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Blodparasiter och deras spridningsvigar inom fagelfaunan

KARL BORG

The occurrence of blood parasites (Leucocytozoon,
Haemoproteus, Plasmodium, Trypanosoma, and microfilaria)
was determined in 774 birds of 50 different species, collected
in 1948-1960. The incidence varied considerably, being high
in e.g. gallinaceous birds and zero in waders. Usually, birds
carrying parasites showed no signs of being detrimentally
affected. Only a few fatal infections are reported:
Leucoeytozoon in Tetrao urogallus and Anas platyrhynchos,
FPlasmodiumin T. urogallus and Pica pica, and Haemoproteus
in Strix aluco. The sample includes a special study of 299

Abstract

waders of 12 species on autumn migration. None of them
carried any blood parasites. There is little that suggests that
long distance transport of blood parasites should be important
for the level of infection among birds in Sweden. High
incidence in several resident species rather shows that the
parasites are well established in the country, and the short
incubation time for at least some parasites in relation to the
period of spring migration supports the same view.

Karl Borg, Morbydalen 1V, 5-182 32 Danderyd, Sweden

Inledning

I Sverige gjordes de forsta observationerna av blod-
parasiter hos faglar redan i slutet av 1800-talet. Nédgra
sparvar fran trakten av Sifstaholm i Stdermanland
befanns vara birare av “Trypanosoma’-parasiter
(Sjobring 1897). Nérmare informationer om fynden
gavs inte.

Det dréjde direfter dnda till 1940-talet innan ytter-
ligare rapporter av detta slag limnades frin vart land.
Hiilphers m. fl. (1943, 1944) patriiffade mikrofilarier i
blodet frén ett par tjadrar. Vid sina undersékningar av
fagelhypofyser fann vidare Wingstrand (1947, 1948)
Leucocytozoon-parasiter hos tvd krikor. Fynden féran-
ledde uttkade undersokningar Gver forekomsten av
blodparasiter hos faglar, varvid utéver Leucocytozoon
dven patriffades Haemoproteus och mikrofilarier, bl.a.
hos skogshons. Detta gay Wingstrand anledning till
den formodan, att blodparasiter kunde vara orsak till
den vid denna tid observerade tillbakagingen av vira
skogsfagelstammar. Ett par ar senare beskrev
Wingstrand (1950) ocksd ett fall av ikta malaria,
Plasmodium, hos en koltrast fran Lund.

Omfattande undersékningar av blodparasitfére-
komsten och dessa parasiters betydelse for viirdfiaglarna
utfordes de ndarmaste dren diirefter vid Statens Veteri-

nirmedicinska Anstalts (SVA) viltundersékningar
(Borg 1953). I ett material bestiende av blod och organ
fran c:a 600 tjddrar, orrar och jirpar, en del skjutna, en
del pitriiffade som fallvilt, pivisades dirvid en hig
frekvens av Leucocytozoon, Haemoproteus, Trypano-
soma och mikrofilarier, dock utan att nagon skadlig
inverkan pd virdfaglarna kunde faststillas. Bland de
undersékta tjddrarna fanns dock en, som uppenbarligen
dott i en Plasmodium-infektion.

Nigot samband mellan blodparasitférekomsten och
vara skogshonsstammars tillbakaging kunde alltsa inte
sparas i materialet.

I den di foreliggande och ganska omfattande ameri-
kanska litteraturen pa omradet sattes ofta likhetstecken
mellan fynd av blodparasiter och sjukdomstillstind. En
niirmare genomgéng av denna litteratur visade emeller-
tid, att nagra tecken pa sjukdom i form av organskador
eller forstoring av ett storre antal blodkroppar ofta inte
foreldg. Virdfaglarna var alltsd endast birare av para-
siterna. Detta har ocksi bestyrkts av Erickson (1954).
Undantag utgjorde bl.a. vissa simféglar, bland vilka
lokalt ganska omfattande dédlighet efter angrepp av
Leucocytozoon finns belagda. Dodsfall bland knél-
svanungar i Sverige har senare beskrivits av Morner &
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Wahlstrom (1983). Under de senaste éren har dirjimte
omfattande undersbkningar utforts i Sverige av blod-
parasitforekomsten och dess eventuella inverkan hos
en del tittingar, vitkindade giiss och brushanar (R.
Dufva in litt.) samt hos orrar (Héglund m.fl. 1992).

Vidare undersikningar vid SVA

SVA-undersokningarna av blodparasitférekomsten
inom den svenska fagelfaunan fortsatte under aren fram
till 1960, varvid ytterligare omkring 770 figlar av ett
flertal olika arter underséktes. Tidsbrist till foljd av
SVA:s engagemang i miljofororeningsproblem gjorde
emellertid, att en sammanstillning av resultaten [Gr
publicering kunnat genomforas forst nu.

Material och metodik

Ett stort antal blodprov uttogs frin levande faglar, som
fangats for mirkning vid Olands s6dra udde. Prov frin
dessa fiaglar erholls genom ett stick med en fin nél i ena
vingvenen, varvid efterstriivades att blott en enda blod-
droppe skulle triinga ut ur venen. Med speciell teknik
stroks droppen ut i en tunn hinna pa ett objekiglas,
Iufttorkades, fixerades (metanol), firgades (Giemsa)
och undersoktes direfter i mikroskop. Undersdknings-
material erhélls vidare fran ripor, som skjutits i Gvre
Norrland (Hoglund 1948), samt fran fallvilt som under
sammatidinkomtill SVA, Detta senare material under-
kastades sedvanlig obduktion och organ preparerades
for mikroskopisk undersékning. Anvindbara blodprov
kunde av naturliga skil inte alltid erhallas fran fallvilt,

Blodparasiters artnamn har ofta angetts efter den
fagelart, hos vilken parasiten ifraga patriffats. Detta
torde inte alltid vara vetenskapligt viilgrundat. Samma
parasitkan t.ex. férekomma hos olika djurarter, utan att
ha helt identisk utformning. 1 foreliggande framstill-
ning har dérfor artnamn pé parasiterna oftast undvikits.

Leucocytozoon sp.

Livscykel och utseende

Huvudviird for Leucocytozoon dr knott (Simudium sp.),
hos vilka parasitens konliga forokning sker. Vid bett
och blodsugning 6verfors sporozoiter fran knottens
spottkortlar till mellanviirden, faglarna, hos vilka den
konlosa forékningen dger rum. Sporozoiterna invade-
rar organceller och utbildas till schizonter, vilka vanli-
gen ir ganska smé, men som ibland kan anta viildiga
proportioner och benéimnes did megaloschizonter. 1
dessa produceras ett otal merozoiter, vilka vid
schizonternas bristning kommer ut i blodbanorna. De
kan nu antingen angripa nya organceller och utbildas
till nya schizonter, eller ocksi invadera blodkroppar
och utbildas till gametocyter. For Leucocytozoons vid-
kommande syns det vanligen vara vita blodkroppar
som angrips.
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Schizogonin, delningsprocessen, forsiggar salunda
inte i blodkroppar, varfér andra faglar inte kan smittas
med infekterat blod. En passage genom knott maste
ske.

Gametocyterna ir av tva slag, nimligen dels hanliga
eller mikrogametocyter, dels honliga eller makro-
gametocyter. Vid angiven fargningsmetod fiirgas de
forrasvagt roda, de senare klart bla. Parasiterna orsakar
enstark deformering av viirdcellerna och pressar dessas
kiirna at sidan (Fig. 1). Gametocyterna kan vara runda,
ovala eller langstriickta, och synbarligen genom rota-
tion formas av virdcellens protoplasma spetsiga ut-
skott i biada cellindarna (Fig. 2). Dessa utskott iir inte
alltid synliga i blodutstryken.

Vid blodsugning upptas gametocyterna av knott, i
vars mage en vidare utveckling till hanliga, respektive
honliga gameter sker. Efter férening, kopulation, for-
mas en zygot, som i sin tur ombildas till en masklik-
nande, aktivt rorlig ookinet. Denna genomtringer
knottets magviigg och ombildas till en oocysta, i vilken
bildas tusentals stavformiga sporozoiter. Dessa tar sig
till knottens spottkdrtlar och fors dirifrin vidare till
faglarnas blodbanor och diirmed ér livscykeln sluten.
Den beskrivna utvecklingen sker pi ett par veckoreller
nagot mer.

Utbredning och sjukdomsframkallande firmdga

Leucocytozoon forekommer hos ett stort antal figelarter
viirlden Gver och sa dven i Sverige. | foreliggande
undersokningsmaterial har parasiten ifriga pavisats
hos en del tittingar (Tabell 1), men inte i sérskilt hog
frekvens. Nimnas kan, att forekomsten av
Leucocytozoon hos en gulirla fran Olands sodra udde
den 23.8.1955 syns ha varit det forsta kiinda fallet hos
denna fagelart. Blott ett mindre antal rovfaglar ingar i
materialet, men resultatet antyder, att blodparasiter
skulle vara vanliga hos denna grupp av faglar (Tabell
1). Bland undersokta simfaglar patriffades
Leucocytozoon blotti ett fall, nimligen hos en griisand
(Tabell 1). Som inledningsvis ndmnts, har denna para-
sit senare setts hos svanar i virt land. Betriffande den
i tabellen upptagna sjéorren, insiind fran Oxeldsund
den 1.12.1949, kan niimnas, att i tarnas simhud patrif-
fades en svulst, nimligen en basalcellscancer. Denna
cancerform har under senare dr blivit vanlig hos miin-
niska som en {6ljd av mycket solbadande.
Anmiirkningsviirt #ir mihiinda, att de undersikta
vadarefiglarna befunnits helt fria frin blodparasiter
(Tabell 2). Ganska stora material foreligger fran gron-
bena och drillsniippa, bada langflyttare som kan till-
bringa vintern sd lingt séderut som i Afrika. Detta
kunde eventuellt leda till den formodan, att de skulle
l6pa storre risk att utsittas for smitta. Hos vilda
honsfaglar har Leucocytozoon varit vanlig (Tabell 1).



Tabell 1. Blodparasiter hos faglar aren 1948-1960. Ofta pa-
triiffades flera olika blodparasiter hos en och samma figel #=
Ej redovisade i Borg (1953).

Blood parasites among birds. Often, several different blood
parasites were found in the same individual. *= Not included
in Borg (1953).

L = Leucocytozoon, H = Haemoproteus, P= Plasmodium, T =
Trypanosoma, M = mikrofilaria. N = Antal undersokta faglar,
Number of examined birds.
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Skata Pica pica

Nistskrika Garrulus glandarius
Tallbit Pinicola enucleator
Grisparv Passer domesticus
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Sidesiirla M. alba

Taérskata Lanius collurio

Stare Sturnus vugaris

Dombherre Pyrehula pyrehuda
Gulsparv Emberiza citrinella

Gri flugsnappare Muscicapa striata
Svartvit flugsnappare
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Raptors and owls
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Katggla Strix aluco
Kungsism Aquila chrysaetos
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Simfiglar Water birds

Griisand Anas platvriiynens
Knélsvan Cygnus ofor

Sjiorre Melanitta nigra

Fjiillabb Stercorarius longicandus
Skrattmis Larus ridibundus
Gratrul L. argentatus
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Honsfaglar Gallinaceous birds
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Tjider Tetrao wrogallus® 10 1 8
Orre Lyvrurus tetrix®
Dalripa Lagopus lagopus
Rapphina Perdix perdix

Fasan Phasianus colchicus
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Tabell 2. Undersokta vadarfaglar frin Olands sodra udde den
28.7-4.8 och 20-24.8 1955. Inga blodparasiter patriffades i
nagon av dem. (Skirtlickan ér frin Falsterbo.)

Examined waders from the southern tip of Oland, 28 July — 4
Augustand 20-24 August 1955. No blood parasites were found
in any of them. (The Avocet came from Falsterbo.)

Antal undersokta
No. examined

juv ad Sa
Strandskata Haematopus ostralegus 2 2
Storre strandpipare Charadrius hiaticula 15 16
Roskarl Arenaria interpres 1 1
Kirrsniippa Calidris alpina 17 1 18
Kustsndppa C. canufus 1 I
Brushane Philomachus pugnax © 11
& ™ Q 17 28
Rédbena Tringa totanus 55 1 56
Skogssndppa Tringa ochropus 2 2
Grénbena Tringa glareola 106 11 117
Drillsniippa Actitis hypoleucos 50 5 55
Enkelbeckasin Gallinago gallinago 2 2
Skirflicka Recurvirostra avosetta 1 1
S:a Total 276 23 299

De undersokta figlarna hiirrérde fran olika delar av
Sverige frin Norrbotten i norr till Skéane i séder. Samt-
liga vara lin finns representerade i materialet. Som
redan anforts, hiirrérde flertalet av proven fran vadare
och tittingar frin Olands sédra udde. Den i Tabell 1
omnémnda tallbiten hade inséints fran Palovaara i Norr-
botten den 30.6.1949.

For flertalet faglar syns Leucocytozoon inte vara
sdrskilt starkt sjukdomsframkallande, patogen. Detta
dr pd intet siitt ndgot unikt for denna parasit. Manga
parasiter ér i sig inte sirskilt patogena.

Generellt anges for minga blodparasiter, att skadlig
inverkan pé viirddjuren blir uppenbar férst nir omkring
10-40% av blodkropparna invaderats. Lindriga infek-
tioner med angrepp endast pi ett fatal blodkroppar kan
silunda knappast forviintas ha nigon mera allvarlig
inverkan pa viirddjurens hilsotillstind; dessa blir en-
dast birare av parasiterna ifraga.

Ilikhet med en del mindre giftiga imnen sisom DDT
kan lagpatogena blodparasiter eventuellt ge upphov till
subletala effekter. Hoglund m.fl. (1992) har fatt en
antydan diirom, i det att de vid orrspelen mest fram-
gangsrika tupparna mera séllan var infekterade med
Leucocytozoon, Nigon inverkan pd 6verlevnad forelig
inte.

Vid allvarliga angrepp av Leucocytozoon har hos
faglar observerats svaghet, avmagring och kramper. |
blodutstryk finner man ett stort antal blodkroppar, som
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Fig. 1. Leucocytozoon-gametocyter i blodutstryk frin knil-
svanunge, 4 juli 1980. A: makrogametocyt, B: viirdcellskirna.

Leucocytozoon gametocytes in a blood smear from a juvenile
Mute Swan Cygnus olor, 4 July 1980, A: macrogametocyte, B:
host cell nucleus.

Fig. 2. Oval Leucocytozoon-gametocyt med protoplasma-
utskott. A: macrogametocyt, B: protoplasmautskott, C:
viirdeellkirna.

Elongated Leucocytozoon gametocyte with protoplasmic
protuberances. A: macrogametocyte, B: protoplasmic pro-
tuberances, C: host cell nucleus.

Fig. 3. Leucocytozoon-megaloschizont fran tjider, 7 novem-
ber 1959. Upptill den enormt forstorade viirdcellen med sin
kiirna (A) och protoplasma (B) samt halvt i ring dirunder
parasitens cytomerer (C). Dirutanfor ett inflammatoriskt
cellager (D) med lymfocyter, plasmaceller och fibroblaster.
Nederst (E) snett skuren, brunfiirgad muskulatur.

Megaloschizont of Leucocytozoon from a Capercaillie Tetrao
urogallus, 7 November 1959. At the top the enormously
enlarged host cell with its nucleus (A) and protoplasma (B)
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and at the bottom of the cell a crescent of parasite cytomeres
(C). D: An inflammatory cell layer with lymphocytes, plasma
cells and fibroblasts. E: Brown coloured, obliguely cut muscle
tissue.

Fig 4. Haemoproteus fran kattuggla, Stockholmstrakten, 10
juni 1949. A: normal rid blodkropp med kiirna (B), C:
macrogametocyt, D: mikrogametocyt.

Haemoproteus from a Tawny Owl Strix aluco, vicinity of
Stockholm, 10 June 1949, A: Normal ervihroeyte with nucleus
(B), C: macrogametocyte, D: microgametocyle.

Fig. 5. Plasmodium-gametocyter och schizonter i blodutstryk
frin tjider, 6 oktober 1949. A: schizonter, B: gametocyter.

Gametocytes and schizonts of Plasmodium in a blood smear
from a Capercaillie Tetrao urogallus, 6 October 1949. A:
schizonts, B: gametocytes.

Legends to Fig. 6 and 7 on p. 50
Texter till Fig. 6 och 7 pa 5. 50
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invaderats av gametocyter. Vidare foreligger en mer
eller mindre stark forstoring av organ, sasom lever och
mjilte. Nigon misstirgning av organ och kroppsviiv-
nader brukar emellertid inte foreligga som fallet dr vid
Plasmodium-infektioner. Huvudsakligen vita blod-
kroppar syns invaderade.

I'foreliggande undersékningsmaterial ingéren tjider
och en griisand, vilka uppenbarligen dukat under fér en
Leucocytozoon-infektion. En beskrivning av dessa fall
foljer.

06320/59 tjider, hane, c:a 5 manader gammal, vikt
1,90 kg. Figeln levde di den patriffades vid Trenings-
hult, Alvsboregs lin den 7.11.1959, men den dog strax
direfter.

Tjddertuppen var mycket mager och blek. Sévil
levern som mjilten befanns mattligt forstorade, men ej
missfirgade. Knappnalshuvudstora eller nagot stirre
gulvita till morkrida hirdar fanns i bindviven liangs
halsen pa bada sidor om luftstrupen samt dver frimre
delen av brostet. Mikroskopiskt visade sig dessa hérdar
utgdras av megaloschizonter av Leucocytozoon (Fig.
3.)Hirdarna inneholl ibland ett ljust, ibland ett blodrétt,
centralt parti. De invaderade virdcellerna befanns
enormt forstorade, deras kiirnor centralt beligna och
innehillande rikligt med kromatin (virdcellerna hos de
av Wingstrand beskrivna megaloschizonternahos kriaka
hade kiirnor innehallande endast sparsamt med kromatin;
skillnaden syns kunna bero pd olika dlder hos
schizonterna). Nirmast viirdcellens kiirna fanns dess
protoplasma och halvt i en ring diromkring en zon,
uppbyggd av sma parasit-kroppar, cytomerer, innehil-
lande ett otal merozoiter.

Parasiten och dess viirdcell omgavs av en zon av
inflammatoriska celler (lymfocyter, plasmaceller,
fibroblaster), ett uttryck for virddjurets reaktion mot
den invaderande parasiten. Snett skuren, rodbrunfirgad
muskulatur ses lingst ner pa bilden.

Som nimnts har nagot dédsfall hos skogshéns till
foljd av en Leucocytozoon-infektion inte tidigare pa-
visats, trots att omkring 600 sadana figlar undersokts.
I sillsynta fall dr det dock tydligt, att denna blodparasit
kan fordka sig kraftigt diven hos tjider och framkalla
allvarliga sjukdomstillstand.

Fig. 6. Blodutstryk frin skata med Plasmodiwm-parasiter, 9
augusti 1957, Gametocyter dominerar i utstryket, men fiven
schizonter finns. A: gametocyter.

Plasmodium parasites in a blood smear from a Magpie Pica
pica, 9 August 1957. A: gametocytes.

Fig. 7. Mikrofilarier i blodutstryk fran dalripa, Soppero, juni
1948,

Microfilarians inablood smear froma Willow Grouse Lagopus
lagopus, Soppero, north of Sweden, June 1948.

03804/60 grisandunge, hona, 0,37 kg, inkommen
fran Borgviksbruki Viirmland den 11.6.1960. Andungen
befanns blek och mager ochrikligt med Leucocytozoon-
gametocyter fanns i blodet.

Savil tjidern som griisandungen har otvivelaktigt
blivit smittade i Sverige.

Haemoproteus sp.

Livscykel och utseende

Huvudviird tor Haemoproteus ir lusflugor av sliktet
Pupipara, men iiven andra insekter torde kunna tjdna
som vektorer, t.ex. svallusfluga (Stenopteryx) och svid-
knott (Culicoides).

Haemoproteus® livscykel dr i stort sett densamma
som for Leucocytozoon. Gametocyterna utvecklas i
faglarnas roda blodkroppar. Dessa gametocyter ir be-
tydligt mindre dn Lencocytozoon's och medfor inte
nagon storre deformering av viirdcellerna, blott en viss
forskjutning av deras kirna (Fig. 4). Haemoproteus
gametocyter dr for Ovrigt ganska lika dem hos
Plasmodium. (Det bor kanske ndmnas, att faglarnas
roda blodkroppar till skillnad fran diggdjurens ir
kiirnforande.)

Vid Giemsa-firgning firgas gametocyterna liksom i
forra fallet ljust roda respektive klart bla.

