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Vilkommen till Ornis Svecica!

Att starta en ny vetenskaplig ornitologisk
tidskrift kan vara ett vdgspel. Det finns redan
en uppsjd av sddana, frin smé, opretentitsa
tidskrifter utgivna av regionala och lokala
fagelforeningar dir det bara undantagsvis
forekommer bidrag av i sann mening veten-
skaplig karaktir till de stora internationella
drakarna dir de yppersta karriirproffsen
kimpar om utrymmet. Ett stort antal tid-
skrifter ligger i mellanskiktet och har dess-
utom ofta mer eller mindre nationell fram-
toning. Dit hér inom virt omrdde Ornis
Fennica, den norska Cinclus och Dansk
ornithologisk forenings tidsskrift. Lingre
bort har vi exempelvis Limosa fran Holland,
Vogelwarte frin Tyskland och Bird Study
fran England. I Sverige har vi saknat en
nationell vetenskaplig tidskrift. Var Figel-
virld har bara delvis kunnat fylla uppgiften,
eftersom den varit svensksprakig. Forsk-
ningen karaktiriseras ju nimligen av att den
ir internationell och dérfor bor resultaten
publiceras pa ett internationellt gangbart
sprik dven om viiOrnis Svecica naturligtvis
behaller svenskan fast vi da férser uppsatsen
med en utforlig engelsk sammanfattning. I

och med att Var Fagelvirld numera omvand-
lats till en mera populir tidskrift har méj-
ligheterna att dir publicera vetenskapliga
rapporter minskat ytterligare. Ornis Scandi-
navica var vid starten tinkt att bli en veten-
skaplig tidskrift som friamst tillgodoség pu-
bliceringsbehovet for nordiska forskare, in-
klusive avancerade amatorer. Den har emel-
lertid utvecklats till ett av de frimsta interna-
tionella organen.

Det finns dérfor en tydlig nisch fér Ornis
Svecica. Den skall suga upp de bidrag som
produceras av alla vara framstdende amator-
forskare inte minst inom regionalf6reningar
och fagelstationer. Men den skall ocksé vara
ett konkurrenskraftigt forum for doktoran-
der och yrkesforskare vid universiteten. Den
skall sjdlvklart frimst digna sig 4t den svenska
fagelfaunan och ornitologin men skall heller
inte vara frimmande for att ta emot bidrag i
ovrigt som har stark anknytning till den
svenska fagelfaunan eller som ir av sérskilt
intresse for svenska ornitologer. Ornis
Svecica skall vara bred i flera avseenden.
Den skall acceptera savil enkla rapporter av
preliminér karaktir eller med sarskilt ny-
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hetsvirde somtyngre och fullgdngna, "svara"
uppsatser. Den skall vara ppen for alla
imnesomraden, fran beskrivningar av figel-
faunor och deras forandringar till djupa teo-
retiska analyser eller avgrande experiment.

I detta forsta hifte har vi forsokt spegla
bredden. Vi har lyckats fi med béde storre
uppsater och korta rapporter. En uppsats
handlar om sjéfagelfaunans utveckling un-
der ett kvartssekel, en annan tar upp proble-
men kring varden av den minskade stammen
av sydlig kdrrsndppa, en tredje analyserar
flyttningen hos blahaken, en fjirde studerar
korsniibbarnas systematik frin fossilt mate-
rial och en femte &r en test av en teoretisk
modell for social reglering av populations-
storleken. Ingen kan klaga pa bredden i
dmnesinriktningarna! De s k "Korta rappor-
terna" speglar ddremot langt ifrdn tidskrif-
tens ambitioner, varken betriiffande antalet
eller @mnesbredden. Tva handlar om kons-
och dldersbestimning, den tredje ror hick-
ningsbiologi och den fjirde en oroande mil-
joskada. Men dessa bidrag visar dnd inrikt-

Omslagsfoto Cover photo: Torbjorn Lilja/N.
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ningen: forbittring och komplettering av
metodik, nya elementira data om en daligt
kidnd art och en signal om ett intressant
fenomen som kriver ytterligare forskning.
Vi hoppas mycket pa just denna sektion i
tidskriften, och da inte bara korta forsk-
ningsrapporter om allt mellan himmel och
jord utan ocksa diskussion, debatt och, inte
minst, stimulerande och konstruktiv kritik
av tidigare publicerade bidrag bade i Ornis
Svecica och annorstides.

Under 1991 startar vi med tva hiften, det
andra hiftet berdknas utkomma i slutet av
aret. Frdn och med 1992 inriktar vi oss pa
fyra hiiften per ér, vilket ger Sveriges ornito-
loger generdst utrymme for att sprida all den
kunskap och erfarenhet som redan finns.
Men dnnu mer hoppas vi pé att Ornis Svecica
skall bli en motor som drar igédng en under—
sokningsverksamhet som blir dnnu storre
och biittre dn den ir 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

The systematics of West Palearctic crossbills of Genus Loxia
has long been disputed. The Scottish form scotica has been
considered aspecies orasubspecies of either Loxia curvirostra
or L. pytyopsittacus. The reason is the size and form 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 Loxiarecords 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.

Abstract

The fossils allow two alternative hypothesis depending on
whether the large crossbills in the Alps are considered a
species or not. Ifthey were pytyopsittacus this species is rather
old and both curvirestra and pytyopsittacus spread northwards
atthe end of the glaciation. One of the species must have gone
extinctin 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 forms, pytyopsittacus, scotica and the
Mediterranean subspecies are descendants of the old "Pine"
crossbills of South Europe.

Tommy Tyrberg, Kimstadsvigen 37, S§-610 20 Kimstad,
Sweden

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 polytypic Common Crossbill Loxia
curvirostramainly in spruce forests almost throughout
the West Palearctic.

The development of the bill, and to some extent
speciation, among crossbills seems to depend largely
onthe 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 Crossbillin 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.
Thisis especially true of L. (curvirostra) scotica which
is confined to the relict Scots Pine forests of the

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
species L. 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 (Wiirmian) 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 scotica and pytyop-
sittacus, respectively.

Later, during the Holocene, Spruce forests (and
curvirostra crossbills ) expanded westwards from the
Urals. The larger size and somewhat different
vocalizations of pytyopsittacus compared to scotica
may then have come about through character dis-
placement when pytyopsittacusand curvirostrabecame
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 curvirestra
(presumably during the Holocene) and scotica 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 crossbills west of the
British isles during the glacial maximum (Huntley
1988, Knox 1990) must however be considered very
questionable. Certainly "...survival of relatively
thermophilous trees and associated speciesina 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 isextremely
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
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is perhaps not generally realized how good the
Pleistocene avian fossil record is in the West Palearctic.
Information 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 curvirostra and
pytyopsittacus can currently only be distinguished by
size. A record of pytyopsittacus therefore really means
"a pytyopsittacus sized Crossbill", not necessarily a
bird belonging to the species pytyopsittacus as this is
currently understood. On the other hand L. leucoptera
can be morphologically distinguished by skeletal
characters at least in some cases according to Cassoli
(1980).

The Middle Pleistocene record

The oldest crossbill record is of cf Loxia curvirostra
from Strénsk4 Skdlain Czechoslovakia (Jinossy 1972).
The main interest of this record is that it shows that
curvirostra-sized crossbills were already present in
Europe during the early 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. 130 000-200 000 BP). One is L.
cf curvirostra 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 pytyopsittacus (Mourer-Chauviré 1975). A third re-
cord which may also be Late Middle Pleistocene is
curvirostra from Fontéchevade (Charente, France)
(Mourer-Chauviré 1975). This site is conventionally
dated to the Eemian interglacial (=Isotope stage Se 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 curvirostra-
sized and pytyopsittacus-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 Wiirm

There are no records of crossbills from the Eemian
interglacial (Isotope Stage 5e 127 000-117 000 BP).



Fig.1. 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. Skuggade fiilt markerar omrdden med hég tallpollenfrekvens ca 13 000 BP
(Huntley & Birks 1983).

Key to sites Nyckel till lokaler:

Middle Pleistocene: 1. Strinskd Skila, 2. Tornewton cave, 3. Grotte de Lazaret, 4. Fontéchevade.

Late Pleistocene: 5. Bacho Kiro, 6. Istallésko, 7. Sandalja IT, 8. Herman Otto Cave, 9. Ossiferous Fissure C8, 10. Syuren], 11.

Pilisszdnté 1, 12, Salpétriere 2 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. Rislisberghthle.

Uncertain Date: 23. Cova Nova, 24. Balcarka, 25, Certova Dfra, 26. Jirickova Skéla, 27. Zechovice I1, 28. Caverna dei Verezzi,
29. Grotta dei Fanciulli, 30. San Cosimato, 31. Gudenushiéhle, 32. Merkenstein.

This is not surprising since interglacial avifaunas are The only find wich can definitely be assigned to this
quite rare. It is more surprising that crossbill fossils ~ interval is a curvirostra from layer 13 in Bacho Kiro
from the early part of the last glacial cycle (Isotope ~ Cave in Bulgaria (Bochenski 1982). This layer has
stages 4-5d c. 60 000-115 000 BP) are quite rare. 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 Wiirmian is
strange. Though sites of this age are considerably less
common than those of Middle or Late Wiirmian age,
there are several rich faunas in which crossbills might
be expected to occur.

Mid Wiirmian

During the "Mid-Wiirmian interstadial complex"
(Isotope Stage 3 c. 60 000-25 000 BP) crossbill records
become somewhat more numerous, Sites definitely
fromthisinterval include Istall6ské in Hungary (Janossy
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 Wiirmian Glacial Maximum

The Wiirmian Glacial maximum comprises approxi-
mately the period 25 000-13 000 BP with a "hard core"
of maximum glaciation c. 22 000-17 000 BP. Sites with
crossbills from this period include Pilisszdnté 1 in
Hungary (curvirostra) (Jinossy 1986, Lambrecht 1915)
Salpétriere 2 Remoulins in France (pytyopsittacus)
(Vilette 1983, 1984) and the lower layers (P4-P10) at
Arene Candide inItaly (curvirostra and pytyopsittacus)
(Cassoli 1980). Puskaporos in Hungary (curvirostra)
(Lambrecht 1916, 1933) may also belongto thisinterval.

The most interesting of these sites is Salpétricre 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 Wiirmian 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 (curvirostra) (Bate
1901, Bramwell 1975, Harrison 1980, 1987, Jenkinson
1984), Grotte de Massat in France (curvirostra) (Milne-
Edwards 1875, Clot & Mourer-Chauviré 1986),
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Remetehegy in Hungary (curvirostra) (Lambrecht
1933, Jdnossy 1986), Hayonim cave in Israel
(curvirostra) (Tchernov 1979), Arene Candide (layers
M3, P1-2) (curvirostra, pytyopsittacus and leucoptera)
and Grotta Romanelli (curvirostra) in Italy (Cassoli et
al. 1979, Cassoli 1980), Rislisberghthle in Switzerland
(Loxia sp.) (Lepiksaar 1983) and Sandalja II (layer B)
in Yugoslavia (curvirostra) (Malez-Bacic 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 crossbills of curvirostra size were
definitely present in southern Europe and the Near East
atleast from the middle Wiirmian onwards and probably
thoughout the Wiirmian, 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 crossbills
were isolated from their Siberian congeners during the
early and middle Wiirmian 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 Wiirmian 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 Wiirmian
(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
curvirostraand pytyopsittacus (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 leucopteramegaplaga, 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 Pleistocene/Holocene
border (Huntley & Birks 1983) may for a while have
made it possible for a resident population of leucoptera
to exist in the Alps. A modern 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 Wiirmian 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
outof the island depending on the cone crop (Benkman
1989).

On the other hand all the Riss-Wiirmian 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
crossbills 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 7 000-
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
identicalto the views of Murray (1978). The Pleistocene
Mediterranean crossbills simply followed the pine
forests northwards and became isolated in
Fennoscandia and Scotland. Later ¢. 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 Palearctic crossbills (except perhaps scotica),
while the large-billed Mediterranean forms should be
rather more distant from ¢. 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 korsnéibbar (sliiktet Loxia) i Viistpa-
learktis — en studie av fossila fynd.

Systematiken hos de vistpalearktiska korsnibbarna har linge
varit omstridd. Frimst har oenigheten gillt den skotska

korsniibbens status. Den har §msom riknats som en ras av
mindre korsnibb, en ras av stérre korsniibb eller en egen art,
Loxia scotica.

Orsaken till osidkerheten #r frimst att den skotska kors-
niibben i viktiga avseenden, bl a niibbens storlek och form, ir
intermedidr mellan stdrre och mindre korsnibben.

Korsnébbarnas niébbstorlek styrs frimst av deras fédoval,
d.v.s. hur pass héllfasta de kottar ir som korsniibbarna méste
forcera for att komma &t sin huvudféda, barrtradsfrén,

Denstornidbbade storre korsnidbben lever friimst pé tallfrd,
den mindre korsniibben pa granfr$ och biindelkorsniibben pa
lirktriddsfré. Den skotska korsnibben och fyra korsniibbs-
populationer i medelhavsomridet (corsicana pi Korsika,
balearica pA Balearerna, poliogyna i Atlasbergen och guille-
mardi pd Cypern) lever frimst pé tallfro och har foljdriktigt
kraftigare nibbar én den mindre korsnidbbens nominatras
Loxia c. curvirostra.

Flera teorier har framférts framforallt for att forklara
uppkomsten av de skotska korsniibbarna. Enligt en teori (t.ex.
Nethersole-Thompson 1975) héirstammar bide den storre
korsniibben och den skotska korsniibben frin en korsniibbs-
population somisolerades i tallskogsomraden i Sydvisteuropa
under den senaste istiden. Efter istidens slut féljde korsniib-
barna tallskogarna norrut och isolerades genom Nordsjiins
uppkomst i tvd populationer. Senare invandrade den mindre
korsnibben Gsterifrin tillsammans med granen och orsakade
en viss forskjutning hos den stérre korsniibbens egenskaper
genom "character displacement".

En annan teori hiivdas av bl. a. Knox (1975, 1990),
nimligen att den skotska korsniibben uppstod under den
senaste istiden i hypotetiska relikta tallskogar pd kon-
tinentalsockeln viister om de Brittiska darna.

En kiilla som hittills knappast anvints for att klarligga
korsniibbarnas historia ir fossilfynden. Inalles har korsnibbar
antriiffats pd mer én 30 platser i Viistpalearktis (Fig. 1), Eut
problem vid bedémningen av fossilfynden ir dock att skelett
av stérre och mindre korsniibb endast kan skiljas p4 storleken,
varfor fynd av storvuxna korsniibbar inte nddvindigtvis
behdver tillhora arten Loxia pytyopsittacus som vi idag
uppfattar den. Det ildsta kiinda korsnébbfyndet ir frén ildre
mellanpleistocen i Tjeckoslovakien. Tre fynd frin den nist
senaste istiden (130 000-200 000 &r sedan) visar att korsniib-
bar av bdde den mindre och den stérre korsniibbens storlek di
redan fanns i Viistpalearktis.

