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1. EXECUTIVE SUMMARY

11

1.2

1.3

1.4

15

1.6

1.7

From winter201314 onwards the Wildfowl & Wetlands Trudtacked. Sg A 01 Qa { 61 y
movementsin relation to offshore and onshore wind farms along their migration route, with

I LI NI A Odzf | NJ F 2-patizsi betvgen Eritdif and rhaiarid Gurdpd jifforK (i

the UKG @ S N ofiskioile@rergy Strategic Environmental Assessment including for

offshore wind farm development in the North Sea region

The mairaims of the project were tR SE ONRA 6S . S6A 01 Qa {ands YAIANI
Special Proteabin Areas (SPASs) in the liKrelationto areas proposed for offshore wind

farm devebpment in the North Sea, and ttetermine thetotal number of wind farnsites

(both dffshore and onshoregncountered by individual birds durinigeir migration through

northwest Europe! RRAGA2Yy Fff e G4KS G201 f ydzYoSNI 2F {dz
flight-lines was estimated from the tracking data provide information for future collision

risk and cumulative impact assessments for the species

Atotal of 22BS g A O Q were{mérkey &ith solapoweredcollarmounted UH-GSM

GPS data logger8:in winter 2013/14 and 14 in 2014/15. Seven of the 2013/14 loggers did

not provide thedetaileddata required for the study, but those deployed in 2014/15 were

fully functional.Location dataecordedup to 6 March 2016 were included in the analyses

presented in this reportAt least hourly location dataere recordedor 14 birdsthat

crossedhe North Sea on at leastone occasiemd ai 2 G f 2F My GAYRSLISYRS)
migration tracks from the UK (noting that two sets of birds seemed be associating as

pairs/gblingg were recordedoy early March 2016. Autumn migration for 2 swans tracked

on returningto the UKwasalsorecorded in detailwith GPSES & | G Xtn YAydzi§S A
¢ KS . Sg A 01 Mereififéredasbéingdtraightdines between consecutive GPS

data pointswithin a GISOnly track segments where GPS fiwese)X T n YA yweieSa | LI N
included in the analysesf wind farmareas likely to be encountered by the birdsacksthat

camewithin an 80m radiusof a wind turbinewere takenasindicativethat the turbine was

on thebirdQ &  Firfe, wBhBGm being theurrent maximum radius of the rotors for wind

turbines in Europe

TKS aitdzRé F2dzyR GKIG GKSNB ¢l a I KAIK fS@St 2
Angla ONE wind farm footprin83% of swan tracks (n=18 tracks) anqH0%) of tagged

swans crossethe site duringmigrationfrom andor to the UK in spring and autunf914¢
2016.Inspection of the mapped tracks indicates that the swans move across the whole of

the footprintareab 2y S 2F GKS GF 33SR . SgA Ooidkorefindl ya & SN
farms further north {.e. none crossed the Hornsea Dogger Bank sites), bahe individual

flew acrossmore southerlyUK wind farmsites ¢ Greater Gabbard, Galloper B and the

London Array in autumn 2015

A total of 52offshore wind farm footprints (inclling 11 operational sites) were @®sed by

the swans of which 33 (63%) were in German waters, 12 (23%) Dutch, 4 (8%) British and 2

(4%) Belgian, with one Swedish site also included.

Several birds migrated direct fromahJK to Denmark or to Schleswigistein in Germany,

resulting in them crossingffshorewind farms in the German Bight rather than taking an

overland route from the Netherlands to Germany and Denmark. Thisveasanot included

Fa 0SAy3a 2y GKS . Sg A Ofpfedioudrepdrt Joiti@ StatRgiENI G A 2y NP
Ornithological Support Servic€8OSSyroup, whichprovidedguidance for assessing the
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numbers of migrating birds liketg pass through proposed offshore wind farm

developmentgWrightet al. 2012) Maps of the main migration zesfrom Europefor

.SoA01Qa {slya gAYGSNAY3a Ay . NARGIAY YR LNBTI
evidence provided in the current study.

¢KS YI22NRGe 2F GF33ASR . S6A01Qa {é6lya RSLI NI
(62.5%, n = 16 deptures on migration) and therefore arrived at the start of the East Anglia

ONE footprint under conditions of good visibility. The remaining six tagged swans (37.5%)

which started their migration aftr sunset, typically migrated under moonlight

Flight héght data wererecorded@ 2 NJ 2yt & p . S6A01Qa {é6lya sKz2a$s
record altitudinal data anevhose data were downloaded the field. Nevertheless, the data

indicated that the birds fly at low altitua, with 89.2%6 0f323 flight heightecordsover land

and93.0% of201flight heightrecords oversea beingat <150m and withboth medianand

modal flight heightdeingin the 0 to -50m band Most flightstherefore are at or belowthe

sweep of the wind farm rotors.

In addition to the oftshdl 8 ¢A YR FI NXYaAX mp .SoA01Qa {slya ¢
encountered 32nshorewind turbines (.e.their tracks were <80m from turbing<On

considering the hourly track segments that appeared from the flight height, speed or

distancedatato includel LISNA 2R 2F FfA3IK(I o0d0Kdza aFftAIKI &
there wasan overall encounter rate d¥.066 turbines peflight segment; i.e., one turbine

encountered for every ~15 flights made by the swabgerall rate varie¢onsiderably

between ountries,from <0.001(i.e. less than 1 in 1,000) encounters per flight segnfient

birdsin the UK, compared with 0.14 in Denmark, 0.17 in the Netherlands and 0.23 in

Germany indicative of variatiofetween these countrieg onshore wind farm density

Encounter rates also varied across years for particular individuals, depending on their choice

of staging or wintering site.

GiventheK A 3K LINBLRNIA2Y 2F .SgA01Qa {ély GNI O]a
wind farm site but also offshore wind famin German, Dutch and Belgian watens,

findings show thaparticular care should bendertaken to assessumulative impacts of

ASOSNIf GAYR FIFENXYXa f2y3a KS aglyaQ YAINI (2N
significant effect of these developmérd 2y GKS b2 9dz2NRPLISFY . S6A0]Q
which isin decline and listed as Endangeredhia European Red List of bird speqBgdLife

International 2015%.

Moreover, ollision risk at onshore wind farms should also be taken into account during

cumulative impact assessments undertaken for birds that migrate over both land and water.
Cumulative impact assessments for onshore wind farm development in the vicinity of

nationally and internationally important sites for the species should also address th

LR GSYOuAlrt O2yaSljdzsSyoSa 2F . SoA01Qa {o6Fya o0SA
sites along the migration route and in the wintering range.

The importance of considering both offshore and onshore wind farms in cumulative impact
assessments extends other migratory waterbirdz | YR A& y23 fAYAGSR G2
International communication andublicly accessible data on proposed and constructed

wind farm sites (including their precise location and the nundret sizeof turbines) in

range states is cruciaif strategicand projectspecific asessmergareto determine

cumulative effectsnore precisely
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The study has served to demonstrate that birds wintering at sites some distance from

proposed wind farm developmestnayneverthelesencountersuchdevelopmens during

their annual migration. As such, EIAs for offshore wind farms should consider potential

AYLI OGa 2y it {t!a RSaA3aylFIiSR FT2NJ . SgA0] Qa
The current study illustrates thaformationon bird migration zoas wasot well founded

{

T2NJ . $6A01 04 {4l ya Studiedspacesivétheiefore tecomBengtmt | 6 St |

further tracking and also radar studies be undertaken to improve knowledge of migration
routes for other migratory species where internatidigamportant numbers (>1% of the

total population) occur in the UK, and/or where SPAs have been designated for these
species.

C2NJ .SogrA01Qa {6l yas | fpassetioidh theiEastAng®®NE (I 33 SR
footprint, this was based oasmall samplesize of spring tracks, and further tracking may
provide a more robust assessment of the proportion of birds crossing different parts of the
footprint.

Detailedfield and radar studiesf swan movement in the vicinity of onshore sites in Europe
would perhapsserve to determine how the birds behave in relation to different turbine
spacing, and thus indicate whether the creation of easst corridors a few hundreds of
meters widemight be usefulin reducing the risk of collisidior migrating swans and other
birds.

This report examines thigequency with which migrating S ¢ A O Qeacoyntg | v &
turbines,and are thus at risk of collisipbut the effects of wind turbines in displacing birds
from key feeding and roosting areas at varihg and staging sites should also be assessed in
determining their cumulative impacts on migratory specikiéhoughsome individua may
become habituated to turbines ahtolerate them, whether there ia percentage of the
populationthat relocates fronsites where wind farms have been constructeas yet to be
ascertainedAdditionally, despite the small sample size of tagged birxistiag tracking

data can be examineih determine the extent to which feedingwvans movewvithin or stay
outside the penineters of constructedwind farms most usefullyat wintering and staging

areas where there are higher wind farm densities on mainland Eurbipis, together with
national count data, may help to determine whether there is lagsgale (landscape level)

and or local displacement of swans from the vicinity of wind farm sites.

Potential collision with other infrastructure particularly powerlineg, should also be

included in collision risk assessments. Collisions with powerlines is the most commonly
reported cause of death in swarpsciesand there is preliminary information that elevated
bird collisions with powerlines occur in the vicinitywahd farm sitesperhaps because
avoidance of the more obvious turbines results in a higher rate of flux acrosssthe |

obvious wires.

Access to turbine data for the remaining countries of the flyway, and also attribute data for
the turbines that would allow us to determine sweep of the rotors from more precise
measures of theotor radii, would provide a more rolst measure of encounter frequency
F2NJ . Sé A Mpdaling thegpiolyakildy distribution for swan tracks, rather than
assuming a straight line between GPS locations, would also be beneficial for making a more
comprehensive assessmaeuitcollision riskln a more comfgx model, it would perhapise
possible to link turbine positioning to local wind conditions (as turbine hubs are rotated to
face the prevailing wind), so that the actual rotor swept area perpendicular to a swan track

q



at the time it travell@ past the turbine can be calculatedbeit this level of detail may
perhaps be merited only f@wan tracks derived from GPS data colldci more frequent
intervals.

1.23 A single standardised database of all offshore and onshore wind farms shodé/éeped
not only for the UK but more widelg.@.at the European levilto facilitate cumulative
impact assessments.

2. INTRODUCTION

DECC (the United Kingdom Department of Energy and Climate Change) is undertaking an Offshore
Energy Strategic Environmental Assessment (SEA) programme, to ensure that environmental issues
are considered appropriatefpr offshore energyevelopmens, incldingwind farm sites. As part of

the SEA programme, studies are undertaken to ensure a sound information base on which to base
the assessmentd.he movement of several swan and goose populations along coastal Britain and
through Scotland has been descrilthdough satellitetracking studiesindertaken by WWT under
contract to COWRIE Ltd. and to DECC, and these have highlighted key areas where the construction
of offshore wind farms may pose a risk to these birds, particularly for Whooper $migrating to
Icelandandfor Barnacle Geesthat cross the North Sea to Norwaw routeto breeding grounds on
SvalbardGriffinet al. 2010, 2011). Much less is knowmowever, aboutflight-lines taken by birds
migrating between southeadEngland andhe Low Countries dfontinental Europe. Further tracking

of bird migration was thereforeecommended to clarify potential effects of wind fadavelopment

for birds moving across this part of the North S&dditionally, trackingnigratory birds hat winter

at inland siteselps to identify thoselesignated as Special Protectiéreas (SPAander EU

legislationthat may be affected by offshore wind developmewhich should thereforde taken

into account in Scoping Reports and Environmental Impact Assess on considering the likely
significant effects (LSE) of a wind farm on SPRAthout such studies, the link between inland SPAs

and offshore wind farm development would be less well understood.

21¢KS b2NIOKgSaid 9 dzNPopifatioff . S6A 01 Qa {4l y
Theb 2 NIIKg Sa G 9 dzNP LB®pulhtion bBegds Gnithe European tyhdra of arctic Russia
and migrates via staging areas in the Baltic countries to winter in northwest Europe, with major
concentrations in the Netherlands and southeast England. Numbeesaised during the 1980s and
early 1990s to a peak of ZH0 birds in January 1995, bubre recentlythe populationhasdeclined
markedly to only 18,055 individuals by January 2010 (38% belopeidle count), and national trend
indices indicatehat numbers have stabilised or declined furtrence then (Rees & Beekman 2010,
Hornmanet al. 2015,Eatonet al. 2015. A. Sg A O] Q& {AdtibnyPlafddd8@opPed & @address

the issue (Naggt al.2012)therefore wasadoptedby the AfricanEurasian Migrairy Waterbird
Agreement (AEWA) of the Convention on MigratBpecie® 4 KS a. 2yy [ 2y @SY A2y é
Although collisions with mamade structues was not thought to be a main causeloé initial

population declinereducing collision risk was nevbeeless deemed important for halting and

reversing the decline.igh priority actions within the Platmerefore required that all rang states,



including the UKshoulddAvoid key sites and flight lines during the construction of new powerlines
and windfarms, 0 that collisionmortality with infrastructure is minimised.

. S 6 A A generally have a southetligtribution within the UK. Ththree sites of international
importancefor the speciefOuse Washes, Nene Washes and Severn Estuary) andfhwatonal
importance(BreydonWater/Berney MarshesDungeness to Pett Levahd Ranworth/Cockshoot

Broadsin Broadlangl are all in the southern part of the country (Hettal.2012).All are designated

as Special Protection Are¢8PA) under the Europga | YA 2 Y Q& . DirddiR&i79/B0R/EECD (0 A S «
GAGK GKS . SgA01Qa {ély fAaidcRese te QuselWimhésinFe Ay 3 al
southeast England is of particular importance as it gelheholds 2Q25% $33%in winters 1986/87

and 2004/05 of the total flyway population in midinter. Gaining detailed informatioan the

.SeA01Qa {6l yQa YAIANI A2y aldBubhidouBly locatibriidita, KA I K  F NB |j d
relation to proposed UK Round(R3)wind farms off the East Angliacoasttherefore was

consideredmportant for informing the potential impact ahesewind farmson the speciebecause

it seemed likely that most swans would arrive in Britain over East Anglia from their other main

wintering hauntsy G KS b S KSNJI Iy R direlati¢hdoiD0¢h @fisorg wand fgrm&F £ A I K G &
east of the R3 footprintand to wind farms along the Baltic coast, were also of interest for assessing
potential inrcombination effects for several wind farms alongthegwaQ YA AN GA 2y NER dzi S«

22t NBEAYAYIFNE GNIXOlAy3a 2F .SogrA01Qa {glvya
In March 2013, Hartley Anderson Ltd. therefore contracted the Wildfowl & Wetlands Trust on behalf

of itsclient, the Department of Energy and Climate Change (DEEC)ii NI O1 . SgA 01 Qa {4
Y20SYSylia 0S0¢6SSy a2dzikSlad 9y3ftlyR FYR (KS bSick
(contract no. OESEA2-35; Griffinet al. 2014) The birds werenarked with solar collamounted

UHFGSMGPS data loggers (suppliegEcotone, Polanddcheduled tgrovide hourly and sub

hourly location datgdepending on battery chargedownloadedvia the mobile phone netwotland

the datawere to beanalysed in relation to offshore and onshore wind farm sitesqgpaly within

the UKbut also in mainland Europe

9AIKEG .SorA01Qa {slya 6SNB Rdz & ToedausStheregvarel K (0 KS f
technological issues with the novel colfaounted GPS tracking devices, detailed hourly tracks

across the North Sea were obtaih for only one of the eight tagged birds in sprind20Fve more
loggersprovided less frequent (Bourly) GPS fixes, and thus gave vergresresolution tracks

between & England and the Continefithese coarse temporal resolution GPS tracks nevedhel

indicated that four of thesixswanstracked to Europerossed the northern half of the East Aagli

(R3) wind farm footprint, anthat four birds also crossed consented offshore sites in Dutch/German

waters (Griffinet al.2014).

The study therefore as extended for one year (undeontract no. OESER-49), to allow

replacement GPS devices sent by Ecotone in March 2014 (just after the swans had migrated from

the UK) to be fitted to swans in winter 2014/13ere weprovide an overview of the earlier (24)

study @escribel in Griffinet al. 2014) and preserthe results of themore detailed. S A 01 Qa { 6 Yy
tracking programme carried out durirp15.



3. OBJECTIVES

The main objectives and work elemeyds stated inthei 6 2 . S g A O Q &onfrags,werei NI O1 Ay
to:

1. Fit 20 collarmountedradioGPSD{ a f 2 33 SNA ( Rinteriyd BrieinQa { 6 y a

2.52gyf2FR RIGF 2y .SgA01Qa {o6lya Y20SYSyila oK,

migration

Travel tocontinental Europdor radio-GPS logger downloaxf addtional data.

