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Valkommen till Ornis Svecica! 

Au starta en ny vetenskaplig ornitologisk 
tidskrift kan vara eU vagspel. Det finns redan 
en uppsjo av sadana, fran sma, opretentiosa 
tidskrifter utgivna av regionala oeh lokala 
fagelforeningar dar det bara undantagsvis 
forekommer bidrag av i sann mening veten
skaplig karaktar till de stora intemationella 
drakama dar de yppersta karriarproffsen 
kampar om utrymmet. Eu stort antal tid
skrifter ligger i mellanskiktet oeh har dess
utom ofta mer eller mindre nationell fram
toning. Dit hor inom vart omrade Ornis 
Fenniea, den norska CincIus oeh Dansk 
omithologisk forenings tidsskrift. Langre 
bort har vi exempelvis Limosa fran Holland, 
Vogelwarte fran Tyskland oeh Bird Study 
fran England. I Sverige har vi saknat en 
nationell vetenskaplig tidskrift. Var Fagel
varld har bara delvis kunnat fylla uppgiften, 
eftersom den varit svensksprakig. Forsk
ningen karaktariseras ju namligen av aU den 
ar intemationell oeh darfor bor resultaten 
publieeras pa eU intemationellt gangbart 
sprak aven om vi i Omis Sveeiea naturligtvis 
behaIler svenskan fast vi da forser uppsatsen 
med en utforlig engelsk sammanfauning. I 

oeh med aU Var Fagelvarld numera omvand
lats till en mera popular tidskrift har moj
lighetema aU dar publieera vetenskapliga 
rapporter minskat yuerligare. Ornis Seandi
naviea var vid starten tankt aU bli en veten
skaplig tidskrift som framst tillgodosag pu
blieeringsbehovet for nordiska forskare, in
klusive avaneerade amatOrer. Den har emel
lertid utveeklats till eU av de framsta intema
tionella organen. 

Det finns darfor en tydlig niseh for Ornis 
Sveeiea. Den skall suga upp de bid rag som 
produeeras av alla vara framstaende amatOr
forskare inte minst inom regionalforeningar 
oeh fagelstationer. Men den skall oeksa vara 
eU konkurrenskraftigt forum for doktoran
der oeh yrkesforskare vid universiteten. Den 
skall sjalvklartframstagna sig at den svenska 
fagelfaunan och ornitologin men skall heller 
inte vara frammande for att ta emot bidrag i 
ovrigt som har stark anknytning till den 
svenska fagelfaunan eller som ar av sarskilt 
intresse for svenska ornitologer. Ornis 
Sveciea skall vara bred i flera avseenden. 
Den skall aeeeptera saval enkla rapPorter av 
preliminar karaktar eller med sarskilt ny-
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hetsvarde som tyngre oeh fullgfmgna, "svara" 
uppsatser. Den skall vara oppen for alIa 
amnesomr[tden, fran beskrivningar av fagel
faunor oeh deras forandringar till djupa teo
retiska analyser eller avgorande experiment. 

I detta forsta hafte har vi forsokt spegla 
bredden. Vi har lyekats fa med bade stOrre 
uppsater oeh korta rapporter. En uppsats 
handlar om sjofagelfaunans utveekling un
der ett kvartssekel, en annan tar upp proble
men kring varden av den minskade stammen 
av sydlig karrsnappa, en tredje analyserar 
flyttningen hos blahaken, en fjarde studerar 
korsnabbarnas systematik fran fossilt mate
rial oeh en femte ar en test av en teoretisk 
modell for social reglering av populations
storleken. Ingen kan klaga pa bredden i 
amnesinriktningarna! De s k "Korta rappor
terna" speglar daremot langt ifran tidskrif
tens ambitioner, varken betraffande antalet 
eller amnesbredden. Tva handlar om kons
oeh aldersbestamning, den tredje ror haek
ningsbiologi oeh den fjarde en oroande mil
joskada. Men dessa bidrag visar anda inrikt-

Omslagsfoto Cover photo: Torbjom LiljaIN. 
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ningen: forbattring oeh komplettering av 
metodik, nya elementara data om en daligt 
kand art oeh en signal om ett intressant 
fenomen som kraver ytterligare forskning. 
Vi hoppas myeket pa just denna sektion i 
tidskriften, oeh da inte bara korta forsk
ningsrapporter om alIt mellan himmel oeh 
jord utan oeksa diskussion, debatt oeh, inte 
minst, stimulerande oeh konstruktiv kritik 
av tidigare publieerade bidrag bade i Ornis 
Sveeiea oeh annorstades. 

Under 1991 startar vi med tva haften, det 
andra haftet beraknas utkomma i slutet av 
aret. Fran oeh med 1992 inriktar vi oss pa 
fyra haften per ar, vilket ger Sveriges ornito
loger generost utrymme for att sprida all den 
kunskap oeh erfarenhet som redan finns. 
Men annu mer hoppas vi pa att Ornis Sveeiea 
skall bli en motor som drar igang en under
sokningsverksamhet som blir annu stOrre 
oeh battre an den ar nu. 

Sveriges Ornitologiska Forening 
Redaktionen 
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Crossbill (Genus Loxia) evolution in the West Palearctic - a look 
at the fossil evidence 

TOMMY TYRBERG 

------------------ Abstract ------------------
The systematics of West Palearctic crossbills of Genus Loxia 
has long been disputed. The Scottish fonn scotica has been 
considered a species or a sUbspecies of either Loxia curvirostra 
or L. pytyopsittacus. The reason is the size and fonn of its bill 
which is intermediate between that of the two species. It feeds 
on pine cones as do four Mediterranean subspecies which also 
have larger bills than spruce feeding curvirostra. An exami
nation of about 30 fossil Loxia records reveals that curvirostra 
type crossbills lived in South Europe and the Near East all 
through the last glaciation and that pytyopsittacus type 
crossbills lived in the Alps towards the end of the glaciation. 
These South European crossbills must have fed on Pine since 
no other conifers were available, and they must have been 
isolated from Siberian congeners. With the spread of Pines 
northwards with the retreat of the ice the crossbills followed. 

The taxonomy of crossbills (Genus Loxia) in the West 
Pelearctic has frequently been disputed. The most 
commonly held view is that two species exist, the 
monotypic Parrot Crossbill Loxia pytyopsittacus in 
boreal pine forests in Fennoscandia and northwestern 
Russia and the poly typic Common Crossbill Loxia 
curvirostra mainly in spruce forests almost throughout 
the West Palearctic. 

The development of the bill, and to some extent 
speciation, among crossbills seems to depend largely 
on the size and hardness of the cones used for food (e. g. 
Lack 1944, Newton 1967, Benkman 1987a, b, 1989). 
The Parrot Crossbill with its heavy bill specializes in 
pine cones, the Common Crossbill in the less refractory 
cones of Spruce Picea spp. and the even thinner-billed 
Two-barred Crossbill Loxia leucoptera in cones of 
Larch Larix spp. 

This seemingly clearcut picture is however com
plicated by the large intraspecific variation in bill size 
in L curvirostra as this species is usually understood. 
This is especially true of L. (curvirostra) scotica which 
is confined to the relict Scots Pine forests of the 

The fossils allow two alternative hypothesis depending on 
whether the large crossbills in the Alps are considered a 
species ornot. If they were pytyopsittacus this species is rather 
old and both curvirostra and pytyopsittacus spread northwards 
at the end of the glaciation. One of the species must have gone 
extinct in Scotland and South Europe and possible curvirostra 
must have merged with curvirostra spreading with the Spruce 
from the east. On the other hand, if the Mediterranean 
crossbills of the Ice Age represent a single, variable species 
then all the large-billed fonns,pytyopsittacus, scotica and the 
Mediterranean subspecies are descendants of the old "Pine" 
crossbills of South Europe. 

Tommy Tyrberg, Kimstadsvagen 37, S-6JO 20 Kimstad, 
Sweden 

Scottish Highlands (Nethersole-Thompson 1975, Shar
rock 1976). 

Being specialized in feeding on pine cones scotica 
crossbills have nearly as heavy bills as pytyopsittacus, 
and they have sometimes been considered a subspecies 
of pytyopsittacus (e.g. by Hartert & Steinbacher (1932) 
and Nethersole-Thompson (1975)) or as a separate 
speciesL scotica(e.g. Knox 1975,1990, Voous 1978). 

Four other heavy-billed subspecies feeding on pine 
cones exist in the Mediterranean Basin, corsicana on 
Corsica, balearica on the Balearics, poliogyna in the 
Atlas Mountains and guillemardi on Cyprus. These 
populations might well have equivalent taxonomic 
status to scotica but are usually considered to be 
subspecies of curvirostra though the reasons for this 
view given by Massa (1987) and Knox (1990) are not 
very convincing. 

Nethersole-Thompson (1975) and Murray (1978) 
have proposed a scenario for the evolution of West 
Palearctic crossbills. They suggest that a population of 
curvirostra became isolated in western Europe during 
the last (WUrmian) glaciation. During the climax of 
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this glaciation the Spruce was extinct west of the Urals, 
except for small relict stands in parts of the Balkans 
(e.g. Huntley & Birks 1983), and the isolated crossbills 
evolved to become heavy-billed pine cone specialists. 
At the end of the glaciation these crossbills followed 
the pine forests northwards into Britain and Fenno
scandia where they evolved into seotiea and pytyop
sittaeus, respectively. 

Later, during the Holocene, Spruce forests (and 
eurvirostra crossbills ) expanded westwards from the 
Urals. The larger size and somewhat different 
vocalizations of pytyopsittaeus compared to seotiea 
may then have come about through character dis
placement whenpytyopsittaeus and eurvirostra became 
sympatric. 

Knox (1990) on the other hand suggests that each of 
the heavybilled crossbill populations has evolved 
independently in their present ranges: the Medi
terranean populations from irrupting eurvirostra 
(presumably during the Holocene) and seotiea from 
birds isolated during the last glacial maximum in 
hypothetical relict Scots Pine forests on the exposed 
continental shelf northwest of Scotland and/or 
southwest of Ireland. 

This postulated refuge for cross bills west of the 
British isles during the glacial maximum (Huntley 
1988, Knox 1990) must however be considered very 
questionable. Certainly " ... survival of relatively 
thennophilous trees and associated species in a probably 
narrow zone of oceanic vegetation" (Huntley 1988) is 
extremely unlikely. During the glacial maximum the 
North Atlantic was an arctic sea and in arctic and su
barctic areas the wind-exposed and ice-bound coasts 
are invariably bleak and treeless while the richest ve
getation (including forest outposts) is found at protected 
sites well inland. Even if relict stands of Scots Pine did 
survive somewhere to the west of the British Isles it 
seems very unlikely that they would consistently have 
produced sufficient seed-crops to sustain a viable 
crossbill population. It should be noted that plants (but 
not birds) can survive for protracted periods in quite 
small enclaves with exceptionally favourable 
microclimate and that Pine seed production is extremely 
irregular at the northern edge of the species' range. 

Which hypothesis about crossbill evolution is 
correct may ultimately be determined through DNA 
analysis since this reveals branching patterns and 
genetic distances between populations. However, the 
status of the different populations may remain doubtful 
even then since it is far from clear how genetic 
differences translate into taxonomic categories. 

The fossil record of crossbills 

There is however a more direct way to study the past 
history of West Palearctic crossbills through fossils. It 

4 

is perhaps not generally realized how good the 
Pleistocene avian fossil record is in the West Palearctic. 
Infonnation is available from well over 1000 sites, and 
virtually every extant West Palearctic bird is also 
known in the fossil record. Crossbills are quite rare as 
fossils, but have nevertheless been recorded from 
some 30 sites in the West Palearctic. 

A problem when evaluating crossbill fossils is that, 
while the genus Loxia is morphologically rather distinct, 
at least postcranial bones of eurvirostra and 
pytyopsittaeus can currently only be distinguished by 
size. A record of pytyopsittaeus therefore really means 
"a pytyopsittaeus sized Crossbill", not necessarily a 
bird belonging to the species pytyopsittaeus as this is 
currently understood. On the other hand L. leueoptera 
can be morphologically distinguished by skeletal 
characters at least in some cases according to Cas soli 
(1980). 

The Middle Pleistocene record 

The oldest crossbill record is of cf Loxia eurvirostra 
from Stranska Skala in Czechoslovakia (Janossy 1972). 
The main interest of this record is that it shows that 
eurvirostra-sized crossbills were already present in 
Europe during the earl y part of the Middle Pleistocene. 

The other two Middle Pleistocene finds can both be 
dated with fair certainty to the penultimate glaciation 
(= Isotope Stage 6 c. 130000-200 000 BP). One is L. 
cf eurvirostra from the Glutton stratum in Tornewton 
Cave (Devonshire, England) (Harrison 1980, 1987). 
The other find is from Grotte de Lazaret (Alpes Mari
times, France) and has interestingly been determined 
as pytyopsittaeus (Mourer-Chauvire 1975). A third re
cord which may also be Late Middle Pleistocene is 
eurvirostra from Fontechevade (Charente, France) 
(Mourer-Chauvire 1975). This site is conventionally 
dated to the Eemian interglacial (=Isotope stage 5e 117 
000-127 000 BP). Both the mammalian microfauna 
and the avifauna however indicates that it must be ei
ther from the very end of the penultimate glaciation or 
from a still cool initial phase of the interglacial, so this 
record is best treated together with the previous two. 

These three records indicate that both eurvirostra
sized and pytyopsittaeus-sized crossbills were present 
in western Europe during the penultimate glaciation, 
but whether they belonged to two different species or 
a single polytypic speCies is uncertain. The faunas at 
all three sites indicate cooler and drier climate than 
today, but not extreme glacial conditions. 

Late Pleistocene crossbills 

Eem Interglacial - Early Wurm 

There are no records of crossbills from the Eemian 
interglacial (Isotope Stage 5e 127000-117 ()()() BP). 



Fig.l. Sites where crossbill Loxia fossils have been found in the West Palearctic. Shaded areas indicate areas with high frequency 
of Pinus pollen at the beginning of the Late Glacial c. 13 000 BP (Huntley & Birks 1983). 

FyndpLatser for korsniibbsfossil i ViistpaLearktis. SkuggadefiiLt markerar omraden med hog taLLpoLLenfrekvens ca 13 000 BP 
(HuntLey & Birks 1983). 

Key to sites NyckeL till LokaLer: 

Middle Pleistocene: 1. Stninska Skala, 2. Tornewton cave, 3. Grotte de Lazaret, 4. Fontechevade. 

Late Pleistocene: 5. Bacho Kiro, 6. Ista1l6sko, 7. Sandalja II, 8. Herman Otto Cave, 9. Ossiferous Fissure C8, 10. Syuren I, 11. 
Pilisszant6 1, 12. Salpetriere a Remoulins, 13. Arene Candide, 14. Puskaporos, 15. Merlin's Cave, 16. Pinhole Cave, 17. 
Derbyshire Peak, 18. Grotte de Massat, 19. Remetehegy, 20. Hayonim Cave, 21. Grotta Romanelli, 22. Rislisberghohle. 

Uncertain Date: 23. Cova Nova, 24. Balcarka, 25. Certova Dfra, 26. Iirickova Skala, 27. Zechovice II, 28. Cavern a dei Verezzi, 
29. Grotta dei Fanciulli, 30. San Cosimato, 31. Gudenushohle, 32. Merkenstein. 

This is not surprising since interglacial avifaunas are 
quite rare. It is more surprising that crossbill fossils 
from the early part of the last glacial cycle (Isotope 
stages 4-5d c. 60000-115000 BP) are quite rare. 

The only find wich can definitely be assigned to this 
interval is a curvirostra from layer 13 in Bacho Kiro 
Cave in Bulgaria (Bochenski 1982). This layer has 
been tentatively correlated with the Eleutheropolis 
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interstadial (probably =Isotope Stage 5a, ca 80 000 BP) 
(Kozlowski et al. 1982). During this relatively mild 
interstadial spruce (Picea abies and the extinct Picea 
omoricoides) were apparently common and widespread 
in Europe (e.g. Nilsson 1972). 

The scarcity of records from the early Wi.irmian is 
strange. Though sites of this age are considerably less 
common than those of Middle or Late Wtirmian age, 
there are several rich faunas in which crossbills might 
be expected to occur. 

MidWurmian 

During the "Mid-Wiirmian interstadial complex" 
(Isotope Stage 3 c. 60000-25000 BP) crossbill records 
become somewhat more numerous. Sites definitely 
from this interval include Ista1l6sko in Hungary (J anossy 
1955, 1986) and Sandalja II (layer H) in Yugoslavia 
(Malez-Bacic 1979, Malez 1988). More uncertainly 
dated sites which may also belong to this interval 
include Herman Otto Cave in Hungary (Lambrecht 
1915), Ossiferous Fissure C8 at Creswell Crags in 
England (Jenkinson 1984), and Syuren I in Crimea 
(Tugarinov 1937, Voinstvenskij 1963, 1967). All these 
Middle Wiirmian finds have been attributed to 
curvirostra. 

The late Wurmian Glacial Maximum 

The Wiirmian Glacial maximum comprises approxi
mately the period 25000-13000 BP with a "hard core" 
ofmaximumglaciationc. 22000-17 OOOBP. Sites with 
crossbills from this period include Pilisszanto 1 in 
Hungary (curvirostra) (Janossy 1986, Lambrecht 1915) 
Salpetriere a Remoulins in France (pytyopsittacus) 
(Vilette 1983, 1984) and the lower layers (P4-PlO) at 
Arene Candide in Italy (curvi rostra and pytyopsittacus) 
(Cassoli 1980). Puskaporos in Hungary (curvirostra) 
(Lambrecht 1916, 1933) may also belong to this interval. 

The most interesting of these sites is Salpetriere a 
Remoulins both because of the possible presence of 
pytyopsittacus and because the layer where the crossbill 
occurs (30Ab/A) has been 14C-dated to 20 630±770 
BP (Vilette 1983), i.e. very close to the glacial maxi
mum. The oldest records from Arene Candide probably 
also date from close to the glacial maximum. 

The Late Glacial 

The Late Glacial spans approximately the last three 
millennia of the W iirmian glaciation, c. 13 000-10 000 
BP. Crossbill localities from this period are: Merlin's 
Cave, Pinhole Cave (layers 3-4) and caves in the 
Derbyshire Peak District in England (curvi rostra) (Bate 
1901,BramwellI975,Harrison 1980, 1987,Jenkinson 
1984), Grotte de Massat in France (curvirostra) (Milne
Edwards 1875, Clot & Mourer-Chauvin! 1986), 
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Remetehegy in Hungary (curvirostra) (Lambrecht 
1933, Janossy 1986) , Hayonim cave in Israel 
(curvirostra) (Tchernov 1979), Arene Candide (layers 
M3, PI-2) (curvirostra,pytyopsittacus and leucoptera) 
and Grotta Romanelli (curvirostra) in Italy (Cassoli et 
al. 1979, Cassoli 1980), Rislisberghohle in Switzerland 
(Loxia sp.) (Lepiksaar 1983) and Sandalja II (layer B) 
in Yugoslavia (curvirostra) (Malez-B acic 1979, Malez 
1988). The record from Israel is well south of the 
present range of any crossbill, but forests, with Aleppo 
Pine Pinus halepensis, were considerably more 
widespread in Israel during the last glaciation than 
today (Horowitz 1979), and it is quite likely that a 
breeding population existed at that time in the moun
tains of the Levant. 

Discussion 

The fossils prove that cross bills of curvi rostra size were 
defmitely present in southern Europe and the Near East 
at least from the middle Wiirmian onwards and probably 
thoughout the Wtirmian, and that larger birds, of 
pytyopsittacus size, existed at least in a limited area in 
the Western Alps from the glacial maximum onwards. 

To what extent these south European cross bills 
were isolated from their Siberian congeners during the 
early and middle Wtirmian is uncertain. Much of 
eastern Europe was probably forest steppe with at least 
some conifers during most of this interval. During the 
glacial maximum, say from 25 000 BP to 13 000 BP, 
isolation was probably complete. Most of central and 
eastern Europe north and east of the Carpathians was a 
treeless steppe tundra during that interval. Conditions 
in the southern Balkans, Anatolia, Caucasus and the 
Near East were cool and arid with forest areas greatly 
reduced and vast areas of Artemisia-dominated dry 
steppe. Whether an isolation period of approximately 
10 000 years is sufficient for speciation to take place is 
uncertain. Several bird popUlations in the West 
Palearctic have been isolated for approximately this 
period since the end of the last glaciation without 
speciating, though some may be close to species status 
(e.g. Tyrberg 1991). 

At least during the latter half of the Wtirmian the 
south European crossbills must have fed mainly on 
pine cones since other conifers were either absent or 
rare west of the Urals at least after the middle Wtirmian 
(Huntley & Birks 1983). The dependence on pines is 
supported by a palaeoecological analysis of the Late 
Glacial Grotta Romanelli avifauna (Cassoli et al. 1979) 
which indicates that the crossbills there were probably 
living in stands of Pinus sylvestris and Pinus montana 
growing in microclimatically favourable sites along 
the coastal cliffline in Apulia. Unfortunately Grotta 
Romanelli is the only Pleistocene crossbill site for 
which such an analysis is available. 



It seems likely that these crossbills would have 
evolved a heavy "pine-cone breaking" bill, and would 
therefore be most similar to scotica or the heavy-billed 
Mediterranean subspecies. This is at least partly 
confirmed by a record from Cova Nova on Mallorca, 
unfortunately only loosely dated as late Pleistocene, of 
a crossbill with a mandible intermediate between 
curvirostra andpytyopsittacus (Florit & Alcover 1987). 

Loxia leucoptera 

Loxia leucoptera is a well differentiated form. It is 
probably a fairly old species and most likely originated 
outside Europe, either in the East Palearctic or the 
Nearctic. Interestingly, even this thin-billed species 
has developed a southern isolate with a heavy bill 
adapted to pine cones, Loxia leucoptera megaplaga, in 
the montane pine forests of Hispaniola. This species 
may never have been a regular breeder in most of Eu
rope since it is adapted to the cones of Larch Larix spp. 

The only fossil record is of two individuals from 
layer P1 in the Arene Candide cave on the Italian Ri
viera (Cassoli 1980). These are dated to the late glacial, 
perhaps the Bolling Interstadial (c. 12-13 000 BP). 

The closest Siberian taiga suitable for leucoptera 
was probably to be found in the southern Urals at that 
time and it is possible that the Arene Candide finds are 
from birds irrupting from there. Today such irruptions 
usually end up in Fennoscandia, but during the Late 
Glacial the Scandinavian icecap presumably would 
have deflected the birds to the south into central or 
southern Europe. 

It is however possible that leucoptera bred for 
awhile in the Alps during the Late Glacial and the 
Early Holocene. Larix decidua survived the glacial 
maximum in the Alps and on a smaller scale in the 
northern Carpathians. A rather short-lived expansion 
of the Larch in the Alps near the PleistocenelHolocene 
border (Huntley & Birks 1983) may for a while have 
made it possible for a resident population of leucoptera 
to exist in the Alps. A modem analogue would be the 
small breeding population of Siberian Nutcrackers 
Nucifraga caryocatactes macrorhynchos, a Cembra 
Pine specialist, which have persisted for more than a 
decade in northern Sweden after an irruption, at least 
partly sustained by introduced Cembra Pines (e.g. 
Elmberg & Mo 1984). 

The Larch may have been widely distributed in 
Europe during the two latest interglacials and during 
early Wtirmian interstadials (Huntley & Birks 1983, 
Nilsson 1972). There is however no evidence of 
leucoptera at that time. 

Phylogenetic hypotheses 

The fossil record is unfortunately insufficient to give 
an unequivocal picture of crossbill speciation. Instead 

two alternative phylogenies of West Palearctic 
crossbills can be constructed based on the fossil evi
dence, depending on whether the records of pytyo
psittacus are accepted at face value or not. If the 
records are really of the extant species, then pytyo
psittacus is a fairly old form, dating at least from the 
late Middle Pleistocene (as evidenced by the record 
from Lazaret). This implies that pytyopsittacus and 
curvirostra managed to coexist in the limited areas of 
pine forest in southern Europe during the glacial 
maximum. This is perhaps rather unlikely since the 
several extant cases of isolated crossbill populations 
each involve only one of the extant species. The 
counterexample from Newfoundland where both 
curvirostra and leucoptera exist is only apparent since 
leucoptera is apparently not resident, but move in and 
out of the island depending on the cone crop (Benkman 
1989). 

On the other hand all the Riss-Wtirmian crossbills 
in southern Europe may have belonged to a single 
rather variable species. It is certainly suggestive that 
all the records of pytyopsittacus are from a limited area 
in the Western Alps and may represent a large-bodied 
local population in that area. 

The two hypotheses outlined above imply different 
scenarios to explain the extant distribution of crossbill 
subspecies in the West Palearctic. 

Scenario A (Two late Pleistocene species) 

At the end of the glaciation both species presumably 
followed the expanding pine forests northwards (that 
cross bills did move north at this time is shown by the 
English and Swiss records from areas where crossbills 
couldn't possibly have occurred during the glacial 
maximum). In this scenario pytyopsittacus ended up 
isolated in Fennoscandia presumably together with a 
population of curvirostra of southern derivation when 
pine forests largerly disappeared from the European 
mainland north of the Mediterranean about 7 ()()()-
8 000 BP (Huntley & Birks 1983). Only one species 
survived in the relict pine forests of Scotland which is 
not surprising considering their limited distribution. 
Later, from the Mid-Holocene onwards spruce-adapted 
c. curvirostra expanded westwards from the Urals 
together with Picea and interbred with any large-billed 
curvirostra crossbills remaining in Fennoscandia or 
on the European mainland. The scotica crossbills were 
not affected due to their isolation (until forestry 
plantations started during the nineteenth century there 
were no coniferous forests closer to Scotland than in 
southern Norway and the mountains of central Eu
rope). 