Frin den senaste istiden finns ca 30 fynd. De visar alt
korsniibbar av den mindre korsnébbens storlek fanns i Sydeu-
ropa och Levanten under hela den senaste istiden samt att
korsniibbar av den stérre korsniibbens storlek fanns atmins-
tone i ett begriinsat omrade i viistra Alperna mot istidens slut.
Dessa sydeuropeiska korsniibbar mdste ha levat av tallfré
(eftersom inga andra barrtrid férekom i omridet) och dess-
utom ha varit mer eller mindre helt isolerade frin andra
korsniibbar i Sibirien. Ett fynd av en fossil underniibb pa
Mallorca visar f 6 att korsnibbarna dir redan under den
senaste istiden hade nibbar som var intermediira mellan
mindre och stérre korsniibb. Vid istidens slut spred sig kors-
nibbarna norrut tillsammans med tallskogarna vilket framgar
av fynd fran Schweiz och England. Fossilfynden tilliter (v
alternativa hypoteser om de europeiska korsniibbarnas hiir-
stamning beroende p& om de storvuxna korsnidbbarna i alp-
omrédet tolkas som en separat art eller ej. Om de storvuxna
korsniibbarna tillhérde Loxia pytyopsittacus si #r d en
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relativt gammal art, och bide mindre och stérre korsniibb
spred sig norrut tillsammans mot slutet av istiden. En av de
bida arterna miste i si fall ha dott ut i Skottland och
Sydeuropa och eventuella mindre korsnébbar i Norden och
pa Europas fastland ha smilt samman med frén &ster kom-
mande "grankorsniibbar".

Om de istida korsniibbarna i medelhavsomrédet tillhtrde
en enda variabel art blir bilden betydligt enklare. Bide den
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skotska korsniibben, den nordiska stérre korsniibben och de
stornéibbade mediterrana raserna #r i si fall troligen direkta
avkomlingar av de istida "tallkorsnibbarna" i Sydeuropa. Att
den stérre korsniibben avviker frin de Gvriga beror d4 sanno-
likt pd "character displacement" genom konkurrens med den
mindre korsnibben, Vilken av dessa bida teorier som #r den
riitta kan eventuellt avgéras genom DNA-understkningar av
de europeiska korsnibbarna.
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Utbredning, bestandsstorlek samt langtidsforindringaribestandens
storlek hos évervintrande sjofaglar i Sverige

LEIF NILSSON

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 Aythya ferina, Bucephala
clangula, Mergus serrator and Cygnus olor, whereas Fulica

Abstract

atra increased markedly over the first years to "crash" after
the 1978/79 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. fuligula, 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
8§-223 62 Lund, Sweden.

Inledning

Regelbundna inventeringar av rastande och dvervint-
rande sjofaglar har pagétt i Sverige sedan 1959/60
(Nilsson 1976a, 1976b). Liknande inventeringar pé-
gér i andra linder (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 ir
frimst att dokumentera utbredning och antal for de
olika arterna samt att f6lja lingtidsforiindringar i be-
standen. Materialet skall sedan ligga till grund for
skyddsétgiirder i de fall sidana beddms nodviindiga.
En samordnad inventering sker i januari varje ir efter-
som sjofiglarna vid denna tid p4 dret ér sd koncentre-
rade att i stort sett heltickande inventeringar kan
organiseras dtminstone i Europa.

Den forstasamordnade midvinterinventeringen ge-
nomfdrdes i januari 1967 pa ca 3 100 lokaler. Sve-rige
svarade dé for ungefiir 10% av lokalerna (Atkinson-
Willes 1976, Riiger et al. 1986, Monval & Pirot 1989).
Under dren 1971-74 genomfordes niira nog fullstin-
digainventeringari Sverige med hjilp av flyg, kustbe-
vakningsbétar och landbaserade observatorer. Ovriga
dr har midvinterinventeringarna genomforts i mindre
skala av frivilliga landbaserade observatorer, vilka
genom att varje vinter inventera samma omraden

skapade underlag for att beriikna drliga index for
populationens storlek hos ett flertal viktiga arter (Nils-
son 1984a, 1984b samt érliga rapporter i Vdr Fdgel-
véirld).

I mitten av 1980-talet aktualiserades dter frigan om
heltiickande inventeringar av sjofiglarna inom IWRB
och en speciell Nordic Baltic Survey bildades inom
ramen fér IWRBs Duck Research Group med stéd frin
Nordiskt Kollegium for Viltforskning (NKV). Inom
ramen fér denna organiserades dter inventeringari stor
skala i Danmark (jfr Laursen et al. 1987, 1988, 1989),
Norge och Sverige med syfte att under tredrsperioden
1987-89 forsoka dstadkomma en ny heltiickande in-
ventering av alla viktiga omriden. For Sveriges del
uteslots de yttre havsomridena med alfigel redan pa
planeringsstadiet da det inte bedémdes som menings-
fullt med omfattande och kostnadskrdvande flyginven-
teringar till havs sa linge inte dvriga Ostersjblinder
genomférde liknande inventeringar.

Foreliggande rapport sammanfattar midvinter—
inventeringarna under januari 1987-1989 i jimftrelse
med den tidigare perioden med intensiva invente-
ringar under 1969-1978 (jfr bl.a. Nilsson 1975). Vi-
dare diskuteras forekomsten av eventuella ling-
tidsforindringari sjofagelbestinden pd basis av inven-
teringarna under hela perioden 1967-1989. Materialet
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Fig. 1. Isliget i sodra Ostersjon samt efter den svenska
Vistkusten i januari 1987 (efter SMHI).

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

har 6verforts till IWRBs databaser och ingir i de
internationella sammanstillningarna.

Viiderlek och isforhallanden

De tre vintrarna var mycket olika. Januari 1987 var ér-
hundradets kallaste vinter, medan januari 1989iménga
trakter var den mildaste sedan man startade temperatur-
miitningar under slutet av 1700-talet. Efter en lag-
tryckspassage den 7-8 januari 1987 bredde extremt
kall Iuft ut sig 6ver landet. I samband med kalluften
foll betydande snomingder dver sirskilt Oland och
Gotland, varfér ménga inventeringsomraden var oméj-
liga att nd vid rilkkningsdagen en vecka senare. Som
exempel kan niimnas att Stockholm under perioden 9-
12 januari hade en dygnsmedeltemperatur under -20°,
vilket inte intriffat sedan métningarna startade 1756.
Den stringa kylan medftrde en mycket betydande
isliggning efter de svenska kusterna. I mitten av mé-
naden var det i stort sett endast Gotland som hade det
ndgorlunda isfritt (Fig. 1). En del storre rikar forekom
ocksa pa vistkusten, i norra Oresund, vid Barsebiicks
kiirnkraftverk samt séder om Malmé. Sydkusten var i
stort sett isfri rikningsdagen, men tvd dagar senare
fanns endast mindre rikar i ett for dvrigt kompakt
drivisbilte. Hanbukten och Blekingekusten varocksé
starkt tillfrusna, men 6ppna rékar fanns hir och var.
Kalmarsund var helt isbelagt med undantag fér en del
mindre rikar sbder om Kalmar samt vid kéirnkraftverket
norr om Oskarshamn. Runt Oland fanns stérre Gppna
partier endast vid Norra Udden férutom en del mindre
rikar efter ostkusten. Norr om Oskarshamn 1dg isen
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fast dinda ut i ytterskirgirden. Utanfor fanns vid-
striickta mer eller mindre sammanfrusna drivisbilten.
Stirre 6ppna omraden férekom endast utanfér Lands-
ort. I inlandet var flertalet vattendrag helt tillfrusna.
Januari 1988 var betydligt mildare. Temperaturen
var under hela perioden klart §ver det normala. Me-
deltemperaturen for januari pa tio stationer spridda
tversddra Sverige var+1,7° 1988 mot-9,3° 1987. Den
milda vintern medférde attisldggningen runt de svenska
kusterna var mycket ringa och fore den siste januari
forekom is knappast séder om Sundsvall. Viss isldgg-
ning hade tidigare férekommit i vissa skiirgardsvikar,
men isen brits upp. Sjéarna var isfria langt norrut i
landet. Miénga sjoar hade frusit till i normal tid, men
hade sedan blivit isfria fore borjan av januari.
Januari 1989 var dnnu mildare én 1988 och pi en
del hall den mildaste sedan miitningarna startade,
Medeltemperaturen for de tio jimforelsestationerna
var +3,8°, vilket var det hogsta virdet sedan midvin-
terinventeringarna startade. Isutbredningen var gan-
skanormal i borjan av januari 1989, dvs stérre delenav
Bottenviken och norra Kvarken var istiickta. Dess-
utom fanns det skidrgirdsis ner till Viisterviks skir-
gird. T samband med milt och blisigt viider i sédra
Sverige skingrades isen och i slutet av manaden fanns
skirgdrdsis endast i en del vikar av Bottenhavet. Lik-
som 1988 var sjarna i sodra delen av landet isfria.

Material och metodik
Inventeringsmetodik

Inventeringsmetodiken har ingdende behandlats i flera
tidigare arbeten (Nilsson 1975, 1976b) till vilka hiin-
visas for niéirmare beskrivning,

Under de forsta dren med midvinterinventeringar
indelades den svenska kusten i ett antal sektorer med
fasta griinser si att lokalerna litt kan terfinnas i filt.
Pi motsvarande sitt sektorsindelades storre insjoar
och vattendrag, medan smdsjdar i sin helhet fick ut-
gora en inventeringssektor.

Midvinterinventeringen genomférdes drligen
veckoslutet néirmast den 15:e januari med veckan fore
och efter som reserv och fér komplettering med inven-
tering av ytterligare omraden. Huvuddelen av inven-
teringarna utfordes av landbaserade observatorer, vilka
genomsdkte och riknade en eller flera sektorer. Flygin-
venteringar genomfordes i mindre skala. Vid invente-
ringarna 1987-1989 utnyttjades olika modeller av Cess-
na, ett htgvingat plan med goda observationsmdjlig-
heter. i

Berdikning av index

Eftersom heltickande inventeringar ej kan genom-
foras drligen har ett index beréknats pa féljande siitt.
Antalet individer av de olika arterna pa de lokaler som



Fig. 2. Rikningslokalernas férdelning i
Sverige i januari 1987-89. Kartan visar ocksi
indelningen i regioner lings kusterna (jfr
Nilsson 1975),

The distribution of sites counted in Sweden in
January 1987-89. The map also shows the
division of the coast into regions (cf. Nilsson
1975).

Boh = Bohuslidn, A = N. Halland, B = Var-
berg-Kullen, C = Oresund, D = Falsterbo-
Hand, E = Blekinge skiirgird, F = S. Kal-
marsund, G = N.Kalmarsund (S.Krikelund),
H = Kalmar lins skiirgdrd, K = Oland, L =
Gotland, M = Ostergétlands skirgdrd, N =
Sormlands skirgird samt O = Stockholms
skiirgérd.

inventerats tillfredstiillande under tvé pé varandra f1-
jande ér jimfors. Summorna av samtliga arter ir 2 ut-
trycks i procent av motsvarande summor for ar 1.
Indexvirdet for r 2 beriiknas sedan genom att multip-
licera det erhdllna procenttalet med indexvirdet for 4r
1 i jimforelsen. I de svenska inventeringarna har
indexvirdena sedan normerats sd att medelindex for
den aktuella perioden blir 100 (i tidigare rapporter har
medelindex for perioden 1969-1978 satts till 100).

Inventeringarnas omfattning

Den svenska kusten frin Bohuslin till och med Stock-
holms skérgard omfattarca 1800 inventeringsomriden
utdver de yttre havsomridena. Kustomridena norr om
Stockholms skirgérd dr normalt isbelagda under vin-
tern och inte aktuella som sjéfigelomriden, varfor de
ej innefattades i inventeringen. Aven under de milda
vintrarna torde antalet sjéfaglar i dessa omraden vara

ganska minimalt. I januari 1987 inventerades samman-
lagt 823 kustsektorer. Dirtill kommer inte mindre &n
880 sektorer, vilka enligt tillgingliga israpporter var
helt frusna. 95% av alla sektorer var dirmed tickta vid
inventeringen. Antalet inventerade kustsektorer vid
midvinterrikningarna 1988 och 1989 var 787 resp. 823.

Ursprungligen hade heltickande inventeringar med
bl.a. hjélp av flygplan planerats for samtliga tre vintrar
som ett komplement till de landbaserade rikningarna. I
Bohuslin kunde ett betydande antal sektorer i skiir-
girdarna inventeras med flyg varje vinter trots svira
viiderforhallanden, men vissa luckor i tickningsgraden
kunde trots det inte undvikas. I januari 1987 genomfor-
desidvrigten flyginventering av kusten mellan Falken-
berg och Karlshamn. Isldget medférde att det inte var
aktuellt med flyginventeringar pé ostkusten. Vintrarna
1988 och 1989 instilldes planerade flyginventeringar
pé ostkusten, di det milda vidret med stindig dimma
eller nederbird oméjliggjorde flygningar dir.
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Tabell 1. Omfattning av midvinterinventeringarna i Sverige
1967-1989.

Extent of midwinter counts in Sweden 1967-1989.

Ar Antal inventerade lokaler Antal
Year Number of sites counted deltagare
Kust Inland Ingiriindex Number of

Coast  Inland Used in index participants

1967 234 121 - 126
1968 215 179 192 150
1969 475 218 330 226
1970 402 264 585 290
1971 1318 309 620 320
1972 1311 401 1094 198
1973 1240 447 1156 220
1974 891 283 788 220
1975 818 307 657 245
1976 840 293 688 192
1977 827 206 765 168
1978 773 212 773 228
1979 439 192 517 150
1980 393 175 448 130
1981 407 131 414 118
1982 433 120 462 113
1983 397 109 423 162
1984 317 92 355 117
1985 336 79 352 134
1986 359 76 370 136
1987 1694 223 417 188
1988 787 456 864 228
1989 832 405 953 287
Summa 15738 5298 13223

Samtliga ar erholls i stort sett heltickande invente-
ringar efter kusterna frin Kungsbacka till Krékelund
samt runt Oland och Gotland (Fig. 2.). I Bohuslin var
tickningsgraden hog, men varje &r forekom en del
luckor. Efter ostkustskéirgardarna erholls stickprovs-
missig tickning dock med speciellt ménga inven-
teringslokaler i omradet kring Landsort - Mrko samt
i Roslagen.

