Eagles to be responsiblecidatprg on less than 3% of
lambs, later concluding lamb predation to be insignificant to the total nunab&mb mortalities
attributed to other factors (Campbell and Hartley, 2004). Furthermore, across Stthiare was
circumstantial evidence that many of the lambs killed by eagles werdedaithy or viable (i.e.
sick, injured or diseased) because, compared to live lambs, they were oftdhfar their age and
of similar size to lambs that died from natural causes (Wiley anchBb®5'1; Marquiss et al, 2004).
This scavenging or opportunistic behaviour in Britain is not a se;psome 30% of lambs in the

Scottish Highlands fall victim of bad weather or disease in the |lajrdgiason (SHAWG, 2019); this
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behaviour will almost certainly be observed in Wales as similadyetis a 15 - 20% lamb mortality

rate (SHAWG, 2019).

Any proposato reintroduce eagles to Wales is likely to concern some farmersean in Ireland

(Burkeet al.,2014). The Golden Eagle and White-tailed Eagle reintroductions to Ireland were met
A13Z }ve] E 0 }%%}*]8]}v C 3Z ( Eud¥Ph Ei%phe]s]~KAZ Mo (PE ]
and Haworth, 2002; Mee, 2016). Due to, significant efforts were madeldoeas concerns by

meeting with farming groups and working with local farmers whereesaglok up residence. It is

now 12-years since the first release of both species of eagleslamd and both species are now

seen C ( Eu Ee * % ES }( 8Z oV e % U A]S3Z WE0 u KjdE}o S]yv (
Roy Dennis pers. comms). Across Europe, lamb predation is not aaigmfioblem. In Norway,

the Norwegian Sea Eagle Project has been involved in a carcass autopsy sebethe last 33

years (1987 - 2019) and have found no lamb predation by White-tailed Ealyl€3tigk Folkestad

pers. comms). On par with Scotland, Norwegian Golden Eagles were fobedésponsible for

under 3% of lamb predations over this 33-year period (Rovbasen, 2020).

There is no evidence across Britain or Europe that suggest the killiradtef mbs, by either the
Golden or White-tailed Eagle, represents habitual predation. More likelypiesents infrequent
opportunism. Furthermore, even in Scotland where this socio-econ@onflict seems to be an
increasing issue, Scottish Natural Heritage conclude that eagle predatouards for 0.5 to 2.4 %
}(ou (S o0]8S] v Z+ }vou ‘U Z % E S}lyvsSZEZ ZRuwiamen ] u %o
of livestock farming (Scottish Natural Heritage, 2010); a consensusetigis across most of
Europe (Bautistat al.,2019). Attributed to the perceived perception of increasing lamb predation

in Scotland, a recent Sea Eagle Management Scheme has been launched (Scottish Natur
Heritage, 2019) to offer payment subsidies for lamb losses byeWiled Eagles, but despite
evidence connecting Golden Eagle with lamb predation in similar areas, there agbsiglies
offered for Golden Eagles. On behalf of the Eagle Reintrodcution Wales proget tliscussed
aneagle reintroduction with the National Farmers Union for Wales (Rachel LewissDa\rU
Cymru, National Environment and Land Use Advisor, pers. comm), andréepntent with a

slow and considered approach to assess the feasibility and canesound this topic, moving

forward.
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6.5.1.2. Game Shoots

At present, there is conflict between British eagles, particularly the Golder,Eagl private
landowners assigning their land to densely stocked game (particulari§g Rede) for recreational
shooting (Whitfieldet al, 2007; Whitfield and Fielding, 2017). Across Scotland, Red &rous
shooting estates are a common countryside land use, while Raas&and Pheasant shoots are
common across England. Shooting estates in rural Wales are not digtliputed compared to
England and Scotland. There are only 56 official shooting estateales\W\plus an unknown
number of unofficial, small-scale farm shoots, largely Pheasétsts 29 of these estates are
found within Powys and Gwent (Evans, 2016). In Western Scotland gameferdsound to
consist of only 0.4% of White-tailed Eagle diets, compared to 7.6% of thefdszilden Eagles
(Whitfield et al. 2013). Nevertheless, research shows a strong asisocibetween the

persecution of Golden Eagles and land managed for game shooting (Whitfieldedaicig, 217).

In the Welsh landscape, there are high levels of stocking of captivePtvesisants and Red-legged
Partridges, in some areas, and such species are a key alternativiegpnefpr eagles across Europe
(Tjernberg, 1981; Clouett al, 2017). As a result, a socio-economic conflict with Golgagle
reintroduction to Wales may arise. It has been estimated that 2 millleeaBants and 0.4 million
Red-Legged Partridges are released for recreation shooting in the Wales ea¢Bigkaell et al.,
(2010). In a similar manner to sheep farming, it will be important to mairtaiose dialogue with
game shooting interests across the Welsh landscape prior to any reutdtion. On the other
hand, White-tailed Eagles are not agile hunters, and they are therefore notadd¢brncatch game
birds. I, therefore, project there to be minimum realised conflicts betweentreduced White-
tailed Eagles and game shoots in Wales. In Romania, Pheasants comp¥ses &g diet of
breeding White-tailed Eagles, and this was reported to only includs killeéd on roads and taken
as carrion (Sandor et al., 2014). With the Pheasant being the most likely bo@spo fall victim
to car collision across England and Wales (Madden and Perkirg,&@d the proportion of game
carrion across rural landscapes, White-tailed Eagles would certainlathieatage by scavenging

on such carrion.

6.5.2.Social attitudes in Wales

Historically, the reintroduction of apex predators only considered the ceimgmsive biology,
ecology and environmental feasibility of the focal species and its rekr@s (Marshall et al. 2007;

K[Z}LEI Tii8eX /& ] VIA Eplo % ES$}(EZ /h EUBIJVE&EZ g 3]
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species restoration outcomes are shaped around the attitudes and behavfdhe public and
regional stakeholder groups (Consorte-McCrea and Thompson, 2014). This cdneveddor
proposed eagle reintroductions in Wales by consultations, to reveahekibwledge contentious
concerns surrounding reintroductions, and to identify solutions anyation plans that fit into
regional social and socio-economic structures in Wales (Magteal, 2016). Over the last three
years, the ERW project has been engaging with the Welsh public anthkelgader groups. This

experience has been broadly positive with no clear objections.

Recently, the ERW project collaborated with the University of the West of Eh(aistol) for a
ZUU V]S] ® eSU C e eoJvP SZ P v E dVWhije-tailed Edglesin StuthMyales}
Reesdq ¢(2020), found that 65.6% of people who took part in the survey in SowtledNvere
familiar with - or had previously heard of - the White-tailed Eagle, ¢ivengh 63.4% of people
had never encountered or observed this species in the wild or captivitsrge proportion of
people in this study had a positive attitude towards White-tailed Eagl@s% felt the species
would pose no threat to their small pets and/or children, and 90t&tb never experienced or
knew of someone who had experienced livestock loss by an eaglesbdite to there being no
eagles in Wales. One interesting result from this study is that 68fJ%ople in South Wales did
not feel responsible for the future conservation of White-tailed Eagles in Walleigth proportion
of people may feel like the conservation of the species is the remit ahaecvation group,
however, this attitude does not mean they do not support the conservatioitute-tailed Eagles

in Wales.

While Reese (2020) was a small-scale study, it has given iasijkirection on how to plan and
conduct extensive public consultation programmes across Wal&&de-spread public surveys
and consultations will need to be conducted to gauge public perceptiowards the Golden and
White-tailed Eagle and to extend consultation efforts to the farming, gametsiw fishing and

commercial forestry industries in Wales.

6.5.3.Source Population Considerations

Source population selection is an important consideration for reintrodughi@grammes. Two
essential requirements of any reintradiion programme are to, first, ensure there will be no
impact on the source population and, secondly, to select the mosetgeily compatible
population (IUCN/SSC, 2013). For sourcing Welsh Golden and White-taits] gayglilation size,

geography and genetics were all key considerations of source populatioticelec
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Both Golden and White-tailed Eagle are monotypic across Europe, meaning thatishame
species or sub-species known to these geographic areas (Hailer 806|,Qgden et al. 2019).
Thus, the historic Welsh population of Golden Eagles were from the EuropearAcaila
chrysaetosand White-tailed Eagle was presumably from the nominate Haleetus albicillaAs
a result, any European population of breeding eagles would likely habki as a source

population.

