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Blodparasiter och deras spridningsvagar inom fagelfaunan 

KARL BORG 

Abstract 

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 : 
LeucocytoZQon in Tetrao uragallus and Anas platyrhynchos, 
Plasmodium in T. uragallus and Pica pica, and Haemoproteus 
in Strix aluco. The sample includes a special study of 299 

Inledning 

I Sverige gjordes de forsta observationerna av blod
parasiter hos faglar redan i slutet av 1800-talet. Nagra 
sparvar fran trakten av Safstaholm i Sodermanland 
befanns vara barare av "Trypanosoma" -parasiter 
(Sjobring 1897). Narmare informationer om fynden 
gays inte. 

Det drojde darefter anda till 1940-talet innan ytter
ligare rapporter av detta slag lamnades fran vart land. 
Htilphers m. fl. (1943, 1944) patraffade rnikrofilarier i 
blodet fran ett par tjadrar. Vid sina undersokningar av 
fagelhypofyser fann vidare Wingstrand (1947, 1948) 
Leucocytozoon-parasiter hos tva krakor. Fynden foran
ledde utOkade undersokningar over forekomsten av 
blodparasiter hos faglar, varvid utover Leucocytozoon 
aven pc1traffades Haemoproteus och rnikrofilarier, bl.a. 
hos skogshons. Detta gay Wingstrand anledning till 
den formodan , att blodparasiter kunde vara orsak till 
den vid denna tid observerade tillbakagangen av vara 
skogsfagelstammar. Ett par ar senare beskrev 
Wingstrand (1950) ocksa ett fall av akta malaria, 
Plasmodium, hos en koltrast fran Lund. 

Ornfattande undersokningar av blodparasitfore
komsten och dessa parasiters betydelse for vardfaglarna 
utfOrdes de narmaste aren darefter vid Statens Veteri-

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 1 V, S-182 32 Danderyd, Sweden 

narmedicinska Anstalts (SV A) viltundersokningar 
(Borg 1953). I ett material bestaende av blod och organ 
fran c:a 600 tjadrar, orrar och jarpar, en del skjutna, en 
del patraffade som fallvilt, pavisades darvid en hog 
frekvens av Leucocytozoon, Haemoproteus, Trypano
soma och rnikrofilarier, dock utan att nagon skadlig 
inverkan pa vardfaglarna kunde faststallas. Bland de 
undersokta tjadrarna fanns dock en, som uppenbarligen 
datt i en Plasmodium-infektion. 

Nagot samband mellan blodparasitforekomsten och 
vara skogshonsstamrnars tillbakagang kunde alltsa inte 
sparas i materialet. 

I den da fOreliggande och ganska ornfattande ameli
kanska litteraturen pa ornradet sattes ofta likhetstecken 
mellan fynd av blodparasiter och sjukdomstillstand. En 
narmare genomgang av denna litteratur visade emeller
tid, att nagra tecken pa sjukdom i form av organskador 
eller forstoring av ett stOrre antal blodkroppar ofta inte 
forelag. Vardfaglarna val' alltsa endast biirare av para
siterna. Detta hal' ocksa bestyrkts av Erickson (1954). 
Undantag utgjorde bl.a. vissa sirnfaglar, bland vilka 
lokalt ganska ornfattande dodlighet efter angrepp av 
Leucocytozoon finns belagda. Dodsfall bland knol
svanungar i Sverige har senare beskrivits av Morner & 
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Wahlstrbm (1983). Under de senaste aren har daljamte 
omfattande undersbkningar utfbrts i Sverige av blod
parasi tfbrekomsten och dess eventuella inverkan hos 
en del tattingar, vitkindade gass och brushanar (R. 
Dufva in litt. ) samt hos orrar (Hbglund m.fl. 1992). 

Vidare undersokningar vid SV A 

SV A- undersblmingarna av blodparasitfbrekomsten 
inom den svenska fagelfaunan fortsatte under aren fram 
till 1960, varvid ytterligare omkring 770 faglar av ett 
flertal olika arter undersbktes. Tidsbrist till fbljd av 
SV A:s engagemang i mjljbfbroreningsproblem gjorde 
emellertid , att en sammanstallning av resultaten fbr 
publicering kunnat genomfbras fbrst nu. 

Material och metodik 

Ett stort an tal blodprov uttogs fran levande faglar, som 
fangats fbr markning vid Glands sbdra udde. Prov fran 
dessa fagla r erhblls genom ett stick med en fin nM i ena 
vingvenen, varvid efterstravades att blott en enda blod
droppe skulle tranga ut ur venen. Med speciell teknik 
strbks droppen ut i en tunn hinna pa ett objektglas, 
lufttorkades, fixerades (metanol), fargades (Giemsa) 
och undersbktes darefter i rllikroskop. Undersbknings
material erhblls vidare fran ripor, som skjutits i bvre 
Norrland (Hbglund 1948), samt fran fallvilt som under 
samma tid inkom till SV A. Detta sen are material under
kastades sedvanlig obduktion och organ preparerades 
fbr rllikrosleopisk undersbkning. Anvandbara blodprov 
leunde av naturliga skal inte alltid erhallas fran fallvilt. 

Blodparasiters artnamn hal' ofta angetts efter den 
fagelart, hos viIken parasiten ifraga patraffats. Detta 
torde inte alltid vara vetenskapligt valgrundat. Samma 
parasitkan t.ex. fbrekomma hos olika djurarter, utan att 
ha helt identisk utformning. I fbreliggande framstall
ning har darfbr artnamn pa parasiterna oftast undvikits. 

Leucocytozoon sp. 

Livscykel och utseende 

Huvudvard fbI' Leucocytozoon ar lmott (Simulium sp.) , 
hos viIka parasitens kbnliga fbrbkning sker. Vid bett 
och blodsugning bverfbrs sporozoiter fran knottens 
spottkbrtlar till mellanvarden, faglarna, hos viIka den 
kbnlbsa fbrblmingen agel' rum. Sporozoiterna invade
rar organceller och utbildas till schizonter, villea vanli
gen ar ganslea sma, men som ibland kan anta valdiga 
proportioner och benamnes da megaloschizonter. I 
dessa produceras ett otal merozoiteI', vilka vid 
schizonternas bristning kommer ut i blodbanorna. De 
lean nu antingen angripa nya organceller och utbildas 
till nya schizonter, eller ocksa invadera blodkroppar 
och utbildas till gametocyter. Fbr Leucocytozoons vid
kommande syns det van ligen vara vita blodkroppar 
som angrips. 
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Schizogollin, delningsprocessen, fbrsiggar salunda 
inte i blodkroppar, varfbr andra faglar inte kan smittas 
med infekterat blod. En passage genom knott maste 
ske. 

Gametocyterna ar av tva slag, namligen dels hanliga 
eller mikrogametocyter, dels honliga eller makro
gametocyter. Vid angiven fargningsmetod fargas de 
fbrra svagt rbda, de sen are klart b lao Parasi terna orsakar 
en stark deformering av vardcellerna och pressar dessas 
karna at sidan (Fig. 1). Gametocyterna lean vara runda, 
ovala eller langstracleta, och synbarligen genom rota
tion formas av vardcellens protoplasma spetsiga ut
skott i bada cellandarna (Fig. 2). Dessa utsleott ar inte 
alltid synliga i blodutstryken. 

Vid blodsugning upptas gametocyterna av knott, i 
val'S mage en vidare utveckling till hanliga, respektive 
honliga gameter sker. Efter fbrening, kopulation , for
mas en zygot, som i sin tur ombildas till en masklile
nande, aktivt rbrli g ookinet. Denna genomtranger 
knottets magvagg och ombildas till en oocysta, i viIken 
bildas tusentals stavforrlliga sporozoiter. Dessa tar sig 
till lmottens spottkbrtlar och fbrs darifran vidare till 
faglarnas blodbanor och darmed ar livscyleeln sluten. 
Den beskrivna utvecklingen sker pa ett par veckor eller 
nagot mer. 

Utbredning och sjukdomsframkallande fdrmaga 

Leucocytozoon fbrekommer hos ett stort antal fagelarter 
varlden bver och sa aven i Sverige. I fbreliggande 
undersbkningsmaterial har parasiten ifraga pavisats 
hos en del tattingar (Tab ell 1), men inte i sarskilt hbg 
frekvens. Namnas kan , att fbrekomsten av 
Leucocytozoon hos en gularla fran Glands sbdra udde 
den 23.8.1955 syns ha varit det fbrsta kanda fallet hos 
denna fagelart. Blott ett rllindre antal rovfaglar ingar i 
materi alet, men resultatet antyder, att blodparasiter 
skull e vara vanliga hos denna grupp av faglar (Tabell 
1) . Bland undersbleta simfaglar patraffades 
LeucocytoZOO I1 blott i ett fall , namligen hos en grasand 
(Tab ell I) . Som inledningsvis namnts, hal' denna para
sit senare setts hos svanar i vart land. Betraffande den 
i tabel1en upptagna sjborren, insand fran Oxelbsund 
den 1.1 2.1949, kan namnas, att i tamas simhud patraf
fades en svulst, namligen en basalcellscancer. Denna 
cancerform hal' under senare ar bli vit vanlig hos man
niska som en fbljd av mycleet solbadande. 

Anmarkningsvart ar mahanda, att de undersbkta 
vadarefaglama befunnits helt fria fran blodparasiter 
(Tab ell 2). Ganska stora material fbreligger fran grbn
bena och drillsnappa, bada langflyttare som kan till
bringa vintern sa langt sbderut som i Afrika. Detta 
kunde eventuellt leda till den fbrmodan, att de skulle 
lbpa stbrre ri sk att utsattas fbr smitta. Hos vilda 
hbnsfaglar har LeucocytozOOI1 varit vanlig (Tabell 1) . 



Tabell 1. Blodparasiter hos Higlar aren 1948-1960. Ofta pa
traffades fl era olika blodparasiter hos en och samma fagel. *= 
Ej redovisade i Borg (1953). 

Blood parasites among birds. Often, several different blood 
parasites werefound 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. 

Tattingar Passerines 

Kraka Corvus corolle 
Skata Pica pica 
Notskrika Corm/us g /alldarius 
Tallbit Pinico/a enlle/eator 
Grasparv Passer dOlllesticlIs 
GuHirla Motaci//a j7ava 
Sadesarla M. alba 
Tornskata Lanius collilrio 
Stare Stllmus vugaris 
Domherre Py rrhll/a pyrrhu/a 
Gulsparv Elllberiza citrinella 
Gra f1ugsnappare Muscicapa striata 
Svartvit flu gsnappare 
Ficedu/a hypo/euca 
Tornsangare Sylvia cOlli/nun is 
Koltrast Tlin/lis lII eru/a 
Rodstj art Phoenicllrus phoenicllms 
Rodhake Erithaclls rubecu/a 
Jarnsparv Prun ella 1II0dll/aris 
Stromstare Cine/lis cine/lis 
Nattskarra Caprimu/glls europaells 
Grongoling Picus viridis 

Dagrovfaglar och ugglor 
Raptors and owls 

Du vhok Accipiter gentilis 
Ormvrak Bllteo buteo 
Kattuggla Strix a/uco 
Klingsorn Aqui/a chrysaetos 
Fiskgjuse Pandion ha/iaetos 
Bergll v Bubo bllbo 

Simfaglar Water birds 

Grasand Alias p/atyrhYllclls 
Knolsvan CygllllS % r 
Sjoorre Me/anitta lIigra 
FjaUabb Stercora rills /ollgicalldlls 
Skrattmas Lams ridibulldus 
Gratrul L. argelltatlls 

Honsfaglar Gal/inaceous birds 

Tjader Tetrao lIroga//lIs* 
Orre Lymms tell"i.r* 
Dalripa Lagopus /agoplls 
Rapphona Perdix perdix 
Fasan Phasiallus co/chiclls 

N L H 

39 
12 2 
5 2 
1 I 
4 

48 
9 

44 
19 
2 
3 

2 
4 
1 
I 
I 
2 
1 
2 
I 

2 
4 
2 
I 
I 

4 
6 
I 
2 
I 

2 1 

20 10 
5 2 

145 97 4 
7 
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P T M 

4 
2 

27 48 

Tabell 2. U ndersokta vadarfaglar fran blands sodra udde den 
28 .7-4.8 och 20-24.8 1955 . Inga blodparasiter patraffades i 
nagon av dem. (Skiirfiackan ar fran Falsterbo.) 

