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Forord

Denne afhandling er en sammenfatning og perspektivering af otte ud-
valgte primeerafhandlinger.

Arbejdet er udfort i flere sammenhznge. Et basismateriale stammer
fra koordineringen af landsdzkkende opteellinger af gees, foretaget i
et samarbejde mellem Dansk Ornitologisk Forening, Miljeministeri-
ets Fredningsstyrelse (nu Skov- og Naturstyrelsen), Landbrugsmini-
steriets Vildtforvaltning (nu Miljeministeriets Vildtforvaltning) og
Zoologisk Museum, Kebenhavn, 1980-1983. Et andet materiale er ind-
samlet i forbindelse med Grenlands Miljeundersogelsers baggrunds-
undersegelser forud for olieaktivitet i Jameson Land, @stgrenland,
1982-1984. Et tredje materiale er indsamlet i forbindelse med speciale-
studiet ved Zoologisk Laboratorium, Aarhus Universitet, 1981-84.
Endelig er der indsamlet materiale i forbindelse med arbejde pa Vildt-
biologisk Station (nu Danmarks Miljeundersogelser, Afd. for Flora-
og Faunaekologi), hvor jeg har vaeret ansat siden 1985, og hvorunder
jeg siden 1987 har fungeret som koordinator for gasearbejdsgruppen
i International Waterfowl and Wetlands Research Bureau (IWRB).

Ledetraden i arbejderne har vaeret en sammenkzedning af de fakto-
rer, der influerer p4 valg af habitat og rasteplads hos vilde gees og
svemmeznder p& forskellige arstider - grundlagsskabende forskning,
som leegger op til en mere skologisk funderet fi orvaltning og beskyttel-
se af gdsebestandene og deres levesteder.

Dette arbejde havde ikke vaeret muligt uden bidrag fra en lang rack-
ke personer. Forst og fremmest vil jeg rette en tak til de mere end 100
danske feltornitologer, der har leveret teellinger, samt til mine kolleg-
er, der har vaeret medforfattere til publikationerne og som har stettet
arbejdet teknisk. En tak gar til Hanne Petersen, Granlands Miljeun-
dersagelser for at have givet os frie rammer til at tilretteleegge forsk-
ningsaktiviteten i Jameson Land, og kolleger fra Danmarks Miljsun-
dersegelser, Afd. for Flora- og Faunaekologi for tilskyndelse under-
vejs mod denne afhandling.

De otte udvalgte publikationer er i denne sammenfattende afhand-
ling refereret til ved deres numre i indholdsfortegnelsen.

Jesper Madsen
November 1990






SYNOPSIS
Indledning

En arscyklus hos voksne, vilde gees er groft set fordelt mellem 2-3 ma-
neders yngleaktivitet, inklusiv en fire ugers fzldningsperiode, hvor de
er ude af stand til at flyve, og en 9-10 maneders periode, hvor de forst
gradvist bevaeger sig mod syd til overvintringsomradet og derefter i
modsat retning imod yngleomradet. For ikke-ynglende gees forlenges
treekszsonen af, at svingfjersfeeldningen foregar pa specielle fald-
ningspladser, som oftest ligger fjernt fra yngle- og overvintringsomra-
det.

For de fleste arter er det karakteristisk, at de uden for ynglesasonen
har en traekstrategi, hvor de optrader i store flokke ofte bestaende af
tusinder af individer, og at de er i stadig *‘stepping-stone’’ lignende be-
vaegelse mellem forskellige rastepladser pa traekvejene pa vej til og fra
overvintringsomradet, der kun benyttes i relativ kort tid (f.eks. St
Joseph 1979, Fox, Madsen & Stroud 1983, Owen & Gullestad 1984,
Madsen 1984a,b).

Ud over de egentlige treekbevaegelser pa stor skala foretager gése-
flokkene trekbevagelser pa mindre skala inden for en lokalitet. For
eksempel foretager de flokke af kortnabbede gzes, der kan overvintre
pa Tipperhalveen i Ringkjebing Fjord, et gradvist skift fra Varnenge-
neisyd til Tipperreservatets enge (Madsen 1985a, Lorenzen & Madsen
1985}, hvorfra de i forarets lob fortreekker til fordel for nysaede var-
seedsmarker pa omkringliggende arealer.

Under indtryk af de massive gaseflokke og deres graesningseffekt pa
vegetationen fremsatte Drent, Ebbinge & Weijand (1979) hypotesen,
at gaseflokkenes treekbevaegelser pa stor savel som mindre skala, er
dikteret af fodegrundlaget. Med udgangspunkt i teorien om optimal
fourageringsstrategi, ifelge hvilken dyr udvelger fourageringssted ef-
ter, hvor det er energimeessigt mest profitabelt, d.v.s. sterst muligt
energetisk udbytte ved mindst mulig indsats (Royama 1970, Charnov
1976), foreslog Drent et al. (1979), at gaseflokkenes treekbevaegelser er
led i en maximering af det daglige energiindtag. Som eksempel frem-
drog de, at gaessene om foraret, hvor de gradvist bevager sig mod
nord, felger en gradient i plantefeenologien, der timer udnyttelsen af
en federessource til, at fordejeligheden af og naeringsindholdet i vege-
tationen er starst.

Owen (1972, 1973) og flere andre forfattere havder, at forstyrrelses-
niveauet er en altafgerende faktor for fordelingen af gaseflokke i land-
skabet. En alternativ hypotese til forklaring af treekbeveegelserne kan
sledes veere, at gaseflokkene primaert udveelger rastepladser efter,
hvor der er mindst risiko for predation samt tilstraekkeligt udsyn (og
under forudsatning af, at der er velegnede fodeemner). Da der er fa
omrader, der tilfredsstiller geessenes krav, medforer det en koncentre-
ringaf fuglene. Konsekvensen bliver, at der sker en hurtigere nedgrzes-
ning af federessourcerne, hvorefter flokkene tvinges til at treekke vi-
dere.

Emnet for denne afhandling er en beskrivelse af nogle af de habitat-
ekologiske faktorer, der ligger til grund for gzssenes treekstrategi, og
en evaluering af implikationer for antal og fordeling af fugle pa raste-
pladserne samt konsekvenser for fremtidig forvaltning. Det vises, at
ikke blot fodekvalitet og -maengde er afgorende faktorer for habitat-
valget, men at predationsrisiko og i visse situationer konkurrence kan
veere betydningsfulde.

Konklusionen er, at der ber anvendes en bredere model til forklaring
af geessenes traekbevaegelser og habitatvalg, en model, der ikke blot ser
snavert pa fouragering, men ogsa inkorporerer predationsrisiko, kon-
kurrenceforhold og nogle etologiske forhold relateret til flokdannelse



og stedtrofasthed, der reducerer gaessenes plasticitet i ressourceudnyt-
telse.

Denne model lzgger saledes op til en sammenkobling og udvidelse
af de to ovennzaevnte hypoteser og en udvidelse af teorien om optimal
fouragering. Forslaget ligger pa linie med andre forseg, der er gjort pa
at udvide teorien om optimal fouragering med andre relevante aktivi-
teter og fitness-komponenter end fouragering og energi, nemlig effek-
ter af fodekonkurrenter (Rosenzweig 1979, Pimm, Rosenzweig & Mit-
chell 1985) og predationsrisiko (Grubb & Greenwald 1982, Werner et
al. 1983) pa habitatudnyttelse.

1 den anden halvdel af det 20. arhundrede har nzesten samtlige géase-
bestande i Vestpalzarktis veeret i fremgang (3, Madsen in press). Gaes-
sene benytter i stigende grad kulturpraegede habitater som rasteplad-
ser, og i medfer heraf forvolder de i visse situationer skader pa land-
brugsafgreder (bl.a. Riiger 1985, Lorenzen & Madsen 1986). Pa den
anden side er der et stadigt pres pa bestandene og deres levesteder fra
menneskelig side, og det omfatter ikke bare aktiviteter i overvintrings-
omraderne, men i stigende omfang ogsa gaessenes sommerkvarterer. I
afhandlingens sidste afsnit argumenteres der for, at strategier for for-
valtning af bestandene og deres levesteder ma tage udgangspunkt i po-
pulationsdynamiske analyser og undersegelser af arternes treekstrate-
gier pa en fly-way basis, fremfor som hidtil i konkrete, aktuelle pro-
blemstillinger pé lokalt plan.

1 afhandlingen er habitat defineret bredt som et arealmaessigt sam-
menhzngende, mere eller mindre homogent levested, bestaende af et
konglomerat af fysiske og biotiske faktorer (Partridge 1978). En habi-
tats beereevne er udtryk for, hvor mange individer et omrade kan er-
nzere med en ligeveegt mellem omréadets produktionsevne og fuglenes
eksploitation. Belastning af et omrade i lobet af en seeson udtrykkes i
antal fugledage pr. arealenhed.

I (4) indgar et materiale vedrerende plantezedende svommezender.
Dette er medtaget, da arterne af svommeznder har mange ligheds-
punkter med visse gasearter i habitatspektrum og adfzrd, og samtidig
indgar de som en komponent, der pavirker gaessenes habitatudnyttelse.

Fodens kvalitet

Udnyttelse af mikrohabitaten

Gas og visse arter af sytsmmezender lever nzesten udelukkende af plan-
tefede, som ofte har lavt indhold af mange essentielle naringsstoffer
og hajt indhold af strukturstoffer. Gaes har ringe bakteriel nedbryd-
ning af plantecellernes strukturelle kulhydrater (fibre) i tarmen (Mat-
tocks 1971, Buchsbaum, Wilson & Valiela 1986) og er afhaengige af me-
kanisk i krasen at knuse cellerne og optage mindre, oplaste forbindel-
ser. Forskellige plantearters, plantedeles eller vackststadiers fordejelig-
hed, d.v.s. den andel af foden, som geessene kan ekstrahere i labet af
tarmpassagen, er saledes negativt korreleret med fiberindholdet (Neh-
ring & Nerge 1966, Drent et al. 1979, (1)). For at deekke deres daglige fe-
debehov har geaessene et hurtigt turnover af faden i tarmene pa bekost-
ning af effektiv fordajelse. Det bevirker, at gaessene ma tilbringe det
meste af dagen med fodesogning (1).

1 det brede spektrum af plantearter inden for habitaten er det sand-
synligvis primart indholdet af sekundzrstoffer, som er afgerende for
fedevalget (Buchsbaum, Valiela & Swain 1984), men blandt de plante-
arter, som gessene tager, sandsynligvis fordejeligheden. Forskellige
feltundersogelser og eksperimenter viser, at gaessene er i stand til at se-



lektere plantearter eller plantedele med lavest fiberindhold og hajst
proteinindhold (Owen, Nugent & Davies 1977, Owen 1979, Prop, van
Eerden & Drent 1984, (8)), omend mekanismen for selektionen ikke er
klarlagt.

Flere undersegelser har dokumenteret, at gaessenes gentagne afgraes-
ning af vegetation i vackst kan medvirke til at holde et hgjt naeringsind-
hold i fedeplanterne, hvorimod naeringsvaerdien hurtigt falder i ugraes-
sede planter (Prins, Ydenberg & Drent (1980), Ydenberg & Prins (1981),

(5.8).

Kvalitetsbestemte habitatskift

Ges pa forirsrastepladser. Boudewijn (1984) demonstrerede, at i kraft
af at kulturgraesserne om foraret starter vacksten tidligere end strand-
engsgrasserne, topper fordajeligheden i kulturgraesserne tidligere end
i sidstneaevnte. 1 det hollandske vadehav fouragerede flokke af knor-
tegees Branta bernicla forst pa kulturgraesenge og siden pa saltmarsk.
Habitatskiftet var sammenfaldende med tidspunktet for, hvor fordaje-
ligheden i strandengsgreaesserne oversteg kulturgraessernes.

Hos de kortnzbbede gas, der opholder sig i Danmark om foraret,
iagttages visse steder et tilsvarende habitatskift (Madsen 1986). Gaes-
sene har imidlertid radikalt skiftet fourageringsvaner, siledes at stort
set hele bestanden fouragerer pa kulturgraesmarker i det tidlige forar
for sa at skifte til nysdede varsaeedsmarker, hvor de tager kernerne i over-
fladen. Estimater af gaessenes daglige energioptagelse og -forbrug
(netto-energiindtaget) i de to typer habitater antydede, at profitabilitet
ved fadesagning kunne forklare det observerede habitatskift (1). Den
daglige fourageringstid var 33% kortere og den daglige energioptagelse
mere end dobbelt sa stor pa de nysaede marker i forhold til kulturgraes-
marker.

I forarsperioden opbygger gacssene energi- og naeringsreserver til den
forestiende ynglesason, og de har forhejet behov for fade med hojt
proteinindhold (Prop, van Eerden & Drent 1984). Observationerne af,
at de kortnaebbede gaes foretog et habitatskift fra fedeemner med rela-
tiv hajt til fede med lavt proteinindhold var saledes kontroversiel (Mad-
sen 1984a, (1)). Senere observationer (Madsen upubl.) har dog vist, at
geessene sandsynligvis kompenserer ved at supplere indtaget af kerner
med grees, som &des under lejlighedsvise skift tilbage til graesmarker.

Blisges i Vestgronland. Et faznomen sammenligneligt med det trinvise
nordtraek kan imidlertid studeres p4 et mere begraenset geografisk om-
rdde med en hojdegradient, f.eks. i Vestgronland, der er yngleomrade
for den gronlandske blisgas Anser albifrons flavirostris (Madsen & Fox
1981, Fox & Madsen 1981).

Geessenes ankomst i begyndelsen af maj i undersegelsesaret 1979 var
sammenfaldende med det forste tebrud i kaerene i dalbundene. I an-
komstfasen var gaessene begranset til denne habitat, og foden bestod
af underjordiske plantedele, som blev trukket op af jorden. I lebet af
maj forlod gaessene omrédet og trak til hojereliggende kaer (ca. 200
m.o.h.), som netop var blevet snefrie. Rederne blev anlagt omkring kaer
i denne hojde, og i rugeperioden fouragerede parrene iszer pa staengler
og rhizomer og senere nye skud af smalbladet kaeruld Eriophorum an-
gustifolium. Efter kleekningen trak familierne op til plateausser med
omgivende kzer (ca. 400-600 m.o.h.), som blev senest snefrie. Ikke-yng-
lende gees feeldede samtidig i samme habitat.

Blisgzessene foretog siledes et habitatskift langs en gradient i tetids-
punkt. I starten af szesonen var de fysisk begraenset til dalbundene, men
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senere havde de frit valg mellem habitater i forskellig hejde. I trdd med
Drent, Ebbinge & Weijands (1979) hypotese kan gassenes habitatskift
fortolkes som, at de opseger den fremspirende vegetation, hvorved de
maximerer energiindtaget.

Fzldende gaes i @stgroniand. Tilsvarende hypotesen om energioptime-
ring ved nordtrazkket om foraret har Owen & Ogilvie (1979) foreslaet,
at det feldningstreek, som foretages af ikke-ynglende gaes og som nze-
sten udelukkende gar i nordlig retning, er en tilpasning til den senere
vaekststart lengere mod nord, hvorved gaessene opseger den mest nze-
ringsrige fade.

I Jameson Land, som er et vigtigt feeldningsomrade for kortnaeb-
bede gees fra Island og bramgzes Branta leucopsis fra Nordestgrenland
(6,8), kunne det konstateres, at tidspunktet for fuglenes ankomst pa
faeldningspladsen var sammenfaldende med halvgraessernes veekst-
start, hvilket stotter Owen & Ogilvies (1979) hypotese.

To forhold betyder imidlertid, at man ikke kan udelukke alternative
forklaringer. Det er saledes kontroversielt i forhold til hypotesen, at
bramgaessene foretager et feeldningstraek, som gar franordligere yngle-
omrader mod et sydligere feeldningsomrade. Andre faktorer, f.eks. at
fedekonkurrence med ynglefugle driver de ikke-ynglende fugle til om-
rader med fa ynglepar kan vaere en anden mulig forklaring p4, at trek-
ket er opstaet. I Jameson Land er der en lav taethed af ynglepar af kort-
nabbede gzs og bramgaes (6).

Historisk udvikling i feeldningstraekket hos de kortnabbede gas er
et andet moment, der rejser spergsmal ved hypotesen. Feldningstraek-
ket fra Island til @stgronland er forst opstaet i midten af dette arhund-
rede (bl.a. (6)), samtidig med, at bestanden tog til i antal. Det er derfor
narliggende at tro, at traekket er ikke-ynglende fugles forseg pa at
undga fodekonkurrence med ynglefuglene pa Island.

Fadens tilgaengelighed

Gassenes adgangsmuligheder til federessourcerne kan begraenses af
en reekke biotiske og abiotiske faktorer: overordnet fedemangden (ha-
bitatens bzereevne), samt tilstedeveerelsen af konkurrerende arter, ni-
veauet af forstyrrelser, tidevand, sne- og isdeekke, dagsleengde og visse
adfzerdsmassige aspekter, sisom geessenes traditionelle brug af be-
stemte rastepladser.

Fodemangden

Gassenes muligheder for udnyttelse af habitaten varierer i lobet af
trekszesonen. Om vinteren og i det tidlige forar er primeerproduktio-
nen pa engene pa vore breddegrader minimal (bl.a. Lorenzen & Madsen
1985), og gaessene vil gradvist reducere faderessourcerne i et omrade.
Nar primarproduktionen szetter igang i lebet af foraret, vil gaseflok-
kene derimod kunne returnere til det samme omrade gentagne gange og
genfinde en nyfremspiret vegetation. Hvor gees og ender fouragerer pa
fre, hvadenten det er spildseed, nysdet szd eller frestande, ligner det
vintersituationen pa grees: foderessourcerne nedgraesses.

I felten kan et omrades baereevne for graessende gaes vurderes direkte
ved analyse af exploitationsrater, d.v.s. differencen mellem geaessenes
konsumption og vegetationens biomasse og nettoprimarproduktion,
eller indirekte ved analyse af profitabilitet ved graesning ved forskellig
fodetaethed. Vegetationens biomasse kan na en nedre taerskel, hvor det
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ikke l2engere er energetisk profitabelt for gaessene at sege fade, hvoref-
ter de vil skifte til en anden fourageringsplads (Drent & Swierstra 1977,
Lorenzen & Madsen 1985).

Habitaters bareevne for gaes har vaeret behandlet i (4,5,7,8) og for
svemmezender i (4).

Knortegses i Vadehavet om foraret. Hovedparten af den 150-235.000
individer store bestand af merkbuget knortegis soger fode pa salt-
marsk i det hollandske, tyske og danske vadehav fra marts til slutningen
af maj. Det er veldokumenteret, at de fleste arktisk ynglende gasearter
udnytter forarsperioden til opbygning af fedt- og neringsreserver til
anvendelse i den forestdende ynglesason, og at disse kropsreserver er af
vital betydning for yngleresultatet (Ankney & MacInnes 1978, Thomas
1983); saledes ogsa de merkbugede knortegzes (Ebbinge et al. 1982, Eb-
binge 1989). Forarsperioden har derfor en speciel betydning i gassenes
arscyklus, og saltmarskens baereevne kan fa en kritisk indflydelse pa
yngleresultatet og ultimativt medvirke til begraensning af knortegasbe-
standens sterrelse. Pa de traditionelle forarsrastepladser i det holland-
ske vadehav er der indicier for, at beereevnen er ved at vaere naet (Eb-
binge 1979, Ebbinge & Boudewijn 1984).

Pi een Langli i Vadehavet blev knortegassenes greesning af salt-
marskvegetation undersagt i tre forar med henblik pa en estimering af
habitatens baereevne ud fra geessenes exploitationsrate og en analyse af
greesningseffekter pa vegetationens produktion (5). Ved at sammen-
ligne graesningsintensiteten pa Langli med andre forlandsstraekninger
i Vadehavet, ville det vaere muligt at give en overordnet vurdering af,
hvorvidt antallet af knortegees i Vadehavet om foraret er begrzenset af
fedemangden. I (7) er det vist, at antallet af knortegaes i Vadehavet om
foraret har vaeret relativt stabilt i 1980’erne, hvorimod efterarsbestan-
den og bestanden som helhed har fluktueret betydeligt. Dette kan vaere
tegn pa, at antallet om fordret er begraenset, f.eks. af fedemulighe-
derne.

Forsegene pd Langli viste, at der var stor ar-til-ar variation i graes-
ningsbelastning og vegetationens (strandannelgrees Puccinellia mari-
tima) overjordiske primaerproduktion, sandsynligvis forarsaget af
vejrmeaessigt inducerede forskelle i vaekstbetingelser. Exploitationsra-
ten var haj og varierede mellem 85 og 87% af den overjordiske netto-
primarproduktion, hvilket indikerer, at baereevnen stort set var naet. |
de tre forsegsar var baereevnen og antallet af gisedage tilbragt pa sen
korrelerede, hvilket antyder, at der har foregaet en ressourcebegraens-
ning af antallet af gees.

Pa de ovrige undersegte saltmarske i Vadehavet var greesningsinten-
siteten betydeligt lavere end pa Langli, og muligvis - med undtagelse af
mindre delomrader - har baereevnen sandsynligvis ikke vaeret naet (7).
Pa engene pa Tipperne var baereevnen heller ikke naet (Lorenzen &
Madsen 1985). Konklusionen er, at der lokalt kan veere en antalsregule-
ring som folge af begraensede ressourcer, men at de danske saltmarske
generelt ikke ser ud til at vaere fuldt belastede. Hvad der er arsagen til
det konstante antal i Vadehavet om foraret forbliver endnu ubesvaret.
Der er dog visse tegn pa, at de avrige forlandsstreekninger er af ringere
kvalitet end marsken pa Langli, og dette kan udgore en del af forklarin-
gen.

Cargill & Jefferies (1984) viste, at snegaes Anser caerulescens, der i lo-
bet af sommeren afgreesser saltmarskvegetation i subarktisk Canada,
stimulerer graesvaeksten betydeligt. En senere undersegelse (Bazely &
Jefferies 1985) viste, at mekanismen forst og fremmest var, at tilfarslen
af ekskrementer gadede vegetationen og accelererede kvalstofomszaet-
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ningen. En anden mekanisme viste sig at veere, at afgrasningen forog-
ede planternes skudantal (Kotanen & Jefferies 1987).

Ud over Balkenkol et alls (1984) pavisning af, at tilfersel af store
mangder gaseekskrementer stimulerer graesproduktionen, foreligger
der fra vore breddegrader imidlertid ingen realistisk udferte under-
sogelser, der har analyseret gasegraesningens stimulerende effekt pa
netto-primaerproduktionen.

Undersegelsen pa Langli (5) dokumenterede, at gassenes ekskre-
menter gader saltmarskvegetationen, og at gedningseffekten er sa hur-
tig, at gaessene i lobet af foraret selv kan profitere af den foregede pri-
marproduktion. Effekten ma formodes at vaere sa betydelig pga. kvael-
stofmangel i jorden, og fordi gadningstilskuddet kommer péa et tids-
punkt, hvor planterne har stort behov for kvaelstof til vaekst.

Knortegaes og svemmeszender i Vadehavet om efteraret. Om efteraret
fouragerer flokke af merkbugede knortegaes, pibender Anas pene-
lope og krikaender Anas crecca pa alegreesbanker i Vadehavet. I labet af
efteraret forlader svemmeanderne bankerne og sager ind pa forlands-
arealer for at fouragere pa marskvegetationens fresztning og senere
ind i baglandet, mens geessene stort set forbliver pa alegreesbankerne.
I (4) er arsagerne til skiftene forsagt analyseret med szrlig henblik pa
at belyse den koblede effekt af federessourcernes sterrelse, interspeci-
fik konkurrence og jagtlig forstyrrelse.

Ud fra forseg med indhegninger af vegetationsafsnit i hhv. et ale-
greesbed pa Jordsand Flak og i to plantesamfund pa Remedzmnin-
gens forland blev det vist, at under uforstyrrede forhold nedgraessede
flokkene af andefuglene ressourcerne til en teerskel, hvor det sandsyn-
ligvis ikke lzengere var energetisk profitabelt at soge fede. Begreensede
foederessourcer var sdledes en af mekanismerne bag de observerede ha-
bitatskift. Konkurrence om feden og jagtforstyrrelser var imidlertid
ogsa en medvirkende faktor (se side 14 og 16).

Interspecifik konkurrence

Konkurrence kan have to fremtraedelsesformer: interferens og exploita-
tiv konkurrence. Den kan vaere symmetrisk eller asymmetrisk, afhen-
gigt af arternes ekologiske og adfeerdsmeessige effektivitet og fleksibi-
litet. Intraspecifikt er interferens et virkningsfuldt redskab til oprethol-
delse af en hierarkisk struktur i gaseflokken (Boyd 1953, Lamprecht
1986, Black & Owen 1989), og hej status er adgangskort til de bedste fo-
deressourcer og ultimativt forbedret fitness (Teunissen, Spaans & Drent
1985). Interspecifikt vil interferens sandsynligvis have samme resultat
som folge af arternes forskellige starrelse, der hos smafugle er en god
indikator for dominansforhold (Alatalo & Moreno 1987).

Interspecifik exploitativ konkurrence opstér i situationer, hvor indi-
vider af to eller flere okologisk nzertstiende arter deles om begraensede
ressourcer, som gradvist @&des op. Denne form for konkurrence er mere
usynlig end interferens, og det er normalt blot udkommet og ikke meka-
nismerne bagved, man observerer.

Oprindeligt har gisearterne i vinterperioden sandsynligvis veret
segregerede pa habitater med lille geografisk overlap, og morfologisk
og fourageringsteknisk tilpasset fedegrundlaget (Owen 1976). For ek-
sempel levede saedgaes Anser fabalis i hejmoserne, hvor de tog redder
og rhizomer af karvegetationen, gragaes i sumpomrader, hvor feden
var rhizomer og skud, bramgees fouragerede pa graesvegetation pa sma,
kystnaere holme, og knortegessene marint pa submers vegetation. Pa
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ynglepladserne var arterne stort set allopatriske, dog med undtagelse af
de nordatlantiske ger, hvor flere arter var sympatriske,

Med stigende kulturpavirkning konvergerede gasearterne i habitat-
udnyttelse, og der kan kun ses fa tilfzelde af, hvad der menes at veere den
oprindelige tilpasning (f.eks. knorteges, der fouragerer marint, og
grenlandske blisgzes, der fouragerer i uspolerede irske moser). 1 dag
overvintrer flere arter sympatrisk. P4 ynglepladserne er der som folge
af foragede, ekspanderende populationer blevet storre geografisk over-
lap i udbredelse. Pa de arktiske ynglepladser er der ringere diversitet i
fedegrundlaget og storre lighed i gisearternes fourageringsteknik og
fodevalg i forhold til vintertiden.

Som en folgevirkning af den historiske udvikling med stigende be-
stande og stort overlap i habitatvalg kan det forventes, at der Opstar in-
terspecifik konkurrence p4 forskellige tidspunkter af aret. Konkur-
rence og mulige konsekvenser deraf har imidlertid kun haft lille beva-
genhed. Her fremlaegges fire eksempler, hvor det foreslas, at interspeci-
fik konkurrence har haft en effekt pa den indbyrdes fordeling af ar-
terne. Eksemplerne antyder, at fa=nomenet ikke er sjaeldent, men sand-
synligvis overset.

I eksemplerne har der efter al sandsynlighed veaeret tale om exploita-
tiv konkurrence, idet der pa intet tidspunkt er bemzaerket aggression
mellem arterne. Hypotesen er, at i tilfzlde af at federessourcerne kom-
mer i underskud, forseger den ene art at undga konkurrencen fra den
anden (‘‘avoidance’”) ved et nicheskift eller ved at forlade omradet helt.

Rastende giiseflokke i Vestjylland. Analyse af nicheskift, d.v.s. at en art
indskraenker sin fourageringsniche i naervaer af en okologisk neertsta-
ende art, og udvider nichen i den anden arts fraveer, giver mulighed for
at demonstrere eksistensen af interspecifik konkurrence i okologisk
tidsperspektiv (Diamond 1978).

Pa markerne ved Filse i Vestjylland forekommer der om efterdret
flokke af gragees Anser anser og kortnaebbede gaes i tidsmeaessig sym-
patri og allopatri, hvilket giver mulighed for at studere to arters reak-
tion pd hinandens tilstedevaerelse (Madsen 1985b). Da grageessene
forekom alene i omradet (september) foretrak de marker med stub og
stub med udleag (feden er spildszd). Da arterne forekom sammen (ok-
tober) undgik gragaessene markerne med stub med udlaeg, som var den
foretrukne habitat hos de kortnabbede gees. Da gragaessene havde for-
ladt omradet (november) foretrak de kortnzbbede gaes fortsat stub
med udlag og stub. 1 oktober var der kun et lille overlap i udbredelsen
af de to arter. Observationerne kunne fortolkes saledes, at gragaessene,
der var de kortnaebbede gzes talmzaessigt langt underlegne, foretog et ni-
cheskift i forseget pa at undga exploitativ konkurrence.

Pa engene pa Tipperhalveen i Vestjylland forekommer de samme to
arter i sympatri i det tidlige forar. De har stort overlap i fedevalg, men
er delvis segregerede i arealudnyttelse, idet de kortnzbbede gees isaer
benytter de centrale dele af fennerne og gragessene arealerne op mod
vejene (Lorenzen & Madsen 1985). De kortnzbbede gees nedgraesser
gradvist engvegetationen, men pa grund af deres skyhed forbliver zo-
nerne nzrmest vejene imidlertid stort set ugraesset. Segregationen af
arterne kan tages som udtryk for, at grageessene, der er mindre sky,
undgar konkurrencen med de kortnzbbede gees ved at udnytte denne
niche,

Feldende gzes i @stgranland. Et andet eksempel pa exploitativ konkur-
rence mellem gasearter med konsekvenser for deres indbyrdes udbre-
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delse, er behandlet i (8), som beskriver relationerne mellem to gasearter
i feldningsperioden.

Jameson Land i @stgrenland er fzldningsplads for ca. 5000 kort-
nebbede gas og det samme antal bramges. Gaessene ankommer til
omradet i slutningen af juni maned - de kortnzbbede gzes fra Island og
bramgzessene fra @stgronland. De slar sig hurtigt ned pa egnede feld-
ningspladser, som er seer, elve og kyster med tilstedende keer, hvor de
kan fouragere. I 3-4 uger i juli er gassene ude af stand til at flyve (6).

Gessene og specielt de kortnaebbede gaes er ekstremt nervese i feeld-
ningsperioden og seger kun fade i umiddelbar nzerhed af vandfladen.
Bramgaessene bevaeger sig kun op til 100 m ind i keerene, mens de kort-
nazbbede gees, der har en betydeligt storre adraethed (evne til at sprinte),
gar 200-250 m ind i kzrene.

I Jameson Land var stort set alle egnede fzeldningspladser besat med
gas, og der var en linezer sammenhzaeng mellem det tilgeengelige areal
af kaer pa fzldningspladsen og antallet af gees. Kombineret med at méa-
linger af exploitationsrater pa keervegetationen viste, at geessene kon-
sumerede en stor del af primarproduktionen, var der beleeg for at sige,
at omradets beereevne omtrent var néet.

De to arter var stort set segregerede og optradte sjeeldent i blandede
flokke. De kortnzbbede gaes var overrepraesenterede langs kysterne, i
de storre elve og pa soer med vidt udsyn, mens bramgassene isaer fore-
kom i de mindre elvsystemer og pa seer med omkringliggende bakker.
I situationer, hvor arterne var segregerede, bestod begge arters fode af
halvgraesser og graesser. Hvor de to arter optradte pa samme lokalitet,
steg andelen af mos, isar i bramgésens fade. Mos havde lavere nzerings-
veerdi end graesser og halvgreesser, og var saledes en suboptimal fede-
kilde. Adskilt brugte arterne 40-46% af degnets timer pa grasning og
37-38% pa hvile. Hvor de optradte sammen zndrede de kortnazbbede
gees ikke tidsbudget signifikant, hvorimod bramgzssene foregede ti-
den til graesning (til 62% af degnets timer).

Observationerne antydede, at det var ufordelagtigt for bramgassene
at optreede sammen med de kortnzbbede gzes. Dette haenger sandsyn-
ligvis sammen med, at i sympatri matte bramgaessene forblive i kerzo-
nen omkring vandfladen, som ogsa var afgreesset af de kortnabbede
gaes. Derfor matte de bruge mere tid pa fedesegning for at dakke det
daglige energibehov. De kortnzbbede gees var derimod alene om at ud-
nytte de fjernereliggende kaerzoner. Konkurrencen var saledes asym-
metrisk, og det kunne forventes, at bramgassene ville undgd steder,
hvor de kortnzbbede gees forekom. Segregationen af arterne kan for-
klares med, at de kortnzebbede gaes pga. deres ekstreme nervositet ikke
benytter de mindre elvsystemer eller de * ‘lukkede’’ sger i fzldningsperi-
oden. Bramgaessene, der forseger at undgl konkurrencen med de kort-
nazbbede gees, har derved en ledig niche uden konkurrenten.

Herbivore andefugle i Vadehavet. | alegraesbeddet i det sydlige Vadehav
(4) var pibeand og knortegas sympatriske og forekom begge i store kon-
centrationer. Der var stort overlap i arternes arealudnyttelse, og de gik
ofte i blandede flokke. Der blev ikke observeret aggression mellem ar-
terne. Begge levede af alegreesblade, og i lebet af efterdret nedgreessede
de ressourcerne. I takt hermed skiftede knortegeessene gradvist foura-
geringsmetode; fra naesten udelukkende at have afgraesset blade gik de
over til stampefouragering, hvorved de i pytter i beddet stampede red-
der og rhizomer frem af sedimentet. Pibeanden havde ikke denne flek-
sibilitet, og da det sandsynligvis blev energetisk ufavorabelt at foura-
gere pa bladene alene, fortrak arten.

Observationerne sandsynligger, at der var exploitativ konkurrence
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mellem arterne, og endvidere at konkurrencen var asymmetrisk, mest
kritisk for pibeanden, der ikke kunne skifte fedeemne og fouragerings-
metode inden for omradet.

Forstyrrelser/predationsrisiko

Flokdannelse er en adfaerdsform, der ager chancen for at opdage en po-
tentiel predator i tide og reducerer enkeltindividets risiko for predation
(Bertram 1978). Flokdannelse reducerer imidlertid ogsa gaessenes pla-
sticitet i udnyttelse af habitater. I kraft af deres flokvise optraden er
gaes seerlig felsomme over for uro (potentiel predation), og forstyrre-
ser er en betydningsfuld fordelende faktor i gaessenes habitatvalg
(Owen 1972, 1973, Mooij 1982, Madsen 1980, 1982, 1986, Meire, Kuij-
ken & Devos 1988, 2, 4). Defineret som menneskeskabte forskydninger
fra normalsituationen i fuglenes antal, fordeling og adfzrd, omfatter
forstyrrelser bade landskabelige elementer (f.eks. hegn, bygninger),
som hindrer fugleflokkenes frie udsyn og som kan skjule potentielle
predatorer, og uro skabt af menneskelig aktivitet og potentielle preda-
torer.

Det er sandsynligt, at den forste omgivelsesfaktor en gaseflok vurde-
rer et omrades egnethed som rasteplads efter, er predationsrisikoen.
Forst efter en indledende fase begynder gassene at vurdere delomra-
dernes fedemuligheder. Det er typisk, at en gaseflok forst udnytter de
store arealer inden for en rasteplads og ferst senere bevager sig ind pa
mindre delomrader (bl.a. Owens 1977), hvilket kan fortolkes derhen, at
gaessene farst skal opna fortrolighed med predatormiljoet.

Landskabselementer. I (2) er den forstyrrende effekt af smaveje, diger,
hegn m.m. over for flokke af kortnzbbede gaes kvantificeret, og gase-
flokkenes krav til omradesterrelser vurderet.

Gaseflokkes flugtafstand i forhold til en forstyrrelseskilde er taget
som vejledende udtryk for minimum acceptabel omradestorrelse (om-
radets ‘‘radius”’). Flugtafstanden er en adfzrdsmeessig parameter, af-
hzengig af typen af stimulus, der udleser flugt, frekvensen af stimuli,
floksterrelse og sensitivitet (flugtmulighed, fzldning vs. flyvedygtig-
hed). Flugtafstanden er afhangig af flokstorrelse og arstid, som an-
giver en @&ndring i frekvensen af stimuli, nemlig jagtlig efterstreebelse
som | Danmark opherer 31. december. Bade i (2) og (4) er det vist, at
jagt medforer foreget skyhed.

Menneskeskabt uro. Hypotesen om at mennskeskabt uro, og specielt
jagtudevelse, pavirker fordelingen af gzes i landskabet, er dokumente-
ret i en lang reekke undersegelser (bl.a. Owen 1972, 1973, Madsen 1980,
1982, 1986, Meire, Kuijken & Devos 1988). Saledes afspejler fordelin-
gen af kortnabbede gaes i Danmark forar og efterar effekten af uro i
forbindelse med jagt. Om efteraret er gaessene koncentreret pa 2-3 loka-
liteter, mens de om foraret er spredt pa 12-14 lokaliteter langs den jyske
vestkyst (Madsen 1982).

Et andet eksempel pa stor-skala fordelende effekt af jagtlig forstyr-
relse er vinterudbredelsen af de gra gees Anser i Vesteuropa. Gragees-
sene, der overvintrer i Spanien og Holland, *‘springer over’’ Frankrig,
patrods af at der er egnede habitater, og andre Anser gees forekommer
kun sporadisk. For 15 ar siden overvintrede stort set ingen Anser gaesi
Frankrig og Belgien. 1 Belgien er der i 1970-erne og 1980-erne skabt
flere jagtfredede arealer for gaessene, kulminerende i en jagtfredning af
alle arter i 1986. I takt med disse tiltag er bestandene af gees steget be-
tragteligt, og de har bredt sig over storre arealer (Kuijken & Meire 1987).
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I Frankrig, hvor der fortsat drives intensiv gasejagt, er der ikke sket no-
gen stigning i bestandene (Yesou in press).

Der foreligger imidlertid kun f undersegelser, der analytisk har for-
sogt at vaegte effekten af den jagtlige forstyrrelse i forhold til andre fak-
torer, primzrt effekten af begraensende faderessourcer. 1 (4) er denne
vaegtning foretaget for to omrader i det sydlige Vadehav, der er raste-
plads for knortegaes og pibesnder, dels et alegraesbed dels et forlands-
areal.

Pa vadefladerne p4 Jordsand Flak drives der jagt pa ander ved lav-
vande, og pa forlandet ud for Ballum drives der trackjagt om aftenen.
En del af det undersogte alegraesbed pa Jordsand Flak er del af et vildt-
reservat med jagtforbud, og ligeledes er forlandet pA Remedemningen
(i umiddelbar forleengelse af Ballum Forland) jagtfredet. Det var sile-
des muligt at se pa andefuglenes exploitation af ressourcerne i hen-
holdsvis uforstyrrede og forstyrrede situationer.

P3 alegraesvaden betad jagten, at zender og gas i dagtimerne pa de
fleste dage blev fortraengt til den jagtfredede del. Om natten og pa de
fa dage, hvor der ikke blev drevet jagt, sogte fuglene fade i jagtzonen.
Konsekvensen var imidlertid, at i den fredede zone blev dlegrasset hur-
tigt 2dt op. PA trods af at der stadig var en stor fademangde tilbage i
jagtzonen, fortrak alle pibezender og de fleste (jagtfredede) knortegzs,
sandsynligvis fordi de ikke kunne fa daekket deres daglige energibehov.
Da pibeznderne var fortrukket, opherte jagten, og de resterende knor-
tegzes graessede uforstyrret pa vaden resten af efteraret.

I den jagtfredede zone paA Remedeemningens forland konsumerede
svemmeaenderne stort set al tilgeengelig freseetning (se side 12), og de
fouragerede primaert under hejvande i dagtimerne. P4 Ballum Forland
forblev freressourcerne stort set uudnyttede, og kun sporadisk forekom
der andeflokke. Da nderne havde dt fresztningen pd Remodem-
ningen op, fortrak sterstedelen af fuglene. Den resterende del segte
fede pa arealer bag digerne, men kun om natten. Om dagen hvilede de
pa vaden ud for Remedzmningen. Skiftet til natfouragering ma anses
for at vaere en tilpasning til og kompensation for, at der er for megen
uro i baglandet i dagtimerne.

Konklusionen pa undersegelsen var, at uroen i forbindelse med jag-
ten bevirkede, at svemmeznderne og sterstedelen af knortegaessene
matte forlade omradet i utide, mens der stadig var federessourcer til
stede.

Uro skabt af naturlige predatorer. Forstyrrende effekter af naturlige
predatorer pa gaseflokke er sparsomt beskrevet. Madsen (1988) har gi-
vet et eksempel pa, hvordan en dueheg Accipiter gentilis hun optradte
som forstyrrelseskilde. 1 labet af en uge draebte den mindst fire knor-
tegzes ud af en flok pa 800, der holdt til pa et forland i Vadehavet. Gas-
sene var ekstremt nervese, og de fortrak snart til en lokalitet, der nor-
malt ikke huser gas om foréret.

Tidevand

I tidevandsomrader med betydelige tidevandsamplituder kan den dag-
lige tidsperiode, hvor vegetationen pa vaderne kan nas af andefuglene,
vaere kritisk for, om fuglene kan né at fi dackket deres energibehov. I (4)
er tilpasningen af fourageringen pa alegraesbanker i det sydlige Vade-
hav hos knortegzs og pibeznder beskrevet. Fuglene kunne na alegraes-
set fraca. 3 1/2time for til 3 1/2 time efter lavvande. [ lavvandsperioder
i dagtimerne fouragerede fuglene nzesten uden ophold, og vha. af en
lysforstaerkende natkikkert blev det konstateret, at de ogsa fouragerede
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intenst ved natligt lavvande. Natlig fouragering hos gzes er ellers kun
bemarket i forbindelse med fuldmane midt pa vinteren (Ebbinge, Can-
ters & Drent 1975, Ydenberg, Prins & Dijk 1984), men intensiteten er al-
drig klarlagt. Mayhew (1988) har dokumenteret, at natfouragering har
stor betydning for pibezender, der fouragerer pa graesarealer. Den in-
tensive fouragering i lavvandsperioderne i Vadehavet er en tilpasning
til tidevandsmiljeet. Estimater af daglig energioptagelse viste, at kun
ved at udnytte natlige lavvandsperioder kunne det daglige energibudget
balancere (4).

Sne- og isdakke

Mid-vinter overvintringsomradet for gees i Europa ligger generelt syd
for 0°C januar-isothermen (Timmerman, Mérzer Bruyns & Philip-
pona 1976), dog med undtagelse af szedgasen og canadagasen Branta
canadensis, der ogsa overvintrer nord for 0°C isothermen, sandsynlig-
vis fordi de pga. deres storrelse er mere kuldetolerante end de mindre ar-
ter. | Nordamerika er der omvendt korrelation mellem kropsveegten af
canadagzessene (fordelt pa otte racer) og januar-isothermen i deres cen-
trale vinterkvarter, hvilket afspejler deres fysiologiske kuldetolerance
(Lefebvre & Raveling 1967).

Vinterudbredelsen vil naturligvis betinges af fedens tilgeengelighed.
Dzekkes landjorden af sne og de lavvandede omrader af is, umuliggeres
geessenes adgang til federessoucerne. Eksempler pa snedakkets indfly-
delse ses i Vestjylland, hvor de kortnabbede gaes i milde vintre uden
varsel ma fortrekke til de hollandske overvintringspladser pga. sne-
fald. Efter fa dages tovejr ankommer flokkene igen sydfra (Madsen
1980). Tilsvarende er store forekomster af seedgees i det sydastlige Dan-
mark korreleret med snedaekke af rastepladserne i Sydsverige (Madsen
1986, Jargensen & Serensen 1987).

Isdaekket har primeert betydning for knortegzessenes fouragerings-
muligheder. I tilflde af, at det setter ind med hard frost, fryser Maria-
ger Fjord, der er hovedrasteplads for Svalbardbestanden af lysbuget
knortegds Branta bernicla hrota, hurti gt til. Gaessene fortraekker tvaers
over Nordsgen til Lindisfarne i det nordastlige England. Forekomsten
der er saledes korreleret med kuldesummen i Danmark (Madsen
1984b).

Stedtrofasthed

Gees opfattes som vaerende meget traditionsbundne i deres valg af ra-
stepladser. Eksempelvis foreligger der data for, at enkeltindivider og
par af knortegaes opseger de samme overvintrings- og forarsrasteplad-
ser r efter ar, og endog det samme delomrade inden for en lokalitet (St
Joseph 1979, Prokosch 1984). Traditionen viderefores sandsynligvis
gennem generationer, ved at juvenile gzes leerer traekveje og rasteplad-
ser af foraldrefuglene (familien holder sammen gennem vinteren).
Stedtrofasthed kan have den selektive fordel, at fuglen lzerer omradets
foderessourcer, predationsrisiko m.v. at kende, hvilket kan foroge dens
intraspecifikke konkurrenceevne og i sidste ende dens fitness.

Udvikling af stedtrofasthed kan ses som en tilpasning til et relativ
forudsigeligt fedegrundlag. Det kan pévirke gaessenes habitatudnyt-
telse pa den made, at stedtrofasthed giver mindre plasticitet og eksplo-
ratorisk evne til at opsoge alternative habitater. Gzessenes strategi star
i modszetning til f.eks. granivore svemmeanders, der er szerdeles eks-
ploratorisk, tilpasset en temporeer, fluktuerende fodekilde.

At gees imidlertid i en vis udstrackning er eksploratoriske vises bl.a.
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af, hvordan de kortnaebbede gees, der raster i Vestjylland om foraret,
har skiftet fedevaner og ekspanderet i udbredelse. I labet af 1980°erne
har bestanden i stigende grad forladt strandenge og kulturgraesarealer
til fordel for nysiaede kornmarker, hvor de tager kerner i overfladen. I
1970’erne foregik fouragering pa nysaede marker stort set kun omkring
Vest Stadil Fjord, men i lebet af fa ar bredte feenomenet sig til nzesten
alle vestjyske rastepladser (Madsen 1984a). | dag opseger gaseflokkene
nysaede marker langt fra de traditionelle rastepladser (Madsen upubl.).

Diskussion

Der er belzg for, at forskelle i fadekvalitet kan udlese skifti mikrohabi-
tat eller mellem to nzerliggende habitater. Der er imidlertid behov for
bedre dokumentation for hypotesen om, at geessenes trinvise, nordga-
ende forarstraek er en tilpasning til plantefenologien. En raekke under-
sogelser har vist, at der eksisterer et alternativ til denne strategi, nemlig
at gaessene opnar den samme effekt ved gentagen afgreesning af vegeta-
tionen inden for et omrade (se side 11). En arsag til, at specielt knorte-
gaessene benytter sig af sidstnavnte strategi kan imidlertid veere den
enkle, at de ikke har flere velegnede rastepladser leengere nordpé imod
ynglepladserne end Vadehavet og de danske strandenge.

Progressionen i trackket, og specielt det sydgaende, kan imidlertid
ikke forklares alene ud fra forskelle i plantefzenologi. Som vist er der si-
tuationer, hvor gaseflokke udever et hejt greesningstryk pa vegetatio-
nen, og tilsvarende at svemmeznder kan konsumere en stor del af fro-
saetningen (se ogsa van Eerden 1984). Exploitationsraterne fundet i
alegraesbedet i Vadehavet (4) er hojere end rapporteret fra andre under-
sogelser (se Thayer et al. 1984), hvorimod afgraesningen af annelgrees
pa marsken (5) ligner exploitationsraterne fundet i det hollandske vade-
hav (Prop & Loonen 1989). Dokumentationen efterlader det indtryk, at
det ikke er uszedvanligt, at gaes og svemmeaender nedgreesser deres fo-
deressourcer, og at fedemangel kan vare en af mekanismerne, der
driver flokkene afsted langs traekruten.

Hvorfor beveeger gaessene sig gradvist mod syd, fremfor at fordele
sig ud over hele overvintringsomradet straks efter ankomsten fra yng-
lepladserne?

En mulig forklaring kan veere, at der er en gradient i profitabilitet ved
fouragering fra nord mod syd. Sydtrakket udleses af, at den relative
veerdi af de sydlige omrader stiger som folge af gradvis nedgraesning af
de nordlige omrader. Omraderne fyldes op svarende til en *‘ideal free
distribution”” (Fretwell 1972). Hos de kortnzbbede ges, der ferst fou-
ragerer pa spildseed i Danmark og derpa traekker til Holland og Bel-
gien, hvor de fouragerer pa gres, er hypotesen plausibel, men for de
merkbugede knortegees, hvor der ikke er nogen abenlys forskel i fode-
kvalitet, er den ikke.

En anden forklaring kan veere, at flokkene forseger at traekke den
kortest mulige straekning. Den selektive fordel heraf kan veere, at indi-
viderne (a) minimerer treekafstanden og derved sparer energi, og (b)
bedre kan respondere pa variation i vejrforhold og hurtigere returnere
til ynglepladserne (se Pienkowski & Evans 1985). Hyvis vi antager, at res-
sourcerne pa rastepladserne er begransende, vil en delvis test af denne
hypotese kunne leveres ved gennemgang af historiske data for, om gees-
sene som folge af bestandsstigning har beveeget sig hurtigere mod syd
og evt. har taget nye, sydligere omrader i brug. Specielt den morkbu-
gede knortegas skulle vare velegnet for analyse, idet dens habitatvalg -
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som en af de eneste gasearter - om efterdret stort set har vasret ufor-
andret siden 1960-erne, og den udnytter den samme fodeplante, ale-
grees, fra nord til syd i overvintringsomradet. Fra begyndelsen af
1970-erne til midten af 1980-erne er bestanden nzesten fem-doblet. 1
1970-erne kulminerede antallet af knortegzes pa den franske atlanter-
havskyst, der er det sydligste overvintringsomrade, i december-januar
(Maheo 1979), mens det i 1980-erne kulminerede en méaned for (3). Der
er saledes en vis stette for hypotesen, men der bar foretages en nejere
granskning af data, fer vi kan rede tridene ordenligt ud.

Begraensede ressourcer og stigende gasebestande eger mulighederne
for interspecifik konkurrence, og eksemplerne indikerer, at den kan
veere en lokal, betydningsfuld faktor for fuglenes fordeling og fano-
logi. Mekanismen ser primzert ud til at vzere, at der opstar fadeknaphed
pa et tidligere stadium, end hvis arterne havde vaeret segregerede. Der er
ikke beleg for, at interspecifik konkurrence i ojeblikket har nogen
storre betydning for den overordnede, geografiske fordeling af arterne.
Konkurrencen kan imidlertid forventes at 3 stigende betydning, ikke
blot pa treekruten, men ogsa pa ynglepladserne, f.eks. pA de nordatlan-
tiske @er, hvor der er begraenset plads. P4 Svalbard er der fundet tegn
P4, at lysbugede knortegzes er kommet i konkurrence med bramgaes,
der som falge af en betydelig bestandsstigning har ekspanderet til forst-
nzvntes yngleomrade (Madsen, Bregnballe & Mehlum 1989). Der er
iagttaget interferens-konkurrence om redepladser, hej exploitations-
rate af de foretrukne fedeplanter og et stort overlap i fedevalg (poten-
tiel exploitativ konkurrence). Det er dog endnu uvist, hvor kritisk kon-
kurrencen er for arternes yngleresultat.

Menneskeskabte forstyrrelser medvirker til koncentrering af fuglene
og accentuerer nedgraesningen af ressourcerne. Ganske vist kan fugiene
til en vis grad kompensere ved at fouragere pa andre fodekilder, foura-
gere pa tidspunkter, hvor forstyrrelsen er minimal, eller habituere til
forstyrrelser, men i de viste eksempler har forstyrrelsen veeret at sam-
menligne med tab af habitat. Eksemplet i (4) antyder, at fedemangel er
drivkraften bag traekket, men at den jagtlige forstyrrelse - og den inter-
specifikke konkurrence ““skubber pa’’.

Som det er fremgaet af ovenstaende er der en reekke komponenter, hvis
kvalitative og kvantitative betydning skal vaegtes i en analyse af gase-
flokkes traek- og overvintringsstrategi samt udvzlgelse af habitat. Det
star klart, at det oftest vil vaere umuligt pa basis af en enkelt faktor at
fremkomme med en ligefrem forklaring pa observerede fordelings- og
treekmenstre.

Der er sdledes behov for en bredere model til forklaring af mekanis-
merne bag gaessenes traek- og habitatskift end de tidligere fremsatte.
Det er sandsynliggjort, at udvaelgelsen af habitat ikke sker alene pa ba-
sis af profitabilitet ved fouragering, men at der ogsa indgar andre fit-
ness-komponenter sdsom risikoen for at blive prederet samt andre akti-
viteter med fitness-vaerdi end fedesegning sasom hvile. Risikoen for at
blive prederet kan bevirke, at fuglene undgar visse omrader, eller at de
fouragerer pa kortest mulige tid for at kunne tilbringe den resterende
tid pa et sikkert hvilested med mindre risiko for predation end p4 foura-
geringspladsen (iszer relevant i feeldningssituationen).

Denne generelle model inkorporerer saledes profitabilitet ved foura-
gering, predationsrisiko, effekt af foedekonkurrenter og en etologisk
faktor, der sammenfatter gassenes sociabilitet og stedtrofasthed, og
som reducerer deres fleksibilitet.

Dette forslag er i trad med en udvidet teori om optimal fouragerings-
strategi (Brown 1988), hvori det fremsaettes, at i et fouragerende dyrs
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udveelgelse af habitat indgar en afvejning mellem de fordele, det kan fa
ved energigevinst, og de omkostninger, der felger af predationsrisiko
og fedekonkurrence med andre arter. Brown (1988) foreslar, at male-
enheden i denne cost-benefit analyse er den fodetzethed, hvorved det
fouragerende dyr opgiver en habitat i forhold til andre (‘‘giving up den-
sities’’). Dette mal vil kunne give fingerpeg om styrken af de forskellige
komponenter. Med henblik pa at fa en mere detaljeret beskrivelse af
energetikken ved fouragering pa forskellige teetheder af ressourcer og
fastlaeggelse af tzersklen for, hvornar det ikke lengere er profitabelt at
fouragere, vil det imidlertid ogsa vaere hensigtsmaessigt at holde fast i
maling af netto-energiindtaget som supplement.

Anvendeligheden af modellen i felten forudsaetter, at styrken af en-
keltkomponenterne kan afpreves i forhold til hinanden, og at ‘“giving
up densities’” kan males i forskellige habitater. Eksemplet fra Vadeha-
vet (4) viser, at denneindgangsvinkel er farbar pa lokalt niveau. Skal hy-
potesen eftervises pé stor skala, kreever det, at vi kan rangere habitater
og “‘perlekzden’’ af rastepladser pé en relativ skala baseret pa egnet-
hed, udledt af cost-benefits ved at befinde sig pa et givent sted i forhold
til andre, og at omkostninger ved traekket mellem omrader kan estime-
res. Som det er fremgaet af eksemplerne er det mal langtfra naet i prak-
sis. For at na dertil kraeves sterre internationale samarbejdsprojekter,
der inkluderer analyser af fedegrundlaget, exploitationsrater, energi-
indtag, muligheder for at opsege alternative fedekilder, samt mulighed
for at eksperimentere med forskellig predationsrisiko (f.eks. ved at pa-
fore forstyrrelser). Et vigtigt bidrag vil veere at arbejde paindividniveau
(der foregar med stor succes individuel merkning af gees i mange gase-
bestande i Europa). Med denne stette kan der inden for flokkene analy-
seres for variation i forskellige sociale gruppers fitness ved et bestemt
habitatvalg. Med denne vinkel vil der endvidere veere bygget en bro til
belysning af habitatvalgets konsekvenser for populationsdynamikken.

En supplerende vej at gé er en analyse af historisk udvikling i treekru-
ter og habitatudnyttelse, en mulighed der er udnyttet alt for sjeldent.
Der er givet flere eksempler i nzervaerende artikel. Fordelen ved denne
indgangsvinkel er, at vi kan fa fingerpeg om styrkeforhold mellem
komponenterne pa stor skala. Problemet er naturligvis testbarheden,
idet de historiske data vil kunne levere korrelationer, mens mekanismer
og arsagssammenhznge ikke kan udledes med sikkerhed.

Betydning for forvaltning

Inden for landene i Europa, der rummer overvintringsomrader for gees,
har forvaltningen af bestandene og deres levesteder veeret koncentreret
om to aspekter: regulering af jagttider som led i beskyttelsen af bestan-
dene og afvaergning af skader forvoldt af gees pé landbrugsafgreder.
Forskellige generelle tiltag i retning af biotopsikring {Ramsar-konventi-
onen, EF-fuglebeskyttelsesdirektivet, forskellige besternmelser i natio-
nale naturfredningslove) er ogsd kommet gaessenes habitater til gode,
men der er relativt A tiltag, der specifikt er gjort for at sikre gassenes
habitater.

De fleste forvaltningsmaessige tiltag har veeret nationale, og der er
kun fa eksempler pa, at der er lavet internationale aftaler om forvalt-
ning af bestandene og deres habitater (f.eks. anbefaling af jagtfredning
af knortegaessene). Med EF-fuglebeskyttelsesdirektivet og Bonn-kon-
ventionen er der skabt visse lovgivningsmaessige rammer for internatio-
nal intervention.
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Generelt er gasebestandes status tilfredsstillende, men alligevel er de
under konstant pres fra det menneskelige samfunds side, specielt i vin-
terhalvaret, men ogsi i stigende grad i sommertiden (Madsen 1984c).
Der er derfor stort behov for langsigtede strategier for forvaltning pa en
fly-way basis.

Et nedvendigt grundlag for international forvaltning er kendskab til
bestandenes geografiske afgreensning og traekveje (fly-way), deres sta-
tus, populationsdynamik og ekologi samt enkeltlandenes forvaltning
af bestandene inden for en fly-way. I (3) er en sadan opdateret doku-
mentation leveret for fem gasebestande, der passerer gennem Dan-
mark. Gessene er velegnede som model-populationer i international
forvaltning, fordi 1) bestandene er forholdsvis veldefinerede, 2) be-
standsniveau og ynglesucces moniteres arligt for de fleste bestandes
vedkommende, og 3) de er ekonomisk og rekreativt betydningsfulde og
giver forvaltningsmaessige problemer i flere lande.

Den merkbugede knortegés er et eksempel pa en bestand, hvor der er
behov for en international forvaltningsplan (3). Siden jagtfredningen
af knortegasen i Danmark i 1972 er bestanden steget fra 40.000 til
235.000i 1988. Knortegasen er en af de fa arter, der i overvintringsom-
radet stadig udnytter de naturlige habitater (fladvand, vader, salt-
marsk). Baereevnen af disse habitater er, som det er fremgaet ovenfor,
teet pa at veere ndet, og med bestandstilvaeksten er gassene i stigende
omfang flyttet over pa kulturpraegede habitater. Isr i England, Hol-
land og Vesttyskland er der opstaet problemer, fordi fuglene gor skade
pa afgroder eller nedgraesser vegetationen far udsaetning af kreaturer
eller far. Fra jeegerside i Danmark, England og Frankrig er der onske
om at gendbne jagten pa bestanden (principielle, internationale aspek-
ter vedrerende dette er diskuteret i (3)).

Spergsmalet om jagttid og problemerne med knortegaessenes foura-
gering pa dyrkede arealer er forvaltningsmaessigt forbundne. Som de-
monstreret i (4) kan jagt pd &ender pa vaderne ogsd have en forstyrrende
effekt pa knortegaessene. Hvis der indfares jagt pa knortegzes i Dan-
mark, hvor gzessene nzsten udelukkende udnytter naturlige og semina-
turlige habitater (8), vil det sandsynligvis fa den utilsigtede effekt, at
der sker en reduktion af baerekapaciteten for den naturlige habitat, idet
gaessene fordrives mod syd i retning af overvintringskvarteret, med
ogede markskadeproblemer som konsekvens. Et tilsvarende eksempel
er observeret med kortnabbede gas pa den dansk-hollandske traekrute
(3).

