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UTDRATTUR:

Tilgangur rannsékna a aflugi 4 ndverandi og fyrirhugadar haspennulinur i Hvalfjardarsveit, Borgarfirdi og a
Holtavérduheidi var ad meta ahrif haspennulina a fugla, sérstaklega alftir, blesgaesir og margaesir. Notadar
voru prjar adferdir vid ad meta aflug. Linuganga, par sem bjorgunarsveitarfélk gekk medfram voldum
koflum linunnar i leit ad fuglshraejum, leit ad alftum og steerri fuglum med dréna sem flogid var yfir valda
kafla linunnar og mat 4 aflugi blesgeesa sem bera GPS/GSM senda.

i linulabbi um Andakil fundust nokkur hrae vorid 2022, mest af alft og eitt blesgaesahrae auk égreindrar
gaesar. Adeins eitt alftahrae fannst haustid eftir. A Grundartangasvaedinu fannst mun meira af fuglum. Fyrri
gangan var farin haustid 2022 og fundust pa leifar af 15 fuglum, par af voru 7 alftir og tveir mafar. Ein
gragaes fannst auk rjupu og vadfugla. Vorid eftir fundust par leifar af 31 fugli, mest var af mafum (11) og
alftum (10) en einnig prir fylar, margaes, prestir og vadfuglar.

i drénaleit fundust engin ummerki um &lftir né adra fugla. Adferdin er pé talin henta vel til leitar af steerri
fuglum.

Vid mat & aflugi GPS/GSM merktra blesgaesa i Andakil (15 gaesir) og & Sudurlandi (31 gaes) fengust
upplysingar um flugleidir yfir linur, baedi Landsnets og Rarik. Ekki var vitad um ad nein gaesanna hefdi flogid
a linu. Med pvi ad skoda fluglinur geesanna yfir hdspennulinurnar matti sja ,heit” sveedi par sem mikid flug
var ¥fir linur. Ef bornar voru saman nidurstédur linulabbs i Andakil vid flug merktra blesgaesa par kom i ljés
ad g6d samsvorun var milli peirra stada sem skilgreindir voru sem ,heitir” og stada par sem leifar alfta og
gaesa fundust. bessi adferd med merkta fugla hefur ekki verid notud hér a landi adur og er ny nalgun 4 ad
meta aflug dkvedinna tegunda 4 linur auk pess sem med adferdinni ma finna heita bletti par sem ma gera
linur meira dberandi med pvi ad setja a paer merki til ad draga Ur drekstrarhzettu.

LYKILORD SLENSK: LYKILORD ENSK:

Haspennulinur, aflugshzetta, fuglar. Power-lines, collision-risk, birds.

© Geta skal heimilda sé efni skyrslunnar afritad eda birt med einhverjum haetti.
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1 Inngangur

[ matsdaetlun fyrir mat & umhverfisahrifum Holtavérduheidarlinu 1 kom fram ad umfjéllun og mat &
veegi ahrifa & fuglalif yrdi byggt a skyrslu Nattdrustofu Nordausturlands um fugla & fyrirhugadri
raflinuleid®. bar var metinn péttleiki méfugla 4 linleidinni auk skrdninga & 68rum tegundum varpfugla
sem par saust og talningar fugla a votnum og tjérnum. Einnig voru gaesir og alftir sérstaklega taldar ad
vori og hausti a laglendishluta leidarinnar pangad sem tegundirnar saekja oft i miklu magni.

Ekki var lagt mat & aflugshaettu i skyrslunni en haetta 4 aflugi hinna ymsu tegundahdpa raedd at fra
nidurstddum fyrri rannsékna dsamt 63rum ahrifum raflina 4 fugla. [ skyrslunni kemur einnig fram ad i
Andakil sé mikilvaegt busvaedi blesgaesa sem fari um svaedid vor og haust a fari milli varpsvaeda a
Graenlandi og vetrarstodva & Bretlandi og irlandi. Til a8 meta likur & arekstrum blesgaesa var sagt i
matsazetlun ad leitad yrdi sérstaklega ad blesgeesum 4 16 km kafla i Andakil. | umségnum um
matsazetlun komu fram athugasemdir vid rannséknir & aflugi fra Nattarufreedistofnun islands og
Hvalfjardarsveit. Natturufraedistofnun gerdi athugasemdir vardandi tidni athugana & mogulegum
arekstrum blesgaesa og ad skoda pyrfti aflugstioni alfta og himbrima & Holtavorduheidi.
Hvalfjardarsveit gerdi athugasemd er laut ad svaedinu vid Hélmavatn og Eidisvatn par sem haetta veeri
a aflugi andfugla, himbrima og arna. [ vidbrégdum vid athugasemdum var pad bodad ad gengid yrdi
med nuverandi raflinu a@ peim kafla sem naestur er Hvanneyri og blesgaesa helst ad vaenta, baedi vor og
haust. Sami hattur yrdi svo hafdur @ vid Grundartanga i Hvalfjardarsveit, 4 peim kafla linunnar sem
bverar flugleid milli Grunnafjardar og Hvalfjardar, til ad leita margaesa, himbrima og alfta. Einnig var
bodad ad leitad yrdi ad daudum alftum, sem mogulega hefdu flogid 4 linu, med dréna sem flogid yrdi
yfir ndverandi haspennulinu 4 voldum koflum. Auk pessa fékk Verkis adgang ad gégnum um flugleidir
graenlenskra blesgasa sem bera GPS/GSM senda & halshring. Gaesir pessar hafa verid merktar af
Greenland Whitefront Study Group (GWFSG) og fleirum. Til eru flugleidir merktra gaesa &
Hvanneyrarsvaedinu yfir linur sem par eru og einnig fra Sudurlandi en helstu viokomustadir blesgaesa
eru Sudurlandsundirlendid og Vesturland.

Vid athuganir & aflugi fugla & haspennulinur eru ymis vandkvaedi, sérstaklega vié ad f4 magnbundid
mat a afluginu. Fuglar sem drepast vid aflug geta verid bornir burt af hraeaetum eda étnir 4 stadnum.
par er helst ad nefna refi og minka en einnig fugla eins og mafa, hrafna, skiima, erni og stundum falka.
Minni fugla eins og sporfugla og vadfugla er audvelt ad bera burt medan staerri fuglar eins og alft, gaesir,
mafar og eins himbrimar eru frekar étnir & stadnum og sjast pvi frekar ummerki um pda. bannig sjast
ummerki um alftir lengi undir linum, jafnvel vikum eda manudum saman, medan minni fuglar hverfa
fyrr. Pannig eru likur & ad finna tegundir mismiklar og veldur pad skekkju vid mat a tidni aflugs milli
tegunda. Aukin tidni géngu medfram linum eykur likur & ad finna minni fugla en slikt er mjég mannfrekt
og kostnadarsamt. Med myndavélateekni ma vakta valda kafla a linum til ad meta aflug og sja vidbrogd
tegunda vid linum og hefur slikt verid gert, m.a. vié Laxa i Pingeyjarsyslu.?

Notkun drdnatil ad leita ad fuglum vid linu er hagkvaem adferd par sem einn madur getur dekkad lengri
kafla @ skdmmum tima. Su adferd er samt annmdrkum had pvi minni fuglar og fuglar samlitir
umhverfinu finnast sidur med dréna en staerri og dberandi fuglar eins og t.d. alftir.

Notkun a fuglum med senda er ny leid til ad fa mat a aflugshaettu og tidni. Haegt er ad fa upplysingar
um fjolda ferda fugla yfir linur og vegna pess ad fuglarnir eru med senda pa eru peir sottir pegar peir
drepast og pa sést hvort daudinn hafi verid vegna aflugs a linu eda af 68rum orsékum. Einnig ma nota
gogn um flugleidir til ad sja hvort dkvednir kaflar linu eru @ mikilli flugleid. Slikar upplysingar gagnast
vid akvordunartoku um mogulegar motvaegisadgerdir, til ad mynda merkingu lina sem gerir hana
synilegri og audveldar fuglum ad sja hana og fordast.

1 Adalsteinn Orn Snaepdrsson, Yann Kolbeinsson og Porkell Lindberg Pérarinsson, 2018. Fuglar & fyrirhugadri raflinuleid milli
Blonduvirkjunar og Brennimels a Hvalfjardarstrond. Husavik: Natturustofa Nordausturlands, Skyrsla nr. NNA-1806.
2 Verkis, 2016. Aflug fugla d flutningslinur — préun véktunaradferda. Unnid fyrir Landsnet.
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Hér verdur gerd grein fyrir nidurstodum ur kdnnunum med ofangreindum adferdum sem notadar
verda vid mat 8 umhverfisdhrifum Holtavérduheidarlinu 1.
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2 Adferdir

2.1 Linuganga

Vor og haust 2022 var leitad daudra eda sardra geesa og annarra fugla medfram fyrirhugadri leid
Holtavorduheidarlinu 1 um Andakil. Gengid var medfram linunni & um 16 km kafla, fra hlidum
Brekkufjalls og nordur fyrir Grimsa. Leitad var blesgaesa, sem gaetu hafa flogid a linuna, a um 80 m belti
til beggja handa ut fra henni. Var par fylgt adferd sem Landsnet hefur notad vid leit ad fuglum undir
haspennulinu. Ef fugl fannst eda ummerki um fugl pa var tekinn GPS punktur vié stadinn og ljosmynd
tekin af hraei. Hrae voru hirt og pau skodud a rannséknastofu til ad kanna ummerki um aflug. Medlimir
i Bjorgunarsveitinni Ok sau um leitina medfram linunum i Andakil.