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

Strandskata Haematopus ostralegus 
StolTe strandpipare Charadrius hiaticula 
Roskarl Arenaria interpres 
Karrsnappa Calidris alpina 
Kustsnappa C. canutus 
Brushane Philol11achus pugnax 0' 

<;> 

Rodbena Tringa totanlls 
Skogssnappa Tringa ochropus 
Gronbena Trin ga glareola 
Drill snappa Actitis hypoleucos 
Enkelbeckasin Gal/inago gallinago 
Skarflacka Recurvirostra avosetta 

S:a Total 

Antal undersokta 
No. examined 

juv ad S:a 

2 2 
11 5 16 

1 1 
17 18 

1 1 
11 
17 28 
55 56 
2 2 

106 11 117 
50 5 55 
2 2 

1 

276 23 299 

De llndersokta faglarna hanorde fran olika delar av 
Sverige fran Nonbotten i non till Skane i soder. Samt
liga vara Ian finns representerade i materialet. Som 
redan anfOrts, hanol'de flertalet av proven fran vadare 
oeh tattingar fran Glands sodra udde. Den i Tabell 1 
omnamnda tallbiten hade insants fran Palovaara iNon
botten den 30.6.1949. 

For flertalet Higlar syns LeucocytozoOl1 inte vara 
sarskilt starkt sjukdomsframkallande, patogen. Detta 
al' pa intet satt nagot unikt for denna pal'asit. Manga 
parasitel' ar i sig inte sarskilt patogena. 

Generellt anges for manga blodparasiter, att skadlig 
inverkan pa varddjuren blir llppenbar fOrst nar omkring 
10-40% av blodkropparna invaderats. Lindriga infek
tioner med angrepp endast pa ett fatal blodkroppar kan 
salunda knappast fOrvantas ha nagon mera allvarlig 
inverkan pa varddjurens haisotillstand ; dessa blir en
dast barare av parasiterna ifraga. 

I likhet med en del mindre giftiga amnen sasom DDT 
kan lagpatogena blodparasiter eventuellt ge upphov till 
subletala effekter. Hoglund m.f1. (1992) har fatt en 
antydan darom, i det att de vid orrspelen mest fram
gangsrika tupparna mera sallan var infekterade med 
LeucocytozOO11. Nagon inverkan pa overlevnad fOrelag 
inte. 

Vid allval'liga angrepp av Leucocytozo071 har hos 
faglar observerats svaghet, avmagring oeh kramper. I 
blodutstryk finner man ett stort antal blodkroppar, som 
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A 

Fig. 1. Leucocytozoon-gametocyter i blodutstryk fran knol
svanunge, 4 juli 1980. A: makrogametocyt, B: vardcellskarna. 

Leucocytozoon gametocytes in a blood smear jrom ajuvenile 
Mute Swan Cygnus olor, 4 July J 980. A: macrogametocyte, B: 
host cell nucleus. 

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

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

Fig. 3. Leucocytozoon-megaloschizont fdin tjader, 7 novem
ber 1959. Upptill den enormt fOrstorade viirdcellen med sin 
kama (A) och protoplasma (B) samt halvt iring darunder 
parasitens cytomerer (C). DiirutanfOr ett inflammatoriskt 
cellager (D) med lymfocyter, plasmaceller och fibroblaster. 
Nederst (E) snett skuren , brunfargad muskulatur. 

Megaloschizont ojLeucocytozoonjrom a CapercaillieTetrao 
urogallus, 7 November J959. At the top the enormously 
enlarged host cell with its nucleus (A) and protoplasma (B) 
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and at the bottom ojthe cell a crescent ojparasite cytomeres 
(C). D: An injlammatOlY cell layer with lymphocytes, plasma 
cells andfibroblasts. E: Brown coloured, obliquely cut muscle 
tissue. 

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

Haemoproteus jrom a Tawny Owl Strix aluco, vicinity oj 
Stockholm, 10 June 1949. A: Normal erythrocyte with nucleus 
(B), C: macrogametocyte, D: microgametocyte. 

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

Gametocytes and schizonts qfPlasmodium in a blood smear 
ji-om a Capercaillie Tetrao urogallus , 6 October J949. A: 
schizonts, B: gametocytes. 

Legends to Fig. 6 and 7 on p. 50 

Texter till Fig. 60ch 7 po s. 50 
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invaderats av gametocyter. Vidare foreligger en mer 
eller mindre stark forstoring av organ, sasom lever och 
mjalte. Nagon mjssfargning av organ och kroppsvav
nader brukar emellertid inte foreligga som fallet ar vid 
Plasl11odiwn-infektioner. Huvudsakligen vi ta blod
kroppar syns invaderade. 

I fOreliggande undersokningsmaterial ingar' en tjader 
och en grasand, vilka uppenbarligen dukat under for en 
Leucocytozoon-infektion. En beskrivning av dessa fall 
foljer. 

06320/59 tjader, hane, c:a 5 manader gammal, vikt 
1,90 ~~ . Fageln levde da den patraffades vid Trenings
hult, Alvsborgs Ian den 7.11.1959, men den dog strax 
darefter. 

Tjadertuppen var mycket mager och blek. Saval 
levern som mjalten befanns mattligt forstorade, men ej 
missfargade. Knappnalshuvudstora eller nagot stOrre 
gulvita till morkroda hardar fanns i bindvaven Ian as 
hal sen pa bada sidor om luftstrupen samt over fra~e 
delen av brostet. Mikroskopiskt visade sig des sa hardar 
utgoras av megaloschizonter av Leucocytozoon (Fig. 
3.) Hardarna inneholl ibland ett ljust, ibland ett blodrott, 
centralt parti . De invaderade vardcellerna befanns 
enormt fOrstorade, deras karnor centralt belagna och 
innehallande rikligt med kromatin (vardcellerna hos de 
av Wingstrand beskri vna megaloschizonterna hos kraka 
ha?e karnor innehallande endast sparsamtmed kromatin; 
skillnaden syns kunna hero pa olika alder hos 
schizanterna). Narmast vardcellens karna falms dess 
protoplasma och halvt i en ring daromkring en zan, 
uppbyggd av sma parasit-kroppar, cytomerer, innehal
lande ett otal merozaiter. 

Parasiten och dess vardcell omgavs av en zan av 
inflammatoriska celler (lymfocyter, plasmaceller, 
fibroblaster) , ett uttryck for varddjurets reaktion mot 
den invaderande parasiten. Snett shu'en, rodbrunfargad 
muskulatur ses langst ner pa bilden. 

Som namnts har nagot dodsfall hos skogshons till 
f~ljd av en Leucocytozoon-infektion inte tidigare pa
vlsats, trots att omkring 600 sadana taglar undersokts. 
I sallsynta fall ar det dock tydligt, att denna blodparasit 
kan fOroka sig kraftigt aven hos tjader och framkalla 
allvarliga sjukdomstillstand. 

F ig. 6. Blodutstryk fran skata med Plasmodium-parasiter , 9 
augusti 1957. Gametocyter dominerar i utstryket, men liven 
schizonter finn s. A: gametocyter. 

Plasmodium parasites in a blood sl11earjrom a Magpie Pica 
pica, 9 A ugust 1957. A: gametocytes. 

Fig. 7. Mikrofilarier i blodutstryk fran dalripa , Soppero, j uni 
1948 . 

Microjllarians in a blood smearjrom a Willow Grouse Lagopus 
Jagopus, Soppero, north afSweden, June 1948. 
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03804/60 grasandunge, hona, 0,37 kg, inkommen 
fran Borgviksbruki V arrnl and den 11.6.1960. Andungen 
befanns blek och mager och rikligt med Leucocytozoon
gametocyter fanns i blodet. 

Saval tjadern som grasandungen har otvivelaktigt 
blivit smittade i Sverige. 

Haemoproteus sp. 

Livscykel och utseende 

Huvudvard for Haemoproteus ar lusflugor av slaktet 
Pupipara, men aven andra insekter torde kunna tjana 
som vektorer, t.ex. svallusfluga (Stenopteryx) och svid
knott (Culicoides). 

Haemoproteus' livscykel ar i stort sett densamma 
som fOr Leucocytozoon. Gametocyterna utvecklas i 
taglarnas roda blodkroppar. Dessa gametocyter ar be
tydligt mjndre an Leucocytozoon ' s och medfor inte 
nagon stOrre deformering av vardcellerna, blott en viss 
forskjutning av deras karna (Fig. 4). Haemoproteus 
gametocyter ar for ovrigt ganska lika dem hos 
Plasmodium. (Det bor kanske namnas , att faglarnas 
rod a blodkroppar till skillnad fran daggdjurens ar 
karnforande. ) 

Vid Giemsa-fargning fargas gametocyterna liksomi 
forra fallet ljust roda respektive klart bla. 

Utbredning och patogen.itet 

Haemoproteus har patraffats hos ett stort antal olika 
fagelarter, och i foreliggande undersokningsmaterial 
kan kanske framst framhallas dess forekomst hos 
tOrnskator och kattugglor. Den ar otvivelaktigt potenti
ellt patogen, sarskilt hos boungar, men talrika fynd hos 
vuxna faglar talar fOr att den hos dem inte sarskilt ofta 
frarnkallar nagra sjukdomstillstand. 

I blodutsryk kan man finna ett varierande antal av 
parasitens gametocyter invaderade blodkroppar. Nagra 
mer pMallande organfOrandringar brukar i ovrigt inte 
foreligga . I SV A-materialet ingar en kattuggla, for 
vilken misstanke foreligger, att Haemoproteus menligt 
inverkat pa dess halsotillstand. 

04434/49 kattuggla, hona, 0,4 kg, omhandertogs 
svart trafikskadad pa norra Djurgarden, Stockholm, 
den 9.6.1949. Efter undersokning placerades ugglan i 
en bur, men avled strax darefter. UtOver skador efter 
trafikolyckan, bLa. i form av bratt pa bada vingarna och 
invartes blOdningar, kunde inga speciella vavnads
fOrandringar pavisas. Blodutstryk avslOjade att om
kring 25% av de roda blodkropparna var invaderade av 
Haem.oproteus-gametocyter. Den rikliga parasitfore
kamsten i bladet antydde, att ugglan paverkats av 
infektionen - och kanske just darfor rakat ut for trafik
olyckan. Som utpraglad stanntagel har ugglan utan 
minsta tvivel smittats i Sverige. 



Plasmodium sp. 

Livscykel och utseende 

Huvudval'd for malaria-pal'asiterna, Plasmodium, ar 
vad galler daggdjur myggor av slaktet Anopheles oeh 
for Higlar myggor av slaktet CuLex . Surret fni n 
Anopheles-myggol' al' myeket svagt oeh kan knappast 
uppfattas av oss manniskor. Nagon forv arning om ett 
angrepp kan darfor vara svrut att fornimma. 

Plasmodhlln-parasiternas livseykel ar likartad den 
hos de bada tidigare omnamnda blodparasiterna, men 
skiljer sig darifran pa en vasentlig punkt, namligen den 
att sehizogonin forsiggar i blodkroppar i det eirku
lerande blodet. Detta innebar, att malaria kan ovelforas 
genom infekterat blod utan passage genom myggoI'. 
Malal'iapal'asiternas gametoeyter i de roda blodkrop
parna ar som namnts ganska lika dem hos Haemoproteus 
oeh fargas pa samma satt. Sehizonterna kan ha lite olika 
utseende oeh man talar om signetring- , band- eller 
rosettformade sadana. 

Hos manniska fOl'ekommer tre hllvudformer av ma
laria, namligen varannandagsfrossaPlasmodium vivax, 
vartredjedagsfl'ossa P. malariae oeh en form med mera 
oregelbundna frossa- eller feberanfall P. Jalciparum. 
Anledningen hartill ar att sehizonterna mognar oeh 
brister med vis sa bestamda intevaller, varvid ett otal 
merozoiter frigores oeh kommer ut i blodbanorna, oeh 
samtidigt harmed utlOses feberanfallen. 

Som lite av en kuriositet kan namnas, att besvaren 
vid vissa av syfilis-smittans foljdsjllkdomar befunnits 
lindrade vid febertillstand. Detta fOranledde den oster
rikiske lakaren W. von Jauregg att inte utan framgang 
infektera patienter med denna sjukdom med malaria
parasiteI'. 

Utbredning och patogenitet 

Malaria hos manniska forekommer vasentligen inom 
varmare klimatzoner. Parasiterna kan namligen inte 
genomga utveekling i myggorna vid alltfOr lag tempe
ratuI'. Gransen anges ligga vid omkring 15° C. Fore
komsten av Plasl1wdium hos en del i vrut land in
hemska, inte flyttande fagelarter antyder, att lltveek
lingen i vektorerna kan ske vid nagot lagre temperatur. 

Inom fagelfaunan ar Plasmodium ganska starkt 
spl'idd, inte blott i tropikerna, utan aven i lander med 
mera tempererat klimat. I Mellaneuropa al' salllnda 
Plasmodiu711-infektioner hos faglar ganska vanliga 
(Baing 1925), men allvarliga sjukdomstillstand till 
fOljd av sadana infektioner forekommer daremot inte sa 
ofta (Krause 1939). I Sverige hal' tidigal'e denna infek
tion synts mera sallsynt oeh blatt tre fall varit kanda, 
namligen det tidigare omtalade fallet hos en koltrast 
samt tva fall i foreliggande undersokningsmaterial , en 
skata oeh en tjader (Tab ell I). 