Utbredning och patogenitet

Haemoproteus har patriiffats hos ett stort antal olika
fagelarter, och i foreliggande understkningsmaterial
kan kanske frimst framhillas dess forekomst hos
tornskator och kattugglor. Den ér otvivelaktigt potenti-
ellt patogen, siirskilt hos boungar, men talrika fynd hos
vuxna faglar talar for att den hos dem inte sérskilt ofta
framkallar nagra sjukdomstillstand.

I blodutsryk kan man finna ett varierande antal av
parasitens gametocyter invaderade blodkroppar. Nagra
mer péfallande organforiindringar brukar i dvrigt inte
foreligga. 1 SVA-materialet ingér en kattuggla, for
vilken misstanke foreligger, att Haemoproteus menligt
inverkat pa dess hilsotillstand.

04434/49 kattuggla, hona, 0.4 kg, omhindertogs
svart trafikskadad pa norra Djurgarden, Stockholm,
den 9.6.1949. Efter undersokning placerades ugglan i
en bur, men avled strax direfter. Utdver skador efter
trafikolyckan, bl.a. i form av brott pa bada vingarna och
invirtes blodningar, kunde inga speciella vivnads-
forindringar pavisas. Blodutstryk avsldjade att om-
kring 25% av de roda blodkropparna var invaderade av
Haemoproteus-gametocyter. Den rikliga parasitfore-
komsten i blodet antydde, att ugglan paverkats av
infektionen — och kanske just dérfor rakat ut for trafik-
olyckan. Som utpriglad stannfigel har ugglan utan
minsta tvivel smittats i Sverige.



Plasmodium sp.

Livsevkel och utseende

Huvudvird for malaria-parasiterna, Plasmodium, ir
vad giller diiggdjur myggor av sliktet Anopheles och
for faglar myggor av sliktet Culex. Surret fran
Anopheles-myggor dr mycket svagt och kan knappast
uppfattas av oss mianniskor. Ndgon forvarning om ett
angrepp kan dérfor vara svart att férnimma.

Plasmodium-parasiternas livscykel ér likartad den
hos de bada tidigare omniimnda blodparasiterna, men
skiljer sig dirifran pi en viisentlig punkt, nimligen den
att schizogonin forsiggar i blodkroppar i det cirku-
lerande blodet. Detta innebiir, att malaria kan Overforas
genom infekterat blod utan passage genom myggor.
Malariaparasiternas gametocyter i de roda blodkrop-
parnaiir som nidmnts ganska likadem hos Haemoproteus
och firgas pi sammasiitt. Schizonterna kan halite olika
utseende och man talar om signetring-, band- eller
rosettformade sadana.

Hos minniska féorekommer tre huvudformer av ma-
laria, nimligen varannandagsfrossa Plasmodium vivax,
vartredjedagsfrossa P. malariae och en form med mera
oregelbundna frossa- eller feberanfall P. falciparum.
Anledningen hirtill dr att schizonterna mognar och
brister med vissa bestimda intevaller, varvid ett otal
merozoiter frigéres och kommer ut i blodbanorna, och
samtidigt hiirmed utlises feberanfallen.

Som lite av en kuriositet kan ndmnas, att besviiren
vid vissa av syfilis-smittans féljdsjukdomar befunnits
lindrade vid febertillstand. Detta foranledde den Gster-
rikiske likaren W. von Jauregg att inte utan framging
infektera patienter med denna sjukdom med malaria-
parasiter.

Utbredning och patogenitet

Malaria hos minniska férekommer visentligen inom
varmare klimatzoner. Parasiterna kan niimligen inte
genomga utveckling i myggorna vid alltfor lig tempe-
ratur. Griinsen anges ligga vid omkring 15° C. Fore-
komsten av Plasmodium hos en del i virt land in-
hemska, inte flyttande fagelarter antyder, att utveck-
lingen i vektorerna kan ske vid nigot liigre temperatur.

Inom figelfaunan ar Plasmodium ganska starkt
spridd, inte blott i tropikerna, utan dven i linder med
mera tempererat klimat. | Mellaneuropa &r silunda
Plasmodium-infektioner hos figlar ganska vanliga
(Boing 1925), men allvarliga sjukdomstillstand till
foljd av sidana infektioner forekommer didremot inte sa
ofta (Krause 1939). I Sverige har tidigare denna infek-
tion synts mera sillsynt och blott tre fall varit kiinda,
niimligen det tidigare omtalade fallet hos en koltrast
samt tva fall i foreliggande undersékningsmaterial, en
skata och en tjider (Tabell 1).

Helt nyligen har emellertid framkommit, att
Plasmodium-infektioner férekommer ganska allmint
hos tittingar i Sverige och har salunda pavisats hos 6 %
av 369 undersokta talgoxar, 14 % av 389 undersokta
svartvita flugsnappare samt hos 3 av 62 undersokta
backsvalor (R. Dufva in [irt.). Blodproven for under-
sokning uttogs ur ena vingvenen frin infingade, le-
vande faglar och intet anges om eventuella tecken pa
sjukdom.

Vid malaria-infektioner férstdrs ett storre antal roda
blodkroppar, varvid deras firgimne, det jirnhaltiga
hemoglobinet, frigores. Leverns kapacitet riicker ofta
inte till for att ta hand om allt detta, utan nedbrytnings-
produkter diirav fors ut i viivnader och organ och
missfirgar dessa. Vid obduktion finner man salunda en
mer eller mindre stark forstoring av levern och mjiilten
ochdessa kan varabrunsvarteller grisvart missfirgade.
I blodutstryk ses gametocyter och schizonter i de réda
blodkropparna.

En kort beskrivning av de tvi fallen av figelmalaria
foljer.

07041/49 tjdder, hane, c:a 4 minader gammal, vikt
1,75 kg, hittad dod i markerna niira Alvesta i Krono-
bergs liin den 6 oktober 1949. Tjidertuppen var mycket
mager och blek. De mest patagliga organforiindringarna
utgjordes aven mattlig forstoring av levern och mjilten
och bada dessa organ befanns ha en grdsvart missfirg-
ning. De inneholl rikligt med jirnhaltigt pigment. Mer
iin 50 % av de roda blodkropparna var invaderade med
Plasmodium sp. i olika utvecklingsstadier, sdsom
schizonter och gametocyter (Fig. 5). Fynden visar att
tjddern otvivelaktigt dott i en malariainfektion.

04525/57 skata, hane, vikt 0,15 kg, patriiffad pa norra
Djurgirden, Stockholm den 9 augusti 1957. Figelns
mjilte befanns starkt forstorad och blodfylld. Nirmare
50 % av de roda blodkropparna var invaderade med
Plasmodium sp. (Fig. 6). Av parasitens utvecklings-
former dominerade gametocyterna, men &ven andra
utvecklingsformer forekom.

Saviil tjidern som skatan ir stannfaglar och inget
tvivel kan rida om att de smittats i Sverige.

Trypanosoma sp.

Livscykel och utseende

Trypanosoma-parasiter, flagellater, dr mikroskopiska
parasiter, som lever fritti blodbanornahos varmblodiga
djuroch fér dvrigt dven forekommer som tarmparasiter
hos liigre djur. De iir lingstriickta och forsedda, dels
med ett gissel, flimmerhdr, i ena dndan, dels med en
membran som gor dem rorliga. I varmare linder sker
overforing med olika arter av tsetse-flugan (Glossina),
i nordligare linder med bromsar (Tabanus,
Haematopota).
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Vid bett och blodsugning kan Trypanosoma-parasi-
terna medfélja ner i vektorernas mage och tarm, diir de
forokar sig genom delning. Hirifrin vandrar de sa
smaningom till insektens spottkértlar, varifrin de vid
fornyat bett kan féras vidare till viirddjurens blodbanor.

Utbredning och patogenitet

Tsetse-flugans bett svider ungefiir som ett getingstick.
Glossina palpalis 6verfor Trypanosoma gambiense
m.fl., somorsakar minniskans somnsjuka. G. morsitans
overfor T. brucei, som framkallar sjukdomen nagana,
friamsthos hiist. Tsetse-flugoriir bundna till buskstippen
och utdver bekdmpning av vektorn har man genom
borttagning av buskvegetationen lyckats begrinsa
flugans utbredningsomrade.

Pi grund av néimnd histsjukdom hindrades araberna
under tidigare drhundraden ifrin att utbreda sitt vilde
och triinga alltfér lingt soderut i Afrika (Cloudsly-
Thompson 1976). Tidigare var det ocksa av denna
anledning nistan omojligt att hilla histar i Ostafrika.
Stort behov dédrav uppkom under forsta virldskriget.
Transportproblemet 16stes genom sebroider, en kors-
ning mellan histar och sebror, vilka visade sig okiins-
liga for naganan. Under angivet krig fanns inte mindre
dn 15 000 sebroider i stra Afrika.

Trypanosoma-infektioner medfor inre blodningar
hos djuren. Nyligen har ett fall av infektion med en
annan trypanosomaart, 7. theileri, hos en tva veckor
gammal tjurkalv beskrivits frin Sverige (Linder m. fl.
1990).

Trypanosoma-parasiter pitriiffas inte sillan i blodet
hos faglar och anmiirkningsviird ér den higa fre-
kvensen hos dalripor (Tabell 1.). Intet tyder emellertid
pa att den skulle vara sjukdomsframkallande inom
fagelfaunan.

Mikrofilarier

Med mikrofilarieravsesiblodet cirkulerande larvformer
till ofta inte ndrmare kiinda rundmaskar, nematoder. 1
delar av Asien férekommer hos ménniska mikrofilarier
med en bestidmd dygnsrytm, i det att en del cirkulerar i
perifera blodkiirl blott under dagtid, andra blott natte-
tid. Denna dygnsrytm syns giilla dven for vissa andra
blodparasiter och bor beaktas vid bedomning av ut-
tagna blodprov, Vidare kan ett prov frin en vingven
vara negativt, under det att ett samtidigt taget blodprov
frin finare lungkirl kan innehalla mer eller mindre
rikligt med blodparasiter.

I figelblod finner man inte sillan mikrofilarier, men
om de har nagon allvarlig inverkan pa figlarnas hilso-
tillstind har varit svart att utréna. Fig. 7 visar
mikrofilarier i ett blodutstryk frin en dalripa, skjuten
vid Soppero, Norrbotten, i juni 1948. Dess mycket
rikliga parasitforekomst kan i varje fall leda till den
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formodan, att virdfigeln kanske inte var helt besviirs-
fri.

Mikrofilaria-infekterade orrtuppar befanns ha kort-
are fjadrar i "lyran”, men nagon korrelation mellan
forekomstav denna parasitoch parningsframgédng kunde
inte sparas (Hoglund m. fl. 1992).

Betydelse och spridningsviigar

Trots ett omfattande undersdkningsmaterial har intet
framkommit, som tyder pa att blodparasiter skulle
utgora nagot storre hot mot vér fagelfauna. Blott en-
staka fall av allvarlig karaktidr har kunnat konstateras.
Viss lokal dodlighet har dock rapporterats bland
simfaglar. Manga faglar har emellertid visats sig vara
biirare av blodparasiter, vilket antyder att parasiterna
ifrdga skulle vara foga patogena for berdrda fagelarter.
Detta ir for vrigt inget ovanligt och som jimforelse
kan nimnas, att omkring 15% av vira rédriivar och lika
stor andel av befolkningen i USA och Kanada ir birare
av trikiner utan att nigra sjukdomstecken kunnat kon-
stateras. Aven ligpatogena parasiter kan emellertid
medfora allvarliga sjukdomstillstind, om de forekom-
mer i osedvanligt stort antal eller hamnar i kiinsliga
organ sisom hjirnan.

Tidigare har ansetts, att figlar under sin vérflyttning
norrut fran varmare lidnder successivt skulle “tappa”
sina ektoparasiter, ohyra, fistingar, pa grund av det
efter hand allt svalare klimatet. Senare tids undersok-
ningar har emellertid visat, att flyttande faglar vid sin
ankomst till nordliga trakter varit behiiftade med ett
varierande antal fistingar eller andra ektoparasiter.
Fistingarna har inte sillan varit birare av for diggdjur
och minniska sjukdomsframkallande mikroorganis-
mer, sdsom TBE-virus och Borrelia-bakterier
(Hoogstraal m. fl. 1961, Brinck m. fl. 1965, Svedmyr
m. fl. 1965, Mehl m. fl. 1984, Weisbrod m. fl. 1989).

Inférsel av blodparasiter genom flyttfiglar syns dock
som framgér nedan vara mera osannolik.

Svenska hiickfaglar med vinterkvarter i varmare
linder skulle eventuellt kunna smittas med blodparasiter
under vistelsen i dessa linder. Om det giiller mer eller
mindre starkt patogena, sjukdomsframkallande, para-
siter kan faglarna nog formodas omkomma under flytt-
ningen norrut, varfor risken for inforsel till vért land av
sddana parasiter kanske inte ér sa stor. Ifall figlarna
skulle smittas kort fére uppbrottet, ir det viil mojligt att
de skulle kunna lyckas ta sig till Sverige under in-
kubationstiden och samma giiller om de smittats med
ligpatogena parasiter. Det helt negativa resultatet hos
vissalangflyttare, bl.a. grénbena och drillsnéippa, anty-
der dock, att risken for inférsel av blodparasiter till virt
land pé detta sitt skulle vara liten. De av R. Dufva (in
litt.) meddelade fynden av Plasmodium hos svartvita
flugsnappare och backsvalor Riparia riparia, bada



flyttfaglar med vintervistelse i tropiska Afrika, kan
mdjligen tyda pd en inforsel fran sydligare linder.
Risken fér detta torde dock knappast vara alltfor stor.
Salunda meddelar Krause (1939), att inkubationstiden
hos faglar vid experimentell infektion med Plasmodium
uppgdr till 4-8 dagar och att infektionens héjdpunkt
intriffar efter 8-14 dagar. Fran 14:e dagen forsvinner
parasiterna successivt ur blodet. Detta talar emot moj-
ligheten av i varje fall en mera allmiin inforsel av
Plasmodium till Sverige med nimnda fagelarter. Dels
tar flyttningen viss tid, dels torde faglarna ifraga oftast
ha vistats i Sverige en tid efter ankomsten frin Afrika,
innan blodproven uttagits. Sannolikt torde alltsd R.
Dufvas positiva resultat vara att tillskriva infektioner
efter figlarnas ankomst till Sverige.

Den rikliga férekomsten av olika blodparasiter hos
en del utpriiglade stannfiglar visar, att dessa parasiter
otvivelaktigt finns etablerade inom den svenska fagel-
faunan. Det kan méhinda inte uteslutas, att en viss
paspidning kan férekomma genom flyttfaglar, men
inget talar for att detta skulle innebira nagot allvarli-
gare hot mot véra figelbestind.
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Summary

Blood parasites and their modes of spread among birds

To get widened knowledge of the spread and incidence
of blood parasites among free-living Swedish birds and
particularly their significance for individual birds and
bird populations, some 770 birds of 50 different species
were examined during the years 1948-1960. The risk of
migrating birds carrying such parasites and introducing
them into the Swedish avifauna was also taken into
consideration.

From most birds, only blood samples were obtained
but in addition a number of whole bird carcasses were
investigated. These were subjected to a complete post
mortem examination.

Of current interest were parasites such as
Leucocytozoon, Haemoproteus, Plasmodium, Trypano-
soma, and microfilaria. Their life cycles are described.
The incidence varied considerably in the different bird
species (Tables 1 and 2). Blood parasites were thus
common in e.g. gallinaceous birds, but waders were
completely free of such parasites.

Obviously, the birds were usually only "carriers” of
the parasites, signs of detrimental effects being rarely
observed. In a few cases, however, the birds had no
dobut succumbed from the parasite infection. Thus, a
fatal Leucocytozoon infection was found in a five
months old Capercaillie cock Tetrao urogallus from
the soutwestern part of Sweden in November 1959,
Blood smears revealed gametocytes, and in the
subcutaneous tissues of the neck there were several
nodules, the size of a pin’s head. Athistological exami-
nation they appeared to constitute megaloschizonts of
Leucocytozoon (Fig. 3). In a Tawny Owl Strix aluco,
badly hurt when hitting a car, a great number of the
erythrocytes were invaded by Haemoproteus game-
tocytes (Fig. 4).

Plasmodium parasites were rarely found in the birds
studied, probably because only small numbers of bird
species most susceptible to this infection were included
in the investigation material. However, R. Dufva (in
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litt.) reported that Plasmodium infections were rather
common in some bird species, such as the Sand Martin
Riparia riparia, the Pied Flycatcher Muscicapa
hypoleuca, and the Great Tit Parus major. The blood
samplesin herstudy were collected in Sweden, no signs
of illnes being observed in the birds.

In the material presented here, there were two cases
of fatal Plasmodium infections. A four months old
Capercaillie cock was found dead in the south of
Sweden in October 1949. Blood smears revealed abun-
dant gametocytes and schizonts in the erythrocytes
(Fig. 5). Spleen and liver were heavily enlarged and
dark greyish discoulered. Similar lesions were found in
a Plasmodium infected Magpie Pica pica from the
vicinity of Stockholm (Fig. 6).

Trypanosoma sp. as well as microfilarians (Fig. 7)
were common in the Willow Grouse Lagopus lagopus,
but more seldom seen in other bird species. In none of
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the birds, any tissue lesions were found.

Concerning the risk of blood parasites being
introduced into the Swedish avifauna, long distance
migrating birds are of particular interest. The Wood
Sandpiper Tringa glareola and the Common Sandpiper
Actitis hypoleucos, being totally free of blood parasites,
seem unimportant in this respect. The Pied Flycatcher
and the Sand Martin, however, appeared often to be
carriers of Plasmodium parasites and may be of some
importance. Asindicated by Krause (1939), most of the
parasites present in the blood may disappear during the
flight to the north and during the first time after arrival
at the nesting grounds. Parasites seen in blood samples
a little later, most probably originated from infections
attracted in Sweden. Thus, generally the risk of blood
parasites being introduced into Sweden by migrating
birds does not seem very likely although it may
occasionally occur.
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Pattern and predictability of potential wind assistance for waders
and geese migrating from West Africa and the Wadden Sea to

Siberia

THEUNIS PIERSMA & SJON VAN DE SANT

We have analysed published wind data from the period 1979-
1991 to evaluate to what extent migrating waders and geese
might benefit from tailwind assistance when flying at altitudes
ranging from ground level up to 5.5 km from West Africa
(Banc d'Arguin, Mauritania) to the Wadden Sea (Netherlands,
Germany and Denmark) in late April and early May, and from
the Wadden Sea to Taymyr Peninsula (central Siberia) in late
May and early June. Between West Africa and the Wadden
Sea it is usually advantageous to fly high, with an average
tailwind of 15 km/h (mean of yearly averages) for those birds
flying along the optimal height track. There were large
differences between years though, with 36 km/h tailwind
(1983) and 2 km/h headwind (1991) as extreme values. The
best altitudes for migration were higher along the northwest
African coast than over Europe. There was no evidence for
consistent seasonal changes in wind favourability, but "bad™

Abstract

years were consistently bad over the whole season. Between
the Wadden Sea and the Taymyr Peninsula wind conditions
were better still than for the Banc d'Arguin-to-Wadden Sea
journey (long term average for flights along optimal height
track is 21 km/h tailwind), with the favourable winds found at
intermediate altitudes (1.5-3 km). The wind conditions were
less variable between years along the Wadden Sea-Taymyr
route. We discuss both the limitations of the current analyses
and the scope for future work.

T. Piersma, Netherlands Institute for Sea Research (NIOZ),
P.O. Box 59, 1790 AB Den Burg, Texel, The Netherlands, and
Zoological Laboratory, University of Groningen, P.O. Box
14, 9750 AA Haren, The Netherlands.

S. van de Sant, Netherlands Institute for Sea Reserch (NIOZ),
P.O. Box 59, 1790 AB Den Burg, Texel. The Netherlands.

Introduction

Migrating birds fly through a moving medium: the air.
Air often moves at about the same speed relative to the
ground as birds dorelative to the air. Therefore migrants
should make use of air currents flowing in seasonally
appropriate directions (e.g. Richardson 1978, 1990a,b,
Alerstam 1979a,b, 1990). Correlations between wind
and migration patterns of waders and other birds have
been indicated by several authors (e.g. Thomas 1970,
Richardson 1979, Stoddard et al. 1983, Alerstam et al.
1986, Gauthreaux 1991). High arctic breeding Brent
Geese Branta berniclahave been shown to return to the
Dutch wintering grounds without young in years when
they encounter unfavourable wind conditions during
the northward flight (Ebbinge 1989). Migrating fish
move through another moving medium, water, and face
a similar problem (Weihs 1978). Indeed, fish too have

been shown to make good use of favourable water
currents (Metcalfe et al. 1990).

