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Moult in relation to migration in birds - a review 

NILS KJELLEN 

----------------------------------- Abstract -----------------------------------

This study reviews different ways of combining the moult 
with other essential activities like breeding and migration. 
Most species tend to avoid moult during the breeding. A 
majority of short-distance migrants change their feathers 
in summer before autumn migration, while most long
distance migrants perform a winter moult in the tropics 
after autumn migration. A complete moult both in summer 
and winter has only been recorded in a few passerines. 
Birds like albatrosses and larger eagles have a serial moul t, 
changing only a number of their primaries every year. 
Another strategy common among long-distance migrants 
is to change some feathers on the breeding grounds, 
suspend moult, and complete it in the winter quarters. A 

special adaptation allowing faster moult is the simultane
ous shedding of all wing quills. During this time birds are 
flightless and many species perform spectacular moult 
migrations to congregate in areas rich in food and free of 
predators. The moult strategy may vary between closely 
related species and a comparative study of three different 
groups (raptors, waders and warblers) is presented. The 
most clear differences in strategy seem to be related to 
migration distance. 

Nils Kjellen, Department of Ecology, Animal Ecology, 
University of Lund, Ecology Building 5-223 62 Lund, 
Sweden. 
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Introduction 

The chief characteristic that separates birds from 
other animals are their feathers . These occur in many 
different shapes and sizes, with various functions 
such as thermal isolation and flight. Due to wear and 
bleaching the feathers have to be renewed at regular 
intervals. This process, known as moulting, is essen
tial to the birds' basic activities such as breeding and 
migration. This paper examines the relationship 
between moult and migration and ways of combin
ing the two during the yearly cycle within various 
genera, species and populations. The scheduling of 
moult in relation to the breeding cycle will also be 
reviewed where relevant. I will concentrate on adult 
birds and the moult of remiges (the primary and 
secondary wing feathers), simply because this has 
been studied in a large number of species. 

Costs of moult 

In most species, primarily in the temperate regions, 
moult, migration and breeding do not overlap signif
icantly, indicating that each process often is too 
costly to allow combination. In Pied Flycatchers 
Ficedula hypoleuca the onset of moult depended on 

the brood size and was retarded if a large brood was 
reared (Slagsvold & Lifjeld 1989). The total mass of 
plumage that has to be renewed corresponds to 
almost a fourth of the lean body mass (King 1980, 
Murphy & King 1991). Moult also intensifies amino 
acid metabolism (Newton 1968a), modifies water 
balance (Chilgren 1975), increases body tempera
ture (Payne 1972), blood volume (Chilgren & de
Graw 1977) and oxygen consumption (King 1980). 
The extra energy required for moult may be supplied 
by (1) increasing the nutrient intake, (2) reducing 
some other component of the energy budget (e. g. 
locomotor activity) or (3) utilizing body reserves of 
energy and protein (King 1980). King considers 
only the last alternative to create "stress" in the 
physiological sense. Normally the fat reserves do 
not become reduced during moult but instead some
times increase, especially in birds with a protracted 
moult period (Payne 1972). 

An increase of between 5 and 30 % in metabolic 
rate during moult has been recorded, and some 
authors report even higher figures (Payne 1972). 
The feathers consist mainly of proteins and some 
birds consume food in excess of caloric require-
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tern, three stages are shown (newly 
grown feathers black, old white) . 
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For varje variant visas tre olikn sta
dier (nyruggade fiiidrar svarta, iild
re fiiidrar vita). Fran Noordhuis 
1989. 

ments in order to extract essential amino acids for 
feather production (King 1980). Certain pigmentary 
colours, like carotenoids, cannot be synthesised by 
birds and must be obtained from the food (Ginn & 
Melville 1983). Ginn & Melville give three reasons 
why moulting birds need extra energy: 

1. Energy is required to produce replacement plum
age. 

2. Extra energy is required to regulate body temper
ature when feather insulation is reduced. 

3. Extra energy is required when gaps in the wing 
caused by dropped/growing feathers result in less 
efficient flight. 

Deteriorated gliding performance in a wing -moulting 
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Harris's Hawk Parabuteo unicinctus has been dem
onstrated by Tucker (1991). Although some workers 
have been able to correlate metabolisable energy with 
moult intensity, others have failed to do so (King 
1980). Nowadays most authors seem to agree that 
moult is costly to the bird. One important factor is the 
speed of moult. Resident birds normally have a more 
prolonged moult than migrants and thus use less 
energy per time unit (Newton 1968a, Snow 1969). 

Another type of cost connected to moult is a higher 
risk of predation due to lower mobility. Increased 
mortality during moult has been recorded in Reed 
Bunting Emberiza schoeniclus and in late-moulting 
Bullfinches Pyrrhula pyrrhula (Haukioja 1969, 
Newton 1966). 



Sequence of moult 

The moult of the remiges (primaries and secondar
ies) and rectrices (tail feathers) starts at certain 
centres, loci, and proceeds according to a regular 
pattern (Stresemann & Stresemann 1966, with his
torical references). Odd feathers lost accidentally 
can sometimes be replaced directly but are later shed 
in the normal pattern. Different sequences of prima
ry moult are shown in Fig. 1, taken from Noordhuis 
(1989). Most of these were originally described by 
Stresemann & Stresemann (1966). Patterns of moult 
are now believed to be highly adaptive. Flight
feathers will be replaced in a sequence that gi ves the 
growing feathers maximal protection and affects the 
power of flight as little as possible (Noordhuis 
1989). The most widespread pattern is primaries 
being replaced in a descendant way, starting with the 
innermost one (Fig. 1 :a), while the secondaries are 
shed ascendantly, from the carpal joint towards the 
body. The rectrices are moulted from the centre 
outwards, i. e. centrifugally. This type of moult is 
believed to represent the original one since it occurs 
in a number of orders which are distantly related and 
differ in habitat requirements as well as in manner of 
flight (Stresemann 1967). Stresemann believed that 
this deep-rooted pattern has later been modified in 
various ways. The rate of moult may be accelerated 
to a wholly synchronous loss of flight-feathers (Fig. 
1 :g) or slowed down to such a degree that it takes the 
distal juvenile primaries several years to be replaced 
by the next feather generation. In the latter case, 
another descending moult cycle will start (with the 
innermost primary), while the preceding one is still 
on the move in the outer primaries (Fig. 1: b) . As
cendant moult of the primaries (Fig. 1:c) is rare and 
probably of rather recent origin (Stresemann 1967). 
Descendant replacement is most likely the easiest 
way to prevent a growing primary from being bent 
upward by lift forces during flight (Noordhuis 1989). 
In strictly ascendantly moulting species a shed pri
mary will leave the still growing fresh primary 
underneath unprotected. This problem can be solved 
by moulting odd and even primaries in separate 
series as occurs in the partly alternating ascendant 
moult of cuckoos and parrots (Fig. 1 :d). Secondaries 
are believed to be less affected by aerodynamic 
forces, due to their smaller size and denser spacing 
(Noordhuis 1989). 

Moult strategies 

After a varying number of moults from juvenile 

plumage a bird attains a full adult plumage. This 
often coincides with sexual maturity which varies 
from an age of half a year in many passerines up to 
5-6 years in some albatrosses and eagles. From then 
on the changing of plumages normally follows a 
fixed annual cycle. Shorter cycles are however found 
in certain tropical and oceanic species. In the tropics 
moult is usually more constant within a population, 
while the breeding varies more e. g. due to differenc
es in the amount of rain . Birds of different species 
display a great variety of patterns in their annual 
moult cycle, both in timing and sequence in which 
the feathers are replaced (Stresemann & Stresemann 
1966, Palmer 1972, Ginn & Melville 1983). 

A number of moult terminologies have been pub
lished (e. g. Dwight 1900, Humphrey & Parkes 
1959). Here I will follow that of Cramp & Simmons 
(1977). They separate post-juvenile (the first more 
or less complete moult from juvenile plumage), 
post-breeding (partial or complete) and pre-breed
ing (partial or complete) moults. Moults fall into two 
broad categories: complete moult in which all the 
plumage is replaced, and partial moult. Although 
species like Ptarmigan Lagopus mutus and Willow 
Grouse L. lagopus may have four partial feather 
changes annually (Salomonsen 1939, Palmer 1972) 
it is normally sufficient to separate two annual 
moults in adult birds. The remiges are usually ex
changed once a year but some passerines shed them 
twice annually. 

Stresemann & Stresemann (1966) listed six differ
ent moult strategies for long-distance migrants: 

(1) Moult during breeding. 
(2) Moult before autumn migration (sumrnermoult). 
(3) Moult after autumn migration (winter moult). 
(4) Moult both before and after autumn migration. 
(5) Serial moult (periodic stepwise moult). 
(6) Suspended moult. 

These will be discussed below together with the split 
moult strategy first described by Hasselquist et al. 
(1988). Fig. 2 shows examples of the timing of moult 
during the annual cycle in relation to breeding and 
migration for the seven moult strategies. The figure 
presents average duration of the three different ac
tivities in populations from Western Europe, and the 
overlap between these activities is normally smaller 
in individual birds. 

Moult during breeding 

In temperate regions moult and breeding normally 
do not overlap significantly (Ginn & Melville 1983). 
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Month 
Breeding 
Moult 
Migration 

Month 
Breeding 
Moult 
Migration 

Month 
Breeding 
Moult 
Migration 

Month 
Breeding 
Moult 
Migration 

Month 
Breeding 
Moult 
Migration 

Month 
Breeding 
Moult 
Migration 

Month 
Breeding 
Moult 
Migration 

J 

J 

F M A M J J A s o 

I. Moult during the breeding cycle: Crag Martin Ptyonoprogne rupestris 
Ruggning under hackningen: klippsvala 

F M A M J J A s o 

II. Moult before autumn migration: Chiffchaff Phylloscopus collybita 
Ruggning fore hostflyttningen: granscmgare 

J F M A M J J A s o 

J F 

III. Moult after autumn migration: Wood Warbler P sibilatrix 
Ruggning efter hostflyttningen: gronscmgare 

M A M J J A s o 

N 

N 

N 

N 

IV. Moult both before and after autumn migration: Willow Warbler P trochilus 
Ruggning bade fore och efter hostflyttningen: IOvsangare 

J F 

J F 

J F 

M A M J J A 

V. Serial moult: Osprey Pandion haliaetus 
Stegvis ruggning: fiskgjuse 

s 

M A M J J A s 

VI. Suspended moult: Turtle Dove Streptopelia turtur 
Uppskjuten ruggning: turturduva 

M A M J J A s 

VII. Split moult: Barred Warbler Sylvia nisoria 
Delad ruggning: hoksangare 

o N 

o N 

o N 

D 

D 

D 

D 

D 

D 

D 

Figure 2. The timing of breeding, moult and migration within the annual cycle in seven species with different moult 
strategies. The overlap between the different activities may be smaller in individual birds (data primarily from 
Cramp & Simmons 1980, Cramp 1985, 1988, 1992). 

Den arsmassiga utstrackningen av hackning, ruggning ochflyttning hos sju arter med olika ruggningsstrategier. 
Overlappningen av de olika aktivitetema ar oftast mindre hos en enskild individ (efter Cramp & Simmons 1980, 
Cramp 1985, 1988, 1992). 
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It is however not uncommon for immature non
breeders to start moult when their conspecifics have 
just begun to breed. Some Holarctic large-sized 
passerines like Nutcrackers Nucifraga and Raven 
Corvus corax start moulting the primaries during 
egg-laying or incubation and replace the greater part 
of the plumage before their young become inde
pendent. Such an early start of moult in passerines 
seems to be connected with large body size and long 
primaries (Stresemann 1967). If these species had to 
delay the change of feathers until the end of the 
breeding period, food shortage would be likely to 
occur during the moult. It is also noteworthy that 
these species normally are residents. 

It seems to be rare for migrating passerines to start 
moult during breeding. One notable exception is the 
Crag Martin Ptyonoprogne rupestris which begins 
to replace the wing quills while rearing the young 
(Elkins & Etheridge 1974, 1977). This species often 
finishes moult on the breeding grounds. It migrates 
south later than other swallows and winters further 
to the north, around the Mediterranean (Cramp 1985). 
Here the food conditions may not be adequate for a 
winter moult. Another aerial species, the Alpine 
Swift Apus melba, breeds in the same habitats as the 
Crag Martin but winters south of the Sahara. It 
generally changes a number of primaries on the 
breeding grounds before the relatively late autumn 
migration and completes moult during winter in 
Africa (Elkins & Etheridge 1977, Cramp 1985). 

In general, breeding and moult tend to overlap 
more with increasing latitude (Dolnik & Blyumental 
1967, Lundberg & Eriksson 1984). A number of 
passerines commence moult during the later stages 
of breeding. An early start in resident Willow Tits 
Parus montanus in northern Finland was explained 
by a need of time later in autumn to hoard enough 
food for the winter (Orell & Ojanen 1980). Both 
male and female Yellow Warblers Dendroica pe
techia in Ontario, Canada started remigial moult 
while still caring for their fledged young (Rimmer 
1988). Depletion of insect food and deteriorating 
weather are believed to have selected for a rapid 
intensive moult of 35-45 days in southern Canada 
(Rimmer 1988). In White-crownedSparrowsZonot
richia leucophrys breeding in the mountains of Cal
ifornia, cessation of reproduction was followed more 
closely by onset of moult as the season progressed. 
In those birds that nested latest moult sometimes 
began when they still had eggs (Morton & Morton 
1990). In Willow Warblers Phylloscopus trochilus 
there is an increased constraint on the timing of 
breeding and of post-breeding moult events at high-

er latitudes, leading to overlap between them in the 
northernmost part of the European range (Underhill 
et al. 1992). Male Willow Warblers participate much 
less than females in the raising of the young and start 
moulting approximately 14 days before the females 
(Tiainen 1981). Furthermore, in northern Sweden, 
female Willow Warblers with small broods began 
their moult earlier than females with large broods 
(Bensch et al. 1985). Especially late-breeding indi
viduals of some migratory passerines may change 
one or a few primaries before a second breeding 
attempt (Harper 1984). Since this appears to be 
irregular it probably represents behavioural plastic
ity. 

An overlap of moult with breeding is more com
mon in non-passerines that often require longer time 
to exchange the remiges. Because of the short sum
mer, all non-migratory petrels of the Antarctic re
gion are forced to renew their entire plumage during 
breeding (Stresemann 1967). Even more extreme 
are the Penguins Spenisciformes moulting com
pletely while incubating (Croxall 1982). In the Arc
tic, the Glaucous Gull Larus hyperboreus breeding 
in Iceland and Alaska starts moulting during the 
incubation period, while the Ivory Gull Pagophila 
eburnea begins moulting in March or April and has 
renewed many, if not all, of its primaries before the 
onset of breeding towards the end of June or the 
beginning of July (Stresemann 1963). Wood Pi
geons Columba palumbus in Great Britain normally 
have only one primary growing at the time. The 
moult takes 8-9 months and covers most of the 
breeding (Boddy 1981). 

A special adaptation in order to complete moult 
while tending the young is the simultaneous shed
ding of the flight feathers in swans and geese, 
rendering them flightless for a period. This has also 
been demonstrated in a number of other species (see 
below). 

Most of the raptors breeding in northern Europe 
start to moult the primaries in connection with the 
breeding (Cramp & Simmons 1980, Forsman 1984). 
Usually the female sheds a few primaries during 
incubation when the male brings food to the nest. 
The male normally starts to moult a few weeks later. 
In larger species with serial moult, like the Osprey 
Pandion haliaetus, 2-4 moult waves may occur 
simultaneously in the primaries. Although most feath
ers are shed on the wintering grounds, moulting to a 
lesser extent also occurs during breeding (Prevost 
1983). 

In the tropics, temperatures are high and the 
daylength more uniform throughout the year, caus-
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ing less limitations for moulting. There is however 
often a marked difference in available food between 
dry and wet seasons. Normally moult occurs outside 
the breeding season but partial overlap between 
breeding and moult is more common than in temper
ate regions (Ward 1969, Stiles 1980). Since most 
tropical species do not spend a long period on 
migration every year, there is more time available 
for the feather change, and moult is generally more 
prolonged in the tropics . Also due to a prolonged 
period of parental care in the post-fledging period of 
some species adults may start wing moult whilst still 
feeding young. While the timing of moult remains 
fairly constant, that of breeding may vary with 
rainfall. This causes a rather high degree of overlap 
between breeding and moult in certain years (Payne 
1972). The Mousebirds Colliidae are peculiar in 
having a continuous moult with no break either for 
breeding or during the dry season (Payne 1972). In 
a lowland rain forest in Costa Rica the two most 
common understorey frugivores moulted when fruit 
was most abundant and bred when fruit was relative
ly scarce (Levey 1988). Levey suggests that insect 
abundance may be more important than fruit abun
dance in determining breeding cycles in these birds . 
In the tropical oceans conditions are unusually sta
ble and some seabirds have an annual cycle of less 
than one year. For instance, Sooty Terns Sterna 
juscata on Ascension Island breed at intervals of 41 
to 51 weeks (Ginn & Melville 1983). The moult 
normally occupies the non-breeding part of the year 
but, for instance, the Black Noddy Anous tenuiros
tris may start breeding well before the end of the 
moult (Ashmole 1962). 

Moult before autumn migration 

It is always an advantage to migrate with new flight 
feathers. However, large birds do not have time to 
complete wing moult before autumn migration. This 
is especially true in tropical migrants leaving early. 
Large raptors may shed a number of primaries on the 
breeding grounds, suspend the moult and then com
plete it in the winter quarters (Cramp & Simmons 
1980, Forsman 1984). Short-distance migrants that 
leave later in autumn have more time available for 
moult and for instance the Sparrow Hawk Accipiter 
nisus completes moult before migration (Newton & 
Marquiss 1982, Newton 1986). The American Wood
cock Philohela minor completes moult in June
October and is not assumed to be physiologically 
ready for migration until the middle of October 
(Owen & Krohn 1973). 
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Passerines moult faster than most larger birds and 
thus often complete moult before autumn migration. 
The different moult strategies appear to depend on 
the distance between the breeding and wintering 
areas (Ginn & Melville 1983). Most short-distance 
migrants moult before and most long-distance mi
grants after autumn migration. However, a complete 
summer moult is also found in some tropical mi
grants, e. g. Yellow Wagtail Motacillaflava, Night
ingales Luscinia sp. and Redstart Phoenicurus phoen
icurus (Svensson 1992). Most European Sylvia war
blers wintering in the Mediterranean region, moult 
on the breeding grounds, and most Locustella, Acro
cephalus and Hippolais warblers, wintering south of 
the Sahara, delay moult until reaching the winter 
quarters (Ginn & Melville 1983). The Chiffchaff 
Phylloscopus collybita, a short-distance migrant, 
has one moult on the breeding grounds, whereas the 
closely related Willow Warbler has two complete 
moults, one after breeding and one in tropical Africa. 
Since the Willow Warbler generally migrates much 
further its plumage may not be sufficiently durable 
to last for two full migrations. However, other long
distance migrants within the genus, the Arctic War
bler P borealis and Greenish Warbler P trochi
loides, have only one complete moult in the winter 
quarters (Cramp 1992). The further north a species 
breeds, the shorter time is available for moult before 
autumn migration. 