Helt nyligen hal' emellertid framkommit, att 
Plasl11odium-infektioner forekommer ganska allmant 
hos tattingar i Sverige oeh har salllnda pavisats hos 6 % 
av 369 undersokta talgoxar, 14 % av 389 undersokta 
svartvita flugsnappare samt hos 3 av 62 llndersokta 
baeksvalor (R. Dllfva in litt.). Blodproven for under
sokning uttogs ur ena vingvenen fran infangade, le
vande faglar oeh intet anges om eventuella teeken pa 
sjukdom. 

Vid malaria-infektioner fOrstors ett stOrre antal roda 
blodkroppar, varvid deras farganme, det jarnhaltiga 
hemoglobinet, frigores. Leverns kapaeitet raeker ofta 
inte till fOr att ta hand om aUt detta, utan nedbrytnings
produkter darav fors ut i vavnader oeh organ oeh 
missfargar dessa. Vid obduktion finner man salunda en 
mer eller mindre stark fOrstoring av levern oeh mjalten 
oeh dessa kan vara brunsvart eller grasvart missfargade . 
I blodutstryk ses gametoeytel' oeh sehizonter ide roda 
blodkropparna. 

En kort beskrivning av de tva fallen av fagelmalal'ia 
fOljeI'. 

07041149 tjader, hane, e:a 4 manader gammal, vikt 
1,75 kg, hittad dod i markerna nara Alvesta i Kl'ono
bergs Ian den 6 oktober 1949. Tjadertuppen var myeket 
mager oeh blek. De mest patagliga organforandringarna 
utgjordes av en mattlig forstoring av levern oeh mjalten 
oeh bada dessa organ befanns ha en grasvart missfarg
ning. De inneholl rikligt med jarnhaltigt pigment. Mer 
an 50 % av de roda blodkropparna var invaderade med 
Plasl1wdiuT11 sp. i olika utveeklingsstadier, sasom 
sehizonter oeh gametoeyter (Fig. 5). Fynden visar att 
tjadern otvivelaktigt dott i en malariainfektion. 

04525/57 skata, hane, vikt 0 , 15 kg, patraffad pa norra 
Djurgarden, Stoekholm den 9 augusti 1957. Fagelns 
mjalte befanns starkt forstorad oeh blodfylld. Narmare 
50 % av de roda blodkropparna var invaderade med 
Plasmodium sp. (Fig. 6). Av parasitens utveeklings
former dominerade gametoeyterna, men aven andra 
utveeklingsformer fOrekom. 

Saval tjadern som skatan ar stannfaglar oeh inget 
tvivel kan rada om att de smittats i Sverige. 

Trypanosoma sp. 

Livscykel och utseende 

Trypanosoma-parasiter, flagellater, ar mikroskopiska 
parasiter, som leverfritt i blodbanorna hos varmblodiga 
djur oeh for ovrigt aven forekommer som tarmparasiter 
hos lagre djur. De ar langstraekta oeh forsedda , dels 
med ett gissel, flimmerhar, i ena andan, dels med en 
membran sam gor dem rorliga. I varmare lander sker 
overforing med olika arter av tsetse-flugan (Glossina), 
i nordligare lander med bromsar (Tabanus, 
Haematopota) . 
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Vid bett och blodsugning kan Trypanosoma-parasi
tern a medfolja ner i vektorernas mage och tarm, dar de 
forokar sig genom delning. Harifran vandrar de sa 
smaningom till insektens spottkortlar, varifran de vid 
fornyat bett kan foras vidare till varddjurens blodbanor. 

Utbredning oeh patogenitet 

Tsetse-flugans bett svider ungefar som ett getingstick. 
Glossina palpalis overfor Trypanosoma gambiense 
m.fl. , som orsakar manniskans somnsjuka. G. l1wrsitans 
overfor T. brueei, som frarnkallar sjukdomen nagana, 
framst hos hast. Tsetse-flugor iiI bundna till buskstappen 
och utover bekampning av vektorn har man genom 
borttagning av buskvegetationen lyckats begdinsa 
flugans utbredningsomrMe. 

Pa grund av namnd hastsjukdom hindrades araberna 
under tidigare arhundraden ifran att utbreda sitt valde 
och tranga alltfor langt soderut i Afrika (Cloudsly
Thompson 1976). Tidigare var det ocksa av denna 
anledning nastan omojligt att halla has tar i bstafrika. 
Stort behov darav uppkom under forsta varldskriget. 
Transportproblemet lostes genom sebroider, en kors
ning mellan hastar och sebror, vilka visade sig okans
liga for naganan. Under angivet krig fanns inte mindre 
an 15 000 sebroider i ostra Afrika. 

Ttypanosoma-infektioner medfbr inre blbdningar 
hos djuren. Nyligen hal' ett fall av infektion med en 
annan trypanosomaart, T. theileri, hos en tva veckor 
gammal tjurkalv beskrivits fran Sverige (Linder m. fl. 
1990). 

Tlypanosoma-parasiter patraffas inte sallan i blodet 
hos faglar och anmarkningsvard ar den hoga fre
kvensen hos dalripor (Tabelll.). Intet tyder emellertid 
pa att den skulle vara sjukdomsfrarnkallande inom 
fagelfaunan. 

Mikrofilarier 

Med mikrofilarier avses i blodet cirkulerande larvformer 
till ofta inte narmare kanda rundmaskar, nematoder. I 
delar av Asien fbrekommer hos manniska mikrofilarier 
med en bestamd dygnsrytm, i det att en del cirkulerar i 
perifera blodkarl blott under dagtid, andra blott natte
tid . Denna dygnsrytm syns galla aven for vissa andra 
blodparasiter och bor beaktas vid bedomning av ut
tagna blodprov. Vidare kan ett prov fran en vingven 
vara negativt, under det att ett samtidigt taget blodprov 
fran finare lungkiirl kan innehalla mer eller mindre 
rikligt med blodparasiter. 

I fagelblod finner man inte sallan rnikrofilarier, men 
om de har nagon allvarlig inverkan pa faglarnas halso
tillstand hal' varit svart att utrona. Fig. 7 visar 
mikrofilarier i ett blodutstryk fran en dalripa, skjuten 
vid Soppero, Norrbotten , i juni 1948. Dess mycket 
rikliga parasitforekomst kan i varje fall led a till den 
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formodan , att viiIdfageln kanske inte var helt besvars
fri o 

Mikrofilaria-infekterade orrtuppar befanns ha kort
are fjadrar i "lyran", men nagon korrelation mellan 
forekomst av denna parasi t och parningsframgang kunde 
inte spar'as (Hoglund m. fl. 1992). 

Betydelse och spridningsvagar 

Trots ett ornfattande undersokningsmaterial har intet 
frarnkommit, som tyder pa att blodparasiter skulle 
utgora nagot storre hot mot var fagelfauna. Blott en
staka fall av allvarlig karaktar har kunnat konstateras. 
Viss lokal dodlighet har dock rapporterats bland 
simfaglar. Manga faglar har emellertid visats sig vara 
barare av blodparasiter, vilket antyder att parasiterna 
ifraga skulle vara foga patogena for berorda fagelarter. 
Detta ar for ovrigt inget ovanligt och som jarnforelse 
kan namnas, att omkring 15% av vara rodravar och lika 
stor andel av befolkningen i USA och Kanada ar barare 
av trikiner utan att nagra sjukdomstecken kunnat kon
stateras. Aven lagpatogena parasiter kan emellertid 
medfora allvarliga sjukdomstillstand, om de forekom
mer i osedvanligt stort an tal eller hamnar i kansliga 
organ sasom hjarnan. 

Tidigare har ansetts, att faglar under sin varflyttning 
norrut fran v arm are lander successivt skulle "tappa" 
sina ektoparasiter, ohyra, fastingar, 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 behaftade med ett 
varierande antal fastingar eller andra ektoparasiter. 
Fastingarna har inte sallan varit barare av fbr daggdjur 
och manniska sjukdomsfrarnkallande mikroorganis
mer, sasom 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). 

Inforsel av blodparasiter genom flyttfaglar syns dock 
som framgar ned an vara mera osannolik. 

Svenska hackfaglar med vinterkvarter i varmare 
lander skulle eventuellt kunna smittas med blodparasiter 
under vistelsen i dessa lander. Om det galler mer eller 
mindre starkt patogena, sjukdomsfrarnkallande, para
siteI' kan faglama nog formodas ornkomma under flytt
ningen norrut, varfor risken for inforsel till vart land av 
sadana parasiter kanske inte ar sa stor. !fall faglama 
skulle smittas kort fore uppbrottet, iiI det val mojligt att 
de skulle kunna lyckas ta sig till Sverige under in
kubationstiden och samma galler om de smittats med 
lagpatogena parasiter. Det helt negativa resultatet hos 
vissa langflyttare, bl.a. gronbena och drills nappa, anty
der dock, att risken fbr inforsel av blodparasiter till vart 
land pa detta satt 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 
mojligen tyda pa en inforsel fran sydligare Hinder. 
Risken fOr detta torde dock knappast vara alltfOr stor. 
Salunda meddelar Krause (1939), att inkubationstiden 
hos faglarvid experimentell infektion med Plasl110diwn 
uppgar till 4-8 dagar och att infektionens hojdpunkt 
intdiffar efter 8-14 dagar. Fran 14:e dagen forsvinner 
parasiterna successivt ur blodet. Detta talar emot moj
ligheten av i v31je fall en mer a allman inforsel av 
Plasmodium. till Sverige med namnda fagelarter. Dels 
tar flyttningen viss tid, dels torde fagl31"na ifraga oftast 
ha vis tats i Sverige en tid efter ankomsten fran Afrika, 
innan blodproven uttagits. Sannolikt torde alltsa R. 
Dufvas positiva resultat V31"a att tillskriva infektioner 
efter faglarnas ankomst till Sverige. 

Den rikliga forekomsten av olika blodp31'asiter hos 
en del utpraglade stannfaglar visar, att dessa parasiter 
otvivelaktigt finns etablerade inom den svenska fagel
faunan. Det kan mahanda inte uteslutas, att en viss 
paspadning kan forekomma genom flyttfaglar, men 
inget talar for att detta skulle innebara nagot allvarli
g31"e hot mot vfu"a fagelbestand. 
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Summary 

Blood parasites and their modes of spread among birds 

To get widened knowledge ofthe spread and incidence 
of blood p31"asites 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. At histological exami
nation they appeared to constitute megaloschiz6nts 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). 

PlaSl11Odiu111 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 Pants major. The blood 
samples in her study 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 lag opus, 
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 
calTiers of Plasmodium, parasites and may be of some 
importance. As indicated by Krause (1939), most ofthe 
parasites present in the blood may disappear during the 
flight to the north and during the first time after auival 
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 V AN DE SANT 

Abstract 

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 Ian 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 krn/h (mean of yearly averages) for those birds 
flying along the optimal height track. There were large 
differences between years though, with 36 krn/h tailwind 
(1983) and 2 krn/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" 

Introduction 

Migrating birds fly through a moving medium: the air. 
Air often moves at about the same speed relative to the 
ground as birds do relative to the air. Therefore migrants 
should make use of air cunents flowing in seasonally 
appropriate directions (e.g. Richardson 1978, 1990a,b, 
Alerstam 1979a,b, 1990). COlTelations 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 bernicla have 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 

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 krnIh tailwind), with the favourable winds found at 
intermediate altitudes (1.5-3 Ian). 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, 1790AB 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. 

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

Recently, Piersma & Jukema (1990) argued that B ar
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. Piersma et 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 Bane d ' Arguin in Mauritania and the Taymyr Peninsula in 
Sibelia. Both therhumbline 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 oW(= 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 's airspeed and direction) , W(wind speed and direction) 
and G (groundspeed and track direction) are indicated by the 
encircled letters. 

Troliga flygrutter for vadare pa valjlyttning mellan Bane 
d'Arguin i Mauritanien och Taymyrhalvon i Sibirien. T va 
flygvagar ar l11arkerade: storcirkelrutten ("g reat circle ", 
ko rtast moj/iga a vstand) och "rhwnbline", den rutt darfag
lama hailer konstant kompassriktning (efter Alerstal11 1981). 
Oppna cirklar visar lokaler dar vinddata utlasts. Den lilla 
figuren visar hur den resulterande vindeffekten 8W (= G-A) 
raknats ut for en fCigel som flyger langs en forutbestamd rutt, 
med konstant hastighet gentemot luftha vet, i det harfallet !ned 
vinden fran syd vast (fran Piersma & Jukema 1990). De tre 
vektorerna A (f agelns flygriktning och hastighet gentemot 
lufthavet), W (vindens riktning och hastighet) och G (fagelns 
flygriktning sam.t flyghastighet gentemot marken) til' marke
rade m ed cir/dar runt respektive boksta v. 
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They can therefore migrate relatively cheaply in terms 
of energy cost, a suggestion 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 
yearl y variabili ty in the OCCUlTence of fa vourable 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 coast of France to the Wadden Sea (Dick et al. 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 
(1. Koistinen & A. Harjo pers. comm. to W.J.A. Dick; 
see Dick et al. 1987). This implies the use of a rhumbline 
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 
(Piersma et 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 
great circle 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 kmlh (15 .8 mls). 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 Piers rna & 
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 ' kmlh ', rather than in the SI
unit 'mis ' (1 mls=3.6 kmlh). 