Eksemplerne godtgor, at der er et behov for en international, integre-
ret biologisk og naturpolitisk strategi for forvaltning, der ber tage et
overordnet, helhedsorienteret udgangspunkt i bestandenes populati-
onsdynamik, specifikke habitatkray og faelsomhed overfor paferte
miljeforandringer, inklusive jagt.
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Relations between change in spring habitat selection and daily
energetics of Pink-footed Geese Anser brachyrhynchus

Jesper Madsen

Madsen, J. 1985. Relations between change in spring habitat selection and daily ener-
getics of Pink-footed Geese Anser brachyrhynchus. — Omis Scand. 16: 222-228.

During the month prior to spring departure 10 the breeding grounds the Svalbard
population of Pink-footed Geese staging in west Jutland, Denmark shifts from pas-
ture to grain. feeding on newly sown fields. This paper compares the daily energy ex-
penditure and net energy intake in the two habitats.

On pastures the geese spent 80% of the feeding day feeding vs 54% on newly sown
barley fields, but due to more frequent disturbance flights in the latter habitat, the es-
timated daily encrgy expenditure on pastures was lower (1088 kJ vs 1280 kJ). Daily
food intake on pastures was estimated at 158.5 g organic matter and on newly sown
fields at 229.8 g organic matter, equivalent to a daily net energy intake of 1267 kJ
and 2824 kJ, respectively. The net energy intake per peck during a feeding bout was
14 J on pastures and 219 J on newly sown fields.

Thus, from an energetic point of view, feeding on newly sown fields was advan-
tageous compared with feeding on pastures, and the observed habitat shift can be
seen as a choice of the most profitable food source. The grain provides sufficient car-
bohydrates to build up fat reserves for later reproduction, but not sufficient protein.

J. Madsen, Zoological Laboratory, Inst. of Zoology and Zoaphysiology, Univ. of
Aarhus, Universitetsparken, BIO HI, DK-8000 Aarhus C, Denmark. Present address:

Game Biology Swation, Kalp, DK-8410 Ronde, Denmark.,

1. Introduction

The Svalbard population of Pink-footed Geese Anser
brachyrhynchus wintering in Denmark, the Netherlands
and Belgium is concentrated in west Jutland, Denmark
from early April to mid May. Formerly, i.e. 30 years
ago, the Pinkfeet fed on grasslands throughout spring.
Concurrently with changes in farming practises, how-
ever, the geese have changed feeding habits, and
nowadays newly sown fields have become the most pre-
ferred spring habitat. In early spring feeding mainly
takes place on pastures, but as soon as sowing of spring
cereals commences in west Jutland (usually in early Ap-
ril} the population progressively shifis to the newly
sown fields, and from mid April to mid May the major-
ity of the population feed on grain in these fields (Mad-
sen 1984).

The aim of this paper is to compare the daily energy
balance of Pinkfeet feeding on two different food
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sources, pastures and newly sown barley fields, and to
examine whether the observed habitat shift can be ex-
plained in terms of choice of the most profitable food
source. Recent investigations have pointed out the rela-
tionship between the accumulation of nutrient reserves
(mainly fat and protein) in arctic nesting geese on their
spring staging areas and the subsequent breeding suc-
cess (Ankney 1977, Ankney and Maclnnes 1978, Eb-
binge et al. 1982); in this paper the potential for ac-
cumulation of reserves in the two habitats is discussed.

2. Material and methods

2,1. Study areas

2.1.1. The Tipper peninsula

The area is a grassland and marsh area in Ringkebing
Fjord (55°53'N, 08°13'E), divided in Tipperne (a 450 ha
reserve) and Varnengene (600 ha). The area is a tradi-
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tional wintering and spring feeding area for up to 4000
Pinkfeet (Madsen 1980), Viernengene, where this study
was undertaken, are fertilized pastures whereas Tip-
perne consist of unfertilized fresh-water meadows. Both
areas are cattle-grazed from mid May to mid October.
Faccal analysis has revealed that the diet of the Pinkfeet
on Varnengene consists of ca. 60% Alopecurus geni-
culatus, 30% Poa pratensis, 5% Agrostris spp., and 5%
other grasses. The geese only graze on green leaves (Lo-
renzen and Madsen, in press). At night they roost on
the surrounding shallow waters,

2.1.2. Filso

The area is arable land (1300 ha) (55°42'N, 08°13'E} on
which spring barley and winter cereals (wheat and rye)
arc grown. The arca is visited by geese in autumn and
spring; in the latter season 3000-5000 Pinkfeet are usu-
ally secen. After sowing, which takes place from late
March (in early years) to the end of April, the geese al-
most exclusively feed on the newly sown barley fields,
where they pick up grain from the soil surface or just be-
ncath it. The geese only visit the fields in the period be-
tween sowing and the commencement of germination
(up to two weeks after sowing). At night the peese roost
on the lake Filsg just north of the fields.

2.2. Field work

The study was undertaken from late March to mid April
in 1982 and 1983. During this period goose flocks visit
both areas and the accumulation of body reserves has
not yet begun. A narrow lime interval was necessary,
and it was assumed that food demands of the geese in
the two habitats were equal (later in spring food de-
mands will change rapidly and might vary with age and
social status).

2.3. Energy expenditure

During three days in each habitat a flock of geese (200-
804} inds) was kept under observation from the morning
departure from the roost until the return flight in the
cvening. Every 10 min the number of geese engaged in
different activities was recorded (following the method
of Altmann 1974). Observations were carried out from
a car with a telescope (2045x). Observations were only
made during periods when feeding was restricted to
daylight hours, i.e. during the dark moon phase or when
the sky was overcast. Pecking raies and walking speeds
during uninterrupted feeding bouts were timed on a
stop watch as the time it took to make 25 pecks and 25
paces, respectively.

2.4. Net energy intake

Estimates of daily food intake were obtained using the
marker substance method developed on Red Grouse
Lagopus lagopus scoticus (Moss and Parkinson 1972)
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and geese (Ebbinge et al. 1975, Drent et al. 1978/79). In
principle the method utilizes the fact that certain food
components, which are not digested during gut passage,
will be concentrated in the droppings compared with the
original food composition:

konc. of marker in food

% retenti = (1-
e A ey e rein droppings 10

Drent et al. (1978/79) mention a series of applicable
markers. In this study, four different substances were
used: neutral detergent fibre (NDF), acid detergent
fibre (ADF), lignin, and ash.

For analysis, samples of fresh leaves of grasses from
Vezrnengene were clipped. The species were collected in
the same proprotions as they were found in the diet of
the geese. Samples of barley grain were taken on the
newly sown fields. Fresh droppings were collected in
both habitats from sites where the geese were known to
have grazed all day. All analyses were done in du-
plicate.

In order to calculate daily [ood intake from retention
rates, the daily production of droppings was estimated.
Geese produce droppings from the time of arrival on
the feeding grounds (minus the throughput time) to the
depature to the roost where defaccation continues for
some time. In both habitats the geese remained on the
feeding grounds throughout the day. Throughput time
was recorded by watching the abdomen of geese from
the arrival in the morning until the first defaccation was
observed. Defaecation rate during the day was meas-
ured by recording the number of droppings produced by
a single goose during an observation period (time was
measured on a stop watch). As soon as the goose moved
out of sight the observation was stopped. Observations
were carried out on more than 100 inds and were evenly
distributed over the day.

The number of droppings produced on the roost
could not be determined, but Ebbinge et al. (1975) esti-
mated this parameter for wintering Barnacle Geese
Branta leucopsis in the Netherlands. The ratio between
the number of droppings produced during daytime and
that produced on the roost was assumed to be equal for
the 1wo species (for Barnacle Goose 135:25); from this
ratio the nightly defaecation of the Pinkfeet can be cal-
culated when daytime defaecation is known.

The energetic value of the net food intake was caicu-
lated from energy contents of pellets of food and drop-
pings (measured with a Gallenkamp bomb calorimeter).
All analyses were carried out in duplicate.

2.6, Ahdominal profiles

No data have been published on spring weights of Pink-
feet, but Owen (1981) developed a condition index for
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Tab. 1. Daity time budgets of Pink-footed Geese on pastures and newly sown barley fields.

Habitat Date Time away from Time expenditure (%)
roost {min)
Feeding Walking Roosting Alert Flight
Pastures 27 Mar 1983 816 85.1 2.2 9.6 2.5 0.6
6 Apr 1982 874 79.8 3] 12.9 32 1.0
16 Apr 1982 854 75.1 2.4 16.9 2.6 3.1
Mean 848 80.0 2.6 13.1 2.8 1.6
Newly sown 27 Mar 1982 768 53.1 3.2 34.7 33 5.7
barley fields 12 Apr 1983 869 54.6 4.0 34.7 1.5 52
I8 Apr 1983 882 55.0 3.0 27.1 4.1 10.8
Mcan 840 54.2 34 32.2 3.0 72

Barnacle Geese. Thus, the abdominal profiles were cor-
related with body weights, and a similar index ranging
from 1 to 4 (expressing increasing abdominal hanging;
see definitions in Owen 1981) was used in this study. As
individual birds could not be recognized, average in-
dices of flocks of at least 50 birds were used.

3. Results
3.1. Time and energy expenditure

On the pastures the geese spent on average 80% of the
daytime feeding whilst they spent only 54% on the
newly sown barley fields (Tab. 1). In both habitats feed-
ing activity varied during the day, with peak activity

7] 3
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% GRAZING

=

NEW-S0WN FIEL0S
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1] 10 5 0
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Fig. 1. Grazing activity during daytime (local time) on pastures
and newly sown ficlds. Two examples from each habitat are
shown,
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during morning and evening (Fig. 1). Fruzinski (1977)
observed the feeding activity of Pinkfeet in spring in two
similar habitat types and found a comparable rhythm.
The geese on the newly sown fields spent more time
roosting; on the pastures only few individuals were
roosting at a time, whereas on the newly sown fields the
entire flock often rodsted simultaneously (on one occa-
sion they did so for more than one hour). The roosting
periods on the newly sown fields usually followed a dis-
turbance and subsequent flight. The farmer at Filsé
tried various means to scare the goose flocks away from
the fields, and as a result the geese were shyer there
than on the pastures at Tipperne. This was reflected by
their spending more time in flight compared with those
on the pastures. During flight to the feeding grounds in
the morning the geese at Filsé spent more time flying
around compared with the geese on Vaernengene, which
was probably also related to their increased wariness.

Conversion of daily time budgets to daily energy ex-
penditure is shown in Tab. 2. Caiculation of basal meta-
bolic rate (BMR) was done using a mean body weight of
2.5 kg (an average of autumn weights (2.6 kg, M. Fog
pers. comm.) and winter weights (2.4 kg, Cramp and
Simmons 1977). Judged from the abdominal profiles in
spring (Fig. 2) the present study took place before the
geese put on weight, and therefore it seems reasonabie
10 use the mean of their autumn and winter weights. In
Tab. 2 daily energy expenditures of a 2.4 and a 2.6 kg
goose are also given. BMR was calculated from the
cquation for the relationship between body weight and
BMR in Aschoff and Pohl (1970), The cosis of diiferent
activities were taken from studies of Wooley and Owen
(1978) and Tucker (1969) (flight). The daily energy ex-
penditures were calculated for the entire 24 h cycle, and
it was assumed that the geese roosted all night.

In short, the flocks on the newly sown fields had a
higher energy expenditure than the flocks on the pas-
tures, despite a shorter feeding time and more roosting.
The increased time spent in flight significantly contri-
buted to this.

ORNIS SCANDINAVICA 16:3 (1985)
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Tab. 2. Estimates of daily energy expenditure of an average Pink-footed Goose {2.5 kg) on pastures and newly sown barley fields.
Values for time budgets are means of threc days, and it is assumed that the geese roost throughout the night.

Activity Cost of activity' Pastures Newly sown fields
{multiple of BMR)
Time budget Energy consumed Time budget Energy consumed
(min 24 h*') (min 24 h™')
Feeding 1.7 678 575 455 386
Walking 17 22 19 29 25
Roosting 1.1 702 385 870 478
Alertness 2.1 24 25 25 26
Flight 12.0 14 84 61 365
Daily energy expenditure (kJ) 1088 1280
(1039-1104) (1222-1297)

1. Sources: Wooley & Owen (1978) and Tucker (1969).
2. Ranges for weights of 2.4 kg and 2.6 kg, respectively.

3.2. Food and net energy intake

‘T'he daily defaecation in the two habitats is calculated in
Tab. 3. Throughput time was estimated at 45-50 min in
both habitats (two observations at each site), which
agrees with other studies on geese (Owen 1975), The
geese on the pastures defaecated twice as often as the
geese on the newly sown fields, and during a 24 h cycle
they were estimated to produce more than double the
number of droppings compared with those feeding on
grain.

The daytime production of droppings on the pastures
was also estimated from coums of droppings in the
ficlds. The flocks of Pinkfeet were counted and mapped
1-2 times daily throughout the winter and spring of
1983. In a central field, dropping densities were as-
sessed along transects (the droppings were counted and
removed from permanent plots at three wk intervals).
The number of goose-days per 4 ha was calculated from

1 A A 4 &8s sc B0
APR

Fig. 2. Development of condition expressed by abdominal pro-
files on pastures (filled circles) and newly sown barley fields
(open circles). Data were obtained at four sites: A: Varnen-
gene/Tipperne, B: Filsé, C: Nissum Fjord, and D: Vest Stadil
Fjord. Bars represent one standard deviation.,
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Tab. 3. Estimates of daily production of droppings, food intake
and net encrgy intake of a Pink-footed Goose on pastures and
newly sown barley fields, respectively.

Pastures Newly
SOWN
fields
Mean time on feeding ground {min) 844 819

Defaecation period during
daytime {min)* 799 774

Defaecation rate {s) 313° 6)r
Dropping production on

feeding ground 153 74
Dropping production on roost! 28 14
Total daily dropping production 181 88
Dry weight of dropping (g) 0.7 1474
Organic contents (g) 0.642 1.094
Daily defaecation (g org. mat.} 116.2 96.3
Retention rate (%) 26.7 58.1
Daily intake (g org. mat.) 158.5 229.8
Energy content of food

(k] g' org. mat.} 19.80 17.67
Encrgy content of facces

(k) g org. mat.) 16.11 12.85
Daily net energy intake (kJ) 1267 2824
Assimilation of energy (%) 40.4 69.5

a. Defaecation period is the time on feeding ground minus
throughput time (estimated to be 45 min in both habitats).

b. n = 376 min.

¢. n = 325 min.

d. For calculation see text,
e. n= 122,

f. n=121.

the mappings, and a linear correlation was found be-
tween cumulative dropping density and number of
goose-days (r = 0.90, n = 23, P < 0.001). One goose-
day equals the production of 150 droppings, which is in
close accordance with the estimated production of 153
(Tab. 3).

There was a reasonable accordance between the re-
tention rates based on NDF, lignin and ash (Tab. 4),
whereas the values based on ADF diverge, probably
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Tab. 4. Retention rates of pasture grasses and newly sown bar-
ley calculated by the marker substance method.

NDF' ADF' Lignin' Ash?

Pasture grasses 26.6 3.0 29.0 24.4
Barley (ungerminated) 63.5 80.5 52.6 58.1

1. % of organic contents.
2. % of dry weights, silica fraction subtracted from the ash of
droppings.

Tab. 5. Comparison of feeding parameters and profitability of
feeding on pastures and newly sown barley fields.

Pastures Newly
sown
ficlds

Pecking rate (s 25 pecks™') 10.9* 52.9*
Walking speed (s 25 paces™') 42 2¢ 17.1¢
Duaily foraging time (min) 674 455
Daily net energy intake (kJ) 1267 2824
Total number of pecks d 92750 12900
Encrgy intake peck ™' (J) 14 219
a. n = 84, SD = 2.0,

b, n = 31, SD = 13.7.

c. n=308SD=114.

d. n =23 8D =38

due to methological problems in the analysis. Using a
mean, and excluding the latter value, it is seen that the
barley grain had a digestibility twice that of the pasture
grasses. This is expected, because the fibre contents of
grass are higher than those of grain (NDF contents are
29.4 and 12.1% of dry weight, respectively), and diges-
tibility is known to be inversely correlated with amount
of fibre (Nehring and Nerge 1966).

Due to a higher retention rate, the geese on the
newly sown fields had a higher daily food intake, If the
water content of grass is assumed to be 80% of fresh
weight, food intake on the pastures corresponds to 793 g
fresh weight d™'. The estimated intake on the newly
sown barley fields corresponds to 4625 barley grains d!
{mean weight of a grain is 0.0487 g dry weight). Due to
a higher energy assimilation (Tab. 3), the geese feeding
on the newly sown fields double their daily net energy
intake compared with pasture feeding geese.

3.3, Feeding profitability

When grazing on pastures, geese pecked faster but
walked slower than the geese on the newly sown barley
fields (Tab. 5). The pasture vepetation was patchy, and
the geese tended to seek out patches with the preferred
grasses (especially patches with Alopecurus geniculatus)
and then slowly traverse that area with a fast pecking
rate. On the newly sown fields the food was more
evenly distributed, and the geese tended to walk faster
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to cover the relatively longer distance between the
grains, thus giving rise to a slower pecking rate. Pecking
rates were seven times higher on pastures than on newly
sown ficlds. Converted into net energy intake per peck,
the geese on the newly sown fields had 16 times as high
a net intake per peck as the geese on the pastures.

4. Discussion
4.1. Choice of profitable habitat

According to optimal foraging theory an optimal pre-
dator (carnivore as well as herbivore) should forage in
the most profitable patches or habitats, where food in-
take per unit foraging time is maximized ( Royama 1970,
Krebs 1978). When profitability is expressed as net en-
ergy intake per peck the Pinkfeet evidently behaved op-
timally by choosing the newly sown barley fields. Com-
pared with pasture grasses in early spring barley grain is
an advantageous food source with high digestibility and
a high energy content.

Drent et al. (1978/79) computed net calorific intake
per 1000 bites for Barnacle Geese and Brent Geese
Branta bernicla bernicla feeding on different food
sources during the wintering season, and found the hab-
itat utilization to be consistent with the expectations of
the profitability hypothesis. Boudewijn (1984) found
that spring habitat selection of Brent Geese was corre-
lated to food quality (digestibility) and that the geese
changed habitat according to profitability. Charman
(1979}, in a study of the sequential habitat utilization of
Brent Geese in south-east England, also found that the
geese first took the most profitable food plants and then
made ‘a sequential progression down a chain of food
preferences’.

4.2. Energy budgets

When the estimated energy expenditures and net en-
ergy intakes in the two habitats are compared (Tabs 2
and 3) it is seen that there was an approximate balance
in the energy budget on pastures, whereas on newly
sown fields the net energy intake of the geese was twice
their expenditure. Expenditure was highest on newly
sown fields because of an increased amount of flying,
but apparently the geese managed to compensate for
this by an increased food intake. In a study of the effects
of disturbance on time budgets of Pinkfeet wintering in
the Netherlands, Schilperoord and Schilperoord-Huis-
man (1981) likewise found that geese put to flight by
disturbance compensated for the lost feeding time (and
the higher encrgy expenditure) by increased time feed-
ing in the hours following the disturbance.

However, it can be roughly calculated that if the
Pinkfeet grazing on pastures in west Jutland spent the
same daily amount of flying as geese feeding on newly
sown fields (one hour) they would not be able to com-
pensate for their energy loss, unless they increased
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pecking rates or the time spent feeding {e.g., by feeding
at night).

The estimated energy budgets should, however, be
regarded as rather crude as some of the parameters are
insufficiently documented, e.g., energy costs of activity
(cost of feeding in the two habitats was regarded as
cqual), body weights, and defaecation rates at night.
Furthermore, in the droppings from the newly sown
barley fields, the sand fraction was high and variable,
which may have effected the accuracy of the marker
concentration measurements.

4.3. Nutritive demands

The so-called ‘condition hypothesis’ states that nutrient
reserves accumulated in spring staging arcas are of crit-
ical importance to the subsequent reproduction of arctic
nesting geese (Ebbinge et al. 1982). As shown by the
development of the abdominal profiles, the Pinkfeet ra-
pidly take on weight during the last month before their
spring departure (Fig. 2). Judging from the energy bud-
gets there seems o be a significantly better potential for
weight increase on the newly sown barley fields than on
pastures. A serious constraint is the wariness of the
geese, which leads to frequent disturbance flights. Later
in spring the flight distance of the geese decreases
{Madsen 1985). This might be seen as a behavioural ad-
aptation to meet the increased food demands, improv-
ing the opportunity to build up fat reserves.

Also protein reserves accumulated in the spring stag-
ing areas are thought to be of critical importance to the
egg laying goose (Prop et al. 1984). McLandress and
Raveling (1981) showed that Canada Geese Branta ca-
nadensis maxima changed from a winter diet consisting
mainly of maize Zea mays to a more diverse and pro-
tein-rich diet in spring, and this change coincided with a
build up of both protein and fat reserves. The barley
grain utilized by the Pinkfeet contains few of the amino
acids essential for egg production and the build up of
flight muscle (McDonald et al. 1973). The entire popu-
lation of Pinkfeet changes to the newly sown fields dur-
ing the month prior to spring departure (Madsen 1984),
and at present it is unknown where the geese gain the
necessary protein reserves. The following possibilities
exist: (1) the geese fly to the pastures for a few hours
each day (not the case in this study, but later in spring
flocks of geese are seen grazing on pastures); (2) the
protein reserves are accumulated prior to the shift to the
newly sown fields; or (3) the geese build up the reserves
on staging areas in northern Norway during mid May.
Wypkema and Ankney (1978) found that Snow Geese
Anser c. caerulescens were able to supplement their pro-
tein reserves on a short-term staging area immediately
before their final migration to the breeding grounds
{(while fat reserves remained stable). However, the
Pinkfeet probably only stay in northern Norway for
2-5 d before they migrate to Svalbard (N. Gullestad,
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unpubl.), which appears to be too short a time to make
major supplements to their reserves.

In conclusion it is evident that feeding on newly sown
barley fields in spring is advantageous from an energetic
point of view compared with feeding on pastures, and
the shift from pastures to the newly sown fields can be
explained as a choice of the most profitable food source.
The newly sown fields provide sufficient carbohydrates
to build up fat reserves for spring migration and repro-
duction, but the geese will have to find a supplementary
source of protein in other habitats in order to build up
protein reserves.
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footed Geese in West Jutland, Denmark
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ABSTRACT

The impact of roads and landscape features on field wilization of pink-
footed geese in awiumn and spring is examined. Flight distance of goose
Hfocks increases with flock size and is longer in autumn compared to
spring. The disturbance distance of roads with traffic volume of more than
20 cars per day is approx. 500m in autumn, less in spring. Lanes with
0-10 cars per day also have a depressing effect on wrilization.
Windbreaks. banks. etc. which hinder an open view. have a disturbance
distance of approx. 200-300 m. The width of an area (hindrances in more
than one direction) must exceed 500 m in order to be acceplable 1o flocks
of pink-footed geese (auiunmn).

INTRODUCTION

A principal goal for the management of areas for wintering geese, e.g.. the
design of goose refuges, is to improve the carrying capacity of the areas.
Several factors affecting habitat selection of the geese must be considered
(Owen, 1973), which can be divided into two categories:

(1
(2)

factors influencing the within-habitat (micro-) level, viz. plant
community, vegetation height and quality of food plants: and
factors influencing the overall-habitat (macro-) level, viz. biotope,
size of the area, openness and disturbance.
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In this paper 1 have quantified the impact of some of the factors
influencing goose utilization at the macro-habitat level. The study was
carried out on the population of pink-footed geese Anser brachyriivnchus,
staging in West Jutland, Denmark in autumn and spring (Madsen, 1984).

STUDY AREAS

The investigation was carried out in two areas in West Jutland:

(1) The Tipper peninsula (55°53'N, 08°13"E}), a cattle-grazed
grassland, consisting of the nature reserve Tipperne (450ha of
unfertilized, semi-natural grassland) and Vaernengene {600 ha of
fertilized pastures). The area is a traditional winter and spring
haunt for up to 4000 pinkfeel.

(2) Filse(55°42° N,08° 13" E).a 1300 ha farm on which thereis acrop
rotation of spring barley (the principal crop), winter wheat, rye,
rape and seed grass. In autumn the major part of the arable land
lies as stubble. which is gradually ploughed, and stubble with
undersown seed grass. The area is a traditional haunt for up to
25000 pinkfeet in autumn and 3000 -5000 in spring.

METHODS
Flight distances of goose flocks

The distance at which goose flocks take flight was estimated using a car as
a standard stimulus triggering escape flight. The flock size and flight
distance was estimated, the latter to the nearest 25 m. The distance from
the car to the nearest edge of the flock was often controlled by pacing out
or by measuring on a map. The observations were carried out on every
possible occasion. on several localities, and in autumn and spring during
the seasons 1980/81 to 1982/83.

Effect of landscape features on goose utilization

Two different approaches 1o the evaluation of the disturbance effect of
various landscape features on goose distribution were used. On Filse the
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evaluation was based on goose counts and the mapping of flocks, whereas
on the Tipper peninsula density of droppings was used as a measure of
grazing intensity. The advantage of the former method is that overall
distribution factors can be analysed, while the latter gives more detailed
information.

Filso

Goose counts and mapping of flocks were carried out at regular intervals
(on average every 3 days) in October, from 1980 to 1983. Goose
utilization of individual fields has been calculated as the mean number of
geese per ha per visit. As utilization is dependent on habitat type, the
expression has been calculated only for the years when a field was in a
state preferred by the geese. A study of the habilat selection of the geese
(Madsen, in press) showed that they preferred the stubble with or without
undersown grass. Due to the rotation of crops all fields were in one of
these two states in at least one autumn, and most fields for two or three
autumns. Distances from field centres to landscape features were
measured on a 1:10000 map. The following parameters were chosen: (1)
distance from windbreaks, plantations, banks, etc. which hinder a wide
view: (2) distance from roads and country lanes with various traffic
volumes: one road with a traffic volume of 20-50 cars or equivalent per
day. and several lanes with a traffic volume of less than 10 cars per day: (3)
the openness of a field, i.e. the width of a field from banks/windbreaks,

S

e

| e

o=

Fig. 1. Definitions of distance to obstruction of open view and width of a field which is

enclosed by a bank in more than one direction (broken line). Bis the shortest distance from

the field centre to the bank: A is the width of the field perpendicular 1o the direction of the
widest view (C). Single lines are water canals.
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etc. enclosing the field in more than one direction, measured as the length
of the line perpendicular to the direction of the longest view (for visual
explanation see Fig. 1).

The Tipper peninsula

As goose utilization is dependent on the plant community the analysis of
dropping densities has only been carried out in preferred communities,
defined by the highest dropping densities, and only on wide homogeneous
swards. Density of droppings was assessed in 20m? circles with 40m
intervals along transects perpendicular to roads and windbreaks.
Permanent plots were established in a central pen which was regularly
used by the geese. Here droppings were counted and the plots emptied at
three-week intervals throughout the period January to June 1983
Transects were chosen so that the effect of the feature being investigated
was isolated from other effects. e.g.. other roads or plantations.

RESULTS AND DISCUSSION
Flight distances

In both autumn and spring a correlation was found between flight
distances and flock size (Spearman’s rank correlation, r,=0-431, p <
0-05, and r, = 0-384, p < 0-05, respectively (Siegel. 1956)). The relation-
ships are, however, not linear but probably concave (Fig. 2).

The interrelation between flight distance. flock size and season has
been analysed by a three-way log linear model (Sokal & Rohif, 1981),
where the flight distance and flock size have been grouped according to
the mean distance and size respectively, pooled over the seasonal factor
(Table 1). A G-test for goodness of fit yields Gapc =745 (p < 0-001),
indicating the presence of a three-way interaction between the factors, ie.
flight distance is dependent on both fiock size and season.

Generally speaking flocks above 400-600 individuals have a flight
distance of 500m in autumn and 300-400m in spring. The increased
shyness is undoubtedly related to harassment during the shooting season
(the open season in Denmark is from | September to 31 December). This
is also evidenced by the fact that geese staging on Filse in spring remained
as shy as in autumn. Here the farmer regularly fired warning shots at the
geese in order to keep them off the newly sown fields (these flocks have
been omitted from the three-way analysis).
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Fig. 2. Flight distances of flocks of pink-footed geese approached by a car in autumn
(September -November) and in spring (February -May),

In a study of flight distances of brent geese Branta bernicla bernicla,
Owens (1977) found a linear relationship between flock size and flight
distance. Flight distances should, however, not be expected to increase
indefinitely with flock size but rather level off, as the present data suggest.

The disturbing effect of shooting on flight distances of goose flocks has
also been reported by Gerdes & Reepmeyer (1983). They found that. in
the years foliowing a ban on shooting of white-fronted geese Anser
alhifrons and bean geese Anser fabalis in West Germany, the flight
distances of wintering flocks of 500-1000 individuals decreased from
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TABLE 1
Grouping of Data in a Three-way Analysis of Relation between Flock Size of Pink-footed
Geese, Flight distance and Season
(Grouping according to mean size/distance pooled over the season)

Flock size (A) Flight distance (B) Season (C) Totals

(m)
Autumn Spring
<590 <257 2 35 37
> 257 9 3 12
1 I8 49
> 590 <257 0 6 6
> 257 12 7 9
12 13 25
Totals 23 51 14

generally 500 to 200m. As a result the geese expanded their feeding
grounds to areas close to roads and banks where they previously had been
reluctant to go.

Impact of roads

In order to evaluate the impact of roads on goose utilization on Filse,
data have been grouped for fields with a similar distance from a road with
similar traffic volume, provided no other landscape [eatures affect
utilization. Roads with a traffic volume of 20 -50 cars {or equivalent) per
day had a serious depressing effect on goose utilization in a range of
0-500 m from the road (Fig. 3A). Even lanes with less than 10 cars per day
had a depressing eflect, although not as seriously as the more frequented
roads. Due to the lack of fields at distances of more than 600 -800 m away
from the roads, it was not possible to examine the long-distance effect of
the roads. However, utilization reached a peak at a distance of 500600 m
from the roads. The disturbance distance, defined as the distance from the
road where the geese feed without interruption (modified after van der
Zande et al., 1980), is likely to be approximately 500 m. The average flock
size of pinkfeet on Filse in autumn was 1927 individuals, and the
disturbance distance corresponds well with the flight distance of bigger
flocks in autumn.

The disturbance distance of a road carrying 20 -30 cars per day was ca.
240 m on the Tipper peninsula in spring (Fig. 4). Mean flock size of
pinkfeet was 362 individuals, and the disturbance distance corresponds
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Fig. 3. (A) Relation between utilization (mean number of goose days per ha per visit)
and distance from roads on Filse in autumn. Circles: traffic volume less than 10 cars per
day: filled circles: more than 20 cars per day, (B) Utilization related to distance from
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represents at east four dropping samples of 20m? in a Poa prarensis Alopecurus
genfenfurns-dominated grass sward,
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well with the flight distance of approximately 200-300 m for that flock size
in spring. Even a lane which does not carry cars daily was found to have a
depressing effect on utilization (Fig. 4) and a disturbance distance of
approx. 100 m. The explanation for this is probably that geese put to flight
by disturbance or predators most likely settle in the centre of a field. Only
after some time will they reach the field boundaries, and consequently the
grazing intensity there is reduced.

The results (Figs 3A and 4) indicate that the relationship between the
distance from the road and goose utilization is logistic. The disturbance
intensity, i.e. the total loss in goose utilization suffered over the whole
disturbance distance (modified after van der Zande ef al., 1980) increased
with the traffic volume and flight distance. This, again, indicates that the
disturbance intensity may be increased in two ways: (1) by increased
disturbance distance {which is partly a function of flight distance): and (2)
by the movement of the exponential phase of the logistic curve to the right
{brought about by increased traffic volume).

This conclusion is partly supported by Mooij (1982), who studied the
effect of roads on field utilization by wintering bean geese and white-
fronted geese in the Lower Rhine Area of West Germany. Judging from
that author’s results, there was a logistic relationship between distance
from roads and utilization, the disturbance distance being approx.
500-800 m. The longer disturbance distance may be due to the fact that
the geese in the Lower Rhine have more space available than in the study
areas. Fields far away from potential disturbance sources probably have a
higher affinity to geese, and when disturbed from other areas the geese are
most likely to fly to safe and undisturbed sites.

Impact of obstructions to open view

The impact of windbreaks, plantations, banks, etc., which hinder the
open view of the geese, was analysed for those fields on Filse where the
distance to the central road (carrying more than 20 cars per day) exceeds
600 m. Utilization (U) is correlated with the linear distance from the field
centre to an obstruction of the open view (A} and the width {B) of the area
{for definition see Fig. 1) by a partial regression analysis {Sokal & Rohif,
1981). The mutual correlation between A and B is 1 = 0-44 (Kendall rank
correlation coefficient, Siegel, 1956). When the effect of A is eliminated.,
the partial correlation coefficient is:

rtH'A Fee] 0'84 (p < ﬂ‘Ol)
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When the effect of B is eliminated. the partial correlation coefficient is:
T'ua.p = 0:10 (non-significant)

This result indicates that an obstruction of the open view on one side
of a field has no significant effect on goose utilization. that is, taking the
field size on Filse into account. However, if the field is enclosed by
obstructions to open view on more than one side, goose utilization will be
affected. As shown in Fig. 3B fields with a width of less than 500 m were
not utilized by geese at all, and utilization increased with widths between
500 and 1100 m.

The impact of windbreaks in one direction was analysed on the Tipper
peninsula (Fig. 5). A depressing effect on goose utilization was found
from O0m to approx. 150m proceeding from the windbreak.

100+

804

60+
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g J t T ¥ T
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Fig. 5. Goose dropping densities expressed by percentage of maximum value as a

function of the distance from a windbreak on the Tipper peninsula. Each point represents

at least four dropping samples of 20m? in a Poa pratensis - Alopecurus geni:ularus-
dominated grass sward.

T L

Karlsson er al. (1978) found that bean geese accepted fields with
diagonals of 250m x 250m. but these workers did not quantify the
relationship between intensity of utilization and field size, and the
250m x 250 m is a minimum acceptable field size. As indicated above. the
minimum width accepted by the pinkfeet was 500m. Although not
directly comparable with Karlsson et al.’s (1978) results. the minimum
acceptable field size for pinkfeel appears to be larger than for bean geese.

=
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CONCLUSIONS

It is concluded that disturbance. broadly defined as both actual, which
puts geese to flight (e.g.. human beings, cars, aircralt) as well as potential,
which may hide predators (landscape features). is a very important factor
affecting overall goose utilization. Owen (1972, 1973) reached the same
conclusion on the basis of studies of wintering white-fronted geese
and barnacle geese Branta leucopsis in Britain. Other authors have
emphasized how disturbance may modify goose distribution both within
sites and between sites (Kuyken, 1969; Goransson & Karlsson. 1976:
Owens, 1977: Gerdes et al., 1978: Madsen, 1980, 1982: Gerdes &
Reepmeyer, 1983 Mooij, 1982).

A primary goal for management policies for goose habitats is thus to
reduce disturbance. How big a goose-managed arca has to be will,
however, depend on several factors, e.g.. species, size of the population,
shyness. and proximily to other goose areas.

The pinkfoot is an extremely wary goose and other species occurring in
West Jutland. particularly the greylag goose Anser anser, are less shy and
less demanding with regard to field size (Madsen. in prep). Flight distance
gives an indication of the minimum acceptable size of an area. but this
changes with shooting regulations. It can be concluded that the following
requirements on the macro-habitat level should be fulfilled to make an
area acceplable for, say. at least 1000 pinkfeet:

(1) extensive feeding grounds at a distance of 500 m away from roads
with traffic volumes of above 20 cars should be available:

(2) traffic on lanes should be regulated. as even less than one car per
day has a depressing effect on goose utilization: and

(3) the width of the area should exceed 1km: and windbreaks,
plantations, etc. should not be established within the area.
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Abstract

Madsen, 1. 1987. Status and Management of Goose Populations in Europe, with
Special Reference to Populations Resting and Breeding in Denmark, - Dan. Rev,
Game Biol. Vol. 12, No. 4.

This paper reviews the status, ecology and management of goose populations in
Eurape. The development of populations within the 201h century is summarized,
and Tactars determining their size diseussed, Crop damage by geese, and its pos-
sible solution, is discussed. Proposals to luture management and research are
given.

Five populations passing through Denmark are used as examples, viz. Anser
Jubalis fabalis, the Svalbard A nser brachyrhynchus, ihe northwest Eutopean As-
ser anser, Branta bernicla bernicla, and the Svalbard Branta bernicla hrota, The
[ive populations have in common, together with most of the otber 16 populations
occurring in Europe, that within this century they have increased in numbers and
have changed feeding habits. In populations whete the dynamics arc known, the
increase has been attributed to a better survival, and relaxation of shooting pres-
sure seems 10 be the major causal factor. Many species have, during part of the
winter scason, changed from feeding in natural habitats or extensively farmed
land to feeding on arable land or improved pasturcs. This has been anributed
parily 1o the destruction of the former habitats (development, reclamation), and
partly 1o betier feeding conditions on the farmland. In Branta b. bernicla the po-
pulation increase has led to an carlier exhaustion of the natural food resources on
the mudflats, and consequently to the shift o pastures and winter cereal fields.
The combination of changed habits and the increase in numbers has given rise to
damage on crops. The best solution to the problems is to create refuges with alter-
native feeding areas, and a better protection and managemeni of mud(lats and
marshes, which are traditional haunts. An international siralegy lor the manage-
ment of the European goose populations is needed. It should be based on know-
ledge of dysamics and ecological requirements of the populations. Research on
the breeding ecology is needed in most populations, howevet, especially n those
breeding in Siberia. Studies of population dynamics are missing for some popula-
tions.
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Introduction

At some stage in their annual cycle, the Eu-
ropean subcontinent harbours a total of 21
wild goose populations. Throughout this
paper a population is defined as a group
which is more or less discrete with little in-
terchange of individuals with any other
group of the same species. The populations
total between 1,329,000 and 1,569,000 geese
(Table 1), of which the bulk breeds in arctic
regions outside Europe. With a few excep-
tions the populations have increased mar-
kedly during the second half of the 20th
century, and the total number of geese win-
tering in Europe today is probably higher
than ever beflore.

In the course of the last two centuries en-
vironmental conditions in Europe have al-
tered considerably, especially due to the in-
tensification of farming and the develop-
ment of urban societies and industry. In
Denmark for example, the uncultivated
area, viz. heathlands, moorlands, mea-
dows and saltmarshes, was reduced by
80-85% from 1850 to 1950, and the trend
has been continuing since (FERDINAND
1980). Many of the traditional goose feed-
ing sites have been changed into agricultu-
ral lands, and the geese have to a large ex-
tent changed their feeding habits, Thus,
nowadays, at least 16 of the 21 goose popu-
lations rely partly or mostly on feeding ha-
bitats in cultivated lands during their stay
in Europe.

The shift to the farmland has, combined
with the increase in goose numbers given
rise to conflicts with the farming communi-
ty. Especially since the 1970s the farmers
have shown a growing intolerance towards
the geese,

This development has raised the gues-
tion among wildlife administrators and na-
ture conservationists of how to alleviate the
conflicts and how to manage the goose po-
pulations and their habitats on an interna-

tional as well as a national basis. So far the
international efforts have been concerned
only with the management of the Brent
Goose (see SMART 1979, SCOTT & SMART
1982), and the only initiative has been an
agreement of not to reopen the shooting
season in countries where a ban was im-
posed.

In this paper the status and management
of goose populations in Europe, and espe-
cially those passing through and breeding
in Denmark is reviewed. The selected popu-
lations are:

Taiga Bean Goose (Anser fabalis fabalis)

Svaibard population of Pink-footed Goose
{Anser brachyritynchus)

Northwest European population of Grey-
lag Goose (Anser anser anser)

Dark-bellied Brent Goose (Branta bernicla
bernicla)

Svaibard population of Light-bellied Brent
Goose (Branta bernicla hrota)

The purpose of the paper is:

1) to review the status of the five goose
populations, including the distribution
and number of geese, their ecology,
past history, management and popula-
tion development in all the range sta-
tes,

2) to provide management and research
recommendations for the populations,

3) to summarise and discuss in general
trends in goose populations in Europe,
factors determining population levels,
and goose damage and possible so-
lutions.

Without the international goose counts or-

ganized through the International Water-

fowl Research Bureau (IWRB), it would
not be possible to review the relatively
detailed population and distributional
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data. Partly due to the IWRB, partly to na-
tionally organized counts, population
sizes, proportion of juveniles and family
group sizes are monitored each winter in
most goose populations in Europe. From
this basic work many more detailed investi-
gations have originated, especially ringing
and colour ringing programmes, f{rom
which much new information about popu-
lation dynamics, life histories, migration
patterns and behavioural ecology has
emerged.
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Taiga Bean Goose
Anser fabalis fabalis

(with remarks on
Anser fabalis rossicus)

Two subspecies of Bean Goose regularly
winter in western Europe: the slenderbilled
Anser Jubalis fabalis, also called Taiga
Bean Goose, and the shorter- and deeper-
billed Anser fabalis rossicus, also called
Tundra Bean Goose. Intermediate forms
occur, and some authors (e.g. OGILVIE
1978) tend to consider the two forms to be
intergrading, while others (ROSELAAR

1977, HUYSKENS 1977, 1979, VAN IMPE
1980a, 1980b, VAN DEN BERGH 1985) con-
sider them as subspecies, as they have been
shown to diverge in both morphology and
ecology.

From the point af view of population
management the two forms ought 10 be
identified as separate entities, and in the
present review this has been done. As the
Bean Geese passing through Denmark so-
lely belong to the fabalis population, spe-
cial attention will be paid to this, while the
rossicus population will only be mentioned
briefly.

The rossicus population breeds in north
Siberia, partly overlapping with fabalis
(Fig. 1, after DELACOUR 195] and later cor-
rections), and is by far the most numerous
of the two populations wintering in Eu-
rope. Recent counts in the wintering quar-
ters have indicated that the population
probably exceeds 200,000-250,000 geese
(FoG 1982a). In autumn the population
migrates south of the Baltic and has its
main autumn haunts in the German De-
mocratic Republic {(GDR) and Poland
{LITZBARSKI 1979). Depending on the seve-
rity of the winter, geese move on to the Ne-
therlands and the western part of the Fede-
ral Republic of Germany (FRG) or into
central Europe and as far as France and
Spain (Fig. 2). Neck-banding carried out in
the GDR (L1TZBARSKI 1979) has revealed
that there is some connection between the
western and central European wintering
grounds. Bean Geese wintering in the Ne-
therlands may thus reappear in central Eu-
rope later in winter (VAN DEN BERGH 1985,
L1TZBARSKI unpubl.).

The fabalis population breeds in north
Scandinavia, north Russia and west Siberia
and has a more northwesterly wintering di-
stribution, incleding Sweden, Denmark,
the GDR and the Netherlands (Fig. 3). The
population probably numbers more than
60,000 geese. Much new information con-
cerning the migration pattern and ecology
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Fig. I, Breeding distribution and migration routes of Bean Goose populations: To the west Anser fubalis fubalis,
1o the east A. £ rossicus. The extension of the range of fabalis into Siberia is notl well known (After DELACGUR

1951, with later corrections).

of the population has arised from a Scandi-
navian study sponsored by the Nordic
Council for Wildlife Research (NILSSON &
FOG 1984).

Breeding grounds
and breeding ecology

The number of breeding pairs in the Scan-
dinavian countries and the Soviet Union is
unknown. Only in Finland is it estimated
that more than 1,000 pairs nest (PIRKOLA
& KALINAINEN 1984), but the centre of
gravity probably lies in the Soviet part of
the breeding range, and on the southeast
Kola peninsula breeding density is high
(FILcHAGOV et al. 1985). In Finland the po-
pulation has been increasing in the last de-

cades, whereas in Sweden and Norway it
has been decreasing over this century
(MELLQUIST & VON BOTHMER 1982, 1984,
HAFTORN 1971).

In Scandinavia and possibly also in the
Soviet Union the preferred nesting habitat
is the minerotrophic type of forest mire
with Carex, Eriophorum and Trichopho-
rum spp. (PIRKOLA & KALINAINEN 1984).
Pairs usually nest solitarily or in small,
loose colonies in scrub within the mires and
feed either in fields cut for hay or in the
mires {PIRKOLA & KALINAINEN 1984,
MELLQUIST & VON BOTHMER 1984). The
main food plants are sedges and grasses,
Equisetum spp. and in summer various ber-
ries (PIRKOLA & KALINAINEN 1984, FiL-
CHAGOV et al. 1985).
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The phenology of the breeding season is
poorly known. In Finland and on the So-
viet part of the Kola peninsula the Bean
Geese arrive on their breeding grounds
from the second haif of April to mid May
(LAMPIO 1984, FILCHAGOV et al. 1985).

Moulting grounds are found in Finn-
mark in north Norway (TVEIT 1984), pro-
bably harbouring 1,100-2,300 geese (TVEIT
unpubl.), and at the Kola peninsula in the
Soviet Union (BIANKI cited in PIRKOLA &
KALINAINEN 1984). Moulting concentra-
tions are also known from south Novaya
Zemlya and areas to the east (USPENSKI
1965}, but are probably mainly used by the
rossicus population.

Management measures and problems. In
Scandinavia the breeding habitats have se-
riously deteriorated in various ways, of
which forestry drainage and peat digging

seem to be the most negative interferences
(PIRKOLA & KALINAINEN 1984). The tradi-
tional hay-cutting in the mires has ceased in
many areas, causing a change in the plant
communities and a decrease in the Bean
Goose population (MELLQUIST & VON
BOTHMER 1982, 1984).

In Sweden the Swedish Sportsmen’s As-
sociation together with the World Wildlife
Fund have attempted to reintroduce Bean
Geese to former breeding grounds where
the vegetation is now managed to the bene-
fit of the geese (MELLQUIST & VON BOTH-
MER 1982),

Wintering grounds

The wintering range of the fabalis popula-
tion includes the countries Sweden, Den-
mark, the GDR and the Netherlands. Some
Sabalis flocks possibly also occur in Po-

® 500010000 |

“ @ 10000-15.000

Fig. 2. Midwinter distribution of Tundra Bean Geese Anser fabalis rossicus in Europe. Arrows indicate

directions of movements (After VAN DEN BerGH 1985),
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Fig. 3. Distribution of Taiga Bean Geese Anser fabalis fabalis in October and January. Sources, see text.

fand, and few hundred reach southeast
England. Spring staging arcas are found in
Denmark, Sweden and Finland. The pat-
tern of occurrence in Sweden, Denmark
and the Netherlands is shown in Fig. 4.

Sweden

Numbers and distribution. In autumn the
Bean Geese arrive on the Swedish staging
areas in late September, and usually peak
numbers of 40,000 to 60,000 are reached in
Cctober (NILSSON & PERSSON 1984, NILS-
sON 1981, 1984a). The geese remain until
the winter weather forces them to leave; in
mild winters up to 25,000 stay. Spring mi-
gration starts in March and lasts until end
of April. Numbers are usually lower than in
autumn, and the passage seems to be rapid.

During autumn migration two staging
areas dominate: Takern adjacent to lake
Vittern, and southwest Skine (NI1L.SSON &
PERSSON 1984). The Takern area is used
only in autumn and deserted in November,

10

while Skane is also a wintering area. In
spring the same areas arc used as in au-
tumn, but in addition, Bean Geese stage
along the coast of north Sweden, where
they are not seen in autumn.

Ecology. In autumn most geese feed on
agricultural lands, especially waste grain in
stubble fields, sugar beet, waste potatoes
and winter cercals, whereas grasslands are
only used to a minor extent. In winter the
geese (urn 1o winter cereal fields and grass-
land, while in spring they concentrate on
grassland (NILSSON & PERSSON 1984). In
winter the geese spend on average 78% of
the active day feeding, and the feeding ac-
tivity increases inversely with temperatures
{(EBENMAN et al. 1976).

Past history. In November 1956 and 1958
the first counts were organized in Skane
(MATHIASSON 1963), and 16,800 and
12,800 Bean Geese were found, respective-
ly. In comparison, the November counts
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between 1977 and 1980 varied between
17,900 and 28,700 individuals (NILSSON &
PERSSON 1984). NILSSON & PERSSON,
(1984) estimate that over the last two deca-
des (1960 to 1980) the total autumn popula-
tion has increased from about 20,000 to
40,000-60,000 geese. However, within the
Swedish haunts the geese have redistri-
buted. Thus, the importance of Takern hag
increased markedly during the last de-
cades, whereas numbers in Skane have re-
mained more or less constant.

Legal status, In Norrbotten the open sea-
son extends from 1 to 15 September, in Ska-
ne from | to 21 November. About 3,000
Bean Geese are bagged annually (THELAN-
DER 1982).

Management measures and problems.
Crop damage caused by grazing Bean
Geese and Canada Geese has only been do-
cumented for winter rape (JONSSON
1982a), whereas damage to winter cereals is
nonexistent or negligible (MARKGREN
1963, EBENMAN et al. 1976, JONSSON
1982a),

Plans to create goose refuges in order to
alleviate conflicts with agriculture have
been suggested (HAMILTON 1982, JONSSON
1982b).

Finland

Numbers and distribution. Having left
Skane in Sweden in spring, flocks of Bean
Geese move on to Finland on their way to
the breeding grounds. Major staging areas
are found in the districts of Lumijoki, Li-
minka and Tyrniivi at the northeast corner
of the Gulf of Bothnia {LAMPIO 1984). The
first geese arrive along the west coast in the
first half of April, and numbers peak in the
last week of April/early May with more
than 10,000 staging Bean Geese. The geese
move on shortly after.

No information exists on autumn ga-
thering places or their relative importance.

100
Sweden
(44, BOO)
504
SONDJFMAM
Denmark
(4,200)
SONDJFMAM
100
Netherlands
(11,500)
50

SONDJFMAM
Fig. 4. Phenology of Taiga Bean Geese in three of the
winter range states. Data from 1980-1984. Numbers in
brackets give average maximum (=100%), Sources,
see {ext.
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Ecology. In spring the Bean Geese feed
mainly in pastures and stubble fields which
are ploughed late in spring after the depar-
ture of the geese (LAMPIO 1984).

Legal status, The open season extends from
20 August to 30 November, except for
southern and western districts where it
starts on | September. 4,000 to 5,000 Bean
Geese are bagged annually (ERMALA &
VIKBERG 1982).

Denmark

Numbers and distribution. In Denmark
two groups of fabalis seem to stage and
winter. In northwest Jutland Bean Geese
arrive in the beginning of October,
dispersed over 4-5 haunts. Numbers peak
in November with 2,000-3,000 individuals;
in mild winters some of the geese remain,
while in cold winters they leave the region
totally and reappear from March to April.
In southeast Denmark another group ar-
rives in December, and numbers peak in Ja-
nuary and February. In 1980-83 up to 6,000
geese were counted in this region (MADSEN
1986), but in the winter 1985/86 up to
17,000 have been counted (H. E. JORGEN-
SEN pers. comm.}. The highest numbers are
recorded in cold winters, when the Bean
Geese leave Skane in Sweden and migrate
further south, If the cold weather con-
tinues for longer periods, the geese also
leave the Danish haunts.

Ecology. In northwest Jutland most of the
geese feed on grasslands, but also on winter
cereal fields and stubble fields. In south-
east Denmark they feed primarily on win-
ter cereals and to a minor degree on grass-
lands and sugar bect (MADSEN 1986).
Some of the major Danish haunts are for-
mer or partly intact peatlands. Sometimes
the geese are found roosting here; eisewhere
the geese roost along the coasts or on lakes.

12

Past kistory. In northwest Jutland the num-
bers in autumn have declined much in this
century, probably due to agricultural chan-
ges, but also to drainage of peatlands
which were traditional Bean Goose haunts.

Legal status. The open season extends from
1 September to 31 December. According to
FoG (1977) about 300 to 600 geese were
bagged annually in the 1960s.

Management measures and problems. In
two of the remaining peatlands where Bean
(Geese are staging, drainage and reclama-
tion continue and threaten the original ha-
bitat.

German Democratic Republic

Numbers and distribution. The informa-
tion is very scant, but according to LITZ-
BARSKI (1979) Bean Geese from Sweden
{fabalis} stay along the Baltic coast in win-
ter. The rossicus population is mainly
distributed in the central regions of the
country. No exact figures on fabalis num-
bers have been published.

Legal status. The open season extends from
mid August to 31 January (LAMPIO [983).

The Netherlands

Numbers and distribution. The fabalis po-
pulation has nine regular wintering sites
distributed in the provinces Drenthe, Fries-
land, Overijssel, Noord-Brabant and Lim-
burg. The haunts are separated from the
haunts of the rossicus population. In mild
winters up to 2,000 fabalis reach the
Netherlands, in colder winters up to
17,000-18,000 (VAN DEN BERGH 1985,
NETHERLANDS GOOSE WORKING GROUP
1983, 1984a, 1984b, in press). In colder win-
ters more sites are used, and some mixing
with the rossicus geese occurs. Usually the
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first fabalis geese arrive in late Octo-
ber/early November, and numbers peak in
January and February. By the end of
February most geese have left the country.

Ecology. The fabalis peese occur in the few
remaining peatlands where they mainly
feed in meadows. Only in severe winters do
they visit arable land feeding on winter
cereals, wasle potatoes and sugar beet
(VAN IMPE 1980b, VAN DEN BERGH 1985).
In contrast to the fubalis, the rossicus geese
typically feed on arable lands on waste
potatoes and sugar beet, and gradually
change to grasslands as the winter pro-
ceeds. In some places the fabalis roost in
the peatlands or on adjacent lakes, whereas
the rossicus roost on shallow waters along
the coast or on lakes and rivers.

Past history. According to references in
VAN DEN BERGH (1985) the fabalis was for-
merly the more common of the two subspe-
cies in the Netherlands, but the wintering
population has declined over the present
century.

Legal status. The open season extends from
I September to 31 Januvary, but shooting is
only allowed from 30 minutes before sun-
rise to 10.00 a.m.

Management measures and problems.
Since 1970 some of the feeding grounds
have deteriorated due to drainage and deve-
lopment, and the goose numbers in those
areas have declined (VAN DEN BERGH
1985). Most of the present roosts are refu-
ges, while only a few of the feeding grounds
are protected.

Population development

The most reliable estimate of the size of the
Jabalis population is presented by the Swe-
dish autumn counts reviewed above. In Oc-
tober, when peak numbers are reached in

Sweden, only less than 2,000 Bean Geese
occurin Denmark. According to the counts
the population has increased from about
20,000 in 1960 to 40,000-60,000 in
1977-1982 (NILSSON & PERSSON 1984,
NiLssonN 1981, 1984a). The increase has
been reflected in the breeding population in
Finland (PIRKOLA & KALINAINEN 1984),
but not in the Swedish and Norwegian
populations which have declined (MELL-
QUIST & VON BOTHMER 1982, HAFTORN
1971).

Discussion

A possible reason for the population in-
crease is the spring shooting ban in the
Soviet Union in the 1960s (PIRKOLA & KA-
LINAINEN 1984}, but other unknown fac-
tors may well have been operating.

Summarising the migration pattern of
the fabalis population, Sweden is the prin-
cipal autumn and spring staging area. In
mild winters a high proportion of the
population remains in Skdne, but usually
most geese move on, first to Denmark, then
to the Netherlands and probably the GDR,
In mild winters the Netherlands are only
reached by less than 2,000 birds, which may
bethe flocks staging in northwest Denmark
until late autumn.

The population has to some extent re-
tained its former adaptation to the mire ha-
bitat in the wintering areas. Although the
geese are gradually changing habits, some
flocks still feed on grasslands associated
with peatlands, especially in the Nether-
lands, but also in Denmark and Sweden.

Management needs. In the breeding range
the conservation of forest mire habitats is
of vital importance for the future well-
being of the fabalis population, and more
efforts should be put into this matter. On
the wintering grounds the fabalis is still as-
sociated with the peatland habitat, and the
conservation of these sites is important to

13
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Fig. 5. Breeding distribution and migratios routes of
Pink-fooled Geese. Sources, see lexl.

maintain the peculiar adaptation of this
goose population.

Research needs. Very little is known about
the situation of the Bean Geese and their
racial distribution and ecology in the
Soviet Union, and studies are badly
needed.

Although a picture of the migration
route of the fabalis population is emerging
(NILSSON 1984b), more information is
needed about the occurrence of the sub-
species in the GDR.

Virtually nothing is known about the
population dynamics of the fabalis sub-
species. One way (o get more information

14

would be to carry out age counts and
counts of family group sizes in Sweden in
autumn, when most of the population is
concentrated there.

Pink-footed Goose
Anser brachyrhynchus
(Svalbard population)

There are two separate populations of
Pink-footed Geese in the world, one breed-
ing in Svalbard and wintering in Denmark,
the Netherlands and Belgium, another
breeding in lceland and east Greenland and
wintering in the British Isles (Fig. 5). The
former numbers at present about 25,000
individuals (MADSEN 1984a), the latter
about 120,000 (OGILVIE 1982a, 1977-1985,
unpubl.). Despite the nearncss of the
wintering ranges, ringing recoveries have
shown that thereis only a slight interchange
and no nel immigration or emigration of
individuals between the two populations
(EBBINGE ct al. 1984, WiLDFOWL TRUST
unpubl. data).

In the following only the Svalbard popu-
lation of Pink-footed Goose will be treated.

Breeding grounds
and breeding ecology

According to LOVENSKIOLD (1963} and
NORDERHAUG (1970) most Pink-footed
Geese breed in western Svalbard, although
many areas, cspecially in the eastern is-
lands, are still unexplored. Compared to
the other two breeding species, Barnacle
Goose Branta leucopsis and Light-bellied
Brent Goose Branta bernicla hrota, which
are mainly concentrated to islets when
breeding, the Pink-footed Geese have the
widest distribution. Nesting habitats range
from islets to inland tundras; lowland cliff
sides beneath grassy slopes, especially close
to sea bird colonies, seem (o be a favourite
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nest site (NYHOLM 1965, NORDERHAUG et
al. 1964, F. MEHLUM pers. comm.). The
wider distribution of the Pink-footed
Geese is probably reiated to their ability to
protect the nest from predation by Arctic
Foxes Alopex lagopus, an ability the two
smaller species do not share {(e.g. LOVEN-
SKIOLD 1963, EKKER 1981, MELTOFTE et al.
1981). The remains of adult Pink-footed
Geese are, however, sometimes found at
Arctic Fox dens (M. OWEN, pers. comm.).

The Pink-footed Geese usually arrive to
Svalbard during the last 10 days of May
when there is still extensive snow cover, and
egg laying commences from the first days
of June (L@VENSKIOLD 1963). In years of
late snow melt, many birds are either breed-
ing later or are prevented from breeding at
all. In those years few juveniles are brought
to the wintering grounds (Table 2). Hatch-
ing usually takes place during the first half
of July. Autumn migration extends
throughout September into October (Lo-
VENSKIOLD 1963). As shown for the Barn-
acle Geese (PROP et al, 1984), the time of
mass emigration probably depends on the
time of heavy snow fall.

Besides some information about breed-
ing biology {(BLURTON JONES & GILLMOR

Table 2. Proportion (in %) of juveniles in the
Svalbard breeding goose populations, as re-
corded on the wintering grounds {data from M.
OWEN, M.A. QGIWIE, L. SCHILPEROORD, J.
MADSEN unpubl.).

Pink-footed Barnacle Light-bellied

el Goose Goose  Brent Goose
1980 24.2 22.7 16.5-24.2'
1981 5.10° 3.2 1.5
1982 21.8 12.0 18.3
1983 10-12' 8.0 5.5-8.0'
1984 24.7 26.2 18.3
Mean 17.8 14.4 13.0

Notes: /: Variation between Danish and Eng-
lish estimates, 2: Variation between Danish and
Dutch estimates, 3: Only small sample.

1959, LOVENSKIOLD 1963, NYHOLM 1965,
EKKER 1981) and densities (NORDERHAUG
1970, PROKOSCH 1984a), there is very little
published information about the summer
ecology of the Svalbard population of
Pink-footed Goose. This is in contrast to
the intensive studies of the breeding ecolo-
gy of the Svalbard population of Barnacle
Goose carried out by a team of Dutch and
British scientists (PROP et. al. 1981, 1984).

Legal status. The open season starts 21 Au-
gust, previously 1 September with a possi-
bility of shortening in years of late spring
(F. MEHLUM pers. comm.). Since 1975 the
Pink-footed Goose has been protected in
spring. No bag statistics exist, but probably
only a few hundred are bagged annually (F.
MEHLUM pers. comm.).