Haustid 2022 og vorid 2023 var leitad daudra eda saerdra alfta, gaesa og annarra fugla medfram
fyrirhugadri leid Holtavérduheidarlinu 1 um Grundartangasvaedid. Gengid var fra Klafastédum par sem
linurnar koma ut fra Nordurali, ad Brennimel og svo medfram Vatnshamralinu ad pvi par sem hun
beygir til nordurs vestan vid Midfellsmula. Medlimir i Bjérgunarsveitinni Brak sdu um leitina medfram
linum & Grundartangasvaedinu.

Adferd vid voktunina og skraningu upplysinga er nanar lyst i vidauka 1.

2.2 Leit med drona

Vid leit ad alftum og 6drum fuglum undir haspennulinunni med dréna var notadur DJI Mavic Air 2s
dréni og var 11“ Apple Ipad notadur sem skjar med fjarstyringunni. Valdar voru leidir par sem liklegt
var ad alftir vaeru a ferdinni og leitad var i september og oktdber eftir ad alftir voru komnar med fleyga
unga. Dréonanum var flogid yfir haspennulinu i 30-50 m haed yfir jordu. Fylgst var med i Apple Ipad hvort
par sajust ummerki um fugla. Ef grunur var um pad pa var flug leekkad og flogid ad moégulegu fuglshraei
og pad skodad i nalaegd og myndad.

2.3 Mat & aflugi merktra blesgaesa

Fra arinu 2013 hafa blesgasir med GPS/GSM merki & halshring verid a ferdinni vid Hvanneyri og
annarsstadar a landinu. Halsmerkin eru pannig ar gardi gerd ad i peim er GPS maéttokutaeki sem getur
stadsett geesirnar med nokkurra metra nakveemni og einnig gefid upplysingar um hreyfingu sem maeld
er med prem hrédunarnemum. Pa ma i sumum tilfellum fa mat 4 flughaed med GPS maelingunni en su
meeling getur verid énakveem. Simsemdir er einnig i halsmerkinu og sendir hann upplysingarnar a
vefsidu med SMS eda GPRS gagnasendingu. Stjérnbunadur er i merkinu sem styrir tidni punktaséfnunar
og sendinga 4 gégnum og einnig er minniskort sem geymt getur nokkurra vikna gégn sem safnast upp
ef fuglarnir eru utan pjonustusvaedis GSM kerfa. Rafhlada merkisins er svo hladin med sdlarsellu utan
a halsmerkinu. Hreyfiskynjarar merkisins senda upplysingar um ad fugl sé daudur ef merkid er
hreyfingalaust um stund. P4 er reynt ad endurheimta merkid sem fyrst m.a. til ad meta danarorsok
fuglsins. Ekki tekst pd alltaf ad finna gaesina pd sendirinn finnist pvi randyr geta bitid halsinn sundur
pbannig ad merkid verid adskilid fra gaesinni. bannig veeri pad metid sem liklegt aflug ef merki finnst
undir eda mjog naerri linu.

Tvenns konar gagnasett voru notud vid athugun a aflugi blesgaesa med senda. Annars vegar fra geasum
sem voru i Andakil par sem fyrirhugud lina & ad risa og svo einnig blesgaesir sem halda til 4 Sudurlandi
og hitta fyrir haspennulinur par. bannig matti staekka gagnamagn og fa fleiri flugleidir yfir
haspennulinur. Carl Michell, breskur geesasérfraedingur var fenginn til ad vinna Ut gégnum um
blesgaesir og skiladi hann tveim adskildum minnisblodum um sitthvort svaedid og fylgja pau med hér
sem vidaukar.3* Gégn sem notud voru komu annars vegar fra Research Center for Eco-Environmental

3 Carl Mitchell 2022. Estimated power line crossing rates of Greenland White-fronted Geese near Hvanneyri, west Iceland.
Minnisblad unnid fyrir Verkis.

4 Carl Mitchell 2023. Estimated power line crossing rates of Greenland White-fronted Geese in the South Iceland.
Minnisblad unnid fyrir Verkis
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Sciences, Chinese Academy of Sciences (RCEES. CAS) um gaesir i Andakil og fra The Wildfowl & Wetlands
Trust (UK) um gaesir fra Sudurlandi. bessum adilum er pakkad fyrir agang ad géognunum.
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3 Nidurstoodur
3.1 Linuganga

3.1.1 Andakill

Fyrri gangan med linunni i Andakil var farin um vorid 2022 eftir ad blesgaesir voru ad mestu farnar til
Graenlands. Haustid 2022, i byrjun névember, var linan gengin a ny og voru blesgzesir pa horfnar af
landinu. A Mynd 3-1 ma sja hvar fuglar fundust undir linunni og tegund tilgreind i peim tilfellum sem
greining var moguleg.

[ gdngunni um vorid fundust 9 hrae eda fuglsleifar. [ einu tilviki var um ad raeda gamalt bein sem ekki
var unnt ad greina til tegundar og er pad merkt med spurningamerki. ba fannst gamalt bakbein sem
talid var vera af gees en ekki unnt ad greina hvada gaesategund pad var. Af hraejum sem fundust um
vorid voru 6ll talin vera gémul nema vadfuglsleifar. Eitt alftahraeid og blesgaesaveengur voru talin vera
fra fyrra hausti eda vetri en 6nnur eldri. Einn vadfugl fannst og voru pad eingdngu fjadrir sem taldar
voru af hrossagauki og var fra vorinu. Vid hlidina var xla fra falka pannig ad mogulega var
hrossagaukurinn veiddur af falka og étinn vid linuna eda falki séd hraeid og geaett sér & pvi. |
haustgéngunni fannst eingdngu eitt alftahrae frd sumrinu og var pad ad stérum hluta étid en eftir var
einn vaengur og bakbein og bringukjolur.

Mest var af alftum og gaesum a nordausturhluta athugunarsvaedisins (Mynd 3-1). Tveer alftir og 6greind
gaes voru vid tjorn nordan vid baeinn Laugarholt. betta er tjérn i ndAmunda vid raektud tun par sem linan
liggur yfir tjornina. Ekki er dliklegt ad tjornin sé notud sem nattstadur af geesum og alftum og linan gaeti
bvi skapad arekstrarhattu. Hrae af alft og blesgaes fundust svo skammt sudvestur af tjorninni, yfir og i
namunda vid raektad land. Ein alft fra vorinu var svo milli Vegmaétalinu og Hratatungulinu i vinstra horni
myndarinnar, ekki yfir raeektudu landi. Alftin fra haustinu var svo { tuni vid baeinn Skeljabrekku.

3.1.2 Grundartangi

Fyrri gangan 4 Grundartanga var ekki farin fyrr en i byrjun desember 2022 par sem erfidlega gekk ad fa
folk til ad ganga svaedid. Pad vildi til ad haustid 2022 var milt & svaedinu og pvi aud jord. | gdngunni
fundust hrae eda ummerki af 15 fuglum. Af peim voru sjo alftir, tveir mafar og ein gragaes. Einnig voru
leifar af rjupu og tveir vadfuglar, annar égreindur og einn hrossagaukur. Af alftahraejum voru 5 gomul
bein sem gaetu hafa verid eldri en fra arinu. A Mynd 3-2 m4 sj4 dreifingu hraejanna. bar ma sja ad fimm
af alftunum voru 4 litlu sveedi milli vatnanna priggja og par var einnig dgreindi vadfuglinn. Hinar tveer
alftirnar voru nyrst @ svaedinu, naerri tinum vid baeinn Eystra Midfell. bar skammt fra var einnig hrae af
maf. Gragaes, rjupa og mafur voru svo vid Skollholt, sudaustan vid Eidisvatn.

Seinni gangan & Grundartanga var uppur midjum mai 2023. Mun meira fannst af hraejum eda
fuglsleifum eda 31. bar af voru 10 alftir og 11 mafar. Tvaer endur fundust, skifond og toppodnd og ein
margaes. P4 fundust leifar af prem fylum, tveim skogarprostum og af vadfuglum pa fannst einn
hrossagaukur og spdi. Alftirnar voru nokkud jafndreifdar og flestar & svaedinu frd sudvesturhluta
Skollholts og nordur fyrir Holmavatn (Mynd 3-3). Ein alft var vid tun vid baeinn Eystra Midfell. Mafar
voru flestir og voru petta fjorir silamafar, hettumafur og rita. Fjérir égreindir stdrmafar par sem tveir
peirra voru taldir vera svartbakar. Dreifing mafanna var svipud og alftanna, nokkud jafndreifdir fra
sudvestur enda Skollholts og nordur fyrir Holmavatn (Mynd 3-3). Adrir fuglar voru a pessu sama svaedi
nema toppondin sem var vestur af tengivirkinu vié Brennimel.
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Mynd 3-3 Stadsetning hraeja sem fundust vid linugéngu a Grundartangasvaedinu vorid 2022.
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3.2 Leit med drdona

Drénar henta agaetlega vid ad meta aflug alfta a raflinur. A Mynd 3-4 m4 sja alftahrae sem myndad var
med drénai um 50 m haed undir Laekjartunslinu 1 austan vid Selfoss. betta hrae var af alft sem bar sendi
og flaug ad 6llum likindum & linuna. Hraeid var étid pannig ad litid var eftir nema vaengir afastir vid
bringubein. A Mynd 3-5 ma svo sja fimm alftir { tani i bverarhlid og gefa pessar myndir hugmynd um
synileika alfta @ drénamyndbandi sem tekid er i 50 m haed.

Mynd 3-4 Alftahrae sem myndad var med dréna i um 50 m. haed undir Laekjartinslinu 1 austan vid Selfoss.
Orin bendir & hrzeid.