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 
in early 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 et al. 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 caLculations 

Synoptic wind data for the northern hemisphere are 
given in the daily European Meteorological Bulletin 
(Deutscher Wetterdienstin 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) at 00.00 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 kmlh or 5.1 mls). 

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 theBancd ' 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, c. 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 (Piersma et al. 1990a) and travelled 
with a constant groundspeed of 65 kmlh (or 18.1 mis, 
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 13-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 a is 
the angular difference between the track (migratory) 
direction (t) and the wind direction (w, the direction 
from where the wind is blowing) then a = w ± 180° - t. 
If W is wind speed, A is the bird' s airspeed (i.e. 57 kmI 
h) and G is the bird's groundspeed, then the 'wind 
effect' (8W) is G-A. Since birds try to remain on course, 
the direction of G is always the same as the fixed track 
direction. According to Fig. 1 (inset) and some geometric 
rules, sin a = x/Wand therefore x = W sina. Since x2 + 
Z2 =A2, Z = -VA 2 - x2 or Z =-VA2 - (W sina)Z. Cos a = y/W 
and therefore y = W cosa. As G = y + z, it follows that: 

G= W cosa +-1Al - (W sina)Z. 

The wind effect 8W is G - A, therefore: 

8W= W cosa +-VA2 - (W sina)Z - A. 

In the text we may also call the wind effect the tailwind 
vector (when 8W> 0) or headwind vector (when 8W < 
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- (minusvdrden) oeh medvindsvektorer i kmlh jar 
jaglar som flyttar vid olika altituder liings storeirkelrutten 
mellan Bane d'Arguin (Mauritanien) oeh Vadehavet (Hol-
land, Tyskland, Danmark) perioden 30 april- 7 maj. Siffrorna 
visar medelvdrden. jar atta olika startdatum (standardav-
vikelsen in om parentes). Medelvdrdena jar alia ar dr rdknat 
pa 13·8 = 104 olika startdagar. 

Flight level Flyghojd 

Year Ground 1.5km 3km 5.5 km Optimal 
level track 

Ar Markniva Optimal 
rutt 

1979 -12.8 -1.6 -1.0 -3.9 5.5 
(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) (17.0) (19 .2) (26.8) (19.5) 

1982 -9.0 3.5 19.1 19.9 24.5 
(3.3) (11.0) (22.5) (17.0) (19.4) 

1983 -4.8 11.0 23.0 37.3 36.0 
(4.3) (4.4) (8.3) (13.4) (9.5) 

1984 -8.5 -10.9 -1.5 -0.3 12.6 
(6.2) (16.0) (21.5) (13.1) (11.1) 

1985 -11.7 -13.8 -15.8 -11.6 3.3 
(5 .9) (15.4) (13.5) (10.8) (5.3) 

1986 -4.5 11.4 22.3 17.2 23.8 
(2.0) (4.7) (11.1) (9.1) (5.7) 

1987 -8.1 -13.8 -9.7 5.8 20.6 
(5 .8) (21.7) (17.9) (19.2) (13.0) 

1988 -4.8 7.7 14.4 l7.6 18.0 
(1.9) (6.5) (7.8) (9.8) (7.7) 

1989 -5.8 -5.7 0.0 7.5 15.1 
(2.4) (11.9) (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 -12.8 -18.9 -26.4 -19.3 -1.7 
(3.7) (6.9) (13.8) (11.5) (4.8) 

Overall -8.4 -2.4 3.4 6.7 15.1 
average (5.0) (15.6) (20.4) (20.8) (14.9) 

Medel-
vdrdejor 
alia ar 
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for the birds to stay on the assigned fixed tracks (that is, 
when W sina > 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 cosa > 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 to regularly 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 krnIh. Spring 1983 provided 
extremely favourable winds, the average tailwind of36 
km/h adding 63% to their airspeed (i.e. giving a total 
average groundspeed of 57+36=93 krnIh). In contrast, 
the spring of 1991 was extremely unfavourable, with 
opposing (head) winds even along the optimal height 
track (-1.7 krnIh). 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 
Sea to 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 krnIh as compared to 15.1 krnIh for Banc d' Arguin 
- Wadden Sea (or 12.6 krnIh for the same series of years, 
1985-1991, usedin the Wadden Sea to Taymyr analysis). 
With extremes in tailwind vectors along the optimal 



Table 2. Wind vectors (in kmlh) experienced by migrating 
waterbirds fl ying 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 refer to 7·18= 126 
different starting dates. 

Motvinds- (minusviirden) och medvindsvektorer i kl11lh Jar 
Jaglar somflyttar vid olika altituder med konstant kompass
riktning mellan Vadehavet (Holland, Tyskland, Danmark) 
och Taymyrhalvon (Sibirien) under perioden 26maj -12juni. 
Siffrorna visar medelviirden Jar 18 olika startdatum 
(standardavvikelsen inom parentes). Medelviirdena Jar aUa 
ar iiI' riiknat pa 7·18 = 126 olika startdagar. 

Flight level Flyghdjd 

Year Ground 1.5 km 3km 5.5 km Optimal 
level track 

AI' Markniva Optimal 
rutt 

1985 -3.2 3.9 6.4 6.2 17 .3 
(5 .2) (12.4 ) (13.2) (12.0) (8 .3) 

1986 -2.8 6.5 10.0 -2.5 16.7 
(4.8) 01.9) (13.5) (18.1) (11.2) 

1987 -1.4 11.4 16.3 12.8 21.6 
(6.2) (15.5) (19.5) (20.8) (17.0) 

1988 -4.6 8.5 9.7 3.8 16.7 
(4.5) 06.6) (24.0) (17.7) (13.6) 

1989 -0.4 15.0 28.8 22.2 31.9 
(5 .0) (14.0) (22.5) (19.8) (16.8) 

1990 -2.4 -3 .3 1.4 7.4 21.3 
(6.5) (16.2) (14.9) (18.2) ( 12.5) 

1991 -2.2 11.5 23.6 16.7 27.6 
(4.6) (10.1) (10.7) (12.6) (8.6) 

Overall -2.5 7.6 l3.7 9.5 21.9 
average (5.4) (15.2) (19.7) (18.5) (14.6) 

Medel 
viirdeJor 
aUa ar 

height track for the Wadden Sea - Taymyr route of 16.7 
km/h (1986, 1988) and 31.9 krnfh (1989), the winds 
along this route showed much smaller year-to-year 
variability (SD= 5.9 krnfh) than for the Banc d' Arguin 
-Wadden Sea route (SD= 10.6 krnfh) (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 krnfh 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 alti tude over Spain until arri ving 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 krn (Dick et al. 1987). As 
shown in Fig. 2 (top), by flying at altitudes of 3 krn 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, Piersma et al. 1990b), 
the waders leaving the Bane 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 
1 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 of3 km and 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 oeh hojdmiissig variation i genomsnittlig miingd 
medvind oeh motvind liings vClIjlyttningsvdgen mellan 
Mauritanien oeh Sibirien. De tva nech'e ntfoma visar 
storeirkelruttenmellanMauritanien oeh Vadehavet(t. v.)samt 
flygrutten med konstant kompassriktning mellan Vadehavet 
oeh Sibirien (t.h.). I rutoma ovan/or visas genomsnittliga 
vindvektorer vid olika lokaler, oeh pa olika hojd, liings dessa 
Mdaflygrutter (jiim/or Tabell I oeh2). De tva Dversta rutoma 
visar andelen dagar niir vindarna var sa kraftiga pa 3 oeh 5,5 
kmhojdattfaglama inte skulle kunna kompenseraforvinddrift. 
Pa liigre hojd skullefaglarna alltid klarat att kompenserafor 
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, 
a difference 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 varsasongen i genomsnittlig mangd medvind och motvind liings valjlyttningsvagen mel Ian Mauritanien och 
Vadehavet (t. v.) ochfran Vadehavet till Sibirien (t. v.). De tva ovre rutorna visar genomsnittliga vardenforfaglar somflyger en 
optimal rutt( de anpassar sinflyghojd efterdenfordelaktigaste vinden). Det skuggade omradet utgordet 95% konfidensintervallet. 
De un.dre rutorna visar vardenaforfag lar som haIler en och sal11maflyghojd (fyra olika hojderar representerade). Vardenafor 
perioden 22-29 april (oppna cirklar i ovre vanstra rutan) ar baserade pa data fran 1984-1987 (fran Piersma & Jukema 1990). 
For oVl'iga startdatlll17 ar varden beraknade pa data filll1 1979-1991 (Mauritanien - Vadehavet) respektive 1985-1991 
(Vadehavet - Taymyr). 

Another way of looking at seasonal variability in 
wind conditions is to examine the interaction between 
the average value (absolute favourability) and the 
stochasticity (unpredictability) of the wind vectors. 
There was a clear tendency for years with the best wind 
conditions also to show the largest variability in wind 
vectors among starting dates (largest standard 
deviations; Fig. 4). Therefore, bad years are seasonally 
consistently bad years, but good years are not seasonally 
consistently good years. 

Discussion 

The analytical problem offixedflight speeds 

For practical reasons we have had to assume that, 
whatever the tailwinds or headwinds were like during 
the trips , the birds migrated with a constant groundspeed 
of 65 krnIh, and the readings on the weather maps were 
taken accordingly. In cases where birds would 
experience a severe wind effect, e.g. strong tailwinds, 
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 Bane 
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 +O.27·X (r2=0.32, 
p<0.05) , and through the data points for Bane d' Arguin
Wadden Sea only, by Y=5.9+0.26·X (r2=0.31, p<0.05). 

Sa111bandet mel/an arlig genol11snittfig med- (eller 1110t)vinds
vektor och standardavvikelsen samma arforfaglar somflyger 
den optimala flygrutten mellan Mauritanien och Vadehavet 
(fyllda cirklar, data /ran Tabell J) , och fran Vadehavet till 
Taymyr (Oppna cir/dar, data fran Tabell 2). Sambandet 
mellan samtliga punkter (streckad finje) beskrivs biist som 
Y=6,J +0,27·X (r2=0,32, p<0,05). Enbart for striickan 
Mauritanien - Vadehavet iir sa111bandet Y=5,9+0,26·X 
( /2=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 at all. Itis therefore nice to see that the en route 
wind conditions for successi ve departure days were 
strongly correlated (Fig. 5) , both for the flight between 
Banc d ' Arguin and Wadden Sea (r=0.68, n=123 , 
p<O.OOI ; 85 % of wind vectors on successive days are 
within 15 krnIh of each other) and for the Wadden Sea
Taymyr trajectory (r=0.60, n=119, p<O.OOI; 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 at altitudes up to about lOkm (Alerstam 1981)? This 
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would get us close to the altitudes of the jet streams (10-
12 km), the well known predictable large-scale winds 
which are used by the commercialjet-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 it impossible 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 B anc 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 a result, 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) 
for a typical long distance flight si tuation , 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 ofthe OCCUlTence 
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 
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Fig. S. 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 1 and 2 for 
details). 

Vindassistensenliings den optimalflyg ruttenfoI' 
en given dag (Day 1) iir en god prediktor for 
vindassistensen pafoljande dag (Day 2). Detta 
galler bade for striickorna Mauritanien -
Vadehave t (ovre rutan) och Vadehavet - Taymyr 
(undre rutan). Samtliga mojliga par av dagar 
har plockats med i analysen. 
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or above them. The conespondence 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, or even 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 ' dayoutof14 '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 (piersma et al. 

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 Africa and 
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 it is 
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 yearly wind differences correlated with wader 
occurrence? 

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. Dick et al. (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.comrn.; 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 monster och deras Jorutsagbarhet Jar 
vadare och gass pa vellilyttning jrem Vastafrika och 
Vadehavet till Sibirien. 