With the nearest geographic breeding population of both species beirfgcotland, the most
suitable source stock would be from Scotland. While this is trusdarcing Welsh Golden Eagles,
the Scottish population of White-tailed Eagles will not be a viablecgopopulation due to
population size (n=130 breeding pairs) and this population alreadscgg youngsters (n=50 in
total) to Isle of Wight, Southern England (Dennis et al. 2d18an be suggested that taking a
further 50 young birds would bring concern over an immindatline in the near future. By
contrast, Scotland holds the fourth largest population of Golden Eagles apdwith over 530
breeding pairs of this population is the most genetically and geogralbhisuitable source

population for Wales (Haworth and Fielding, 2018).

An essential requirement of any reintrodion is to ensure there is no impact on source
populations. The most suitable geographical population to source Wafisite-tailed Eagles is
from Norway, this population is the largest and most geneticallyl@idbeeding population in
Europe (n=2,800-4,200 pair8irdlife International, 2015). As both Norwegian and Scottish
populations are considered highly genetically diverse (Hailer et a§;2D8den et al. 2019), it
complements IUCN guidelines by reducing the risk of inbreeding, gewletieroration,
outbreeding depression & genetic drift; Vali et al, 2019). The besterwation programme to
translocate eagles is to reintroduce them at regular periods to avoid gedetéerioration (Mee

et al, 2003; Haworth and Fielding, 2018; Dennis et al, 2019). Bastige has been shown to
reintroduce a number (n=6-15) of unrelated individuals per year, ovefyaar translocation

period.
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6.6. Thesis nclusion

6.6.1. Are Eagle Reintroductions an Acceptable Option for Wales?

Throughout this thesis, the main research objective was to assesséf reagfroductions are an
acceptable option for Wales. It has been established that the restoration of Wéiiéet Eagles to
Wales, in concordance with their UK Species Action Plan (SAPs), mauddinternational
conservation significance. The restoration of Golden Eagles would Natmfnal conservation
significance in the UK and Wal&hapter Twaafter reviewing the literature the extinction of both
species in Wales can be attributed to human persecution, thus a relimtteon would be the most
acceptable option forE *S}E]VvP $Z Wéles; Hue[tasthe Golden and White-] o Po ¢f
unlikely ability to naturally colonise Wales for the foreseeabterj due to limited dispersal from
their current core breeding ranges. The analysis of ecologically siomthof prey species, in
Chapter Threesuggests that the cause of eagle extinctions has significantly reducedtsanc
extirpation of eagles from Wales; the wide distribution of generalists &edré-colonisation of

specialist mesopredators in Wales offers strong evidence of this reduntjgersecution threats.

This thesis demonstrates that theiga great proportion of suitable habitat and available nesting

locations for both species in WalegShapter Four and Fiyewhich appear to be compatible with

many modern-day conservation initiatives and land uses in Wales. Thigenatib conclude that
the restoration of both the Golden and White-tailed Eagle hagry good chance of success,
especially given the success of the well-established eagle translocation progseaoonducted
across the UK (Meet al,, 2003; Scottish National Heritage, 2009; Buekal., 2014; Fielding and
Haworth, 2014); all of which have offered their expertise to help furtheigtethe practicalities

of translocation to Wales.

While studies of regional prey availability and public attitudesyatdo be completed, this thesis
presents the starting procedure of gathering feasibility evidence to restorerithboth species
of eagles to Wales. Wales would benefit from the restoration of either/or bothGloéden and
White-tailed Eagle by restoring former biodiversity, heritage and culture, enh@nci
environmental education, eco-tourism and building greater resilience into ousWégosystems.
T the status of any eagle reintroduction would designate Wales eadinly country in respect to

its progressive stance towards biodiversity conservation and ecolwogstakation.
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Appendix 1

The historic records gathered for Golden and White-tailed Eagles in Wales.

Table Al: The past records of Golden and White-tailed Eagles gathered ésr Wal

Written Observational Records

Species
Record type Name County (k: known or p: Reference

predicted)
Ornithological Forrest, H. E. 1907. The Vertebrate Fauna of North Wales. Lon|
Literature Aberaeron (1910 AD) Dyfed WTE (k) Witherby & Co.
Ornithological Forrest, H. E. 1907. The Vertebrate Fauna of North Wales. Lon|
Literature Abersoch (1910 AD) Gwynedd WTE (k) Witherby & Co.
Ornithological Pritchard, R. (2012). Birds of Meirionnydd. Cambria: Cambrian
Literature Beddgelert 1859 AD) Gwynedd GE () Ornithological Society.
Ornithological . Jennings, P., and Harris, A. (2013). Birds of Radnorshiorn:on
Literature Beguildy (1835 AD) Powys WTE (k) Ficedula Books.
Ornithological ' Pritchard, R. (2012). Birds of Merionydd. Cambria: Cambrian
Literature Blaen Liia (1867 AD) Powys GE (k) Adult Ornithological Society.
anlthologlcal Caernarfon (1789 AD) Gwynedd GE (K) Breeding Penngnt., T. (1778) A Tour in Wales. London: Henry Hughes an
Literature Son Limited
Ornithological . Johnson, Thomas (1644). Dictionary of National Biogragdised
Literature Carnedd Llewelyn Gwynedd GE (k) Breeding ' iiney Lee. London: Smith, Elder & Co. 364817
Ornithological Bewick, T., Beilby, R., Cotes, H. et al. (1885) A History of Britis
Literature Clocaenog (1688 AD) Clwyd GE () Birds. London, pp. 17-20.
Ornithological Clyne Woods (1817 West Saunders, D. (1974). A Guide to the Birds of Wales.London:

; WTE (k)

Literature AD) Glamorgan Constable.
Ornithological - Venables, W.A. et al. (2008). Birds of Gwent. Newport: Gwent
Literature Coed-y-prior (1885 AD Gwent CE(®) Ornithological Society.
Ornithological o .| Tyler, S. etal. (1987). The Gwent Atlas of Breeding Birds. Mew|
Literature Coed-y-prior (1985 AD Gwent GE (k) Juvenile Gwent Ornithological Society.
Ornithological Lovergrove, R. et al. (2010). Birds on Wales. London: Poyser, {
Literature Cors Caron (1890 AD, Dyfed GE (k) 56.84
Ornithological Craig yr Aderyn (1880 Jones, H.P. (1974). Birds of Merioneth. Cambria: Cambria
Literature AD) Gwynedd WTE (k) Ornithological Society.
Ornithological WTE (K) Pritchard, R. (2012). Birds of Merionydd. Cambria: Cambrian
Literature Crogen (1863 AD) Gwynedd Juvenile Ornithological Society.
anlthologlcal Cwm Bychan (1909 Gwynedd GE (k) Lovergrove, R. et al. (2010). Birds on Wales. Poyser, 4 56-
Literature AD)
Ornithological . Ingram, G.C.S., Salmon, H.M., and Condry, W.M. (1966).rtke
Literature Dinas (1907 AD) Gwynedd WTE (k) of Cardiganshire. Bridgend: West Wales Naturalists' Trust.
Ornithological Holt, B., and Williams, G. (2008). Birds of Montgomeryshire.
Literature Foel (1965 AD) Powys GE () Brayton Halt and Graham Williams.
Ornithological Matheson (1932) Changes in the Fauna of Wales, p.53; Foster
Literature Glyder Fawr (1639 AD Gwynedd GE () A ve ~Ti10e Z CVP}@.523.]} Vv[U
Ornithological Kenfig Burrows (1816 West WTE () Hurford, C. and Lansdown, P (1995) The Birds of Glamorgan. [
Literature AD) Glamorgan Brown & Sons Ltd, pp. 668.
Ornithological Kenfig Burrows (1816 West WTE (K) x2 Hurford, C., and Lansdown, P. (1995) Birds of Glamorgan.fCar
Literature AD) Glamorgan Department of Zoology, National Museum of Wales.
Ornithological Kenfig Burrows (1818 West WTE (K) x2 Heathcote, A., Griffin, D., & H. L. Salmon (1967). The birds of
Literature AD) Glamorgan Glamorgan. Cardiff: Cardiff Naturalist Society.
Ornithological . Hope, P. and Dave, P. (1976) Birds of Caernarfonshire. Cambir|
Literature Landrillo (1862 AD) Gwynedd WTE (k) Cambrian Ornithological Society.
Ornithological Pritchard, R. (2012). Birds of Meirionnydd. Cambria: Cambrian
Literature Llandderfel (1990 AD) Gwynedd WTE (k) Ornithological Society.
Ornithological Llangollen Dinas Bran . Forrest, H. E. 1907. The Vertebrate Fauna of North Wales. Lon|
Literature (1540AD) Clwyd GE (k) Breeding \yiiherby & Co.
Ornithological Hope, P. and Dave, P. (1976) Birds of Caernarfonshire. Cambir|
Literature Llangower (1889 AD) Gwynedd WTE (k) Adult Cambrian Ornithological Society.
Ornithological Jones, E.B., and Thomas, G.E. (1976). Birdwatching imi&@maw
Literature Llangower (1899 AD) Gwynedd WTE (k) Cardiff: John Jones.
Ornithological Llanuwchllyn (1823 Jones, P.H. (1974). Birds of Merioneth. Cambria: Cambrian
Literature AD) Gwynedd GE () Ornithological Society.
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Ornithological Llanuwchllyn (1867 Jones, P.H. (1974). Birds of Merioneth. Cambria: Cambrian
Literature AD) Gwynedd GE () Ornithological Society.