Though less well studied, migrants within the 
tropics usually seem to moult in the breeding area. 
An exception is the Violet-backed Starling Cin
nyricinclus leucogaster migrating within Africa. 
Different populations have separate moult strategies 
in relation to migration . Some do not migrate until 
after a complete moult, while others only change the 
remiges and rectrices before migration and others 
still migrate with only half the number of primaries 
new (Traylor 1971,l973). 

Moult after autumn migration 

This strategy is adopted by a large number of long
distance migrants , passerines as well as non-passer
ines. It has not been documented in short-distance 
migrants. Pearson (1973) suggested that birds gain 
two advantages from delaying wing moult until 
arrival in the tropics. Firstly, the feathers will be 
fresh for the spring migration, which tends to be 
more rapid and demanding than the autumn journey. 
Secondly, more time is available in the winter quar
ters than the few weeks between end of breeding and 
start of migration. Furthermore moult in a tropical 



climate may fascilitate heat dissipation (Moreau 
1972). Many species leave their northerly breeding 
grounds long before the food resources are depleted. 
It may be of importance to leave early and migrate 
fast in order to secure a good winter territory, allow
ing plenty of time for moult and formation of fat 
reserves before spring migration and breeding. Aler
stam & Hogstedt (1982) suggested that moult may 
be delayed in species which defend territories in the 
winter quarters. As an example, Greenish Warblers 
defend a territory in winter and delay their complete 
moult until before the northward migration in spring 
(Price 1981). 

Generally, moult is more prolonged in tropical 
than in temperate regions. This is normally ex
plained by a longer period of suitable temperature 
and food conditions. However, Bensch et al. (1991) 
found that seven species of warblers wintering in 
Ghana, West Africa moulted unexpectedly fast com
pared to warblers moulting in Europe. This was 
explained by a need to complete the moult before an 
assumed decline of invertebrates through the dry 
season, starting in November. 

There are also species migrating from the South
ern to the Northern Hemisphere to moult. Great and 
Sooty Shearwaters Puffinus gravis and P. grise us 
breed in the South Atlantic Ocean during the south
ern summer. They leave their fat young in the nests 
and migrate across the equator to winter and moult 
in the northern Atlantic. In the Pacific the same 
strategy is adopted by Short-tailed Shearwater P. 
tenuirostris, while Manx Shearwater P. puffinus 
breeds in the northern and moults in the southern 
Atlantic. Similar long-distance migrations are car
ried out by a number of other seabirds, such as skuas, 
gulls and terns mOUlting mainly within their winter 
ranges (Alerstam 1990). 

Some species stop to moult, wholly or partly, in 
an area of plentiful food between summer and 
winter quarters. This strategy is adopted by a 
number of shorebirds like Dunlin Calidris alpina 
(Hardy & Minton 1980), Green Sandpiper Tringa 
ochropus (Kittle 1975), Grey Plover Pluvialis squa
tarola (Branson & Minton 1976) and Common 
Snipe Gallinago gallinago (Muenster 1975). It is 
also found in the North American passerine Lazuli 
Bunting Passerina cyanea. This species interrupts 
the migration in the southwestern United States 
where most of the post -breeding moult is completed 
before the birds continue to the wintering grounds 
in Mexico (Young 1991). The first part of the flight 
in these cases is functionally a moult migration (see 
below). 

Moult both before and after autumn migration 

Many species may change a few body feathers on the 
breeding grounds even though the main moult oc
curs in the winter quarters. It is however quite rare to 
accomplish two complete moults, including all the 
primaries, each year, one before and one after the 
autumn migration (Prys-Jones 1991). This requires 
a rather rapid moult and is only known from a few 
passerines . 

TheAshy MinivetPericrocotusdivaricatus breeds 
in Japan and southeasternmost Russia and winters in 
the Philippine Islands and Indonesia, being the most 
migratory member of its family. It has a complete 
moult after breeding from July till the middle of 
September, and another complete moult on the win
ter grounds between the middle of December and 
March (Stresemann & Stresemann 1972). The sum
mer moult is faster than the one in winter. Both 
autumn and spring migration take place soon after 
the moult is completed. A similar moult system has 
also been demonstrated in the Willow Warbler (Tice
hurst 1938, Underhill et al. 1992, detailes given 
below) and in two Asiatic long-distance migrants: 
Brown Shrike Lanius cristatus and Tiger Shrike L. 
tigrinus (Stresemann & Stresemann 1971). 

In North America, the only long-distance migrant 
for which two complete moults have been demon
strated is the Bobolink Dolichonyx oryzivorus (Pyle 
et al. 1987). However, it seems that a short-distance 
migrant, the Marsh Wren Cistothorus palustris may 
sometimes have the same moult system (Kale 1966, 
Pyle et al. 1987). In South America the widespread 
Rufous-collared Sparrow Zonotrichia capensis 
shows two complete annual moults only in resident 
equatorial populations, while a number of other 
populations only have the post -breeding moult com
plete (King 1976). 

The seven species mentioned above represent six 
separate families, long-distance migrants as well as 
residents, insectivores and omnivores, and both one 
and two breeding cycles per year. All the Asiatic 
species are, however, long-distance migrants with 
fairly similar summer and winter plumages. It is 
difficult to understand why the pattern has evolved 
in these species and not in a number of closely 
related ones. For example, the Brown Shrike was 
earlier considered conspecific with Red-backed 
Shrike Lanius collurio and Isabelline Shrike L. isa
bellinus. Despite this both the latter only change the 
primaries once a year (Prys-J ones 1991). According 
to Neufeldt (1981), however, there is some variation 
in the autumn moult between different subspecies of 
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Brown Shrike so that it is not always completed 
before migration. 

Further research will undoubtedly reveal more 
species with two annual complete moult cycles, but 
this strategy will still remain very unusual. Several 
species may change some remiges more than once 
annually. The River Warbler Locustella fluviatilis 
has a complete moult in Southeast Africa in Janu
ary-March. In addition a majority also change the 
outer 1-5 primaries in stop-over areas in Northeast 
Africa during September-November (Pearson & 
Backhurst 1983), i. e. only a few months before the 
complete moult. 

Serial (periodic stepwise) moult 

In general, large birds have larger wing load and thus 
must replace their flight feathers more slowly in 
order to retain flight ability. This has resulted in a 
serial moult of the remiges in some species. In the 
first post-juvenile moult a wave starting from the 
innermost primary stops before it has reached the 
outermost. The following summer a new moult 
wave starts from the innermost primary but at the 
same time the old wave resumes from the point of 
interruption. The bird then has two separate but 
simultaneous moult waves in the outer part of the 
wing. This is the basis of the serial moult (Strese
mann & Stresemann 1966, Edelstam 1969). The 
strategy is found in a number of non-passerines like 
albatrosses, cormorants, most large rap tors and large 
owls. In Buzzards of the genus Buteo 1-3 moult 
waves can be found at the same time, but asymmetry 
between the wings may occur (Forsman 1984). 
Larger raptors usually only change a few primaries 
each year. For example, in the first post-juvenile 
moult the four innermost primaries may be changed, 
in the next year primaries 5-7 and in the third year 
primaries 8-9. In this third moult a new wave may 
also start from the innermost primary. The serial 
moult allows an adult eagle to change a larger 
number of primaries at a time, with little impairment 
of flight performance. If the primaries instead were 
changed at one place in the hand the bird wouldn ' t 
have time to change enough feathers during the 
moult period. 

The secondaries are changed from three or four 
different loci and single feathers may last for one, 
two or three moult periods . Adult Golden Eagles 
Aquila chrysaetos normally change all their remiges 
in a two-year period (Forsman 1984). An extreme 
case of stepwise moult is found in the Osprey, being 
in active moult for most of the year (Prevost 1982, 
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1983). As in other species moult is however usually 
suspended during migration. 

Serial moult is also found in the albatrosses, where 
some species only breed every second year. It takes 
a young Black -browed Albatross Diomedea melan
ophris four years to replace all the remiges the first 
time. Adults of both this species and the Grey
headed Albatross D. chrysostoma moult primaries 
biennially (Prince et al. 1993). Successful Grey
headed Albatrosses, which breed again 16 months 
later, moult their three innermost primaries after 
breeding in the remainder of the current year and, 
after a period when moult is interrupted, renew the 
remaining primaries the following year. The moult 
rate in albatrosses seems not to be linked to the 
length of the interval between breeding attempts . 
Differences between species are better explained by 
breeding latitude, with tropical albatrosses moulting 
twice as fast as sub-Antarctic species, possibly re
flecting food availability outside the breeding sea
son (Prince et al. 1993). 

Suspended moult 

If conditions do not allow a complete moult on the 
breeding grounds a bird may change part of the 
flight-feathers there, interrupt the moult and later 
finish it in the wintering area. This means that 
growing feathers continue to grow to full length but 
no more feathers are shed. It is generally thought that 
birds suspend moult for the following reasons: (1) 
when there is strong selection to migrate quickly 
from the area and therefore insufficient time to 
undergo wing moult (Mead & Whatmough 1976) or 
(2) when food supply is insufficient to provide 
enough protein to complete the moult in a single 
sequence (King 1972, Mewaldt & King 1977). 

Norman (1991) stresses the importance of sepa
rating arrested (restoration at the point of origin) 
from suspended (re-start from the point of suspen
sion) moult. However, it is generally difficult to 
clearly distinguish these two patterns. The most 
common strategy seems to be to resume moult at the 
point of suspension and I will use the expression 
suspended moult onwards . 

Although suspension most often occurs in con
nection with migration it may also be associated 
with breeding in resident birds. For example Galapa
gos Finches Geospiza sp. stop moulting if the unpre
dictable autumn rainfall is heavy enough to allow 
them to start breeding (Snow 1966). Several tropical 
species with prolonged moult periods routinely sus
pend their moult while breeding (Snow & Snow 



1964). Birds seem to be able to control the suspen
sion of moult at least to some degree. Kasparek 
(1979) recorded a male Tree Sparrow Passer mont
anus suspending his moult while making a late 
breeding attempt. A male Robin Erithacus rubecula 
having lost his first mate started primary moult. It 
then suspended moult after changing three primaries 
when making a breeding attempt with a new female, 
only to resume it when the breeding failed (Harper 
1984). Fan-tailed Warblers Cisticola juncidis may 
suspend the post-juvenile moult to make a breeding 
attempt in their first autumn (Gauci & Sultana 1981). 
However, suspended wing moult in non-migratory 
birds of the temperate zone seems to be rare. Many 
female rap tors start to moult during incubation and 
later suspend it when feeding large young (Newton 
1979). 

Among migrants suspension is most common in 
species migrating long distances. In raptors the 
majority of tropical migrants breeding in the North
ern Hemisphere shed only a few primaries before 
autumn migration, while most of the wing moult 
takes place in the tropics (Cramp & Simmons 1980, 
Palmer 1988). Species belonging to this category 
include Honey Buzzard Pernis apivorus, Montagu's 
Harrier Circus pygargus and Osprey. Other non
passerines regularly suspending moult before the 
migration to Africa are Turtle Dove Streptopelia 
turtur, Scop's Owl Otus scops, Red-necked Night jar 
Caprimulgus ruficollis and Bee-eater Merops api
aster (Mead & Watmough 1976, Swann & Baillie 
1979). Also several species of waders may interrupt 
moult on their long autumn migration. The consid
erable variation in the length of the arctic summer 
may lead to yearly variation in the proportion under
going suspended moult in some species. Interrupted 
moult may also allow the full utilization of suitable 
feeding areas between breeding and wintering 
grounds (Pienkowski et al. 1976). 

Suspended moult has also been found in a number 
of European passerines such as Savi's Warbler Lo
custella luscinoides (Thomas 1977), Whitethroat 
Sylvia communis (Pimm 1973), Woodchat Shrike 
Lanius senator (Ullrich 1974) and Spotted Flycatch
er Muscicapa striata (Hansen 1985). In Sudan it was 
found in migrant Pale Rock Sparrows Petronia 
brachydactyla from Asia (Nikolaus & Pearson 1991) 
and in North America it has been demonstrated in 
Rose-breasted Grosbeak Pheucticus ludovicianus 
(Cannell et al. 1983). In many of these species only 
a certain fraction of the population seems to suspend 
moult. 

Adult Orphean Warblers Sylvia hortensis caught 

during breeding and kept in captivity, all suspended 
their moult in the first autumn. In the second exper
imental year when these birds were prevented from 
breeding they moulted several weeks earlier and 
completed their moult before the migratory period 
(Berthold & Querner 1983). This demonstrates that 
the process can be adapted on a facultative basis to 
various experienced conditions. 

Split moult 

A distinct variety of suspension is when the prima
ries are moulted on the breeding grounds in summer, 
while the secondaries are shed in the tropics during 
winter. This was first demonstrated in the Barred 
Warbler Sylvia nisoria (Hasselquist et al. 1988). In 
this species the juveniles moult their secondaries in 
Africa initiating a seasonally divided flight feather 
moult already in the first winter. This is interpreted 
by the authors as a preparation for an early departure 
from the breeding grounds the following summer. 
After breeding, Barred Warblers normally change 
all their primaries and tertials but a very limited 
number of other secondaries. They migrate south 
comparatively early and spend a large part of the 
autumn in Northeast Africa. In late autumn they 
continue migration to south of the equator in Kenya 
where the secondaries are changed almost six months 
later than the primaries (Pearson et al. 1988). Ring
ing in Sudan has demonstrated a similar strategy in 
four other tropical migrants (Nikolaus & Pearson 
1991), viz. Ortolan Bunting Emberiza hortulana, 
Orphean Warbler, Masked Shrike Lanius nubicus 
and Woodchat Shrike, all of which winter in the 
northern tropics. 

Norman (1991) questioned the split moult strate
gy of African migrants, arguing that suspended sec
ondary moult is normally induced by time stress 
rather than being an endogenously controlled strat
egy. The stress explanation however applies only to 
species normally undergoing a complete post -breed
ing moult where occasional individuals suspend 
secondary moult (Hedenstrom et al. 1992). 

Duration of the moult 

While large birds may take several years to renew 
the whole plumage, small passerines may complete 
moult in not much more than a month (Ginn & 
Melville 1983). Generally resident birds use longer 
time than migrants (Berthold 1984). A new feather is 
usually not full-grown before the next in sequence is 
dropped so that there are feathers of various lengths 
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in a" growth wave". The number of feathers growing 
at any time depends on the rate of growth of the 
individual feathers, the length ofthe feathers and the 
length of interval between the start of growth of 
adjacent feathers. Large birds need longer time be
cause they have longer feathers but also because the 
feathers tend to be replaced in a less rapid sequence. 
Feather growth rate in Barnacle Geese Branta leu
copsis was similar in all birds irrespecti ve of age and 
sex (Owen & Ogilvie 1979). Pienkowki et al. (1976) 
studying shorebirds in Morocco found that differ
ences between species in the rate of moulting were 
related to differences in the rate of feather growth. 
Differences between individuals of the same species 
depended mainly on the number of feathers growing 
simultaneously, but feather growth rate also varied 
between different populations within the same spe
cies. In finches individual feather growth rate may 
vary between different species but is relatively con
stant within a species . Thus, differences in the over
all rate of moult within a species depends primarily 
on the number of feathers growing at the same time 
(Evans 1966, Newton 1968b). In captive Bullfinch
es, Newton (1967) found that the outer primaries 
grew slower than the rest. In White-crowned Spar
rows, females starting to moult with young in the 
nest grew fewer primaries simultaneousl y than other 
females during the second week of moult. When the 
fledglings had become independent growth rates of 
the primaries was accelerated (Morton & Morton 
1990). 

The duration of moult is clearly affected by lati
tude. Several widespread species show a clinal var
iation in this respect. Willow Warblers of the nomi
nate subspecies spend an average 36.5 days in post
breeding moult while the more northerly P. t. acredula 
in general use 38.3 days (Underhill et al. 1992). The 
moult in the nominate subspecies starts about 3.5 
days later for each degree oflatitude northwards and 
acredula is about 10 days later than the most north
erly trochilus studied. Southward migration com
mences as soon as the post-breeding moult is com
plete. Thus there is an increasing constraint on the 
timing of breeding and moult at higher latitudes 
leading to an overlap between them. The duration of 
the pre-breeding moult is longer than that of post
breeding moult and it is completed shortly prior to 
the northward migration (Underhill et al. 1992). 

In the White-crowned Sparrow, the duration of 
moult decreases northwards by an average of 2.6 
da ys per de gree of lati tude wi thin the breeding range 
(Mewaldt & King 1978).The overlap of breeding 
and moult in individuals increases with latitude and 
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elevation (King 1979). A similar decrease in the 
duration of moult along a latitudinal gradient has 
been demonstrated in the Chaffinch Fringilla coe
lebs (Dolnik & BlyumentaI1967). Dunlins used 70 
days for the primary moult in northern compared to 
97 days in western Alaska (Holmes 1971). One of 
the fastest primary moults recorded in any species, 
only 28 days, occurs in Snow Buntings Plectrophen
ax nivalis in Greenland (Ginn & Melville 1983). 
Gwinner & Schwabl-Brenzinger (1982) have shown 
that endogenous circannual rhythms are involved in 
the organisation of the annual cycles among related 
species. 

Generally, resident populations use longer time 
for moult compared to migratory ones. Resident 
Starlings Sturnus vulgaris at Andoya, Norway used 
about 55 days for post-juvenile moult while mi
grants at Umea, Sweden finished in about 40 days 
(Lundberg & Eriksson 1984). Galbraith (1977) found 
only small differences in moult duration between 
migratory Pied Wagtails Motacilla alba yarrellii 
from central Scotland and a resident population in 
southern England. Also King (1974) found no geo
graphical trends in the post-breeding moult duration 
of Rufous-collared Sparrows within Argentina. In 
European Swallows Hirundo rustica, Kasparek 
(1976) discovered a negative correlation between 
latitude of breeding range and moult. A certain 
proportion of Swallows breeding in the Mediterra
nean countries started to moult before autumn mi
gration while hardly any birds breeding in northern 
Europe did so (Ginn & Melville 1983). 