Management measures and probfems. Fif-
teen small bird sanctuaries are situwated on
the west coast of Svalbard, however, only a
few pairs of Pink-footed Geese breed there
(PRESTRUD & B@RSET 1984). On Svalbard
human activities, i.e. industrial and touri-
stic, are increasing. In the forthcoming
years 13-20 oil exploration companies and
groups are expected to be operating (F.
MEHLUM pers. comm.), which will
undoubtedly cause much disturbance to
breeding and moulting geese and increase
their susceptibility to Arctic Fox predation,
especially due to heavy helicopter traffic
{see MADSEN 1984b).

Migration routes and staging areas

Until recently the migration routes of the
Pink-footed Geese from their Danish
spring haunts to Svalbard, and the reverse
autumn routes were unknown. However,
goose flocks passing through central Nor-
way (Fig. 5) from 5 to 25 May have been
identified as Pink-footed Geese (FRENGEN
1977, BOLLINGMO 1981), Most geese seem
to reach the northern Atlantic coastline at

15
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Fig. 6. Midwinter and spring distribution of the Svalbard Pink-footed Geese. Sources, see text.

Trondheim, from where they follow the
coast.

A regular spring staging arca has been
found on the islands Andeya and Grunn-
for in Nordland. Here up to 10,000 Pink-
footed Geese have been recorded in mid
May, and probably the entire population
stops for 3-5 days (RIKARDSEN 1982, N.
GULLESTAD pers. comm.). The geese leave
the islands between 16 and 20 May.

The exact route from Nordland to Sval-
bard is still unknown, and it is also un-
known whether the geese make a short siop
on Bear Island or by-pass it. However, Bear
Island is largely snow-covered in May, so

16

the Pink-footed Geese probably, as do the
Barnacle Geese, fly straight to Svalbard
{M. OWEN pers. comm.). In autumn it is
now known that flocks of Pink-footed
Geese stop on Bear Island for a short time
from mid September to early October
(OWEN et al. 1985). The autumn migration
route through Norway has not yet been
described, but probably the geese follow
the same path as in spring, though only
stopping in Nordland for a short period (N.
GULLESTAD pers. cOmi.).

Habirat selection. On Andeya in Nordland
the geese graze in saltmarshes and fens, and
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only to a little extent on agricultural land
{RIKARDSEN 1982, N. GULLESTAD pers.
comm.). In autumn they graze the short
coastal tundra on Bear Island and grub for
roots in heathy habitats behind the cliffs
(M. OWEN pers. comm.).

Legal status. Open season extends from 21
August to 23 December (Norway in gene-
ral} (LaMP1O 1983).

Management measures and problems.
There are no protected feeding and resting
areas.

Wintering grounds

The wintering grounds normally range
from northwest Jutland in Denmark, over
FRG, the Netherlands to northwest Bel-
gium (Fig. 6). In cold winters the range can
be extended to sites in northern France
(HOLGERSEN 1958, Roux 1962). The Pink-
foot is a rare visitor in south Sweden (NILS-
SON & PERSSON 1982).

Below a national review of the present
and past situation of the Pink-footed
Goose is given. The relative distribution in
the various countries through the winter
season is presented in Fig. 7.

Denmark

Numbers and distribution. 12-14 sites situ-
ated in a narrow corridor along the west
coast of Jutland are used by the Pink-
footed Geese,

In autumn the first flocks arrive from
15-25 September {(MADSEN 1980), and the
staging population builds up to a peak
around mid October, when the entire Sval-
bard population ¢an be concentrated in the
Danish haunts. Owing to shooting distur-
bance the geese are concentrated in only
two farmland areas, holding 93% of all
goose-days spent in the country in autumn,
viz. Filse and Vest Stadil Fjord (MADSEN

1986). However, in the autumns since 1981
their occurrence has changed quite drama-
tically. In the main haunt, Filsa, farming
practice has changed; before 1980 winter
crops were little used, but in the 1980s the
areas of winter cereals and rape have in-
creased {(MADSEN 1986), and the stubble
area, which is preferred by the geese (MAD-
SEN 1985a) has declined. Due to the far-
mer’s fear of damage to the winter cereals,
the geese are driven off the farmland by in-
tensified shooting pressure, resulting in an
abrupt decrease in the autumn staging po-
pulation. The geese now move on directly
to the Netherlands, flying across the North
Sea, and thus by-passing FRG. As a result
the Pink-footed Geese now leave Denmark
carlier than mid October, and in November
only a few thousand geese remain.

As long as daily mean temperatures in
winter remain below 0°C only few Pink-
footed Geese winter in Denmark. However,
from mid December flocks arrive from the
south following 1-2 days of thaw. The geese
make use of two haunts especially, in Bal-
lum Enge with up to 16,000 individuals
recorded in January and the Tipper penin-
sula with up to 6,000 (MADSEN 1985c,
1986). The geese probably come directly
from the Netherlands.

From the end of March to the beginning
of May the whole population is concentra-
ted in Denmark. The geese make use of up
to 14 sites on a chain along the west coast.
Most sites are only used for a relatively
short period, and there is much movement
between them within short intervals (MAD-
SEN 1984a).

Ecology. In autumn almost all geese feed
on spilt grain in stubble fields (MADSEN
1984a); leaves of winter cereals are only
grazed to a small extent. In winter and carly
spring, feeding is concentrated on grass-
lands, which are rough pastures and salt-
marshes. Primary production on the grass-
lands starts at the end of March/beginning

17
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of April, and the wintering goose flocks
gradually deplete the food resources, which
are not replenished (LORENZEN & MADSEN
1985). In Veernengene (the Tipper peninsu-
la) the goose flocks have a systemaltic fora-
ging routine, revisiting the same fields at in-
tervals, until a threshold green biomass of
approx. 40 g dry weight per m’ is reached,
whereupon the flocks shift to other, pre-
viously ungrazed areas. LORENZEN &
MADSEN (1985) concluded that the carry-

18

ing capacity of Vernengene in winter was
reached at about 150,000 goose-days, or
about 1,000 goose-days./ha.

As sowing of spring cereals in west Jut-
land commences from end of March, the
goose fMocks gradually shift to the newly
sown fields where they pick up grain from
the surface. An analysis of daily energy ba-
lance of Pink-footed Geese feeding on
grassiand and newly sown fields, respec-
tively, revealed that from an energetic point
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of view it is of great advantage to feed in the
latter habitat (MADSEN 1985b). From mid
Aprilto mid May the majority of geese feed
on newly sown fields or are baited at Vest
Stadil Fjord.

Past history. Before 1955 spring shooting
of Pink-footed Goose was legal. The popu-
lation only had few haunts in Denmark, the
most important being Tipperne, where pro-
bably the entire Svalbard population could
be concentrated in autumn and spring
(LIND 1956, MADSEN 1980). Other known
haunts were Filse and some saltmarsh
areas in the Danish Wadden Sea. In spring
the geese fed entirely on grasslands, and in
autumn also on stubble fields in Filse. Fol-
lowing the spring shooting ban the geese
gradually dispersed to other sites in west
Jutland. In the late 19505 Vest Stadil Fjord,
a former shallow lagoon with adjacent reed
swamps, was reclaimed for agricultural
land. Soon the Pink-footed Geese started
to utilize the farmland, and this was the
first place where they were observed to feed
on the newly sown fields in spring (FoG
1982b). In the course of the 1970s a massive
shift to the newly sown fields happened in
many areas of west Jutland, and nowadays
flocks of Pink-footed Geese are seen widely
dispersed on fields even far inland, where
they were unknown only five years ago
{MADSEN 1984a).

Before 1979 the saltmarshes at Hajer ad-
jacent to the West German border were im-
portant staging areas for up to 3-5,000
Pink-footed Geese. However, since the
marshes have been diked in 1979 most geese
have abandoned the area, probably due to
increased human activity and deterioration
of the feeding grounds (GRAM 1982),

Legal status. The open season extends from
1 September to 31 December. Based on a
questionnaire to Danish hunters, FoG
(1977) estimated that 400-700 Pink-footed
Geese were bagged annually in the 1960s;

today the annual bag is believed to be about
1,500, based on contact with hunters in
west Jutland (MADSEN unpubl.),

Management measures and problems. Due
to claims of goose damage to newly sown
oal fields and pastures at Vest Stadil Fjord
in the early 1970s, an experiment was car-
ried out, with the aim to keep the geese off
the potentially damaged areas by means of
baiting with grain (FOG 1982b). Since 1973
the Danish Game Foundation has paid for
purchase and scattering of barley grain
every spring; the geese have concentrated
on the fields with bait, and claims of da-
mage have almost stopped.

Claims of damage to newly sown cereal
fields have also recently come from other
sites, e.g. Filsa. Here the effect of goose
feeding on yield structure of spring barley
has been analysed in two consecutive years.
A reduction of 7-20% in yield expressed in
grain weight was estimated for central
areas. However, much of the damage could
probably be avoided by more careful dril-
ling of the seed barley (LORENZEN & MAD-
SEN 1986).

In only two Pink-footed Goose haunts,
Tipperne and Vejlerne, are the feeding
grounds and roosts protected areas, and
shooting is not allowed. In four other pla-
ces the Teeding grounds are protected, but
without shooting restrictions (MADSEN
1986).

In the 1960s the grasslands in Tipperne
were overgrown, due to lack of cattle-
grazing and cutting. Since 1972 a manage-
ment programme was started by the Nature
Conservancy Council (o restore the origi-
nal short-grazed habitat. During the period
1972-1978 the goose-grazed area was in-
creased three-fold following reintroduced
cattle-grazing and cutting (MADSEN 1980).
However, due to the spring shift to the new-
ly sown fields the population of Pink-
footed Goose in Tipperne has declined de-
spite the management programme,

19
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Federal Republic of Germany

Past history. Formerly the Pink-footed
Geese used sites along the German North
Sea coastline (e.z., HOLGERSEN 1960,
HuUMMEL 1980). Four sites were important,
all of which were saltmarshes and rough
pastures: Emsland with maximum num-
bers of 2-3,000 geese, Fohr with 8-10,000,
Jadebusen with up to 10,000, and Rode-
nis-Vorland with up to 12,000 geese (see re-
view by PROKOSCH 1984b). However, today
none of these areas hold Pink-footed Geese
in significant numbers, and in autumn and
spring the geese by-pass the German
haunts. On Fohr ploughing up of the
goose-grazed pastures, settlement of hu-
man peopulation, and probably increased
shooting pressure in the 1950s was respon-
sible for the population decrease; in Ems-
land drainage and reclamation in the 1950s;
in Jadebusen increased human activity in
the 1970s, and on Rodeniis-Vorland build-
ing of a seawall and subsequent increase in
human activities since 1979 (sce also p. 44)
{PROKOSCH 1984b).

Today less than 1,000 Pink-footed Geese
stay in FRG at any time during winter.

Legal status. Total protection since 1977.

The Netherlands

Numbers and distribution. Only one large
area south of the town of Sneek in south-
west Friesland is used by the Pink-footed
Geese.

The first large flocks arrive in the second
half of October; peak numbers are usually
reached in November (TIMMERMAN 1977,
ROOTH et al. 1981) with up to 18,000 re-
corded in the 1980s (SCHILPERCORD 1984).
The geese have, however, since 1982 arrived
about two weeks earlier (SCHILPEROORD
1984 and pers. comm.), because of the in-
creased shooting pressure at the Danish au-
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tumn haunts. Numbers remain relatively
constant until December, whereupon
flocks move southwards to Belgium, and in
mild winters northwards to Denmark. Nor-
mally all geese have left Friesland after the
first week of February, though flocks may
return later in February in response to ad-
verse snow and frost conditions in Den-
mark (SCHILPEROORD 1984, MADSEN
1984a}.

Ecology, Virtually all Pink-footed Geese
are concentrated on grasslands, which are
wet, fertilized pastures, intensively used in
summer for cattle grazing and hay cutting
{SCHILPEROORID 1984),

Past history. Pink-footed Geese have been
known to winter in the province of Zeeland
as far back as 1900. However, in around
1920 the geese abandoned the area (LE-
BRET 1959), and until the winter 1955/56
virtually no Pink-footed Geese occurred in
the Netherlands. Then, rather abruptly, the
wintering population in Friesland built up
from a few hundred to about 12,000 geese
{TIMMERMAN 1977); this happened in pa-
rallel with the decrease in the wintering po-
pulations in Emsland and Jadebusen in
FRG. The peak number of 12,000 geese re-
mained quite constant until the 1980s when
numbers have reached a maximum of
18,000 (SCHILPEROORD 1984).

Legal status. Since 1976 the Pink-footed
Goose is a protected species in the Nether-
lands. However, an unknown number, pro-
bably hundreds, are still shot due to mis-
identification by hunters (SCHILPEROORD
pers. comm.).

Management measures and problems.
Only a small part of the feeding grounds is
protected, and there are no shooting re-
strictions, so disturbance from shooting re-
stricts the available feeding grounds. In the
near future the central part of the area will
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be reclaimed and developed as agricultural
land, probably having a deleterious effect
on the goose habitat (SCHILPEROORD
1984).

The earlier arrival since 1982 has caused
conflicts with farming interests, because
the geese graze on grasslands meant for a
late hay cut (SCHILPEROORD pers. comm.).

Belgium

Numbers and distribution. One area
around the small town of Damme in north-
west Belgium is a regular wintering ground
(KUYKEN 1969, 1985).

The Pink-footed Geese usually arrive in
mid November, and numbers peak around
theturn of the year. In the 1980s the annual
maximum has been around 3-4,000,
though in 1981/82, which was a hard win-
ter, 11,000 individuals were recorded, The
geese leave the area by the beginning of
February.

Ecology. The geese graze on wet pastures
grazed by cattle from April to November
(KUYKEN 1969).

Past history. The first Pink-footed Geese
were recorded at Damme in the winter of
1958/59 (VANDEKERKHOVE et al. 1960),
coinciding with the creation of a goose re-
serve with no shooting. In the 1960s up to
1,000 geese wintered (KUYKEN 1969), and
since then the population has increased to
3-4,000 individuals (KUYKEN 1983, 1985).

Legal status. Since 1960 there has been lo-
cal protection of the geese at Damme, and
since 1968/69 local, legal prohibition of
goose shooting. Since 1981/82 goose
shooting in Belgium has been completely
banned.

Management measures and problems. Lo-
cal shooting prohibition at Damme and
surrounding polders has increased the

available goose feeding grounds (KUYKEN
1985). Goose numbers have increased, but
the geese have dispersed over wider areas,
resulting in a reduction of goose grazing
pressures in the traditional haunt. Claims
of damage in the 1960s were shown to be
groundless (KUYKEN 1969).

Population development

Only since 1980 have coordinated popula-

tion counts and age counts been performed

(MADSEN 1982, 1984a, JEFSEN unpubl.). In

an attempt (o reconstruct the population

development in the 20th century, MADSEN

(1982) used the annual maximum figures

recorded in Denmark in spring and au-

tumn. With some reservations these figures
are believed to reflect population trends,
since the geese only make use of few

haunts, especially pronounced before 1955

when spring shooting was legal. In Fig. 8 a

reconstruction of the population trend is

depicted.
The population seems to have increased
in two steps in this century:

1) from approximately 10-12,000 geese in
the 1930s-1950s to 15-18,000 geese in the
1960s-mid 1970s and

2} from 15-18,000 to 21-27,000 geese in the
1980s.

In the 1980s the population has been
relatively stable at about 25,000 individuals
on average,

Discussion

It has been suggested (MADSEN 1982) that
the first increase in the Pink-footed Goose
population was caused by the spring shoot-
ing ban in Denmark, both directly because
of lowered mortality, and indirectly becau-
se more feeding area became available. Our
knowledge about other influencing factors
is, however, too scarce to make firm conclu-
sions.

21
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Fig. 8 Population development of the Svalbard population of Pink-footed Goose, 1930-1984 {Afier MADsEN

1982, 1984 and unpubl.).

The second increase may have occurred
for several reasons: 1) baiting of geese at
Vest Stadil Fjord in Denmark since 1973
may have improved the condition of the po-
tential breeders, ultimately resulting in a
higher recruitment to the population, 2) a
spring shooting ban in Svalbard in 1975, a
ban in the Netherlands in 1976 and in FRG
in 1977 may have resulted in a lowered mor-
tality. EBBINGE et al. (1984) have, on basis
of ringing recoveries and goose captures in
the Netherlands, calculated that the pro-
portion of juveniles did not change signifi-
cantly between the periods 1955-74, 29%,
and 1975-83, 25%, whereas mortality in the
two periods fell from 29% to 15%. These
data suggest that the better protection of
the population has been the factor causing
the increase in the 1970s, whereas spring
baiting seems to have played a minor role, if
any.

The history of the Svaibard Pink-footed
Goose in the 20th century is characteristic
of many goose populations with regard to:
1) changes of wintering grounds, 2)

22

changed feeding habits, and 3) increases in
population size.

Changes of wintering grounds have ta-
ken place both within and between coun-
tries in the wintering quarters. In each case
of change the reason has been attributed to
human interference, cither in the form of
agricultural or urban/industrial develop-
ment, or because shooting practices have
changed. Shooting has been and still is a
highly significant factor determining the
winter distribution of Pink-footed Geese.

In the last decades changes in spring
distribution also reflect a shift in feeding
habits. This has been caused by changed
farming practices in west Jutland, opening
up a new habitat with an energetically
favourable food resource in the form of
grain. The shift to the newly sown fields has

happened quite abruptly, and it cannot be
ignored that - albeit alleviating a local da-
mage problem - the baiting at Vest Stadil
Fjord has accelerated the process, accu-
stoming the population o feed on grain in
spring, also producing artificially large
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concentrations so that all birds are quickly
exposed to the habit (MADSEN 1984a). The
shift would probably have happened with-
out baiting but at a slower rate.

Problems of goose damage can be identi-
fied in autumn in Denmark and the
Netherlands and in spring in Denmark. In
autumn the amount of damage in Den-
mark is undoubtedly exaggerated (LOREN-
ZEN & MADSEN 1986). However, the tole-
rance of the farmer at Filse in Denmark to
the geese has lessened due to the introduc-
tion of more vulnerable crops, a problem
which also applies to other damage pro-
blems. Problems in autumn have been
exacerbated by increased shooting distur-
bance in Denmark. This has caused the
large concentrations of geese in the Filse
area. Damage problems in the Netherlands
also relate to the shooting pressure in Den-
mark.

Management needs. Both from the point of
view of recreational, shooting and agricul-
tural interests, it is desirable that a solution
to the autumn situation of the Pink-footed
Goose in Denmark is found. A possibility
is to regulate shooting pressures in certain
traditional autumn haunts, where the geese
do not cause damage, eg.,, Vest Stadil
Fjord. A dispersal of the population over
large areas will give a lower grazing pressure
overall, a model used with success in Bel-
gium (KUYKEN 1985). A goose reserve with
improved grasslands is planned in the Filse
area (JEPSEN 1984). This new feeding
ground will, however, not be able to hold
more than a small proportion of the popu-
lation, due to therelatively small size of this
reserve (MADSEN 1985d).

Solutions to the spring damage problems
in Denmark are not so straightforward as
those in autumn. It is believed that inevi-
tably whatever management measure is ta-
ken, the geese will to some extent continue
to feed on newly sown fields. However, the
present situation is not sustainable, prima-

rily due to a growing intolerance to the
geese among farmers. Some of the agricul-
tural Iands visited by geese are already mar-
ginal with respect to quality and econo-
mics, and the farmers tend to believe that
the goose feeding is the factor hampering a
positive economic balance. Even if experi-
ments show that the damage is exaggerated
{e.g., LORENZEN & MADSEN 1986), the far-
mers will probably not tolerate the presence
of the geese. [n a recent meeting (November
1985) arranged by the Danish Wildlife
Administration with farmers and hunting
clubs in west Jutland, damage problems
were discussed. It was agreed that a long
term solution to the problems should be
sought, and that the only possibility was to
establish reserves for geese. The reserves
should be on managed grasslands, so that
the geese would have an alternative to the
newly sown fields. This should be com-
bined with some effective scaring devices in
the most vulnerable fields. The baiting at
Vest Stadil Fjord has solved some local
short-term problems, but as long as this
continues the geese will be acquainted with
grain feeding. Baiting should only be used
as a last resort, if the other devices should
fail, Therefore, other solutions to the pro-
blems at Vest Stadil Fjord should be tried as
soon as possible.

The wintering grounds in the Nether-
lands are to some extent threatened by de-
velopment, and there seems to be an urgent
need for the protection of the central feed-
ing grounds. Recently, more Pink-footed
Geese have moved on to Belgium in winter,
probably as a result of the shooting ban
there. If this situation should be perma-
nent, steps to protect the Belgian sites
ought to be taken very soon.

The spring staging areas in Norway have
no protection, but it is unknown if threats
to the areas exist.

Research needs. At present, the knowledge
of the whereabouts of the Pink-footed

23
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Thomsen.)
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Geese through the year is patchy (see also
OGILVIE 1984). Especially in Iate autumn
and in winter a high proportion of the po-
pulation is missing in the international
counts (SCHILPEROORD 1984). Migration
routes through Norway are being tracked,
but still the importance of the staging areas
is little known. To enable proper manage-
ment of the population throughout the an-
nual cycle, more international cooperation
of counts and research is needed. An indi-
vidual marking programme would provide
the best answers to many questions con-
cerning migration routes, the importance
of the different haunts and countries, and
detailed population dynamics.

There is a great need for more informa-
tion on the summer ecology of the Pink-
footed Geese. NORDERHAUG (1970) predic-
ted that a limit to the population would be
reached at 12-13,000 individuals due to
saturation of the breeding grounds. With
hindsight this has proved not to hold true,
but it should be expected that the situation
on Svalbard means that further population
growth may be limited at a level near the
present 25,000-30,000 individuals. A study
of breeding biology and habitat ecology
along the lines of the Barnacle Goose stu-
dies in Svalbard (PrROP et al. 1981, 1984)
would provide much insight to the impor-
tance of the breeding grounds in determi-
ning population levels. Again, an indivi-
dual marking programme would be a very
useful tool.

Much ecological work has been done re-
cently in Denmark, whereas only little has
been done in Norway, the Netherlands and
Belgium. The concentration of the geese in
a few places offers a good opportunity to
test the 'condition hypothesis’ put forward
by ANKNEY & MACINNES (1978) and later
by EBBINGE et al. (1982), that the body
condition of geese in spring is an important
factor determining breeding success. This
project would need the cooperation of
Danish, Dutch and Norwegian researchers,

To evaluate the effect of various shooting
practices on the staging geese, a project in
Denmark in autumn should be set up. This
study should be aimed at giving some prac-
tical devices for limiting shooting to toler-
able levels, where the geese are still enabled
to use the haunts.

Greylag Goose
Anser anser anser
(northwest European population)

The breeding range of the Greylag Goose

extends from Iceland in the west to the

eastern coast of the Soviet Union in the

cast. In the western Palearctic it has a

disjunct breeding distribution in northwest

and central Europe and in Iceland (Fig. 9).

Five populations can be identified (HUDEC

1984, OGILVIE 1982b):

1} the Icelandic breeding population win-
tering in Scotland with about 80,000
geese (OGILVIE 1977-1985);

2) aresident population in northwest Scot-
land of 2,000-2,500;

3) the northwest European breeding popu-
lation wintering in southern Spain and
the Netherlands, about 130,000 geese {J.
ROOTH pers. comm.), here referred to as
northwest European population;

4) the central and northeast European
breeding population wintering in north
Africa, about 20,000, here referred to as
the central European population, and

5) the west Soviet Union breeding popula-
tion wintering in the south of the Balkan
peninsula and the western part of Asia
Minor, possibly about 20,000-30,000
geese.

During the present century Greylag
Geese have been introduced in several parts
of Europe, and today most of these are not
possible to distinguish from the wild stock.
Whereas the British populations seem to be
discrete, the dividing lines between the con-
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Fig. 9. Populations of Greylag Geese in Europe. I: the [celandic/Scottish population, 2: the north Scotland
populmtion, 3: the northwest European population, 4: the central European population, and 5: the east
Furopean population, Breeding arcas are black, wintering arcas hatched, Punciuated lines indicate that the
border lines between flyways are not well known. (After Hupec 1984, with a few amendments).

tinental populations are not quite clear,
and ringing recoverics show that some mix-
ing occurs. Thus, non-breeding individuals
from the central European population
move to moulting grounds in the range of
the northwest European population (PA.
LUDAN 1965, VON ESSEN & BEINERT [982,
GROMADZKI & MAJEWSKI 1984).
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Ringing schemes which are presently un-
der operation in Scandinavia under the au-
spices of the Nordic Council for Wildlife
Research and in central Europe by East
German, Polish, Czechoslovakian and Au-
strian biologists will hopefully throw more
light on the movement patterns of popula-
tions in the near future. Much of the pre-
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sent knowledge of population dynamics
and migration of the European Greylag
Geese has been compiled by HUDEC &
RUTSCHKE (1982, 1984).

In the present review only the status and
management of the northwest European
population will be treated, including the
states of Norway, Sweden, Denmark,
GDR, FRG, Poland, the Netherlands and
Spain. The population breeds in all these
states, except Spain, and winters in Spain,
the Netherlands and in small numbers in
Norway, FRG and Denmark. Besides these
countries an introduced population of ap-
prox. 300 birds breeds and winters in Belgi-
um {LIPPENS 1971). Generally a few hund-
red to 2,000 stay in France during autumn
and winter (Roux 1962, C. RIOLS, un-
publ.), and a few hundred winter in Portu-
gal (OGILVIE 1978).

Breeding grounds
and breeding ecology

The center of gravity of the breeding area
of the Greylag Goose lies in the southern
Baltic, viz. Denmark, Schleswig-Holstein
in the FRG, north GDR and southwest
Sweden (Fig. 3). The estimated size of the
breeding population in the various range
states is given in Table 3. The total for the
population is thus estimated at 12,050 to
12,800 pairs. It must be noted, however,
that the estimates are rough, as the assess-
ment of the breeding geese is difficult due
to their dispersed nesting, and furthermore
because the estimates stem from different
years. From Norway there exists no infor-
mation about the total population size, but
OGILVIE (1978) thought that it must be in
the order of at least 2,000 pairs, which does
not seem unrealistic and is probably an un-
derestimate. The Norwegian Greylag Geese
breed on small islands along the North At-
lantic coastline, and are thus almost impos-
sible to count. In several of the countries
Greylag Geese have been introduced, and

Table 3. Estimate of the breeding pair numbers
in the northwest European population of Grey-

lag Goose.
Country Breefimg Source
pairs
Norway (2,000) OGILVIE 1978
Sweden 1,700-2,200 NILSSON 1982
Denmark 2,850-3,000 FoGet al. 1984
Poland 1,150 GROMADZKI &
WIELOCH 1983
GDR 3,000 RUTSCHKE
et al. 1982
FRG 1,000-1,100 HumMMEL 1982
Netherlands 320 DUBBELDAM &
POORTER 1982
Belgium 30 LiPPENS 1971
TOTAL 12,050-12,800

this category of breeders is very difficult to
distinguish from the wild breeding popula-
tion and is inevitably included in the figu-
res. In Tabie 3 the total estimated breeding
stock of Poland is included, although new
data have shown that the Greylag Geese
breeding in southern Poland seem to be-
long to the central European population
(GROMADZKI & MAJEWSKI 1984), At pre-
sent it is not known how many of the Polish
birds move south to Central Europe. From
ringing recoveries it is now evidenced that
Estonian Greylag Geese belong to the cen-
tral European population (KUMARI 1984).

The breeding biology of the Greylag
Geese has been described in detail by Hu-
DEC & RooTH (1970). Apart {rom the
major phenological events, breeding will
not be given much space here.

The adult Greylag Geese arrive on the
breeding grounds in Denmark from the end
of February to mid March (JENSEN 1977,
M@LLER 1978), while the younger birds lag
up to one month behind. In the FRG the
first geese arrive from the end of January to
the end of March (HAACK 1968}, in the
GDR from the beginning of February to
the beginning of March (LITZBARSKI
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1982), whereas in Norway the arrival is
about one month later than in the GDR
(HAFTORN 1971). Major stopping places
between the wintering and breeding
grounds are known from the Netherlands
(ROOTH et al. 1981) and from the Wadden
Sea coastline of the FRG (HUMMEL 1982).

The most frequently used nesting habitat
is eutrophic fresh water with dense emer-
gent vegetation, mostly reedbeds, with
ready access to feeding grounds consti-
tuting meadows and pastures. In Norway
and Sweden islets are common breeding
habitats.

In Denmark and the GDR egg-laying
usually commences from mid March (N. O.
PREUSS pers. comm., HAUFF 1982, JoR-
GENSEN 1986). Peak hatching is in the last
week of April, peak fledging in the end of
June to mid July. The timing of egg-laying
is, however, highly dependent on ice condi-
tions on the nesting grounds (Kux & Hu.
DEC 1970, PREUSS pers. comm.). In Nor-
way eggs hatch during the last week of May,
and young fledge during the first week of
August (FOLKESTAD 1983).

Moult migration
and moulting grounds

In the first half of the breeding season non-
breeding Greylag Geese gather in small as-
semblages on the breeding grounds. In the
GDR the non-breeders move away from

most breeding grounds from mid March to
end April and aggregate in a few traditional
sites where they stay until end of May
(RUTSCHKE 1982, LLITZBARSKI 1982). In the
GDR thus between 8,000 and 10,000 non-
breeders are counted in mid May. From
Holstein in the FRG similar May assembla-
ges have been described (HAACK 1968).

In the course of May most non-breeders
migrate to moulting centres situated in
Norway, Sweden, Denmark, the Nether-
lands and Poland. The moult migration
pattern is rather complex, and the north-
west European moulting centres do not
only receive geese from the northwest Euro-
pean population, but also from the central
European population (PALUDAN 1965,
HAACK & RINGLEBEN 1972, VON ESSEN &
BEINERT 1982, GROMADZKI & MAJEWSKI
1984). The pattern is furthermore compli-
cated by the fact that within the past de-
cades some moulting arcas have lost their
value while others have been newly colo-
nised or have increased in importance (see
below).

Arrival on the moulting grounds in Den-
mark, the Netherlands and Sweden takes
place in the second hall of May (PALUDAN
1965, LEBRET & TIMMERMAN 1968, VON
EssEN & BEINERT 1982), and most geese
seem to start to shed remiges by the end of
May or the beginning of June, regaining the
powers of flight 25-30 days later. In Rana-
fjord in Norway the geese do not regain

Tabie 4. Major moulting grounds for Greylag Geese in northern Europe,

Site and Country Number of Geese Year Source

Oostvaarderplassen, 20,000 1980-83  ROOTH pers. comm.
Netherlands

Vejlerne and Saltbackvig, 5,000 1980-83  MADSEN 1986

Denmark

Gotland, Sweden' 3,300-5,400 1974-79  Von EssiN & BEINERT 1982
Ranafjord etc., Norway 19,000 1985 FOLLESTAD et al. 1986

Slonsk, Poland 2,000 1980(?) GROMADZKI & MAJEWSK] 1984

Note: 1: Numbers have decrea;ed to less than 2,000 since 1979,
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flight before the second half of July (LUND
1965).

As a rule the moulting grounds are only
used by the non-breeding Greylag Geese for
a short period. Shortly after having re-
gained the powers of flight most geese leave
the areas, probably mostly in the direction
of their homeland - from Scandinavia to-
wards the southeast, and from the Nether-
lands towards the northeast and east.
Neckbanding in the GDR has shown that
90% of the non-breeders leaving in May re-
turn to the country in July and August
(LITZBARSKI 1982).

Below an outline of the present situation
and the past history of the major moulting
centres is given. In Table 4 the number of
geese visiting the moulting grounds in the
respective countries is shown.

Norway. Three islands on the coast of
northwest Norway are known to be moult-
ing grounds: Vega with 2,000 individuals,
Vikna 500 and Smela 100 (LUND 1965,
1971). From 1961-63 to 1971 the number of
moulting geese around Vega doubled. In
1985 much of the Norwegian coastline has
been searched, and 19,000 moulting Grey-
lag Geese have been found (FOLLESTAD et
al. 1986).

Denmark. Two moulting grounds exist at
present: Vejlerne holds up to 1,000 indivi-
duals and Saltbazkvig 2,000-3,000 (MAD-
SEN 1986 and unpubl.). In the 1950s pro-
bably more than 3,000 non-breeding Grey-
lag Geese moulted in Vejlerne, but since
1959 numbers declined sharply {PALUDAN
1965). Since the end of the 1960s, birds have
been using Vejlerne again, although in
smaller numbers.

Sweden: At present Greylag Geese moult
around Gotland in the Baltic. In the 1970s
up to 5,400 were recorded, but since 1979
numbers have declined (VON ESSEN & BEI-
NERT 1982), Gotland was colonised in the

1950s, possibly in connection with the de-
crease in the Vejlerne population. Besides
Gotland only two minor moulting grounds
exist. During the 19th century the island of
Hallands Viderd off northwest Skane was
a moulting ground for some hundreds of
Greylag Geese (ANDERSSON 1969}, but the
geese had abandoned the area by the turn
of the century, probably due to a heavy
shooting pressure.

The Netherfands. Nowadays moulting
Greylag Geese are found only in Qostvaar-
derplassen in Southern Flevoland (ROOTH
pers. comm.). Southern Flevoland was re-
claimed in 1968, but 5,000 ha of reed
swamp and shallow lakes were maintained
as a nature reserve. Since the 1970s Greylag
Geese have been moulting here in increas-
ing numbers, in 1974 more than 2,000 indi-
viduals (DUBBELDAM 1978), in 1980 6,000
{DUBBELDAM & POORTER 1982), and in
1984 20,000 (ROOTH pers. comm.). On
their arrival the Greylag Geese feed on
grass and during moult on Phragmites
leaves and stems {DUBBELDAM & POORTER
1982).

Simultaneously with the increase in
numbers in Qostvaarderplassen, two other
moulting grounds fell into disuse, Steile
Bank in Gaasterland and the Haringvliet in
the Delta region, where up to 2,000-5,000
and 1,300 geese, respectively, moulted in
the 1960s (LEBRET & TIMMERMAN 1968,
OQUWENEEL 1969, DUBBELDAM & POOR-
TER 1982). Steile Bank was colonised for
the first time in 1960, coinciding with the
decrease in the Danish Vejlerne popula-
tion.

Poland. A moulting ground at the Warta
and Odra river confluence in the Slonsk
region in west Poland receives between
1,400 and 2,500 Greylag Geese (GROMADZ-
Kl & MAJEWSKI 1984). These birds seem to
originate mainly from the central Euro-
pean breeding grounds.
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Autumn staging areas
and wintering grounds

Following the fledging of the young and the
regained powers of flight of adults in July
the Greylag Geese gradually move to au-
tumn gathering haunts (see RUTSCHKE
1982) where they remain until the emigra-

tion to the wintering grounds.

Most

non-breeders seem to return to their home-
land from the moulting centres and join the
family parties on the autumn haunts. The
distribution in September is shown in Fig.
10, the known mid September concentra-
tions in Table 5. In Fig. 11 the seasonal phe-
nology in six range states is presented.

Norway

Numbers and distribution. No autumn sta-
ging areas are known from the literature,
but some probably exist along the Atlantic
coast. However, shooting disturbance is
thought to cause many Greylag Geese (o
leave the breeding and gathering grounds
prematurely in Augusi (FOLKESTAD 1983).
Southerly migrating flocks are seen at Jze-
ren in southwest Norway from September
to November (BYRKIEDAL & ELDOY 1981).

Table 5. The estimated size of the mid Septem-
ber population of the northwest European
Greylag Geese. Most data stem from the late

1970s or early 1980s.

Mid September

Country number Source
Norway = 1,000 no reference

Sweden 11,000-13,000 ANDERSSON 1982
Denmark  19,000-29,0600 MADSEN 1986
Poland > 1,000 MAJEWSK] 1983
GDR 35,000-40,000 RUTSCHKE et al. 1982
FRG 6,000-8,000 HumMEL 1982
Netherlands 20,000 ROOTH pers. comm.
TOTAL  93,000-112,000
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Fig. 10. Sepiember distribution of Greylag Geese in
northwest Europe (northwest European population).
Sources, see fext.

The Norwegian data seem to be conflict-
ing, but goose Mocks may leave the country
unnoticed before September,

At Jeeren, and also in other sites in
southern Norway, flocks of few hundred
Greylag Geese stay through the winter,
favoured by the relatively mild Atlantic
weather conditions (BYRKIEDAL & ELDBY
1981).

Ecology. In autumn the geese feed on pa-
stures {HAFTORN 1971} and probably also
on saltmarshes.

Legal status. The open season ranges from
21 August to 23 December (LAMPIO [983).

Management measures and problems. On
the island of Smeala the season has been
opened from 10 August, mainly to avoid
crop damage (FOLKESTAD 1983). At this
time not all goslings have fledged and not
all adults have completed moult of remiges,
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Fig. 1. Phenology of Greylag Geese in six range states of the northwest European population, expressed in
percentage of pezk month. Numbers in spring have been underestimated in the breeding range states. Most data
from 1980-1984. Numbers in brackets give average maximum (= 100%). Sources, see lexi.
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Sweden

Numbers and distribution. In early au-
tumn 12,000 to 20,000 Greylag Geese
gather in Gotaland and Svealand in south
Sweden (ANDERSSON 1982, GREYLAG
GOOSE PROJECT OF THE NORDIC COUN-
CIL FOR WILDLIFE RESEARCH unpubl.).
The geeese arrive from the breeding
grounds in July, and numbers reach their
peak in September. Emigration takes place
quickly after mid September, and in mid
Qctober only a few hundred are left in the
country {INILSSON 1984a).

Ecology. The Greylag Geese feed on salt-
marshes, stubbles, rape and clover fields
(EHRLEN & WAHLEN 1979). The diurnal
rhythm is diphasic, feeding occurring
mainly in the morning and evening.

Past history. From the late 1960s to 1981 the
number of Greylag Geese in most of the
gathering places has increased by more
than a three-fold (ANDERSSON 1982, EHR-
LEN 1983).

Legal sratus. The Greylag Goose is pro-
tected in all counties except Kalmar, where
there is an open season from 20 July to 31
August to avoid goose damage to crops
(THELANDER 1982). About 1,000 Greylag
Geese are bagged there annually.

Management measures and problems. In
some areas grazing by Greylag Geese on
clover fields causes damage (PETTERSON
1985).

Denmark

Numbers and distribution. From the end of
July to the beginning of August the Greylag
Geese move from the widely dispersed
breeding grounds to the autumn gathering
grounds (MADSEN 1986). The autumn
peak numbers are reached in mid Septem-
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ber with 20,000 to 30,000 geese (MADSEN
1986, GREYLAG GOOSE PROJECT OF THE
NorDIC CounciL. For WILDLIFE RE-
SEARCH unpubl.). From the beginning of
October numbers decline, and by mid No-
vember usually less than 1,000 Greylag
Geese remain. Usually almost no geese
winter, but in mild scasons a few hundred
may stay at Tipperne in west Jutland
{MADSEN 1985c).

Ecology. In autumn most Greylag Geese
feed on stubble fields, followed by pastures
and meadows, Winter cereals and sugar
beet are used to a small extent. In July and
August Mocks may feed on ripening cereals
(MADSEN 1986). The usual diurnal pattern
is that the Greylag Geese feed around dawn
and dusk and roost on lakes or lagoons
during day and at night.

Past history. Within the last decade the au-
tumn staging population has doubled. In
the 1960s and 1970s 11,000 to 18,000 geese
were counted in September, in the 1980s up
to 32,000 (FoG 1977, MADSEN 1986, GREY-
LAG GOOSE PROJECT OF THE NORDIC
CoUNCIL FOR WILDLIFE RESEARCH un-
publ.). In the same period the breeding po-
pulation has increased considerably (FOG
et al. 1984). Based on ringing recoveries
PrEUSS (1982) estimated an annual in-
crease of approximately 9% in the Danish
breeding population in the 1970s.

Legal status. The season is open from | Au-
gust to 31 December. In the 1960s it was
estimated that at least 1,500 to 1,700 Grey-
lag Geese were bagged annually (FoG
1977). Today probably more than 5,600
geese are shol each year.

Management measures and problems. In
most autumn haunts shooting is regulated
by means of game reserves or privately
(MADSEN 1986). However, in some haunts
the staging Greylag Goose populations
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have recently decreased due to intensified
shooting disturbance,

Greylag Geese feeding on ripening ce-
reals in summer cause local damage to
crops. From 1972 to 1981 a total of 25 far-
mers have received licenses to shoot Grey-
lag Geese to avoid the damage. However,
according to J. FOG (1982), probably less
than 100 geese have been shot during the
whole period.

German Democratic Republic

Numbers and distribution. After return of
the non-breeding geese from the moulting
grounds and the fledging of young a sum-
mer migration takes place to the 20-25 tra-
ditional gathering places. By mid August
25,000 geese are in the country (LITZBAR-
SKI 1982). In the second half of August
flocks of Scandinavian and east European
Greylag Geese move to the GDR, and in
mid September a peak number of 35,000 to
40,000 is reached. Most of the geese from
the central GDR move to autumn gathering
grounds along the coast. From mid Sep-
tember to mid November the geese leave the
country, and only few geese are wintering
there.

Ecology. In summer and early autumn
most geese feed in stubble fields and on
pastures. Only to a small extent do the
Greylag Geese feed on winter cereal lields
{RUTSCHKE et al. 1982).

Past history, Within the last decades the
breeding population has increased
considerably (HAUFF 1982, NAACKE 1982).
The autumn population has increased
accordingly, although this has not been
quantified.

Legal stetus. The open season extends from
16 July to 31 January. In the 1970s on aver-
age 360 Greylag Geese were bagged annual-
ly (RUTSCHKE et al. 1982).

Management measures and problems.
Most of the gathering places are protected
areas with shooting regulations or prohibi-
tion, According to RUTSCHKE et al. (1982)
damage problems are not severe.

Poland

Numbers and distribution. Only a small
amount of information exists. According
to GROMADZKI & MAJEWSKI (1984) Grey-
lag Geese stay in the country until October
or November, and virtually no geese winter.
Based on data presented by MAJEWSKI
(1983) there seems to be an autumn popula-
tion of about 1,000 geese in the Slonsk area
alone, and the total for the country is pro-
bably much higher.

Fast history. The breeding population has
increased considerably during the last de-
cades (GROMADZKI & WIELOCH 1983, MA-
JEWSKI 1983).

Legal status. The open season extends from
20 August to 10 February in the western
part of Poland, and from 20 August to 30
April in the eastern and northern parts
(GROMADZKI & WIELOCH 1983).

Federal Republic of Germany

Numbers and distribution. The most im-
portant autumn gathering grounds are si-
tuated in east Schleswig-Holstein and
north Lower Saxony {HAACK 1968, HUM-
MEL 1982, 1977-1984, KNIEF pers. comm.).
The flocks gradually concentrate in few
places, reaching a peak of up to 12,000
individuals in October. Most of the geese in
Schleswig-Holstein leave during October,
whereas in Lower Saxony the geese stay un-
til the onset of frost in November. Up to
1,000 Greylag Geese winter at the Elbe
Estuary and along the East Friesian coast.
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In cold winters the geese move on to the
Netherlands (HUMMEL 1982).

FEcology. In summer and autumn Greylag
Geese mainly feed on pastures, in stubble
fields and 1o some degree in ripening cereal
fields (HAACK 1968, KNIEF 1985, BRUNS &
VAUK 1985-1986).

Past history. From 1974 to 1980 the autumn
population has been steadily increasing
(HUMMEL 1977-1984), and in Warder Lake
in Holstein the population tripled from less
than 500 to 1,500 geese from 1960 to 1967
(HAACK 1968).

Legal status. The open season is divided
into two periods: 1-31 August and [ No-
vember-15 January from half an hour be-
fore sunrise to 10.00 a.m. In Schleswig-
Holstein the season is further restricted,
and in Lower Saxony the Greylag Goose is
protected throughout the year (HUMMEL
1982).

Management measures and problems. In
Schleswig-Holstein the Greylag Geese
cause damage to ripening cercals and
cattle-grazed pastures. In the bird-
sanctuary Wallnau on the island of Feh-
marn Greylags have been baited with grain
to alleviate local crop damage. Some com-
pensation is paid 1o farmers (KNIEF 1985),
in Schleswig-Holstein amounting to
7,500-25,000 DM annually (1980-1983), in
the Diimmer in Lower Saxony 67,000 DM
(total amount from 1976-1981).

The Netherlands

Numbers and distribution. The autumn
population gradually builds up from Au-
gust onwards, to reach peak in October and
November of between 21,000 and 51,000
geese (ROOTH et al. 1981, NETHERLANDS
GOOSE WORKING GROUP 1983, 1984a,
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1984b, in press). Ringing recoveries have
shown that most of the autumn staging
geese come from the Scandinavian breed-
ing grounds (RooOTH 1971). From mid
November numbers decline, bui 10,000 to
13,000 remain the whole winter.

In autumn most Greylag Geese stay in
Oostvaarderplassen in Southern Flevo-
land, whereas the main winter concentra-
tions are found further south in the
Haringvlict area in the Delta region.

Ecology. In the Qostvaarderplassen both
breeding, moulting and autumn staging
geese feed on Typha latifolia and Phragmi-
tes autralis green parts and rhizomes (DUB-
BELDAM 1978, DUBBELDAM & POORTER
1982). By virtue of their feeding activity the
Greylag Geese have been found to play a
major role in the maintenance of the eco-
system of the open Phragmites marsh. In
autumn when high numbers are present,
Mocks also make feeding flights to adjacent
farmland fields of winter rape, and in win-
ter to pastures and winter cereal Fields.

Before the construction of the barrage in
the Haringvliet in 1970 the wintering Grey-
lag Geese there fed on Scirpus and pasture
grasses {ZWARTZ 1972, OUWENEEL 1981),
but since the tidal movements were nulli-
fied and the water became [resh the Scirpus
areas disappeared. The geese now feed on
fields with sugar beet and pastures in au-
tumn and on pastures in winter (OUWE-
NEEL 1981).

Past history. During the last two decades
the Greylag Geese have been increasing
greatly in numbers. In the 1960s 8,000 to
12,000 geese stayed in autumn and about
2,000 in mid January (ROOTH 1971), in the
19705 21,000 to 38,000 geese stayed in au-
tumn and about 10,000 in winter (ROOTH
et al. 1981), and now up to 51,000in autumn
and 13,000 in winier.

Concurrently with the successive drain-
age of the Ijsselmeer polders from the
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1940s to the 1970s, the Greylag Geese have
moved considerably between sites, making
use of the temporarily created marshlands
which were - apart from the Qostvaarder-
plassen - later turned into farmland
(ROOTH et al. 1981).

Legal status. The open season ranges from
10 October to 31 January from half an hour
before sunrise to 10 a.m.

Management measures and probfems, No
severe crop damage by Greylag Geese has
been reported. The Qostvaarderplassen
has been preserved as a waterfowl reserve,
and the water levels are managed to opti-
mize the conditions for the breeding and
resting birds.

Spain

Numbers and distribution. The Marismas
(marshes) of the Guadalquivir River in
south Spain are the main wintering area of
the Atlantic flyway of Greylag Geese (SAN-
CHEZet al. 1977, AMAT 1986b). The winter-
ing population has increased greatly, and in
the 1980s 60,000 to 75,000 geese or about
70% of the flyway population winter in the
Marismas. In the winters ol 1980/8l,
1981/82 and 1982/83 severe droughts
occurred, and in 1980/8f about 10,000
Greylags died, mainly from starvation.

The first Greylag Geese arrive in the Ma-
rismas in September and numbers peak in
December and January. By mid March al-
most all the geese have migrated north.

Greylag Geese started to winter in the sa-
linas of Villdfafila in the Zamora province
in northwest Spain in the late 1970s, and so
far numbers have increased to more than
5,000 geese (counts by the Spanish Orni-
thological Society, submitted by J. AMAT).

In the winter of 1983/84 the population
in Spain was estimated at 120,000 Greylag
Geese (J. CASTROVIEJO pers. comm. to J.
ROOTH).

Ecology. In winters with normal hydrologi-
cal conditions in the Marismas the Greylag
Geese concentrate just after arrival on
flooded areas of Scirpus littoralis. Later,
when other marsh zones become flooded,
the geese move to areas of Scirpus mariti-
mus, whose rhizomes constitute the main
diet of the geese. They pull out the plants
from the watersoftened ground with their
bills (SANCHEZ et al. 1977, AMAT 1986a, b).

The feeding sites are usually within
100-500 m of the roost. The geese feed in
the morning and late afternoon, roosting
during most of the daytime (AMAT 1986b).

Under drought conditions the geese are
unable to pull the Scirpus plants from the
dry, hardened ground, and they have to
spend more time feeding and with a re-
duced energetic return (AMAT 1986a). In
the winters of 1980/81 to 1982/83 the geese
made increasing use of other habitat types,
such as winter cereal fields, stubble rice and
pastures situated 1-5 km from the roosts
{AMAT 1986b).

In the winters of 1983/84 and 1984/85,
when the hydrological conditions were nor-
mal, the geese have probably as a result of
the population increase in the Marismas
aiso been using pastures, which is unusual
in rainy seasons. This may indicate that the
carrying capacity of the Scirpus habitats
has been reached (AMAT 1986b).

Past history. Counts are available from the
Marismas since the middle of this century.
BERNIS (1964} stated, probably referring to
the 1940s5-1960s, that 5,000 to 10,000 Grey-
lag Geese spent the winter there, In the win-
ter of 1967/68 19,000 Greylag Geese were
counted (BERNIS & VALVERDE 1972) (from
the same season ROOTH (1971) gives the
number of 25,000 geese); in the first half of
the 1970s about 20,000 (SANCHEZ et al.
1977), and in the second half up to 75,000
geese (AMAT 1986b).
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Legal status. The open season extends from
mid September to the beginning of Febru-
ary. In years of severe drought (eg.,
1980/1981) the season may be closed. SAN-
CHEZ et al. (1977) estimated that in years of
flooding 1,500 to 2,000 geese were bagged
in the Marismas, in drought vears 6,000 to
7,000. Since 1981/82 shooling in the Dona-
na National Park has been banned, prob-
ably resulting in a reduced kill. AMAT
(1986b) writes that within the last two de-
cades shooting pressure in the Marismas
has declined considerably.

Management measures and problems. Part
of the Marismas is a national park with
restrictions on traffic and shooting. To the
north of the national park the Marismas
have been drained for agricultural pur-
poses and the waler contaminated with
pesticides. Asa consequence of these trans-
formations the Marismas have suffered
serious pertubations in the water inflow
regime (AMAT 1986b). This has accentu-
ated the problems in years with scvere
droughts. The national park arca is entirely
depending on its water supply from several
rivers, but today only one fows into the
area. A "Water Supply Regeneration Plan’
has now been initiated, aimed at increasing
the water inflow and securing flooded
marshlands under drought conditions.

Population development

Based on the results of mid-winter counts
from Spain, the Netherlands and the FRG
since 1967/68, a population trend as de-
picted in Fig. 12 is derived. It is, however,
uncertain whether the graph gives a proper
picture of the trend. In years with drought
(1980-83) the Greylag Geese disperse over
wider areas in the Marismas and it is there-
fore likely that some flocks have not been
counted. The figures from the winters
1980/8}, 1981/82 and 1982/83 are thus be-
lieved to be underestimates.
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The trend is indicating an exponential
growth over the last two decades, and with-
in the last decade the population has in-
creased by a four-fold, equivalent to an
annual rate of increase of 13%. As it has
been shown above, the development has
been reflecied simultancously in all range
states.

Discussion

The impressive growth in the Greylag
Goose population has taken place despite
the deterioration of the conditions in
the Guadalquivir Marismas, where the
droughts within a single secason caused the
death of 10,000 Greylag Geese. [t cannot at
present be said what has been the decisive
factors causing the increase. Three factors
have to be considered:

1) A net immigration of geese from the
other populations. As shown above
there is no clear-cut borderline between
the northwest Europcan and central
European populations, and some mix-
ing seems to occur. However, if there had
been an immigration from the latter to
the former, it would have been apparent
from the intensive ringing schemes ope-
rating in both ranges. This has not been
observed, and therefore this factor
seems not to have been significant.

2) A lowered mortality. The harvest of the
Greylag Geese along the migration route
has been considerable. The annual bag
in the 1970s probably exceeded 10,000
geese, and a relaxation of the shooting
pressure may have caused the increase.
In south Spain the shooting pressure has
decreased over the last decades (AMAT
1986b), in Poland spring shooting has
been banned since 1976 (MAJEWSKI
1983) and, possibly most significantly,
an increasing proportion of the autumn
population has been attracted to the
QOostvaarderplassen refuge in the
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Fig. 12. Development of the northwest European population of Greylag Goose, 1967-1983. Sources, see text.

Netherlands, where the geese are virtual-
ly out of reach of hunters.

3) An increased recruitment. From various
parts of the breeding range (e.g., MaA-
JEWSKI 1983, BRUNS & VAUK 1985-1986)
it has been recorded that within the last
decades the breeding Greylag Geese
have changed habits, adapting them-
selves to areas with human activity, This
change may have increased the breeding
capacity and the recruitment rate of
population.

The evidence for especially the two latter

hypotheses is, however, not firm. At present

too little is known about population dyna-
mics and interplaying density-dependent
factors. In this context analyses of ringing
data are much needed. As it is discussed
later (see p. 59) the most likely explanation
for the increase is, however, lowered morta-

lity. No other goose population in Europe
has demonstrated improvements in breed-
ing success.

The story of the Greylag Geese in this
century resembles that of the other goose
populations in west Europe, in that they
have been markedly increasing and have
changed feeding habitats and partially
migration patterns. The Greylag Geese still
rely heavily on their traditional and natural
food source, the Scirpus and other Cypera-
ceae as well as grasses. Feeding on these
food plants is especially prevalent in Spain
and the Netherlands, but also in other parts
of the range during the breeding and
moulting periods. The Greylag Goose of
the Atlantic flyway has, however, through-
out its range increasingly been feeding on
pastures and arable land, and possibly due
to this flexibility in habitat selection the
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population has enabled itseif to compen-
sate for the negative effects of habitat dete-
rioration, and has - although there is not
necessarily a causal relationship - even
increased in numbers.

Management needs. Nowadays in north-
west Europe the Greylag Geese feed in a
range of habitats. Crop damage is not a
large-scale problem and is solved locally.
Although autumn shooting is allowed in all
range staies, the geese seem to find enough
refuges to sustain the shooting pressure and
disturbance. Only in France dees shooting
seem to be so intensive that the geese have
not asingle, regular refuge. There, some re-
fuge systems ought to be established,
especially as they may act as alternative
wintering sites to the Guadalquivir Maris-
mas in drought years.

The situation in the Marismas, which
was alarming in 1980 to 1983, can be solved
to the benefit of the geese and other water
birds breeding and wintering there, if pre-
sent plans of improving the water supply
are carried through with determination.

Research needs. To establish better popula-
tion moniloring, more detailed and exten-
sive observations of the numbers and
distribution of Greylag Geese are needed
especially in Poland and Norway. Ringing
schemes should be expanded, so that the
border lines between the northwest Euro-
pean and central European populations
and the interrelation between them can be
deciphered.

Ringing data have been compiled in seve-
ral range states, primarily aimed at analys-
ing the migration pattern of the Greylag
Geese, but there are only a few analyses of
population dynamics, a prerequisite for the
future international management of the
population. The analysis should contain
both an overall and a national break-down
of the ringing data, so that the condition of
the entire population and its subpopula-
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tions can be studied. This project calls for
international co-operation. Another possi-
bility would be to organize age-ratio counts
on autumn staging areas in northwest
Europe. Although ageing in Greylag Goose
is not easy, the excellent results from Bri-
tain show that it is indeed possible.

In this connection it must be stressed
that future ringing schemes should be
based on catching of breeding birds and
goslings of known origin, and not as it has
been practised in several studies on mass
ringing of moulting birds, whose origin is
not known. Furthermore, it cannot be
ignored that the disturbance caused by the
ringing actions on the moulting grounds
has been the reason for the abandonment
of some Danish and Swedish sites as sug-
pested by LEBRET & TIMMERMAN (1968).

At present no studies have focused on
body reserve dynamics and correlates with
breeding success in the Greylag Goose, as it
has been done for some af the arctic nesting
populations. Here lies a challenge for inter-
national cooperation among goose biolo-
gists to make an integrated, comparative
study which will contribute with valuable
resulis to the future management of the po-
pulation.

Dark-bellied Brent Goose
Branta bernicla bernicla

The nominate race of the Brent Goose
breeds in north Siberia and winters along
the west European coastlines from Den-
mark to France (Fig. 13). In addition a few
hundred geese occur in spring on the coast
of the GDR (NEHLS 1979}. The population
has undergone tremendous changes in the
present century. In the 1930s there was a
dramatic decline in the Brent Goose popu-
lation simultaneously with the die-off of its
principal food Zostera marina all over Eu-
rope. After a period of protection by most
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Fig. 13. Breeding distribution and migration routes of Light-bellied Brent Geese (west) and Dark-bellied Brent
Geese {east). The extension of the breeding ranges are not well documented. Sources, see text.

countries throughout its range, the Brent
Goose population has recovered from
16,000 in the 1950s to a present level fluctu-
ating between 150,000 and 200,000, de-
pending on breeding success (IWRB
BRENT GOOSE RESEARCH GROUP, un-
publ.}.

The status and management of the Brent
Goose has been much discussed in the last
few decades. In parallel with the popula-
tion increase, conflicts with agriculture
have arisen in some countries, and there are
some pressures from hunting organizations

to re-open the season. With this back-
ground an international *Technical Meet-
ing on Western Palearctic Migratory Bird
Management’ was held in Paris in 1977 at
the invitation of the International Council
for Game and Wildlife Conservation (CIC)
and the IWRB to present and discuss the
status of the Brent Goose (see SMART
1979), and a second Technical Meeting in
Paris in 1979 at the invitation of the Inter-
national Foundation for the Conservation
of Game (IGF) and the IWRB (see SCOTT
& SMART 1982).
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The present review is primarily based on
the contributions from the proceedings of
the two meetings as well as on more recent
publications and unpublished information
collected by the IWRB Brent Goose Re-
search Group. Much of the recent know-
ledge stems from an intensive colour-
marking project of the research group, ini-
tiated by a study of the implications of a
third London airport and carried out by ST
JosEPH in England beginning in 1972/73.

Breeding grounds
and breeding ecology

The breeding range of the Brent Goose is
situated along the north Siberian coastline
{(Fig. 13} including the west Kolguev Island,
northern hall of the Yamal peninsula, is-
lands in the Kara Sea, north Taimyr penin-
sula and east to Severnaya Zemlya (USPEN-
sKI 1960, KISTCHINSKI & VRONSKI 1979).
However, ornithological surveys have not
been made there in recent years, and in the
main breeding area, the Taimyr, not since
1949. UsPENSK1 (1960) states that moulting
Brent Geese are found on Novaya Zemlya,
along the north Taimyr and probably also
in the rest of the breeding range.

Virtually nothing is known about the
breeding biology of the subspecies. The
geese usually arrive at the breeding areas
between 10-20 June, and depart {rom the
middle of August to the beginning of Sep-
tember (USPENSKI 1960).

Migration routes and staging areas

On migration from the breeding grounds in
north Siberia to the wintering grounds in
west Europe the Brent Geese cross the Ka-
nin peninsula in the Barents Sea and pass
through the White Sea across Onega Bay
between the second half of September and
the first half of October (Fig. 13) (USPEN-
SKI 1960, BIANKI] 1979), The geese fly via
Lake Ladoga and maybe Lake Onegain the
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USSR to the Gulf of Finland, entering
through the Bay of Vyborg, where they arc
observed from the first half of September
to early October with a peak in the second
hall of September (LamplO 1979). The
passage is also observed along the coast of
Estonia with peak numbers in October
(KUMARI 1979). Usually only a few Brent
Geese are observed in the GDR (NEHLS
1979), and most flocks seem to pass the
Swedish coastline. They pass through Kal-
marsund, southeast Sweden, mainly in Oc-
tober (EDELSTAM 1972) and flocks also
pass overland through Skdne (ALERSTAM
1976, LINDELL 1977). The geese usually
reach Danish waters by the end of Septem-
ber with peak arrival in October (FoG
1972, MELTOFTE 1973). The flocks pass
overland from the Baltic Sea to the Wadden
Sea across southern Jutland and northern
Schleswig (SCHMIDT 1976).