Ornithological Jones, H.P. (1974). Birds of Merioneth. Cambria: Cambria
Literature Llyn Conwy (1832 AD Gwynedd GE () Ornithological Society.

Ornithological Llyn Cwm Bychan Forrest, H. E. 1907. The Vertebrate Fauna of North Wales. Lon|
Literature (1909 AD) Gwynedd GE () Witherby & Co.

anlthologlcal Llyn Peninsula (1910 Gwynedd WTE (K) Lovergrove, R. et al. (2010). Birds on Wales. Poyser, (4 56-
Literature AD)

Ornithological Llynnau Mymbyr (1900 Pritchard, R. (2012). Birds of Meirionnydd. Cambria: Cambrian
Literature AD) Gwynedd GE () Ornithological Society.

Ornithological West Hurford, C. and Lansdown, P (1995) The Birds of Glamorgan. [
Literature Margam (1810 AD) Glamorgan WTE (k) Brown & Sons, pp. 6568.

Ornithological West Hurford, C., and Lansdown, P. (1995) Birds of Glamorgan.fCar
Literature Margam (1825 AD) Glamorgan WTE (k) Department of Zoology, National Museum of Wales.
Ornithological West Heathcote, A., Griffin, D., & H. L. Salmon (1967). The birds of
Literature Margam (1828 AD) Glamorgan WTE (k) Glamorgan. Cardiff Naturalist Society

Ornithological West Hurford, C. and Lansdown, P (1995) The Birds of Glamorgan. [
Literature Margam (1828 AD) Glamorgan WTE (k) Brown & Sons, pp. 6568.

Ornithological West Hurford, C., and Lansdown, P. (1995) Birds of Glamorgan.fCar
Literature Margam (1831 AD) Glamorgan WTE (k) Department of Zoology, National Museum of Wales.
Ornithological West Hurford, C., and Lansdown, P. (1995) Birds of Glamorgan.fCar
Literature Margam (1839 AD) Glamorgan WTE (k) Department of Zoology, National Museum of Wales.
anlthologlcal Margam (1840 AD) West WTE (k) Saunders, D. (1974). A Guide to the Birds of Wales. London:
Literature Glamorgan Constable.

Ornithological West Hurford, C., and Lansdown, P. (1995) Birds of Glamorgan.fCar
Literature Margam (1859 AD) Glamorgan WTE (k) Department of Zoology, National Museum of Wales.
anlthologlcal Margam (1860) West WTE (K) Jone_s, R (1977). Birds of the Welsh coast. Norwich: JarriddrCo
Literature Glamorgan Publications.

Ornithological Montgomerys (1887 Powys GE (K) Mullens, W.H. et al. (1919). A Geographical Bibliography téBri
Literature AD) s ornithology. London: Witherby.

Ornithological Neath Port Talbort West WTE (p) Heathcote, A., Griffin, D., & H. L. Salmon (1967). The birds of
Literature (1938 AD) Glamorgan P Glamorgan. Cardiff: Cardiff Naturalist Society.

Ornithological Jones, H.P. (1974). Birds of Merioneth. Cambria: Cambria
Literature Nefyn (1880 AD) Gwynedd GE (p) Ornithological Society.

Ornithological West Hurford, C. and Lansdown, P (1995) The Birds of Glamorgan. [
Literature Newton (1833 AD) Glamorgan WTE (k) Brown & Sons, pp. 6568.

Ornithological Pentir Pumlumon Dvfed WTE (K) Holt, B., and Williams, G. (2008). Birds of Montgomeryshire.
Literature (1887 AD) Y Brayton Halt and Graham Williams.

Ornithological Preton/Slebech (1851 Dyfed WTE (k) Mullens, W.H. et al. (1919). A Geographical Bibliography tigtBri
Literature AD) Y ornithology. London: Witherby.

Sggzlr(;glcal Snowdon (1677 AD) Gwynedd GE (K) Breeding Bolam, G. 1913. Wildlife in Wales. London: Frank Palmer.
Ornithological Snowdon National Gwynedd GE (k) Forrest, H. E. 1907. The Vertebrate Fauna of North Wales. Lon|
Literature Park (1676 AD) wy Witherby & Co.

Ornithological Snowdon National . Evans, G. (1974). History of Wales: Gwynfor Evans Tel&dhe
Literature Park (1800 AD) Gwynedd GE (k) Breeding of his Country. Cardiff: South Wales Echo.

Ornithological . Pritchard, R. (2012). Birds of Meirionnydd. Cambrian

Literature Tap y Gigfran Powys CE() Ornithological Society.

Ornithological Trawsfynydd (1865 .. | Jones, E.B., and Thomas, G.E. (1976). Birdwatching im&@maw
Literature AD) Gwynedd GE (k) Juvenile Cardiff: John Jones.

Sig:t:tzlrc;glcal Tre'r-ddol (1865 AD) Dyfed GE (K) Juvenile Lovergrove, R. et al. (2010). Birds on Wales. Poyser, 4 56-
anlthologlcal Tretwr (1838 AD) Powys GE (¥) Lovergrove, R. et al. (2010). Birds on Wales. Poyser, 4 56-
Literature

Ornithological Wentwood Forest Gwent WTE (K) Cramp. S. et al. (1982). British Birds: Volume 75. London: Nhtid
Literature (1881 AD) History Museum Library.

Persecution ) Hope, P. and Dave, P. (1976) Birds of Caernarfonshire. Cambr
Record Abersoch (1810 AD) Gwynedd WTE (k) Killed Cambrian Ornithological Society.