The large-billed crossbills on the Mediterranean 
Islands and in Maghreb in North Africa are probably 
direct descendants of Pleistocene populations which 
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have avoided being displaced or swamped by smaller
billed "Spruce crossbills" in their somewhat isolated 
ranges where pines are moreover the dominant conifers. 
It certainly does not seem likely that these races have 
differentiated from "Spruce crossbills" during the 
Holocene as suggested by Harrison (1982) since this 
would imply that the large-billed crossbills which 
certainly existed at least on Mallorca during the late 
Pleistocene either died out or were displaced by smaller
billed birds which then once again devoloped larger 
bills. The presence of only one of the two Pleistocene 
species in the Mediterranean area must be ascribed to 
the same factors as in Scotland, namely that one 
species has become extinct during the Holocene in the 
rather circumscribed areas of suitable habitat. 

Scenario B (One variable species) 

This scenario is considerably simpler, and is practically 
identical to the views of Murray (1978). The Pleistocene 
Mediterranean crossbills simply followed the pine 
forests northwards and became isolated in 
Fennoscandia and Scotland. Later c. curvirostra 
expanded westwards together with the Spruce and 
caused pytyopsittacus to diverge somewhat through 
character displacement. Any remaining "Pine 
crossbills" on the European mainland were displaced 
by c. curvirostra while the Mediterranean and Scottish 
forms persisted, though there may have been some 
intergradation. In Fennoscandia hybridization between 
curvirostra and pytyopsittacus seems to be quite rare 
and according to Knox (1990) the same is true for 
curvirostra and scotica in Scotland. 

These two scenarios are in principle testable by 
chemotaxonomic methods. If scenario A is true then 
pytyopsittacus should be well separated from all other 
West Pale arctic crossbills (except perhaps scotica), 
while the large-billed Mediterranean forms should be 
rather more distant from c. curvirostra than from each 
other. 

If Scenario B is true, then pytyopsittacus, scotica 
and the large-billed Mediterranean forms should all be 
fairly closely related to each other while c. curvirostra 
should be more distant. 
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Sammanfattning 

Artbildning hos korsniibbar (sliiktet Loxia) i Viistpa
learktis - en studie av fossila fynd. 

S ystematiken hos de vastpalearktiska korsnabbama har lange 
varit omstridd. Framst har oenigheten gallt den skotska 

korsnabbens status. Den har omsom raknats som en ras av 
rnindre korsnabb, en ras av stOrre korsnabb eller en egen art, 
Loxia scolica. 

Orsaken till osakerheten ar framst att den skotska kors
nabben i viktiga avseenden, bl a nabbens stodek och form, ar 
intermediar mellan storre och rnindre korsnabben. 

Korsnabbamas nabbstodek styrs framst av deras fodoval, 
d;v.s. hur pass hlillfasta de kottar ar som korsnabbarna maste 
forcera fOr aU komma at sin huvudfOda, barrtradsfron. 

Den stornabbade storre korsnabben lever framst pa tallfro, 
den rnindre korsnabben pa granfro och bandelkorsnabben pa 
larktradsfro. Den skotska korsnabben och fyra korsnabbs
populationer i medelhavsornradet (corsicana pa Korsika, 
balearica pa Balearerna,poliogyna i Atlasbergen och guille
mardi pa Cypern) lever framst pa tall fro och har fOljdriktigt 
kraftigare nabbar an den rnindre korsnabbens norninatras 
Loxia C. curvirostra. 

Flera teorier har framforts frarnforallt fOr att fOrklara 
uppkomsten av de skotska korsnabbama. Enligt en teori (t.ex. 
Nethersole-Thompson 1975) harstammar bade den storre 
korsnabben och den skotska korsnabben fran en korsnabbs
population som isolerades i taHskogsornraden i Sydvasteuropa 
under den senaste istiden. Efter istidens slut fOljde korsnab
bama tallskogama norrut och isolerades genom Nordsjons 
uppkomst i tva populationer. Senare invandrade den rnindre 
korsnabben osterifran tillsammans med granen och orsakade 
en viss fOrskjutning hos den storre korsnabbens egenskaper 
genom "character displacement". 

En annan teori havdas av bI. a. Knox (1975, 1990), 
nlimligen att den skotska korsnabben uppstod under den 
senaste istiden i hypotetiska relikta tallskogar pa kon
tinentalsockeln vaster om de Brittiska oama. 

En kaHa som hittills knappast anvants for att klarlligga 
korsnabbarnas historia ar fossilfynden. Inalles har korsnabbar 
antraffats pa mer an 30 platser i Vastpalearktis (Fig. 1). Ett 
problem vid bedomningen av fossilfynden ar dock att skelett 
av stOrre och mindre korsnabb endast kan skiljas pa storleken, 
varfor fynd av storvuxna korsnabbar inte nOdvandigtvis 
behover tillhora arten Loxia pytyopsittacus som vi idag 
uppfattar den. Det aldsta kanda korsnabbfyndet ar fran aldre 
mellanpleistocen i Tjeckoslovakien. Tre fynd fran den nast 
senaste istiden (130000-200 000 ar sedan) visar att korsnab
bar av bade den mindre och den stOrre korsnabbens stodek da 
redan fanns i Vastpalearktis. 

Fran den senaste istiden finns ca 30 fynd. De visar att 
korsnabbar av den mindre korsnabbens storlek fanns i Sydeu
ropa och Levanten under hela den senaste istiden samt att 
korsnabbar av den stOrre korsnabbens storlek fanns atmins
tone i ett begransat ornrade i vastra Alperna mot istidens slut. 
Dessa sydeuropeiska korsnabbar maste ha levat av taHfro 
(eftersom inga andra barrtrad fOrekom i ornradet) och dess
utom ha varit mer eHef mindre helt isolerade fran andra 
korsnabbar i Sibirien. Eu fynd av en fossil undernabb pa 
MaHorca visar f 0 att korsnabbama dar redan under den 
senaste istiden hade nabbar som var intermediara mellan 
mindre och storre korsnabb. Vid istidens slut spred sig kors
nabbama norrut tillsammans med tallskogama vilket framgar 
av fynd fran Schweiz och England. Fossilfynden tillAter tva 
alternativa hypoteser om de europeiska korsnabbarnas har
starnning beroende pa om de storvuxna korsnabbarna i alp
ornradet tolkas som en separat art eHer ej. Om de storvuxna 
korsnabbarna tillhorde Loxia pytyopsiUacus sa ar denna en 
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relativt gammaI art, och bade mindre och storre korsnabb 
spred sig norrut tillsammans mot slutet av istiden. En av de 
bada arterna maste i sa fall ha dott ut i Skottland och 
Sydeuropa och eventuella mindre korsnabbar i Norden och 
pa Europas fastland ha smalt samman med fran oster kom
mande "grankorsnabbar". 

Om de istida korsnabbarna i medelhavsomradet tillhorde 
en end a variabel art blir bilden betydligt enklare. Bade den 
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skotska korsnabben, den nordiska storre korsnabben och de 
stornabbade mediterrana raserna lir i sa fall troligen direkta 
avkomlingar av de istida "tallkorsnabbarna" i Sydeuropa. Att 
den st6rre korsnabben avviker frAn de ovriga beror da sanno
likt pa "character displacement" genom konkurrens med den 
mindre korsnabben. Vilken av dessa bada teorier som lir den 
ratta kan eventuellt avgoras genom DNA-undersokningar av 
de europeiska korsnabbarna. 
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U tbredning, bestandsstorlek samt langtidsforandringar i bestandens 
storlek hos overvintrande sjofaglar i Sverige 

LEIF NILSSON 

----------------------------------- Abstract -----------------------------------
Midwinter counts of waterfowl have been undertaken in 
Sweden since the start of the International Waterfowl Counts 
in January 1967. The present report presents data on distribu
tion and numbers of wintering waterfowl in Sweden based on 
intensive counts in January 1987-1989.The distribution of 
the different species was compared with an earlier period of 
intensive counts in 1971-74, showing only small differences. 
On the other hand most waterfowl were markedly concentrated 
during the cold winter of 1987. Significantly increasing 
trends in numbers were found for Aythyaferina, Bucephala 
clangula, Mergus serrator and Cygnus olor, whereas Fulica 

Inledning 

Regelbundna inventeringar av rastande och overvint
rande sjOfaglar har pagatt i Sverige sedan 1959/60 
(Nilsson 1976a, 1976b). Liknande inventeringar pa
gar i andra Hinder (bl.a. Atkinson-Willes 1963, Owen 
et al. 1986). De samordnas genom IWRB (Internatio
nal Waterfowl Research Bureau, numera International 
Waterfowl and Wetlands Research Bureau). Syftet ar 
framst aU dokumentera utbredning och antal fOr de 
olika arterna samt att fOlja langtidsfOrandringar i be
standen. Materia1et skall sedan ligga till grund fOr 
skyddsatgarder i de fall sadana bedoms nOdvandiga. 
En samordnad inventering sker i j anuari varje ar efter
som sjOfaglarna vid denna tid pa aret ar sa koncentre
rade att i stort sett heltackande inventeringar kan 
organiseras atminstone i Europa. 

Den fOrsta samordnade midvinterinventeringen ge
nomfordes ijanuari 1967 pa ca 3 100 lokaler. Sve-rige 
svarade da fOr ungefar 10% av lokalerna (Atkinson
Willes 1976, RUger et al. 1986, Monval & Pirot 1989). 
Under aren 1971-74 genomfordes nara nog fullstan
diga inventeringar i Sverige med hjalp av flyg, kustbe
vakningsbatar och landbaserade observatOrer. Ovriga 
ar har midvinterinventeringarna genomforts i mindre 
skala av frivilliga landbaserade observatOrer, vilka 
genom att varje vinter inventera samma omraden 

atra increased markedly over the first years to "crash" after 
the 1978n9 hard winter. The other species showed fluctuations 
between different years, in many cases with lower indices 
during hard winters. Internationally, B. clangula and C. olor 
also showed increasing trends in NW Europe. Sweden is an 
important winter area for A. fu/igula, B. clangula, M. 
merganser and C. cygnus with 13-17% of the total NW Eu
ropean population in Swedish waters. 

L Nilsson, Dept. of Animal Ecology, Ecology Building 
S-223 62 Lund, Sweden. 

skapade underlag fOr att berakna arliga index fOr 
populationens storlek hos ett flertal viktiga arter (Nils
son 1984a, 1984b samt arliga rap porter i Var Fagel
var/d) . 

I mitten av 1980-talet aktualiserades ater fragan om 
heltackande inventeringar av sjOfaglarna inom IWRB 
och en speciell Nordic Baltic Survey bildades inom 
ramen for IWRBs Duck Research Group med stod fran 
Nordiskt Kollegium fOr Viltforskning (NKV). loom 
ramen fOr denna organiserades ater inventeringar i stor 
skala i Danmark (jfr Laursen et al. 1987, 1988, 1989), 
Norge och Sverige med syfte aU under trearsperioden 
1987 -89 fOrsoka astadkomma en ny heltackande in
ventering av alIa viktiga omraden. For Sveriges del 
uteslOts de yttre havsomradena med alfagel redan pa 
planeringsstadiet da det inte bedomdes som menings
fullt med omfattande och kostnadskravande flyginven
teringar till hays sa lange inte ovriga ostersjolander 
genomforde liknande inventeringar. 

Foreliggande rapport sammanfattar midvinter
inventeringarna under januari 1987-1989 i jamforelse 
med den tidigare perioden med intensiva invente
ringar under 1969-1978 (jfr bl.a. Nilsson 1975). Vi
dare diskuteras fOrekomsten av eventuella lang
tidsfOrandringar i sjOfagelbestanden pa basis av inven
teringama under hela perioden 1967-1989. Materialet 
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Fig. 1. IsHiget i sOdra bstersjon samt efter den svenska 
Vastkusten i januari 1987 (efter SMHI). 

The ice situation in the southern Baltic Sea and along the 
Swedish west coast in January 1987. 

har overforts till IWRBs databaser oeh in gar i de 
intemationella sammanstallningama. 

Viiderlek och isfOrhallanden 

De tre vintrama var myeket olika. 1 anuari 1987 var ar
hundradets kallaste vinter, medan j anuari 1989 i manga 
traktervar den mildaste sedan man startade temperatur
matningar under slutet av 1700-talet. Efter en lag
tryekspassage den 7-8 januari 1987 bredde extremt 
kallluft ut sig over landet. I samband med kalluften 
fOIl betydande snomangder over sarskilt Oland oeh 
Gotland, varfor manga inventeringsomraden var omoj
liga att na vid rakningsdagen en veeka senare. Som 
exempel kan namnas att Stockholm under perioden 9-
12 januari bade en dygnsmedeltemperatur under -20°, 
vilket inte intraffat sedan matningama startade 1756. 
Den stranga kylan medforde en myeket betydande 
islaggning efter de svenska kustema. I mitten av ma
naden var det i stort sett endast Gotland som bade det 
nagorlunda isfritt (Fig. 1). En del stOrre rakar forekom 
ocksa pa vastkusten, i norra Oresund, vid Barsebaeks 
kamkraftverk samt soder om Malmo. Sydkusten var i 
stort sett isfri rakningsdagen, men tva dagar senare 
fanns endast mindre rakar i ett fOr ovrigt kompakt 
drivisbalte. Hanobukten oeb Blekingekusten var oeksa 
starkt tillfrusna, men oppna rakar fanns bar ocb var. 
Kalmarsund var helt isbelagt med undantag fOr en del 
mindre rakar soder om Kalmar samt vid karnkraftverket 
norr om Oskarsbamn. Runt Oland fanns stOrre oppna 
partier endast vid Norra Udden fOrutom en del mindre 
rakar efter ostkusten. Norr om Oskarshamn lag isen 
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fast anda ut i ytterskargarden. Utanfor fanns vid
straekta mer eller mindre sammanfrusna drivisbalten. 
StOrre oppna omraden fOrekom endast utanfor Lands
ort. I inlandet var flertalet vattendrag belt tillfrusna. 

lanuari 1988 var betydligt mildare. Temperaturen 
var under bela perioden kIart over det normala. Me
deltemperaturen fOr januari pa tio stationer spridda 
oversodraSverigevar+l ,7° 1988mot-9,3° 1987. Den 
milda vintem medfOrde att islaggningen runt de svenska 
kustema var myeket ringa oeh fOre den siste januari 
fOrekom is knappast soder om Sundsvall. Viss islagg
ning bade tidigare fOrekommit i vissa skargardsvikar, 
men isen brots upp. Sjoama var isfria langt norrut i 
landet. Manga sjoar bade frusit till i normal tid, men 
bade sedan blivit isfria fOre boIjan av januari. 

lanuari 1989 var annu mildare an 1988 oeb pa en 
del ball den mildaste sedan matningama startade. 
Medeltemperaturen fOr de tio jamforelsestationema 
var +3,8°, vilket var det bogsta vardet sedan midvin
terinventeringama startade. Isutbredningen var gan
ska normal i borjan av januari 1989, dvs storre delen av 
Bottenviken oeb norra Kvarken var istaekta. Dess
utom fanns det skargardsis ner till Vasterviks skar
gard. I samband med milt oeb blasigt vader i sodra 
Sverige skingrades isen ocb i slutet av manaden fanns 
skargardsis endast i en del vikar av Bottenhavet. Lik
som 1988 var sjoama i sodra delen av landet isfria. 

Material och metodik 

Inventeringsmetodik 

Inventeringsmetodiken bar ingaende bebandlats i flera 
tidigare arbeten (Nilsson 1975, 197 6b) till vilka ban
visas fOr narmare beskrivning. 

Under de fOrsta aren med midvinterinventeringar 
indelades den svenska kusten i ett an tal sektorer med 
fasta granser sa att lokalema latt kan aterfinnas i Hilt. 
Pa motsvarande satt sektorsindelades stOrre insjoar 
oeb vattendrag, medan smasjoar i sin belhet fick ut
gora en inventeringssektor. 

Midvinterinventeringen genomfOrdes arligen 
veckoslutet narmast den 15:e januari med veckan fOre 
ocb efter som reserv ocb fOr komplettering med inven
tering av ytterligare omraden. Huvuddelen av inven
teringama utfordes av landbaserade observatOrer, vilka 
genomsokte ocb raknade en ellerflera sektorer. Flygin
venteringar genomfordes i mindre skala. Vid invente
ringama 1987-1989 utnyttjades olika modeller av Cess
na, ett bogvingat plan med goda observationsmojlig
beter. 

Beriikning av index 

Eftersom beltackande inventeringar ej kan genom
fOras arligen bar ett index beraknats pa fOljande satt. 
Antalet individer av de olika artema pa de lokaler som 



Fig. 2. Rakningslokalernas fordelning i 
Sverige i januari 1987-89. Kartan visar ocksa 
indelningen i regioner langs kustema (ifr 
Nilsson 1975), 

The distribution of sites counted in Sweden in 
January 1987-89. The TrUIp a/so shows the 
division of the coast into regions (cf Nilsson 
1975). 

Boh = Bohuslan, A = N. Halland, B = Var
berg-Kullen, C = Oresund, D = Falsterbo
Hano, E = Blekinge skargard, F = S. Kal
marsund, G = N.Kalmarsund (S.KraIcelund), 
H = Kalmar lans skargard, K = Oland, L = 
Gotland, M = Ostergotlands skargard, N = 
Sormlands skargard samt 0 = Stockholms 
skargard. 

inventerats tillfredstallande under tva pa varandra fol
jande ar jamfors. Summorna av samtliga arter ar 2 ut
trycks i pro cent av motsvarande summor fOr ar 1. 
Indexvardet fOr ar 2 beraknas sedan genom att multip
licera det erhallna procenttalet med indexvardet for ar 
1 i jamforelsen. I de svenska inventeringarna har 
indexvardena sedan normerats sa att medelindex for 
den aktuella perioden blir 100 (i tidigare rap porter har 
medelindex for perioden 1969-1978 satts ti1l100). 

Inventeringamas omfattning 

Den svenska kusten fran Bohuslan till och med Stock
holms skargard omfattar ca 1800 inventeringsomraden 
uWver de yttre havsomradena. Kustomradena norr om 
Stockholms skargard ar normalt isbelagda under vin
tern och inte aktuella som sjOfagelomraden, varfor de 
ej innefattades i inventeringen. A ven under de milda 
vintrarna torde antalet sjOfaglar i dessa omraden vara 

o 

ganska minimalt. Ijanuari 1987 inventerades samman
lagt 823 kustsektorer. Dartill kommer inte mindre an 
880 sektorer, vilka enligt tillgangliga israpporter var 
helt frusna. 95% av alIa sektorer var darmed tackta vid 
inventeringen. Antalet inventerade kustsektorer vid 
midvinterrakningama 1988 och 1989 var 787 resp. 823. 

Ursprungligen hade heltackande inventeringar med 
bl.a. hjalp av flygplan planerats for samtliga tre vintrar 
som ett komplement till de landbaserade rakningama. I 
Bohuslan kunde ett betydande antal sektorer i skar
gardama inventeras med flyg vruje vinter trots svara 
vaderforhallanden, men vissa luckor i tackningsgraden 
kunde trots det inte undvikas. Ijanuari 1987 genomfor
des i ovrigt en flyginventering av kusten mellan Falken
berg och Karlshamn. Islaget medforde att det inte var 
aktuellt med flyginventeringar pa ostkusten. Vintrama 
1988 och 1989 installdes planerade flyginventeringar 
pa ostkusten, da det milda vadret med standig dimma 
eller nederbord omojliggjorde flygningar dar. 
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Tabell 1. Omfattning av midvinterinventeringama i Sverige 
1967-1989. 

Extent of midwinter counts in Sweden 1967-1989. 

Ar 
Year 

1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Summa 

Antal inventerade lokaler 
Number of sites counted 

Antal 
deltagare 

Kust Inland Ingar i index Number of 
Coast Inland Used in index participants 

234 121 126 
215 179 192 150 
475 218 330 226 
402 264 585 290 

1318 309 620 320 
1311 401 1094 198 
1240 447 1 156 220 

891 283 788 220 
818 307 657 245 
840 293 688 192 
827 206 765 168 
773 212 773 228 
439 192 517 150 
393 175 448 130 
407 131 414 118 
433 120 462 113 
397 109 423 162 
317 92 355 117 
336 79 352 134 
359 76 370 136 

1694 223 417 188 
787 456 864 228 
832 405 953 287 

15738 5298 13223 

Samtliga ar erholls i stort sett heltiickande invente
ringar efter kusterna fran Kungsbacka till Krakelund 
samt runt Oland och Gotland (Fig. 2.). I BohusUin var 
tackningsgraden hog, men varje ar fOrekom en del 
luckor. Efter ostkustskargardarna erholls stickprovs
massig tiickning dock med speciellt manga inven
teringslokaler i omradet kring Landsort - Morko samt 
i Roslagen. 

I inlandet erholls en god stickprovsmassig tack
ning av landet upp till och med Dalarna (Fig. 2.). 
Sarskilt kan noteras att langre strackor efter manga 
vattendrag kunde tackas i sin helhet. Totalt var antalet 
inventerade inlandslokaler de tre aren 213, 456 resp. 
405. PIertalet av de tillkommande lokalerna i inven
teringarna 1988 och 1989 torde ha varit helt tillfrusna 
1987. 

Totalt omfattar databasen fran de svenska midvin
terinventeringarna nu uppgifter fran 13 200 in vente
ringstilWillen x lokaler (Tab. 1). Vid inventeringarna 
1987 -1989 innefattades aven Bohuslan och norra Hal-
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land i programmet. Med undantag forfl yginventeringar 
1971 har detta omrade ej medtagits i inventerings
programmet tidigare eftersom det omfattades av mot
svarande inventeringar inom ramen fOr ett annat forsk
ningsprojekt (Pehrsson et al. 1988). 

Antal och utbredning ror de olika arterna 

Bestanden fOr de viktigaste arterna in om de delar av 
den svenska kusten, som kunnat inventeras fullstiin
digt vid de tre midvinterinventeringarna 1987-1989 
aterfinns i Tab. 2 (uppdelat i regioner i Appendix). 
Utbredningen fOr de viktigaste arterna under de bada 
milda vintrarna 1988 och 1989 redovisas i kartform; 
for de vanligaste arterna visas ocksa kartor fOr den 
kalla vintern 1987 (Fig.3). I detta sammanhang ar det 
av speciellt intresse att jamfOra med de kartor fOr aren 
1967 -7 4, som presenterades av Nilsson (1975). For 
uppgifter om antalet inraknade individer vid inven
teringarna hanvisas till de arliga rapporterna i Var 
F agelviirld. 

Trots att fullstandig tackning ej kunde erhallas har 
flertalet arter inventerats sa pass fullstandigt att be
standens storleksordning kan skattas. PIera arter ar i 
januari starkt koncentrerade till kusterna med en ma
joritet av bestandet inom de kustavsnitt som invente
rats fullstandigt samtliga ar. I Bohuslan fOrekom en del 
luckor, men flertalet lokaler tacktes under trears
perioden. Det stOrsta problemet utgor ostkustens skar
gardar, men ett stort antal lokaler inventerades och 
eftersom utbredningen synes vara densamma som vid 
tidigare inventeringar med storre tackning kan parvisa 
jamforelser ge underlag fOr skattning av totalbestandet 
har. Korrigeringar enligt det ovan beskrivna fOrfaran
det har framst varit aktuella fOr januari 1988 och 1989. 
Den kalla vintern 1987 kunde flertalet lokaler med 
oppet vatten tackas in vid inventeringen. Resultatet 
fran skattningarna presenteras i Tab. 3. 

Grasanden ar med sin utbredning over hela landet 
bade i inlandet och kusterna en svarinventerad art, 
varfor skattningarna lir nagot osakra. I inlandet ar den 
normalt koncentrerad till stader och samhallen men 
under de bada milda vintrama fOrekom stora flockar 
ocksll vid de isfria sjoarna speciellt i Skane. Betydande 
skillnader i utbredning noterades mellan den kalla 
vintem 1987 och de bada milda vintrama. Antalet var 
lagre vid kusterna i Ostersjon men aven langs Vastkus
ten, som dock i stOrre omfattning beholl sina grasander. 
De var ocksa mer koncentrerade 1987. I Oresund var 
skillnadema i antalet grasander inte speciellt stora 
mellan de tre vintrama, medan patagliga skillnader 
noterades fOr Gotland och Halland (Appendix). 
Utbredningsbilden var densamma som vid den tidigare 
perioden med intensiva inventeringar. 

Ovriga simander forekom med enstaka individ i 
grasandflockarna. De milda vintrarna 1988 och 1989 



Tabe1l2. Bestandet av viktigare arter inom kustomraden med heltaekande inventeringar (dvs Kungsbaekafjorden - Krakelund 
iN. Kalmarsund samt Oland oeh Gotland, A-G, K, L, Fig. 2) vid midvinterinventeringama 1987-1989. Dessutom anges medeltal 
fOr dessa omraden 1969-1978 samt 1987-1989. 

Populations ofmore important species in coastal areas fully covered (Kungsbackafjorden to Krakelund, Oland and Gotland, 
A -G, K, L, Fig. 2) at the midwinter counts in 1987-1 989. Mean values for these areas for the periods 1969-1 978 and 1987-1 989 
are also presented. 

Art Species Medelvarde Mean 1987 1988 1989 
1969-78 1987-89 

Grasand Anas platyrhynchos 28732 33628 19307 36665 44907 
Krieka Anas crecca 51 29 11 38 36 
Blasand Anas penelope 36 230 0 248 444 
Stjlirtand Anas acuta 2 4 2 3 9 
Bergand Aythya marila 682 2166 218 3398 2551 
Vigg Aythyafuligula 52508 53781 51089 48551 59375 
Brunand Aythyaferina 364 741 187 837 1 198 
Knipa Bucephala clangula 17361 22011 23980 22438 19622 
Alfagel Clangula hyemalis * 12034 8958 10753 8144 7974 
Svarta Melanittafusca* 2073 524 36 843 700 
SjOorre Melanitta nigra* 271 248 14 194 537 
Ejder Somateria mollissima 3277 1931 1530 2229 2017 
Smaskrake Mergus serrator 2492 3715 4114 4176 2856 
Storskrake Mergus merganser 3623 4948 8367 2995 3487 
Salskrake Mergus albel/us 287 316 392 214 348 
Gravand Tadorna tadorna 14 65 0 11 190 
KnOlsvan Cygnus olor 5957 8162 7966 7844 8680 
Sangsvan Cygnus cygnus 1015 781 1024 672 642 
Sothona Fulica atra 13423 1725 1 716 1869 1513 
Storskarv Phalacrocorax carbo 1476 2158 1552 3018 1918 

* = endast raknad fran stranden, antallangre ut okant. 
only countedfrom the shore, offshore numbers unknown. 