I inlandet erhélls en god stickprovsmissig tick-
ning av landet upp till och med Dalarna (Fig. 2.).
Sirskilt kan noteras att lidngre strickor efter minga
vattendrag kunde tickas i sin helhet. Totalt var antalet
inventerade inlandslokaler de tre dren 213, 456 resp.
405. Flertalet av de tillkommande lokalerna i inven-
teringarna 1988 och 1989 torde ha varit helt tillfrusna
1987.

Totalt omfattar databasen frin de svenska midvin-
terinventeringarna nu uppgifter frin 13 200 invente-
ringstillfillen x lokaler (Tab. 1). Vid inventeringarna
1987-1989 innefattades dven Bohusléin och norra Hal-
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land i programmet. Med undantag for flyginventeringar

1971 har detta omride 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 for de olika arterna

Bestinden for de viktigaste arterna inom 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 bida
milda vintrarna 1988 och 1989 redovisas i kartform;
for de vanligaste arterna visas ocksa kartor fér den
kalla vintern 1987 (Fig.3). I detta sammanhang ir det
av speciellt intresse att jiimfora med de kartor for aren
1967-74, som presenterades av Nilsson (1975). For
uppgifter om antalet inriiknade individer vid inven-
teringarna hénvisas till de drliga rapporterna i Vér
Fagelvirld.

Trots att fullstiindig tickning ej kunde erhillas har
flertalet arter inventerats si pass fullstiindigt att be-
stindens storleksordning kan skattas. Flera arter #r i
januari starkt koncentrerade till kusterna med en ma-
joritet av bestdndet inom de kustavsnitt som invente-
rats fullstédndigt samtliga ir. IBohuslin férekom en del
luckor, men flertalet lokaler ticktes under tredrs-
perioden. Det storsta problemet utgor ostkustens skir-
gérdar, men ett stort antal lokaler inventerades och
eftersom utbredningen synes vara densamma som vid
tidigare inventeringar med storre tickning kan parvisa
jimforelser ge underlag for skattning av totalbestindet
hiir. Korrigeringar enligt det ovan beskrivna forfaran-
det har frimst varit aktuella for januari 1988 och 1989.
Den kalla vintern 1987 kunde flertalet lokaler med
Oppet vatten tiickas in vid inventeringen. Resultatet
frén skattningarna presenteras i Tab. 3.

Grisanden dr med sin utbredning tver hela landet
bide i inlandet och kusterna en svirinventerad art,
varfor skattningarna dr ndgot osikra. I inlandet #4r den
normalt koncentrerad till stider och samhiillen men
under de bdda milda vintrarna férekom stora flockar
ocksd vid deisfria sjdarna speciellti Skéne. Betydande
skillnader i utbredning noterades mellan den kalla
vintern 1987 och de bida milda vintrarna. Antalet var
ligre vid kusterna i Ostersjén men dven Lings Vistkus-
ten, som dock i storre omfattning beholl sina griiséinder.
De var ocksé mer koncentrerade 1987. I Oresund var
skillnaderna i antalet griisiinder inte speciellt stora
mellan de tre vintrarna, medan pétagliga skillnader
noterades for Gotland och Halland (Appendix).
Utbredningsbilden var densamma som vid den tidigare
perioden med intensiva inventeringar.

Ovriga simiinder forekom med enstaka individ i
grisandflockarna. De milda vintrarna 1988 och 1989



Tabell 2. Bestindet av viktigare arter inom kustomriden med heltickande inventeringar (dvs Kungsbackafjorden - Krikelund
iN. Kalmarsund samt Oland och Gotland, A-G, K, L, Fig. 2) vid midvinterinventeringarna 1987-1989. Dessutom anges medeltal
for dessa omriden 1969-1978 samt 1987-1989.

Populations of more important species in coastal areas fully covered (Kungsbackafjorden to Krdkelund, Oland and Gotland,
A-G, K, L, Fig. 2) at the midwinter counts in 1987-1989. Mean values for these areas for the periods 1969-1978 and 1987-1989

are also presented.

Art Species Medelvirde Mean 1987 1988 1989
1969-78 1987-89
Griisand Anas platyrhynchos 28732 33628 19 307 36 665 44 907
Kricka Anas crecca 51 29 11 38 36
Blisand Anas penelope 36 230 0 248 A4t
Stjdrtand Anas acuta 2 e 2 3 9
Bergand Aythya marila 682 2 166 218 3398 2551
Vigg Aythya fuligula 52 508 53781 51089 48 551 59375
Brunand Aythya ferina 364 741 187 837 1198
Knipa Bucephala clangula 17 361 22011 23 980 22438 19 622
Alfdgel Clangula hyemalis * 12034 8958 10753 8144 7974
Svirta Melanitta fusca* 2073 524 36 843 700
Sjoorre Melanitta nigra* 27 248 14 194 537
Ejder Somateria mollissima 327 1931 1530 2229 2017
Sméskrake Mergus serrator 2492 3715 4114 4176 2 856
Storskrake Mergus merganser 3623 4948 8367 2995 3487
Salskrake Mergus albellus 287 316 392 214 348
Gravand Tadorna tadorna 14 65 0 11 190
Knélsvan Cygnus olor 5957 8162 7 966 7 844 8 680
Sangsvan Cygnus cygnus 1015 781 1024 672 642
Sothina Fulica atra 13 423 1725 1716 1869 1513
Storskarv Phalacrocorax carbo 1476 2158 1552 3018 1918

* = endast riknad frdn stranden, antal lingre ut oként,
only counted from the shore, offshore numbers unknown.

Tabell 3. Skattat totalbestdnd for vissa sjofgelarter i Sverige vid midvinterinventeringarna 1987-1989. Dessutom anges
totalbestandet for Nordvisteuropa (Laursen 1989, Monval & Pirot 1989) samt Sveriges andel av detta (%).

Estimated total numbers of some waterfowl 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 Vinterbestind Winter population
Sverige Sweden NV Europa Sverige (%)

1987 1988-89 NW Europe Sweden (%)
Griisand Anas platyrhynchos 75 000 115 000 5 000 000 2
Bergand Ayrthya marila 250 3 500 130 000 3
Vigg Aythya fuligula 65 000 105 000 750 000 15
Brunand Aythya ferina 250 1500 350 000 +
Knipa Bucephala clangula 30 000 40 000 300 000 13
Ejder Somateria mollissima 5000 >10 000 3000 000’ +
Sméskrake Mergus serrator 5 000 >6 000 100 000 6
Storskrake Mergus merganser 12 000 25000 150 000 17
Salskrake Mergus albellus 450 >600 15 000 4
Knolsvan Cygnus olor 10 000 13 000 180 000 7
Séngsvan Cygnus cygnus 3000 4000 25 000* 16
Sothina Fulica atra 2 500 3000 1 500 000 +
Storskarv Phalacrocorax carbo 3500 7000

1) Nordvist- och Centraleuropa. Northwest and Central Europe.
2) Nordviisteuropa utom Storbrittanien. Northwest Europe except Britain.
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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 och 1989, medan endast kartor fér de senaste vintrarna visas for 6vriga 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

Jor the other species.
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noterades dock 260 resp. 460 blis#nder, frimst i Fote-
viksomradet i sydviistra Skéne.

Viggens utbredning karakteriseras av en markant
koncentration i stora flockar pa ett relativt litet antal
lokaler. Under milda vintrar dr skiirgirdens viggar i
betydande utstriickning knutna till de inre vikarna, de
yttre omréidena frekventerasihuvudsak forst nérinner-
vikarna #r isbelagda. Viggarna kan under sédana pe-
rioder upptriida pa lokaler, dir de normalt inte fore-
kommer, t.ex. utanfor Olands norra udde 1987. Trots
den relativt ringa tickningen av skirgirdarna 1988
och 1989 torde ganska fa storre flockar saknas vid
inventeringen 1989. Den kalla vintern 1987 riknades
troligen alla flockarav betydelse. Utbredningens tyngd-
punkt var 1987 forskjuten stderut. Sdlunda var antalet
viggar i Oresundsomridet ungefor tre ginger si hogt
som Gvriga vintrar, Jimfort med den tidigare perioden
har omridena kring Malmé minskat i betydelse for
arten. Stora flockar forekommer visserligen varje vin-
ter, men de #r inte lika framtridande som tidigare. I
tvrigt dterfinns de stora viggkoncentrationerna inom
samma omraden som tidigare.

Bergiinderna och bruniinderna &r i stort sett kon-
centrerade till viggflockarna i den sydligare delen av
de svenska kustomréadena, vilket innbir att de viil ticks
av inventeringarna. Berginderna fir mérkbart koncen-
trerade till Gotland, medan de tidigare Skdnelokalerna
forlorat betydelse sedan borjan av 1970-talet.

Knipan forekommer spridd 6ver hela sédra Sverige.
Iinlandet ses mindre flockar och enstaka individ pa de
flesta isfria lokaler. Aven en kall vinter som 1987
inriiknades &ver 700 knipor spridda pd ett betydande
antal lokaler i inlandet. Efter kusterna ér den ocksé
mycket spridd dven om en del koncentrationer fore-
kom vid Sydsveriges dppna kuster. Knipans mycket
spridda utbredning gir det svarare att skatta bestindets
storlek dn vad fallet ér for en art som viggen, Utbred-
ningen var visentligt mer koncentrerad 1987 én under
de bida milda vintrarna, Runt Oland och Gotland var
antalet knipor ungefir detsamma de tre vintrarna (Ap-
pendix). Vid Oland var dock kniporna i januari 1987
koncentrerade till i stort sett tvd omriden. Antalet
knipor lings den skdnska sydkusten var mycket hisgre
1987 #én 1988 och 1989. Knipan visade i stort sett
samma utbredningsbild som under den tidigare inven-
teringsperioden; skillnaderna mellan de olika kartorna
betingas av bristen pd inventeringar i ostkustskir-
gardarna 1988 och 1989 (isbelagda 1987).

Utan omfattande flyginventeringarkan inte de Gver-
vintrande alfiglarna lings de svenska kusterna in-
venteras. Lings vissa kustavsnitt ligger betydande
antal alfiglar ndra land; skattningar for dessa omriden
redovisas 1 Appendix. Svirtan och sjborren har en
liknande utbredning. I huvudomréidet p den svenska
viistkusten ligger merparten nira land, vilket ocksa
giller for vissa andra kustavsnitt (se Appendix).

Ejdern tillhér ocksd de havslevande arterna. I
Sverige ir den starkt koncentrerad till Vistkusten med
endast mindre antal vid Ostersjons kuster. Flertalet
lokaler av betydelse kunde inventeras 1987-89, Ejdern
visade samma utbredningsbild som vid de tidigare
inventeringarna.

Smiskraken tillhér de havslevande arterna och ses
endast i mindre antal i inlandet. Arten #r sparsam i
ostkustskiirgardarna, men dd den oftakan ligga ganska
langt ute till havs och dessutom #r svarriiknad frén
luften ér skattningarna nagot osiikra, Kartan for 1988-
89 visar storre antal sméaskrakar for Viistkusten jim-
fort med den tidigare inventeringen. Formodligen var
arten underrepresenterad i de tidigare flyginven-
teringarna i Bohuslin, vilka genomftrdes med ett
snabbare flygplan.

Storkrakarna ir starkt koncenterade till Ostersjéns
skiirgdrdar samt under milda vintrar till inlandet och
ses i storre antal vid de skinska kusterna och Viistkus-
ten endast i samband med kalla vintrar (Appendix).
Bestandsskattningarna for de bada milda vintrarna
blev dirfor relativt osikra. Med hiinsyn till artens
férekomst lings ostkusten vid de heltickande
inventeringarna pi 70-talet och jimforelser for de
lokaler som riiknats under bdda perioder kan
storskrakbestindet i landet skattas till mellan 20 000
och 25 000 individ. Den kalla vintern 1987 var situa-
tionen en annan och merparten torde ha riiknats in vid
inventeringarna. Nagra stérre foridndringar i utbred-
ningen har ej kunnat konstateras sedan 70-talet.

Flertalet salskrakar forekommer spridda i sma-
grupper vid kusterna och i det skdnska inlandet (milda
vintrar) och endast ett par storre koncentrationer har
kunnat noteras. Jimfort med borjan av 70-talet har ett
par koncentrationer forsvunnit: Malmdomridet samt
Solvesborgsviken.

Knolsvanen dr viil spridd efter de inventerade kust-
avsnitten men noterades endast i ringa antal i inlandet
och dé frimst med enstaka individer pa ett ganska stort
antal lokaler. De ostkustlokaler som inventerades vi-
sade sig hysa ganska fi knlsvanar, men tidigare mer
heltickande inventeringar har visat att det finns gan-
ska mdnga knolsvanar sirskilt i Stockholms sédra
skiirgdrd. Eftersom arten #r litt att inventera ir
totalskattningen timligen siiker. Antalet knolsvanar i
de kustomrdden, som inventerades i sin helhet samt-
liga vintrar, var i stort sett detsamma under de tre dren
(Tab. 2, Appendix) éven om summan for 1989 lig
ndgot hdgre dn de bdda andra dren. Kndlsvanarna
stannade i stort sett ocksd kvar i samma regioner dven
under den kalla vintern, men var di mer koncentrerade
till ett fatal lokaler med Gppet vatten, dir de i bety-
dande utstriickning matades. Utbredningsbilden har
knappast éindrats sedan 70-talets borjan.

De évervintrande sdngsvanarna i Sverige visar be-
tydande skillnader i utbredning mellan kalla och milda
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Tabell 4. Index for ndgra viktiga arter i Bohusldn vid
midvinterinventeringar 1971 samt 1987-1989. Index ftir samt-
liga arter 1971 = 100.

Indices for some important species in Bohuslin at midwinter
counts in 1971 and 1987-1988. Indices for all species = 100
in 1971.

Art Species 1971 1987 1988 1989
Griisand 100 139 283 460
Anas platyrhynchos

Knipa 100 166 246 282
Bucephala clangula

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 iven om forindringarna i totalantalet kanske
inte #r sd stora. Under de milda vintrarna noterades ca
tvé tredjedelar av sdngsvanarna i inlandet med endast
ett fital stérre koncentrationer vid kusterna. Den kalla
vintern 1987 (liksom under tidigare kalla vintrar) var
forhéllandet det omvinda med ca tva tredjedelar av
alla singsvanar vid kusterna. Séngsvanens spridda
utbredning pd ménga smélokaler i inlandet under
milda vintrar gor den ibland nigot svérinventerad.
Jimfort med tidigare har den ocksa i allt hbgre grad
borjat furagera pa filten och atskilliga flockar uppe-
héller sig under lingre perioder p sidana lokaler.