In spring the same route scems to be fol-
lowed. A major migration through Kal-
marsund is seen in the last ten days of May,
in the Gulf of Finland and Estonia from
late April to early June with peak numbers
in late May (LAMP10 1979, KUMARI 1979).
The geese seem to pass the Kanin peninsula
in the first half of June (B1ANKI 1979).

Ecology. On the White Sea coasts in the au-
turmn, the Brent Geese stop for a short
period and feed on Zostera in shallow
waters {(BIANKI 1979). In Finland, Estonia
and Sweden the geese usually do not stop
{Lampio 1979, KuMAR] 1979, FREDGA
1979), whereas thousands stay and feed on
Zostera and green algae in shallow waters
of the Danish Baltic Sea (MADSEN 1986).

Legal status. The Brent Goose is protected
along the whole migration route.

Past history. In Finland, Sweden and the
GDR an increase in numbers of geese has
been recorded in parallel with the general
population development since the 1960s. In
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the GDR the Brent Goose was considerably
more abundant in the 1920s than at present
(NEHLS 1979), reflecting the popuiation
decline in the 1930s.

Management measures and problems.
There are no reports of feeding on farm-
land along the autumn and spring migra-
tion route.

Wintering grounds

The Dark-bellied Brent Goose winters
from Denmark in the northeast, through
FRG, the Netherlands, south and southeast
England to the west coast of France (Fig.
14}, In midwinter the population is mainly
distributed in France, England and the
southern part of the Netherlands; in mild
winters, however, also in other parts of the
winter range, In spring the population
moves to the Netherlands, FRG and Den-
mark (Fig. 14) (ST JOSEPH 1979a, 1982).
The phenology in the five winter range
states is shown in Fig. 15.

I
RN 34 [
-". -
- ' N
g&_[ i S

Fig. 14. Midwinter and spring distribution of Dark-bellied Brent Geese. Sources, see text.

Denmark

Numbers and distribution, The most im-
portant site of the Brent Goose is in the
Wadden Sea, holding about 75% of the
goose-days spent in Denmark (MADSEN
1986). Other important sites are in Ring-
kebing Fjord, in the archipelago south of
Funen and on the islands in the Kattegat.
The Brent Goose arrives in Denmark by the
end of September, and numbers peak in
October with 11,000 to 40,000 individuals
in 1980-1983 (MADSEN 1986). The geese
usually leave by the end of November, and
in winter only a few hundred remain, except
for mild seasons where up to 5,000 may
stay. From March to May a spring popula-
tion of 14,000 to 23,000 geese is built up,
representing 10-12% of the entire popula-
tion (MADSEN 1986)., The geese depart for
the breeding grounds between 20-30 May
{(MADSEN 1985c, M@LLER 1978).

Ecology. In autumn the Brent Goose is al-
most exclusively confined to shallow waters

4]
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Fig. 15. Phenology of Dark-bellied Brent Geese in five winter range states, expressed in percentage of peak
month. Most data ase from 1980-1984 {daia from FRG from 1975-1979). Numbers in brackels give average
maximum { =100%). Sources, se¢ 1ext.
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and mudflats feeding on Zosterg and green
algae, and only in few sites in the Wadden
Sea flocks graze on saltmarshes created by
land reclamation (MADSEN 1986). In
spring the geese shift to saltmarshes. In
Tipnerne in Ringkebing Fjord the geese
graze on {resh water marshes and pastures
(MADSEN 1985c, LORENZEN & MADSEN
1985).

Past history. The population decline in the
first half of the century was also significant
in Danish waters (M@LLER 1978), although
the information is sparse, and the reduc-
tion cannot be quantified. Very soon after
the die-off of the Zostera marinain 1932-33
flocks of Brent Geese were seen {eeding on
saltmarshes in spring (CHRISTIANSEN
1936). However, in contrast to
the general downward trend, the spring
population around Tipperne increased
from approximately 1,000 in 1929-1931 to
2,000-4,000 in the mid 1930s (LIND 1956,
MADSEN 1985¢). Here the geese found an
alternative diet consisting primarily of
Ruppia spp.

From the 1960s to the 1980s the increase
in the spring and autumn population in
Denmark has been substantial, viz. ap-
proximately 4,000 to 11,000-40,000 (FoG
1972, MADSEN 1986),

Legal status. Total protection since 1972. In
three years in the 1960s the annual bag was
estimated at 1,200 to 3,000, 4-8% of the to-
tal population before shooting (FOG 1972).

Management measures and problems.
Apart from an isolated case where usually
not more than few hundred Brent Geese
feed on winter wheat in October (MADSEN
1986), there are no reports of regular farm-
land feeding in Denmark (FoG 1977).
Since 1978 the dense submerged macro-
phyte stands in Ringkebing Fjord suffered
a die-off due to hyper-eutrofication of the
water, and the 2,000-4,000 Brent Geese,

which used to feed on these plaats in spring
were forced to shift to fresh water marshes
(MADSEN 1985c).

Federal Republic of Germany

Numbers and distribution. The Brent
Goose occurs along the German Wadden
Sea coastline with the highest concentra-
tions in the Northfriesian part (PROKOSCH
1984d, unpubl). In the autumns of
1979-84, 50,000-60,000 and around 5,000
geese have been recorded in the Northfrie-
sian and Lower Saxonian Wadden Sea, re-
spectively; in spring 50,000-80,000 repre-
senting 35-49% of the total population and
10,000-15,000 representing 8-10% of the to-
tal population, respectively. In midwinter
the population varies between 0 and 8,000
Brent Geese, dependent on the severity of
the winter.

The geese arrive from mid September to
the beginning of October, and numbers
peak in October; by the end of November
most geese have moved on to England and
France (PROKOSCH 1984d). Based on sight-
ings of colour-marked individuals it has
been shown that the geese stage for a rela-
tively short period, ranging from few days
to four weeks. The geese may return in
January, but most usually arrive in March,
and spring staging numbers peak in April
and May. In spring the geese stage for
about two months, and they are strikingly
faithful to their haunts from year to year
(PROKOSCH 1984d). The geese depart in
late May.

One of the major spring haunts, Rode-
nis Foreshore, adjacent to the Danish bor-
der was diked in 1979-82 (for diking plans,
see PROKOSCH 1979). Here up to 18,000
Brent Geese stayed prior to the diking. The
population has gradually declined since; in
1983 down to 4,000 individuals (Pro-
KOSCH 1984e). Sightings of colour-marked
individuals have shown that most of the
displaced geese have moved to the islands
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of Sylt, where they have colonised a hither-
to unimportant site, as well as Fohr and
Langeness.

Ecology. In autumn most Brent Geese feed
on intertidal mudflats, mainly on the ex-
tensive Zostera beds in the Northfriesian
Wadden Sea (PROKOSCH 1984d). Only to a
small extent do they make use of salt-
marshes. From March onwards the geese
are concentrated on saltmarshes grazed by
cattle and sheep on the halligs and along
the coastline. Only a small percentage of
birds feed on the mudflats. In recent years
flocks have been observed feeding on win-
ter cereal fields inside the sea walls (PRO-
KOSCH pers. comm.).

Based on observations of consecutive
years with stable goose numbers in the tra-
ditional salimarsh feeding grounds it is
believed that the carrying capacity of these
areas to Brent Geese has been reached
(PROKOSCH pers. comm.). A registered in-
crease in goose numbers in recent years has
coincided with goose flocks using ncw,
probably sub-optimal saltmarshes.

Fast history. Before this century the Brent
Geese were reported to be numerous in the
Northfriesian Wadden Sea (see review by
PROKOSCH 1984d). Following the die-off
of the Zostera marinag beds in 1932 it is
known that the geese switched to salt-
marshes. However, there are no reports
quantifying the population decrease. In the
springs of 1965 and 1966 when the first
counts were arranged, 12,000-18,000 geese
were counted representing 50-65% of the
total population. Since then numbers in
spring have increased, though at a lower
rate than the total population (PROKOSCH
1984d). In the Wadden Sea of Lower Saxo-
ny the population has also increased consi-
derably (PROKOSCH unpubl.).

Legal status. The Brent Goose was protec-
ted in Lower Saxony in 1977; in Schieswig-
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Holstein the season is open from 1 Novem-
ber to 15 January. It is estimated that up to
2,000 Brent Geese are bagged annually
{PROKOSCH pers. comm.).

Management measures and problens.
Since the 1970s the goose grazing on salt-
marshes in spring has caused severe con-
flicts with cattle-holding farmers on the
halligs in the Northfriesian Wadden Sea.
Compensation for goose damage has been
paid since 1973 (SCHWARZ & RUGER 1979).
Since 1980 270,000 to 300,000 DM have
been paid annually by the Ministry of Agri-
culture and the County of Schleswig-
Holstein (KNIEF 1985, PROKOSCH pers.
comm.). The goose damage is especially
severe on the small halligs with a large pro-
portion of saltmarsh area, less severe on the
larger halligs where the areas grazed are
smaller. Assessment of damage is done ad
hoc by a’Brent Goose Committee’, roughly
estimating goose grazing pressure from
dropping densities and vegetation height.

In a new *Hallig-programme’ presented
by the Ministry of Agriculture the halligs
will be subsidised for the conservation of
the saltmarsh habitat and farming practice,
and the geese will be included among the
naturai but manageable hazards of far-
ming, and compensation for damage will
therefore not be paid (PROKOSCH pers.
comm.),

In 1982 the diking of 550 ha of saltmarsh
on the Rodeniis Foreshore was concluded,
and in 1986 the diking of another im-
portant spring feeding area for Brent
Geese, Nordstrand Bay, will be finished
with 845 ha of saltmarsh being diked {PRO-
KOSCH 1979). In Rodends the diked salt-
marsh has become a nature reserve with
sheep grazed grasslands, and in spring
flocks of geese now feed behind the sea
wall, although it is only a quarter of the
numbers which made use of the former
foreshore.

With a recent proclamation of the Ger-
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man Wadden Sea as a national park,
including the part in Lower Saxony, but
excluding the halligs, further diking should
be brought to an end, and the feeding habi-
tats of the Brent Geese secured.

The Netherlands

Numbers and distribution. Within the
Netherlands two distinct Brent Goose areas
can be described: The Wadden Sea in the
north, and the Declta area in the southwest.
Whereas the Wadden Sea is primarily a
spring staging area, the Delta region is
mainly a wintering site {ROOTH et al. 1981,
NETHERLANDS GOOSE WORKING GROUP
1983, 1984a, 1984b, in press).

In the Wadden Sea the Brent Geese arrive
in October, and numbers peak in October
and November with between 10,000 and
29,000 peese (EBBINGE & BOUDEWIIN
1984). Usually less than 10,000 winter,
though up to 22,000 have been observed in
mild winters, representing on average 9%
of the world population. By March the
geese return from the wintering areas in
England and France, and they stay until
20-25 May. In April and May 48,000 1o
85,000 geese, or 33-42% of the world popu-
lation stay here, with peak numbers record-
ed along the Friesian coast and on the is-
lands of Terschelling and Texel (EBBINGE &
BOUDEWI1IN 1984),

In the Delta area the Brent Geese winter
from October to April with peak numbers
of 10,000 to 12,000, representing on average
7% of the total population reached in mid-
winter (NETHERLANDS GOOSE WORKING
GROUP 1983). In the Delta area the num-
bers are hardly affected by cold spells.

Colour-marking has revealed that geese
occurring in the Dutch Wadden Sea in
spring winter in both England and France
without tendency of preference of one of
the two countries (EBBINGE & BOUDEWIIN
1984), as was previously suggested by ST
JOSEPH {1979a).

Ecology. In the Wadden Sea a seasonal
shift in habitat preference is observed (EB-
BINGE & BOUDEWI1IN 1984; see also BILT &
HELMING 1978). In autumn most Brent
Geese feed onintertidal mudflats where the
green algae Enteromorpha and Ulva con-
stitute the major part of the diet (D1JK-
STRA & DIIKSTRA-DE VLIEGER 1977). The
Zostera beds, which had an extensive distri-
bution before 1932, have hardly recovered
since the die-off in 1932 (VAN DEN HOEK et
al. 1979), and are therefore of little impor-
tance for the Brent Geese today (but see JA-
COBS et al. 1981). In late autumn the win-
tering stock of Brent Geese moves to im-
proved grasslands bordering the Wadden
Sea. From March onwards, the geese start
feeding on natural saltmarshes and grazed
saltmarshes created by land reclamation
works. In spring some feeding also takes
place on developing Enteromorpha and on
diatoms (CADEE 1972).

It has been shown that until mid April
the digestibility of the pasture grasses is
higher than that of the saltmarsh grasses,
whereafter the digestibility of the later
growing saltmarsh vegetation overtakes
that of the pasture grasses (BOUDEWIIN
1984), explaining the shift in habitat prefe-
rence of the Brent Geese in spring, On the
saltmarshes Plantago maritima is a highly
preferred food plant together with Festuca
and Puccinellia (EBBINGE 1979). The re-
peated grazing of Plantago by the geese has
been shown to keep the plants in an active
stage of growth with high nutritive quality
(PRINS et al. 1980).

In the Delta area the Brent Geese feed on
Zostera and green algae in autumn
{WOLFF et al. 1967), but change to im-
proved inland grasslands later in autumn
(NETHERLANDS GOOSE WORKING GROUP
1984a).

Past history. According to the review by
MORZER BRUYNS & TIMMERMAN (1968)
the number of Brent Geese in the Nether-
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lands decreased catastrophically by an or-
der of 90% or more shortly after 1932. The
authors were convinced that it was directly
caused by the disappearence of the Zosrera
marina, the staple food of the Brent Goose.
In the years following the Zostera disease
the geese were found feeding on inland
grassland and winter wheat fields.

The first organized counts in the Nether-
lands in May 1960 recorded 2,600 to 3,000
Brent Geese, and in midwinter 1966/67
4,300 (MORZER BRUYNS & TIMMERMAN
1968). Since then the spring population has
increased by more than a tenfold, the win-
ter population by a threefold.

Legal status. Total protection since 1950.

Management measures and problems. The
increased numbers of geese feeding inland
on improved grasslands have caused con-
flicts with farmers who either produce hay
or keep sheep or cattle. Damage problems
are especially pronounced in spring
(PrEIFFER 1979). So far there is little
published information on damage assess-
ment; however, direct compensation is paid
to farmers from a fund created by a levy on
hunting licenses. In 1979 more than half a
million Dfl. were paid for all damage by
geese in the Netherlands (DEN UIL et al.
1982), increasing to over one million DIl in
the 1980s (VAN WELIE 1985), Texel, an is-
land with very little saltmarsh left, has had
most serious problems, because even in
May there is no aliernative feeding for the
geese. Here a 110 ha farm, Zeeburg, has
been turned into a Brent Goose reserve by
the Dutch government in 1976 to alleviate
the local damage problems (PFEIFFER
1979, PEERAER 1982). By scaring the geese
from other farmland areas to the goose re-
serve, most of the damage problems have
now been solved. Up to 10,000 Brent Geese
feed within the reserve in spring (EBBINGE
pers. comm.).

On Terschelling, where up to 15,000
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Brent Geese stay in spring, most geesc feed
in a saltmarsh reserve, bul there is also a
considerable number visiting the polder
grasslands. To solve the damage problems
on the polders a scaring experiment was set
up. By different scaring techniques, such as
very pistols, rockets fired over flocks, shot-
guns fired over the flocks, geese killed by
shotgun, the number of geese in the polder
was reduced, but on the saltmarsh reserve
numbers also went down. Counis on the
neighbouring island and along the main-
land coast, as well as an increase in the as-
sessed goose damage in thesc areas showed
that the displaced geese had settled there. It
was thus concluded that, although solving
the local conflicts on Terschelling, the
problem itself was only relocated (THISSEN
& BRUGGEMAN 1982).

On basis of analyses of grazing intensity
on the saltmarshes in the Dutch Wadden
Sea EBBINGE & BOUDEWIIN (1984) have
estimated that with their present manage-
ment, the saltmarshes cannot support sig-
nificantly more Brent Geese. Thus, if num-
bers of Brent Geese continue to increase, an
overspill to grassland is unavoidable and
will increase. In addition to the saltmarsh
area 1,200 ha of improved grasslands are
needed to meet the food requirements of
the present spring staging population. If
the saltmarshes are betier managed than
today by use of intensified sheep grazing on
the marshes created by land reclamation,
the area of improved grassland necessary
will be reduced. If scaring of geese from the
polders is successful, alternative feeding
grounds must be at hand, cither on the salt-
marshes or on the improved grasslands.

England

Numbers and distribution. The south and
southeast coast of England, together with
the west coast of France, constitute the cen-
tral wintering ground of the Brent Goose
(ST JOSEPH 1979a, 1982). In midwinter the
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British population has varied between
66,500 and 92,600 birds in the 1980s (OGIL-
VIE 1977-1985), representing 45-51% of the
world population.

The first Brent Geese arrive at the end of
September. Sites in Essex and Kent, es-
pecially Maplin Sands/Foulness Island re-
ceive birds early in the season, and the win-
tering population usually peaks in Novem-
ber and December. In contrast the peak on
the south coast occurs later, in January and
February (PRATER 1981), Numbers begin
to diminish by the end of February and
especially during March when the geese
move on to the Wadden Sea. Since the late
1970s the Wash has become a regular spring
staging area with up to 5,000 Brent Geese
(PRATER 1981).

Ringing and sighting of colour-marked
geese shows that the Brent Geese have a
strong faithfulness to their wintering
grounds in subsequent seasons. They do
not only return to the same estuary, but
also to the same section of coast within it
(ST JOSEPH 1979a).

Ecology. The traditional winter feeding ha-
bitat of the Brent Goose is the intertidal fat
with Zostera beds and green algae, which
constitute the main food items (RANWELL
& DOWNING 1959}, Today the feeding ha-
bits have partly changed, and the geese
make use of a wider range of habitats
covering mudflats, saltmarshes and farm-
land areas, which are used in succession
(CHARMAN 1979, TuBBs & TUBBS 1982). In
autumn almost all Brent Geese feed on Zo-
stera. Al first the undisturbed mudflats are
exploited, and later when these are deple-
ted, the geese move into more disturbed
areas and become partly habituated to hu-
man activity (OWENS 1977). When the Zo-
stera beds have been depleted, and it is no
longer profitable to feed there, the geese
turn to Enteromorpha. From November
onwards an increasing number changes to
saltmarshes, feeding on Puccinellia and

Spergularia (CHARMAN & MACEY 1978),
and later on to farmland with winter ce-
reals, improved grasslands and even onto
playing fields. Before 1974 inland feeding
was only found in isolated sites in Essex,
but from 1973/74 the number of birds feed-
ing inland as well as the number of inland
sites have increased tremendously (ST JoO-
SEPH 1979b, ROUND 1982). WHITE-
ROBINSON (1982) compared the time bud-
gets of Brent Geese feeding on inland
pasture with time budgets on saltmarsh,
and he found that pastures supported high-
er densities of geese, and having the choice
of the two habitats, a flock spent almost
90% of its feeding time on pastures. How-
ever, certain individuals exclusively grazed
on saltmarsh.

The number of geese feeding inland is
correlated with the number of birds present
along the coast, and the development has
undoubtedly been caused by the popula-
tion increase and the following faster de-
pletion of the traditional food sources. In
the 1980s more than 40,000 Brent Geese
feed inland in late winter, and they now
range up to 9 km from the water (OGILVIE
pers. comm.) and have developed overland
migration routes, too (HARRISON 1979).
The inland feeding habit has spread along
the south and southeast coast of England.

Past history. The known history of the
Brent Geese in England has been reviewed
by ATKINSON-WILLES & MATTHEWS (1960)
and by OGILVIE & ST JOSEPH (1976). Infor-
mation about numbers of the Dark-bellied
Brent Goose in the period before 1930 is
extremely scarce, and it is not possible from
the English counts - as SALOMONSEN
(1958) claimed - to give an exact estimate of
the former population size, nor of the
magnitude of the population decline in the
1930s. However, undoubtedly the former
population decreased massively and pos-
sibly by the order of 75% (ATKINSON-
WILLES & MATTHEWS 1960). In the mid
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1950s the midwinter population amounted
to 7,400 birds. In the 1960s the English po-
pulation had increased to a mean of 16,000
birds, on average representing 63% of the
total population (calculated from data in
OGILVIE & ST J0SEPH 1976). In the 19705
the wintering population was steadily in-
creasing, averaging 37,000 geese or 47% of
the total population (calculated from data
in OGILVIE 1979, 1977-1985), indicating
that since the 1960s a higher proportion of
geese wintered outside the English haunts.

Legal status. Fully protected since 1954.
300-400 geese are shot annually under li-
cense (see below). ST JOSEPH (cited in PRO-
KOSCH 1984d) estimates that 1,000-2,000
Brent Geese are shot annually, either ille-
gally or under license.

Management measures and problems. The
inland feeding has given rise to conflicts
with farmers complaining of goose damage
on winter cereals. One big problem giving
rise Lo increased damage is that farmers are
growing cereals in more and more marginal
areas because of price guarantees by the
EEC. Wheat is now being grown right up 1o
the sea wall, where there used to be a buffer
of wet grazing land of little interest to the
farmer in winter and which the geese could
use (M. OWEN pers. comm.) Assessment of
the damage has only been carried out in few
cases, but the published examples of ex-
treme cases have shown that the goose gra-
zing can have a considerable negative effect
on yields of winter wheat (ST JOSEPH
1979b, DEANS 1979). Various means of
scaring have been tried but most have
proved to be rather inefficient, unless pur-
sued with a great deal of effort (ST JOSEPH
1979b). Since 1982/83 Brent Geese have
been allowed to be shot under license (NU.
GENT 1985). In 1984/85 which is typical for
recent years, 50-60 licenses were granted to
farmers complaining of damage. A limit of
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723 kills was set, but only 368 Brent Geese
were actually killed (OGILVIE pers. comm.).
Since the start of ficensed shooting con-
flicts have levelled off. There exists no legal
mechanism for direct compensation for da-
mage. So far no special goose reserves have
been created to lessen the conflicts. How-
ever, a saltmarsh area in Essex has just been
protected by a non-government organisa-
tion mainly with the aim of establishing an
undisturbed managed feeding ground
where the Brent Geese will not cause
damage (OGILVIE pers. comm.).

France

Numbers and distribution. Together with
England, France is the principal wintering
arca for the Brent Goose. In mid January
1979-1984 the French wintering grounds
harboured a total of 41,000-65,000 geese
{MAHEO 1984 and unpubl.), representing
on average 33% of the total population.
The geese are found in estuaries from the
western part of the English Channel south
to the Bassin d’Arcachon near Bordeaux.

The Brent Geese start to arrive in Octo-
ber, and during November numbers rapidly
increase, usually reaching a peak in Decem-
ber. From late January numbers begin to
decline, and by the end of March most
geese have left the country.

Along the French coast there is a lempo-
ral difference in site usage. The Golfe du
Morbihan and nearby sites receive early ar-
rivals by the end of October; numbers peak
in November and December with
15,000-23,000 individuals {(MAHEO 1984),
and the geese already start leaving the area
in December. From the Golfe du Morbihan
the geese move on to the main wintering
sites, of which Charente Maritime and Bas-
sin d'Arcachon in the southwest range are
the most important. Here the peak is usual-
ly a month later than at the Golfe du Mor-
bihan.
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i Population trend
Dark-bellied Brent Goose
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Fig. 16, Population development and percentage of juveniles in wintering flocks in Dark-bellied Brent Goose,

1960-1984 {IWRB BrenT GoOSE RESEARCH GROUP, unpubl.).

Ecology. The Brent Geese are almost
completely restricted to the seashore, feed-
ing on intertidal Zostera marina and noltii
beds, and also on Enteromorpha and Ulva.
Only to a small extent do the geese feed on
saltmarshes (MAHEO 1979). Inland feeding
only occurs in a single site, Baie de Bourg-
neuf, where usually a few hundred geese
feed on improved grassland and winter ce-
real lields (BAVOUX et al. 1985).

Past history. Brent Geese have been count-
ed in France since 1960-1961, when 6,000 to
7,000 were recorded. Later in the 1960s up
to 11,500 individuals were counted, or on
the average 32% of the total population
(calculated from MAHEO 1984), and in the
1970s up to 65,000, or on average 36% of
the total population. Numbers prior to
1960 are not known, but MAHEO (1976)
mentions that the Brent Geese were pro-

bably much more numerous in the Golfe du
Morbihan around 1930 than they are today.

In the 1960s and 1970s Golfe du Morbi-
han was the most important wintering area
in France (MAHEOC 1976), but since the Iate
1970s the site has primarily functioned asa
pre-wintering site.

Legal status, Fully protected since 1966. In
the Golfe du Morbihan MAHEO (1976) esti-
mated that 300-500 geese were illegally kil-
led each winter.

Management measures and problems.
Only in the Baie de Bourgneuf are there
conflicts with agriculture. Complaints by
farmers of damage to winter cereals have
caused the geese to be scared off the fields
by various devices by the Ministry of Envi-
ronment (BAVOUX et al. 1985).
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Population development

It was shown by SALOMONSEN (1958) that
the Brent Goose was much more numerous
in the latter half of the 19th century, and
that numbers decreased thereafter, reach-
ing a low point in the 1950s, However, most
of the evidence stems from the Svalbard
Light-bellied Brent Goose population, and
the numerical documentation from the lite-
rature concerning the Dark-bellied Brent
Goose is, as it has been shown above, more
fragmentary and anecdotal. Nevertheless,
it is evident that the population underwent
a drastic decline in the 1930s.

The population development since 1955
is well documented by internationally co-
ordinated counts by the IWRB (Fig. 16). It
was not until the 1960s that signs of recove-
ry in the population size were recorded.
From the beginning of the 1970s the popu-
lation increased exponentially, reaching a
record peak of 203,000 geese in 1982/83.

The high-arctic breeding Brent Geese are
liable to high annual population fluctua-
tions due to the variable conditions on the
breeding grounds, and the number of juve-
niles brought to the wintering grounds va-
ries between 0 and 53% of the total autumn
population. Out of 28 years (1955-1982)
only 13 were successful (i.e. more than 33%
juveniles), and 12 with breeding failures
(ie. less than 7% juveniles) (PROKOSCH
1984d).

Discussion

The decrease in the Dark-bellied Brent
Goose population in the 1930s happened
simultaneously with the 'wasting disease’
of Zostera marina along the Atlantic coast-
line in 1932, most probably caused by a se-
ries ol mild winters combined with the vi-
rulence of the amoeboid parasite Labyrin-
thula macrocystis (see RASMUSSEN 1977
for a review). Whether il was the disappea-
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rance of the principal food source or other
factiors such as shooting pressure, or lactors
in combination, which were responsible for
the decline in the Brent Goose population
has been much questioned (VIERECK 1951,
SALOMONSEN 1958, OGILVIE 1979). Direct
starvation in the years following the die-off
of the Zostera was not reported (SALO-
MONSEN 1958), but in the Dutch Wadden
Sea geese were reporied to be in very poor
condition, some weighing only 0.5 kg in-
stead of the usual 1.5 kg {MORZER BRUYNS
& TIMMERMAN 1968). In fact at least to
some extent the geese were able to switch Lo
other food sources as the Zostera marina
disappeared, mainly Zostera noltii which
was not affected by the disease, green algae
and saltmarsh vegetation (VIERECK 1951,
SALOMONSEN 1958). However, the dis-
appearance of Zostera maring may have
caused the geese to become more vulner-
able to shooting, both because of their
poor condition, and because they were
forced to seek food in areas where hunters
had easier access to the birds. This was in
fact what happened to the North American
Light-bellied Brent Goose in 1971/72 when
its principal food Ulva was scarce and it
had to turn to saltmarshes rather than open
bays. In that winter 70,700 geese were esti-
mated to have been bagged, the highest ever
recorded (ROGERS 1979). With the combi-
nation of a poor breeding season in the
summer 1972, the population was reduced
from 151,000 in January 1971 to 40,700
geese in January 1973. A similar coinci-
dence of negative factors may have caused
the depression of the Dark-bellied Brent
Goose population, rather than the Zostera
disease in itself,

The increase from the 1960s to the 1980s
has been shown to be caused by a lowered
annual mortality rate which decreased
from an average of 22.1% (1963-1971) to
13.3% (1972-1982), whereas the proportion
of juveniles did not change on the average
22.2% and 22.3%, respectively. Biologists
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analysing the population dynamics have al-
most exclusively concluded that the relaxa-
tion in hunting pressure on the wintering
grounds was responsible for the increase
(OGILVIE 1979, PROKOSCH 1984d, EBBIN-
GE 1985), and especially the shooting ban
in Denmark since 1972.

1t is known that Zostera marinag recover-
ed over most of its former range in western
Europe from the 19405, excluding the
Dutch Wadden Sea, but the Brent Goose
population did not increase accordingly
(VIERECK 1951). Hence, it seems not to
have been altered food conditions that has
caused the increase.

The future population development of
the Dark-bellied Brent Goose will, as long
as shooting is banned over most of its
range, be dependent on the carrying capa-
city of the breeding and wintering grounds.
EBBINGE (1985) has shown that at higher
population levels in the 1970s, the propor-
tion of successful breeding pairs has been
reduced, indicating that some density-de-
pendent effects are operating on reproduc-
tion. At which stage in the life cycle this
pressure lies is so far unknown. As there
seems to be no ongoing Soviet studies on
the breeding grounds, an early answer can
hardly be expected.

Research in the Dutch and German Wad-
den Sea has shown that the acquisition of
sufficient body reserves on the spring stag-
ing areas is a prerequisite for successful
breeding (EBBINGE et al. 1982, PROKOSCH
1984d), and thus the conservation and
management of the spring staging areas in
the Wadden Sea are of vital importance for
the well-being of the Brent Goose popula-
tion. As indicated in the Dutch and North-
friesian Wadden Sea the carrying capacity
of the saltmarshes in their present state has
possibly been reached {EBBINGE & BOUDE-
WIIN 1984, PROKOSCH 1984d and pers.
comm.). At the level of foraging goose
flocks there has been shown to be much
competition for preferred food patches,

and a highly differing feeding efficiency
among individuals, the most efficient birds
also being the most successful breeders
(DRENT & VAN EERDEN 1980, TEUNISSEN
et al. 1985). Together, these works indicate
that the spring staging areas do not offer an
infinite scope for population growth, but
rather that a density-dependent factor here
could be acting on the reproductive capaci-
ty of the population. If the spring is the
bottle neck’ limiting population growth,
further increase will depend on the possibi-
lity of the geese to make use of inland
pastures to build up body reserves, a
question which is presently being investi-
gated in the Dutch Wadden Sea.

Conditions on the English and French
wintering grounds do not appear to be
limiting at present. The carrying capacity
of the intertidal habitats in England has
been exceeded, but by adapting themselves
to inland feeding the geese have opened the
doors to a new habitat which can - if the
farming communities allow and/or suffi-
cient reserves are created - support vast
numbers of geese.

Management needs. Al the two technical
meetings in Paris the need for managing
the Brent Goose population was highlight-
ed (DE KLEMM 1979, SWIFT & HARRISON
1979, SMART 1979, ST JOSEPH 1982). At the
time of the meetings (1977, 1979) the popu-
lation was in an exponential growth phase,
and conflicts with agriculture in Britain,
the Netherlands and the FRG had shar-
pened. Since then the increase has levelled
off, and although the solutions are not
complete in the long term, ways of solving
the damage problems have been found or
are prepared in most cases. The strategy for
alleviation of conflicts has not been inter-
nationally coordinated.

Licensed shooting as practised in Eng-
land will not solve the conflicts with agri-
culture in the long term, because the pro-
blems are only relocated. As suggested by
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ST JosepH (1982, unpubl.) and WHITE-
ROBINSON (1982), a possible solution will
be to develop scattered alternative feeding
sites bordering the sea wall in the "home
range’ of the goose flocks, accompanied by
licensed shooting over vulnerable crops.
This would probably be the cheapest solu-
tion and would prevent the massive concen-
tration of geese in few large refuges.

EBBINGE & BOUDEWIIN {1984) advocale
that Lo prevent damage along the Dutch
Wadden Sea, the saltmarsh areas should be
more effectively managed by summer gra-
zing to raise the carrying capacity. Geese
scared from susceptible grasslands would
then have alternative refuge areas with suf-
ficient resources.

If a shooting season should be reopened,
several aspects should be addressed in an
international forum before its eventual
implementation.

First, the Brent Geese are liable to irregu-
lar breeding success, which results in an
unequal age-cohort representation in the
population. Population size is not an indi-
cator of its resilience (KIRBY et al. 1985). A
shooting system should thereflore be finely-
tuned with a harvest quota, derived from
an annual assessment of population size
and breeding success, and ideally, from a
knowledge of population demography (as
proposed by KIRBY et al. 1985).

Second, recognizing that the Brent
Goose is a migratory species distributed
over several countries, range states should
jointly agree on a shooting system and on
the setting of annual quotas in the respec-
tive countries. This implies that those states
agree on a desirable population level and
for guidelines on whether to have shooting
and, if so, how much (see DE KLEMM
1979).

Third, a desirable population level
should be defined, either by the North
American concept of ’threshold level’
which is a rather arbitrary level set as a
guideline for shooting, or by the concept of
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a population level related to habitat carry-
ing capacity. However, the application of
the latter concept is a difficult affair, be-
cause it implies a coupling not only of
shooting levels with the size of the natural
resources, but also with agricultural da-
mage problems, reserve policies and habi-
tat management. This is not an easy path-
way to handle which is illustrated by the
example ol the diking of Rodenis Fore-
shore in the German Wadden Sea. The car-
rying capacity of the saltmarsh areas there
has been reduced considerably, and the risk
of damage to other more susceptible areas
has increased accordingly. Not many would
accept it as good management to depress
the Brent Goose population to a level [it-
ting the new capacity by shooting. It is
more sensible to delay a decision on a re-
opened shooting season until the eventual
levelling off of the population, which is
predicted in the near future.

Research needs. As recommended at the
technical meetings in Paris (SMART 1979,
ScotT & SMART 1982), studies of the
breeding and moulting population of Brent
Goose have the highest priority in the inter-
national efforts of research. At present vir-
tually nothing is known about the popula-
tion from June {0 mid September.

In the wintering quarters a great deal of
work has been and is currently being done
on assessment of food resources and ex-
ploitation rates by the Brent Geese. How-
ever, more information on food exploita-
tion rates and carrying capacity of the Zo-
stera beds and green algae shallows would
be useful especially from France in order to
get a more precise picture of how close to
the ceiling of the capacity of the natural re-
sources the population is and to analyse
factors determining population move-
ments within the wintering range (see
DRENT et al. 1979).
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Light-bellied Brent Goose
Branta bernicla hrota
(Svalbard population)

Two populations of Light-bellied Brent
Goose winter in western Europe, One
breeds in Svalbard and Franz Josef Land
(Fig. 13) and winters in Denmark and Eng-
land, the other breeds in northwest Canada
and north Greenland and winters in Ire-
land. The Svalbard population which is
treated in this review is one of the smallest
goose stocks of the world, at present
amounting to approximately 4,000 indivi-
duals (MADSEN 1984c), while the north Ca-
nadian population numbers around 18,000
(OGILVIE 1977-1985). A third population
breeds in northern Canada and winters
along the north American Atlantic coast,
and counts at present around 130,000 indi-
viduals (KIRBY et al. 1985).

Breeding grounds
and breeding ecology

The Light-bellied Brent Goose is a scat-
tered breeder in Svalbard, and a rare bree-
der on Franz Josef Land. Before 1969 less
than 100 breeding pairs could be accounted
for in Svalbard (NORDERHAUG 1970), but
many parts had only been visited by orni-
thologists once or not at all. In 1969
600-750 Brent Geese {including goslings,
but the number of breeding pairs not esti-
mated) were found on Tusensyane in
southeast Svalbard (NORDERHAUG 1974),
and recently it has been conlirmed that this
archipelago is the main breeding area of the
population. Thus the total population
there in July/August 1985 was estimated at
1,200-2,000 geese, representing around
50% of the entire Light-bellied Brent
Goose stock, of which 30-50% were breed-
ing (F. MEHLUM pers. comm.). In Franz Jo-

sef Land very few pairs are known to breed
(GORBUNOV 1932, TOMKOVICH 1984).
Very little is known about the breeding
biology of the Brent Goose in Svalbard.
According to LOVENSKIOLD (1963) they ar-
rive during the last few days of May and the
first days of June, indicating that they go
almost non-stop from Denmark to Sval-
bard. From the middle of August the Brent
Geese start to assemble, and southward
movements begin by the end of August and
last until the third week of September. Eggs
have been found from 9 June and newly
hatched goslings from 6 July. Most pairs
nest on islands where Arctic Foxes usually
do not have access, and more rarely Brent
Geese breed on small islands in rivers
(LOVENSKIOLD 1963). The Glaucous Gull
Larus hyperboreus seems to be a heavy pre-
dator on Brent Goose eggs and goslings
(NYHOLM 1965}. The diet of the Brent
Geese is reported to consist of grasses, mos-
ses, algae, Oxyria, Ranunculus and other
dicotyledons (LERoI 1911, NYHOLM 1965).

Past history. LOVENSKIOLD (1963) states
that the Brent Goose formerly, probably
referring to the beginning of this century,
was the most numerous of the goose species
breeding in Svalbard. Brent Geese were
breeding in large numbers on the islands
along the coasts of Spitsbergen, but in the
19505 the population there was almost ex-
terminated due to nest robbing by fisher-
men and whalers collecting eggs and down
from Eider Somateria mollissima and
Brent Goose nests. NORDERHAUG (1970)
also concluded that the population had
been heavily reduced in the first half of the
century, but that it had then stabilized since
the 1950s.

Legal status. Fully protected in Svalbard in
1955. Since 1963 when the Eider was pro-
tected, eggs of Brent Geese have not been
gathered either (NORDERHAUG 1970).

53

—te.



104

JESPER MADSEN

Management measures and problems. In
the bird sanctuaries in Svalbard less than 3¢
pairs of Brent Geese breed (PRESTRUD &
BoRSET 1984). Tuseneyane are part of the
Southeast Svalbard Nature Reserve with
protection from all technical interference,
but with no restrictions on landing on the
islands (NORWEGIAN MINISTRY OF EnvI.
RONMENT).

Migration routes and staging areas

In spring the Light-bellied Brent Geese
migrate from northwest Denmark to south-
west Norway, west of Kristiansand to Je-
ren, where the passage culminates 20-26
May (HAFTORN 1971, BYRKJEDAL & ELD-
9y 1981). The northerly migration along
the Norwegian west coast is seldom seen as
the geese usually fly far from land, possibly
directly to the breeding grounds (SALO-
MONSEN 1958). To what degree they stop on
Bear Island is unknown, but as for the
Pink-footed Geese, they probably by-pass,

Qctober - May

.
H

Fig. 17. Distribution of the Svalbard Light-bellied
Brent Geese in the wintering quarters, Arrows indicate
directions of movements. (After MADSEN 1984c).
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In autumn at least part of the population
stops on Bear Island on the southerly mi-
gration from Svalbard. In 1984 OwENet al.
(19835) recorded passage of flocks between
7-18 September with a maximum of 350
geese. The migration along the north Nor-
wegian coast probably occurs far at sea.
Flocks are regularly seen from Utsira to
Jeeren. In the latter place some flocks may
rest before the passage to Denmark (SALO-
MONSEN 1958, BYRKJEDAL & ELD®Y 1981).
Most flocks pass Jeeren in the first half of
Seplember.

Ecology. No published information exists.
In 1984 J. M. BLACK (pers. comm.} saw
flocks of Brent Geese grazing on the head-
land of Bear Island together with Barnacle
Geese.

Legal status. Total protection in Norway.

Wintering grounds

The main wintering quarters are situated in
Denmark and northeast England (Fig. 17).
Very few individuals are seen in the West
German Wadden Sea among the Dark-
bellied Brent Geese (PROKOSCH 1984c). In
the Netherlands up to 200 birds are seen in
cold winters (LAMBECK 1981, VAN DEN
BERGH 1984), probably displaced from the
Danish Wadden Sea because of bad
weather conditions, and few individuals
are seen among the Dark-bellied Brent
Geesein the Dutch Wadden Sea area (LAM-
BECK 1977).

The phenology in Denmark and Eng-
land is shown in Fig. 18.

Denmark

Numbers and distribution. The population
has five regular haunts which are used in
succession: the Danish part of the Wadden
Sea, Mariager and Randers Fjords, Nissum
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Bredning, Agero and Nissum Fjord (MAD-
SEN 1984¢),

The Light-bellied Brent Goose is the ear-
liest among the arctic nesting geese to ar-
rive in Denmark, On their way from Nor-
way to the Wadden Sea peak numbers pass
Blavandshuk in southwest Jutland before
mid September (MELTOFTE 1973), around
two weeks ahead of the Dark-bellied Brent
Geese. In September the Light-bellied
Brent Geese are only seen in the Wadden
Sea, though usually in small numbers. Lar-
ger flocks of up to 1,100 individuals have
been recorded, and give rise to the suspi-
cion that the majority of the population
stays there in September and October. They
may well be overlooked, due to the vastness
of the area and to mixing with the more nu-
merous Dark-bellied Brent Geese (MAD-
SEN 1984c).

From the end of November most of the
population is concentrated in Mariager
Fjord. If the winter is mild, and the shallow
waters not frozen, the geese remain there
until March. However, in cold winters
where Mariager Fjord becomes icebound
an increasing proportion of the population
is displaced to Lindisfarne in northeast
England. Hence, the number of Brent
Geese in Lindisfarne is negatively correla-
ted with mean temperatures in Denmark in
January and February (MADSEN 1984c).
From March to the end of May the popula-
tion gathers in two sites, Nissum Fjord and
around the small island Agere in northwest
Jutland. Nissum Bredning is irregularly
used. The geese leave the spring haunts be-
tween 20 to 31 May.

Ecology. In autumn and winter the Brent
Geese feed on mudflats and shallow water.
From March to May the geese gradually
shift to saltmarshes and to lesser extent pa-
stures (MADSEN 1984¢).

Past history. In the beginning of this cen-
tury Light-bellied Brent Geese were nume-

1001
i England
i {920)
504
S ONDJFMAM
Denmark
{2,750)

SONDJFMAM

Fig. 8. Phenology of Light-bellied Brent Geese in the
winter range, expressed in percentage of peak month.
Data are from 1980-1984. Numbers in brackets give
average maximum (= 100%}. Sources, see text.

rous in the shallow-watered fjords, Lim-
fjorden, Nissum Fjord and Mariager
Fjord, but declined drastically in numbers
in the first half of the century (SALOMON-
SEN 1958, FoG 1972). In the 1960s the
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spring population was confined 1o Nissum
Fjord and Nissum Bredning, but since the
mid 1970s an increasing part of the geese
has stayed around the island Agere in
Limfjorden. Nissum Bredning was former-
ly an important spring haunt, but has now
lost its value, probably due to pollution of
the shallow waters,

Legal status. Total protection since 1972.
Before the ban it was estimated that ap-
proximately 220 birds were bagged annual-
ly {FOG 1967), representing about 10% of
the population.

Management measures and problems, The
feeding grounds on saltmarshes are pro-
tected areas. However, apart from minor
parts, none of the haunts are reserves with
shooting regulations (MADSEN 1986). A
general threat posed on the hauntsis the in-
creasing hypereutrofication and pollution
of the shallow waters of the fjord systems.
In Nissum Fjord the submerged macro-
phyte vegelation has almost died-out re-
cently (JEPSEN 1984), as it has over large
parts of Nissum Bredning.

England

Numbers and distribution. Only one site,
Lindisfarne in Northumberland is used
regularly by the Light-bellied Brent Geese,
The Brent Geese usually arrive in No-
vember, and numbers peak in January, al-
though depending on the severity of the
winter in Denmark (MADSEN 1984c).
When the winters are mild in Denmark
numbers remain below 1,000, but in cold
winters the majority of the population is
gathered at Lindisfarne, in January 1985
reaching a record maximum figure of 3,000
{OGILVIE 1977-1985). The geese leave
Lindisfarne before mid March.

Erology. The Brent Geese feed on beds of
Zostera spp. on shallow waters and mud-
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Mats (SMITH cited in EVANS & DUGAN
1984).

Past history. Prior to the population de-
crease in the first half of this century large
numbers wintered in Moray Basin and
other sites in east Scotland. The origin of
these flocks is unknown, and they may have
been Canadian birds (OWEN pers. comm.).
Flocks were also seen south to Essex (SaA-
LOMONSEN 1958, ATKINSON-WILLES &
MATTHEWS 1960).

Legal status. Total protection since 1954,

Management measures and problems. The
Lindisfarne area is a naiional nature re-
serve with some shooting restrictions, how-
ever, not over the central feeding grounds
(NATURE CONSERVANCY COUNCIL un-
publ.).

Population development

The fragmentary information that exists
on the population trends of the Svalbard
Light-bellied Brent Geese gives the impres-
sion of a population decline in parallel with
that of the Dark-bellied population. Based
on observations of the number of geese
passing south Norway in autumn SALO-
MONSEN (1958) estimated that in the latter
part of the 18th century the Svalbard popu-
lation numbered at least 25,000 (SALO-
MONSEN made a wrong calculation in his
paper, erroneously writing 250,000), and in
the latter part of the 19th century at least
40,000-50,000 geese. Accordingly, LOVEN.
SKIOLD (1963) notes that the Brent Goose
was breeding in 'immense’ numbers on the
islands around Svalbard.

However, it was not until the middle of
the present century when counts started in
Britain and Denmark that it was identified
how serious the population decline had
been. SALOMONSEN (1958) estimated that
the population did not exceed 4,000 indivi-
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A wall full of bagged Light-bellied Brent Geese, western Limfjord, Denmark, in the 1940s. Despite the
population decline in the 1930s, a fair number of Brent Geese was apparently shot in the following decade, This
supports the theory that factors other than the die-back of the scagrass Zostera marinag, e.g. overshoolting,

contributed to the decline. {(Photographer unknown.)

duals in the 1950s, and from the breeding
grounds it was correspondingly reported
that most of the former breeding grounds
were empty of Brent Geese (LOVENSKIOLD
1963, NORDERHAUG 1970). When counts
in Denmark and England were coordinated
in the fate 1960s it was estimated that the
population had dropped further to
1,600-2,000 individuals (FOG 1972}. In the
1980s the population has recovered a little,
now reaching around 4,000 geese (MADSEN
1984c). Breeding success expressed by the
proportion of juveniles in the winter flocks
shows that the population has a low aver-
age reproductive success (Table 2), which is
lower than that of the other Svalbard goose
populations.

Discussion

The reasons for the decline of the Svalbard
population of Light-beilied Brent Goose in
the first half of this century are probably
the same as for the Dark-bellied Brent
Goose population. The *wasting disease’ of
the Zostera food supplies in the wintering
quarters probably also affected the Light-
bellied Brent Goose population as it was
probably almost exclusively feeding on Zo-
Stera marina in autumn and winter. It is
known that shooting pressure on the popu-
lation in both autumn and spring was con-
siderable (FOG 1972), and this may likewise
have had a negative effect on the popula-
tion level. Egg collection and associated

57

S




108

JESPER MADSEN

disturbance on the breeding islands of the
Brent Geese may, in addition to the factors
on the wintering grounds, have had a criti-
cal impact on the breeding success of the
population.

It has been suggested that the Brent
Goose and the Barnacle Goose compete for
nest sites and food during the breeding sea-
son (OWEN & NORDERHAUG 1977), and
that the increase of the Barnacle Goose
population may have caused that the Brent
Goose was forced out of some of the breed-
ing areas. However, the decrease of the
Brent Goose happened before the increase
of the Barnacle Goose, but possibly the
now densely breeding Barnacle Geese
along the coasts of Spitsbergen may pre-
vent the Brent Geese from re-establishing
there.

Whilst the population of Dark-bellied
Brent Goose has tripled in numbers since
the shooting ban in Denmark in 1972, the
Light-bellied Brent Goose population has
shown only modest signs of recovery. An
annual kill of approximately 220 birds in
Denmark prior to 1972 (FOG 1967) may
well have been the factor controlling popu-
lation size, and a decreased shooting mort-
tality can have been the reason for the posi-
tive development recorded since 1970.

Because the population of Svalbard
Light-bellicd Brent Goose is so small and
often concentrated in one or iwo haunts, it
is highly vulnerable to environmental per-
turbations or deterioration, as for example
the die-ofT of the macrophyte vegetation in
Nissum Fjord in Denmark. A single event
of this character may affect the welfare of a
major part of the population.

The reproductive rate in the population
since 1980 has on average been low and not
exceeded 25% of juveniles in the wintering
flocks (Table 2). This feature is common to
the other Svalbard goose populations, but
in contrast to the Dark-bellied Brent Goose
which has an average reproductive rate
twice as high as the Light-bellied Brent
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Goose (see p. 50). In the Svalbard Barnacle
Goose it has been concluded that at present
the breeding success is limited by factors
operating on the breeding grounds (OWEN
1984). In the Light-bellied Brent Goose
there is so far no evidence as to the factors
limiting the population growth.

Management needs. As long as the popula-
tion has not recovered more than at pre-
sent, highest possible priority should be
given (o protect the stock and its haunts. A
reserve in the major Danish haunt, Mari-
ager Fjord and Randers Fjord, to reduce
disturbance is much needed. However, site
protection will only be effective if the habi-
tats are also preserved. This implies action
against pollution of the coastal shallow wa-
ters.

If the shooting season of the Dark-bel-
lied Brent Goose should be re-opened in
Denmark, it should of course not include
areas where Light-bellied Brent Geese oc-
cur. However, it must be emphasized that
there does not exist a complete map of the
whereabouts of the population in the win-
ter range. For example it is not known how
important the Wadden Sea is to the popula-
tion. Before an eventual decision about re-
opening the season, this basic information
should be at hand.

At present only a small proportion of the
population breeds in sanctuaries in Sval-
bard. The identification of Tusensyane as
the central breeding area of the population
should be followed up by an analysis of
needs for sanctuaries in the area.

Research needs. To make a proper manage-
ment of the population and its sites, an in-
ventory and monitoring scheme on several
aspects of the ecology of the population
should be initiated. First, virtually nothing
is known about breeding ecology, and still
there are many gaps in our knowledge of
the breeding distribution. Second, there are
times of the year (September, November,
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March) where we do not know the where-
abouts of a major part of the population.
Third, little is known about factors deter-
mining population levels, Aspart of the lat-
ter the influence of spring feeding condi-
tions on the build-up of body reserves
ought to be studied. To enable these
studies, a part of the population should be
individually marked with plastic leg rings.

General discussion
and conclusions

Population trends and regulation

One critical question in population mana-
gement is what regulates the size of goose
populations. In order to unravel this ques-
tion the published population reviews are
examined.

All five goose populations reviewed here,
and most other populations wintering in
Europe, have increased during the last de-
cades, In six of the best monitored popula-
tions the possible reasons for the increasing
trends have been analysed on basis of po-
pulation parameters and life histories: Ice-
landic Pink-footed Goose (OGILVIE &
BoyD 1976, EBBINGE 1985), Svalbard Pink-
footed Goose (EBBINGE et al. 1984), Euro-
pean Whitefronted Goose (EBBINGE 1985),
Svalbard Barnacle Goose (OWEN & NOR-
DERHAUG 1977, OWEN 1984), Siberian
Barnacle Goose (EBBINGE 1982), and
Dark-bellied Brent Goose (PROKOSCH
1984c, EBBINGE 1985). Without any excep-
tions these six populations have increased.

A common feature in all six populations
is that the increases have not been brought
about by better reproduction. Annual re-
cruitment has either been constant or has
even decreased. The increases have on the
other hand been attributed to a marked
decrease in mortality. As the highest mor-
tality in general is found in the wintering

quarters and not on the breeding grounds,
it seems that the releasing factors should be
sought on the wintering grounds. In the six
populations the increases have coincided
with a better protection, and in all studies it
is currently believed that restriction of
shooting in Europe has been the prime re-
leasing factor. Shooting has seemingly
largely been an additive mortality factor,
and not compensatory.

Changes in agricultural practice on the
wintering grounds may have benefitted the
geese in providing a more secure winter
forage, leading to a better survival. In most
cases, however, the population increases
have been started abruptly over few years,
suggesting that they were caused by action
of aquick change in a single significant fac-
tor, e.g., shooting pressure, rather than a
more gradual change, as for example the
better feeding conditions changing over a
longer span of years (EBBINGE 1985).

On the whole, conditions have probably
been constant on the arctic breeding
grounds. Only on Svalbard have bird sanc-
tuaries provided a better protection to the
Barnacle Geese.

In conclusion, the analyses of popula-
tion dynamics of the six populations pro-
vide circumstantial evidence for the hypo-
thesis that goose populations wintering in
Europe have been - and some populations
probably still are - regulated by shooting.

How far the goose populations will deve-
lop will depend on the ceiling of the habitat
capacity of their environment. Density-
dependent regulating mechanisms have
been documented in some populations,
and so far it has especially affected repro-
duction and not so much adult mortality
(Icelandic Pink-footed Goose: OGILVIE &
BoyD 1976, EBBINGE 1985; Icelandic Grey-
lag Goose: BoyD & OGILVIE 1972; Green-
land Barnacle Goose: QGILVIE 1978, CA-
BOT & WEST 1983; Svalbard Barnacle Goo-
se: OWEN 1984: Dark-bellied Brent Goose:
EBBINGE 1985). This has for example been

59



1o

JESPER MADSEN

failed breeders

successful breeding pairs

potential breeding pairs

Fig. 19. Generalized trend Tound in several goose
populations: the proportion of successful breeders is
reduced at higher population levels (After EnmnNGe
1985).

shown by the finding that the number of
successful breeding pairs levels off with in-
creased population size (Fig. 19).

The density-dependent effect can be
brought about at various stages during pre-
breeding and breeding:

1} By increased competition on spring
staging areas. During this period,
where the geese put on weight and
which is vital 1o the breeding potential,
food competition may affect the
breeding cutcome. This may be the
case in the Dark-bellied Brent Goose,
which is concentrated on saltmarshes
in the Wadden Sea, where there is a
limited capacity {see p. 46), and pos-
sibly also in other populations.

2) Through competition for nest sites, in-
cluding density elfects on nesting suc-
cess. This can be pronounced in popu-
lations where breeding is restricted to
islets or cliffs, ¢.g., the Svalbard Bar-
nacle Goose (OWEN 1984).

3) By increased competition for food
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during the nesting and fledging peri-

od. For the Svalbard Barnacle Goose it

has been indicated that food resources
during nesting and post-nesting limit

breeding success (PROP et al. 1984),

and likewise for the Pink-footed Goose

breeding in central Iceland (GARDARS.

SON 1976). However, generally very [itt-

le is known about the habitart capacity

of the Arctic breeding grounds.

As it appears from the above discussion,
the various predictions point in the direc-
tion that in the future the density-
dependent factors will operate on the
breeding grounds or the spring staging
arcas, but not on the wintering grounds,
This is probably contrary to the original
situation, where the goose populations
supposedly were regulated by limited food
resources on the wintering grounds (OWEN
1980a). Because of the shift to the agricul-
tural lands, which has taken place in many
goose populations over the last decades,
potential food resources scem not to be
limiting.

The hypothesis that populations will be
regulated by factors on the breeding
grounds, does primarily apply to those
breeding in the north Atlantic and possibly
those breeding along the north Siberian
coastline. This, probably, does not apply to
the Whitefronted Geese breeding over the
vast expanses of the Siberian tundra or to
the Greylag Geese breeding in west and
central Europe, which still have the possibi-
lity of expanding their breeding range.

Goose damage
and possible solutions

In January 1984 goose damage in west Eu-
rope was the theme of an IWRB meeting
with participating biologists and wildlife
administrators from eight countries. The
aim of the meeting was to map the extent of
damage and to discuss possible solutions.
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The following discussion is partly based on
the conclusions from the meeting (see RU-
GER 1983).

In relation to national farm output the
amount of goose damage in west Europe is
negligible, but the income of individual
farmers may be hampered seriously. The
critical cases are when geese compete di-
rectly for food with sheep or cattle, eg.,
Brent Geese in the Wadden Sea. Further-
more, damage can occur locally where
geese graze winter cereals or take seeds in
newly sown fields or ripening cereals. The
extent of damage has increased over the last
decade because the farmers increasingly
make use of crops which are vulnerable to
goose grazing, e.g., winter cereals and flerti-
lized pastures. Assessment of the damage
has, however, only been carried out in rela-
tively few cases, and it is believed that the
farmers often are prone to exaggerate the
losses.

It is anticipated that goose damage to
crops to some extent will occur as long as
geese feed on farmlands. The question is
then, how to alleviate the damage. Should it
be done by scaring, by direct compensation
to the farmers, or indirectly by purchase of
land to create managed goose refuges?

Scaring devices, €.g., very pistols or dum-
mies, only have a short-term effect, and can
only be used with limited success in cases
where the problem is isolated, but cannot
be advocated generally. Either the geese
will habituate to the deviceds, or the pro-
blems are only relocated to other potential-
ly damaged areas. Licensed shooting over
vulnerable crops may have some effect, as
the English example with the Brent Geese
feeding inland has shown (see p. 48). The
relative success is more due to the psycholo-
gical effect, which the farmer obtains by
thelegal possibility of doing something, ra-
ther than to the scaring effect.

Payment of direct compensation is prac-
tised in the Netherlands, FRG and on a
small scale in Sweden. The Dutch example

{see p. 46) shows, however, how easily the
problems can be inflated, and it ought to
discourage the application of that method.

The indirect way of compensation by
purchase of alternative feeding grounds to
draw geese from nearby farmland where
they are accused of damage has been used
with some success on Texel in the Dutch
Wadden Sea, and it is planned to be used in
the German Wadden Sea as well. Recently
this method has been practiced on Islay in
Scotland, where a goose refuge has been
established in an area where Barnacle
Geese cause damage to grass crops (NU-
GENT 1985).

At the IWRB goose damage meeting it
was the general opinion that this form was
the only possible long-term solution to the
conflicts with the farming community. The
refuges are, however, costly to establish and
to manage, probably overriding the level of
crop damage. Another problem is that big
refuges will possibly attract so many geese
that damage problems in the surrounding
farmland are exacerbated (OWEN 1977,
1980b). A network of smaller refuges will
probably alleviate that effect in some goose
species, e.g. Brent Goose, as suggested by
ST JOSEPH (unpubl.), but not in others.
However, in planning future policies it is es-
sential that our thinking is radical and flex-
ible, to suit the particular situation and the
needs of the particular species.

Asa further complication the damage by
Pink-footed Geese in Denmark and the
Netherlands in autumn shows that the
problem need not only be caused by the at-
traction of the geese to farmland areas, but
may also be caused by shooting disturb-
ance or other human activities, concentra-
ting disproportionally large numbers of
geese in a few areas (see p. 22). This indi-
cates that solutions should often integrate
other aspects than just the isolated damage
problem.

For the Dark-bellied Brent Goose es-
pecially, it has been proposed, that one way
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to reduce the damage would be to control
the population size (SWIFT & HARRISON
1679, ST JOSEPH unpubl.}). This argument
is adduced because a correlation has been
found between the population increase in
the 1970s and the number of geese feeding
inland in England. Today the problems
have been reduced by the more pragmatic
solution of licensed shooting (see p. 48),
which is perhaps not a sustainable long-
term solution, but it does on the other hand
not imply any philosophy of how to ma-
nage bird populations in Europe. Popula-
tion limitation seems to be a dangerous
track to follow, if the basis is to regard the
birds as hazards to the human society. Ac-
cording to that argument the habitat capa-
city should set the population levels. How-
ever, as various examples in this review have
shown, the habitat capacity concept is dif-
ficult to handle, because the capacity is
hard to measure and a variable parameter,
The capacity will be highly dependent on
human impact on the habitats, and as the
natural and semi-natural habitats are de-
creasing in area all the time, solutions to da-
mage problems should be based on the con-

Dansk resumé

servation and management of natural ha-
bitats rather than on population control.