Tabell 3. Skattat total best and fOr vis sa sjOfagelarter i Sverige vid midvinterinventeringama 1987-1989. Dessutom anges 
totalbestandet fOr Nordvasteuropa (Laursen 1989, Monval & Pirot 1989) samt Sveriges andel av detta (%). 

Estimated total numbers of some wateifowl species in Sweden at the midwinter counts in 1987-1989. The total estimated 
population for Northwest Europe (Laursen 1989, Monval & Pirot 1989) and the Swedish share (%) is also shown. 

Art Species Vinterbestand 

Sverige Sweden 

Grasand Anas platyrhynchos 
Bergand Aythya marila 
Vigg Aythyafuligula 
Brunand Aythyaferina 
Knipa Bucephala clangula 
Ejder Somateria mollissima 
Smaskrake Mergus serrator 
Storskrake Mergus merganser 
Salskrake Mergus albel/us 
KnOlsvan Cygnus olor 
Sangsvan Cygnus cygnus 
Sothona Fulica alra 
Storskarv Phalacrocorax carbo 

1987 

75000 
250 

65000 
250 

30000 
5000 
5000 

12000 
450 

10000 
3000 
2500 
3500 

1) Nordvast- och Central europa. Northwest and Central Europe. 

1988-89 

115000 
3500 

105000 
1500 

40000 
>10000 
>6000 
25000 

>600 
13 000 
4000 
3 ()()() 
7 ()()() 

2) Nordvasteuropa utom Storbrittanien. Northwest Europe except Britain. 

Winter population 

NV Europa Sverige (%) 
NW Europe Sweden (%) 

5000000 2 
130000 3 
750000 15 
350000 + 
300 000 13 

3000000 1 + 
100 000 6 
150000 17 
15000 4 

180000 7 
25000 2 16 

1 500 ()()() + 
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Fig.3. Utbredning fOr olika sjOfagelarter i Sverige i januari 1987-1989. For de vanligaste redovisas kartor bade fOr den kalla 
vintern 1987 och de milda vintrarna 1988 oeh 1989, medan endast kartor fOr de senaste vintrarna visas for ovriga arter. 

The distribution of different waterfowl species in Sweden in January 1987-1989. For the commonest species maps are shown 
both for the cold winter 1987 and the mild winters 1988 och 1989, whereas only maps for the two last winters are presented 
for the other species. 
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noterades dock 260 resp. 460 blasander, framst i Fote
viksomradet i sydvastra Skane. 

Viggens utbredning karakteriseras av en markant 
koncentration i stora flockar pa ett relativt litet antal 
lokaler. Under rnilda vintrar ar skargardens viggar i 
betydande utstrackning knutna till de inre vikama, de 
yttre omradena frekventeras i huvudsak forst nar inner
vikama ar isbelagda. Viggama kan under sad ana pe
rioder upptrada pa lokaler, dar de normalt inte fore
kommer, t.ex. utanfor blands norra udde 1987. Trots 
den relativt ringa Hickningen av skargardama 1988 
och 1989 torde ganska fa stOrre flockar saknas vid 
inventeringen 1989. Den kalla vintem 1987 raknades 
troligen alia flockar av betydelse. Utbredningens tyngd
punkt var 1987 fOrskjuten soderut. Salunda var antalet 
viggar i bresundsornradet ungefOr tre ganger sa hogt 
som ovriga vintrar. Jamfort med den tidigare perioden 
har ornradena kring Malmo rninskat i betydelse for 
arten. Stora flockar fOrekommer visserligen vaIje vin
ter, men de ar inte lika framtradande som tidigare. I 
ovrigt aterfinns de stora viggkoncentrationema inom 
samma ornraden som tidigare. 

Bergandema och brunandema ar i stort sett kon
centrerade till viggflockama i den sydligare delen av 
de svenska kustornradena, vilket innbar att de val tacks 
av inventeringama. Bergandema ar markbart koncen
trerade till Gotland, medan de tidigare Skanelokalema 
forlorat betydelse sedan boIjan av 1970-talet. 

Knipan forekommer spridd over hela sodra Sverige. 
I inlandet ses rnindre flockar och enstaka individ pa de 
flesta isfria lokaler. A yen en kall vinter som 1987 
inrliknades over 700 knipor spridda pa ett betydande 
antal lokaler i inlandet. Efter kustema ar den ocksa 
mycket spridd aven om en del koncentrationer fOre
kom vid Sydsveriges oppna kuster. Knipans mycket 
spridda utbredning gor det svarare att skatta bestandets 
storlek an vad fallet ar for en art som viggen. Utbred
ningen var vasentligt mer koncentrerad 1987 an under 
de bada rnilda vintrama. Runt Oland och Gotland var 
antalet knipor ungefar detsamma de tre vintrama (Ap
pendix). Vid Oland var dock knipoma i januari 1987 
koncentrerade till i stort sett tva ornraden. Antalet 
knipor langs den skanska sydkusten var mycket hogre 
1987 an 1988 och 1989. Knipan visade i stort sett 
samma utbredningsbild som under den tidigare inven
teringsperioden; skillnadema mellan de olika kartoma 
betingas av bristen pa inventeringar i ostkustskar
gardama 1988 och 1989 (isbelagda 1987). 

Utan omfattande flyginventeringar kan inte de over
vintrande alfaglama langs de svenska kustema in
venteras. Langs vissa kustavsnitt ligger betydande 
antal alfaglar nara land; skattningar for dessa ornraden 
redovisas i Appendix. Svartan och sjoorren har en 
liknande utbredning. I huvudornradet pa den svenska 
vastkusten ligger merparten nara land, vilket ocksa 
galler fOr vissa andra kustavsnitt (se Appendix). 

Ejdem tilTh or ocksa de havslevande artema. I 
Sverige ar den starkt koncentrerad till Vastkusten med 
endast rnindre antal vid bstersjons kuster. Flertalet 
lokaler av betydelse kunde inventeras 1987-89. Ejdem 
visade samma utbredningsbild som vid de tidigare 
inventeringama. 

Smaskraken tilThor de havslevande artema och ses 
endast i rnindre antal i inlandet. Arten ar sparsam i 
ostkustskargardama, men da den ofta kan ligga ganska 
langt ute till hays och dessutom ar svarraknad fran 
luften ar skattningama nagot osakra. Kartan fOr 1988-
89 visar stOrre antal smaskrakar fOr Vastkusten jam
fort med den tidigare inventeringen. Formodligen var 
arten underrepresenterad i de tidigare flyginven
teringama i Bohuslan, vilka genomfordes med ett 
snabbare flygplan. 

Storkrakama ar starkt koncenterade till bstersjons 
skargardar samt under milda vintrar till inlandet och 
ses i stOrre antal vid de skanska kustema och Vastkus
ten endast i samband med kalla vintrar (Appendix). 
Bestandsskattningama for de bada rnilda vintrama 
blev darfor relativt oslikra. Med hansyn till artens 
fOrekomst langs ostkusten vid de heltackande 
inventeringama pa 70-talet och jamforelser for de 
lokaler som raknats under bada perioder kan 
storskrakbestandet i landet skattas till mellan 20 000 
och 25 000 individ. Den kalla vintem 1987 var situa
tionen en annan och merparten torde ha rliknats in vid 
inventeringama. Nagra stOrre fOrandringar i utbred
ningen har ej kunnat konstateras sedan 70-talet. 

Flertalet salskrakar forekommer spridda i sma
grupper vid kustema och i det skanska inlandet (rnilda 
vintrar) och endast ett par stOrre koncentrationer har 
kunnat noteras. Jamfort med borjan av 70-talet har ett 
par koncentrationer forsvunnit: Malmoornradet samt 
SOlvesborgsviken. 

Knolsvanen ar val spridd efter de inventerade kust
avsnitten men noterades endast i ringa antal i inlandet 
och da framst med enstaka individerpa ett ganska stort 
antallokaler. De ostkustlokaler som inventerades vi
sade sig hysa ganska fa knolsvanar, men tidigare mer 
heltackande inventeringar har visat att det finns gan
ska manga knolsvanar sarskilt i Stockholms sodra 
skargard. Eftersom arten ar latt att inventera ar 
totalskattningen tamligen saker. Antalet knOlsvanar i 
de kustornraden, som inventerades i sin heThet samt
liga vintrar, var i stort sett detsamma under de tre aren 
(Tab. 2, Appendix) aven om summan fOr 1989 lag 
nagot hogre an de bad a andra aren. Knolsvanama 
stannade i stort sett ocksa kvar i samma regioner aven 
under den kalla vintem, men var da mer koncentrerade 
till ett fatal lokaler med oppet vatten, dar de i bety
dande utstrackning matades. Utbredningsbilden har 
knappast andrats sedan 70-talets boIjan. 

De overvintrande sangsvanama i Sverige visar be
tydande skillnader i utbredning mellan kalla och rnilda 
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Tabell 4. Index fOr nAgra viktiga arter i Bohuslan vid 
midvinterinventeringar 1971 samt 1987-1989. Index fOr samt
liga arter 1971 = 100. 

Indices/or some important species in Bohuslan at midwinter 
counts in 1971 and 1987-1988. Indices/or all species = 100 
in 1971. 

Art Species 1971 1987 1988 1989 

Grasand 100 139 283 460 
Anas platyrhynchos 
Knipa 100 166 246 282 
Bucepha/a c/angu/a 
Ejder 100 91 205 269 
Somateria mollissima 
KnOlsvan 100 206 227 302 
Cygnus olor 
SAngsvan 100 122 160 + 
Cygnus cygnus 
Storskarv 100 1720 1455 362 
Phalacrocorax carbo 

vintrar aven om fOrandringarna i totalantalet kanske 
inte ar sa stora. Under de mild a vintrarna noterades ca 
tva tredjedelar av sangsvanarna i inlandet med endast 
ett fatal stOrre koncentrationer vid kusterna. Den kalla 
vintern 1987 (liksom under tidigare kalla vintrar) var 
fOrhallandet det omvanda med ca tva tredjedelar av 
alla sangsvanar vid kusterna. Sangsvanens spridda 
utbredning pa manga smaIokaler i inlandet under 
milda vintrar gor den ibland nagot svarinventerad. 
Jamfort med tidigare har den ocksa i alIt hogre grad 
borjat furagera pa falten och atskilliga flockar uppe
haIler sig under Hingre perioder pa sadana lokaler. 

Sothonans utbredning var starkt koncentrerad till 
nagra lokaler i Oresundsomradet samt ett par omraden 
i Blekinge. Jamfort med fOrhallandena i borjan av 
1970-talet har bilden radikalt fOrandrats (Nilsson 
1976c). Da fOrekom betydande koncentrationer pa 
manga lokaler efter ostkusten, dar arten nu sedan 
bestandsnedgangen efter vintern 1979 i stort sett sak
nas i januari. Nedgangen har inte varit lika markant 
inom ovriga kustomraden. 

Storskarven ar vintertid spridd i ytterskargardarna 
bade pa Vastkusten och Ostkusten. Eftersom invente
ringar saknas pa de viktigaste ostkustlokalerna kan 
landets vinterbestand ej beraknas med nagon storre 
sakerhet. Aven pa Vastkusten finns det en delluckor, 
men flertalet skarvlokaler bar har inventerats atmins
tone vid nagot tilWille och bestandet pa Vastkusten 
(inkl. Oresund) torde kunna skattas till mer an 5 000 
fOr de milda vintrarna. Dartill kommer 500-600 fOr 
Gotland och upp til1200 for Blekinge samt ett okant 
antal fOr ostkustskargardarna norr om Kalmarsund. 
Med tanke pa artens bestandsutveckling och tidigare 
inventeringsdata torde man kunna rakna med minst 
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1 000 storskarvar har, vilket for landet i helhet skulle 
ge minst 7 000 individ. 

I samband med inventeringarna har mindre antal
ocksA noterats av olika doppingar och lommar samt 
gravand och hager. Inventeringarna medger dock inga 
skattningar av bestandens storlek fOr dessa arter. 

Langtidsforiindringar i sjofagelbestanden 

Index har kunnat beraknas fOr 10 olika arter (Fig. 4). 
For att konstatera eventuella trender i materialet har 
Spearmans rangkorrelation beraknats (index mot ar) 
for de olika arterna. Ytterligare information om fOr
andringar i sjOfagelbestanden erhalls ur summorna fOr 
de regioner som inventerats i sin helhet under perioden 
1969-1978 samt 1987-1989 (Tab. 2, Appendix fOr 
enskilda regioner). Bohuslan inkluderas inte i index
berakningarna eftersom omradet enbart ingick i pro
jektet 1971 samt 1987-1989. For vissa arter redovisas 
dock en jamforelse mellan dessa inventeringar i Tab. 4. 

Signifikant okande trender (beraknat fOr hela pe
rioden) noterades for brunand, knipa, smlliake och 
knOlsvan. Brunandens vinterbestand i Sverige ar lagt 
och merparten av brunanderna har varit koncentrerade 
till ett fatal lokaler i Blekinges skargard. Under de 
kalla vintrarna noterades mycket laga index. 

For knipans del noterades endast sma fluktuationer 
kring trendlinjen fram till och med 1981. Index var 
markant lagre den kalla vintern 1982, men okade ater. 
A ven ovriga kalla vintrar medfOrde tillnmigt lagre 
index. Medelvardena fOr de totalinventerade omra
dena visar emellertid en mer mattlig okning an vad 
indexserien antyder (Tab. 2). Arten ar dock mycket 
spridd under milda vintrar, bl.a. i ostkustskargardarna 
och inlandet. Dessa omraden tacks endast stick
provsmassigt i indexberakningarna, medan en stOrre 
andel av de oppna kusterna ar tackta. De bada milda 
vintrarna var manga knipor spridda over dessa isfria 
omraden, varfor melvadet blev lagre an fOr den totalt 
sett kallare tidigare perioden. 

Smlliakens index visade under de kalla vintrarna 
ocksa Iaga varden, vilka till en del kan vara skenbara 
och bero pa att manga smaskrakar under dessa vintrar 
lag sa langt ute till havs att de fOrbisags vid invente
ringarna. De totalinventerade omradena visar samma 
okning av bestandet som indexserien. 

Aven for knolsvanen visar resultaten fran de total
inventerade omradena och index samma okande trend. 
Regionala skillnader fOreligger dock. Antalet knOl
svanar okade mellan de bada perioderna bade pa 
ostkusten och i Oresund, medan antalet i NV Skane 
och Halland var detsamma. Antalet overvintrande 
knOlsvanar i Bohuslan var ungefar fOrdubblat 1988-
1989 jamfort med 1971. 

Index redovisas ej fOr storskarven eftersom de 
viktigaste omradena i ostkustens skargardar ej kunnat 
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Fig. 4. Midvinterindex fOr olika arter i Sverige 1967-1989. 
Signiflkanta (P<O,OOI) okande trender (Spearman r i paren
tes) konstaterades for fOljande arter: brunand (0,70), knipa 
(0,90), smaskrake (0,70) samt knOlsvan (0,84). 

Midwinter indicesfor different species in Sweden 1967-1989. 
Significantly (P<0.OO1) increasing trends (Sperman r in 
brackets) were found for the following species: Pochard 
(0.70), Goldeneye (0.90), Red-breasted Merganser (0.70) 
and Mute Swan (0.84). 
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inventeras. Vastkustbestandet av overvintrande stor
skarvar har dock okat markant. (Tab. 2, Appendix). 

Ingen art visade en signifikant minskande trend 
under hela perioden. Sothonan inledde dock raknings
serien med laga index, varefter den okade signifikant 
under 1970-talets milda vintrar for att sedan "krascha" 
efter den kalla vintem 1979. Bestandet har sedan legat 
pa en mycket lag nivajamfort med tidigare. 

Ejdems index ar endast representativa for den sodra 
delen av Vastkusten och sydkusten, medan bestandet 
i ovriga delar av bstersjon ar for litet fOr att paverka 
indexvardet. Efter en viss okning i boIjan av serien 
noterades ater lagre index under de senare aren. Inven
teringama i Bohuslan de bada milda vintrama 1988 
och 1989 visade pa betydligt hogre antal an den lika
ledes milda vintem 1971. 

Grasanden, viggen och storskraken visade inga 
klara trender under perioden utan endast ganska mar
kanta fluktuationer. Grasanden visade lagre index vissa 
kalla vintrar, men monstret var inte genomgaende. Pa 
motsvarande satt noterades lagre index fOr vigg under 
vissa av de kalla vintrama. Storskraken visade dare
mot en mycket konstant niva med undantag fOr ett hogt 
yarde 1970. 

Diskussion 

Sverige som overvintringsomrMeJor sjoJaglar 

Monval & Pirot (1989) presenterar skattningar av 
totalbestanden fOr de viktigaste andfagelartema och 
sothonan fOr olika delar av Europa baserade pa de 
intemationella inventeringama fram till och med 1986. 
Det intemationella materialet fran IWRB ar del at pa 
NW Europa samtMedelhavs- och Svartahavsregionen. 
Det svenska vinterbestandet av olika arter jamfors har 
med bestanden fOr NW Europa (Tab. 3.). De svenska 
vinterbestanden av grasand, bergand, brunand, sals
krake och sothona svarar for mycket sma andelar av 
NW Europas totalbestand. Grasanden torde vara den 
vanligaste andfagelarten i Sverige om man undantar 
alfageln, vilken ej kunnat tack as in vid de nu alctuella 
inventeringama. Anda utgor det svenska bestandet 
bara ca 2% av NW Europas bestand. 

For tre dykandarter, vigg, knipa och storskralce, 
intar Sverige en betydligt mer framtradande roll som 
vinteromrade i det europeiska sammanhanget. Totalt 
overvintrarca 15% av Nordvasteuropas 750000 viggar 
ide svenska farvattnen. Monval & Pirot (1989) sam
manfor fOr knipans del nordvastra Europa med Cen
traleuropa (framst de stora sjoama vid Alpema). Detta 
bestand skattas i sin helhet till ca 300 000, varav det 
svenska bestandet torde uppga till ca 13%. Vinter
bestandet av storskrake skattas till 150 000 fOr Nord
vasteuropa, varav det svenska bestandet utgor 17%. 

Svanama slutligen ar viktiga vinterarter i svenska 
farvatten. Det svenska vinterbestandet utgor ca 7% av 
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det vast- och centraleuropeiska knOlsvanbestandet, 
vilket skattas till 180 000 eller 10% av den skandina
visk -baltiska gruppen, vars vinterutbredning hartyngd
punkten fOrlagt till de danska farvattnen. Det svenska 
sangsvanbestandet 1988-89 skattades till ca 4 000 in
divid eller 16% av den till 25 000 bera1cnade skandina
visk - vastsibiriska populationen. 

Foriindringar i sjoJagelbestanden 

Vid vinterinventeringar av denna typ har vadret ett 
avgorande inflytande pa inventeringsresultaten och 
darmed ocksa indexvardena. Olika arter reagerar olika 
pa kalla och mild a vintrar. Normalt medfor en kaH 
vinter dels att manga arter i betydande utstrackning 
lamnar landet, dels att vi far en koncentration av 
kvarvarande individ till oppna kustomraden och vat
tendrag. A andra sidan kan en mild vinter medfOra dels 
att fler arter stannar kvar i stOrre utstrackning, dels att 
en del arter blir mer spridda an under en kaH vinter. 
Beroende pa de olika artemas ekologi kan saledes 
vintems olika hardhet paverka inventeringama och 
darmed indexvardema i olika riktning utan att man 
darfor har haft en reell bestandsfOrandring. Index
vardena ar saIunda endast i begransad omfattning 
agnade att jamfora fOrhallandena meHan tva enskilda 
ar utan ar framst avsedda att studera langtids
fOrandringar dar sadana skillnader utj amnas till en ev. 
trend. Forytterligare diskussion om sjOfagelbesmndens 
fluktuationer i relation till vintrar av olika hardhet 
hanvisas till Nilsson (1975, 1984a, 1984b). 

For vissa av de har behandlade artema redovisar 
Monval & Pi rot (1989) index fOr hela N ordvasteuropa. 
Salunda visade de intemationella indexvardena fOr 
grasanden en uppgang fran 70-talet till borjan av 80-
talet, varefter nivan varit stabil. De svenska index
vardena visar som namnts ingen klar trend. Viggen 
visar ingen speciell trend fOr Nordvasteuropa, vilket 
stammer val med erfarenhetema fran Sverige. Dare
mot noterades en signiflkant uppatgaende trend fOr 
viggen i Centraleuropa. 

Knipan visar fOr Nordvasteuropa en upplitgaende 
trend, men man ar lite fOrsiktig i tolkningen av denna 
eftersom arten ofta kan vara svar att inventera. Som 
namnts tidigare visade det svenska knipbestandet en 
uppatgaende tendens under perioden ifraga. De svenska 
inventeringama visade lagre index under de kaHaste 
vintrarna, vilket ocksa var fallet i Estland, Polen och 
Danmark medan hogre antal noterades i en del sydli
gare lander. 

Intemationellt sett visar hela ostersjobestandet av 
knOlsvan en signifikant okning av vinterbestandet 
under perioden, vilket ocksa aterspeglas i de svenska 
indexen.Forsangsvanensdelvisardesvenskaindexen 
endast fluktuationer, men det intemationella indexet 
visar en okning i regionen under tjugoarsperioden. 



Det europeiska sothonsbestandet minskade i sam
band med den kalla vintem 1969/1970 for att sedan 
oka under de milda vintrama fram till 1978, vilket 
ocksa noterades i Sverige. En viss ned gang fOrekom 
efter vintem 1979, varefter bestandet varit stabilt pa 
ungefar samma niva som under en del av 70-talet. I 
Polen noterades dock liksom i Sverige en mycket 
markant minskning i antalet sothons i samband med 
den harda vintem 1978n9. 

Tack 
U ndersokningama 1987-1989 har bekostats med anslag fran 
Statens Naturvacdsverk. Vid inventeringama under de tre 
acen har mer lin 300 frivilliga ovservatorer medverkat i 
arbetet under ofta svara observationsfOrhallanden. Utan de
ras insats hade inventeringama inte kunnat genomfOras. 
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Summary 

Distribution, population size and long-term changes 
in population size ofwintering waterfowl in Sweden 

Sweden has taken part in the International Midwinter Counts 
of Waterfowl organized by the IWRB since the start in 1967. 
After a build-up period intensive counts including aerial 
surveys were undertaken in 1971-1977 with almost complete 
coverage of all important waters during 1971-1973 (Nilsson 
1975, Tab. 1). Later the counts were continued on a lower 
level aiming at producing annual winter indices for the more 
important species. In 1987-1989 a new period of intensive 
counts in Sweden and the other Nordic countries was 
completed. For Sweden coverage of all important areas with 
the exception of offshore areas was planned using ground 
counts and aerial surveys. The offshore waters are important 
for the Long-tailed Duck (Nilsson 1980) but were excluded 
as there were no options for full-scale offshore counts in the 
other Baltic countries. This report summarizes the results 
from the 1987-1989 series of intensive counts and also 
presents an updated series of annual indices for the whole 
period 1967-1989 

Weather and ice situation 

1987 was one of the coldest winters for a long time. The mean 
monthly temperature for ten stations in southern Sweden was 
the lowest since the counts started. This also resulted in heavy 
ice-coverage along the coasts of Sweden (Fig. 1 ) with the 
entire east coast archipelagoes totally covered with ice. 
Larger expanses of open water were available only around 
Gotland and temporarily along the south coast and locally in 
some other places. 

1988 and 1989 on the other hand were exceptionally mild, 
1989 being in some places the mildest winter since 
measurements started two hundred years ago. The entire 
coast was free of ice and inland lakes in the southern part of 
the country were also free of ice. 

Coverage of the counts 

Due to diffcult flying conditions aerial suveys could not be 
undertaken as planned but were restricted to the west coast 
and Skane. In 1987 practically all coastal areas that were not 
frozen could be covered. During all three years the entire 
coast from the northern part of Halland to Krllkelund north of 
Kalmarsund and Oland and Gotland were almost completely 
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covered by ground counts. Most parts of BohusHin were also 
covered. On the other hand only sample counts could be 
undertaken in the east coast archipelagoes and inland. The 
total coverage for the three year period is shown in Fig. 2, 
whereas the numbers of localities counted since the start in 
1967 is seen from Tab. 1. 

Numbers and distribution of different species 

Totals for the coastal districts that were almost completely 
covered in the three winters are presented in Tab. 2 together 
with mean values for the same districts for the previous period 
with intensive counts. A regional break-down will be found 
in the Appendix. 

The coverage outside the completely covered areas has 
been such that the calculation of regional indices has been 
possible. On the west coast most sites were counted on at least 
some occasions during the three year period. This was not the 
case for the east coast areas but as these areas were completely 
covered in the former period and as enough localities could be 
counted to produce regional indices it was possible to estimate 
total populations for most common species. 

Population estimates from Sweden are shown in Tab. 3. 
According to this tabulation the Mallard is the commonest 
species with an estimated total winter population of about 
115000 followed by the Tufted Duck with about 105 000. It 
may however be noted that the Longtailed Duck probably is 
the commonest species in Swedish waters in winter with an 
estimated population of at least 150000 (Nilsson 1980), most 
staying on offshore waters not included in the survey. 

Midwinter distribution of the different species is shown in 
a series of maps (Fig. 3). For some common species maps are 
shown both for the cold winter 1987 and the mild winters 
1988 + 1989. Generally a concentration of the waterfowl to 
coastal areas and a few sites was noted in the cold winter. 