Vi har analyserat publicerade vinduppgifter fdin perio
den 1979-1991 fOr att studera vilka mojligheter vadare 
och gass har att utnyttj a medvindar under flyttningen. 
Vi undersokte vindforhallandena pa olika hojd (fran 
marknivan till 5,5 km hojd) for flygningar fran Banc 
d' Arguin (Mauritanien, Vastafrika) till Vadehavet 
(sodra Nordsjon) i slutet pa april och i borjan pa maj , 
samt for strackan mellan Vadehavet och Taymyrhalvon 
(Sibirien) i slutet pa maj och bOljan av juni (Fig. 1). Vi 
har antagit att faglarna 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 utlastes fran den dagligt utkom
mande European Meteorological Bulletin (fran 
Deutscher Wetterdienst i Offenbach, Tyskland) som 
innehaller synoptiska vaderdata fran jordklotets norra 
hemisfar. Fran vindkartorna kan man fOr en gang per 
dygn (kl. 00.00 GMT) utIasa lufttryck (isobar), vind
hastighet och -riktning vid marknivan, samt vid hojder 
av ungefar 1,5 km, 3 km och 5,5 km. For en hypotetisk 
fagel som flyger langs de beskrivna rutterna med en 
konstanthastighet (relativt marken) av 65 kmlh, utIastes 
vindhastighet och -riktning fran vindkartorna vid 13 
olika stationer (Fig. 1). Med- och motvindsvektorer 
beraknades utifran fagelns ocb vindens vektorer (Fig. 1). 
Eftersom vindforhallandena under tva pa varandra fOl
jande dagar ar starkt korrelerade med varandra, langs 
bagge delarna av flygresan mellan Afrika och Sibirien 
(Fig.5), gar det att anvanda ett konstant flygschema 
utan att fa nagot systematiskt fel. 

MeHan Vastafrika och Vadehavet ar det vanligtvis 
fOrdelaktigt att flyga hogt. Faglar som klarar att vaxla 
flyghojd och pa sa satt kan utnyttja de fordelaktigaste 
vindarna ("optimal flygrutt") kan atnjuta en genom
snittlig medvind pa 15 krnIh (medelvarde av arliga 
medelvarden, Tabell 1). Det var dock stor variation 
mellan aren med genomsnittliga medvindar langs den 
optimala flygrutten pa 36 krnIh det basta aret (1991) 
och motvindar pa 2 krnIh under det samsta aret (1983). 
Den basta hojden attflyga pa var hogre langs Vastafrikas 
kust an over Europa (Fig.2). Detfanns inga forutsagbara 
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trender i vindfOrh:Hlanden under sasongen (Fig.3), men 
"d31iga" ar var daliga hela sasongen (Fig.4). MeHan 
Vadehavet och Taymyrhalvon var vindforhallandena 
normalt fOrdelaktigare an mellan Vastafrika och 
Vadehavet (genomsnittlig medvindsfaktor langs den 
optimala flygrutten var over aren 21 kmfh, Tabell 2), 
med de mest fordelaktiga vindarna pa intermediara 
hojder (1 ,5-3 km, Fig.2 och 3). Vindforhallandena 
varierade mindre mellan aren pa strackan Vadehavet 
och Taymyr, an pa forsta delen av resan. 

Genom att flytta pa de fOrdelaktigaste hojderna kan 
flyttande vadare och gass fa avsevard assistans av 
vinden. Risken att bli blast ur kurs okar med okad 
flyghojd . Av den anledningen kan inte langsamt fly
gande faglar, i motsats till flygplan, utnyttja de 
jetstrommar som finns pa mycket hog hojd. Hela reso-
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nemanget i denna uppsats bygger pa antagandet att 
faglarna kan kanna av vindarna pa olika altituder och 
anpassa sin flygrutt efter dessa forhallanden . Faglarnas 
mojligheter att gora sa diskuteras. Ett konkret stbd fOr 
att de klarar av detta ar att kustsnappor pa flyttning 
mellan Vastafrika och Vadehavet under sasonger med 
mycket motvind ofta avbryter sin flyttning och utnytt
jar en extra rastplats vid den franska Atlantkusten. 

Da arbetet med att extrahera vinduppgifter ar oerhort 
tidskravande har vi varit tvungna att begransa antalet 
sasonger i analysen. Vi hoppas dockha visat potentialen 
for hur liknande analyser kan lara oss mer om hur 
faglarnas flyttning kan paverkas av, och anpassas efter, 
radande vindforhallanden. Stbrre datakraft och battre 
program kommer i framtiden att mojIiggora analyser 
pa en mer detaljerad niva. 



ORNIS SVECICA 2:67-76,1992 
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Abstract 

During the last 15 years the bird fauna was censused on 2250 
km2 of mires , which is 10-15% of the estimated total area of 
larger, treeless mires (>0.5 km2) 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. Non'land), but more of the northern species breed at very 
low dens ities . 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 havea more 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 mjres 
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 

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 (Hirvinen &Sammalisto 1976) and 
the same pattern was found for most taxonomic groups 
on raised bogs in Sweden (Bostrom & Nilsson 1983). 

Peatlands are a typical 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 (Bostrom 1978). As a consequence, an 

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 
10000 pairs whjle 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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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 relati ve importance of mires 
as a breeding habitat for wetland birds has increased 
during this time. 

In thi s paper we describe regional trends in species 
lichness 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 km2, 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 (~0.5 km2) 

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 
Gotaland, 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 a narrow band of fens (called laggs), but in Gotaland 
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 paIsa 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 km2

) are low (Bostrom & Nilsson 1983, Nilsson 
1986). Of the total peatland area a large proportion 
consists of such small mires (Table 1, Bostrom et al. 
1984). Among the larger mires some are unimportant 
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A. 9630 km ' 
B. 203 km ' 
C. 79 
D. 2.6 

A: 2650 km' 
B: 752 km' 
C: 945 
D: 0 .8 

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 oflarge (>0.5 krn2) , open mire, B : 
total area of censused mire, C: number of mires, D: mean size 
of censused mires. Dashed lines delimit different provinces. 

Olika regioneranvanda i den har uppsatsen med uppgifter om 
A: arealen storre, oppenmyr, B: totalareal inventerad myr, C: 
antal inventerade myrar, D: medelstorlek av inventerade 
myrar. Streckade linjer avgransar 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 km2), 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 Gataland 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 (StenpiI1982). 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 (pairsl100 km2) and census efficiency of different bird species breeding on mires in 
Sweden. C.E. = Census efficiency. 

Populationstdthet (padJOO k111 2
) och uppskattad in venteringseffektivitet for olika jagelarter po myrar i Sverige. c.£. = 

Inventeringseifektivitet. 

Gotaland 
Peatland area Myrareal (km2) 3500 
Area> 50 ha (km2) 1880 

Red-throated Diver Gavia stellata < 1 
Slavonian Grebe Podiceps auritus 
Whooper Swan Cygnus cygnus < 1 
Bean Goose Anser fabalis 
Wigeon Anas penelope 
Teal A. crecca 13 
Mallard A. platyrhynchos 23 
Pintail A. acuta 
Tufted Duck Aythya fuligula < 1 
Scaup A. marila 
Long-tailed Duck Clangula hyel71alis 
Common Scoter Melanitta nigra 
Velvet Scoter M.fusca 
Goldeneye Bucephala clangula 9 
Hen Harrier Circus cyaneus 
Osprey Pandion haliaetus 3 
Crane Grus grus 10 
Golden Plover Pluvialis apricaria 154 
Lapwing Vanellus vanellus 46 
Temminck's Stint Calidris tel11l11inckii 
Dunlin C. alpina 
Broad-billed Sandpiper Limicola falcinellus 
Ruff Philol11achus pugnax < 1 
Jack Snipe LYl11nocryptes l11inil11us 
Snjpe Gallinago gallinago 52 
Whimbrel NUl11enius phaeopus < 1 
Curlew N. arquata 43 
Spotted Redshank Tringa el)'thropus 
Redshank T. totanus 4 
Greenshank T. nebula ria 
Green Sandpiper T. ochropus 24 
Wood Sandpiper T. glareola 32 
Red-necked Phalarope Phalaropus lobatus 
Black-headed Gull Larus ridibundus 23 
Common Gull L. canus 25 
Arctic Tern Sterna paradisaea 
Short-eared Owl Asio jlaml11eus 
Skylark Alauda arvensis 50 
Meadow Pipit Anthus pratensis 744 
Yellow Wagtail Motacillaflava 50 
Whinchat Saxicola rubetra 246 
Sedge Warbler Acrocephalus schoenobaenus 
Great Grey Shrike Lanius excubitor < 1 
Reed Bunting Emberiza schoeniclus 17 

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 Non-land are 
forested . 

Svealand S. Norrland N. Nonland C. E. 
7400 11900 27400 % 
1680 3100 10770 

11 6 2 70 
< 1 2 1 70 
< 1 2 1 75 
< 1 1 2 30 

2 7 13 30 
25 30 27 30 
32 24 21 30 

<1 1 30 
4 9 11 30 

< 1 2 3 30 
< 1 1 2 30 
< 1 I 2 30 

1 4 6 30 
32 17 22 30 

< 1 4 50 
4 4 1 75 

30 21 18 65 
86 61 51 70 
80 57 50 85 

< 1 1 45 
3 9 45 

< 1 4 16 45 
< 1 31 135 65 
< 1 1 11 45 
49 84 106 45 
13 37 42 85 
40 20 42 75 

24 65 
<1 7 4 65 
48 58 83 75 
20 15 < 1 45 

139 158 230 65 
< 1 14 13 45 
53 26 29 60 
45 27 5 60 

< 1 7 8 60 
< 1 3 6 30 
59 22 50 

226 224 137 50 
267 317 300 50 

87 III 13 50 
< 1 < 1 3 50 

3 4 4 50 
42 60 117 50 

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 Non·land the same figure is only 2%, 
something that may affect our estimates of population 
densities. 

There is also a difference in the mean size of censused 
mires between regions, from 0.9 km2 in Svealand to 2.6 
km2 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 km2 being censused per 
about 15 min. A more thorough description of the 
method used can be found in Bostrom & 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 km2 (Nilsson 1977) 
but only 0.2 pairs per km2 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 
secreti ve 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 of75% in 
this paper. For Hen HatTier 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 
are equal to that of 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 
thi s 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) in different regions 
are weiahted mean values from these calculations and 
were m~de in the following way: 

P=N/E*Ac; 
where N is the censused number of pairs, E is the 
census efficiency as a proportion of one and Ac 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/kn12 outside mires 
(Forslund unpubl.). Our estimates of population sizes 
of shorebirds in the alpine zone are based on surveys in 
the Ammarnas 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 of2500 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 & 
Kjellen 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, relaterat till populationsti:ithet, po myrar i oIika 
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 km2) the 
numher 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. 

Artantaljdrolika taxonomiska grupperpo 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 km2 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 Gotaland 
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 
mjres in different regions of Sweden. 

Popu/ationstiitheter for olika taxonomiska grupper pa myrar 
i olika de/ar av Sverige. 

Population sizes on mires 

Eleven species (24%) have population sizes ofless than 
1000 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 rap tors 
(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 ofthese 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 ifthis 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 myraI', i hela Sverige och andel pa myraI'. 

Gbtaland Svealand Norrland Total Total % 
on mires all Sweden on mires 

pa myrar hela Sverige pa myrar 

Red-throated Diver Gavia ste//ata 15 200 500 720 1300 55 
Siavonian Grebe Podiceps auritus 0 10 215 230 1000 24 
Whooper Swan Cygnus cygnus 10 10 200 220 500 1 44 
Bean Goose Anserfabalis 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. platyrhynchos 880 1410 8860 11200 125000 9 
Pintail A. aCtlta 0 0 370 370 1000 37 
Tufted Duck Aythyafuligula 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 Mel(lI1itfa nigra 0 20 730 750 3000 25 
Vel vet Scoter M. fusca 0 50 2380 2350 20000 12 
Goldeneye Bucephala clangula 350 1230 8570 10200 60000 17 
Hen Hanier Circus cyaneus 0 0 800 800 15002 53 
Osprey Pandion haliaetus 50 70 270 400 30003 13 
Crane Grus grus 200 1400 7200 8800 12500 70 
Golden Plover Pluvialis apricaria 2200 1100 4200 7500 700004 11 
Lapwing Vanellus vanellus 625 1250 2800 4700 100000 5 
Temmjnck's Stint Calidris temminckii 0 0 250 250 6500 4 
Dunlin C. alpina 0 0 2100 2100 51000 4 
Broad-billed Sandpiper Limicola falcinellus 0 15 3660 3700 3700 100 
Ruff Philomachus pugnax 10 10 23000 23000 57000 40 
Jack Snipe Lymnoc/yptes min.imus 0 15 2410 2500 2500 100 
Snipe Gallinago ga llinago 1350 1450 27700 31000 150000 21 
Whim brei Numenius phaeopus 10 200 5900 6100 10000 61 
Curlew N. arquata 660 700 6100 7500 14600 51 
Spotted Redshank Tringa erythropus 0 0 5000 5000 6000 83 
Redshank T. total1us 70 10 880 1000 10000 10 
Greenshank T. nebula ria 0 850 12700 13600 20000 68 
Green Sandpiper T. ochropus 700 660 1100 2500 30000 8 
Wood Sandpiper T. glareola 570 2830 40500 45000 60000 75 
Red-necked Phalarope Phalaropus lobatus 0 20 4100 4100 15000 27 
Black-headed Gull Larus ridibul1dus 450 1170 2150 3800 100000 4 
Common Gull L. canus 500 1000 2000 3500 1450005 2 
Arctic Tern Sterna paradisaea 0 10 1600 1600 15000 11 
Short-eared Owl Asio.f7ammeus 0 25 2175 2200 5000 44 
Skylark A lauda arvensis 1150 1560 1170 3900 26000006 1 
Meadow Pipit Anfhus prate/His 20000 15000 50000 85000 650000 13 
Yellow Wagtail MOfaci//a.f7ava 1150 7050 74600 83000 170000 49 
Whinchat Saxicola rubetra 5700 2300 8400 17000 175000 10 
Sedge Warb ler 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 

IArvidsson 1987, 2Ni lsson 1981 ,3 Ahlgren i brev, 4Alexandersson i manus, 5 Andersson & Staav 1980, 6Karlsson & Kjellen 1988 

and higher wetness of northern mires may thus imply 
that more niches are available for birds. It is probable 
that the wetter mires in the north have a higher habitat 
diversity and a higher production of invertebrate food 

(Bostrom & Nilsson 1983). Something that can be 
taken as an indication of this is the fact that the number 
of wildfowl and shorebird species increases towards 
the north. 
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Population densities 

Population densities may be con-elated with mire size. 
On bogs larger than 0.5 km2 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 our regional 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 (Bostrom & 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 wildfow I and shorebirds could be the greater propor
tion of more producti ve 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). 