LYO2NLER2 NI GS 6AYyR FIENY f20FGA2ya |ygR 6SI G§KSNJI I

migration route into &GIS.

5. Analyse and report on the effectiveness of the ra@®SGSM logger technology, and on
.SoA01Qa {6ty Y2@SYannisites Ay NBf Il GA2Y (G2 6AYR

ko

4. METHODS

4.1 OBJECTIVE 1: Fit 20 ceffmunted radioGPSD{ a f 233SNA (2 . S6AC
wintering in Britain

4.1.1 Winter 2013/14

2 Ay GiSNI Hanmokmn gl a SEOSLIIA2ylLtfteé YAEfR FyR Sz N
Swans winteringn the UK. Nevertheless, a total of kigollarmountedloggers werditted to

.S6A01Qa { o ya -ReihgicaichesnifidldéBear the Oyse \®aghemutheast

Englandin January and February 20T¢he tags deployed were Ecotone UBSEMGPSdggers with

a double solar panel and integrated chslut plastic collarThe collars measured 50mm in height

and 2mm in thickness, with anternal diameter of 5553mm. he devices were 14mm thick and

overhung the botbm edge of the collars by 6mmotal mass of the collar+logger was-58g figure

1).

Figure 1 Fitting thesolarEcotone UHEGSMGPS collay 2 dzy § SR RS @A O
0SG6SSy (KS aglyQa ySOl lyR (K 7



It became apparensoon after the first seven birds had been tagdleal there was a software issue

with the original tags, and the suppliefEcotone, Poland sent an egineer to the UK to upgrade 13
loggersnotyetdeploye® hyt & 2yS . SgA01 Qa { stheyipgddeDatitsmm0 & &
logger provided excellent hourly or hdlburly data until moving out of the range of the mobile

phone/GSM network in the Russian aréticspring 2014Although the othef7 loggers did nb

function as intended, 6 provided less freani (6-hourly) dataduring spring migration and tracks for

5 of these birds gave some indication of their migration route on crossing the NortilIs=aighth

tag ceased functioning shortly after being fitted, although the swan was subsequently identified

feedingin fields near the Nene Washes.

In addition to upgrading the 13 remaining loggdEsptonetherefore supplied five new loggers to
replace the defective loggers fitted to swans in Januaty42@nd these were carried forwafdr
deployment in winter 2014/15.

h¥ GKS SAIKG .SsA01Qa {solya FAGAHSR fanktibrihg £ 2 33 S NA
loggersa year latetin winter 2014/15 (BE\M4, BEV@8, BEV@9 and BEWI1ITable J, andthe

loggers fortwo of these(BEWI09nd BEWI11functioned for at least 2 yearthroughwinter

2015/16up to the time of the production of this report on 04/04/2016hetags forBEWI04 and

BEWIO08, provided data up summer2015 with final GPS fix transmissions from the tags on

11/05/2015(in Russia) and 23/08/15 (in Rugsrespectively Tracking data from tag BENM is

included in mosanalyses presented ihis repott because this fuljfunctioningtag provided hourly

or subhourly GPS fixes during the migratory periods from 2014 fiG2tclusive Although tag

.92 Lnang O2yiGAydzSa (2 LINBGARS f 20 (i2026yit haslaver R dzNR y =
been a fully functionagince deploymenin 2014andcontinues to providenly coarse temporal

resolution GPS data collected ah6urly intervals.

Tableld . SgA O Qa { ¢ ld¢viwesFvlinietri2dF/14tHaimére Bill fiinctional 015 or 2016

Catch site TagID | Name | Catchdate | Age' | SexX | Metalring | Plastic | Weight
leg ring3 (kg)
West Fen, Cambridgeshirg BEWI04 Lech 07/02/14 A M W00451 BPA 8.0
Southery Fen, Norfolk BEWIO8| Andres 18/01/14 A M W00446 APU 6.8
BEWI0O9| Hope Y F W00447 APV 5.4
West Fen, Cambridgeshirg BEWI11| Eileen 13/02/14 Y? F 277740 XAC 6.8

Ty = yearling/?j winter bird; A = adult® M = male; F = femajé Plastic leg rings are yellow on yearlings and white on
adults

4.1.2 Winter 2014/15

Fourteenof the upgraded or replacement collamountedsolarUHFGSMGPS data loggemsovided

by Ecotone iltMarch2014were fitted to adult or garling swans in winter 20125: ten nearWWT

Welneyon the Ouse Washes, Norfolk/Cambridgeshire, fod at WWT Slimbridge,

GloucestershireThe two catches on the Ouse Washes wagainundertaken by experienced teams

using cannometsonsugarbeesE A St RaT G {fAYONAR3IS GKS adglya ¢S
baited with grain(Figure 3.



Figure2.. Sg A O1 Qa { ¢ l-ppéat Sligibridgk, Slouteasterghire.

I G2a4GFrt 2F wn . SgA01Qa {o6lya ¢SNB Q¢ addikKki RdzNRy 3
females were selected for fitting with GPS devicesydo gain information on possible breeding

attempts in the High Arctic during summer 2015 and to avoid tagging two members of the same pair

or family. Swans not fitted with GPS deviceseveslour marked with coded leg rings. A summary of

the swan catch sites and dates, collar device codes, leg ring codes and biometrics is TameZn

Table2d . S g A Ocht€hite§ i 2034/15, withiometricsdata, GPS device numbers and adoptadan
names.The swans were named by WWT staff, by farmers at the catch sites and by schools in different parts of
Europe (Germany, Poland, Estonia, Russia) near staging sites used by the swans during their 2015 spring
migration * A = adult, Y = yearlingM =male, F=female

Catch site Catch Tag ID Name Age' | SeX | Metalring | Plastic | Weight
date leg ring (kg)

Four Scores Farm| 17/12/14 | BEWIO1 Leo Beringstedt Y M ZY2673 XAH 7.2

Feltwell Anchor,

Norfolk

Slimbridge, Glos. | 19/01/15 | BEWIO03 Maisie A F \W38905 UNN 6.4
BEWI12 Butters A F W38904 UNF 6.1
BEWI13 Beabrooks Y M W38903 XDA 5.9
BEWI16 Emilia A F W38901 uUPB 6.2

Shell Farm, 21/01/15 | BEWI17 Martina Two A F W38908 ULI 5.7

Prickwillow, near BEWI18 Wim Tijsen A F W38909 UNB 6.65

Littleport, Cambs. BEWI19 Daisy Two A F W38911 UNS 6.25
BEWI20 Zolotitsa A M W38912 UNU 6.5
BEWI21 Pola A F W38913 UNT 6.2
BEWI22 Charlotte A F W38914 UNX 6.0
BEWI23 A F W38915 UNV 6.5
BEWI25 Julia Two A F W38917 UPC 5.8
BEW!I26 Leho A F W38916 UNZ 6.1
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are in Britain and during migration
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to the Ecotone website at a ratd 4 GPS fixes per GSM transmission in areas with good mobile

phone network coverage. They can bep@grammed remotely (via the Ecotone web interface

control panel) to record GPS location data at frequencies ranging from every 30 min to once every

24 h, & required depending on battery charge.

Despite the loggers deployed in 2014 not functioning as intended, locatiorfatatiaese tagsere
recorded c. 84 times a day and downloaded on a nelily basis via the GSMlong with the GPS
fixes, datavere dso collected on whetheor not the tag wa movingthus providing a crude
measure, assuming that the tag svatill onthe bird, of whether the swan vgaalive and activeand
ontemperature and battery charge.

All 14 GPS devices fitted in winter 2014flifctioned well from the time of catching, collecting GPS
data for all of the feeding and roosting sites used up until the 2015 spring migration. Battery levels
were managed interactivelyaithe Ecotone welpanel andremote GSM contaawith the devices so

that they remained aB.8¢4.1 volts. Thignabled ugo set different GPS schedules for different tags
F2NJ GKS aglyaQ ALINAY3I YAINIGA2Y 20SN) 6GKS b2NIK ({
OOAL GKS D{a f Ay dpatRiyrelaiido proposed afsh@raning arth argads A I K i
without compromising battery charge levels to the extent ofrigsine GSM link and riskinags

having insufficient power to collect GPS data dgitime North Sea crossing/here battery charge

was anisaue for some birds durintpw light levels of February, the devices were given reduced GPS
schedules for the GSM component bEttags and the detailed GPS data weséected

subsequentlyia the UHF data logger component of the {age 8ction4.3 below) GPS data from

the UHF logger are stored in a separate memory area of the tag, which can be downloaded in the
field via a handhel®agiantenna and base station from up to 1 km loksight,assuminghat it can

be found in the field and that thiag remains functionalWetherefore aimedto balance, on

managing the settings via the wgdanel, the likelihood of being able to obtain data stored via the

UHF link against trying to obtain all data live over the GSM link when battery power is low.

HourlyGPS dta were thus collectetbur times a day via the GSM, but wiahemporal resolution of

30 minfor some of the tags during differephases of the migratioland UHFGPS data being

collected at 15 or 30 minute intervals wheverpossible Overall, atotabfMm H X by p . S A O] Q&
locations (GPS fixes) were recorded via the 22 loggers fitted in winters 2013/14 and 2014/15 up to

the time of data analysis for this repoitg. 6 Marc 2016), as described Sectiorb.1.2below.

4.3 OBJECTIVE 3: Travettmtinental Europe for radieGPS logger download of

additional data

The WHF component of the tags permittexkira GPS data to be collected and downloaded in the
field via aYagiantenna, typically over 3@®00m lineof-sight, although sometimes up to 1knro
more if the landscape allows. GPS fixes can be obtained for download, via théagiltik, at rates



of between one per minute (or even continusly) to one every four hourfue to the low light

levels expected in Februgmt the time of(i K S . Swan® | RBINR y heroStmNarthi A 2 y
Sea, the tags wenmainlyprogrammed to collect four GPS fixes per day for GSM transmission once
per day AdditionalGPS fixewere also recorded at 15 minute intervals however,download via

the UHF linlonce the swans had arrived in mainland Europe.

4.3.1Flightheight data recorded by the tags

lf 0K2dAK GKS 2@0SNIftf FAY 2F (GKS . Say(@thudesa { sty

longitude) positions of the swans at as fine a spatial angpi@ral resolution as possible in the North
Sea region, improved functionality of the GPS devices in/281Adicatedthat a proportion of the

tags would retain enough battery power to collegflight height) informationCollecting 3D GPS
information uses more battery power than-R fixes, because the GPS unit has to be on for a longer
time period in order to acquire enough satellites in view for good triangulation. For this reason, and
because Ecotone tags have not previously been programmed to dodligtit data, a precautionary
approach was adopted and only five of the tags (BEWI17, 18, 19, 21 and 22) were initially
programmed (via their UHF component prior to deployment) to collect these height data in case the
adjustment affected the oveil operaton of the tags. These tags were thus scheduled to record
FfOGAGdZRAYFE RFEGF RdzZNAY3 GKS aglyaQ YAINFGAzZY

Height data on this version of the tracking device cannot be provided by the GSM component of the
tags and indeed ivas realised during the course of tB814/15winter that the tags could not be
programmed (via the Ecotone wegdanel) to collect the height data remotely. Ecotone had thought
that remote cdownload of the height data mighte possible with this version ttie tag but, after

many attempts, found that they could not yet do so. Thass with the additional GPS dailawas
necessary to downloatthe height data stored on théve logger devices via a UHF link withagi

and base station in the fielduring sping20151 Yy R 2y K S taithe wiitarify ghadhdsdzNy/
in winter 2015/16 A sixthtag, for BEWI12, was programmed in the field to collect height dateg(o

the additional GPS data had been safely downloatigihg fieldworkin Denmarkin spring 2013, to
increase the number of birds for which flight height data were availabla autumn 2015 onwards.

The tags were additionallgrogrammed via the Ecotone Tracker software interface to transmit a

GLIAYISNE NI RAZ &A 3yt doBnB&INGRIr dgteevery O 8 of RONEN ifkhgyR (i 2
gai I GKIYyR&EKEF1Sé 6AGK YasiShe pier bod g Buchogredts detedtionii A 2 v

range than the data download distance and is often detectable og2ikin. The pinger only

contains information abut the tag identity and the time remaining until the next possibility for data
download, butit is very useful for facilitating a full download of the data recordadhe logger. The
tags carbe programmed to come on or go off at certain timeis eithe the GSM or UHF linkKhey
were set to beon 24 hours per dayand the pinger was activated to allow data downlcagery five
minutes during attempts to download the additional location, speed and height data from the
loggers

Fieldwork in the UK and dhe Continentto download the height data and thextra GPS fixgse.
those recorded at 15 minute intervalgla the UHF component of the tagss undertaken over
three main periods:

March 2015 Sweden, Denmark and Germany were visited to download flata tags BEWI01, 12
(this tagwas thenprogrammed to collect height data), 13, 16, 19 and 22dland, Lech lliszko of
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Ecotonekindly agreed to help and downloaded some data from ®Bg%VI17and 20, birds that were
acting as though paired,;

December 2015 The Netherlands, Denmark and Germany were visited to download data from tags
BEWI17, 21, 22 and 26. Tag BEWI20 was also targeted in Denmark but did not havebattengh
power to allow for a download;

February 2016 Data were downloaded dhe Ouse Vdshesand at SlimbridgdJK from tags
BEWI11 and 26 artdgsBEWI03 and 12espectively.

Additional location data were thus recorded for 11 birds (BEMV11, 12, 13, 16, 17, 19,,221, 22
and 26) with flight height data obtained for swans BEWI12, 9721 and 22.

4.3.2 Treatment of he flight height datarecorded by the tags

¢tKS 9020G2yS UGUNFXO{AYy3I RSOAOSa O2fftSOG KSAIKG REGL
surface ith the EGM96 geoid approximating noeean sea level). The UNAVCO Geeidlit

Calculator at:

http://www.unavco.org/software/geodetieutilities/geoid-heightcalculator/geoidheight
calculator.html

calculates a gad undulation athe WGS84atitude and longitude of a point specifietd, give an

orthometric height above or below the geoid model at that pointth WGS84eingthe most
recentversionof the worldgeodetic gstem Latitudes,longitudes ancheight values obtained from

the tagswere therefore processed usigtheonline calculatoto determineflight height for locatios
GKSNBE GKS 0ANRa ¢ SN&SH i Ni g&dldssuiedtto bdiflyingt spould b2 G a o
noted, however, that.ech lliszko of Ecotone gave the specifications of the tags as follows:

Ay W9/ hQ Y3 poSitioysare withid 20 lnhge(i.e.the settingof i KS . Swan 01 Qa

tags, becauséhey had onlyenoughbattery power forthisE Ay Wa 95 Q YpasR@Gsamwr: 2 F L
within20mNJ y3S FyR Ay WI LDI @nravge.RSallgpippgood réddptios A G KA Y H n
conditionsthe GPS accuracy is much better 8886 positions are within 1@ range. The error of

altitude readingsaccording to the GPS system sfieation is twice as large as the ground accuracy.

Altitude is calculated as "ellipsoidal altitudefid it adds additional error which depends on local

ellipsoid specificatigh® | Sy ®3 +i S WDS2 A R IcdracHoi applied-aboedzt | (G 2 NI

Giventhai KS . SgA 0] ©a 2¢ 33 / & NF 2 IRfSe hBigla\tdktssibuldbE S & (0 dzR & =
treatedas giving aindicationt & (2 G(KS KSAIKG ail2ySé smhdaiy KAO
over the land or over the seaather than as a precise measure bétaltitude of flight
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4.4 OBJECTIVE 4: Incorporate wind farm locations and weather data along the
SgA01Qa {6lyaQ aLINAYy3A YAIANI GA2Yy NRdziS A

All data handling operations and spatial analyses were carried out in the freeware package QGIS
2.8.6Wien available abttp://qgis.org/en/site (QGIS 2014. Quantum GIS Geographic Information
System. Open Source Geospatial Foundation Prdjdpt//qgis.0sgeo.ord.