[isel 100] [shutter: 1/250.0] [fnum "+ 280] [ev,: 0] [ct olorimd : default]|[focal le

Mynd 3-5 Fimm alftir i tani i bverarhlid. Myndin er tekin i um 50 m. had.
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A 1eid Holtavorduheidarlinu 1 var leitad ad alftum sem kynnu ad hafa flogid & linu um haust. b4 ma
buast vid ad alftafjolskyldur séu farnar ad fljuga auk pess sem blast ma vid geesum a Holtavérduheidi
og a laglendinu. Alls voru flognir 32,5 km & tveim dégum (16. september og 28. oktdber 2023) og a
Mynd 3-6 ma sja pa hluta ndverandi haspennulinu sem flogid var yfir. Engar daudar alftir né adrir fuglar
fundust i fluginu yfir linurnar. Tvisvar sinnum saust hvit ummerki sem voru pa skodud nanar med pvi
ad laekka flugid og reyndust ummerkin ekki vera um fugla.

7\ Ao
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Mynd 3-6 Linukaflar sem flognir voru med dréna yfir Hrutatungulinu i leit ad alftum eru merktir blair.
Gonguleid i linulabbi er graen.

3.3 Mat & aflugi merktra blesgaesa

3.3.1 Andakill

Greaenlenska blesgaesin er umferdarfarfugl & islandi, verpir & vesturstrond Graenlands og 4 sér
vetrarstédvar adallega 4 irlandi og i Skotlandi. Gaesirnar stoppa hér a islandi vor og haust & leid sinni
milli vetrar- og varpstodva og stoppa pa adallega a vesturlandi, Borgarfirdi og Myrum og 4 sunnanverdu
Snaefellsnesi. Einnig 4 Sudurlandsundirlendi, adallega fra Flda og austur undir Eyjafjoll og upp a Skeidin
og einnig i Medallandi og Landbroti i Skaftafellssyslum. A Vesturlandi hefur kjarninn i Gtbreidslu
blesgaesa verid & Hvanneyri og par i kring en & Sudurlandi er mest af blesgaesum i Landeyjum og
Pykkvabeae. Samkveemt talningum pa geta um 3.500 blesgaesir verid i Andakil.> Blesgaesir hafa att undir
hogg ad sxkja og hefur faekkad hratt fra sidustu aldamotum, ur rimlega 30 pusund fuglum i um 18
pusund nu og geeti enn verid ad faekka. Vegna pessa voru blesgaesir fridadar fyrir skotveidi arid 2006
en fram ad pvi voru ad medaltali um 3.300 gaesir skotnar 4 ari®. Enn eru ad medaltali um 330 gaesir

5 https://www.ni.is/is/biota/animalia/chordata/aves/anseriformes/blesgaes-anser-albifrons-flavirostris
6 Umhverfisstofnun | Veiditolur (ust.is)
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skotnar & ari ad mestu fyrir slysni ad talid er. Vegna pessarar faekkunar er blesgaesin 4 valista
Natturufreedistofnunar islands’ og er par i flokknum i haettu (EN). Vegna pessarar verndarstédu
blesgaesa og mikilvaegis Andakils fyrir tegundina var sérstaklega hugad ad pvi hvort liklegt teldist ad
eitthvad vaeri um daudsfoll peirra af voldum ndverandi raflina. Med pvi ad stydjast vid flugferla gaesa
med senda pa er haegt ad aaetla hve oft gaesir fljiga yfir linur og hvort einhverjar peirra lendi i aflugi
sem verdi peim ad aldurtila. bessi adferd er pvi laus vid pann vafa sem er um hvort hrae af fuglum séu
borin burt af hraeaetum og einnig pann vafa ad pau finnist ekki vid linulabb eda drdnaleit.

Nidurstédur fra merktum gaesum i Andakil byggja @ minnisbladi Carl Mitchell frd 2022.3 Fra Andakil
fengust upplysingar um 15 blesgaesir sem notadar voru i greininguna. bad gerir um 49 sendaar og fra
peim fengust og gogn fra 1.255 dogum. Alls voru pad um 29 dagar a gaes a ari sem er midgildi (2-48
dagar). A timabilinu voru 99.394 flug skrad og af peim voru 550 flug yfir linur i eigu Landsnets sem gerir
um 0,59 yfirflug 4 dag. Ef adeins eru teknar gaesir sem flugu yfir linur pa eru flugin um 1,12 4 dag (Tafla
3-1). Gaes nr. 14 fér oftast yfir linur eda 88 sinnum & 30 dogum.

Flug yfir linur i eigu Rarik & svaedinu voru 24 eda um 0,03 yfirflug 4 dag (Tafla 3-1) eda eitt yfirflug a4 33
dégum.

Flug yfir fyrirhugada Holtavorduheidarlinu 1 voru 295. bad gerir um 0,42 yfirflug 4 dag fyrir pessar 15
gaesir med senda.

Ut fra fluglinum gaesanna ma sja pa kafla 4 linunum par sem mest umferd gaesa er yfir og dsteeda til ad
etla ad par séu likur 4 ad 4flug verdi mestar. A Mynd 3-7 ma sja hvar pessir helstu kaflar eru. brir
punktar eru par sem Vatnshamralina og Hrutatungulina mynda prihyrning. A pessu svaedi eru tun par
sem gaesirnar seekja i og svo er stutt i nattstad 4 Andakilsa og i sum hennar par sem hdn rennurinn i
Borgarfjordinn. Auk pess ad natta sig 4 anni og leirunni pa fara gaesirnar fram og aftur fra tunum 4
leirurnar til ad saekja sér sand i féarnid. A rauda litnum & blettunum ma sja ad petta eru ,heitustu”
stadirnir. Annar heitur blettur er i mynni Reykholtsdals par sem gaesir eru ad fara ad pvi er virdist milli
raektarsvaeda. brir bleikari blettir eru svo vid baeinn Laugarholt, tveir blettir og yfir Hvitarvallavegi par
sem gaesirnar virdast fara milli Grimsar og raektarlands vid baeinn Hest.

Tafla 3-1 Azetlud tidni yfirfluga blesgaesa yfir linur i Andakil og nagrenni auk fyrirhugadrar Holtavérduheidarlinu
1. Ur Carl Michell 2022.3 SE stendur fyrir stadalskekkju (standard error).

Lina Fjoldi flugferla|Azetlud tidni yfirflugs 4 dag/A=etlud tidni yfirflugs & dag
sem fara  yfir/(allar geesir) (SE, bil) (eingdngu gaesir sem flugu yfir
haspennulinur linu) (SE, bil)

Landsnet 550 0.59 (0.14, 0-2.93) 1.12 (0.21, 0.03-2.93)

Rarik 24 0.03 (0.01, 0-0.33) 0.08 (0.02, 0.03-0.22)

Holtavorduheidarlina 1 295 0.42 (0.14, 0-4.89) 1.22 (0.35, 0.06-4.89)

7 https://www.ni.is/is/midlun/utgafa/valistar/fuglar/valisti-fugla
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Mynd 3-7 Efri myndin synir GPS punkta fra 15 merktum blesgasum naerri Hvanneyri, fra september 2017 til
mai 2022 (hvitir hringir). Fluglinur milli punkta eru graenar. Nuverandi linur Landsnets og
Holtavorduheidarlina 1 eru raudar og blaar. Rarik linur eru gular. Nedri myndin synir pau svaedi
sem haesta tidni yfirflugs var og eru pau svaedi synd sem bleik-raud. bvi meira rautt pvi haerri tioni
yfirflugs.
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3.3.2 Sudurland

Nidurstddur frd merktum gaesum & Sudurlandi byggja & minnisbladi Carl Mitchell frd 2023.% Fr3
Sudurlandi fengust upplysingar um 31 blesgaes sem notadar voru i greininguna. Fra peim fengust
27.772 stadsetningar fra 2.802 dégum. Alls voru pad um 27 dagar & gaes a ari sem er midgildi (2-108
dagar). Alls voru 897 flug yfir linur i eigu Landsnets og gerir pad um 0,41 yfirflug 4 dag eda eitt yfirflug
a 2,4 dogum (Tafla 3-2).

Flug yfir linur @ sveedinu i eigu Rarik voru 1.023 og gerir pad um 0,43 yfirflug 4 dag, eda eitt yfirflug a
2,3 dégum.

Su gaes sem oftast for yfir linur Landsnets fér 10 ferdir &4 prem dégum. Engin gaes var talin hafa flogid 4
linu & athugunartimanum.