Recently, Piersma & Jukema (1990) argued that Bar-
tailed Godwits Limosa lapponica are unable to balance
their early spring travel-energy budget if they fail to
make use of favourable winds along the flight route, in
this case from the Banc d’ Arguin in Mauritania to the
Dutch Wadden Sea. Piersmaet al. (1991) compared the
body masses at departure from the last stopover site
with the distances flown to the breeding grounds for
two subspecies of Knots, Calidris canutus canutus and
C. c. islandica. This comparison suggested that Knots
of the canutus subspecies, which migrates parallel to
the dominant wind circulation patterns over the Eurasian
continent between West Africa and Siberia, could
routinely reap the benefits of favourable wind patterns.
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Fig. 1. The probable wader migration routes in spring between
the Banc d’ Arguin in Mauritania and the Taymyr Peninsula in
Siberia. Both the rhumbline routes (constant compass heading)
and the great circle routes (shortest distance over the globe) are
shown (adapted from Alerstam 1981). Open circles show the
approximate “read out-locations’ for the wind analyses. The
inset gives the scheme (from Piersma & Jukema 1990) that
outlines how to calculate the wind effect 8W (= G-A) for birds
flying in a fixed track direction, and with a constant airspeed.
in a case where the wind blows from SSW. The three vectors
A (bird’sairspeed and direction), W (wind speed and direction)
and G (groundspeed and track direction) are indicated by the
encircled letters,

Troliga flvgrutter fir vadare pd varflvitning mellan Banc
d’Arguin i Mawritanien och Taymyrhalvén i Sibirien. Tva
flvgvéiigar dr markerade: storcirkelrutten ("great circle”,
kortast mdjliga avstand) och "rhumbline”, den runt dir fag-
larna haller konstant kompassrikining (efter Alerstam 1981).
Oppna cirklar visar lokaler déir vinddata utléists. Den lilla
figuren visar hur den resulterande vindeffekren 6 W (= G-A)
riiknats ut for en fagel som flyger liings en forutbestéimd rutt,
med konstant hastighet gentemot lufthavet, i det héir faller med
vinden fran sydvéist (fran Piersma & Jukema 1990). De tre
vekiorerna A (fagelns flygrikining och hastighet gentemot
lufthavet), W (vindens rikining och hastigher) och G (fagelns
[flygrikming samt flvghastighet gentemor marken) ér marke-
rade med cirklar runt respekiive bokstav.

They can therefore migrate relatively cheaply in terms
of energy cost, asuggestion independently put forward
by Gudmundsson et al. (1991).

Wind is but one of the meteorological variables
affecting the life of birds (Elkins 1983). Air and soil
temperatures, humidity, rain and snow, all affect birds
at different times and in different ways. In a world with
an apparently rapidly changing climate it becomes
increasingly important to get to grips with these
parameters so as to improve our understanding of their
meaning for the well-being of migrant bird populations
(see Boyd 1991 for some thoughtful comments). Most
of the biologically relevant meteorological variables
are already being measured routinely at many locations.
Although they are rarely available in a form which can
be readily used by ornithologists, the data sets are there
to exploit. Understanding the biological implications
of these meteorological variables (e.g. Boyd 1992) may
become increasingly important.

This contribution is an attempt to use weather data
for an ornithological purpose. We aim to document the
wind vectors at different (flight) altitudes experienced
by waders and geese migrating in spring from West
Africa and/or the Wadden Sea (in The Netherlands,
Germany and Denmark) to their central Siberian
breeding grounds. More specifically, we compare the
potential wind assistance during the first (Africa -
Wadden Sea) and second (Wadden Sea - Siberia) leg of
an afro-arctic journey, and also look at seasonal and
yearly variability in the occurrence of favourable winds
along this flight route.

Methods

Routes

There is little direct evidence as to the exact routes that
waders take during the flight from West Africa to
Siberia in spring (Fig. 1). For Knots, visual as well as
radar observations have indicated the flight routes
within Europe: a direct overland flight from the Atlan-
tic coastof France to the Wadden Sea (Dick etal. 1987),
and then a flight from the Wadden Sea to the east over
south Sweden and through the Gulf of Finland (Dick et
al. 1987, Blomqvist & Lindstrom 1992). Brent Geese
are also known to migrate through the Gulf of Finland
(J. Koistinen & A. Harjo pers. comm. to W.J.A. Dick;
see Dicketal. 1987). Thisimplies the use of arhumbline
route (along a constant compass course) from the
Wadden Sea to Taymyr Peninsula in central Siberia
(Alerstam 1990; direction 59°), and we base our wind
analysis on this route.

Waders departing from the Banc d’Arguin,
Mauritania, in spring oriented in a more westerly
direction than the great circle route to the Wadden Sea
(Piersmaet al. 1990a). Since the rhumbline direction to
the Wadden Sea is more eastward, and because the



differences between the rhumbline and the great circle
routes are small anyway during this leg of the journey
(Fig. 1), we chose to base our wind analysis for the
flight from the Banc d” Arguin to the Wadden Sea on the
greatcircle route. This implies that the migrants have to
adjust track direction from 22° at departure from the
Banc d’Arguin to 34° by the time they arrive on the
Wadden Sea.

Flight speed

In the absence of information on differences in flight
speed relative to changing flight altitudes and body
mass, we assume that throughout the journey our birds
fly at a constant airspeed of 57 km/h (15.8 m/s). This
equals the extrapolated value for waders in level flight
based on measurements during their take-off from the
Banc d’Arguin in spring (pers. obs.; see Piersma &
Bruggemann 1988, Zwarts et al. 1990). An airspeed of
57 km/h is perhaps a bit high for some small calidrid
and the tringid wader species (pers. obs., Noer 1979)
and a bit low for geese (Alerstam 1981). It is certainly
a much higher speed than achieved by most passerine
migrants (Alerstam 1981), hence our restriction to
waterbirds as the focal group.

To enhance the availability of the information in this
paper to the uninitiated reader, we have chosen to give
flight and wind speeds in "km/h’, rather than in the SI-
unit ‘'m/s’ (1 m/s=3.6 km/h).

Timing of migration

On the West African Banc d”Arguin, the majority of
high arctic breeding waders leave in the last ten days of
April and the first ten days of May, but predominantly
inearly May (Piersma et al. 1990b). We have therefore
analysed wind conditions for birds leaving between 30
April and 7 May, and have added published data for the
period 22-29 April (from Piersma & Jukema 1990), a
period when Bar-tailed Godwits start their northward
journey. High arctic breeding waders and geese leave
the Wadden Sea for the northern breeding grounds in
late May and early June (e.g. Dick etal. 1987, Ebbinge
1989, Piersma & Jukema 1990, Blomqvist & Lind-
strom 1992) and we have chosen 26 May-12 June as the
relevant period of starting dates.

Wind-data sources and caleulations

Synoptic wind data for the northern hemisphere are
given in the daily European Meteorological Bulletin
(Deutscher Wetterdienst in Offenbach, Germany). This
bulletin summarizes air pressure (isobars), wind speed
and wind direction at ground level, wind speed and
wind direction and height at pressure levels of 850 hPa
(=mb) (c. 1.5 km altitude), 700 hPa (c. 3 km) and 500
hPa(c. 5.5 km)at00.00 h Greenwich Mean Time. Wind
speed and direction are indicated by flags. In this
system, each full "flag” corresponds to a wind speed of
10 knots (i.e. 18.5 km/h or 5.1 m/s).

From these synoptic weather maps we could 'read
out’” wind speed and wind direction at 13 different
locations spread evenly along the predicted routes (Fig.
1). We chose seven different "read out-locations” along
the route from the Banc d” Arguin to the Wadden Sea for
this purpose: each representing a partial-trajectory of c.
4200/7 =600 km. Along the route from the Wadden Sea
to Taymyr, six different locations were chosen, ¢. 4600/
6 = 767 km apart. To read out the wind data for the
appropriate date and time, we first constructed travel
schemes assuming that the birds started at 18.00 h at
both departure sites (Piersmaet al. 1990a) and travelled
with a constant groundspeed of 65 km/h (or 18.1 m/s,
which is somewhat higher than airspeed in view of the
expected tailwind assistance). The first wind
measurement read is at midnight (00.00 h) on the date
after the birds had departed. For the subsequent "read
out-locations’ we took the measurements at 00.00 h on
the date closest to that on which the birds would have
passed the "read out-location” according to the travel
scheme with the constant groundspeed. The reason for
choosing so many “read out- locations’ (each partial-
trajectory being only half as long as the daily distance
covered, 1560 km) was to ensure that the weather
systems through which the birds migrated were
adequately sampled (assuming that the wind variation
in space was larger than that in time: see discussion).

For the Banc d’Arguin - Wadden Sea flight, wind
patterns were investigated for a [ 3-year period (1979 to
1991). Due to time limitations, for the subsequent flight
from the Wadden Sea to Taymyr wind patterns were
analysed only for seven years (1985 - 1991).

The head- or tailwind vectors at different locations
and altitudes were calculated as follows (Fig. 1). If ais
the angular difference between the track (migratory)
direction (t) and the wind direction (w, the direction
from where the wind is blowing) then o.=w £ 180° - t.
If Wis wind speed, A is the bird’s airspeed (i.e. 57 km/
h) and G is the bird’s groundspeed, then the ‘wind
effect’ (§W)is G-A. Since birds try to remain on course,
the direction of G is always the same as the fixed track
direction. According toFig. 1 (inset) and some geometric
rules, sin 0. = x/W and therefore x = W sino.. Since x* +
=A%, z=VA2- x? or z=VA- (Wsino)% Coso.= y/W
and therefore y = W coso. As G =y + z, it follows that:
G= W coso. +VA? - (W sino)’.

The wind effect W is G - A, therefore:
W= W cosor +VA? - (W sinar)* - A.

In the text we may also call the wind effect the tailwind
vector (when 8W > 0) or headwind vector (when W <
0).

The calculated wind vectors were averaged over the
appropriate migration periods, and for flights at constant
or varying altitudes. Sometimes, hard winds from
unfavourable sideways directions made it impossible
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Table 1. Wind vectors (km/h) experienced by migrating
waterbirds flying at different altitudes, starting off at the Banc
d’Arguin to fly to the Wadden Sea along the great circle route
(see Fig. 1) in the period 30 April - 7 May. The values are
averages calculated over 8 different starting dates, with stan-
dard deviations in brackets. The overall averages and standard
deviations refer to 13«8=104 different starting dates.

Motvinds- (minusvirden) och medvindsvektorer i km/h for
faglar som flynar vid olika altituder lings storcirkelrutten
mellan Bane d'Arguin (Mauritanien) och Vadehavet (Hol-
land, Tyskland, Danmark) perioden 30 april - 7 maj. Siffrorna
visar medelvirden fir dtta olika startdatum (standardav-
vikelsen inom parentes). Medelviirdena fir alla dr ér riknat
pd 1328 = 104 olika startdagar.

Flight level Flyghdjd

Year Ground L5km 3km 55km Optimal
level track
Ar Markniva Optimal
rutt
1979 -12.8 -1.6 -1.0 -39 55
4.9) (6.4) (8.8) (11.5) (6.3)
1980 -8.1 -5.2 -3.0 -3.3 6.4
(2.8) (12.6) 8.1) (16.0) (6.3)
1981 -10.4 7.8 14.2 15.0 23.6
(3.5) (1700 (19.2) (26.8) (19.5)
1982 -9.0 35 19.1 19.9 24.5
(3.3 (1LO) (225 (17.00 (194
1983 -4.8 11.0 23.0 37.3 36.0
(4.3) (4.4) (8.3) (134) (9.5)
1984 -8.5 -10.9 -1.5 -0.3 12.6
(6.2) (16.0) (21.5) (13.1) (1L1)
1985 -1.,7  -13.8  -158 -11.6 33
(5.9) (154) (13.5) (10.8) (5.3)
1986 -4.5 11.4 223 172 23.8
(2.0) 4.7) (1LD) (9.1) (5.7)
1987 -8.1 -13.8 9.7 58 20.6
(5.8) (@2L7) (179 (19.2) (13.0)
1988 -4.8 7.7 14.4 17.6 18.0
(1.9) (6.5) (7.8) (9.8) (7.7)
1989 -5.8 -5.7 0.0 15 154
(24) (119) (11.1) (13.2) (9.8)
1990 -8.3 -2.1 8.2 5.1 8.9
3.2) (7.8) 9.6) (14.4) (8.9)
1991 -128 -189 264  -193 -1.7
(3.7) (6.9) (13.8) (11.5) (4.8)
Overall -8.4 -2.4 34 6.7 15.1
average  (5.0) (15.6) (204) (20.8) (149
Medel-
viirde for
alla dr
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for the birds to stay on the assigned fixed tracks (that is,
when W sinot > A). Assuming that migrating birds
would always avoid such situations by changing their
flight altitude, these instances were handled as missing
cases, and were not used when calculating average
wind vectors en route. The birds would also be unable
to move if the headwind vectors were stronger than
their own flight speed (i.e. when -W coso > A). This
procedure does lead to a bias in the averages for
different height layers in the sense that the circumstances
may be less favourable than is apparent from the
average values for wind vectors. We have tried to
indicate this bias by listing percentages of missing
cases for different height layers.

The total wind assistance gained by birds flying
along the so-called optimal height track’ was calculated
by averaging the date- and site- specific wind vector-
values for the most favourable of the four altitudes we
analysed. Flight at optimal height tracks assumes that
the migrants are somehow able toregularly evaluate the
wind conditions at different heights and then choose
flight altitudes with the best winds.

Results

Differences between years

The average wind vectors experienced by waders leaving
the Banc d’Arguin for the Wadden Sea between 30
April and 7 May were highly variable between years at
different altitudes above ground level and along the
optimal height track (Table 1). Birds flying along the
optimal height track would on average have incurred a
tailwind assistance of 15.1 km/h, a 26% bonus over
their own airspeed of 57 km/h. Spring 1983 provided
extremely favourable winds, the average tailwind of 36
km/h adding 63% to their airspeed (i.e. giving a total
average groundspeed of 57+36=93 km/h). In contrast,
the spring of 1991 was extremely unfavourable, with
opposing (head) winds even along the optimal height
track (-1.7 km/h). Variations in the favourability of
winds between years were synchronous for the diffe-
rent altitudes analysed: annual average winds at diffe-
rent heights and the optimal track (Table 1) correlated
positively with each other (all Pearson’s r-values >
0.60, n=13, p<0.05).

Wind conditions along the route from the Wadden
Seato Taymyr were on average more favourable for the
migrating birds than those on the West Africa-Wadden
Sea route (Table 2). The average tailwind for waders
and geese flying along the optimal height track was
21.9 km/h as compared to 15.1 km/h for Banc d’ Arguin
- Wadden Sea (or 12.6 kim/h for the same series of years,
1985-1991, used in the Wadden Sea to Taymyr analysis).
With extremes in tailwind vectors along the optimal



Table 2. Wind vectors (in km/h) experienced by migrating
waterbirds flying at different altitudes from the Wadden Sea
to the Taymyr Peninsula along the rhumbline route (see Fig.
1}in the period 26 May - 12 June. The values are averages over
18 different starting dates, with standard deviations in brackets.
The overall averages and standard deviations referto 7+ 18=126
different starting dates.

Motvinds- (minusvérden) och medvindsvektorer i km/h for
[faglar som flyttar vid olika altituder med konstant kompass-
riktning mellan Vadehavet (Holland, Tyskland, Danmark)
och Taymyrhalvén (Sibirien) under perioden 26 maj - 12 juni.
Siffrorna visar medelviirden for 18 olika startdatum
(standardavvikelsen inom parentes). Medelviirdena for alla
ar dr riknat pd 7+18 = 126 olika startdagar.

Flight level Flvghajd

Year Ground 1.5km 3 km 5.5km Optimal
level track
Ar Marknivé Optimal
rutr
1985 -3.2 39 6.4 6.2 173
(5.2) (12.4) (13.2) (12.0) (8.3)
1986 -2.8 6.5 10.0 -2.5 16.7
(4.8) (1L9)  (13.5) (18.1) (11.2)
1987 -1.4 11.4 16.3 12.8 21.6
(6.2)  (155) (195 (20.8) (17.0)
1988 -4.6 85 9.7 38 16.7
(4.5) (16.6) (2400 (17.7) (13.6)
1989 -0.4 15.0 28.8 222 31.9
(5.0) (14.0) (22,50 (19.8) (16.9)
1990 -2.4 -3.3 1.4 74 21.3
(6.5) (16.2) (149 (18.2) (12.5)
1991 -2.2 11.5 23.6 16.7 27.6
(4.6) (10.1y (10.7) (12.6) (8.6)
Overall -2.5 7.6 13.7 9.5 21.9
average  (5.4) (15.2)  (19.7) (18.5) (14.6)
Medel
véirde for
alla dar

height track for the Wadden Sea - Taymyr route of 16.7
km/h (1986, 1988) and 31.9 km/h (1989), the winds
along this route showed much smaller year-to-year
variability (SD= 5.9 km/h) than for the Banc d’ Arguin
-Wadden Sea route (SD= 10.6 km/h) (Tables 2 and 1,
respectively). The smaller year-to-year variability for
the second leg of the Africa - Siberia journey still holds
over the same seven seasons (1985 to 1991) for which
we have analysed wind conditions for both parts of the
route (SD= 9.4 km/h for Banc d’ Arguin - Wadden Sea
leg). Yearly average wind vectors for the different
heights and along the optimal height track were also

positively correlated for the Wadden Sea - Taymyr
trajectory (all r-values > 0.43, n=7; six of the 10
calculated r-values were >0.75 and significant at the
0.05 level).

Variations with altitude and location along the route

The winds experienced by migrating birds are highly
variable with respect to year, season and site. So far we
have taken a coarse-grained approach by comparing
years and complete flight routes. Here we examine the
data from another viewpoint (though still coarse-
grained) by lumping data for all years and then looking
at variation between locations along the routes at diffe-
rent heights (Fig. 2). At ground level, winds were
usually unfavourable at all locations along the flight
route, although least so in the neighbourhood of the
Wadden Sea. Winds tended to get more favourable at
higher altitudes, but least so as the birds approached
their destinations, both the Wadden Sea in early May
and the Taymyr Peninsula in early June.

If birds really do fly along the optimal flight tracks,
the wind conditions imply that waders departing from
the Banc d’ Arguin should first ascend to great heights
(which they do according to Piersma et al. 1990a), then
decrease their flight altitude over Spain until arriving in
the Wadden Sea. A month later, birds leaving the
Wadden Sea should again ascend to high altitudes,
although perhaps not as high as when leaving the Banc
d’Arguin, and descend to lower heights upon
approaching Taymyr Peninsula. There is also evidence
to support part of the latter speculation. Observations
made on the weather radar at Helsinki indicate that
canutus Knots overfly the Gulf of Finland at altitudes
ranging between 1 and 3 km (Dick et al. 1987). As
shown in Fig. 2 (top), by flying at altitudes of 3 km or
higher, migrating birds run a fair risk of being blown off
course, especially in the middle parts of both legs of the
journey. Near the Banc d” Arguin and the Wadden Sea
the high altitude winds are relatively calm and favourable
and usually allow waders to remain on course.

Seasonal variation

Waders and geese tend to depart northwards at rather
fixed time periods (Ebbinge 1989, Piersmaetal. 1990b),
the waders leaving the Banc d’Arguin showing no
evidence of responding to local weather conditions
(Piersma et al. 1990b). Is there a seasonal time window
which on average provides birds with better than usual
winds for performing their migrations, in tune with
which the birds’ annual schedules could evolve? To
assess this, we should ideally carry out an analysis for
non-migratory and migratory seasons combined (in
fact, for the whole year), but we currently lack the
resources for such a task.
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Fig. 2. Geographical and altitudinal variation in the extent of
tailwind assistance or headwind opposition along the spring
migration route between West Africa and Siberia. The lowest
panels show the great circle route between Banc d’ Arguin and
Wadden Sea, and rhumbline route between Wadden Sea and
Taymyr. The two sets of four central panels give the average
wind vectors at different locations along the routes (see Fig. 1)
at different altitudes (based on the data set outlined in Tables
| and 2). The two panels at the top give the percentages of
occasions on which the winds were too strong to allow waders
and geese flying at 57 km/h airspeed at heights of 3 kmand 5.5
km to compensate for wind-drift and stay on the envisaged
track. At lower altitudes wind-drift could always be
compensated for.