Population changes 

Indices have been calculated through the years to follow 
annual changes in the wintering populations comparing totals 
for sites counted in two consecutive years expressing the total 
for year two as per cent of year one. This percentage was later 
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recalculated in relation to the index of the base-year = 100. In 
Swedish counts mean indices for 1969-1978 were formerly 
set to 100, but in this report the primary indices have been 
recalculated so that the mean for the entire series is set to 100. 
For further description of the methods used see Nilsson 
(1975, 1984a, 1984b). 

Indices for the ten species counted in adequate numbers 
are shown in Fig. 4. In these calculations data from the 
province ofBohusHin are not included as the earlier counts did 
not cover this area (included in another project). BohusHin 
was only included in 1971 besides in the present three-year 
period. Tab. 4 compares the populations in BohusHin for some 
species in 1987-89 and 1971. 

The indices show marked fluctuations between years that 
could in many cases be related to the hardness of the winter 
(see Nilsson 1975, 1984a, 1984b). Significantly increasing 
trends were noted over the entire period for the Pochard 
(small winter population), Goldeneye, Red-breasted 
Merganser and Mute Swan. No species showed a significantly 
decreasing trend over the entire period. The Coot decreased 
markedly during the latter part of the period but the indices 
were almost equally low when the counts started after the cold 
winters 1968 and 1970, increasing during mild winters of the 
seventies, and "crashing" after the hard 1979 winter. Counts 
in the fully covered coastal districts showed similar changes 
although differences were noted between region (Tab. 2, 
Appendix). 

Sweden as a winter area for wateifowl 

The results of the international waterfowl counts summarized 
in Monval & Pirot (1989) give estimates of the total waterfowl 
populations in NW Europe for a number of species. Moreover 
they present European indices for some species. As is shown 
in Tab. 3, Sweden is an important winter area for Tufted 
Duck, Goldeneye, Goosander and Whooper Swan with about 
13-17% of the total population in Swedish waters, whereas 
the proportion for Sweden is lower for the other species. 
Comparing Swedish trends with the overall European trends 
showed increases for both the Goldeneye and the Mute Swan. 
For the other species where indices were shown theses were 
stable. 



Appendix 

Regionala summor fOr viktigare arter inom omraden (se Fig. 
2) som inventerats fullsHindigt vid midvinterinventeringama 
1987-1989. Dessutom anges medeltal for dessa regioner fOr 
de tre vintrama 1987-1989 samt fOr den tidigare perioden 
med intensiva inventeringar, 1969-1978. Regionala summor 
fOr 1969-1974 aterfinns hos Nilsson (1975). 

Region Medel Medel 1987 1988 1989 
Region Mean Mean 

1969-78 1987-89 

Grasand Anas platyrhynchos 

A 1090 1631 455 3668 770 
B 4925 10570 5162 13 000 13 540 
C 7250 6480 5620 6650 7170 
D 2012 3235 1393 4157 4155 
E 1925 2315 1550 1610 3786 
F 2093 1 794 1370 1368 2646 
G 670 320 20 160 780 
K 2450 2176 1212 1 757 3560 
L 6317 5107 2525 4295 8500 

Bergand Aythya marila 

A 0 24 2 0 70 
B 19 132 0 13 384 
C 84 29 16 34 36 
D 38 116 66 229 54 
E 20 117 23 145 182 
F 11 60 0 150 30 
G 1 12 1 15 21 
K 9 70 17 51 141 
L 500 1496 93 2761 1633 

Vigg Aythya fuligula 

A 8 51 4 129 .20 
B 770 280 99 162 569 
C 9390 5360 10280 3190 2620 
D 7200 2620 5254 1453 1 151 
E 17050 19460 11147 18537 28690 
F 5590 3940 1370 7540 2925 
G 820 4700 2435 4850 6820 
K 2130 3020 5440 1920 1 710 
L 9550 14350 15060 10770 17230 

Brunand Aythyaferina 

A 0 4 1 0 10 
B 7 4 4 5 4 
C 42 43 24 56 50 
D 119 32 49 42 4 
E 140 538 56 556 1001 
F 16 21 0 51 11 
G + 16 38 2 9 
K 4 54 1 100 62 
L 6 29 14 25 47 

Regional totals for more important species in areas (see Fig. 
2) that were totally covered at the midwinter counts in 1987-
1989. The table also shows mean valuesfor these regions for 
the three winters 1987-1989 andfor the former period with 
intensive counts, 1969-1978. Regional totals for 1969-1974 
are found in Nilsson (1975). 

Region Medel Medel 1987 1988 1989 
Region Mean Mean 

1969-78 1987-89 

Knipa Bucephala c1angula 

A 735 531 428 1011 154 
B 1371 1113 960 1210 1170 
C 3106 2403 3060 1980 2170 
D 3800 5509 9360 3467 3700 
E 1494 1102 674 1372 1261 
F 1212 673 363 1164 494 
G 393 790 275 865 1230 
K 2250 4036 3608 4193 4307 
L 3000 5854 5252 7176 5136 

Alfagel Clangula hyemalis 

A + 0 0 0 0 
B 58 45 5 22 110 
C 6 3 1 7 2 
D 3230 870 1700 660 244 
E 800 110 221 76 32 
G 93 5 69 206 
L 7940 7837 8821 7310 7380 

Svarta Melanittafusca 

A 0 1 5 0 0 
B 1610 495 8 820 658 
C 1 0 0 0 0 
D 80 + 1 0 0 
E 20 0 0 0 0 
F + + 0 1 0 
G 1 + 0 0 1 
K 250 7 13 3 5 
L 111 21 9 19 36 

Sjoorre Melanitta nigra 

A 0 + 0 1 0 
B 170 235 7 191 506 
C 4 + 1 0 0 
D 77 0 0 0 0 
E 4 0 0 0 0 
F + 2 0 0 7 
G 1 0 0 0 0 
K 8 1 0 1 1 
L 7 10 6 1 23 
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Region Medel Medel 1987 1988 1989 Region Medel Medel 1987 1988 1989 
Region Mean Mean Region Mean Mean 

1969-78 1987-89 1969-78 1987-89 

Ejder Somateria mollissima KnOlsvan Cygnus %r 

A 175 91 142 107 23 A 445 361 149 679 256 
B 1595 983 297 1 732 1010 B 312 257 305 286 180 
C 422 94 169 61 53 C 2230 2887 2460 3120 3080 
D 528 391 830 170 174 D 321 862 1312 465 809 
E 86 20 0 0 60 E 652 635 634 560 712 
F 51 33 16 13 71 F 297 240 267 191 262 
G 21 4 1 0 11 G 214 264 285 323 186 
K 223 99 96 31 150 K 594 733 737 670 792 
L 176 216 69 115 465 L 892 1923 1817 1550 2403 

Smaskrake Mergus serrator Sangsvan Cygnus cygnus 

A 285 307 281 577 64 A 12 42 29 86 5 
B 319 496 601 688 198 B 109 60 18 73 89 
C 125 276 594 131 103 C 397 180 509 25 6 
D 292 441 766 258 299 D 82 148 175 53 215 
E 110 62 135 18 33 E 17 68 130 47 27 
F 94 113 152 90 97 F 4 7 1 17 3 
G 51 142 3 226 197 G + 0 0 0 0 
K 429 612 670 737 428 K 58 120 20 172 168 
L 787 1266 912 1451 1436 L 326 156 142 199 127 

Storskrake Mergus merganser Sothona Fulicia atra 

A 40 232 149 542 6 A 295 6 6 0 14 
B 128 416 1170 34 43 B 1975 6 3 4 10 
C 522 256 625 80 64 C 4556 708 1205 643 278 
D 618 737 2111 35 66 D 1360 360 35 414 630 
E 921 440 566 244 511 E 3513 388 272 521 372 
F 311 600 1147 272 381 F 569 8 2 23 0 
G 320 283 325 221 304 G 114 29 20 52 15 
K 216 565 950 384 362 K 91 + 0 1 0 
L 547 1419 1324 1183 1 750 L 950 220 173 232 255 

Salskrake Mergus a/bel/us Storskarv Pha/acrocorax carbo 

A + 3 8 0 1 A 142 354 199 675 189 
B 2 2 1 3 2 B 600 1030 749 1452 891 
C 59 9 17 1 10 C 220 90 39 71 171 
D 79 62 180 3 2 D 5 52 53 43 61 
E 108 73 57 16 155 E 225 102 27 185 95 
F 8 3 6 2 0 F 0 4 3 10 0 
G 5 32 14 50 30 G 0 33 88 0 10 
K 3 41 49 37 38 K + 20 58 2 0 
L 23 91 60 102 110 L 284 473 339 580 501 
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Territory economics and population stability - can populations be 
socially regulated? 

TORBJORN VON SCHANTZ 

Abstract ------------------
Although Wynne-Edwards' group selectionist theory of po
pulation regulation was soon rejected, the concept of social 
regulation still remains in the literature. Here I examine the 
importance of social behaviour (e.g. territoriality) in popula
tion regulation from an individual selectionist point of view. 
One of Watson and Moss' criteria for population regulation 
through social behaviour is that the individuals should defend 
resources that exceed their need for survi val and reproduction. 
This is an analogy to Verner's super territory model which is 
not compatible with optimality theory. Moreover, the 
observations that per capita reproductive rate decreases with 
increased group size has often been taken as a sign of social 
regulation at the group level. However, it can be demonstrated, 
both theoretically and empirically, that population rate of 
increase as well as the population's efficiency of converting 

Selection favours those phenotypes which leave the 
greatest number of reproductive descendants. Why, 
then, does not evolution lead to populations of 
individuals being so effective and fertile that they 
overexploit their resources and become extinct? 
Although this may be a seemingly naive problem for 
population geneticists (e.g. Haldane 1957, but see 
Maynard Smith 1968), it remains a major task for 
population ecologists to identify the constraints of 
population growth (e.g. Thompson 1929, Nicholson 
1933, Andrewartha & Birch 1954, Lack 1954, Chitty 
1960, Hairston et al. 1960, Wynne-Edwards 1962, 
Smith 1963). In his famous book, Wynne-Edwards 
(1962) suggested that most types of social behaviour 
have evolved to prevent animal populations from 
overexploiting their resources. Wynne-Edwards 
considered territorial behaviour to be one of the most 
powerful factors in preventing "overpopulation". The 
idea was that populations with this type of social 
regulation were less likely to go extinct and they would 
therefore outcompete populations without any self
regulation. However, Wynne-Edwards was severely 
criticized and the idea of group selection was soon 

resources into reproduction can increase with increased popu
lation density in spite of a decrease in per capita reproductive 
rate. These correlations reduce population stability in variable 
environments. To be effectively regulative social behaviour 
must induce a negative correlation between efficiency of 
converting resources into reproduction and population density. 
With this background I conclude that the importance of social 
regulation is highly exaggerated. It is only in a special case 
that social behaviour can induce population stability in variable 
environments, viz. in permanently territorial species whose 
life expectancy exceeds the average time period of the 
environmental fluctuations. 

Torbjom von Schantz, Department of AnimaL EcoLogy, Uni
versity of Lund, EcoLogy Building, S-223 62 Lund, Sweden. 

abandoned in favour of individual, or rather, kin 
selection (Maynard Smith 1964, 1976, Williams 1966). 
Still, many ecologists insist that populations can be 
regulated by social behaviour (e.g. Watson & Moss 
1970, Klomp 1972, 1980, Patterson 1980, Begon & 
Mortimer 1981, Hassel & May 1985, Moss & Watson 
1985). Others are less precise, only suggesting that 
social behaviour affects population dynamics (e.g. 
Fretwell & Lucas 1969, Maynard Smith 1974, ErnIen 
1984, Clutton-Brock & Albon 1985, Krebs 1985), 
whereas still others deny that social behaviour can 
regulate populations (e.g. Lack 1954, 1968, Brown 
1969a, b, 1975). Here I will examine whether 
populations really can be socially regulated by spacing 
behaviour and if social behaviour increases popUlation 
stability in variable environments. 

Terminology 

Population regulation 

Much confusion in population ecology is caused by 
different authors using expressions such as "popula
tion control", "limitation" and "regulation" without 
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Fig. 1. Relationship between per capita reproductive rate 
(broken line), population rate of increase (solid line) and 
population density (N) at different carrying capacities (K" K2 
and K

3
). 

Sambandet mellanjoryngringshastigheten per individ (bru
ten linje), populationens o/mingshastighet (heZ linje) och 
popuZationstiitheten (N) vid olika biirigheter (K

J
, K2 och K

3
) 

hos biotopen. 

defining them. Here I define population regulation 
according to the logistic model in which the per capita 
rate of increase decreases with increased density of 
conspecifics, i.e.: 

(lIN) (dN/dt) = r (l-(NIK» 

where r = innate rate of increase, N = population den
sity, and K = carrying capacity. 

Another reason for confusion is a lack of generality 
concerning the level at which the regulatory factors are 
acting; is it the geographical distribution of the popu-

30 

lation, or the density of adults, or the number of 
breeding units, or, e.g. the number of adults plus the 
recruits of the year that is regulated? Again the logistic 
is useful in identifying the population rate of increase 
as the level at which the population is regulated, i.e.: 

dN/dt = rN(I-(NIK» 

Theoretically, by identifying the factors that set the 
carrying capacity of a population (K) one has also, by 
my definition, identified the factors that regulate the 
population. Examples of this are given in Fig. 1. In 
case A some factor sets K at a population density ofN2. 
In B K is set at N3 and in C at N

4
• Assume that A, B, and 

C in Fig. 1 describe the same population and that the 
factors that set K in each case are predation (A), 
resources for winter survival (B), and breeding 
resources (C). Then, according to my definition, it is 
correct to state that this population is regulated by 
predation. If, however, the predators are removed, the 
population will be regulated by winter mortality. 
Similarly, if also the winter mortality does not occur, 
by e.g. supplying the population with an excess of 
resources essential for surviving the winter, then the 
population will be regulated by breeding resources. 

Population stability 

In the real world it is likely that the importance of 
different potential regulatory factors changes between 
seasons and years. How does this affect population 
stability? 

In an analysis of population stability of r- and K
strategists at different density-dependent actions, 
Southwood et al. (l974) pointed out that the logistic 
equation was not useful since it does not allow for 
overshooting. Instead they used the difference equation 
by May at al. (l974) to predict changes in population 
size following perturbation. The highly sophisticated, 
but abstract, way of defining population stability 
mathematically (May 1974, May & Oster 1976) is of 
limited practical use since estimates from field popu
lations of the parameters are seldom obtainable (but 
see e.g. Hassel et al. 1976). 

To make the concept more concrete I use stability 
here as a relative term. To illustrate this, let K" K2 and 
K3 in Fig. 1 be the carrying capacities set by the 
different resource (e.g. food) levels in a varying envi
ronment. Now let some other factor keep the popula
tion at some given density (N" N2, or N3 in Fig. 1). The 
effects of changes in the resource level on population 
rate of increase at different population densities are 
given in Fig. 2. From this simple analysis we can see 
that a change in the resource level ( ~ R in Fig. 2) 
affects the rate of increase of population n

l 
least and 

that of n3 most; hence, I define population n
l 
to be most 
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Fig. 2. Relationship between population rate of increase and 
resource abundance at different fixed population densities (n" 
n2 and n3 correspond to N" N2 and N3• respectively in Fig. 1). 

Sambandet mellan population ens okningshastighet och lniing
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motsvarar NJ , N2 resp. N j i Fig. 1). 

stable. A most important conclusion from this is that 
rate of increase of a low density (for whatever the 
reason) population is hardly affected at all by a change 
in resource availability whereas the same change in 
resources has a most profound effect on rate of increase 
of a high density population. But can spacing behaviour 
keep the population density lower than that set by the 
carrying capacity of the environment, thereby inducing 
increased population stability? Normally population 
density should correlate positively with resource 
density, thereby reducing stability according to Fig. 2. 

Social regulation 

Watson & Moss (1970) listed different conditions for 
determining whether breeding density is regulated by 
social behaviour. 

1. A substantial proportion of the population does 
not breed. 

2. Such non-breeders are physiologically capa
ble of breeding. 

3. The breeding animals are not using up the resour
ces themselves but are preventing competi
tors from doing so. 

4. The regulatory effects shall be density depen
dent. 

In their reviews, both Watson & Moss (1970) and 
Klomp (1972) pointed out that very few. if any, studies 
have given data from a single population that fulfill all 
of Watson & Moss' (1970) four conditions. 

Much of the problems of identifying the existence 
of social regulation lies, I believe, in the fact that point 
three above is theoretically controversial. 

Super territories and population regulation 

Undoubtedly, for social behaviour to be regulative, it 
is necessary to show that the breeding animals are not 
completely using up some resource, such as food. If 
they are the resource itself is a regulating agent. Hence, 
as Watson & Moss (1970) pointed out, the breeding 
animals shall not only prevent other animals from 
using the resource, but the breeders must also leave a 
resource surplus that is not fully utilized by themselves. 

This statement is analogous to Verner's (1977) idea 
of super territories. Verner (1977) suggested that natu
ral selection favours indi viduals that defend territories 
larger than necessary to include resources sufficient to 
optimize survival and reproduction. Verner meant that 
such a defence of a disproportionate share of space and 
resources by the super territory strategists increase 
their fitness in relation to less aggessive individuals 
which get a reduced possibility of survival and 
reproduction. 

However, as several authors pointed out, Verner's 
(1977) model is not compatible with optimality theory. 
The main argument was that those individuals that 
maintain a territory of "just sufficient" size receive the 
same gain by the exclusion of competitors as the super 
territory holder does, but the latter bears all the costs 
(Colgan 1979, Getty 1979, Pleasants & Pleasants 
1979, Rothstein 1979, Tullock 1979). Hence, unless 
the super territory strategists derive some benefit 
beyond those accuring to the just sufficient strategists, 
the former strategy cannot spread in the population. In 
the light of these findings it seems unlikely that spacing 
behaviour can regulate populations except in the case 
of the obstinate strategy described below. 

Territory economics and population stability 

Can social behaviour increase population stability in 
variable environments? Again, optimality theory is 
useful in such an analysis. A simple cost-benefit analysis 
of territorial behaviour is given in Fig. 3. The costs of 
defending the territory increase with territory size. The 
benefits increase rapidly with territory size initially 
but will reach an asymptote when the amount of 
resources in the territory exceeds the animal's need for 
survival and reproduction. The optimal territory size 
for the benefit curve B, in Fig. 3A is T,. With an 
increase of resources, the benefit curve will increase 
steeper (B

2 
in Fig. 3A) and reach the asymptote at a 
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Fig. 3. Relationship between costs (broken lines) and benefits 
(solid lines) of territorial behaviour for different territory 
sizes. A: Optimal territory sizes at different resource levels. 
B: Optimal territory sizes at different intruder pressures. 

Forh!illandet mel/an kostnad (bruten linJe) och vinst (hel 
linJe)for revirbeteende vid olika revirstorlekar. A: Optimala 
revirstorlekar vid olika resursniVlie r. B: Optimala revirstor
lekar vid olika tryckfran inkraktare. 

smaller territory size. In that case optimal territory size 
will decrease from Tl to T

2
• Decreased territory size 

implies an increased density of breeding animals and 
thereby, according to Fig. 2, a decreased population 
stability. The same effect will occur when the costs of 
territorial defence increase (Cl shifts to C

2 
in Fig. 3B), 

due to e.g. an increased intruder pressure; i.e. optimal 
territory size will decrease from Tl to T

2
• 

Thus it appears that spacing behaviour cannot keep 
the population at a density below that set by the 
carrying capacity of the environment, nor does spacing 
behaviour seem to be an effective stabilizer in 
fluctuating environments. 

Yet there exists at least one case where social 
behaviour effectively can damp population fluctuations 
in variable environments and, at least temporarily, 
keep the density of breeding animals far below the en-
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vironmental K. I have suggested (von Schantz 1984a, 
b) that pennanently territorial altricial vertebrates that 
feed on a fluctuating food resource keep a constant 
territory size if the animals' lifespan is longer than the 
average time period of the food fluctuations. The 
animals' territory sizes will be so adjusted that they 
contain enough food for reproduction, or at least 
survival, during the bottle-necks of food scarcity. By 
allowing their adult offspring, or other close relatives, 
to remain at home as non-breeders to exploit the 
resource surplus when resources are increasing the 
territory owners remedy the dilemma that confronts 
Verner's super territory holder. Later when resources 
are decreasing the territory owners expel their non
breeding relatives from the territory; this is the so 
called obstinate strategy (von Schantz 1984a). In effect, 
such a population will be socially regulated. When 
resources are abundant the breeding animals are not 
completely using up the resources themselves but they 
are preventing other animals from utilizing the resources 
for reproduction. Hence, the density of breeding 
animals will be lower than would have been the case if 
territory size instead had decreased in response of an 
increase in resources. Instead it is the number of non
breeding animals that fluctuates in parallel with the 
resources. This means that the environmental 
fluctuations mainly affect the density of non-breeders 
whereas the population rate of increase hardly is 
affected at all (cf. Fig. 2). This yields the following 
testable prediction: to be effective in population 
regulation, social behaviour must induce a negative 
correlation between the population IS efficiency of 
converting the resources into reproduction (rate of 
increase) and population density. To illustrate this, let 
us go back to the model in Fig. 1. 

Per capita reproductive rate, population rate of 
increase, and population efficiency of converting 
resources into reproduction 

From Fig. 1 we see that when the per capita reproductive 
rate decreases linearly with population density, then 
the maximum population rate of increase is attained at 
a population density of Kl2. Data from Lack (1968) 
and Perrins (1979) on Great Tits Parus major in Marley 
Wood show that the number of fledglings produced 
per pair does, in fact, decrease linearly with density of 
breeding adults (Fig. 4A). The equation ofthe regres
sion line gives an estimated K of 260 breeding birds; 
hence Kl2=130 individuals. Since the highest number 
of breeding birds ever recorded during the study was 
172, the probable carrying capacity of breeding 
resources was obviously never reached. Instead Lack 
(1968, p. 280) suggested that starvation outside the 
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Fig. 4. Population parameters of Great Tit Parus major in 
Marley Wood, Oxford, during 1947-1963. Data on popula
tion size and number of fledglings are from Lack (1968: 
Table 11), data on caterpillar density (hundreds per m2) are 
from Perrins (1979: Fig. 63). A regression line is drawn when 
the correlation coefficient differed significantly (p<O.02) 
from zero. A: Relationship between number of fledglings per 
pair (per capita rate of increase) and number of breeding 
adults. B: Relationship between total number of fledglings 
(population rate of increase) and number of breeding adults. 
c: Relationship between total number of fledglings (popula
tion rate of increase) and density of caterpillars (resource 
abundance). D: Relationship between the ratio of total number 
of fledglings divided by density of caterpillars (population 
efficiency of converting resources into rate of increase) and 
number of breeding adults. 
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oJazingshastighet) och antalet hiiciainde adulta faglar. 
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breeding season was the most important density
dependent factor that regulated the population (see 
also McCleery & Perrins 1985). Accordingly, and in 
support of the model in Fig. 3 B, Krebs (1971) pointed 
out that breeding density, and hence territory size, of 
Great Tits in Marley Wood was a function of the 
number of individuals that survived the winter; i.e. the 
more Great Tits that competed for territories in spring 
the smaller the territories. Hence, the population did 
not show any signs of regulation through territorial 
behaviour (cf. Lack 1968, p. 278, McCleery & Perrins 
1985). Since all data points except one are below Kf2 
the total number of young fledged by the population 
should be a positive function of the density of breeders 
(cf. the curves describing population rate of increase in 
Fig. 1). Fig. 4B shows that this indeed was the case; 
however, there is no correlation between density of 
caterpillars (main prey for the tits during the nestling 
period) and total number of young flying (Fig. 4C). At 
fIrst sight this may seem paradoxical, but considering 
the fact that the overwhelming majority of the data 
points from the Great Tits fall in the density interval 
between 0 and Kf2 the data make sense in the light of 
the model in Fig.2 where the main conclusion is that 
the population rate of increase will be insensitive to 
changes in resource supply at low population densities. 

In all the cases in Fig. 1 a constant resource level is 
assumed. Therefore the population's effIciency of 
converting available resources into popUlation rate of 
increase will be a positive function of N as long as 
N<Kf2. Again, this prediction is supported by the 
Great Tit data (Fig. 4D) showing that the total number 
of young flying divided by caterpillar density correlates 
positively with the density of breeding adults. Per 
capita rate of increase is a monotonously decreasing 
function of N but it is not until N reaches the interval 
between Kf2 and K that the populations's efficiency of 
converting resources into rate of increase (PER), and 
the population rate of increase (PRJ) itself, will be a 
decreasing function ofN. These correlations have two 
important implications as concerns the interactions 
between per capita reproductive rate, PRJ and PER: 

(1) Based on observations that per capita repro
ductive success declines with group size in social ani
mals, Clutton-Brock & Albon (198S) concluded that 
popUlation regulation may commonly occur at the 
level of the group, rather than at the level of the po
pulation, and that this may "affect" population stability. 
Clutton-Brock & Albon (198S) implicitly took this as 
an example of social regulation. But since PRJ is likely 
to be a positive function of N as long as N<Kf2 (Fig. 
1) in spite of a negative function of per capita rate of 
increase, there is no reason to believe that this density 
dependence is regulatory. Nor does it necessarily 
imply that the population will become more stable in 
the sense illustrated in Fig. 2. On the contrary it is more 
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likely that PRJ becomes more sensitive to changes in 
resource supply with increased N. 

(2) As described above both PRJ and PER are 
expected to show the same function ofN as illustrated 
by e.g. the curve K in Fig. SA. Any environmental 
fluctuation that will reduce K to K

J 
will reduce both 

PRJ and PER whereas an incease of K to K2 will create 
an increase in both PRJ and PER (Fig. SA). These 
changes will occur at any given value ofN although the 
effect becomes negligible as N approaches zero (cf. 
Fig. 2). In contrast, changes in the carrying capacity 
will have quite a different effect in the case of the 
obstinate strategy described above. Here PRJ will 
remain constant irrespective of N (Fig. SB) since the 
territory owners (breeders) have adopted a fIxed 
territory size adjusted to some minimun resource level 
(von Schantz 1984a). Changes in K will hence only 
affect the number of non-breeding animals whose 
presence devaluates PER. In this case PER will be a 
monotonously decreasing function of both Nand K 
(Fig. SB). 