Sothtnans utbredning var starkt koncentrerad till
négralokaler i Oresundsomradet samt ett par omriden
i Blekinge. Jimfort med forhallandena i borjan av
1970-talet har bilden radikalt forindrats (Nilsson
1976¢). DA forekom betydande koncentrationer pé
ménga lokaler efter ostkusten, diir arten nu sedan
bestédndsnedgéngen efter vintern 1979 i stort sett sak-
nas i januari. Nedgdngen har inte varit lika markant
inom 6vriga kustomriden.

Storskarven ir vintertid spridd i ytterskidrgirdarna
béde pa Vistkusten och Ostkusten, Eftersom invente-
ringar saknas pa de viktigaste ostkustlokalerna kan
landets vinterbestind ej beriiknas med négon stérre
sikerhet. Aven pa Vistkusten finns det en del luckor,
men flertalet skarvlokaler hir har inventerats itmins-
tone vid nigot tillfille och besténdet pd Vistkusten
(inkl. Oresund) torde kunna skattas till mer &n 5 000
for de milda vintrarna. Dirtill kommer 500-600 for
Gotland och upp till 200 for Blekinge samt ett okiint
antal for ostkustskirgirdarna norr om Kalmarsund.
Med tanke pd artens bestindsutveckling och tidigare
inventeringsdata torde man kunna rikna med minst
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1 000 storskarvar hir, vilket for landet i helhet skulle
ge minst 7 000 individ.

I samband med inventeringarna har mindre antal-
ocksé noterats av olika doppingar och lommar samt
gravand och higer. Inventeringarna medger dock inga
skattningar av bestindens storlek for dessa arter.

Langtidsforiindringar i sjofigelbestanden

Index har kunnat beriiknas for 10 olika arter (Fig. 4).
For att konstatera eventuella trender i materialet har
Spearmans rangkorrelation beréknats (index mot 4r)
for de olika arterna. Ytterligare information om for-
#ndringar i sjofigelbestinden erhélls ur summorna for
deregioner som inventerats i sin helhet under perioden
1969-1978 samt 1987-1989 (Tab. 2, Appendix for
enskilda regioner). Bohusliin inkluderas inte i index-
beriikningarna eftersom omrédet enbart ingick i pro-
jektet 1971 samt 1987-1989. For vissa arter redovisas
dock en jimforelse mellan dessa inventeringar i Tab. 4.

Signifikant 8kande trender (beriiknat for hela pe-
rioden) noterades for brunand, knipa, smikrake och
knolsvan. Brunandens vinterbestind i Sverige ér lagt
och merparten av bruniinderna har varit koncentrerade
till ett fatal lokaler i Blekinges skirgird. Under de
kalla vintrarna noterades mycket ldga index.

For knipans del noterades endast smé fluktuationer
kring trendlinjen fram till och med 1981. Index var
markant ligre den kalla vintern 1982, men 6kade 4ter.
Aven ovriga kalla vintrar medforde tillfilligt ligre
index. Medelvirdena for de totalinventerade omri-
dena visar emellertid en mer méttlig 6kning &n vad
indexserien antyder (Tab. 2). Arten dr dock mycket
spridd under milda vintrar, bl.a. i ostkustskirgirdarna
och inlandet. Dessa omriden ticks endast stick-
provsmiissigt i indexberikningarna, medan en storre
andel av de 6ppna kusterna ir tickta. De bida milda
vintrarna var manga knipor spridda Gver dessa isfria
omréden, varfor melviidet blev ligre én for den totalt
sett kallare tidigare perioden.

Smékrakens index visade under de kalla vintrarna
ocksd laga viirden, vilka till en del kan vara skenbara
och bero pé att manga sméskrakar under dessa vintrar
l4g sé langt ute till havs att de forbisdgs vid invente-
ringarna. De totzlinventerade omradena visar samma
okning av bestindet som indexserien.

Aven for kn6lsvanen visar resultaten frin de total-
inventerade omridena och index samma kande trend.
Regionala skillnader foreligger dock. Antalet knol-
svanar okade mellan de bida perioderna bide pi
ostkusten och i Oresund, medan antalet i NV Skine
och Halland var detsamma. Antalet dvervintrande
kndlsvanar i Bohuslin var ungefér fordubblat 1988-
1989 jamfort med 1971.

Index redovisas ej for storskarven eftersom de
viktigaste omridena i ostkustens skérgérdar ej kunnat
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Fig. 4. Midvinterindex for olika arter i Sverige 1967-1989.

- A A\ //\ ]\ Signifikanta (P<0,001) dkande trender (Spearman r i paren-

? AV i tes) konstaterades for féljande arter: brunand (0,70), knipa
(0,90), sméskrake (0,70) samt knélsvan (0,84).

) Midwinter indices for different speciesin Sweden 1967-1989.
Significantly (P<0.001) increasing trends (Sperman r in
brackets) were found for the following species: Pochard

0

(0.70), Goldeneye (0.90), Red-breasted Merganser (0.70)

and Mute Swan (0.84).
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inventeras. Vistkustbestdndet av 6vervintrande stor-
skarvar har dock tkat markant. (Tab. 2, Appendix).

Ingen art visade en signifikant minskande trend
under hela perioden. Sothénan inledde dock riknings-
serien med ldga index, varefter den tkade signifikant
under 1970-talets milda vintrar for att sedan "krascha"
efter den kalla vintern 1979. Bestindet har sedan legat
pa en mycket lig niva jimfort med tidigare.

Ejderns index iirendast representativa for den sédra
delen av Viistkusten och sydkusten, medan bestindet
i ovriga delar av Ostersjon ar for litet for att piverka
indexviirdet. Efter en viss 6kning i bérjan av serien
noterades ater ligre index under de senare dren. Inven-
teringarna i Bohuslidn de bdda milda vintrarna 1988
och 1989 visade pé betydligt htgre antal én den lika-
ledes milda vintern 1971.

Grisanden, viggen och storskraken visade inga
klara trender under perioden utan endast ganska mar-
kanta fluktuationer. Grisanden visade ligre index vissa
kalla vintrar, men monstret var inte genomgdende. Pa
motsvarande sitt noterades liigre index for vigg under
vissa av de kalla vintrarna. Storskraken visade diire-
mot en mycket konstant niva med undantag forett hogt
virde 1970.

Diskussion

Sverige som évervintringsomrdde for sjifdaglar

Monval & Pirot (1989) presenterar skattningar av
totalbestdnden for de viktigaste andfigelarterna och
sothonan for olika delar av Europa baserade pd de
internationellainventeringarna framtilloch med 1986.
Det internationella materialet frin IWRB &r delat pd
NW Europa samt Medelhavs- och Svartahavsregionen.
Det svenska vinterbestandet av olika arter jimfors hiir
med bestinden fisr NW Europa (Tab. 3.). De svenska
vinterbestinden av griisand, bergand, brunand, sals-
krake och sothtna svarar for mycket smé andelar av
NW Europas totalbestind. Grisanden torde vara den
vanligaste andfigelarten i Sverige om man undantar
alfigeln, vilken ej kunnat tiickas in vid de nu aktuella
inventeringarna. Andé utgor det svenska bestindet
bara ca 2% av NW Europas bestind.

For tre dykandarter, vigg, knipa och storskrake,
intar Sverige en betydligt mer framtriidande roll som
vinteromride i det europeiska sammanhanget. Totalt
dvervintrarca 15% av Nordviisteuropas 750 000 viggar
i de svenska farvattnen. Monval & Pirot (1989) sam-
manfor for knipans del nordvistra Europa med Cen-
traleuropa (frimst de stora sjbarna vid Alperna). Detta
bestind skattas i sin helhet till ca 300 000, varav det
svenska besténdet torde uppga till ca 13%. Vinter-
bestdndet av storskrake skattas till 150 000 fér Nord-
visteuropa, varav det svenska bestindet utgor 17%.

Svanarna slutligen dr viktiga vinterarter i svenska
farvatten. Det svenska vinterbestindet utgor ca 7% av
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det vist- och centraleuropeiska kndlsvanbesténdet,
vilket skattas till 180 000 eller 10% av den skandina-
visk-baltiska gruppen, vars vinterutbredning har tyngd-
punkten forlagt till de danska farvattnen. Det svenska
sdngsvanbestindet 1988-89 skattades till ca 4 000 in-
divid eller 16% av den till 25 000 beréknade skandina-
visk - viistsibiriska populationen.

Fordndringar i sjifdgelbestdnden

Vid vinterinventeringar av denna typ har vidret ett
avgorande inflytande pa inventeringsresultaten och
dirmed ocksé indexvirdena. Olika arter reagerar olika
pé kalla och milda vintrar. Normalt medfér en kall
vinter dels att manga arter i betydande utstriickning
limnar landet, dels att vi fir en koncentration av
kvarvarande individ till 6ppna kustomraden och vat-
tendrag. A andra sidan kan en mild vinter medféra dels
att fler arter stannar kvar i storre utstrickning, dels att
en del arter blir mer spridda &n under en kall vinter.
Beroende péd de olika arternas ekologi kan siledes
vinterns olika hirdhet paverka inventeringarna och
didrmed indexviirderna i olika riktning utan att man
dirfor har haft en reell bestindsforidndring. Index-
viirdena ir silunda endast i begrinsad omfattning
dgnade att jimfora forhillandena mellan tvi enskilda
ar utan #r frimst avsedda att studera lingtids-
forindringar dir sddana skillnader utjimnas till en ev.
trend. For ytterligare diskussion om sjifigelbestindens
fluktuationer i relation till vintrar av olika hardhet
hiinvisas till Nilsson (1975, 1984a, 1984b).

For vissa av de hir behandlade arterna redovisar
Monval & Pirot (1989) index for hela Nordvisteuropa.
Sédlunda visade de internationella indexvirdena for
griisanden en uppgéng frin 70-talet till bérjan av 80-
talet, varefter nivin varit stabil. De svenska index-
virdena visar som ndmnts ingen klar trend. Viggen
visar ingen speciell trend for Nordvisteuropa, vilket
stimmer viil med erfarenheterna frin Sverige. Dire-
mot noterades en signifikant uppitgdende trend for
viggen i Centraleuropa.

Knipan visar for Nordvisteuropa en uppitgéende
trend, men man r lite forsiktig i tolkningen av denna
eftersom arten ofta kan vara svér att inventera. Som
néimnts tidigare visade det svenska knipbesténdet en
uppétgiende tendens under periodenifriga. De svenska
inventeringarna visade ligre index under de kallaste
vintrarna, vilket ocksé var fallet i Estland, Polen och
Danmark medan higre antal noterades i en del sydli-
gare linder.

Internationellt sett visar hela dstersjobestindet av
knolsvan en signifikant 6kning av vinterbesténdet
under perioden, vilket ocksa aterspeglas i de svenska
indexen. For sangsvanens del visarde svenskaindexen
endast fluktuationer, men det internationella indexet
visar en Skning i regionen under tjugodrsperioden.



Det europeiska sothnsbestidndet minskade i sam-
band med den kalla vintern 1969/1970 for att sedan
tka under de milda vintrarna fram till 1978, vilket
ocksé noterades i Sverige. En viss nedgéng forekom
efter vintern 1979, varefter bestindet varit stabilt pd
ungefiir samma nivd som under en del av 70-talet. I
Polen noterades dock liksom i Sverige en mycket
markant minskning i antalet sothdns i samband med
den hérda vintern 1978/79.

Tack

Understkningarna 1987-1989 har bekostats med anslag frin
Statens Naturvardsverk. Vid inventeringarna under de tre
dren har mer 4n 300 frivilliga ovservattrer medverkat i
arbetet under ofta svdra observationsforhillanden. Utan de-
ras insats hade inventeringarna inte kunnat genomféras.
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Summary

Distribution, population size and long-term changes
in population size of wintering 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 Balltic 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 Skéne. 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 Krikelund north of
Kalmarsund and Oland and Gotland were almost completely
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covered by ground counts. Most parts of Bohusldn 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 inthe 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
115 000 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 150 000 (Nilsson 1980), most
staying on offshore waters not included in the survey.

Midwinter distribution of the different species is shown in
aseries 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 of Bohuslin are notincluded as the earlier counts did
not cover this area (included in another project). Bohuslin
was only included in 1971 besides in the present three-year
period. Tab. 4 compares the populations in Bohuslin 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 asignificantly
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 waterfowl

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 omréden (se Fig.
2) som inventerats fullstiindigt vid midvinterinventeringarna
1987-1989. Dessutom anges medeltal for dessa regioner for
de tre vintrarna 1987-1989 samt for den tidigare perioden
med intensiva inventeringar, 1969-1978. Regionala summor
for 1969-1974 éterfinns hos Nilsson (1975).

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 values for these regions for
the three winters 1987-1989 and for 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

Region Medel Medel 1987 1988 1989
Region Mean Mean
1969-78 1987-89

Grisand Anas platyrhynchos

A 1090 1631 455 3668 770
B 4925 10570 5162 13000 13540
C 7 250 6 480 5620 6 650 7170
D 2012 3235 1393 4157 4155
E 1925 2315 1550 1610 3 786
F 2093 1794 1370 1368 2 646
G 670 320 20 160 T80
K 2 450 2176 1212 1757 3 560
L 6317 5107 2525 4295 8500
Bergand Aythya marila

A 0 24 2 0 70
B 19 132 0 13 384
C B4 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 1 496 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 7 200 2 620 5254 1453 1151
E 17050 19460 11147 18537 28690
F 5590 3940 1370 7 540 2925
G 820 4700 2435 4 850 6 820
K 2130 3020 5440 1920 1710
L 9550 14350 15060 10770 17230
Brunand Aythya ferina

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 < 54 1 100 62
L 6 29 14 25 47

Knipa Bucephala clangula

A 735 531 428 1011 154
B 1371 1113 960 1210 1170
C 3106 2403 3060 1980 2170
D 3 800 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

Alfigel 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 8 821 7310 7380

Sviirta Melaninta fusca

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 z 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 Kndlsvan Cygnus olor
A 175 91 142 107 23 A 445 361 149 679 256
B 1595 983 297 1732 1010 B 312 257 305 286 180
C 422 94 169 61 53 C 2230 2 887 2 460 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
Smiskrake 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 Sothéna 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 4 556 708 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 1750 L 950 220 173 232 255
Salskrake Mergus albellus Storskarv Phalacrocorax 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
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?

TORBIORN VON SCHANTZ

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 theirneed for survival 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

Abstract

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
thatsocial behaviourcan induce population stability in variable
environments, viz. in permanently territorial species whose
life expectancy exceeds the average time period of the
environmental fluctuations.