Future management strategies

Although most populations are in a
healthy state, they are under constant pres-
sure from human impact, especially in the
winter quarters, but also increasingly on
the breeding grounds. Therefore, there is a
great need for strategies for the long-term
management of the geese all along their
migration routes, It is important that we
recognize the populations as international
natural resources, and that strategies are
based upon integrated knowledge of popu-
lation dynamics and the ecological require-
ments of the geese. A shooting system
should be based on and concerned with
population parameters only. An important
aim of a strategy is the restoration of en-
dangered goose stocks, in Europe especial-
ly the Light-bellied Brent Goose from Sval-
bard and the Lesser Whitefronted Goose. A
restoration plan should aim at habitat pre-
servation and regulation of shooting and
disturbance in key areas.

Status og forvaltning af gdsebestande i Europa,
og iscer bestande, der raster og yngler i Danmark

[ denne oversigt gores der status over gasebe-
standene, deres ekologi og forvaltning i Europa.
Bestandenes udvikling i det 20. drhundrede re-
sumeres, og det diskuteres, hvilke fakiorer der
besternmer deres storrelse. Markskadeproble-
mer og deres mulige lasning diskuteres, og der
gives forslag til fremtidig forvaltning og forsk-
ning. Specielt ferm bestande, der trackker gen-
nem Danmark eller yngler herhjemme, beskri-
ves,
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Skovsaedgas (Anser fabalis fabalis)

Skovszdgisen, der er en race af Szedgdsen, yng-
ler i Nordskandinavien og Vestsibirien i delvis
geografisk overlapning med Tundra Szedgds (A.
[ rossicus)(Fig. 1}. Den overvintrer i Sydsverige,
Danmark, @sttyskland og Holland (Fig. 3 & 4),
i de tre sidstnzevnte lande isaer i kolde vintre,
mens rossicus-bestanden overvintrer i Central-
europa og Holland (Fig. 2). Fabalis-bestanden
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tzeller ca. 60,000 gaes, mens rossicus-bestanden
teeller ca. 250.000. Der er normalt ikke blanding
af de to bestande i overvintringsomridet. Pa
overvintringspladserne har fabaiis-bestanden
en speciel tilkaytning til moseomrader og foura-
gerer pa tilstedende gresarealer. Store dele af
bestanden fouragerer i dag ogsd pa vintersaed,
sukkerroer og andre landbrugsafgreder. Der er
ikke szerlige markskadeproblemer. Bestandener
tredoblet fra 1960 til 1980. Af srlige trusler
mod bestanden fremhaeves edelaxggelsen af
ynglebiotopen, skovmoserne, pA grund af af-
vandinger og torvegravning samt opgivelsen af
hesla:t omkring moserne. Der savnes viden om
bestandens populationsdynamik, om antallet i
Osttyskland og om yngleforholdene i Sovjet-
unionen.

Kortnabbet Gas
(Anser brachyrhynchus)
(Svalbardbestanden)

Bestanden af Kortn®bbet Gis yngler pd Sval-
bard og overvintrer i Danmark, Holland, Belgi-
en og tidligere ogsd i Vesttyskland (Fig. 5,6 & 7).
Under trickket i maj méned stopper bestanden
kortvarigt i Nordnorge. Hovedparten af bestan-
den opholder sig i Vestjylland i oktober, og fra
marts til maj forekommer hele bestanden her. [
vintermanederne opholder hovedparten af de
Kortnazbbede Gzes sig i Holland og Belgien, i
milde vintre dog ogsa i Sydvestdanmark.

Om efteraret fouragerer giessene mest pa
stubmarker og lidt pa vintersaed, om vinteren og
tidligt fordr pa graesarealer, og i april-maj ho-
vedsageligt pAd nysaede kornmarker i Vestjyl-
land. Om efterdret forekommer der markskader
pa Filse i Vestjylland, hvor gmssene i de senere
ar har fourageret pa vintersed. Gussene for-
drives og flyver til Holiand, hvor de pa grund af
den tidlige ankomst ger skade pa et sent haslzt.
Markskadeproblemet forvaerres af, at gassene
samles pé Filse, fordi de fordrives fra Vest Stadil
Fiord pd grund af jagt. PA Vest Stadil Fjord for-
volder gaessene ellers ingen markskader om ef-
teraret. Fourageringen pd de nysdede marker om
foraret har spredt sig langs den jyske vestkyst.
Om foraret fodres geessene pa Vest Stadit Fjords
marker med udlagt korn for at afbede skaderne.

Fra 1955 til 1980 er bestanden fordoblet (Fig.
8), forarsaget af formindsket dedelighed, sand-

synligvis som felge af formindsket jagttryk.

Langtidslesninger p& problemerne i Vestjyl-
land er nedvendige. Der bar oprettes reservater
for gaessene langs vestkysten med gode fourage-
ringsmuligheder. Fodringen af g&s ber opgives
for om muligt at vaenne g@ssene af med at fou-
ragere pa nysaede marker. Om efterdret ber gaes-
sene spredes pa flere lokaliteter, f.eks. ved jagt-
reguleringer.

Der vides for lidt om populationsdynamiske
forhold og yngleskologien hos bestanden.

Gragas (Anser anser anser)
(den nordvesteuropeeiske bestand)

Bestanden af Gragas yngler i Nordvest-Europa
og overvintrer i Sydspanien og Holland, med
nogen overlapning til den ceniral-europiske
bestand, der overvintrer i Nordafrika (Fig. 9).

Ynglebestanden taeller mindst 12,000 par (Tabel
3) og hele bestanden ca. 130.000 gees. Ikke-
ynglende gees i bestanden fzelder svingljer pa
specielle feldningspladser, iszer Oostvaarder-
plassen-reservatet i Holland, mindre antal langs
Norges vestkyst, ved Gotland, i Danmark og
Polen (Tabel 4).

1 august-september samles gassene pa raste-
pladser iszer i det sydlige @stersaomrade (Fig. 10
& 11, Tabel 5). Fra oktober sker trickket mod
overvintringspladserne. Om efteraret fourage-
rer gassene is®r pa stubmarker og graesarealer,
i mindre grad pa kogleaks Scirpus spp. i flodle-
jer og sumpe, Om vinteren i Sydspanien tager
gaessene is@r rodsteengler og kogleaks i over-
svommede flodlejer i Coto Donana reservatet
ved Guadalquivir floden. [ vintrene 1980/81 til
1982/83 var der torke i omradet, som fordrsage-
de massededsfald blandt geessene pa grund afl
fedemangel. Forholdene er i dag forbedrede,
idet der nu ledes mere vand gennem reservatet.

Pa trods af terken er bestanden firedoblet de
sidste 10-12 ar (Fig. 12). Arsagen hertil er sand-
synligvis formindsket jagt pa bestanden og mu-
ligvis forbedrede ynglevilkdr. Markskader for-
arsaget af Gragas er lokale og ikke alvorlige.

Der savnes populationsdynamiske underse-
gelser af bestanden og bedre kendskab til ud-
vekslingen mellem Grégas-bestandene i Euro-

pa.
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Maorkbuget Knortegas
{Branta bernicla bernicla)

Den Merkbugede Knortegis yngler i Nordsibi-
rien og overvintrer langs kysterne af Vesteuropa
(Fig. 13, 14 & 15). Bestanden tzeller ca. 150.000
gxs. Om efterdret opholder de fleste Knortegies
sig i Vadehavsomradet {Holland-Danmark).
Om vinteren er bestanden koncentreret i Eng-
land og Frankrig, og fra marts til maj i Vade-
havsomradet. Om efterdret og vinteren fourage-
rer gaessene hovedsageligt pa vadeflader, hvor
de mder alegries Zostera spp. og grenalger, Om
fordret skifter de over til af afgraesse strandenge.
Gaessene er i stigende grad ogsa begyndt at fou-
ragere pa graesmarker bag digerne | bade Eng-
land og Holland, hvilket hienger sammen med,
at de nedgricsser ressourcerne pad vaderne.

Siden begyndelsen af 1970erne er bestanden
femdoblet (Fig.16), hvilket primiert anses at
skyldes jagtfredningen i Vesteuropa og specielt
Danmark. I England, Holland og Vesttyskland
{orvolder gaessene markskader ved at konkurre-
re om greesset med far og kreaturer, men proble-
merne er delvis lest ved henholdsvis licensjagt,
oprettelse af reservater og skonomisk kompen-
sation til de ramte landmaend. Langtidslosnin-
ger pd problemerne savnes dog stadig. Digebyg-
gerier i det tyske Vadehav har forveerret proble-
merne, fordi graesningsarealerne er blevet for-
mindsket. Gendbning af jagutid bor ske efter et
internationalt kvotesystem baseret pd viden om
knortegazssenes populationsdynamik. Det Tore-
slas, at man venter en arrzekke lor at se, hvordan
bestanden videre udvikler sig.

Der savnes viden om bestandens yngleako-
logi.

Lysbuget Knortegas
{Branta bernicla hrota)
(Svalbardbestanden)

Bestanden af Lysbuget Knortegds yngler pa
smdoer omkring Svalbard og Franz Josel Land
og overvintrer i Danmark og @stengland (Fig.
13, 17 & 18). Bestanden taeller kun 4.000 pes.
Bestanden har 4-5 rastepladser i Danmark,
hvoraf Mariager Fjord/Randers Fjord er over-
vintringspladsen, Nissum Fjord og Sydvest-
meors {ordrsrastepladserne. Det er uvist, hvor be-
standen opholder sig om efterdret, men sand-
synligvis i det danske Vadehav. 1 strenge vintre
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flytter det meste af bestanden til Lindisfarne i
England. Om efteriret og vinteren fouragerer
guessene pd vadeflader og fladvand, hvor de
weder dlegries og grenalger, og om fordret af-
graesser de isier strandenge. Siden 1970 er be-
standen omtrentligt fordoblet. Forurening i Nis-
sumn Fjord har adelagt det meste af Mjordvegeta-
tionen, der var vigtig Tadekilde for knorteges-
sene, og forureningen af de indre danske farvan-
de er opsd en trussel mod (jordvegetationen i
Mariager Fjord.

Det foreskis, at der oprettes vildireservar i
Mariager Fjord, samt at der foretages bedre be-
skytielse af det vigtigste yngleomride pa Sval-
bard.

Der savnes viden om populationsdynamik,
yngleekologi og bestandens trickmenster,

I alt forekommer der 21 gasebestande i Europa,
der tilsammen taeller ca. 1,5 mill. gaes (Tabel 1),
Nasten samtlige bestande er pdet frem de sidsie
drtier. Populationsdynamiske analyser af scks
bestande har samstemmende vist, at bestandene
ferst og fremmest er géet frem pa grund af for-
mindsket dedelighed. Hovedansvarlig herior
anses at vaere, at jagtirykket generelt er blevet re-
duceret. Jagten har siledes en additiv effekt til
de naturlige dedsarsager. 1 dag ses der i nogle
bestande tzethedsafhaengig regulering af repro-
duktionen, hvilket tyder pd, at forhold pa yng-
lepladserne i fremtiden vil begraense bestandene
(Fig. 19).

Gaseskader pd landbrugsalgreder er steget,
dels fordi bestandene i hoj grad har slaet over pa
landbrugsjorden, dels fordi bestandene har vaz-
ret i fremgang, og dels fordi landbruget i stigen-
de grad benytter afgrader, der er falsomme over
for gasegrazsning, feks. vintersied, fremfor vir-
saed.

Markskadeproblemerne vil bedst leses ved at
oprette gasereservater med gracsarealer og en
bedre beskyttelse og pleje af vader og fladvand,
strandenge og enge, der er traditionelle gése-
rastepladser.

Der er behov for en international strategi for
forvaltning af de europeiske gasebestande.
Strategien bor baseres pa kendskab til bestande-
nes dynamik og ekologiske behov. Jagten ber
indrettes efter disse principper. Endvidere ber
der saettes kraefter ind pd at retablere de sma be-
stande.
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Peswue HB PYCCKOM AIWKE:

CoctonHue nonynraumil ryceii » Empone n
saBenobaHne uuK, ocoSeHHO nonynAumii,
ofnTaKunx U raesnywewux B Jlamuu

B atoli o63opHoil cTaThe naeTcA OTHYET O
penyhauuAax ryceli, nx oxonormm, n 3IaBenNo-
BaHuu MMu B Eppone. PedxMUpYeTcn DAIBUTHE
nenyaaunli B 20 croneTuMm, W OOCYXIBNTCSH
ycAQBUA, CNDeRENANDNE HX YACTEHHOCTh.
Cocyxnawten npodnesmu Bpena, NPUYUHAEMOTO
CYCAMY HA WONAX,
W LEKTCA NPERAOXeHMA O 3ABENOBAHMH
MMt B HCCHEeAoBAHUM uX B Gyaymed. B oco-

1 WX BOJUOXHHE pajpeme=

HUR ,

GEeHHOCTH ONMUCHBAKWTCA NATH nooynaumh, nepe-
netakuny Yepes AAHKD M THeIAYOHMX Tau.

Tyumennnk {Anser fabalis fabalis)

T'yueHHUK rHeanyer B ceBepHoli CKaHOWHABBRMM W
JananHoii Cubupu, reorpaduuecks vacTo co-
BRAOAA ¢ TYHApoBuM ryuenuukos (A. fabalis
rossicus) (Pur. I). OH suumyeT B Kxuoii Lise-
unu, Nanun, BocTouHoll Tepmanum u Tonnawnum
{fur. 3 v 4). B Tpex nocnenHMX CTPAHAX
ITOT BMA OCOGEHHO BCTPEUBETCA B CYPORME
auuu. NonynaumAa fabalis cocTaesafer npuén.
60.000 ryceli, a nmonynAumA rosgsicus npuon.
250,000, B palicHax auMoBHM 3TH HBE NONYyAA-
LUK HOPMANEHO He cMeunnaKwTcA. Ha mecTax
anuobxy nonynAuwa fabalis npennouuraer Go-

MOTHCTHE MECTHOCTH, M dYPAXMPYET HA COCen-
HUX € GonoTauu TpapocTolinux nyrax. 3Hauu-
TeneHaA 4Y8CTEhk NONYNAUMH HHHUE Taxxe ¢ypa-
XNPYeT HB NOAAX DIHMOro xneba, caxapHoi
CBEKNIN H NPYTHX JeMNeHeALYeCHUX KYNBTYP.
Bpen, npuuunnemuli nonAu, He npencTaBnAeT
cepséanux npodnem. C I960 neo I9B0 r. nony-
NAUMR BO3pOCnE BTpoe. W3 ocoOeHHHWX ONacHo-
cTeil, rpoJANMKMX NONYNAUKMK, NPUARETCA JHANE=
Hue nopue GHOTONE THEJNOBAHMA, T. €. NECHHX
$0noT BCAERCTBUE oCYWeHWA, paAcKaiWBaAHWA
Topfa ¥ NOKHIABHUA CEHOKOCHHX yroouwl BOKpYT
Sonor. He MueeTcn OOCTATOYHUX cheleHnidl o
nonynnunouuoﬁ AMHAMHKE , O YUCNEHHOCTH HO-
nynaAunn B BocTounoit Tepuanuy u o6 ycaoBuAx
THel3nocBaHNA B CopeTtcKou Cokae.

Koporkoxawewil rywenuuyx (Anser brachyryn-
chug) (lEnuufepreHcxea nonynAuum)

MonyNALNA KOPOTHOKINBOrO FYMeHHHKE THeany-
et #a Unnudeprene u axuyet b Eawnn, lon-

nanonn # Benbui, A Npexne TAKEe JMUOBAnA
B Janankoit I'epuanun (dur. 5, 6 n 7). Ha
nepeneTe b wvae WMecAUe MNONYRRUHMA KPATKOBDE-
WeHHO ocTanamnuaaetrcs B Cemepuoli Hopserwn.
THaBHaA YECThb HNOAYRAALUMM B OKTROpe HAXOQUT-
¢A P 3ananuod Kraakaumu, A2 ¢ uwapra no wai
TAM BCTpPEUSETCA BCA MoOynAuuA. B auuine
mecAus HBHOONLWAA YACThE KOPOTHKOKAWBHX Ty-
uenxukop Haxonamtca B lonnanonk W Benwrum,
a B xmrkue oumd Tawkxe B WrosananHoll Jaunwum.
OceHblt CYCH rnaiHuu ofpalom dypaxupyer Ha
XHupax, ¥ HeMHOTO HE O3IUMHX KYNLTypax,
aumoll ¥ paHHeli secuoli ma TpamocToliHuxX ny-
rax, a B AOpene - wae Ho HEeHABHO IBRCEAHHHX
unpax B JananHol Wrnennuu. OceHbR CAY4YART-
ch NoBppexneHus noned ka Qduawcd B Janannol
Krraupun, rne rycu 26 HOocnegHWe Toiad Qypa-
XUPOBANW HB OJMMWX KYnbTypax. I'ycell yroua-
WT, OHW ynerawt P lonnanouw, U BonefcTRMe
palHero NPMOHTHA Tyda BPENAT MOINHUU CEHO-
HOCHHM nyrau. [lpoGneuma ppens He honAx ob-
OGCTpAETCH TeéM, YTO OXoTa yrouser rycell ua
Cranunby-®Uopna, rle OHW MHEUE REe TNPHYUHAKT
apens. PypaxmpoaaHue BecHolf Ha HenaBHo 3a-
CeAHHMX HNBAX DPRCOPOCTPAHMIOCH BAONEL 20—
naguoro Gepera Wrnangww. Ha noasx y danan-
Horo Cranune-duopna rycefi nnr npenorepame-
HUA Bpella KODMAT bBMIOXEHHKM JHepiou.,

¢ 1955 no I9B0 r. nonynAUMA BOJIPOCHA
agsoe (dur. 8), pepoATHo Cnaroaapf NOoHU=-
xeHH ol GAUHTEepECOBAHHOCTH OXOTHWKOB.

TpeGynTCa NONCOCPONHHE DEueHUa NMpo-
Gnem B 3anaxunoil Ktnauann. Pexouennyertca
YCTPOUTL IAnA ryceidl JanoBefHWKM BROAL 8=
nagHoro €epera ¢ XOPORMMM BNbLTEPHATHBHUMU
BOJMOXHOCTAMK GYPAEXUpPOBAHWA. Hopunenue
rycelf crenyeT npexpaTUTh, 4TOOM OTYUMTE MX
oT fypaxnpoBAHUA HA HENAPHO JACEAHHHX no-
nAx. OceHbw ryceil crneayer paccpenoTounThb
HAa HECKONBKO MecTHoCTell, Hanp. perynuposa-
H#EM OXOTH.

(8] nonynﬂuuoaﬂoﬁ AWHAMHHKE W JHONOr'uH
PAIMHONEHVWA HE MMEeeTCH NOCTATONHHX chele-
Huthi .

Cepufi rycs (Anser anser anger)

{Nonynnuua Ceseposananmoit Esponu)

MonynAuUMA cepdro rycA CHe3nyeT B CeBepo-

sanannol Ebpone, o dumyer B WNenadum u Ion-
naHauM, ¢ HeKOTODMM COBMANOHMEM C MONYNA-
uveli UeuwTpankHoll Enponu, ouuywmeli B Cepep=-
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ioii Asppeue {(Iur. 9). Imeonywuwast nonynauun
COCTOBNAST NO HMeHbwell wepe 12,000 nap
iTadn. 3), & scaA nonmynAaunma npudn. I30.000
ryceii. JNHBKD MONOBWX RNCOpPBCE HeFHeILYOUUX
rycelli nonyanumm NpPoOUCXOAMT HO CNELMOALIEUX
MecTOX NUHEKHM, P OCOOPHHOCTH B 3JAMNOBeflilKe
CocTpaapucunnaccen » lonnamanu, o McHbuee
YuCcAC WX NMHAET DROAK 3ONONHMX Oeperos
Hopserun, ¥ cctpopa Tornadpa, B JlaHuu M

B Honwwe [Tadn. #}.

B avrycTe - ceHTAGPe rycu coGUpAKTCH
HO MeCTaX Dpubana,
Cantuiickoro Mopa (dur, ITI u I2). C okTAGps
NPOUCXORUT NepeneT Ha WECTa INMOBKM. OSeHb

ocolenHo P KOXHOK uacTwu

rycu B ocofeHHOCTU JYpaxupyiol Ha XHUBOX U
TPODOCTOHHNY AYTOX, P MeHbuell cTenedy Ka=
unweM Scirpus spp. B pycnax pexk v ofgoTax.
3hwmoii, B Kxnoii Wcmanwun, rycu B ocoGendoctn
MUTAKTSA KOPHEBHMU CTEOAANKM H KBMHuem B
NOBOIICHNLMA DYCNAX Pex B aanosenmnke Kote
llonana y pexu Tsagaaksusupa. B oumax 1CB0/
81 n I982/83 » artom palione Guna aacyxam, u
OHO BUIPana waccoByWw rufens ryceif BenceneT-
DUC HenoCcTATHA numi. lunue ycnohun ynyumu-
AMChL, TAK KAK TEUNeph YCpPe3 38M0BOIHMK Npo-
BoRMTCS Gosbwe Dofw. HecHoTps Ha 38CYXY,
nomynsumst 34 nocnennue [0 -T2 mer moapocna
b 4 pasa {ur. I2). 3TO BEPOATHO OOGLICHA=
CTCH nonnxelnes JNHHTCPECOROIHOCTH OXOTHH=
KON, O MOXCT OWTH THKNE yAyuynmclbew yonopuii
phsusigxcHuA,. Dpen #HA MoAsx, NpudiHnauui
CCpPUMN TYCAMKN, TOALKO MecTHHI X Hecepuio-
uuii. He umeerca uccnegoranuii nonyasumonnoi
LUHAMUKK | LOCTOTOYHWX JHAHW of otumcHe
mexny nenynnuimase Esponu,

TeunoGpexoa uepuaf kasapra {dranta bere-
nicln bernicla)

TemnoGpoxan uepilas Ka3apxa THEIANTCA B
Cemepitoii CuGupn ¥ suuyeT bions Geperon Sa-
nannoii Epponu (fur. I3, I4% u 15}. UYncaen-
HOCTh NONYRAUWK coOCTabaneT npudn. I50.000
ryceil, OceHuw GORLUMHCTBO KABHPOK OGMTEET
o pailose mopckux otwesneli (ot Tornanouw no
Nlawan), 3umoil NOBYNALMA KOHUEHTDPHPYETCA B
Aurnui w tpamuuu, a c mapta no uail B paifi-
OHEe MOpPCHMX OTMeneii. rycn
raanliku oGpalod HypaxupywT HO NpPoOcTpaH-
¢ThoxX oTMeneii, rnoe ot AutawTcA BonAHol

OceHbl W oumoii

TpabBoil Zostera spp. w Bomopocnnuw, Becuoii
GHU NEPeXONAT K LYPAXNpOBOHNND Ha NpUipex-
HEX nyrox. Kok B Aurnun, tox v p Tonnan-
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hMw, rycw B BOApoacTeRuel CTeMeHM TaHxe Ha-—
yonu fypaxupoboTh HO TpapocToilHMX ayrax sa
NAGTUHANN, 410 OGLACHAETCH MCTOWCHUEM pec-—
CYPCOB TpaBW Ha oTMenAX. C navana I970-x
CO/0B NORYNAUWMA yBemWuunaces B 5 pas, 4To
rRanKNM OGDPAIOM CULITAETCA DE3YNLTATOM 34—
npeta oxoTW p 3ananvoli Espone, B ocofen-
HocTy B fHanun, 3 Aurcanw, Tonnannumu 1 3=
naaneii Tepnaiiut rycu NpUUUHAKT BPEN HO
nacTGUUAX, KONRYPUDYS Hd=D0 TPADH C ODUAMM
1 KOpOBOYKM, HO JTH NpoGReMy OTHACTU pBIpE—
na
BooMee-

COOTHETCTBOHILO DBCOCHMEM HuUendwi
yupexneuuen 3anopenHWKOB W

e,
0XOTY,
Huen YOHTKOB MOCTPANABUNM JeMfefenhiaM.
Onnoxo, Bcé eme HeT NORTLOCPOYHHX pewexui
aTux npolnem. ¥ wopckux oTseneii Tepuanmun
npoGnéeutt QSQCTPHANCE CTPOUTERLCTBOM MN0=
THH, TOK KQK 3THM ¢HKpaneHa nnoudle NACT-
oum. Ecnw cuopa Gynetr panpeuena oxXoTa B
onpepencHide NEePWONH, JITO CHERYET OPraHH-
TOBATL MO MAKOYHAPORHOI cHCTeME HBOT,
ocnopahnoii xa Inanwu nonynaunoHHoP nuHa=
Mliku. lipeanaraeTcna ofoxnaT, HECKOABKO RNET,
fOKA HE BHACHHTCA NOALHEGIUEee PBRIBUTHe

MONY ALK .

Coerno6pexas uephan walapka (Branta ber-
nicla hrotas) (WnuuGepreHckan nomynAumA})

MlonynAuuA cBeTnoGpRXxoil uepHoll kaaapuu

rHEsAUTCA Ha ocTpoBrkax Bokpyr lnuudeprena
a8 3umyeT ® laknn n
BocTounoii Anranu (Pur. I3, I7 u IB). UYu-

NOOynAUdH COCTABAAET TOALKO

n 3emnu bpanna Mocuda,

CHEHHOCTH
4,000 ryceif. B Lanmnm 3T NONYNAUMA nueeT

4 - 5 mecT npepana, U3 KOTOPWX laprarep-—
Dduopn u Paknepc-OHOpl CAYXAT ARA JUMOBKMK,
a HEuccym=310pn v WrosanandaAa 4acths OCTpORA
Mopc nnR oGutaunn Becuoli. 'ne nenynRuwa
ofuTaeT OCCHBI, TOUHO HE WIBECTHO - BEpo-
ATHO HA OOTCHHX MOPCKMUX OTMenAX. B cypo-
BHE JMMM COMLUMHCTBO NONYNAUWMW NepenctaeT
#a ocTpos JlunoucdapH B AHraum. Ocennw
JUMOI rycit YPOXUPYWT HO MOPCKHX OTMERRX M
APYTUX MERKHX BoRaX, NWMTOACH MOPCKOH Tpa-
Boi. it BOOOPOCNAMM, 8 BecHol rnamHwu ofpa-
s0n chengwT Tpaby ¢ npnOpexiWx nyrop. C
1970 r. nONynAUMA BO3POCHA NPUGAUIUTENBHO
saopoe. B Huccyw-Tnopne raudonnman uacTsb
POCTUTCALHOCTH YHMUUTOXEHA IArpAdIHeHHEM.
Ona Ouna pawHeliweli nwweii wasapor, W sa-
CPAJHEHHe BHYTDEHHUX HATCKUX bom Takxe
yrpoxaeT BoONAHol pACTHTenwHOCTH B Htapn-
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arep-ouopne.

llpennaraeTrcst YCTPOUTEL JONOBEOHUKH B
liapuarep-dnople M y wrolananHoi uacTh
ocTpoBA Mope, M YAYYDMTL JauMTy Baxnelimero
paficHa rieanopaiun Ha UnuuGepresxe.

0 monynAunoHHoli IMHEMMKe, IKOJOLMK
FHEJNOBBHUA W XOMAe RepeneToR HET ROCTalOy-
HHX CHEeNEeHuHd.

B o6mewm, p Enpone scTpewawten 2@ no-
nynauus ryceil, otmeli uncnewnocTH owkono
1,5 muns. ocoGeil. floyTw ace nonynAunn oa
NOCREAHEs NEecATUAeTHEe YBENNWUUAMCh.

Ananudu nonynAuUMOHHON NMHEMUKK WECTH
nenyAAMUE TOKAZANM, YTO WX POCT TRARHHMW
ofpadou Mpowdomen GAAronapA NnoHuxeHHol
CMEPTHOCTH, M HTO DTO Npexne BCero ABNR-
eTCA pPe3ynbTATOM NoHuXeHHOH sanuTepecoBaH-
HOCTH OXOTHUKOB, CnenoPaTenbHo, OXOTE OKA-
susana adderT, NOGADOYHMA K SCTECTBEHHHM
npuuuHaM cMepTu. HuHuYe y HEKOTOPHX W3 no-
nynAunli HaGnoaseTcR perynmMpoBaHue BoOCHpO~
WiBelleHA, JBBACMMOS OT NAOTHOCTW, M 3TO
YyKoOWBEET HA TO, YTO YCAOBUA HA MecTax
THEJAOBANWA B Oyoymed OrpaHMYAT dMCREH-

References

ALERSTAM, T, 1976; The autumn highway of
Brent Goose migration across Skane? - Anser
15: 281-284 (In Swedish with an English sum-
mary).

AMAaT, J. A, 1986a: Some aspects of the fora-
ging ecology of a wintering Greylag Goose
Anser anser population. - Bird Study 33:
74-80,

AMAT, J. A,, 1986b: Numerical trends, habitat
use, and activity of Greylag Geese wintering
in Southwestern Spain, - Wildfowl 37; 35-45.

ANDERSSON, A., 1969: Hallands Viders, a
moulting area for the greylag goose Anser an-
ser during the 19th century. - Var Fagelv. 28:
116-123 (In Swedish with an English summa-
ry).

ANDERSSON, A., 1982; Sensommar - och hdst-
koncentrationer av grigiissi Sverige. - Vir Fa-
gelv. Suppl. 9: 39-44,

ANEKNEY, C. D. & MACINNES, C. D., 1978: Nu-
trient reserves and reproductive performance
of female Lesser Snow Geese. - Auk 95:
459-471.

HocTH nonynauni,

Bpen, mpuuuHAemuit rycAwW Ha noaax,
MOBHCUACH, OTYBCTH NOTOMY, HTO HORYAAUMM
t Hucokoli cTenmenn nepemnu Ha noceBHue
YURCTKU Ddemnu, OTWYACTH BChneilctBue pocTa
nonynAunif, a Taxwe noToMy, 4YTO JEMnenenbuUM
BCE uame CEeWT KYNLTYPW, OCOCEHHO YYBCTEH-
TenbHue K dypaxupobBannw rycel, Hamp. nepe=
XORATEL C APOBOro xneta Ha oduMuil.

MpoGineuu Ppen8 HA NOAAX AYuYLe BCEro
MOXHO paspeuMTh yYpexXneHuew NnfA ryced sa-
NOBENHAKOBR ¢ TpPaBOCTOWHNMM NpocTpaHCTBAMM,
o Takxe ycuneuuoli oxpanoii m GopwGoii ¢ sa-
FPAIHEHWEM WODPCHKNUX OTWenell M BADYIUX MenKc-
BONHMX [IPOCTPAHCTB, ABMAKOUXCA TPBIMLNOH-
HMMH MECTAMW NPpUBaNE,
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Abstract

Madsen, J. 1988: Autumn Feeding Ecology of Herbivorous Wildfowl in the Dan-
ish Wadden Sea, and Impact of Food Supplies and Shooting on Movemients. -
Dan. Rev. Game Biol. 13 (4).

Thesouthern part of the Danish Wadden Sea is an important autumn staging area
for Brent Geese {(peak numbers 6,000}, Wigeon (15,0009 and Teal (3,500). 1n au-
tumn 1985 and 1986 their ecology and movements were studied in relation to food
availability and shooting activity. In Seplemnber-October the wildfowl fed in the
tidal zones on a 138 ha Zostera bed. Due to the tide they could only feed from 3
hours before to 3 hours afier low tide, and to fulfill their daily energy demands the
birds also fed during nightly low water periods. During autumn the above-ground
Zostera resources were reduced from 39 tons to 1 lon, the grazing by wildfowl ac-
counting for the major part of the losses, In consequence, feeding efficiency of
Brent Geese and Wigeon was hampered. Brent Geese switched 1o below-ground
parts of Zostera, Wigeon abandoned the arca. Interspecific exploitative competi-
tion became acute, with Brent Goose as the best coping species of the two,

In 1985 duck shooting on the mud flats was moderate; in 1986, however, it was
intensified, displacing the ducks and geese to the southern part of the Zostera
bed, which is part of a non-shooting zone. This zone was soon depleted for
resources, and the majority of the wildfow| were forced to leave the area carlier
than in 1985 even though food was still available in the shooting zone. At night the
birds fed in the shooting zone. When the ducks had abandoned the area, shooting
ceased, and the protected Brent Goose could remain undisturbed Tor the rest of
the autumn,

In October a concentration of ducks built up in the non-shooting zone at the
Romo barrage. Here the ducks consumed ripening Suaeda and Atriplex seeds in
the salt marshes. Ducks were actively feeding around high tide, during both day
and night.

In the coursc of October the seed stock was heavily reduced due 1o ducks forag-
ing, natural fall-off and wave action, whercupon the majority of the ducks left the
area. The remaining ducks rested throughout daytime and flew into the adjacent
hinterland at night to feed. The adjacent salt marshes of which parts are shooting
zones were not used during daytime, and only irregularly at night.

1tis concluded that the number of wildfowl was limited by the food resources,
and that switching between habitats was linked to depletion of food siocks.
Shooting modified movements and caused birds to leave the arca prematurely.
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Introduction

The question of how many waterfowl a
given foraging area along the migration
route can support, i.e. the habitat capacity,
has important implications for the under-
standing of the dynamics of the migration,
as well as for the management of the key
areas. Many waterfowl habitats, and espe-
cially wetlands, are today threatened by de-
velopment and human disturbance. At that
point when the bird numbers - or rather the
number of bird-days - have reached the ceil-
ing of the habitat capacity, human interfer-
ence can be expected to have a negative im-
pact on the status of the site.

Waterfowl movements have only recently
been analysed in relation to the size of food
supplies in the staging and wintering areas.
For a Duich staging area VAN EERDEN
{1984) demonstrated that herbivorous wild-
fowl removed a considerabie part of the
available Saficornia spp. seed stock, and
also that switching between food sources
and areas was related to the depletion of the
local food supplies. Likewise, in various
goose studies, it has been demonstrated
that shifts between habitats were linked to
the depletion of the vegetation and im-
paired feeding profitability (DRENT &
SWIERSTRA 1977, CHARMAN 1979, DRENT
et al. 1978, LORENZEN & MADSEN 1985).
Thus, there is evidence that in the absence
of disturbance, foraging waterfowl make
optimum use of their feeding grounds.

Substantial evidence has demonstrated
the effect of disturbance, particularly
shooting, on the distribution of waterfowl
in potential staging and wintering areas
(see review by MELTOFTE 1982, ARC.
TANDER et al. 1984, MADSEN 1986).
However, less information exists regarding
the ecological and behavioural conse-
quences of disturbance (OWENS 1977,
JOENSEN & MADSEN 1985, JAKOBSEN

1986). A central question is whether or not
the birds can compensate for the lost feed-
ing time, or whether behavioural con-
straints hinder exploitation of the food
IesQUICes.

The Danish Wadden Sea is an important
staging area for herbivorous dabbling
ducks and Brent Geese Branta bernicla. In
October-November when peak numbers
are reached, up to 20,000 Dark-bellied
Brent Geese Branta b. bernicla, 57,000
Wigeon Anas penelope, and 17,000 Teal
Anas crecca can be present at one time
(LAURSEN & FRIKKE in prep.). The three
species feed mainly in intertidal mudflats
and in saltmarshes, though at some stage in
late autumn duck-flights into the hinter-
lands can also be observed.

The aim of this study was three-fold;

1) to describe the feeding ecology of her-
bivorous wildfowl and their spatial and
temporal distribution in a part of the Dan-
ish Wadden Sea;

2)to analyse the impact of wildfowl grazing
on food supplies, and to evaluate the extent
1o which bird numbers were food-limited
and its possible influence on movements
between habitats;

3) to analyse whether human activity, espe-
cially hunting, was modifying site usage
and bird movements.

The project was part of a research
programme by the Game Biology Station,
evaluating the importance of the Danish
Wadden Sca as a waterfowl staging area
and the influence of human interference on
bird numbers and distribution.
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Study area

The study was carried out in the southern
part of the Danish Wadden Sea (Fig. 1),
part of the Nature and Wildlife Reserve
Vadehavet. The study area comprised two
major waterfowl! feeding areas in the Dan-
ish Wadden Sea, i.e. the tidal flats at Koldby
Leje, and the salt marshes along the bar-
rage connecting Remo with the mainland
and Ballum Foreshore,

Koldby Leje, Jordsand Flak

This area is an intertidal mudflat, part of
which is covered with seagrass Zostera spp.
It is a major feeding ground for her-
bivorous wildfowl, especially Brent Geese
and Wigeon, At high water the birds roost
around the small island of Jordsand, some
Brent Geese also roosting in the southern
Ballum Foreshore. In 1985 and 1986, the
Zostera bed covered 138 ha. Zostera noltii
was the dominant species over most of the
bed, showing highest densities on eleva-

tions 5-10 cm above the low water line. In
shallow depressions where water was re-
tained at low tide, however, Z. noltii was in-
terspersed with Z. marina, though the lat-
ter never reached the densities of the form-
er. Z. marina did not seem to overwinter,
had an underdeveloped rhizome compared
to Z, noltii, and was probably dependent
on sexual reproduction. Z. noltii, on the
other hand, had a well-developed rhizome,
this being indicative of a high degree of
vegetative reproduction.

The southern third of the flats is part of
the non-shooting zone in the southern part
of the Danish Wadden Sea. North of the
zone, shooting of wildfowl is allowed from
16 September to 29 February.

The Rome barrage and Ballum
Foreshore

These salt marshes have been created by
means of land reclamation work and are
currently grazed by sheep. The marsh areas
south of the barrage and most parts of Bal-
lum Foreshore are dominated by a vegeta-
tion of Puccinellia maritima, and in certain
regions by Festuca rubra. Over large areas
Atriplex litoralis and Suaeda maritima oc-
cur in dense stands, Suaeda especially in
low-lying regions. Inthe marsh north of the
barrage, Suaeda occurs in extremely high
densities. [n the low-lying regions, especial-
ly the marsh south of the barrage, Salicor-
nia europaea forms a dense vegetation, In
October the salt marshes are visited by
large flocks of dabbling ducks, especially
Wigeon and Teal. Crop contents of collect-
ed birds demonstrated that the ducks feed
primarily on seeds of Suaeda and Arriplex.

The Reme barrage and adjoining salt
marshes are non-shooting zones. In Ballum
Foreshore, shooting is allowed in a zone
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Fig. 1 Sty area in the southern purt of the Danish Wisdlden Sea. Study plots at Koldby Leje and the Romo buar-
rage are shown. RN: Romo barrage north, RS: Ron harrage south, BN: Balhm foreshore north, BS: Ballum
Joreshore south. Low water fines are indicated by punctuated lines, and reserve bowmdaries (non-shooting

areas) by punctuaied, dotied lines.

ranging from the dike to the edge of the oid
foreshore. Beyond this zone shooting is
banned (Fig. 1).

Methods

Observations

The Remo barrage and Koldby Leje were
visited during the period I September to 20
December, 1985 and 1986, on average at in-

tervals of six days. At each visit the number
of wildfowl was counted, the distribution
of flocks mapped, and their general activi-
ty (feeding, roosting) recorded. In addi-
tion, all types of human activity were noied
and mapped. On the Rema barrage, obser-
vations were carried out from the top of the
barrage. At Koldby Leje, observations were
made from land, and in 1986 also from a 4
m high observation tower placed in the
middle of the Zostera bed. When observa-
tions were made from the tower, the observ-
er entered approximately 2 hrs after high
tide and left 2 hrs before the next high tide,
so that disturbance was kept at a minimum,
On some occasions, the observer remained



135

Autumn Feeding Ecology of Wildfowl in the Danisl'_l Wadden Sea

in the tower during the high tide in order to
continue observations during the next low
water period.

Activity studies

Time expenditure of flocks of geese or

ducks was recorded in relation to tidal

rhythm and to time of season. At Koldby

Leje, observations were carried out both

during day and night, but at the Remo bar-

rage only during day-time.

At Koldby Leje the birds were under ob-
servation from time of arrival from the
high water roost to departure from the
Zostera bed. Every 15 minutes, the number
of birds of each species engaged in various
activities was recorded by 'instantanecus’
scanning of the flock (after ALTMANN
1974). Recorded activities were feeding,
roosting, walking, swimming, flying, ag-
gression, and alertness. Four feeding tech-
niques were distinguished:

1) swimming, including feeding by picking
from surface, submerging head or neck,
and upending;

2) paddling, only recorded in Brent Geese
trampling in the sediment submerged
under 5-10 cm of water. The geese took
whole plants including roots and rhi-
zomes, and left characteristic craters of
roughly 20 cm diameter and 5-10 cm
deep (also described by FoG (1967} and
JacoBs et al. (1981));

3) grubbing, observed in pgeese and
Wigeon, the birds taking turions and
rhizomes;

4) pecking, taking leaves from the mud
surface or leaves floating in shallow
water.

During day-time, observations were carried
out with a telescope (20-45 x). Every half
hour the position of flocks was mapped

and the water line drawn on a sketch map
(1:10,000). In 1986, three transect lines with
the observation tower in the centre were
laid out over part of the Zostera bed, yield-
ing 30 quadrats each of 50 m x 50 m. Cor-
ners were marked with stakes 20 cm above
ground. During observations from the
tower, the number of birds of each species
within the quadrats was recorded at inter-
vals of 30 minutes. Temporal and spatial
overlap of two species was expressed by
percentage similarity, O (HURLBERT 1978):

O = 1-1/2| Pjj- Pik |

where Pjj is the relative occurrence of the
j’th species in square i, and Pj is the rela-
tive occurrence of the k’th species in
square i.

Night-time activity budgets of Wigeon
and Brent Geese were recorded during three
low water periods in 1986: 8-9, 9-10, and
21-22 October. Observations were carried
out from the observation tower with a light-
intensifying vision scope (around 8 x). The
first two nighis were one week prior to full
moon and with overcast sky, the last night
was four nights after full moon and with
clear sky, During the first two observa-
tions, lights from the surrounding towns
Havneby, List, and Skerbak provided
sufficient light to operate the night vision
scope with success. However, during all
three nights, the resolution only allowed
the observer to distinguish between feed-
ing, roosting, and flight activities,

At the Reme barrage, observations fol-
lowed the same procedure as at Koldby
Leje. Ducks feeding in the salt marsh were
often invisible whilst in the vegetation, but
were assumed to be feeding when out of
sight. Records were kept of birds flying to
and from the salt marsh.

Three feeding parameters were timed by
means of a stop-watch:

1) feeding bout length, ie. the time of
uninterrupted feeding with the head be-
low the level of the shoulder;
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2) pecking rate, measured as the time it
took a feeding bird to make a total of 10
pecks in the vegetation. It was, however,
not posstble to measure pecks on the
mudflats because the Zostera feeding
birds often took turions which were
chewed and swallowed in bits of varying
size;

3) walking speed, measured as the time it
took a feeding bird to make a total of 10
steps,

To achieve another indication of duck util-

isation of the salt marshes apart from the

mapping, droppings were counted within
permanent plots. On the southside of the

Rome barrage 40 plots were laid out at 20

m distance; on Balium Foreshore 20 plots.

Each plot was circular with a radius of 2 m

(12.6 m*) and marked with a peg 10 cm

above pround. Plots were emptied at

around 10 day intervals throughout au-
tumn. However, this method proved to be
successful in 1985 only, because of too fre-

quent flooding of the marshes in 1986,

Food and estimation of daily food
consumption

Food selection of Brent Geese and Wigeon
foraging on the mudflats was examined by
means of microscopical identification of
epidermal fragments in the droppings (for
method see OWEN 1975). Samples of 25
fresh droppings were collected at low tide,
and only in situations when the birds had
fed in the same area for most of the low-
water period.

Daily food consumption by Brent Geese
and Wigeon feeding on the mudflats was
estimated by the ’marker substance’
mecthod (DRENT et al. 1978). Retention
rates were measured using ash content and
lignin as food components not digested by
gut passage. The change in concentration

of the marker substance in droppings com-
pared to food plants thus equals the reten-
tion rate. Hourly defaecation was meas-
ured in the lield by keeping the abdomen of
a goose under continuous observation for
as long as possible, and recording the num-
ber of droppings produced in the particular
period, which was timed by means of a
stop-watch. Periods and numbers of drop-
pings were summed for many individuals 1o
achieve hourly blocks of dropping produc-
tion (BEDARD & GAUTHIER 1986). Defae-
cation periods were only timed from 1 hr
before low tide to 3 hrs after, to ensure that
defaecation rates were in equilibrium with
food intake. Daily production of droppings
was calculated from multiplication of aver-
age hourly defaccation and average time
spent on the feeding grounds during the 24
hrs. Fresh droppings and food plants were
collected for chemical analyses, and drop-
pings for weighing. Samples of Brent
Goose droppings were taken two days in
October 1985, and Wigeon droppings one
day in Ociober 1986. Chemical analyses
were carried out by the Central Laboratory
of the National Institute of Animal
Science, at Foulum. Ash content of plants
and droppings was determined after
removal of the silica fraction. Energetic
value of the net food intake was calculated
from energy content of pellets of food and
droppings, measured on a Gallenkamp
bomb calorimeter. All analyses were car-
ricd out in duplicate,

Standing crop and leaf cover
of Zostera

In 1985, an exclosure experiment was set up
at Koldby Leje to measure standing crop of
Zostera throughout autumn, and to quan-
tify wildfowl grazing impact on the vegeta-
tion.
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A transect line, situated and marked as
for the 1986 transect, was laid out in a part
of the Zostera bed which visually appeared
homogeneous. Four 3 m x 3 m exclosures
were consiructed using pegs reaching 40cm
above ground and also wires at two heights
which connected the corners diagonally.
The exclosures were visited weekly to clean
them of material, especially algae, hanging
upon the wires. At monthly intervals,
samples were taken outside and inside ex-
closures. Qutside the exclosures 15 samples
were taken at 50 m distance along the tran-
sect line, and inside each exclosure two
samples were taken at random. A sample
consisted of a circular core of 227.6cm®. A
plastic tube with sharpened edges was
pressed 10 cminto the sediment, the sample
was then dug out, transferred to a sieve, and
the sediment superficially washed off. In
the laboratory, samples were first sorted
into live and dead material and also above-
and below-ground biomass, then dried for
24 hrs at 80°C, cooled in an excicator, and
weighed. To express biomass in ash-freedry
weight, plant material was combusted for 3
hrs at 550°C. Thus, average ash content of
dry weight of above-ground material and
below-ground material was 14.3% and
27.1%, respectively.

To relate above-ground biomass to leaf
cover, the percentage leaf cover was esti-
mated to nearest 5% in all sample plots. In
1986, the leaf coverage was roughly esti-
mated for the entire Zostera bed every three
weeks from mid-September to mid-Decem-
ber. The map was based on permanent sta-
tions along the transect lines as well as sta-
tions at right angles to the transects. In the
range from 0-90% leaf coverage, a linear
correlation was found between cover and
above-ground ash-free biomass: y = 0.4x
+ 1.9, where yis standing crop in g ash-free
dry weight per m?, and x is percentage leaf
cover{n = 61,r = 0.926, P < 0.001). Asex-
pected, above 90% coverage, the relation-
ship was no longer linear. For the present

purpose an average value of the samples
with 95% and 100% cover was used, viz.
80.2 g ash-free dwt/m? (n = 35).

Standing seed crop

To estimate the removal rate of Atriplex
and Suaeda seeds by ducks in the salt
marshes along the Reme barrage, ex-
closure experiments were conducted in
1985 and 1986. In 1985, the experiments
were carried out in both the southern and
the northern marsh.

In each marsh area two exclosures, cach
2 m x 2 m, were erected in visually
homogeneous vegetation in early Septem-
ber. An exclosure consisted of either poles
connected with wires at four heights, or
sheep fence. Sample plots, i.e. areas visited
by the ducks, were placed on transects
50-100 m from the exclosures. Along the
transects, 40-60 plants were taken at ran-
dom and individually marked with a small
piece of white plastic tape just above
ground. In each exclosure 20 plants were
marked. The number of seeds per plant was
counted repeatedly at 10-14 days intervals
from September until all seeds had been re-
moved from the plants, either due to duck
foraging or natural seed fall. To follow seed
ripening, plants were randomly picked on
each sampling date in 1986, One hundred
Atriplex and the same number of Suaeda
seeds were picked and dried for 24 hrs at
80°C.

In early October 1986, the total seed crop
per ha was estimated for the northern and
the southern marsh along the Remo bar-
rage and for two sections of Ballum Fore-
shore. At 20 m intervals along the transects
the number of seed-bearing dicotyledons
was counied in 0.25 m? squares. The num-
ber of seeds per plant was counted for at
least 100 plants of each species.
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Results and discussion

Tidal flat feeding

Wildfow! numbers

Brent Geese and Wigeon were the most
numerous waterfowl species in the tidal
mudflais at Koldby Leje. In autumn 1985
the peak numbers were 4,500 and 8,000,
respectively, and in autumn 1986, 6,000 and
6,500, respectively. Wigeon arrived in the
middle of September (Fig. 2), peak num-
bers being reached from late September to
early October. Thereafter, numbers
dropped quickly; in 1985 a flock of
500-1,000 stayed until the end of November,
whereas in 1986, no Wigeon remained after
mid-October. In 1985 the Brent Geese ar-
rived late September, and peak numbers
were reached in October. In 1986, however,

g a Brent Goose
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numbers already began to decline after the
beginning of October. In 1985 the propor-
tion of juveniles in the flocks observed
throughout autumn was 35%, whilst in
1986 there were less than 1% juveniles. This
difference in age structure, apparently af-
fected neither time of arrival nor peak
numbers observed. In 1985 the Brent Geese
stayed until late November, whereas in 1986
they remained until mid-December,

Teal and Pintail were present in lower
numbers; maxima recorded were 1,000 and
600, respectively. Both had a phenology
similar to Wigeon, but numbers varied
much between days.

The estimated number of bird-days
spent on the mudflats in the two autumns is
presented in Table 1. The number of Brent
Goose-days was almost similar in the two
years, whereas there was a 45% reduction
in Wigeon-days in 1986 compared to 1985,
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Fig. 2. Awtumn occtrrence of Brent Geose and Wagvon at holdby Lepe i 1983 amd 1956, expressed as average

numbers in 10-day periods.
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Table 1. Number of bird-days spent by the mosi nu-
merous wildfowl species on Koldby Leje, autumn
1985 and 1986.

[985 1986
Brent Goose 176,200 143,400
Wigeon 176,500 96,700
Teal 19,500 23,000
Pintail 9,400 8,150
Feeding rhythm

During low water periods at day-time Brent
Geese and Wigeon arrived from the high-
water roost to the feeding grounds 3-4 hrs
before low tide, and left 3-4 hrs after. For
both species foraging was the predominant
activity during low water (Fig. 3a, b). Just
upon arrival and prior to departure the
birds were unabie to reach the flooded ve-
getation, and were thus roosting. As soon
as they could reach the vegetation, feeding
was very intense and virtually without
breaks. The average active feeding period
in Brent Geese and Wigeon was 6 hrs 32
minutes and 6 hrs 26 minutes, respectively.

Feeding methods changed in response to
water level (Fig. 4). Brent Geese were ini-
tially swimming, and grazing Zostera
leaves by submerging the head or neck, or
by upending. When able to reach the bot-
tom, they typically paddled in the mud for
some time, but during most of the low
water period they grazed by walking on the
mudflats. Most of the feeding consisted of
pecking leaves, and only 5-10% of the birds
were grubbing. With the rising water the
reverse sequence of feeding methods was
observed.

Wigeon first fed by swimming, mostly
submerging the head or neck, but switched
to grazing by walking as soon as they could
reach the bottom, The Wigeon were mainly
grazing the leaves of Zostera; beiween
20-35% of the birds were judged to be
grubbing, although this was sometimes
difficult to ascertain.

During the three night-time observa-
tions, Brent Geese were present on all three
occasions, whereas Wigeon were present
only on the first two. Although the light
conditions of the first two nights (overcast,
dark) differed from the conditions of the
third (bright, four days after full moon),
activity patterns did not change in Brent
Goose. S

The period spent by the Brent Goose on
the feeding ground did not differ from the
day-time period (Fig. 3). The geese were
feeding actively until low tide when feeding
activity dropped, after which many birds
roosted in the gullies or on the edge of the
tidal flat. When the water rose the geese re-
sumed feeding, probably triggered by the
incoming water.

Wigeon started to feed approximately
half an hour later than during day-time, but
were feeding actively throughout the low-
water period.

The nightly active feeding period of
Brent Geese and Wigeon was on average 4
hrs 52 minutes and 6 hrs 16 minutes, respec-
tively.

Combined over 24 hrs, Brent Geese and
Wigeon were feeding actively for 11 hrs 24
minutes and 12 hrs 42 minutes, respectively.

Nocturnal feeding is well documented
for Wigeon (OwWEN 1973, CAMPREDON
1981), but virtually undocumented for
Brent Geese. MAHEO (1976) did not record
night-foraging Brent Geese in the Zostera
beds in Golfe du Morbihan on the French
Atlantic coast, and other authors do not
mention the phenomenon (e.g., RANWELL
& DOWNING 1959, CHARMAN 1979).

Overlap in distribution

The overlap of Brent Geese, Wigeon and
Teal feeding in 50 m x 50 m squares was
examined with regard to spatial and tem-

11
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Fig. 3a. Feeding activity of Brent Geese and Wigeon durinyg duytime at Koldby Leje (7 observation periods),
Bars show one standard devigtion. During high waier, the wildfow! roost ont Jordsand Flak.

poral distribution. Temporal overlap ex-
presses simultaneous occurrence, i.e. the
degree to which particular species occur in
the squares at the same time.

The southern squares were in a depres-
sion, where a depth of about 5 em water
was retained during low tide, whereas the

12

northern squares ran dry during low water.
Between the two substrates there was no
difference in occurrence of the three wild-
fowl species, and the overall spatial overlap
was high between all three species (Table 2),
indicating that the birds make use of the
same substrate.
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Fig. 3b. Feeding activity of Brent Geese and Wigeon at night at Koldby Leje in relation to tidal cycle faverage

of 3 observation periods).

Temporal overlap of Brent Geese and
Wigeon was relatively high, in that the two
species often were feeding in mixed flocks,
walking over the mudflats at the same
speed. Teal, on the other hand, had little
temporal overlap with the two other spe-
cies, The three species often occurred
together in flocks, but Teal walked faster

over the substrate, leaving the two other
species behind.

Food and food consumption

Microscopic examination of droppings
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Brent Goose
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Fig. 4. Feeding techniques Ly Brent Geese and
Wigeon at Koldby Leje in relation to tidal cycle,
Hatched: feeding by swinnnng: open: paddiing;
shaded: feeding by walking. Average of two observa-
tion days in early October.

revealed that Brent Geese and Wigeon fed
exclusively on Zostera, and that above-
ground parts predominated in the diet. In
three samples from October-November,
leaves made up between 85 and 91% of the
Brent Goose diet, and roots and rhizomes
the remainder. Only in a sample from early

Tuble 2. Overlap in spatial and temporal distribution
aof Brent Geese, Wigeon and Teal in quadrats in Zoste-
ra vegelation at Koldby Leje.

Spatial overlap

Wigcon Brent
Brent 0.781 s
Teal 0.797 0,745
Temporal overlap
Wigeon Brent
Brent (.563 -
Teal 0.142 0.106

td

December was the proportion of leaves
lower, viz. 58%. In two samples of Wigeon
droppings from October, leaves made up 98
and 92% of the diet, respectively.

Food selection by Teal was not thorough-
ly investigated. Direct observations indi-
cated that Teal were filtering the top layer
of the muddy substrate, probably feeding
on seeds of Zosfera and also invertebrates.
In a sample of Teal droppings, broken
shells of Hydrobia snails were frequent.

An estimate of daily food and energy in-
take for Brent Geese and Wigeon is shown
in Table 3. Computations have been con-
ducted under the assumption that the diet
consisted exclusively of Zostera noltii
leaves. Retention rates, achieved using ash
and lignin, did not differ significantly,
values shown in the table being averages
based upon the two tracer substances. The
calculated daily net energy intake of 986 kJ
for Brent Geese is somewhat higher than
the estimate for Brent Geese in winter, viz.
840 kJ (DRrRENT et al. 1978). The difference
may reflect that the geese put on weight in
autumn (FoG 1967), thereby demanding
maore energy.

The estimated net energy intake of 592
kJ for Wigeon is somewhat lower than the
daily existence energy (DEE) predicted for
a 0.7 kg non-passerine by DRENT et al.
(1978), viz. 2.6x Basal Metabolic Rate
(BMR) (736 kJ) (formula for BMR from
ASCHOFF & POHL 1970, Wigeon weight
from BAUER & GLUTZ VON BLOTZHEIM
1968). It should be noted, however, that the
*marker substance' method as applied here
is crude, because it only took above-ground
material into account, and so the resulis
must be regarded only as rough estimates.
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Table 3. Estimates of daily food and energy intake by Brent Goose and Wigeon feeding on Zostera noltii leaves.

All weights are in g ash-free dry weight.

Brent Goose Wigeon
Time on feeding ground (min) 684 762
Droppings per hour 17.0° 16.8°
Dropping weight (g) 0.452° 0.164*
Daily defaecation (g) 87.6 350
Retention rate 0.35 0.46
Daily food intake (g) 134.8 64.8
Energy content of food (kJ/g) 19.4 19.4
Energy content of droppings (kJ/g) 18.6 19.0
Daily net energy intake (kJ/) 986 592

Notes: a: n=6 block hours; b: n=3 block hours; c: n=187; d: n=99,

Zostera stock and wildfow!
grazing impact

In late August 1985, the above-ground
standing crop in the central part of the
Zostera bed amounted to about 60 g ash-
free dry weight (dwt) per m? (Fig. 5). From
late August to early December the biomass
gradually decreased, however, with a sig-
nificant difference between grazed and un-
grazed plots. In early December, the above-
ground biomass in the exclosures was
reduced by 59%, whereas in the grazed
plots the reduction rate was 89%. This 30%
difference represents the proportion con-
sumed by wildfowl. Other avenues of bio-
mass losses were: leaves dying off; leaves
breaking off; and leaf consumption by in-
vertebrates. In early December 1985, the
geese abandoned the mudflats at a stage
when the standing crop had been reduced
to 6.6 g ash-free dwt/m?, or about 10% leaf
cover.

In late August 1985, below-ground bio-
mass was on average 16 g ash-free dwt/m?.
During the autumn season there was an
average increase of 26% in biomass in the
ungrazed plots, whilst a 29% decrease in
the grazed plots (Fig. 5). However, neither
the increase, nor the decrease was signifi-
cant at the 5% level (one-way analysis of

variance). By the end of October and in
early December there was, on the other
hand, a significant difference in biomass in
ungrazed plots (student i-test, t=3.807,
P<0.,01, and t =3.424, P <0.01, respective-
ly). In December the biomass in the grazed
plots was 48% lower than in the ungrazed
plots. Thus, it is indicated that the wild-
fowl, and predominantly the grubbing
Brent Geese, affected the below-ground
biomass of Zostera as well.

Based upon both the mapping of the
Zostera bed and the linear correlation be-
tween leaf cover and above-ground bio-
mass established in 1985, the total above-
ground standing crop of the bed was esti-
mated at 38.8 tons ash-free dwt in early
September 1986, equivalent to an average
of 28.1 g ash-free dwt/m? for the whole
Zostera bed (138 ha) (cf. Fig. 8). In mid-
October, the standing crop had decreased
to 25.6 tons, and in mid-December to 1.2
tons, this being 3.1% of the early Septem-
ber stock.

To achieve an estimate of total annual
production, the value of the maximum
standing stock was doubled (PETERSEN
1913}, This factor is known to underesti-
mate the production of Zostera marina
(SAND-JENSEN 1975, JACOBS 1979, WIUM-
ANDERSEN & BORUM 1984), but probably
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Fig. 5. Development in above-grownd and below-ground standing crop of Zosiera i grazed and ungrazed plots
ai Koldby Leje during autumn 1985, Bars represent 95% confidence limits.

gives areasonably good estimale for Z. no/-
tii (Jacosset al, 1981). For the Dutch Wad-
den Sea JacoBSet al. (1983) found that the
maximum standing crop of Z. noltii was
reached in August-September. Therefore, it
seems feasible to use the early September
value of 38.8 tons as the maximum stand-
ing crop. Total above-ground production
for the Zostera bed thus amounted to 77.6
tons ash-free dwt. From the estimate of the
total number of Brent Goose-days and
Wigeon-days spent in the area (Table 1) and
their daily food consumption (Table 3), it is
calculated that these wildfowl consumed a
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total of 35.2 tons and 25.6 tons in 1985 and
1986, respectively, of which the Brent Geese
consumed 68% and 75% of the biomass,
respectively. Between 1985 and 1986, there
were no apparent differences in either leaf
cover or Zostera distribution in the begin-
ning of the autumn season, so the maxi-
mum standing crop was assumed to be
similar for the two years. Thus, the con-
sumption by wildfowl was equivalent to
45% and 33% of the lotal production in
1985 and 1986, respectively, or 91% and
66% of the maximum standing crop. The
average grazing pressure was estimated at
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25.5 and 18.6 g ash-free dwt/m?, bul was
higher in the central parts of the Zostera
bed.