Tafla3-2  Aztlud tidni yfirfluga blesgaesa yfir linur 4 Sudurlandi. Ur Carl Michell 2023.*

Eigandi linu Fjoldi flugferla sem fara|Azetlud tidni yfirflugr 4 dag/Aeetlud tidni yfirflugr a dag
yfir haspennulinur. (allar geesir) (SE, bil) (eing6éngu gaesir sem flugu yfir linu)
(SE, bil)
Landsnet 2802 0.41 (0.07, 0-3.33) 0.66 (0.10, 0.04-3.33)
Rarik 1023 0.43 (0.06, 0-2.48) 0.49 (0.07, 0.02-2.48)

Ut fra fluglinum gaesanna ma sja pa kafla 4 linum & Sudurlandi par sem mest umferd blesgaesa er yfir
og astaeda til ad etla ad par séu likur & ad aflug verdi mest. A Mynd 3-8 ma sja hvar pessir helstu kaflar
eru og eru heitustu blettirnir yfir Laekjartunslinu 1 vid Kégunarhdl og yfir Rarik linu par skammt sunnan
vid Mynd 3-9.
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Mynd 3-8 Efri myndin synir GPS punkta fra 31 merktri blesgaes a Sudurlandi, fra april 2013 til mai 2022 (hvitir
hringir). Fluglinur milli punkta eru graenar. Linur Landsnets eru raudar en Rarik linur eru gular.
Nedri myndin synir svaedi par sem haesta tidni yfirflugs var og eru pau svaedi synd sem bleik-raud.
bvi meira rautt pvi heitari eru pau.
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Mynd 3-9 Myndin af pvi sveedi sem synt er sem raudur ferningur @ mynd 3-8 og synir pau svaedi par sem hzesta
tioni yfirflugs var, pau svaedi eru synd sem bleik-raud. bvi meira rautt pvi heerri tidni yfirflugs.
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4 Umraedur

Hér voru notadar prjar adferdir vid ad meta &aflugsheettu & nudverandi haspennulinur yfir
Holtavorduheidi og um sveitir Borgarfjardar og Hvalfjardarsveitar. Linulabb og drénaflug eru
sambzerilegar adferdir & nokkurn hatt en mat a arekstrahattu med notkun GPS/GSM senda er ny
adferd hér & landi vid ad meta aflugstidni. Ahyggjur af aflugi beinast ekki sist ad blesgaesinni sem eins
og adur segir hefur att undir hogg ad saekja fra aldamadtum og mun Holtavérduheidarlina 1 liggja um
svaedi sem eru mikilveeg blesgaesinni. Hvanneyri og bair par i kring hafa verid fridlystir sem
Ramsarsvaedi og er pad m.a. vegna mikilvaegis sveedisins fyrir blesgaesastofninn og einnig er mikid af
blesgaes nordan vid pad svaedi. Ef haspennulinur eru ad skapa mikla haettu fyrir blesgaesirnar pa veeru
pbad neikvaed umhverfisahrif sem pyrfti ad reyna ad draga ur.

Vid linulabb um Andakil ad vori fundust adallega gomul hree, sum fra fyrri arum og mest af alftum en
einnig ein blesgaes og dgreind gees. Um haustid fannst einungis eitt hrae, af alft sem var fra sumrinu. Ef
dreifing alfta og gaesa sem fundust vid linulabb i Andakil (Mynd 3-1) er borin saman vid heitu reitina
sem komu i ljés vid athugun & GPS/GSM fuglunum (Mynd 3-7) pba sést ad fuglarnir fundust helst a
pessum heitu reitum. Fj6ldi blesgaesa & rannséknasvaedinu er mun meiri en alfta po gaesirnar dvelji par
i mun styttri tima. Samkvaemt leitar- og sendagdgnum virdist ekki algengt ad blesgaesir fljugi a linur en
samt gerist pad i einhverju maeli. Meiri likur virdast & ad alftir fljagi a linur. Sérstaklega sést pad pegar
linulabb & Grundartanga er skodad en par fundust alls leifar af 17 alftum en til samanburdar sex i
Andakil. A Grundartanga fannst mjog mikid af hraejum & svaedinu fra sudvesturhluta Skollholts og
nordur fyrir Hélmavatn (Mynd 3-2 og Mynd 3-3). betta voru badi hrae af alftum en einnig mikid af
mafum og fylum. Adeins ein margaes fannst og ein gragaes. Grundartangasvaedid er med mikid af linum
og par eru votn og tjarnir sem alftir leita a. Einnig er Grundatangasvaedid i fluglinu milli Hvalfjardar og
Grunnafjardar og er t.d. liklegt ad fylar sem eru ad rekast a linur séu ad stytta sér leid yfir land milli
fjardanna og lenda pa a linum. Mafafjoldi er mikill og kemur pad kannski baedi til vegna pess ad mafar
séu a leid milli fjardanna likt og fylar en einnig er nokkud mafavarp i nagrenninu, s.s. i Akrafjalli og a
Hvalfjardarstrond. Mafar sem eru i faeduleit yfir méum og votlendi eru gjarnan ad horfa nidur eftir
méfuglsungum eda 6dru hnossgaeti og eru pvi { haettu 4 ad fljuga a linur. Alftir eru ad horfa fram 4 vid
a flugi sinu en baedi eru paer oft a ferd i ljdsaskiptum og einnig eru paer pungar og kannski ekki mjog
fimar ad lyfta sér yfir linuna. Likur eru & ad margaesir fljugi milli Hvalfjardar og Grunnafjardar yfir land.
Margaesir eru umferdarfarfuglar hér og stoppa vor og haust likt og blesgaesir. Adeins fundust leifar af
einni margaes i linulabbi og pad bendir ekki til ad mikid sé um arekstra peirra vid linur. Arnavarp hefur
verid i Grunnafirdi og Hvalfirdi auk pess sem ungir ernir hafa sést 4 svadinu pannig ad haetta gaeti verid
fyrir erni & flugi milli fjardanna og yfir athugunarsvaedinu.® Ekki fundust pé nein ummerki um aflug arna
vid linulabbid.

A svaedum eins og Grundartanga og 4 heitum reitum eins og sjast i Andakil Ut fra sendafuglunum aetti
ad athuga ad setja einhverskonar feelur a linurnar pannig ad peer verdi meira dberandi og fuglar geti
beygt fra i taeka tid.

Leit med dréna ad alftum leiddi ekki i ljos neina arekstra & svadinu sem leitad var. Ekki saust heldur
onnur hrae i peirri leit en minni likur eru @ ad sja minni fugla en alftir . bessi adferd krefst mun minni
mannafla til leitar en linulabbid og geeti nyst vel i framtidar rannséknum og voktun.

Nidurstodur athugana a sendafuglunum er athyglisverd og ny nalgun vid mat a aflugi auk pess sem su
adferd teiknar upp heita bletti par sem umferd fugla er mikil. Hér voru adeins skodud goégn um
blesgaesir en til eru gagnaséfn um fleiri tegundir fugla sem maetti skoda, s.s. gragaesir, heidagaesir og
helsingja auk alfta. b4 hefur Natturufraedistofnun islands verid med senda 4 ungum haférnum sem
einnig maetti skoda med tilliti til linuleida.

Af peim tegundum sem virdast helst fljuga 4 linur pa ber einna mest & alftum. bad vill po til ad valista
stadar alfta er LC, eda ekki i haettu. Alftum hefur fjdlga mjog i seinni tid pannig ad dliklegt er ad 4flug &

8 Menja von Schmalensee & Kristinn Skarphédinsson. (2021). Aflug arna 4 raflinur [White-tailed sea eagle collisions with
power lines in Iceland]. Fuglar nr. 13 (ISSN 1670-5572). 26-29.
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linur hafi mikil ahrif & stofn alfta. Svartbakur er med valistastéduna EN, i heettu og silamafar med
st6duna DD, gogn vantar. beim hefur faakkad nokkud ad talid er vegna skorts & sandsilum. Liklegt er ad
bad sé fyrst og fremst &4 Grundatangasvaedinu sem sjofuglar likt og mafar og fylar eru i haettu a ad fljuga
a linur. Minni tegundir s.s. rjapur, prestir, endur og vadfuglar eru frekar vanmetnar vid linulabb par
sem hrae af peim gaetu verid borin burt af hraesetum eins og ref, mink og mafum. Ut fra fjolda yfirfluga
blesgaesa pa virdist ekki mikid um aflug blesgaesa. Engin blesgees med sendi hefur flogid a linu hér a
landi svo vitad sé. Ein blesgaes fannst i linulabbinu sem bendir p6 til ad pad gerist ad peer fljugi a linu.
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Vidauki 1 Lysing adferda vid voktun haspennulina — Linulabb
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Voktun a fugladauda vid linur.

Markmid voktunarinnar er ad leita ad fuglum, daudum eda saerdum, sem
kunna ad finnast undir raflinum og geetu hafa flogid a linu. Baedi getur verid
um ad raeda heilt hrae, hluta Ur hreei eda fjadraflekkur hafi fuglinn verid étinn
eda fjarlaegdur.

Priggja manna hopur leitar sveedid og gengur fyrirfram akvedna leid. Numer
a mastri i linu er akvedid med slembilrtaki. Gengin er um 3 km. leid fram og
til baka og helmingur svaedis leitadur i senn. Hver leitarmadur leitar um 7
metra til hvorrar handar og leitarsvaedi pvi um 42 metrar & hvorum helming
eda samtals um 84 metra breitt sveedi. Leitarmenn nota 28 metra band sem
strengt er & milli leitarmanna og er einn i midjunni. Sa sem naestur linunum
gengur 7 metra fra midju peirra.

Athugun a vettvangi:

e Farid er ad staur sem valinn hefur verid og gengid i att ad heerra
numeri

e Merkja skal bilid sem gengid er med numerum a upphafsstaur og
lokastaur asamt nafni a linu. Taka GPS punkt vid upphafsstaur og
endastaur

e Ljésmyndir eru teknar af staurabili vid hvern staur svo sja megi grédur
og land milli staura

e Leitarmenn ganga hasgt milli staura og horfa vel i kringum sig til
beggja atta

e Ef fugl finnst eda ummerki um fugl pa er tekinn GPS punktur vid
stadinn

e Fjarlaegd fugls fra ystu linu er maeld. Sé fugl undir linu pa fjarlaegd fra
midlinu

e Ljésmynd tekin af hreei/flekk og nUmerad med heiti GPS punkts -
naermynd svo hagt sé ad greina tegund og mynd fjeer sem synir
umhverfi

e Hree af fugli er sett i poka og merkt med heiti GPS punkts

e begar heim er komid er hraejum komid til Arnérs b. Sigfussonar hja
Verkis ef haegt er, annars sett i frost.