However, we made a preliminary analyses of seasonal
changes in wind conditions on each leg during the two
migration periods (Fig. 3). For the Banc d’Arguin -
Wadden Sea leg there is little evidence of systematic
seasonal changes (Fig. 3 left), either for the optimal
height track or for flights at the different constant
altitudes. For the Wadden Sea - Taymyr route there was
a tendency for winds to be best in the first and last
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Geografisk och hijdmdissig variation i genomsnittlig méngd
medvind och motvind ldngs vdrflyttningsviigen mellan
Mauritanien och Sibirien. De vd nedre rutorna visar
storcirkelrutten mellan Mauritanien och Vadehaver(r.v. ) same
fygrutten med konstant kompassrikining mellan Vadehavet
och Sibirien (t.h.). I rutorna ovanfér visas genomsnittliga
vindvektorer vid olika lokaler, och pd olika héjd, lings dessa
bada flygrutter (jamfir Tabell | och 2). De tvd dversta rutorna
visar andelen dagar néir vindarna var sd kraftiga pa 3 och 5,5
km hajd an faglarna inte skulle kunna kompensera for vinddrift.
Pa liigre hajd skulle faglarna alltid kiarat att kompensera for
vinddrift.

portions of the assigned departure period, i.e. from 29
May to 3 June, and from 8 to 10 June. During this part
of the journey winds usually are best in the 1.5 km and
3 km height layers (Fig. 3). Note also that winds at the
highest altitude examined were not the most favourable,
adifference from those on the Banc d” Arguin - Wadden
Sea trajectory.
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Fig. 3. Seasonal changes in the average winds relative to the birds’ movement when migrating from the Banc d” Arguin for the
Wadden Sea (left) or from the Wadden Sea for the Taymyr Peninsula (right) at different dates in April-June. The two upper panels
give the averages for birds supposedly flying along the optimal height track (the shading enclosing the 95% confidence intervals),
and the lower two panels the date specific averages for birds flying at four different but constant altitudes. The averages and
confidence limits for the period 22-29 April (open circles in top left panel) are based on four years of data (1984-1987) analysed
by Piersma & Jukema (1990). For the remaining starting dates, averages are based on data from 1979-1991 (Banc d’Arguin -
Wadden Sea) or 1985-1991 (Wadden Sea - Taymyr).

Variation under varsiisongen i genomsnittlig méingd medvind och motvind léiings varflytmingsvéiigen mellan Mauritanien och
Vadehavet (t.v.) och frian Vadehavet till Sibirvien (t.v.). De tvd dvre rutorna visar genomsnittliga viirden for faglar som flyger en
optimal rutt (de anpassar sin flvghdijd efter den firdelakiigaste vinden). Det skug gade omrdidet utgdér det 95% konfidensintervaller.
De undre rutorna visar véirdena for faglar som hiller en och samma flyghdijed (fyra olika héijder dr representerade). Viirdena for
perioden 22-29 april (dppna cirklar i évre véinstra ritan) dr baserade pa data fran 1984-1987 (fran Piersma & Jukema 1990).
Far dvriga startdatum ér viirden beriiknade pa data frin 1979-1991 (Mauritanien - Vadehavet) respektive 1985-1991
(Vadehavet - Taymyr).

Another way of looking at seasonal variability in  Discussion
wind conditions is to examine the interaction between . . .
the average value (absolute favourability) and the The analytical problem of fixed flight speeds
stochasticity (unpredictability) of the wind vectors.  For practical reasons we have had to assume that,
There was a clear tendency for years with the best wind ~ whatever the tailwinds or headwinds were like during
conditions also to show the largest variability in wind  thetrips, the birds migrated with a constant groundspeed
vectors among starting dates (largest standard  of 65 km/h, and the readings on the weather maps were
deviations; Fig. 4). Therefore, bad years are seasonally ~ taken accordingly. In cases where birds would
consistently bad years, but good years are not seasonally ~ experience a severe wind effect, e.g. strong tailwinds,
consistently good years. this could lead them to "overtake’ the normal scheme,
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Fig. 4. Variability in the average wind vector experienced by
birds flying along the optimal height track from the Banc
d’Arguin to the Wadden Sea (closed dots, values from Table
1), and from the Wadden Sea to Taymyr (open circles, values
from Table 2). The relationship through all data points (broken
line) is given by the regression Y=6.1+0.27-X (r’=0.32,
p<0.05), and through the data points for Banc d’Arguin-
Wadden Sea only, by Y=5.9+0.26X (r’=0.31, p<0.05).
Sambandet mellan arlig genomsnittlig med- (eller motvinds-
vektor och standardavvikelsen samma dr for faglar som flvger
den optimala flygrutten mellan Mauritanien och Vadehavet
(fvllda cirklar, data fran Tabell 1), och fran Vadehaver till
Taymyr (Oppna cirklar, data fran Tabell 2). Sambandet
mellan samtliga punkter (streckad linje) beskrivs béist som
Y=6,1+0,27X (r'=0,32, p<0,05). Enbart fér striickan
Mauritanien - Vadehavet dr sambander ¥=59+0,26°X
(P=0,31, p<0,05).

and in reality be flying on the next departure day’s
scheme. This would not matter if wind conditions on
successive days were correlated, but it would be a
problem when birds fly in rapidly moving weather
systems and conditions on successive days would not
correlate atall. Itis therefore nice to see that the en route
wind conditions for successive departure days were
strongly correlated (Fig. 5), both for the flight between
Banc d’Arguin and Wadden Sea (r=0.68, n=123,
p<0.001; 85% of wind vectors on successive days are
within 15 km/h of each other) and for the Wadden Sea-
Taymyr trajectory (r=0.60, n=119, p<0.001; 82%).

Jet streams?

Winds tend to get stronger with increasing altitude.
Indeed, as we have seen above, waders on the move
between West Africa and Europe can get more wind
assistance the higher they fly. So what made us stop
analysing winds at an altitude of c. 5.5 km when some
bird species, including waders, are known to be able to
fly ataltitudes up to about 10km (Alerstam 1981)? This
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would getus close to the altitudes of the jet streams ( 10-
12 km), the well known predictable large-scale winds
which are used by the commercial jet-engined airliners.
The reason is that using such high-altitude streams is
only profitable within the realm of fast (900-1100 km/
h) and large (350,000 kg) bodies like Boeing 747
Jumbo-Jets. With a flight speed of only about 60 km/h,
winds of 100-300 km/h would easily blow a wader off
course, and there would be nothing that it could do
about it but descend. Even at altitudes of only 5.5 km,
the strong winds would make itimpossible to remain on
course on 10-30% of the days examined (Fig. 2). Unless
the winds are in exactly the right direction, higher
altitude winds and jet streams are not suitable carriers
for migrating waterbirds.

Fixed routes, wind-drift and the real world

An exercise such as this would not have been possible
without making two more rather drastic and linked
assumptions: 1) that birds fly along fixed flight routes
and therefore 2) show complete compensation for wind-
drift. In reality, the only available data on some of the
species examined here have shown that birds leaving
the Banc d’ Arguin allow themselves to be wind-drifted,
at least initially (Piersma et al. 1990a). The average
wind- drift incurred along the northwest African coast
is, however, to the east. This would be compensated for
by the rather westerly orientation of the birds, which
would, as aresult, predict that the waders would closely
follow the great circle route.

Alerstam (1979b) predicted that, to save travel time,
migrating birds facing variable winds should allow
themselves to be wind-drifted during the first part of a
long journey but should increasingly correct for wind-
drift as they approach their destination. Another series
of theoretical arguments, developed by Alerstam (1979a)
foratypical long distance flight situation, suggests that
migrants should initially allow themselves to be partially
drifted by strong winds at high altitudes and subsequently
correct for the displacement at low altitude under
relatively weaker winds. On the basis of the occurrence
of favourable winds we predict a corresponding flight
height scenario: that in the course of each leg of the

journey from West Africa to Siberia, birds would on

average profit from decreasing their flight height since
the winds tend to get better at lower altitudes (Fig. 2).

Altitudinal sampling of winds?

Our birds would only be able to travel along the optimal
track if they could continuously choose the flight altitude
with the best wind conditions. This implies that birds
should be able to judge wind speed and direction while
aloft, and also that they should regularly make the
relevant comparisons between altitudes, either by trying
out the winds themselves (Alerstam 1985) or, possibly,
by judging the height and movements of clouds below



BANC DARGUIN - WADDEN SEA
r=068

Fig. 5. The level of wind assistance along the
optimal height track on day 1 is a fair predictor
of the level of wind assistance on day 2, both for
the Banc d’ Arguin-Wadden Sea trajectory (top)
as for the Wadden Sea- Taymyr trajectory
(bottom). Data for all available pairs of starting
dates were assembled (see Tables | and 2 for
details).

wind assistence along optimal height track on day 2 (km/h)

Vindassistensen liings den optimal flygrutten fir
en given dag (Day 1) ir en god prediktor fir
vindassistensen pdfiljande dag (Day 2). Detta
galler bade for strickorna Mauritanien -
Vadehavet (évre rutan) och Vadehavet - Taymyr

WADDEN SEA-TAYMYR

r=060

Sl

(undre rutan). Samtliga mdjliga par av dagar
har plockats med i analysen.

or above them. The correspondence between relatively
good wind conditions and flight height, as demonstrated
in radar studies by e.g. Bruderer (1971), Steidinger
(1972), Richardson (1976, 1979) and Alerstam (1985),
suggests that many species have the warranted abilities.

Responses to seasonal variation

If birds were able to succesfully assess the wind
conditions en route, oreven predict such wind conditions
for the nearest future, we would expect them to choose
the best (or at least a very good) day for departure. In
this case it is not the average of wind conditions over a
long period that is interesting, but the wind condition on
the best day. One 'good’ day out of 14 "bad’ would then
potentially be enough to make it into a good season. It
was shown above that good seasons usually offer
variable conditions (Fig. 4) or, in other words, a few
very good days among a lot of mediocre departure days.
However, waders leaving the Banc d’ Arguin in spring
did not even chose their departure dates with respect to
the local wind conditions at ground level (Piersmaet al.

L L 1 L
30 40 50 60

0 10
wind assistence along optimal height track on day 1 (km/h)

20 70

1990b), let alone over the entire trajectory and at greater
heights. This suggests that our birds may lack the
capability to choose the best day with respect to the
wind conditions likely to be encountered during the
ensuing 4000-5000 km long flight. The strict seasonal
time and travel schedules of many long- distance
migrants also argues against taking the outlined
analytical problem too seriously. More empirical re-
search is required to address this problem.

West Africa - Siberia: a bipolar wind axis for fast
flights?

Piersma et al. (1991) suggested that Knots of the
canutus subspecies migrating between West Africaand
Siberia would almost always be able to find favourable
winds at certain altitudes, in view of the predominant
wind flow patterns along the northern edge of the
Eurasian continent (Lamb 1972). The present analysis
shows that the winds along both legs of the Afro-
Siberian journey can be favourable if birds are able to
find the best flight altitude (usually at a considerable
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height). The second leg of the journey, when birds fly
to the breeding grounds (Wadden Sea - Taymyr),
provides more consistently good winds than the Banc
d’Arguin - Wadden Sea leg. This is fortunate, since itis
the flight before arrival on the breeding grounds that
ultimately determines the level of nutrient and energy
reserves still available for reproductive purposes (e.g.
Piersma 1987, Davidson & Evans 1988, Ebbinge &
Spaans 1992).

Are vearly wind differences correlated with wader
accurrence 7

The hypotheses generated by the work on Bar-tailed
Godwits and Knots suggest rather constrained travel
budgets and a certain reliance on favourable tailwinds
en route. If these hypotheses are correct, we would
expect that the considerable yearly variation in the
availability of favourable winds, especially for the
Bancd’ Arguin - Wadden Sea part of the journey, would
correlate with the use of stopover sites. In unfavourable
springs, waders originating from the Banc d’Arguin
would be predicted to arrive either late or lean, or both,
in the Wadden Sea. Dicketal. (1987) suggested that the
light-weight Knots that stage along the Atlantic coast of
France in some years were using this region as an
‘emergency’ site. Subsequent work in 1985-1988 (D.
Bredin pers.comm.; Piersma et al. 1987 and in prep.)
has indeed shown that in years of favourable winds en
route (1986, 1987) much smaller numbers of canutus
Knots use the French coast than in years with little
potential wind assistance, such as in 1979 and 1985.
(We have no French data from 1991.) Further
comparative data from the field are eagerly awaited.

Current limitations to the outlined analytical
practice

The sheer amount of desk work required, combined
with the limitations of our available time, has severely
constrained the number of seasons and dates which we
have been able to analyse. Appropriate programmes
and the availability of high-powered computer time
might eventually allow a computerised analysis of
winds as they affect migrants flying with different
speeds along different routes in different seasons and
years, on the basis of the original meteorological data
sets available on the Cray- computer of the European
Meteorological Centre in Reading, U.K. (see e.g. de
Boer & Reiff 1987). All this requires considerable
investments in terms of time and money. We hope that
the present analysis has indicated the scope and promise
of such work, and will help to pave the way to more, and
perhaps fully computerised, meteornithological
explorations!
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Sammanfattning

Vindarnas ménster och deras firutsiigbarhet for
vadare och giéiss pa varflyiming fran Vistafrika och
Vadehavet till Sibirien.

Vi har analyserat publicerade vinduppgifter fran perio-
den 1979-1991 for att studera vilka mdjligheter vadare
och giiss har att utnyttja medvindar under flyttningen.
Vi understkte vindforhallandena pa olika hojd (fran
marknivén till 5,5 km héjd) for flygningar frin Banc
d’Arguin (Mauritanien, Viistafrika) till Vadehavet
(stédra Nordsjon) i slutet pa april och i borjan pa maj,
samt for striickan mellan Vadehavet och Taymyrhalvén
(Sibirien) i slutet pa maj och borjan av juni (Fig.1). Vi
har antagit att figlarna flyger med en konstant hastighet
(mot lufthavet) av 57 km/h och att de flyger en
storcirkelrutt fran Mauritanien till Vadehavet och med
konstant kompassriktning fran Vadehavet till Sibirien.

Vinduppgifterna utlistes frin den dagligt utkom-
mande European Meteorological Bulletin (frin
Deutscher Wetterdienst i Offenbach, Tyskland) som
innehaller synoptiska viderdata fran jordklotets norra
hemisfir, Frin vindkartorna kan man for en ging per
dygn (kl. 00.00 GMT) utlisa lufttryck (isobar), vind-
hastighet och -riktning vid marknivin, samt vid héjder
av ungefir 1,5 km, 3 km och 5,5 km. For en hypotetisk
fagel som flyger lings de beskrivna rutterna med en
konstant hastighet (relativt marken) av 65 km/h, utlistes
vindhastighet och -riktning frin vindkartorna vid 13
olika stationer (Fig.1). Med- och motvindsvektorer
beriiknades utifrian figelns och vindens vektorer (Fig.1).
Eftersom vindforhillandena under tvé pd varandra fol-
jande dagar dr starkt korrelerade med varandra, lings
bigge delarna av flygresan mellan Afrika och Sibirien
(Fig.5), gir det att anviinda ett konstant flygschema
utan att fa nagot systematiskt fel,

Mellan Viistafrika och Vadehavet ér det vanligtvis
fordelaktigt att flyga hogt. Faglar som klarar att viixla
flyghtjd och pa si siitt kan utnyttja de fordelaktigaste
vindarna ("optimal flygrutt”™) kan atnjuta en genom-
snittlig medvind pa 15 km/h (medelviirde av arliga
medelviirden, Tabell 1). Det var dock stor variation
mellan dren med genomsnittliga medvindar lings den
optimala flygrutten pa 36 km/h det biista aret (1991)
och motvindar pd 2 km/h under det séimsta aret (1983).
Denbista hojden att flyga pa varhogre lings Vistafrikas
kustinéver Europa (Fig.2). Detfanns inga forutsigbara
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trender i vindforhllanden under siisongen (Fig.3), men
“diliga” ar var daliga hela siisongen (Fig.4). Mellan
Vadehavet och Taymyrhalvon var vindférhallandena
normalt fordelaktigare dn mellan Viistafrika och
Vadehavet (genomsnittlig medvindsfaktor lings den
optimala flygrutten var dver aren 21 km/h, Tabell 2),
med de mest fordelaktiga vindarna pa intermediira
hojder (1,5-3 km, Fig.2 och 3). Vindférhallandena
varierade mindre mellan dren pa strickan Vadehavet
och Taymyr, én pa forsta delen av resan.

Genom att flytta pa de fordelaktigaste hojderna kan
flyttande vadare och giiss fa avseviird assistans av
vinden. Risken att bli blast ur kurs 6kar med 6kad
flyghdjd. Av den anledningen kan inte langsamt fly-
gande faglar, i motsats till flygplan, utnyttja de
jetstrommar som finns pd mycket hog hojd. Hela reso-
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nemanget i denna uppsats bygger pid antagandet att
faglarna kan kiinna av vindarna pa olika altituder och
anpassa sin flygrutt efter dessa forhallanden. Faglarnas
mojligheter att gora si diskuteras. Ett konkret stod for
att de klarar av detta dr att kustsnippor pa flyttning
mellan Vistafrika och Vadehavet under sisonger med
mycket motvind ofta avbryter sin flyttning och utnytt-
jar en extra rastplats vid den franska Atlantkusten.

Da arbetet med attextrahera vinduppgifter dr oerhort
tidskriivande har vi varit tvungna att begriinsa antalet
siisongerianalysen. Vihoppas dock ha visat potentialen
for hur liknande analyser kan lira oss mer om hur
faglarnas flyttning kan paverkas av, och anpassas efter,
radande vindforhillanden. Storre datakraft och biittre
program kommer i framtiden att mojliggtra analyser
pd en mer detaljerad niva.
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The importance of mires as breeding habitat for wetland birds in

Sweden
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During the last 15 years the bird fauna was censused on 2250
km? of mires, which is 10-15% of the estimated total area of
larger, treeless mires (>0.5 km®) in Sweden. The total number
of bird species breeding on mires increases from 25 in the most
southern region (Gotaland) to 43 in the most northern region
(N. Norrland), but more of the northern species breed at very
low densities. Among taxonomic groups, species richness of
wildfowl and shorebirds increases with latitude while that of
passerines shows no clear trend. One possible explanation for
the increased species diversity towards the north may be that
northern mires generally have amore complex habitat structure,
making more niches available. There was no general geographic
pattern in the population density of different species. Wildfowl,
birds of prey (including owls) and shorebirds (including the
Crane) breed at higher densities in the north while passerines
have lower densities. One reason for the higher breeding
densities of wildfowl and shorebirds in the north is that mires
there to a larger extent consist of fens than do mires in the
south. Also, a lower nest predation in the north is a probable
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reason. Combining all species there was no trend in breeding
density. Calculations of population sizes show that 25% of the
44 species recorded have breeding populations of more than
10 000 pairs while 25% have less than 1 000 pairs on mires.
Estimates of population sizes in Sweden as a whole for all
species breeding on mires show that 11 species have more than
50%, and four have more than 75% of their total Swedish
population on mires. These species are especially interesting
from a conservation point of view since they may be used as
indicators of valuable mires.
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Introduction

The number of species generally decreases with higher
latitude (e.g. Fisher 1960). Several hypotheses for this
decrease in species richness have been suggested
(Stevens 1989). Contrary to this, species richness, as
well as the density of birds, increased towards the north
on mires in Finland (Jirvinen &Sammalisto 1976) and
the same pattern was found for most taxonomic groups
on raised bogs in Sweden (Bostrom & Nilsson 1983).

Peatlands are atypical element of the natural environ-
ment in Sweden and cover about 12% of the total land
area (SCB 1987). With increasing oil prices in the mid-
seventies the interest in using peat as an energy source
was renewed and large scale exploitation plans were
put forward (Bostrém 1978). As a consequence, an

extensive mire bird census program was started in
Sweden (Bostrom et al. 1984). The bird community of
most larger mires in the south and middle parts of
Sweden has now been censused while many of the
mires in the north still remain to be surveyed.

The main purpose of the census program was to find
the most valuable mires from a conservation point of
view. Since it was obvious already from the start that a
survey of the bird fauna of all larger mires in Sweden
was an unrealistic goal, the work was directed at finding
indicator species revealing valuable mires. Good
candidates for this purpose would be relatively rare
species with a large proportion of their total national
breeding population on mires.
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During the last fifty years the number and area of
grazed shore meadows have been heavily reduced in
Sweden (Gerell 1988) while during the same time
peatlands have been less affected by human activities.
Since many of the breeding bird species on mires also
breed on wet meadows the relative importance of mires
as a breeding habitat for wetland birds has increased
during this time.