Flightlessness during moult 

One way to reduce the duration of moult is to shed a 
large number of feathers at the same time. In the 
most extreme case, simultaneous dropping of all 
flight feathers renders the bird flightless for a period. 
Avian taxa having simultaneous moult of the remig
es are listed in Table 1, based primarily on informa
tion from Stresemann & Stresemann (1966). This 
strategy is adopted by the majority of wildfowl. 
Breeding swans and geese have a complete moult 
while tending the young and individual birds are 
flightless for a period of 4-6 weeks (Ginn & Mel ville 
1983). It is thus essential to breed in an area were the 
family can escape to safe areas to avoid predation. 
Both parents share the guarding of the young and 
being large birds they can scare away many potential 
predators. In geese, both sexes normally moult at the 
same time while females start ahead of males among 
swans. In the Mute swan Cygnus olor, the female 



Table 1. Avian taxa having simultaneous moult of the remiges. After Jehl (1990). 

Fageltaxa med simultan ruggning av vingpennorna. Efter lehl (1990). 

Taxon Comments 

Divers Gaviidae All species 
Grebes Podicipedidae 
Diving-Petrels Pelecanoididae 
Anhingas Anhingidae 
Flamingos Phoenicopteridae 
Wildfowl AnserifOlmes 

All species except the flightless Rollandia microptera 
Probably all species 
All species 
All as a rule 
All except Anseranas 

Cranes Gruidae 
Rails Rallidae 

All exept Balearica and Anthropoides virgo 
Most species 

Heliornithidae Sungrebe Heliornis only 
Jacanas lacanidae All except lacana and Microparra 
Auks Alcidae 
Hombills Bucerotidae 

All exept Aethia pusilla and Ae. pygmaea 
Females only in all species 

drops her remiges two to three weeks after the 
cygnets hatch but the male does not do so until the 
female has regained the power of flight some weeks 
later (Cramp & Simmons 1977). In moulting flocks 
of non-breeders, on the other hand, males moult 
before females (Mathiasson 1973). 

The Common Crane Grus grus nests on extensive 
bogs and marshlands and leads a very secluded life 
when breeding. Adults drop all flight-feathers with
in two days when the young are small and are then 
flightless for about 5 weeks. However, the remiges 
may be moulted only every second year. All cranes 
of the genus Grus seem to have a simultaneous wing 
moult while the Demoiselle Crane Anthropoides 
virgo sheds its flight feathers irregularly over a 
longer period (Cramp & Simmons 1980). The differ
ence may be caused by a higher risk of predation in 
this species nesting in dryer and more open habitats. 

Also in the family Rallidae most species seem to 
shed their flight feathers simultaneously, as has been 
demonstrated in for example Common Gallinule 
Gallinula chloropus (Karhu 1973) and Water Rail 
Rallus aquaticus (De Kroon 1986). Most species 
complete this moult on the breeding grounds but 
delay it until the young are independent. In species 
with several clutches, like the Common Gallinule, 
moult may overlap with breeding (Ginn & Melville 
1983). In the order Charadriiformes, simultaneous 
moult of remiges seems to occur only in the family 
J acanidae. However Marks et al. (1990) found that 
45 % of Bristle-thighed Curlews Numenius tahitien
sis moulting on Laysan Island, Hawaii lost the 
ability to fly during approximately two weeks. This 

is a result of their wintering on islands free of 
predators. 

Most bird species depend on flight for feeding and 
thus must retain enough remiges to secure their 
flight ability during moult. This is true in most 
passerines, and the only species normally being 
flightless during moult seems to be the Dipper Cin
clus cinclus, dropping the five inner primaries si
mul taneousl y after breeding (Ginn & Mel ville 1983). 
However, Haukioja (1971) found that a small pro
portion of Bluethroats Luscinia svecica, Willow 
Warblers and Whitethroats caught during post-breed
ing moult in Finland were unable and/or unwilling to 
fly. Flightlessness depended not only on the fact that 
many wing feathers were lost simultaneously but 
also on the loss of most of the tail feathers at the same 
time. These species have a fairly short moult period, 
lasting between 35 and 50 days, probably because of 
the short summer season at northern latitudes (see 
also Snow Bunting in the previous section). The 
reduced manoeuvrability, rendering the bird more 
vulnerable to predation, leads to a more skulking 
behaviour. Since the ability to fly affects the proba
bility of being caught, flightlessness is probably 
more common in passerines, especially in northerly 
regions, than can be deduced from moult card data. 

Moult migration 

During late spring or shortly after the breeding 
season large numbers of ducks and geese in the 
temperate zone migrate to traditional assembly are
as were they congregate in large numbers and under-
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go a simultaneous wing moult rendering them flight
less for several weeks. This phenomenon known as 
moult migration was first documented comprehen
sively by Salomonsen (1968). He defined it as "Birds 
moving from the breeding grounds to a special 
moulting area where they can rapidly replace their 
flight feathers at a low risk of predation before 
resuming their migration to the winter quarters". It 
differs from ordinary autumn migration because the 
direction is usually different and all age and sex 
classes may not participate. The distance to the 
moult area may range from a few to many hundred 
kilometres within the same species (Ogilvie 1978). 

The numbers involved may be huge, with for 
example up to 200 000 Shelducks Tadorna tadorna 
gathering at the German Wadden Sea. This site may 
be occupied for up to four months, first by non
breeders in late spring followed by adult breeders in 
late summer (Salomonsen 1968, JehI1990). Anoth
er impressive concentration is the King Eiders So
materia spectabilis gathering in Disko Bay, south
west Greenland where at least 200 000 may be 
present in August (Alerstam 1990). As in most 
ducks, only males and non-breeders participate in 
the moult migration while the females tend the 
young. Females may follow when the young are 
independent or moult on the breeding grounds. 
Among geese and swans both parents remain with 
the young when moulting but non-breeders and 
birds that have failed to nest undertake moult migra
tion in many species (Ogilvie 1978). There is large 
regional variation so that certain species or popula
tions don't participate. Most of the dabbling ducks 
breeding in northwestern Europe show no large
scale moult migration, while more easterly popula
tions may travel thousands of kilometres to gather in 
enormous numbers at moulting grounds like the 
Volga Delta (Alerstam 1990). 

Moult migration is not restricted to Anseriformes, 
and Jehl (1990) has compiled data from other taxa. 
A very impressive gathering of Black -necked Grebes 
Podiceps nigricoliis, including hundreds of thou
sands of individuals occurs at Mono Lake, Califor
nia. Here the birds exploit a superabundant food 
source, Brine Shrimp Artemia monica. Compared 
with moult migration of anatids this migration is 
unusual because both sexes and all age groups are 
involved (Storer & Jehl 1985, Winkler & Cooper 
1986). Also other species of grebes, like the Great 
Crested Grebe P. cristatus, have been found to set 
out on moult migrations but the phenomenon seems 
to be irregular invol ving mainly non-breeders (Cramp 
& Simmons 1977, Piersma 1988). In a1cids a north-
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ward moult migration has been demonstrated in 
non-breeding Little Auks Aile aile, where the moult
ing localities vary between years according to ice 
conditions (Bradstreet 1982). 

Waders do not have a synchronous wing moult but 
at least four species engage in post-breeding move
ments that combine elements of moult migration and 
fat accumulation at a single locality (J ehI1990). The 
best example occurs in Wilson's Phalarope Phalaro
pus tricolor where several hundreds of thousands of 
birds gather at saline lakes in western USA. Here 
they replace the entire body plumage, the rectrices 
and several primaries before continuing to winter 
quarters in South America, where the moult is com
pleted. Females precede males by two weeks (Jehl 
1987, 1988). Another well studied species with 
similar moult concentrations is the Lapwing Vanel
Ius vanelius (Imboden 1974). 

The main factors characterising a moult area seem 
to be plentiful food and low predation risk. Some
times different species may compete for food. Mad
sen & Mortensen (1987) found that moulting Barna
cle Geese in eastern Greenland had to shift to less 
nutritious food and increase their foraging time 
when together with Pink-footed GeeseAnser brach
yrhynchus. The moult of Grey-lag Geese A. anser at 
Oostvaardersplassen, Netherlands coincides with a 
period of fast growth in the main food, Reed Phrag
mites australis. During the moult quality as well as 
quantity of food decreases. As a consequence, late 
arriving geese chose not to moult here but returned 
to Scandinavia (Loonen et al. 1991). Although the 
snow-free period in high arctic areas is too short to 
permit breeding in most species of geese, the food 
resources can be utilised by moulting non-breeders. 
Thus a number of goose species have a northbound 
moult migration in summer (Salomonsen 1968). 
These birds also avoid food competition on the 
breeding grounds. Ebbinge & Ebbinge-Dallmeijer 
(1977) suggested that, by moulting in the constant 
light of the far north, the geese are able to detect 
predators in time to escape by swimming out to sea. 
The need to avoid potentially dangerous dark peri
ods may thus be another factor causing northward 
moult migration in geese. 

A comparative study of moult in three different 
groups 

Rap to rs 

While small and medium sized rap tors normally 
change the whole plumage annually, some of the 



large eagles and vultures may shed their wing quills 
only every second to fourth year (Cramp & Sim
mons 1980, Forsman 1984). There is however large 
individual variation, which may depend on for in
stance varying food conditions. Thus Forsman (1984) 
found that Common Buteo buteo and Rough-legged 
B. lagopus Buzzards changed fewer remiges in 
years of food scarcity. 

In most raptors moult starts when the birds are still 
breeding. Very few species seem normally to post
pone it until after the young are fledged. Due to 
different parental roles the sexes normally show 
different timing of the moult. The female, responsi
ble for incubation and guarding the small young, 
stays close to the nest and starts to moult during this 
time. The male starts later since he needs to retain 
flight ability to feed the female and the small young. 
In Accipiter hawks, the female may be almost flight
less during incubation due to intense moult of prima
ries, while the male changes his flight feathers at a 
slower and more uniform rate (Newton & Marquiss 
1982). Sylven (1982) suggested thattheearliermoult 
of female Common Buzzards, as compared with 
males, enables them to accumulate more fat before 
the winter. This might contribute to the higher sur
vival rate of females in this species. In the Honey 
Buzzard where both sexes share incubation there is 
no difference in the timing of moult (Forsman 1984). 
Most species slow down the pace of or suspend 
moult during the most intensive phase of breeding, 
that with large young in the nest. 

Among migrating European rap tors there are 
basically three moult strategies (Newton 1979, 
Forsman 1984). Short-distance migrants like Buz
zards Buteo and Hawks Accipiter normally com
plete the moult on the breeding grounds before the 
comparatively late migration towards the south. 
Most of these birds normally spend the winter well 
north of the Mediterranean. Medium-distance mi
grants, wintering in southern Europe or northern 
Africa, change most of the remiges before migration 
but moult the rest on the winter grounds. They 
include Marsh Harrier Circus aeruginosus, Red 
Kite Milvus milvus and Merlin Falco columbarius, 
often migrating with large visible gaps in the wings 
(pers. observ.). Long-distance migrants, leaving 
early and wintering in the tropics , normally only 
have time to change a few primaries before autumn 
departure. They suspend moult during migration 
and most of the moult takes place in tropical Africa. 
Representatives of this group include Honey Buz
zard and Hobby Falco subbuteo, which feed prima
rily on invertebrates. Table 2 classifies European 

Table 2. Moult strategies of European raptors (after 
Cramp & Simmons 1980, Forsman 1984). 

Ruggningsstrategier hos europeiska rovfaglar (efter 
Cramp & Simmons 1980, Forsman 1984). 

Short-distance migrants -
Most of moult on the breeding grounds 
Kortflyttare -
Det mesta av ruggningen i hackningsomradet 

White-tailed Eagle Haliaeetus albicilla 
Goshawk Accipiter gentilis 
Sparrowhawk A. nisus 
Common Buzzard Buteo buteo buteo 
Rough-legged Buzzard B. lagopus 
Golden Eagle Aquila chrysaetos 

Medium-distance migrants -
Moult both in summer and winter quarters 
Mellandistansflyttare -
Ruggar bade i sommar- och vinterkvarteren 

Red Kite Milvus milvus 
Marsh Harrier Circus aeruginosus 
Hen Harrier C. cyaneus 
Long-legged Buzzard Buteo rufinus 
Spotted Eagle Aquila clanga 
Kestrel Falco tinnunculus 
Merlin F. columbarius 
Saker F. cherrug 
Peregrine F. peregrinus 

Long-distance migrants -
Most of moult in winter quarters 
Ldngdistansflyttare -
Det mesta av ruggningen i vinterkvarteren 

Osprey Pandion haliaetus 
Honey Buzzard Pernis apivorus 
Black Kite Milvus migrans 
Egyptian Vulture Neophron percnopterus 
Short-toed Eagle Circaetus gallicus 
Montagu's Harrier Circus pygargus 
Levant Sparrowhawk Accipiter brevipes 
Common Buzzard Buteo buteo vulpinus 
Lesser Spotted Eagle Aquila pomarina 
Booted Eagle Hieraaetus pennatus 
Lesser Kestrel Falco naumanni 
Red-footed Falcon F. vespertinus 
Hobby F. subbuteo 
Eleonora's Falcon F. eleonorae 

rap tors according to migration/moult strategy. A 
similar pattern is also found in the New World with 
long-distance migrants breeding in North America 
and wintering in South America, feeding primarily 
on insects. Representatives include Mississippi Kite 
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Ictinia mississippiensis, Broad-winged Hawk Buteo 
platypterus and Swainson's Hawk B. swainsoni, 
(Newton 1979). 

Even within species different populations may 
have separate moult strategies. Many raptors are 
leap-frog migrants , where birds breeding furthest to 
the north have the longest migration, wintering 
south of other populations. A good example is the 
Common Buzzard. The nominate race, breeding in 
western Europe, is a resident or short-distance mi
grant moulting before migration. The more easterly 
subspecies B. b. vulpinus, being a long-distance 
migrant, only has time to change a few primaries 
before migration to southern Africa where the moult 
is not completed until late winter (Forsman 1984). In 
the Peregrine Falcon Falco peregrinus southerly 
populations finish the moult in October-November 
while arctic populations suspend and complete moult 
in the tropics (Stresemann & Stresemann 1966). 

Thus in raptors migration distance seems to affect 
the "choice" of moult strategy in a similar way as 
among passerines (Ginn & Melville 1983). 

Waders 

Generally, migrant wader populations have a more 
rapid moult than resident ones. Normally, waders 
spread their moult over as long a period as possible, 
compatible with other energy-demanding activities 
such as breeding and migration. In the Northern 
Hemisphere moult starts as early as possible in 
summer or autumn to be completed while food 
availability is likely to be high, daylight period long 
and temperatures high (Pienkowski et al. 1976). 
Non-breeding birds which remain in the winter 
quarters moult earlier and more slowly during the 
summer. Adult birds spending the northern winter in 
the Southern Hemisphere also have a long and slow 
moult in the favourable summer conditions there. 
Interspecific variation in moult duration is due large
ly to differences in the growth rate of wing quills 
(Pienkowski et al. 1976). 

Few long-distance migrants among the waders of 
the Northern Hemisphere have time to complete the 
wing moult on the breeding grounds. Among Pale
arctic species wintering in Kenya only the Marsh 
Sandpiper Tringa stagnatilis, with a comparatively 
southerly breeding range, normally has completed 
moult before arrival in the tropical winter destina
tions (Pearson 1981). In the Ruff Philomachus pug
nax, males start to moult while females incubate and 
often have time to change all flight feathers, as 
observed in Germany (Glutz von Blotzheim et al. 
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1975, Muenster 1991). Also in the Netherlands some 
Ruffs complete moult of the primaries and they are 
believed to winter there (Koopman 1986). Most 
Ruffs, however, only commence moult in Europe 
and complete it in the African winter quarters after 
suspension. The primary moult is faster in Europe 
than in East Africa (Pearson 1981, Table 3). Zdarek 
(1987) reports that some Green Sandpipers com
plete their moult of the remiges at ponds in Czech
oslovakia, but the majority only change a few flight 
feathers before they reach the winter quarters (Cramp 
& Simmons 1983). Some shorebirds shed a few 
remiges already on the breeding grounds, while 
several species start to moult at stop-over sites along 
the migration route and later complete it in the winter 
quarters. Others delay the whole moult until after 
autumn migration (Ginn & Melville 1983, Cramp & 
Simmons 1983). 

Generally, the duration of moult and the variation 
between individual birds increase with decreasing 
latitude. In Table 3 I have compiled data on primary 
moult of some widespread wader species, divided 
into three groups depending on the timing of moult 
in relation to breeding and migration. These esti
mates may not be comparable in every case since 
various methods may have been used by different 
workers but they clearly demonstrate the general 
trends. The fastest recorded moult is achieved by 
Purple Sandpipers Calidris maritima in Iceland and 
Sanderlings C. alba in the Dutch Wadden Sea, both 
completing primary moult in 50 days (Morrison 
1976, Boere 1976). These birds have a large number 
of primaries growing simultaneous I y, rendering them 
almost flightless. The Purple Sandpipers in Iceland 
are residents but populations wintering in the Neth
erlands, believed to originate in arctic Canada, ar
ri ve after completion of the primary moult (Boere et 
al. 1984). On the other extreme, many species win
tering in the tropical region spread the wing moult 
over a period of 3--4 months (Table 3) . This is 
probably the best strategy as long as food conditions 
are relatively stable over the winter. 

There may be a considerable variation in moult 
strategy within single species . In the Turnstone 
Arenaria interpres, the Canadian-Greenland popu
lation wintering in western Europe has approxi
mately 45 days shorter duration of the primary moult 
compared to the Siberian population wintering in 
South Africa (Summers et al. 1989, Table 3). 

The Dunlin breeds in most ofthe northern Holarc
tic. At least six subspecies have been described and 
the variation in primary moult is considerable. In C. 
a. sakhalina of northern Alaska the moult is com-



Table 3. Estimates of primary moult duration in Holarctic waders. 

Uppskattningar av handpenneruggningens langd hos holarktiska vadare. 