Conclusion 

In general, when defence costs are related to territory 
size or intruder pressure, social behaviour cannot 
effectively regulate or stabilize population rate of 
increase in fluctuating environments. This statement 
is valid for species that are only seasonally territorial 
or have a short life span in relation to the time scale of 
the environmental fluctuations. It is only in species 
that are permanently territorial and whose life 
expectancy exceeds the time scale of the environmental 
fluctuations, that social behaviour can be regulatory. 
Two groups of contrasting predictions emerge from 
the analysis. 

(1) In the absence of social regulation both PRJ and 
PER will show the same dependence ofN (cf. curve K 
in Fig. SA), and both will be a positive function of N 
as long as N<Kf2. In this case any change in carrying 
capacity (K) will change both PRJ and PER in the same 
direction as K (Fig. SA). 

(2) In the p.':"esence of social regulation PRJ remains 
constant and will not be affected by Nand K (Fig. SB). 
In contrast, PER will be a monotonously decreasing 
function of Nand K (Fig. SB), implying that an 
increase in K will decrease PER whereas a decrease in 
K will increase PER. 

Empirical data support the fIrst group of predictions 
(Fig. 4). Unfortunately, I have found no data to either 
verify or reject the second group of predictions. Perhaps 
this may indicate that social regulation does not exist 
in the real world, but if it does I hope that this paper 
provokes a search for such data. 
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Fig. 5. Relationships between population rate of increase 
(PRJ), population efficiency of converting resources into 
reproduction (PER) and population density. A: Without 
social regulation. Both PRJ and PER are expected to show the 
same function ofN. The effects on PRJ and PER by changes 
in canying capacity (resource abundance) from K to either 
K

J 
or ~ are indicated by the arrows at some given population 

densities. B: With social regulation. PRJ (solid line) remains 
constant since the density of breeding units does not change 
with N. In this case, a change in canying capacity will be 
compensated by a change in the density of non-breeding 
individuals so that PER (broken line) will be a monotonously 
decreasing function ofN with its greatest value when no non
breeding animals are present. 

Sambandet mel/an population ens okningshastighet (PRlj, 
population ens effektivitet all omvandla resurser till repro
duktion (PER) och populationstiitheten. A: Utan social reg
lering. Bade PRJ ochPERforviintas beroav N pa samma siill. 
Effekten pa PRJ och PER vidforiindringar i biotopens biirig
het (resurstillgang ) fdm K till K

J 
eller K2 indikeras med 

pilama vid vissa givna populationstiitheter. B: Med social 
reglering. PRJ (hellinje) hailer sig konstant eftersom tiithe
len av hiickande par inte iindras med N. J delta fall kompen
seras en iindring av biirigheten med en iindring i liithelen av 
icke hiickande individer sa all PER (bruten linje) blir en 
stiindigt minskande funktion av N med sitt storsta viirde niir 
det inte finns nagra icke hiickande individer niirvarande. 
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Sammanfattning 

Revirets LOnsamhet och population ens stabilitet - lean 
populationer regleras socialt? 

Det naturliga urvalet premierar de individer som producerar 
storsta mlingden fortplantningsduglig avkomma. Varfor le
der da utvecklingen inte till populationer som exploaterar 
resurserna sa effektivt och fortplantar sig sa mycket att de 
overexploaterar resurserna och dor ut? I sin beromda bok fran 
1962 fOreslog Wynne-Edwards aU de fIesta social a beteen
den hade utvecklats fOr att fOrhindra sadan overexploatering, 
och han ansag aU en av de kraftfullaste mekanismerna fOr att 
uppna delta var att halla revir. Tanken var alt populationer 
som hade sadan social reglering skulle lOpa mindre risk att do 
ut lin sadana som saknade dylik sjlilvreglering. Selektionen 
skulle alltsa till stor del ske pa populations- eller gruppniva. 
Denna Wynne-Edwards's s k gruppselektion utsattes emel
lertid fOr hard kritik och overgavs till fOrman fOr selektion pa 
individniva. Anda hlivdar manga ekologer att populationer 
kan regleras genom sociala beteenden. 

I denna studie definieras populationsregleringen med 
hjlilp av den logistiska ekvationen enligt vilken en individs 
genomsnittliga fOrokningstakt minskar med okande tlithet: 
(lIN) (dN/dt )=r( 1-(N/K», dar rarden inneboende fortplant
ningsfOrmagan, N populationsstorleken och K biotopens 
blirighet fOr arten i fraga. Regleringen av populationen som 
helhet definieras ocksa med den logistiska ekvationen: 
dN/dt=rN(1-(N/K». Med denna definition kan man nu teore
tiskt bestlirnma vad som reglerar populationen genom att 
identifiera de faktorer som bestlimmer blirigheten (K). Detta 
exemplifieras i Fig. 1. Hlir bestlimmer tre resursnivaer KI, K. 
och K3 populationsnivaerna NI, N2 resp. N3. Anta att det i 
delfigur A lir predationen som bestlimmer K, i delfigur B 
resurserna fOr vinteroverlevnad och i delfigur C resurserna fOr 
hlickning. Enligt definitionen lir det da predationen som be
stlimmer N. Eliminerar man predationen blir det i stlillet vinter
resurserna som bestlimmer N och eliminerar man ocksa vin
terdOdligheten blir det sommarresursema som bestlirnmer N. 

For att konkretisera begreppen anvlinds hlir stabilitet som 
en relativ term. Anta att en viss resurs, t ex fOda, varierar i 
tiden motsvarande resursnivaer KI-~ i Fig. 1 och att det finns 
tre olika populationer med individtlitheterna N I, N2 och N3. 
Da far man det resultat som illustreras i Fig. 2. En fOrlindring 
i resursnivlin, t ex~, paverkar populationen med den givna 
individtatheten n

l 
(motsvarande individtlitheten NI i Fig. 1) 

minst och n3 (tathet N3 i Fig. 1) mest. Dlirfor definieras 
populationen n

l 
som mest och n3 som minst stabil. Den 

viktiga slutsatsen blir da att en fOrlindring av resursmangden 



fOga pliverkar en gles population men mycket kraftigt en Hit 
population. Nu ar frligan om sociala mekanismer, t ex revir, 
kan MIla populationen pli en nivli som ar Higre an den som 
barigheten tillater och darmed oka stabiliteten. 

Watson och Moss saUe 1970 upp fyra kriterier fOr aU man 
skall kunna anse aU en population regleras socialt, narnligen 
1) en betydande del av populationen fortplantar sig ej trots aU 
2) dessa individer ar fysiologiskt kapabla aU gora det, 3) de 
hackande individerna uUommer inte alIa resurser men hin
drar anda konkurrenter fran aU gora det, samt 4) regleringen 
skall vara tathetsberoende. Man har hiUat fa om ens nagon 
population som uppfyller alIa kriterierna. Det verkar som om 
deUa beror pa att kriterium nr 3 ar teoretiskt kontroversiellt. 

Det ar uppenbart att social reglering kan fOrekomma bara 
om de hackande individerna inte uUommer resurserna ty 
eljest ar detju resurserna som sadana som skoter regleringen. 
Denna tanke ar analog med den om s k super-revir som Ver
ner fOrde fram 1977. Han menade att individer fOrsvarar 
storre revir an de behover for optimal overlevnad och repro
duktion genom att de pa detta satt hojer sin relativa an
passning, dvs inte okar den egna absoluta anpassningen men 
i stallet reducerar konkurrenternas overlevnad och reproduk
tion. Flera fOrfattare har emellertid funnit att detta inte 
fungerar enligt optimalitetsteorin darfor aU individerna med 
super-revir inte far nagon extra vinst men maste bara de 
okande konstnaderna fOr revirforsvaret. Om det ar sa fOrefal
ler det osannolikt att sociala beteenden kan reglera populatio
ner utom i det fall en population anvander den s k obstinata 
strate gin enligt nedan. 

Kan socialt beteende oka populationens stabilitet i en 
variabel rniljo? Fig. 3 visar en enkel analys av kostnad och 
vinst fOr revirbeteende. Kostnaden fOr revirforsvar okar hela 
tiden med okad revirstorlek. Vinsten okar fOrst snabbt men 
avtar sa smaningom och okar inte aIls nar tillrackliga resurser 
finns inom reviret. I Fig. 3A representeras tva populationer 
med kurvorna BlOCh B2, dar den senare har tillgang till stOrre 
resurser. Denna far darmed en rnindre optimal revirstorlek 
(T2) an den andra (Tl)' vilket innebar att den nar en hogre 
populationstathet. Detta i sin tur medfOr, enligt Fig. 2, rnins
kad stabilitet. Samma effekt uppstar om i stallet kostnaderna 
andras, t ex fran C

1 
till C2 enligt Fig. 3 B. Slutsatsen blir att 

social a beteenden inte kan halla en population pa en niva 
under barigheten och inte heller kan stabilisera en population 
i en variabel miljo. 

Andli finns det litrninstone ett satt pa vilket sociala bete
enden faktiskt kan halla en population langt under barig
hetsnivan, atrninstone temporart. Jag har sjalv tidigare fore
slagit aU vertebrater som har permanent a revir, vars ungar 
kraver kostsam fOraldravard och som lever pa en varierande 
fOdokalla, MIler revir av konstant storlek om deras livslangd 
ar langre an den genomsniuliga perioden fOr fOdans variation. 
Revirets storlek bestlims av vad som behovs fOr aU reprodu
cera sig eller atrninstone overleva de tidpunkter da fOdo
tillgangen ar lagst. Det gar till sa aU de hackande individerna 
tillater slliktingar aU uppehalla sig i reviret men inte aU hacka 
nar fOdotillgangen ar riklig men kastar ut dem nar det blir 
kat'vt. DeUa ar den s k obstinata strategin. Har sker alltsli en 
social reglering definitionsmassigt dlirfor aU resurserna inte 
helt konsumeras men andra djur fOrhindras att fortplanta sig. 
Antalet individer som fortplantar sig MIls konstant medan 
antalet individer som inte fortplantar sig vaxlar i takt med 
med resurstillgangen. Det ar just detta som illustreras i 

Fig. 2, nlirnligen att populationens foryngringstakt knap
past alls paverkas av resursvariationerna. Detta ger oss en 
testbar hypotes: fOr aU effektivt kunna reglera en popula
tion maste socialt beteende medfOra en negati v kor-relation 
mellan populationens fOrmaga att omvandla rniljons resur
ser till avkomma (forokningstakten) oeh popula
tionstatheten. Vi atervander dlirf6r till modellen i Fig. 1 och 
granskar data fran en talgoxepopulation som studerats 
manga ar i Oxford. 

Fig. 1 visar att om individernas genomsnittliga fOr
okningstakt rninskar linjart med okande populationstathet 
kommer hOgsta fOrokningstakten pa populationsniva att in
trMfa nar tatheten motsvarar Kl2. Fig. 4A visar att detta var 
fallet fOr talgoxama. Regressionsekvationen ger en uppskat
tad barighet fOr K pa 260 par. Den hogsta uppnadda tatheten 
var 172 par, slileden langt under barigheten. Lack menade aU 
svalt utanfor hackningstiden var den viktigaste tathetsbero
ende regleringsfaktorn och Krebs stOdde mod ell en i Fig. 3 B 
och menade aU antalet hackare och darmed revirstorleken var 
en funktion av antalet som overlevde vintern. Foljaktligen vi
sade populationen inte nagon tathetsberoende revirreglering. 
Eftersom alla datapunkter utom en ligger under Kl2 skall an
talet flygga ungar vara en positiv funktion av antalet hack
ande par. Sli ar ocksli fallet enligt Fig. 4B, men det finns ingen 
korrelation mellan larvti1lgangen och antalet flygga ungar 
(Fig. 4C). Deua kan tyckas paradoxalt men eftersom antalet 
par nastan alla lie ligger under Kl2 stammer bristen pli korre
lation med modellen i Fig. 2, enligt vilken populationens 
okningstakt skall vara oklinslig fOr resursfOrandringar vid 
laga populationstatheter. 

Eftersom det fOrutsaUs en konstant resursniva i vatje 
exempel i Fig. 1 skaU en populations fOrmaga aU omvandla 
biotopens resurser till ungar vara en positiv funktion av N sli 
lange N ar rnindre lin Kl2. Deua visar sig aterigen vara fallet 
fOr talgoxarna (Fig. 4D). Vi finner dlirfor att det ar fOrst nar 
N blir storre an Kl2 som den genomsniuliga individens 
fOrmaga aU omvandla resurser till okningstakt (PRI) liksom 
populationens okningstakt som sadan (PER) blir en rnins
kande funktion av N (Fig. 5). Dessa korrelationer far tva 
viktiga konsekvenser nar det galler samspelet mellan PRI 
och PER. For det fOrsta innebar observationer av rninskande 
genomsnittlig reproduktionstakt fOr indi vide rna med okande 
storlek av en grupp inte social reglering pli populationsniva. 
Det innebar inte heller att populationen blir mera stabil, 
tvartom ar det troligt aU PRI blir klinsligare fOr resursfOr
andringar med okande N. For det andra mliste man vanta sig 
att bade PRI och PER skall reagera pa andringar i N pli 
samma satt (t ex kurvan K i Fig. 5A) och vid alIa varden av 
N aven om effekterna ar sma fOr Iaga N. Den obstinata 
strate gin ger eU helt annat resultat. PRI fOrblir konstant fOr 
alIa N efter-som reviragama MIler ett revir av konstant 
storlek anpassat efter behovet de samsta aren. PER kommer 
dliremot aU bli en stlindigt rninskande funktion av bade N och 
K (Fig. 5B). 

Slutsatsen av denna analys blir att nar kostnaderna fOr 
revirforsvaret beror pli revirstorlek eller trycket fran konkur
renter kan social reglering inte stabilisera eller reglera popu
lationer som bara hlivdar revir vissa sasonger eller som har en 
livslangd som understiger rniljons variationsperioder. Social 
reglering kan bara fOrekomma hos arter som har permanent a 
revir och vars livsHingd overstiger periodlangden i resursemas 
variations monster . 
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Distribution, reproductive success, and population trend in the 
Dunlin Calidris alpina schinzii on the Swedish west coast 

DONALD BLOMQVIST & OLOF C. JOHANSSON 

----------------------------------- Abstract -----------------------------------
In 1989, the breeding population of the Dunlin in the provinces 
of BohusHin and HaIIand on the Swedish west coast was 
surveyed. The total population size was estimated at a maxi
mum of 44 pairs. The number of breeding pairs has declined 
during the 1980s and the population has been restricted to 
about 10 localities; 55% of the total population occurred at 
two sites. At two of the surveyed localities, hatching success 
varied considerably among years, reflecting variation in nest 
predation rate. An experiment with dummy nests suggested 
that vegetation height, and thus protective cover, does not 
influence the probability of predation. On average, 0.8 and 
1.0 fledglings per pair were produced at the two localites. 
Estimates of maintenance of population size in one study area 

Introduction 

The populations of breeding waders in south Swedish 
wetlands have continously decreased since the middle 
of the 19th century. Drainage and lowering of lake 
levels, together with ceasing cattle grazing and 
haymaking, have completely altered the former 
breeding habitats (e.g. Larsson 1969, Soikkeli & Salo 
1979, Alexandersson & Eriksson 1988). One example 
is the Dunlin Calidris alpina schinzii which has 
drastically decreased in Sweden during the 20th century. 
Tjemberg (1985) estimated the breeding population at 
250 pairs at the beginning of the 1980s, with the major 
~art in the province of Scania and on the islands of 
Oland and Gotland. The decline has been especially 
obvious at inland localities (Eriksson 1980, Ema
nuelsson & Kjellen 1985). 

In some areas the decline has been more rapid than 
expected from the decrease of suitable breeding habitats 
alone (Eriksson 1980). Jonsson (1985, 1988) found 
that the popUlation at Foteviken Bay in the province of 
Scania is no longer self-supporting although the area 
was intensively grazed during his study. These results 
suggest that other factors than habitat loss may have 

indicated that this subpopulation was not self-supporting, 
apparently due to low hatching success. No clear relationship 
was found between moderately decreased grazing intensity 
and the decline of the population during the last decade. In 
addition to habitat alterations, other factors seem to affect the 
population trend of the Dunlin on the Swedish west coast. The 
small population is vulnerable to unpredictable events, such 
as temporarily increased nest predation. 

Donald Blomqvist & Olofe. Johansson, University ofGote
borg, Department of Zoology, Box 25059, S-4OO 31 GOte
borg, Sweden. 

contributed to the observed decline of the Swedish 
Dunlin population. 

It is unknown whether the number of breeding 
Dunlins on the Swedish west coast has continued to 
decline or whether a stable level has been reached 
during the last decade. In order to establish present 
status and make comparisons with earlier censuses 
(Eriksson 1980, .Ahlund et a1. 1987) the breeding po
pulation of the Dunlin on the west coast of Sweden was 
surveyed in 1989. 

At two localities we also studied breeding perfor
mance. For one of them we used literature data (Soik
keli 1970a, b, JOnsson 1988) and own observations to 
calculate the average number of fIrst-breeders that 
each individual produced for a period of six years. By 
comparing the obtained reproductive output with the 
estimated mean annual adult mortality we examined 
whether this subpopulation was self-supporting. We 
also examined hatching success and fledging success 
in order to determine whether either of these factors 
could be responsible for a negative population trend. 

Waders have various adaptations for avoiding 
nest predation. Nevertheless, several studies have 
reported high frequencies of nests destroyed by pre-
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Fig. 1. Coastal pastures in the provinces of Bohusliin (left) 
and Halland (right) surveyed in 1989. Open circle = locality 
with no breeding Dunlins, filled circle = locality with breeding 
Dunlins. 

Inventerade strandiingar i Bohusliin (viinster) och Halland 
(hOger) under 1989. Oppen cirkel = lokal utan hiickande 
kiirrsniippa, fylld cirkel = lokal med hiickande kiirrsniippa. 

dation (e.g. Soikkeli 1970a, JOnsson 1988). The Dunlin 
has no active nest defence against predators, a behaviour 
typical of large or medium-sized waders such as the 
Lapwing Vanellus vanellus (e.g. Dyrcz et al. 1981, 
Elliot 1985). The nest is more or less well concealed in 
vegetation of moderate height (Jonsson 1985, Blom
qvist & Thorssell 1988). The risk of nest predation 
may be related to the degree of concealing vegetation 
(e.g. Sugden & Beyersbergen 1986) which in tum 
depends on grazing intensity. We tested this hypothesis 
experimentally by comparing predation rate on dummy 
nests placed in two categories of vegetation. 

Study area and methods 

Survey 

From 19 April to 25 May 1989,38 coastal pastures in 
the provinces of BohusUin and Halland (Fig. 1) were 
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surveyed twice. We selected these localities on the 
basis of knowledge offonner distribution of breeding 
Dunlins or other waders (Eriksson 1980, Mlund et al. 
1987). If Dunlins were observed at any of the fust two 
visits the locality was visited again at least twice until 
the beginning of July (exceptions see Table 1 and 2). 
We used the following criteria in order to establish the 
number of breeding pairs: 1) finding of nests or young, 
2) stationary displaying males, or 3) stationary pairs. 

At all localities we classified the grazing intensity 
on the lower part of the pasture, an important habitat 
for breeding Dunlins (Jonsson 1985, Blomqvist & 
Thorssell 1988). We used three levels of grazing 
intensity: continuous areas with vegetation height (1) 
shorter than 10 cm, (2) about 10 cm, and (3) taller than 
10 cm. The census was carried out with the help of 15 
ornithologists, each visiting the same area every time. 

Breeding performance 

Two of the surveyed localities, OdsmaIs kile and 
Torkelstorp (no. 18 and 25, Fig.!), were visited regularly 
from the end of March to the beginning of July in 1987-
1990 and 1988-1990, respectively. For Odsm~ils kile 
we also used data from 1985 and 1986 (Blomqvist 
&Thorssell 1988, unpubl.). The two areas are quite 
similar, consisting of shallow marine bays surrounded 
by coastal pastures and arable land. 

In addition to recording displaying males and 
stationary pairs we searched for nests. Incubating 
birds were trapped on the nests and individually colour
ringed. The nests were revisited at the estimated 
hatching date (van Paassen et al. 1984). If no recently 
hatched chicks were found in the vicinity of the nest 
they were classified as hatched or robbed according to 
Green et al. (1987). Possible causes of nest losses other 
than by predation were also noted. 

When possible, chicks were marked with colour 
rings and the movements of all hatched clutches were 
recorded. Each brood could thus be identified by 
colour-ringed parents orland chicks. Because both 
sites held few breeding pairs it was possible to establish 
the fledging rate with a fairly good accuracy by counting 
newly fledged young when they were feeding on the 
marine Jr.udflats. 

Nest predation experiment 

To test whether the vegetation height influences the 
risk of nest predation we perfonned an experiment 
with artificial Dunlin nests. It was carried out at 
Torkelstorp in the beginning of May 1989, and repeated 
one month later at ValIda Sando (locality nr 22, Fig. 1), 
a fonner breeding area for Dunlins (Eriksson 1980). 



Table 1. Number of breeding pairs of Dunlin on coastal 
pastures in Bohusliin in 1983 and 1989. 

Antal hiickande par av kiirrsniippa pa havsstrandiingar i 
Bohusliin 1983 och 1989. 

Locality (numbers in Fig. 1) 
Lokal (nummer i Fig. 1) 

1 Noddokilen 
2 Backeleran 
3 Orrevikskilen 
4 Galtolera 
5 Tanums kile 
6 Sanniisfjorden 
7 10refjordenlSiivhedskiiarna 
8 Skiirholme lera 
9 Abyfjorden 

10 Fiirlevfjorden 
11 Triilebergs kile 
12 Bogen 
13 Angholmen 
14 RassolHjiilmvik 
15 Svanviks kile 
16 Borgen 
17 Breviks kile 
18 Odsmals kile 
19 Lokebergs kile 
20 Pompa 
21 Overon 

Total Summa 
Change Foriindring 
Number of localities Antal lokaler 

Number of pairs 
Antal par 
1983" 1989 

0 0 
0 0 
1 0 
0 0 
0 0 
0 0 
0 1 
0 0 
0 0 
0 0 
2 0 
0 0 
0 Ob 

4 2 
0 0 
0 Ob 

0 0 
9 3 
0 0 
0 0 
0 0 

16 6 
-63% 

4 3 

" From Ahlund et al. (1987). Efter Ahlund et at. (1987). 

b One visit. Ett besok. 

The dummy nests were constructed by making a small 
depression in the ground and lining it with dry grass. 
They were exposed during the period when most 
Dunlin nests were found. In each experiment, 20 
dummy nests containing four Quail Cotumix cotumix 
eggs were placed in the lower part of the coastal 
pasture, which is the usual nest site habitat for the 
Dunlin in South Sweden (Jonsson 1985, Blomqvist & 
Thorssell 1988). Quail eggs, like Dunlin eggs, are 
cryptically coloured. The mean size of eight Quail 
eggs, was 29.9 x 24.6 mm which is about 10% smaller 
than Dunlin eggs (Nethersole-Thompson 1986 and 
references therein). The distances between the dummy 
nests were approximately 50 m, which is within the 
range of the nearest neighbour distance found in the 
study areas. We avoided areas with breeding Lapwings 
since this species defends an area around the nest (e.g. 
Elliot 1985). Half of the nests were placed in short 
vegetation (mean height of cover 3.5 -7.0 cm) and the 
remaining ones were concealed in taller vegetation 

Table 2. Number of breeding pairs of Dunlin on coastal 
pastures in Halland in 1978179 and 1989. 

Antal hiickande par av kiirrsniippa pa havsstrandiingar i 
Halland 1978179 och 1989. 

Locality (numbers in Fig. 1) 
Lokal (nummer i Fig. 1) 

22 Valida Sando 
23 Rao-Lunno 
24 Hammargard 
25 Torkelstorpb 

Number of pairs 
Antal par 
1978179" 1989 

0 0 
0 0 

0 
7 6 

26 Niisbofjorden (TjolOholm-Olmevalla) 7 3 
27 Landabukten 0 0 
28 Loftaans mynning 1 0 
29 Batafjorden 3 9-11 
30 Klosterfjorden 3 2c 

31 Arsniishalvon 0 0 
32 Balgo 0 
33 Fyrstrandsfjorden 0 0 
34 Getteron 11 14 
35 Gamla Kopstad 0 
36 Galtabiick 0 
37 Utteros 0 
38 Sik 0 

Total Summa 32 34-36 
Change Foriindring +9% 
Number of localities Antallokaler 6 5 

"Data from Getteron are from 1978 (Flodin et al. 1979), 
the others from 1979 (Eriksson 1980). 
Uppgiftenfor Getteron avser 1978 (Flodin e/ al.1979), 
ovriga uppgifter fran 1979 (Eriksson 1980). 

bCorresponds to Askatorps strandiingar in Eriksson (1980). 
Motsvarar Askatorps strandiingar i Eriksson (1980). 

c Two visits. 
Tva besok. 

(13 .5 - 20.5 cm). Nests were checked after four and 
nine days. 

Results 

Survey 

In 1989 six breeding pairs of Dunlin were found in 
BohusHin, which corresponds to a decline of approxi
mately 60% since 1983 (Table 1). The species has 
disappeared from two former breeding sites, Orreviks
kilen and Tdilebergs kile, but has appeared at one new 
site, Jorefjorden. The number of breeding pairs has 
decreased or the species has disappeared at four 
localities, of which two exhibit diminishing and two 
unaltered grazing intensity. The major part of the 
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Table 3. Breeding success of Dunlins at Odsmals kile, Bohuslan 1985-1990. 

Hiickningsframgang for kiirrsniippa vid Odsmals kile, Bohusliin 1985-1990. 