Arnor b. Sigfusson simi 8434924, ats@verkis.is

Verkis hf.
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Vidauki 2 Carl Mitchell 2022. Estimated power line crossing rates of
Greenland White-fronted Geese near Hvanneyri, west Iceland. December
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Estimated power line crossing rates of Greenland White-fronted Geese near
Hvanneyri, west Iceland

Carl Mitchell
December 2022

Summary

Greenland White-fronted Geese stage in Iceland in spring and autumn on their way to and from their
breeding grounds in west Greenland. The population is small (approx 18,000 individuals) and declining. GPS
data from tagged individuals were examined near Hvanneyri in western Iceland. Data were available during
spring and autumn migration from September 2017 to May 2022. Possible flight segments (lines connecting
successive locations of individually marked geese) were compared with existing power lines and a proposed
new power line route in the Hvanneyri area. There was an overall mean rate of 0.59 (Standard Error 0.14,
range 0-2.93), 0.03 (0.01, 0-0.33) and 0.42 (0.14, 0-4.89) crossings per day during their period of stay in the
area, or one crossing every 1.7, 33.3 and 2.4 days, for the Landsnet, Rarik and the proposed new Landsnet
power lines, respectively. No GPS-tagged Greenland White-fronted Geese were recorded colliding with
power lines in the study area. In order to facilitate the possible deployment of bird diverter markers, on
both the existing and proposed power lines, based on the movements of tagged individuals, kernel density
estimation maps were prepared for the Hvanneyri area showing the locations of the most frequent crossing
points.

Introduction

Greenland White-fronted Geese Anser albifrons flavirostris breed in west Greenland, mainly between 66-
72°N and stage in Iceland in spring and autumn, and winter in Ireland and Britain (Fox & Walsh 2018). The
spring 2022 survey produced a population estimate of 18,027 birds (Fox et al. 2022). The population
showed a 4.3% per annum increase during 1983-1999, followed by 2.5% per annum decline during 2000-
2013 and the trend continues downwards. Ringing analyses of marked individuals has confirmed some
tendency for leapfrog migration; those breeding furthest north tending to stage through the Hvanneyri area
of west Iceland and winter furthest south; those breeding furthest south tending to stage in the southern
lowlands of Iceland and winter furthest north (Madsen et al. 1999, Francis & Fox 1987). The farmland at
Hvanneyri, and areas surrounding Borgarfjordur in west Iceland, is a well-known staging site for the geese
and is one of the largest known aggregations of these geese anywhere in their flyway (e.g. Tierney & Stroud
2018). The importance of the area for Greenland White-fronted Geese significantly influenced it being
designated by the Icelandic Government as a Wetland of International Importance, under the Ramsar
Convention on Wetlands, in 2013.

Many large terrestrial and wetland birds are prone to colliding with overhead wires associated with power
infrastructure and there is extensive literature on avian mortality due to such collisions (e.g. Drewitt &
Langston 2008; Rubolini et al. 2005; Jenkins et al. 2010; Prinsen et al. 2011). Exposure and susceptibility to
the risk of collision is largely a function of behaviour and morphology. Terrestrial species, such as geese,
spend relatively little time in flight each day, but their effective exposure can be increased if most of their
flying is at around power line height. Exposure is further increased by a tendency to make regular, direct
flights between feeding and roosting locations. Geese are large and heavy-bodied, which increases the time
required to make the necessary adjustments to the flight to take evasive action. In addition, poor weather
conditions, such as fog or low cloud, can affect visibility and studies of bird collisions with power lines found
that birds are much more susceptible to flying accidents under such circumstances (e.g. Barrientos et al.
2012).

In order to assess the collision risk of existing and potential power lines, a better understanding of the daily
movements of important bird populations is required. In this study, lines connecting location positions
derived from Global Positioning System (GPS) tags fitted to Greenland White-fronted Geese were analysed



near Hvanneyri and compared to existing overhead power lines (named ‘Landsnet’ and ‘Rarik’, approx 12-
17m height above ground) and a proposed new Landsnet power line (approx 18-28m height above ground)
in order to estimate daily crossing rates.

Data preparation

Geese were caught using cannon-nets on the wintering grounds in Ireland or at Hvanneyri in Iceland. The
GPS tags were fitted to Ornitela collars which weighed ~45g (or ~2% of body mass). The GPS tags were fitted
to female geese (sexed by cloacal examination) either less than one year of age or geese that were older
(adults) based on plumage characteristics. Greenland White-fronted Geese generally pair for life, and
offspring of a successful breeding pair will remain with their parents during their first winter and on spring
migration. Geese that belong to a pair, or family unit, cannot be considered as independent sources of
location data, since they are likely to undertake very similar movements. Hence only female geese were
fitted with GPS tags and any geese marked as less than one year of age at capture were excluded from the
analysis during their first year of life (i.e. up to July of the year after marking) when they were likely to be
part of a family unit.

GPS data from 21 female tagged Greenland White-fronted Geese provided 106,014 locations near the
Hvanneyri study area. The data covered the period 24/09/2017 to 4/5/2022. Five tagged birds were not
included in the analysis due to having too few data points in the study area: Tag-15 (2 GPS points), Tag-16
(1), Tag-18 (1), Tag-19 (2) and Tag-20 (1).

GPS locations for individual tags were separated into spring and autumn seasons. The analysis was further
limited to tags that gave GPS locations for more than 24 hrs, reducing the tag data availability to 15 tagged
geese covering 49 ‘tag-seasons’. The number of days that the locations were available each season was then
calculated. The median number of locations was 2,470 per tagged individual per season (range 96-3,942
locations). Tag-12 was caught and tagged during its first winter, however it yielded no location points in the
Hvanneyri study area in its first spring, so this exclusion of location data was not needed.

Separate flight line segments were created by connecting successive locations. Within the data set, there
were time gaps in location availability (e.g. due to low battery power). Where the time gaps amounted to
less than 6 hours (360 minutes), flight line segments (connecting successive locations) were retained, on the
basis that if two locations were either side of a power line, the individual bird likely crossed the power line
at some point during the day. This is likely to slightly underestimate the number of crossings, due to an
absence of data. That is to say, the tagged goose could have undertaken more unrecorded power line
crossings during the period of no location data. Therefore, the estimated rates of crossing power lines
should be treated as minimum values. However, it has not been possible to exclude a flight line segment
(two successive location points) which related to a goose walking underneath a power line within a field,
and this should be borne in mind. The number of tagged geese is small compared to the number of geese
that regularly stage in the Hvanneyri area and these may not be representative of the majority of the birds
using the area. In 2017 and September 2017, peak daily counts of 1,054 and 1,835 Greenland White-fronted
Geese were recorded respectively in 485 ha of the Hvanneyri study area. However, repeated resightings of
individually marked birds showed considerable turnover throughout the staging seasons, which means that
the proportion of the population that pass through the site in both spring and autumn is likely to be much
higher than peak daily counts (Tierney & Stroud 2018).

Note that the estimated crossing rates reported here only refer to the study area (Figure 1) for which data
were made available and may not be represntative of other areas in Iceland.

In order to facilitate the possible deployment of bird diverter markers to either the existing or the proposed
power lines near Hvanneyri, kernel density estimation maps were prepared for each area showing the
locations of the most frequent crossing points. Kernel density estimation maps were produced in QGIS
(QGIS 2022) using a radius of 400m.



Results

The location of the GPS data from the 15 tagged Greenland White-fronted Geese used in the analysis is
shown in Figure 1. Over the 49 ‘tag-seasons’, data were available for a total of 1,255 days (median 29 days
per tagged individual per season, range 2-48 days) and included 99,394 flight line segments. There were
550 flight line segments that crossed Landsnet power lines, an overall estimated mean rate of 0.59
crossings per day (+/- 0.14 SE) for all 15 tagged individuals (Table 1, Appendix 1). However, in 23 ‘tag-
seasons’ (46.9% of the total), individual tagged geese did not cross Landsnet power lines. In the other 26
‘tag-seasons’, the rate of crossings ranged from 0.03 to 2.93 crossings per day, with a mean of 1.12 crossings
per day (+/- 0.21 SE).

The GPS-tagged Greenland White-fronted Goose that crossed existing power lines most frequently was Tag-
14, which crossed Landsnet power lines 88 times in 30 days (rate 2.93 crossings per day, Figure 2).

There were 24 flight line segments that crossed Rarik power lines, an overall rate of 0.03 crossings per day
(+/- 0.01 SE), or one crossing every 33 days, for all 15 tagged individuals. However, in 37 ‘tag-seasons’ (75.5%
of the total), individual tagged geese did not cross Rarik power lines. In the other 12 ‘tag-seasons’, the rate

of crossings ranged from 0.03 to 0.22 crossings per day, with a mean of 0.08 crossings per day (+/- 0.02 SE),
or one crossing every 12.5 days.

There were 295 flight line segments that crossed the proposed Landsnet power line near Hvanneyri; an
overall rate of 0.42 crossings per day (+/- 0.14 SE) for all 15 tagged individuals. However, in 32 ‘tag-seasons’
(65.3% of the total), individual tagged geese did not cross the proposed power lines. In the other 17 ‘tag-
seasons’, the rate of crossings ranged from 0.06 to 4.89 crossings per day, with a mean of 1.22 crossings per
day (+/- 0.35 SE).

Table 1. Estimated summary rates of Greenland White-fronted Geese crossing power lines at Hvanneyri,
west Iceland.