Torbjérn von Schantz, Department of Animal Ecology, Uni-
versity of Lund, Ecology Building, §-223 62 Lund, Sweden.

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

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, Emlen
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 1 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, K,
and K,).

Sambandet mellan féryngringshastigheten per individ (bru-
ten linje), populationens kningshastighet (hel linje) och
populationstétheten (N) vid olika béirigheter (K,, K, och K )
hos biotopen.

defining them. Here 1 define population regulation
according to the logistic model in which the per capita
rate of increase decreases with increased density of
conspecifics, i.e.:

(1/N) (dN/dt) = r (1-(N/K))

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

Another reason for confusion is alack of generality
concerning the level at which the regulatory factors are
acting; is it the geographical distribution of the popu-
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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? A gain 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(1-(N/K))

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 of N,,.
InB Kis set atN,andinCatN,. Assume that A, B, and
Cin 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. (1974) 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. (1974) 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 [ use stability
here as a relative term. To illustrate this, let K, K, and
K, 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,,N,,or N, 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 ( A R in Fig. 2)
affects the rate of increase of population n, least and
that of n, most; hence, I define population n, to be most
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Fig. 2. Relationship between population rate of increase and
resource abundance at different fixed population densities (n,,
n, and n, correspond to N,, N, and N,, respectively in Fig. 1).

Sambandet mellan populationens 6kningshastighet ochméing-
den resurser vid olika givna populationstiitheter (n, n,ochn,
motsvarar N, N, resp. N, 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 achange
in resource availability whereas the same change in
resources has a most profound effect onrate of increase
ofahigh density population. Butcan 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. Suchnon-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. Theregulatory 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 theresource itselfis aregulating 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 thatis 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 individuals 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) modelis 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
usefulin such ananalysis. 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, 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.

Férhdllandet mellan kostnad (bruten linje) och vinst (hel
linje) for revirbeteende vid olika revirstorlekar. A: Optimala
revirstorlekar vid olika resursnivder. B: Optimala revirstor-
lekar vid olika tryck frén inkrdktare.

smaller territory size. In that case optimal territory size
will decrease from T, to T, 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 (C, shifts to C, in Fig. 3B),
due to e.g. an increased intruder pressure; i.e. optimal
territory size will decrease from T, to T,

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
behavioureffectively 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 permanently 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). Ineffect,
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 otheranimals fromutilizing 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: fto be effective in population
regulation, social behaviour must induce a negative
correlation between the population's 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

FromFig. 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 K/2. Data from Lack (1968)
and Perrins (1979) on Great Tits Parus majorin 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 of the regres-
sion line gives an estimated K of 260 breeding birds;
hence K/2=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 m?) are
from Perrins (1979: Fig. 63). A regression line is drawn when
the correlation coefficient differed significantly (p<0.02)
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.

Populationens egenskaper hos talgoxe Parus major i Marley
Wood, Oxford dren 1947-1963. Data om populationsstorlek
och antal flygga ungar frdn Lack (1968, Tabell 11), data om
larvidithet (hundratal per ni?) frdn Perrins(1979, Fig. 63). En
regressionslinje har ritats om korrelationskoefficienten skilt
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sig signifikant frdn noll (p<0.02). A: Sambandet mellan
antalet flygga ungar per par och antalet hiickande adulter.
B: Forhdllandet mellan totala antalet flygga ungar (popula-
tionens dkningshastighet) och antalet héickande adulter. C:
Férhdllandet mellan totala antalet flygga ungar och tiitheten
av larver (resurstillgdngen). D: Férhdllandet mellan kvoten
totala antalet flygga ungar dividerat med larvidtheten (dvs
populationens effektivitet att omvandla resurser till
dkningshastighet) och antalet héickande adulta féglar.
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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 K/2
the total number of young fledged by the population
should be a positive function of the density of breeders
(cf. the curves describing populationrate 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 K/2 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
changesinresource 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<K/2. Again, this prediction is supported by the
Great Tit data (Fig. 4D) showing that the total number
of young flying divided by caterpillardensity 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 K/2 and K that the populations's efficiency of
converting resources into rate of increase (PER), and
the population rate of increase (PRI) itself, will be a
decreasing function of N. These correlations have two
important implications as concerns the interactions
between per capita reproductive rate, PRI and PER:
(1) Based on observations that per capita repro-
ductive success declines with group size in social ani-
mals, Clutton-Brock & Albon (1985) 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 (1985) implicitly took this as
an example of social regulation. But since PRI s likely
to be a positive function of N as long as N<K/2 (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 PRI becomes more sensitive to changes in
resource supply with increased N.

(2) As described above both PRI and PER are
expected to show the same function of N as illustrated
by e.g. the curve K in Fig. 5A. Any environmental
fluctuation that will reduce K to K, will reduce both
PRI and PER whereas an incease of K to K, will create
an increase in both PRI and PER (Fig. 5A). These
changes will occur atany given value of N 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 PRI will
remain constant irrespective of N (Fig. 5B) 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 N and K
(Fig. 5B).

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 PRI and
PER will show the same dependence of N (cf. curve K
in Fig. 5A), and both will be a positive function of N
as long as N<K/2. In this case any change in carrying
capacity (K) will change both PRI and PER in the same
direction as K (Fig. 5A).

(2) Inthe presence of social regulation PRI remains
constant and will not be affected by N and K (Fig. 5B).
In contrast, PER will be a monotonously decreasing
function of N and K (Fig. 5B), 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 orreject 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
(PRI), population efficiency of converting resources into
reproduction (PER) and population density. A: Without
social regulation. Both PRI and PER are expected to show the
same function of N, The effects on PRI and PER by changes
in carrying capacity (resource abundance) from K to either
K, or K, are indicated by the arrows at some given population
densities. B: With social regulation. PRI (solid line) remains
constant since the density of breeding units does not change
with N. In this case, a change in carrying 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 of N with its greatest value when no non-
breeding animals are present.

Sambandet mellan populationens ékningshastighet (PRI,
populationens effektivitet att omvandla resurser till repro-
duktion (PER) och populationsiéitheten. A: Utan social reg-
lering. Bdde PRI och PER firviintas bero av N pd samma siéitt.
Effekten pd PRI och PER vid forindringar i biotopens biirig-
het (resurstillgéng ) frdn K till K, eller K, indikeras med
pilarna vid vissa givna populationstitheter. B: Med social
reglering. PRI (hel linje) hdller sig konstant eftersom téithe-
ten av héickande par inte dndras med N, I detta fall kompen-
seras en éindring av biirigheten med en éindring i téiitheten av
icke hiickande individer sd att PER (bruten linje) blir en
stéindigt minskande funktion av N med sitt stérsta viirde nér
det inte finns ndgra icke hiickande individer néirvarande.
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Sammanfattning

Revirets lonsamhet och populationens stabilitet—kan
populationer regleras socialt?

Det naturliga urvalet premierar de individer som producerar
storsta mingden fortplantningsduglig avkomma. Varfor le-
der dd utvecklingen inte till populationer som exploaterar
resurserna si effektivt och fortplantar sig si mycket att de
Overexploaterar resurserna och dérut? I sin berémda bok frin
1962 foreslog Wynne-Edwards att de flesta sociala beteen-
den hade utvecklats for att forhindra sidan Gverexploatering,
och han ansfig att en av de kraftfullaste mekanismerna for att
uppné detta var att hdlla revir. Tanken var att populationer
som hade sddan social reglering skulle 16pa mindre risk att do
ut iin sidana som saknade dylik sjilvreglering. Selektionen
skulle alltsi till stor del ske pé populations- eller gruppniva.
Denna Wynne-Edwards's s k gruppselektion utsattes emel-
lertid for hard kritik och 6vergavs till formén for selektion pa
individnivd. And4 hivdar ménga ekologer att populationer
kan regleras genom sociala beteenden.

I denna studie definieras populationsregleringen med
hjilp av den logistiska ekvationen enligt vilken en individs
genomsnittliga forokningstakt minskar med tkande tithet:
(1/N) (dN/dt)=r(1-(N/K)), dir r dr den inneboende fortplant-
ningsformagan, N populationsstorleken och K biotopens
birighet for arten i friga. Regleringen av populationen som
helhet definieras ocksd med den logistiska ekvationen:
dN/dt=rN(1-(N/K)). Med denna definition kan man nu teore-
tiskt bestimma vad som reglerar populationen genom att
identifiera de faktorer som bestimmer biirigheten (K). Detta
exemplifieras i Fig. 1. Hir bestimmer tre resursnivder K, K,
och K, populationsnivierna N, N, resp. N,. Anta att det i
delfigur A &r predationen som bestimmer K, i delfigur B
resurserna for vinteréverlevnad och i delfigur C resurserna fir
hiickning. Enligt definitionen ir det di predationen som be-
stimmer N. Eliminerar man predationen blir det i stillet vinter-
resursema som bestdmmer N och eliminerar man ocksd vin-
terdddligheten blir det sommarresurserna som bestammer N.

For att konkretisera begreppen anviinds hiir stabilitet som
en relativ term. Anta att en viss resurs, t ex foda, varierar i
tiden motsvarande resursnivder K -K, i Fig. 1 och att det finns
tre olika populationer med individtitheterna N, N, och N,.
Da fir man det resultat som illustreras i Fig. 2. En forindring
iresursnivan, t ex AR, paverkar populationen med den givna
individtdtheten n| (motsvarande individtitheten N, i Fig. 1)
minst och n, (tithet N, i Fig. 1) mest. Dirfor definieras
populationen n, som mest och n, som minst stabil. Den
viktiga slutsatsen blir dé att en férindring av resursméngden



foga pdverkar en gles population men mycket kraftigt en tit
population. Nu ir frigan om sociala mekanismer, t ex revir,
kan halla populationen pé en niva som ir ligre &n den som
birigheten tilliter och diirmed 6ka stabiliteten.

Watson och Moss satte 1970 upp fyra kriterier for att man
skall kunna anse att en population regleras socialt, ndmligen
1) en betydande del av populationen fortplantar sig ej trots att
2) dessa individer ir fysiologiskt kapabla att gora det, 3) de
hiickande individerna uttémmer inte alla resurser men hin-
drar #inda konkurrenter frin att géra det, samt 4) regleringen
skall vara tithetsberoende. Man har hittat fi om ens nigon
population som uppfyller alla kriterierna. Det verkar som om
detta beror pd att kriterium nr 3 ir teoretiskt kontroversiellt.

Det iir uppenbart att social reglering kan férekomma bara
om de hiickande individerna inte uttémmer resurserna ty
eljest drdet ju resurserna som sadana som skoter regleringen.
Denna tanke &r analog med den om s k super-revir som Ver-
ner forde fram 1977. Han menade att individer forsvarar
stérre revir in de behtver for optimal Gverlevnad och repro-
duktion genom att de pd detta siitt hijer sin relativa an-
passning, dvs inte kar den egna absoluta anpassningen men
i stéllet reducerar konkurrenternas 6verlevnad och reproduk-
tion. Flera forfattare har emellertid funnit att detta inte
fungerar enligt optimalitetsteorin dirfor att individerna med
super-revir inte fir nigon extra vinst men méste bira de
tkande konstnaderna for revirfrsvaret. Om det dr sé forefal-
ler det osannolikt att sociala beteenden kanreglera populatio-
ner utom i det fall en population anviinder den s k obstinata
strategin enligt nedan.

Kan socialt beteende tka populationens stabilitet i en
variabel miljé? Fig. 3 visar en enkel analys av kostnad och
vinst for revirbeteende. Kostnaden for revirforsvar okar hela
tiden med &kad revirstorlek. Vinsten &kar forst snabbt men
avtar sd sméningom och tkar inte alls nér tillrickliga resurser
finns inom reviret. I Fig. 3A representeras tva populationer
med kurvorna B, och B,, diir den senare har tillgéng till storre
resurser. Denna far dirmed en mindre optimal revirstorlek
(T,) éin den andra (T ), vilket innebiir att den nér en higre
populationstiithet, Detta i sin tur medfér, enligt Fig. 2, mins-
kad stabilitet. Samma effekt uppstar om i stillet kostnaderna
4ndras, t ex frdn C, till C, enligt Fig. 3 B. Slutsatsen blir att
sociala beteenden inte kan hilla en population pd en nivd
under biirigheten och inte heller kan stabilisera en population
i en variabel miljo.

Anda finns det Atminstone ett sitt p4 vilket sociala bete-
enden faktiskt kan hilla en population lingt under birig-
hetsnivén, dtminstone temporiirt. Jag har sjilv tidigare fore-
slagit att vertebrater som har permanenta revir, vars ungar
kriiver kostsam forildravird och som lever pé en varierande
fédokiilla, hiller revir av konstant storlek om deras livslingd
drldngre dn den genomsnittliga perioden for fodans variation.
Revirets storlek bestéims av vad som behovs for att reprodu-
cera sig eller dtminstone dverleva de tidpunkter dd fodo-
tillgdngen dr liigst. Det gér till sd att de hiickande individerna
tillater sliktingar att uppehdlla sig i reviret men inte att hiicka
niir fodotillgingen &r riklig men kastar ut dem niir det blir
kiirvt. Detta dr den s k obstinata strategin. Hir sker alltsd en
social reglering definitionsmissigt dirfor att resurserna inte
helt konsumeras men andra djur forhindras att fortplanta sig.
Antalet individer som fortplantar sig hdlls konstant medan
antalet individer som inte fortplantar sig viixlar i takt med
med resurstillgngen. Det dr just detta som illustreras i

Fig. 2, ndmligen att populationens féryngringstakt knap-
past alls piverkas av resursvariationerna. Detta ger oss en
testbar hypotes: for att effektivt kunna reglera en popula-
tion méiste socialt beteende medféra en negativ kor-relation
mellan populationens férméaga att omvandla miljons resur-
ser till avkomma (férékningstakten) och popula-
tionstitheten. Vi dterviinder dirfor till modellen i Fig. 1 och
granskar data frin en talgoxepopulation som studerats
ménga ir i Oxford.