Other studies have also evidenced that
wildfowl| grazing impact on Zostera can be
considerable, although the values present-
ed in literature are lower than the values
from the present study.

For a Z. noltii bed in the Dutch Wadden
Sea, JACOBS et al. {1981} found that wild-
fowl in autumn grazed the area down to a
homogeneous stand with less than 10%
leaf cover, and consumed 26% of the annu-
al production, or 50% of the maximum
standing crop.

For an estuary in southern England
Tusss & Tusss (1983) found that grazing
wildfowl, especially Brent Geese, likewise
had a considerable effect on leaf cover of
Zostera spp.

In none of the above cited studies was the
consumption of below-ground biomass
quantified. In the present study it was indi-
cated that the wildfowl had an impact on
this part of the biomass as well.

Impact of Zostera stock on
Jfeeding performance

Feeding efficiency as determined from

feeding bout length and walking speed of
Brent Goose and Wigeon at different levels
of Zostera leaf cover, was compared (Table
4). Observations were carried out on birds
feeding in areas where leal cover had been
assessed shortly before. For both species, it
was found that efficiency was heavily ham-
pered at low leaf cover. Thus, the birds had
to walk faster over the substrate and the
feeding bout length was reduced, indicat-
ing an increase in the distance between
profitable patches of Zostera therefore
resulting in the birds spending more time
searching.

Brent Geese changed feeding method in
response to the decreasing food supply,
whereas Wigeon had no alternative feeding
technigue to which they could switch, On
six days in 1986, where observations were
performed over the entire low water period
and leaf cover had been checked in ad-
vance, Brent Goose flocks spending the
whole low water period in an area of even
cover were observed. When areas of for ex-
ample 10% and 90% leaf coverage were ac-
cessible, the geese selected the latter, but
were sometimes forced to choose the for-
mer, due to presence of hunters in the more
optimal parts of the Zostera bed (see next
chapter),

At high leaf cover the geese spent less
than 10% of the entire low water feeding
period paddling (Fig. 6). As the cover be-

Table 4. Feeding parameters of Brent Goose and Wigeon at approximately 80% and 10-20% leaf cover of Zoste-
ra at Koldby Lefe. Means, their standard deviations, and sample sizes are presented together with Student-t va-

tues and significance levels in two-tailed Student t-fest.

80% 10-20%
X S.D. N x S.D. N I P

Wigeon

Feeding bout length (sec) .1 22.74 4l 9.4 10.42 19 5.77 <0.001

Walking speed (sec for 10 steps) 384 3163 2 10.7 508 20 4.10 <0.001
Brent Goose

Feeding bout length (sec) 36.0 30.14 19 9.7 6.62 32 3.75 <0.01

Walking speed (sec for 10 steps) 59.4 37.80 19 22.4 8.40 18 4.17 <0.001

17
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Fig, 6. Proportion of the fow-water feeding period
spent paddiing for roois and riizomes of Zostera by
Brent Geese in relation to leaf cover.

came more sparse, the geese were paddling
to a greater extent, and at 10% cover they
spent almost half of the feeding period
paddling for roots and rhizomes.

Due to a higher intake of below-ground
parts, it was not possible to estimate food
and energy intake in geese feeding at low
Zostera cover. However, defaecation rates
indicated that profitability in terms of
energy intake was reduced. Thus, hourly
defaecation rate at 10-20% leal cover was
estimated at 11.5 droppings/hr (3 hourly
blocks), versus 17.0 at 70-90% cover (6
hourly blocks) (Z = 5.83, P <0.05; for
statistical method see BEDARD & GAUTHI-
ER 1986).

CHARMAN (1979) studied the energetics
and performance of Zostera noltii feeding
Brent Geese in southern England. An ap-
parent threshold cover for Zostera leaf ex-
ploitation was determined as being around
15%, below which food consumption
decreased markedly, and time spent feed-
ing and also dispersion increased. In the
course of the winter, the geese shifted from
mudflats to salt marshes and agricultural
crops, and it was demonstrated that this
shift was related to the depletion of the
Zostera rtesources. The data from the
present study are in agreement with those
results of CHARMAN (1979), and it is here
added that the Brent Geese can also switch

18

feeding technique during instances of
decreasing resources.

The overlap in diet and the feeding con-
gregation of Brent Geese and Wigeon gives
rise, potentially, to interspecific competi-
tion. As the food stock at Koldby Leje was
gradually depleted over the autumn, the
competition probably became profound
and especially critical to Wigeon which did
not switch to the below-ground parts of
Zostera. No interference was observed be-
tween the two species, and it s
hypothesised that the interspecific compe-
tition is exploitative, limiling the number of
birds that can utilise the food supplies.

In Golfe du Morbihan (1961-79) it was
found that with the increase in the number
of wintering Brent Geese, which reflected
the general population increase, the num-
ber of Wigeon-days spent in the gulf
decreased (CAMPREDON 1982), and this
was suggested to be the result of inter-
specific competition for the Zostera
resources.

However, it remains to be tested ex-
perimentally whether interspecific compe-
tition does affect bird numbers, though
there are good reasons Lo believe that it
does Lake place,

Effect of shooting on wildfow!
distribution

Shooting in the mudfiats at Koldby Leje
was highly specialised. The hunters arrived
around 3 hrs before low tide, and walked
out on the still flooded mudflats. They
placed themselves on the small hillocks and
laid out duck decoys in the shallows nearby.
As the water fell, the hunters lay down on
the mudflat. Shooting was most intense
from 3 hrs to 1 hr before low tide. Some-
times, the hunters left the mudflats around
low water.

Hunting was concentrated to the period
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Fig. 7. Mean number of hunters present at Koldby
Leje during fow-water periods in autumns 1985 and
1986.

from mid-September to late October (Fig.
7), this being highly related to presence of
dabbling ducks. There was, however, a big
differencein the average number of hunters
present between 1985 and 1986, and the es-
timated number of hunter-days over the
seasons was 30 and 121, respectively. The
peak number of hunters recorded was nine.
The hunters usually placed themselves in
the northern part of the Zostera bed. Only
a few times were hunters sitting in the
southern part, inside the Jordsand refuge
with a complete shooting ban.

The ducks and geese reacted strongly to
the presence of hunters and shooting,
which was documented by a natural experi-
ment, In Fig. 8 the size of the Zostera bed is
depicted during the periods from mid-
September to early October, and from mid-
to late October 1986, respectively, and in
parallel the distribution of wildfowl is
shown with and without hunters present on
the mudflats. Additionally, the distribu-
tion of wildfow] at night is shown. Flocks
of wildfowl mapped in the field have been
distributed in a 200m x 200m grid placed
over the field maps. Data for Wigeon and
Brent Geese have been pooled because
there was neither a significant difference in
the distribution pattern, nor in the reaction
to hunting,.

Several points emerge from Fig. 8:

1) From mid-September to late October
the Zostera bed clearly diminished in
size and biomass. Only within a 100 m
radius around the observation tower
was a 75-100% leaf cover of Zostera re-
tained during late October.

2) When there were no hunters present,
wildfow! distribution was mainly over-
lapping that of Zostera, and the birds
were feeding in the zones with greatest
leaf cover. However, the observation
tower affected wildfowl in a radius of
150-200 m. In the second half of Oc-
tober the wildfowl concentrated in the
northeastern part of the bed.

3) Thenightly distribution of wildfowl was
almost completely similar to that of
day-time distribution, when the birds
were undisturbed.

4) When hunters were present, the wild-
fowl flocks were displaced from the
northern to the southern part of the
Zostera bed, or to the western and
eastern edges of the bed. From mid-
September to early October, the flocks
were able to withdraw to areas with
good leaf cover of Zostera. However,
during that period, hunters were present
most days and the increased grazing
pressure in the southern parts of the
Zostera bed led to a fast depletion of the
standing stock. During the second half
of October, there was less than 25% leafl
cover in those areas, to where the wild-
fowl were displaced due to hunting. In
late October, the presence of a single
hunter in the northern part was suffi-
cient to displace the birds.

The wildfowl] responded quickly to ces-
sation of shooting. Twice it was observed
that the hunters left the mudflats around
low tide, and within the next hour all ducks
and geese switched from the southern and
eastern parts of the Zostera bed to the
northern part with good leaf cover.

In the course of the season, shooting be-
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came an increasingly disturbing activity,
which was reflected in the flight distances
of the Brent Goose flocks. The flight dis-
tance of a flock was estimated using a walk-
ing person as a standard stimulus trigger-
ing escape flight. The distance from the ob-
server to the flock was controlled by pacing
out. In late September the flight distance of
a flock of 200-500 Brent Geese was on aver-
age2ll m(n = 10, S.D. = 32.4), whereasin
late October it had increased to 367 m (n =
8, S.D. = 51.6), which is significantly
higher (t = 7.46, P <0.001). Flight dis-
tances of Wigeon flocks were not quanti-
fied, but were comparable to those of Brent
Geese.
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Salt marsh feeding

Wildfowl niunbers

The most numerous wildfowl around the
Remae barrage in autumn were Wigeon and
Teal. In 1985 peak numbers were 10,600 and
3,500, respectively, in 1986 15,000 and
2,500, respectively. Up to 700 Pintail, 2,500
Mallard Anas platyrhynchos, 900 Brent
Geese, and 500 Barnacle Geese Brania leu-
copsis were also present, but more irregu-
larly. Brent Geese occurred only in autumn
1985, and it was almost exclusively family
flocks, which visited the salt marshes.
Wigeon and Teal arrived from late Au-
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Fig, 9. Automn occurrence of Wigeon and Teal ar the Rome barrage in 1985 and 1986, expressed as average
numbers in 10-day periods. Hatched columns indicate the munber of birds feeding in the salt marshes during
diurnal high tides, open columns the mumber resting during high tide,
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gust to early September {Fig. 9). For both
species, peak numbers were reached in the
second half of October, 2-3 weeks later
than at Koldby Leje. In 1986, many ducks
remained until mid-December.

In the beginning of the autumn staging
period, the ducks used the barrage areaasa
high water roost, and fed during low water
on adjacent mudflats north of the barrage.
From the end of September, the ducks
started salt marsh feeding. In 1985, this
proceeded until late October, whereas in
1986 it continued until early November
(Fig. 9). In 1985, the ducks left the area
shortly after the salt marsh feeding period,
whereas many stayed longer in 1986. In No-
vember, following the salt marsh feeding
period, the remaining ducks roosted
throughout day-time, irrespective of the ti-
dal cycle. Evening flights of ducks into the
hinterland were observed and heard on
several occasions in November, though the
exact {eeding grounds were not identified.
An indication of the Wigeon flight range
comes from a bag analysis (LAURSEN

Table 5. Estimated wumber of bird-days spent by
ducks feeding on seeds of salt marsh vegetation along
the Romo barrage, autumn 1985 and 1986. Bruckets
tndicate that the wenbers are under-estimaies,

1985 1986
Wigeon 101,000 227,000
Teal 51,000 38,000
Pintail 4,000 7,000
Mallard (9,000) (9,000}

1985), which showed that Wigeon were
shot up to 10 km inland from the Ballum
Foreshore, i.e. into Ballum Enge, Flocks of
Wigeon were also heard at night on Ballum
Foreshore.

The number of feeding-days spent by
ducks on the salt marsh vegetation is shown
in Table 5. There was a doubling in number
of Wigeon-days from 1985 to 1986, while
Teal and Pintail feeding-days for the 2 years
did not differ significantly. The higher
amount of Wigeon-days was the result of a
higher feeding intensity in the northern
marsh, while feeding intensity in the
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southern marsh did not change noticeably.
This impression is based on the mapping of
the flocks during day-time. The number of
Mallard-days could not be ascertained be-
cause the Mallards occurred scatiered in
small flocks in the ditches.

Feeding rhythm

During day-time in mid-October duck
feeding in the salt marshes was most in-
tense around high water (Fig. 10). During
low water, only about 10-20% of the ducks
fed, while the rest were roosting on the
mudflais beyond the marshes. The feeding
rhythms of Wigeon, Teal and Pintail on salt
marsh were identical. Whilst feeding in the
marshes the ducks concentrated in dense
flocks; in October up to 8,000 ducks in a
flock were observed walking over the
sward. During their stay in the marshes, the
ducks fed intensively. Thus, on average
97.7% were feeding while in the marsh.

20+
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Nightly feeding activity could not be
quantified, but it definitely occurred. In
October, Wigeon and Teal were heard in the
marsh areas several nights.

Seed stock and impact of duck feeding

From early September to mid-October
1986, the weight of Atriplex and Suaeda
seeds more than tripled, and the maximum
average weight was reached in the second
half of October. Subsequently, seed
weights declined (Fig. I1).

The highest standing seed stock was
found on the marsh north of the Reme
barrage, followed by the marsh to the
south, and the southern Ballum Foreshore
(Table 6). Seed crops of grasses and other
dicotyledons were negligible, and the
Salicornia zones were, according to map-
pings, little used by the ducks.

The results of the exclosure experiments
in 1985 and 1986 are shown in Figs. 12 and
13, respectively. In the marsh south of the
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Table 6. Standing seed biomuass of Suaeda maritima und Atriplex litoralis an four salt marsh sections along the

Romo barrage and Ballum Foreshore, 1-10 October 1986, Mean seed weight of Suaeda and Airiplex was
0.0015 g dwt and 0.0017 g dwt, respectively, and mean number of seeds per plant 77.2 and 121.7, respectively

{no significant differences between ureus).

Romo barrage Narth

Romo barrage South

Suaeda Atriplex Swacida Atriplex
Plants/m? 928.5 4.6 38.1 204.8
Seeds/m? 71680 360 2941 24924
Sced weight (g dwi)/m’ 107.5 1.0 4.4 42.4
Seed biomass (kg dwt)/ha 1090 470

Ballum North

Ballum Sauth

Suaeda Atriplex Staeda Atriplex
Plants/m* 0.7 13.7 362.2 T3
Seeds/m? 54 1667 27962 888
Seed weight (g dwi)/m’ 0.08 2.8 419 1.5
Seed biomass (ke dwt)/ha 19 434

150 1
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Fig. 12, Development in seed nim-
bers per Atriplex plant {individu-
ally marked) within exclosures
and duck visited plots in the
southern marsh along the Romo
barrage during autumn 1985, Bars
show 25% confidence limits, Be-
fow is shown the cunudative mum-
bher of duck droppings counted
within permanent plots in the
same marsh,
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Rome barrage, for Atriplex seeds outside
the exclosures, the reduction (representing
the natural seed fall and seeds swept away
during flooding) was 52% from carly Sep-
tember to late QOctober in both years. In
other words, ducks consumed about half
the standing seed stock accessible. In 1985,
the Atriplex seed stock was depleted by the
ducks in mid-October, while in 1986 this
did not happen until early November. The
dropping counts in 1985 showed that the
substantial decline in seed stock was cor-
related to duck utilisation (Fig. 12). Flood-
ing of the marshes and associated wave ac-
tion was another major contributor to seed
removal. After a period of fiooding, a rim
of seeds could be found along the barrage
and the Ballum dykes. In the northern
marsh dominated by Suageda, the same pat-
tern of seed removal was observed. From

early September to early November 1986
the number of seeds per plant in the sample
plots was reduced by 92%, and in the ex-
closures by 58%. Thus, the ducks con-
sumed about 40% of the seed stock avail-
able, and the rest either fell off or was swept
away during flooding. It is unknown to
what extent the ducks fed on the seeds that
had fallen off, but observations indicate
that most ducks were picking seeds from
the plants.

On the southern Ballum Foreshore seeds
were counted on Suaeda plants on 2 Oc-
tober and 6 November 1986. Over that per-
iod, the average number of seeds per plant
declined from 82.3 to 41.5, equivalent to a
50% reduction. This is comparable to the
exclosure plots in the marsh north of the
Reme barrage, indicating that there had
been no significant duck grazing.

LA Nerthern marsh
% ] l___l____l 1986
.
o i i ,
Fig. 13. Development in seed nuni-
bers for Suaeda and Arriplex Alriplex  liforalis
planis within exclosures and duck Southern marsh
visited plots in the inarshes north l 106
and south of the Rome barrage 2001 - __l_
during autimn 1986, Bars show I
25% confidence limits. B +
I ™~
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M
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Impact of seed stock on foraging

The decreasing seed stock had a significant
effect on duck foraging. This was demon-
strated by the foraging parameters, walking
speed and pecking rate, deployed by Wige-
on feeding on Arriplex (Fig. 14). Unfortu-
nately, it was not possible to relate the fee-
ding parameters directly to seed density.
However, as the curves in Fig. 13 show, date
gives an approximate indication of density.

Walking speed was highly affected by the
decreasing seed stock. In the start of the
salt marsh feeding period the Wigeon lay
down in the vegetation, stripping the seeds
off the plants in the immediate surround-
ings. Later on in the season the ducks had
to move continuously while feeding. At
first, the ducks could compensate for
decreasing seed density by walking faster,
and pecking speed was not affected.
However, by 6 November pecking speed
had also decreased. This was the last date
on which the ducks were seen feeding in the
marshes.
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Iig. M. beeding purameters of Wigeon feeding on
Atriplex seeds in the marsh south of the Romuo bar-
rage, autunm 1986, Walking speed expressed as the
time it took to make 10 steps, pecking speed as the
time it took to make 10 pecks. Bars show 95% confi-
dence limits.
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Effect of shooting

The hunting practice and its effect on wild-
fowl utilisation of the Ballum Foreshore is
dealt with in detail by LAURSEN, FRIKKE &
BOGEBIERG (unpublished). They indicate
that despite the lact that shooting closes
1 1/2 hrs after sunset (in November-De-
cember | hr after sunset), the ducks do not
visit the marshes at night to any significant
extent. Only in the outer marsh zones were
duck droppings found at fair densities, but
even then only infrequently over the au-
tumn, and never at densities comparable to
those found in the marshes along the Reme
barrage. Flocks of ducks were also only
heard infrequently at night. These findings
are supported by the seed counts in the Bal-
lum marshes, which gave no indication of
duck exploitation,

Apparently, despite the night-time being
peaceful, the ducks did not feel safe enough
1o fly into the marshes when there was
shooting during the preceding dusk. This
has also been demonstrated by JAKOBSEN
{1986), who made counts of dabbling ducks
at night in the Skallingen salt marshes in
the northern part of the Danish Wadden
Sea. On nights when shooting had not oc-
curred during the previous dusk, the num-
ber of ducks in the marshes was six times
higher than compared to nights when there
had been shooting during the previous
evening,

Conclusions

The Danish Wadden Sea is situated in the
migratory tract of the northwest European
population of Wigeon numbering around
750,000 birds (RUGER et al. 1986) and of
the Siberian population of Dark-bellied
Brent Goose numbering 150,000-200,000
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birds (IWRB GOOSE RESEARCH
GROUP unpubl.). The number of wild-
fowl, that can be counted at any one time in
autumn, does not give a realistic picture of
the total numbers passing through and
making use of the food resources during
autumn. Indeed, the turnover rate of birds
is probably high. For the Northfriesian
Wadden Sea just south of the Danish part,
ProkoscH (1984) found that the maxi-
mum staging period of Brent Geese was
four weeks. Thus, over the autumn season
probably double, or more, of the peak
numbers present at a given time stay for a
shorter or a longer period.

Within the study area, a temporal se-
quence of habitat shifts by wildfowl could
be ascertained (Fig. 15). Wigeon first fre-
quented the tidal mudfiats, then the salt
marshes, and finally the hinterland
pastures. Brent Geese stayed on the mud-
flats throughout autumn 1986, but in 1985
part of the staging population shifted to
the salt marshes. In Fig. 15, the arrows indi-
cate that an unknown proportion of the
staging population is exchanged over the
5Casof.

The wildfowl exerted heavy grazing pres-
sureon the food supplies, both on the mud-
flats and on the salt marshes. By the time
the birds abandoned Koldby Leje and the
Remeo barrage marshes, the food resources

had been exhausted to an extent where
feeding efficiency was hampered, and
foraging probably no longer profitable (for
Brent Goose, see also CHARMAN 1979),
The depletion of food supplies, in part,
presents a meaningful explanation as to
why wildfowl shift between habitats, and
ultimately leave the area.

However, shooting actively modified
movement patterns. On the mudflats hunt-
ing was a disturbing activity, displacing the
ducks and geese to areas where food sup-
plies were quickly depleted, such that feed-
ing efficiency of the birds quickly
decreased. Evenif the birds were allowed to
feed undisturbed at night, this was prob-
ably not sufficient to fulfil their energy de-
mands. Wigeon, especially, were affected
because they were dependent on above-
ground parts of Zostera, whereas Brent
Geese could cope better because they were
able to switch to below-ground parts.
However, in 1986, both the major part of
the protected Brent Geese and the hunted
Wigeon left the mudflats before the
resources were exhausted, and this is inter-
preted to be a result of shooting disturb-
ance. To the ’luck’ of the Brent Geese,
shooting ceased when the ducks emigrated.
The remaining geese could thus stay un-
disturbed and utilise the rest of the Zostera
supplies.

Fig. 15. A generalised outline of
the movemems between habitars
Jor Wigeon over the autumn seu-
son in the Danish Wadden Sea
Arrows indicate that an unknown
wmber moves in and out of the
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As the Zostera siock decreased, exploita-
tive competition between Wigeon and
Brent Goose was another agent forcing
particularly the Wigeon to leave. Shooting
disturbance made the interspecific compe-
tition critical at an earlier stage in autumn
than would be expected without shooting.

The Wigeon-grazing of seed in the salt
marshes coincided with seed ripening.
However, this time period also coincided
with the time when shooting disturbance
on the mudflais became critical, with the
result that the ducks migrated from there.
Thus, it cannot be said conclusively
whether the ducks actually timed their

Dansk resumé

flight to sced ripening, or whether shooting
modified their movements, A combination
of the two factors is feasible. Shooting in
the Ballum Foreshore prevented the ducks
from using those marshes in the day-time,
and night-time feeding was not prevalent
either. When lood resources along the pro-
tected Rome barrage were depleted, the
majority of the ducks were thus forced 1o
leave the area. The remaining ducks only
fed at night and in other areas. Thus, shoot-
ing affected the activity of the ducks and
also prevented them from using potential
resources. In consequence, the ducks had
to leave the area prematurely.

Fodeakologi hos plantecedende andefugle i Vadehavet om efterdret, og fo-
demeengdens og jagtens effekt pa flokkenes treek.

Den sydlige del af det danske Vadehav {Fig. 1)er
en vigtig efterdrsrasteplads for store flokke af
svommexender og knortegaes. | september-ok-
tober forckommer op til 6,000 knortegics og
8.000 pibewender pd vadefladerne ved Koldby
Leje, Jordsand Flak (Fig. 2), hvor de afgresser
en stor banke af alegrees; senere i oktober-
november opholder op til 15.000 pibeaznder og
3.500 krikender sig ved Romedzmningen (Fig.
9}, hvor de tager ro al marskplanterne.

Formadlet med dette arbejde har veeret at be-
skrive forekomsten af andefugle og undersege
deres skologi under opholdet i Vadehavet. Det
centrale spergsmal var: hvad betinger antallet af
fugle i omradet, og hvad forarsager trazk-beve-
gelserne mellern delomraderne? | hvor hej grad
udnytter fuglene lederessourcerne, og har jap-
ten, der drives p vadeflader og forlande, en for-
styrrende effekt, sa fuglene ma trickke bort, in-
den foden er brugt op?

Ved Koldby Leje kan andefuglene kun ni ale-
grazsset fra ca. 3 timer for til 3 timer efter lav-
vande. Ved lavvande i dagtimerne fouragerer
fuglene nzsten uden ophold (Fig. 3a). Ved

28

hjeelp af en lysforstzerkende kikkert blev det
pavist, at fourageringen ogsi pigir om natten
(Fig. 3b); pibeenderne fouragerer med samme
intensitet som om dagen, mens knortegxssene
afbryder fourageringen midt i tavvandsperio-
den. Pd det 138 ha store dlegrazsbed, der
primiert bestar af dveergdlegrics (Zostera nol-
{1}, stir der i september ca. 39 tons overjordisk
biomasse {tarvaegt). 1 lobet af efteraret falder
den overjordiske biomasse drastisk (Fig. 5), sa
der i december kun star omkring 1 ton tilbage
(3%}. Andefuglene konsumerer mellem 26 og
35 tons i lobet af efterarel, svarende til 66-91%
af den maksimale biomasse, eller 33-45% af
arets produktion. Den evrige reduktion skyldes
naturligt henfald og planter, som knakkes af
bolgeslag. Ogsd den underjordiske biomasse afl
Alegrmssel tages af fuglene og specielt af knor-
tegaessene som »ntramper« rodder og jordstaeng-
ler frem af sedimentet. Ved smsonens slutning
var der 48% mere biomasse i ugraessede end i
gressede felter (Fig. 5). Den faldende fade-
mangde reducerer andefuglenes effektivitet un-
der fodesegning (Tabel 1). P4 grund af den fal-
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dende fedemwengde stiger fodekonkurrencen
mellem knortegassene og pibemnderne. Knor-
tegassene klarer sig tilsyneladende bedst, idet
de gradvist skifter over til at tage rodder og jord-
staengler af dlegraesset, mens pibezenderne, der
udelukkende tager bladene, nodsages til at
fortade omradet.

1 1985 blev der kun drevet jagt pa vadernei fa
dage; i 1986 steg jagtintensiteten imidlertid
kraftigt (Fig. 7). Den ogede jagt forringede
fuglenes muligheder for at sege fode (Fig. 8). PA
dage uden jagt fordelte andefuglene sig jeevnt
over dlegrazsbeddet, PA dage med jeegere for-
treengtes fuglene til den sydlige zone, der er en
del af Jordsand reservat med jagtforbud. Her
blev dlegraesset nedgraesset i lobet af kort tid, og
i midten af oktober var der kun alegtaes tilbage
i jagtzonen. PA dage uden jagere fouragerede
fuglene, men pa dage med jecgere fortrangtes de
igen til den fredede zone, hvor dlegrasset alle-
rede var nedgresset. Om natten fouragerede
fuglene i jagizonen. 1 1986 forlod mnderne
Koldby Leje tidligere end i 1985, hvilket kunne
have vieret forarsaget af, at fuglene ikke kunne
fa dakket deres fedebehov pga. den jagtlige for-
styrrelse pa Alegriesbeddet i dagtimerne. Ogsa
antallet af knortegies, der er jagtfredede, blev
reduceret. Jagten opherte imidlertid, da xn-
derne fortrak, og knortegiessene kunne siledes
gd uforstyrrede pd det resterende alegraesbed
resten af efterdret 1986.

P4 Remedxzmningens forland fouragerer
anderne is®r i timerne omkring hejvande (Fig.

PeakMe HA PYCCKOM AJINKE:

10). Deres forekomst pa forlandet i oktober er
sammenfaldende med fremodningen hos
fedeplanterne Strandgisefod (Swaeda mariti-
ma) og Strandmeelde (Atriplex litoralis) (Fig.
I1). 1 begyndelsen af oktober 1986 var der en
frosectning pd op til | tons tervaegt pr. ha. Op-
tzling af fre pa hiw. planter, der blev afgraesset
af enderne, og pad planter, der var indhegnede,
viste at 2enderne i labet af oktober konsumerede
omkring halvdelen af fresaetningen. Resten blev
tabt naturligt eller skyllet bort ved oversvom-
melse af forlandet. 1 1985 var naesten alle fra
forsvundet i midten af okiober, i 1986 farst i be-
gyndelsen af november (Fig. 12 og 13). PA
samme tid opherte @nderne med at ga pi for-
landet. Hovedparten trak bort, mens den
resterende del dagrastede pd vaden ud for
forlandet. De fouragerede udelukkende om nat-
ten, enten i landet bag digerne eller pA Ballum
Forland. P4 grund af jagt kunne @nderne ikke
fouragere frit pA Ballum Forland om dagen, og
pa trods af stor fresaxtning viste optallinger af
ande-ekskrementer, at forlandet kun blev benyt-
tet ekstensivi om natien.

Det konkluderes, at antallet af andefuglei det
sydlige Vadehav er reguleret af fedemzngden,
og at trickket mellem delomrdder og i sidste
ende sydpa til overvintringsomraderne fordr-
sages af de svindende ressourcer. Jagten bevir-
ker, at fuglene ikke kan udnytte ressourcerne
maksimalt, men ma traekke bort tidligere end
nadvendigt.

OKONOrMA NMUTAHMA TPABOAOHWX FTHHHX Ha RATCKHX MOPCKHMX OTMEeNAX OCeHbLm, M shderT

HANKYHOTO KOMUYECTBA MMM M OXOTH HA NepeneTh crali.

DxHAA YACTH HNATCHMX MODCHUX oTmenell
{Our. I) CRyEMT BAXHKM MECTOM OCeHHero
npusana nne donsmux cTalf BonmonmaBawmux
FTOK ¥ Kadapok. B ceHrAlpe-oxTAGpe no
6,000 kaaapox ¥ B,000 ciuAaeli scTpevyawTCR
Ha npocTpancTBax oTuenell y Honnon flelfte u
wenn Mopnaaun ®nax (dur. 2), roe oHH
¢cTpeBAKPAnNT ofmupuyk GaHky ¢ BonaHoll
Tpasofi, & noanHee B OKTAGpPE M HOAGpe

a0 I5.000 ceunaelt u 3.500 uMpKOB=-CBit=
STYHKOB 0ONTANT ¥ OAOTHHM K 0CTpOBY Peud

{Pur. 9), roe OHW MMUOAKNT 3IEpHR pactenni
Ha TOMM.

{lenew HacToOAmero Tpyna OO0 ONUCEBTD
MECTOHAXOXNEHKA YTHHHX ¥ HCCAeNOBATE MX
IKONOTMKW RO BpemA npeluBAHWUA HA MOPCKHX
oTuenax. LlewrpansHHu Bonmpocow $Wno: OT
Yero 3ABMCUMT UMCAEHHOGCTH NTHL B ITOW
palioHe, ¥ UTO BWIWOMBAET MX NepeneTH U3
onHoro nonpaliona B ppyrofi? Ho kakoll cre-
NeHM UCHONLIYWT NTHUM DECcYPSH NUER, H
OKAJINBAET-NTH BeNYRAACH HA MEenKOBOOHMX

29
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npocTpPaHCTREX M Geperax oxora Kexoli-nu-
6yns Hapymawuné noxol apdexr, dsacrasaa-
pouit nTUL ynetraTh, He ycoes noTpeluTh
BCH numy?

¥ HonwGu Jleie yTuHHe MOryT HOCTATH
BOOAHYW TPABY TONBKO OT npudn. 3 uacon
no oTaMpa no npufn. 3 yacos nocne Hero.
Bo Bpema oTnMBa OHew NTUUN HYPAXHPFRT
nouTH Henpepusko {(¢ur. 3a). Npn nowomu
cBETOIDNEHTHBHOrO OMHOKAA GHAO BHACHEHO,
4TO GypaxupoBEHME TEKXE NPOUCXOLMT HOUBK
(Pur. 3b); counam fypanpyrt TAK-Xe HH~
TEHCHEHO, KAH AHEM, MEXIEY TEM KAK KaJApKU
NpepuaanT QypaxXWpobaHne B cCepenuMHe nepH-
ona otnuea. Ha ofpocmes BonAHoil Tpapol
npocTpadcTee B I38 re, rnasHus olpasou
noxpuTOM Wenkoif TpaBoli Zosbera noltii,
B CEeHTAGpe uMeeTcA Npuén. 3Y TOHH Haadeum-—

Holf Guomaccu (nmo cyxoumy Becyl. B Teuenme
OCEHA KOMUYECTBO HAnlemHol OHOMACCH pPE3IKC
nouuxaercAa (fur. 5}, TEK uTO B mexkalpe
ocTaeTcA TORBKO oxono I TouHw (3%}. B re-
yeHue OcCeHW yTUHWe noTpelnaAwT oT 26 po 35
TOHH, 4YTO COOTBETCTBYeT 66 - 9I% makcuuanb-
HOIC KONHYECTBR CuWoMABCCH uaw 33 - 45% rono-
poil npopyxuuMy. OcTanbHoe NOHMXEHME KONH-
yecTREa OCBRACHAETCHA ECTECTBEHHWM pacnagou

# nonounoll pactenuii Bonuwamu. [lopseunan
SuouAcca HI TPEBH TAKXE NOTPEGRAETCRA NTH-
uauMy, B OCOGEHHOCTN KAJapKauy, "BHTANTH-
Bawmuuu" U3 OTCTOA KOPHM M NONJEMHNE va-
CTH cTefensxoB. B KoHUe ce30HE HA HecTpab-
JeHHHX nYvIaun yuacTHax Suno HA 4B% Gonbue
Suouaccs, uYeM Ha cTpapReHHMX {(dur. 5).
YueHnuawmeecy KOAMUECTBO NUEM NOHHXZeT 3=
dexTubHOCTL Rouckor el yruHuumu (Tadn. I,
W CODEeBHOBEHME MEXLY KASAPKANM M CBHUSIRMH
ofocTpreTed. Hak xaxeTcm, HE3ApKM Ayume
NpUCHOCOCRRKTCA K ITOMY, MOCTENEHHO Repe-
X0N HA MUTAHUE KOPHAMU M [TOAISMHMMM Ha-
CTAMM cTedenbioP BOLAHOWH TpaBH, MeXIy TeM
KAK CBUA3IM, NMUTEWOHECA TONLKO JTUCTHKAME,
APHHYXRAKTCA OCTABMThL NAHHWH paiton.

B I9B5 r. HEB MEeNKOBORHMX NPOCTPAHCTRAX
Suno TONEKC HeMHOro nHell OXOTH; 38TO WH~
TEHCKBHOCTEL OXOTH B IOBO r. cunpio NOBK-
cunace {dur. 7). Gonee MHTeHCHBHaAR oXo0Ta
YXyamaeT BOIMOXHOCTH MOMUCKA MTMOM NTHUAMA
{¢ur. 8). B nun Ged oXoTH, YTHHHE DPABHO-
MEDHO DPACAPEAENRANCE MO BCEMY YHBCTKY ©
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ponAMcii TpaBofi, B B NHM ¢ OXOTHUKAMM NTH-
U BHTECHANNCD: B KXHEA yYacTOK, COCTAR-
nawomu# uecTh MOpNDAHACKOr® DGNOBEIHMKA,
rAe OXOTE JalpemeHa. 3Oech BONAHEA TpaBa
ONRA CTPEBHEHA B TEUYEHWE KPBTHOrO BRedMeHM,
M B cepenutie OKTAOPA ccTANAChL BOOAHAERA
TpaBa TOABKO B 20He OXOTHW. B nHu Ged oxor-
HHKOB NTUUN fypaxupoBanu, HO NpH NOABAE=
HAX OXOTHHKOB CHOBA BHTECHARMCH B DOKY
JapopenHuKa, rie soasHoll TpaBu yxe He
duno. Houwrw nTruu dypaxnpoBaiy B J0He 0OXO-
TH. B 1986 rogy nruuw nowwHynum Honwou JHelie
paHpme, ued B I9B5-M, 4YTO MOrno OGHACHATE-
cA HEBOIMOXHOCTLN YAOBNETBODEHMA UX MO=
TPeSHOCTH B MUme BCNENCTBME HEPYUEHMAR MX
NOKOA HA yyacTke ¢ BonAHoll tpamoli oxoro#
RO BpeMA OHEBHOTO cBeTA. [loHMIMNACE Takxze
UMCAEHHOCTH KA3APCK, HE KOTOPKX OXOTa 238-
npemeHa. OnHaKO, O0XOTA KOHYMAACE OIHOBpe-
MEHHO ¢ OTHETOM YTOK,
no koHua ocenu I986 r. wornu cnokoluo
HenonbacbhaTk ocTaBuMilcA yuacTok ¢ BoaRHol
Tpaboi.

Ta&KX YTO KB8JISDKM

Ha npufpexHou yuacTKe nNepes nnoThnHoli k
ocTpoBy PEwE yTuHnme B ocofeHHOCTH (ypaxu—
pywT B uacu okono npanuaa (Cur. I0), HMx
nopBnéHne B DTOM YUYacTHe B QKTAOpE Cob-
nanaeT ¢ CTTpeBAHMEM CEMAH CNYyXamMx MM
onaR nuuy pecTeHnll, npudpexnoli rycunoif
nanxky® (Suseda maritima) # npuGpexnoli xpa-
nube (Atriplex litoralis) (®wr. II)}. B
Hanane oxkTASpA 1986 r. wonnuecTRO HTHX
CeMAH COCTARNANG no I TOHHM cyXoro seca
Ha ra. lloncueT cemAH HA pacTeHMAX, CTPAB=-
NEHHMX Y¥THHHMM, M HA OrOPOXEHHMX pacTe=-
HHAX NOKE38RN, YTQ YTUHME B TeueHMe OKRTA-

6pRr noTpefUnN OKONO TNONOBHHN BCEX CEeumH.
OcTansHoe KOAHMYecTBO AKGO OTNANO ecTecT-
BeHHNM o0pagsos, nubo NPoONano NpH HABOO-
HEeHHAX npadpexHoro yuacTka. B 1985 r,
MOYTH BCE CeMeHA MCUE3NM B Cepeliie
OKTAGPA, 8 B I9B6~u TONLKO B HAYANE HO=
Aépa (Pur. I2 u I3). OnHoBpeMeHHO C

ITUM YTUHHE NepecTan¥ XOAWTh NO npUipex—
HOMY y4acTKY. HauGoanswans vacTe ux yneTtens,
8 OCTanbHWEe AHeM OTANXanyu Ha OTMENH nepen
npufpexHdM yuacTkom. OHM dypaxupobanmu
TONBKO HOULK, AWGO HA YHACTKAX 38 MHIOTH-
HBuM, AKGO Ha npulpexHoM yuacTke Bannyu.
IHew oOHHM BCnMENCTBME OXOTHM He MOLNM Cho-
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KolinO QypaxmpoRAaThH HA yuyacTke bannyu, M,
HEeCUMOTPA Ha u3o0WaMe COIPeBmMX B ITOM
yYacTKe CeMAH, MOACYeTH ucnpaxHeHult yrTok
HOKAIBNN, HTO BTOT YYACTOK JIKCTEHCHEHO
MCHOABAIOBANCA TORBKC HOULD.

s 9TOro caemyeT, WTO QUUCNEHHOCTE YTHU=
HMX H& WXHOH YACTH DATCHKUX MODCKHX OTME-—
nefl perynupyeTcR KoOIWMecTBOM HanuuHol
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Abstract

Madsen, J. 198%: Spring feeding ecology of Brent Geese Branta bernicla: annual
variation in salt marsh food supplies and effects of grazing on growth of vegeta-
tion, - Dan. Rev. Game Biol. 13 (7).

In the spring seasons 1986-1988 grazing by Brent Geese on salt marsh vegelation
was studied in two localities in the Danish Wadden Sea: the island Langli and the
foreshore Indvindingen. On Langti, goose grazing pressure in a Puccinellia com-
munity varied between 31 (1987) and 65 goose droppings per m* (1988) cumulated
over the spring season, equivalent to a consumption of 47 1097 g dwt per ta®. Esti-
mates ol net above-ground primary production (NAPP) of grazed Puccinellia
(from mid March to early June) varied between 54 (1987) and 114 (1988) g dwt per
m?. Weekly addition of fresh goose droppings (in the same number per area as
found in the grazed sward} to exclosed Puccinellia plots increased NAPP com-
pared to contral plots (87 vs. 28 g dwt per m?). In the grazed sward protein conient
remained high (30%) throughout spring, whereas in control plots it decreased (io
25%), Simulated grazing of Puccineflia did not change NAPP significantly com-
pared to contrel plots.

Itis concluded that Brent Geese depleted the Puccinellia food supplies, which
had bearing on goose numbers. Food supplies varied between seasons as a result
of difference in weather conditions. The geese stimulated vegelation growth by
defaccation.
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Introduction

Inspring the major part of the world popu-
lation of Dark-bellied Brent Goose Branta
bernicla bernicla is concentrated in the
Wadden Sea (EBBINGE et al. 1981,
PROKOSCH 1984, MADSEN ¢t al. in press),
building up bodily nutrient reserves, which
are vital for later reproduction on the high-
arctic Siberian breeding grounds (EBBINGE
et al. 1982, THOMAS 1983). During the
staging period, the geese feed on natural
and semi-natural salt marshes. When they
leave in late May they fly almost non-stop
to the breeding grounds. Thus, the acquisi-
tion of nutrient reserves is dependent on
the amount and quality of the spring
forage.

From the 1960s to the 1980s, the popula-
tion has increased from approximately
40,000 to 150,000-200,000 geese (IWRB
GOOSE RESEARCH GROUP, unpubil.).
It has been hypothesised, and indirectly in-
dicated by counts, that the habitat capacity
(defined as the number of geese an area can
support without detrimental effects on the
vegetation) of some of the Dutch spring
staging areas has been reached (EBBINGE
1979, EBBINGE & BOUDEWIIN 1984). Inten-
sive Dutch studies of exploitation of salt
marsh vegetation by the Brent Geese flocks
(DRENT & VAN EERDEN 1980, PrROP &
LOONEN in press) have also shown that the
geese heavily graze Plantago maritima, one

sita II

Fig. I. Langli study area. Shaded areas
represent dunes, In site | (northern
saft marsh) dropping counts and ex-
closure experiments were conducted,
whereas in site 1l f{southern salt
marsh} only dropping counts were
performed. Positions of Langli (A)
| and Indvindingen (B) are indicared on
:  inserted map.
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of their primary food plants, so leading to
depletion of local food supplies.

It is too early to evaluate possible density
dependent impacts of food limitation in
spring on reproductive output of the popu-
lation. One question is whether or not the
situation found in the Dutch Wadden Sea is
general for the rest of the spring staging
range.

The objective of this work has been (1) to
assess annual variation in spring standing
crop and productivity of salt marsh vegeta-
tion in the Danish Wadden Sea and exploi-
tation rates by Brent Geese, and (2) to ana-
lyse some mechanisms by which the forag-
ing goose flock affects the growth of vege-
tation, viz. fertilising effect of faeces and
removal of biomass by grazing.
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Study area

The study was carried out in spring over the
years 1986-1988 on the island of Langli {105
ha)in the northern part of the Danish Wad-
den Sea (Fig. 1). The soil is sandy with a
thin layer of clay in low-lying areas. The
northern and southern ends of the island
are salt marshes, approximately 50 hain to-
tal. The lower parts are dominated by Puc-
cinellia maritima, with Plantago maritima
and Artemisa maritima, and the higher

areas by Festuca rubra with Juncus gerardi.
The island is a nature reserve and since 1981
there has been no agricultural practice.
Prior to 1981, the island was used for cattle
grazing in summer for decades.

In spring 1986, a supplementary study
was carried out on Indvindingen, a 130 ha
foreshore created by land reclamation, fur-
ther south in the Danish Wadden Sea (Fig.
1). Here, the salt marsh is dominated by
Puccinellia maritima with Plantago mariti-
ma, and is subjected to grazing by cattle
from June to October.

Weather conditions

Weather conditions in spring 1986-1988
differed greatly. Meteorological data were
available from Szdden Strand meteorolo-
gical station, situated six km east of Langli.
The date for which the temperature sum
t-200 (the daily mean, positive tempera-
tures (°C) summed from 1 January) was
reached, was used as an indicator of start of
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Fig. 2. Development of daily mean, positive tempera-
ture sums (°C} from 1 Jenuary to 31 May, 1986-1988.
Dates for which 1-200 was reached are indicated ftem-
peratures registered at Scedden Strand meteorologi-
cal station six km east of Langli).
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the growing season. Fig. 2 shows that in
1986 and 1987 t-200 was reached on 23
April, and in 1988 on 18 February.

The monthly precipitation is presented
in Tab. 1. It was about normal in April and
May 1986, May 1987 and 1988, whereas
precipitation in April 1987 and 1988 was far
below normal. In all three years, and espe-
cially in 1988, precipitation in March was
above normal.

Methods

Counts of birds, including geese, are rou-
tinely made by the staff at Langli field sta-
tion. In March to May 1986-88, counts were
performed on average every second day.

To elucidate food selection, fresh goose
droppings were collected from the northern
Langli salt marsh in mid April, early May
and late May during both 1986 and 1987,
Each sample consisted of 20-30 droppings.
From a microscopical examination of
epidermal plant fragments in the drop-
pings, the frequency of component plant
species in the diet was estimated by use of a
point quadrat analysis (OWEN 19785).

The timing and intensity of goose graz-
ing in the Puccinellia zone in the northern
and southern salt marshes (sites 1 and 11,
Fig. 1) was measured by counting goose
droppings in 10 permanent circles (12.6 m?)
situated at intervals of 20 m along a tran-
sect in each marsh. In both areas the tran-
sect was placed in a homogeneous sward,
approximately 100 m from the coast. Plots
were marked with 10 cm high pegs. Once a
week in the spring seasons of 1986-88,
droppings were counted and then
squeezed, or if dry, removed, In 1987, an
additional transect was placed in the Festu-
ca zone in the northern marsh.

In spring 1987, an experiment was set up
in the Puccinellia zone in the northern
Langli salt marsh (site I, Fig. 1) to estimate
net above-ground primary production

Tab. 1. Monthly precipitation in mum, March to May
1986-1988, compared 10 normal {average for the peri-
od 1931-1960). Average values for Ribe county fbased
on momhly reparis from the National Meteorologi-
cal Instituie).

Normal 1986 1987 1988
March 37 63 49 1t5
April 41 40 23 23
May 42 50 51 45

(NAPP) in a) grazed, b} ungrazed, and ¢}
ungrazed vegetation with fresh goose drop-
pings added.

NAPP of vegetation ungrazed by geese
(ie. b and c¢) was estimated by use of ex-
closures. On 24 March, before the geese
started visiting the salt marsh, four 3 m? ex-
closures were established at approximately
30 m intervals along a line in a visually
homogeneous Puccinellic sward. Ex-
closures were constructed of stakes (height
40 cm above-ground) connected with
strings at two heights. Geese grazed freely
immedialely outside the exclosures. Two
exclosures were used as control plots; in the
other two, fresh droppings (produced on
the same day) were added once a week in
the same number per area as they were
counted in the permanent counting plots
visited by the geese.

Standing crop was estimated on four oc-
casions between 24 March and 6 June. On
24 March, six turfs, each of 0.06 m?, were
collected at random in the Puccinellia
zone; on the other three dates 5-6 turfs were
randomly collected outside the exclosures,
and 2-3 turfs inside each exclosure. In the
laboratory, the vegetation was clipped at
the soil surface, washed, separated into live
and dead material, and into component
species. Samples were dried at 80°C for 24
hours, cooled in an exicator, and then
weighed.
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NAPP of vegetation ungrazed by geese
(b and c) was estimated by adding all incre-
ments in biomass over the spring season,
excluding the standing crop at the first
sample date, which was regarded as
production of the previous growing season.

NAPP of vegetation grazed by geese (a)
was estimated by the amount of vegetation
consumed by the geese:

NAPP = C + xf-xj,

where C is the forage consumed, xi the bio-
mass present at the start of the season, and
xf the biomass remaining after the depar-
ture of the geese (CARGILL & JEFFERIES
1984). C was calculated from the cumu-
lated amount of droppings in the perma-
nent counting plots and the retention rates
of the food plants after gut passage. Reten-
tion rates were measured using ash content
(after removal of silica fraction) and lignin
as food components not digested (DRENT
et al. 1978). Fresh droppings and samples
of live vegetation were collected in mid
April and early May.

To achieve an estimate of annual differ-
ences in NAPP, dropping counts were
repeated in 1988 together with vegetation
sampling in the grazed zone before and
after the geese had visited the island (16
March and 31 May, respectively).

Live biomass from the vegetation
samples were submitted to triplicate analy-
sis of total nitrogen content (Kjeldahl tech-

Results

Goose numbers

The first Dark-bellied Brent Geese arrived
at Langli from early to mid March, and
numbers peaked around the end of April
(Fig. 3). In 1988 the geese arrived about 10
days earlier than in 1986 and 1987.

As it appears from Fig. 3, the number of
geese on the island was not constant over
the staging period. Part of the flock some-

nique) at the Central Laboratory, Animal
Science Institute, Foulum, Denmark.
Crude protein content was calculated by
multiplying per cent nitrogen content by a
factor of 6.25.

In 1986, an experiment similar to that
performed at Langli in 1987 was set up in
the Puccinellia zone at Indvindingen.
However, due to displacement of the geese
by a Goshawk Accipiter gentilis (MADSEN
1988), the salt marsh remained ungrazed
during April and May and the experiment
had to be abandoned. To achieve an esti-
mate of the effect of pure mechanical
removal of biomass on NAPP, NAPP of
vegetation in two exclosures (3 X3 m?), un-
grazed by geese, was compared to NAPP of
vegetation in six plots of 0.059 m* each,
where simulated grazing was performed by
clipping. From 24 March to 6 June, samples
of standing crop were randomly collected
in the exclosures seven times, and the six
plots were clipped six times. On each occa-
sion, vegetation was clipped to a height of |
cm above ground surface. On 6 June, the
turfs in the plots were collected. NAPP in
the clipped plots was estimated by summa-
tion of the biomass clipped and the stand-
ing crop on 6 June, subtracting an estimate
of biomass at the beginning of the season.
Average standing crop in the control plots
in March was used as estimate of biomass
at the start.

times flew to adjacent feeding grounds
(Skallingen and northern Fane, MADSEN et
al. in press). From mid May the geese began
their migration from the island, and by the
turn of the month there were only a few in-
dividuals remaining.

In 1986-1988, the peak number of Brent
Geese recorded was 1,650 (1986), and the
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Fig. 3. Number of Dark-bellied Brent Geese on Langli, spring 1986-1988, expressed as mean number in interna-

tional 5-day periods.

total number of goose-days spent on Langli
varied between 39,100 {1987) and 56,000
(1988) (Tab. 2). The variation in number of
goose-days was not only related to differ-
ences in the peak number of geese, but also
to the irregularity in numbers staging at the
island. In general, there were fewer geese on
the island in 1987 compared to 1986 and
1988.

Selection of feeding zones and food

Throughout their stay on Langli the Brent
Geese foraged in the Puccinellia marsh
zone (Fig. 4). In 1987, there was a positive
correlation between the weekly dropping

deposition in the Puccinellia and Festuca
marsh zones (r=0.923, n=11, P<0.01), in-
dicating that there was no difference in tim-
ing of use of the two zones. Grazing pres-
sure, as determined from cumulated drop-
ping density, was highest in the Puccinellia
zone, viz. 31 droppings per m? vs. 17 in the
Festuca zone,

Puccinellia was the staple part of the
goose diet from arrival to departure, the
frequency varying between 49 and 72%
with an average of 65%, and without any
apparent seasonal trend. Festuca was the
second-most frequent component species
constituting on average 28% of the diet.
Plantago maritima made up on average 6%
of the diet and did not display any trend.

Tab. 2. Brent Goose numbers in spring 1986-1988 and grazing pressure in Puccinellia marsh zones on Langli,
expressed as the cumulated number af droppings counted in permanent plots.

Cumulative no. of

Year Goose-days Peak number goose droppings per m?

N marsh S marsh
1986 54,200 1,650 57 50
1987 319,100 1,266 n 30
1988 56,000 1,385 65 46
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Fig. 4. Grazing pressure exerled by Brent geese in the
Puccinellia zone of the northern sait marsh on Langli,
spring 1986-1988, expressed as dropping densities.

Grazing pressure and NAPP in
grazed vegetation

In 1986 and 1987, there was a significant
positive correlation between the intensity
in use of the Puccinellia zone in the north-
ern Langli marsh and the number of goose-

days on the island (Fig. 5). In 1988 there
was no such relationship; in March and
April the dropping deposition was lower
than expected, but in May it was higher.
The reason for this remains obscure, but in
1988 there was (unlike the previous two
years) an occupied Red Fox Vulpes vulpes
den close to the marsh, and foxes may have
caused disturbance (carcasses of geese
taken by foxes were actually found).

Between seasons, the cumulated drop-
ping density varied from 31 (1987) to 65
(1988) per m? (Tab. 2). In all three years the
highest densities were found in the north-
ern marsh, but the seasonal variation was
similar for both marshes.

The retention rate of ingested vegetation
increased from April to May (Tab. 3). To
calculate the total consumption of vegeta-
tion over the spring season, the retention
rate found in early April has been used for
the period from early March to 20 April,
and the retention rate found in mid May for
the rest of the staging period. On the basis
of datain Tab. 2 and 3, the grazing pressure,
expressed as amount of vegetation con-
sumed, can be calculated to vary between
47 (1987) and 97 (1988) g dwt per m*.

NAPP in grazed vegetation, estimated as
the integral of consumption, showed a high
degree of variation between seasons, being
highest in 1988 and lowest in 1987 (Tab. 4).
Based on this estimate, the geese consumed
between 85 and 87% of the NAPP of Puc-
cinellia.

Effect of droppings on vegetation

The experiment in the Puccinellia zone in
the northern Langli marsh in 1987 revealed

Tab. 3. Estimates of amount of Puccinellia feaves ingested per Brent Goaose dropping in early April and mid

May.

early April mid May
Weight of dropping (g dwt) 1.01 {(n=102) 1.05 (n=82})
Retention rate (%) 25 32
Vegetation ingested per dropping (g dwt) .35 1.54
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that fresh goose droppings had a signifi-
cant stimulating effect on NAPP (Fig. 6A).
In late May, there was nearly three times
more live standing crop in exclosures with
droppings added compared to control ex-
closures (Student t-test, t=4.26, P <0.01).
In the grazed sward the standing crop re-

mained below 8 g dwt per m* throughout
spring.

In March, there was 0.16 g dwt dead bio-
mass per m? in the sward. In the grazed
sward and in control exclosures, the dead
biomass varied between 0.44 and 0.83 g dwt
per m?in April and May (no significant de-

Tab. 4. Estimates of net above-ground primary production (NAPP) of Puccinellia in the northern Langli salt
marsh [986-1988, on basis af goose consumpiion of vegetation, biomass before arrival (x;) and biomass after
depariure ixp af the geese. For 1986, biomass values have been calculated as a mean of 1987 and 1988, Stan-

dard deviation of the mean is given in brackets.

Yeur Live biomass {g/m?*} Dead biomass Xf-Xj Consump- NAPP
lion
Xj Xf X Xp (live+dead)  {g/m?) (g/m?)
1986 - - - - (12.57) 85.9 (98.5)
1987 138 10.36 0.16 0.74 7.56 46.6 54,2
(3.13) (6.80) (0.11) (0.54)
1988 9.08 26.12 0.09 0.63 17.58 96.6 114.3
{3.12) 9.12) (0.04) (0.28)

10
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velopment); in exclosures with droppings
added the dead biomass increased from
0.66 g dwt per m? in April to 3.70 g in late
May (t=3.24, P <0.05).

NAPP calculated as the positive incre-
ment in biomass from late March to late
May was 27.7 g dwt per m? in control ex-
closures, and 87.2 g dwt per m? in ex-
closures with droppings added (3.2 x con-
trol).

Protein levels in grazed Puccinellia were
constant throughout spring (Fig. 6B). In
ungrazed vegetation, the protein content
peaked in mid April and then decreased.
The rate of decrease was highest in the vege-
tation where droppings had been added.

Effect of simulated grazing

The results of the clipping experiment on
Indvindingen in 1986 are summarised in
Tab. 5. The estimate of NAPP is based on
data from seven sampling dates. Although
there was a tendency for higher biomass
and NAPP in control plots compared to
clipped plots in June, the difference in
standing crop was not significant (t=1.847,
P >0.05). The NAPP estimates from Ind-
vindingen are about doubie that for the
grazed marsh on Langli (compare Tab. 4).
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Fig. 6. Development in live standing crop (A) and pro-
tein content (B) of Puccinellia in the northern salt
marsh on Langli, spring 1987, shown for grazed
sward, control exclosures, and exclosures with fresh
goose droppings added, respectively. Bars indicate
standard deviation,

Tab. 5. Effects of simulated grazing by clipping on biomass and net above-ground primary production {NAPP}
of Puccinellia, Indvindingen 1986. Standard deviation of the mean is given in brackets.

24 March 6 June March-June
Biomass {g/m’) Biomass (g/m’) NAPP (g/m?)
live dead live dead
Control plots 7.58 0.53 221.76 5.56 221.4
(2.62) 0.17) (47.03) {2.58)
Clipped plots | - - 188.20 3.83 184.6
{18.41) (1.66)

Note I: including material clipped off during the period.

11
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Discussion

The results of this study show that Brent
Geese removed a substantial proportion of
the spring net above-ground primary
production of the Puccinelfia sward on
Langli. Furthermore, the results indicate
that there was a large seasonal variation in
food supplies caused by differences in
spring weather conditions. Thus in the ear-
ly spring of 1988, geese arrived earlier, and
the number of goose-days, the grazing pres-
sure and NAPP were higher than in 1986
and 1987. The data suggest that variationin
available food supplies was responsible for
seasonal variation in grazing intensity and
number of geese on Langli.

According to EBBINGE (1979), Brent
Geese start putting on weight from early to
mid April and maintain a weight increase
rate of approximately 10 g per day uatil
departure at the end of May. In mid April
1987, growth of Puccinellia on Langli had
hardly started, and so food may have been
in short supply. This suggests that in late
spring seasons such as in 1987 the amount
of food in the natural habitat can be critical
for acquisition of adequate nutrient
reserves for the subsequent nesting season.

In the present study, goose droppings
significantly enhanced NAPP of Puccinel-
lia (by 215%), and the effect was so im-
mediate that the geese benefitted from the
increased growth within the same spring
season.

Stimulation of vegetation productivity
by grazing herbivores has been reported
from other studies (MCNAUGHTON 1976,
CARGILL & JEFFERIES 1984}, and in some
recent studies the underlying mechanisms
have been analysed.

Two studies have demonstrated a fertilis-
ing effect of goose droppings on vegetation
growth. BALKENKOL et al. (1984) reported
that addition of goose droppings to
meadow vegetation in early spring en-

12

hanced standing crop at harvest in summer.
The most comprehensive study has been
done by BAZELY & JEFFERIES (1985) who
demonstrated that growth of salt marsh
vegetation in sub-arctic Canada was highly
stimulated by droppings from grazing
Snow Geese Anser caerulescens. In a previ-
ous study, CARGILL & JEFFERIES (1984)
had found that in swards of Carex sub-
spathacea and Puccinellia phryganodes
goose grazing resulted in a 35-77% increase
in NAPP compared to ungrazed vegeta-
tion. BAZELY & JEFFERIES (1985) found
that much of the nitrogen in goose faeces
was soluble (mainly ammonia), and within
a few days following defaecation the sol-
uble nitrogen content of the droppings
declined considerably. Transport of nitro-
gen to the sediment was not quantified but
was believed to be considerable. The
authors suggested that the geese were
agents for acceleration of transfer of mo-
bile nitrogen, leading to higher productivi-
ty of the food plants.

The salt marsh under study in Canada
was nitrogen-deficient, which accounted
for the pronounced eflect of droppings on
NAPP. The same situation probably ap-
plies to the Puccinellia zone on Langli.
JENSEN et al. (1987) found that addition of
150 kg N per ha to Puccinellia maritima
communities in Danish salt marshes re-
sulted in a 42-67% increase in yield com-
pared to control plots.

Estimates of NAPP in exclosures with
addition of goose droppings, and of NAPP
in grazed Puccinellia sward should be ex-
pected to be alike, provided defaecation
was the only mechanism increasing NAPP.
The former estimate was, however, higher
than the latter {87 vs. 54 g dwt per m?). The
difference may have arisen from methodo-
logical bias or variation, but the lower
productivity in the grazed sward may also
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be interpreted as a negative effect of heavy
grazing. The clipping experiment per-
formed on Indvindingen revealed a tenden-
cy, although not significant, for decreased
standing crop and NAPP in clipped plots
compared to control plots. In other studies
it has been shown that increased cutting
frequency decreases yield (CHESTNUTT et
al. 1977, DETLING et al. 1979), and the
same may apply to the Puccinelfia marsh
which is grazed by the geese at frequent in-
tervals and kept extremely short (vegeta-
tion height less than 0.5 cm).