Species Moult locality Duration Source 
(days) 

Art Ruggningsplats liingd Kalla 

Moult on or near the 
breeding grounds 
Ruggning i eller nara 
hackningsomradet 
Purple Sandpiper Iceland 50 Morrison 1976 
Dunlin NE Siberia+Alaska 60-70 Cramp & Simmons 1983 
Dunlin Northern Alaska 70 Holmes 1971 
Dunlin Western Alaska 97 Holmes 1971 
Ruff Netherlands 72 Koopman 1986 
Ruff Germany 75 Muenster 1991 
Turnstone Iceland 70 Ginn & Melville 1983 

Moult in temperate winter 
quarters after migration 
Ruggning i tempererade 
overvintringsomraden 
Golden Plover Netherlands 125 Jukema 1982 
Grey Plover England 90 Branson & Minton 1976 
Knot Netherlands 90-100 Ginn & Melville 1983 
Sanderling Netherlands 50 Boere 1976 
Dunlin England 59-89 Ginn & Melville 1983 
Dunlin Netherlands 87-94 Ginn & Melville 1983 
Dunlin Morocko 60-80 Pienkowski et al1 976 
Curlew Sandpiper Morocko 40+ Pienkowski et al 1976 
Little Stint Morocko 50- 60 Pienkowski et al 1976 
Redshank T. t. robusta Western Europe 125 Cramp & Simmons 1983 
Redshank T. t. totanus North Africa 135 Cramp & Simmons 1983 
Turnstone Netherlands 70- 75 Boere 1976 
Turnstone England 80 Branson et al 1979 

Moult in tropical winter 
quarters after migration 
Ruggning i tropiska 
overvintringsomraden 
Sanderling South Africa 100 Cramp & Simmons 1983 
Curlew Sandpiper Mauretania 60 Wilson et al 1980 
Curlew Sandpiper South Africa 140 Elliott et al 1976 
Curlew Sandpiper Tasmania 125-130 Thomas & Dartnall 1971 
Little Stint Kenya 100-150 Pearson 1981 
Little Stint South Africa 100-115 Ginn & Melville 1983 
Red-necked Stint Tasmania 110-115 Thomas & Dartnall 1971 
Ruff Kenya 110-130 Pearson 1981 
Turnstone South Africa 110-120 Summers et al 1989 
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pleted in only 70 days, overlapping in part with 
breeding. Only 1 0° latitude further south, C. a. pacifi
ca in western Alaska needs 97 days to change the 
primaries, moving to the coast when the young 
fledge. This difference is interpreted as an adapta
tion to the shorter summer at higher latitudes, gov
erned primarily by the availability of food (Holmes 
1971). It may however also be affected by the length 
and time of the migratory journey. The nominate 
race of the Dunlin, breeding in northern Scandinavia 
and Russia eastwards at least to the Jenisey River, 
normally does not moult on the breeding grounds. 
This is especially true in populations breeding west 
of the Ural Mountains, while more easterly popula
tions may commence moult during the breeding 
season (Greenwood 1983). Most of the Dunlins 
reaching western Europe after their autumn migra
tion perform a complete moult in the Wadden Sea or 
Great Britain (Boere et al. 1973, Hale 1980). How
ever, Gromadzka (1986) found that 56 % of the 
Dunlins migrating through Poland had already start
ed their wing moult. Studies of migrating birds in 
southern Sweden in the autumns of 1985-88 showed 
that between 27 and 61 % of the adult Dunlins had 
initiated the primary moult (Holmgren et al. 1993). 
The proportion was higher in second year birds 
compared to older birds and a greater fraction was 
found moulting in years when the passage occurred 
relatively late in the season. No large gaps in the 
wings, typical of birds moulting at the Wash in 
England, were found in Sweden. Hence birds prob
ably adjust their moult speed to maintain the wing 
area as large as possible when moulting during 
migration (Holmgren et al. 1993). However, Dun
lins moulting in Morocco and migrating shorter 
distances, often had large gaps in the wing (Pi
enkowski & Dick 1975). Dunlins of the subspecies 
C. a. schinzii breeding around the Baltic never start 
the moult on the breeding grounds and leave the 
nesting site already in June-early July to winter and 
moult in southwestern Europe and North Africa 
(Jonsson 1986). Dunlins of the races schinzii and 
arctica from Iceland and Greenland also pass through 
the British Isles early without moulting on their way 
to the wintering grounds (Hardy & Minton 1980). 

The closely related Curlew Sandpiper Calidris 
ferruginea breeds in fairly limited regions of north
ern Siberia but winters over a vast area in the tropics 
from western Africa to Australia (Hayman et al. 
1986). After breeding it performs a long and fast 
migration to the moulting and wintering grounds 
with males preceding females. In populations moult
ing in Morocco and Mauritania both sexes have a 
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comparatively fast moult of 40-60 days (Table 3). 
The moult seems to be faster in Morocco and most 
of these birds later move on to winter further south 
(Wilson et al. 1980). On the other hand, birds winter
ing in South Africa and Tasmania moult there and 
during a much longer period (Table 3). 

Most waders have a partial moult of body feathers 
in spring when they attain summer plumage. At 
Banc d' Arguin, Mauritania, adults in nearly half of 
the wintering species were in complete summer 
plumage at the end of April, but there were large 
differences between species in timing. This pre
breeding moult was most intensi ve about four weeks 
before the average date of spring departure. It may 
ultimately depend on the start of breeding and there 
was a positive association between late pre-breeding 
moult and high latitude of the midpoint of the breed
ing area (Zwarts et al. 1990). Curlew Sandpipers 
leaving South Africa or Australia in early April start 
the pre-breeding moult a month before their conspe
cifics departing from Mauritania (Elliott et al. 1976). 
Many waders, however, apparently suspend the body 
moult during migration and Bar-tailed Godwits Limo
sa lapponica were not moulting when they arrived at 
the Wadden Sea in spring (Zwarts et al. 1990). On 
this Dutch staging area moulting individuals had a 
more complete breeding plumage than non-moult
ing birds and were always heavier. Piersma & Juke
ma (1993) argued that due to tight time/energy 
schedules faced by godwits on long-distance migra
tion, only individuals with sufficient energy reserves 
can afford to fully upgrade their body plumage in the 
spring staging areas. 

To summarize, few waders moult on the breeding 
grounds. They either renew their feathers on stop
over sites en route or on the wintering grounds. The 
duration of moult generally increases with falling 
latitudes, most likely reflecting the amount and 
stability of the food resources. 

Warblers 

Passerines moulting faster than large birds have a 
greater potential for variation in moult strategy. A 
good example is provided by the Palearctic warblers 
of the family Sylviidae . They exhibit great variation 
within genera and sometimes even within species. 
Table 4 (compiled from Ginn & Melville 1983, 
Cramp 1992, Svensson 1992) summarises moult 
strategies of migrating members in six genera. 

The six members of the genus Locustella are all 
long-distance migrants which normally have a com
plete moult in the winter quarters in Africa or south-



em Asia. There may be great individual variation 
though, and at least Grasshopper Warbler L. naevia, 
Lanceolated Warbler L. lanceolata and Savi's War
bler sometimes change a few flight feathers in the 
breeding area. Especially the latter species often 
shows centrifugal moult of the primaries. Thomas 
(1977) suggested that this may enable Savi's War
blers to replace the important outermost primaries 
more quickly before autumn migration. That these 
outer primaries are especially important is also indi
cated by the fact that most adult River Warblers 
change the outermost one to five pairs in Northeast 
Africa in September -N ovember. After this they con
tinue to Southeast Africa where a complete renewal 
of the primaries in the normal sequence is performed 
during January-March (Pearson & B ackhurst 1983). 
The three eastern species in the genus are less well 
studied. Stresemann & Stresemann (1976) reported 
two complete annual moults in Pallas's Grasshopper 
Warbler L. certhiola, but this was questioned by 
Svensson (1992). 

The genus Acrocephalus is generally associated 
with wetlands both in summer and winter. Most 
species are long -distance migrants and a total of nine 
have a complete winter moult (Table 4). The only 
European member with a summer moult is the Mous
tached Warbler A. melanopogon, the species with 
the shortest migration. This is also the only Acro
cephalus with a complete post-juvenile moult in the 
birth year. Juveniles in the Neusiedler See moult 
locally in August-October, while other populations 
moult further south in late autumn (Leisler 1972). 

While Great Reed Warbler A. arundinaceus has a 
winter moult, the closely related Eastern Great Reed 
Warbler A. orientalis, often regarded as conspecific, 
normally completes moult on the breeding grounds 
or on stop-over sites slightly to the south (Nisbet & 
Medway 1972). These authors interpret the differ
ences between the two species as adaptations to 
different climatic factors experienced during migra
tion and in the breeding area. The Great Reed War
bler winters over a large area south of the Sahara. 
The timing of moult however varies considerably, 
most likely as an effect of food availability in rela
tion to the rainy and dry seasons. Birds passing 
Sudan in late autumn all had old flight feathers 
(Nikolaus & Pearson 1991). In equatorial Africa two 
groups could be identified. One group arrived in 
November-January with fresh plumage, after a pre
sumed moult in Northeast Africa. The other group 
arrived in November-December in worn plumage 
and started to moult. The relative abundance of the 
latter group was higher at winter sites further to the 

south in Africa (Pearson 1975). A fast moult, com
pleted before mid-November, in Great Reed War
blers and Sedge Warblers A. schoenobaenus in Gha
na, coincides with a brief period of favourable food 
conditions after the rainy season (Bensch et al. 
1991). Birds using more stable areas spread the 
moult over a considerably longer time (Pearson 
1975). In northern Ghana, Great Reed Warblers 
disappeared after a rapid moult, while birds in the 
southern part of the country arrived later in fresh 
plumage, established territories and presumably 
wintered in that area (Hedenstrom et al. 1993). In 
India migration between a moulting and a final 
wintering area occur in Blyth 's Reed Warblers A. 
dumetorum which spent 8-9 weeks in autumn moult
ing in the New Delhi area but did not winter there 
(Gaston 1976). Marsh Warblers A. palustris passing 
Ngulia in Kenya in late autumn had not started 
moulting and were presumed to moult in Southeast 
Africa (Pearson & Backhurst 1976). 

The genus Hippolais consists of six closely relat
ed species breeding from western Europe east to 
Central Asia. All can be labelled long-distance mi
grants and all share the strategy of a complete winter 
moult. The pattern seems to vary less than in other 
genera although the moult may be performed early 
in the winter as in Melodious Warbler H. polyglotta 
wintering in western Africa, or prior to spring migra
tion as in Icterine Warbler H. icterina wintering in 
East Africa (Svensson 1992). 

Most Sylvia species have a complete summer 
moult. This is true in residents breeding around the 
Mediterranean, a number of short -distance migrants 
as well as in some long-distance migrants, like 
Lesser Whitethroats S. curruca travelling from north
ern Siberia to Northeast Africa (Table 4). There are, 
however, some species that have adopted other strat
egies. The only species always moulting completely 
in the winter quarters is the Garden Warbler S. borin. 
It has a rather northern breeding range and winters 
from tropical Africa southwards to South Africa. In 
the Whitethroat, a species with a similar summer 
range but generally wintering closer to the Sahara, 
the variation is much greater. Most Whitethroats 
breeding in Europe have a complete summer moult 
before migration. Boddy (1992) found that some 
adults in Lincolnshire commenced moult whilst 
others were beginning a further breeding attempt, 
but he could not document any pre-migratory moult 
suspension. Some individuals, primarily late breed
ers , suspended moult at various stages in the wing 
and completed it in Africa (Pimm 1973, Da Prato & 
Da Prato 1983). In the eastern subspecies S. c. 
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Table 4. Moult strategies of six genera of Pale arctic warblers in the family Sylviidae (data from Ginn & Melville 
1983, Cramp 1992 and Svensson 1992). 

Ruggningsstrategier hos sex olika sliikten palearktiska sangare inomfamiljen Sylviidae (efter Ginn & Melville 
1983, Cramp 1992 och Svensson 1992). Split=delad ruggning, Suspended=uppskjuten ruggning 

Summer Split Suspended Winter Summer+ Winter 

Pallas's Grashopper Warbler Locustella certhiola X 
Lanceolated Warbler L. lanceolata X X 
Grashopper Warbler L. naevia X X 
River Warbler L. fluviatilis X 
Savi's Warbler L. luscinioides X X X 
Gray's Grashopper Warbler L. fasciolata X 
Moustached Warbler Acrocephalus melanopogon X X X 
Aquatic Warbler A. paludicola X 
Sedge Warbler A. schoenobaenus X 
Paddyfield Warbler A. agricola X 
Blyth's Reed Warbler A. dumetorum X 
Marsh Warbler A. palustris X 
Reed Warbler A. scirpaceus X 
Great Reed Warbler A. arundinaceus X 
Eastern Great Reed Warbler A. orientalis X 
Clamorous Reed Warbler A. stentoreus X 
Thick-billed Warbler A. aedon X 
Olivaceous Warbler Hippolais pallida X 
Booted Warbler H. caligata X 
Upcher's Warbler H. languida X 
Olive-three Warbler H. olivetorum X 
Icterine Warbler H. icterina X 
Melodious Warbler H. polyglotta X 
Marmora's Warbler Sylvia sarda X 
Dartford Warbler S. undata X 
Spectacled Warbler S. conspicillata X 
Subalpine Warbler S. cantillans X 
Menetries's Warbler S. mystacea X 
Sardinian Warbler S. melanocephala X 
Cyprus Warbler S. melanothorax X 
Riippell's Warbler S. rueppelli X 
Desert Warbler S. nana X 
Barred Warbler S. nisoria X 
Orphean Warbler S. hortensis X X X 
Lesser Whitethroat S. curruca X 
Whitethroat S. communis X X X 
Garden Warbler S. borin X 
Blackcap S. atricapilla X 
Greenish Warbler Phylloscopus trochiloides X 
Arctic Warbler P borealis X 
Pallas's Warbler P proregulus X 
Yellow-browed Warbler P inomatus X 
Radde 's Warbler P schwarzi X 
Dusky Warbler P Juscatus X 
Bonelli's Warbler P bonelli X 
Wood Warbler P sibilatrix X 
Chiffchaff P collybita X 
Willow Warbler P trochilus X 
Goldcrest Regulus regulus X 
Firecrest R. ignicapillus X 
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icterops suspension is more common, and a large 
proportion of the birds have a complete winter moult 
(Pearson & Backhurst 1976, Cramp 1992). In south
ern Africa birds arrive in heavily worn plumage in 
December or early January and sometimes fail to 
finish moult completely before spring migration 
(Clancey 1976). The late arrival of birds in southern 
Africa indicates that these birds spend the autumn at 
stop-over sites in Northeast Africa without moult
ing. In Switzerland, locally breeding Garden War
blers and Whitethroats migrated south ahead of 
passing migrants from further north. The short
distance migrant Blackcap S. atricapilla showed the 
opposite pattern with migrants passing through be
fore local breeders left (Turrian & Jenni 1989). 
These local Blackcaps most likely have time for a 
prolonged moult while the other category is in a 
greater rush to migrate south as soon as breeding and 
moult allow. 

Another long-distance migrant, the Barred War
bler, has evolved a special split moult strategy, as 
already mentioned. It changes the primaries in sum
mer and most of the secondaries in the African 
winter quarters (Hasselquist et al. 1988, Pearson et 
al. 1988). Easterly populations of the closely related 
Orphean Warbler apparently also have a similar split 
moult strategy (Nikolaus & Pearson 1991). The split 
moult may be regarded as a compromise between the 
complete summer and winter moult strategies. It 
indicates an urge to leave the breeding grounds early 
perhaps in order to make use of favourable stop-over 
conditions in Northeast Africa before moving on to 
the winter quarters further south in East Africa. 

The large genus Phylloscopus with a majority of 
species in Asia also shows great variability in moult 
strategies (Table 4) . In Europe the Chiffchaff is a 
resident or short-distance migrant with a complete 
summer moult. Two long-distance migrants winter
ing south ofthe Sahara, Bonelli 's Warbler P bonelli 
and Wood Warbler P sibilatrix, moult in the winter 
quarters as do also the two long-distance migrants 
wintering in SoutheastAsia, the Arctic and Greenish 
Warblers . The Willow Warbler is also along-distance 
migrant wintering in Africa but this species has time 
to perform two complete moults annually as de
scribed above. In northern Asia four other long
distance migrants (Pallas 's P proregulus, Yellow
browedP inornatus, Radde'sP schwarziiandDusky 
P juscatus Warbler) moult completely in summer. 
This is also true of Asian populations of the Chiffchaff 
which may also be regarded as long-distance mi
grants. The moult of several other Phylloscopus 
species breeding further south in Asia is less well 

studied but most of them are residents or short
distance migrants, most likely having a summer 
moult. 

No intraspecific differences in moult strategies 
have been recorded within the genus Phylloscopus 
although some species have a vast breeding range. In 
English Willow Warblers the majority of males 
commenced moult in June, regardless of whether 
replacement or second broods were reared in July, 
while females synchronised the onset of moult with 
the independence of their young (Norman 1990). 
Some Willow Warblers, most likely females, may 
not have time to change all remiges in the summer 
and they arrest moult until all feathers are again 
renewed in the next winter moult. Underhill et al. 
(1992) questioned if birds of the subspecies P t. 
yakutensis, breeding far to the northeast in Siberia 
but still wintering in Africa, really have time to 
complete two moults annually. Another interesting 
question is whether the feather quality of the Willow 
Warbler is poorer compared to species like the Arctic 
Warbler performing an equally long migration but 
only changing the flight feathers once a year. 

This compilation of moulting strategies among 
Sylviidae gives no single answer to what determines 
the strategy in different species. The most clear trend 
is an increased tendency of winter moult in species 
with a longer migration (Ginn & Melville 1983) . 
Long-distance migrants often hold winter territories 
as has been demonstrated in Marsh Warbler, Great 
Reed Warbler and Greenish Warbler (Kelsey 1989, 
Hedenstrometal. 1993, Price 1981 ).lfitis important 
to be early on the winter grounds to establish a 
territory, the birds may not have time for a summer 
moult. 
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Sammanfattning 

Ruggningsstrategier i forhallande till flyttningen 

Higlamas arliga fjaderbyte (ruggning) ar nodvan
digt fOr att kunna fullfOlja hackning och flyttning. I 
tempererade omraden overlappar dessa aktiviteter 
sallan vilket indikerar att ruggningen innebar kost
nader for fageln. En sadan kostnad kan vara hogre 
predationsrisk. 