Fig. 1 visar att om individernas genomsnittliga for-
okningstakt minskar linjirt med Okande populationstithet
kommer hogsta forokningstakten pa populationsniva att in-
triffa nir titheten motsvarar K/2. Fig. 4A visar att detta var
fallet for talgoxarna, Regressionsekvationen ger en uppskat-
tad biirighet fér K pa 260 par. Den htgsta uppnidda titheten
var 172 par, sileden lingt under birigheten. Lack menade att
sviilt utanfor hiickningstiden var den viktigaste tithetsbero-
ende regleringsfaktorn och Krebs stédde modelleniFig. 3 B
och menade att antalet hiickare och dirmed revirstorleken var
en funktion av antalet som dverlevde vintern. Féljaktligen vi-
sade populationen inte nigon tithetsberoende revirreglering.
Eftersom alla datapunkter utom en ligger under K/2 skall an-
talet flygga ungar vara en positiv funktion av antalet hick-
ande par. S4 ir ocksd fallet enligt Fig. 4B, men det finns ingen
korrelation mellan larvtiligingen och antalet flygga ungar
(Fig. 4C). Detta kan tyckas paradoxalt men eftersom antalet
par nistan alla ir ligger under K/2 stimmer bristen pé korre-
lation med modellen i Fig. 2, enligt vilken populationens
tkningstakt skall vara okiinslig for resursforindringar vid
liga populationstitheter.

Eftersom det forutsatts en konstant resursnivi i varje
exempel i Fig. 1 skall en populations férméga att omvandla
biotopens resurser till ungar vara en positiv funktion av N s&
linge N dr mindre in K/2. Detta visar sig dterigen vara fallet
for talgoxarna (Fig. 4D). Vi finner dirfor att det dr forst niir
N blir storre dn K/2 som den genomsnittliga individens
forméga att omvandla resurser till Skningstakt (PRI) liksom
populationens kningstakt som sidan (PER) blir en mins-
kande funktion av N (Fig. 5). Dessa korrelationer far tvé
viktiga konsekvenser nir det giller samspelet mellan PRI
och PER. For det férsta innebir observationer av minskande
genomsnittlig reproduktionstakt forindividerna med 6kande
storlek av en grupp inte social reglering pa populationsnivé.
Det innebiir inte heller att populationen blir mera stabil,
tviirtom #r det troligt att PRI blir kiinsligare for resursfor-
findringar med 6kande N. For det andra méste man viinta sig
att bide PRI och PER skall reagera pé indringar i N pd
samma sitt (t ex kurvan K i Fig. 5A) och vid alla viirden av
N iven om effekterna #ér smé for liga N. Den obstinata
strategin ger ett helt annat resultat. PRI forblir konstant fér
alla N efter-som revirigarna hdller ett revir av konstant
storlek anpassat efter behovet de sdimsta dren. PER kommer
diremot att bli en stindigt minskande funktion av bide N och
K (Fig. 5B).

Slutsatsen av denna analys blir att niir kostnaderna for
revirférsvaret beror pé revirstorlek eller trycket frin konkur-
renter kan social reglering inte stabilisera eller reglera popu-
lationer som bara hivdar revir vissa siisonger eller som har en
livslingd som understiger miljons variationsperioder. Social
reglering kan bara férekomma hos arter som har permanenta
reviroch vars livslingd Sverstiger periodldngden i resursernas
variationsmonster.
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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

In 1989, the breeding population of the Dunlininthe provinces
of Bohuslidn and Halland 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

Abstract

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 Blomgvist & Olof C. Johansson, University of Gite-
borg, Department of Zoology, Box 25059, §-400 31 Géte-
borg, Sweden.

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.
Tjernberg (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

jland and Gotland. The decline has been especially
obvious at inland localities (Eriksson 1980, Ema-
nuelsson & Kjellén 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

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 al. 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, Jénsson 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 Bohuslin (left)
and Halland (right) surveyed in 1989. Open circle = locality
with no breeding Dunlins, filled circle =locality with breeding
Dunlins.

Inventerade stranddngar i Bohuslén (vinster) och Halland
(higer) under 1989. Oppen cirkel = lokal utan hiickande
kiirrsnéippa, fylld cirkel = lokal med héickande kéirrsnéippa.

dation (e.g. Soikkeli 1970a, J6nsson 1988). The Dunlin
has no active nest defence against predators, abehaviour
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 turn
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 Bohuslin and Halland (Fig. 1) were
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surveyed twice. We selected these localities on the
basis of knowledge of former distribution of breeding
Dunlins or other waders (Eriksson 1980, Ahlund et al.
1987). If Dunlins were observed at any of the first 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, Odsmals kile and
Torkelstorp (no. 18 and 25, Fig.1), were visited regularly
fromthe end of March to the beginning of July in 1987-
1990 and 1988-1990, respectively. For Odsmils kile
we also used data from 1985 and 1986 (Blomgqvist
&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
Greenetal. (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 or/and 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 mudflats.

Nest predation experiment

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



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

Antal héickande par av kéirrsnéippa pd havsstrandéingar i
Bohuslidn 1983 och 1989,

Table 2. Number of breeding pairs of Dunlin on coastal
pastures in Halland in 1978/79 and 1989.

Antal hiickande par av kiirrsnéiippa pd havsstrandiingar i
Halland 1978/79 och 1989.

Number of pairs
Antal par
1983* 1989

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

Number of pairs
Antal par
1978/79* 1989

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

Noddokilen
Backeleran
Orrevikskilen
Galtd lera
Tanums kile
Sannisfjorden
Jorefjorden/Sidvhedskilarna
Skirholme lera
Abyfjorden

10 Firlevfjorden
11 Trilebergs kile
12 Bogen

13 Angholmen

14 Risso/Hjilmvik
15 Svanviks kile
16 Borgen

17 Breviks kile

18 Odsmdls kile
19 Lokebergs kile

L=l = L
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20 Pompa
21 Overdn
Total Summa 16 6
Change Férindring -63%
Number of localities Antal lokaler 4 3

* From Ahlund et al. (1987). Efter Ahlund et al. (1987).
? One visit. Ett besdk.

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 Coturnix coturnix
eggs were placed in the lower part of the coastal
pasture, which is the usual nest site habitat for the
Dunlin in South Sweden (Jénsson 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

22 Vallda Sandb

23 Ré6-Lunnd

24 Hammargird

25 Torkelstorp®

26 Nisbofjorden (Tjolsholm-Olmevalla)
27 Landabukten

28 Loftadns mynning
29 Bitafjorden

30 Klosterfjorden

31 Arsnishalvén

32 Balgd

33 Fyrstrandsfjorden
34 Getteron

35 Gamla Kopstad
36 Galtabick

37 Utteros

38 Sik
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Total Summa 32
Change Férindring
Number of localities Antal lokaler 6

+
o
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* Data from Getterén are from 1978 (Flodin et al. 1979),
the others from 1979 (Eriksson 1980).
Uppgiften fir Getterdn avser 1978 (Flodin et al. 1979),
dvriga uppgifter frdn 1979 (Eriksson 1980).

*Corresponds to Askatorps strandéngar in Eriksson (1980).
Motsvarar Askatorps strandéingar i Eriksson (1980).

¢ Two visits.
Tvd besék.

(13.5 - 20.5 ¢m). Nests were checked after four and
nine days.

Results
Survey

In 1989 six breeding pairs of Dunlin were found in
Bohuslin, 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 Triilebergs 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, Bohuslin 1985-1990.
Hiickningsframgdng for kérrsnéippa vid Odsmdls kile, Bohuslén 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 Kldckta Révade Drénkta Summa Antal par Antal klickta Anralg fgfgga
% (n) % (n) % (n) (m) ungar/par ungar/par
1985* 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 (D 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

2From Blomqvist & Thorssell (1988). Efter Blomqvist & Thorssell (1988)

®From Blomgqyvist & Thorssell (unpubl.). Data considering hatching success in 1986 are incomplete and therefore

excluded.

Efter Blomguist & Thorssell (opubl.). Data avseende klickningsframgdng fér 1986 iir ofullstindiga och har diirfér

utelimnats.

-0.95
.0004
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Antal hiickande par
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1
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Year
Ar

Fig. 2. Number of breeding pairs of Dunlin at Odsmils kile
1983-1990 (test: Spearman rank correlation test). Data from
1983 and 1984 from Ahlund et al. ( 1987), 1985 and 1986
from Blomqvist & Thorssell (1988, unpubl.) Drawing by
Billy Hellsten.

Antal héickande par av kiirrsnippa vid Odsmdls kile under
perioden 1983-1990 (test: Spearman rank correlation test).
Uppgifterfrdn 1983 och 1984 efter Ahlundm.fl. (1987), 1985
och 1986 efter Blomgvist & Thorssell (1988, opubl.). Teck-
ning: Billy Hellsten.
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decline occurred at one locality, Odsmls kile. At this
locality the number or pairs decreased by two thirds
since 1983 (p=0.0004, 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 Bohuslin 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, Gettertn and
Bitafjorden, 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 Juncus
gerardii and various grass species.

On average, the proportion of hatched clutches was
42% at Odsméls 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 Odsmiéls kile, where the proportion of nests preyed
upon ranged from O to 75% (Table 3). Other nest losses



Table 4. Breeding success of Dunlins at Torkelstorp, Halland 1988-1990.
Hiéickningsframgdng fér kéiirrsnéippa 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 Kldckta Révade Ovriga'forluster  Summa Antal par Antal kldckta  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. Frdmst bon séndertrampade av far.

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 notinfluence
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 Bohuslin during the last
seven years. Strandvik (1985) suggested that the popu-
lation size in Bohuslin 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 rivade konstgjorda kdrrsndppebon i relation till
vegetationshdijd och exponeringstid.

After 4 Days After 9 Days
Efter 4 dygn Efter 9 dygn
Predation Intact Predation Intact
Révade  Intakta Révade Intakta
Experiment | Férsok 1
Short * vegetation 4 6 10 0
Ldg vegetation
Tall * vegetation 5 5 8 2
Hég vegetation
Experiment 2 Férsdk 2
Short * vegetation 3 7 9 1
Ldg vegetation
Tall * vegetation 3 7 8 2

Hég vegetation

* See text for explanation. Se text fir forklaring.

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
ldg vegetation och bon i hilg vegetation (Fisher exact pro-
bability test).
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the population at Odsméls kile. Data concerning grazing
intensity in Bohusliin suggest that the decline of the
Dunlin population was not caused only by changes in
grazing intensity. It seems likely thatadditional factors
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 of Varberg 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, Gettern and
Biitafjorden. At Gettertn 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 Odsméls
kile the observed nest predation rate was high (53%) in
comparison with Torkelstorp (32%), but it was slightly
lower than that reported by Jénsson (1985, 1988) and
by Soikkeli (1970a). In some other studies nest losses
varied between 0% and 30% (Holmes 1966, Soikkeli
1967, Etheridge 1982, Kr6l 1985). It is thus likely that
nest predation limited the reproductive success at
Odsmals kile. In both study areas Hooded Crows
Corvus corone cornixand 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.

Atboth 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,
Odsmals kile, we have enough informationto 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 of individually
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, Jénsson 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 Odsmls kiie was 21%, which is in between
the 17% reported by J6nsson (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
peradult. 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 found 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 Jénsson (1988).
The major cause of the low reproductive output at Ods-
mils 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 of the
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. Soulé
1986, Jirvinen & Miettinen 1988). Small populations
with poor reproduction, such as the one at Odsméls
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

Férekomst, héckningsframgdng och populationsut-
veckling hos sydlig kéirrsndppa Calidris alpina schinzii
pd svenska véistkusten

Den sydliga kirrsnippan Calidris alpina schinzii har dras-
tiskt minskat i antal inom stora delar av sitt svenska utbred-
ningsomride (ca 250 par i borjan av 1980-talet, Tjernberg
1985). Tillbakagéngen forknippas i forsta hand med férind-
rad markanvindning av fukt- och strandédngar (t.ex. Larsson
1969, Soikkeli & Salo 1979, Emanuelsson & Kjellén 1985,
Alexandersson & Eriksson 1988). I vissa omriden har ned-
gingen emellertid varit kraftigare &n for-viintat om den
endast var orsakad av brist pd limpliga bio-toper (Eriksson
1980, se dven Jonsson 1988). Detta antyder att andra faktorer
in enbart minskande hdvd ocksd #r av betydelse for
kirrsnippans populationsutveckling.

Under perioden 19 april-25 maj 1989 inventerades 38
betade havsstrandédngar i Bohusldn och Halland (Fig.1) for att
dokumentera kirrsnippans nuvarande status pi vistkusten
samt for att gbra jimforelser med tidigare inventeringar
(Eriksson 1980, Ahlund m.fl. 1987). Vid tvd av de invente-
rade lokalerna, Odsmadls kile och Torkelstorp (nr 18 och 25,
Fig. 1), har vi ocksi utfért hickningsbiologiska undersik-
ningar. Med stéd av litteraturuppgifter (Soikkeli 1970a, b,
Jénsson 1988) och egna observationer har vi for en av dessa
lokaler understkt om populationen var sjdlvbdrande. Vi
forstkte ocksA avgora vilken av faktorerna klicknings-
framgéngen eller ungarnas éverlevnad till flygg &lder, som
kan vara den mest betydelsefulla orsaken till en vikande
populationsutveckling. Flera studier har redovisat en hog
andel rovade bon hos kirrsnippa (t.ex. Soikkeli 1970a,
Jonsson 1988), och det ir mdjligt att predationsrisken &r re-

46

laterad till graden av skyddande vegetation (t.ex. Sugden &
Beyersbergen 1986). Vi testade denna hypotes ge-nom att
jdmf®ra predationen pé konstgjorda kirrsniippebon som pla-
cerades ut i "1ig" (medelhdjd 3.5-7.0 cm) respektive "hég"
(medelhtjd 13.5-20.5 cm) vegetation.

1989 pétriffades sex kiirrsniippepar i Bohusléin (Tabell 1)
vilket motsvarar en tillbakaging med drygt 60% sedan 1983,
Antalet hiickande par hade minskat p4 fyra lokaler varav tvi
uppvisade minskat betestryck och tvi of8réindrad hiivd, vilket
antyder att det for ndrvarande inte finns nigot entydigt
samband mellan kiirrsniippans tillbakaging och méttliga fr-
#indringar av betestrycket. Stérre delen av till-bakagingen
har skett p en lokal, Odsmals kile, dir antalet hiickande par
har minskat med tvé tredjedelar sedan 1983 (p=0.0004, Fig.
2), trots relativt oftridndrat betestryck.

Vid de hallindska strandéingarna pétriffades 34-36 par
(Tabell 2) vilket &r en svag Skning jamfort med 1979.
Tidigare under 1980-talet férekom emellertid hiickande kiirr-
sniippor stder om Varberg (Asteling m.fl. 1985, Hanje m.fl.
1986, 1987). Det dr dirfor troligt att dven den hallindska
populationen har minskat nigot och att antalet &vergivna
lokaler dr fler &n vad Tabell 2 visar.