Turnover of plant material has not been
taken into account in the calculation of
NAPP. Decay of Puccinellia can be con-
siderable as a direct effect of goose trampl-
ing of vegetation and grazing of leaves {J.
PROP pers. comm.). Considering this, the
NAPP of the grazed sward in particular is

Dansk resumé

probably under-estimated, and the con-
sumption rates over-estimated. However,
this does not affect the general conclusion
that the geese depleted the food supplies,
Removal of biomass by grazing may, on the
other hand, have a positive effect on
NAPP. For example, KOTANEN & JEFFER-
IES (1987) found that shoots of Carex sub-
spathacea grazed by Snow Geese produced
more leaves than ungrazed shoots.

From various studies it is well-known
that geese flocks grazing on the spring
growth of vegetation can keep the forage
plants in a state with high nitrogen content
and low content of structural cell wall com-
ponents (HARWOOD 1977, PRINS et al.
1980, YDENBERG & PRINS 1981, CARGILL
& JEFFERIES 1984, MADSEN & MORTEN-
SEN 1987). The results of the present study
are consistent with these reports.

Fodeskologi hos knortegaes Branta bernicla om foraret: arsvariation i salt-
marskens fedemaengde og gasegrasningens effekter pa vegetationens

vaekst.

I forArssasonerne 1986-1988 blev knortegaes-
senes gresning pd saltmarsken i Vadehavet
studeret pd een Langli, suppleret med under-
sogelser pa forlandet Indvindingen (Fig. 1). Fra
midten af marts til slutningen af maj opholder
der sig op til 1.650 Merkbugede Knorteges B. b.
bernicla p& Langli (Tab. 2, Fig. 2). Antallet af
gasedage tilbragt pa een i lobet af fordret var
hajst i 1988 og lavest i 1987 (Tab. 2).

Udtrykt ved den samlede taethed al gaseek-
skrementer igennem en forarssaeson i udvalgte
felter i et plantesamfund domineret af annel-
gras Puccinellia maritima, varierede gassenes
grasningstryk mellem 31 (1987) og 65 gaseek-
skrementer pr. m? (1988) (Tab. 2).

Det er omregnet til, at geessene konsumerede
47-97 g torvaegt pr. m? (Tab. 3 og 4). Gassene
holdt vegetationen kortgraesset gennem hele
fordret. Nettoprim®rproduktionen i det
gasegraessede annelgressamfund blev fra mid-
ten af marts til begyndelsen af juni beregnet til

at variere mellem 54 (1987) og 114 (1988) g tor-
vagt pr. m? (Tab. 4).

Indhegnede felter, hvor gassene ikke kunne
graesse, blev i fordret 1987 ugentligt tilfert friske
gaseekskrementer med samme tzethed som fun-
det i felter inden for algraessede omrader. 1
forhold til indhegninger, der ikke fik tilfort eks-
krementer, blev nettoprim®rproduktionen af
annelgraes nasten tredoblet i felter med tilforsel
af ekskrementer (Fig. 6A). Proteinindholdet
forblev hajt gennem hele foraret i anneigras,
der blev afgraesset af gaessene, mens det faldt i
upraesset annelgraes (Fig. 6B).

Simuleret afgraesning ved gentagen afklip-
ning af friske skud afl annelgrees, zendrede ikke
nettoprimarproduktionen i forhold til ikke-
afklippet annelgraes (Tab. 5).

Bzereevnen af saltmarsken pa Langli vari alle
tre fordr nzesten ndet, og antallet af gaes blev
sandsynligvis reguleret af fedemangden. Ars-
variationen i vegetationens produktion syntes

13
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forarsaget af vejrforholdene, som var meget for-
skellige i forarene 1986-1988 (Tab. 1, Fig. 2).
Gassene kan fi problemer med at nd at opbygge
tilstreekkelige fedt- og proteindepoter pa krop-

FPeonMe ua PYCCKOM AJHKOT

pen i sene og terre fordr, som i 1987, Depoterne
er af afgerende betydning for, om gwssene kan
gennemfore ynglescesonen pa de nordsibiriske
ynglepladser med succes.

flumenon Jxoncrua aepvoli waszapun Branta bernicla necuoli: Tonobwe MaMeHeHMS KoxMuecTDAE

NHEH 1A CONCKHYAKOBNX NPHMOPCKNX AYrax ¥ addexTt nacTwlu rycel Me pocT pAcTUTENEBHOCTH.

B nocennux ecaonax 18986-1988 r. uayuannch
nocTeida uepHuX IKAJADOH HB HPMMOPCHKRX ny-
roxX nARe yPOBIN MOpR ¥ DATCHMX MOpCKMX
oTueaeldl ha ocrpome JIAHEINM, ¢ NONORHW=—
TeALEMM HCCRENOBAHUAMN HA npuMopckoli
nonoce Mugsunpuuren (@ur. I). C cepenunu
uapTe Mo xoifley uan na JlaHrau NAXOUATCA Ao
IG50 reunobprxux uepHux xaszapok B, b.
Bernicla {Ta6n. 2, Our. 2). Yncno ryce/
nneli, ppopoucHNEX HA OCTpPOSE B TauENUe
wecnu, Guno sucuuu b I9BB r. w0 HHIEMM D
1987 r. (Tadn, 2).

BupaxeHo ofmed AROTHOCTEN TYCHNMX
ncnpaxnedut B Teyeuuec neceHlerc celona B
wadpaliikx FUACTKAEX PACTHTEABNOCTH, D KO~
Topol npenotnanaer Tpepa Puccinellia
maritima, nurewcupuocTh macTyiu ryceld
ronedanacs sexny 3L (p E987 r.] u B5 ry-
cunux ucnpaxdennil (v 1988 r.)(Teacn. 2).
B nepecuere m3 3TOrC chAenyeT, 4TS CYCH
noepanu 47-97 r cyxoro mece a3a u° {Tadn.
Q u 4). B teyenne seell pecnu rycu copep-

=aT Tpany kopoTkod. Tlepsuunan nponyKuMA
METTO D Y4UACTRe NACTLOM rycell wa Tpane
Puceinellia no pacuyeTy ¢ cepenMiy uapra
NO NAYAHG HKHA HOnedneaTcA smexzy 5% (n
1987 r.) n 114 r cyxoro neca oa w° [Yadn.
4y,

B oropoxenHue YUACTHK, HA KOTOPUX CyoH
He MOTAM MBCTHCH, BocHod I987 r. exene-
RensN0 BOONMANGE GBEXHE CYCHHUE HCnpox-

14

enua Tol-xe MNQTHOCTEW, HOTOpPAR Guna
onpenencHa Ha yuacTkex nacTuou. llo cpan-
HENMAW ¢ OTOPOXEHHMMA YUACTKBUHK, B KOTOpHE
TyCHHUE NCHpaxHeMHA e BBONUNNCEH, DpOAYIt=
uun HeTTO TpaRd Puccinellis ma ywacTeax

© BRENERHUME UCDHPOARIEHHAMM NODMEBHACE

noutw BTpoe (Pur, 6A). Conepmanne npotes=
une B Tedenue vcell BecHM ocTABANOCE
BHCOHMM D TpADe, NG KOTORON nachuch rycm,
& NoHUXLAOCE D TpaBs, Ha koropoli onun e
nacaucy {dur. 6B).

lincTuba, cUMyNUpOBAMNAR H@CAHOKDATHMM
cprakpeitKes cbexnx noderos Tpams Pucei-
nallia, w6 MOMCHANA NPORYKLUK HETTO A0
cpaBpeliM® ¢ necpesnunoll Tpasch (Tadn. 5).

Npenen cnocoGHOCTH DHUTAHHA 1A CONOH=

HAROBUKY AYTAX OCTpOBA JlaHTAM BO BCe TPKH
pecHM OWA NMOMTH DOCTHTHYT, M UACH&HNOCTH
rycelff pEpPOATNO PECYRAMDOBAJACK NHOJMANECTNOM
nuny. {elanoch, YTO FONOBME MIMEBHOHMT
DPOAYHUNK PRCTATERBHOCTH OWAM DUIBAIM
noronoil, woTopan » pecnax I9B6-I988 r.
Sune ouehs Hecaunexodoll [Tadr. I, @ur, 2).
Y ryceli woryr BoONKRKHYTH NPOURGMH, TAK
KAK OHX NORXHK YCNeTh COQOARTL HA Tane
HocTATOYNWE DEnNAcH nporauila Taxol noan-
nell 1 ¢cyxoit seenoli, wak » I987 r. 3™
aanacud HMENT panaKNae JHAYEHHE ANA CRO-
cofitocT ryceil ycnemHo NpoBECcTH CeIOH HX
posuHoEENn D cebepno-cndupcrnx palomax
THEINOBAHAM.
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The significance of Jameson Land, East
Greenland, as a moulting and breeding area
for geese: results of censuses 1982-1984

JESPER MADSEN, DAVID BOERTMANN and CHRISTIAN EBBE MORTENSEN

(Med et dansk resumé: Betvdningen af Jameson Land, Ostgronland, som JSeldnings- og
yngleomrdde for ges: resultater af opteellinger 1982-1984)

INTRODUCTION

In connection with a planned oil expioration in
Jameson Land, East Greenland (71°N, Fig. 1),
a study of the goosc populations has been car-
ried out since 1982 as part of an environmental
baseline study (Madsen 1984). The goose stu-
dies have been carried out by the Zoological
Museum, University of Copenhagen, as con-
sultants for the Greenland Fisheries and Envi-
ronment Rescarch Institute under the Ministry
for Greenland. The aim has been 1) to evaluate
the importance of the area as a breeding and
moulting ground, 2) to investigate the ecology
and behaviour of the geese, and 3) to cvaluate
the possible effect of disturbance from drilling
operations and associated activities on the
goose populations.

From earlier reports parts of Jameson Land
are known to be breeding and moulting areas
for Barnacle Geese Branta leucopsis and Pink-
footed Geese Anser brachyrhynchus (Marris &
Ogilvie 1962, Hall 1963, Hall & Waddingham

Dansk Om, Foren. Tidsskr. (1984) 78: 121131
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1966, Marris & Webbe 1969, Ferns & Green
1975, Mecltofte 1976). The Barnacle Geese are
part of 1he East Greenland population breeding
between 78°N (north of Germania Land) (Mel-
tofte 1975) and 70°N (Scoresby Sund) (Bay
1894) and wintering in Scotland and western
Ireland. At present (1983) the population num-
bers c. 25,000 birds (Ogilvie 1983a). The Pink-
feet belong 10 the population breeding in Ice-
land and in East Greenland between 76°30'N
(Hochstetier Forland) (Meltofte ct al. 1981)
and 662N (Tugtilik-Nigertussoq) (Ray
1973). The population counts ¢. 90,000 birds
(1982) (Ogilvie 1983b). A part of the East
Greenland summer population is made up by
non-breeders undertaking a moult migration
from Iceland in the second half of June (Taylor
19533, Christensen 1967).

This paper summarizes the results of three
years censuses (1982-84) of the goose popu-
lations in Jameson Land, including three aerial
surveys of the area. Data on major phenologi-
cal events such as timing of moult and breed-

—_—
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ing are presented, and observations from other
parts of the breeding ranges of the itwo goose
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Fig. 1. Map of Nerthcast Greenland and Jceland with
the study areca framed.

Kort over Nordostgronland og Island med
undersogelsesomrddet indrammct.

species briefly reviewed. Detailed results from
the 1982 and 1983 ficld seasons have been pub-
lished (Madsen & Boertmann 1982, Madsen et
al. 1984). The results from the ecological work
and the impact study will be published elsc-
where.

STUDY AREA

Most of Jameson Land (Fig. 2) is a lowland
tundra, gradually rising from SW 1o a northern
and eastern platecau reaching 700-1000 m a.s.l.
The plateau is cut by rivers forming several
valleys, e.g. @rsted Dal and Schuckert Dal. The
western part, Heden, is flat tundra charac-
terized by many rivers, lakes and ponds. The
vegetation on the fowland tundra is mainly
dwatf scrub heath. The primary goose habitats

e : o
D KONG OSCARS
MESEr.  FJORD |
NATIONAL

PARK

Fig. 2. Map of Jameson Land. Reference arcas are
framed with dashed lines. The border of the
Northeast Greenland national park is indicated by
heavy dashed line,

Kort over Jameson Land. Referenceomrdder er
indrammet med stiplede linier. Gransen for den
nordostgronlandske nationalpark er angivel.
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are graminoid marshes and wet grasslands ad-
Jjacent 1o lakes and streams, and salt marshes
along certain coast lines (for further details see
Bay & Holt 1984).

METHODS

The field work was carried out 29 June to 3
August 1982, 29 June 10 26 August 1983 and
15 June 10 | August 1984, Two types of censu-
ses were performed:

1} Ground counts in reference areas. Popu-
lation size and productivity was assessed in
two reference arcas each year: on Heden
around Draba Sibirica Elv and in @rsted
Dal (Fig. 2). In 1983 and 1984 Orsted Dal
was visited by an English/Irish goose study
group (D. Cabot & S. Newton pers, comm.)
which performed the counts following the
1982 outlines given by Madsen & Boert-
mann (1982).

Aerial surveys. In order to get an overall
impression of the distribution and numbers
of geese, aerial surveys were carried out in
1982 (a reconnaissance flight 29-30 June),
1983 (full surveys 15-18 July and 22-25 Au-
gust) and 1984 (full survey 20-21 July). Ex-
cept from the 1982 survey, the same routes
were flown in 1983 and 1984, covering all
main water systems (lakes, rivers and coast
lines). Mid-July was chosen, as experiences
in 1982 showed that non-breeding geese
were moulting at that time and concen-
trated along rivers, lakes and coasts, and be-
cause all nests had hatched and the families
frequented the same habitats as the non-
breeders (routes and further details are
given by Madsen et al. 1984). In 1982 and
1983 the surveys were conducted with a
one-engined Cessna 206, in 1984 with a
two-engined Partinavia Observer with opti-
mal outlook. Flight speed was generally 65-
75 knots in July, while a faster speed was
used in August 1983 (80-100 knots) when
the geese had regained flight. Flight level
was c. 400 feet above ground. The surveys
were performed by two observers, and most
goose flocks were checked with 10x binocu-
lars and records kept on tape recorders.

The timing and duration of the flight feather
moult of non-breeders and breeders was recor-
ded by observation of Nocks. In 1984 a census
of the breeding geese in a 23 km? inland arca

2
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Tab. 1. Population composition of geese in the rel-
erence area in @rsted Dal, mid-July 1982-84.
Bestandssammensaning af ges | referenceomrdder i
Orsted Dal i midten af juli 1982-84,

1982 1983 1984

Anser brachyriynchus

Non-breeders Hkke-ynglende 970 387 313
Parents Foraldrefugle 0 62 12
Pulli Pyiii 0 7% 21

Branta levcopsis

Non-breeders Ikke-ynglende [184 1246 1017
Parents Foreldrefugle 448 14 98
Pulli Pulli 49 116 87

around Draba Sibirica Elv was conducted and
the fate of the nests and timing of hatching re-
corded.

RESULTS

The breeding populations

The counts in the reference areas (Tabs 1 and
2) and the aerial surveys (Fig. 3} showed that
the breeding populations are small and scat-
tered. The breeding Barnacle Geese are mainly
distributed in the northern valleys where they
breed on steep cliffs in colonies of 10-30 pairs,
and the distribution pattern is determined by
availzble nest sites (a full account on the breed-
ing in @rsted Dal will be given by Cabot and
Newton elsewhere). In addition, de Korte
(1973, 1974) and Melofie (1976) mention

Tab. 2. Population composition of geese in the ref-
erence area around Draba Sibirica Elv, mid-July
1982-84.

Bestandssammenseining af ges i referenceomrdder
omkring Draba Sibiria Elv i midten af juli 1982-84.

1982 1983 1984

Anser brachyrhynchus

Non-breeders Ikke-ynglende 1202 1167 752*
Parents Foreldrefugle 14 30 12

Pulli Pulli 19 48 60

Branta leucopsis

Non-breeders 7kke-ynglende 136 155 132

Parents Forzldrefugie 4 4] 2

Pulti Putli 5 0 1

Note: a) an additional 350 had abandoned the area due 10 hel-
icopter disturbance few days prior 1o the census.
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Fig. 3. Distribution of goosc families recorded by
aerial survey in mid-July 1984, Circles are Barnacle
Geese, filled circles Pinkfect.

Fordelingen af gdsefamilier ved fiytelling { midten af
Juli 1984. Cirkier angiver Bramges, udfyldte cirkler
Kortnabbede Gas.

small colonies around Kap Stewart and on
Fame @er in Hurry Fiord.

As evidenced by the post-hatching distri-
bution of families (Fig. 3), most Pinkfect breed
on Heden. However, some Pinkfoot families
are surcly overlooked by the aerial surveys, be-
cause the geese sometimes walk far inland; the
map thus only gives a relative distribution. In
Orsied Dal 53 nesting pairs were found in 1984
{Cabot & Newton pers. comm.}, but only five
families were counted later in July. Breeding
pairs have also been found in the Hurry Fiord
region and around Kap Stewart (de Korte
1973, 1974, Meltofic 1976, Madsen et al.
1984). Pinkfeet mostly nest along rivers with
steep banks or on small islands or lake borders.
The pairs generally nest in small colonies of 2-5
nests with 10-20 m between neighbours.

In the 2?3 km? census plot around Draba Si-

birica Elv 15 pairs nested in 1984, Only six
nests hatched (40%):; the rest were predated, in
most instances probably by Arctic Foxcs
Alopex lagopus, which were numerous in the
area (1wo dens). On one occasion cgg robbing
by an Arctic Skua Stercorarius parasiticis, on
another by a Long-tailed Skua S. longicaudus,
was observed. In both cases the predation was
causcd by the observer flushing the goose from
an uncovered nest

By the acrial survey in 1984, where the goose
families were more easily recognized duc to the
improved outlook, a total of 75 families of
Pinkfeet and 140 families of Barnacle Geesc
was obsetved. A simultaneous ground count in
@rsted Dal (Cabot & Newton pers. comm.)
showed that the aerial survey gave a reasonably
good estimate of the number of Barnacle
Goose families (acria! count: 64 familics,
ground count: 49 families; the discrepancy is
probably explained by non-breeding pairs or
failed brecders associated with the families
counted as breeders by the acrial survey). From
the refercace area around Draba Sibirica Elv it
was indicated that the acerial survey underesti-
mated the number of Pinkfootl families, ap-
proximately by 50%,

Therefore, an estimate of the size of the
breeding populations can only be iemiative.
The population of successfully breeding Barna-
cle Geese is estimated at 150-200 pairs, of
Pink-footed Geese at 150-250 pairs, in 1984. A
success rate for nests of 40% indicates that
twice that number of Pinkfoot pairs may at-
tempt to brecd. From observations in @rsted
Dal (Cabot & Newton pers. comm.), the pre-
dation rate for Barnacle Geese scems 1o be of
the same magnitude as for Pinkfeet (though the

Tab. 3. Brood sizes in different arcas and years.
Sample sizes are given in brackets.

Kuldsiorrelser i forskellige omrdder og dr. Antal kuld
er angivel { parchtes.

1982 1983 1984
Anser brachyrhynchus
Heden 2.7( 7y 2.7(25} 3.7{18)
Brsted Dal - 26(31) 3.5(06)
Mesters Vig - - 30( 4)
Branta leucopsis
Heden - 23(0 22( 9
Grsted Dal 2.0(25) 2057 2.1i42)
Mesters Vig - - 2.3(25)
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Tab. 4. The number of adult geese counted during three complete aerial surveys in 1983 and 1984,
Antallet af adulte gees tait ved tre Juldstendige flytetlinger | 1983 og 1984,

July 15-18, 1983 August 22.25, 1983 July 20-21, 1984
Locality Branta Anser Branta Anser Branta Anser
Lokalitet fewcapsis  brachyrhynchus leucopsis  brachyehynchus leucepsis  brachyrhynchus
Drsted Dal 1263 382 298 667 1115 255
Coloradodal 362 530 152 181 741 261
Schuckert Dal 34 68 24 453 273 0
Kjoveland 291 288 20 175 450 480
Fleming Fjord 392 160 96 404 262 100
Carlsberg Fjord 12 0 17 46 16) 60
Klitdal 474 0 86 116 387 46
Hurry Fjord 22 74 0 393 pii] 2
Heden North® 990 670 132 129] 398 1415
Heden Ceniral® 1511 2385 401 855 773 1480
Heden South® 493 1004 110 917 429 831
Total 644 5561 1336 5500 5009 4930

Notes: a) from Schuckert Dzl 1o Depotely {excl.), b) from Depoielv to Lollandselv {excl.), c} from Loltandsclv to Kap Stewart

predation pressure is not so much on nests as
on goslings). The breeding population of Bar-
nacle Geese is thus estimated at 300-400 pairs,
the Pinkfoot population at 300-500 pairs.
Thesc estimates are rough, and numbers may
vary between years (Tabs 1 and 2). 1984 seems
10 have been a good breeding season.

The majority of the Barnacle Goose nests
hatch from around 28 June to 5 July (range in
@rsted Dal in 1984 was 27 June to 11 July
(Cabot & Newton pers. comm.)), with the
Pinkfeet 3-7 days later. Average brood size of
Barnacle Geese was 2.0-2.3 pulli/brood (Tab.
3). Pinkfcet had bigger broods, on average
varying between 2.6 and 3.7 pullifbrood (mid-
July), with bigger broods in 1984 compared to
the previous two years.

Parents of Barnacle Geese moult from
around 20 July and regain flight in mid-August
(1983). Parents of Pinfeet moult approximately
5 days later and regain flight by 20-25 August,

The non-breeding population

The major part of the goosc population in
Jameson Land is comprised by non-brecders
summering in the area and moulting remiges
(Tabs 1 and 2). By the two complete acrial sur-
veys in July 1983 and 1984 the total adult pop-
ulation was estimated a1 11,700 and 9,950 in-
dividuals, respectively (Tab. 4), with an even
numerical distribution between the two species
and with a high dominance of non-breeders.
When ground counts and aerial counts in the
refercnce areas are compared, a pood accord-

ance between the results is apparent (Madsen
ct al. 1984). The estimated 175 and 200 suc-
cessfully breeding pairs of Barnacle and Pink-
footed Geese, respectively, comprise only 6-8%
of the population in both species,

Inside the reference arcas, the non-breeding
population of Barnacle Geese was stable
through the three census years (Tabs | and 2).
The Pinkfoot population in @rsted Dal de-
clined (Tab. 1), probably due to human dis-
turbance mainly from ground activities (in-
cluding round-ups of geese for ringing in 1984).
In the reference area around Draba Sibirica Elv
the Pinkfoot population was similar in num-
bers in 1982 and 1983 (Tab. 2). In 1984 heli-
copler operations in the area few days prior 10
the census probably displaced part of the popu-
lation,

In mid-July the non-breeding, moulting
geese were concentraled along rivers, lakes and
coast lines (Fig. 4). The Pinkfeet were mainly
distributed along the coast of Hall Bredning,
along rivers and on lakes on Heden, in Kjove-
land and in @rsted Dal and Coloradodal. The
Barnacle Geese were similarly distributed, but
were also observed in the Fleming Fjord re-
gion and in Klitdal and Schuckert Dal. Except
from the northern valleys, Jameson Land al-
most exclusively serves as a moulting area for
the Barnacle Geese,

In 1983 the mean flock size of moulting
Pinkfeet was 42.6 (range 1-240) individuals,
and of Barnacle Geese 32.1 (range 1-350) indi-
viduals,
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§880a.
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Fig. 4. Distribution of Pinkfeet and Barnacle Cicese recorded by aerial survey in mid-July 1983
Fordelingen af Bramges og Kortnebbede Ges ved flvialling i midten af jult 1983,

When the aerial survey in August 1983 was
performed, the non-brecding geese had re-
gained flight. The number of Pinkfeet was al-
most identical 1o the July number (Tab. 4),
whilst the number of Barnacle Geese had de-
clined from 6,140 10 1,340 individuals. The
geese had abandoned the moulting grounds
completely, and those remaining had dispersed
1o marshes not used during moult or to inland
tundra areas (Fig. 5), especially on western
Jameson Land, but also in @rsted Dal, Fleming
Fjord and the Hurry Fjord region. The mean
flock size of Pinkfeet had declined significantly
to 20.7 (range 2-75) individuals { x?=43.5,
df=5, P(0.001), and the flock size of Barnacle
Geese to 17.1 (range 1-150) individuals
( X*=12.0, df=4, P{0.05).

Arrival of non-breeders and timing of moult

In 1984 the field season on Heden started prior
to the arrival of the non-breeding geese. The
populations of non-breeders of both species ar-

rived on the moulting grounds between 23
Junc and 7 July (Fig. 6). The geese arrived in
small flocks, and skeins at high altitudes were
not seen at all, Mean flock size of Pinkfect ob-
served flying around in the arca was 5.0 indi-
viduals (n=81, range 1-16), of Barnacle Geese
4.0 individuals {n=26, range 1-17). Flight activ-
ity peaked 21 June to 1 July for both species
{Fig. 6).

The first Pinkfoot with shed remiges was
seen on 30 June, but on the major mouling
place in the area it was cstimated that most
geese were not in full moult until 6 July, about
one week after peak arrival (Fig. 6). Onc flock
of Barnacle Geese was in full moult on 30
June, 3-4 days afier the arrival, whereas
another flock was starting moult one week la-
ler.

The general impression from all three years
is that there is high synchronisation of moult
within flocks, bul up to one week's variation
between flocks. Generally, non-breeding Pink-
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ANSER BRACHYRHYNCHUS "\
AUSUST o),

Fig. 5. Distribution of Pinkfeet and Barnacle Geese recorded by aerial survey by the end of August 1983, Scale

as in Fig. 4.

Fordelingen af Bramges og Kortnabbede Gas ved Myieelling 1 slutningen af august 1983. Skala som i Fig 4.

feet initiate moult 5-10 July (range 29 June to
15 July) and regain flight 1-5 August (range 27
July 1o 10 August). The Barnacle Geese initiate
moult 3-7 July (range 24 June to B July) and
regain flight 26 July to | August (range 25 July
to 3 August). In a flock of Barnacle Geese kept
under observation throughout the flightless
period, the geese regained flight in 23-25 days,
which is in accordance with observations from
Svalbard (Owen & Ogilvie 1979),

DISCUSSION

The surveys have revealed that Jameson Land
is of prime importance as a moulting place as
well as a breeding area for geese in East Green-
land. In July the area houscs 20-25% of the en-
tire East Greenland population of Barnacle
Geese. From data on population dynamics ob-
tained on the wintering grounds on Islay in
Scotland (Ogilvie 1983a) and on Inishkea in
Ireland (Cabot & West 1983} it can roughly be

calculated that about 1500 pairs in the popu-
lation breed successfully each year. Jameson
Land contributes with at least 150 pairs (10%)
of the successfully breeding segment of the
population.

Moulting concentrations of Barnacle Geese
of the same size as recorded in Jameson Land
are not known from other parts of the breeding
range. In Hudson Land Hjort (1976) estimated
the population (mostly non-breeders) at 1500
Barnacle Geese (1973), and from Germania
Land and Hochstetter Forland flocks of 100-
150 and 300, respectively, have been recorded
{Meliofie 1975, Meltofte et al. 1981). The high
aumbers of moulting Barnacle Geese in Jame-
son Land in the southern part of the breeding
range, and the fact that an immigration of
non-breeding birds takes place in the second
half of June, indicates that non-breeders under-
take 2 moult migration in southerly directions.
The exact origin of the non-breeders is un-
known, and from literature there are no reports

e —

e
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Fig. 6. Arrival of non-breeding geese on the moulting
grounds on Heden, 1984, A: number of flying
Pinkfeet observed in 5-day periods; B: do. Barnacle
Geesc; C: the build-up of moulting flocks of Pinkfeet
{A.b.) and Barnacle Geese (B. 1., two localities).
Triangles indicate when most geese had shed remiges.
Ankomsten af ikke-ynglende gas pd fuldningspladser
pd Heden | 1984. A: antal flyvende Koringbbede Ges
se1 i S-dages perioder: B: do, Bramges; C:
opbygningen af fieldningsflokke af Kortnabbedr Ges
{A.b) og Bramgas (B.1). Trekaner angiver fvorndr
de flesie gies havde fwldet svingfjerenc.

of south-migrating Barnacle Geesc in June.
Meliofte (1977) noticed that the numbers of
non-breeders declined in June near colonics in
Germania Land and suggested that they moved
towards west. The immigrants to Jameson
Land may come from colonies in the southern
half of the breeding range, and thc migration
cannol be regarded as »gcnuine moult mi-
gration« (D 111 type, Salomonsen 1968), but ra-
ther as a smaller assembly of geese in a »local«

moulting center (D 11 type, Salomonsen 1968).
However, moult migration in a southerly direc-
tion is exceptional among goose populations,
which usuvally undentake a northward moult
migration {Salomonsen 1968, Owen 1980). The
only hitherto known exceptions from this rule
are small segments of German Greylag Geese
Anser anser moving west (Ogilvie 1978) and
East Siberian Brants Branta bernicla moving
southeast 10 Alaska (Palmer 1976).

The number of moulting Pinkfeet in Jame-
son Land is likewisc the highest recorded in
Northeast Greenland. Other known concen-
trations are: 1000 in Germania Land (Meliofie
1975), 3000 on Hochstetier Forland (Meltofte
¢t al. 1981), 1700 in Hudson Land (Hjori
1976), 1400 in the region between Hudson
Land and Kaong Oscars Fjord (Goodhart &
Wright 1958) and 130 on Wollaston Forland
(Rosenberg et al. 1970). With the proviso that
the information stems from different years, the
total number of moulting Pinkfeet accounted
for in East Greenland, incl. Jameson Land,
sums up to c. 12,000 geese. From data on po-
pulation dynamics (Ogilvic 1978, 1983b) the
non-breeding segment of the population is cal-
culated 10 be c. 50,000 geese. In Iceland only
2-3000 non-brecding moulting geese have been
observed (Gardarsson & Sigurdsson 1972}, and
the moult migration to East Greenland prob-
ably involves 40,000-50,000 geese. Thus only
25-30% of the moulting population is actually
accounted for in East Greenland. However, im-
mense areas in East Greenland are still unex-
plored by ornithologists.

Since 1961 goose counts have been carried
out six times in mid-July in Orsted Dal (Tab.
5). For the Barnacle Geese there is a good cor-
relation between the number in the valley and
in the entire population. In the period 1961-78
the total population increased from 14,000 to
34,000 geese, and since then the population has
declined to 25,000 in 1983 (Ogilvie 1983a).
The same trend is found in @rsted Dal. For the
Pinkfeet the development in the valley is not
correlated 1o population development. Since
1961 the 1otal population has increased from
59.000 1o 90,000 individuals in 1982 (Ogilvic
1978, 1983b), while the population in @rsted
Dal has been fluctuating without significant
trends. The Pinkfeet are extremely sensitive 10
human disturbance on the breeding and mouht-
ing grounds (Meliofic 1975, Meltofic et al.
1981, Madsen 1984), and the mere passage by
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Flock of moulting Pink-footed Geese on
scen in the background. Photo: C. R. Olesen,
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a pond on Heden, Jameson Land, ult. July 1984. Staunings Alper are

Flok af feldende Kortnebbede Gas pd dam pd Heden, Jameson Land, ult. juli 1984. I baggrunden ses Staunings

Alper.

humans through the valley can make the geese
abandon the area,

Sceveral papers have concurrently reported
on the northward moult migration in June
(Conradsen 1957, Rosenberg et al. 1970, Mel-
tofte 1975, 1976, 1977, Hansen 1981, Mehofte
et al. 1981). Mean date of the first skein of
geese seen is 20 June (n=7), of the last 6 July
(n=6) (range 14 June to 12 July), and generally
the migration culminates in the last days of
June. Mean flock size varies between 16 and 27
individuals (range 2-100). In 1984 no migrating
skeins were observed in the inland of Jameson
Land, and the moulting population was gradu-

Tab. 5. Goose counts in @rsied Dal, 1961-84.
Gdseteellinger | Orsted Dal 1961-84.

ally built up by small flocks of geese. This in-
dicates that the migrating flocks have split up
prior to dispersal 1o the moulting grounds, e.g.
on staging areas along the coasts.

The time of arrival of the breeding popu-
lations of both species in spring is documented
by several authors. Mean date of first sighting
is 20 May for the Pink-footed Goose (range 9-
29 May, n=14), and likewise 20 May for the
Barnacle Goose (range 16-27 May, n=16) (Bay
1894, Pedersen 1926, 1930, Loppenthin 1932,
Petersen 1941, Conradsen 1957, Rosenberg et
al. 1970, de Korte 1973, 1974, de Korte & Bos-
man 1975, Meltofie 1975, 1976, 1977, Hansen

19612 1963b 1974¢ 19824 1983 1984¢
Anser brachyrhynchus
Adults Joo 394 970 449 325
Pulli 1] 83 0 79 21
Branta leucopsis
Adulis 450 1518 1232 1360 [115
Pulli 23 170 49 116 87

Sources Kilder- a) Marris & Ogilvic (§962), b} Hall & Waddingham (1966), ¢} Ferns & Green (1975), d) present study, ¢) Cabot &

Newlon pers, comm. (present study)
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1981, Meltofie et al. 1981), and the reports gen-
erally state thai most geese arrive between 20
May and 5 June.

The hatching dates recorded in this study are
in agreement with dates from other paris of the
breeding ranges (Pinkfeet: Hardy 1979, Mel-
tofte et al. 1981; Barnacle Geese: Madsen 1925,
Rosenberg et al. 1970, Meltofte 1975, 1977).
From the dates it is calculated that egg laying
in both species is initiated in the first 10 days
of June, which is in accordance with the obser-
vation by Meltofie et al. {1981) that Pinkfeet
on Hochstetter Forland started egg laying from
the end of May to 10 June (1976). Compared to
the breeding schedule of Pinkfeet nesting in
Iceland, the egeg laying is approximately 10
days delayed (Scott et al. 1953, Inglis 1977).

The 40% success of nests found in Jameson
Land in 1984 is similar to the success of Pink-
foot mests on Hochstetter Forland in 1976
(42%) (Meltofte et al. 1981). In Thjorsarver in
Iceland Gardarsson (1976) found a hatching
success of 58%, and Inglis (1977) a nest success
of 59%, and also compared to other goose pop-
ulations the success in East Greenland is low
(see Tab. 6 in Ogilvie 1978). Predation by Arc-
tic Foxes seem to be the main cause of the low
SuCCess.

Following moult, the major part of the non-
breeding Barnacle Geese left Jameson Land,
while the Pinkfeet remained although they
went to other habitat types (Madsen et al.
1984). Possibly the Barnacle Geese went to
areas in the inner Scoresby Sund fiord.

For both species the emigration from East
Greenland takes place from approximately 25
August to 15 September (Meltofie 1976, Mad-
scn ¢t al. 1984), but southward movements ap-
parently start somewhat earlier (¢. 10-20 Au-
gust) in the northern ranges (Meltofie 1975,
Meltofie et al. 1981). Parts-of the populations
probably congregate in the Scoresby Sund fiord
region prior to emigration. Meltofie (1976)
thus reported of hundreds of geese of both
species migrating into the fiord system during
late August and early September.
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DANSKE RESUME

Betydningen al Jameson Land, Ostgranland, som
feldnings- og yngleomride for gms: resuliater af op-
tellinger 1982-1984

1 forbindelse med en planiagt oliceftersegning i Jame-
son Land har Zoologisk Museum siden 1982 foretaget
undersogelscr af Bramges og Kortnzbbede Gas i om-
radet (Fig. 1 og 2). Et al formalene har varet at vur-
derc omridets betydning for ges og kortlzgge bestan-
dencs udbredelse,

Ved optellinger fra landjorden i 1o referenceomrd-
der (Fig. 2) samt ved flytzllinger har det vist sig, at
omridet iser er fieldningsomrade. | juli huser omrd-
det ca. 10-12.000 gres, hvoraf anslict 92-94% er ikke-
ynglende fugle (Tab. 1, 2 og 4). Antallet af ynglepar er
ansldet til 300-400 par Bramges og 300-500 par Kon-
nzbbede Gas, men antatlel af’ succesrige par er bety-
deligt lavere p.g.a. predation, isxr fra Polarrxve.

Ikke-ynglende Kortnzbbede Gas ankommer fra Is-
land 1 slutningen af juni for al gennemgad svingfjers-
feldningen (Fig. 6). Samtidig ankommer Bramgms fra
det esigronlandske omrade. I en 3-4 ugers periode er
fuglene ude af stand til at flyve {Bramgassene ca. 5.-
28, juli, de Kortnebbede Gems ca. 7. juli til 1. august),
hvor de koncentreres omkring clve, pd socr og ved
kysterne (Fig. 4). Efter endt ficldning forlader de fleste
Bramgas omridet (Tab. 4, Fig. 5), hvorimod de Kont-
nxbbede Gas forbliver indtil borttrzkken til Island i
begyndelsen af september.

Jameson Land er det storste, kendte feldningsom-
ride for Bramgzes i @stgronland og et af de vigtigste
yngleomrider. [ juli opholder 20-25% af den samlede
ostgronlandske bestand (ca. 25.000) sig i omridet, og
ca. 10% af ynglebestanden befinder sig her. Ligeledes
¢r omridetl del storste, kendie fxldningsomride for
Kortnzbbet Gis i Ostgronland.
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Indledning

Den merkbugede knortegas (Branta
bernicla bernicia) yngler langs den
nordsibiriske [shavskyst og treekker
til Vesteuropa for at overvintre. Dan-
mark ligger pa den treekvej, bestan-
den benytter efterdr og forar. Under
efterdrstraeekket udgoer de danske ky-
ster gassenes forste rasteomride,
hvor de forbliver i l&ngere tid, inden
trezkket gar videre til overvintrings-
pladserne i Holland, England og
Frankrig. Om foraret raster nasten
hele bestanden i det hollandske, tyske
og danske Vadehav inden trazkket
nordpa til ynglepladserne (St Joseph
1979a, Madsen 1987).
Forarsperioden er specielt betyd-
ningsfuld i geessenes arscyklus, idet
de foreger deres vaegt kraftigt forud
for den forestdende ynglesason. En
razkke undersagelser tyder pa, at en
tilstraek kelig opbygning af fedt- og
neringsreserver om foraret er en for-
udsztning for, at gaessene kan gen-
nemfere ynglessesonen med succes
(Ankney & Maclnnes 1978, Ebbinge
et al. 1982, Thomas 1983). Reser-
verne skal ikke blot bruges som
braendstof under traekket, men ogsa
til eegdannelse og til at teere pa i den
ferste tid pa ynglepladsen. Nar gees-
sene ankommer til de hejarktiske
ynglepladser, er sterstedelen af tun-
draen snedxzkket, og hunnen ma
gennemfore det meste af rugeperio-
den uden at tage fode til sig.
Bestanden al merkbuget knor-
tegds er steget fra ca. 40.000 fugle i

begyndelsen af 1970’erne til 150,000-
200.000 i 1980’erne (IWRB GOOSE
RESEARCH GROUP unpubl.). Ef-
ter en god yngleszson i 1988 steg be-
standen til det hidtil hejeste niveau,
nemlig 235.000.

Analyser af omsatningsforhol-
deneibestanden tyder pa, at frednin-
gen af bestanden -~ specielt frednin-
gen i Danmark fra 1972 bidrog vae-
sentligt til stigningen (Prokosch
1984, Ebbinge 1985). Bestanden har
nu muligvis niet et niveau, hvor an-
tallet af ynglende fugle begraznses,
og det kan forventes, at bestanden
snart nar »loftet« for sin udvikling
{Ebbinge 1985). Hvilke faktorer i
gaessenes arscyklus, der er afgorende
for begrensningen af bestanden, er
endnu ikke klarlagt. Der mangler sa-
ledes bl.a. elementeere undersegelser
af geessenes okologi pa de nordsibiri-
ske ynglepladser.

Observationer fra flere hollandske
og tyske forarsrastepladser (Ebbinge
1979 og upubl., Prokosch upubl.)
samt fra Langli i det danske Vadehav
(Madsen 1989) tyder pd, at nogle af
de saltmarskomrider, som gaessene
afgrazsser, udnyttes maksimalt af
knortegzessene.

En hollandsk undersagelse viser
desuden, at der er en viesentlig fode-
konkurrence blandt de enkelte fugle i
giseflokken. Det kan resultere i, at
visse individer ikke far mulighed for
at opbygge tilstreekkelige naringsre-
server til at gennemfore yngleperio-

5
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den med held (Teunissen et al. 1985,

Prop & Loonen 1989). Da forarsperi-

oden ser ud til at have en afgerende

betydning for gaessenes ynglesucces,
kan saltmarskens baereevne som fou-
rageringsplads maske vise sig at veere
en af de afgerende, begransende
faktorer for bestandens videre ud-
vikling.

Formalet med dette hafte er;

1) At give en status over den mork-
bugede knortegds’ forekomst og
udnyttelse af forskellige habitat-
typer i Danmark i 1980’erne og
derigennem opfelge en tidligere
status for perioden 1966-1971
(Fog 1972).

2) At analysere forekomsten afl
merkbugede knortegaes i Vadeha-
vet i forhold til omradets baere-
evne som fourageringsplads om
foréaret.

En sammenlignelig status for fore-

komsten og habitatvalget hos den

lysbugede knortegds (Branta bernic-

Materiale og metoder

Materialet til denne artikel er ind-
samlet i forbindelse med flere under-
sogelser:

1 perioden 1980-1983 udforte
Dansk Ornitologisk Forenings ga-
segruppe landsdaekkende, midt-ma-
nedlige optzellinger af rastende gees i
Danmark. [ alt 104 lokaliteter blev
dakket. De vigtigste lokaliteter for
morkbuget knortegzes er vist i Fig. 1.
Ved hver optzlling blev gmssenes

6

la hrota) for 1980-1983 er givet af
Madsen (1984).

En del oplysninger om gssenes fo-
rekomst og habitatvalg er indsamlet i
forbindelse med landsdzkkende op-
tzellinger af gzes, som Dansk Ornito-
logisk Forenings gasegruppe (nu den
danske gasearbejdsgruppe) har fore-
taget. [ arbejdsgruppen indgar
Dansk Ornitologisk Forening, Mil-
joministeriets Vildtforvaltning, Mil-
joministeriets Skov- og Naturstyrelse
og Zoologisk Museum, Kebenhavn.
Teellingerne i Vadehavet og de egent-
lige feltundersogelser er led i Vilde-
biologisk Stations undersegelser af
fuglelivet i omradet.

En tak skal rettes til de omkring
100 frivillige deltagere i gaseteellin-
gerne, Uden deres entusiastiske ind-
sats havde det ikke vaeret muligt at
give denne oversigl. Skov- og Natur-
styrelsen takkes for data vedr. gasse-
nes grazsning pa Langli.

fordeling pa biotoptype registreret,
og det blev noteret, om g®ssene be-
nyttede biotopen til fouragering eller
hvile. PA basis heraf er antallet af ga-
sedage pa forskellige biotoptyper pr.
maned og pr. s&son beregnet. Gase-
dage udtrykker gaessenes udnyttelse
af et omrade. Er der en dag talt 200
gaes og 10 dage efter 400 ges, bereg-
nes antallet af gasedage i den mel-
lemliggende periode til 300 gazs x 10
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Kattegat

Fig. 1. De vigtigste rasieplad-
ser for markbuget knortegds i
Danmark.

Fig. 1. Map of the most impor-
tant haunts for the Dark-bel-
fied Brent Goose in Demmark.

dage = 3.000. Arbejdet og metoden
er beskrevet al Madsen (1986).

Siden efteraret 1979 har Vildtbio-
logisk Station gennemfert maned-
lige optellinger af vandfugle fra fly i
Vadchavet. Ved flytzllingerne er Va-
dehavet opdelt i 65 delomrader, som
overflyves i lobet af en hejvandsperi-
ode. Metode og delresultater er be-
skrevet af Laursen & Frikke (i tryk-
ken).

Siden 1986 har den danske gasear-
bejdsgruppe gennemfort opgerelse
af den samlede bestand af knortegas
i Danmark i januar og maj som led i
International Waterfowl and Wet-
lands Research Bureau’s (IWRB) ar-
lige overvagning af knortegasebe-

standens storrelse. Da knortegaes-
sene i visse omrader er svaere at regi-
strere fra landjorden, foretages tael-
lingerne ved en kombination af fly-
og landtzllinger. Flytallingerne
foretages af Vildtbiologisk Station.

For at belyse knortegaessenes
graesningstryk pd saltmarsken i Va-
dehavet blev der i fordrene 1986-1988
optalt gaseekskrementer i forskellige
marskomrader (Fig. 2). | dagtimerne
taber geessene en faces med 3,5 mi-
nutters mellemrum (Madsen upubl.),
og teetheden af gaseekskrementer gi-
ver et godt udiryk for geessenes ud-
nyttelse af marskvegetationen.

I de pagaldende omrader blev der
udvalgt en ensartet og sammenhazn-

7




200

T
x\kz

s P
% ESBJERG |
n "?'"-s- o, ]

pang

1. Langli Nord
H u’%'! Syd L 3% aoe
3. Jedsted Fortand 4 =
&. Indvindingen %
5. Mande Forland (o
¢ Mande kg e
8 ar:?s’ Forland o !
9 Remadamrioen —
10, Ballum Fortand Nord |'“ ond B
11. Ballun Forland Syd ] Pl
12, Matgrethe Kog { f 1?
L y Y
S |
IMGJH‘
12."|-' |
|'.5vu|'-. 1 I 1‘-u.,..,-o-"f
o £ WEM
14} r J ------ I

Fig. 2. Marsk- og kogsomrider i Vadehavet,
hvor der er optalt gaseekskremenier i fararene
1986-1988 (sc Tabel 2).

Fig. 2. Salt marshes und polders in the Danish
Wadden Sea, where goose dropping counts
were performed in spring 1986-1988 (see Tabile
2)

gende zone, der var domineret af an-
nelgrees (Puccinellia maritima), som
er gassenes foretrukne fedeplante
om foraret (Madsen 1989). Omra-
derne blev valgt ud fra et forudga-
ende kendskab til, hvor gzessene kon-
centreres. 1 hvert af saltmarksomra-
derne blev der udlagt 10-40 felter pa
linie med en indbyrdes afstand pa 20
m. Hvert felt blev afmaerket med en
lille treestok. Fra midten af marts til
slutningen af maj blev der med 7-10
dages mellemrum optalt gaseekskre-

8

menler i en radius pd 2 m omkring
stokkene (svarende til et areal pd 12,6
m?). Giseekskrementerne blev enten
fjernet eller ntradt ude, For hvert felt
er den sammenlagte tzethed af eks-
krementer beregnet for forarsperio-
den.

Der blev foretaget opteellinger al
ekskrementer pa i alt 10 saltmarsk-
strekninger samt i Margrethe Kog
og Mande Kog. PA Langli blev der
optalt ekskrementer i to saltmarsk-
zoner i fordrene 1986-1988 som led i
en mere detaljeret undersogelse af
gaessenes graesning {Madsen 1989).

Temperatursummen, der er bereg-
net som summen afl alle positive
{4+ °C), daglige gennemsnitlige tem-
peraturer fra 1. januar og fremefter,
angiver vegetationens vaekststart.
Den dato, hvor temperatursummen
er 200°C, er derfor beregnet for at se,
om der er en sammenhang mellem
gassenes antal i Vadehavet om fora-
ret og marskvegetationens vackstbe-
tingelser. Temperaturoplysninger til
disse beregninger er hentet fra Seed-
den Strand meteorologiske station
nord for Esbjerg.
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Resultater

Tidsmaessig forekomst

De forste merkbugede knortegas
ankommer fra ynglepladserne til de
danske rastepladser i midten af sep-
tember (Fig. 3), hvilket ogsi andre
undersogelser har vist (Fog 1967,
Meltofte 1973, Mpoller 1978). Traek-
ket kulminerer i oktober, og i decem-
ber er de fleste knortegas trukket
bort igen. I milde vintre kan merkbu-
gede knortegas overvintre i landet,
men i kolde vintre fortrazkker alle
gassene.

Treekket fra overvintringsomradet
til de danske fordrsrastepladser ind-
ledes i midten af marts, og antallet af
rastende gees kulminerer i maj.
Traekket videre mod ynglepladserne
skeriisbet af de sidste 14 dage af maj
{(Meller 1978, Madsen 1985a).

Antal og fordeling

1 arene 1980-1983, da der blev foreta-
get manedlige, landsdekkende tel-
linger, var det maksimale an:al
merkbugede knortegazs om efteraret
11.200-40.300, og gennemsnittet var
21.100.

Det tilsvarende forarsmaksimum
varierede mellem 14.300 og 23.300
gees med et gennemsnit pd 16.000. ]
fordrene 1986-1989 er der talt hen-
holdsvis 19.400, 14,700, 12.700 og
23.800.

I januar 1980-1983 og 1986-1989
har bestanden varieret mellem 0 og
5.400 - afhangigt af temperaturen.

Ved landsdxzkkende opteellinger
af vandfugle fra fly i oktober/no-
vember 1987 og 1988 er der talt hhv.
ca. 9.000 og 7.000 merkbugede knor-
tegaes (Laursen et al. 1988, 1989). Ef-
terarstallene de to sidste ar har sile-
des veeret betydeligt lavere end i peri-
oden 1980-1983. Hoveddarsagen til til-
bagegangen pa landsbasis er et lavere
antal end tidligere i Vadehavet (se
side 13).

Der er stor regional forskel i savel
antal som tidsmaessig fordeling af de
merkbugede knortegzes (se Fig. 3 og
4}. I det falgende redegores for fore-
komsten i de regioner, hvor der tradi-
tionelt forekommer knortegas (se
Fig. 1). Hvor der indgér flere lokali-
teter i regionen, er det hajeste, ma-
nedlige, gennemsnitlige antal for pe-
rioden 1980-1983 angivet i parentes
{efter Madsen 1986).

Osterseen incl. Det svdfynske
Bhav. Dstersolokaliteterne omfatter
Smalandsfarvandet (>200), Nak-
skov Fiord (150), Hyllekrog/Red-
sand syd for Lolland (>200), Ulvs-
sund (550), Ulvshale og Nyord pa
Men (200). Disse lokaliteter er, sam-
men med Lunkebugten pa Sydfyn
(700), rastepladser for knortegas-
sene under trazkket i september-ok-
tober. P4 dage i oktober kan flere tu-
sinde knortegas opholde sig nord og
syd for Lolland, men gessene ophol-
der sig tilsyneladende kun kort tid pa
lokaliteterne, og der sker en stor ud-
skiftning af fugle.
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Fig. 3. Gennemsnitlig tidsmiessig forckomst
af moerkbuget knortegds i drene 1980-83 for
@stersoen (A), Det sydfynske @hav (B), Kat-
tegat {C), Limfjorden (D), Tipperhalvoen {(E)
samt Vadehavet (F) og for hele det danske om-
rAde (G) (i procent).

Fig. 3. Phenology of Brent Geese in Six re-
gions of Denmark, as well as for the country
as a whole (data from 1980-1983).
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Fig. 4. Gennemsnitlig fordeling af’ morkbuget knortegds i oktober, januar og maj for drene

1980-83,

Fig. 4. The average distribution of Brent Geese in October, January and May during 1980-83.

I april-maj raster der 1.500-2.000
knortegaes i Det sydfynske Ghav (i
1989 4.000), koncentreret omkring
de ubeboede holme Store Eghoim,
Bredholm, Storeholm og Hjorta.

Holmene i Nakskov Fjord og Hyl-
lekrog samt Ulvssund er forarsra-
stepladser for 2-300 knortegars (i
1989 2.,100),

Kattegat. Lokaliteterne i Kattegat
omfatter Lazse (1.960), Voersa-
Stensnzes (90) og kysten fra Mariager
Fjord til Store Sjerup Strand i Al-
borg Bugt (300), Stavns Fjord pa
Samsa (380), Endelave (340}, Odense
Fjord (460) og Nerre Naerd Strand pa
Nordfyn (190).

Kattegateerne og de nordfynske
lokaliteter er de nordligste overvin-
tringspladser for den merkbugede
knortegds (Fig. 4). I milde vintre kan
der std op til 2,000 gees. Odense
Fjord og Nerre Neera Strand er vin-
terrastepladser; pa de ovrige lokalite-
ter forekommer knortegassene pa
alle tider fTa september til maj.

Tipperhalvegen. Tipperne, Vazrnen-
gene, Nymindestremmen og Havrvig
Grund i den sydlige del af Ringke-
bing Fjord (2.540) udger en samlet
rasteplads, som neaesten udelukkende
benyttes om foraret (Fig. 3). Fore-
komsten og den historiske udvikling i
knortegasebestanden pa Tipperhalv-
aen er beskrevet af Madsen (1985a).

Limfjorden. Driby Vig pd Mors
{385) er en fast forarsrasteplads.
Smaflokke af merkbugede knor-
tegees kan ses blandt de lysbugede
knortegees, som raster pa del syd-
vestlige Mors (Madsen 1984).

I Nissum Bredning og Nibe Bred-
ning kan sméaflokke (op til 50) fore-
komme om efteraret.

Vadehavet. Samlet udger Vadehavet
det vigtigste danske rasteomrade for
de moarkbugede knorteges. For
arene 1980-1983 tilbragte knortegas-
sene gennemsnitligt 2,2 mio. gise-
dage her i landet igennem en sz eson;
deraf de 75% i Vadehavet.

Il
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Fig. 5. Gennemsnitlig forckomst og fordeling af merkbuget knoriegas i det danske Vadehav i okto-

ber {a) og maj (b) for drene 1980-88.

Fip. 5. The average distribution of Brent Geese in the Danish Wadden Sea October (a) and May

(b} {data from 1980-1988).

Om efteriret forekommer de stor-
ste flokke af knortegacs ved Sejord
(2.100) og Albuebugten-Keld Sand
(3.500) pa estkysten af Fang, ved
Mande Laningsvej (1.300), nord for
Roma (1.300) og ved Koldby Leje ved
Jordsand Flak (1.100) (Fig. 5a,b).

Om foraret er knortegzessene for-
delt anderledes. Det kan forbindes
med deres habitatvalg (se side 14), De
starste flokke forekommer ved Bal-
lum Forland og Remed®zmningen
(6.300), Langli (1.200), Indvindingen
syd for Kammerslusen {(800) og i op-
griazden pa Keld Sand (800).

Ud fra flytzllinger, der er foreta-

12

get om efterdret og foraret siden
1980, er det muligt at sammenligne
udviklingen i antallet af rastende
knortegaes i Vadehavet med den to-
tale bestands sterrelse og ungepro-
duktion i den forudgaende ynglesze-
son. En sidan analyse vil kunne vise
de foerste tegn pd, hvorvidt antallet af
gas i Vadehavet er begraenset.

I arene 1980-1988 har totalbestan-
den varieret mellemn 130.000 og
235.000 (se Fig. 8); andelen af unge
fugle i bestanden har veaeret mellem 0
og 50%. Det maksimalt optalte antal
i Vadehavelt om efterdret svingede
mellem 3.700 og 34.900 - om foriret
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Fig. 6. De hojest registrerede antal morkbugede knoricges cfierdr og fordr i det danske Vadehav

1980-1988.

Fig. 6. Maximum number of Brent Geese observed in the Danish Wadden Sea autumn (black co-

lumns) and spring (hatched columns), 1980-1988.

mellem 8.000 og 17.200 (Fig. 6).

Data fra fer 1980 er i sammenlig-
ningen udeladt, idet bygningen af det
fremskudte dige ved Hojer beted en
veesentlig miljeforandring, som ogsa
bererte forekomsten af knortegees
(se s. 20-21). Siden 1980 har der ikke
vaeret pafert omridet vaesentlige,
menneskeskabte forandringer, der
kan tankes at pavirke knortegass-
sene,

Udsagn pa baggrund af kun ni sze-
soners materiale ma naturligvis blive
forsigtige. En undersegelse af sam-
menhang mellem de fire oven-
navnte forhold vha, korrelationsa-
nalyse, der tester den indbyrdes ind-
flydelse af de observerede storrelser

{se Tabel 1) viser, at der generelt set er
en positiv indbyrdes sammenhang
meliem den samlede bestands stor-
relse, andelen af unge gaes og forars-
bestandens sterrelse i Vadehavet.

Efterarsbestandens sterrelse haen-
ger imidlertid mindre tydeligt sam-
men med de tre andre forhold. Skont
der er en positiv gensidig sammen-
hang mellem efterars- og forarsbe-
standens storrelse, sa afspejler Fig. 6,
at efterarsbestanden har varieret be-
tydeligt mere end forarsbestanden,
der har holdt sig pd et niveau om-
kring 10.000 gas.

Pa een Langli blev der i forarene
1986-1988 fundet en betydelig varia-
tion fra ar til ir sdvel i gaessenes af-

13
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Tabel 1. Indbyrdes sammenhang mellem den samlede knorlegdsebestands storrelse, ungeproduk-
tion og antallet i Vadehavet efterdr og efterfelgende fordr i 1980°crne (n=9), udtrykt ved korrelati-
onskoefficienten t. =: P < 0,01. Parentesen omkring r-vicrdien for korrelationen mellem den sam-
lede bestand og Wa juvenile angiver, at de to variable ikke er indbyrdes uafhaengige.

Table 1. Relationship between the size of the total Brent Goose population, the proportion of juve-
nifes, and the autwmn and spring nuonbers in the Danish Wadden Sea in the 1980°s (n = 9), expres-
sed by the correlation coefficient r. The r value for the correlation between the total popilation
and % juveniles is in bracket, indicating that the two variables are not independent.

Samlet Ys ung- Vadehav Vadchav

bestand fugle efterdr forar
Samlet bestand (0,740) 0,054 0,646
Ta juvenile . 0,285 0,825*
Vadehav efterar - 0,452

graesningstryk som i deres antal (Ta-
bel 2 i Madsen 1989). Det var sand-
synligvis forirsaget afl forskelle i
graessernes  vackstbetingelser  pga.
vejrforholdene. Men for Vadehavet
som helhed ses en sdadan sammen-
hang ikke. En analyse af sammen-
haengen mellem antallet af gees i Va-
dehavet om foraret 1981-1989 og den
dato, hvor temperatursummen nar
200°C, viser ingen sammenhang
{r=0,102, P>0,05). Det betyder
sandsynligvis, at den variation, der
observeredes i geessenes antal pa
Langli, udlignes over de andre lokali-
teter i Vadehavet; gacssene omforde-
les inden for Vadehavet.,

Habitatvalg
Gaessenes overordnede fordeling pa
habitattyper i labet af sasonen, ba-
serct pa registreringerne i arene
1980-1983, er vist i Fig. 7.

Om efteraret soger knortegazssene
nxsten udelukkende fede pa flad-
vand og vade. Gazssenes fede bestar

14

af dlegrees og andre marine under-
vandsplanter samt granalger, som
hentes ved sveammelouragering eller
afgraesning af vade ved lavvande.

I november og i vintermdnederne
bevaeger en del af gazssene sig ind pa
strandengene for at sege fode, men
frem til og med marts sker fourage-
ringen stadig overvejende pa flad-
vand og vade.

I forarsmanederne sker der et
gradvist skilt til fouragering pa
strandenge og vedvarende, ferske
grazsarealer. Udnyttelsen af de ved-
varende graesarcaler forekommer
nasten udelukkende pa Tipperhalv-
oen i Ringkebing Fjord.

I Vadehavet fordeler knortegees-
sene sig forskelligt efterdr og forar.
Om efteriret seger de fede ude pa va-
defladerne, mens de om foraret nee-
sten udelukkende gar inde pa salt-
marsken.