Proportion of clutches Andel bon 
Year Total No. of pairs No. of hatched No. of fledged 

Hatched Preyed upon Flooded young/pair young/pair 
Ar Kliickta Rovade Driinkta Summa Antal par Antal k1iickta Antal f/ygga 

% (n) % (n) % (n) (n) ungar/par ungar/par 

1985 a 50 (4) 50 (4) 0 (0) 8 7 2.0 0.9 
1986 b - 4 1.0 
1987 0 (0) 75 (2) 25 (1) 3 4 0 0 
1988 33 (1) 67 (2) 0 (0) 3 3 1.0 0.3 
1989 25 (1) 75 (3) 0 (0) 4 3 1.0-1.3 1.0 
1990 100 (3) 0 (0) 0 (0) 3 3 4.0 1.3 

Mean 
Medel 42 53 5 1.6-1. 7 0.8 

aFrom Blomqvist & Thorssell (1988) .. Efter Blomqvist & Thorssell (1988) 

bFrom Blomqvist & Thorssell (unpubl.). Data considering hatching success in 1986 are incomplete and therefore 
excluded. 
Efter Blomqvist & Thorssell (opubl.). Data avseende kliickningsframgang for 1986 iir ofullstiindiga och har diir/Or 
uteliimnats. 
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Fig. 2. Number of breeding pairs of Dunlin at OdsmAls kile 
1983-1990 (test: Spearman rank correlation test). Data from 
1983 and 1984 from Mlund et al. ( 1987), 1985 and 1986 
from Blomqvist & Thorssell (1988, unpuhl.) Drawing by 
Billy Hellsten. 

Antal hiickunde par av kiirrsniippa vid Odsmals kile under 
perioden 1983-1990 (test: Spearman rank correlation test). 
Uppgifterfran 1983 och 1984 efterAhlundm.f/. (1987),1985 
och 1986 efter Blomqvist & Thorssell (1988, opubl.). Teck
ning: Billy Hellsten. 
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decline occurred at one locality, OdsmiUs kile. At this 
locality the number or pairs decreased by two thirds 
since 1983 (p=O.OOO4, Fig. 2), though grazing intensity 
remained fairly constant. Although the sample is small 
these results suggest that presently there may not exist 
a clear relationship between the decline of the Dunlin 
in BohusHin and a moderately decreased grazing 
intensity . 

On coastal pastures in Halland 34-36 breeding 
pairs were found, a slight increase since 1979 (Table 
2). At five localities, however, the number of breeding 
pairs has decreased, while in two areas, Getteron and 
Batafjorden, the breeding population has increased. 
No Dunlins occurred on the coastal pastures south of 
Varberg in 1989. Earlier during the 1980s, however, 
breeding or displaying birds were reported from this 
area (Asteling et al. 1985, Hanje et al. 1986, 1987). 

Breeding performance 

All nests were located in the lower part of the coastal 
pasture, where the vegetation is dominated by ]uncus 
gerardii and various grass species. 

On average, the proportion of hatched clutches was 
42% at Odsmiils kile (Table 3), and 55% at Torkelstorp 
(Table 4). At both localities the hatching success 
varied considerably among years, mainly because of 
variation in nest predation rate. This was most obvious 
at Odsmals kile, where the proportion of nests preyed 
upon ranged from 0 to 75% (Table 3). Other nest losses 



Table 4. Breeding success of Dunlins at Torkelstorp, Halland 1988-1990. 

Hackningsframgang for karrsnappa vid Torkelstorp, Halland 1988-1990. 

Proportion of Clutches Andel bon 
Year Total No. of pairs No. of hatched No. of fledged 

Hatched Preyed upon Other losses 
, 

young/pair young/pair 
Ar Klackta Rovade Ovrigajorluster Summa Antal par Antal kliickta Antal flygga 

% (n) % (n) % (n) (n) ungar/par ungar/par 

1988 50 (4) 38 (3) 12 (1) 8 4 3.0-3.8 1.8-2.3 
1989 14 (1) 57 (3) 29 (2) 7 6 0.7 0.3 
1990 100 (3) 0 (0) 0 (0) 3 3 2.3-3.3 0.3-1.0 

Mean 
Medel 55 32 13 2.0-2.6 0.8-1.2 

• Mainly nests trampled by sheep. Framst bon sondertrampade av Fir. 

were few and mainly caused by flooding when sea 
level was high, and trampling by grazing sheep. 

The estimates of fledging success are based on 
observations of fledglings on the shores before migra
tion. Chicks were sometimes hard to observe at 
Torkelstorp and therefore, for two years, we could not 
determine the exact number of fledged young. In total, 
18 fledged young were observed at Odsmals kile and 
10-14 at Torkelstorp, corresponding to a mean fledging 
success of 0.8 and 0.8-1.2 fledglings per pair, respec
tively (Table 3 and 4). The proportion of hatched 
chicks surviving until fledging was 46% at Odsmals 
kile and 31-60% at Torkelstorp. 

Nest predation experiment 

The experiment with dummy nests was performed at 
two different localities in order to reduce any influence 
of local differences in predation pressure. There was 
no significant difference in predation rate between 
dummy nests placed in tall and short vegetation (Table 
5), suggesting that vegetation height does not influence 
the probability of nest predation. After 9 days of 
exposure 90% of the dummy nests were preyed upon, 
supporting the observed high nest predation rate on 
natural nests. 

Discussion 

Distribution and population trend 

The number of breeding Dunlins has decreased consi
derably in the province of BohusHin during the last 
seven years. Strandvik (1985) suggested that the popu
lation size in Bohuslan was fairly constant during 
1967-1984. If so, the decline started in the middle of 
the 1980s, which also coincides with the decrease of 

Table 5. Number of artificial Dunlin nests destroyed by 
predation in relation to vegetation height and exposure 
time. 

Antalet rovade konstgjorda karrsniippebon i relation till 
vegetationshojd och exponeringstid. 

After 4 Days 
Efter4 dygn 

Predation Intact 

After 9 Days 
Efter 9 dygn 

Predation Intact 
Rovade Intakta Rovade Intakta 

Experiment 1 Forsok 1 

Short' vegetation 4 
lAg vegetation 

Tall' vegetation 5 
Hog vegetation 

Experiment 2 Forsok 2 

Short ' vegetation 3 
lAg vegetation 

Tall ' vegetation 
Hog vegetation 

3 

6 10 

5 8 

7 9 

7 8 

• See text for explanation. Se text for forklaring . 

o 

2 

2 

Note: No significant differences in predation rate between 
nests in short and tall vegetation (Fisher exact probability 
test). 
Inga skillnader i rovningsfrekvens mellan bon placerade i 
Jag vegetation och bon i hog vegetation (Fisher exact pro
bability test). 
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the population at Odsmals kile. Data concerning grazing 
intensity in BohusHin suggest that the decline of the 
Dunlin population was not caused only by changes in 
grazing intensity. It seems likely that additionalfactors 
have affected the population trend (see below for 
further discussion). 

Compared with the survey in 1979 the breeding 
population in the province of Halland seems to have 
been fairly stable. The coast south ofVarberg was not 
surveyed in 1979, but until the middle of the 1980s 
Dunlins were observed in the breeding season at three 
localities south of Varberg. Thus, it is possible that the 
population in Halland has also declined during the 
1980s, and that more localities are abandoned than 
what a comparison with the survey of 1979 indicates. 
The major part of the population on the Swedish west 
coast is now restricted to two localities, Getteron and 
Batafjorden. At Getteron the number of breeding pairs 
has been more or less constant, slightly more than 10 
pairs, during the 1980s (Flodin 1990). Thus, the popu
lation in this area may either be self-supporting or 
there may have been immigration of birds into the 
breeding population. 

Reproductive success and nest predation experiment 

At both studied localities predation was responsible 
for the majority of nest losses. As the nests were found 
at different stages of incubation, the observed propor
tion of nests preyed upon may be an underestimate of 
the true predation rate (e.g. Mayfield 1975). At Odsmals 
kile the observed nest predation rate was high (53%) in 
comparison with Torkelstorp (32%), butit was slightly 
lower than that reported by Jonsson (1985, 1988) and 
by Soikkeli (1970a). In some other studies nest losses 
varied between 0% and 30% (Holmes 1966, Soikkeli 
1967, Etheridge 1982, Kr611985). It is thus likely that 
nest predation limited the reproductive success at 
Odsmals kile. In both study areas Hooded Crows 
Corvus corone comix and gulls (Laridae) were regularly 
observed searching the pastures. Possibly these spe
cies were predators on Dunlin nests. At Torkelstorp in 
1989, egg-shells with marks of teeth were found several 
times, indicating that the substantial nest losses at least 
partly was caused by mammalian predators. The expe
riment with dummy nests implied that vegetation 
cover is of minor importance for the risk of predation. 
Given that birds are the major predators, this type of 
experiments tests the probability that a nest will be 
discovered by visual cues. The result can, however, 
reflect the possibility that dummy nests were found by 
mammalian predators. Futhermore, the outcome may 
also depend on searching behaviour of predators. In 
experiments with artificial duck nests, Sugden and 
Beyersbergen (1986) found that concealment provided 
little or no protection from walking American Crows 
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Corvus brachyrhynchos. 

At both the studied localities the average number of 
fledged young per pair as well as the rate of prefledging 
survival exceeded values (0.28 and 36%, respectively) 
reported by Jonsson (1988) from SW Scania. The 
causes of prefledging mortality in the study areas are 
unknown, but probable ones are predation and 
starvation due to food shortage or periods of severe 
weather conditions (e.g. Redmond & Jenni 1986, 
Jonsson 1988). 

Maintenance of a stable population size 

What are the survival prospect for the Dunlin popula
tion on the Swedish west coast? For one locality, 
Odsmiils kile, we have enough information to calculate 
if this subpopulation is self-supporting. In order to 
maintain a stable population size the production of 
recruits need to compensate for the adult mortality. We 
estimated adult mortality by return rates ofindividually 
ringed birds, and by regarding the proportion of 
unmarked birds that disappeared from one year to 
another as dead. This assumption may over-estimate 
adult mortality, but Dunlins, particularly males, show 
high site tenacity (Soikkeli 1970b, Jonsson 1988). 
Additionally, by assuming a subadult survival rate of 
56% (Jonsson 1988) and a natal philopatry of 33% 
(Soikkeli 1970b), we could calculate the maximum 
number of fledged birds that was expected to return to 
the breeding stock after two years. This expected 
number minus the observed number of returning birds 
was also considered to represent dead birds. The 
estimated average annual mortality rate for the popu
lation at Odsmals kile was 21 %, which is in between 
the 17% reported by Jonsson (1988) and the 25% given 
by Soikkeli (1970a). When calculating the number of 
recruits produced, information on fledging success, 
post-fledging survival, and age of first breeders are 
also needed (Soikkeli 1970a, Jonsson 1988). The 
fledging success at Odsmals kile was 0.38 fledglings 
per adult. By assuming that post-fledging survival was 
56% (Jonsson 1988) and the proportions of birds 
breeding at the age of one and two years equalled those 
values fOimd by Soikkeli (1970a) (20% and 80%) and 
Jonsson (1988) (35% and 65%), respectively, 0.17-
0.18 first-breeders were produced per adult. This 
reproductive output did not balance the adult mortality 
rate, implying that the population was not self
supporting. 

The survival of hatched young to fledging was 
somewhat higher than reported by Jonsson (1988). 
The majorcause of the low reproductive output at Ods
mals kile was thus probably the low proportion of 
hatched clutches. Provided that post-hatching survival 
remain unaltered, hatching success must increase to 



1.0 hatched chicks per adult, or about 20%, in order to 
compensate for the adult mortality. 

To sum up, the population of Dunlin on the Swedish 
west coast has continued to decline during the last 
decade. If we add birds from two sites in Halland (south 
of the surveyed area) that held displaying males in 
1988 (Hellman & Wikman 1989), the total size ofthe 
population on the Swedish west coast is no more than 
44 pairs. The population also seems to be increasingly 
fragmented, and Dunlins now only breed at about 10 
localities. Continued cattle grazing in suitable breeding 
areas is a prerequisite for the survival of the species. 
However, the declining population suffers a risk of 
extinction due to other causes than merely habitat 
alterations. Small populations are vulnerable to 
stochastic processes and unpredictable events, such as 
altered sex ratio or age distribution, loss of genetic 
variation, temporarily increased predation rate and 
severe weather conditions during breeding(e.g. Soule 
1986, Jarvinen & Miettinen 1988). Small populations 
with poor reproduction, such as the one at Odsmals 
kile, may, however, persist if immigration from other 
subpopulations is substantial. These subpopulations 
must have a high reproductive output and recruits 
which spread must also have good survival chances. 
Thus, the prospects of the local populations of Dunlins 
on the Swedish west coast may be interconnected (see 
Redmond & Jenni 1986). 
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Sammanfattning 

Forekomst, hackningsframgcmg och populationsut
veckling hos sydlig klirrsnlippa Calidris alpina schinzii 
pa svenska vastkusten 

Den sydliga kiirrsnappan Calidris alpina schinzii har dras
tiskt minskat i antal inom stora delar av siu svenska utbred
ningsornrade (ca 250 par i oorjan av 1980-talet, Tjernberg 
1985). Tillbakagangen fOrknippas i forsta hand med fOrand
rad markanvandning av fukt- och strandangar (t.ex. Larsson 
1969, Soikkeli & Salo 1979, Emanuelsson & Kjellen 1985, 
Alexandersson & Eriksson 1988). I vissa ornraden har ned
gangen emellertid varit kraftigare an for-vantat om den 
endast var orsakad av brist pa lampliga bio-toper (Eriksson 
1980, se aven Jonsson 1988). Detta antyder att andra faktorer 
an enbart minskande havd ocksa ar av betydelse fOr 
karrsnappans populationsutveckling. 

Under perioden 19 april-25 maj 1989 inventerades 38 
betade havsstrandangar i Bohuslan och Halland (Fig. 1 ) fOr aU 
dokumentera kiirrsnappans nuvarande status pa vastkusten 
samt fOr aU gora jarnforelser med tidigare inventeringar 
(Eriksson 1980, Ahlund m.fl. 1987). Vid tva av de invente
rade lokalerna, Odsmals kile och Torkelstorp (nr 18 och 25, 
Fig. 1), har vi ocksa utfOrt hackningsbiologiska undersok
ningar. Med stOd av litteraturuppgifter (Soikkeli 1970a, b, 
Jonsson 1988) och egna observationer har vi for en av dessa 
lokaler undersokt om populationen var sjalvbarande. Vi 
fOrsokte ocksa avgora vilken av faktorerna klacknings
framgangen eller ungamas overlevnad till flygg alder, som 
kan vara den mest betydelsefulla orsaken till en vikande 
populationsutveckling. Flera studier har redovisat en hog 
andel rovade bon hos karrsnappa (t.ex. Soikkeli 1970a, 
Jonsson 1988), och det ar mojligt aU predationsrisken ar re-
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laterad till graden av skyddande vegetation (t.ex. Sugden & 
Beyersbergen 1986). Vi testade denna hypotes ge-nom att 
jiirnfora predationen pa konstgjorda kamnappebon som pla
cerades ut i "lag" (medelhojd 3.5-7.0 cm) respektive "hog" 
(medelhojd 13.5-20.5 cm) vegetation. 

1989 patriiffades sex kiirrsnappepari Bohuslan (Tabelll) 
vilket motsvarar en tillbakagang med drygt 60% sedan 1983. 
Antalet hackande par hade minskat pa fyra lokaler varav tva 
uppvisade minskat betestryck och tva ofOrandrad havd, vilket 
antyder att det fOr narvarande inte finns nagot entydigt 
samband mellan kiirrsnappans tillbakagang och mattliga fOr
andringar av betestrycket. Storre delen av till-bakagangen 
har skett pa en lokal, OdsmAIs kile, dar antalet hackande par 
har minskat med tva tredjedelar sedan 1983 (p=O.OOO4, Fig. 
2), trots relativt ofOrandrat betestryck. 

Vid de hallandska strandangama patriiffades 34-36 par 
(Tabell 2) vilket ar en svag okning jarnfort med 1979. 
Tidigare under 1980-talet fOrekom emellertid hackande karr
snappor sOder om Varberg (Asteling m.fl. 1985, Hanje m.fl. 
1986, 1987). Det ar diirfor troligt att aven den hallandska 
populationen har minskat nagot och att antalet overgivna 
lokaler ar fler an vad Tabell 2 visar. 

I genomsniu var andelen klackta bon 42% vid Odsmals 
kile och 55 % vid Torkelstorp (Tabell 3 och 4). Vid bad a 
lokalerna orsakades majoriteten av bofOrlusterna av pre
dation. Vid Odsmals kile var frekvensen rovade bon hogre 
jiirnfort med Torkelstorp samt med flera andra undersok
ningar (Holmes 1966, Soikkeli 1967, Etheridge 1982, Kr61 
1985), men nagot lagre an vad som rapporterats av Jonsson 
(1988) och Soikkeli (1970a). Resultatet av experimentet med 
konstgjorda bon antyder aU vegetationshojden inte iir av 

betydelse fOr predationsrisken (Tabell 5). 
Vid Odsmals kile blev i genomsniU 0.8 ungar flygga per 

par (Tabe1l3) och vid Torkelstorp var motsvarande siffra 0.8-
1.2 (Tabe1l4). Overlevnaden till flygg alder var vid respek
tive lokal 46% och 31-60%. 

Vid Odsmals kile uppskattades den genomsnittliga Arliga 
adultmortaliteten till 21 %. I genomsniU producerades 0.17-
0.18 fOrstagangshackare per individ, vilket inte ar tillrackligt 
fOr att kompensera den Arliga adultdOdligheten. De klackta 
ungarnas overlevnad till flygg alder var nagot hogre an vad 
Jonsson (1988) rapporterat. Det ar diirfor troligt aU den laga 
andelen klackta bon var den framsta orsaken till det otillrack-

liga reproduktionsresultatet. 
Sammanfauningsvis har bestandet av sydlig karrsnappa 

pa vastkusten fortsaU aU minska under 1980-talet. 1988 
rapporterades spelande karrsnappor fran tva ornraden i Hal
land (Hellman & Wikrnan 1989) som inte inventerades 1989. 
Om dessa faglar fanns kvar 1989 skulle den totala populationen 
pa svenska va.. .. tkusten uppga till maximalt 44 par. Populationen 
tycks ocksa bli alIt mer fragmenterad och fOrekommer nu 
endast pa eU tiotal lokaler. Fortsatt betesdrift i lampliga 
ornraden ar en fOrutsattning fOr aU arten ska kunna fortleva pa 
viistkusten. Sma populationer riskerar emellertid att do ut till 
fOljd av slumpmassiga processer och ofOrutsagbara handel
ser som t.ex. fOrandrad konskvot eller aldersfOrdclning, mins
kad genetisk variation och tillfaIligt forhojd predation (Lex. 
Soule 1986, Jarvinen & MieUinen 1988). Sma populationer 
med lag reproduktion, som den vid Odsmals kile, iir sannolikt 
beroende av immigration fOr aU overleva pa lang sikt (se 
Redmond & Jenni 1986). 
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Autumn migrating Bluethroats Luscinia s. svecica orient in an east
southeasterly direction at Gavle, East Sweden 

HANS ELLEGREN & KJELL WALLIN 

----------------------------------- Abstract -----------------------------------
The orientation of Bluethroats captured during autumn mig
ration at a stopover site in eastern Sweden was investigated 
by cage experiments during the twilight period after sunset. 
The mean direction of 63 juvenile birds tested under clear 
skies was 1170 (ESE). This direction is consistent with data 
from ringing recoveries within as well as outside Scandinavia. 
We suggest that an earlier assumption that Scandinavian 

Introduction 

Much of our knowledge of migratory directions and 
wintering areas in birds is derived from recoveries of 
ringed individuals. Consequently, available informa
tion may depend on how many birds of a particular 
species are ringed and on their probability of being 
recovered and properly reported. Considerable varia
tion in the probability of obtaining recoveries from 
different regions thus influences the amount of 
knowledge that we can obtain about the migratory 
directions and wintering areas. For example, much of 
the uncertainties regarding the migration of south
eastern migrants can be ascribed to the extremely low 
probability of obtaining ringing recoveries from Asia 
due to linguistic, cultural or political obstacles. 

The northern, Red-spotted Bluethroat Luscina s. 
svecica is a presumed southeastern migrant but although 
70 000 birds have been ringed in Scandinavia until 
1989, not a single bird has been recovered during 
December to February (Ellegren & Staav 1990). 
Originally, two main migration routes were assumed 
for northern Bluethroats: migration towards south! 
southwest and towards southeast (see review by Ren
dah11967). But, on the basis of a few recoveries from 
the migration periods, Staav (1975) showed that 
southeast probably is the predominant migratory 
direction of northern Bluethroats. In a recent ringing 
analysis this suggestion was given further support 
(Ellegren & Staav 1990). In the standard literature, 

Bluethroats migrate towards both southwest and southeast 
should be reconsidered. 

Hans El/egren, Department of Animal Breeding and Genetics, 
Swedish University of Agricultural Sciences, Box 596, 
S-75J 24 Uppsala, Sweden. 
Kjel/ Wallin, Kubbovagen 4, S-805 92 Gavle, Sweden. 

however, the Red-spotted Bluethroat is still described 
as a subspecies with two migration routes (Cramp 
1988, Glutz von Blotzheim & Bauer 1988, SOF 1990). 

Orientation experiments with captured birds, mostly 
used for basic studies of navigation and orientation 
behaviour of birds, may also be suitable for exploring 
migratory directions (see e.g. Bergman 1987, Hilgerloh 
1989). In order to further investigate the autumn mig
ration directions of northern Bluethroats, we adopted 
the orientation cage technique described by Emlen & 
Emlen (1966). Experiments were performed with 
migrating birds captured at Inre Fjiirden, Gavle, a stop
over site in eastern Sweden. 

Material and methods 

During 26 August-21 September 1989 and 20 August-
27 September 1990, Bluethroats captured at Inre Fjar
den, Gavle (600 4l'N. 17°11'E, see Ellegren in press) 
were used in orientation experiments. Immediately 
after capture and ringing, birds were transported by car 
to a test site situated 20 kIn southwest of the trapping 
site. At the test site, birds were housed indoors in 
individual cages for 1-3 days before the experiments 
were carried out. The room where the birds were kept 
had windows facing east and west, and the temperature 
was approximately the same as outdoors. Birds were 
regularly fed with meal worms and had access to water. 

The experimental set-up and procedure followed 
Sandberg et al. (1988) except that we did not use 
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plastic cylinders surrounding the orientation cages. 
Thus, our set-up allowed the birds to see approximately 
145° of the overhead sky. As cages were placed in an 
open meadow, birds were unable to see landmarks. 

Under clear skies birds mostly orient in the app
ropriate direction for the season but under solid overcast 
directions are usuall y more scattered (see e. g. Alerstam 
1982, Sandberg 1990). For this reason we only used 
birds tested under clear skies for the following analysis. 
Since most of the birds were juveniles and in order to 
analyse a homogeneous group of birds, we excluded 
adults. Sixty-three juvenile birds were available for 
evaluation. Each bird was tested only once. 

Practically all birds carried extensive fat deposits at 
the time of the experiments, a situation known to sti
mulate migratory activity (Zugunruhe) in natural con
ditions as well as in orientation experiments (e.g. Bair
lein 1987). Most of the fat was put on during the short 
period when birds were kept before the experiments. 

On the basis of individual headings a second-order 
mean vector was calculated and the Rayleigh test was 
used to determine significant directional preferences 
(see Batschelet 1981). 

Results and discussion 

All 63 test birds showed a significant directional 
preference according to the Rayleigh test. The mean 
vector direction of the sample was 117°±44 ° (95% 
confidence interval of 104°-130° assuming a von 
Mises distribution, cf Batschelet 1981) and the mean 
vector length was 0.70 (p<O.OO 1). Individual headings 
are illustrated in Fig. 1. All except four birds grouped 
in the sector south-northeast. 

In order to investigate if test date had any general 
effect on the orientation direction, the sample was 
divided into two groups (birds tested before 4 Septem
ber and birds tested on 4 September or later). The mean 
headings of these two groups were 108° and 126° but 
this difference was not significant (F=0.84, d.f.=1, 61, 
Watson-Williams test). 

The mean number of registrations during the test 
hour was 2468 ± 159 (range 89-6976). This value is 
higher than that obtained for Robins Erithacus rubecula 
(1200) tested during spring and autumn migration in 
southern Sweden using identical equipment and a 
similar test procedure (Sandberg et al. 1988). However, 
the force needed to close the microswitches in these 
orientation cages is adjustable, making comparisons 
between different experiments difficult. 

Some conclusions concerning the methodological 
reliability and the autumn migration direction of 
Bluethroats in a narrower and a wider perspective, res
pectively, can be drawn from our data. 

(1) The mean orientation direction revealed by the 
experiments (117°) is strikingly similar to the migra-
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Fig. 1. Autumn orientation of Bluethroats at Gavle, East 
Sweden, under clear skies. The individual heading of each 
bird is indicated by a dot. The angular direction of the mean 
vector is 1170 and the mean vector length is 0.70 (n=63, 
p<O.OOl). The test site is situated in the midpoint of the 
circle. The Scandinavian breeding range is indicated by the 
shaded area. 

Oriente ring hos hostflyttande blO.hakar (varje punkt re
presenterar enfagel) testade under klar himmel vid Giivle 
(beliiger mitt i cirkeln). Medelriktningen iir J rr och 
medelvektorns liingd iir 0.70 (n=63, p<O.OOJ). Artens 
hiickningsomrade iir skuggat. 

tion direction indicated by ringing recoveries both 
within (120°) and outside Scandinavia (125°, Ellegren 
& Staav 1990). Moreover, the angular deviation of the 
orientation data is close to that of short -distance ringing 
recoveries in Scandinavia (47°, Ellegren & Staav 
1990; both approaches jndicating wide-angle orien
tation, cf Alerstam 1990). These similarities are 
important since they suggest that the orientation 
experiments reliably record the Bluethroats' directional 
preferences. However, it should again be emphasized 
that the experiments ought to be carried out under clear 
skies. Our preliminary data suggest that Bluethroats 



orient in a more scattered fashion under solid overcast 
(Ellegren & Wallin unpubl.). 