Abndm LY O2NIRNIGAY3A . SgA01Qa {6y (GNIOla Ayidz2 (K

4.4.1.1Treatment of the swan GPS fixesthin the GIS

CKS .SgA01Qa {oly 20 (A2 ywitR thelGISINS sédinerksyveid NII SR Ay
created between eachuccessiv&PS loation collected for a bird.Hese segments were given the
FGGNROdzESEa 2F (GKS aiiREY I 200 IR 2/S dZaBNRR Yi2 (ONGH {152
attribute. The time difference andistance between each pair of consecutive locations was
calculatedandused tofilter the swan track segmentsrdck segments where the time difference

between the pai of GPS locations wa§0 minutes were retained 2 NJ FdzNIKSNJ |yl f 2aAa
movements in relatioro distances from wind farm footprints (offshore) or wind turbine locations

(onshore). Thiime difference was chosen becauseniaximised the dataailable for analysis

whilst reducinghe likelihood of errors being introduced on assuming ttet swandly in a straight

line between the pairs of GPS fixésne segmersgcreated betweerfixes recorded al5 minute

intervals clearly provide a bettandication oftrue route taken by the swan than for one created

between a pair of fixes six hours apaktthough mosbof the GPS data collected were recorded at 60

minute intervalsor less, some slight aberrations in the timing of GPS fix acquisitionst nined a

time window of 70 minutes or less could capture useful extra data describing swan movements

whilst reducing the potential for spurious tracks. These data were saved in the proj&tied04

Lambert Azimuthal Equal Area (LAEA) Europe EPSG:568Bhatosystem.

Where thetrack segments depicted the route taken hyswan from itdJK wintering siteacross the
North Sea, to the point at which it makkmdfall on the Continent, the segments were used to

create pseudepoint positions witlin the datatase which were allocateldtitude and longitude

values, andthe distance tahe previous and subsequent Ge8ations werehen calculated. The
distance from these pseudiixes to the actual GPS fixes werged to determinghe times at which
these signid | y (i & S @ 2 ileavhen thedoDdigtdiid its migration, started crossing the

North Sea and completed the crossing of the North 8saudefixes were likewisealculatedvhere
detailed datawdlB I gF Af I 60fS 2y (KS &g NofthSeaiN&itumzNabeity A A NI G A
fewer detailed tracks weravailablebecause of low battery charge the tagsat this time,and/or

birds nd returning to the UK to winterThe times were calculated either from a knowledge of the
distance between GPS fixes and the time difference between eegnfor the halthourly or hourly
G3-GPS fixes, the distance tgpaeudcfix was used to determine the proportion of theavel time

to use or, for the UHFGPS fixe@vhich had a resolution@vn to 15 minutes in some casespeed

data were collected by the tags and so this could be used to calculate the time taken for a distance
to be covered. In this wagpdditions or subtractionsf time differencesrangingfrom 3¢30 minutes

could be used to assign accurate times to these psdids. Thecalculations assuntethat the
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birds flew at a constant speed between GPS locatiand along a straight ling.e.least cos}route,
whichseem reasonable assumptions for fixes up to one hour apatrt.

Standardised maps of the countries of the world were downloaded frovv.thematicmapping.org
(TM_WORLDBORDERE1 shapefilecompiled byBjorn Sandvikrom a datasederived by Schuyler
Erle from public domain sourcgsnd a spatially congruous coverage of global ocean areas from
www.marineregions.org/downloads.php fine-resolution250m griddeddataset of height vaues

for the land area of nortvest Europe was obtained frohitp://srtm.csi.cgiar.org(see Jarvist al.
2008). This height data grid has beensampled by CIAT to a 250m grid with data halésdf by
interpolation¢ for a region up to 60 degrees latitude north and south of the equativom the
NASA Shuttle Radar Topographic Mission (SRTM) which provides 90m resolution data. Hence these
data did not completely cover some of the GPS fixes in the northern Russia tundrafdirdasasets
were available in WGS84 format and were clippetthiwithe GIS to the NW European area of
interest covered by the international flyway of the swans. They were then saveepnojerted
ISN2004 Lambert Azimuthal Equal Area (LAEA) Europe EPSG:5638 format, so that distance
calculations and operations withthe GIS could be conducted in meg.

Within the GIS, the swan GPS data points were intersected witbhaban area, country borders and

land height datasetsvith the attributes at these locations transfew to the GPS data points of

swanlocatiors. Atthe coastal fringeswvhere there was some limited overlap between the ocean

area and land borders datasets, the ocean areas dataset was given priority. For 165 of the GPS data
LRAYyGa GKS t20FrGA2ya FStt 6A0KASHthesaipbids@ENI L2 & 32y
classified manually asea area or countryon referringto BING aerial imagery.

4.4.2 Incorporating weather data into theGIS

4.4.2.1UK Met Office weather station data

In order to analyse the conditions under which the birds chos&ar their migrations fromJK
wintering sites (Slimbridge or the Ouse Waslag) contirue them across the North Sea,
automateddata download was put in plader a suite of nine Met Office weagh stations running in
an eastto-west band through southern England. The station at Filton was ~28km from the
Slimbridge wintering site, and that at Marham ~20km from degarture points of the&Ouse Washes
birds. The main UK coast departure or arrival points for the tracked swans wéie 20c60 km of
either the Weybourne or Wattisham stations. The weather stations provided hourly readings for
wind direction (as 45 degree compass divisions), wind speed (rfjesisibility (km), temperature
66/ 03 LINB&adz2NB 0 K tsure)hPla/g),Rs wielkaS a derfietalyvBadher bbserdaiNB &
regarding cloudiness, rain amoist/fog.

4.4.2.2Treatment ofthe weatherdata in the GIS

The distance to the nearest weather statimas calculatedor the entireset ofswan GPS fixes in the

UK andup to 50kn from the coastThe identificatiomumbers of theclosest weather stations were

then added as attributes to the swan GPS fixes in the GIS. A variable was then created whereby all of
the GPSimes (in hh:mm:ssformat) for the swan fixeswithin the UKand its coastal wateraere

rounded upor down to the nearest houiThe hourly weather variables from the nearest weather
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station were then added within the GIS as attributes to the swan GPS data fawittiss derived
date and time variable

4.4.3Incorporating wind farm data into the GIS

4.4.3.1 Offshore wind farm data

The maimaim of the current project was to understand the possible cumulatff€hore wind farm

collisionNA a1 (G2 6KAOK YAIANI GAyY3D witthdhe KojtiSaaargaaridy & YA IK G
morewidehz RdzZNAyYy 3 (GKS a6 yaQ YAINIGA2Yy G2 FYR FNRY A
the species in the UKOffshore wind farm footprint and attribute datfor the North Sea and

Kattegat areashereforewere downloaed as a shapide (file lastupdated 21/07/2015) from the
OSPAROsleParis convention for the Protection of the Marine Environment of the N&idist

Atlantic) websitewww.ospar.orgn March 2016.

Theoffshore wind farm locatiowlata were ilWGS84 format and wergaved in the projected

ISN2004 Lambert Azimuthal Equal Area (LAEA) Europe EPSG:5638 coordinate system within the GIS.

The polygon areas were then intersected with the selected finer temporal resoluaff@nfinute)

track segments sothat the attributes of each wind farm footprirdrossed by each swan track could

be added to the relevant line segments. If a segment crossed more thawimaefarmfootprint,

then the attributes of each wind farm would be added to the seginéhd | G G NA 6 dzi S G 6f Sc

4.4.3.20nshorewind farm data

An additional aim of the current study was to assess the possiitacumulativerA 8 1 G2 . SgA O] Q
Swans posed by onshore wind faraxsossNW EuropeA different approach to the acquisition of
wind turbine or wind farm footprint data had to be taken dependingtio@ country involved.

Initially some useful contactawere established through emailthough some, after lengthy
interchangesand effort by hose in the relevant countriesesulted in dead ends. This was especially
the case for Germany where Data Protection issues eventually nlegimio organisatiorwas able

to providedetailed locatiordata for onshoe sites. This process was timmensumingso wind farm

or turbine data werenot sought for countries thought likely to have relativetjnor wind turbine
infrastructure and/or those where tagged individustid notoccur or were present for a limited
period. These countries included Belarus|ddem, Finland, France, Lithuania, Poland, Russia and
Sweden. The countries for which onshore turbine data were obtaametior digitisedincluded
Denmark Estonia, Germany, Latvia, the Netherlaadsl the United Kingdom.

For Denmark, théndividual posithns of existing operational turbines were downloaded from
http://www.ens.dk/en/info/facts-figures/energystatisticsindicatorsenergyefficiency/overview
energysector/reqgisterupdated to August 2015 (link to website kindly provide by Ib Krag Petersen).
Some inspection of the data in relation to current BING ienagvithin the GIS suggested the data
were consistentlyaccurate even though a disclaimer is carried on the webglie.attribute data
associated with the point locations included turbine height, rotor diameter, turbine make and
wattagerating.

For Estora, the individual positions of the existing operational turbinesendndly provided by
LehoLuigujde having been digitised by the Institiof Ecology and Earth Sciences at the University
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of Tartu These data were inspected in relation to BING imagedyagain appeared to be accurate.
The attribute data associated with the point locations included turbine height, rotor diameter,
turbine make and wattageating.

For Germanya website was discovered atwvw.thewindpower.net where turbine data for the

whole of Europe are collatedVlichaél Pierrot at théV2 A y R  ditekin@yNeXracted and provided

the German data for free including attributes for turbine height, manufacturer, wattage rating,
number of turbines, commissioning date and status. The point data represented the location of wind
farm areas rather than indidual turbines. No guarantee as to the accuracy of the data was given.
Preliminary inspection of these data in relation to the current BING imagery soon revealed that the
points often had no discernible turbines in association with them and that theg wien at the

centre of a town or village and so perhaps represented the place name of a wind farm that was
nearby. Occasionally a point would hit the centre of a larger vianah, but often a wind &rm could

not be found within &2km ormore radiusof the point and so the data were deemed too

inconsistentto be of use irthe current studyTherefore a secondary method was developed

whereby the finer temporal resolution track segment91g0 minutes extrapolated between pairs of
GPS fixes foreach swan\®er ¢ 6 dzZF F SNBERE A GKAY GKS DL{ G2 wnHoplyY
buffered track segments were then used to examine the underlying BING imagery at a 1:10,000
scale, with the imagery examined by eye for the characteristic shadow cast by a turbine asd/or i
white outline (the BING aerial imagery is typically taken at an angle to the turbines rather than
directly overhead) whilst panning along the track segm@vitere the darker line of the shadow met

the whiter line of the turbine structure, a point wagyitised and given an identification number in

the GISIn this way all turbines for these specifically selected track segments could be digitised up to
~2¢2.5km either side of the extrapolated route of the tracked swalkere turbines at the edge of

a wind farm were within the 2.5km buffer area, all turbines within that wind farm were digitised.

For Latvia, wind farms areas were kindly provided as a polygon shapeRigdnyd Lebuss with
polygonattributesincludingthe number of turbines, turbine heightptor diameter and wattage

rating. He suggested the file was likely to be incomplete because of the great difficulty in getting the
information about sites from local and national authorities. Where turbines could be seen on the
BING imagery at these wiridrm locations, these were digitised within the GIS under the current
project.

For the Netherlandsjataon individual turbine locationgere kindly provided by Steven Velthuijsen
of http://www.windstats.nl/ (with thanks to Abel Gyimesi for making enquiries on our behEti@.
attribute data associated with the point locations included turbine height, rotor diameter, turbine
make and wattage rating. Some inspection of the data in relation to current BING imagerythithi
GIS suggested the data wearensistentlyaccurate.

For the UK, data were kindly provided on wind farm locationSdly Ra@s an export file from
http://www.renewableuk.com/en/renewableenergy/windenergy/ukwind-energy
database/index.cfmhough again no guarantee of data accuracy was givenbAte information
included number of turbines, wattage rating and stage of development. On inspection of the data in
relation to BING imagery for sites classed as opemat or under constructiorit was again apparent
that wind farms were not being deped consistently and that there were often points where no

wind turbine or wind farm could be discerned. It was noted how there were occasions in the raw
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data where the X,y coordinates were given as Lat/Long values or as UK OS grid references with no
distinction between the two and sometimes it was not clear which system was being used. This will
have resulted ifarge errors in thelotting of some sites and it would have taken too much time to

try to check each site against any mention of its true logata the internet This datasetherefore

was abandoned antlirbine locations along the swanfligrationrouteswere digitised within the

GlSas described above for the wind farms in Germany

In preparing the German and UK datasets, only turbines within ~2.5km of the track segments flown
by swans had been digitisetio be consistent with these datarfDenmark, Estonia, Latvia and the
Netherlands, only turbinefclassed as operational or undewnstruction in those datasetsjithin a
HPplY 0dzZFFSNI SAGKSNI aARS 2F GKS &aStSOGSR asgly &N
total spatial layer within the GI8Ithough some of the data sets gave an indication of the name as
to which wind &rm a turbine belonged, this was inconsistent between countries (andex@tent

for Germany and the UK brder to be able to identify a turbine to a wind farm area, each turbine
point in the GlS$hereforewas buffered to dkmradius If this circulabuffered point was now

joined to its neighbouréi.e. Xkm away, all of the turbine points within this whole shape were then
selected and named according to the nearest town or villadgech was usually within 20kms

with the German and UK data, anyrivines falling outside the 2.5km buffer but still within the range
of the buffered turbine points were also retaine@ilthough thismethod of aggregating turbines into
wind farm polygongrovided a somewhat arbitrary naming of the wind fasites, it wasthought to

be aworthwhile procedurdor identifyinganyturbines and sitesverflown repeatedly byhe same

or different swans over time.

Rotor width data were noavailable for thaligitisedturbines inGermanyand the UKsoa tracked

agly o6la alriAR (G2 KIF@S ONRaaSR 2 (W{OmbBuyedrackzy G SNERé¢
segment was within 80m of thaiirbine location. Thé0mradiuswas selected because the

maximum rotor radius wsup to ~80min some other countriesand because the aim was to keep

the definition quite tight and not exaggeratendulythe number of turbines thathe swars might be
encountering on alaily toyearly basisFor example, there might be many tens of turbines within

1km of a track flown by axsn, but only one or two that were quite close to the actual track flown

by the swanDistances fronthe turbines to each detailed track segmehereforewere calculated

within the GISand the attributesof those turbinesf nY FTNRY (KSiedhél yaQ (NI O &
identificaion numbers and wind farm namesjkre added as attributes to the relevant track

segments.
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5.RESULTS

5.1 Objective 5: Analyse and report on the effectiveness of the raGBSGSM
f 233SN) 6SOKy2f23e3 | yR Z2rgfation ®évikdigrmsites{ ¢ I y

5.1.1Fate of the GPS tags

During early spring 2015, BEWI19 and BEWI23 started their migration synchronously from the Ouse
Washes on 17/02/15 and travelled 80km east within one hour. Both then stopped migrating and
settled on felds near Hornsea Meravhere they roosted and fefr five days before BEWI23 was
predated by a foxon 23/02/2015 The GPS device was recovered in August 2015 at the site of a fox
den, and the scattered remains of other swans were also found in the 8aldeGPS fixes obtained

from the tag suggested that the swan was predated at night on a field roost pool, rather than being
scavenged as a carcaBEWI1ZTontinued her migration on 26/02/15, and subsequently returned to
the Ouse Washes in winter 2015/16

The tag on swan BEWIO01 stopped mowvituging migration through Russia on 16/05/aBdthe
swan & presumed to have die@EWI16vasin Gotland, Swedenyhen her tagstoppedmoving on
08/06/15; swan remains and the tag were later recovered from the area.

9t S@Sy 2F (GKS wmn .S6A01Qa {46 ya TFakekipBRohave(i K Dt { k
migrated to the Russian arctic and all returned to within the range of the mobile phone network

(summer location data downloaded) in autumn 2015. The loggerthfee of these swans (BEWI13,

18 and25) stopped working rather sudderthpwever,when they were migrating strongly through

Russiai(e.on schedule, with long distances covered to known staging areas) during October 2015,

g AlGK . 9 2ceagiog@dfundiiondn 01/10/15, BEWI18 on 09/10/15 in Russia and BEWI25 on

17/10/15.

Eght of the 2014/15 batch dfgs therefore were still functioning during winter 2015/Hong with
two tags fitted toswansin winter 201314: BEWI09partial location data)and BEWI1{full location
data). Immediately prior tohe start of the spring migratioperiod in 2016the tag for swanBEWI17
(who had been wintering in the Dutch/German border areegame stationary on 06/02/16 and
then went offline with low paver. Zooming onto its locationsing BING imagery clearly showhet
the tag was directly beneath mapr poweline and pylons that the swamad crossedluring the
morning. Inspection of the area in Germany a few days later revealed swan re(fieaitierg, but
unfortunately the main carcass and the tag had been taken ap@pablyby a fox.