;isoerzutlon Bangor (1884 AD) Gwynedd GE (¥) https://newspapers.library.wales/view/3026425/30264 283/
;isoerzutlon Bodorgan (1838 AD) | Isle of Anglesey WTE (p) https://newspapers.library.wales/view/3393090/339309¢3/
;g:soerzutlon Bodorgan (1839 AD) | Isle of Anglesey GE (k) https://newspapers.library.wales/view/4461790/44617 %Y/
Persecution Cwm Malog (1828 AD West WTE (k) Shot https://newspapers.library.wales/view/3391059/3391063)/
Record Glamorgan

;ZLsoerzutlon Egiwyswrw (1908 AD) Dyfed GE (k) Shot https://newspapers.library.wales/view/4185796/41857 %8/
Persecution Glyder Fawr (1886 Gwynedd GE () x 2 https://newspapers.library.wales/view/4452749/4452754/31
Record AD)

;g:soer((:jutlon Gorddinog (1804 AD Gwynedd GE () https://newspapers.library.wales/view/4452749/4452754/33
Persecution Holyhead Harbour https://newspapers.library.wales/view/3677796/367779%/
Record (1822 AD) Isle of Anglesey WTE (k)

Persecution Kenfig (1816 AD) Mid Glamorgan WTE _(k) https://newspapers.library.wales/view/3794505/37945083/
Record Breeding
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Persecution . . Ingram, G.C.S., Salmon, H.M., and Condry, W.M. (1966).rtlse ]
Record Lianelli (1908 AD) Dyfed GE (K) Killed of Cardiganshire. Bridgend: West Wales Naturalists' Trust.
Ezgsoerzutlon Lianelli (1908 AD) Dyfed GE (K) Shot https://newspapers.library.wales/view/4195305/41953072/
Persecution Llansanwr (1779 AD) South GE (K) Killed Phlll[ps, E. .Cambndge. 1899. The Birds of Breconshire. Brecon|
Record Glamorgan Edwin Davies
:Zrcsoe;zutlon Lianwern (1898 AD) Gwent GE (p) https://newspapers.library.wales/view/3426388/34263 %5/
Persecution Llyn peninsula (1910 Gwynedd GE (K) Shot https://newspapers.library.wales/view/4226260/42262 65/
Record AD)
Persecution Nant Ffrancon (1886 Gwynedd GE () x 2 https://newspapers.library.wales/view/4452749/44527534/
Record AD)
:Zrcsoe;zutlon Neath (1884 AD) Mid Glamorgan WTE (K) https://newspapers.library.wales/view/3026425/30264 253/
Ezgsoerzutlon Newport (1896 AD) Gwynedd WTE (p) Shot https://newspapers.library.wales/view/3426388/34263%5/
Persecution GE (k) Young | Phillips, E. Cambridge. 1899. The Birds of Breconshire. Brecon
Record Penbont (1859 AD) Powys eagle killed Edwin Davies.
:Zrcsoe;zutlon Plynlimon (1887 AD) Dyfed GE (k) Shot https://newspapers.library.wales/view/4408986/44089855/
Persecution Snowdon National https://newspapers.library.wales/view/3325080/33250848/
Record Park (1822 AD) Gwynedd GE ()
:ngot-:;zutlon Talacre (1810 AD) Clwyd WTE (k) Shot https://newspapers.library.wales/view/3784538/378454%4/
;::soerzutlon Talacre (1884 AD) Clwyd WTE (K) Shot https://newspapers.library.wales/view/3784538/378454697/
Persecution Whitechurch (1829 . Donovan, J., & Rees, G (1994). Birds of Pembrokeshire: status|
Record AD) Gwent WTE (K Killed atlas of Pembrokeshire birds. Pembrokeshire: Dyfed Wildlife Tr]
Place-name Records
Species
Record type Name County (k: known or p: Reference
predicted)
Place-name Allt yr Eryr (1564 AD) Dyfed GE (p) Place-name Research Centre: Archif Melville Richards
Record
;Ecc;—game Allt yr Eryr (1599 AD) Dyfed GE (p) Place-name Research Centre: Archif Melville Richards
EI;:C;—(;]ame Allt yr Eryr (1838 AD) Powys GE (p) Archwilio & Place-name Research Centre: Archif Melville Rlchal
Place-name Allt-pant-eryrod (1134 Dyfed Rhestr o Enwau Lloedd Hanesyddol (RCAHMW): List of Histori
WTE (p)
Record AD) Place-names
;Ecc;—game Bryn Eryr (1564 AD) Dyfed WTE (p) Place-name Research Centre: Archif Melville Richards
;Ecc;—game Bryn Eryr (800 BC) | Isle of Anglesey WTE (p) Archwilio: The Historic Environmental Records of Wales
;I:l(t:::r-game Bryn Eryr (1637 AD) | Isle of Anglesey WTE (p) Place-name Research Centre: Archif Melville Richards
;I;;:Oer-game Bryn Eryr (1668 AD) | Isle of Anglesey WTE () Place-name Research Centre: Archif Melville Richards
;I:Cc;—game Bryn Eryr (1751 AD) | Isle of Anglesey WTE (p) Place-name Research Centre: Archif Melville Richards
;I:cc:r—game Bryn Eryr (1776 AD) Gwynedd GE(p) Place-name Research Centre: Archif Melville Richards
;I:l(t:::r-game Bryn Eryr (1805 AD) Gwynedd GE (p) Place-name Research Centre: Archif Melville Richards
;I:Cc;—game Bryn Eryr (1805 AD) Gwynedd GE (p) Place-name Research Centre: Archif Melville Richards
;I:Cc;—game Bryn yr Eryr (1838 AD) Clwyd GE (p) Archwilio: The Historic Environmental Records of Wales
;I:l(t:::r-game Brynyr-eryr (1539 AD) Clwyd WTE (p) Place-name Research Centre: Archif Melville Richards
Place-name Cae Carreg Yr Eryr Place-name Research Centre: Archif Melville Richards
Record (1840 AD) Isle of Anglesey WTE (p)
Place-name Cae Eryrych (1840 AD Mid Glamorgan WTE (p) Rhestr o Enwau Lloedd Hanesyddol (RCAHMW): List of Historif
Record Place-names
Place-name Carreg Yr Eryr (1602 Place-name Research Centre: Archif Melville Richards
Record AD) Gwynedd WTE (p)
Place-name Carreg Yr Eryr (1898 Rhestr o Enwau Lloedd Hanesyddol (RCAHMW): List of Histori}
Record AD) Gwynedd WTE (p) Place-names
Place-name Cefin-cwmeryr (1891 Powys GE (p) Archwilio: The Historic Environmental Records of Wales
Record AD) Wy P
;I;:;—;ame Cefn¥rEryr (1838 AD) Gwynedd GE (p) Place-name Research Centre: Archif Melville Richards
;I;;::r—;ame CefnYFEryr (1849 AD) Gwynedd GE (p) Place-name Research Centre: Archif Melville Richards
;Eg:r—game Cefn¥rEryr (1879 AD) Gwynedd GE (p) Archwilio: The Historic Environmental Records of Wales
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Place-name Clogwyn'r Eryr (411 Archwilio: The Historic Environmental Records of Wales
Gwynedd GE (p)
Record AD)
Place-name Coed Cwmeryr (1898 Powys GE (p) Rhestr o Enwau Lloedd Hanesyddol (RCAHMW): List of Historif
Record AD) Place-names
;Ecc(()er-game Coed Eryr (1899 AD) Gwynedd GE (p) Archwilio: The Historic Environmental Records of Wales
Place-name Coed Garth-Eryr (189¢ Powys GE (p) Archwilio: The Historic Environmental Records of Wales
Record AD)
;I:ccoer—game Craigyr-eryr (1889 AD) Dyfed WTE () ?giset_rnc;rlir;\évau Lloedd Hanesyddol (RCAHMW): List of Historiff
;I:gsr-game Crug Eryr (1535 AD) Dyfed GE (p) Place-name Research Centre: Archif Melville Richards
:I:Cc(()er—game Crug Eryr (1191 AD) Powys GE (p) Place-name Research Centre: Archif Melville Richards
:I:Cc(()er—game Crugerydd (1744 AD) Powys GE (p) Place-name Research Centre: Archif Melville Richards
Place-name Crugyr-eryr-isaf (1889 Dyfed GE (p) Rhestr o Enwau Lloedd Hanesyddol (RCAHMW): List of Historif
Record AD) Place-names
;Ecc(()er-game Cwm Eryr (1836 AD) Powys GE (p) Place-name Research Centre: Archif Melville Richards
Place-name Cwmeryr-mawr (1539 Powys WTE () Archwilio: The Historic Environmental Records of Wales
Record AD)
Place-name Cwm-pant-eryod (1876 Dyfed WTE () Rhestr o Enwau Lloedd Hanesyddol (RCAHMW): List of Histori
Record AD) Place-names
;I:((::oer-game Eryri (1840) Isle of Anglesey WTE (p) Sgisét_rnc;rir;\évau Lloedd Hanesyddol (RCAHMW): List of Historif
Place-name Ffridd Carreg Eryr Place-name Research Centre: Archif Melville Richards
Gwynedd WTE (p)
Record (1602 AD)
Place-name Ffridd Cefn Yr Eyry Place-name Research Centre: Archif Melville Richards
Gwynedd GE (p)
Record (1614 AD)
Place-name Ffynnon Moel Eryr Place-name Research Centre: Archif Melville Richards
Clwyd WTE (p)
Record (1700 AD)
;E;:Oer-game Foel Eryr (411 AD) Dyfed GE (p) Archwilio: The Historic Environmental Records of Wales
Place-name Garth yr eryr (1591 Clwyd GE (p) Place-name Research Centre: Archif Melville Richards
Record AD)
;I:(t::oer-game Gartheryr (1599 AD) Dyfed WTE (p) Sg(a;t_rnc; sz\gau Lloedd Hanesyddol (RCAHMW): List of Historif
;I:((::oer-game Graig Eryrod (1838 AD Clwyd GE (p) Place-name Research Centre: Archif Melville Richards
Place-name Gwaun Yr Eryr (1810 Place-name Research Centre: Archif Melville Richards
Gwynedd GE (p)
Record AD)
Place-name Llanerchyr-eryr (1539 Archwilio: The Historic Environmental Records of Wales
Gwynedd GE (p)
Record AD)
;I:l(t::oer-game Lianerchyr-eryr (1874) Gwynedd GE (p) Place-name Research Centre: Archif Melville Richards
;I;:c;—game Liyn¥£Eryr (1838 AD) Gwynedd WTE (p) Place-name Research Centre: Archif Melville Richards
;Ecc(;er—game Moel Erydd (1839 AD) Clwyd GE (p) Place-name Research Centre: Archif Melville Richards
Place-name Moel Graig Eryr (1631 Place-name Research Centre: Archif Melville Richards
Gwynedd GE (p)
Record AD)
;I;:c;—game Nant Eryr (1700 AD) Dyfed WTE (p) Place-name Research Centre: Archif Melville Richards
;Ecc(;er—game Nantyr-Eryr (1603 AD) Gwynedd GE (p) Place-name Research Centre: Archif Melville Richards
;E((::Oer-game Nantyr-Eryr (1539 AD) Powys GE (p) Archwilio: The Historic Environmental Records of Wales
;I;:c;—game Nantyr-Eryr (1552 AD) Powys GE (p) Place-name Research Centre: Archif Melville Richards
;Ecc(;er—game Pant Eryrod (1534 AD) Dyfed WTE (p) Archwilio: The Historic Environmental Records of Wales
;I:l(t::oer-game Pant Eryrod (1837 AD) Dyfed WTE () Place-name Research Centre: Archif Melville Richards
Place-name Pen Allt yr Eryr (1651 Place-name Research Centre: Archif Melville Richards
Dyfed WTE (p)
Record AD)
Place-name Pen Graig ty Eryr (1697 Clwyd WTE (p) Place-name Research Centre: Archif Melville Richards
Record AD)
;I;E::r—game Pen yr Eryr (1838 AD) Clwyd GE (p) Place-name Research Centre: Archif Melville Richards
;I;;:;—game Penyr-Eryr (1539 AD) Gwynedd GE (p) Place-name Research Centre: Archif Melville Richards
;I;?;—game Tal Eryr (1539 AD) Gwynedd WTE (p) Archwilio: The Historic Environmental Records of Wales
Place-name Tap Nythyr-eryr (1889 Rhestr o Enwau Lloedd Hanesyddol (RCAHMW): List of Histori
Gwynedd GE (p)
Record AD) Place-names
Place-name Trwyn Cerigsr-eryr Rhestr o Enwau Lloedd Hanesyddol (RCAHMW): List of Histori
Record (1868 AD) Isle of Anglesey WTE (p) Place-names