Power line No. flight line Estimated mean rate of Estimated mean rate of crossings
segments crossing| crossings per day (all geese) |per day (geese crossing power lines)
power lines (SE, range) (SE, range)
Landsnet 550 0.59 (0.14, 0-2.93) 1.12 (0.21, 0.03-2.93)
Rarik 24 0.03 (0.01, 0-0.33) 0.08 (0.02, 0.03-0.22)
Proposed 295 0.42 (0.14, 0-4.89) 1.22 (0.35, 0.06-4.89)

No GPS-tagged Greenland White-fronted Geese were recorded colliding with power lines in the study area.

The effect of individual behaviour and the sample size of available ‘tag-seasons’ on the estimated rates of
crossing is explored in Appendix 2.

The kernel density map showing the most frequently crossed sections of the existing and the proposed
power lines (combined) near Hvanneyri is shown in Figure 3.



Acknowledgements

GPS data were kindly provided by the Research Centre for Eco-Environmental Sciences, Chinese Academy of
Sciences (China). The report was reviewed by Arnér borir Sigfusson and Larry Griffin.

References

Barrientos, R., Ponce, C., Palacin, C., Martin, C.A., Martin, B. & Alonso, J.C. (2012). Wire marking results in a
small but significant reduction in avian mortality at power lines: a BACI designed study. PLoS ONE 7 (3):
e32569.

Drewitt, A.L. & Langston, R.H.W. (2008). Collision effects of wind-power generators and other obstacles on
birds. Annals of the New York Academy of Science 1134: 233-266.

Fox, A.D. & Walsh, A.J. (2018). Greenland White-fronted Goose Anser albifrons flavirostris. In Fox, A.D. &
Leafloor, J.0., editors, A Global Audit of the Status and Trends of Arctic and Northern Hemisphere Goose
Populations (Component 2: Population accounts).. Akureyri: CAFF, Conservation of Arctic Flora and Fauna. p.
26-27

Fox, A. D., Francis, I., Walsh, A., Norriss, D., & Kelly, S. (2022). Report of the 2021/22 International Census of
Greenland White-fronted Geese. Wildfowl & Wetlands Trust. 26pp

Francis, I.S. & Fox, A.D. (1987). Spring migration of Greenland White-fronted Geese through Iceland.
Wildfowl 38: 7-12

Jenkins, A.R., Smallie, J.J. & Diamond, M. (2010). Avian collisions with power lines: a global review of causes
and mitigation with a South African perspective. Bird Conservation International 20: 263-278.

Madsen, J., Cracknell, G. & Fox, A.D. (Eds.) (1999). Goose populations of the Western Palearctic. A review of
status and distribution. Wetlands International Publ. No. 48, Wetlands International, Wageningen, The
Netherlands. National Environmental Research Institute, Ronde, Denmark, 344pp

Prinsen, H.A.M., Boere, G.C., Pires, N. & Smallie, J.J. (Compilers) (2011). Review of the conflict between
migratory birds and electricity power grids in the African-Eurasian region. AEWA/ CMS report, Bonn,
Germany

QGIS Development Team (2022). QGIS Geographic Information System. Open Source Geospatial Foundation.

URL http://qgis.org

Rubolini, D., Gustin, M., Bogliani, G. and Garavaglia, R. (2005) Birds and powerlines in Italy: an assessment.
Bird Conservation International. 15: 131-145

Tierney, N. & Stroud, R.A. (2018). Greenland White-fronted Geese in Hvanneyri: studies during spring and
autumn in 2017. Landbunadarhaskdli islands Report no. 89. 40 pages.

Carl Mitchell, 16, The Glebe, Crail, Anstruther, Fife, UK



64.68

64.64

64.56

-21.77 -21.70 -21.63 -21.56 -21.49 -21.42

Figure 1. GPS location data from 15 tagged Greenland White-fronted Geese near Hvanneyri, west Iceland from September 2017 to May 2022 (white circles).
Flight line segments (green lines) connect successive locations. Landsnet, Rarik and the proposed Landsnet power lines shown as red, yellow and blue lines,
respectively. Projection UTM 27N. Grid in decimal degrees.
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Figure 2. Movements of a GPS-tagged Greenland White-fronted Goose (Tag-14) from 10 April to 9 May 2018. Successive locations shown as white circles. Flight
line segments (see text) shown as green lines. Landsnet power lines shown as red lines (Rarik power lines shown as yellow lines and proposed Landsnet power
line shown as a blue line for reference only). Tag-14 crossed the Landsnet power line 88 times in 30 days. Projection UTM 27N. Grid in decimal degrees.
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Figure 3. The most frequently crossed sections (red heatmap shaded areas) of the existing and proposed power lines (black lines) near Hvanneyri, illustrated as
a kernel density map (see text for explanation). Flight line segments shown as green lines. Projection UTM 27N. Grid in decimal degrees.



Appendix 1. Summary data for 15 GPS-tagged Greenland White-fronted Geese in Hvanneyri, west Iceland, showing dates of data availability, number of
locations and number and estimated rates of crossing of power lines in the study area (see text for definition).

No. flights Estimated Estimated
crossing daily rate No. flights Estimated No. flights daily rate
Landsnet (Landsnet crossing daily rate crossing (proposed
GPS tag Start date End date |No.locations| No. days lines lines) Rarik lines | (Rarik lines) |proposed line line)
Tag-1 30/03/22 02/04/22 181 3 2 0.666 1 0.333 0
Tag-2 13/04/19 02/05/19 1796 20 18 0.900 0 18 0.900
Tag-3 24/09/17 27/10/17 2856 34 57 1.676 0 5 0.147
18/09/18 16/10/18 2359 29 0 0 0
15/09/19 22/10/19 3023 38 2 0.052 2 0.053 0
16/09/20 26/10/20 3194 41 0 0 0
Tag-4 24/09/17 25/10/17 2218 32 4 0.125 2 0.063 0
09/04/18 08/05/18 2846 30 0 0 0
19/09/18 21/10/18 2725 33 2 0.061 2 0.061 0
31/03/19 05/05/19 3376 36 0 0 0
28/09/19 18/10/19 1508 21 0 0 0
09/04/20 07/05/20 2761 29 0 0 0
16/09/20 09/10/20 2068 24 0 0 0
07/04/21 03/05/21 2540 27 4 0.148 1 0.037 2 0.075
23/09/21 13/10/21 524 21 0 0 0
31/03/22 01/05/22 2824 32 4 0.125 2 0.063 2 0.063
Tag-5 07/04/19 05/05/19 2585 29 0 0 0
22/09/19 12/10/19 374 10 6 0.600 0 6 0.600
Tag-6 24/09/17 25/10/17 2152 32 2 0.063 0.063 0
09/04/18 08/05/18 2820 30 10 0.333 4 0.133 0
20/09/18 21/10/18 2641 32 0 0 0




31/03/19 05/05/19 3371 36 0 0 0
15/09/19 18/10/19 2579 34 0 0 0
09/04/20 07/05/20 2743 29 0 0 0
12/09/20 09/10/20 2470 28 0 0 0
07/04/21 04/05/21 2319 28 0 0 0
12/09/21 13/10/21 2710 32 0 0 0
31/03/22 04/05/22 2580 35 0 0 0
Tag-8 15/09/18 17/10/18 2754 32 38 1.188 0 38 1.188
Tag-9 29/04/20 07/05/20 857 9 21 2.333 0.222 44 4.889
21/09/20 26/10/20 2306 27 49 1.815 0 58 2.148
24/09/21 29/10/21 1446 25 12 0.480 0 14 0.560
26/03/22 19/04/22 1530 20 24 1.200 0 24 1.200
Tag-10 08/04/19 05/05/19 2572 28 0 0 0
22/09/19 12/10/19 762 11 8 0.727 0 8 0.727
Tag-11 09/09/19 10/09/19 96 2 0 0 0
Tag-12 26/09/17 05/10/17 958 10 29 2.900 0 9 0.900
12/09/19 14/09/19 171 3 7 2.333 0 14 4.667
Tag-13 26/09/17 27/10/17 2590 32 0 0 0
14/09/18 22/10/18 1974 26 2 0.077 0.038 0
16/09/19 18/10/19 2668 33 1 0.030 0.030 0
19/04/20 05/05/20 1403 17 2 0.117 0.118 0
14/09/20 31/10/20 3942 48 0 0 0
03/05/21 04/05/21 191 2 0 0 0
13/09/21 21/10/21 3102 37 0 0 0
Tag-14 26/09/17 01/11/17 2408 37 102 2.757 0 20 0.541
10/04/18 09/05/18 2666 30 88 2.933 0.067 16 0.533
Tag-17 26/09/17 05/10/17 713 10 28 2.800 0 8 0.800




Tag-21 26/09/17 06/10/17 959 11 28 2.545 0 9 0.818




Appendix 2. Effect of individual behaviour and sample size on the estimated crossing rates.

In order to estimate crossing rates for each ‘tag-season’, each individually-tagged Greenland White-fronted
Goose, in each season, was treated as an independent variable (15 tagged birds led to 49 ‘tag-seasons’). However,
depending on the spatial distribution of each birds’ favoured roosts and feeding areas, there were differences in
the estimated mean rate of power line crossing over the number of years for which flight data were available.
Thus, the estimated mean crossing rates of Landsnet power lines ranged from zero crossings (Tag-11 in one
season) through to 2.85 crossings per day (Tag-14 in two seasons) (Figure 4). Using data from several seasons
from the same birds to estimate separate crossing rates was considered appropriate, since the feeding and
roosting locations of individual geese, and hence the flight segments, may have been different in different years
(as shown by differences in season rates (Appendix 1) and standard errors around the mean (Figure 4)).
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Figure 4. Estimated mean daily crossing rates of Landsnet power lines for 15 GPS-tagged Greenland White-
fronted Geese at Hvanneyri, west Iceland. SE values shown for tags with data from several seasons (see
Appendix 1 for details).