By spring 2016ixswans with functional tags had returnéa winter in the UK{four others

remained on the Continent including BEWI09, BEWI17, BEWI21 and BEM2®)p in the
Slimbridge area (BEWI03 and BEW#IR) fouron the Ouse Washe8EWI11, BEWI19, BEWI20 and
BEWI28. All six ids made ther eastward migration across the North Sea back to the Continent
between 18/02/16 and 21/03/16a similar period to tht recorded in 2015. Note thalthoughthe
later migrations of swasBEWI11 and BEWIR62016(crossinghe North Sea on 17/03/16 and
21/03/16, respectvely) are used to describe teigration window, theyare not inclued in the bulk
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of the analysedecauseheir movements occurred after the final database Heen prepared and
analysis was underway

5.1.2Number of GPS fixes collected by tags that were functional in 2015 and 2016

Up to 07/0316, a total 0f129,985GPS fixes had been obtained from #t®&GPS collamounted
devicesrecording data in winter 2014/15 onwardcluding the2014 data for the four swans
originally fittedwith tagsin winter 2013/14 that returned i2014/15 (Table3). For the &t of 15 fully
functional tagsi(e.those fittedin winter 2014/15 plus BEWI},1the mean number of fixes (£S.D.)
was 8,294 (+5,808) with a minimum of 428rBEWI23which wagpredated by a fox before
reaching North Sea coast in spring 2015) and a maximum of 19,669 (BEWI@&)skor the eight
swarsthat completedat least one fulteturn migration the mean number of fixes (xS.D.) was
11,740 (£5,729) with a minimum of 4,201 (BEWI20) and a maximum of 19,669 (BHW03).
differencein the number of fixes collected by each tn be attributed tovariation inthe battery
performance of each tag. For instan&5WI120 could not be set tecordas high a rate of GPS fixes
as often as the other tags. Moreovérproved more straightforward to download the UHF data
from some of the tags than from others, wisivanBEWI20 repeatedly managitgevadeUHF
downloadopportunities pnce in the UK and three times in Eurdpehereas BEWIO3 resided on the
pond in frontof the Swan Observatory at WWT Slimbridge and suof &ker locationdata could be
downloadedquite easily

GPSixeswere recorded not only durinthe spring and autummigratoryflights, but also whilst the

birds were at theispring and autumn stagirgites andon the breeding and moultig grounds in

the Russia high arctiqFigure3). Yetd G K2 dzZ3 K Y dzOK @I f dzr 6f S AYyF2NNI (A2
distribution and movements during the summer months, even withupdated tags it was

apparentthat there remainsan isue with the memory capacity for tags that had stored WGHS

data, because locations for the AgMay period had been logor many of themby the time data

were downloaded in December.
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Table 3 Summary of the total number of GPS fixbls GPSyollected by 18 33 SR . Sgehchjexa { 61 y &
from January2014 toMarch2016 and the number of tracking days over which they were functional (N_days)

between theearliest (Min. date) and latest dates (Max. date) each year. Shadingetetams deployed in

winter 2013/14that remained functional intavinter 2014/15, though BEWI04 and 08 did not function in the
current(winter 2015/16)reporting period.

Tag 2014 2015 2016 Total
code Min. Max. N_GPS| N_days| Min. Max. N_GPS | N_days| Min. Max. N_GPS| N_days
date date date date date date

BEwWI0L | 17/12 | 31/12 109 15| 01/01 | 27/05 4497 147 4606
BEWIO3 19/01 | 31/12 18530 347 ] 01/01 | 07/03 1139 67 19669
BEWIO4 | 07/02 | 31/12 1130 231 01/01 | 11/05 574 109 1704
BEWIO8 | 20/01 | 26/12 1115 261 | 14/02 | 23/08 355 74 1470
BEWIO9 | 18/01 | 31/12 942 2411 01/01 | 31/12 1142 287 | 01/01 | 06/03 311 63 2395
BEWI11 | 13/02 | 31/12 6360 304 | 01/01 | 31/12 4533 360 01/01 | 07/03 1185 67 12078
BEWI12 13/01 | 31/12 17414 351 01/01 | 06/03 911 66 18325
BEWI13 13/01 | 01/10 5866 | 204 5866
BEWL6’ 13/01 | 10/06 5429 148 5429
BEWI1? 21/01 | 31/12 8093 307 ] 01/01 | 09/02 247 40 8340
BEWLS 21/01 | 09/10 3161 121 3161
BEW19 21/01 | 31/12 4670 296 | 01/01 | 06/03 613 66 5283
BEWI20 21/01 | 31/12 3846 2581 10/01 | 06/03 355 57 4201
BEW21 21/01 | 31/12 777 315] 01/01 | 07/03 553 67 8330
BEW22 21/01 | 31/12 10096 2701 01/01 | 06/03 684 66 10780
BEWI23 21/01 | 23/02 428 34 428
BEW2S' 21/01 | 17/10 2668 192 2668
BEWI26 21/01 | 31/12 12672 314 01/01 | 07/03 2580 67 15252
Total 9656 1052 111751| 4134 8578 626 | 129985

! BEWIOWas tagged on 17/12/2014 amdigrated as far as Lake Sheksninskoye, west of St. Petersburg, Russia, where it
probably died on 16/05/15 athe tag position remained statifter that time, the battery charge dclined andhe activity
meter fell to zero;

2BEW13 stopped transmitting duringutumn migration on 01/10/15, the last GPS fix being just west ofe®tréburg;
®BEWI16 migrated to the island of Gotland, Sweden, where it spent the second half of fdeg/ dhygng on 08/06/15. The
GPS device was recovered and the remainsssfan were found at the location;

*BEWI17 collided with powines in Germany and died on 06/02/16;

°BEWI18 stopped transmitting during autumn migration on 09/10/15, the last @P8ifigclose to Archangelsk, Russia;

® BEWI23 started its migration from the Ouse Washes on 17/02/15 and travelled 80km east within one hour. It then
stopped migrating and settled at a roost pool on fields near Horiver@ and fed in that area for five days before being
predated by a fox. The GPS device was recovered in August 2015 at the site of a fox den, and the scattered remains of
other swans were also found in the same field. GPS fixes obtained from the tagt®aje swan was predated at night

on a field roost pool, rather than being scavenged as a carcass.

"BEWI25 stopped transmitting during autumn migration on 17/10/15, the last GPSrixjbst south of St. Petersburg

52. Sg A O] @@ring{migtatgrydates timesand conditions

5.2.1 On leavinghe wintering sites

Fourteentagged. S ¢ A O1 Qrackdd érieagt@ardmigration in spring 2015 departdcom their

'Y gAYOGSNRAYy3I ariasSa 2y RIFGSa NI OAVN BEWINEle 1 hK 1 H K M
4, Figure 4. Four ofthese birds were actingastwioLJ- ANBRE X K26SOSNE a2 AG asSs
agluhitst YA INI GA Y 3from yhK IKISpyirg 30157 lie birdsset off on migration

during periods of relatively high (988,034 hPA) antypically risingfor 100of the 12migrating

units) atmospheric pressurenostlyunder clear conditions with little cloudn days ofjoodé x p 1 Y 0
vigbility, although haze reduced thésibility for twoof the migratingbirds. TI6 & Ldf BE\NE7/20

left the Ouse Washasder apparently foggy conditions of very poor visibility, though fog can be

20



localised and might onlyavebeen at ground level. No migrations commaeagtin rainy conditions.
Nineof the 12 independent departures on eastward migrativere backed by a soutiwesterly or
westerly wind, with twooccurringduringsoutherliesand one in northerly winds.Ilkof the 2015
eastward migrations were initiatednder conditions of light to moderatereeze however,of 2¢17
mph (Z4 on the Beauforscalg.

Timing of migration waslustered at the start and end of the ddyom 06:4309:4% and from
18:1500:24, in both summer and autumfrigure4). It was considered that all migrations from the
wintering sites as far as the North Sea coaste conductedinder reasonablé¢o-good light
conditions based on an assessment of the prevailing cloud conditions and availability of sonjight
if the sun was more than 6 degrees below the horigian after civil twilight, wherecivil twilightis
GFNRY & tihe U8 feacdey @ degrees below the horizon in the evenindranavhen the
sunreaches degrees below the horizaa sunrisen the morning), then the availability of
moonlghtwas taken into accountAmoon aove the horizon with A0% ofits diskilluminated was
considered to be reasonable source of light. Under theseidigbns only one migrating unit
(BEWI19/23was considered to have migrated under conditiafigoor visibility and this may kbe
reasonwhy BEWI119/23ettled on fields aThurne,near Hornsea Merganddid not migrate as far as
the North Sea coast.

Dataon the onset of the 2016pring migratiorwere available for three of the tagged sveathat
wintered in the UKn 2015/16 (swans BEWI03, BEWI12 and BEWI19), which lefoinggring sites
heading easin the period from 18/02/16 to 02/03/16All three migratedunder relatively high
(1,004;1,017 hPA) and rising atmospheric pressuamestly under fairly clear coniibns with little
cloud (except thaBEWI12 migrated in them), on days of good x  mvisibiltyd) Wind conditions
at the onset of migrationvere more variablehan in 2015 with the three swans migrating in
northerlies westerlies and soutleasterly windsespectivelybut again wind speeds were low at
<10mphsowere mly lightto-gentle breezes (& on the Beaufort scale). Only BEWI12 can be
considered to have migratedt least as far as the North Sea coasider conditions of verpoor
visibility, having set off from Slimbridge in the rain at 21:2dth the sunat -32 degrees below the
horizon (and increasingly s& the migration continued oveight) and the moorat -46 degrees
belowthe horizon.

Detailed data wee only available for one bird (BEWI11) in 2014 afgsesmgthe timing and
conditions undemwhich the bird migrated. This bird migrated under the same general conditions as
described for the 2015 cohort abov&gble 4.
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Figure4. Numberof i 33 SR .wansthaCemiagked{on migration from UK wintering sites (Slimbridge

or the Ouse Washe#) each hour of the day, anithe time at which the birds crossed the UK coastlieading

eastacross the North Se#n 2014¢2016. The singlease of a swan (BEWI26) crossing the UK edd$i:30h in

autumn 2015may represent a navigational reorientatiomovement rather than a true migrationbecause the

bird wasin the UK foonly ~34 hourgalbeit atthe DungenesSPA | aA 4GS 2F ylLdA2y Lt AYLRN
Swans)pefore returning tothe Netherlands
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Table 4 Key weather and lightonditionsduring eastward migration fat5 swans on leavingKwintering sitesand crossing the North S&a20142016. Tacking datavere only considered

where GPS fixes wen¥ ™ K Stag@isbidipieted under inclement conditiore poor visibility(i.e. sun and moon both belowhe horizonwith poor weather conditionare shadedyrey.

Variables* P A 1SQ O2RSaT W{[aQ T

{ht 2AQr O NAhRIZERa R OB GgRstiGr S (US{NdzyF y2RNI Wy 2 2 y

FfGOAGdzZRKS K2 Ny 2R/S 3 NIRS & al2a

Start of Lightlevel start of| Weather conditions start of Depart UK | Light level depar{ Weather conditions depart UK Arrival Light level North Sea
migration* migration ** migration*** coast UK coast coast Europe**** arrival Europe crossing
~| ~ :; = S c —_ 2 » — :; = s c —~ 2 0 —~ M \; z < -g-
SIEJE L |- | |3 |E1BIE|E (218 |8 |E |- || |EI1RIEIE [E|E|E |E B [ |15 |Elel5
= L = c /I;\ - n (0] o E g ) ~ E = — ,l—\ - n (0] Qj g ) ~ E = — ,}—\ 8 - % 6 5 (O]
© [l Be] < 2 = = ndg> |2 o > k=] < = = ol = o | 2 k] < = 0]
o ~ 10 £ =25 > © ° = > o)) S =) £ = > © kel = > ol g =l £=| 2 > © ] Q o
> |lolg |20? |% = 2835 |2 (€18 |5 |20|% S Bl |2 |£]18 | |20|E % s |Z|E|®
Sle | E F | |8 [2ls1z|8 |glg |8 |g€ B |2 |8 |8|ls]l2|8 |8l |8 | |2|8 | |8 |&|F|¢g
o |F o N = |= S|& |0]© |48 = o |N 1= |= S|g |[0]9 |& |F S| |~ |3 &
« © © S
2015|01 |27/02 | 00:24| OW |-46 |20 63 W (5 15 [1015 [y |clear |27/02 |06:08 |-6 -19 |66 SW |10 |17 |1016|m |clear]27/02|08:22 |NL |14 |-18 |67 |181|2.2 (80.4
2015| 03 | 02/03 | 18:15 | SIM | -5 29 92 SW |13 |35 |1014 |rn |clear |02/03 |2047 |-29 |47 93 SW |15 |50 [1011|ry |clear]02/03|22:57 |NL [-42 |47 93 245 2.2 [112.8
2016| 03 ]| 24/02 | 23:00| SLM|-44 |27 96 N 1 35 [1018 |, |[pc 02/03 |07:36 |8 17 47 SW ({15 |30 [995 |@ |mc |]02/03|10:52 |[NL {28 |-5 45 |331|3.3 |101.5
2014| 11 | 22/02 | 07:00| OW |-1 17 55 SW |6 20 1004 | |pcC 22/02 |08:00 |8 12 54 SW |6 20 [1005|my | pc 22/02111:00 [NL (26 |-12 |53 |306|3.0 |102.2
2015/ 12 |02/03 | 22:26|SLM|-39 |51 93 SW |14 |40 |1015|m» |pcC 03/03 |00:59 [-43 |37 93 SW |17 |50 |1012|m |clear]03/03|02:35 |NL |-34 [22 |94 |196|1.6 |122.4
2016| 12 | 02/03 | 21:22 | SLM| -32 -46 41 W |9 45 [1004 | |rain ]03/03 |07:29 |7 19 37 NW |15 |20 [1003|m, |[rain |03/03 |10:16 |NL |28 7 36 180 |2.8 | 64.5
2015| 13 | 24/02 | 21:58 | SLM| -38 26 42 SW |9 17 11014 |y, |mc 25/02 |06:07 |-7 -22 |45 SW |6 9 1013 |@ (rain |25/02 |08:41 [NL |16 -9 46 225|2.7 {83.9
2015|116 |03/03 |19:29|SLM|-16 |31 97 SW |17 |40 [1019 |m, |pc 03/03 |23:09 |-43 |47 97 SW |21 [50 [1017 |, |[mc |04/03 |06:25 [DK |1 -9 98 |[527|5.8 |91.6
2015(17%| 09/02 | 08:06| OW |4 9 77 SW |2 0.4 {1034 |@ |fog |]09/02 |09:44 |16 -6 76 SW |4 |25 |1034|m, |mist |09/02 |15:15 |NL |11 |-46 |74 |177|55 |32.1
2015| 18 | 19/03 | 09:49| OW | 30 30 2 N 11 |5 1034 [, |hazy |21/03 [05:4¢" |-2 -6 1 N |22 |13 |1022 |m |rain |21/03 |09:15 |[NL {29 (26 |1 183 |3.7 |49.6
2015 1°[17/02 [ 19:32[ow [-22 |34 |2 S |® 15 |1040 |, |pcC 26/02 |06:54 |0 -20 |56 SW |18 |6 1009 |@ |hazy|26/02 |15:33 |DK |9 40 |60 |[584|8.6 |67.5
201619 | 18/02 |21:33|OW |-38 |54 85 SE |5 10 |1017 |m |clear |18/02 |22:42 |-46 |50 85 SW |11 |50 |[1016|mb |pcC 19/02|01:32 |NL |-45 |26 |86 |197|2.8 |69.7
2015| 20" | 09/02 | 08:06 | OW | 4 9 77 SW |2 0.4 11034 |Q@ fog 09/02 |09:44 |16 6 76 SW (4 2511034 |m |mist J09/02 |15:15 |NL |11 -46 |74 177 {55 [32.1
2015|21 |17/02 |07:22|OW |1 10 4 W |9 20 |1031 | |[clear |17/02 |08:35 |11 18 4 NW | 8 25 |1034|rp |clear|17/02|10:37 |NL [24 23 4 15512.0 | 75.9
2015| 22 | 21/02 | 06:43| OW | -4 -12 |8 W |7 9 998 |m |hazy |21/02 |07:53 |7 -1 8 W [10 [8 [997 | |hazy]21/02|10:22 |[NL |24 |22 |9 195|2.5 | 78.9
2015[ 2P| 17/02 [ 19:32] ow | -22 -34 2 S 5 15 (1040 |y |pcC n.a. n.a.
2015|25 | 01/03 | 22:54| OW |-42 |48 87 W |13 |20 |998 | |pc 02/03 |00:07 |-45 |40 88 SW |19 |35 |996 |m |clear]02/03 |01:44 |NL |-39 [24 |88 |201|1.6 |124.4
2015|26 | 07/03 | 22:12| OW |-37 18 96 S 12 |17 |1020 |@ |clear |07/03 |22:56 |-40 |23 96 SW (20 |29 [1019|@ |clear]08/03|00:33 |NL [-41 |31 (96 |208|1.6 |129.0
2015|26 |n.a. 31/10° | 16:31 |-1 -20 |78 E 3 1.8 {1024 |y |mist |31/10|17:50 |FR |-13 |-15 |77 65 |1.3 [49.2
0KS LISNDSYyGlF3asS 2F (K Y2 20/ Qal yadeNF FAGES G0KKS ONBstFHal MRS OKEF y3S Ay | ANJ LINB & & dzNBy 2@ SINY GfAdeRES sKISING W
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Tag associations’ = BEWI17 and BEWI20 were either part of a pair/sibling or other form of close association and are thus not independahbmiss’ém/BEWllQ and BEWI23 were either part of a

55y Yl NJ

pair/sibling or other form of close association and are thus not independent observations; BEWI23 was predated at asitegmtareenthe Ouse Washeand the coast.
Data:* =prior to this timeBEWIO1 loafefor ~4.5 houron the North Sea ~2km from the UK coast (not included in the average speed calclﬁaiipwi()r to this timeBEWI13 loafed for ~5 hours on the North

Sea ~3km from the UK coast (not included in the average speed calcul?:lttqnnbor to this timeBEWI16 loafed for ~1.5 hours on the North Sea ~40km from the DK coast (not included in the average speed
calculation)4 =prior to this timeBEWI18 loafed for ~4 hours on the North Sea ~9km from the UK coast (not included in the averagelspbﬁaimm)f = BEWI26 made the crossing from the Netherlands to the
UK twice during winter 2015/16, with the first visit on 30/10/15 only lasting 34 hours before the bird returned to Franteatide Netherlands; this should possibly be recognisedrasogientation
movement rather than as a true migratory movement between staging sites where birds typically stay for many weeks.
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5.2.2 On crossinghe North Sedn spring

The 12 independently migrating swan units tracked on eastward migration in spring 2015 crossed
the North Sea on dates ranging frompk n H kK N BEWA1d/20) t® INA3/15 (BEWI18). In 2016,

the dates were 18/02/16 (BEWI19) to 03/03/16 (BEWI12) for the thretstior which data were
available for this reportwith BEWI11 and BEWI2gigrating a little laterpn 17/03/16 and 21/03/16
respectively, after analysis and report production had commehdad®014 detailed data were only
available for one bird, BEWI2dith which to assess the timing and conditions under which the bird
migrated. This bird migrated under the same general conditions as described for the 2015 cohort
above (Table 4.