In this paper we describe regional trends in species
richness and population densities, and estimate popula-
tion sizes of different bird species breeding on mires. In
order to assess the relative importance of mires as a
breeding habitat for wetland birds we also estimated the
total Swedish population sizes for all species breeding
on mires.

The scientific names of the bird species are given in
Table 1.

Material and methods

Study area

This paper is based on census results from 1522 mires,
with a total area of 2250 km’, distributed throughout
Sweden (Fig. 1). All censuses were carried out between
1974 and 1987. Mires were selected on topographic
maps and only those with symbols indicating openess
were included. Primarily only larger mires (20.5 km?)
were selected for censuses but some smaller mires were
also surveyed. In order to evaluate regional trends,
Sweden was divided into four regions (Fig. 1)

Several types of mire can be distinguished in Sweden
(Du Rietz 1949, Mornsjo 1971). In the regions of
Géotaland, Svealand and along the east coast of Norr-
land mires are mainly of the open raised type. The
vegetation of these bogs is characterized by a uniformly
repeated mosaic of hollow and hummock communities.
Water supply comes solely form precipitation. Most
mires have been influenced by human activities in the
past and some have scattered pines Pinus silvestris.
Some mires have small pools and most are surrounded
by anarrow band of fens (called laggs), but in Gétaland
this is often drained.

Mires in the western part of Norrland (both southern
and northern parts), below the alpine zone, are very
different and normally consist of a mixture of bogs and
fens (aapa and palsa mires). The vegetation structure is
similar to that of bogs (including the laggs) in south
Sweden, but the proportion of fens is larger and therefore
these mires are generally wetter and thus more suitable
for breeding waterbirds (Kolmodin & Nilsson 1982).

Species richness, as well as density, on small mires
(<0.5 km?) are low (Bostrém & Nilsson 1983, Nilsson
1986). Of the total peatland area a large proportion
consists of such small mires (Table 1, Bostrém et al.
1984). Among the larger mires some are unimportant
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N, Worrland

A. 9630 km?
8. 203 km’
C. 78

D. 26

5. Morrland
A: 2650 km?
B: 752 km®

C: 945
D: 0.8

Svealand

A: 1320 km?
B: 624 km®
C: 330

A: 1150 km*
B: 762 km?
C: 520
D: 1.5

Fig. 1. The different Swedish regions used in this paper with
information on A: total area of large (>0.5 km?), open mire, B:
total area of censused mire, C: number of mires, D: mean size
of censused mires. Dashed lines delimit different provinces.
Olika regioner anvéiinda i den hir uppsatsen med uppgifterom
A: arealen stéirre, dppen myr, B: totalareal inventerad myr, C:
antal inventerade myrar, D: medelstorlek av inventerade
myrar. Streckade linjer avgrinsar landskap.

for wetland birds simply because they have been
destroyed by human activities and now have a dense
tree layer (> 10 trees per 0.01 km?), usually pines.
Unfortunately there is no exact measure of the area of
forested large mires but some estimates can be made. In
the region of Gotaland about two thirds of the total area
of large open mire have been censused. From this we
can estimate that about 40% of the larger mires are
forested. In the region of North Norrland about 10% of
the mires are forested (Stenpil 1982). In the regions of
Svealand and South Norrland it is more difficult to
make an estimate but mires in these regions are probably
less affected by drainage than mires in the region of
Gotaland (a more densely populated area) but more
than in the region of North Norrland. Assuming that the



Table 1. Estimated population density (pairs/100 km?) and census efficiency of different bird species breeding on mires in

Sweden. C.E. = Census efficiency.

Populationstéithet (par/100 km?) och uppskattad inventeringseffektivitet fir olika fagelarter pd myrar i Sverige. C.E. =

Inventeringseffektiviter.

Gotaland Svealand  S. Norrland N. Norrland c.E.
Peatland area Myrareal (km*) 3500 7400 11900 27400 %
Area > 50 ha (km?) 1880 1680 3100 10770
Red-throated Diver Gavia stellata <1 11 6 2 70
Slavonian Grebe Podiceps auritus - <l 2 | 70
Whooper Swan Cygnus cygnus <l <l 2 1 75
Bean Goose Anser fabalis - <1 1 2 30
Wigeon Anas penelope - 2 7 13 30
Teal A. crecca 13 25 30 27 30
Mallard A. platyrhynchos 23 32 24 21 30
Pintail A. acuta - - <1 1 30
Tufted Duck Aythya fuligula <1 4 9 11 30
Scaup A. marila - <l 2 3 30
Long-tailed Duck Clangula hyemalis - <l 1 2 30
Common Scoter Melanitta nigra - <1 1 2 30
Velvet Scoter M. fusca - 1 4 6 30
Goldeneye Bucephala clangula 9 32 17 22 30
Hen Harrier Circus cyaneus - - <l 4 50
Osprey Pandion haliaetus 3 4 4 1 75
Crane Grus grus 10 30 21 18 65
Golden Plover Pluvialis apricaria 154 86 6l 51 70
Lapwing Vanellus vanellus 46 80 57 50 85
Temminck's Stint Calidris temminckii - - <1 1 45
Dunlin C. alpina - - 3 9 45
Broad-billed Sandpiper Limicola falcinellus - <l 4 16 45
Ruff Philomachus pugnax <l <l 31 135 65
Jack Snipe Lymnoeryptes minimus - <l 1 11 45
Snipe Gallinago gallinago 52 49 84 106 45
Whimbrel Numenius phaeopus <1 13 37 42 85
Curlew N. arquata 43 40 20 42 75
Spotted Redshank Tringa ervithropus - - - 24 65
Redshank T. totanus 4 =7l 7 4 65
Greenshank T. nebularia - 48 58 83 73
Green Sandpiper T. ochropus 24 20 15 <1 45
Wood Sandpiper T. glareola 32 139 158 230 65
Red-necked Phalarope Phalaropus lobatus - <1 14 13 45
Black-headed Gull Larus ridibundus 23 53 26 29 60
Common Gull L. canus 25 45 27 5 60
Arctic Tern Sterna paradisaea - <1 7 8 60
Short-eared Owl Asio flammeus - <1 3 6 30
Skylark Alauda arvensis 50 59 22 - 50
Meadow Pipit Anthus pratensis 744 226 224 137 50
Yellow Wagtail Motacilla flava 50 267 317 300 50
Whinchat Saxicola rubetra 246 87 111 13 50
Sedge Warbler Acrocephalus schoenobaenus - e | <1 3 50
Great Grey Shrike Lanius excubitor %1 3 4 4 50
Reed Bunting Emberiza schoeniclus 17 42 60 117 50

proportion of larger forested mires is somewhere
between these proportions, and is related to the degree
of urbanization, a crude estimate is that about 20% of
mires in Svealand and 15% in South Norrland are

forested.

From the assumptions made above and the fact that
some smaller mires also have been surveyed, about 10-
15% of the total area of larger open mires in Sweden
have been censused, but the variation is large between
the regions. In Gotaland about 66% have been censused
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whereas in North Norrland the same figure is only 2%,
something that may affect our estimates of population
densities.

Thereisalso adifference in the mean size of censused
mires between regions, from 0.9 km?in Svealand to 2.6
km? in North Norrland (Fig. 1).

Census method

The mires were visited once (in a few cases twice)
during the first two weeks in June (southern regions) or
from mid June to the first week of July (northern
regions). Censuses were only conducted in the morning
and under good weather conditions. Mires were normally
censused along parallel lines, 100-150 m apart, and
walking speed was low: 0.1 km® being censused per
about 15 min. A more thorough description of the
method used can be found in Bostrém & Nilsson
(1983). Observations of birds were recorded according
to the mapping method (Svensson 1975).

Census efficiency

The total density of ducks on mires in south Sweden has
been estimated at 0.5-1.0 pairs per km?* (Nilsson 1977)
but only 0.2 pairs per km? were found during censuses
in the same area (Bostrom & Nilsson 1983) indicating
a census efficiency of 20-40%. In this paper we have
used 30% for all ducks and for Bean Goose (very
secretive on the breeding grounds, see Eriksson &
Henricsson 1990). Census efficiency for Crane has
been estimated at 65% (Bylin 1980) and for Red-
throated Diver at 70% (Bostrom & Nilsson 1983). The
latter estimate was also used for Slavonian Grebe.
Whooper Swan and Ospery are also quite easily
discovered; we have used a census efficiency of 75% in
this paper. For Hen Harrier and Short-eared Owl no
figures on census efficiency are available; we have
used 50% for Hen Harrier and 30% for the somewhat
more difficult Short-eared Owl.

For seven specis of shorebirds we have used census
efficiencies reported earlier (Kolmodin et al, 1987); for
other shorebirds, where no census efficiencies are
available, we have assumed that census efficiency for
Temminck's Stint, Dunlin, Broad-billed Sandpiper,
Jack Snipe, Green Sandpiper and Red-necked Phalarope
areequal to thatof the Snipe (45%), that census efficiency
for Ruff, Spotted Redshank and Redshank equals that
of the Wood Sandpiper (65%).

Census efficiency for gulls and terns was estimated
at 60% (Svensson 1978) and for passerines at 50%
(Kolmodin et al. 1987). All census efficiencies used in
this paper are reported in Table 1.
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Calculations

Calculations were primarily made on a provincial level
(see Fig. 1). Population densities (P) indifferentregions
are weighted mean values from these calculations and
were made in the following way:

P=N/E*A ;
where N_is the censused number of pairs, E is the
census efficiency as a proportion of one and A_is the
area of censused mires. The population sizes (N) in the
different regions are the sum from the provinces in each
region:

N=P*A;

where A is the total area of large open mires in the
province.

Our estimates of population sizes on a national level
are mainly based on provincial surveys and estimates
(SOF 1990, unpubl.) and for a few species on nation-
wide censuses (see Table 2). These estimates differ
considerably for many species from earlier estimates
(Ulfstrand & Hogstedt 1975, Andersson & Staav 1980).

For waterbirds in northern Sweden we have used the
etimates of Haapanen & Nilsson (1979), while for
southern Sweden we have based our estimates on
provincial censuses (SOF 1990).

The population sizes of Crane in provinces in south
Sweden are well known from censuses. In north Sweden
the density is about 0.009 pairs/km’ outside mires
(Forslund unpubl.). Our estimates of population sizes
of shorebirds in the alpine zone are based on surveys in
the Ammarniis region (Svensson et al. 1984), assuming
this to be a representative area of the alpine zone. For
many shorebird species there are also provincial surveys
which could be used in our estimates (see SOF 1990).

The population size of the Hen Harrier was estimated
by Nilsson (1981), while that of the Osprey is based on
provincial estimates (Ahlgren unpubl.). For the Short-
eared Owl we have assumed the population size to be
twice that found on mires (pers. obs.).

The population size of the Black-headed Gull was
earlier estimated at 270 000 pairs (Fredriksson 1979)
but has since then decreased considerably (SOF 1990).
The same applies to the Slavonian Grebe for which
Regnell's (1981) estimate of 2500 pairs now is too high
(SOF 1990). For Common Gull we have used the
estimates of Andersson & Staav (1980) and for the
Arctic Tern we assumed the population to be smaller
than previously estimated (Andersson & Staav 1980)
since the number seems to be lower in the alpine zone
(unpubl.). Population sizes of passerines have been
estimated either from provincial estimates (SOF 1990)
or by densities in different habitats (e.g. Karlsson &
Kjellén 1988).

Generally the accurancy of these estimates can be
assumed to decrease with the abundance of the species
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Fig. 2. Species richness, related to population density, on
mires in different regions of Sweden.

Artantal, relaterar till populationstithet, pd myrar i olika
delar av Sverige.

and the number of different habitats inhabited by the
species. A typical example of this is the Green Sandpiper,
which apart from breeding on mires also breeds on
small wetlands in forests (SOF 1990).

Results

Species richness

The number of breeding species found on mires increases
towards the north. If we only consider the most abun-
dant species (i.e. with densities >0.1 pairs per km?) the
number increases slowly, from 16 in Gotaland to 22 in
North Norrland (Fig. 2). If we also include species that
are ten times less abundant, species richness increases
steeply, from 18 in Gotaland to 41 in North Norrland
(Fig. 2). The increase in slope indicates that many
species breeding in the north have low densities. Taking
into account also the rarest species, the increase in
species richness between the two southern regions is
large, from 25 in Gotaland to 40 in Svealand, north of
which the number of species only increases slightly
(Fig. 2), indicating that many species with a more
northerly distribution also can be found in the northern
part of Svealand (c.f. Kolmodin & Nilsson 1982).

The increase in species richness at higher latitudes is
mainly caused by a large increase in the number of
breeding wildfowl species between Gotaland and Svea-
land, and a gradual increase in the number of shorebird
species (Fig. 3). The number of passerine species
hardly differs between different regions.
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Fig. 3. Species richness of different taxonomic groups on
mires in different regions of Sweden.

Artantal for olika taxonomiska grupper pa myrar i olika delar
av Sverige.

Population densities

The population densities of different species vary
regionally but no general trend for all species can be
observed (Table 1). The species with the overall highest
densities are Meadow Pipit, Yellow Wagtail, Whinchat,
Wood Sandpiper and Golden Plover. Many other spe-
cies have very low densities and on average more than
100 km? of peatland is required in order to find a single
breeding pair (Table 1).

The population densities of Golden Plover, Green
Sandpiper and Meadow Pipit show a decreasing trend
towards the north while the population density of 23
other species increases towards the north (Table 1).
Some species like Mallard, Teal, Crane, Lapwing and
Curlew do not show any obvious geographical trend in
density.

Considering different taxonomic groups, the densities
of birds of prey (including the Short-eared Owl), wild-
fowl and shorebirds (including the Crane) increase
towards the north while the densities of passerines
decrease (Fig. 4). The density of gulls (including Arctic
Tern) increases more than twofold between Gataland
and Svealand, therafter decreases in the north towards
the same density as in Gotaland (Fig. 4). Taking all
species into account, the density seems to be fairly
equal in different geographical regions (Fig. 4).
However, one should bear in mind that these results are
heavily assumption-dependent. If our estimates of cen-
sus efficiency are altered for species with an uneven
geographical distribution the trends reported here may
very well be different.
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Fig. 4. Population densities of different taxonomic groups on
mires in different regions of Sweden.

Populationstéiitheter fir olika taxonomiska grupper pa myrar

i olika delar av Sverige.

Population sizes on mires
Eleven species (24%) have population sizes of less than
1 000 pairs on mires (Table 2). Most of these species are
wildfowl] which is not surprising since open water is
very limited on many mires. Both the diurnal raptors
(Hen Harrier and Osprey) have small populations on
mires and both are also quit rare in Sweden as a whole.
Half of the species (22) have populations of 1 000 to
10 000, and 25% (11) have populations of more than
10 000 pairs on mires (Table 2).

Population sizes in Sweden

About one fourth of the species have an estimated
population size exceeding 100 000 pairs and 14 species
a population size of about 5 000 pairs or less (Table 2).
In this last group we find Red-throated Diver, Slavonian
Grebe, Bean Goose, Whooper Swan, Pintail, Scaup,
Long-tailed Duck, Common Scoter, Hen Harrier,
Osprey, Broad-billed Sandpiper, Jack Snipe, Short-
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eared Owl and Great Grey Shrike. Most of them are
species with a pronounced northern distribution, and
some of them are quite common in northern Siberia.

Proportion breeding on mires

From a conservation point of view, species with a
considerable proportion of their total national breeding
population on mires are especially interesting. Four
species, Bean Goose, Broad-billed Sandpiper, Jack
Snipe, and Spotted Redshank, have virtually all or a
very large fraction of their total Swedish population
breeding on mires in the north while a further seven
species, Red-throated Diver, Hen Harrier, Crane,
Whimbrel, Curlew, Greenshank and Wood Sandpiper,
have more than 50% of their total population breeding
on mires (Table 2). Most of these species are also quite
rare in Sweden as a whole and breed in other types of
wetland habitats that also are threatened by various
human activities. For most species (24) less than 25%
of their total Swedish population is found on mires (Fig.
5).

Discussion

Species richness

The number of species on mires in Sweden increases
with latitude, as in Finland (Jarvinen & Sammalisto
1976), and contrary to what might be expected
(MacArthur 1972). Also in other areas the same pattern
is observed when migrating birds are included; whereas
if only non-migratory species are included a pattern of
decreasing species richness emerges (Stevens 1989).
Even if this pattern arises only when migratory birds are
included, as in our case where all bird species are
migratory, we still have to explain why there are more
species breeding in the north. Since there is a strong
correlation between mire size and species richness on
mires (Kolmodin & Nilsson 1982, Bostrom & Nilsson
1983), one possible explanation is that surveyed mires
on average were larger in the north. However, this
explanation does not seem to hold. The average size of
surveyed mires in South and North Norrland differs
considerably but species richness does not. Furthermore,
the species richnesses reported here are not average
figures within a region but maximum ones. It would
thus probably be enough to census a few large mires in
order to obtain the species richnesses reported here. A
second and perhaps more plausible explanation is that
the structure of mires changes with latitude. The vege-
tation structure on northern mires is more like a
combination of bogs and shore meadows while mires in
the south to a large extent consist of bog vegetation
only. Species richness on wet meadows in south
Scandinavia is higher than on bogs (Larsson 1969,
Soikkeli & Salo 1979). The higher vegetation diversity



Table 2. Population size (pairs) on mires, in all Sweden, and proportion on mires.

Populationsstorlek (par) pa myrar, i hela Sverige och andel pa myrar.

Gitaland ~ Svealand  Norrland Total Total %

on mires all Sweden  on mires

pamyrar  hela Sverige  pd myrar

Red-throated Diver Gavia stellata 15 200 500 720 1300 35
Slavonian Grebe Podiceps auritus 0 10 215 230 1000 24
Whooper Swan Cygnus cygnus 10 10 200 220 500! 44
Bean Goose Anser fabalis 0 20 740 760 760 100
Wigeon Anas penelope 0 90 4800 4900 26000 19
Teal A. crecca 420 1100 11320 12900 50000 26
Mallard A. platvrhynchos 880 1410 8860 11200 125000 9
Pintail A. acuta 0 0 370 370 1000 37
Tufted Duck Avthya fuligula 10 180 4330 4550 35000 13
Scaup A. marila 0 20 1140 1200 4000 30
Long-tailed Duck Clangula hyemalis 0 15 730 750 2000 38
Common Scoter Melanitta nigra 0 20 730 750 3000 25
Velvet Scoter M. fusca 0 50 2380 2350 20000 12
Goldeneye Bucephala clangula 350 1230 8570 10200 60000 17
Hen Harrier Circus cyaneus 0 0 800 800 15007 53
Osprey Pandion haliaetus 50 70 270 400 3000* 13
Crane Gris grus 200 1400 7200 8800 12500 70
Golden Plover Pluvialis apricaria 2200 1100 4200 7500 70000* 11
Lapwing Vanellus vanellus 625 1250 2800 4700 100000 5
Temminck’s Stint Calidris temminckii 0 0 250 250 6500 4
Dunlin C. alpina 0 0 2100 2100 51000 +
Broad-billed Sandpiper Limicola falcinellus 0 15 3660 3700 3700 100
Ruff Philomachus pugnax 10 10 23000 23000 57000 40
Jack Snipe Lymnocryptes minimius 0 15 2410 2500 2500 100
Snipe Gallinago gallinago 1350 1450 27700 31000 150000 21
Whimbrel Numenius phaeopus 10 200 5900 6100 10000 61
Curlew N. arquata 660 700 6100 7500 14600 51
Spotted Redshank Tringa ervthropus 0 0 5000 5000 6000 83
Redshank 7. totanus 70 10 880 1000 10000 10
Greenshank 7. nebularia 0 850 12700 13600 20000 68
Green Sandpiper T. ochropus 700 660 1100 2500 30000 8
Wood Sandpiper 7. glareola 570 2830 40500 45000 60000 75
Red-necked Phalarope Phalaropus lobatus 0 20 4100 4100 15000 27
Black-headed Gull Larus ridibundus 450 1170 2150 3800 100000 4
Common Gull L. canus 500 1000 2000 3500 145000° 2
Arctic Tern Sterna paradisaea 0 10 1600 1600 15000 11
Short-eared Owl Asio flammeis 0 25 2175 2200 5000 44
Skylark Alauda arvensis 1150 1560 1170 3900 26000000 1
Meadow Pipit Anthus pratensis 20000 15000 50000 85000 650000 13
Yellow Wagtail Moracilia flava 1150 7050 74600 83000 170000 49
Whinchat Savicola rubetra 5700 2300 8400 17000 175000 10
Sedge Warbler Acrocephalus schoenobaenus 0 15 625 650 15000 4
Great Grey Shrike Lanius excubitor 5 80 1000 1100 5000 22
Reed Bunting Emeriza schoeniclus 400 1100 25700 27500 800000 3

!Arvidsson 1987, *Nilsson 1981, *Ahlgren i brev, *Alexandersson i manus, *Andersson & Staav 1980, “Karlsson & Kjellén 1988

and higher wetness of northern mires may thus imply  (Bostrom & Nilsson 1983). Something that can be
that more niches are available for birds. It is probable  taken as an indication of this is the fact that the number
that the wetter mires in the north have a higher habitat  of wildfowl and shorebird species increases towards
diversity and a higher production of invertebrate food  the north.
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Population densities

Population densities may be correlated with mire size.
On bogs larger than 0.5 km?® there was no apparent
difference in densities but on smaller bogs densities
were lower (Bostrom & Nilsson 1983, Nilsson 1986).
The accuracy of our estimates of population densities
will then depend on the distribution of censused mires
of different sizes in ourregional samples. Unfortunately
it is impossible to analyse if there is a significant
difference in size distribution of censused mires since
our estimates are based on provincial data and not on
specific mires. However, since the results of our
estimates do not differ much from those obtained by
Bostrom & Nilsson (1983), this may not be a serious
problem.