FUlthermore, 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 ofless than 10 000 pairs in Sweden, and are 
thus of special interest to conservation for the reason of 
rarity . But also for more abundant species, less confined 
to mires, there is reason to preserve viable populations 
in order to maintain genetic variation (Lande & 
Banowclough 1987). In order 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 

Myrarn.as betydelse som. hiicknigsbiotop Jor vatmarks
Jagla,.. 

Artantalet minskar generellt mot norr och flera hypo
teser som forklarar detta fenomen hal' foreslagits 
(Stevens 1989). Emellertid okade antalet fagelarter, 
liksom tageltatheten, motnorr pa finska myrar (Jarvinen 
& Sammalisto 1976) och samma monster observerades 
for de flesta taxonomiska fagelgrupper pa hogmossar i 
Sverige (Bostrom & Nilsson 1983). Myrmark utgor 
ungefar 12% av landarealen i Sverige, och med okande 
oljepriser i mitten av 70-talet aktualiserades olika 
exploateringsplaner. Som ett svar pa detta startades en 
extensiv fagelinventering pa myrar i hela lander. Syftet 
var framst att hitta de ur fagelsynpunkt mest vardefulla 
myrarna, men pa grund av det stora antalet myrar var 
det ej realistiskt att inventera samtliga. Ett mat blev 
dador att urskilja fagelarter som indikerar skyddsvarda 
myrar. I denna uppsatsen redovisar vi regionala trender 
i artrikedom och tathet, totala populationsstorleken pa 
myrar och i landet som helhet, och som ett matt pa 
myrarnas relati va betydelse for vatmarksfaglar, ande
len av den svenska totalpopulationen som hackar pa 
myrarna. 
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Metoder 

Inventeringarna omfattar 1522 myrar, med en total 
areal av 2250 km2

, fordelade over hela Sverige (Fig. 1). 
Inventeringarna, som utfordes mellan 1974 oeh 1987, 
ornfattar huvudsakligen myrar stblTe an 0.5 km2 men 
aven vissa mindre myrar blev inventerade. En stor 
andel av den totala myrarealen bestar av mindre, rela
ti vt fagelfattiga myrar (Tabell1). A v ovriga myrar ar en 
del ointressanta for vatmarksfaglar pa grund av dikning 
oeh igenvaxning. I Gotaland kan denna areal beraknas 
till 40% av totalarealen myr stbne an 0.5 km2, i Svea
land till 20%, i Sodra Norrland till 15% oeh i Norra 
Nonland till 10%. Med utgangspunktfran ovanstaende 
berakningar har mellan 10 oeh 15% av arealen stora 
oppna myrar inventerats, men variationen ar stor mel
Ian olika regioner (Fig. 1). 

Myrarna besoktes vid ett tillfalle under de tva forsta 
veekorna ijuni i sodra Sverige eller under slutet av juni 
till bOljan av juli i norra Sverige. Inventeringarna, som 
endast utfbrdes vid god vaderlek, skedde langs paral
lelIa linjer, med ea 150 meters mellanrum i langsamt 
tempo (fbr en utforligare beskrivning, se Bostrom & 
Nilsson 1983). 

Berakningar av populationratheter pa myrar gjOIdes 
landskapsvis pa foljande satt: antalet inventerade par 
dividerat med artens inventeringseffektivitet (ett matt 
pa hur manga av det verkliga antalet par som observeras 
vid denna typ av inventering, se Tabelll) multiplicerat 
med den inventerade arealen. Populationsstorlekar be
raknades genom att multiplieera populationstathet med 
arealen oppen myr stblTe an 0.5 km2. 

Vara berakningar av populationsstorlekar i Sverige 
baseras huvudsakligen pa regionala oeh lokala invente
ringar oeh berakningar, i nagra fall pa nationella beriik
ningar (SOF 1990). 

Resultat 

Artlikedomen okar mot non. Om man bara tar hiinsyn 
till de vanligaste arterna (hogre rathet an 0.1 par/km2) 
okar antalet fran 16 i Gotaland till 22 i Norra Non·land. 
Om man tar hansyn till samtliga arter okar det fran 25 
arter i Gotaland till hela 42 i Nona Norrland (Fig. 2). 
Okningen i artantal beror frarnforallt pa att antalet sim
oeh vadarfaglar blir stbrre mot norr medan antalet 
tattingar inte namnvart forandras med latitud (Fig. 3). 

Populationstatheterna for olika arter varierar' regionalt 
men det finns inget generellt monster fbr samtliga arter. 
Ljungpipare, skogssnappa oeh angspiplarka har' lagre 
tatheter pa nordliga myrar, 23 andra arter okar i tathet 
mot nOLT medan ovriga inte uppvisar nagot speeiellt 
monster (Tabell 1). Bland olika taxonomiska grupper 
okar tatheten mot norr for rovfaglar', simfaglar oeh 
vadar'e medan tatheten for tattingar' minskar'. Den sam
manlagda populationstatheten tyeks dock inte fbrand
ras namnvart med latitud (Fig. 4). 
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Elva arter, av vilka de flesta ar sirnfaglar, har 
populationsstorlekar pa myrar som understiger 1000 
par', lika manga har populationsstorlekar pa mer an 
100 000 par (Tab ell 2) . 

Ungefar en fjardedel av arterna har' populations
storlekar' pa mer an 100 000 par i Sverige medan 14 ar'ter 
har' en populationsstorlek runt 5000 par eller mindre. I 
den sista gruppen aterfinns en rad arter med en huvud
saklig utbredning pa tundran i nOlT (Tabell 2). 

Fyra arter, sadgas, myrsnappa, dvargbeekasin oeh 
svar'tsnappa, har i det narmaste hela sin a populationer 
pa myrar' medan ytterligare 7 arter, smalom, blahok, 
smaspov, storspov, gluttsnappa oeh gronbena, har mer 
an 50% pa myrar (Tabell 2, Fig. 5). 

Diskussion 

Artantalet av faglar okar som synes mot norr pa myrar 
tvartemot vad man forvantar sig (MacArthur 1972). 
Samma monster kan observeras i andra habitat nar 
flyttande fagelarter inkluderas. Om de flyttande arterna 
ej raknas med far vi det forvantade monstret med 
minskade artantal mot hogre latituder (Stevens 1989). 
En mojlig forklaring till det hogre artantalet pa nordliga 
myrar under haekningstid skulle kunna vara att 
vegetationsstrukturen ar mer komplex oeh att fler oppna 
vattenytor finns tillgangliga, vilket mojligen leder till 
en hogre oeh mer varierad insektsproduktion oeh dari
genom oeksa fler tillgangliga niseher for haekande 
arter (Bostrom & Nilsson 1983). 

Eftersom populationstatheten del vis ar beroende av 
myrens areal (Nilsson 1986) beror noggrannheten i 
vara berakningar oeh darigenom mojligheten att jam
fora olika regioner pa att urvalet av olikstora myrar' som 
inventerats iir likartat. Tyvarr ar det omojligt att kon
trollera detta men vara berakningar skiljer sig inte 
myeket fran tidigare berakningar dar myrstorlekarna 
var kanda (Bostrom & Nilsson 1983). 

Den sammanlagda populationstatheten verkar inte 
var'iera speeiellt myeket med latitud. Populationstat
heten for sirnfaglar', vadare oeh rovfaglar tyeks vara 
hogre i norr medan tatheten for tattingar minskar'. Detta 
betyder att biomassan av faglar' ar stbrre i norr (fler stOIa 
faglar) , nagot som tyder pa att produktionen av insekter 
ar stbne i non. Andra faktorer som kan gynna hogre 
tatheter av vissa arter i non' skulle kunna vara en 
minskad risk for bopredation (Berg et al. 1992). 

Myren tyeks vara ett speeiellt viktigt haeknignshabitat 
for elva arter som har mer an half ten av sin totala 
population i denna miljo. Sju av dessa ar oeksa ovanliga 
som haekfaglar i Sverige oeh ar darigenom speeiellt 
intressanta ur skyddssynpunkt. Men aven for mer tal
rilea arter, inte lika hart knutna till myren, finns det god a 
skiil att bevara livskraftiga populationer pa myrarna for 
att exempelvis bibehalla 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 

Abstract 

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, 

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 SHme 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 OCCUlTence 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 
et al. 1982, Rutschke & Schulze 1985). Rutschke et al. 
(1982) distinguished between summer flocks (Sommer
Sammelplatz-Verbande) and autumn flocks (Frtih
herbst-Rastplatzverbande) and noted that many 
gathering places are used both in summer and autumn. 
However, nothing was known about the composition 

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, S-223 62 Lund, Sweden 

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 prefelTed 
feeding areas, daily acti vity and local movement patterns 
of Grey lag Geese in a gathering area in sou thern 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. 

77 



Study area 

The study was carried out in SW SHine, in southernmost 
Sweden. The study area (Fig. 1) included a western 
(Y ddingen, Fjallfotasjon, Klosterviken, Borringesjon 
and Bjorkesakrasjon) 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 Skane 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 Y ddingen, Fjall
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 = gj dj , where gj = number of geese counted 
on day i, and d

j 
= 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 precedi~g count, 
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Fig. 1. Study area. 
Undersdkningsom rade. 

O~~~10km 

F: Foteviken area, W: Western lake area (vastra sjdomradet), 
E: Eastern lake area (dstra sjdomradet). 1: Foteviken, 2: 
Y ddingen, 3: Fjtillfotasjon, 4: Klosterviken, 5: Borringesjon, 
6: Havgardssjon, 7: Bjorkesakrasjon, 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 Skane 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 bQda sjdomrQdena 1985-1987. Fran 
Persson (1990). 

Breeding area 1985 1986 1987 

Western lake area 125 205 275 
Vastra sjdomradet 
Eastern lake area 140 
Ostra sjdomradet 



1km 
I 

~ 
Used fields (>300 goosedaysl ha l 

:: :.:::.::. Used fields «300 goosedays/hal 

Unused fields 

' . . _ Pastures 

j~';:';X Woodland 

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). 

Omradefor intensivstudier 1985-1987. Merparten av det ospeeifieerade omradet bestar av ett jordbruksdistrikt med sma gardar 
oelIfalt (vilket ej utnyttjades av gassenJ. 

The post-breeding population in SW SHme was split 
among three areas (Fig. 1), each of which had one large 
flock or two to 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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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 gragdss i sydvdstra SkGne under hastarna 1985,1986 
och 1987 i hela undersakningsomradet (heldragen linje), 
samt i Foteviksomrdet (prickad linje), vdstra sjOomradet 
(streckad linje, korta streck) och astra sjaomradet (streckad 
linje, tanga 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). In the 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 
grain spill, 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 field s 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 offields 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 (ChF = 11.92, 
P<O.Ol). 



Table 2. Field type preference (D) in the special study area in 1986 and 1987 accord ing to the Jacobs' index (Jacobs 1974): D=(r-
p)/(r+p-2rp) , where r represents the proportion of geese in a given fie ld type, and p is the proportion of the total (harvested) area 
consisting of that field type. The index ranges fro m - I (total avo idance) to + 1 (one field type selected). 

Gragiissens preferens for olikafiil/typer (D) i intensivstudieol11rGdet 1986 och 1987 enligt Jacobs index (Jacobs 1974): D=(r-
p)l(r+p-2,p), diir r iir andelen giiss pa en given fi;i ltyp och p dr andelen av hela omrade/ som bestar av den fdlttypen. [ndexet 
strdcker sig fran -1 (totalt undvikande) till + 1 (endast en fd lttyp utnyttjas). 