In 2015 the birds left the UK coastline at two main times of daying the eveningoetween 20:4¢
00:5% (5 individuals)andin early morning betweef5:48;09:44h (8 individuals) In 2016 the three
birds migrated at 07:29 07:361and at 22:48, i.e. at times similar to those recordedr the 2015
cohort (Figured). Thoseleaving the UK coast during early morning would arrive at the East Anglia
ONE footprint in daylight conditions. The remaining swans, which started their migration after
sunset, typically migrated under moonligi@nly BEWI13 and BEWI18 appeared to undertik

least the first part of their flight across the North Sea in conditions of poor visibility, with both birds
departing from the UK when the sun and moon were below the horizon (albeit during civil twilight),
probably in rainy conditions. Conditions wdinowever have improved rapidly as the sun rose and if
the rain was localised to the Met Office station area.

Weather conditions during 2015 whilshe birds continued their migrations across the North Sea

were mostly good, with relatively high (995034hPA) and risingdr 9 of the 12migrating units)
atmospheric pressure undgrenerally clear conditions withoodo xc { YO @A aA0Af Ade Xz
birds migratedn the rain and two in misty conditions with visibility of 2.5Krhe three birds

tracked in pring 2016 similarly departed from the Wdkring relatively high (993,016 hPA) and

rising (2 of 3) atmaspheric pressure peripdatunder cloudy or rainy conditionMost swans

started their spring rigration across the North Sea following6 & (i Wikdé féoh the souttwvestin

2015 {en of themigrating unit3, with two birds crossingvhen winds had a more northerly

component though all were light to moderate winds@@2mph). In 206 winds were again

moderate (1%15mph),from the southwest in two caseand from the northwest for oa bird

The routes taken across the North Sea for birds with detailed tracking data frbAq2@L6 ranged
from 155584 km, the loger distance$eing forbirds that migrated direct to Denmafi2%)rather
than for those heathg tothe Netherlands (8%; Table 4. burney times across the North Sea
ranged from 1.€,8.6h(not including any periods spent loafing on the North Sea; four birds paused
there from ~1.%5h). Thus average ground speeds for the crossing ranged frgd22ph (meant
S.D=86.7+27.5%ph, n= 16)mainly depending on whethear notthere was a following windl'he
short crossing distances and times to the Netherlands meant that sample sizes were only ever going
to be small for flight height data assessmeot®r the North Sea. The data for BEWI26 is not
included in the above assessmebgcausdts eastward journey from the UK to Frareed then the
Netherlandsn October2015is not considered a typical migratory movemgmit the details of its
departure fom the UK at this time angresented inTable 4for completeness
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The nearer edg of the Round 3 East Anglia Odftshore wind farm footprint, considering the
different UK exit pointsised by the swanalong the North Sea coass, generally reached betwae
15¢35km offshore and extends to §505km before the furthestdge of the footprint area is
reached Most swans migrating east in spritigerefore will arrive atwestern edye of the wind farm
area~10¢25 mirutes after leaving the UK, and then tak8550 minutesto pass across.it
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Table 5 Key weather and light availabiligpnditionsduringwestward migrationto the UKfortwo. Sg A O1 Q&
2015 and2016. Swan tracking data wesmnsideredonly where the GPS fixes wel M KagadzRata forthe departure and arrival point othe North Seaoast were
calculated from knowledge of the distance covered between GPSiiik€&SMGPS datar from the speed reading taken by the tdfgs UHFGPS data

a

g | e Nethérlarids (RLS inwintdr uRng

Departure NL coag Light level at NL coasf] Arrival UK coas| Light level at UK coag Weather conditions UK coast*] North Sea crossin
I I z |z g
=1 N Y— < —~ E Y < < — Q
SIE JE_ |- |2 | (g [E_|- |2 | |¢131E|12 |2lE8]lele |3
I E £E ) 5 £E 9 ORI G ) - v @
o |=| T = <, © =} = <. T 5 12| 5 i le o o
> ol o O > c > 00O | c ERRE cl213 |E o
sl|le < N S ] £ o S T |EYE | o g |82 | ot
i = £ S o = £ o o SElz|2 |9 <c|lo|lx |F S
8 = | = (8 [F |2 |~ | |2 >|a |O 5
© © =
2015| 03 30/10 06:33 -1 27 89 30/10 | 12:22 23 -15 88 S | 18|45 (1018 i |rain| 261 | 5.8 | 45.0
2015| 26 29/10 19:21 -28 10 92 30/10 | 06:33 -3 29 89 s|15] 261017 @ | mc| 337 12.28 | 301
2016| 26°| 01/01 10:54 13 1 57 01/01 | 13:58 10 -23 56 SE| 10 | 351020 @ | pc | 210| 3.1 | 68.6
Variables: R
FW{dzy 2NJ Y22y I tGAGdzZRSQ Aa Ay RSAINBESa 1 020S 2NJ 0S5t 2 wethakwiasliK2NRT 2y | yR Waz22y RAA1Q NBTFSNK
FFQ/KFEYy3aSQ A& GKS NBtFGAGBS OKFy3aS Ay AN RSOANBUAS T2 PERRASNPS (ARFHD WOt zRSy WAONS | &3k WA €

Data:

! = BEWI26 made at least three stops on the North Sea during the crossing (as denoted by five stationyweEHBPS fixes) possibly lasting Rours in total (included in the average

speed calculation).

2= BEWI26 made the crossing from the Netherataithe UK twice during winter 2015/16, with the first visit on 30/10/15 only last8¥ghours before the bird returned to France and then
the Netherlands; this should possibly be recognised asaieatation movement rather than as a true migratory wemnent between staging sites where birds typically stay for many weeks

(i.e.01/01/16).
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5.2.3 Oncrossing the North Sem autumn

Far fewerdata are available for determining accuratéig conditions under which the swans
migratedduring autumn. Detailed data were recordéat onlytwo birds BEWI03 and BEWI26
Tables5 & 6), firstly because not all of the tagged birds returnedimter in the UKandsecondly
because several individuad&d not reachthe UKuntil the midwinter (NowJan) period. This meant
that light levels for chrging the tags were poor becauseshiort day lengtk coupled with poor
weather, so autumn tracks to the UK were not recorded for swans BEVWP1119& 20.

What could be considered the true westwardgrations of BEWI03 and BEWI26 on 30/10/15 and
01/01/16 respectively follow a similar pattern to the spring migrations in that they were conducted
under conditions of good light availability and were completed in a short time g6®hours at

flight speeds of 4§69 kph during periods of relatively high atmospheric pressure in light to
moderate tail or cross winds. BEWIO3 arrived at the UK coast in inclement weather but both birds
experienced good visibilitgf 35¢45 km.An earlier crossing of the Norfea by BEWI26 at 16:30h on
29/10/15, under conditions of poor visibility when the sun and moon was below the horizon, may
have resultedrom a westward navigational errdiecause the bird only stayed in the UK for ~34
hours before heading back (into a geneasterly wind) to the Netherland$gble 4and Figure 3.

This flightresulted in the bird taking over 11 hauto cross the North Séeom the Continent to the
UK,probably in mostly cloudy conditions with gninoonlight available, albeit there was-80% full
moon above the horizon throughout the journélable 5.

Table 6 GPS fix rates and dates of eastward and westwgrchovementsacross the North Sea 2014;2016,
collectedby GPRS @A OS & 2 wans.fds whictOcpripietkigh resolutiortracks (and limited height
data)were availabldGPS fixe¥l hour apartland thuspossible extrapolation errdoetween GP®cations
wasminimised.

Tag Height data 2014 2015 2016 GPS rate (minutes)
BEWIO01 27102 15
BEWIO03 02/03 15
30/10 30
02/03 30
BEWI11 22/02 60
BEWI12 03/03 15
03/03 60
BEWI13 25/02 15
BEWI16 03/03 30
BEWI17 09/02 60
BEWI18 21/03 30
BEWI19 Yes 26/02 30
18/02 60
BEWI20 09/02 60
BEWI21 17/02 60
BEWI22 Yes 21/02 60
BEWI23 n.a
BEWI25 02/03 30
BEWI26 07/03 30
29/10 30
31/10 30
01/01 30
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53. Sg A O] dight Height daringmigration over land and sea

Five of the GPS loggdBEWI17, 18, 19, 21 ad@)were setto record height datdefore being

{ othg(BEWKLY) wasubsédquéhtipragrannmedtor ¢ ©
collect height data when the bird wancounteral in Denmark in March 2015, having already
migratedfrom the UKHeight cata weredownloaded fromall of these tags except BEWI18, which
did not leave the UK untll9/03/15in spring 2015sowas not yet irEuropeduring fieldwork
undertaken to collecNorth Searossing data. Aenewed attempt was tdnavebeen madein

autumn 20150 download the heighdata stored on the loggehut the swandid not migrate

further west han Russia before the tag stopped sending GPS data via the GSM natwork

FTAGGSR

09/10/15.

Table7. Summaryof flight height datarecordedduringover sea crossingandalsoduring over landlight for
SVENs(BEWAIR, 17, $9 X @ Piped with GPSags programmed to collect
altitude dataandwhose data were downloadeduring the eastward ad westward migrations in 2015. Note:
datawere downloadable via the UHFk only,not over GSM

iKS

adzasSi

i2 .86A010Q4

Ocean area Number of Median Mean St. Dev. Minimum Maximum
GPS fixes height (m) height (m) height (m) height (m) height (m)
Baltic Sea 57 -25.6 65.3 609.4 -168.4 4565.8
Barents Sea 48 3.4 22.9 59.7 -139.3 201.1
Gulf of Finland 7 193.9 223.0 220.8 -16.0 572.9
Gulf of Riga 26 -19.7 -81.8 125.4 -403.4 152.7
Kattegat 26 -38.0 -102.4 150.9 -471.8 195.5
North Sea 27 -40.3 -56.2 91.8 -402.5 36.8
White Sea 10 -11.7 157.4 514.3 -13.0 1620.6
Total 201 -19.7 8.2 361.9 -471.8 4565.8
Over land | 323 | -19.9 | 48.3 | 351.4 ] -947.6 | 2902.3

The flight height data downloaded from the five tags indicate that the birds typically fly at heights of
under 150m, both when making sea crossi(#f 0% of 201 flightgind when flying over land

(89.2% of 323 flightgrable 7, Figure)s Median and modal flight heightgere in the0 to -50m

band in each case. The altitude data recorded by the GPS tags were corrected for the underlying
model of the shape of the Earth (the GPS carries a simpGigeid model on board) and also the
actual land surface heights. This corrected orthometric flight height range puts the birds within or
below the rotor swept area of most wind turbines that they might encounter.
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Figure 5 The number of GPS fixesreBoB R T2 NJ . SgA 01 Q&

{6 ya O #lkiots)g S NS

across land and sea areas during the 2015 and 2016 spring and autumn migfdégative values are
recorded because of the error in the GPS reagdivigch is especially pronounced ftire height dimension of
any GPS fix. The distribution of the flight height data both onshore and offshore suggests that the swans flew

at 150m or less above the land or sea surface during most flights.

54. SgA 01 Qa
wind farm footprint

Lod2al ¢

{61y Y2@8YSy s R3Bast Alia DNEL 2 v

2 Twans (1.3 indSperidé uBIREVYI17/D beingclassed as one unit) were

tracked acoss the North Sea, providing ti&taled one-wayflight linesfor swans moving between
southeast England and the Continehtringmigration(spring or autumn)betweenspring2014and

spring2016.Tracks wereonsidered only where the tags providBat

{

f20FGA2ya X M

Overal] 83% of thel8trackscrossed the R3 EBaAnglia ONEite,and 100% of tagged birds crossed
the site at some stage during the studlye bresk-down being:100% of tracks in 2014 (n = 1 bird
unit), 8%% in 2015 (n = 12 bird units) aA8% in 2016 (n = 4 bird unitgll of the18tracks(100%)
and thus all othe 13 different bird units 00%) crossedat least one of theroposed or operational
offshore sites inthe North Sea regioTrable §. The possible r@rientation movement of BEWI26
between 2%,31/10/15 (with two North Sea crossings in this peri@hot included in these
calculations but the swan crossefbur wind farm areasEastAnglia ONEGreater Gabbat, Galloper

Band the London Arragyrigure § during this period
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The number of offshorevind farm footprints,including the R3 East Anglia O$ite, cressed during
any migration (east or westf a bird in any of the years from 2042D16 ranged from onee(g.
GLI ANE . 92 LMTK H ne.glBFVIR18.002/03BiTheméad (+1%:Dnutber of
offshore sites crossed duringaigrationwas 4.4 (+ 3.8) wind farm areas (n =niigratory tracks).

Details of the sites crossed are givedable 9 In addition tothe R3 Est Anglia ONEite, 51
offshorewind farmfootprints werecrossed by fleast one swan track, including dperational

wind farms.Of the 52sitesincludingEast Anglia ONB3 (634 arein German watersl2 (23%)
Dutch,4 (8% British and2 (499 Belgianwith one Swedish site in the Kattegat ocean aaitso
included.In addtion to all swans migrating acro&ast Anglia ONHEve offshore sites wererossed
by two tracks of two dferent birdsin spring 201%nd one sitgljmuiden)wascrossed by four tracks
of four different birds also in 2015

Figuressg8 illustrate the locations of theffshore wind farm sites named rable 9in relation to

i KS &ndigrayiod @ute with different shading indicatingnd their developmental statugigures
9¢12 then show theflight-linestaken bythe individual swans ahhow, through progressively

zoomed in maps, how their individual migrations relate to the different offshore sites summarised in
Tables 8 &9
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Table 8 Number of migratory tracks (both eastward and westward) recorded foriGP3 3 S R

S§5A101 04

that crossed the footprirg of proposed and constructed off shore wind farm areatéNorth Sea. Tracks
were extrapolated between GPS locationé ™
are given with specific reference to the Rmli3 East Angli®NEsite, and in relation to all other offshore

North Sea wind farms crosseluring thosemigratiors. Where the Round 3 site was not crossed, the date of
crossing the other sites is givefhe total number of tracks crossing the E. Angjli@ alone and in combination

with the other North Sea sites is given, along with the total number of full tracks recorded for the North Sea,

K 2 dzhtés Folthle Mdit of migratioracross the North Sea

regardless of whether or not the birds crossed a wind farm area in each year, and the number of birds for
which those detailed tracks were available.