159



Appendix 1: Welsh Historic Eagle Records

Place-name Trynyr-eryrod (1689 Rhestr o Enwau Lloedd Hanesyddol (RCAHMW): List of Histori
Record AD) Powys WTE (p) Place-names
Place-name Rhestr o Enwau Lloedd Hanesyddol (RCAHMW): List of Histori
Record Twr yr Eryr (1839 AD) Gwynedd GE (p) Place-names
Place-name Twynyr-eryod (1604 Mid Glamorgan GE (p) Rhestr o Enwau Lloedd Hanesyddol (RCAHMW): List of Historif
Record AD) Place-names
Place-name Crug¥rEryr Wollen Archwilio: The Historic Environmental Records of Wales
Record Factory (1865 AD) Gwynedd Not Included
Place-name Cymmeryr-Bach Powvs Not Included Archwilio: The Historic Environmental Records of Wales
Record Quarry (1765 AD) Wy
Place-name Cymeryr Mawr Well Clwvd Not Included Place-name Research Centre: Archif Melville Richards
Record (1506 AD) Wy
;I:chr—game Eagle Tower (1643 AD Gwynedd Not Included Archwilio: The Historic Environmental Records of Wales
Place-name Llanercheryr Well Rhestr o Enwau Lloedd Hanesyddol (RCAHMW): List of Historif
Record (1832 AD) Dyfed Not Included Place-names
;I:chr—game Eryrys Mine (2001) Powys Not Included Archwilio: The Historic Environmental Records of Wales
Place-name Bryn Eryr Settlement Archwilio: The Historic Environmental Records of Wales
Record (1804 AD) Gwynedd Not Included
Place-name Eryrys Church (1862 Clwyd Not Included Archwilio: The Historic Environmental Records of Wales
Record AD)
Place-name Coed Eryr Enclosure Gwynedd Not Included Rhestr o Enwau Lloedd Hanesyddol (RCAHMW): List of Histori
Record (1999 AD) Wy Place-names
Place-name Cwmeryr Bach House Powvs Not Included Archwilio: The Historic Environmental Records of Wales
Record (1872 AD) Wy
Place-name Yr Eryr House (1887 Gwynedd Not Included Archwilio: The Historic Environmental Records of Wales
Record AD)
Place-name Penyr-Eryr Trackway Rhestr o Enwau Lloedd Hanesyddol (RCAHMW): List of Historif
Record (1800 AD) Clwyd Not Included Place-names
Place-name Cwmeryr Pond (1891 Archwilio: The Historic Environmental Records of Wales
Powys Not Included
Record AD)
Place-name Nantyr-Eryr Fishpond Powvs Not Included Archwilio: The Historic Environmental Records of Wales
Record (1997) Wy
Efggr—;ame Eryrs Hill Cave Ciwyd Not Included Archwilio: The Historic Environmental Records of Wales
Place-name Nantyr-Eryr Quarry Rhestr o Enwau Lloedd Hanesyddol (RCAHMW): List of Historif
Record (1994 AD) Gwynedd Not Included Place-names
Place-name Gartheryr House (1998 Gwynedd Not Included Archwilio: The Historic Environmental Records of Wales
Record AD)
Archaeological Records
Species
Record type Name County (k: known or p: Reference
predicted)
Archaeological Zienkiewicz, J.D. (1993) Excavations in the Scamnibom®rum at
9 Caerleon Well Gwent WTE (k) Caerleon: The Legionary Museum Site 188Britannia XXI]
record
(1993), 135
Archaeological West Harrison 1980: A Re-examination of British Devensian anlieE
9 Cat Hole Cave GE (k) Holocene Bird Bones in the British Museum (Natural Hj$tg
record Glamorgan . :
Journal of archaeol-ogical Science. 7, pBB3-
Archaeological West Harrison 1987: Pleistocene and prehistoric birds of souwdist
record Port Eynon Cave Glamorgan WTE (k) Britain. Proc. Univ. Bristol Spelaeol. Soc. 18, pp. 81-104.
Bell, A. 1915. Pleistocene and later birds of Greataiariand
Archaeological Ireland. Zoologist. 19, pp 4@412. & Tyrberg, T. 1998. Pleistoce
record Longbury Bank Cave Dyfed WTE (k) Birds of the Palearctic: a catalogue. Nuttall Ornitigidal Club,
Cambridge.
Archaeological Perthi-Chwarau Farm Bramwell, D. 1960. Some research into bird distributiio Britain
9 Cave Clwyd GE (k) during the Late Glacial and Post-glacial periods. Biegort of
record . ) B
Merseyside Naturalists Association: 58
. Adlhouse-Green, S., Peterson, R., and Walker, E.A )
Archaeological Pontnewydd Cave Clwyd GE (k) Neanderthals in Wales: Pontnewydd and the Elwy Valley Cq4
record
Oxford Books.
Archaeological Coygan Cave Dyfed GE (k) Lovergrove, R. et al. (2010). Birds on Wales. Poyser, {2 56-
record
) ) Dpol vU ~AXU ~ K[ }Jvv}EU dX WX &3d\oE A
Archaeological Segontium Fort Gwynedd WTE (k) ecological model. International Journal of Osteoarchagyl 7:
record 4401449
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Appendix 2