De flesta arter byter handpennoma inifran och ut 
(descendant), men sex andra ruggningsfOljder illus
treras i Fig. 1. Med ruggningsstrategi avses nar 
under aret fjadrama byts i fOrhaIlande till hackning 
och flyttning. Sju olika strategier har beskrivits och 
dessa illustreras i Fig. 2. Flertalet arter undviker att 
rugga under hackningstiden. Pa grund av en kortare 
sasong okar overlappningen mellan de bada aktivi
tetema generellt med latitud pa norra halvklotet. 
Storre faglar, framst icke-tattingar, behover langre 
tid fOr att fullborda fjaderbytet och maste darfor 
ibland aven utnyttja en del av hackningstiden. Mest 
extrema ar pingvinema dar ruggningen helt sam
manfaller med hackningen. 

En majoritet av vara kortflyttande smafaglar byter 
fjaderdrakten efter hackningen, innan de stracker 
soderut pa hosten (sommarruggning). Bland rovfag
lar och vadare ar det emellertid endast en del sena 
strackare som hinner full borda ruggningen i hack
ningsomradet. Flertalet tropikflyttare ruggar inte 
fOrran efter hoststracket i vinterkvarteren (vinter
ruggning) . En del av dessa forsvarar ett vinterrevir 
och kan darfor sprida fjaderbytet over en langre 
tidsperiod. Det finns emellertid ett an tal tattingar 
bland langflyttama, t. ex. gularla och rodstjart, som 
ruggar i hackningsomradet. Endast ett fatal smafag
lar hinner med att fOmya fjaderdrakten tva ganger 
arligen, bade i sommar- och vinterkvarteren. 

Da det tar langre tid att byta stOrre fjadrar hinner 
en del stOrre faglar inte byta alla fjadrar varje ar. 
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Exempelvis albatrosser och omar ruggar i stallet 
stegvis ett an tal vingpennor varje ar. Ruggningsva
gen ror sig utat vingen samtidigt som en ny vag 
startar fran utgfmgspunkten. Detta medger en battre 
manovreringfOrmaga j arnfort med om alla pennoma 
byttes pa ett stalle. Ett satt att hinna med ruggningen 
ar att dela upp den sa att en del fjadrar byts i 
hackningsornradet och aterstoden i vinterkvarteren. 
Denna strategi (uppskjuten ruggning) ar vanligast 
bland langflyttande icke-tattingar. 

Hoksangaren, som ruggar handpennoma pa som
maren men byter armpennoma i Afrika sex manader 
senare, utgor ett specialfall (del ad ruggning) . 

Mindre faglar ruggar snabbare darfor att deras 
kortare fjadrar vaxer fort are men ocksa genom att 
fler vingpennor ar vaxande samtidigt. Skillnader i 
ruggningshastighet mellan likstora arter ar huvud
sakligen betingade av fjadramas tillvaxthastighet. 
Ett radikalt satt att paskynda ruggningen ar att byta 
alla vingpennor samtidigt. Forutom hos de mer 
valkanda andfaglama fOrekommer detta inom ett 
antal familjer bland icke-tattingama (Tab. 1). Manga 
faglar fOretar arligen speciella ruggningsflyttningar 
och arter som gravand och praktejder kan samlas i 
100 OOO-tal pa gynsamma ruggningsplatser. Desssa 
flyttningar gar ofta i en annan riktning an det senare 
hoststracket. 

Ruggningsstrategiema kan variera en hel del mel
Ian narbeslaktade arter och i vissa fall aven inom en 
art. Jag har gjort enjamforelse inom tre olika farnil
jer; rovfaglar, vadare och sangare. Rovfaglama kan 
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del as in i tre distinkta grupper (Tab. 2). Flertalet 
kortflyttare fullbordar ruggningen i hackningsornra
det fOre hostflyttningen och en del populationer ar 
mer eller mindre stannfaglar. Arter som flyttar med
ellangt, ungefar till Medelhavsornradet, paborjar 
ofta ruggningen i norra Europa. De avbryter sedan 
fjaderbytet under hoststracket och fullbordar det i 
vinterkvarteren. Majoriteten av langflyttama som 
overvintrar soder om Sahara hinner endast byta 
enstaka pennor i hackningsornradet, medan huvud
delen av ruggningen genomfOrs i Afrika. 

StOrre delen av vadama hackar i de nordliga 
delama av norra halvklotet och endast ett fatal rug
gar i hackningsornradet. Stora skillnader inom olika 
populationer fOrekommer hos globalt valspridda 
arter som karrsnappa. Generellt tar ruggningen lang
re tid ju iangre fran hackplatsen (soderut) den ager 
rum (Tab. 3). Detta avgors mojligen av hur stabila 
naringsfOrhallandena ar i olika ornraden. 

Tabell 4 visar ruggningsstrategier hos sex olika 
slakten inom sangarfarniljen Sylviidae. Den mest 
tydliga trenden ar okande an tal vinterruggare bland 
langflyttande arter jamfOrt med kortflyttama. Inom 
slaktet Phylloscopus fOrekommer intressanta skill
nader mellan narbeslaktade arter. Medan gran
sangaren ruggar i hackningsornradet en gang per 
ar, hinner lOvsangaren med tva kompletta fjader
by ten arligen, ett pa sommaren och ett i Afrika. 
Andra Hingflyttare som nordsangare och lundsang
are ruggar daremot enbart i vinterkvarteren i Syd
ostasien. 
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----------------------------------- Abstract -----------------------------------

Many passerines have been recorded flycatching in the late 
breeding season in northern Swedish forests. In this paper, 
I analyze how flight energy costs according to Minimum 
Energy Power (sensu Pennycuick 1989) correlated with 
flycatching behaviour. Species included are (with increas
ing rank of flight energy cost): Spotted Flycatcher Musci
capa striata, Whinchat Saxicola rubetra, Yellow Wagtail 
Motacilla flava, Reed Bunting Emberiza schoeniclus, 
Brambling Fringilla montifringilla, and White Wagtail 
Motacilla alba. On average, birds performed 0.6-2.3 flights/ 
30s and captured from 0 up to 10 prey per flight. Number 
of prey captured per flight varied significantly among 
species (from 0.8 to 1.1 prey). The efficiency of capturing 
prey (percentage of successful single capture flights) also 

varied between species, from 72% in the Whinchat to 97% 
in the White Wagtail. The percentage of multi-capture 
flights did not, however, vary. In two species, the multi
capture flights significantly reduced the time spent flying 
per prey. Flight energy costs were positively correlated 
with flycatching rate and number of prey captured per 
flight. The extensive use offlycatching is interpreted as an 
opportunistic response to local super-abundance of highly 
rewarding prey, mostly insects Isoperla grammatica, O. 
Plecoptera, during a period of presumed high energetic 
demands by birds. 
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Introduction 

It is generally assumed that food searching methods 
and feeding techniques used by birds tend to maxi
mize the net energy intake rate (i.e. energy gained 
through food minus energy costs of searching and 
capturing, see Krebs & Cowie 1976, Alatalo 1982, 
Stephen & Krebs 1986). To achieve that, birds may 
select, in each situation, the most rewarding feeding 
technique according to their morphology, physio
logical stage and the local availability of food re
sources (Hutto 1981,Rabenold 1978, Norberg 1990). 

Flycatching is a common foraging technique that 
includes manoeuvres in which the prey is pursued 
and captured during the flight after a variable search
ing time from an exposed perch (sensu Fitzpatrick 
1980). Because of the high energy costs (cf. Penny
cuick 1989, Norberg 1990), flycatching is mainly 
used by small-sized and well-adapted species (e.g. 
Holmes et al. 1979, Alatalo & Alatalo 1979, Fitz
patrick 1980, Alatalo 1982, Niemi 1985, Jarvinen 
1986, Svensson 1987). Flycatching has been record
ed for many different species during the breeding 

season in northern Scandinavian forests (see refer
ences above). In this paper, I describe the flycatching 
behaviour of White and Yellow Wagtail Motacilla 
alba and M. flava, Brambling Fringilla montifring
ilia, Reed Bunting Emberiza schoeniclus, Whinchat 
Saxicola rubetra and Spotted Flycatcher Muscicapa 
striata during periods of extreme abundance of 
emerging flying insects at a river in Lapland (north
ern Sweden). Since these species are morphologi
cally different, i.e. in wing shape, wing length and 
body mass (Table 1), I analyzed the effects of differ
ent flight energy costs on flycatching to test the 
assumptions that higher energy costs should be 
correlated with: 1) a lower flycatching rate (number 
of attempts/time), 2) lower efficiency in capturing 
the prey (percentage of successful attempts) and 3) 
a lower number of prey taken per flight. 

Methods 

My study site was at TjuHin, a torrent river in the 
subalpine birch forest in Swedish Lapland (7 Ian 
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Table 1. Basic morphological characteristics of species at Ammarnas. All the individuals included in the analysis 
were adult, non-moulting birds. Power calculations are according to Pennycuick (1989). Air density at the study 
area was corrected for in the Power calculations. 

Moifologiska dataforde studerade arterna iAmmarnas. Alia individer som tagits med i analysen aradultafaglar 
som inte paborjat ruggning. Berakningen av "Minimum Power" enligt Pennycuick (1989). Korrigering har skett 
for luftens tathet pa platsen. 

Body mass 
Vikt 
(g) x±s.d. 

Spotted Flycatcher Gra jlugsnappare 15.6±0.8 
Whinchat Buskskvatta 15.4±1.2 
Yellow Wagtail Gularla 16.5±0.6 
Reed Bunting Savsparv 18.1±1.5 
Brambling Bergfink 21.8±1.5 
White Wagtail Sadesarla 21.4±1.7 

west of Ammarnas, 65° 58' N, 16° 06' E, 570 m 
a.s.1.) . The surrounding vegetation was mainly com
posed of Birch Betula pubescens, 3-6 m tall on 
average, with occasional Norwegian Spruce Picea 
abies and Juniper Juniperus communis. The under
store vegetation consisted mainly of different Salix 
spp. together with Aconitum septemtrionale, Angel
ica archangelica, Equisetum spp. and Epilobium 
angustifolius, which formed a luxuriant vegetation 
on the riversides. For a more detailed description of 
the area see Enemar et a1. 1984, Arvidsson & Klaes
son 1984, and for a detailed map of the study site see 
Ulfstrand (1968). 

I recorded flycatching during a net total of 70 h 
during the late breeding season of three summers: 
1988 (from 18 July to 10 August), 1989 (from 15 
July to 3 August) and 1990 (from 15 July to 3 
August). I pooled the observations from the three 
seasons since the time periods were quite similar and 
I got no impression of any behavioural difference 
between years. Observations were performed dur
ing 1-3 hrs/day sessions between 0800 to 1200 h on 
clear days. These sessions were evenly distributed 
between these hours. The observation sessions were 
carried out at several prominent sites along the river 
side (N=7, ca. 2.5 kmlong) with ample visibility (ca. 
150 m of river) . All the locations were visited every 
work day. I recorded as many flycatching sequences 
as possible of actively flycatching birds at each site. 
An observation sequence was defined as starting 
immediately after the detection of a focal individual 
searching from an exposed perch (e.g. a tree or an 
emergent rock) and ended when the bird landed after 
capturing either no prey (unsuccessful flights), one 
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Wing length Wing span Minimum 
Vinglangd Vingspann Power 
(mm) x±s.d. (m) x (W) x 

90.2±1.2 0.24 0.243 
75.0±2.5 0.22 0.261 
84.8±1.3 0.24 0.262 
82.0±1.7 0.24 0.298 
93 .2±1.7 0.27 0.340 
89.3±3.0 0.25 0.360 

(single flights), or more than one prey (multi -capture 
flights). I did not include in the analysis those 
sequences where the bird changed to a new perch 
without making any capturing attempt and then, 
having waited unsuccessfully for some time for 
prey. Data on different species were recorded during 
the same session. Only one sequence (i.e. data for 
one bird) was recorded at the same time. When more 
than one bird W ..lS flycatching at the same time, I 
alternatively switched the sequence from one bird to 
another, trying to distribute evenly the flycatching 
sequences. Anyhow, no more than two sequences 
per bird were recorded at each location. I used a 
continuously running tape recorder for each fly
catching sequence. Data recorded include: species, 
total time recorded per sequence, flight time (both in 
seconds) and type of flight (unsuccessful, single or 
multi-capture) . Flycatching rates (measured as 
number of attempts/30 s, hereafter), were estimated 
on actively flycatching birds (N=3-5 individuals of 
each species) during periods of 3-4 min. in every 
field work session. 

The statistical analysis treated each flycatching 
sequence as an independent observation. Although I 
can not exclude the possibility that the same individ
uals were recorded several times at different field 
work sessions, the total number of birds on focus is 
likely to be high. According to the ringing activity 
performed at the same site (total number of birds 
ringed from 1988 to 1990 were: 85 White and 209 
Yellow Wagtails, 369 Bramblings, 258 Reed Bun
tings, 32 Whinchats and 294 Spotted Flycatchers 
and less than 30% of them (range=9-29%, data 
pooled for each species) were recaptured within the 



same season (LUVRE project unpubl. data). Also 
the fact that observations were collected in three 
years makes it unlikely that repeat observations of 
the same individual could cause any serious effect. 
All the statistical analyses were performed with 
SYSTAT (Wilkinson 1988). Pearson correlations 
were used in all the cases. Values given are means 
(±sd). 

Flight energy costs were calculated as the Mini
mum Energy Power (sensu Pennycuick 1989). I 
prefer Minimum instead of Maximum Energy Pow
er (sensu Norberg 1981) as the latter is affected by 
variables such as mass specific muscle work, muscle 
size and wing-beat frequency (A. Hedenstrom pers . 
com.) which are difficult to measure. Instead, Min
imum Energy Power is an unbiased estimator based 
only on aerodynamics. 

Results 

Flight energy cost 

Species were ranked in an increasing order of flight 
energy cost according to the Minimum Energy Pow
er (sensu Pennycuick 1989) as follows: Spotted 
Flycatcher, Whinchat, Yellow Wagtail, Reed Bunting, 
Brambling and White Wagtail (Table 1). Hereafter, 
the species rank order (from 1 to 6) was used in all 
the correlations. 

Prey characteristics 

Most of the prey captured were Isoperla grammat
ica, Poda, O. Plecoptera, a very large and conspicu-

ous insect (head to abdomen size= 1 O. 8± 1.0 mm and 
wing length=8.5±2.0 mm, N=12) . This prey species 
reaches extremely high densities at northern lati
tudes from late July to mid-August (see Svensson 
1966, Ulfstrand 1967) and should easily be located 
by the birds from distances up to 25 m (own observ.) . 

Flycatching behaviour 

Flycatching rate (Table 2) significantly differed 
among species (Fs.1s1=11.0, p<O.OOI, ANOVA test) . 
Thus, White Wagtail and Reed Bunting performed 
as much as three times more flycatching per time 
unit than Whinchat. Birds captured from 0 up to 10 
prey per flight. I was able to observe a White Wagtail 
capturing 10 prey during a continuous 40 s flight. 
The maximum number of prey captured per flight 
also significantly varied among species (X21O= 44.2, 
p<O.OOl), and ranged between 3 and 10 prey per 
flight (see Table 2). Consequently, the average 
number of prey captured per flight varied signifi
cantly from 0.8 in Whinchat to 1.1 in White Wagtail 
and Brambling (Table 2). These differences might be 
due to a different prey capturing efficiency and not 
to a different proportion of multi-capture flights, as 
the number of unsuccessful vs successful flights 
significantly differed among species (X\=33 .2, 
p<O.OOi), but the number of single vs multiple 
capture flights did not (X\ =4.9, p= OA2). Flycatch
ing efficiency (percentage of successful single cap
ture flights) ranged from 72% for Whinchat to 97 % 
for White Wagtail (see Table 2). 

Flight energy costs were positively correlated 
with the average number of prey captured per flight 

Table 2. Basic description of the species ' flycatching behaviour recorded at Arnmarniis. Data include flycatching 
rate (number of flights/30 sec), number of flights where different numbers of prey were captured, range and 
average. 

Arternasflugsnapparbeteende iAmmarnas. Uppgifterna omfattarflygfrekvens (antalflygningar per 30 sekunder), 
antaletflygningar med olika antalflingade by ten samt spridning och medeltalfor antal by ten perflygning. 

Flycatching rate Number of prey captured per flight 
Flygfrekvens Antal by ten per flygning 
N x±s.d. 0 2 >3 Total Range x±s.d. 

Spotted Flycatcher 35 1.0±0.6 7 108 5 2 122 0-3 1.0±OA 
Whinchat 18 0.6±0.3 10 25 4 0 39 0- 3 0.8±0.5 
Yellow Wagtail 25 1.3±0.9 5 67 5 3 80 0- 4 1.0±0.5 
Reed Bunting 24 1.8±1.4 18 65 4 4 91 0- 3 0.9±0.6 
Brambling 16 1.1±0.7 6 74 4 7 91 0- 5 1.1±0.8 
White Wagtail 39 2.3±1.1 5 162 5 5 177 0-10 1.1±0.8 
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Table 3. Average flight time (in seconds) per captured prey while performing single vs. multiple capture flycatching 
(see definitions in methods). Differences were tested with a two-tailed t-test. 

Genomsnittlig flygtid i sekunder per jangat byte vid flygningar med en resp. flera jangster. Skillnaderna testades 
med tvasidig t-test. 

Spotted Flycatcher 
Whinchat 
Yellow Wagtail 
Reed Bunting 
Brambling 
White Wagtail 

Single capture flights 
Flygning med en jangst 
N x±s.d. 

63 
20 
31 
59 
75 
59 

4.7±2.3 
4.2±1.8 
4.0±1.8 
7.4±3.7 
6.1±2.5 
4.3±2.6 

(r=0.88, p=0.02), flycatching rate (r=0.77, p=0.07), 
maximum number of prey captured per flight 
(r=O. 782, p=0.06), but not with flycatching efficien
cy (r=0.43, p=0.39, N=6 in all the cases). 

Flight time per captured prey differed significant-
1y among species both in single (F5 280= 1 0.6, p<O.OO 1, 
ANOVAtest) and multiple captur~ flights (F5,197=9.4, 
p<O.OOI, ANOVA test, see Table 3). At least in the 
Spotted Flycatcher and Brambling, flight time per 
captured prey was significantly shorter in mUltiple 
than in single capture flights (two-tailed t-test, 
p<O.OOl in both cases, Table 3). 

Discussion 

Although it is generally assumed that size and body 
mass negatively influence the use of expensive en
ergy techniques (Alatalo 1982, lacksick & Caroth
ers 1985, Norberg 1990), my results suggest that 
species with high flight energy costs performed, on 
average, more flights per time unit and captured 
more prey per flight. This can be explained by 
assuming that heavier species such as Reed Bunting 
and White Wagtail may increase their flycatching 
rates by performing shorter flights and by capturing 
more than one prey per flight (see results). 