Tag E. Anglia | Other sites | E. Anglia 2015 Other sites | E. Anglia 2016 Other sites
2014 2014% 2015 2016

BEWI01 27/02/2015 1

BEWIO3 02/03/2015 1 02/03/2016 | E. Anglia only

Not crossed | 4 (28/10/15)

BEWI11 22/02/14 3

BEWI12 03/03/2015 2 Not crossed 4 (3/3/16)

BEWI13 25/02/2015 7

BEWI16 03/03/2015 8

BEWI1? 09/02/2015 | E. Anglia only

BEWI18 21/03/2015 16

BEWI19 Not crossed | 5 (26/2/15) 18/02/2016 3

BEWI21 17/02/2015 | E. Anglia only

BEWI22 21/02/2015 2

BEWI25 02/03/2015 2

BEWI26 07/03/2015 4 01/01/2016 2

Total trackgand no. of 1(1) 1(1) 11 (1) 13 (12 3(3) 4 (4)

birds) crossing North Se

wind farms

All tracks (and noof 1(2) 1(2) 13 (19 13 (19 4 (4) 4 (4)

birds) crossing North Se

% tracks (and % birds) 100 (100) 100 (10) 85 @2) 100( 10) 75 (75) 100(100)

crossing North Sea wind
farm areas

% NI O a

2014).

RSNAOGSR FTNRY

t Saa

FNBIjdzSy i

Dt {

{ ¢

RFGIFE NBEO2NRSR F2NJ |
properly, crossedd10 wind farms per bird (including the East Anglia footprint) during spring 2014 (details in &réfin

® BEWI1720acted as a pair during migratiosp are treated as one independent unit in the Total % calculatibat for
BEW?20 therefore given in grey font in the Table, to indicate aindependent record.
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Table 9 Excluding the R3 Eaéhglia ONEite, the51 offshore wind farm areas in the North Seacountered by GRtagged

S 6 A WanQdurinf east owestward migrationsn 20142016.W¢ NI O1 Q T Y A 3 Ne wihdFaym arel. i S
Offshore wind farm name Country Status Tagid Track Tagid Track Tagid Track
2014 2014 2015 2015 2016 2016
Aiolos Germany Application BEWI18 | 22/03
Albatros Germany Consented BEWI18 | 22/03
Amrumbank West Germany Operational BEWIO3 | 28/10
BARD Offshore 1 Germany Operational BEWI16 | 04/03
Bight Power | Germany Application BEWI18 | 22/03
Borkum Riffgrund West Il Germany Application BEWI18 | 22/03
Breeveertien Il Netherlands Consented BEWI22 | 21/02 BEWI19 | 19/02
Buitengaats Netherlands Consented BEWI18 | 22/03
Butendiek Germany Operational BEWI13 | 25/02
G-power Belgium Operational BEWI12 | 03/03
Demonstrationsprojekt Albatros 1 Germany Consented BEWI18 | 22/03
Den Helder | Netherlands Consented BEWI11 | 22/02 BEWI26 | 08/03
Deutsche Bucht Germany Consented BEWI16 | 04/03
Diamant Germany Application BEWI19 | 26/02
EnBW He Dreiht Germany Consented BEWI18 | 22/03
EnBW Hohe See Germany Consented BEWI16 | 04/03
BEWI18 | 22/03
EnWB He dreiht (Complementary app.) Germany Consented BEWI16 | 04/03
Euklas Germany Application BEWI19 | 26/02
Galloper B UK Consented BEWI26 | 30/10* BEWI12 | 03/03
GlobalTech | Germany Operational BEWI16 | 04/03
BEWI18 | 22/03
GlobalTech Il Germany Application BEWI18 | 22/03
Gode Wind 02 Germany Consented BEWI13 | 25/02
Greater Gabbard The Galloper UK Operational BEWI26 | 30/10* BEWI12 | 03/03
He dreiht Il Germany Application BEWI18 | 22/03
ljmuiden Netherlands - BEWI11 | 22/02 BEWIO3 | 02/03 BEWI26 | 01/01
BEWI13 25/02
BEWI25 | 02/03
BEWI26 | 08/03
Innogy Nordsee 2 Germany Consented BEWI13 | 25/02
Innogy Nordsee 3 Germany Consented BEWI13 | 25/02
Jules Verne Germany Application BEWI19 | 26/02
Kaskasi Il Germany Application BEWIO3 | 28/10
Kattegat offshore Sweden Application BEWI22 | 11/03
London Array UK Operational BEWI26 | 30/10*
Meerwind Sued/Ost Germany Operational BEWIO3 | 28/10
NEPTUN | Germany Application BEWI19 | 26/02
NEPTUN II Germany Application BEWI19 | 26/02
Nordergruende Germany Consented BEWI26 | 08/03
Nordsee One Germany Consented BEWI13 | 25/02
Nordsee Ost Germany Operational BEWIO3 | 28/10
Norther Belgium Consented BEWI12 | 03/03
Offshore Windpark Egmond aan Zee Netherlands | Operational BEWI22 | 21/02 BEWI19 | 19/02
Osters Bank 1 Netherlands Application BEWI18 | 22/03
Osters Bank 4 Netherlands Application BEWI16 | 04/03
Prinses Amaliapark Netherlands operational BEWI19 | 19/02
Q4 West Netherlands Consented BEWI12 | 03/03
Q4WP Netherlands Consented BEWI12 | 03/03
Riffgat Germany Operational BEWI13 | 25/02
Sandbank Germany Consented BEWI18 | 22/03
Sandbank extension Germany Application BEWI18 | 22/03
Sea Wind | Germany Application BEWI16 | 04/03
BEWI18 | 22/03
Tromp Binnen Netherlands Consented BEWI11 | 22/02 BEWI25 | 02/03 BEWI26 | 01/01
BEWI26 | 08/03
Veja Mate Germany Consented BEWI16 | 04/03
West Rijn Netherlands Consented BEWIO1 | 27/02
BEWI18 21/03
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*Possibly a reorientation movement by BEWI2father than a migratory movement.
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Figure 6 An overview of themain wind farm sites crossed by the tracks (red lines) of 18(GPI3I SR . SgA 01 Qa {6l yad ¢ KA A T kHodzbs and Boggerd G K

Bank¢k NB NBf | GA @St & dzyft Al Ste
application stage, orange = consented, red = operational.

a2
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Figure 7. S ¢ A O&nracksf{irte southern North Seaogether with thenames and deelopment stages adffshore wind farm sites referred to in this report. Yellowind farm at the
application stageorange = consented, red = operational.




Figure 8. S ¢ A O1 Qacks{ndhkegsterin North Sedogether with the names and development stages of offshoiedWarm sites referred to in this reporYellow =wind farm at the
application stageorange = consented, red = operational.
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Figure 9 An overview oftie tracks taken by 18 GEiSF 33 SR . SgA 01 Qa { 6l ya& NI T SNNBORS atd2018,avingbkeh calghtla2viblmaEyortstingsikek in A y 3
the UK (Slimbridge & the Ouse Washégrows on tracks in this and subsequent figures denote the direction of bird travel.
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Figure10. NW European part che flyway of the 18 GR@&gged B ¢ A O |
southern North Sea igiven in greater detaih Figures 11& 12
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Figurell. The 18 tracks (arrows indicate east andsivmigratory legs)fathe GPSi NI O1 SR . S46A 01 Qa {6l ya Ay NBflIGAZ2Yy (2 &d&tAngha
ONEY w2dzyR o & A Eidgh9, itB G@eery delours depresfingfour swans tagged &limbridge and yellow to darker reds and pespthe 11 birds taggeoh fields neathe
Ouse Washes. The tracks variously shaded blue refer to three birds witfupational tags fronwinter 2013/14 BEWI04, 08 and 09.




Figure 12Forarea near theR3 East Anglia ONBbundsite (asin Figure 1), black lines indicate thenigratorytrack segments (east and west) forthe 14 @PS3 3SR . S A O] Q&
fully functional tags with GPS fixd#¢ T n Y A y daitSode usetldh iNdsanalyses presnted in this report) Tracks witha coarser tempmal resolutionremain coloured hergand
conclusions drawn from these dasae less robust
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55. SgA01Qa {6ty Y20SYSyda Ay NBflFGA2y (2

Ssr01Qa
individual turbines\ y O2 dzy G NRA S &

{ingéd-wérd &so analysedknirdlan to the location of onshore wind farms and
Ff2y3 Tak&10a2 6 yaQ YAINI GAZ2Y

Table 10 Number of wind farms and turbines analysed in relation to their proximity (within ~2.5km) to

RSGFAEfSR .SgAa01Qa {gly GNIOla 2F RSGFATSR 66X 1n YAYdz
Country No. wind farms No. turbines | Notes
considered considered
Germany 133 2185 | In the absence of accurate wind farm/turbine location data for
Germany, turbine locations were digitised from current (March
Wind farms were 2016) BING imagery background foraa#tas within ~2.5km of
separatecby ruling RSGIFIAESR o0X 7n YAydziSa o0Si6S
thata BH1Y 08§ recorded for each swan. Turbines digitised included a proportio
turbines = different GKIFG SEGSYRSR 0S8&82yR HOplY 2
GAYR Tl N¥Y& of the same wind farm site as others withirbRm of the track.
Denmark 334 1873
Netherlands 140 1336
UK 13 105
Estonia 14 51
Latvia 7 46
Despite these total numbers of onshore turbir@urring within~2.5km2 ¥ RSGF Af SR 00X T n

between GPS fixesyvan track segments in each counttiye swartracks passe®f 284S 60X ynYo0
fewerturbines during the course of daily foraging and roosting roimreannual migratory flights.

This80m band provides fairly strict criterion for assessing which turbines swans might encounter

or interact with during a flight. Converselyowever,many turbines are smaller than thisradius

andif turbines arefacing the wind and the wind is perpendicular to the track of the swan at the time

of travel then the rotor swept area would be negligiblerglationti 2 G KS | NBF 2F (KS a¢
that it covers.

All six countries for which onshore turbine data were availadee includedvhenconsidering the
LI2aadaAoft S Odzydz I ( Awarendodntglin@séaverawind tarsgvihiB{ niigating and
wintering in northwest Europ€Table 11). Swans for which 100detailedtrack segmerd were

available within these six countriesossedo within 80m of 0 wind turbines (BEWI26 in 2016),

ranging up to/2 windturbines (38 wind farms, BEWI1124014) in any one tracking year. The was
substantialvariationin the number of turbines and wind farms encountered by different swans

within years, and alsfor the same bird between years. Thigriation in the number of wad farms
encountereddepended not only n the amount of data availabler an individuain a tracking year

but alsoon where it staged or wintered during the coursetbét year, with some countries having

higher densities of turbines iareas used by the swans to feed and rodatorder totry to

standardise this variation, the turbine encounter rate was expressed as a proportion of the number
of detailed track segments recorded for a bird per country per tracking Yiednd 1; Appendix 1

also gives details of how many tracking days and the number of GPS fixes within those periods were
collected by each bird per country per tracking year). Detailed track segrfiens A G K Dt { FAES &
minutes apartwere considered toepresent flight griods if the GPS locations were >500m apart
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This filter was necessary to remove track segments where birds were either roosting or
feeding/loafing within 80m of a turbinend thus amassing records of proximity to the turbines at
up to hourly intervalghat did not represent a possible flighast a turbine. In these cas only the
flight into and/or out of the feeding/rosting area was considered in calculatemgounter rates.

Onconsidering the total number of onshore turbinkesated in the vicinity<80m) of tracks

recorded forl5 swans during 26 tracking yeafsr 4,854 track segments that likely includestriods

of flight, it was estimated thaB22 turbines were encountereoly the birds. This provides overall
encounter rateof 0.066turbinesper extrapolated flight segment i.e., one turbine encounteredor
every~15F f AAK(G & YI RS .oTBe oveldlbratevari@siconidelabtiveencountries,
however,with swanshaving an overakncounterrate of <0.00whilst in the UK, comparedith

0.14, 0.17 and 0.2 Denmark the Netlerlands andsermanyrespectively. Thusaggedswansin
Germanyare estimated as encountering one turbine on their fligjhe for every4c¢5 flights.
Encounter rates may also vagyeatlyfor particular individuals in different yeardepending on

where aswan chooses tetage or winter. For instancBEWI11whospent40 daysstagingin

Denmark irspring2014(from 22/02/14c03/04/14) andalso wintered in Denmark in 2014/15
recorded an encunter rate of 0.23 (for 311 valid track segmerfts) 2014 whereas in 205/16 it
wintered in theUKand recorded an encounter rate of 0 (for 116 valid track segmdnit9016. This
probably can be attributed to the UK haviadowerdensityof onshore tirbinesin the lowland areas
used by the swansind also to BEWIX6eding to thenortheast of theoperationalVelling
Maersk/Taendpibe wind farmwhilst roostingon Ringkgbing FjordVest Jutlandgduringspring 2014
(tracks illustrated ifFigure 13. The nean (£S.D.) encounter rate with turbines per swan (treating
each tracking year independently) is 0.06 £0.07. These encounter rates do not differentiate between
two different turbines or wind farms crossed by a bird versus the same turbine or wind farsedros
twice by a bird.

If the number of different wind farms encountered by a swacoBsideredthen in most countries it
can be seen that very few sites are encountered by more than one bird, with only Germany
registeringmore than two sites (eight sitetflat were crossed by more than one birBiaple R).

t NBEAYAYINE AyaLSOGAz2y 2F GKS .86A01Qa {6FyaQ YA

(particularly those wintering further west) follow valleys or lower lying areas during migration,
rather than taking the shortest routes to the UK exit/entry points or Continental destinatiigare

14). Such information should help to guide further planning of the location of onshore wind farms in
the UK, and perhaps more widely.

41



Table 11. The total number obnshorewind farm areas where extrapolatemacks recorded for GRSl 33 SR . S g A O vildin tHe saxiyham rbdbr awed &ea of a turbirfee.
MY FTNBY (KS | mamed dosttiSrghihe Oriad Kingdom (UKihe Netherlands (NL), Denmark (DK), Germany (D), Latviar{\Bstonia (EST) from 2@2&16. The number
of turbines and wind farms encountered by a bird is summed for each track segment extrapolated between GRS fixastes apart. Aerefore individial turbines or wind farmsvere
counted more than once if a bigghssedhe turbineat different times of the day. In order to estimate the rate of encounter of swans with turbines, thenmataber oftrack segments
when the bird was likely to be flyingg. where GPS fixes wel§ 0 minutesapart and there was a distance 8500m betweerthe fixes)was calculated for each country in eastindyyear.