Denne habitatfordeling er stort set
forckommet uaendret frem til 1989,
men ¢t par @endringer, hvor gaessene
har skiftet fra de traditionelle, mere
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Fig. 7. Habitatfordeling af merkbugede knorteges. Antallet af gdsedage, derer tilbragt med foura-
gering pa 1) vedvarende graes, 2) strandeng og 3) fladvand/vade er angivet i procent pr. maned.
Fig. 7. Brent Goose habitat distribution during a season, expressed by the proportion of goose-
days spent foraging in a given habitat (data from 1980-1983), Double-hatched: shallow-water and
mudfiat, hatched: salt marsh, open; rough pasture.

eller mindre naturlige biotoptyper til
dyrkede arealer, ber fremhaeves.

Siden efterdret 1984 er flokke pa
op til 1.000 knortegaes registreret pa
vintersaedsmarker pd Fedhalveen i
Praste Fjord. Graesningen har i to
efterdr veeret sd intens, at gasssene er
forsegt bortskraemt for at beskytte
afgrederne.

Siden foraret 1985 har en flok
knortegezes sogt fede inden for di-
gerne pA Mande. 1 foraret 1987 og
1988 gik der 5-600 gees pa greesarea-
ler, der benyttes til kreatur- og fare-
graesning i juni-oktober, Gezssene er
forsegt bortskreemt for at forhindre
dem i at tage den vegetation, som var
tiltzenkt kreaturerne.

Graesningsintensitet | Vadehavet
Tellingerne af gaseekskrementer i
saltmarskomraderne og i kogene i
forarene 1986-1988 er - sammen med
angivelse af arealernes storrelser og
landbrugsmezessige udnyttelse - sam-
let i Tabel 2,

De gennemsnitlige, sammenlagte
taetheder for fordrssasonen varie-
rede fra 0 til 65 gaseekskrementer pr.
m’ for forsoegsfelterne. De sterste
sammenlagte tetheder for en sa&son
blev fundet i saltmarsken pa Langli,
efterfulgt af Mande Kog, det sydlige
Ballum Forland og Indvindingen
(1987).

1 1986 blev gassene pa Indvindin-
gen skreemt bort af en duehog fAcci-
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Tabel 2. Knortegmssenes udnytielse af 10 marsk- og to kogsomrider, udirykt ved ekskrementtzetheder i lebet af foraret, sammenholdt med om-
radernes areal, bredde og landbrugsmessige udnyttelse. N angiver antallet af opizllingsfelter. Udnytielsesgraden er udtrykt som 1: ingen, 2:
ekstensiv (<1 kreatur/3 far pr. ha), 3: intensiv (1-1,5 kreaturer/3-6 far pr. ha} og 4: meget intensiv (> 1,5 kreatur/6 far pt. ha); k: kreatur, f: far.
Data vedr. areal og udnyttelse er fra Frikke (1987 og upubl.).

Table 2. Brent Goose usage of 10 salt marshes and 1wo polders (nos. 6 and 12) in the Danish Wadden Sea during the spring staging period,
expressed by cumutative dropping densities in Puccinellia maritima dominated marsh zones, and related to size, width and agricultural usage
of the areas. N gives the number of sample plots (12.6 m* each). The degree of usage is expressed as I: no usage, 2: extensive { < | cattle/3 sheep
per haj, 3: intensive (1-1.5 catrle/3-6 sheep per ha), and 4: very intensive (> 1.5 cattle/6 sheep per ha); k: cattle, J: sheep.

Sammenlagte antal gaseekskrementer pr. m* Arealdata

Lokalitet Ar Gennemsnit Maksimum N Areal (ha) Bredde (km) Udnytielse
1. Langli Nordmarsk 1986 57.3 76,7 10 20 0,3 1

1987 314 38,1 10

1988 64,6 81,1 10
2. Langli Sydmarsk 1986 50 71,1 10 30 0,5 1

1987 295 44,0 10

1988 45,6 53,2 10
3. Jedsted Forland 1986 0,2 1,1 K1)} 210 08 4 kT
4. Indvindingen 1986 1.4 11,9 2 130 0,7 2k

1987 14,6 17,0 20
5. Mandeo Forland 1987 2,2 5.2 10 250 0,6 2
6. Mande Kog Syd 1987 30,0 37,8 14 oo 0.8 3 kA
7. Rejsby Forland 1986 0,0 0,0 13 180 0.6 4 k/Af
8. Brens Forland 1986 2,8 58 24 340 1,0 2 kA
9. Remodemningen 1986 10,3 ns 36 120 7 30
10. Ballum Forland Nord 1986 6,6 14,2 30 90 0,8 30
f1. Ballum Forland Syd 1986 20,7 26,2 12 250 0,9 3 vk
2. Margrethe Kog 1986 2,2 5.7 40 40 0,5 2 f
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piter gentilis), der slog mindst fire
knortegaes {Madsen 1988a), og teet-
heden af ekskrementer var derfor la-
vere pa dette forland, end det kunne
forventes ud fra antallet af ges i de
forudgiende szesoner.

Annelgraeszonen i Margrethe Kog
udnyttedes kun lidt af knortegas-
sene. P4 Brons, Rejsby, Jedsted og
Mando forlande foretog knortegaes-
sene ligeledes kun ringe eller ingen
afgraesning.

Et groft udtryk for grasningsin-

Diskussion

Den merkbugede race af knortega-
sen benytter primzrt de danske ra-
stepladser under efterars- og forars-
trazkket. 1 oktober star der i Dan-
mark pa et givent tidspunkt 12% af
den samlede knortegasebestand (dog
passerer den overvejende del af be-
standen gennem landet p3 vej mod
overvintringsomraderne), i januar
2% ogiapril-maj 11% (i beregningen
er der ikke taget hojde for vinterda-
delighed i bestanden).

I maj 1966-1971 taltes i gennemsnit
omkring 4.000 merkbugede knor-
tegzes i Danmark (Fog 1972). [ perio-
den frem til 1980’crne er den rastende
forarsbestand firedoblet, mens den
samlede bestand er femdoblet (Fig.
8). Stigningstakten har siledes veeret
nzesten den samme i den danske del-
population og den samlede popula-
tion. Dette kan udlzgges sadan, at
der i dette tidsrum ikke har veeret
specielle forhold, der har begranset

tensiteten kan opnas ved at beregne
antallet af gasedage pr. ha saltmarsk
i lebet af et forar. | forarene 1986-
1988 var knortegessene i gennemsnit
995 gasedage pr. ha pa Langli. Pa
Ballum Forland og Remedamnin-
gen blev der tilbragt 450 gasedage pr.
ha, pd Indvindingen 210 og pa
Mande Forland 95. Disse vaerdier
svarer saledes godt overens med de
resultater, der er opnaet ved tzllin-
gerne af gaseekskrementer.

bestanden pa de danske rastepladser.

Under opholdet i Danmark udnyt-
ter knortegaessene naturlige habita-
ter (fladvand/vade) og delvist natur-
lige habitater (strandenge og vedva-
rende greesarealer). Kun lokali er der
forekommet flokke, som fouragerer
pa opdyrkede arealer. Det observe-
rede skifte fra fladvand/vade til
strandeng i lebet af saesonen ses ogsa
i Holland (Ebbinge & Boudewijn
1984) og England (Ranwell & Down-
ing 1959, Charman & Macey 1978),
mens knortegeassene i Frankrig nee-
sten udelukkende fouragerer pa va-
der (Maheo 1976). 1 Holland og Eng-
land skifter gaessene forst til strand-
enge, men siden ogsa til greesarealer
bag digerne og, specielt i England, til
vinterszedsmarker (St Joseph 1979b,
White-Robinson 1982). Fouragering
bag digerne startede i Sydengland i
midten af 1970%erne og er taget til i
takt med bestandens stigning.
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Fig. 8. Development of the Dark-bellied Brent Goose population, 1955- 1988 together with the pro-

portion of juveniles in the population.

Habitatskiftet ser ud til at viere
fordrsaget af, at federessourcerne pé
vaderne mindskes pga. naturlig hen-
doen og gaessenes grazsning. T et afde
storste alegrivsbede i Vadehavet,
Koldby Leje ved Jordsand Flak, kon-
sumerede knortegaes og pibeznder
(Anas penelope) nesten al tilgaenge-
lig alegrees i lobet af cfteraret, dvs.
hvad der var af alegraes efter naturlig
hendeen (Madsen 1988b). Lignende
resultater er fundet i det hollandske
Vadehav (Jacobs et al. 1981) og iet
par engelske vadeomrader (Char-
man 1979, Tubbs & Tubbs 1983).

For det danske Vadehavs vedkom-
mende foreligger der kun malinger af
Alegreaessets udbredelse og biomasse i
Koldby Leje. Da alegraesbedenes ud-
strckning og storrelse i det avrige
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Vadehav ikke kendes og derfor er ba-
seret pa formodninger, kan vi ikke
generelt konkludere, at antallet af
knortegmes er begraznset af fade-
maengden, og vi kan ikke entydigt
forklare arsagerne til svingningerne i
cfterarsbestandens storrelse.

1 efterarcne 1987 og 1988 blev der
iagtiaget usedvanlig fa knorteg®s i
Vadehavet, og observationer fra det
nordlige Vadehav tyder pa, at ale-
graesset var forsvundet fra store fla-
der, som plejer at veere vegetations-
daekket (K. Fischer pers. medd.). Det
efterlader det indtryk, at der er en
sammenhang mellem antalict af
gaes og fedemzengde, men der mang-
ler dokumentation for dens eksi-
stens.

Fra undersegelsen i Koldby Leje er



det endvidere klart, at vadejagten ef-
ter @nder kan forstyrre de jagtfre-
dede knortegaes, og at den kan med-
virke til at fordrive geessene fra et
omrade. | ét af to undersogelsesar
var jagtintensiteten sa hej, at ®n-
derne og de fleste knortegees forlod
omradet lang tid for federessour-
cerne var 2dt op (Madsen 1988b).

Storrelsen af forarsbestanden i Va-
dehavet har ikke udvist de samme
store svingninger som efterdrsbe-
standen. Ifelge de optzllinger, som
IWRB foretager al den samlede be-
stand i januar og maj, er der ubetyde-
lig forskel i de vurderinger af bestan-
dene, der er opnaet ved de to tzellin-
ger (IWRB GOCSE RESEARCH
GROUP upubl.). Den mindre varia-
tion, der ses i Vadehavet om foraret,
kan derfor ikke alene tilskrives vin-
terdedelighed.

Resultatet af undersogelsen pa
Langli viste, at saltmarskens bzere-
evne for knortegzes i et fordr med
gode vejrforhold er lige ved at veere
néet med en graesningsintensitet, der
svarer til, at gaessene producerer gen-
nemsnitligt 65 ekskrementer pr. m*
igennermn fordret, svarende til ca.
1.000 gasedage pr. ha (Madsen 1989).
Denne vardi er i overensstemmelse
med de resultater, der er fundet pd de
mest intensivt afgraessede holland-
ske rastepladser. Det har ogsd faet
hollandske forskere til at mene, at
bareeviien dér er ndet (Ebbinge &
Boudewijn 1984).

De avrige forarsrastepladser i Va-
dehavet synes imidlertid ikke at vaere
»fyldt op« med gaes. P4 Ballum For-

land, der er den sterste rasteplads i
Vadehavet, er greesningsintensiteten
kun halvt sa stor som pa Langli, og
pa de resterende rastepladser er den
endnu lavere. Jedsted Forland er for-
mentlig ikke en velegnet forarsra-
steplads pga. mange kreaturhegn,
som indskrznker g®ssenes brug af
omradet, idet de ikke bevager sig t=t
pa hegnene (Madsen 1985b). Rejsby
Forland er formentlig heller ikke vel-
egnel, idet annelgraeszonen er smal
og ligger tet pa diget, som synes at
have en skremmende effekt pa gees-
sene. Det samme gor sig sandsynlig-
vis galdende for anneigraeszonen i
Margrethe Kog.

Derimod er der ojensynligt ingen
hindringer for, at geessene kunne ud-
nytte Indvindingen, Brens og
Mande Forland i samme omfang
som Ballum eller Langli. Et seerdeles
velegnet forland ud for Gammel
Hviding benyttes af uforklarlige
grunde - overhovedet ikke afl knor-
tegassene. Det er bemzerkelsesveer-
digt, at de mest intensivt gasegraes-
sede saltmarskomriader findes pa
Langli, hvor der ikke har vaeret
kreatur- og faregrasning siden 1981.

Der er ingen umiddelbart indly-
sende sammenha&ng mellem gaesse-
nes grasningsintensitet og den
landbrugsmaessige udnyttelse af salt-
marsken. Den haje intensitet pa
Langli skyldes maske et samspil med
andre faktorer, f.eks. niveauet af for-
styrrelser. Pa Langli, der er naturre-
servat, er der minimal menneske-
skabt uro, hvorimod der pa forlan-
dene er nogen feerdsel i forbindelse
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med tilsyn af far, kreaturer, diger m.v.
samt mennesker, der fzerdes til fods.
Observationer af den menneskelige
feerden pa forlandene tyder imidler-
tid ikke pa, at den kan vaere af afgo-
rende betydning {Laursen 1982).
Der er store forskelle pd saltmar-
sken i det danske og slesvig-holsten-
ske Vadehav, hvor de sterste forars-
koncentrationer af knortegzes findes
(Prokosch 1984). De tyske marskom-
rader er generelt bredere, og algraes-
ningen med iszr fir er mere intensiv.
Vegetationen er holdt lav som pa en
golfbane og domineret af planter,
som taler grzsning, isaer annelgraes
{Prokosch & Kempf 1987). Den kor-
tere og afgraessede vegetation er en
fordel for grazssende knortegees,
fordi de lettere kan fzrdes i den og
fordi andelen af dedt materiale er
mindre end i en mindre intensivt
grasset vegetation {Boudewijn 1984,
Lorenzen & Madsen 1985).
Indtrazkket af knortegazs til kogen
pa Mande er sandsynligvis ikke op-
staet pga. direkte fedemangel pa for-
landene, men snarere som felge af, at
kulturgraesserne spirer tidligere pa
foraret og derfor er mere attraktive
end strandengsgraesserne tidligt pa
seesonen (Lorenzen & Madsen 1985).
Det skulle forventes, at gaessene ville
vende tilbage til forlandet senere pa
foraret, nar grzesserne begynder at
spire dér. Det gor de da ogsa i nogen
grad, men greesningen i kogen fort-
seetter frem til midten af maj. [ Hol-
land optraeder der flokke af knor-
tegaes, som udelukkende sager fode
pa kulturgrazsarealer om foraret (Eb-
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binge & Boudewijn 1984). Det tyder
pa, at gaessene ikke er absolut af-
hengige af strandengsvegetationen
til opbygning af naringsreserverne.

Der er ikke foretaget egentlige ma-
linger af, hvor stor en ande! af grees-
produktionen geessene @der i kogen
pd Mande. Det er sandsynligt, at
greesningsei{fekien er malelig i de
mest intensivt afgrazssede parceller
pa det tidspunkt, hvor kreaturerne
settes ud. Men da gassene kun af-
greesser et begraenset areal i kogen in-
tensivt, vurderes belastningen at
vaere ubetydelig for kogen som hel-
hed. Et forhold, der kan kompensere
for effekten af afgrzesningen, er, at
gaessenes ekskrementer goder vege-
tationen, si graesproduktionen for-
oges (Madsen 1989).

Bygningen af det fremskudte dige
ud for Hejer og Rodenis medforte,
at den rastende forarsbestand pa om-
kring 7.000 merkbugede knortegas
stort set opherte med at benytte den
danske del af omradet (Laursen et al.
1984). Geessene flyttede bl.a. til Bal-
lum Forland, hvor bestanden mere
end fordobledes i forhold til perio-
den for digebyggeriet. PA den tyske
side forblev en del af flokken i omra-
det, mens en del gees skiftede til sydli-
gere forlande (P. Prokosch upubl.
rapport).

Pi Mande Forland steg forarsbe-
standen kraftigt i Arene efter digebyg-
geriet (N. Rattenborg pers. medd.),
ogdet samme gjordessig geeldende pa
Langli (L. Maltha Rasmussen pers.
medd.). Disse observationer tyder
pd, at der har vaeret »ledig kapacitet«



i salimarskomraderne i Vadehavet,
Nir gaessene forst kom til de danske
omrader efter bygningen af diget,
kan det antyde, at de har veeret se-
kundzere habitater af ringere kvali-
tet.

Ud over undersagelserne fra Vade-
havet foreligger en opgerelse over
knortegaessenes graesningsintensitet
og effekt pd vegetationen pd Tip-
perne (Lorenzen & Madsen 1985).
Konklusionen var, at ga:ssenes gracs-
ningstryk om foraret var s lavt, at
omradets beereevne ikke var naet.

Samlet tyder observationerne og
analyserne p4, at kun pa Langli i Va-
dehavet er baereevnen om foraret lige
ved at veere naet. Den forholdsvis
konstante forarsbestand i Danmark
tyder imidlertid pd, at en eller flere
faktorer alligevel kan veere begreen-

English summary

sende for bestanden. Forlandene er
muligvis ikke v»legnede rastepladser
pga. for ringe b, 'de og manglende
afgreesning med fa- ng kreaturer.

En undersogelse, ier sammenlig-
ner saltmarskens tilstand i hele be-
standens udbredelsesomrade om for-
Aret, vil muligvis kunne afdakke de
faktorer, der begraznser bestanden,
men som ikke bliver iojnefaldende
ved blot at se pa situationen i Dan-
mark.

En arlig monitering af udvalgte
dlepraesbedes udbredelse og vurde-
ringer af biomasse i Vadehavet vil
givetvis bidrage veasentligt til at
styrke vurderingen af, hvad der in-
fluerer pa antallet af knortegaes og
andre plantezedende vandfugles an-
tal i Vadehavet om efteraret.

Occurrence of and habitat utilisation by the Dark-bellied Brent Goose
(Branta bernicla bernicla) in Denmark, with special reference to the

Danish Wadden Sea

This paper reviews the status of Dark-bel-
lied Brent Geese staging and wintering in
Denmark in the 1980's. The data have
been compiled from counts made by the
Danish Goose Working Group and the
Game Biology Station.

The first Brent Geese arrive in the
middle of September. Numbers peak in
October with an average of 21,100
(1980-1983) and again in April-May with
an average of 16,000 (Fig. 3), represent-
ing 10-12% of the world population (Fig.
8). In mild winters 2,000-5,000 Brent

Geese remain in Denmark but in cold
winters the geese move on to their main
wintering quarters in France, England
and the Netherlands.

The Wadden Sea is the most important
Danish staging area (Fig. 3), followed by
the Tipper Peninsula in western Jutland,
L=zse in the Kattegat, and the south
Funen Archipelago. The islands in the
Kattegat are the northern-most wintering
grounds of the population (locality
names, see Fig. 1).

In the years 1966-1971, spring numbers
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in Denmark reached approximately
4,000 geese (Fog 1972). Hence, since then
the number of staging geese has in-
creased by a factor of four. During the
same period the world population has in-
creased by a factor of five.

In the 1980's, the number of Dark-bel-
lied Brents in the Danish Wadden Sea in
autumn has fluctuated between 3,700
and 34,900 (Fig. 6). In the autumns of
1987 and 1988 the numbers were low,
which may relate to a reported decline in
Zostera food supplies,

Spring numbers have been more stable,
fluctwating between 8,000 and 17,200
which suggests that something is acting
to limit their numbers (Fig. 6). Generally,
there are positive pair-wise correlations
between the size of the total population,
the proportion of juveniles in the popula-
tion, Wadden Sea autumn numbers and
Wadden Sea spring numbers (Table 1).

In autumn the Brent Geese staging in
Denmark feed almost exclusively on
mudf{lats and in shallow waters (Fig. 7).
In late autumn and in winter, flocks ol
Brent Geese move to salt marshes 1o feed
but mudflats and shallow waters still re-
main the predominant feeding habitat
until March. In spring the geese gradual-
ly switch 1o salt marshes and, at the Tip-
per Peninsula, to rough pastures. Only ai
one site, Mande, in the Wadden Sea, do
the geese feed on pastures inside the sea
walls. At one autumn stopping place the
geese have in recent years moved onto

winter cereal fields. In the Wadden Sea a
seasonal re-distribution of Brent Geese
(Figs. 5a,b) reflects the shift from mud-
flats to salt marshes.

To achieve an estimaie of goose graz-
ing intensity in salt marshes in the Wad-
den Sea, repeated counts of goose drop-
pings were performed in permanent plots
at 12 sites in spring 1986-1988 (Fig. 2,
Table 2). The highest grazing-intensity
was found on the island of Langli, fol-
lowed by Mande Polder and Ballum
Foreshore, which holds the largest con-
centration of Brent Geese in the Wadden
Sea. Grazing pressure on Langli was 995
poose-clays per ha for an average spring
season; on Ballum Foreshore it was 450
goose-days per ha. Goose grazing was ex-
tensive or absent at the remaining salt
marshes studied, despite the fact that at
least some of the areas appeared suitable
as poose feeding grounds.

Compared to the salt marshes in
Schleswig-Holstein, the Danish sites are
less subjected to intensive sheep and
cattle grazing and are generally narrower,
which may make them less suitable for
Brent Geese. In conclusion, it seems that
only on Langli has the carrying capacity
of the habitat for Brent Geese been
reached (sece Madsen 1989). At other sites
in the Danish Wadden Seca, there still
seems 1o be room for more geese,
Howcever, these areas are probably not
optimal for Brent Geese.
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Jameson Land, East Greenland is a moulting area of ¢. 5000 non-hreeding Pink-footed Geese and 5000
Barnacle Geese. Breeding populations of both species in the area are small and scattered. The moulting
Pinkfeet originate from Iceland, and the Barnacle Geese from other parts of East Greenland, Bath species
arrive in the area at the end of June and moult their remiges in July,

Moulting Rocks of the two species seldom mix. Pinkfoot Aocks are common along constlines, in wide
rivers and on lakes with open views to all sides, while Barnacle Geese predominate in smaller rivers and on
lukes with surrounding hills. During moutlt the geese, and especinlly the Pinkfeet, are exteemely wary and
depend on a safe area of water serving as a refuge with nearby food supplies (sedge-dominated marshes).
Barnacle Geese graze in a zone 0-100 m from the refuge, Pinkfeet up to 200-250 m from the refuge. The
moulting sites fill up with geese according to availuble marsh areas, and the grazing pressure on average
amounts to 594 goose-days per ha during the moulting period. Food intake is estimated at 149 gand 138 g
otganic material per 24 h by Pinkfeet and Barnacle Guese, respectively. In 1984, which was sunny and
warm, net above-ground primary production of o Carex subspathacea marsh (the prime feeding ground
during moult) from the beginning of growth to the end of July was 13-15 pdw m?, and it is estimated that
the geese consumed 60-699, of the production. In 1983, which was cold, geese probably consumed the
entire production, Goase grazing did not affect productivity, but nutrient Jevels were high in grazed
compared with ungrazed shoots, and peaked in early July,

When separate, the diet of both species comprises sedges and grasses. Where the species co-exist the
amount of mosses in the dict increases, espeeially in Barnacle Geese. With respect to nutrient and fibre
contents, moss is a suboptimal food compared to sedges and grasses. When separate, the geese spend 41-
469, of the 24 he grazing. Where they co-exist, Barnacle Geese spend 629, of the time grazing, while
Pinkfeet seem unaffected by the presence of Barnacle Geese.

It is argued that carrving capacity for moulting geese is reached. Geese compete for resources, the
Barnacle Goose suffering from the presence of the other. The observed distribution pattern is suggested to
result from (1) Pinkfeet being limited to certain sites due to extreme wariness, and (2) Barnacle Geese
trying to avoid competition by utilizing sites which Pinkfeet sre reluctant to use. The experience of older
Barnacle Geese of stress when settling with Pinkfeet may be the segregation mechanism,

Moult cuincides with the onset of growth and peak nutrient levels in the vegetation, Tt is suggested
that the geese undertake moult migrations to Jameson Land both to avoid competition for resources with
breeding geese and because they gain advantage from a growing, nutriticus vegetation.

During the summer moult of remiges, non-breeding geese congregate at special
moulting grounds (e.g., Paludan 1965, Salomonsen 1968). For 3-4 weeks they are
unable to fly, and the moulting site must afford protection against predators as well as
sufficient food supplied throughout the flightless period.

The ecology of non-breeding, moulting geese is, however, not well known. A
recent study by Derksen et al. (1982) described the salient features of an Alaskan
moulting ground of three goose species, and analysed how the area was exploited by
the geese.

The aim of this paper is to describe the ecology of moulting Pink-footed Geese
Anser brachyrhynchus and Barnacle Geese Branta leucopsis at a common moulting

* Present address: Game Biology Station, Kalo, DK-8410 Ronde, Denmark.
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ground in Jameson Land, East Greenland. Evidence is presented that the carrying
capacity of the area for moulting geese is reached and the two species compete for
limited resources, affecting their distribution in the area.

The study, which was undertaken in 1982-84, is part of an environmental base
line investigation in connection with planned oil exploration. Results of censuses of
geese and a study of the possible effects of human activities on the moulting goose
populations have been published by Madsen et al. (1984) and Madsen (1984),
respectively.

Study area and goose population

Jameson Land, situated north of the Scoresby Sund Fjord (Fig. 1), is a lowland
tundra which gradually slopes from SW and W towards a northern and eastern
plateau (500-1000 m a.s.l.) cut by several valleys, e.g., @rsted Dal. The western part,
Heden, is a flat inland tundra intersected by many rivers and dotted with lakes.
Fieldwork was carried out in an area around the river Draba Sibirica Elv at Heden as
well as in Orsted Dal.

The dominating vegetation type in the study area on Heden (0-200 m a.s.1)) is
continuous dwarf scrub with 75-100°%;, coverage (with Cassiepe tetragona, Vaccinium
uliginosum, Empetrum hermaphroditum and Betula nana predominating) and, near
rivers, streams and lakes, graminoid marshes (mosses with protruding Carex stans,
C. subspathacea and C. saxatilis and Eriophorum scheuchzeri). Along the west coast
salt marshes (dominated by Carex subspathacea and Puccinellia phryganodes) are
found. In @rsted Dal graminoid marshes (mosses with C. stans, C. saxatilis and
Eriophorum triste) are abundant on the valley floor together with fellfield (Dryas
octopetala and Salix arctica) dry dwarf scrub (see Bay & Holt 1984 for details).

Jameson Land is situated on the limit between high and low arctic regions of East
Greenland. The frost-free period ranges from around the middle of June to the
beginning of August. Except for the valleys opening towards the Greenland Sea
{e.g., Orsted Dal) the summer climate is usually continental with much sun and low
precipitation. This was prevalent in 1982 and 1984, while in 1983 the summer was
rainy, cold and with only little sun.

T'wo species of geese, the Pink-footed Goose and Barnacle Goose, occur as
summering and breeding species in Jameson Land. The Pinkfeet belong to the
population breeding in Iceland and East Greenland and wintering in Scotland and
England (c. 90000, Ogilvie 1983a). The Barnacle Geese are part of the East
Greenland breeding population wintering in Scotland and Ireland (. 25 000, Ogilvie
1983b).

Aerial surveys and ground counts (Madsen e/ af, 1984) revealed that Jameson-
Land is primarily a moulting area for geese. In July the populations consist of 5000-
5500 Pinkfeet and 5000-6100 Barnacle Geese, of which approximately 93, are non-
breeders or failed breeders. Non-breeding Pinkfeet arrive from Iceland at the end of
June and, at the same time, Barnacle Geese arrive from the East Greenland breeding
range. During a 3-4 week period (Pinkfeet c. 7 July to 1 August, Barnacle Geese¢. 5
to 28 July) the geese moult their remiges and are flightless. The moulting flocks, and
especially the Pinkfeet, are extremely wary and concentrate along rivers, coast lines
and around lakes which serve as refuges from predators, mainly arctic foxes 4lopex
lagopus, which are abundant. Mean flock size of Pinkfeet during moult is 43 (range 1-
240} and of Barnacle Geese 32 (runge 1-350). Having regained the power of flight the
geese abandon the moulting grounds; the Pinkfeet disperse to other sites in Jameson
Land, while most Barnacle Geese leave Jameson Land and fly to other, unknown
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sites outside the area. The geese emigrate from Greenland during the first half of
September.

Methods

Habitat selection

In different areas visited by moulting geese dropping densities were used as a
measure of habitat utilization. Droppings were counted in plots with a radius of 1-1
m (4 m 2 }, 2040 m apart along transcts in the terrain. Transects were laid out in
different plant communities and always at right angles to the edge of the refuge.
From the results the vegetation zones exploited by the geese during moult were
delimited. The plant communities used were then identified using a vegetation map
{1:25000) of Jameson Land, prepared on the hasis of false coloured infra-red
photography by the botanical base line studies (C. Bay & S. Holt unpubl.).

Width of lukes and rivers were measured from the maps. As the safety of a river as
a refuge depends both on river width and depth, an index combining the two factors
was developed. Rivers were classified according to the following crude scale:

(A) River ¢. 50 m wide and ¢. 1 m deep in most of the course;
(B) River ¢. 30 m wide and 0-5-1 m deep in most of the course;
(C) River c. 20 m wide and ¢. 0'5 m in most of the course;

(D} River ¢, 10 m wide and less than 0-5 m in most of the course;
(E) River ¢. 5 m wide and less than 0:5 m in most of the course.

During the aerial censuses the position of all observed flocks of geese was
recorded, and in July 1984 river sections were classified according to the above index.
Estimates were later checked from the ground.

Food selection

Geese have an inefficient digestion of their food plants which leaves the epidermis of
the ingested vegetation intact in the droppings. As most plant species have specific
epidermal characteristics, a dietary analysis is possible on the basis of microscopical
identification of epidermal fragments in the droppings (Owen 1975),

In the field, fresh droppings were collected in sites where goose flocks had been
grazing on the same day. At least 25 droppings were taken per sample. During the
moulting period droppings were collected from sites where the two species occurred
alone as well as from sites where they co-existed (the latter sampling only around
isolated lakes from which the geese could escape during moult and where the food
supplies were the same for both species). To separate the droppings of the two
species a mixed, roosting flock was kept under observation for some time, ensuring
that the droppings could be collected from the exact positions where individuals of
the particular species had been roosting,

A sample was preserved in 70%, alcohol and thoroughly mixed before examin-
ation. Subsamples (more than 10) were taken at random and spread on microscope
slides. Food composition in sample was quantified by determination of 100
fragments, following a quadrat sampling procedure described by Owen (1975). By
the aid of a reference collection of epidermis of potential food plants, all fragments
(except mosses) were identified to species or genus level. Because mosses fragment
much more than the epidermis of vascular plants during gut passage, the point
quadrat sampling method will bias the diet composition in favour of mosses
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(Derksen et al. 1982). To correct for this, only fragments of at least 20 epidermis cells
were included in the counts.

To relate the frequency distribution of plant species in the droppings to plant
community, plant species frequency in a Carex subspathacea-dominated sward
grazed by moulting Pinkfeet was assessed by a pin-point method. A 200-m-long
transect was laid out in the marsh perpendicular to the refuge. At 15-m intervals a
secondary transect was laid out at right angles to the main transect. At 10-cm
intervals along the secondary transect the presence or absence of species was
recorded in up to 180 contact points.

Time budgets

Diurnal time budgets of non-breeding moulting flocks of geese were studied by
observation of time allocation. This was done from portable hides placed near
permanent moulting grounds, and using spotting scopes ( x 20-45). Within an
observation period the flock was scanned at 5- or 10-min intervals, and the number of
individuals engaged in various activities recorded. Observation periods varied from
a few hours to 48 hr, and were evenly distributed over the diurnal cycle.

Estimation of daily food intake

Daily food consumption was estimated by the ‘marker substance’ method developed
for geese in the wintering quarters (Ebbinge et al. 1975, Drent et al. 1981).
Digestibility was measured using ash content as a natural food component not
digested by gut passage. The increase in the concentration of the marker in the
droppings compared to the food plants thus equals the retention rate. Defaecation
rate was measured in the field by keeping the abdomen of a goose under continuous
observation for as long as possible (timed on a stop watch) and recording the number
of droppings produced in the period. Periods and number of droppings were
summed for many individuals to achieve an average defaecation rate. Fresh
droppings were collected from two moulting sites on Heden together with potential
food plants. Before analysis, plant species were lumped in the proportion found in
the droppings from the site (faecal analysis). Ash content of both plants and
droppings were determined and the silica fraction removed. All analyses were
carried out in duplicate.

Productivity of vegetation

To estimate the potential food supplies available to the moulting geese, the net
above-ground primary production (NAPP) of marsh vegetation was studied.

In 1983 an experiment was set up in a wet marsh dominated by Carex
subspathacea protruding through a moss carpet and grazed by Pinkfeet during the
moulting period. On 5 July, four exclosures of 1 m? each were erected at ¢. 10 m
intervals on a line 10-20 m parallel to the lake serving as refuge. Exclosures were
constructed of four stakes (40 cm above ground) connected with strings in various
heights. Six circular turves, each of 0-11 m?, were collected randomly outside the
exclosures. Sampling was repeated inside and outside the exclosures on 4 August
when the majority of the geese had regained flight and abandoned the area.
Vegetation was clipped at soil level, washed, separated into live and dead material,
and the live material sorted into species (mosses excluded). Samples were wind and
sun dried in paper bags in the field, dried at 60° C in a vacuurn oven for 24 hr, and
weighed after return to the laboratory.
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In 1984 another approach was used, as NAPP was estimated by simulation of
goose-grazing in two sites by repeated clipping of all vegetation above the level of the
moss carpet in permanent plots. Both sites were snow-covered until 15-20 June.

Site I

A Carex subspathacea-dominated marsh adjacent to a lake used by moulting geese.
The marsh gradually sloped upwards towards a snow bed which supplied the marsh
with melt water throughout the summer. Within a 10 x 10 m exclosure, constructed
as in 1983, and 40 m from the lake, four permanent 0-11 m? plots were harvested at
ten-day intervals from 21 June to 30 July. To elucidate whether clipping, and by
analogy, grazing, had an effect on NAPP, the numbers and weight of shoot of C.
subspathacea in clipped and unclipped plots were compared on 30 July.

Site 11

A Carex stans-Poa pratensis-dominated marsh along a tributary to a river. The marsh
sloped upwards towards a snow bed supplying the marsh with melt water. The
ground was sandy and with low coverage of mosses. Withina 10 x 10 m exclosure 15
m from the river five 0-028 m? plots were harvested at 5-7-day intervals as at Site L.
NAPP of a grazed marsh was estimated in two ways;

(1) By summation of the biomass clipped in the permanent plots (1984), or as the
positive increment in the biomass in exclosures (1983). Green biomass present at the
time of snow melt was assumed to be production of the previous year and not
included in the estimate of NAPP.

(2) By the amount of vegetation consumed by the geese:

NAPP =C+ x;—x,,

where C is the forage consumed, x; the biomass present at the onset of grazing (pre-
moult), and x; the biomass remaining after the departure of the geese (Cargill &
Jefferies 1984).

Chemical analyses of food plants

Paralled with the clipping of C. subspathacea on permanent plots in 1984, samples of
green shoots were collected between the plots for comparison of nutrient and fibre
contents in clipped and unclipped shoots. Analyses of total nitrogen, crude fibre,
phosphorus and potassium were carried out by the Central Laboratory of the
National [nstitute of Animal Science, Denmark.

Samples of green shoots of a variety of food plant species were collected for
nutrient and fibre analyses. Plants were only collected from sites visited by moulting
geese and at the end of July.

Results

Habitat selection

‘The dropping counts and direct observations revealed that during moult, both goose
species feed exclusively in marshes dominated by sedges and grasses. Figure 2 shows
the significance of the proximity to the water body serving as refuge. The Barnacie
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Geese only exploit a narrow zone arcund the water’s edge (up to 100 m into the
marshes), while the Pinkfeet utilize a broader zone (up to 200-250 m into the
marshes). The interspecific difference in utilization probably results from a better
sprinting ability of Pinkfeet than of Barnacle Geese, which is valuable in case of fox
attack.

The crucial importance of keeping close to water is demonstrated by the record of
remnants of goose carcasses—obvious remnants of fox kills—at almost every
moulting site. Successful and unsuccessful attacks by foxes were observed on several
occasions. Remarkably, the victims were always Pinkfeet, and it seems that they are
more vulnerable to predation than Barnacle Geese due to their foraging strategy.

During moult there exists a significant segregation of sites used by the two goose
species, and mixed flocks are seldom seen. In 1983, which was representative of all
three census years, flocks of Pinkfeet were found at a total of 118 sites, and Barnacle
Geese at 114 sites, with mixed flocks on only 18 of the sites. Since all potential
moulting sites in Jameson Land seem to be occupied (see below) the frequency of
mixing is far below that expected from a random distribution (¥* =167, d.£.=1,
P <0-001).

The two species segregate by overall habitat utilization. Pinkfeet are maore
frequent than Barnacle Geese along coastlines (Table 1), and the two species also
diverge in selection of lakes and rivers. On Heden (Fig. 3), which has the highest
concentrations of moulting geese, the segregation pattern is apparent. In most of the
river systems Barnacle Geese are most widespread, while Pinkfeet inhabit other
rivers and almost all lakes. In other parts of Jameson Land, especially in the eastern
valleys, the lakes are occupied by Barnacle Geese. In both species the minimum
acceptable width of a refuge lake is ¢. 20 m. Although not quantified in detail, the
difference in lake occupancy between areas is probably explained by the open view to
all sides from most lakes on Heden and the hilly surroundings of lakes in the eastern

T N T R T,




3z J. MADSEN AND €. E. MORTENSEN IBIS 129

Table 1. Habitat distribution of flucks of moulting geese. The species diverge significantly m habiiat occupancy

Anser Bramta
brachyrfivnchus  leucopsis

Lake 28 20
River 50 85
Coastline 4 9
n 118 114

Note: ¥*=20-1, d.f. =2, P<0-01,
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Figure 3. Distribution of moulting geese at Heden, western Jameson Land, as revealed by aerial count,
July 1983,

valleys. The extremely wary Pinkfeet are probably reluctant to use the latter type,
while the Barnacle Geese do.

The segregation on rivers seems to be a function of river size (Fig. 4). Thus,
Pinkfeet are commonest on the larger rivers and do not utilize those less than 20 m
wide, while Barnacle Geese are under-represented in the largest rivers but make use
of rivers down to 10 m width.

Food selection

From their arrival in the middle of June to the start of moult at the beginning of July,
bath species fed in small parties on grassy slopes and on snow free marshes along
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streams and rivers. Many geese were seen probing for the first leaves and for roots
and rhizomes of grasses and sedges in wet moss carpets. In both species Poa pratensis
dominated the diet (Table 2). However, root fragments, which were not quantified in
the faecal analysis, probably made up more than 309, of the diet in both species.

During moult the diets of both species became dominated by the new growth of
sedges and grasses (Table 2 and Fig. 5). Site-to-site differences in food composition
reflect differences in composition of plant communities. The frequency distribution
of the plant species in the droppings was quite similar to the presence of species in the
marsh sward (Fig. 6), although there was a positive selection of sedges and negative
selection of mosses. Although not represented in the dropping analyses, field
observations showed that the geese picked off buds and flowering heads of Saxifraga

foliolosa and Polygonum viviparum in the marsh areas. The geese totally avoided
Hippuris vulgaris and other dicots and hardly grazed Eriophorum scheuchzeri, which
was abundant in most moulting areas.

The chemical analyses of the food plants showed that the moulting geese selected
plants with maximum nutrient and lowest fibre contents (Table 3). Mosses, which
have low nutrient contents and high fibre contents, are clearly suboptimal food
plants.

When separate the two goose species showed almost identical diets (x* =28,
d.f.=4, N8} (Fig. 5). Where co-existing with Pinkfeet, the food composition of the
Barnacle Geese changed significantly, compared to where separate (y*=26-3d.f. =4
P < 0:001), while the food composition of the Pinkfeet did not (3° = 4-2 d.f. =4, NS).
The change in diet of the Barnacle Geese was caused by an increased intake of mosses
(¢=13-86, P < 0-05). At the extreme, at one site in @rsted Dal mosses made up 33% of
the Barnacle Goose diet while 179, of the Pinkfoot diet.

In the post-moult period in August the geese fed widely dispersed on the tundra
and on marshes not hitherto exploited in the season. Sedges and grasses still
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Table 2. Diet of non-breeding geese in different periods and areas (©,)

Pre-maoult Moult Post-moult
Heden Orsted Dal Heden Hall Br Heden

Ab Bl Ab Bl  Ab Bl Ab Bl Ab Bl

n 1 1 3 4 2 1 2 2 3 2
Cyperaceas

Carex subspathacea 81-6 521 674 M1 - —

Carex saxatilis 10 212 04 10 2.7 1449 54

Carex stans 271 655 468 340 457

Eriophorum scheuchzeri 17 1-2 09 —_ -
Poaceae

Festuca sp. 36 26 09 08 22 108 11

Poa pratensis 8§36 6100 165 181 116 419 110 — 179 141

Trisetum spicatum 0-6 1-7 03 +5 11

Phippsia algida 1-2 - - — — - —

Puccinellia phryganodes 92 54

Alapecurus alpinus 7-4 04 1-5 I-1

Arctagrostris latifolia 1-8 03

Poaceae sp. 34 29 42
Dicotyledones

Saxifraga sp. 08 1-0 33

Palygonum viviparum 36 i 02 - e — — e il

Stetlaria sp. 03 - - B
Equisetum

Equisetum sp. 68 -4 16 126 396 196
Bryophyta

Bryophyta sp. 17 116 121 48 26 44 189 22 13

Note: A.b. = Pink-footed Goase; B.i. = Barnacle Goose; n number of sumples.

dominated the diet, but Eguisetum spp., probably mostly E. variegatum, which
emerged late along the falling rivers, also became an important food (Table 2). In
August there was quite a rich fruiting of berries in the tundra scrubs on Heden, and
the geese were seen picking off berries, also evidenced by blue and red colouring of
the droppings and by finding seeds in most droppings.

Time budgets

Under the continuous daylight of the arctic summer the time budget was
characterized by a regular pattern of alternation between feeding and resting. In both
species feeding periods were evenly distributed over 24 hr (Fig. 7), and there was a
high degree of synchrony in activities between individuals in a lock. The duration of
a feeding bout in a marsh lasted from a few minutes to 1'5 hr, and the feeding was
finished either spontaneously by walking back to the water's edge or because the
flock was suddenly scared and ran back to the water. The average period when at least
50% of the members of a Pinkfoot flock grazed without interruption was 263
minutes (1= 70, s.d. = 17-9), and of Barnacle Geese 39-6 minutes (n =49, s.d, = 25-3

(t=3-15, P<0:005). The shorter feeding bouts of Pinkfeet probably relate to their
extreme wariness.
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Figure 5. Food selection of Pinkfeet and Barnecle Geese during moult when they are separate and
together. Br: Bryophyta, Eq: Equisetum, Po: Poaceae, Cy: Cyperacene, Di: Dicotyledones. In each case
samples have been taken from three sites.

In both species grazing was the most time-consuming activity, followed by
resting (Table 4). When the two species were separate there was no significant
difference in time budgets ("= 2-14,d.f.=4, NS).

Mixed flocks of Pinkfeet and Barnacle Geese were observed on three occasions,
each time with Pinkfeet as the most numerous species. In these situations Pinkfeet
did not alter time budgets, whereas Barnacle geese grazed more at the expense of
resting. On average they devoted 61-8", of the time to grazing (n=54 h
observations), which is significantly more than when separate (x*=17-8, d.f.=4,
P < 0-01). As long as the Pinkfeet grazed in the marsh zone close to the refuge the
Barnacle Geese usually followed, but stayed behind when the Pinkfeet went into
more distant marsh areas. Thus, the Barnacle Geese were forced to graze in a zone
already exploited by the Pinkfeet. The observations indicate that the Barnacle Geese
suffer from a decreased intake rate when flocking with Pinkfeet. The opposite needs
not to be the case, as the Pinkfeet exploit zones not available to Barnacle Geese.
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Juncus biglumis

Poa pratensis
Saxifraga foliolosa
Polygonum viviparum
Salix herbacea
Equisetum variegatum
Bryophyta sp.

Figure 6. Food selection by Pinkfeet during moult on sedpe-dominated marsh,

Table 3. Selectivity of Pink-footed Geese on a Carex subspathacea sward, and some chemical components of
Jood plants (®,, af dry weight)

Selec- Total Crude Prot./
uon®  No fibre fibre® Potassium Phosphorus

Carex subspathacea (leaves) 1-5 43 16-1 1-7 1'8 -4

Poa pratensis (leaves) 1-i} 32 176 14 17 0-3
Saxifraga foliolosa (Rowering heads) =2 39 9:5 26 1-7 0-5
Bryaphyta sp, (leaves) 02 14 23:5 4 0-7 02
Notes: n: ratio between ¥, in droppings/”, in vegetation; b: ratn between 6°25 x %, NjY, Crude
fibre.

Unfortunately, the situation with more Barnacle Geese than Pinkfeet was not
observed.

One observation strongly indicates that the two species compete for food. In a
river bend where flocks of both species moulted, a mixed flock of 16 Barnacle Geese
and 40 Pinkfeet was observed for four h on 7 July 1984, The Barnacle Geese grazed
along the river on emerging shoots of Poa pratensis while the Pinkfeet were upending
for roots or rhizomes in the river (plant species not identified). Four times the
Barnacle Geese approached the Pinkfeet to participate in the feeding in the river, but
were refused access by direct attacks from the Pinkfeet. After 2:5 hr the Pinkfeet for
unknown reasons became alert and swam up the river. Immediately after the
Barnacle Geese took over the river feeding.

Daily food intake and grazing pressure

The estimates of daily food intake of the two species during moult is presented in
Table 5. The ‘marker substance’ method proved to be particularly suited for the
arctic situation. The geese fed on a very uniform food supply, and they spread their
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Figure 7. Diurnal pattern of grazing by geese during moult. Curves show moving averages of three
observations. Time intervals are 10 minutes. Dashes lines show start of observations.

Table 4. Average diurnal time budgets (%, ) of moulteng, non-breeding flocks aof geese

Grozing Resting Preening Walking Swimming  Alert  n(hours)

A. brachyrhynchus 409 381 78
B, lencopsis 460 36'5 9-4 35 57

32 92 0-8 103
04 69

Table 5. Estimates of daily food intake of geese grazing on sedge-dominated marshes during moult. Sample size

15 shoton tn parentheses

Anser Branta
brachyrhiynchus letcapsis

Daily defaccation (droppings/24h) 139 (621 min.} 144 (903 min.)

Dry weight of dropping {g) 086 (84) 0-80 (80)
Organic content (g ash-free) 074 0:61
Retention rate 031 0-37
Daily food intake (g ash-free) 149 138

grazing activity over a 24 h cycle, thus defaecating at a relatively constant rate.
Compared to the situation on the wintering grounds, throughput time is probably
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slow, which may explain the high retention rates (compare with Ebbinge e al. 1975,
Drent et al. 1981, Boudewijn 1984, Madsen 1985a),

As habitat selection of the moulting geese is so clearly confined to sedge marshes
close to the refuge, the grazing intensity can be calculated. The exploitable feeding
aveas could, from the vegetation maps, be estimated to the nearest 0-1 ha. In Figure 8
the relationship between the available marsh area and the number of moulting geese
is shown (no differentiation between species). Only areas where the moulting flocks
were known to be stable (i.c., isolated lakes, some river svstems and the coast, where
the mobility of the geese was limited) have been used. The correlation indicates that
the sites are occupied according to available food supplies, and the direct
proportionality shows that the grazing pressure is similar at all sites. The results of
the aerial observations indeed suggested that all potential sites in Jameson Land were
occupied by geese; if geese were lacking from a lake, this coincided with lack of
marshes, and alternatively lack of geese in large marsh coineided with lack of a
refuge.

The geese arrive at the moulting ground about a week in advance of the moult and
leave the areas immediately after regaining flving powers. Thus, it is estimated that
the geese graze in the marsh areas for some 30 days. From the regression in Figure 8
we calculate an average grazing pressure of 594 goose-davs/ha, equivalent to the
availability of 17 m? to cach goose per day. The mean food intake of a goose (average
for both species) is 144 g organic matter/24 hr (152 g dwi). Thus, 9 g dwt of biomass
are removed per m? by the geese in the course of the moult,

NAPP and nutrients of marsh vegetation

The 1983 sampling was started after the arrival of moulting Pinkfeet, and the marsh
had been grazed already. From 5 July to 4 August the live above-ground biomass in
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Figure 9. A: Development in live, sbove-ground biomass inside (——) and outside { ) exclosures of

sward dominated by Carex subspathacea. B: Cumulative net above-ground production of a Carex stans-
Poa pratensis sward. C: as B in u Carex stans-Poa pratensis sward. Bars show 957, confidence limits.

the exclosures dropped significantly (F=20-2, ¢, =2, va= 13, P<0:01) (Fig. 9A),
while the dead biomass increased from 0-5 to 1-9 g dwt/m?. On 4 August there was no
significant difference between biomass outside and inside exclosures (t=0-98,
d.f. =10, NS), indicating that the marsh had not been grazed to any extent since 3
July. Over the period 5 July to 4+ August, NAPP inside exclosures is estimated at less
than 1 g dwt/m?. This extremely low productivity was caused by the cold weather
with mostly overcast sky. On 4 August vegetation height was below 0-5 cm
(measured to the moss carpet).

The summer in 1983 was contrasted by the sunny and warm 1984 season with a
continuous growth in the C. subspathacea marsh from snow melt to the end of July
(Fig. 9B). The NAPP calculated on the basis of the clipping experiments was on
average 13 g dwt/m”.

Also in the Carex stans-Poa pratensis marsh growth continued throughout the
mouit period (Fig. 9C), though growth rates declined during the second half of July.
The NAPP estimated from the clipping experiments was 38 dwt/m?® with 87°, C.
stans,

The estimate of NAPP based on goose consumption is relatively crude, as data
from 1983 and 1984 have to be combined, and can only be calculated for the C.
subspathacea marsh. The biomass at the end of moultin 1983 was 7 g dwt/m?>. As the
consumption of a goose has been calculated at 9 g dwt/m? during moult, NAPP can
be calculated to be 11 g dwt/m°. Unfortunately, no data exist concerning the biomass
at the end of the 1984 moult. However, judging from vegetation heights in grazed
swards ultimo July, there was estimated to be more standing crop in 1984 than in
1983, The calculated NAPP is thus probably an underestimate, and is instead
believed to be . 15 g dwt/m’.

In the ungrazed plots of C. subspathacea sward, which were only clipped on 30
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Figure 10, "T'rends in nutrient and fibre contents of Carex subspathacea without grazing (dashed lines) and
with simulated grazing (solid lines). Values are percentage of per mille of dry weight. Analyses were
carried out in duplicate.

July 1984, NAPP was estimated at 15 g dwt/m?, not significantly different from the
NAPP estimate of the clipped plots. Sheot density and average weight of 100 shoots
of clipped and unclipped plots also did not diverge, indicating that clipping did not
affect NAPP.

Nutrient contents, i.e., total nitrogen, phosphorus and potassium of C.
subspathacea in 1984, showed =1milar trends over the period from snow melt to the
end of July (Fig. 10). Due to lack of sufficient material for analysis, data from all
collection dates cannot be shown. In the ungrazed vegetation, nutrient contents
peaked in early July, while in the clipped vegetation contents remained high
(nitrogen) or increased (phosphorus and potassium). The crude fibre contents did
not show any trend during the course of July nor any difference between ungrazed
and cut vegetation,

Discussion

Moult migration

Non-breeding geese of most populations undertake a moult migration which, with
few exceptions, is northerly (Salomonsen 1968, Ogilvie 1978). Several hypotheses
concerning the cause of the migration have been put forward, the most recent being
avoidance of competition for food resources with breeding geese (Salomonsen 1968,
Derksen et al. 1982), lessening of predation risk (Stirling & Dzubin 1967, Ebbinge &
Ebbinge-Dallmeijer 1977), and optimal exploitation of spring growth (Owen &
Ogilvie 1979),
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As the breeding populations in Jameson Land are small (Madsen et al. 1984) the
non-breeding geese arriving at the end of June fill up an almost empty niche. The
timing of moult is closely correlated with the growth season. Around mid June most
marsh areas are still snow-covered, and the arrival coincides with snow melt and the
start of vegetation growth, Food quality peaks at the beginning of July, at which time
the geese start to moult. This coincidence has also been shown between Black Brant
Branta bernicla nigricans and the nutrient contents of vegetation in Alaska (Derksen
et al. 1982).

The Pinkfeet originating from Iceland come from a situation of limited food
resources. It has been suggested that the carrying capacity of the main breeding area,
Thjbrsarver, to breeding geese has been reached, and that the number of suitable
moulting grounds is small (Gardarsson & Sigurdsson 1972). The moult migration to
East Greenland is apparently of quite recent origin. In the 1920s acknowledged
zoologists positioned in the Scoresby Sund region did not notice any north migrating
geese in June (Pedersen 1926, 1930, Petersen 1941). The first reports of moult
migrating Pinkfeet come from the 1950s (Taylor 1953, Conradsen 1957). The start
of the moult migration coincides with a population increase, which may indicate that
the migration developed because of a ‘saturation’ of the Icelandic moulting grounds,
Exact population data prior to 1930 do not exist (Ogilvie 1978, pers. comm.), but the
population probably did not exceed 20 000 individuals, while in the mid 1950s the
population had increased to 40 000.

These findings are in support of both the hypothesis that the geese (at least the
Pinkfeet) avoid competition with breeding geese by undertaking a moult migration,
and that the geese make an optimal utilization of a nutritious and unused spring
growth.

The predation hypothesis does not present a plausible explanation for the moult
migration of the Pinkfeet. As already argued by Owen & Oglvie (1979), predators
{foxes) are few in Thjorsaver, while they pose a constant threat to the moulting geese
in East Greenland. However, the hypothesis that the Pinkfeet migrate from a
situation of few suitable refuge areas to a situation of plenty relatively peaceful
refuges cannot be ruled out.

Carrying capacity and grazing effects

Three circumstances point to the conclusion that the populations of moulting geese
are close to the carrying capacity of Jameson Land:

(1) All suitable sites, i.e., coastlines and rivers and lakes with a certain minimum
width, and with sufficient food supplies, are occupied by geese. The sites are filled up
according to the size of the food resources with a constant grazing intensity of about
600 goose-days per ha and year.

{2) In the Carex subspathacea marsh, which is the most common moulting habitat in
western Jameson Land, the geese remove a significant part of NAPP. In 1984, when
growth conditions were probably optimal, NAPP was 13-15 g dwt/m?, and the geese
consumed on average 9 g dwt/m?, viz. 60-69%, of the production; in cold summers,
such as 1983, the geese probably remaoved the entire production. In the Carex stans-
Poa pratensis marsh the geese removed less, in 1984 ¢. 249, of the production. This
marsh type has, however, a limited distribution in Jameson Land and is quite rare as
feeding habitat during moult.

(3) By the end of the moult, which probably coincides with the end of the plant
growing season, the marsh vegetation has been grazed below 0-5 cm height. In 1983
the geese abandoned the sites immediately after they regained flight and then utilized
habitats which were not used earlier in the season.
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The NAPP in the Carex subspathacea marsh is less than 1/5 compared to a Carex
subspathacea-dominated salt marsh at Hudson Bay in subarctic Canada, grazed by
Snow Geese Awnser c. caerulescens (Cargill & Jefleries 1984), Presumably the
difference is explained by the shorter and colder growing season in Jameson Land,
although there may also be differences in nutrient input into the two areas.

The clipping experiments in the Carex subspathacea marsh in 1984 indicate that
the geese did not affect productivity significantly. However, clipping and, by
analogy, grazing, led to a maintenance of high nutrient contents throughout the
moulting period, contrary to the ungrazed sward. It is suggested that repeated
grazing keeps the plants in an early growth stage with maximal nutrient contents.
Thus, the geese are able to optimize nutrient intake without diminishing the
harvestable biomass,

Increase in nutrient content as a result of goose grazing has also been found on
breeding grounds of Snow Geese (Harwood 1977, Cargill & Jefferies 1984) and
spring staging areas of Barnacle Geese (Ydenberg & Prins 1981). In two studies it
has, furthermore, been found that goose grazing may stimulate productivity. Cargill
& Jefferies (1984) found an increase in productivity of Carex subspathacea by 35
809, and Prins et al. (1980), in a study of Brent Geese grazing Plantago maritima in
spring, showed that productivity was increased by repeated grazing.

Interspecific competition

it has been indicated that the species compete for limited resources. The Barnacle
Goose, especially, seems to suffer from this, as its feeding efficiency is reduced by
presence of Pinkfeet. In order to meet their energy requirements, the Barnacle Geese
have to spend more time grazing, and they are forced to feed on mosses, which are
less nutritious than sedges and grasses. One observation showed that by aggressive
nterference Pinkfeet may keep Barnacle Geese away from preferred food patches.
Pinkfeet, on the other hand, seem not to be affected seriously by presence of Barnacle
Geese, because they can exploit vegetation zones not available to Barnacle Geese.

Thus, it is advantageous for the Barnacle Geese to avoid sites preferred by
Pinkfeet, and this is clearly reflected by the segretation of the two species. Compared
to Barnacle Geese, Pinkfeet are extremely wary during the moult (Madsen 1984). As
a result the Pinkfeet are limited to sites which offer a secure refuge, and—unlike
Barnacle Geese—they dare not enter small rivers and ‘closed’ lakes.

Thus, the segregation involves (1) the Pinkfeet being restricted to open sites due
to their wariness, and (2) the Barnacle Geese, in an attempt to avoid competition
from Pinkfeet, selecting refuge areas which are too small or ‘closed’ to be accepted by
Pinkfeet.

By what mechanisms this segregation happens is unknown. Despite intensive
observations during the arrival phase in 1984, no encounters between Aocks of the
two species were seen. The moulting flocks established ‘invisibly' by gradual arrival
of groups of 2-5 birds (Madsen et af. 1984) to sites which were—by our experience
from 1982 and 1983—traditional sites of the species. It is suggested that older
Barnacle Geese who have visited the area in previous seasons have learned by
experience which sites the Pinkfeet usually occupy and thus are likely to be
unsuitable. Probably the older birds decide where to settle, presumably avoiding
sites which they associate with stress. This mechanism will strongly reduce the
chance that a site, jointly occupied by the two species during one year, will be
occupied by Barnacle Geese during the following year. The explanation for the
existence of mixing may be that the Pinkfeet arrive after the Barnacle Geese have
started their moult, which traps the latter in a site.
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Comparing aerial census data from 1983 and 1984, when complete surveys of
Jameson Land were performed (Madsen ef a/. 1984} it is found that when separate in
sites during the first year, Barnacle Geese re-occupied the same sites with a
frequency of 0-86 the following year. When jointly occupied with Pinkfeet during the
first vear, the re-occupation frequency decreased to 0-55 (n = 18}, and was especially
low for sites where Barnacle Geese has been the minority species (0:33, n=12).
Although data are few, these results support the ‘avoidance’ hypothesis.

Few studies have focused on the carrying capacity and its consequences for
breeding and moulting goose populations. In Spitsbergen, Prop et al. (1980, 1984)
showed by a long term study that the depletion of food resources on the breeding
grounds of Barnacle Geese limits the breeding output. Correspondingly, Gardars-
son & Sigurdsson (1972) have indicated the same for breeding Pinkfeet in
Thjorsarver in Iceland.

It has not been shown previously that competition for food resources occurs
between goose species at the breeding or moulting grounds, and interspecific
competition has only recently been demonstrated in the wintering quarters (Lok
1981, Madsen 1985b). Here one goose species avoids a more numerous species,
analogous to the East Greenland situation. It has been suggested (Madsen 1985b)
that avoidance due to exploitative competition is the explanation of the phenomenon,
namely that the exploitative depression of the food supplies by one species makes it
disadvantageous for the other species to flock with it. The same explanation may
apply to the situation on the moulting grounds, although interference competition
also seems to play a role.

In the light of the increase in most of the world’s goose populations within this
century, interspecific competition should be looked for in future studies. As shown
in East Greenland, competition may affect local distribution of the involved species,
and ultimately it may become a factor limiting population growth.

The studies were carried out by the Zoological Muscum, Copenhagen as consultants to the Greenland
Fisheries and Environment Research Institute. David Boertmann took part in the field studies in 1982 and
1983, Sune Holt and Christian Bay are thanked for help in the preparation of maps of goose habitats, Jon
Fjeldsa and Soren ‘Toft kindly commented on the manuscript.
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