Flycatching efficiency and energy costs were not 
correlated. The variation between species could be 
due to: 1) different flight abilities or 2) failure in 
capturing the prey as a consequence of competition 
for the same prey. This was the case in some situa
tions when I recorded up to three different birds 
competing for the same prey. The extensive use of 
multi-capture flights may represent not only an 

28 

Multiple capture flights 
Flygning med flera jangster 
N i±s.d. 

51 
11 
23 
14 
80 
24 

3.0±1.7 
4.9±2.0 
4.1±2.1 
6.2±1.3 
4.2±1.6 
4.2±1.1 

Differences 
Skillnader 

t=4.4, p<O.OOl 
t=l.O, N.S. 
t=O.l, N.S. 
t=0.9, N.S. 
t=5.7, p<O.OOl 
t=0.2, N.S. 

efficient strategy to reduce the flight time per prey 
captured (see Results) but also an efficient way of 
reducing unsuccessful flights. 

In late breeding season, there might be very high 
energetic demands due to feeding young, premigra
tory fattening or moulting. The type of prey captured 
must positively balance their energy demands at that 
time of the season. Indeed, the massive emergence 
of benthic insects occurring at torrent rivers of high 
latitudes (see Svensson 1966, Ulfstrand 1967, 1968) 
represents a profitable and highly rewarding source 
of prey (a 10.8 mmI. grammaticameansca. 15.5 mg 
of dry weight, according to Rogers et al. 1976), 
which should be easy to detect and easy to catch (i.e. 
poor flight manoeuvring abilities, own obs.). 

Migratory birds species at northern latitudes are 
well adapted to exploit the seasonal availability of 
abundant food resources (see Gauthreaux 1982 for a 
review) by using more flexible feeding techniques 
than resident ones (see, for instance, Herrera 1978, 
Des-Granjes 1979, Fitzpatrick 1980). In such situa
tions, flycatching might represent an opportunistic 
response to the availability of a highly rewarding 
prey. As the species considered in my analysis have 
also been recorded flycatching in some other situa
tions when energy requirements are presumably 
very high (e.g. migratory fattening at stopover sites, 
Alatalo & Alatalo 1979, Draulans & Vessem 1982, 
Niemi 1985, Lindstrom per. comm., own obs.), I 
hypothesize that flycatching represents a flexible 
and opportunistic response to temporal abundance 
of highly rewarding insects during periods of ex
tremely high energetic demands such as breeding, 
moult and premigratory fattening periods. 
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Sammanfattning 

Flugsnapparbeteende hos nagra tdttingar under 
senare delen av hdckningssdsongen i Ammarnds, 
Lappland. 

Det anses allmant att faglamas metoder fOr att soka 
och Umga sin fOda har utvecklats for att maximera 
nettotillfOrseln av energi, d.v.s . energiintaget minus 
energiatgangen fOr att soka och tanga fodan. For aU 
uppna detta bor en fagel vid varje givet tillfalle 
anvanda den mest lOnsamma metoden i fOrhallande 
till sin byggnad, sina fysiologiska behov och den 
lokala fOdotillgangen. 
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Flugsnapparbeteende, eller fIugsnappning, ar en 
vanlig metod som innebar fIygmanovrar da bytet 
fOrfoljs och fangas i fIykten sedan det efter en 
variabel soktid upptackts fran en utsiktspunkt. Me
toden kostar mycket energi och anvands diirforframst 
av sma och for andamalet valanpassade arter. I 
denna uppsats beskriver jag fIugsnapparbeteendet 
hos sadesarla, gularla, bergfink, savsparv, busk
skvatta och gra fIugsnappare under perioder med 
extremt god tillgang pa klackande insekter. 

Utgangspunkten var att dessa arter har olika ving
form, vinglangd och vikt (Tabell 1). Jag ville testa 
antagandet att hogre energikostnad skulle vara kor
relerad med farre fangstfOrsok per tidsenhet, lagre 
andellyckade fangstfOrsok samt faITe fangade by ten 
per fIygning. 

Undersokningen utfOrdes under perioderna 18 
juli-1O augusti 1988 samt 15 juli-3 augusti 1989 och 
1990. Platsen var Tjulan i Ammarnas, en snabbt 
rinnande a i bjorkskogszonen. Jag genomforde ob
servationer under sammanlagt 70 timmar, vilka var 
jamt spridda over perioderna och mellan kl8 och 12. 
Eftersomjag inte noterade nagra uppenbara skillna
der mellan sasongerna slogjag ihop alIa arens mate
rial fOr analyserna. Jag gjorde registreringar fran 
flera platser langs an. Varje observationssekvens 
utgjordes av tid en fran detjag upptackte en sittande 
och spanande fagel tills dess den ater satt sig efter ett 
framgangsrikt eller misslyckat fangstforsok. Obser
vation av en fagel som fOrflyttade sig fran en utsikts
punkt till en annan utan att ha gjort nagot fangstfor
sok togs inte med i analysen. Jag gjorde aldrig mer 
an tva observationssekvenser av samma tagel pa 
samma plats. Energikostnaderna fOr fIygningarna 
beraknades som "Minimum Energy Power" enligt 
Pennycuick (1989). 

Resultat 

Energikostnaderna fOr fIygning okade fOr de olika 
arterna i fOljande ordning: gra fIugsnappare, busk
skvatta, gularla, savsparv, bergfink och sadesarla 
(Tabell 1). De by ten som ingick i tangsterna domi
nerades av den storvuxna /soperla grammatica, en 
ca 11 mm lang backslanda som klacker i mycket 
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stora mangder fran slutet av juli till mitten av 
augusti . 

Antalet fIugsnappningar per tidsenhet (lyckade 
och misslyckade tillsammans) skiljde sig mellan 
arterna (Tabell 2). Sadesarla och bergfink gjorde tre 
ganger fIer fIygningar an buskskvatta. Antalet fang
ade by ten per fIygning varierade mellan 0 och 10. 
Rekordet var en sadesarla som fangade 10 by ten 
under en kontinuerlig fIygning pa 40 sekunder. Det 
hogsta antalet by ten per fIygning varierade ocksa 
mellan arterna, fran 3 till 1 0 (Tabe1l2). Detta innebar 
att det genomsnittliga antalet by ten per fIygning 
varierade mellan arterna, fran 0,8 hos buskskvattan 
till 1,1 hos sadesarlan. Fangsteffektiviteten (antalet 
lyckade av alIa fOrsok) varierade fran 72 % hos 
buskskvatta till 97 % hos sadesarla (Tabell 2). 

Energikostnaden var positivt korrelerad med an
talet by ten per fIygning, antalet fIygningar per tids
enhet och hogsta antalet by ten per fIygning, men inte 
med fangsteffektiviteten . Flygtiden per fIygning 
skiljde sig ocksa mellan arterna bade for fIygningar 
da bara ett byte fangades och fIygningar da fIera 
by ten fangades (Tabell 3). 

Diskussion 

Trots att det allmant antas att okande storlek och vikt 
negativt paverkar anvandningen av kostsamma 
fangstmetoder visar mina resultat att arterna med 
hog energikostnad for fIygning utfOrde fIer fIyg
ningar per tidsenhet och fangade fIer by ten per 
fIygning. Detta kan forklaras av att de tyngre arterna 
savsparv och sadesarla aktivt okade fangstintensite
ten genom kortare fIygningar och genom att ta fIer 
by ten per fIygning. 

Under senare delen av hackningssasongen kan 
energibehoven vara mycket hoga pa grund av ung
matning, fettupplagring eller ruggning. Anledning
en till att de undersokta arterna anvander den ener
gikravande fIugsnappningsmetoden ar diirfor saker
ligen kombinationen av detta hoga energibehov och 
den extremt rika tillgangen pa fOda. Flugsnappning 
ar alltsa ett fIexibelt och opportunistiskt svar pa 
tillfalligt hog tillgang pa energirik fOda och ett extra 
hogt energibehov. 
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The role of naturally stored food supplies in the winter diet of the 
boreal Willow Tit Parus montanus 
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----------------- Abstract 
The average amount of food that was stored during an 
autumn by Willow Tits Porus montanus was estimated by 
sampling hoarding intensities and analysing the energetic 
contents of the stored items. Measurements of retrieval 
and losses of the stored food made it possible to calculate 
how much of the stored food that actually was used by the 
hoarder. Also the chemical composition of the stored food 
was analysed, and a comparison of the energy contents of 
the food eaten with the energy requirements of the birds 
made it possible to assess the importance of hoarded food 
in the winter diet. According to the calculations, hoarded 

food can be assumed to account for almost all food that was 
consumed during December, whereas it was estimated to 
constitute around 24 % of the food eaten from January to 
March. During colder winters, with higher energetical 
stress, it is possible that stored supplies could be more 
important during this part of the winter, perhaps of the 
magnitude of 45 % of the total food consumed. 

Anders Brodin, Department of Zoology, Stockholm Uni
versity, S-106 91 Stockholm, Sweden 

Received 16 March 1994, Accepted 3 April 1994, Edited by S. Svensson 

Introduction 

Boreal tit species, such as the Willow Tit Parus 
montanus, scatter hoard large quantities of seeds and 
larvae during the autumn (Haftom 1956,1959, Pra
vosudov 1985, Brodin 1994b). The seeds most fre
quently stored are those of spruce Picea abies, pine 
Pinus silvestris, juniper Juniperus communis, and 
hemp nettle Galeopsis spp., nuts and different kinds 
of larvae and other animal matter (Haftom 1956, 
Brodin 1994b). Estimates of the total amount of 
seeds stored by one individual during the course of 
one autumn range between 50,000 to 80,000 (Haftom 
1959) and 150,000 items (Pravosudov 1985). Both 
of these estimates are from spruce peak mast years, 
when hoarding intensity may be very high. It is 
difficult to assess the acccuracy of these estimates 
for several reasons. Both are calculated on the means 
of all observations, not mean values for individuals. 
This makes it possible that "tame, high intensity 
hoarders" are overrepresented. Further, the lack of 
predetermined sampling periods may lead to periods 
of high hoarding intensity (which are easy to ob
serve) being overrepresented, resulting in over-esti
mation of the number of hoarded items. It is also 
probable that hoarders do not cache from dawn to 

dusk at an equally high rate. Instead intensi ve hoard
ing bouts are often followed by periods of lower 
hoarding rates (own observations). Finally, different 
kinds of food require different search, handling and 
storing times (Haftom 1956). 

In order to get an idea of how important stored 
food is in the Willow Tit winter diet, measurements 
of when it is retrieved and how much of it that is lost 
before consumption are crucial. It is difficult to 
observe retrieval directly in nature, but I have as
sessed the longevity of stored food in my study area 
by monitoring 100 caches at regular intervals for 150 
days (Brodin 1994a). Also, loss of caches due to 
pilfering and weather could decrease the supply of 
stored food. I have assessed the background loss of 
stored food in the area by rebaiting already retrieved 
caches and then monitor them for 126 days (Brodin 
1994c). This is, however, long-term loss and there is 
also a possibilty of "immediate pilfering" directly 
after a food item is stored (Baker et al. 1990, Hitch
cock 1992). I have observed this in the field, with 
theft both by conspecific Willow Tits and by great 
tits P major. 

Rehoarding, i.e. when stored items are retrieved 
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and then stored again in new locations, has been 
suggested to be frequent in the Willow Tit (Haftorn 
1956, Pravosudov 1985, Nakamura & Wako 1988), 
although it may not be easy to separate rehoarding of 
own caches from pilfering of those of others. Re
hoarding could be a way of maintaining control over 
stored food the locations of which would otherwise 
have been forgotten (Brodin 1992). If rehoarding is 
frequent, consumption of cached food could occur 
considerably later than predicted by the disappear
ance of the caches I monitored (Brodin 1994a). 

Seeds are more durable and remain longer in the 
caches than larvae, the main animal component 
among stored food (Brodin 1994b). Cached seeds 
had a minimum (many seeds still remained in their 
caching locations at the end of the study) mean 
longevity of 70.6 days, whereas larvae had a mean 
longevity of only 20.1 days (Brodin 1994b). Thus, 
stored seeds are probably more important than stored 
larvae in the winter diet of the Willow Tit. 

The aim of this study was to estimate the amount 
of food that Willow Tits store in the autumn and to 
calculate how important this food is energetically 
during the winter. 

Methods 

I collected data on the hoarding behaviour by indi
vidually colour marked Willow Tits during five 
consecutive autumns, from 1989 to 1993, south of 
Stockholm, south-central Sweden (Brodin 1992). 
From 1989 to 1991 I focused on the caching acts, and 
did not record hoarding intensities (Brodin 1992, 
1994a,b). 

During 1993 (Brodin et a1. unpub1.) we measured 
hoarding intensities of free-roaming Willow Tits 
using a standardized sampling technique, to com
pare simultaneous observations from different geo
graphical areas. Foraging birds were followed for at 
least 20 60-s bouts from 6 September to 7 November, 
and data were collected from 09.30 to 15.30 hours 
almost daily (Brodin et a1. unpub1.) . Less extensive
ly I also collected data with the same observation 
technique during other times of the day and earlier 
and later in the season. Normally observations of 
one individual were collected during one month, but 
twelve individuals were sampled both in September 
and October. The recorded intensities of these are 
included in the means of both months. This is con
servative since any individual tendencies will de
crease differences between months. In all other 
comparisons each individual is represented by one 
value. 
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The autumn 1992 I recorded hoarding intensities 
in a less systematic way. I observed foraging (indi
vidually marked) Willow Tits as long as they were 
visible, typically for periods from 30 s up to five 
minutes. This technique will probably overestimate 
periods of intensive hoarding because this activity is 
easy to observe. Still, these observations may serve 
as a control to intensities measured during 1993. 
Also, from 1992 I have more data from early morn
ings and late afternoons, and before 6 September and 
after 7 November. All statistical tests are two-tailed. 
To indicate the precision of my calculations I give 
the standard error for variables that I have measured, 
and denote this ±. In the calculations, I use the 
variables (hoarding intensities, type of food, etc.) 
measured during the autumn of 1993. 

When a Willow Tit hoards a food item it is carried 
in the beak, typically to a nearby tree. I refer to these 
transports as "hoarding trips" and they are identical 
to Haftorns (1956) "long-distance transports". The 
number of food items stored is not equal to the 
number of flight trips from the food source to the 
storing positions since Willow Tits normally carry 
several seeds in the beak. These seeds are first 
deposited in a temporary site "the left luggage tech
nique" (Haftorn 1956), after which they are posi
tioned out in separate locations in the vicinity. Be
cause I did not record this regularly, I estimate 
minimum figures, in order not to overestimate the 
amount of hoarded food. Willow Tits remove the 
fleshy pulp of the juniper berries and then store the 
seeds. I peeled a large number of juniper berries from 
the study area before having their contents analysed 
(Table 3), and almost all contained three seeds. A 
few contained only two, so 2.5 juniper seeds carried 
per hoarding trip should be a fair estimate. Hemp 
nettle normally contains four seeds in each fruit, and 
I have observed Willow Tits storing one to four seeds 
and use Haftorns (1956) minimum average estimate 
of 2.3 seeds per trip. For conifer seeds I rely on 
Haftorns (1956) estimate of "at least two seeds per 
trip" . Except for aphids, animals are normally stored 
singly, and some large specimens may even be split 
in several caches (own observations). 

Seeds are frequently stored in intensive bouts 
from very obvious sources, and hence normally easy 
to identify. For food that is more difficult to identify, 
like lepidopteran larvae, I collected some specimens 
for examination in the laboratory, and then tried to 
determine the rest through binoculars using the 
former as a reference. This will probably give a fair 
picture of the stored species, since a particular spe
cies typically will appear in large numbers for a shOlt 



period e.g. when Bupalus piniarius leave the conif
erous needles to pupate in the ground (Hedqvist et al. 
1975). 

When the energy contents of food could not be 
found in the literature it was analysed with tradition
al methods (Jennische & Larsson 1990) at the Swed
ish National Laboratory for Agricultural Chemistry. 
I assume that carbohydrats (except fibers) and fat are 
metabolised as energy sources. It is not clear if 
proteins are used for energy generation on a regular 
basis. To obtain an energy value when also proteins 
are included, one can multiply the presented values 
with 1.21. Birds may metabolise proteins more effi
ciently than mammals (Hazelwood 1972, Bairlein 
1985) and according to Martin (1968) and Fisher 
(1972) small birds probably need less than 10 % 
protein in their diet for body maintenance. It is 
probable that the high proportion of invertebrates in 
the diet (Jansson 1982) will cover this. 

Results 

Hoarding intensities 

The mean hoarding intensity per individual during 
the hoarding period (see below) was 0.50±0.08 
(n=42) trips / minute, measured on a mean of 29 
observations per individual. During 1992 the mean 
intensity was 0.63±0.06 trips / minute (n=31). No 
significant year effect could be found (t-test, t= 1. 64, 
p=0.106) suggesting that 1993 was not an aberrant 
year. 
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Fig. I . Hoarding intensities during five months. Even if 
December is excluded, the difference is significant (Kruskal
Wallis ANOYA, H=13.8, df=3, p=O.003) . 
* Most August records are from the last week of the month. 

Hamstringintensiteter under f em manader. Aven am decem
ber inte tas med, ii,. skillnaden signifikant. 
* De flesta obsen lationema i augusti iirfran manadens sista 
vecka. 

Table 1. Hoarding intensities during the day. 

Hamstringsintensiteter under dagen. 

Time <09.30 09.30-12.00 12.00-15.30 >15.30 

Mean 
SE 
n* 

0.55 
0.08 

29 

0.57 
0.04 

59 

0.61 
0.05 

60 

0.57 
0.11 

13 

* Number of individuals in pooled data from 1992 and 
1993. 

* Antalet individer i sammanslagna datafran 1992 och 
1993. 

I only observed occasional hoarding acts in late 
July and early August. Later in August (most August 
observations in Fig. 1 are from the last days of the 
month), the hoarding intensity increased to reach a 
peak in September, whereafter it declined during 
October and almost ceased around 20 November 
when a lasting snowcover arrived (Fig. 1). I there
fore consider the hoarding period to last from 15 
August to 20 November. During August and Sep
tember, the Willow Tits seemed to store more hemp 
nettle and juniper seeds than later during the autumn 
when they predominantly stored larvae. Using data 
from 1989-1993, the proportion of seeds of the 
stored food in August and September (0.78±0.01 , 
n=55) was significantly higher (U=518, p>O.OOI) 
than in October and November (0.24±0.01, n=57), 
when the tits stored more larvae (U=521, p<O.OOI, 
both tests Mann-Whitney U-test). 