£ g £ 2 g g ] ) Q [} o %

w | E| o, | E| s |E @ E| g |&8|8 |3 w |8 |8 |8 | & |& o o

Q K [} © Q N n E 3 © c i £ 5 ) 1) p = S c o ° 2

Sl |E|S ||| |8|lcs|S|2a|B|8|c]|2 2 |2 w | £ ]3| 8 £ g | £ w 2 £ 2
elc|E€|s|g|s|5|2|€|E|2|s|2|3|8 |8|8 |[3|8 |8 |5 |€ |g|e |5 | |E€ |2

S s |22 |2|s|2 |25 |s|2|s|Cclcl=s|s|E |88 |8|8|clz |2 |52 /8 |5 | |3
S IS |52 (2|8 |8|alal|Z|2|2 8|85 |28 a2 |5 |2 8|28 |3 0 =

BEWI01| 2014 0 0 0 0 0 0 0 0 0
2015 1 3 3 5 4 133 15 1 56 28 1 234 0 0 2.00 | 0.05 0 0 0.02
BEWIO3| 2015 6 4 3 2 15 4 3 1 3 1 30 12 27 12 4 24 | 155 | 101 | 323 0 050 | 0.75]| 0.63 | 0.02 0.03 | 0.09
2016 19 8 19 8 36 0 25 3 0 0 64 0 0 6.33 0.30
BEWI11| 2014 1 1 2 2 61 | 30 8 5 72 38 26 1 266 5 5 8 311 0.4 | 200| 0.23 | 1.60 0 0 0.23
2015 7 1 7 1 0 0 130 0 0 0 130 0.05 0.05
2016 0 0 116 0 0 0 0 0 116 0 0
BEWI12| 2015 3 3 37 31 40 34 15 4 215 18 | 122 | 69 443 0 0.75| 0.17 0 0 0 0.09
2016 1 1 1 1 2 2 3 9 8 5 0 0 25 0 0 0.13 | 0.20 0.08
BEWI13| 2015 4 3 4 3 14 0 99 0 6 38 157 0 0.04 0 0 0.03
BEWI16| 2015 3 3 3 3 9 0 64 0 0 0 73 0 0.06 0.04
BEWI17| 2015 7 1 31 19 38 20 40 3 0 174 | 87 19 323 0 2.33 0.18 0 0 0.12
2016 0 0 0 0 0 0 0 0 0

BEWI18| 2015 6 4 3 2 9 6 133 8 31 0 134 | 12 318 0 0.75| 0.10 0 0 0.03
BEWI19| 2015 3 2 1 1 4 3 159 0 26 0 106 | 23 314 0 0.12 0.01 0 0.01
2016 2 1 2 1 13 3 27 4 0 0 47 0 0 0.07 0 0.04
BEWI20| 2015 6 4 6 4 38 2 1 84 94 5 224 0 0 0 0.07 0 0 0.03
2016 0 0 0 0 13 0 0 0 13 0 0
BEWI21| 2015 4 3 4 3 32 8 0 12 0 3 55 0 0 0.33 0 0.07
2016 0 0 0 0 0 8 0 0 8 0 0
BEWI22| 2015 12 8 16 12 28 20 100 45 93 24 | 132 | 32 426 0 0 0.13| 0.67 0 0 0.07
2016 0 0 0 0 6 0 0 0 6 0 0

BEWI23| 2015 0 0 59 0 0 0 0 0 59 0 0
BEWI25| 2015 1 1 2 1 3 2 99 4 0 12 1 60 176 0 0.25 0.17 0 0 0.02
BEWI26| 2015 38 | 26 8 3 46 29 144 | 261 1 57 48 | 284 | 795 0 0.15 0 0.14 0 0 0.06
2016 0 0 212 2 0 0 0 0 214 0 0 0
Total 1 1 63 | 41 | 138| 85 | 113 | 63 4 2 3 1 322 | 193] 1408 | 377 | 1010 | 486 | 918 | 655 | 4854 | 0.001 | 0.17 | 0.14 | 0.23 | 0.004 | 0.005 | 0.07
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Figure Bd a2@SYSyia 27F . SgAi 01 Qasef borifegding 19 thd nartheast 8f the Gp&afiondl A S
Velling Maersk/Taendpibe wind farm and roosting areas on Ringkgbing Fjord, Deftaharkverview of the
movements, and (b) = zoomed view of the feeding area, illustrating some of the turbines.
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Figure 14 Detailed swan track segments (red lines = swan track§@minutes extrapolated between subsequent GPS fixe®lation to the topography of the UK (m).
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Table12. The number of different onshore wirfdrm areas crossed by the 14 GBS 33 SR s Svang rO] Q
which detailed tracking data were availabie(track segment duratio0 minutes between GPS fixes) from
2014 to 2016. Different tracking years were clakas independent data for the same bifdepeat migrations
were made.

United Netherland¢ | Denmark Germany Latvia Estonia Total

Kingdom
BEWIO1 0 0 1 3 0 0 4
BEWIO3 0 4 2 11 1 1 19
BEWI11 1 2 17 5 0 0 25
BEWI12 0 3 11 1 0 0 15
BEWI13 0 0 3 0 0 0 3
BEWI16 0 0 2 0 0 0 2
BEWI17 0 1 0 13 0 0 14
BEWI18 0 3 2 0 0 0 5
BEWI19 0 0 3 0 1 0 4
BEWI20 0 0 0 4 0 0 4
BEWI21 0 0 0 3 0 0 3
BEWI22 0 0 5 12 0 0 17
BEWI25 0 1 0 1 0 0 2
BEWI26 0 14 0 3 0 0 17

! = one site was crossed by two different birds: BEWI17 & BEWI18

% = two sites were crossed by two different birds: BEWI13 & BEWI18 and BEWI19 & BEWI22

% = seven sites were crossed by two different birds: BEWI01 & BEWI22, BEWI17 & BEWI20 (pair spclateEsasvo

times), BEWIO3 & BEWI22 (three times), BEWIO3 & BEWI11; and one site was crossed by three different birds: BEWI17,
BEWI20 and BEWI22

6. GCONCLUSIONS AND RECOMMENDATIONS

Conclusions

6.1 Atotalof22GR®{ a f233ASNA ¢SNB FAGGSR (2 .SsA0]Qa

(8 in winter 2013/1414 in 2014/1% of which 18 were providing location data in winter
2014/15.These yieldedt least hourlylocation data for 18ndividualsleaving UK wintering
sites and 14&rossing the North Sea on at least one occasiom winter 2014/15 onwards
with a total of18 dindependeng spring migration tracks from the UkKoting that two sets of
birds seemed be associating as pairs/siblings: BEW 17/20 and BEWH®23utumn

migrations to the UK recordeid detail {e.6 A K Dt { FTAESA& |20 n YAy dzi

2016 Autumn migration data recorded for 4 more birds wintering in the UK were not
included because low light levels reduced battery power and thus location frequency in the
tags.Migration routes werealsorecorded for swans originally tagged in the UK that

wintered in Continental Europe in subsequent ye&wsven of the 8 tags deployed in winter
2013/14 did not function properlyo provided only coarse resoluffio Rl G 2y (KS
movementsreported in Griffinet al. 2014)of which 4 returned with at leastastially-

functioning l@gers in winter 2014/15. The os® resolution datare not analysed in detail
KSNBZ o6dzi A0Q&a LISNKFLA ¢2NIK y204Ay3 GKI G
detailed swan tracks recorded by the fuliynctioningtags fittedin winter 2014/15.
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6.2

6.3

6.4

6.5

6.6

6.7

tKS . SgA01Qa {oly GNIFOl& NBO2NRSR gAUKAY UGKS
0SGs6SSy O2yaSOdzia@dS Dt{ RIFIGF LRAydGaz |yR | "
track really crossedwind farm footprint unless one dhe GPS locations fell within a wind
farm area. Neverthelesby confiningtrack segmentencluded in the analyses to those

g KSNB i K SNHEnutesDetlBeemMGPS fixege aimed to be rigorous and realistic in
our assessmentf offshore and onshore aas likely to be encountered by the birds. Using
only an 80m radius around onshore turbine positionswamnilarly conservative as some
earlierstudies(e.g.Griffinet al. 2011, WWT Consulting 2015ave considered sites ofcl
5kmor even 20knfrom a windfarm as indicative of it being on the migration rowtta

bird.

h@dSNrfts GKS &dddzReé F2dzyR GKFG GKSNB gl a | KA
East Anglia ONE wind farm footprint, w&B%of swan trackgn=18 tracksand all (100%) of

tagged swansrossing the site omigrating from and to the UK spring and autumduring

20142016 Moreover, inspection of the mapped tracks indicates that the swans move

across the whole of the footprint area.

None of the tagged Bewil Qa { 6l ya ¢6SNB F2dzyR (G2 i@NRaa !vY
none crossed the Hornsea or Dogger Bank sites), but there was some less frequent

movement over UK wind farms further soutBreater Gabbat, GallopeB and the London

Array.

A total of 52offshore wind farm footprints (including 11 operational sites) weresseal by

the swans of which 33 (63%) were in German waters, 12 (23%) Dutch, 4 (8%) British and 2

(4%) Belgian, with one Swedish site in the Kattegat also incl&#eral birds migrated

direct from the UK to Denmark or to Schleswiglstein in Germany, resulting in them

crossing the wind farms in the German Bigither than taking an overland route from the
Netherlands to Germany and Denmailis area, which containssabstantiainumber of

wind farms (sedigure §, was notincludedd & 6 SAy3a 2y GKS . SgA01Qa {«
in a report providing guidance for assessing the numbers of migrating birds likely to pass
through proposed offshore wind farm developments (for inclusioroitiston risk model

used to calculate mortality estimates, and to apportion this mortality to specific SPA
populations; Wrighetald HamMHO® al LA 2F GKS YFAY YAINI GA2
wintering in Britain and Ireland therefore should be updatetine with the evidence

provided in the current study.

¢KS YIF22NARGe 27F ( KdSpartedframtBeRIK co&stukingéadyanorfing | vy a
(62.5% of 16 birds departing apringmigration headed over the coast between: 08¢

08:0h; Figure 4 from c. midFeb to first week of Marchnder High Pressure conditions. The

birds therefore arrivedat the start of the East Anglia ON&otprint under conditions of good
visibility. The remaining swans, which started thgjiringmigrationafter sunset, ypically

migrated inmoonlit conditions.

CtA3aK(I KSAIKG RIFIGF 6SNB NBO2NRSR T2N) 2yfé p
record altitudinal data and whose data were downloaded¥aain the field. Nevertheless,

the data indicated that the birdfly at low altitudes over both land and sea, wittost at

<150m and withmedianand modal flight heightboth in the0 to-50m band These low

flight heights are similar to those recorded for Whooper Swans tracked using PTT satellite
transmitters (Griffinet al. 2010, 2011 It also means thanost flightsare at or belowthe

sweep of the wind farm rotors.
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6.8

LY FTRRAGAZY (G2 (GKS 2FFaK2NB 6AYyR FINYaz mp . !
encountered 322 wind turbines.¢. their tracks were <80m from tbines)for 4,854 track
segments that likely included periods of flight, in 26 trackedrs recorded for these

individuals between 2014 and 20Ibhis providedan overall encounter rate of 0.066

turbines per extrapolated flight segmeqt.e.one turbine excountered for every ~18ights

made by the wans The overall rate varies considerably between countries, with swans
having an overall encounter rate of <0.001 whilst in the UK, compared withroQldnmark
0.17in the Netherlandsind 0.23 inGermany Seven onshore sites in Germany were crossed

by at least 2 different birds in the peri@D14¢2016and three sites by 3 different birds.
Encounter rates also varied across years for particular individuals, depending on their choice
of staging or winteringite.

Recommendations

6.9

6.10

6.11

6.12

6.13

6.14

6.15

GiventheK A 3K LINBLRNIA2Y 2F .SgA01Qa {ély GNI O]a
wind farm site but also offshore wind farms in German, Dutch and Belgian waters,

findings show thapatrticular care should bendertakento assesgumulative impacts of

AaSOSNIf GgAYR FIENXYa f2y3 KS aglyaQ YAINI G2 NI
AAAYATFAOLIYH STFFSOG 2F (KSaS RS@St2LISyda 2y
which is in decline and listeak Endangered ithhe European Red List of bird spec{B#rdLife

International 2015).

Moreover, ollision risk at onshore wind farms should also be taken into account during

cumulative impact assessments undertaken for birds that migrate over both land and water.

The importance of considering both offshore and onshore wind farms in cumulative impact
assessments extends to other migratory waterskd F YR A& y28G ftAYAGSR G2
International communication andublicly accessible data on proposed and constructed

wind farm sites (including their precise location and the numdned sizeof turbines) in

range states is crucialsfrategicand projectspecific asessmergareto determine

cumulative effectsnore precisely

The study has served to demonstrate that bivaatering at sites some distance from

proposed wind farm development may encounter the development during their annual

migration. As such, EIAs for offshore wind farms should consider potential impacts on all

{t1a RSaA3IYylI ISR T2 Necolsahsiiey.Qa { gl yas y2i 2dzail
As illustrated by thewrent study,information on bird nigration zones is nowell founded

for some species. We therefore recommend that further tracking and also radar studies be
undertaken to improve knowledge of migration routes @her migratoryspecies where

internationally important numbers (>1% of the total population) occur in the UK, and/or

where SPAs have been designated for these species.

C2NJ . SgA01Qa {gtyas IfliK2dzaAK wmnsmxk: DONEGFIISR
footprint, this was based on small sample size of spring tracks, and further tracking may

provide a more robust assessment of the proportion of birds crossing different parts of the

footprint.
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6.16 Detailedfield and radar studiesf swan movement in the vicinitgf onshore sites in Europe
would perhapsserve to determine how the birds behave in relation to different turbine
spacing, and thus indicate whethttre creation of eastvest corricbrsa few hundreds of
meters wide might be useful to migrating swans amleo birds.

6.17 This reoort examinedhe frequency with which migrating S A 01 Qa { al ya Sy 02 dzy
turbines,and are thus at risk of collision, but the effects of wind turbines in displacing birds
from key feeding and roosting areas at wintering and staging siuld also be assessed in
determining their cumulative impacts on migratory specikidhoughsome individua may
become habituated to turbines artolerate them, whether there ia percentage of the
populationthat relocates from sites where wind fagfave been constructed has yet to be
ascertainedAdditionally, despite the small sample size of tagged birds, existing tracking
data couldbe examinedo determine the extent to which feedingwvans movevithin or stay
outside the perimetes of constructedwind farms most usefully at wintering and staging
areas where there are higher wind farm densities on mainland Eurbipie, together with
national count dataand data on potential explanatory variablesd.variation in food
supply; competibn from other species for food resourceg)ay help to determine whether
there is largescale (landscape level) aiod local displacement of swans from the vicinity of
wind farm sites.

6.18 Potential collision witlother infrastructure¢ particularly powerline ¢ should also be
included in collision risk assessments. Collisions with powerlines is the most commonly
reported cause of death in swan speciegy(Brownet al. 1992) and there is preliminary
information that elevated bird collisions with powerlinesaair in the vicinity of wind farm
sites(Klop &Brenninkmeijer 2014Brenninkmeijer & Klop 20)50erhaps because avoidance
of the more obvious turbines results in a higher rate of flux acrosseggeobvious wires.

6.19 Access to turbine data for the remaigj countries of the flyway, and also attribute data for
the turbines that would allow us to determirthe sweep of the rotors from more precise
measures of theotor radii, would provide a more robust measure of encounter frequency
F2NJ . Sg A Mpdaling thedprlobakility distribution for swan tracks, rather than
assuming a straight line between GPS locations, would also be beneficial for making a more
comprehensive assessment collision riska more comfgx model, it would perhapise
possible to lik turbine positioning to local wind conditions (as turbine hubs are rotated to
face the prevailing wind), so that the actual rotor swept area perpendicular to a swan track
at the time it travelled past the turbine can be calculatéébeit this level of d&il may
perhaps be merited only f@wan tracks derived from GPS data colldcit more frequent
intervals

6.20 A single standardised database of all offshore and onshore wind farms should be developed
to facilitate cumulative impact assessments.
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9. APPENDICES

Appendix 1 Summary of theotal number of GPS fixgbl_GPSjollectedduring tracking days (N_daysy 18 collar tagged
S 6 A Swarder the course of the study each of the country and ocean areas along the eastward or westward migratior
routes from 2014 to 201@ith the earliest(Min. date)and latest dategMax. date)each year fowhich data were céécted.