1986 15-22.7 23.7-18.8 19-28.8 1-8.9 11-26.9 29.9 2-3 .10 6-10.10 

Grassland Grdsl11ark +1 -1 -I -1 -1 -1 - 1 -1 
Peas A rtor +1 +1 +0.24 -1 -1 
Wheat stubble Vetestubb -1 -0.33 +1 +0.31 -1 +0.89 
Barley stubble Kornstubb -1 +0.03 - 1 -1 +1 -0.63 
Oat stubble Havrestubb -1 -0.78 -1 -1 -1 -1 
Rape stubble Rapsstubb -1 -1 -1 
Newly-sown cereals Nysadd hostsiid -1 - 1 +0.85 -1 -0.62 
Ploughed fie lds Plojda fii lt -1 -1 -1 -1 -1 - I 

1987 15.7-10.8 11.8 12-19.8 22-31.8 4-8 .9 14-28.9 2-23 .10 

Grassland Grdsl17ark +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 Ha vrestubb -1 -1 
Rape stubble Rapsstubb -1 - 1 -1 -1 
Newly-sown cereals Nysadd hos/siid -1 -1 -1 
Newly-sown rape Nysadd raps -0.70 -1 -0.02 -1 
Ploughed fields Plojda fCilt -1 -1 -1 -1 -1 -1 -1 

% 1986 1987 

Fig. 4. Field choice of Greylag Geese (upper diagram) in relation to the ava ilability 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 fiel d type each day. 1107 and 
1080 ha were under observation during 1986 and 1987, respectively. Key: (1 ) Unharvested f ields, (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 fi;i ltval (ovre diagrammet) i forhGllande till de olika fii lttypernas tillganglighet (undre diagrammet) i det 
intensivstuderade ol17radet 1986 respektive 1987. Faltvalet beriiknades som procentandelen av det totala al/talet giiss som under 
de regelbundna inventeringarna sags pa respektive fi;ilttyp. Det undre diagral11J11et visar ol11radets fordeln ing pa olika fiilttyper 
dagfor dag. Aren 19860ch 1987 omfattade undersokningsomrGdet 1107 respektive 1080 ha. Nycke l: (1) Oskordat, (2) NysGdd 
strasad, (3) NysGdd raps, (4) plOje, (5) vetestubb, (6) Kornlhavrestubb, (7) rapsstubb, (8) iirtor och (9) griismark. 
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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. 

Gragasens utnyttjande av olika jiilttyper i 
intensivstudieomradet hostarna 1985, 19860eh 1987 berak
nat dels som proeentandelen av den totala arealen som 
utnYffjades oeh dels som exploaterin.gsgraden i antalet 
gasdagarlha utnyttjad areal. Antalet utnyttjade jalt anges 
inom parentes. 

Year Total Used Exploitation 
area (ha) area % (goosedays/ha) 

Ar Total Utnyttjad Exploatering 
yta (ha) yta % (gasdaga tlha) 

Peas 85 70 81 (3) 262 
Artor 86 100 100 (2) 288 

87 140 54 (3) 288 
Wheat stubble 85 306 50 (5) 192 
Vetestubb 86 469 53 (7) l47 

87 367 64 (6) 130 
Barley stubble 85 2 19 29 (I) 294 
Kornstubb 86 328 38 (3) 100 

87 48 66 (2) l33 
Oat stubble 85 58 59 (1) 356 
Havrestubb 86 112 3 (1) 92 

87 2l 0(0) 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<O,OOI). 
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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. 

Fiiltutnyttjandet beraknat som proeentandelen all totala anta
let gasdagar som tillbringades pa respektillejdlttyp i intensiv
studieomradet hostarna 1985, 19860eh 1987. 

1985 1986 1987 Mean Range 
Medel Varia-

tion 

Number of goosedays 78070 80260 77 860 
Antal gasdagar 
Pastures Griis1l1ark 3.8 2.5 7.6 5 2- 8 
Peas Artor 18.9 35.9 38.4 31 19-38 
Wheat stubble Vetestubb 38.1 43.4 39.6 40 38-43 
Barley stubble Kornstubb 23.7 15.1 5.4 15 5-24 
Oat stubble Ha vrestubb 15.5 0.4 0 5 0-16 
Newly-sown cereals 0 2.7 0 0- 3 
Nysiidd hOstsiid 
Newly-sown rape 0 0 9.0 0- 9 
Nysadd 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 storlekjor av gragassen utnyffjade resp out
nyttjadejalt avde lIiktigastejdlttyperna i intensillstudieomradet 
1985-1987. Antalet jalt anges inom parentes. 

Mean size +- SE (ha) of the fields . P for difference 
Medelstorlek +- SE (ha) fOr falten (t-test) 

Used Unused P for ski lin ad 
UtnYffjade OutnYffjade (t-test) 

Peas Artor 31.3+-6.9 (7) 9.7+-2.2 ( 9) <0.01 
Wheat stubble 35.6+-5.1 (18) 20.8+-2.8 (16) <0.01 
Vetestubb 
Barley stubble 30.0+-7.0 (6) 23.8+-4.8 (17) I)s 
Kornstubb 
Oat stubble 19.0 ( 2) 21.2+-9.9 ( 7) ns 
Ha vrestubb 

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. 

Genomsnifflig exploateringsgrad (gasdagal!ha) jor olika 
storlekskategorier all jdlt med artor resp. vetestubb inom 
intensillstudieomradet 1985-1987. Andelen (%) all den totala 
arealen av v{//je jalttyp som til/horde respektive storleks
kategori anges inom parentes. 

Peas Artor 
Wheat stubble 
Vetestubb 

Field size (ha) Fdltstorlek (ha) 
0.5-16.5 17.0-33.0 33.5-49.5 50.0-66.0 

24 (18) 
5 (10) 

244 (22) 
85 (26) 

339 (38) 
86 (19) 

l74 (22) 
98 (45) 



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. 

Procentuelljordelning av strackor som gragassenflog mellanjalt med arto,. respekti ve vetestubb och dagvilolokaler i det vastra 
sjoomradet 1986 och 1987. Antalet flockar anges in om parentes. Skillnader mellan vilolokaler analyserades med Chi2

• 

Distances between roost and fields Avstand viloplats-jalt No. of geese counted 
Antal inraknade gass 

<1 krn 1-2 km ca4 km 

Peas Artor 
Bjorkesakrasjon 88 (24) 
Klosterviken 46 (11) 9 (2) 45 (9) 
Borringesjon 60 (6) 40 (3) 

Wheat stubble Vetestubb 
Bjorkesakrasjon 45 (19) 12 (5) 43 (18) 
Klosterviken 100 ( 8) 
Borringesjon 100 (5) 

Chi2 = 38.47 (P<O.OOl) for difference in number of flocks on pea fields 
jar skillnader i antal pa artjalt 

Chi2 = 12.23 (P<0.05) for difference in number of flocks on wheat stubble 
jar 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 line) 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. 
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Gragiissens jodosoksaktivitet under hasten i jorhGlIande till 
soLuppgang och solnedgan.g. VQ/je symbol representerarmed
elviirdet jar samtliga gass (antalet anges ovanjor respektive 
finje) SOI11 anlande till (fylld symbol) ellersom lamnade (ojylld 
symbol) jodosoksomradena under en dag. En vertikal linje 
mellan tva symboler representerar tiden som tillbringades pa 
jodosoksol11radena (en streckad linje betyder aff en del av 
gassen stannade har heLa dagen, medan andra besokte 
sovplatsen miff pa dagen). Figuren inneja ffar observationer 
j ran hostarna 1985, 19860ch 1987. 
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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 
(open symbols), but only data fro m 1986 were used to calculate 
the regression line. Accumulated totals of individuals in the 
flocks studied shown for each mean value. 

Uingden av gragiissens vis felse pa fddosdksomradena vid 
olika tidpunkter pa hdsten. Figuren innefattar uppgifter fran 
1986 (fyllda symboler) och 1987 (ofyllda symboler), men 
endast material fran fdrstniimnda ar har anviints fdr att 
beriikna regressionslinjen. Saml11anlagda antalet individer i 
de studeradeflockarna angesfdr valje medelvdrde. 

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 to reach a preferred 
roost site. The most preferred daytime roost (Lake 
Bjorkesakrasjon) 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 BOlTingesjon was only used 
extensively in early autumn. Lake Y ddingen was not 
used, while Lake Fjiillfotasjon was only used as a night 
roost. 
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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 (Y ddingen, Fjall fotasjon 
and Havgfu:dssjon) were not used. Numberofcountsin brackets. 

Relativa skillnader i gragiissens utnyttjande av olika sjdar 
som dagvilolokal i det viistra sjdomradet 1986-1987. Ovriga 
sjdar inom defta omrade (Yddingen, Fjiilljotasjdn och 
Havgardssjdn) utnyttjades inte. Antalet in venteringar anges 
in om parentes. 

Percent of total number on No. of geese 
each lake counted 
Procentuellfdrdelning Antal inriik-
mellcl/7 sjdama nade giiss 

Bjorkes- Kloster- Borringe-
iikrasjon viken sjon 

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 fdlflyttningar mellan de tre koncentrationsom
rMena 1985-1987fdrmiirkta gragiissfran olika hiicklokaler 
(antalet registrerade fdrfly ttningar per familj, par resp. 
subadult och JO-dagarsperiod). Antalet familjer, par och 
subadulter anges inom parentes. 

Families 
Fallli/jer 

Western lake area Viis tra 5joomr&det 

Pairs 
Par 

Subadults 
Subadulter 

Yddingen 0.21 +-0.17 (3 1) 0.20+-0. 15 (11 ) 0.45+-0.30 (15) 
Fjallfotasjon 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) 
Borringesjon 0.19+-0.18 ( 7) 

Eastern lake area Ostra sjoolllr&det 

Snogeholms-
sjon 0.01+-0.02 (15) 0.02+-0.04 (5) 0.34+-0.39 (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 offamilies observed 
(out of the total marked at selected breeding localities) during lO-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 1 O-day period, it was counted as half a family in both areas. Marked families from (A) Y ddingen and FjiiIlfotasjon 1985, 
(B) Y ddingen and Fjiillfotasjon 1986, (C) Y ddingen and Fjiillfotasjon 1987 and (D) Klosterviken and Borringesjon 1987. 
N=number of marked families. 

Gragasfamiljernas tendens aft stanna kvar i hackningsomradet under hasten beraknat som antalfamiljer (av antalet markta vid 
utvalda hackningslokaler) sedda under lO-dagarsperioder i vastra sjOomradet (horisontalstreckat), astra sjaomradet 
(vertikalstreckat) och Foteviksomradet (korsstreckat). I defall dO. enfamilj sags i tva omraden under en I O-dagars period raknas 
den som en halv familj i vardera omradet. Markta familjer fran (A) Yddingen och Fjallfotasjan 1985, (B) Yddingen och 
Fjiillfotasjan 1986, (C) Yddingen och Fjiillfotasjan 1987 och (D) Klosterviken och Barringesjan 1987. N = antalet markta 
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). On average, 
families from the western lake area moved once every 
eight weeks , whereas families from the eastern area 
(Lake Snogeholmssjbn) 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 llsed as daytime roosts (Y ddingen 
and Fjallfotasjbn) showed a greater tendency to move 
to the coast (Foteviken) compared with families from 
the lakes that were also used as roosts (Klosterviken 
and Bbrringesjbn, Fig. 7). The difference in distribu
tion was highly significant in both August (Chi2 = 
12.27, P<O.OOI) and September (Clu2= 12.18, P<O.OOl). 
Similarly the distribution of families from Y ddingen 
and Fjallfotasjbn in 1986 was significantly different 
from that in 1987 (ChF = 10.74, P<O.OI and Chi2 = 
11.54, P<O.O 1 in August and September, respectively). 
Although most farnilies 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, 
van del' Reest 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 kJf 
g dry matter (Lantbrukshbgskolan 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 
(Lantbrukshbgskolan 1975 , Eriksson et a1. 1976). 
Digestibility is much higher for grains than for grasses 
(Owen 1980). Geese can assirnilate 69-89% of the 
energy content of cereal grains (Storey & Allen 1982, 
Madsen 1985b, Joyner et a1. 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 it can 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 
grain, 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 nun. on the feeding grounds versus an average 
of only 220 rnin. for geese feeding on stubble at the 
same time. Accordingly, geese in this study prefened 
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, Iedema & Kik 1985, 
Lorenzen & Madsen 1985). Thusitshould benoted that 
peas are much richer in protein than are cereal grains, 
i.e. 27% and 12-13% of the dry weight, respectively 
(Eriksson et al. 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 milumum 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 field s 
(cf. Sugden 1976, Clark et a1. 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 local ity, measured in terms of the total number of observations 
of marked Greylag Goose fa milies at the various daytime roos ts in the western lake area during 1985- 1987. Number of marked 
families seen at least once in brackets. 

Utnyttjandet av olika dagvilolokaler i jorhOllande till vilken hacklokal f oglarna k OI11 ijron, matt som sammanlagda antalet 
observationer av markta grogosfamiljer po de olika dagvilolokalerna i vastra sjoomradet 1985-1 987. Antalet markta familjer 
SOI11 setts atminstone vid ett tillfalle anges inol11 parentes. 