The total population density of birds on mires does
not change with latitude, but the densities of wildfowl,
shorebirds and raptors are higher on northern mires
while that of passerines is lower (cf. the results of
Bostrom & Nilsson 1983, based on a subsample of
surveyed mires used in this paper). This implies that
bird biomass increases with latitude (Bostrém & Nils-
son 1983), indicating a better food availability through
a higher production of invertebrates in the north (cf.
Krogerus 1960). The reason for the increase in densities
of wildfowl and shorebirds could be the greater propor-
tion of more productive wet fens in the north (cf. Hakala
1971). Shorebird density increased with the abundance
of pools on bogs (Arvidsson 1980, Kolmodin & Nils-
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son 1982, Bostrom & Nilsson 1983). Other features,
such as the length of the forest-mire boundary, may be
important for particular species (Bostrom & Nilsson
1983).

Furthermore, experiments with simulated wader nests
have shown higher nest predation pressure in the south
(Berg et al. 1992). Therefore, the higher density of
waders and waterfowl in the north may also be due to
a lower nest predation rate there.

Population sizes and conservation aspects

The main reason for making our estimates of popula-
tion sizes, both on mires and nationally, was to identify
species with small total populations and with a large
proportion of their populations on mires. We found that
four species have virtually all individuals on mires and
an additional seven species have a large proportion
confined to mires. Seven of these eleven species have
populations of less than 10 000 pairs in Sweden, and are
thus of special interest to conservation for the reason of
rarity. Butalso for more abundant species, less confined
to mires, there is reason to preserve viable populations
in order to maintain genetic variation (Lande &
Barrowclough 1987). Inorder to discern valuable mires
for birds we will have to determine the demands of
different species on their peatland environment by
analysing their distribution in relation to different
environmental variables such as size, wetness, openess,
etc.
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Sammanfattning

Myrarnas betvdelse som héicknigsbiotop for vatmarks-

faglar.

Artantalet minskar generellt mot norr och flera hypo-
teser som forklarar detta fenomen har foreslagits
(Stevens 1989). Emellertid kade antalet fagelarter,
liksom figeltitheten, mot norr pa finska myrar (Jirvinen
& Sammalisto 1976) och samma monster observerades
for de flesta taxonomiska figelgrupper pa hgmossari
Sverige (Bostrom & Nilsson 1983). Myrmark utgor
ungefir 12% av landarealen i Sverige, och med dkande
oljepriser i mitten av 70-talet aktualiserades olika
exploateringsplaner. Som ett svar pa detta startades en
extensiv fagelinventering pa myrar i hela landet. Syftet
var frimst att hitta de ur fagelsynpunkt mest viirdefulla
myrarna, men pa grund av det stora antalet myrar var
det ej realistiskt att inventera samtliga. Ett mal blev
diirforatt urskilja fagelarter som indikerar skyddsviirda
myrar. [ denna uppsatsen redovisar vi regionala trender
i artrikedom och tiithet, totala populationsstorleken pa
myrar och i landet som helhet, och som ett matt pa
myrarnas relativa betydelse for vitmarksfaglar, ande-
len av den svenska totalpopulationen som hickar pi
myrarna.
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Metoder

Inventeringarna omfattar 1522 myrar, med en total
areal av 2250 km?, fordelade 6ver hela Sverige (Fig. 1).
Inventeringarna, som utfordes mellan 1974 och 1987.
omfattar huvudsakligen myrar stérre én 0.5 km* men
dven vissa mindre myrar blev inventerade. En stor
andel av den totala myrarealen bestir av mindre, rela-
tivt fagelfattiga myrar (Tabell 1). Av 6vriga myrariiren
del ointressanta for vatmarksfaglar pa grund av dikning
och igenviixning. I Gotaland kan denna areal beriiknas
till 40% av totalarealen myr stérre éin 0.5 km?, i Svea-
land till 20%, i Sédra Norrland till 15% och i Norra
Norrland till 10%. Med utgingspunkt frin ovanstiende
berikningar har mellan 10 och 15% av arealen stora
Oppna myrar inventerats, men variationen ir stor mel-
lan olika regioner (Fig. 1).

Myrarna besoktes vid ett tillfille under de tva forsta
veckornai juni i sédra Sverige eller under slutet av juni
till borjan av juli i norra Sverige. Inventeringarna, som
endast utfordes vid god viderlek, skedde lings paral-
lella linjer, med ca 150 meters mellanrum i lingsamt
tempo (for en utforligare beskrivning, se Bostrom &
Nilsson 1983).

Berikningar av populationtiitheter pA myrar gjordes
landskapsvis pa foljande sitt: antalet inventerade par
dividerat med artens inventeringseffektivitet (ett matt
pahur manga av det verkliga antalet par som observeras
vid denna typ av inventering, se Tabell 1) multiplicerar
med den inventerade arealen. Populationsstorlekar be-
riknades genom att multiplicera populationstiithet med
arealen 6ppen myr storre in 0.5 km?,

Vira berikningar av populationsstorlekar i Sverige
baseras huvudsakligen paregionala och lokala invente-
ringar och beriikningar, i nigra fall pa nationella berik-
ningar (SOF 1990).

Resultar

Artrikedomen 6kar mot norr. Om man bara tar hiinsyn
till de vanligaste arterna (hgre tithet én 0.1 par/km?)
okar antalet fran 16 i Gétaland till 22 i Norra Norrland.
Om man tar hiinsyn till samtliga arter 6kar det fran 25
arter i Gétaland till hela 42 i Norra Norrland (Fig. 2).
Okningen i artantal beror framforallt pa att antalet sim-
och vadarfaglar blir stérre mot norr medan antalet
tittingar inte nimnviirt forindras med latitud (Fig. 3).

Populationstiitheterna for olika arter varierar regionalt
men det finns inget generellt ménster for samtliga arter.
Ljungpipare, skogssnidppa och éingspiplirka har ligre
titheter pa nordliga myrar, 23 andra arter 6kar i tiithet
mot norr medan Gvriga inte uppvisar nagot speciellt
monster (Tabell 1). Bland olika taxonomiska grupper
Okar tatheten mot norr for rovfaglar, simfiglar och
vadare medan titheten for tittingar minskar. Den sam-
manlagda populationstitheten tycks dock inte férind-
ras nimnviirt med latitud (Fig. 4).
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Elva arter, av vilka de flesta ir simfaglar, har
populationsstorlekar pa myrar som understiger 1000
par, lika minga har populationsstorlekar pa mer in
100 000 par (Tabell 2).

Ungefiir en fjirdedel av arterna har populations-
storlekar pa mer éin 100000 pari Sverige medan 14 arter
har en populationsstorlek runt 5000 par eller mindre. I
den sista gruppen aterfinns en rad arter med en huvud-
saklig utbredning pa tundran i norr (Tabell 2).

Fyra arter, sidgas, myrsnippa, dviirgbeckasin och
svartsniippa, har i det néirmaste hela sina populationer
pa myrar medan ytterligare 7 arter, smalom, blahok,
smaspov, storspov, gluttsnidppa och gronbena, har mer
in 50% pa myrar (Tabell 2, Fig. 5).

Diskussion

Artantalet av faglar 6kar som synes mot norr pa myrar
tvirtemot vad man forvintar sig (MacArthur 1972).
Samma monster kan observeras i andra habitat nir
flyttande fagelarter inkluderas. Om de flyttande arterna
ej riknas med far vi det forviintade monstret med
minskade artantal mot hogre latituder (Stevens 1989).
Enmdojlig forklaring till det hdgre artantalet pd nordliga
myrar under hickningstid skulle kunna vara att
vegetationsstrukturen ir mer komplex och att fler 5ppna
vattenytor finns tillgédngliga, vilket mojligen leder till
en hégre och mer varierad insektsproduktion och déri-
genom ocksa fler tillgéingliga nischer for hickande
arter (Bostrom & Nilsson 1983).

Eftersom populationstiitheten delvis dr beroende av
myrens areal (Nilsson 1986) beror noggrannheten i
vara berikningar och dirigenom méjligheten att jam-
foraolikaregioner pa att urvaletav olikstora myrar som
inventerats dr likartat. Tyvirr dr det omdjligt att kon-
trollera detta men vara beriikningar skiljer sig inte
mycket fran tidigare beriikningar diir myrstorlekarna
var kiinda (Bostrom & Nilsson 1983).

Den sammanlagda populationstiitheten verkar inte
variera speciellt mycket med latitud. Populationstiit-
heten for simfaglar, vadare och rovfaglar tycks vara
hégre i norr medan titheten for tittingar minskar. Detta
betyderatt biomassan av faglar dr stérre i norr (fler stora
féglar), ndgot som tyder pa att produktionen av insekter
ir storre i norr. Andra faktorer som kan gynna hogre
titheter av vissa arter i norr skulle kunna vara en
minskad risk for bopredation (Berg et al. 1992).

Myren tycks varaett speciellt viktigt hiicknignshabitat
for elva arter som har mer én hilften av sin totala
population i dennamiljé. Sjuav dessa dr ocksd ovanliga
som hickfiglar i Sverige och iir dirigenom speciellt
intressanta ur skyddssynpunkt. Men édven for mer tal-
rikaarter, inte likahart knutna till myren, finns det goda
skil att bevara livskraftiga populationer pa myrarna for
att exempelvis bibehdlla genetisk variation (Lande &
Barrowclough 1987).
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Feeding areas and local movement patterns of post-breeding
Greylag Geese Anser anser in South Sweden

LEIF NILSSON & HAKON PERSSON

Greylag Geese Anser anser mostly selected one field type,
neglecting all other available types. After the breeding season
they started to feed on grasslands, turned to peas during the end
of July or the middle of August, and then shifted to wheat
stubble in the first half of September. Only two other field
types, barley stubble and newly-sown cereals, were
occasionally selected. Most of the time they never showed any
interest in oat stubble, newly-sown cereals and newly-sown
rape. Rape stubble and ploughed fields were never used.
Fields with high-energy food accounted for about 95% of all
goosedays each autumn. The exploitation rate of large fields
(>17 ha) with peas or wheat stubble was much higher than that
of smaller fields with the same crop. Distances between roosts
and feeding areas were normally less than 5 km. In October the
activity pattern, characterized by two daily feeding periods,

Abstract

began to weaken, with some geese staying on the feeding
grounds all day. In November all geese spent the whole day on
the feeding grounds. The length of time spent on the feeding
grounds per day increased from about 200 min. in mid-August
to more than 400 min. in early October. The marked families
not only stayed in the study area the whole autumn but
moreover, they rarely moved between different gathering
areas. There were no significant differences between families
and pairs without young with respect to the time they were
present and the number of times they moved between different
gathering areas. Subadults moved between gathering areas
significantly more often than did mature birds.

L. Nilsson & H. Persson, Department of Ecology, Ecology
Building, §-223 62 Lund, Sweden

Introduction

Like other goose populations the Greylag Goose popu-
lation in Sweden and in other parts of northwestern
Europe has increased markedly in recent years (e.g.
Fog et al. 1984, Madsen 1986, 1991, Rutschke 1987).
New areas have been colonized in southern Sweden,
and in southern Skine a breeding population of several
hundred pairs has become established over the last two
decades (Persson 1990), with late summer/autumn
gatherings amounting to several thousand individuals.

The general pattern of occurrence of Greylag Geese
in late summer/autumn gatherings has been studied in
Denmark (Madsen 1986, 1987), West Germany (Hum-
mel 1982) and East Germany (Rutschke 1982, Rutschke
etal. 1982, Rutschke & Schulze 1983). Rutschke et al.
(1982)distinguished between summer flocks (Sommer-
Sammelplatz-Verbinde) and autumn flocks (Friih-
herbst-Rastplatzverbinde) and noted that many
gathering places are used both in summer and autumn.
However, nothing was known about the composition

and stability of the autumn gathering flocks.

Although the field and food preferences of Greylag
Geese have been examined in several studies (Hudec &
Rooth 1970, Newton & Campbell 1973, Dubbeldam
1978, Madsen 1985a), detailed information from sum-
mer and autumn gatherings are lacking. Data on the
general activity rhythms indicate that there is a general
diurnal pattern with two feeding periods in summer,
autumn, and winter (Rutschke 1982, Rutschke et al.
1982, Witkowski 1983, Rutschke & Schulze 1985,
Amat 1986).

The aim of this study was to characterize the preferred
feeding areas, daily activity and local movement patterns
of Greylag Geese in a gathering area in southern Sweden
in late summer and autumn. More specifically, we
wanted to identify the factors involved in determining
the choice of feeding areas, daily activity patterns and
local movements of different categories (families, pairs
without young, subadults) in the gathering areas.
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Study area

The study was carried out in SW Skine, in southernmost
Sweden. The study area (Fig. 1) included a western
(Yddingen, Fjillfotasjon, Klosterviken, Borringesjon
and Bjorkesdkrasjon) and an eastern (Sovdesjon,
Snogeholmssjon, Ellestadsjon and Krageholmssjon)
lake area with breeding populations of Greylag Geese,
and a shallow coastal bay, Foteviken, used only during
the nonbreeding season. The lakes are situated in an
agricultural district and are partly surrounded by
woodland and pastures. Foteviken is surrounded by
large areas of intensively grazed shore meadows with
intensively cultivated agricultural areas nearby.

SW Skine is an agricultural area mainly characterized
by large fields. Clay soils dominate although sandy
soils are present in some areas. The main crops are
cereals (mainly autumn-sown), oil-plants (rape), peas
and, in some districts, sugar beet. Potatoes and carrots
are grown on sandy soils. Root crops are lacking in the
western lake area. The field preferences of the geese
were studied in the western lake area (Fig. 2). The field
types in this area are presented in Fig. 4.

Material and methods

We visited all goose haunts in the study area (Fig. 1)
once a week from mid-July to mid-December, 1985 to
1987. During every visit the number of geese at each
locality was counted, and the flocks were checked for
neck-banded individuals.

At the special study area (Fig. 2), which was visited
at least twice a week, we noted the fields in which the
geese were feeding. Both morning and evening
observations were made. The crops present in the fields
in the special study area and any changes in the state of
the fields (e.g. if a field had been harvested, ploughed
or sown) were recorded.

To characterize daily activity patterns one of the
flocks was followed from one hour before sunrise until
one hour after sunset for one day each week. These
observations included its time of arrival at a feeding
ground and its time of departure.

During the summers of 1985, 1986 and 1987 we
neck-banded a total of 436 breeding Greylag Geese,
both adults and goslings, at the lakes Yddingen, Fjill-
fotasjon, Klosterviken, Borringesjon and Snogeholms-
sjon (Fig. 1). These marked birds were used to study
local movements.

Total number of goosedays (GD) was estimated as
follows: GD =g d , where g =number of geese counted
on day i, and d, = half the number of days between the
counts immediately before and immediately after day i
(for the first and last count each autumn d, was the
number of days to the following and preceding count,
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Fig. 1. Study area.
Undersékningsomrdade.

F: Foteviken area, W: Western lake area (viistra sjoomradet),
E: Eastern lake area (dstra sjdomrdder). 1: Foteviken, 2:
Yddingen, 3: Fjiillfotasjon, 4: Klosterviken, 5: Borringesjon,
6: Havgirdssjon, 7: Bjorkesikrasjon, 8: Sovdesjon, 9:
Snogeholmssjon, 10: Ellestadsjon, and 11: Krageholmssjon.

respectively). The number of goosedays in a specific
field or field type was estimated in a corresponding
way.

Results

The post-breeding population

The post-breeding population in SW Skine started to
increase in mid-July, when the first geese began to
return after moulting (Fig. 3). It rapidly increased to
around 5000 by middle to late August, reaching a
maximum of about 7000 in mid-September, before the
autumn migration. It thereafter decreased to about 500
by the end of October. In contrast to the increase that
occurred during the latter half of August in 1985 and
1986, a marked decrease occurred during the
corresponding period in 1987.

Table 1. Number of breeding pairs in the lake areas in 1985-
1987. From Persson (1990).

Antal hiickande par i de bida sjéomrddena 1985-1987. Fran
Persson (1990).

Breeding area 1985 1986 1987
Western lake area 125 205 275
Viéistra sjdomrddet

Eastern lake area ? ? 140

Ostra sjéomrdidet




Fialifota-
sjdn

Bjérkesakra-
sjin

- Used fields (>300 goosedays/ ha)
- Used fields (<300 goosedays/ha)
| | Unused fietds

Pastures

-] Woodiand

Fig. 2. Special study area in 1985-1987. The main part of the unspecified area consists of an agricultural district with small farms

and fields (not used by the geese).

Omvrdade fiir intensivstudier 1985-1987. Merparten av det ospecificerade omrddet bestdr av ett jordbruksdistrikt med smd gérdar

och filt (vilker ef utnyttjades av géissen).

The post-breeding population in SW Skine was split
among three areas (Fig. 1), each of which had one large
flock ortwoto three subflocks. Peak numbers in the two
inland areas (6400-6500 geese) had decreased by 90%
by the 16th, 13th and 22nd of October during the
autumns of 1985, 1986 and 1987, respectively. At the
coastal area (Foteviken) the geese stayed until much
later in the autumn.

In mid-August 1985, 1986 and 1987 the number of
geese in the western lake area, including the Foteviken
area, was eight, nine and four times the respective
number of breeding pairs in the western area (Fig. 3
compared with Table 1). In 1987, crop growth and
harvest times were delayed 3-4 weeks, so counts in the
first week of September that year were comparable to
those made in mid-August during the other years. At
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1N=1000

Juy  Aug " Sep
Fig. 3. Numbers of Greylag Geese in SW Skane during the
autumns of 1985, 1986 and 1987, over the whole study area
(solid line), and in the Foteviken area (stippled line), the
western lake area (broken line, short strokes) and the eastern
lake area (broken line, long strokes).

Antalet gragiiss i sydviistra Skdane under hisstarna 1985, 1986
och 1987 i hela undersékningsomradet (heldragen linje),
samt | Foteviksomrdet (prickad linje), viistra sjdomrdadet
(streckad linje, korta streck) och dstra sidomrdder (streckad
linje, ldnga streck).

that time (first week of September 1987) the number of
geese was eight times the number of breeding pairs.
The number of geese in the eastern lake area in mid-
August 1987, was about 30 times the number of breeding
pairs in that area (Fig. 3 compared with Tab. 1).

Field choice

The type of field chosen by the geese was basically
determined by the types available at a given time (Fig.
4).Inthe early part of autumn the geese used grasslands,
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but turned to pea fields as soon as the peas started to
ripen (Fig. 4, Table 2). The geese began to feed on peas
long before the fields were harvested, in August or
September, and they continued to do so until the wheat
fields were harvested in late August or early Septem-
ber. Thereafter the geese turned to the stubble to eat
grainspill, using other field types only temporarily, e.g.
newly-sown fields. In 1987, when the wheat harvest
was delayed, the geese fed on barley stubble and peas
in September.

The geese mostly selected one field type, neglecting
all other available types (Table 2). The geese never
chose grassland when other field types (except ploughed
fields) were available. Most of the time they never
showed any interest in oat stubble, newly-sown cereals
and newly-sown rape. Rape stubble or ploughed fields
were never used. The level of exploitation of peas,
measured as number of goosedays/ha used area, was
always high (Table 3). About half of the area with
wheat stubble was used each year, with an exploitation
rate of about 50% of that of the pea fields. In 1985 the
geese used one field of barley stubble and one of oat
stubble, with both fields being subjected to very high
exploitation rates. During the other two years barley
stubble was used to the same extent as wheat stubble,
whereas oat stubble was rarely used.