Tag Country or 2014 2015 2016 Totd
code ocean Min. Max. | N_GPS| N_days| Min. Max. | N_GPS| N_days| Min. Max. | N_GPS| N_days| fixes
date date date date date date
BEWIO1| Estonia 23/04 | 23/04 | 1 1
Germany 27/02 | 22/03 | 949 24
Latvia 23/03 | 23/04 | 341 15
Lithuania 23/03 | 23/04 | 437 20
Netherlands 27102 | 27102 | 26 1
Russia 23/04 | 27/05 | 280 35
Sweden 23/03 | 23/03 | 3 1
United 17/12 | 31/12 | 109 15 01/01 | 27/02 | 2371 58
Kingdom
Baltic Sea 22/03 | 23/03 | 10 2
Kattegat 22/03 | 22/03 | 1 1
North Sea 27/02 | 27/02 | 78 1
BEWIO1 17/12 | 31/12 | 109 15 01/01 | 27/05 | 4497 159 4606
Total
BEWI03| Denmark 28/10 | 28/10 | 7 1 02/03 | 07/03 | 206 6
Estonia 20/03 | 27/10 | 1154 21
Germany 03/03 | 10/03 | 389 8 02/03 | 02/03 | 3 1
Latvia 11/03 | 28/10 | 1821 30
Lithuania 12/03 | 19/03 | 769 8
Netherlands 02/03 | 30/10 | 18 3
Russia 23/04 | 27/10 | 9363 185
Sweden 28/10 | 28/10 | 8 1
United 25/01 | 23/11 | 54 11 23/01 | 02/03 | 312 12
Kingdom
Baltic Sea 03/03 | 28/10 | 572 10
Barents Sea 10/05 | 28/09 | 297 19
Bristol 19/01 | 31/12 | 3745 105 01/01 | 24/02 | 601 55
Channel
Gulf of 23/04 | 23/04 | 1 1
Finland
Gulf of Riga 19/03 | 11/04 | 195 5
Kattegat 28/10 | 28/10 | 11 1
North Sea 02/03 | 30/10 | 107 5 02/03 | 02/03 | 17 1
White Sea 09/05 | 28/09 | 19 2
BEWI03 19/01 | 31/12 | 18530 | 416 01/01 | 07/03 | 1139 75 19669
Total
BEWI04| Belarus 21/03 | 26/04 | 237 28 22/03 | 02/05 | 134 29
Germany 21/02 | 13/12 | 15 7 22/02 | 04/03 | 60 10
Lithuania 22/10 | 22/10 | 1 1
Netherlands 22/02 | 22/02 | 1 1
Poland 28/02 | 29/11 | 218 42 05/03 | 23/03 | 75 19
Russia 27/04 | 23/10 | 404 127 02/05 | 11/05 | 9 3
United 07/02 | 31/12 | 86 19 01/01 | 22/02 | 290 50
Kingdom
Barents Sea| 06/06 | 01/10 | 152 73
North Sea 27/12 | 27/12 | 4 1 22/02 | 22/02 | 2 1
White Sea | 09/05 | 11/05 | 13 3 10/05 | 11/05 | 3 2
BEWI04 07/02 | 31/12 | 1130 301 01/01 | 11/05 | 574 115 1704
Total
BEWI08| Denmark 23/02 | 29/10 | 84 22
Estonia 15/03 | 22/10 | 50 15
Germany 18/02 | 11/03 | 71 12
Latvia 19/03 | 26/04 | 115 23 13/03 | 24/03 | 24 8
Lithuania 26/03 | 16/04 | 92 17 12/03 | 13/03 | 11 2
Netherlands | 08/11 | 17/11 | 37 10 17/02 | 18/02 | 3 2
Poland 11/03 | 11/03 | 1 1
Russia 05/05 | 21/10 | 583 157 12/03 | 23/08 | 221 50
Sweden 23/10 | 24/10 | 5 2
United 20/01 | 26/12 | 94 18 14/02 | 17/02 | 21 4
Kingdom
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Baltic Sea 22/10 | 22/10 | 1 1 11/03 | 11/03 | 1 1
Barents Sea| 19/09 | 19/09 | 1 1
Gulf of Riga | 14/03 | 19/03 | 19 6
Kattegat 24/10 | 24/10 | 1 1
North Sea 23/02 | 02/11 | 14 5 17/02 | 17/02 | 2 1
White Sea 04/05 | 03/10 | 19 6
BEWI08 20/01 | 26/12 | 1115 284 14/02 | 23/08 | 355 81 1470
Total
BEWI09| Denmark 13/02 | 25/12 | 151 42 11/03 | 11/03 | 1 1 07/02 | 11/02 | 15 5
Estonia 12/03 | 09/11 | 36 13 20/03 | 01/04 | 49 13
Germany 10/02 | 22/11 | 11 4 16/02 | 11/03 | 66 15 28/01 | 06/03 | 148 33
Latvia 11/03 | 12/03 | 14 2 12/03 | 28/10 | 89 23
Lithuania 11/03 | 11/03 | 1 1
Netherlands | 28/12 | 31/12 | 19 4 01/01 | 29/12 | 273 56 01/01 | 26/01 | 109 26
Russia 03/04 | 01/11 | 395 120 01/04 | 05/10 | 399 122
Sweden 10/03 | 10/03 | 1 1 28/10 | 28/10 | 1 1
United 18/01 | 09/02 | 73 16
Kingdom
Baltic Sea 10/03 | 10/03 | 1 1 28/10 | 28/10 | 1 1
Barents Sea| 31/05 | 28/09 | 87 38 11/06 | 28/09 | 157 58
Gulf of 04/04 | 18/04 | 55 11
Finland
Gulf of Riga | 10/03 | 11/11 | 94 27 20/03 | 09/10 | 11 5
Kattegat 09/03 | 10/03 | 3 2 28/10 | 28/10 | 1 1
North Sea 10/02 | 28/12 | 2 2 29/10 | 31/12 | 85 35 01/01 | 28/01 | 39 22
White Sea 06/05 | 07/05 | 8 2
BEWI09 18/01 | 31/12 | 942 283 01/01 | 31/12 | 1142 334 01/01 | 06/03 | 311 86 2395
Total
BEWI11| Denmark 22/02 | 31/12 | 3671 94 01/01 | 31/12 | 2938 157 01/01 | 03/01 | 9 3
Estonia 05/04 | 01/11 | 27 3 01/10 | 28/10 | 105 17
Finland 22/04 | 22/04 | 2 1
Germany 22/02 | 22/02 | 7 1 03/01 | 03/01 | 1 1
Latvia 04/04 | 04/04 | 14 1 11/11 | 11/11 | 1 1
Russia 06/04 | 01/11 | 1725 170 22/04 | 28/10 | 1267 170
Sweden 03/04 | 04/04 | 12 2 21/04 | 21/04 | 9 1
United 13/02 | 22/02 | 208 10 05/01 | 07/03 | 1169 63
Kingdom
Baltic Sea 04/04 | 04/04 | 17 1 22/04 | 13/11 | 9 3
Barents Sea| 30/05 | 02/10 | 240 41 23/05 | 25/09 | 41 17
Gulf of 22/04 | 22/04 | 2 1
Bothnia
Gulf of 06/04 | 01/11 | 130 23 22/04 | 24/04 | 49 3
Finland
Gulf of Riga | 04/04 | 03/11 | 94 6 28/10 | 11/11 | 36 14
Kattegat 03/04 | 03/04 | 25 1 21/04 | 14/11 | 6 2
North Sea 22/02 | 12/11 | 74 10 07/12 | 31/12 | 22 6 04/01 | 04/01 | 6 1
White Sea 04/05 | 29/05 | 116 25 20/05 | 22/05 | 46 3
BEWI11 13/02 | 31/12 | 6360 388 01/01 | 31/12 | 4533 396 01/01 | 07/03 | 1185 68 12078
Total
BEWI12| Denmark 05/03 | 31/12 | 2906 81 01/01 | 06/03 | 109 6
Estonia 23/03 | 23/10 | 1112 28
Germany 03/03 | 05/03 | 260 3 04/03 | 04/03 | 14 1
Latvia 22/03 | 24/10 | 1897 34
Lithuania 22/03 | 22/03 | 2 1
Netherlands 03/03 | 03/03 | 5 1 04/01 | 04/03 | 34 6
Russia 29/04 | 06/10 | 6948 150
Sweden 20/03 | 26/10 | 181 4
United 15/01 | 03/03 | 45 11 07/01 | 03/03 | 93 34
Kingdom
Baltic Sea 21/03 | 26/10 | 226 7
Barents Sea 21/05 | 03/10 | 487 22
Bristol 13/01 | 02/03 | 2653 a7 21/01 | 02/03 | 631 42
Channel
Gulf of 26/04 | 06/10 | 38 4
Finland
Gulf of Riga 23/03 | 23/10 | 91 13
Kattegat 19/03 | 27/10 | 107 4
North Sea 03/03 | 17/12 | 16 2 04/01 | 04/03 | 30 3
White Sea 08/05 | 20/05 | 440 13
BEWI12 13/01 | 31/12 | 17414 | 425 01/01 | 06/03 | 911 92 18325
Total
BEWI13| Denmark 25/02 | 19/03 | 2452 23
Estonia 24/03 | 08/05 | 717 46
Finland 30/09 | 30/09 | 2 1
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Latvia 24/03 | 24/03 | 30 1
Lithuania 22/03 | 24/03 | 64 3
Russia 22/03 | 01/10 | 377 90
Sweden 20/03 | 20/03 | 5 1
United 21/02 | 25/02 | 19 3
Kingdom
Baltic Sea 20/03 | 22/03 | 93 3
Barents Sea 21/05 | 21/05 | 1 1
Bristol 13/01 | 24/02 | 1903 42
Channel
Gulf of 01/10 | 01/10 | 1 1
Finland
Gulf of Riga 24/03 | 24/03 | 3 1
Kattegat 19/03 | 20/03 | 34 2
North Sea 25/02 | 26/02 | 165 2
BEWI13 13/01 | 01/10 | 5866 220 5866
Total
BEWI16| Denmark 04/03 | 23/03 | 783 20
Sweden 23/03 | 10/06 | 1796 80
United 20/02 | 03/03 | 21 3
Kingdom
Baltic Sea 13/05 | 16/05 | 68 4
Bristol 13/01 | 03/03 | 2624 49
Channel
Kattegat 09/03 | 23/03 | 96 11
North Sea 03/03 | 04/03 | 41 2
BEWI16 13/01 | 10/06 | 5429 169 5429
Total
BEWI17| Estonia 10/04 | 17/10 | 368 14
Germany 10/02 | 31/12 | 1735 81 01/01 | 09/02 | 243 40
Latvia 22/03 | 06/10 | 430 21
Lithuania 14/03 | 22/03 | 364 9
Netherlands 09/02 | 10/02 | 3 2 17/01 | 03/02 | 4 2
Poland 10/03 | 13/03 | 75 4
Russia 13/03 | 06/10 | 3999 142
Sweden 20/10 | 21/10 | 9 2
United 21/01 | 09/02 | 351 20
Kingdom
Baltic Sea 25/02 | 13/11 | 614 30
Barents Sea 05/09 | 02/10 | 73 14
Gulf of 11/04 | 12/04 | 2 2
Finland
Gulf of Riga 06/10 | 17/10 | 40 6
North Sea 09/02 | 13/02 | 24 3
White Sea 05/05 | 09/05 | 6 5
BEWI17 21/01 | 31/12 | 8093 355 01/01 | 09/02 | 247 42 8340
Total
BEWI18| Denmark 22/03 | 07/04 | 407 17
Estonia 07/05 | 08/05 | 22 2
Latvia 08/04 | 06/05 | 682 29
Netherlands 21/03 | 22/03 | 8 2
Russia 08/05 | 09/10 | 145 14
Sweden 07/04 | 08/04 | 12 2
United 21/01 | 21/03 | 1776 60
Kingdom
Baltic Sea 08/04 | 08/04 | 4 1
Gulf of 08/05 | 08/05 | 8 1
Finland
Gulf of Riga 06/05 | 07/05 | 8 2
Kattegat 22/03 | 07/04 | 9 4
North Sea 20/03 | 22/03 | 74 3
White Sea 09/05 | 04/10 | 6 4
BEWI18 21/01 | 09/10 | 3161 141 3161
Total
BEWI19| Denmark 26/02 | 21/11 | 865 52 23/02 | 06/03 | 225 13
Estonia 14/03 | 07/10 | 85 13
Germany 13/10 | 23/10 | 14 5 19/02 | 23/02 | 48 5
Latvia 16/03 | 11/10 | 776 27
Netherlands 19/02 | 19/02 | 6 1
Russia 07/04 | 27/09 | 599 118
Sweden 13/03 | 13/03 | 86 1
United 21/01 | 31/12 | 2060 76 01/01 | 18/02 | 296 49
Kingdom
Baltic Sea 13/03 | 13/10 | 25 4 19/02 | 19/02 | 4 1
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Barents Sea 29/08 | 15/09 | 5 5
Gulf of Riga 14/03 | 06/10 | 56 5
Kattegat 12/03 | 13/03 | 10 2
North Sea 26/02 | 22/11 | 56 14 18/02 | 04/03 | 34 4
White Sea 01/05 | 17/09 | 33 10
BEWI19 21/01 | 31/12 | 4670 332 01/01 | 06/03 | 613 73 5283
Total
BEWI20| Denmark 24/11 | 31/12 | 82 33 03/02 | 06/03 | 241 33
Estonia 10/04 | 24/10 | 30 9
Germany 10/02 | 24/11 | 1870 31
Latvia 22/03 | 22/11 | 524 49
Lithuania 14/03 | 22/03 | 184 9
Netherlands 09/02 | 10/02 | 4 2
Poland 11/03 | 13/03 | 26 3
Russia 13/03 | 05/10 | 459 104
United 21/01 | 09/02 | 533 20 10/01 | 02/02 | 89 24
Kingdom
Baltic Sea 25/02 | 23/11 | 65 8
Barents Sea 05/09 | 25/09 | 2 2
Gulf of 11/04 | 11/04 | 1 1
Finland
Gulf of Riga 10/04 | 21/10 | 11 6
North Sea 09/02 | 08/12 | 47 4 05/02 | 01/03 | 25 8
White Sea 05/05 | 08/05 | 8 4
BEWI20 21/01 | 31/12 | 3846 285 10/01 | 06/03 | 355 65 4201
Total
BEWI21| Denmark 03/12 | 13/12 | 24 11
Estonia 18/03 | 10/11 | 28 9
Germany 17/02 | 31/12 | 226 42 01/01 | 07/03 | 553 67
Lithuania 12/11 | 13/11 | 3 2
Netherlands 17/02 | 18/12 | 31 6
Poland 24/02 | 17/03 | 565 22
Russia 08/04 | 05/11 | 5833 170
United 21/01 | 17/02 | 392 28
Kingdom
Baltic Sea 23/02 | 13/11 | 29 7
Barents Sea 01/06 | 02/10 | 210 18
Gulf of Riga 18/03 | 11/11 | 434 24
North Sea 17/02 | 17/02 | 2 1
BEWI21 21/01 | 31/12 | 7777 340 01/01 | 07/03 | 553 67 8330
Total
BEWI22| Denmark 22/02 | 11/03 | 1638 18 04/03 | 06/03 | 116 3
Estonia 24/04 | 26/10 | 679 23
Germany 22/02 | 31/12 | 431 59 01/01 | 03/03 | 29 5
Latvia 24/03 | 27/10 | 778 34
Lithuania 26/10 | 27/10 | 38 2
Netherlands 21/02 | 06/12 | 708 17 04/01 | 03/03 | 516 60
Poland 28/10 | 28/10 | 4 1
Russia 25/04 | 06/10 | 816 45
Sweden 11/03 | 24/03 | 754 14
United 21/01 | 21/02 | 1235 32
Kingdom
Baltic Sea 24/03 | 29/10 | 56 4
Barents Sea 13/07 | 26/09 | 2592 72
Gulf of 25/04 | 06/10 | 30 3
Finland
Gulf of Riga 24/04 | 26/10 | 274 18
Kattegat 26/02 | 11/03 | 11 3
North Sea 21/02 | 29/10 | 52 3 04/01 | 04/03 | 23 6
BEWI22 21/01 | 31/12 | 10096 | 348 01/01 | 06/03 | 684 74 10780
Total
BEWI23| United 21/01 | 23/02 | 428 34
Kingdom
BEWI23 21/01 | 23/02 | 428 34 428
Total
BEWI25| Denmark 07/03 | 09/03 | 18 3
Estonia 23/03 | 01/05 | 685 40
Germany 02/03 | 07/03 | 110 6
Latvia 23/03 | 23/03 | 1 1
Netherlands 02/03 | 02/03 | 4 1
Poland 09/03 | 23/03 | 361 15
Russia 02/05 | 17/10 | 405 91
United 21/01 | 02/03 | 1023 41
Kingdom
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Baltic Sea 07/03 | 23/03 | 14 3

Barents Sea 03/05 | 03/05 | 1 1

Gulf of 01/05 | 02/05 | 36 2

Finland

Gulf of Riga 23/03 | 23/03 | 1 1

North Sea 02/03 | 02/03 | 3 1

White Sea 03/05 | 03/05 | 6 1
BEWI25 21/01 | 17/10 | 2668 207 2668
Total
BEWI26| Belgium 31/10 | 31/10 | 5 1

Denmark 08/03 | 08/03 | 4 1

Estonia 09/03 | 05/10 | 1068 46

France 31/10 | 31/10 | 3 1

Germany 08/03 | 29/10 | 940 23

Latvia 24/03 | 07/10 | 256 14

Lithuania 07/10 | 07/10 | 2 1

Netherlands 08/03 | 31/12 | 2444 64 01/01 | 01/01 | 6 1

Russia 03/04 | 05/10 | 4605 111

Sweden 08/03 | 09/03 | 34 2

United 21/01 | 31/10 | 1247 48 01/01 | 07/03 | 2548 67

Kingdom

Baltic Sea 08/03 | 26/10 | 64 7

Barents Sea 13/06 | 28/09 | 1288 33

Gulf of 30/04 | 30/04 | 1 1

Finland

Gulf of Riga 09/03 | 06/10 | 98 9

Kattegat 08/03 | 08/03 | 19 1

North Sea 07/03 | 31/12 | 582 38 01/01 | 01/01 | 26 1

White Sea 29/09 | 30/09 | 12 2
BEWI26 21/01 | 31/12 | 12672 | 403 01/01 | 07/03 | 2580 69 15252
Total
Overall 18/01 | 31/12 | 9656 1271 01/01 | 31/12 | 111751 | 4760 01/01 | 07/03 | 8578 711 129985
Total
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