T genomsnitt var andelen klickta bon 42% vid Odsmals
kile och 55 % vid Torkelstorp (Tabell 3 och 4). Vid bida
lokalerna orsakades majoriteten av boforlusterna av pre-
dation. Vid Odsmdls kile var frekvensen révade bon hégre
jamfort med Torkelstorp samt med flera andra undersék-
ningar (Holmes 1966, Soikkeli 1967, Etheridge 1982, Krél
1985), men ndgot ligre iin vad som rapporterats av Jonsson
(1988) och Soikkeli (1970a). Resultatet av experimentet med
konstgjorda bon antyder att vegetationshjden inte ir av
betydelse for predationsrisken (Tabell 5).

Vid Odsméls kile blev i genomsnitt 0.8 ungar flygga per
par (Tabell 3) och vid Torkelstorp var motsvarande siffra 0.8-
1.2 (Tabell 4). Overlevnaden till flygg &lder var vid respek-
tive lokal 46% och 31-60%.

Vid Odsméls kile uppskattades den genomsnittliga &rliga
adultmortaliteten till 21%. I genomsnitt producerades 0.17-
0.18 forstagingshiickare per individ, vilket inte ir tillréickligt
for att kompensera den Arliga adultdédligheten. De klickta
ungarnas dverlevnad till flygg &lder var nigot higre &n vad
Jénsson (1988) rapporterat. Det iir diirfor troligt att den ldga
andelen kliickta bon var den frimsta orsaken till det otillrick-
liga reproduktionsresultatet.

Sammanfattningsvis har bestindet av sydlig kirrsnippa
pd vistkusten fortsatt att minska under 1980-talet. 1988
rapporterades spelande kérrsnéippor frén tvi omriden i Hal-
land (Hellman & Wikman 1989) som inte inventerades 1989.
Omdessa figlar fanns kvar 1989 skulle den totala populationen
pésvenska vistkusten uppga till maximalt 44 par, Populationen
tycks ocksd bli allt mer fragmenterad och férekommer nu
endast pi ett tiotal lokaler. Fortsatt betesdrift i Iimpliga
omréden fir en forutsittning for att arten ska kunna fortleva pa
viistkusten. Smé populationer riskerar emellertid att d6 ut till
fljd av slumpmissiga processer och ofrutséigbara hindel-
sersom t.ex. foriindrad kénskvot eller Aldersfordelning, mins-
kad genetisk variation och tillfilligt forhojd predation (t.ex.
Soulé 1986, Jirvinen & Miettinen 1988). Smd populationer
med 14g reproduktion, som den vid Odsméls kile, &r sannolikt
beroende av immigration {or att dverleva pd ldng sikt (se
Redmond & Jenni 1986).
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Autumn migrating Bluethroats Luscinia s. svecica orient in an east-
southeasterly direction at Giivle, East Sweden

HANS ELLEGREN & KJELL WALLIN

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 117° (ESE). This direction is consistent with data
fromringing recoveries within as well as outside Scandinavia.
We suggest that an earlier assumption that Scandinavian

Abstract

Bluethroats migrate towards both southwest and southeast
should be reconsidered.
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Kjell Wallin, Kubbovéigen 4, 5-805 92 Giivle, Sweden.

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.
svecicais 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-
dahl 1967). 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,

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 (seee.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 Fjirden, Givle, 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 Fjir-
den, Giivle (60°41'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 km 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 mealworms 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 usually more scattered (seee.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<0.001). 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 Septemberor 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
similartest 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 Giivle, East
Sweden, under clear skies. The individual heading of each
bird is indicated by a dot. The angular direction of the mean
vector is 117° and the mean vector length is 0.70 (n=63,
p<0.001). The test site is situated in the midpoint of the
circle. The Scandinavian breeding range is indicated by the
shaded area.

Orientering hos hésifiyttande bléhakar (varje punkt re-
presenterar en fdgel) testade under klar himmel vid Giivie
(beliiget mitt i cirkeln). Medelrikiningen ér 117° och
medelvektorns lingd dr 0.70 (n=63, p<0.001). Artens
héckningsomrdde dr 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 jindicating 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 Uppland, 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 Givle to the Estonian coast is
400 km. If Bluethroats, resting at the stopover site at
Giivle, migrate in a non-stop flight to Estonia, a fat load
of atleast 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 Bluethroats 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 of Ellegren & 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

Héstflyttande blahakar Luscinia s. svecica orienterar
i ostsydostlig rikining vid Géivle

Ringmirkningséterfynd &r ett av de viktigaste redskapen fér
kartliggning av figlars flyttningsviigar och évervintrings-
omréiden. Men eftersom chansen att erhalla dterfynd varie-
rar mellan olika geografiska regioner (t.ex. som en foljd av
sprakforbistring), varierar ocksd kunskapen om olika fa-
gelarters flyttning. Som ett komplement till de fitaliga
fjirrAterfynden av blahake har vi anviint orienteringsburar
for att undersika flyttningsriktningen hos hostflyttande
figlar fingade pd en rastplats vid Giivle. Under 1989 och
1990 testades 63 unga bldhakar under klar himmel och alla
visade ett signifikant riktningsval. Majoriteten av figlarna
striivade mot SO-O (se Fig. 1), med en medelriktning pi
117°144° och ett 95% konfidensintervall pd 104°-130°. Vi
kunde inte finna nigon signifikant forindring i figlarnas
riktningsval under strickperiodens forlopp.

Vira orienteringsdata visar en stor dverensstimmelse
med tillgiingliga ringmiirkningsiterfynd; det giller sévil
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riktning som spridning. Bida metodernaindikerar att ménga
bldhakar som rastar i stra Svealand och lings sddra
Norrlandskusten fortsitter sin flyttning i en ostsydostlig
riktning mot Estland. I et stdrre perspektiv stéder
orienteringsuppgifterna virt tidigare antagande att den

50

skandinaviska blihaken uteslutande flyttar i en sydostlig
riktning mot sédra Asien. I flera stdrre handbéicker anges
att den skandinaviska blihaken flyttar bide mot sydviist
och sydost, en uppgift som det nu finns anledning att
ompriva.



Short Communications

Great Tits incubating empty nest cups

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

Each year since 1981 we have monitored circa 140
nestboxes placed along forest roads in Malarmarden,
a forest area 15-20 km S of Eskilstuna, South Central
Sweden (59°10'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, Killander & 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 Milarmérden study area during 1981-1990. The three kinds

of anomalies are described in the text .

Hiickningsanomalier hos 1algoxe registrerade i undersikningsomrddet i Mélarmdrden 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
attemnpts breedings attempts

Ar Antal Antal lyckade Antal observerade Total % av alla

héckningsférsok  hédckningar anomalier i kategori héckningsforsik
1 2 3

1981 47 30 1 - - 1 2.1

1982 53 40 2 1 - 3 5.6

1983 46 36 1 - - 1 2.1

1984 57 38 3 2 - 5 8.8

1985 e 31 - - 1 1 23

1986 57 48 2 - 1 3 53

1987 70 47 2 1 - 3 43

1988 74 53 4 - - 4 54

1989 57 35, 4 - - 4 7.0

1990 77 23 - - 8 8 10.4

1990b 63 55 1 - 3 4 6.3

Total 645 436 20 4 13 37 57

a. The low breeding success in 1990 depended on a high predation rate.
Det déliga héiickningsreultatet 1990 hiingde samman med hdrt predationstryck.

b. The new reference boxes put up in 1990.
De nya referensholkarna uppsatta 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 outin an area
potentially susceptible to acidification via acid
precipitation.
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Sammanfattning

Talgoxar ruvar tomma balar

Frén 1981 har vi fortlépande f6ljt hickningen i 140 holkar i
Miilarmirden niira Eskilstuna, ett skogsomride dominerat av
tall pA magrare mark men med gran i mera produktiva partier.
I borjan av studien bestktes holkarna 2-4 ginger under
hickningssisongen, senare 6kades antalet besok till minst 4-
5. Totalt dominerade svartvit flugsnappare med 46.3% av alla
hiickningsforsok, inklusive andrakullar av mesarna, foljd av
talgoxe med 45.5%. Sedan vi hos talgoxe funnit hiick—
ningsavvikelser i form av defekta #gg och honor som ruvar
tomma bobalar, utékades studien med 100 holkar 1990. De
iakttagna hickningsanomalierna har varit av tre slag: (1)
Honor som inte producerar négra dgg alls eller lagger
tunnskaliga dgg, som snart spricker; (2) honor som ligger en
kraftigt reducerad kull innehallande ett eller flera deforme-
rade igg, vilka inte klicks; (3) honor som ligger ett eller flera
dgg, troligen i borjan av liggningssekvensen, vilka har avvi-
kande skalstruktur och snart torkar ut. Férekomsten av dessa
tre kategorier av hiickningsavvikelser framgir av Tabell 1.
Eftersom en del kullar kan ha forbisetts i borjan av studien dr
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 &verens-
stiimmer vira resultat med dem man erhdllit i en holléindsk
undersékning (Drent & Woldendorp 1989), i vilken andelen
talgoxar som lade defekta kullar uppgick till Gver 50% i ett
omréde. Savil i den hollindska som i en tysk studie (Winkel



& Hudde 1990) tkade frekvensen defekta kullar och honor
som ruvar tomma balar under 1980-talet. I den holléindska
studien framfors som den troligaste forklaringen en fortgé-
ende forsumning (som leder till kalkbrist) p& grund av sur
nederbord. Stéd for detta utgdr det faktum att andelen defekta
kullar var avsevirt hégre i skog pd magra in prika jordar. Vi
har for nirvarande ingen forklaring till férekomsten av
héckningsavvikelser hos Milarmérdens talgoxar men kan
konstatera att omridet kan karakteriseras som en fattig
skogsmiljo.

Hjirdis & Leif Carlsson, Griinsgatan 2C, 5-633 42 Eskils-
tuna, Sweden.
Christina & Nils-Erik Wallin, Torggatan 8A, 5-731 32 Kd-
ping, Sweden

Kons- och dldersbestimning av svart
rodstjirt Phoenicurus ochruros

REINO ANDERSSON

Under sensommaren genomgar svarta rddstjirtens
ungféglar en partiell ruggning, som i huvudsak omfat-
tar kroppsfjidrar och vingtickare. Vid éldersbestim-
ning pa hosten utnyttjas att ungfiglarna har rugg-
ningsgrins bland storre armtiickarna, vilket de gamla
saknar. Under véren utnyttjas dven att slitage och
urblekning av handpennorna #r kraftigare hos 2K-
féglar &n hos éldre. Skallens forbening sker tidigt, ofta
redan i augusti och kan dérefter inte tillimpas som
alderskriterium (Glutz & Bauer 1988). Ytterligare en
karaktiir, dock i praktiken svdr att anviinda, #r att
ungféaglarnas stjirtpennor &r mer slitna (Cramp 1988).

Majoriteten av de unga hanarna anlédgger i denna
partiella ruggning en grabrun hondrikt som behills
under forsta levnadsaret, medan ndgra fir svarta,
utfirgade kroppsfjédrar. De hontecknade hanarna gir
diirfor vanligtvis inte att separera frin honor, men en
mindre andel (ca 10 %) kan kénsbestimmas genom att
de ruggar enstaka tertialer som blir hanfirgade (Glutz
& Bauer 1988). Vinglingden skiljer sig 4t mellan
konen, men 6verlappningen #r stor och metoden #r
dirfor sidllan praktiskt anvindbar.

I'samband med firgringmirkning av svart rdstjirt
i Vistsverige 1983-1990 kunde olika Alderskriterier
studeras pa figlar med kiind élder. En ny karaktir
erholls med utgingspunkt frin stjértens teckning,
nidmligen utbredningen av morka partier pa de yttre
stjéirtpennornas ytterfan och spolar. Stjirtteckningen
har tidigare antytts vara dldersbetingad, men ej stude-
rats ingdende (Menzel 1983, Cramp 1988). De mérka
partierna pi stjirtpennorna miittes med linjal (upp-
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skattades i vissa fall) frin spetsen och init. Materialet
omfattar 51 1K-figlar med juvenil stjirt, 39 adulta
(3K+) och 88 2K-faglar frin varsisongen.

Att kloakens utseende #r anviindbar som kénska-
raktdr hos svart rodstjirt kunde bekriftas genom
granskning av 98 hanar och 15 honor. Metoden #r
tidigare kiind hos enrad andra arter, men méste beaktas
for varje art och hiinsyn tas till individuella variationer
(jfr. Busse 1984, Svensson 1984).

Resultat

Hos 1K-figlar med juvenil stjirt kulminerade de mérka
partierna pa ytterfanen i 5 mm-intervallet 15-19 mm,
med en variation mellan 0-26 mm (Fig. 1). Endast4 %
foll inom 0-4 mm. Variationen hos 3K+ gruppen var
0-12 mm, med 85% inom 0-4 mm. Flertalet av de
gamla figlarna saknade helt morka partier.

Forekomsten av morka spolar foljde i stort det
monster som ytterfanen uppvisar. Det forefaller dock
som om spolarna firgar ut och blir réda négot senare
in ytterfanen. Variationsbredden hos 1K-faglar var 5-
33 mm, med en topp vid 15-19 mm (Fig. 2). Adulta
faglar (3K+) varierade mellan 0-10 mm, varav 61 % i
intervallet 0-4 mm. De flesta var helt rostréda utan
morka inslag. Séviil ytterfan som spolar uppvisade en
overlappningszon mellan 5-10 mm.

Av Fig. 3 framgdr att en viss andel av 2K-faglarna
pé viren hade avsevirt mindre morkt pa ytterfanen éin
1K-figlarna med juvenil stjért. D4 ndgon vinter-
ruggning inte ir kind hos svarta rodstjirten, torde
diagrammet snarast spegla att stjiirten i viss utstriick-
ning ruggas under sensommaren. Dessa indicier be-
kriftas av att 3 av 18 1K-faglar i aktiv ruggning kon-
trollerats med utvixande pennor vid denna tidpunkt.
Tvaavdem hade bytt delarav stjiirten symmetriskt. En
motsvarande utfirgning av spolarna kan diremot inte
utldsas i Fig 3. Hos fem individer som infingades tvi
siisonger i striick, forst som 2K, direfter som 3K,
visadesigen liknande skillnadi utfiargningsgrad mellan
spolar och ytterfan.

Hanarnas kloak var under hickningstid tydligt
framtridande och mer tappformad &n hos honorna,
som endast uppvisade en svag utbuktning. Utseendet
overensstimde vil med de generella beskrivningar
som Busse (1984) och Svensson (1984) anger for ett
urval arter. Aven icke hickande figlar uppvisade
denna karaktidr. Diremot iakttogs inga sikra
konsskillnader efter hidckningstiden.