The Habitat Associations of Breeding Avian Mesopredators in Wales.

Table A2: The abundance of observations within habitat types abtvadss for the Hen

Harrier, Common Buzzard, Peregrine Falcon, Osprey and Red Kite: in relgigopraportion

of habitats available across the Welsh landscape.

Hen Harrier, Hen TinwynGircus cyaneys

. No. Lower Upper

Habitat observations U gmpci  gseecn  TeSt SES
Arable land 0 / / / / /
Bare rock 6 0.98 0.08 2.59 Stronger 7.34
Beaches, dunes & sands 4 1.30 0.20 3.11 Stronger 3.39
Broad-leaved forests 2 8.82 5.34 13.45 Weaker -2.94
Coastal lagoons 0 / / / / /
Conifer forests 1 19.36 14.53 25.36 Weaker -5.58
Estuaries 0 / / / / /
Heterogeneous agricultural area 2 28.67 22.63 34.94 Weaker -8.57
Inland marshes 17 1.01 0.06 2.50 Stronger 22.04
Intertidal flats 0 / / / / /
Mixed forests 1 11.70 7.52 16.48 Weaker -4.51
Moors and heathland 121 28.54 20.96 34.86 Stronger 24.88
Natural grassland 44 42.60 34.83 50.29 ns 0.32
Pastures 12 184.02 169.64 197.65 | Weaker -23.45
Peat bog 139 9.45 6.18 13.61 Stronger 66.15
Salt marsh 0 / / / / /
Scrub and herbaceous vegetatio 14 6.68 3.45 9.91 Stronger 412
Sea and ocean 0 / / / / /
Sparsely vegetated areas 6 4.00 1.23 7.23 ns 1.23
Urban 0 / / / / /
Waterbodies 1 0.89 0.03 2.34 ns 0.16
Watercourses 0 / / / / /

. No. Lower Upper

Habitat Observations ! 95% ClI 95)2 cirest SES
Arable land 1110 495.35 471.55 532.03 | Stronger 40.02
Bare rock 5 13.17 8.71 18.74 Weaker -2.89
Beaches, dunes & sands 44 19.23 14.45 27.51 Stronger 7.61
Broad-leaved forests 130 119.18 106.39 133.54 ns 1.55
Coastal lagoons 21 3.04 1.26 5.39 Stronger 16.06
Conifer forests 274 283.24 264.55 305.25 ns -0.82
Estuaries 4 10.32 5.23 14.32 Weaker -2.67
Heterogeneous agricultural area 415 395,54 369.81 418.61 ns 1.50
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Inland marshes 15 15.50 10.61 21.19 ns -0.18
Intertidal flats 49 51.51 41.68 63.29 ns -0.46
Mixed forests 109 160.88 143.20 179.91 | Weaker -5.17
Moors and heathland 372 390.26 367.66 415.46 ns -1.32
Natural grassland 392 590.54 562.99 620.05 | Weaker -12.86
Pastures 1323 2545.16 | 2490.13 | 2594.88 = Weaker -42.69
Peat bog 29 132.34 119.75 147.03 | Weaker -12.96
Salt marsh 16 21.70 16.53 27.18 Weaker -2.01
Scrub and herbaceous vegetatio 86 87.01 75.44 101.49 Ns -0.14
Sea and ocean 1 22.04 16.34 27.40 Weaker -6.78
Sparsely vegetated areas 105 52.37 44,74 61.39 Stronger 11.12
Urban 1192 312.15 287.63 331.38 | Stronger 71.03
Waterbodies 38 11.38 6.38 15.85 Stronger 10.70
Watercourses 8 6.08 3.25 9.91 ns 1.16
. No. Lower Upper

Habitat obsevaions U gmpci  gseecn  TeSt SES
Arable land 286 139.10 123.80 152.79 | Stronger 20.18
Bare rock 1 3.65 0.85 6.11 ns -1.94
Beaches, dunes & sands 12 5.46 2.64 9.39 Stronger 3.74
Broad-leaved forests 17 33.40 26.76 41.56 Weaker -4.14
Coastal lagoons 9 0.82 0.03 2.30 Stronger 12.82
Conifer forests 76 78.28 67.16 91.21 ns -0.40
Estuaries 4 2.85 0.89 5.24 ns 0.94
Heterogeneous agricultural area 94 11.15 97.38 123.48 | Weaker -2.19
Inland marshes 14 4.26 1.72 7.25 Stronger 6.31
Intertidal flats 55 14.23 9.73 20.79 Stronger 15.08
Mixed forests 16 45.01 35.21 56.32 Weaker -5.51
Moors and heathland 107 109.24 94.59 124.15 ns -0.31
Natural grassland 127 165.56 150.61 182.83 | Weaker -4.20
Pastures 213 712.56 682.33 737.26 | Weaker -35.57
Peat bog 12 36.68 28.60 44.57 Weaker -5.57
Salt marsh 84 6.17 3.34 9.18 Stronger 48.86
Scrub and herbaceous vegetatio 22 24.59 18.85 31.45 ns -0.76
Sea and ocean 57 6.29 3.07 10.11 Stronger 27.72
Sparsely vegetated areas 18 14.88 9.80 19.49 ns 1.21
Urban 368 87.86 74.77 99.57 Stronger 42.86
Waterbodies 11 3.24 1.09 5.63 Stronger 6.57
Watercourses 3 1.75 0.37 3.41 ns 1.45

 Ospey Gueliandonhalacy
. No. Lower Upper

I Observations L 95% ClI 95p°2 Cl Test o=
Arable land 0 / / / / /
Bare rock 0 / / / / /
Beaches, dunes & sands 0 / / / / /
Broad-leaved forests 13 12.86 8.16 17.55 ns 0.05
Coastal lagoons 0 / / / / /
Conifer forests 4 31.81 2411 40.21 Weaker -6.80
Estuaries 0 / / / / /
Heterogeneous agricultural area 227 44.68 35.89 54.09 Stronger 39.19
Inland marshes 1 1.66 0.42 3.39 ns -0.79
Intertidal flats 14 5.83 3.06 9.59 Stronger 4.93
Mixed forests 2 17.80 12.63 24.54 Weaker -5.35
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Moors and heathland 21 25.28 35.00 54.53 Weaker -5.07
Natural grassland 35 66.58 55.40 76.86 Weaker -5.64
Pastures 214 289.40 272.76 308.39 | Weaker -8.01
Peat bog 1 15.03 9.72 20.46 Weaker -5.25
Salt marsh 312. 2.70 1.27 4.89 Stronger 27.11
Scrub and herbaceous vegetatio 2 10.27 6.10 14.82 Weaker -3.72
Sea and ocean 5 2.40 0.65 4,73 Stronger 2.26
Sparsely vegetated areas 4 6.12 3.21 9.09 ns -1.21
Urban 8 35.79 27.53 44.40 Weaker -6.28
Waterbodies 0 / / / / /
Watercourses 0.76 0.03 2.15 Stronger 10.20
. No. Lower Upper