Overall, wheat stubble was the most heavily utilized
field type and accounted for about 40% of all goosedays
each autumn (Table 4). Pea fields were next in
importance, while barley and oat stubble were only
important in some years.

The geese usually concentrated in one of the largest
fields of a selected field type, neglecting other fields
with the same crop except when disturbed on the
preferred field. The preferred pea and wheat stubble
fields were significantly larger than other available but
unused fields (Table 5). The exploitation rate of large
fields (>17 ha) with peas or wheat stubble was much
higher than that of smaller fields with the same crop
(Table 6). Similarly, the geese tended to prefer large
fields with barley stubble over small ones (Table 5, not
statistically significant). For oat stubble there was no
significant difference in the size of used and unused
fields: however, the number of fields with this crop was
relatively low. Each autumn the ten most heavily used
fields accounted for 90-100% of all goosedays.

In general, Greylag Geese fed on fields close to their
roosts; distances between daytime roosts (and night
roosts) and feeding areas were normally less than 5 km
(Table 7). Only a few longer distances were recorded
(in 1987). The geese flew significantly longer distances
to pea fields than to wheat stubble (Chi* = 11.92,
P<0.01).



Table 2. Field type preference (D) in the special study area in 1986 and 1987 according to the Jacobs’ index (Jacobs 1974): D=(r-
p)(r+p-2rp), where r represents the proportion of geese in a given field type, and p is the proportion of the total (harvested) area
consisting of that field type. The index ranges from -1 (total avoidance) to +1 (one field type selected).

Grdgdssens preferens [ir olika filttyper (D) i intensivstudieomrddet 1986 och 1987 enligt Jacobs index (Jacobs 1974): D=(r-
pIr+p-2rp), dér r dr andelen giss pa en given filtyp och p dr andelen av hela omradet som bestdr av den féilttypen. Indexet
stricker sig fran -1 (totalt undvikande) till +1 (endast en félttyp winyttjas).

1986 15-22.7 23.7-18.8  19-28.8 1-89  11-26.9 299 2-3.10  6-10.10
Grassland Grismark +1 -1 -1 -1 -1 -1 -1 -1
Peas Artor : +1 +1 +0.24 -1 -1 5 -
Wheat stubble Vetestubb - - -1 -0.33 +1 +0.31 -1 +0.89
Barley stubble Kernstubb - - -1 +0.03 -1 -1 +1 -0.63
QOat stubble Havrestubb - - -1 -0.78 -1 -1 -1 -1
Rape stubble Rapsstubb - -1 -1 -1 - - - -
Newly-sown cereals Nysddd hastsiid E - - -1 -1 +0.85 -1 -0.62
Ploughed fields Plajda felt - - -1 -1 -1 -1 -1 -1
1987 15.7-10.8 11.8  12-198 22-31.8 4-89 14-289 2-23.10
Grassland Grasmark +1 +0.78 -1 -1 -1 -1 -1
Peas Artor - -0.28 +1 +0.96 +0.65 -0.39 -
Wheat stubble Vetestubb - - - - +0.18 +0.56 +1
Barley stubble Kornstubb - - - - - +0.49 -1
Oat stubble Havrestubb - - - - - -1 -1
Rape stubble Rapsstubb - - # 1] -1 -1 -1
Newly-sown cereals Nvsddd histséid - - - - -1 -1 -1
Newly-sown rape Nysddd raps - - - -0.70 -1 -0.02 -1
Ploughed fields Pléjda fiilt -1 -1 -1 -1 -1 -1 -1
3 1986

AUG SEP T oot AUG SEP ocT

Fig. 4. Field choice of Greylag Geese (upper diagram) in relation to the availability of different field types (lower diagram) in
the examined area in 1986 and 1987. Field choice is measured as the percentage of the total number of geese observed in a
particular field type during the regular counts. The lower diagram shows the percentage of each field type each day. 1107 and
1080 ha were under observation during 1986 and 1987, respectively. Key: (1) Unharvested fields, (2) Newly-sown cereals, (3)

Newly-sown rape. (4) Ploughed fields, (5) Wheat stubble, (6) Barley/oat stubble, (7) Rape stubble, (8) Peas, and (9) Grassland.

Gragiissens filtval (dvre diagrammet) i férhallande till de olika filttypernas tillginglighet (undre diagrammer) i det
intensivstuderade omrdder 1986 respekiive 1987. Filtvalet beriiknades som procentandelen av det totala antalet géiss som under
de regelbundna inventeringarna sags pa respektive filttyp. Det undre diagrammet visar omradets fardelning pa olika félttyper
dag fir dag. Aren 1986 och 1987 omfattade undersikningsomradet 1107 respektive 1080 ha. Nvckel: (1) Oskérdar, (2) Nysadd
straséid, (3) Nysddd raps, (4) plije, (3) vetestubb, (6) Korn/havrestubb, (7) rapsstubb, (8) drtor ach (9} grismark.
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Table 3. Use of different field types in the examined area in the
autumns of 1985, 1986 and 1987, estimated as the percentage
of total area used by Greylag Geese and as the level of
exploitation, in number of goosedays/ha used area, Number of
used fields in brackets.

Grdagdasens  umyttjande — av  olika  fdlttyper i
intensivstudieomrdadert hdstarna 1985, 1986 och 1987 berdk-
nat dels som procentandelen av den totala arealen som
utnyttjades och dels som exploateringsgraden i antalet
gasdagar/ha wmyttjad areal. Antalet utnyttjade filt anges
inom parentes.

Year Total Used Exploitation

area (ha) area % (goosedays/ha)

Ar Total  Umyttjad Exploatering

yta (ha) yia % (gdsdagar/ha)

Peas 85 70 81(3) 262
Arror 86 100 100 (2) 288
87 140 54(3) 288

Wheat stubble 85 306 50(5) 192
Vetestubb 86 469 53(7) 147
87 367 64 (6) 130

Barley stubble 85 219 29(1) 294
Kornstubb 86 328 38(3) 100
87 48 66 (2) 133

Oat stubble 85 58 591 356
Havrestubb 86 112 3 92
87 21 00 0

Rape stubble 85 250 0 0
Rapsstubbb 86 61 0
87 311 0 0

Daily activity pattern

In late summer and early autumn the geese visited the
feeding grounds once in the morning and once in the
evening (Fig. 5). They left the night roost at sunrise and
flew directly to the feeding grounds. After 2-4 hours of
feeding they returned to the lake or the sea to drink, bath
and preen. They generally rested on the shores of the
day roost or on adjacent fields, sometimes grazing with
low intensity for shorter periods. In the evening they
returned to the feeding grounds and stayed until about
half an hour after sunset. On average, the geese fed for
a shorter time (50 min. less) in the evening than in the
morning.

In October, the activity pattern with two daily feeding
periods began to weaken, with some geese staying on
the feeding grounds all day (Fig. 5). In November, all
geese spent the whole day on the feeding grounds.

The length of time spent on the feeding grounds per
day increased from about 200 min. in mid-August to
more than 400 min. in early October (Fig. 6). In 1987,
when the harvest was delayed, the geese spent a
significantly shorter time per day on the feeding grounds
in late September and early October than they did
during the corresponding period in 1986 (Fig. 6,
P<0,001).
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Table 4. Field-type utilization, estimated as the percent of the
total goosedays spent in each of the field types in the special
study area in the autumns of 1985, 1986 and 1987.

Féiltutnyttjandet beriknat som procentandelen av totala anta-
let gasdagar som tillbringades pd respektive fiilttyp i intensiv-
studieomrddet héistarna 1985, 1986 och 1987.

Mean
Medel

1985 1986 1987 Range
Varia-

tion

Number of goosedays 78070 80260 77 860

Antal gdsdagar

Pastures Grésmark 38 2.5 7.6 5 2-8
Peas Artor 18.9 359 384 31 19-38
Wheat stubble Verestubh 38.1 434 39.6 40 38-43

Barley stubble Kornsiubb 237 15.1 54 15 3524

Oat stubble Havrestubb 15.5 0.4 0 5 0-16
MNewly-sown cereals 0 2.7 0 1 0-3
Nysdid héistsdid

Newly-sown rape 0 0 9.0 3 09

Nysddd raps

Table 5. Mean size of used and unused fields for each of the
main field types in the study area in 1985-1987. Number of
fields in brackets.

Genomsnittlig storlek for av gragissen umyttjade resp out-
nyttjade féilt av de vikiigaste féiltryperna i intensivstudieomrdder
1985-1987. Antalet fiilt anges inom parentes.

Mean size +- SE (ha) of the ficlds. P for difference

Medelstorlek +- SE (ha) for filten (1-test)

Used Unused P fir skillnad

Utnynijade Ouinyttjade (1-test)

Peas Artor 3L3+-69(7) 9.7+-2.2(9) <0.01

Wheat stubble  35.6+-5.1 (18) 20.8+-2.8(16) <0.01
Vetestubh

Barley stubble  30.0+-7.0 ( 6) 23.8+-4.8(17) ns
Karnstubb

Oat stubble 190 (2) 21.24-99(7) ns

Havrestubb

Table 6. Average exploitation rate (goosedays/ha) for diffe-
rent field-size categories of peas and wheat stubble in the study
area, 1985-1987. The proportion (%) of the total area of each
field type is presented in brackets for each of the field-size
categories.

Genomsnittlig exploateringsgrad (gdsdagar/ha) for olika
storlekskategorier av filt med drtor resp. vetestubb inom
intensivstudieomrddet 1985-1987. Andelen (%) av den totala
arealen av varje filttyp som tillhirde respektive storleks-
kategori anges inom parentes.

Field size (ha) Filistorlek (ha)

0.5-16.5 17.0-33.0 33.5-49.5 50.0-66.0
Peas Artor 24 (18) 244 (22) 339(38) 174(22)
Wheat stubble  5(10) 85(26) 86(19) 98 (45)
Vetestubb




Table 7. Distribution of distances flown by Greylag Geese from daytime roosts, in the western lake area, to fields with peas and
wheat stubble, 1986 and 1987. Number of flocks in brackets. Differences between roosts were analysed using Chi-square.

Procentuell fordelning av stréiickor som gragdssen fliig mellan féilt med drtor respektive vetestubb och dagvilolokaler i det véistra
sjdomrddet 1986 och 1987, Antalet flockar anges inom parentes. Skillnader mellan vilolokaler analyserades med Chi.

Distances between roost and fields

Avstand viloplats-félt No. of geese counted

Antal inréknade giiss

<l km 1-2 km ca4d km ca9km

Peas Artor

Bjorkesakrasjén - - 88 (24) 12 (3) 8097 (27)
Klosterviken 46 (11) 9(2) 45(9) - 5330 (22)
Birringesjon 60 (6) 40 (3) - - 2829(9)
Wheat stubble Vetestubb

Bjorkesakrasjon 45 (19) 12 (5) 43 (18) - 12805 (42)
Klosterviken 100 ( 8) - - - 2856 ( 8)
Borringesjon 100 ( 5) - - - 1230 ( 5)

Chi® = 38.47 (P<0.001) for difference in number of flocks on pea fields

for skillnader i antal pa drtfilt

Chi® = 12.23 (P<0.05) for difference in number of flocks on wheat stubble

for skillnader i antal pa vetestubb

Fig. 5. Autumn feeding activity of Greylag Geese in relation
to sunrise and sunset. Each symbol represents the mean value
for all geese (numbers above each ling) arriving at (filld
symbols) or leaving (open symbols) the feeding grounds in
one day. A vertical line between two symbols represents the
time spent on the feeding grounds (a broken line means that
some of the geese stayed on the feeding grounds all day, while
the others visited the roost in the middle of the day). The figure
includes material from the autumns 1985, 1986 and 1987.

Grdagdssens fodoséksaktivitet under hésten i férhallande till
soluppgdng och solnedgdng. Varje symbol representerarmed-
elviirdet for samiliga giss (antalet anges ovanfir respektive
linje) som anlénde till (fylld symbol) eller som limnade (ofvild
svmbol) fodoséksomridena under en dag. En vertikal linje
mellan tvd symboler representerar tiden som tillbringades pd
[fiddosoksomrddena (en streckad linje betyder att en del av
giissen stannade hér hela dagen, medan andra besdkte
sovplatsen mitt pa dagen). Figuren innefattar observationer
Srdn histarna 1985, 1986 och 1987,

Time of day

121

Aug
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Fig. 6. Amount of time per day spent by Greylag Geese on
feeding grounds at different times during the autumn. The
figure includes data from 1986 (filled symbols) and 1987
(opensymbols), but only data from 1986 were used to calculate
the regression line. Accumulated totals of individuals in the
flocks studied shown for each mean value.

Léingden av gragissens vistelse pd fidosiksomrddena vid
olika tidpunkter pa histen. Figuren innefattar uppgifter fran
1986 (fvllda symboler) och 1987 (ofvilda symboler), men
endast material frdn firstéiamnda dr har anviints for an
beriikna regressionslinjen. Sammanlagda antalet individer i
de studerade flockarna anges fér varje medelviirde.

Roost sites

The types of roost sites preferred by the geese differed
between night and day. In the evening they usually
chose the nearest lake, whereas during the day they
sometimes passed over several lakes toreach a preferred
roost site. The most preferred daytime roost (Lake
Bjorkesdkrasjon) was normally used by more than 50%
of all geese in the western area (Table 8). Next in
importance was Lake Klosterviken, usually with about
one third of all geese. Lake Borringesjon was only used
extensively in early autumn. Lake Yddingen was not
used, while Lake Fjillfotasjon was only used as a night
roost.

Table 8. Relative differences in the use of various lakes as
daytime roosts by Greylag Geese during 1986-1987 in the
western area. Other lakes in this area (Yddingen, Fjillfotasjon
and Havgérdssjon) were notused. Number of counts in brackets.

Relativa skillnader i gragissens wtnyttjande av olika sjéar
som dagvilolokal i det véistra sigomrédet 1986-1987. Ovriga
sigar inom detta omrdde (Yddingen, Fjdllfotasjon och
Havgdrdssjin) utnytijades inte. Antalet inventeringar anges
inom P(H"E’H.F(’S.

Percent of total number on No. of geese
each lake counted
Procentuell fordelning Antal inrik-
mellan sjdarna nade géiss
Bjorkes- Kloster- Borringe-
akrasjon  viken  sjin
1986 Aug 72 3 25 4796 (7)
Sep 55 29 16 13177 (10)
Oct 70 30 0 1711 (5)
1987 Aug 26 59 15 4773 (10)
Sep 53 41 6 8954 (8)
Oct 54 38 8 4516 ( 6)

Table 9. Frequency of movements between the three autumn
gathering areas in 1985-1987 of marked Greylag Geese from
different breeding localities (number of movements per family,
pair and subadult and 10-day period of observation). Number
of each category in brackets. Mean+-SD.

Frekvens av forflyttningar mellan de tre koncentrationsom-
rddena 1985-1987 for méirkta gragiiss frdan olika hiicklokaler
{antalet registrerade férflyttningar per familj, par resp.
subadult och 10-dagarsperiod). Antalet familjer, par och
subadulter anges inom parentes.

Subadults
Subadulter

Families Pairs
Familjer Par

Western lake area Viistra sjidomrdder

Yddingen 0.214-0.17 (31)  0.204+-0.15(11) 0.45+-0.30 (15)
Fjillfotasjon ~ 0.16+-0.18 (12)  0.18+-0.10( 6) 0.62+-0.44 (17)
Klosterviken  0.12+-0.14 (16) 0.22+-0.23 (13) 0.33+-0.34 (16)

Barringesjin - 0.19+-0.18( 7)
Eastern lake area Ostra sjdomrddet
Snogeholms-

sjon 0.01+-0.02 (15)

0.024+-0.04 (5)  0.34+-039(6)

The preference for Bjorkesakrasjon is reflected in
the longer distances flown between this roost and the
feeding grounds compared with the other roosts (Table
7).
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Fig.7. Tendency of Greylag Goose families to stay in the breeding area in autumn, measured as the number of families observed
(out of the total marked at selected breeding localities) during 10-day periods in the western lake area (horizontal lines), the
eastern lake area (vertical lines) and the Foteviken area (cross-hatched). In cases where a family was seen in two gathering areas
during a 10-day period, it was counted as half a family in both areas. Marked families from (A) Yddingen and Fjillfotasjon 1985,
(B) Yddingen and Fijillfotasjon 1986, (C) Yddingen and Fjillfotasjén 1987 and (D) Klosterviken and Borringesjon 1987.
N=number of marked families.

Gragdsfamiljernas tendens att stanna kvar i héickningsomradet under histen berdknat som antal familjer (av antalet méirkta vid
utvalda hiickningslokaler) sedda under 10-dagarsperioder i vistra sjoomrddet (horisontalstreckat), dstra sjoomrddet
(vertikalstreckat) och Foteviksomrddet (korsstreckat). I de fall dé en familj sags i tvd omraden under en 10-dagars period riknas
den som en haly familj i vardera omrddet. Mérkta familjer frdn (A) Yddingen och Fjillfotasjén 1985, (B) Yddingen och
Fjillfotasjon 1986, (C) Yddingen och Fjillfotasjon 1987 och (D) Klosterviken och Bérringesjin 1987. N = antalet mdrkta
familjer.
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Local movement patterns

The marked families not only stayed in SW Skane the
whole autumn (Fig. 7) but moreover, they rarely moved
between different gathering areas (Table 9). Onaverage,
families from the western lake area moved once every
eight weeks, whereas families from the eastern area
(Lake Snogeholmssjon) remained in their breeding
area until they left the country on autumn migration.
Only once was a family from this lake seen outside the
eastern area; they were resting in Foteviken in October
1987.

There were no significant differences between
families and pairs without young with respect to the
time they were present and the number of times they
moved between the three gathering areas (Table 9).
Subadults moved between gathering areas significantly
more often than did mature birds.

In 1987 families from the two lakes in the western
area that were not used as daytime roosts (Yddingen
and Fjillfotasjon) showed a greater tendency to move
to the coast (Foteviken) compared with families from
the lakes that were also used as roosts (Klosterviken
and Borringesjon, Fig. 7). The difference in distribu-
tion was highly significant in both August (Chi® =
12.27,P<0.001) and September (Chi*=12.18, P<0.001).
Similarly the distribution of families from Yddingen
and Fjillfotasjén in 1986 was significantly different
from that in 1987 (Chi* = 10.74, P<0.01 and Chi® =
11.54, P<0.01 in August and September, respectively).
Although most families leaving the western lake area
moved to Foteviken, some also visited the eastern area.

In the western lake area most families had visited
each of the three daytime roosts on at least a few
occasions (Table 10); still, they showed a marked
preference for their breeding lake if it was used as a
regular roost (Klosterviken).

Discussion

Field choice and food selection

In autumn, Greylag Geese have been reported to select
stubble in Denmark (Madsen 1985a), the Netherlands
(Dubbeldam 1978, Voslamber 1989) and Scotland
(Newton & Campbell 1973, Bell 1988). They have
been found to feed on a variety of other food items as
well, such as Scirpus rhizomes, potatoes, sugar beet,
winter wheat, seed-grass and rape (Dubbeldam 1978,
vanderReest 1988, Voslamber 1989). Ripe seed battered
down by rain was a preferred food source in some
Swedish areas (Nilsson & Persson 1988).

The energy contents of grasses, cereal grains and
peas are of the same order of magnitude, i.e. 18-19 kJ/
g dry matter (Lantbrukshogskolan 1975), but the
percentage of dry matter is much higher in cereal grains
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than in grasses, being 83% and 20%, respectively
(Lantbrukshogskolan 1975, Eriksson et al. 1976).
Digestibility is much higher for grains than for grasses
(Owen 1980). Geese can assimilate 69-89% of the
energy content of cereal grains (Storey & Allen 1982,
Madsen 1985b, Joyneret al. 1987), but only 25-40% of
the energy content of grasses (Owen 1980, Madsen
1985b, Buchsbaum et al. 1986). The lowest energy
values of grasses are found in winter and the highest
ones during the growing season, especially in spring.

Using mean values of digestibility itcan be estimated
that a grazing Greylag Goose must consume about 10
times as much food (wet weight) as a grain-feeding one
to gain the same amount of metabolisable energy.
Although it is much easier to find grasses than spilled
erain, it takes much longer for a goose to obtain the
daily ration on grasslands than on stubble.