To increase sample sizes on the daily variation in 
hoarding intensities, I pooled data from the years 
when I recorded hoarding intensities, i.e. 1992 and 
1993. Intensities were similar over the day (Table 1), 
although it should be noted that I observed no storing 
during the first hour after sunrise at two dawn visits 
in mid September. 

In early winter, rehoarding should be at its peak 
and most easy to observe, since there is still much 
stored food around, and hoarding from other sourc
es has almost ceased (Haftorn 1956, Pravosudov 
1985). The hoarding intensity in December was 1.8 
(±1) trips / h (Fig. 1), which can be considered a 
maximum estimate of the rehoarding intensity. The 
tits ' activity period is seven hours in both November 
and December, because Willow Tits are active a 
larger part of the day when days get shorter (Haftorn 
1989). This intensity corresponds to a maximum of 
13 seeds rehoarded per day during both months, or 
390 seeds in November and 403 seeds in December. 
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Table 2. Proportions of different food types observed to be stored during five years . Means (for individuals, not 
years) are shown with standard errors. 

Proportionerna av de oftast hamstradefodoslagen underfem ell: Medelviirden (som iir for individer, inte ar) ges 
med standardfel eftersom de sedan anviinds i vidare beriikningm: 

Year Ar 1989 1990 
Food Foda 

Hemp nettle Dan 0.07 0.34 
Juniper En 0.21 0.02 
Conifer seeds* Barrtriidsfron 0.52 0.10 
Seeds total Fran totalt 0.80 0.48 
Larvae Larver 0.11 0.47 
Animal total Djur totait 0.20 0.52 
n** 15 17 

* Pine and spruce seeds together. 
** Individuals observed to store at least four identified 
food items, some individuals may be included in two 
different years. 

* Tall och gran tillsammans. 
** individer som observerats hamstra minstfyra artbe
stiimdafodoslag, nagra av individerna kanforekomma 
tva ar. 

If the kinds of seed are rehoarded in the same 
proportions as they are stored, 400 seeds correspond 
to 40-50 kJ. Larvae are decapitated and often 
"glued" to the substrate when they are stored, and 
therefore they are probably not rehoarded (own 
observations). I have no estimates of rehoarding 
rates from January to March, but since the amount 
of stored food is then lower (Brodin 1994), it will 
have little influence. 

Types of food stored 

The most frequently stored food items varied much 
(Kruskal-Wallis ANOVA, H=13 to 44, p=O.OI or 
less for all types of food tested separately) during 
1989 to 1993 (Table 2), probably depending on 
access. The seeds stored were juniper, hemp nettle, 
and, depending on year, spruce or pine. Spruce and 
pine seeds were hoarded in alternative years, and 
since these seeds have similar masses I pool them as 
conifer seeds. Spruce seeds were stored much more 
frequently than pine seeds and I therefore use the 
energy values from spruce although they are slightly 
higher than for pine (Turcek 1960). The chemical 
composition of the seeds preferred for storing is 
listed in Table 3. Because proportions ofthe various 
food components varied much between years, the 
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1991 1992 1993 Mean±SE 

0.20 0 0.09 0.18±0.04 
0.46 0.46 0.27 0.24±0.01 
0.05 0 0.05 O.l6±0.01 
0.72 0.46 0.41 0.58±0.01 
0.23 0.54 0.35 0.34±0.01 
0.28 0.54 0.59 0.42±0.01 
17 8 22 79 -

Table 3. The chemical contents in % of the most 
frequently stored seeds, analysed at the National Labo
ratory for Agricultural Chemistry of Sweden. Estima
tes used are: 1 gfat=39.4kJ, 1 gcarbohydrate=17,6kJ, 
1 g protein=18.0 kJ (Schmidt-Nielssen 1980). 

Innehallet i % ide oftast hamstradefrona, enligt analys 
vid Statens LantbrukskemiskaLaboratorium. Uppskatt
ningarna som anviints iir 1 g fett=39,4 kJ, 1 g kolhy
drat=17,6 kJ och1g protein=18.0 kJ (Schmidt-Niels
sen 1980). 

Food item Hemp nettle Juniper Spruce 
nuts seeds seeds* 

Fodoslag Galeopsis Enbiirs- Gran-
fran fran fran 

Contents Innehall 

Carbohydrats total 59.8 71.4 37.5 
Kolhydrater totalt 
Ditto excl. fibers 6.5 36.4 6.2 
DUo exkl. fibrer 
Fat Fett 9.0 9.0 32.6 
Protein 20.7 7.6 20.4 
Ashes Aska 4.6 2.8 3.5 
Water Vatten 5.9 9.2 6.0 
kJxg-l** 4.7 10.0 13.9 
kJ x g-1 *** 8.4 11.3 17.6 

* Spruce seeds analysed by Haftorn (1959). 
** Avaliable energy is calculated on fat + carbohydrats 
(-fibers). 
*** If also proteins are metabolised as energy. 

* Granfron analyserade av Haftorn (1959). 
** Tillgiinglig energi har beriiknats pafett + kolhydra
ter (-fibrer). 
*** Om ocksa proteinforbriinns som energi. 



most meaningful figure to use in the calculations is 
the mean for all individuals. 

Only in 1993 did Willow Tits store clumps of 
aphids (24 % of the stored food!), a frequent behav
iour in coal tits Pater. The birds collected a mean of 
20.2±2.3 aphids (n=26) in each stored ball. Normal
ly larvae are by far the most frequently stored animal 
matter (Table 2), and therefore I treat the animal food 
as if it only consisted oflarvae. Each year I collected 
a few larvae, which were identified by entomolo
gists. Several of these were Bupalus piniarius which, 
by far, appeared to be the most frequently stored 
larva as judged from observations through binocu
lars. In October this species leaves its protected sites 
in the pine needles to pupate in the ground (Hedqvist 
et al. 1975) and may then be easy to find for foraging 
tits. Besides B. piniarius, I also found various other 
types of lepidopteran larvae, fly larvae Diptera sp, 
and several pine wasp larvae, probably Neodiprion 
sertifer. The hard cocoons of the latter were fre
quently opened and the pupa eaten. I did not analyse 
the energetic contents of the different invertebrates, 
but Larsson & Tenow (1979) estimated it to 6710 J 
per 10 individuals of N. sertifer. N. sertifer is of 
similar size to B. piniarius, 25 mm, and both live on 
a pine needle diet, which makes it probable that they 
are similar in contents. 

Accuracy of the estimates 

The main source of error in my calculations is the 
hoarding frequencies. Since I sampled hoarding 
intensities with a stricter technique during 1993 than 
1992, I prefer to use only the former. This will 
decrease sample size but will probably give more 
correct means. The mean standard error calculated 
from Table 4 (weighted for number of days in each 
month) is 14.8 %. The rehoarding intensity is so low 
that a standard error of 10 % will mean about 1 seed 
a day, so I disregard this possible error. Proportions 
of the different food types and the proportion of 
animal to plant matter are based on large samples as 
I can pool them over years. Thus, these will general
ly have standard errors below 1 % which I consider 
as negligible. 

For two variables, the weight of the food items and 
their energy contents, I have no dispersion measure
ment, but the means should be the best available. The 
energy contents of the seeds were analysed by pro
fessional chemists using a few of hundred ground 
seeds (which I provided) . For weight, I give no 
dispersion, only means for spruce seeds taken from 
Haftom (1959), hemp nettle from Grime et al. (1988) 
and juniper seeds from Snow & Snow (1988). There 
is of course some variation between individual seeds, 
but the mean will probably be the same. 

Table 4. Calculated mean number of hoarding trips during 1993. 

Den genomsnittliga mangden hamstringstillfallen under 1993. 

Daylight hours 
Timmar dagsljus 

Month per day* per month** 
Manad per dag* per manad** 

August 15.0 224 
September 13.0 360 
October 10.2 285 
November 7.0 140 
Total 1009 

Intensity 
Intensitet 

tripslh 
turerlh 

30.3±7.4 
46.3±4.5 
28.3±3.2 
22.8±4.8 

Number of hoarding trips 
Antal hamstrings transporter 

6787 
16668 
8066 
3192 

34713 

* Daylength from Beck (1980, Table 1). Since I did not observe any hoarding acts during two dawn visits in 
September, and Haftom (1989) reports shorter daily activity than day length during the autumn, I have subtracted 
one hour each day during August through October. 
** I consider the hoarding period to last from 15 August to 20 November (see text). 

*Dagslangdenfran Beck (1980, Tabe1l1). Jag har dragit av en timme per dagfran augusti till slutet av oktobel; 
eftersom aktivitetsperioden ar kortare an dagen under hasten (Haftorn 1989). 
** Hamstringsperioden varadefran 15 augusti till 20 november (se textenfarfarklaring). 
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Table 5. Calculated mean number of stored items. 

Beraknat antal hamstringar. 

Food item No. of hoarding No. of Total amount Energy 
trips * itemns stored (g)** content (kJ) 

Fodoslag Antal hamst- Antal Total mangd Energiinne-
ringsturer* objekt hamstrad (g)** hall (kJ) 

Hemp nettle Dan 6248 14371 69 324 
Juniper En 8331 20828 333 3332 
Conifer seeds Barrtradsfron 5554 11108 79 1096 
Total seeds Summa fron 20736 46307 481 4752 
Animals Djur 14579 14579 9783 

* No of trips from Table 4 times mean proportions in Table 2. 
** Weights are: hemp nettle 4.8 mg (Grime et a. 1988), Juniper 16 mg (Snow and Snow 1988) and spruce 7.1 mg 
(Haftom 1959). 

*Antalet transporter enl. Tabell 4 multipltcerat med proportionerna i Tabell 2. 
** Vikter: Galeopsis 4,8 mg, Enbarsfro 16 mg och granfro 7,1 mg. 

The retrieval and loss curves which I use were 
calculated on data from 100 food caches each, dur
ing two consecutive years, and are therefore proba
bly as accurate as they can get (Brodin 1994a,c). The 
main problem with these disappearance measure
ments is that they were made during two extremely 
mild winters, with temperatures seldom below zero. 
During cold winters retrieval could be higher. The 
immediate loss (pilfering directly after storing) was 
5 % in a laboratory study of the closely related black
capped chickadee P. atricapillus (Hitchcock 1992). 
Pilfering is probably higher in a small aviary than 
under natural conditions. On the other hand, only 
two individuals were present in the aviary during 
that experiment, and during natural storing there are 
many more potential observers around. Since I have 
observed "immediate pilfering" several times in the 
field, 5 % could be a reasonable estimate in order to 
not overestimate the amount of stored food available 
for retrieval. 

Calculated amount of food stored 

The mean total number of hoarding trips per individ
ual can be calculated from the storing intensities 
during the different months (Fig. 1). Knowing the 
proportions of the various food items stored (Table 
2), the number of storing trips for each of these can 
be calculated (Table 4). The mean number of seeds 
carried on each trip will then give the total amount 
stored per individual (Table 5). 

From the intensities recorded during 1993, an 

36 

individual Willow Tit can be estimated to have 
hoarded on average 46,300±6900 seeds, with a total 
weight of c. 480±7l g. These seeds would have an 
energy value of 4750±703 kJ. 

Under conditions of food shortage, proteins may 
also be used as an energy source. The energy con
tents of the stored food including proteins can be 
obtained by multiplying my values with 1.21. Since 
most seeds were stored in September, I regard this 
estimate as valid from 15 October. Calculated in the 
same way, the stored animal matter should have had 
an energetic value of about 9800±1450 kJ. 

The daily long-term loss due to factors like pil
feri g and weather, etc. would have been around 1 % 
x day-l (Brodin 1994c). Here calculations are more 
complicated, because this loss should be subtracted 
from a supply that is already decreasing because of 
retrieval. To facilitate calculations I subtract this loss 
over longer periods. The daily percentage has then to 
be lowered, since it will be working on a gradually 
smaller suppy, as food is recovered. I therefore 
approximate it to 0.5 % per day, by the equation Y = 
e-D·005x. With an immediate loss of 5 % because of 
pilfering at hoarding, and 20 % of the remaining 
seeds being lost during the following 45 days, 3763 
kJ will remain on 1 December, with 50 kJ added from 
rehoarding. I refer to these 3820 kJ as the "available" 
supply. In an attempt to determine the pattern of 
consumption of the stored food, I calculate the 
disappearance rate of seeds using the data in Fig 2. 
According to this 43 % of the available supply of 
seeds disappeared the first month after storing. How-
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Fig. 2. Disappearance rate of caches stored by naturally 
foraging Willow Tits during the autumns of 1991 and 1992. 
Filled symbols represent seeds and open symbols animal 
matter. Calculated from Brodin (1994a). 

Forsvinnande av hamstradfodafran hOstarna 1992 och 1993. 
Fyllda symboler iir fron och oppna symboler animaliskfOda. 
Data iir beriiknade ur Brodin (1994a). 

ever, the 5 % immediate pilfering should also be 
included, meaning that the hoarder could have re
trieved about 38 % of the seeds, corresponding to 
1452 kJ. If seeds corresponding to 50 kJ were 
rehoarded, and the loss during December was 0.5 % 
a day before consumption, the hoarder could have 
consumed around 1205 kJ this month. 

Because 27 % of the available supply remained 
cached at the end of the winter (Brodin 1994a), 30 % 
or 1146 kJ must have disappeared during January 
through March (Fig.2). It is not easy to predict the 
shape of the disappearance curve, and here I simply 
assume that, after initially being high in December, 
disappearance rate will remain rather constant dur
ing the rest of the winter. With daily losses of 0.5 % 
(14 % per month) excluded, this means that the 
hoarder could have consumed a total of c. 986 kJ 
during these three months. 

Almost 90% of the stored animal matter disap
peared within a month after storing (Fig. 2). Since 
most of it was stored in October, very little would 
have remained at the beginning of December. Thus, 
there may still be some effect of stored animal matter 
in December, but probably not later. 

Discussion 

After being high during December, the disappear
ance rate may seem very low during the rest of the 
winter. This low disappearance rate, however, was 

measured during two very mild winters, when 27 % 
of the stored seeds still were present at the end of the 
study (Fig.2). During mild winters there is plenty of 
the preferred invertebrate food (Gibb 1960) and 
Willow Tits probably rely less on stored seeds. The 
winter 1993/94 was very cold, and it is possible that 
much less, perhaps around 10%, was left at the end 
of the winter if the Willow Tits foraged more inten
sively for hoarded seeds. If so, after losses around 
1834 kJ or 48 % of the available supply, could have 
been consumed from January to March. 

Assuming that 90 % of the nutrients in the food are 
metabolized (Bairlein 1985), a Willow Tit needs an 
energy intake of about 46±1.6 kJ daily during the 
winter (calculated on from Moreno et al. 1988). This 
corresponds to 1420 kJ during December, and 4094 
kJ during January through March. The consumed 
hoarded seeds would then cover 85 % of the tit's 
energy requirements during December. If stored 
animal matter would still be available, the whole 
need during the month could actually have been 
covered by hoarded food. During the rest of the 
winter, hoarded food would cover 24 % of the 
requirements. If, however, more caches are retrieved 
during cold than mild winters, then hoarded food 
might constitute a higher proportion, around 45 %, 
of the energy needed from January to March. 
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Sammanfattning 

Betydelsen av naturligt hamstrade fodoforrad i vin
terdieten hos den boreala talltitan 

Under hosten hamstrar nordliga mesar sasom tall
titan Parus montanus stora mangder fOda (Haftorn 
1956, 1959, Pravosudov 1985, Brodin 1994b). De 
vanligaste fodosorterna ar da fron av gran Picea 
abies, tall Pinus silvestris, en Juniperus communis, 
olika typer av dan Galeopsis spp. samt insektslarver 
(Haftorn 1956, Brodin 1994b). Uppskattningar av 
den den totala mangden fron som hamstrats per 
individ under en host varierar fran 50.000 till 80.000 
(Haftorn 1959) och upp till 150.000 (Pravosudov 
1985). Det ar dock nagot osakert hur tillfOrlitliga 
dessa uppskattningar ar, da de ej ar beraknade som 
medelvarden fOr individuella faglar eller med fOrut
bestamda observationsperioder. 

Jag har sedan tidigare uppskattningar pa i vilken 
takt naturligt hamstrad foda forsvinner (Brodin 
1994a) samt hur mycket av den som gar fOrlorad 
(Brodin 1994c). Till detta kommer ocksa ett "ogon
blickligt snattande", narexempelvis talgoxar P major 
och andra talltitor observerar en hamstring och di
rekt tar maten. Ornhamstring, dvs nar redan hams
trad fOda tas fram och hamstras igen i ett nytt 
gomstalle, skulle dock kunna gora att hamstrade 
fOrrad egentligen ats senare an vad som framgar av 
mina skattningar. 

Fron ar hallbarare och finns kvar langre i gomstal
lena an larver, och ar darfor troligen viktigare som 
fOda under vintern. Gomda fron hade en kortaste 
"medellivslangd" av 70,6 dagar, medan larver hade 
en "medellivslangd" pa 20,1 dagar (Brodin 1994b). 

Metoder 

Jag har sarnlat hamstrings data pa fiirgringsmarkta 
talltitor under fern hostar, fran 1989 till 1993, i ett 
omrade soder om Stockholm (se Brodin 1992 fOr en 
beskrivning). Hamstringsintensiteter har jag endast 
mattundertvaar, 19920ch 1993. Under 1992fOljde 
jag hamstrande individer under sa langa perioder 
som mojligt, fran 30 sekunder upp till fern minuter. 
En sadan teknik kommer troligen att overskatta 
mangden hamstrad foda, eftersom talltitorna ar lat
tare att fOlja under intensiva hamstringsperioder an 
under fOrflyttning. Pg av detta anvander jag upp
skattningarna fran 1992 endast som en kontroll av aU 
intensiteterna under 1993 inte ar avvikande. 

Under 1993 har Brodin m.fl. (opubl.) observerat 
hamstringsintensiteter i stor omfattning pa eU mer 



metodiskt satt. Varje individ fOljdes i minst 20 st 60 
sekunders perioder, lika fordelade pa fOr- och efter
middag. Denna undersokning pagick fran den sjatte 
september till den sjunde november. I mindre om
fattning har jag aven samlat data pa samma satt pa 
tider som ej ingick i denna studie. For att mojliggora 
en bedomning av hur rimliga mina skattningar ar, 
anger jag standardfelet som ±. AlIa statistiska test ar 
tvasidiga. 