Habitat observations U gmspci  gseecn  TeS SES
Arable land 160 234.09 209.54 250.05 | Weaker -6.97
Bare rock 3 6.24 3.60 9.72 Weaker -1.96
Beaches, dunes & sands 8 9.15 5.67 14.21 ns -0.54
Broad-leaved forests 37 56.98 43.99 86.94 Weaker -3.41
Coastal lagoons 6 1.47 0.28 3.24 Stronger 5.50
Conifer forests 141 133.08 116.36 150.30 ns 0.95
Estuaries 0 / / / / /
Heterogeneous agricultural area 315 186.21 169.90 203.80 | Stronger 14.02
Inland marshes 11 7.16 412 10.93 Stronger 2.17
Intertidal flats 15 23.74 18.24 30.66 Weaker -2.76
Mixed forests 57 74.73 64.19 87.41 Weaker -2.53
Moors and heathland 172 184.58 166.81 204.72 ns -1.25
Natural grassland 348 276.84 253.79 297.31 | Stronger 6.08
Pastures 928 1201.11 | 1174.29 | 1235.59 | Weaker -14.95
Peat bog 71 62.51 52.18 73.02 ns 1.44
Salt marsh 78 10.55 6.47 14.61 Stronger 28.31
Scrub and herbaceous vegetatio 16 41.39 33.45 50.47 Weaker -5.46
Sea and ocean 2 10.44 6.61 14.73 Weaker -3.58
Sparsely vegetated areas 11 24.52 18.58 33.62 Weaker -3.59
Urban 298 145.97 130.58 160.63 | Stronger 19.14
Waterbodies 19 5.17 2.55 8.36 Stronger 8.97
Watercourses 0 / / / / /
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Appendix 3

Environmental Variables Influencing the Distribution of Breeding Golden
Eagles in Britain.

Table A3:The relative contributions of what environmental variables awetrduting to

fitting the Golden Eagle MAXENT model to assess suitable breeding amss Britain.

. Environmental Percent Permutation
Species . AUC S .
variable contribution importance
Habitat type 0.8 57.9 73.9
elev 0.8 28.7 16.4
Golden Eagle rdge 0.6 9.1 3.9
Slop 0.7 3.1 3.9
aspt 0.7 1.2 1.9

Figure A3:Response curves indicating how the four top environmental vasiaifect the

Golden Eagle MAXENT model that were responsible for the projection ofleshitabding

areas across Britain.
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Appendix 4

Descriptive Satistics of Environmental Variables within the Breeding
Territories of Golden Eagles in Britain.

Table A4:Summary of the environmental variable descriptive statistical dstthat were

incorporated into the Golden Eagle MAXENT model to assess suitaldebrameas across

Britain.
Environmental Variables Predictor Description Descriptive Stats Breeding Outputs
Minimum 0
Maximum 620
elev Elevation (m asl) Mean 356
Median 342
Standard Deviatior 245
Minimum 0
Maximum 46.7
slop Slope (%) Mean 10.6
Median 8.7
Standard Deviatior 8.4
Minimum 3.2
Maximum 360
aspt NOo}%o *%o S ~ o Mean 192.6
Median 1779
Standard Deviatior 99
Minimum 0
Maximum 1124
rdge Distance from ridgeline (m) Mean 218.6
Median 160.8
Standard Deviatior, 226
Habitat Variables Habitat Description Descriptive Stats Breeding Outputs
hab1l Artificial surfaces n=% 15
hab2 Arable land n=% 0.7
hab3 Pastures n=>% 10.9
hab4 Heterogeneous agricultural area: n=>% 0.2
hab5 Broad-leaved woodland n=>% 2.2
hab6 Coniferous forest n=% 6.9
hab7 Mixed forest n=>% 0.0
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hab8
hab9
hab10
babll
hab12
hab13
habl14
hab15
hab16
hab17
hab18
hab19
hab20
hab21
hab22

Natural Grassland
Moors and heathland
Scrub and herbaceous areas
Beaches, dunes and sands
Bare rock
Open spaces with little vegetatior
Inland marshes
Peat bogs
Salt marsh
Intertidal flats
Water courses
Waterbodies
Coastal lagoons
Estuaries
Marine waters

n=%
n=%
n =%
n=%
n =%
n =%
n=%
n =%
n=%
n =%
n=%
n=9%
n=%
n=9%
n=%

9.6
13.7
1.4
0.4
11
9.2
0.0
40.1
0.0
0.1
0.0
1.7
0.0
0.1
0.3

166



Appendix 5: White-tailed Eagle Breeding Territories

Appendix5

Environmental Variables Influencing the Distribution of Breeding White-
tailed Eagles in Britain.

Table A5:The relative contributions of what environmental variables awetrduting to

fitting the White-tailed Eagle MAXENT model to assess suitable bgemdias across Britain.

. Environmental Percent Permutation
Species . AUC S .
variable contribution importance
Habitat type 0.8 53.7 59.7
elev 0.6 29.2 25.9
White-tailed coas 8'2 104'73 10262
Eagle rs . : .
aspt 0.5 0.5 0.5
lake 0.5 0.9 0.6
Slop 0.7 0.5 0.5

Figure A5:Response curves indicating how the four top environmental vasiadfect the

White-tailed Eagle MAXENT model that were responsible for the projeaticuitable

breeding areas across Britain.
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Appendix 6

Descriptive Satistics of Environmental Variables within the Breeding
Territories of White-tailed Eagles in Britain.

Table A6:Summary of the environmental variable descriptive statistical dstthat were

incorporated into the White-tailed Eagle MAXENT model to assesslsuiiaeding areas

across Britain.

Environmental Variables Predictor Description Descriptive Stats  Breeding Territories|
Minimum 0

Maximum 911

elev Elevation (m asl) Mean 124.6
Median 72

Standard Deviation 146.2

Minimum 0

Maximum 46.7

slop Slope (%) Mean 10.1
Median 7.8

Standard Deviatior 9.4

Minimum 2

Maximum 360

aspt NO0}% %o S ~ e Mean 193.3
Median 200.4

Standard Deviatior 102.8

Minimum 0

Maximum 3000

lake Distance from lake (m) Mean 431.6
Median 0

Standard Deviation 821.8

Minimum 0

Maximum 3000

coas Distance from Coast (m) Mean 700
Median 0

Standard Deviation 751.7

Minimum 0

Maximum 2943.8

frst Distance from Forest cover (m) Mean 629.1
Median 100

Standard Deviatior 849.2

Corine habitat types (%)
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Habitat Variables

habl
hab2
hab3
hab4
hab5
hab6
hab7
hab8
hab9
hab10
babl1
hab12
hab13
habl4
hab15
hab16
habl17
hab18
hab19
hab20
hab21
hab22

Habitat Description

Artificial surfaces
Arable land
Pastures
Heterogeneous agricultural areas
Broad-leaved woodland
Coniferous forest
Mixed forest
Natural Grassland
Moors and heathland
Scrub and herbaceous areas
Beaches, dunes and sands
Bare rock
Open spaces with little vegetation
Inland marshes
Peat bogs
Salt marsh
Intertidal flats
Water courses
Waterbodies
Coastal lagoons
Estuaries
Marine waters

Descriptive Stats

n=%
n=%
n=%
n=%
n=%
n=%
n=%
n=%
n=%
n=%
n=%
n=%
n=%
n=%
n=%
n=%
n=%
n=%
n=%
n=%
n=%
n=%

Breeding Territories|

0.3
0.0
2.5
0.0
2.7
8.8
0.0
9.9
9.1
11
16.5
12.9
0.0
0.0
9.6
0.0
6.0
0.0
4.1
0.0
8.5
8.0
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Appendix 7: Golden Eagle Habitat Loss to Windfarms

Appendix 7

The Predicted Loss of Golden Eagle Breeding Habitat from 4 km Buffers
Representing Wind-turbine Displacement.