The estimated mean crossing rates of Rarik power lines ranged from zero crossings (Tags-2, 5, 8, 10, 11, 12, 17
and 21) through to 0.33 crossings per day (Tag-1 in one season) (Figure 5).
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Figure 5. Estimated mean daily crossing rates of Rarik power lines for 15 GPS-tagged Greenland White-fronted
Geese at Hvanneyri, west Iceland. SE values shown for tags with data from several seasons (see Appendix 1 for
details).



The number of GPS-tagged Greenland White-fronted Geese, and the number of seasons for which data were
available (sample size) could potentially affect the estimation of daily crossing rates. For example, if GPS data
from only a small number of tagged geese were available (a small sample size) and the data showed them to
regularly cross a power line, the crossing rates could be over-estimated. Likewise, if those geese only rarely
crossed a power line, the crossing rates could be under-estimated.

In order to investigate this, the 49 estimated ‘tag-season’ crossing rates (given in Appendix 1) were chosen in
random order. A mean estimated crossing rate (and SE) was calculated at each addition of a new crossing rate.
This was carried out ten times and a “mean of means” (and mean of means SE) was calculated (Figures 6 & 7).
The resulting trend (which inevitably approach the overall estimated rates) show that after the addition of
approximately 24 ‘tag-seasons’ the running mean reached the overall estimated rate for crossing Landsnet power
lines of 0.59 (Figure 6). After the addition of approximately 12 ‘tag-seasons’, the running mean reached the
overall estimated rate for crossing Rarik power lines of 0.026 (rounded up to 0.03 in Table 1 and the summary)
(Figure 7). Thus, it appears that the sample size of 49 ‘tag-seasons’ was sufficient to provide reasonably accurate
estimates of crossing rates.
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Figure 6. Running mean of means (+/- SE) estimated crossing rates of randomly selected ‘tag-seasons’ (see text
for explantion) for GPS-tagged Greenland White-fronted Geese at Hvanneyri, west Iceland. Overall estimated
crossing rate (0.59) shown as red dotted line.
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Figure 7. Running mean of means (+/- SE) estimated crossing rates of randomly selected ‘tag-seasons’ (see text
for explantion) for GPS-tagged Greenland White-fronted Geese at Hvanneyri, west Iceland. Overall estimated
crossing rate (0.026, rounded up to 0.03 in Table 1) shown as red dotted line.
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Summary

Greenland White-fronted Geese Anser albifrons flavirostris stage in Iceland in spring and autumn on their
way to and from their breeding grounds in west Greenland. The population is small (approx. 18,000
individuals) and declining. GPS data from tagged individuals were examined in the southern lowlands of
Iceland. Data were available during spring and autumn migration from 2013 to 2022. Possible flight
segments (lines connecting successive locations of individually marked geese) were compared with existing
power lines. There was an overall estimated rate of 0.41 and 0.43 crossings per day (or, one crossing every
2.4 and 2.3 days) for Landsnet and Rarik power lines, respectively. No GPS-tagged Greenland White-fronted
Geese were recorded colliding with power lines in the study area. In order to facilitate the possible
deployment of bird diverter markers, on both power lines, based on the movements of tagged individuals,
kernel density estimation maps were prepared for the areas showing the locations of the most frequent
crossing points.

Introduction

Greenland White-fronted Geese Anser albifrons flavirostris breed in west Greenland, mainly between 66-
72°N and stage in Iceland in spring and autumn, and winters in Ireland and Britain (Fox & Walsh 2018). The
spring 2022 survey produced an estimate of 18,027 birds (Fox et al. 2022). The population showed a 4.3%
per annum increase during 1983-1999, followed by a 2.5% per annum decline during 2000-2013 and the
trend continues downwards. Ringing analyses of marked individuals has confirmed some tendency for
leapfrog migration; those breeding furthest north in Greenland tending to stage through the Hvanneyri area
of west Iceland and winter furthest south; those breeding furthest south tending to stage in the southern
lowlands of Iceland (Arnessysla, Rangarvallassysla and Vestur-Skaftafellssysla) and winter furthest north
(Madsen et al. 1999, Francis & Fox 1987).

Many large terrestrial and wetland birds are prone to colliding with overhead wires associated with power
infrastructure and there is extensive literature on avian mortality due to such collisions (e.g. Drewitt &
Langston 2008; Rubolini et al. 2005; Jenkins et al. 2010; Prinsen et al. 2011). Exposure and susceptibility to
the risk of collision is largely a function of behaviour and morphology. Terrestrial species, such as geese,
spend relatively little time in flight each day, but their effective exposure can be increased if most of their
flying is at around power line height. Exposure is further increased by a tendency to make regular, direct
flights between feeding and roosting locations. Geese are large and heavy-bodied, which increases the time
required to make the necessary adjustments to the flight to take evasive action. In addition, poor weather
conditions, such as fog or low cloud, can affect visibility and studies of bird collisions with power lines found
that birds are much more susceptible to flying accidents under such circumstances (e.g. Barrientos et al.
2012).

In order to assess the collision risk of existing and potential power lines, a better understanding of the daily
movements of important bird populations is required. In this study, lines connecting location positions
derived from Global Positioning System (GPS) tags fitted to Greenland White-fronted Geese were analysed
in the southern lowland staging areas of Iceland and compared to existing overhead power lines (named
‘Landsnet’ and ‘Rarik’, approx 12-17m height above ground) in order to estimate daily crossing rates.



Data preparation

Geese were caught using cannon-nets on the wintering grounds in Scotland. The GPS tags were fitted to
Ecotone IBIS collars and weighed ~30g (~1.5-2.0% of body mass). GPS data from a total of 68 tagged
Greenland White-fronted Geese providing 43,918 locations in the lowlands area of south Iceland were
made available. The data covered the period 10/04/2013 to 2/5/2022. The GPS tags were fitted to both
male and female geese (sexed by cloacal examination) and to geese less than one year of age and geese
that were older (adults) based on plumage characteristics. Greenland White-fronted Geese generally pair
for life, and offspring of a successful breeding pair will remain with their parents during their first winter
and on spring migration. Geese that belong to a pair, or family unit, cannot be considered as independent
sources of location data, since they are likely to undertake very similar movements. In order to address this,
geese marked as adult males were excluded from the analysis. In addition, any geese marked as less than
one year of age were excluded from the analysis during their first year of life (i.e. up to July of the year after
marking) when they were likely to be part of a family unit. GPS location data from Tags-2 and 3 in spring
2018, and from Tags-6, 8, 9 and 10 in spring 2020 were not included in the analysis since these were caught
as first-winter birds and may have been associated with their parents (which may or may not have been
marekd with GPS tags) during the spring staging period following capture. In subsequent sping and autumn
staging periods, GPS data from these birds were included.

Three tagged birds were not included in the analysis due to having too few data points in the study area (in
a season; see below): Tag-36L, in autumn 2014 (4 GPS points), Tag-42L in autumn 2017 (4) and Tag-11L in
spring 2019 (7). The analysis was further limited to tags that gave GPS locations for more than 24hrs. The
majority of the GPS tags recorded in the southern lowlands were of a different make and model to those
found near the Hvanneyri area (see Mitchell 2023) and tended to give less frequent locations (often at 6-
hour intervals). Some gave no location data during the hours of darkness and others were scheduled to
collect locations data only for short periods within a day (to conserve battery power). GPS data for any 24
hours period were only included in the analysis if there was a roost location before 06:00 (all times GMT) a
feeding location between 06:00 and 18:00, and a location after 18:00. The relatively small number of
location points recorded each day is likely to slightly underestimate the number of crossings, due to an
absence of data. That is to say, the tagged goose could have undertaken more unrecorded power line
crossings during the period of no location data. Further, it has not been possible to exclude a flight line
segment (two successive location points) which related to a goose walking underneath a power cable within
a field, and this should be borne in mind. Bearing all these considerations in mind, the estimated rates of
crossing power lines should be treated as minimum values. GPS locations were separated into spring and
autumn seasons, separate flight line segments were created by connecting successive locations and the
number of days that the locations were available each season was then calculated.

The number of tagged geese is small compared to the number of geese that regularly stage in the southern
lowlands of Iceland in spring and autumn and these may not be representative of the majority of the birds
using the area. Due to the large land area involved, much of which is inaccessible, there are no systematic
counts of Greenland-White-fronted Geese in spring and autumn, although a peak count of 600 birds was
made in late April 1992 during a road transect survey of part of the Skeid area (Fox et al. 1999). However,
repeated resightings of individually marked birds showed turnover throughout the staging seasons, which
means that the proportion of the population that pass through the site in both spring and autumn is likely
to be much higher than peak daily counts (Fox et al. 1999).

In order to facilitate the possible deployment of bird diverter markers to the existing power lines in the
southern lowlands, kernel density estimation maps were prepared for each area showing the locations of
the most frequent crossing points. Kernel density estimation maps were produced in QGIS using a radius of
400m.



Results

After the removal of tag data that did not meet the criteria for inclusion (see above), the location of the GPS
data from 31 tagged Greenland White-fronted Geese were used in the analysis (Figure 1, Appendix 1). Over
the 89 ‘tag-seasons’, 27,772 location points were available from a total of 2,802 days (median 27 days per
tagged individual per season, range 2-108 days). There were 897 flight line segments that crossed Landsnet
power lines, an overall estimated mean rate of 0.41 crossings per day (or one crossing every 2.4 days) for all
31 tagged individuals. However, in 34 tag-seasons (38.2% of the total), tagged geese did not cross Landsnet
power lines. In the other 55 tag-seasons, the rate of estimated crossings ranged from 0.04 to 3.33 crossings
per day, with an estimated mean rate of 0.66 crossings per day (median = 0.40).