Raveling (1979) calculated that Cackling Canada
Geese Branta canadensis needed only 2 hours to collect
their daily food requirements when feeding on cereal
grains, but more than 8 hours when grazing. In the
second part of August in our study, a grazing flock
spent 880 min. on the feeding grounds versus an average
of only 220 min. for geese feeding on stubble at the
same time. Accordingly, geese in this study preferred
high-energy foods, i.e. peas and cereal grains. Usually
geese not only take energy content into account but
protein content as well (Owen 1975, Harwood 1977,
Sedinger & Raveling 1984, ledema & Kik 1985,
Lorenzen & Madsen 1985). Thus it should be noted that
peas are much richer in protein than are cereal grains,
i.e. 27% and 12-13% of the dry weight, respectively
(Eriksson etal. 1976). The need for a high-protein food
is most marked during spring (Raveling 1979) and
moulting (Coleman & Boag 1987).

Factors other than food availability can have a major
influence on the choice of feeding areas. These factors
include safety, a good all-round view, a minimum of
human disturbance and short flying distances.
Accordingly, Greylag Geese preferred large fields in
open, sparsely wooded country with few roads and
buildings in the vicinity of suitable roosting places, and
where shooting and other disturbances were minimal.
We only rarely found the geese fly more than 5 km to
feed, a result also obtained by Newton & Campbell
(1973), but see Bell (1988). The use of stubble may also
be influenced by the accessibility of grain on the fields
(cf. Sugden 1976, Clark et al. 1986). Moreover, the
geese showed a high tendency to return to a field where
they had previously fed safely. This explains why the
geese fed on so few fields each autumn.

Food supply and autumn migration

Throughout the autumn the geese compensated for the
decreasing availability of grain in the stubble (most of



Table 10. Use of different daytime roosts in relation to breeding locality, measured in terms of the total number of observations
of marked Greylag Goose families at the various daytime roosts in the western lake area during 1985-1987. Number of marked

families seen at least once in brackets.

Umytijandet av olika dagvilolokaler i férhdllande till vilken héicklokal fldglarna kom ifran, métt som sammanlagda antalet
observationer av méirkta gragasfamiljer pd de olika dagvilolokalerna i véistra sidomrdder 1985-1987. Antalet méirkta familjer

som setts atminstone vid ett tillfille anges inom parentes.

Breeding No. of marked Daytime roost Dagvilolokal Total no. of
locality families observarions
Hiickningslokal Antal méirkta Klosterviken Bérringesjin Bjorkesakrasjin Swmma

familjer observationer
Klosterviken 18 116(18) 24 (10) 21 (13) 161
Borringesjon 7 30(6) 9(5) 3(3) 42
Fjillfotasjon 12 13 (10) 12(8) 11(6) 36
Yddingen 31 31 (18) 10(6) 19(11) 60

the grain eventually germinated) by increasing the
length of their daily feeding periods. In 1987 the harvest
was delayed, and consequently the supply of grain spill
late in the season was better than in 1986. The geese
spent a shorter time on the feeding grounds in late
September and early October in 1987 than in 1986, and
they left the inland areas a little later during autumn in
1987 thanin 1985 and 1986. However, almost all geese
left long before they had to stay all day long on the
feeding grounds to satisfy their daily food requirements.

The geese left the inland areas between the end of
September and the end of October, while minor flocks
stayed a few weeks longer at a nearby coastal locality,
as was also reported by Madsen (1985a) in Denmark.
Foteviken is the only area in SW Skine that still has
extensive areas of Scirpus maritimus. Their rhizomes
comprise the dominant food of Greylag Geese on their
wintering grounds (Amat 1986, Caldron et al 1991,
Dick et al. 1991) as also used to be the case on staging
areas in the Netherlands (Loosjes 1974). A staging area
on the Swedish west coast (Getterdn) provides large
beds of Seirpus maritimus. The Greylag Geese stay
there through December, feeding mainly on Scirpus
rhizomes (M. Forsberg, in litt).

Madsen (1985a) suggested that Greylag Geese left
the inland areas due to exploitative competition with
large flocks of Pink-footed Geese Anser brachyrhyn-
chus. However, we found a similar time-table for Grey-
lag migration in Skdne in the absence of Pinkfeet. In
SW Scania it is perhaps instead the Bean Geese that
interact with the Greylags in a corresponding way.

Greylag Geese in Skéne could probably stay longer
into the autumn than they actually do if they switched
to other food sources, e.g. potatoes or sugar beet, once
the spilled grain becomes depleted. From mid-October
tolate November, Greylag Geese show a high preference
for sugar-beet spill in the Netherlands (Dubbeldam &
Poorter 1982, Voslamber 1989). Sugar beet is a com-

mon crop in Skéne, and is a preferred food of Bean
Geese and Canada Geese in October-November (Nils-
son & Persson 1984, 1991). Sugar-beet spill was not
utilized by these species until quite recently; forexample,
it was not being used in Skiine 30 years ago (Markgren
1963). Greylag Geese in SW Skine have also to some
extent started to utilize sugar beet (own unpubl. obs).
Starting inautumn 1988 an increasing number of Greylag
Geese was exploiting harvested sugar-beet fields at
Foteviken. Geese are quite apt to modify their feeding
habits, as is exemplified by the evolution of potato-
eating in British Greylag Geese (Kear 1963).

Local movement pattern

The number of geese in the western lake area (incl.
Foteviken) in mid-August of 1985 and 1986 and in
early September of 1987 was 8-9 times the number of
breeding pairs in this area. Paludan (1973) estimated
that autumn numbers in Denmark were about seven
times the number of breeding pairs. Thus the autumn
population in the western area in early autumn can be
locally recruited. Later in the autumn the population at
Foteviken increased as a result of geese arriving from
other areas. The fact that the maximum number of
geese in the eastern lake area in autumn was at least 30
times the number of breeding pairs indicates that the
majority came from other breeding areas.

Rutschke (1982) found that Greylag Geese from the
same breeding locality tend to stay together in the
autumn, Similar behaviourhas previously been reported
for Canada Geese in North America (Raveling 1969).
This tendency toward subflocking can explain why the
distributions of marked goose families differed in the
western areain 1987: The geese from Lake Borringesjon
and Lake Klosterviken use their breeding lakes for
roosting, whereas the Greylag Geese from the other
lakes shift between brooding sites and are thus probably
more inclined to move to the coast.
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The families from the western lake area probably
changed between different gathering areas in response
tofood shortage. Geese in the eastern lake area probably
have ample food supply throughout the autumn, whereas
in the western area, there may be temporary food
shortages, especially in early autumn. These
assumptions are supported by the fact that the total
number of goosedays in the autumns of 1985-1987 has
been on the same order of magnitude in the western area
(Table 4), whereas it has increased markedly in the
eastern lake area (Fig. 3). Moreover, geese disturbed by
the farmers have fewer alternative fields to feed on in
the western lake area. Many of the families from the
western area that were found outside this region in early
autumn returned later, indicating that they were
temporarily looking for better foraging areas.

Even when geese could not find suitable fields close
to their roost, they rarely flew more than 5 km between
the roost and a better feeding ground. Instead they
changed to another roost in another gathering area,
flying a longer distance in one day instead of flying a
little longer four times each day. This behaviour might
change in the future if the number of geese in autumn
continues to increase. Greylag Geese in East-Central
Scotland have increased their flying distances between
roost and feeding grounds, apparently in response to an
increase in the number of geese (Bell 1988). The mean
distance between roost and feeding grounds in NE
Scotland was 10.7 km, with 68% of all Greylags feeding
8-22 km from their roost (Bell 1988).
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Sammanfattning

Furageringsomraden och lokala rérelseminster hos
icke héiickande gragiss i sédra Sverige.

I likhet med andra giss har grigdsen i Sverige och i
andra delar av nordviistra Europa okat kraftigt i antal
under senare ér (t.ex. Fog et al. 1984, Madsen 1986,
1991, Rutschke 1987). I sidra Skane har under de tva
senaste artiondena ett hiickbestind pé flera hundra par
etablerats (Persson 1990, Tabell 1) och under sensom-
maren/hésten finns hiir koncentrationer pa flera tusen
faglar (Fig. 3).

Milsiittningen med denna undersokning var att ka-
rakterisera de av grigasen utnyttjade furageringsom-
ridena, gidssens dagliga aktivitetsménster samt deras
lokalarorelseriettkoncentrationsomréde i sédra Sverige
under sensommaren och histen. Speciellt ville vi iden-
tifiera de faktorer som paverkar valet av furagerings-
omrade och de lokala rorelserna.

Undersékningsomridet (Fig. 1) omfattade tva sjo-
omriden med hiickande grigiiss samt en grund havsvik
som endast utnyttjades under icke hickningstid. Alla
gaslokaler inom undersikningsomradet besoktes en
gang i veckan frin mitten av juli till mitten av december
1985-1987. Vid varje besok riikknades antalet giiss pd de
olika lokalerna samtidigt som flockarna genomsoktes
efter halsringmiirkta individer. Intensivstudieomradet
(Fig. 2) bestktes minst 2 ginger i veckan och hir
noterades ocksd var gissen furagerade. Inom detta
omride registrerades dessutom vilken groda som fanns
pé respektive filt, samt nér nagon foridndring skedde,
t.ex. skord, pléjning eller sddd. For att karakterisera det
dagliga aktivitetsmonstret foljdes en ging i veckan en
av flockarna frin en timme fore soluppgéngen till en
timme efter solnedgingen. Under somrarna 1985-1987
halsringmirkte vi i Yddingen, Fjillfotasjon, Kloster-
viken, Bérringesjon och Snogeholmssjon totalt 436
hiickande gragiss, savil foridldrar som giisslingar, vilka
sedan utnyttjades for att studera de lokala rorelserna.

Resultat

I borjan av hissten furagerade giissen pa grismarker,
men skiftade till irtfilt sa snart som irtorna borjade
mogna (Fig. 4). Foljaktligen borjade gissen ta drtor
ldngt innan filten skordades och fortsatte att gora si
tills vetefilten trdskats i slutet av augusti eller borjan av
september, Direfter skedde det mesta av fodosoket pi
vetestubbar dir giéissen utnyttjade spillsdden (Tabell 2-
4).
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Vanligtvis valde giissen en filttyp och undvek alla
andratillgingliga filttyper (Tabell 2), samtidigt som de
koncentrerade sig till ett av de storsta filten av den
valda filttypen (Tabell 5 och 6). Dessutom utnyttjade
giissen vanligtvis filt i néirheten av vilolokalen; avstan-
det mellan denna och furageringsomridet var vanligt-
vis mindre in 5 km (Tabell 7).

Giissen limnade nattvilolokalen vid soluppgingen
och flég direkt till furageringsomradena (Fig. 5). Efter
2-4 timmars fodosok aterviinde de till sjon eller havet
for att dricka, bada och putsa sig. Vanligtvis vilade de
pastrindernaeller pd nigot intilliggande fiilt och ibland
betade de med lag intensitet under kortare perioder, Pa
kvillen aterviinde de till furageringsomradena och
kvarstannade dir till ungefir en halvtimme efter sol-
nedgingen. I oktober birjade detta aktivitetsmonster
med tvi dagliga fodosoksperioder forsvagas, giissen
stannade ldngre tid pé filten och en del giiss stannade
hela dagen (Fig. 5 och 6). I november tillbringade
gissen hela dagen pa furageringsomradena. P kviillen
valde giissen vanligtvis den nidrmaste vilolokalen, medan
de pi dagen ibland flog éver flera lokaler for att nd en
viss lokal. Vanligen hyste Bjorkesikrasjon en
oproportionerligt stor andel av de rastande giissen un-
der dagen (Tabell 8).

De mirkta familjerna stannade i huvudsak kvar i
sydviistra Skane under hela hosten, vanligen inom
samma koncentrationsomrade (Fig. 7, Tabell 9). Fa-
miljerna i det viistra sjdomrédet skiftade i genomsnitt
var dttonde vecka, medan familjerna frin det Gstra
omradet stannade kvar diir tills de limnade landet pa
hostflyttning. De subadulta faglarna skiftade diremot
betydligt oftare mellan de olika koncentrationsom-
ridena. I det viistra omridet besokte de flesta familjerna
de tre olika dagvilolokalerna vid atminstone négra
tillfdllen (Tabell 10), men de visade en klar preferens
forsin hickningslokal om den ocksa utnyttjades somen
regelbunden vilolokal (Klosterviken).

Diskussion

Genom att anviinda genomsnittliga publicerade virden
pa fodans energiviirde kan det beriiknas att en gragas dia
den betar griis maste konsumera omkring 10 ganger sa
mycket foda (vitvikt) som dé den dter spillsid eller
drtor for att erhilla samma mingd utnytijbar energi.
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Aven om det dr mycket littare att finna griis dn spillsiid
tar det mycket lingre tid for en gis att fi ihop
dagsransonen pa griismark jimfort med pa stubb. Folj-
aktligen foredrog giissen hdgenergifoda, dvs drtor och
sideskirnor. Eftersom det har visat sig att giss i all-
miinhet viiljer foda med ett hdgt proteininnehall, bor det
ocksd framhallas attéirtor éir mycket rikare pé protein in
sadeskiirnor.

Genom hela hosten kompenserade gissen den mins-
kande tillgiingligheten pa spillsid pa stubbarna genom
att forlinga tiden som de dagligen tillbringade pa
furageringsomradena. Niistan alla giss limnade dock
landet lingt innan de behdvde stanna pa furagerings-
omriadena hela dagen for att fi ihop dagsbehovet.
Gragissen skulle férmodligen kunna stanna betydligt
ldngre under histen om de skiftade till en annan fodokilla
sd snart resurserna pa stubbarna var uttémda. De se-
naste aren har detta bérjat ske i mindre skala vid
Foteviken, dir en flock giiss borjat utnyttja spill av
sockerbetor och didr gidssen ocksd stannat kvar lingre pa
hosten i storre antal én tidigare.

Antalet giiss i det viistra sjbomradet (inkl. Foteviks-
omridet) var i mitten av augusti 1985 och 1986 samt i
birjan av 1987 8-9 ganger storre dn antalet hiickande
par i detta sjdomrade. Dirmed kan hostpopulationen i
det viistra omridet under den tidiga hosten vara lokalt
rekryterad. Senare under hosten okade antalet vid
Foteviken genom att faglar anlinde fran andra hiick-
ningsomraden. Antalet vid hostmaximum i det ostra
sjoomradet var didremot dtminstone 30 ginger antalet
hiickande par, vilket indikerar att majoriteten av giissen
i detta omrade kom fran andra hiickningsomraden.

Familjerna fran det vistra sjdomréadet skiftade for-
modligen mellan olika koncentrationsomriden som
svar pa fodobrist. Gissen i det dstra omridet kan
formodligen finna foda under hela hosten, medan det
kan uppsta tillfilliga bristperioder i det viistra, speciellt
under tidig héist. Manga av familjerna fran det viistra
omradet som observerades utanfor detta omrade under
tidig host dtervinde senare, vilket indikerar att de
tillfidlligtvis sokt béttre furageringsomraden.

Aven niir gissen inte kunde finna limpliga fura-
geringsomriden niira vilolokalen flog de siéillan mer éin
5 km fran denna till ndgot limpligt filt. Istillet skiftade
de dvertill en annan vilolokal i ett annat koncentrations-
omride. De flog didrmed en lingre striicka en dag
istiillet for att fyra ganger dagligen flyga nigot lingre
striickor.
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Short Communications Korta rapporter

Blastrupens Luscinia s. svecica
trekkveier

GEIR SVERRE ANDERSEN & PER GYLSETH

Ellegren & Staav (1990) og Ellegren & Wallin (1991)
har i analyser og eksperimenter vist at en vesentlig del
av den nordiske blastrupebestanden Luscinia svecica
svecica trekker mot S@. 1 tillegg hevder de at det ir
dags att avfirda den gamla teorin om tva strickriki-
ningar” (Ellegren & Staav 1990). Vi kan ikke helt stgtte
det siste synspunktet.

For det fgrste: De svenske ringmerkingene er i alt
vesentlig utfert i gstre Svealand, og gjelder fugler som
allerede pa sin fgrste trekketappe har trukket mot @S@.
Atdisse fuglene ogsé fortsetter i samme retning er ikke
ovarraskende. Dersom deler av blastrupebestanden i
den skandinaviske fjellkjeden trekker mot SSV (fra
hekkeplassene), kan deres trekkbevegelser trolig bare
kartlegges ved omfattende merkevirksomhet pa hekke-
plassene eller pa rasteplasser i Norge. Slik merking er
hittil bare drevet i lite omfang.

For det andre: Ringmerking 1 Norge har gitt 13 gjen-
funn mer enn 100 km fra merkeplassen (t.o.m. 1989). 1
alle fall to av disse viser trekk mot SSV. Begge fuglene
er ringmerket i manedskiftet august/september ved
Oslofjorden. Det fra Algerie — 27 grader N i april —
erkjentav Ellegren & Staav og kan etter var oppfatning
vanskelig forklares som “feilorientering™ fra et antatt
overvintringsomride i Spr-Asia. Sannsynligvis dreier
det seg ganske enkelt om en fugl pi vei nordover etter
overvintring i Afrika. Det andre er et nytt funn, en ung
hann merket av oss ved Oslo, 28 august 1988 og kon-
trollert av ringmerker i Belgia 15 september samme dr,
1037 km SSV. Et tredje funn som indikerer en SSV
trekkretning er en hann som ble merket i Belgia 6 sep-
tember 1965 og funnet igjen ved Trondheim 19 maj
1967 (Staav 1975). Et fjerde funn er en fugl ringmerket
om hgsten ved Mj@sa 22 august 1987 og funnet igjen
fplgende sommer, 1 juli 1988, i Snasa (359 km NN@),

Det mi forpvrig papekes at samtlige fire direktefunn
av norskmerkete blastruper i Ellegren & Staavs figur 3
ikke er merket i hekketiden og pa hekkeplass, slik det

sies i teksten og antydes i figurteksten, men under hgst-
trekketiperioden 20-23 augustog pi lavlandslokaliteter.

For det tredje: Blastrupen raster regelmessig (om
enn i lavere antall enn i @st-Sverige) om hgsten langs
hele den norske Oslofjord- og Skagerrakkysten. Ifplge
Sharrock (1970) forekommer underarten L. 5. svecica
arlig i lite antall om hegsten i Storbrittania, og han tolker
forekomsten slik at det gjelder fugler pi regulzert trekk.
Pi bakgrunn av dette, og det som er sagt over, er det
etter vir mening en tanke overilet  ga ut fra at samtlige
afrikanske svecica, og det finnes mange péstatte slike,
er feilbestemte eller overgangsformer. For oss ser det ut
som om en mindre del av de skandinaviske bldstrupene
virkelig trekker mot SSV.
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Summary

The migration routes of the Bluethroar Luscinia s.
svecica
Ellegren & Staav (1990) and Ellegren & Wallin (1991)
showed that a substantial part of the Nordic Bluethroats
migrate towards southeast. They maintain thatitis time
to dismiss with the old theory about two migration
directions, one to the SE and another to the SSW. We
do not fully support this view.

First, most Swedish Bluethroat recoveries come from

birds that have been ringed at the eastern coast after

already having made a first part of their autumn migra-
tion towards the southeast. It is not surprising that they
will continue in the same direction. If a part of the
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population flies towards SSW, this can be shown only
by ringing at the breeding sites or on migration in
Norway. However, too few birds have yet been ringed
at such places.

Second, through 1989 there are 13 recoveries more
than 100 km from the ringing site of Bluethroats ringed
in Norway. Two birds were ringed at Oslofjorden at the
turn of August/September. One was recovered in Algeria
in April, probably on its way to the north. The other,
ringed on 28 August 1988, was found in Belgiumon 15
September in the same year, 1073 km SSV. A third
recovery was made in Trondheim on 19 May 1967 of a
bird ringed in Belgium on 6 September 1965 (Staav
1975). A fourth bird was ringed at Mj@gsa on 22 August
1987 and was recovered at Snéasa, 359 km NNE, on 1
July 1988. It should also be pointed out that all four
Norwegian birds that produced direct recoveries
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according to figure 3 in Ellegren & Staav (1990) were
not ringed in the breeding season as indicated in the
text, but during the migration period (20-23 August)
and at lowland localities.

Third, The Bluethroat occurs, though in lower num-
bers than in eastern Sweden, all along the Norwegian
coasts of Oslofjorden and Skagerrak. Small numbers
are also recorded every autumn in Britain.

In our opinion, a minor part of the Scandinavian
Bluethroats performs a regular migration towards the
SSW and winter i Africa.

Geir Sverre Andersen, Munkedamsveien 78B, N-0270
Oslo 2, Norway.

Per Gylseth, Stasjonsveien 69, N-1310 Blommenholm,
Norway.
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