Figure A7:The estimated loss of Golden Eagle breeding habitat attributed toléesible

displacement by modern-day Windfarms (4 km) across Wales: depicted by paechakitat

loss by bio-geographic breeding zones.
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Appendix 8 : Golden Eagle Habitat Loss to Urban Areas

Appendix 8

The Predicted Loss of Golden Eagle Breeding Habitat from 1 km Buffers
Representing Urban Area Displacement.

Figure A8:The estimated loss of Golden Eagle breeding habitat attributed t@lthesible

displacement by modern-day urban areas (1 km) across Wales: depictpdréentage

habitat loss by bio-geographic breeding zones.
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Appendix 9: White-tailed Eagle Habitat Loss to Windfarms

Appendix 9

The Predicted Loss of White-tailed Eagle Breeding Habitat from 3km Buffers
Representing Wind-turbine Displacement.

Figure A9:The estimated loss of White-tailed Eagle breeding habitat attributedhe

plausible displacement by modern-day wind-turbines (3 km) acrodssWdepicted by

percentage habitat loss by bio-geographic breeding zones.
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Appendix 10: White-tailed Eagle Habitat Loss to Urban Areas

Appendix 10

The Predicted Loss of White-tailed Eagle Breeding Habitat from 0.5 km
Buffers Representing Urban Area displacement.

Figure A10:The estimated loss of White-tailed Eagle breeding habitat attributethé

plausible displacement by modern-day urban areas (0.5 km) across ;Vdelgisted by

percentage habitat loss by bio-geographic breeding zones.
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Appendix 11: Golden Eagle Habitat and Livestock Pastures

Appendix 11

Colden Eagle Breeding Habitat and Livestock Pastures Across Wales.

Figure A11The proportion of livestock pastures across Golden Eagle bio-geodredding

zones in Wales.: depicted by percentage habitat loss by bio-geogiaplkiding zones.
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Appendix 12: Golden Eagle Habitat and Commercial Forestry

Appendix 12

Golden Eagle Breeding Habitat and Commercial Forestry Flantations Across
Wales.

Figure A12:The proportion of commercial forestry plantations across Golden Eamle b

geographic breeding zones in Wales.; depicted by percentage habitédiyldss-geographic

breeding zones.
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Appendix 13: Golden Eagle Habitat and Wind-turbines

Appendix 13

Golden Eagle Breeding Habitat and the Satial Intensity and Distribution of
Wind-turbines.

Figure A13: Atlas map highlighting the intensity of wind turbinesass Golden Eagle bio-

geographic breeding zones in Wales: depicted by percentage haistaby bio-geographic

breeding zones.
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Appendix 14: Golden Eagle Habitat and Urban Areas

Appendix 14

Golden Eagle Breeding Habitat and the Satial Intensity and Distribution of
Urban Areas Across Wales.

Figure A14 The intensity of human habituation across Golden Eagle bio-gdogiageding

zones in Wales.: depicted by percentage habitat loss by bio-geogtapkiding zones.
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Appendix 15: Golden Eagle Habitat and Raptor Persecution

Appendix 15

Golden Eagle Breeding Habitat and the Satial Intensity and Distribution of
Raptor Rersecution Incidents Across Wales.

Figure A15 Atlas map highlighting the intensity of recorded raptor pasfen incidents

across Golden Eagle bio-geographic breeding zones in Wales; depigeddnytage habitat

loss by bio-geographic breeding zones.
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Appendix 16: White-tailed Eagle Habitat and Livestock Pastures

Appendix 16

White-tailed Eagle Breeding Habitat and Livestock Pastures Across Wales.

Figure A16:The proportion of livestock pastures across White-tailed Eagle bio-gedngra

breeding zones in Wales.; depicted by percentage habitat loss byedgwagphic breeding

Zones.
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Appendix 17: White-tailed Eagle Habitat and Commercial Forestry

Appendix 17

White-tailed Eagle Breeding Habitat and Commercial Forestry Hantations
Across Wales.

Figure A17:The proportion of commercial forestry plantations across White-t&kgle bio-

geographic breeding zones in Wales.; depicted by percentage habitédiyldss-geographic

breeding zones.
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Appendix 18: White-tailed Eagle Habitat and Wind-turbines

Appendix 18

White-tailed Eagle Breeding Habitat and the Satial Intensity and Distribution
of Wind-turbines.

Figure A18: Atlas map highlighting the intensity of wind turbinesass White-tailed Eagle

bio-geographic breeding zones in Wales; depicted by percentageahdbs#s by bio-

geographic breeding zones.
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Appendix 19: White-tailed Eagle Habitat and Urban Areas

Appendix 19

White-tailed Eagle Breeding Habitat and the Satial Intensity and Distribution
of Urban Areas Across Wales.

Figure A19 The intensity of human habituation across White-tailed Eaglegdéoqgraphic

breeding zones in Wales.; depicted by percentage habitat loss byebdgvagphic breeding

Zones.
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Appendix 20: White-tailed Eagle Habitat and Raptor Persecution

Appendix 20

White-tailed Eagle Breeding Habitat and the Satial Intensity and Distribution
of Raptor Rersecution Incidents AcrossWales.

Figure A20 Atlas map highlighting the intensity of recorded raptor passen incidents

across White-tailed Eagle bio-geographic breeding zones in Walestedebic percentage

habitat loss by bio-geographic breeding zones.
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Appendix 21: Golden Eagle Habitat and Nest Sites

Appendix 21

Golden Eagle Breeding Habitat and the Proportion of Available Upland Nest
Stes within 1.2 km of a Mountain Rdgeline Across Wales.

Figure A21 The proportion of mountain crags available within 1.2km wicaintain ridgeline

across Golden Eagle bi@ographic breeding zones in Wales: depicted by percentage habitat

loss by bio-geographic breeding zones.
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Appendix 22: Golden Eagle Habitat and Protected Areas

Appendix 22

Golden Eagle Breeding Habitat and the Proportion of Breeding Habitats
within Rotected Areas Across Wales.

Figure A22 The proportion of protected breeding habitat across Golden Eaglebagraphic

breeding zones in Wales: depicted by percentage habitat loss by dpagic breeding

Zones.
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Appendix 23: White-tailed Eagle Habitat and Coastal Nest Sites

Appendix 23

White-tailed Eagle Breeding Habitat and the Proportion of Available Coastal
Nest Stes within 3 km from a Welsh Qoastline.

Figure A23 The proportion of nesting crags available within 3km of sttioa across White-

tailed Eagle bio-geographic breeding zones in Wales.: depicted by peredatioidat loss by

bio-geographic breeding zones.
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Appendix 24: White-tailed Eagle Habitat and Coastal Nest Sites

Appendix 24

White-tailed Eagle Breeding Habitat and the Proportion of Available Coastal
Nest Stes within 3 km from a Welsh Qoastline.

Figure A24 The proportion of nesting trees available within 3km of a tioasacross White-

tailed Eagle bio-geographic breeding zones in Wales.: depicted by peredrathitat loss by

bio-geographic breeding zones.
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Appendix 25: White-tailed Eagle Habitat and Inland Nest Sites

Appendix 25

White-tailed Eagle Breeding Habitat and the Proportion of Available Inland
Nest Steswithin 3 km from an Inland Fresh Water Surce.

Figure A25 The proportion of nesting trees available within 3km of a ldcoss White-tailed

Eagle bio-geographic breeding zones in Wales: depicted by percenthigat hass by bio-

geographic breeding zones.
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Appendix 26: White-tailed Eagle Habitat and Protected Areas

Appendix 26

White-tailed Eagle Breeding Habitat and the Proportion of Breeding Habitats
within Rotected Areas Across Wales.

Figure A26 The proportion of protected breeding habitat across White-tabedle bio-

geographic breeding zones in Wales: depicted by percentage h&stgaby bio-geographic

breeding zones.
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