Slutsatser

Med foreliggande kriterier kan en majoritet svarta
rodstjirtar kons- och Aldersbestimmas med stor si-
kerhet. Om hiinsyn tas till forekommande 6verlappning
och eventuellt stjiirtbyte i Aldersmaterialet aterstir
foljande handledning for praktisk anviindning:
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Fig. 1. Procentuell férdelning av morka partier pa de yttre
stjirtpennornas ytterfan hos unga (1K, N=51, ppna staplar)
och adulta (3K+, N=39, rastrerade staplar) svarta rodstjirtar,

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.

1K (host), 2K (vér) > 10 mm morkt pa ytterfan
eller spole

Adult < 5 mm morkt pa bade
ytterfan och spole

Jag vill sirskilt tacka Mats Lundberg fér synpunkter
pd manus samt Roland Asteling, som entusiastiskt
bistdtt med viirdefulla kunskaper.
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Fig. 2. Procentuell férdelning av morka partier p4 de yttre
stjértpennornas spolar hos unga (1K, N=45, tppna staplar)
och adulta (3K+, N=39, rasterade staplar) svarta rodstjértar.

The extension in per cent of dark parts on the shafts of the
outer rectrices in yearling (1y, N=45, open bars) and adult
(3y or older, N=39, shaded bars) Black Redstarts.
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Fig. 3. Procentuell fordelning av mérka partier pa de yttre
stjdrtpennornas ytterfan (6ppna staplar) och spolar (rastrerade
staplar) hos svarta rbdstjiirtar av &lder 2K péd véren, 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
finally 88 birds in their second calendar year captured during
the spring season.

Inyearlings 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 shafis generally followed the
pattern as shown by the outer webs of rectrices. It seems,
however, as if the shafts get their red colour abit 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.

feino Andersson, Kandidatviigen 2, §-432 50 Var-
erg
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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 Ottenby 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
>75mmin adults) thanin females (<71 mminjuveniles
and <72 mm in adults); Pettersson (1984).
Approximately 60% of the birds could be adequately
sexed with this method (J. 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
Doiiafia Biological Station. The birds were sexed by
gonadal inspection by the Doiiafia'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 & Ioalé
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 hos rédhakar évervintrande 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 713 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
70mm. Assuming anormal 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

Vingléingdskriterier for kinsbestimning av rédhakar
Erithacus rubecula évervintrande i sédra Spanien

For ménga studier av figlars beteende, t ex rérande fédo—
stkseffektivitet och tidsbudgetering i férhallande till social
status och revirkonflikter #r det visentligt att kunna
konsbestimma individerna i filt. Hos monomorfa arter, t ex
rodhaken, dr konsbestimningen svér diven nir man har figeln
i handen. For rodhaken kan vinglingden vara det enda
anviindbara kriteriet.

Enligt Cramp (1988) ir vinglingden hos hanar 66-78 mm
och hos honor 65-76 mm. Fennoskandiska rédhakar fingade
vid Ottenby visade liknande skillnader (Pettersson & Lind-
holm 1983): hanarnas vingar var liingre dn 74 mm (unga) och
75 mm (gamla); honornas vingar var kortare in 71 mm (unga)
och 72 mm (gamla),

Betydande méngder rédhakar 6vervintrar i sédra Spanien
och ringfynd visar att en del av dessa kommer frin
Fennoskandien (tre av fem fynd). Vidare har sex figlar
mirkta som hickande i Fennoskandien dterfunnits i stdra
Spanien.

For att faststiilla om vinglingden kan anviindas som
konskriterium dven vintertid-i Spanien mittes vinglingden
pa 18 hanar och 24 honor som insamlats och kénsbestdmts i
samband med konserveringen pé Dofiafia Biological Station.
De insamlades mellan 15 oktober och 15 mars. Vinglingden
mittes enligt metod 3 i Svensson (1984).

Resultaten visas i Tabell 1. Hanarna hade signifikant
ldngre vingar én honorna (72,4 mm resp 71,3 mm). Bara



hanar hade vingar lingre &n 74,1 mm och bara honor hade
vingar kortare #n 70 mm. Om man antar att vinglingden 4r
normalftrdelad foljer att sannolikheten att gira en felaktig
konsbestdmning 4r 0,04 for hanar och 0,06 fér honor.

Med anviindning av detta kriterium kan 35% av rodha-
karna konsbestdmmas vintertid. Denna siffra fr ligre dn vid
Ottenby (60%), vilket torde bero pé att flera olika geografiska
bestidnd med olika genomsnittliga métt blandas i
vinteromridet.

Mariano Cuadrado, Department of Ecology, Ecology
Building, §-223 62 Lund, Sweden

Notes on the breeding biology of the
Barred Warbler Sylvia nisoria at
Ottenby, 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 (Aulén 1976) and from central and
northern Oland (Pettersson 1976). Here we present
some information 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
(56° 12'N, 16° 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
Hasselquistet al. 1988). Each nest was given a number
in a year and information about the nest site, parent
birds and nest content was filed on a nest card after
each visit. In this study we use information 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
information 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
forestedge (cf. Aulén 1976). Their distribution among
bush species is presented in Table 1 together with
information on their height above the ground. Aulén
(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 Germany most Barred Warblers
nests were found in Rubus spp. (Neuschulz 1981). If
J. communis was preferred as nest site we would ex-
pectalower predation rate among nestsinJ. 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>0.05). 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
Germany (0.65 m). Nests tended to be placed higherup
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 (Aulén 1976, Enquist & Pettersson 1986, own

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

Boplatser for hoksdngare 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-
hijd (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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Clutch size
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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<0.01).

Kullstorlek i relation till kldckningsdatum fir dldre hék—
sdngarhonor (fyllda punkter) samt fér honor som héckar for
forsta gdngen (ofyllda punkter). Regressionsekvationen for
[firstagdngshickare dr: y=5,38-0,038x; for dldre faglar:
¥=5,76-0,38x, déiry drkullstorleken ochx iir kiéickningsdatum
med forsta juni som dag ett. Endast regressionen fér dldre
honor var statistiskt signifikant (p<0,01).

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 first time (2y), which is about one week later than
in northern Germany (cf. Neuschulz 1981).

Average clutch size was 4.80 eggs (S.D.=0.51,
range 3-6, n=44), which is smaller than in northern
Germany (5.02, Neuschulz 1981), but not significantly
so (t-test, p>0.05). Adult females had on average
larger clutches (mean=4.94, 5.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 cluiches 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 thanin
Germany (cf. Neuschulz 1981).
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Sammanfattning

Hdickningsdata fér hoksdngare Sylvia nisoria vid
Ottenby.

Hoksdngaren hickar sparsamt i framforallt sydostra Sverige.
P4 Oland och Gotland férekommer den dock timligen all-
méint. Vara kunskaper om de svenska hoksdngarnas hiick-
ningsbiologi dr mycket smé. Vi presenterar dirfor hir infor-
mation om hickningstid, kullstorlek och boplatsval frin vir
studie av hoksangare vid Ottenby. Vi har sammanstillt data
frén 63 bokort frin dren 1984-1990. Val av buskart och héjd
tver marken for boets placering redovisasiTabell 1. Troligen
dterspeglar fordelningen bland buskarter den relativa till-
gangen av buskar av olika arter snarare in speciella preferen-
ser hos héksingarna. De forsta figlarna anlidnder till
hiickningsomrédet ca. 20 maj. Mediandatum fér ungarnas
klidckning var 21 juni for dldre honors (3K+) kullar och 23
juni for forstagangshiickare (2K). Medelkullstorleken var
4.80 (n=44). Aldre honor lade signifikant stérre kullar dn
honor som hiickade for forsta gdngen (3K+4.94 ligg, 2K 4.46
igg). Kullstorleken tenderar att minska ju senare pa siisongen
héckningen sker (Fig. 1). Av 48 kullar rovades 9 (19%). Frin
dggstadiet fram till det ungarna ir sex dagar gamla reducera-
des antalet ungar med ca. 25% genom predation av hela
kullen, partiell predation eller mortalitet.

Anders Hedenstrom, Department of Ecology, Theo-
retical Ecology, University of Lund, 5-223 62 Lund,
Sweden.

Susanne Akesson, Department of Ecology, Animal
Ecology, University of Lund, §-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
inboth 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 aboutevolution, 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 of the 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.
Lohrl 1970). 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, L6hr] 1986, 1987). Animportant variable
is height above ground, studied by, for example, Lhrl
(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 Sturnus vulgaris in nest-boxes at different
height above ground at two localities, Silvakra (S) and Vistra
Tvet (T). All young at Viistra Tvet were taken by a Marten.

Antal héickningar och héickningsresultal fér stare i holkar pd
olika hijd dver marken i tvd holkgrupper, en vid Silvdkra (S)
och envid Véistra Tvet (T). Alla ungar vid Véistra Tvet togs av
en mdrd.

Height of nest boxes 1.5m 3.0m 4.5m
Holkarnas hdjd

Site s T s T 8§ T
Lokal

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

Nests with at least legg 6 6 6 6 8 8
Bon med minst | dgg

Completed clutches 5 6 5 5 8 7
Fulla kullar

Hatched clutches 5 6 5 4 8 17
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 dgg samt kidickta och flygga ungar i holkar pa olika
hdjd. Det fanns 16 holkar i varje hijdklass.

Height of nest boxes 1.5m 30m 45m
Holkarnas hojd

No. of eggs laid 55 57 94
Antal lagda iigg

No. of hatched young 53 46 86
Antal kldckta 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 Lohrl 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. Lohrl 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 Titand
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
nestboxes 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 Revingefiltet about 20 km
east of Lund (about 55 40 N, 13 30 E). The nest-boxes
were placed at two sites a few km from each other:
Silvékra and Viistra Tvet. Surrounding both sites were
cattle grazed pastures suitable as feeding areas for
Starlings. Atboth 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
first 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 dgget (alla héickningsforsék) samt medeltal fiir antal égg och antal kliickta och flygga ungar

(fulla kullar). Data fran holkar pd 1.5 och 3.0 m sammanslagna.

Nest-box height Holkarnas hijd

1.5&3.0m 45m
Mean s.d n Mean s.d n Difference
Medel Medel Skillnad
Mean date 1 st egg Medeldatum 1:a éigg 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 Kléickia 4.71 1.45 21 5.73 0.70 15 1.02
Fledged Flygga 3.0 2.31 10 34 220 8 0.4
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number of hatched young at the low and middle levels
were only about 60 % of those 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<0.001; 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<0.01 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

Itis 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 mit 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 and/or 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 tobe 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 results would almost certainly 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

Preferens fir olika bohdjd hos staren Sturnus vulgaris
- ett holkexperiment.

Holkar har blivit ett viktigt instrument i olika ornitologiska
undersokningar. Med holkar ir det ldtt att snabbt samla en
stor méngd information om figlars hiickning och beteende.
Det éir ocks4 litt att genomfiira kontrollerade experiment och
fatillriickligt stora stickprov dven nir man vill studera minga
variabler. Flera av de mest viilstuderade tittingarna &r just
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holkféglar, t ex svartvit flugsnappare, talgoxe och stare, och
dessa arter har anviints mer én andrai tester av olika hypoteser
om evolution, anpassning och beteende.

Holkarna for dock in ett konstgjort moment i studierna.
Figlamna fér acceptera den holktyp och den holkplacering
som forskaren viiljer att anvinda. I flera studier av hur figlar
viljer naturliga bohal har man funnit tydliga preferenser for
vissa typer av héligheter och héjdligen. Flera arter foredrar
att hiicka hogre én pd den nivd dir man vanligen placerar
holkar, I ménga studier placerar man holkarna mycket 1dgt for
att underlitta inspektionerna.

Det finns en risk att de resultat man erhéller i en understk-
ning utférd med holkar som sitter betydligt ligre in de
héligheter figlarna skulle viilja i en skog med god tillgng pd
naturliga bon pé olika htjder kommer att bli missvisande. Jag
utférde diirfor ett experiment med starholkar pé olika héjder
viren 1991.

P4 vardera av tvi platser pd Revingefiltet ca 20 km Oster
om Lund, Silvikra och Viistra Tvet, valde jag ut tta trid, I
vart och elt av triiden satte jag upp tre holkar p& hjderna 1,5,
3.00ch 4,5 m. Holkarna var av trii med en bottenyta pd 12x12
cm och ett ingdngshél med 50 mm diameter. Hickningarna
foljdes genom hela sisongen och jag bestimde datum for
forsta Hgget, kullstorleken samt antalet klickta och flygga
ungar.

Resultaten redovisas i Tabell 1-3. Alla holkar pi higsta
nivin blev bebodda men bara tre fjiardedelar av holkarna pa
de tvé liigre nivierna. Den genomsnittliga kullstorleken var
ungefir et dgg higre i de hdgsta holkarna éini de ligre. Dessa
tva forhillanden tillsammans gjorde att den totala méngden
dgg och klickta ungar i de ligre holkamna bara var ca 60 % av
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vad den varide hgsta. Tyviirr fick jag inga goda data pa antal
flygga ungar eftersom en av holkgrupperna totalt plundrades
av en mérd efter kliickning.

Medeldatum for forsta dgget var 2,6 dagar tidigare i de
hogsta holkamna #in i de 6vriga. Denna skillnad beror pa den
s k kalendereffekten som i detta experiment lg pa en minsk-
ning med 0,34 4gg per dag under ldggningsperioden, en siffra
som #r densamma som man funnit under flera 4r i samma
omréde. Skillnaden i kullstorlek forklaras allts av att det ér
de forsta stararna som ldgger de storstakullarna och att det var
dessa som valde de hégst belidgna holkarna. Det ir sannolikt
sociala faktorer som styr detta: gamla och/eller dominanta
starar valde de hogsta holkamna forst. Yngre och /eller sub-
dominantaindivider fick sedan n6ja sig med de liigre holkarna.
De sistniimnda ligger normalt mindre kullar senare och iir
allmiint mindre framgéngsrika i hickningen.

Experimentet visar alltsa tydligt att stararna foredrar de
hogsta holkarna. Detta innebir dock inte nddvindigtvis att
liga holkar alltid ger ett annorlunda resultat dn héga. Ett
experiment som dterstér att utfora dr att i olika omrdden utan
naturliga bohdl siitta upp holkar pd bara en héjd och sedan
rotera detta system ett par ir for att eliminera eventuella
platseffekter. Det ir méjligt att man inte far ndgra skillnader
om féglarna bara har en héjd att vilja pA. Men detta experi-
ment iir i alla héindelser en varning som innebiir att man méste
beakta risken att fi avvikande resultat om man arbetar med
lagt beldgna holkar, i varje fall om stararna har tillgang till
hogre alternativ i omridet.

Séren Svensson, Department of Ecology, Ecology
Building, 5-223 62 Lund, Sweden.
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