(2) The orientation direction found in the experi
ments indicate that from this part of Sweden, most 
Bluethroats continue their autumn migration along the 
coast of the province of Up pI and, possibly heading for 
Estonia on the other side of the Baltic Sea. In fact, the 
only ringing recovery outside Scandinavia of a 
Bluethroat ringed at our stopover site is from the 
Estonian island Osel. 

The distance from Gavle to the Estonian coast is 
400 lan. If Bluethroats, resting at the stopover site at 
Gavle, migrate in a non-stop flight to Estonia, a fat load 
of at least 8-10% would be needed (fat mass relative to 
fat-free body mass; still-air calculations from 
Pennycuick 1975). Since it probably is disadvantageous 
for a migrating bird to metabolize the complete fat 
reserve during flight, however, we may expect fat 
loads somewhat above 10% for this hypothetical 
migratory flight. Interestingly, the departure fat load 
of Blue throats resting for one week or more at the stop
over site has been estimated at 10-17% (Ellegren in 
press). 

(3) More generally, data from the orientation 
experiments support the statement ofEllegren & Staav 
(1990) that the northern Bluethroat is a (east)-south
eastern migrant. It is true that for three (out of 63) birds 
we recorded orientation towards southwest. However, 
we do not interpret this as evidence for the existence of 
a fraction of birds migrating towards southwest since 
these three birds showed rather scattered orientation 
pictures (a mean length of the individual vectors of 
0.15 compared with 0.45 for the total sample), and also 
since possible elements of reorientation (Alerstam 
1978, 1990) cannot be excluded. Thus, we suggest that 
the opinion expressed in the standard literature that 
northern Bluethroats migrate both towards south! 
southwest and southeast should be reconsidered. 
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Sammanfattning 

Hostflyttande blahakar Luscinia s. svecica orienterar 
i ostsydostlig riktning vid Giivle 

RingmarkningsAterfynd ar ett av de viktigaste redskapen fOr 
kartHiggning av fAglars flyttningsvagar och overvintrings
ornrAden. Men eftersom chansen att erhalla Aterfynd varie
rar mellan olika geografiska regioner (t.ex. som en fOljd av 
sprakforbistring), varierar ocksA kunskapen om olika fA
gelarters flyttning . Som ett komplement till de fataliga 
fjarrAterfynden av blahake har vi anvant orienteringsburar 
fOr aU undersoka flyttningsriktningen hos hostflyttande 
f3glar fAngade pA en rastplats vid Gavle. Under 1989 och 
1990 testades 63 unga blahakar under kIar himmel och alla 
visade ett signifikant riktningsval. Majoriteten av fAglarna 
stravade mot SO-O (se Fig. I), med en medelriktning pA 
117°±44° och ett 95% konfidensintervall pA 104°-130°. Vi 
kunde inte finna nAgon signifikant forandring i fAglarnas 
riktningsval under strackperiodens forlopp. 

VAra orienteringsdata visar en stor overensstammelse 
med tillgangliga ringmarkningsAterfynd; det galler saval 
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riktning som spridning. Bada metodernaindikerar att manga 
blahakar som rastar i ostra Svealand oeh langs sodra 
Norrlandskusten fortsatter sin flyttning i en ostsydostlig 
riktning mot Estland. I ett stOrre perspektiv stoder 
orienteringsuppgifterna vart tidigare antagande att den 
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skandinaviska blAhaken uteslutande flyttar i en sydostlig 
riktning mot sodra Asien. I flera stOrre handbOeker anges 
att den skandinaviska blahaken flyttar bade mot sydvast 
oeh sydost. en uppgift som det nu finns anledning att 
omprova. 



Short Communications 

Great Tits incubating empty nest cups 

HJORDIS CARLSSON, LEIF CARLSSON, 
CHRISTINA WALLIN & NILS-ERIK WALLIN 

Each year since 1981 we have monitored circa 140 
nestboxes placed along forest roads in Ml11annarden, 
a forest area 15-20 km S of Eskilstuna, South Central 
Sweden (59°1O'N, 16°30'E). The boxes were of nor
mal type and dimensions suitable for tits Parus spp. and 
Pied Flycatchers Ficedula hypoleuca. The area is 
dominated by Scots pine Pinus sylvestris on low
productive ground, with some areas of Norway spruce 
Picea abies on more productive ground. The forest is 
subjected to normal management practices. 

During the first years of the study, the boxes were 
visited 2-4 times during the breeding season to 
determine clutch size and the number of fledged young. 
In later years, partly as a result of observed breeding 
anomalies, the number of visits was increased to 4-5 
per season, sometimes more. 

Including second clutches laid by the tits, over all 
years Pied Flycatchers made up 46.3% of all breeding 
attempts, Great Tits Parus major 45.5%, Coal Tits P. 
ater 3.5%, Blue Tits P. caeruleus 1.3% and Redstarts 
Phoenicurus phoenicurus 2.0%. Other species and a 
few undetermined tits made up the rest, 1.4%. 

During the course of our study we became in
creasingly aware of various kinds of anomalies among 
breeding Great Tits; these will be reported below. This 
prompted us to put up another 100 nestboxes in 1990 
in order to look for possible relationships between 
habitat (forest type) and breeding anomalies. 

Observed breeding anomalies 

Three types of breeding anomaly have been recorded 
in our study area (Table 1): (1) Birds that apparently 
have lost their ability to produce eggs or that produce 
a thin-shelled egg that soon cracks. This type of 
anomaly is often conspicuous as the female continues 
incubating the empty nest for a long period of time. In 
other cases this anomaly is more difficult to detect 
because the female is only rarely, or not at all seen on 
the nest. Such nestboxes are often taken over by Pied 
Flycatchers. As desertion of more or less complete 
nests occurs "normally", there is an imminent risk of 
misinterpretation. In the latter case, however, the nests 
never have a well-developed nest cup. (2) Females 
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Korta rapporter 

laying a much reduced clutch, usually containing one 
or more deformed eggs that do not hatch (whereas the 
remaining egg, or eggs, results in fledging young). (3) 
One or more of the eggs in the clutch, probably those 
laid first, have an abnormal shell structure and quickly 
dry out whereas the other, later-laid eggs hatch and 
produce fledglings. 

As seen from Table 1, anomalies were found in 
nearly 6% of all Great Tit breeding attempts, and most 
of them belonged to category 1. As there is a distinct 
possibility that some such nests were overlooked during 
the early years of the study, the true proportion may 
have been even higher. 

Whereas egg-shell thinning has been reported in 
Pied Flycatchers in other parts of Sweden (Nyholm & 
Myhrberg 1977, Kl111ander & Smith 1989, E. Nyholm 
pers. comm.), we have no similar indications in our 
fairly large material on this species. 

Discussion 

Also in another nestbox study in the Swedish Nestbox 
Project (Karlsson et al. 1987), tits have been found to 
incubate empty nests. Thus, Westring (1987, 1988) 
reported four cases of Great Tits and one case each of 
a Coal Tit and a Blue Tit incubating empty nest cups. 
Similar anomalies have recently been described for 
Great Tits in The Netherlands (Drent & Woldendorp 
1989) and Germany (Winkel & Hudde 1990); in the 
latter study low numbers of four other hole-nesting 
species were also involved. In both these studies on the 
Continent, the proportion of Great Tits incubating 
empty nests or laying eggs of inferior quality increased 
during the 1980s. In the German study there were no 
records of this phenomenon in the late 1950s or early 
1960s but from the late 1960s onwards the proportion 
of Great Tit females incubating empty nests varied 
between 1 % and 4 % between years (based on records 
from ca. 700-900 nests each year), i.e. the proportion 
was similar to that recorded in the present study. In the 
Dutch study, however, more than half of the females in 
one area either incubated empty nests or laid defective 
eggs during the last three years of the 1980s. As in our 
study, there were no effects on the migratory Pied 
Flycatcher. Drent & Woldendorp (1989) ascribed the 
increase in defective eggs and the increasing inability 
of the tits to produce eggs to the acidification of the 
forest habitat by acid rain. This was supported by the 
fact that the effects were more pronounced in woods 
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Table 1. Breeding anomalies recorded among Great Tits in the Malarmarden study area during 1981-1990. The three kinds 
of anomalies are described in the text. 

Hackn ingsanomalier hos talgoxe registrerade i undersokn ingsomradet i Malamuirden 1981 -1990. De olika kategorierna 
beskrivs i texten. 

Year No. of No. of No. of observed anomalies Total % of all 
breeding successful in category breeding 
attempts breedings attempts 

A.r Antal Antallyckade Antalobserverade Total % av aI/a 
hackningsforsok hackningar anomalier i kategori hackningsforsok 

1 2 3 

1981 47 30 1 1 2.1 
1982 53 40 2 3 5.6 
1983 46 36 1 1 2.1 
1984 57 38 3 2 5 8.8 
1985 44 31 1 2.3 
1986 57 48 2 3 5.3 
1987 70 47 2 3 4.3 
1988 74 53 4 4 5.4 
1989 57 35a 4 4 7.0 
1990 77 23 8 8 10.4 
1990b 63 55 3 4 6.3 

Total 645 436 20 4 13 37 5.7 

a. The low breeding success in 1990 depended on a high predation rate. 
Det dQ/iga hackningsreultatet 1990 hangde samman med hlirt predationstryck. 

b. The new reference boxes put up in 1990. 
De nya referensholkarna uppsalla 1990. 

on poor than on richer soil. We have no answer to the 
question what causes the observed breeding anomalies 
among the Great Tits in our study area but it should be 
pointed out that the study is being carried out in an area 
potentially susceptible to acidification via acid 
precipitation. 
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Sammanfattning 

TaZgoxar ruvar tomma haZar 

Fran 1981 har vi fortlOpande fOljt hackningen i 140 holkar i 
Malarmarden nara Eskilstuna, ett skogsomrade dominerat av 
tall pa magrare mark men med gran i mera produktiva partier. 
I borjan av studien besoktes holkarna 2-4 ganger under 
hackningssasongen, senare okades antalet besok till minst 4-
5. Totalt dominerade svartvit flugsnappare med 46.3 % av alIa 
hackningsfOrsok, inklusive andrakullar av mesarna, fOljd av 
talgoxe med 45.5%. Sedan vi hos talgoxe funnit hack
ningsavvikelser i fonn av defekta agg och honor som ruvar 
tomma bobalar, utokades studien med 100 holkar 1990. De 
iakttagna hackningsanomaliema har varit av tre slag: (1) 
Honor som inte producerar nagra agg alls eller lagger 
tunnskaliga agg, som snart spricker; (2) honor som lagger en 
kraftigt reducerad kull inneh.UIande ett eller flera defonne
rade agg, vilka inte kIacks; (3) honor som lagger ett eller flera 
agg, troligen i bOrjan av laggningssekvensen, vilka har avvi
kande skalstruktur och snart torkar ut. Forekomsten av dessa 
tre kategorier av hackningsavvikelser framgar av Tabell 1. 
Eftersom en del kullar k~ ha forbisetts i bOrjan av studien ar 
genomsnittssiffran om strax under 6% en minimisiffra. I 
motsats till fallet i en del andra studier fann vi inga defekta 
kullar hos svartvit flugsnappare. I det avseendet overens
stammer vara resultat med dem man erhallit i en hollandsk 
undersokning (Drent & Woldendorp 1989), i vilken andelen 
talgoxar som lade defekta kullar uppgick till over 50% i eU 
omrade. SavaJ i den hollandska som i en tysk studie (Winkel 



& Hudde 1990) okade frekvensen defekta kullar och honor 
som ruvar tomma balar under 1980-talet. I den holHindska 
studien frarnfors som den troligaste fOrklaringen en fortga
ende fOrsurning (som leder till kalkbrist) pa grund av sur 
nederbOrd. StOd fOr detta utgor det faktum att andelen defekta 
kullar var avsevart hogre i skog pa magra an pa rikajordar. Vi 
har for narvarande ingen fOrklaring till fOrekomsten av 
hackningsavvikelser hos MaIarmardens talgoxar men kan 
konstatera att ornradet kan karakteriseras som en fattig 
skogsrniljo. 

Hjordis & Leif Carlsson, Griinsgatan 2C, S-633 42 Eskils
tuna, Sweden. 
Christina & Nils-Erik Wallin, Torggatan 8A, S-73J 32 Ko
ping, Sweden 

Kons- och aldersbestiimning av svart 
rodstjart Phoenicurus ochruros 

REINO ANDERSSON 

Under sensonunaren genomgar svarta rodstjartens 
ungfaglar en partiell ruggning, som i huvudsak ornfat
tar kroppsfjadrar och vingtackare. Vid aldersbestam
ning pa hosten utnyttjas att ungfaglama har rugg
ningsgrans bland storre armtackama, vilket de gamla 
saknar. Under varen utnyttjas aven att slit age och 
urblekning av handpennoma ar kraftigare hos 2K
faglar an hos aldre. Skallens forbening sker tidigt, ofta 
redan i augusti och kan darefter inte tillampas som 
aIderskriterium (Glutz & Bauer 1988). Ytterligare en 
karaktiir, dock i praktiken svar att anvanda, ar att 
ungfaglamas stjartpennor ar mer slitna (Cramp 1988). 

Majoriteten av de unga hanarna anlagger i denna 
partiella ruggning en grabrun hondrakt som beMlls 
under forsta levnadsaret, medan migra far svarta, 
utfargade kroppsfjadrar. De hontecknade hanama gar 
darfor vanligtvis inte att separera fran honor, men en 
mindre andel (ca 10 % ) kan konsbestanunas genom att 
de ruggar enstaka tertialer som blir hanfargade (Glutz 
& Bauer 1988). Vinglangden skiljer sig at mellan 
konen, men overlappningen ar stor och metoden ar 
darfor sallan praktiskt anvandbar. 

I samband med fargringmarkning av svart rodstjart 
i Vastsverige 1983-1990 kunde olika aIderskriterier 
studeras pa faglar med kand aIder. En ny karaktar 
erholls med utgangspunkt fran stjartens teckning, 
namligen utbredningen av morka partier pa de yttre 
stjartpennomas ytterfan och spolar. Stjartteckningen 
har tidigare antytts vara aldersbetingad, men ej stude
rats ingaende (Menzel 1983, Cramp 1988). De morka 
partiema pa stjartpennoma mattes med linjal (upp-
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skattades i vissa fall) fran spetsen och inat. Materialet 
ornfattar 51 lK-faglar med juvenil stjart, 39 adulta 
(3K+) och 88 2K-faglar fran varsasongen. 

Att kloakens utseende ar anvandbar som konska
raktiir hos svart rodstjart kunde bekraftas genom 
granskning av 98 hanar och 15 honor. Metoden ar 
tidigare kand hos en rad andra arter, men maste beaktas 
for vatje art och hansyn tas till individuella variationer 
(jfr. Busse 1984, Svensson 1984). 

Resultat 

Hos lK-faglarmedjuvenilstjartkulroineradedemorka 
partiema pa ytterfanen i 5 nun-intervallet 15-19 nun, 
med en variation mellan 0-26 nun (Fig. 1). Endast 4 % 
fOll inom 0-4 nun. Variationen hos 3K+ gruppen var 
0-12 nun, med 85% inom 0-4 nun. Aertalet av de 
gamla faglama saknade helt morka partier. 

Forekomsten av morka spolar fOljde i stort det 
monster som ytterfanen uppvisar. Det fOrefaller dock 
som om spolama fargar ut och blir rOda nagot senare 
an ytterfanen. Variationsbredden hos lK-faglarvar 5-
33 nun, med en topp vid 15-19 nun (Fig. 2). Adulta 
faglar (3K + ) varierade mellan 0-10 nun, varav 61 % i 
intervallet 0-4 nun. De fiesta var helt rostroda utan 
morka inslag. Saval ytterfan som spolar uppvisade en 
overlappningszon mellan 5-10 nun. 

Av Fig. 3 framgar att en viss andel av 2K-faglama 
pa varen hade avsevart mindre morkt pa ytterfanen an 
1K-faglama med juvenil stjart. Da nagon vinter
ruggning inte ar kand hos svarta rodstjarten, torde 
diagranunet snarast spegla att stjarten i viss utstrack
ning ruggas under sensommaren. Dessa indicier be
kraftas av att 3 av 18 lK-faglar i aktiv ruggning kon
trollerats med utvaxande penn or vid denna tidpunkt. 
Tva av dem hade bytt delar av stjarten synunetriskt. En 
motsvarande utfargning av spolama kan daremot inte 
utlasas i Fig 3. Hos fern individer som infangades tva 
sasonger i strack, fOrst som 2K, darefter som 3K, 
visade sig en liknande skillnad i utfargningsgrad mellan 
spolar och ytterfan. 

Hanamas kloak var under hackningstid tydligt 
framtradande och mer tappformad an hos honoma, 
som endast uppvisade en svag utbuktning. Utseendet 
overensstamde val med de generella beskrivningar 
som Busse (l.?84) och Svensson (1984) anger for ett 
urval arter. A yen icke hackande faglar uppvisade 
denna karaktar. Daremot iakttogs inga sakra 
konsskillnader efter hackningstiden. 

Slutsatser 

Med foreliggande kriterier kan en majoritet svarta 
rOdstjartar kons- och aIdersbestanunas med stor sa
kerhet. Omhansyn tas till fOrekommande overlappning 
och eventuellt stjartbyte i aldersmaterialet aterstar 
fOljande handledning for praktisk anvandning: 
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Fig. 2. Procentuell fOrdelning av morka partier pa de yttre 
stjartpennornas spolar hos unga (lK, N=45, oppna staplar) 
och adulta (3K+, N=39, rasterade staplar) svarta roostjartar. 

The extension in per cent of dark parts on the shafts of the 
outer rectrices in yearling (ly, N=45, open bars) and adult 
(3y or older, N=39, shaded bars) Black Redstarts. 

% 
Fig. 1. Procentuell fDrdelning av morka partier pa de yttre 
stjartpennornas ytterfan hos unga (lK, N=51, oppna staplar) 
och adulta (3K+, N=39, rastrerade staplar) svarta roostjartar. 36 
The extension in per cent of dark parts on the outer webs of 
the outer rectrices in yearling (ly, N=51, open bars) and 
adult (3y or older, N=39, shaded bars) Black Redstarts. 24 

lK (host), 2K (var) 

Adult 
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Fig. 3. Procentuell fOrdelning av morka partier pa de yttre 
stjartpennornas ytterfan (oppna staplar) och spolar (rastrerade 
staplar) hos svarta roostjartar av alder 2K pa varen. N=88. 

The extension in per cent of dark parts on the outer webs 
(open bars) and shafts (shaded bars) of the outer rectrices in 
2y Black Redstarts in spring. N=88. 

Summary 

Sexing and ageing of Black Redstarts Phoenicurus 
ochruros 

During late summer, juvenile Black Redstarts undergo a 
partial moult, which mainly includes body feathers and wing 



coverts. When ageing birds in the autumn and spring there are 
some characters which can be useful, especially the occurrence 
of moulted and unmoulted greater coverts (Glutz & Bauer 
1988). 

The majority of the young males achieves a grey brown, 
female-like plumage during this moult after which sexing 
usually is very difficult (Glutz & Bauer 1988). 

While colour-ringing Black Redstarts in West Sweden in 
1983-1990, new sex and age criteria were developed: (1) The 
size and shape of the cloaca were recorded in 98 males and 15 
females and was found to be a reliable sex criterion (the 
method is previously described for some other species by 
Busse (1984) and Svensson (1984». (2) Markings on the tail
feathers as a way to certify the age has been suggested earlier 
but has not been studied carefully (Menzel 1983, Cramp 
1988). The extension of dark on the outer webs and shaft of 
outer rectrices were measured with a ruler (estimated in some 
cases) from the tip of the feathers and inwards. The number 
of birds measured consisted of 51 yearlings with juvenile 
rectrices, 39 birds in their third calendar year or older, and 
finall y 88 birds in their second calendar year captured during 
the spring season. 

In yearlings with juvenile rectrices, the dark parts on outer 
webs culminated in the interval 15-19 mm, with a variation 
between 0-26 mm (Fig. 1 ). Only 4% fell within 0-4 mm. The 
variation of adults (third calendar year or older) was 0-12 
mm, with 85% within 0-4 mm. Most of the old birds lacked 
dark parts totally. 

The occurrence of dark shafts generally followed the 
pattern as shown by the outer webs of rectrices. It seems, 
however, as if the shafts get their red colour a bit later than the 
outer webs. Variation in width shown by yearlings, was 5-33 
mm with a peak at 15-19 mm (Fig.2). Birds in their third 
calendar year or older fell between 0-10 mm, with 61 % in the 
interval 0-4 mm. Most of the adults had a red colour without 
any dark. Both outer webs and shafts showed a zone of 
overlap between 5-10 mm. 

Fig. 3 shows that a portion of the second-year birds 
captured in spring showed considerably less dark markings 
on the outer webs as compared with yearlings. As moult 
during winter is not known to take place in the Black Redstart 
the diagram rather shows that the rectrices to some extent are 
moulted during late summer. This is verified by 3 out of 18 
yearlings which were in active moult, and were found to have 
symmetrically growing feathers at this time of the year. 

The cloaca of the males protruded clearly during the 
breeding season and was more tap-shaped as compared with 
the cloaca of females (Busse 1984, Svensson 1984). Also 
non-breeding birds showed this character. On the other hand, 
no such clear pattern was observed after the breeding season. 

With the facts given, a majority of Black Redstarts can be 
sexed and aged with great certainty. If consideration is taken 
to the occurrence of overlap and renewal of rectrices the 
following guidance is proposed for practical use: 

Yearlings (autumn), 2nd calendar year (spring): > 10 mm 
dark on outer web or shaft. 

Adults: < 5 mm dark on both outer web and shaft. 

Reino Andersson, Kandidatvagen 2, S-432 50 Var
berg 
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Wing length criteria for sex determina
tion of Robins Erithacus rubecula win
tering in southern Spain 

MARIANO CUADRADO 

In many studies on bird behaviour, for example those 
on foraging efficiency and time allocation in relation 
to social rank and territorial conflicts, it is essential to 
be able to sex individuals in the field. In monomorphic 
species it may be difficult to do so without first 
trapping the bird for sexing and marking. The Euro
pean Robin Erithacus rubecula is one of these 
monomorphic species where to sex birds, even when 
having them in the hand, is extremely difficult. In this 
species, the wing length may be the only useful criterion 
for sexing individuals. 

Wings of European Robins are longer in males than 
in females. The range of variation is 66-78 mm in 
males and 65-76 mm in females (Cramp 1988, pp. 
614-615). Fenno-Scandian breeding populations of 
Robins ringed on migration at OUenby Bird 
Observatory (Oland, Baltic Sea, Pettersson & Lindholm 
1983) also showed the same sexual dimorphism. The 
wings were longer in males (>74 mm in juveniles and 
> 7 5 mm in adults) than in females «71 mm injuveniles 
and <72 mm in adults); PeUersson (1984). 
Approximately 60% of the birds could be adequately 
sexed with this method (1. Pettersson pers. comm.). 

In southern Spain, a notable concentration of 
wintering migrant Robins is observed every winter 
(Cramp 1988). The Spanish Bird Ringing Reports 
(1980-1988) show five recaptures of wintering Robins 
in Andalusia (southern Spain): two from Scandinavia 
and three from Central Europe. Six Robins ringed as 
breeders in Fenno-Scandia have also been recaptured 
in southern Spain in winter (1961-1970), Pettersson & 
Lindholm 1983. 

In order to determine if wing length can be used for 
sexing Robins also in the winter, I measured the wing 
length of 18 males and 24 females gathered by the 
Dofiafia Biological Station. The birds were sexed by 
gonadal inspection by the Dofiafia's staff when they 
prepared them for conservation. All the individuals 
considered in the analysis were captured while 
wintering in Andalusia from 15 October to 15 March. 
Wing length was measured to the nearest 0.1 mm 
according to method 3 of Svensson (1984). Robins 
were also aged according to: 1) tips of central rectrices 
(Pettersson 1983, Svensson 1984) and 2) presence of 
yellow tips on the great coverts (Benvenuti & loale 
1983, Svensson 1984). Unfortunately, the inside of 
the upper mandible could not be checked (Pettersson 
1983, Svensson 1984, Karlsson et al. 1986). The 
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Table 1. Wing length distribution of European Robins 
Erithacus rubecula, wintering in Andalusia, southern 
Spain. 

Vingliingd has rodhakar overvintrande i Andalusien, 
sodra Spanien. 

Wing length Females Males 
Vingliingd Honor Hanar 

67.5 - 68.5 2 0 
68.5 - 69.5 1 0 
69.5 -70.5 2 2 
70.5 - 71.5 5 2 
71.5 - 72.5 3 11 
72.5 - 73.5 2 6 
73.5 - 74.5 3 1 
>74.5 0 2 

Total Summa 18 24 
Range Spridning 68-74.1 70-75.6 
Mean Medeltal 71.3 72.4 
Standard dev. 1.8 1.4 

statistical procedures used were according to Sokal & 
Rohlf 1981). 

The results are shown in Table 1. Males had longer 
wings (72.4 ± 1.4 mm, mean ± s.d. hereafter) than 
females (71.3 ±1.8). The difference was statistically 
significant (t= 2.23, d.f.=40, p<0.05). The coefficient 
of variation was similar in both (corrected C.V. for 
males = 1.95 and females = 2.63). The difference was 
not significant (G-test = 0.09, d.f. = 1, p>0.10). Unfor
tunately differences between age groups could not be 
checked because few adult Robins were gathered. 

These results show that the sexes differ in wing 
length also in winter. Only males had wings longer 
than 74.1 mm and only females had wings shorter than 
70 mm. Assuming a normal distribution of wing lengths 
for both sexes, the probability of making an erroneous 
sex determination using these figures is 0.04 in males 
and 0.06 in females. Finally, the application of this 
criterium to a sample of 40 field ringed wintering 
Robins meant that 35% of them ough to have been 
adequately sexed. 