Breeding No. of marked 
locality families 
Hackningslokal Alltal markta K10sterviken 

familjer 

K10sterviken 18 116(18) 
Borringesjon 7 30 (6) 
Fjtillfotasjon l2 13 (10) 
Yddingen 31 31 (18) 

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 than in 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 SHne that still has 
extensive areas of Scirpus maritim.us. 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 (Getteron) provides large 
beds of Scirpus 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 SHne 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 Skfme could probably stay longer 
into the autuOU1 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 
to late November, Grey lag Geese show a high preference 
for sugar-beet spill in the Netherlands (Dubbeldam & 
Poorter 1982, Voslamber 1989). Sugar beet is a com-

Daytime roost Dagvilolokal Total no. of 
observarions 

Borringesjon Bjorkesakrasjon Summa 
observationer 

24 (10) 2 1 (13) 161 
9 (5) 3 ( 3) 42 

12 ( 8) 11 ( 6) 36 
10 (6) 19 (11 ) 60 

mon crop in Skfme, 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 ; for example, 
it was not being used in Skfme 30 years ago (Markgren 
1963). Greylag Geese in SW SHne have also to some 
extent started to utilize sugar beet (own unpubl. obs). 
Starting in autunm1988 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 autuOU1 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 
autuOU1. Similar behaviour has 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 area in 1987: The geese from Lake BOITingesjon 
and Lake Klosterviken li se 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 
to food 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 Grey lags feeding 
8-22 km from their roost (Bell 1988). 
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Sammanfattning 

Furageringsomraden oeh lokala rorelsemonster hos 
ieke hiiekande gragiiss i sodra Sverige. 

I lilillet med andra gass har gragasen i Sverige och i 
andra delar av nordvastra Europa okat kraftigt i antal 
under senare ar (Lex. Fog et al. 1984, Madse,n 1986, 
1991, Rutschke 1987). I sodra Skane har under de tva 
senaste artiondena ett hackbestand pa flera hundra par 
etablerats (Persson 1990, Tabell1) och under sensom
marenihosten finns har koncentrationer pa flera tusen 
faglar (Fig. 3). 

Malsattningen med denna undersokning var att ka
rakterisera de av gragasen utnyttjade furageringsom
radena, gassens dagliga aktivitetsmonster samt deras 
lokala rorelser i ettkoncentrationsomrade i sodra Sverige 
under sensomrnaren och hosten. Speciellt ville vi iden
tifiera de faktorer som paverkar valet av furagerings
omrade och de lokala rorelserna. 

Undersokningsomradet (Fig. 1) omfattade tva sjo
omraden med hackande gragass samt en grund havsvik 
som endast utnyttjades under icke hackningstid. Alia 
gaslokaler inom undersokningsomradet besoktes en 
gang i veckan fran mitten av juli till mitten av december 
1985-1987. Vid varje besok raknades antalet gass pa de 
olika lokalerna samtidigt som flockarna genomsoktes 
efter halsringmarkta individer. Intensivstudieomradet 
(Fig. 2) besoktes minst 2 ganger i veckan och har 
noterades ocksa var gassen furagerade. Inom detta 
omrade registrerades dessutom vilken groda som fanns 
pa respektive faIt, samt nar nagon fOrandring skedde, 
Lex. skord, plOjning eller sadd. For att karakterisera det 
dagliga aktivitetsmonstret foljdes en gang i veckan en 
av flockarna fran en timrne fore soluppgangen till en 
timrne efter solnedgangen. Under somrarna 1985-1987 
halsringmarkte vi i Y ddingen, Fjallfotasjon, Kloster
viken, Borringesjon och Snogeholmssjon totalt 436 
hackande gragass, savlil fOraldrar som gasslingar, vilka 
sedan utnyttjades for att studera de lokala rorelserna. 

Resultat 

I borjan av hosten furagerade gas sen pa grasmarker, 
men skiftade till artfalt sa snart som artorna borjade 
mogna (Fig. 4). Foljaktligen borjade gas sen ta artor 
langt innan falten skordades och fortsatte att gora sa 
tills vetefiilten troskats i slutet av augusti eller borjan av 
september. Darefter skedde det mesta av fOdosoket pa 
vetestubbar dar gassen utnyttjade spillsaden (Tabell 2-
4). 

89 



Vanligtvis valde gas sen en falttyp och undvek alIa 
andra tillgangliga falttyper (Tab ell 2) , samtidigt som de 
koncentrerade sig till ett av de storsta falten av den 
valda falttypen (Tabell 5 och 6). Dessutom utnyttjade 
gassen vanligtvis falt i narheten av vilolokalen; avstan
det mellan denna och furageringsomradet var vanligt
vis mindre an 5 km (Tabell 7). 

Gassen lamnade nattvi lolokalen vid soluppgangen 
och flbg direkt till furageringsOlmadena (Fig. 5). Efter 
2-4 timmars fodosok atervande de till sjon eller havet 
fbr att dricka, bada och puts a sig. Vanligtvis vilade de 
pa stranderna eller pa nagot intilliggande faIt och ibland 
betade de med lag intensitet under kortare perioder. Pa 
kvallen atervande de till furageringsomradena och 
kvarstannade dar till ungefar en halvtimme efter sol
nedgangen. I oktober bOljade detta aktivitetsmonster 
med tva dagliga fodosoksperioder forsvagas, gas sen 
stannade langre tid pa falten och en del gass stannade 
hela dagen (Fig. 5 och 6). I november tillbringade 
gas sen hela dagen pa furageringsonu'adena. Pa kvallen 
valde gas sen vanligtvis den nfumaste viIoIokalen, me dan 
de pa dagen ibland flog over flera lokaler for att na en 
viss lokal. Vanligen hyste Bjorkesakrasjon en 
oproportionerligt stor andel av de rastande gas sen un
der dagen (Tab ell 8). 

De markta farniIjerna stannade i huvudsak kvar i 
sydvastra Skane under hela hosten, vanligen inom 
sanuna koncentrationsOlmade (Fig. 7, Tabell 9). Fa
miIjerna i det vastra sjoonu'adet skiftade i genomsnitt 
var attonde vecka, medan familjerna fran det ostra 
Olmadet stannade kvar dar tills de lamnade landet pa 
hostflyttning. De subadulta faglarna skiftade daremot 
betydligt of tare mellan de olika koncentrationsom
radena. I det vastra onu'adet besokte de flesta famiIjerna 
de tre olika dagvilolokalerna vid atminstone nagra 
tillfallen (Tab ell 10), men de visade en klar preferens 
fbr si n hackningslokal om den ocksa utnyttj ades som en 
regelbunden vilolokal (Klosterviken). 

DiskussiOI1 

Genom att anvanda genomsnittliga publicerade varden 
pa fodans energivfu'de kan det beraknas att en gragas da 
den betar gras maste konsumera omkring 10 ganger sa 
mycket foda (vatvikt) som da den ater spills ad eller 
artor for att erhalla samma mangd utnyttjbar energi. 
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Aven om det ar mycket lattare att finna gras an spills ad 
tar det mycket langre tid for en gas att fa ihop 
dagsransonen pa grasmarkjamfort med pa stubb. Folj
aktligen foredrog gassen hogenergifoda, dvs artor och 
sadeskarnor. Eftersom det hal' visat sig att gass i all
manhet valjer foda med ett hogt proteininnehall, bor det 
ocksa framhallas att artor al' mycket rikare pa protein an 
sadeskarnor. 

Genom hela hosten kompenserade gassen den rnins
kande tillgangligheten pa spillsad pa stubbarna genom 
att forlanga tiden som de dagligen tillbringade pa 
furageringsomradena. Nastan alIa gass lamnade dock 
landet langt innan de behovde stanna pa furagerings
onu'adena hela dagen for att fa ihop dagsbehovet. 
Gragassen skulle formodligen kunna stann a betydligt 
langre under hosten om de skiftade till en annan fodokalla 
sa snart resurserna pa stubbarna var uttomda. De se
naste aren har detta borjat ske i mindre skala vid 
Foteviken, dfu' en flock gass bOljat utnyttja spill av 
sockerbetor och dar gassen ocksa stannat kvar langre pa 
hosten i stbrre antal an tidigare. 

Antalet gass i det vastra sjoomradet (inld. Foteviks
omradet) val' i mitten av augusti 1985 och 1986 samt i 
bOljan av 1987 8-9 ganger ston'e an antalet hackande 
par i detta sjoonu·ade. Darmed kan hostpopulationen i 
det vastra onu'adet under den tidiga hosten vara lokalt 
rekryterad. Senare under hosten okade antalet vid 
Foteviken genom att faglar anlande fran andra hack
ningsonu'aden. Antalet vid hostmaximum i det ostra 
sjoomradet val' daremot atminstone 30 ganger antalet 
hackande par, vilket indikel'ar att majoriteten av gassen 
i detta Olmade kom fran andra hackningsonu'aden . 

Familjerna fran det vastra sjoomradet skiftade for
modligen mellan olika koncentrationsonu'aden som 
svar pa fodobrist. Gassen i det ostra omradet kan 
formodligen finna foda under hela hosten , medan det 
kan uppsta tillfalliga bristperioder i det vastra, speciellt 
under tidig host. Manga av familjerna fran det vastra 
Olmadet som observerades utanfor detta onu'ade under 
tidig host atervande senal'e, vilket indikerar att de 
tillfalligtvis sokt battre furageringsOlmaden. 

A yen nar gassen inte kunde finna lampliga fura
geringsonu'aden nara vilolokalen flog de sallan mer an 
5 km fran denna till nagot lampligt faIt. Istallet skiftade 
de over till en annan vilolokal i ett annatkoncentrations
onu'ade. De flog darmed en langre stracka en dag 
istallet for att fyra ganger dagligen flyga nagot langre 
strackor. 
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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) 
hari analyser og eksperimenter vist at en vesentlig del 
av den nordiske bhlstrupebestanden Luscinia svecica 
svecica treldcer mot S0. I tillegg hevder de at det "ar 
dags att avfarda den garnla teorin om tva strackrikt
ningar" (Ellegren & Staav 1990). Vi kan ikke helt st¢tte 
det siste synspunktet. 

For det f¢rste : De svenske ringmerkingene er i alt 
vesentlig utf¢rt i ¢stre Svealand, og gjelder fugler som 
allerede pa sin f¢rste trekketappe hal' trukket mot 0S0. 
At disse fuglene ogsa fortsetter i samme retning er ikke 
ovarraskende. Dersom deler av blastrupebestanden i 
den skandinaviske fjellkjeden trekker mot SSV (fra 
heldceplassene), kan deres treldcbevegelser 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 j Norge hal' gitt 13 gjen
funn mer enn 100 km fra merkeplassen (t.o.m. 1989). I 
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
er kjent av Ellegren & Staav og kan ettel' val' oppfatning 
vanskelig forldares som "feilorientering" fra et antatt 
overvintringsomrade i S¢r-Asia. Sannsynligvis dreier 
det seg ganske enkelt om en fugl pa 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 sanune ar, 
1037 km SSV. Et tredje funn som indikerer en SSV 
trekkretning er en hann som ble merket i Belgia 6 sep
tember 1965 og fun net igjen ved Trondheim 19 maj 
1967 (Staav 1975). Et fjerde funn er en fugl ringmerket 
om h¢sten ved Mj¢sa 22 august 1987 og funnet igjen 
f01gende sommer, 1 juli 1988, i Snasa (359 km NN0). 

Det ma for¢vrig 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 h¢st
trekket i pelioden 20-23 august og pa lay landslokaliteter. 

For det tredje: Blastrupen raster regelmessig (om 
enn i lavere antall enn i 0st-Sverige) om h¢sten langs 
hele den norske Oslofjord- og SkagelTakkysten. If¢lge 
Sharrock (1970) forekommer underarten L. s. svecica 
arlig i lite antall om h¢sten i Storbrittania, og han tolker 
forekomsten slik at det gjelder fugler pa regulrert trekk. 
Pa bakgrunn av dette, og det som er sagt over, er det 
etter val" mening en tanke overilet a ga ut fra at samtlige 
afrikanske svecica, og det finnes mange pastatte slike, 
er feilbestemte eller overgangsformer. For oss ser det ut 
som om en mindre del av de skandinaviske blastrupene 
virkelig trekker mot SSV. 
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Summary 

The migration. routes of the Bluethroat Luscinia s. 
svecica 

Ellegren & Staav (1990) and Ellegren & Wallin (1991) 
showed thata substantial part of the Nordic Bluethroats 
migrate towards southeast. They maintain that it is 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 B I uethroat 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 ofBluethroats ringed 
in Norway. Two birds were ringed at Oslofjorden at the 
tum 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 Belgium on 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 MjfZ\sa on 22 August 
1987 and was recovered at Snasa, 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, Noryvay. 
Per Gylseth, Stasjonsveien 69, N-1310 Blommenholm, 
Norway. 
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