There were 1,023 flight line segments that crossed Rarik power lines, an overall estimated mean rate of
0.43 crossings per day (or one crossing every 2.3 days) for all 31 tagged individuals. However, in 11 tag-
seasons (12.4% of the total), tagged geese did not cross Rarik power lines. In the other 78 ‘tag-seasons’, the
rate of estimated crossings ranged from 0.02 to 2.48 crossings per day, with an estimated mean of 0.49
crossings per day (median = 0.21).

The GPS-tagged Greenland White-fronted Geese that crossed existing power lines most frequently was Tag-
11 in spring 2016, which crossed Landsnet power lines 10 times in three days (rate 3.33 crossings per day,
Figure 2), although the tagged goose bird was in the area for a short duration, compared to the median of
27 days.

Table 1. Estimated summary rates of Greenland White-fronted Geese crossing power lines in the southern
lowlands of Iceland.

Area No. flight line Estimated mean rate of estimated mean rate of
segments crossing crossings per day (all crossings per day (geese
power lines geese) (SE, range) crossing power lines) (SE, range)
Landsnet 2802 0.41 (0.07, 0-3.33) 0.66 (0.10, 0.04-3.33)
Rarik 1023 0.43 (0.06, 0-2.48) 0.49 (0.07, 0.02-2.48)

No GPS-tagged Greenland White-fronted Geese were recorded colliding with power lines in the study area.

The effect of individual behaviour and the sample size of available ‘tag-seasons’ on the estimated rates of
crossing is explored in Appendix 2.

The kernel density map showing the most frequently crossed sections of the existing power lines in the
southern lowlands is shown in Figure 3. Due to the size of the southern lowlands, the most frequently
crossed sections are hard to visualise at this scale of map. The area within the red box (left hand side) of
Figure 3 is re-projected in Figure 4.
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Figure 1. Location of GPS data from 31 tagged Greenland White-fronted Geese in the southern lowlands of Iceland from April 2013 to May 2022 (white circles).
Flight line segments (green lines) connect successive locations. Landsnet and Rarik power lines shown as red and yellow lines, respectively. Projection UTM
27N. Grid in decimal degrees.
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Figure 2. Movements of GPS-tagged Greenland White-fronted Goose (Tag-11) from 30 April to 2 May 2016 in the southern lowlands of Iceland. Successive
locations shown as white dots. Flight line segments (see text) shown as green lines. Landsnet power lines shown as red lines. Tag-11 crossed the Landsnet
power cables 10 times in three days. Projection UTM 27N. Grid in decimal degrees.
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Figure 3. The most frequently crossed sections (red heatmap shaded areas) of the existing power lines (black lines) in the southern lowlands of Iceland,
illustrated as a kernel density map (see text for explanation). Flight line segments shown as green lines. Projection UTM 27N. Grid in decimal degrees. Due to
the size of the area, the most frequently crossed sections are hard to see at this scale. The area within the red box (left hand side) is re-projected in Figure 4
(below).
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Figure 4. The most frequently crossed sections (red heatmap shaded areas) of the existing power lines (black lines) in a part of the southern lowlands of Iceland
(taken from Figure 3), illustrated as a kernel density map (see text for explanation). Flight line segments shown as green lines. Projection UTM 27N. Grid in
decimal degrees.



Appendix 1. Summary data for 31 GPS-tagged Greenland White-fronted Geese in south Iceland, showing dates of data availability, number of locations and
number and rates of crossing of power lines in the study area (see text for definition).

No. flights Estimated daily No. flights
crossing rate (Landsnet crossing Estimated daily rate
GPS tag Start date End date No.locations No.days Landsnet lines lines) Rarik lines (Rarik lines)
Tag-1 2016-04-15 2016-05-06 108 22 3 0.136 5 0.227
2016-09-18 2016-11-13 290 57 0 0.000 1 0.018
2017-04-09 2017-05-02 126 24 1 0.042 2 0.083
2017-09-20 2017-11-10 258 52 6 0.115 5 0.096
Tag-2 2018-09-20 2018-10-24 273 35 24 0.686 4 0.114
2019-09-16 2019-10-27 309 42 64 1.524 4 0.095
2020-04-15 2020-05-05 188 21 6 0.286 1 0.048
2020-09-09 2020-10-31 516 53 18 0.340 17 0.321
2021-04-13 2021-05-01 175 19 12 0.632 5 0.263
2021-09-11 2021-10-22 352 42 20 0.476 6 0.143
Tag-3 2018-09-17 2018-10-24 294 38 19 0.500 1 0.026
Tag-4 2019-05-01 2019-05-02 21 2 0 0.000 2 1.000
Tag-5 2019-09-07 2019-11-13 279 68 6 0.088 19 0.279
2020-04-03 2020-04-17 126 15 9 0.600 4 0.267
Tag-6 2020-09-13 2020-10-14 200 32 0 0.000 29 0.906
Tag-7 2018-04-20 2018-05-07 155 18 25 1.389 1 0.056
Tag-8 2020-09-04 2020-09-30 165 27 1 0.037 22 0.815
Tag-9 2020-09-03 2020-10-18 232 46 0 0.000 56 1.217
Tag-10 2020-09-03 2020-11-04 279 63 0 0.000 61 0.968
2021-04-03 2021-05-01 186 29 0 0.000 11 0.379
2021-09-09 2021-11-04 157 57 0 0.000 18 0.316
2022-04-05 2022-04-28 103 24 0 0.000 2 0.083
Tag-11 2015-04-19 2015-05-10 186 22 67 3.045 0 0.000
2016-04-30 2016-05-02 131 3 10 3.333 2 0.667
Tag-12 2015-04-10 2015-05-03 511 24 0 0.000 1 0.042
Tag-13 2018-04-13 2018-05-01 282 19 14 0.737 27 1.421
2018-09-16 2018-10-25 1178 40 26 0.650 28 0.700
2019-09-17 2019-11-06 256 51 0 0.000 5 0.098
2020-04-07 2020-05-02 180 26 7 0.269 38 1.462
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Appendix 2. Effect of individual behaviour and sample size on the estimated crossing rates.

In order to estimate crossing rates for each ‘tag-season’, each individually-tagged Greenland White-fronted
Goose, in each season, was treated as an independent variable (31 tagged birds led to 89 ‘tag-seasons’).
However, depending on the spatial distribution of each birds’ favoured roosts and feeding areas, there were
differences in the estimated mean rate of power line crossing over the number of years for which flight data
were available. Thus, the estimated mean crossing rates of Landsnet power lines ranged from zero crossings
(Tags-4, 6, 9, 10, 12, 14, 16, 21, 22, 26, 28 and 29) through to 3.19 crossings per day (Tag-11 in two seasons)
(Figure 5). Using data from several seasons from the same birds to estimate separate crossing rates was
considered appropriate, since the feeding and roosting locations of individual geese, and hence the flight
segments, may have been different in different years (as shown by differences in season rates (Appendix 1)
and standard errors around the mean (Figure 5)).
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Figure 5. Estimated mean daily crossing rates of Landsnet power lines for 31 GPS-tagged Greenland
White-fronted Geese in the southern lowlands of Iceland. SE values shown for tags with data from several
seasons (see Appendix 1 for details).

The estimated mean crossing rates of Rarik power lines ranged from 0.01 crossings (Tag-17 in two seasons)
through to 1.83 crossings per day (Tag-27 in two seasons) (Figure 6).
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Figure 6. Estimated mean daily crossing rates of Rarik power lines for 15 GPS-tagged Greenland White-
fronted Geese at Hvanneyri, west Iceland. SE values shown for tags with data from several seasons (see
Appendix 1 for details).

The number of GPS-tagged Greenland White-fronted Geese, and the number of seasons for which data
were available (sample size) could potentially affect the estimation of daily crossing rates. For example, if
GPS data from only a small number of tagged geese were available (a small sample size) and the data
showed them to regularly cross a power line, the crossing rates could be over-estimated. Likewise, if those
geese only rarely crossed a power line, the crossing rates could be under-estimated.

In order to investigate this, the 89 estimated ‘tag-season’ crossing rates (given in Appendix 1) were chosen
in random order. A mean estimated crossing rate (and SE) was calculated at each addition of a new crossing
rate. This was carried out ten times and a “mean of means” (and mean of means SE) was calculated (Figures
7 & 8). The resulting trend (which inevitably approach the overall estimated rates) show that after the
addition of approximately 12 ‘tag-seasons’ the running mean reached the overall estimated rate for crossing
Landsnet power lines of 0.41 (Figure 7). After the addition of approximately 45 ‘tag-seasons’, the running
mean reached the overall estimated rate for crossing Rarik power lines of 0.418 (rounded up to 0.42 in
Table 1 and the summary) (Figure 8). Thus, it appears that the sample size of 89 ‘tag-seasons’ was sufficient
to provide reasonably accurate estimates of crossing rates.
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Figure 7. Running mean of means (+/- SE) estimated crossing rates of randomly selected ‘tag-seasons’
(see text for explantion) for GPS-tagged Greenland White-fronted Geese in the southern lowlands of
Iceland. Overall estimated crossing rate (0.41) shown as red dotted line.
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Figure 8. Running mean of means (+/- SE) estimated crossing rates of randomly selected ‘tag-seasons’ (see text
for explantion) for GPS-tagged Greenland White-fronted Geese in the southern lowlands of Iceland. Overall
estimated crossing rate (0.427, rounded up to 0.43 in Table 1) shown as red dotted line.