This figure is smaller than the 60% of Robins sexed 
at Ottenby on migration because the Robins wintering 
in southern Spain is a mixture of populations from 
different breeding areas with presumably different 
morphological features. 
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Sammanfattning 

Vingliingdskriterier jor kOnsbestiimning av rodhakar 
Erithacus rubecula overvintrande i sodra Spanien 

For manga studier av faglars beteende, t ex rorande fOdo
sokseffektivitet och tidsbudgetering i fOrbaIIande till social 
status och revirkonflikter lir det vlisentIigt att kunna 
konsbestlimma individerna i faIt. Hos monomorfa arter, t ex 
rodhaken, lir konsbestlimningen svar liven nlir man har fageln 
i handen. For rodhaken kan vingllingden vara det enda 
anvandbara kriteriet. 

Enligt Cramp (1988) ar vinglangden hos hanar 66-78 mm 
och hos honor 65-76 mm. Fennoskandiska rOdhakar fangade 
vid Ottenby visade liknande skiIInader (Pettersson & Lind
holm 1983): hanarnas vingar var langre an 74 mm (unga) och 
75 mm (gamla); honornas vingar var kortare an 71 mm (unga) 
och 72 mm (gamla), 

Betydande mangder rOdhakar overvintrar i sOdra Spanien 
och ringfynd visar att en del av dessa kommer fran 
Fennoskandien (tre av fern fynd) . Vidare har sex faglar 
markta som hackande i Fennoskandien aterfunnits i sOdra 
Spanien. 

For att faststaIIa om vinglangden kan anvandas som 
konskriterium aven vintertid·i Spanien mattes vinglangden 
pa 18 hanar och 24 honor som insamlats och konsbestamts i 
samband med konserveringen pa Doiiaiia Biological Station. 
De insarnlades meIIan 15 oktober och 15 mars. Vinglangden 
mattes enligt metod 3 i Svensson (1984). 

Resultaten visas i TabeII 1. Hanarna hade signifikant 
langre vingar an honorna (72,4 mm resp 71,3 mm). Bara 



hanar hade vingar Hingre an 74,1 mm och bara honor hade 
vingar kortare an 70 mm. Om man antar att vinglangden lir 
normalfordelad fOljer att sannolikheten att gora en felaktig 
konsbestlimning lir 0,04 for hanar och 0,06 fOr honor. 

Med anvandning av detta kriterium kan 35% av rOdha
kama konsbestlirnmas vintertid. Denna siffra lir lagre an vid 
Ottenby (60%), vilket torde bero pa att flera olika geografiska 
bestand med olika genomsnittliga matt blandas i 
vinteromddet. 

Mariano Cuadrado, DepartmentoJEcology, Ecology 
Building, S-223 62 Lund, Sweden 

Notes on the breeding biology of the 
Barred Warbler Sylvia nisoria at 
Otten by, Sweden 

ANDERS HEDENSTROM & SUSANNE 
AKESSON 

The Barred Warbler Sylvia nisoria breeds from the 
Baltic and France eastwards to Mongolia (Moreau 
1972, Harrison 1982). In Sweden it is a scarce breeder 
mainly in the southeastern part of the mainland (SOF 
1990), but it is rather common on Oland (Waldenstrom 
1976). The breeding biology of Swedish Barred 
Warblers is very poorly known; the only studies are 
from Ottenby (Aulen 1976) and from central and 
northern Oland (Pettersson 1976). Here we present 
some infonnation on clutch size, hatchability, nesting 
success, and nest sites extracted from nest cards from 
our ongoing study of Barred Warblers at Ottenby, 
Oland. 

Study site and methods 

Barred Warblers were studied in 1984-1990 at Ottenby 
(560 12'N, 160 24'E) on the southernmost point of the 
island of Oland, SE Sweden. The study area is 
characterized by an old deciduous forest surrounded 
by shrubby grassland. The main breeding area of the 
Barred Warbler is the forest edge, an area dominated 
by shrubs of the genera Prunus, Crataegus, Rubus and 
Juniperus. We searched for nests mainly in June and 
early July. Adult birds were mist-netted near their 
nests, aged and sexed according to criteria in 
Williamson (1968), Schmidt (1981), Busse (1984), 
Svensson (1984) and own observations. Breeding birds 
were sexed according to the incubation patch (see 
Hasselquist et al. 1988). Each nest was given a number 
in a year and infonnation about the nest site, parent 
birds and nest content was filed on a nest card after 
each visit. In this study we use infonnation from 63 
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nest cards obtained in 1984 (8), 1985 (15), 1986 (23), 
1987 (8), 1988 (3), 1989 (3) and 1990 (3). As the 
infonnation contents varied on different nest cards 
only subsets of the cards could be used in different 
analyses. 

Results and discussion 

Nests were mostly placed in dense scrub close to the 
forest edge (cf. Aulen 1976). Their distribution among 
bush species is presented in Table 1 together with 
infonnation on their height above the ground. AuIen 
(1976) did not find any Barred Warblers nesting in 
Juniperus communis during his study (1971-1975) at 
Ottenby. In contrast we found J. communis to be the 
most common nest site (Table 1). This can be due to 
either a change in the birds' preference or a sampling 
bias between the two studies. J. communis has probably 
not become significantly more abundant since 1971-
1975 so we think a sampling bias is the most likely ex
planation. In northern Gennany most Barred Warblers 
nests were found in Rubus spp. (Neuschulz 1981). If 
J. communis was preferred as nest site we would ex
pect a lower predation rate among nests in J. communis 
compared to nests in other bush species. However, the 
predation tended to be higher for nests in J. communis 
compared to nests in other bushes, although it was not 
significantly different (G-test, p>o.05). Nest site dist
ribution among bush species probably reflects 
availability rather than preference. The mean height of 
nests in our study (0.78m, Table 1) does not differ sig
nificantly from what Neuschulz (1981) found in 
Gennany (0.65 m). Nests tended to be placed higher up 
in J. communis than in other bush species, probably 
because of the latter's architecture. 

The first birds arrive in the breeding area about 20 
May (Au len 1976, Enquist & Pettersson 1986, own 

Table 1. Nest sites of Barred Warblers Sylvia nisoria at Ot
tenby in 1984-1990. 

Boplatser for hokstmgare Sylvia nisoria vid Ottenby under 
1984-1990. 

Species of shrub No. of nests % of nests Mean height 
of nests (m) 

Art av buske Antal bon % bon Bonas medel-
hojd (m) 

Juniperus communis 18 35 1.05 
Crataegus sp. 14 27 0.72 
Rubus fruticosus 10 19 0.57 
Potentilla fruticosa 4 8 0.65 
Rosa sp. 3 6 0.63 
Prunus spinosa 2 4 0.45 
Rubus idaeus 1 2 0.50 

Total 52 0.78 
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Fig. 1. Clutch size in relation to date of hatching for Barred 
Warbler females breeding for the first time ( open circle) and 
older females (filled circle). Regression equation for first 
breeders is: y=5.38-0.038x; older birds: y=5.76-0.38x, where 
y is clutch size and x is date with 1 June as day one. Only the 
regression for older females was statistically significant 
(p<O.OI). 

Kullstorlek i relation till k1iickningsdatum for iildre hok
scmgarhonor (fyllda punkter) samt f or honor som hiickar for 
forsta gangen (ofyllda punkter). Regressionsekvationen for 
forstagangshiickare iir: y=5,38-0,038x; for iildre fag lar: 
y=5, 76-0, 38x, diiry iirkullstorleken ochx iir kliickningsdatum 
med forsta juni som dag eft. Endast regressionen for iildre 
honor var statistiskt signifikant (p<O,Ol). 

observations), but new birds continue to settle in the 
area up to the beginning of June. Median hatching day 
was 21 June (n=16) for clutches of adult (3y+) females 
and 23 June (n=13) for those of females breeding for 
their fust time (2y), which is about one week later than 
in northern Gennany (cf. Neuschulz 1981). 

Average clutch size was 4.80 eggs (S.D.=D.51, 
range 3-6, n=44), which is smaller than in northern 
Gennany (5.02,Neuschulz 1981), but not significantly 
so (t-test, p>0.05). Adult females had on average 
larger clutches (mean=4.94, S.D.=0.44, n=16 (than 
females breeding for the first time (mean=4.46, 
S.D.=0.66, n=13; t-test, p<0.05). Clutch size decreased 
with the progress of the season for females of both age 
classes, although only significantly so among older 
females (Fig. 1). A decline of clutch size in relation to 
the season is a common pattern among passerines 
(Klomp 1970). 

Out of 48 clutches 9 (19%) were completely de
stroyed by predators. The frequency of known 
unhatched eggs was 8 (3.7%) out of 219, distributed 
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among 6 clutches out of 48. Including also probably 
unhatched eggs this figure increases to 19 (8.7%). The 
total losses during the egg and early nestling stages 
(until nestlings were at least 6 days old) amounted to 
24.7% including losses of the whole clutch. The corre
sponding losses from hatching onwards were 13.4%. 
Among 38 broods we observed a reduction (mortality 
or partial predation) in the number of young in three 
(7.9 %). On the whole, losses of eggs and young during 
various stages of the nesting cycle were smaller than in 
Gennany (cf. Neuschulz 1981). 
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Sammanfattning 

Hackningsdata for hokscmgare Sylvia nisoria vid 
Otten by. 

Hoksangaren hackar sparsamt i framforallt sydostra Sverige. 
PA Oland och Gotland fOrekommer den dock tarnligen a11-
manto Vara kunskaper om de svenska hoksangarnas hack
ningsbiologi ar mycket sma. Vi presenterar danor har infor
mation om hackningstid, kullstorlek och boplatsval fran var 
studie av hoksangare vid Ottenby. Vi har sammanstallt data 
fran 63 bokort fran aren 1984-1990. Val av buskart och hojd 
over marken fOr boets placering redovisas i TabeIl1. Troligen 
aterspeglar fOrdelningen bland buskarter den relativa till
gangen av buskar av olika arter snarare an speciella preferen
ser hos hOksiingarna. De fOrsta faglarna anlander till 
hackningsornrlidet ca. 20 maj. Mediandatum fOr ungarnas 
klackning var 21 juni fOr aldre honors (3K+) kullar och 23 
juni for fOrstagangshackare (2K). Medelkullstorleken var 
4.80 (n=44). Aldre honor lade signifikant storre kullar an 
honor som hackade fOr fOrsta gangen (3K + 4.94 agg, 2K 4.46 
agg). Kullstorleken tenderar att rninskaju senare pa sasongen 
hackningen sker (Fig. 1). A v 48 kullar rovades 9 (19%). Fran 
aggstadiet fram till det ungarna ar sex dagar gamla reducera
des antalet ungar med ca. 25% genom predation av hela 
kuIlen, partiell predation eller mortalitet. 

Anders Hedenstrom, Department of Ecology, Theo
retical Ecology, University of Lund, S-223 62 Lund, 
Sweden. 
Susanne Akesson, Department of Ecology, Animal 
Ecology, University of Lund, S-223 62 Lund, Sweden. 

Preference for nest site height in the Star
ling Sturnus vulgaris - an experiment with 
nest-boxes 

SOREN SVENSSON 

Introduction 

The use of nest-boxes and other types of artificial 
nesting facilities has become a very important method 
in both descriptive and experimental ornithology. With 
nest-boxes it is easy to collect rapidly large amounts of 
information on breeding biology and behaviour. It is 
also easy to design controlled experiments with suf-
ficient sample sizes also when several variables are 
being manipulated. 

Nest-box breeding species have been studied more 
intensively than almost any other species, at least 
among the passerines. It is certainly not a mere coin-
cidence that the Pied Flycatcher Ficedula hypoleuca, 
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the Great Tit Parus major, and the Starling Sturnus 
vulgaris belong to this category of well studied spe
cies. These same species have also been used more 
often than other species when testing different 
hypothesis about evolution, adaptation, and behaviour. 

However, the use of nest-boxes introduces several 
artificial components that may affect the behaviour of 
the birds. If nest-boxes are put up in an area without 
natural cavities, the birds will have no choice: they 
must accept the surface area and hole diameter of the 
box and the height above ground, tree species, and 
position of the box in other respects chosen by the 
designer of the study. In many studies the birds will 
have little or no choice between different types and 
locations of nest-boxes, simply because it is often a 
part ofthe design to minimize the number of variables: 
all nest boxes are similar and placed at the same height 
above ground, often very low to facilitate inspection. 

It is well known that different species of hole
nesting birds have different preferences for height 
above ground, hole diameter, and cavity size (e.g. 
LOhrI1970). Although there are several studies on the 
selection of natural cavities by birds there are few 
controlled experiments on the choice of nest boxes, 
apart from those aimed at establishing cavity size and 
entrance hole diameter for different species (e.g. 
Enemar 1980, LOhr11986, 1987). An important variable 
is height above ground, studied by, for example, Lohrl 
(1986, 1987). There was a height segregation between 
different tit species, Great Tits showing a preference 

Table 1. Number of breeding attempts and breeding success 
of the Starling Stumus vulgaris in nest-boxes at different 
height above ground at two localities, Silvwa (S) and Vastra 
Tvet (T). All young at Vastra Tvet were taken by a Marten. 

Antal hiickningar och hiickningsresultatjor stare i holkar pa 
olika hajd over marken i tva holkgrupper, en vid Silvakra (S) 
och en vid Viistra Tvet (T). Alia ungarvid Viistra Tvet togs av 
en mard. 

Height of nest boxes 1.5 m 3.0m 4.5 m 
Holkamas hajd 
Site S T S T S T 
Lokal 

No of nest boxes 8 8 8 8 8 8 
Antal holkar 

Nests with at least 1 egg 6 6 6 6 8 8 
Bon med minst 1 iigg 

Completed clutches 5 6 5 5 8 7 
Fulla kullar 

Hatched clutches 5 6 5 4 8 7 
Kliickta kullar 

Fledged broods 3 0 4 0 6 0 
Flygga kullar 
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Table 2. Number of eggs and hatched and fledged young in 
nest-boxes at different heights. There were 16 boxes in each 
category. 

Antal iigg samt kliickta och flygga ungar i holkar pa olika 
hOjd. Detfanns 16 holkar i varje hojdklass. 

Height of nest boxes 1.5 m 3.0m 4.5 m 
Holkamas hOjd 

No. of eggs laid 55 57 94 
Antallagda iigg 

No. of hatched young 53 46 86 
Antal kliickta ungar 

No. of fledged young 11 19 27 
Antal flygga ungar 

for low nest-boxes and Blue Tits Parus caeruleus for 
higher ones. When Nuthatches Sitta europaea could 
choose between similar nest boxes at different heights 
(3,7,11 and 15 m above ground) in the same tree they 
bred only at the two highest levels (13 at 15 m and 10 
at 11 m). This result agreed very well with the height 
selection that Lahrl found in a wood with a very rich 
supply of natural cavities. Although nests were found 
from 2 to 14 m, the mean height was 11 m and the most 
often used cavity was at 13 m. Lahrl thought that nest 
height selection reflected the concentration of food in 
the canopy and not differential risk of predation. 

The Starling is different from both the Great Tit and 
the Nuthatch in being a non-territorial breeder that 
often gathers in colonies. A Starling defends one or 
more cavities but no food territory. Rather, Starlings 
sometimes feed together at some distance from the 
nest. Because of its colonial tendency it is possible to 
study nest height selection in the Starling by putting up 
nest boxes very close to each other, even more than one 
in the same tree. I made such a study in 1991. 

Study area and method 

The study was carried out at RevingenUtet about 20 Ian 
east of Lund (about 55 40 N, 13 30 E). The nest-boxes 
were placed at two sites a few Ian from each other: 
Silvakra and Vastra Tvet. Surrounding both sites were 
cattle grazed pastures suitable as feeding areas for 
Starlings. At both sites I selected eight trees and put up 
three nest boxes in each, at three different heights 
above ground: 1.5,3.0, and 4.5 m. The nest boxes were 
made of wood with an internal bottom area of 12x12 
cm, an entrance hole of 50 mm diameter situated 25 cm 
above the bottom. The roof could be lifted to facilitate 
inspection. All boxes were inspected throughout the 
breeding cycle so that I could determine the date of the 
fust egg, clutch size, number of hatched young, and 
number of fledged young. No replacement or second 
clutches were laid. 

Results 

The results are given in Tables 1-3. There was no 
difference in occupancy between the boxes at the 
middle and lowest heights, but it was a clear difference 
between these and the highest boxes (p=0.028; Fisher 
exact probability test). All of the latter but only three 
fourth of the former were occupied. The difference 
was significant (p=0.033; Fisher) also if one included 
only boxes with completed clutches in the comparison. 
Fledged young were produced in 6 out of 16 of the 
highest boxes but in only 7 out of 32 low and middle 
boxes. In one of the nest box groups all young were 
taken by a Marten Martes martes soon after hatching. 
Excluding this group the figures that ought to be 
compared therefore are 6 out of 8 (75 %) for the highest 
boxes and 7 out of 16 (44 %) for the other. None of 
these differences is significant, however. 

Comparing the total production of eggs and young 
(Table 2) we find that both the number of eggs and the 

Table 3. Mean date (in May) for the first egg (all attempts) and mean number of eggs and hatched and fledged young (full 
clutches). Data for nest-boxes at 1.5 and 3.0 m are pooled. 

Medeldatum (i maj) for forsta iigget (alia hiickningsforsok) samt medeltalfor antal iigg och antal kliickta ochflygga ungar 
ifulla kulLar). Datafran holkar pa 1.5 och 3.0 m sammnnslagna. 

Nest-box height Holkamas hojd 
1.5 & 3.0 m 4.5 m 

Mean s.d n Mean s.d n Difference 
Medel Medel Ski lin ad 

Mean date 1 st egg Medeldatum l:a iigg 3.96 2.97 24 1.31 1.30 16 2.65 

Full clutch Full kulL 5.05 1.02 21 5.87 0.74 15 0.82 

Hatched Kliickta 4.71 1.45 21 5.73 0.70 15 1.02 

Fledged Flygga 3.0 ).31 10 3.4 2.20 8 0.4 
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number of hatched young at the low and middle levels 
were only about 60 % ofthose at the highest level. The 
number of fledged young showed the same relation, 
but due to the total predation losses at one of the sites 
the figures are small. 

The mean date for the first egg (Table 3) was 2.6 
days earlier in the highest nest boxes (p<O.OOl; t-test, 
one tailed). The number of eggs and hatched young 
was 0.82 and 1.02, respectively, higher in the highest 
nest-boxes. In both cases the difference is significant 
(p<O.Ol and p<0.05, respectively, t-test, two tailed). 
The final result, mean number of fledged young, did 
not differ significantly. Regrettably, this may depend 
on the very small sample obtained because of the 
predation at one of the sites. 

Discussion 

It is obvoius that the highest nest boxes were preferred. 
In absolute numbers, production per nest box, the 
difference was very clear. But a difference remained 
also for the mean values of completed clutches. Since 
there was no difference between boxes at the heights 
of 1.5 and 3.0 m it is not possible to determine whether 
it is the absolute height that is important or if the 
important thing is just to breed highest. This question 
is probably important for a more detailed evaluation of 
the effects of height on different breeding charac
teristics. One could think of two main explanations for 
why it should be preferable to nest high. To nest high 
could provide a better protection against predators that 
seach for food from the ground, in principle different 
mammals. In this case one would predict a gradual 
increase of preference and success with height, possibly 
with a level above which no further improvement can 
be detected. To nest high could alternatively give a 
bird better control of its surroundings in a social sense, 
including better position for attacks on competitors 
and guarding against copulation attempts by other 
males or parasitic egg laying by other females. This 
explanation would predict that Starlings, both males 
and females, should prefer the highest nest-box. It is 
unlikely that Lohrl's explanation, i.e. proximity to the 
food source, is applicable to the Starling case since 
Starlings most often feed on the ground at a distance 
from the nest. 

The present experiment does not allow any 
conclusions about why the Starlings prefer the highest 
nest-boxes, only that they clearly do so and also that 
they produce more young in them, at least up to the 
hatching stage. The proximal explanation is probably 
social segregation, with subdominant andlor young 
birds, which would have comparatively low success 
and a late start of laying whatever the height, being 
forced to breed in the lower boxes. The traditional 
calendar effect on clutch size, often considered to be a 
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result of age or social status, explains in fact the dif
ferences that were found. The calendar effect was -0.34 
eggs per day which happens to be the same as the mean 
value of several years found by Karlsson (1983) in the 
same general area. 

This preliminary experiment leaves another question 
open. What would have been the breeding result in nest 
boxes at different heights if only one height had been 
available in one and the same area? To answer this 
question it is necessary to follow up this experiment 
with another one, viz two or more sites each with nest 
boxes at only one height. It is probably necessary to 
rotate the system over a couple of years to eliminate 
any possible habitat or site effects. 

Although the present experiment cannot explain 
either why Starlings prefer to breed high or whether 
there would really be any difference in breeding 
variables between areas with nest boxes at different 
heights, it may alert workers to consider effects of 
nest-box height carefully when designing experiments 
or analysing data. For example, if a study using low 
nest-boxes were carried out in an area where higher 
nest sites were also available (other nest-boxes or 
natural cavities), the resul ts would almost certainl y not 
be representative for the local Starling population. It is 
particularly important to consider nest-box height 
when one collects literature data from many different 
studies for geographical comparisons or for analysis of 
temporal fluctuations. 
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Sammanfattning 

Preferensforolilw bohojd hos staren Sturnus vulgaris 
- ett holkexperiment. 

Holkar har blivit ett viktigt instrument i olika ornitologiska 
undersokningar. Med holkar ar det Hilt alt snabbt samla en 
stor mangd information om fAglars hlickning och beteende. 
Det lir ocksa Hilt alt genomfOra kontrollerade experiment och 
fa tillrlickligt stora stickprov liven nlir man vill studera manga 
variabler. Flera av de mest vlilstuderade tlittingarna lir just 
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holkfaglar, t ex svartvit flugsnappare, talgoxe och stare, och 
dessa arter har anvlints mer an andra i tester av olika hypoteser 
om evolution, anpassning och beteende. 

Holkama fOr dock in ett konstgjort moment i studiema. 
Faglarna far acceptera den holktyp och den holkplacering 
som forskaren vaIjer aU anvlinda. I flera studier av hur faglar 
vaIjer naturliga bohal har man funnit tydIiga preferenser fOr 
vissa typer av hliligheter och hojdlagen. FIera arter fOredrar 
aU hacka hogre an pa den niva dar man. vanligen placerar 
holkar. I manga studier placerar man holkama mycket lagt fOr 
aU underIaua inspektionema. 

Det finns en risk att de resultat man erhaller i en undersok
ning utfOrd med holkar som sitter betydligt lagre an de 
haligheter faglarna sku lIe valja i en skog med god tiIIgang pa 
naturliga bon pa olika hojder kommer aU bli missvisande. Jag 
utfOrde dlirfor eU experiment med starholkar pa olika hojder 
varen 1991. 

Pa vardera av tva platser pa RevingefaItet ca 20 km oster 
om Lund, Silvllia och Vastra Tvet, valde jag ut atta trad. I 
vart och ett av traden satte jag upp tre holkar pa hojdema 1,5, 
3.0och4,5 m. Holkarna varavtramed en bottenyta pa 12x12 
cm och ett ingangshliI med 50 mm diameter. Hackningarna 
fOljdes genom hela sasongen och jag bestamde datum fOr 
fOrsta agget, kullstorleken samt antaIet kIackta och flygga 
ungar. 

Resultaten redovisas i Tabell 1-3. AlIa holkar pa hogsta 
nivan blev bebodda men bara tre fjardedelar av holkarna pa 
de tva lagre nivaema. Den genomsnittliga kuIlstorIeken var 
ungefcir eU agg hogre i de hogsta holkarna an ide lagre. Dessa 
tva fOrhaIlanden tiIIsarnmans gjorde att den totala mangden 
agg och kIackta ungar i de lagre holkama bara var ca 60 % av 
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vad den var ide hOgsta. Tyvarr fickjag inga goda data pa antal 
flygga ungar eftersom en av holkgruppema totaIt plundrades 
av en mard efter kIackning. 

Medeldatum fOr fOrsta agget var 2,6 dagar tidigare i de 
hOgsta holkama an i de ovriga. Denna skillnad beror pa den 
s k kalendereffekten som i detta experiment lag pa en minsk
ning med 0,34 agg per dag under laggningsperioden, en siffra 
som ar densamma som man funnit under flera ar i samma 
omrade. Skillnaden i kuIIstorIek fOrkIaras alltsa av att det ar 
de forsta stararna som lagger de stOrsta kuIIarna och aU det var 
dessa som valde de hOgst belagna holkarna. Det ar sannolikt 
social a faktorer som styr detta: gamla ochieller dominanta 
starar valde de hogsta holkama fOrst. Yngre och feller sub
dominanta individer fick sedan noja sig med de lagre holkarna. 
De sistnarnnda lagger normaIt mindre kuIIar senare och ar 
allmlint mindre framgangsrika i hackningen. 

Experimentet visar alltsa tydIigt att stararna fOredrar de 
hOgsta holkarna. Detta innebar dock inte nodvandigtvis att 
laga holkar alltid ger ett annorlunda resultat an hoga. Ett 
experiment som aterstar att utfOra ar att i olika omraden utan 
naturliga bohal satta upp holkar pa bara en hojd och sedan 
rotera detta system ett par ar fOr att eliminera eventuella 
platseffekter. Det ar moj ligt att man inte far nagra skillnader 
om faglama bara har en hojd alt valja pa. Men detta experi
ment ar i alla handelser en Yarning som innebar att man maste 
beakta risken att fa avvikande resultat om man arbetar med 
lagt belagna holkar, i varje fall om stararna har tiIIgang tiII 
hogre allemativ i omradet. 

Soren Svensson, Department of Ecology, Ecology 
Building, S-223 62 Lund, Sweden. 
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