Vid en hamstrings transport bar en talltita normalt 
flera fron samtidigt i nabben, vilka sedan placeras 
sedan ut pa enskilda gomstallen. Mina skattningar 
av antalet fron per transport ar minimibedomningar, 
eftersom jag inte har matt detta i sWrre omfattning. 
Skattningarna kommer bade fran egna observatio
ner, och fran Haftorns (1956) iakttagelser: enbar: 2,5 
fron, dan: 2,3 fron samt gran och tall: 2 fron per 
transport. Forutom bladlOss, har jag endast sett ani
malier hamstras var for sig. 

Fron ar oftast enkla att bestamma eftersom man 
ser var de tas . Fjarilslarver och dyl. ar naturligtvis 
svarare att bestamma genom kikaren, men jag har 
varje ar samlat nagra av de vanligaste, och fart hjalp 
av entomologer med bestamningen av dessa. Med 
utgangspunkt fran detta har jag sedan fOrsokt be
stamma larver aven genom kikaren. 

Innehallet i fodokomponenter somjag inte funnit 
i litteraturen har jag latit analysera vid statens lant
brukskemiska laboratorium. Jag har antagit att kol
hydrater (forutom fibrer) och fett ar tillgangligt fOr 
fOrbranning. Det ar inte klart om smMaglar regel
bundet anvander proteiner som energikalla, och for 
att fa vardena med proteiner inraknade multiplicerar 
man de angivna energivardena med 1,21. 

Resultat 

Hamstringsintensitet 

Medelhamstringsintensiteten per indi vid under 1993 
var 0,50±0,08 och under 1992 0,63±0,06 transporter 
per minut, sa 1993 bor ha varit ett representati vt ar. 
Hamstringsintensiteten under olika manader fram
gar av Fig. 1. I borjan av augusti var intensiteten 
mycket lag och de flesta observationerna ar fran 
manadens sista dagar. Proportionen fron som ham
strats ar hogre under augusti-september (0, 78±0,0 1, 
n=55) an senare (0,24±0,01 , n=57, Mann-Whitney 
V-test, V=518 , p<O,OOl). Intensiteterna varierade 
inte mycket under dagen, a yen om j ag inte sag nagon 
hamstring under tva besok i gryningen under sep
tember. Omhamstringen verkade vara lag, hogst 1.8 
fron per timme, eller 13 fron om dagen. Detta uppsakt
tade jag under december, da den vanliga hamstring-

en nastan helt upphort. Troligen omhamstras endast 
fron, eftersom larver ofta "limmats fast" i underlaget 
(de hackas ofta sonder vid hamstringen). 

Typ av foda som hamstrades 

Variationen mellan aren var stor (Kruskal-Wallis 
ANOVA, H=13 till 44, p=O.Ol eller mindre fOr alIa 
typer av fOda, Tab ell 2). Nastan alIa hamstrade fron 
var fran en, dan och gran eller tall. Gran- och tallfron 
hamstrades olika ar, och eftersom som de ar ungefar 
lika stora, behandlar jag dem tillsammans. Jag an
vander da energivarden fran gran, som var vanligast 
fOrekommande av de tva. Da variationerna i typ av 
hamstrad fOda var mycket stora mellan aren, anser 
jag det mest meningsfullt att anvanda medelvarden 
fOr de fortsatta berakningarna. 

V nder 1993 samlade talltitorna stora mangder 
bladlOss, en vana jag fOrut iakttagit hos svartmes, P 
ater. Antalet bladlOss i varje hamstrad boll, var i 
genomsnitt 20,2±2,3 (n=26). Normalt ar annars lar
ver den oftast hamstrade animaliska fOdan (Tab ell 
2), och jag behandlar darfor i fortsattningen alIa 
hamstrade animalier som om de yore larver. Den 
vanligaste larven verkade vara tallmatare, Bupalus 
piniarius. Dessa lamnar i oktober tallbarren fOr att 
fOrpuppas (Hedqvist m. fl. 1975), och kan vara latta 
att hitta under denna forfiyttning. Jag hittade ocksa 
ett flertal andra typer av larver, av vilken den vanli
gaste verkade vara rod tallstekel, Neodiprion serti
fer. Jag analyserade inte energiinnehallet ide olika 
evertebraterna, men detta ar uppskattat till 6710 J 
per 10 individer fOr den roda tallstekeln (Larsson 
and Tenow 1979). Eftersom denna ar lika stor som 
tallmataren och lever av en likartad foda (tallbarr), 
antar jag att detta energivarde ar giltigt for alIa 
animalier. 

Giltigheten imina uppskattningar 

Den sWrsta felkallan imina uppskattningar kommer 
av matningarna av hamstringsintensitet. Standard
feletfOrdessa varigenomsnitt 14,8 %, beraknatfran 
Tab ell 5 . Standardfelet i ovriga variabler var mycket 
litet, under 0.01. Energiinnehallet i de olika froty
perna analyserades pa ett par hundra maIda fron av 
varje sort, varfor medelvardet bor vara mycket tilI
forlitligt. Vikten av fro ern a ar litteraturuppgifter 
givna utan spridningsmart (Haftorn 1959, Grime et 
al. 1988, Snow och Snow 1988) , och bor vara de 
basta mojliga. Vppskattningarna av hur fron fOr
svinner och hur manga som fOrloras, ar uppmatta pa 
under lang tid pa vardera 100 st fron och borde vara 
tillfOrlitliga. Ett problem med dessa uppskattningar 
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kan dock vara att de gjordes under tva mycket milda 
vintrar nar letandet efter hamstrade fron kan ha varit 
rnindre intensivt an under kalla vintrar. 

En del fron stjals direkt vid hamstringstillfallet. 
Hi tchcock (1992) har i laboratorieforsok uppskattat 
detta till 5 % hos black-capped chickadee, P. atrica
pillus, den "amerikanska talltitan". Det stjals troli
gen mer fron i ett litet aviarium an under naturligt 
furagerande, men a andra sidan hade hon bara tva 
indi vider i a viariet. Under naturliga betingelser finns 
det betydligt fIer individer som kan akttaga en ham
string. Jag raknar dart~r med 5 % for att inte over
skatta mangden hamstrad mat. 

Beriiknad miingd hamstrad joda 

Med utgangspunkt fran intensitetema under de olika 
manadema (Fig. 1 ) kan det totala antalet hamstrings
transporter beraknas. am man sedan tar proportio
nema av de olika komponentema (Tabe1l2) kan man 
fa antalet transporter for vardera av dessa (Tabe1l5). 
Slutligen ger antalet fron som hamstras per trans
port, den total a mangden hamstrad foda per indi vid 
(Tablell 5). 

am vi utgar fran de under 1993 uppmatta intensi
tetema, kommer en talltita att i medeltal ha hamstrat 
46.300±6.900 fron 'med en vikt av ca 480±71 g. 
Dessa skulle da ha ett energiinnehall av 4750±703 
kJ. Mojligen skulle aven proteiner kunna fOrbrannas 
som energikalla, och energiinnehallet med proteiner 
medraknade fas genom att multiplicera rnina varden 
med 1,21. Da de fIesta frona hamstrades i september, 
antar jag att denna uppskattning galler fran 15 okto
ber. Den total energimangden i den hamstrade ani
maliska fodan kan pa motsvarande satt beraknas till 
9800kJ. 

Med en omedelbar forlust pa 5 % vid hamstrings
tillfallet, och sedan en fortsatt fOrlust pa 0,5 % per 
dag, kommer ca 3763 kJ att finnas kvar i borjan av 
december. Till detta kan laggas 50 kJ fran omhamst
rade fron, och de resulterande 3820 kJ ar da tillgang
liga i forrad. am forsvinnandet av enbart fron extra
heras ur Fig. 2, kommer ca 43 %, att fOrsvinna under 
december. Av dessa maste de 5 % som stals vid 
hamstringstillfallet ha tagits av andra an hamstraren 
som da far 38 % eller1452 kJ kvar. am 50 kJ av det 
som fOrsvann i december omhamstrades och 0,5 % 
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om dagen gick fOrlorat, kan 1205 kJ ha konsumerats 
av hamstraren under denna manad. 

Eftersom 27 % av fOdan fanns kvar i fOrraden vid 
vintems slut (Brodin 1994a), maste omkring 30 %, 
eller 1146 kJ, ha forsvunnit under januari till mars. 
Med 0,5 % per dag (14 % per manad) i fOrluster 
bortraknade, skulle detta innebara att hamstraren 
skulle ha kunnat konsumera omkring 986 kJ under 
dessa tre manader. 

Nastan 90% av animaliema fOrsvinner inom en 
manad efter hamstringen (Fig. 2). Eftersom den 
stOrsta mangden av dessa hamstras i Oktober, kom
mer mycket lite att finn as kvar i borjan av december. 
Mojligen kan det fortfarande finnas en effekt av 
hamstrad animalisk fOda i december, men knappast 
senare. 

Diskussion 

Efter den initialt hoga konsumtionen under decem
ber, kan denna verka lag under resten av vinter. 
Forsvinnandet jag anvant som utgangspunkt fOr 
berlikningarna mattes dock under tva mycket rnilda 
vintrar. Under sadana finns det rikligt av den everte
bratfauna som mesar foredrar (Gibb 1960), och det 
ar mojligt att talltitor da ar rnindre beroende av 
hamstrade fron. Vintem 1993/94 var mycket kall, 
och det ar mojligt att en stOrre del av fOrraden da 
konsumerades. am 10 % av de ursprungliga fOrra
den fanns kvar vid vintems slut skulle, efter forlus
ter, 48 %, eller 1834 kJ kunna ha konsumerats under 
januari till mars. 

am 90 % av naringsamnena tas upp (Bairlein 
1985), behover en talltita ca 46± 1,6 kJ per dag under 
vintem (Moreno et al. 1988). Detta blir ca 1420 kJ 
under december och 4094 kJ under januari till mars. 
Det som konsumerats av hamstrad foda skulle da 
utgora 85 % av energibehovet under december. am 
hamstrad animalisk fOda fortfarande finns tillgang
lig skulle hela behovet under december kunna tackas 
av hamstrad foda. Under resten av vintem skulle ca 
24 % av energibehovet kunna klaras av med hjalp av 
hamstrad fOda. am sokandet efter hamstrad fOda ar 
mer intensivt under kalla vintrar, skulle istallet ca 45 
% av behovet kunna tackas av konsumtionen av 
hamstrad fOda. 
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Response of female Great Tits Parus major to photoperiodic 
stimulation and the presence of a male 
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----------------------------------- Abstract -----------------------------------
The response of female Great Tits Parus major to photope
riodic stimulation was investigated by measuring the plas
ma concentration of oestradiol and the growth of the ovary 
in caged and in free-living birds. Stimuli from the male and 
from the nest-building labour are assumed to promote the 
ovaries to complete maturation. Two groups of females 
were kept on long days (20L:4D), one group consisting of 
female/male pairs with access to nest-building facilities, 
and one containing female/female pairs. Another group of 
female/female pairs was kept on short days (8L: 16D). A 
reference group consisted of free-living females, caught 
during February-April. The oestradiol concentrations of 

the caged females on both light regimens remained low 
and at the same level as that of the free-living females prior 
to the nest-building. The hormone level peaked only among 
free-living females during the egg-laying period. The 
females kept on long day regimen only reached incomplete 
egg follicle growth which peaked at about the same size as 
that of the free-living females in the early nest-building 
period. The presence of a male stimulated neither the 
oestradiol secretion, nor the ovarian growth. 
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Introduction 

Internal mechanisms regulating the breeding cycle 
in birds respond to both photoperiodic stimulation 
and supplementary environmental cues such as be
havioural interactions, availability of nest-sites, nest
building material and food. The seasonal variation in 
day length determines whether the reproductive 
system is active or inactive, while supplementary 
cues may accelerate or retard gonadal development. 
The photoperiod is registered and measured by pho
toreceptors and circadian clocks in the hypothala
mus. In birds, contrary to mammals, the eyes and the 
pineal gland do not participate in the registration of 
light (Murton & Westwood 1977, Jameson 1988, 
Becker, Breedlove & Crews 1992). Supplementary 
information may however be conveyed by the eyes. 
The biological clock determines the timing of the 
ovulatory cycle and the release of hormones. Thus, 
birds use their circadian rhythms to initiate breeding 
in response to increasing day length. The latter is 
responsible for activation of the reproductive sys
tem. The photoperiodic stimulation of the gonadal 
system is triggered by the simultaneous occurrence 
of a photosensitive phase of an entrained circadian 

oscillation and the light part of the photo-cycle 
(Famer 1975). 

At northern latitudes the breeding season for the 
Great Tit Parus major is springtime (April-June). 
The study period is divided into different reproduc
tive stages during the period February-May. 

* The pre-nesting period FebruarylMarch starts when 
the males establish their breeding territories. 

* The nest-building period starts in mid April. Only 
the female is occupied in the construction of the 
nest. 

* The egg-laying period starts in late April. Normal
ly the female lays one egg per day. 

These periods imply important physiological chang
es. In the female, the sexual behaviour is dependent 
on the presence of high levels of gonadal steroids, 
such as oestradiol and progesterone (Barfield 1971, 
Meyer 1974). 

As the breeding season approaches, the ovary and 
oviduct develop and increase in both weight and 
size. The ovary, located dorsally on the left side in 
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the anterior part of the body cavity, contains thou
sands of oocytes. The majority of these oocytes 
never develop or degenerate. Thus, only a small 
number will mature and ovulate. Adeveloping oocyte 
is surrounded by granulosa cells, which support the 
oocyte during its development enabling the forma
tion of yolk material. Together, the oocyte and the 
granulosa cells constitute an ovarian follicle. The 
development of the follicle continues with the devel
opment of surrounding theca layers, which contain 
cells important for the hormone production. 

Only under photoperiodic stimulation can a de
veloping follicle grow to maximal size. When the 
oocyte is fully developed (preovulatory follicle), 
ovulation occurs when the follicle wall ruptures. For 
a more detailed description of ovarian and follicular 
growth in birds, see King & McLelland (1979). 

The aim of this study was to investigate experi
mentally whether the photoperiodic response of the 
reproductive organs in female Great Tits needs addi
tional stimulation generated by the presence of a 
male, a nest-box and naturally occurring nest-build
ing material in order for these organs to reach full 
maturity. 

The progress of maturation was followed by meas
uring the concentrations of oestradiol in the blood as 
well as the follicle growth. This was done by keeping 
female Great Tits on controlled light schedules in the 
presence and absence, respectively, of a male, nest
box and nest-building material. These laboratory 
studies were compared with the normal develop
ment in free-living birds. 

Methods 

Experimental design 

Great Tits were caught in early February with mist
nets near Gbteborg, south-western Sweden. They 
where placed in cages in three separate rooms, 
especially designed for photoperiodic experiments, 
and at a constant temperature and humidity. Before 
the experiment started, all caged birds were kept on 
short days for about three weeks. The cages meas
ured 55 x 30 x 40 cm. The birds had a continuous 
supply of water, sunflower seeds, and dried and 
living insects. 

* Group I consisted of eight females and eight 
males (female/male pairs). The birds were kept 
one pair per cage, and each cage contained one 
nest-box and fresh nest-building material. These 
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birds were kept on long days, i.e. 20 h of light and 
4 h of darkness (20L:4D). 

* Group 2 consisted of eight females, grouped two 
and two (female/female pairs). These birds had no 
access to males, nest-boxes or nest-building mate
rial, nor could they see or hear the males from 
Group 1. These birds were kept on long days 
(20L:4D). 

* Group 3 consisted of eight females, grouped two 
and two (female/female pairs). No males, nest
boxes or nest-building material were available. 
These birds were kept on short days (8L:16D). 
This group served as a control group. 

* Group 4. Four free-living females were captured 
each month during different breeding periods from 
late February to late April. 

Oestradiol test 

Blood samples were collected from all birds in 
Groups 1-3 on day 0, 6,18,27,38,47,61, and 68 of 
the experiment between 9 and 12 a.m. About 300 III 
of blood was drawn from the jugular vein, utilising 
a heparinized syringe, and centrifuged within one 
hour. The plasma was stored at -20De until analysed. 

In the free-living birds (Group 4), blood was 
collected as soon as possible after capture, normally 
within 10 minutes. These blood samples were kept 
on ice until centrifuged. Plasma levels of oestradiol 
were determined by a radioimmunoassay technique, 
described by Wingfield & Farner (1975). 

Gonadal growth 

On day 0, 14, 31, 53, and 68 after the start of the 
experiment, follicle growth in females of Groups 1-
3 was studied by repeated laparotomies. Each bird 
was anaesthetised with metophane (Pitman Moore). 
A slit was made in the left side between the two 
lower ribs. The ovary was held with blunt instru
ments and measured under a dissection microscope. 
Due to the fast and powerful growth of the ovary, it 
was impossible to measure the total length of this 
organ. Instead, the largest follicle was measured to 
the nearest 0.2 mm. Testes of males from Group 1 
were also inspected and measured following the 
same procedure. Immediately after blood collection, 
the free-living birds of Group 4 were anaesthetised 
with metophane, until death occurred. 

Permission has been given by the ethical commit
tee of animal experiments Dnr. 182/93. The statisti
cal method used was the Mann & Whitney U-test. 
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Fig. 1, a-d. Plasma levels of oestradiol in different experimental groups of female Great Tit. Values are given as means and 
standard deviations. Day 0=26 February. 

Plasmakoncenfrafion av oSfradiol hos olika experimenfgrupper av falgoxhonOl: Viirdena iir angivna som medelviirden med 
sfandardavvikelser. Dag O=26jebruari. 

Results 

Oestradiol 

Data on plasma levels of oestradiol in the females are 
given in Fig. 1. Only one significant difference was 
noted: in free-living females, circulating levels of 
oestradiol increased between the nest-building and 
the egg-laying periods (p<O.05). 

All females of Groups 1-3 showed the same basic 
level of oestradiol throughout. This level was signif
icantly lower than the peak value of the free-living 
birds (p<O.05). 

Follicle size in free-living birds 

Data concerning the largest follicle are shown in 
Table 1. The follicle growth did not start until after 
two months, its size eventually increased almost 
tenfold (p<O.05). 

Follicle and testis size in experimental birds 

The sizes of the largest follicle and testis in the 
experimental birds (Groups 1-3) are shown in Table 
2. The follicle of both Group 1 and Group 2 females 
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Table 1. Diameter of the largest ovarian follicle in free
living females at different times of the study period 
(Group 4). Values are given as means and standard 
deviations. 

Diametern av den storsta Jollikeln i iiggstocken hos 
Jrilevande talgoxhonor Jangade vid olika tillfiillen un
derstudieperioden(Grupp4). Viirdenaiirangivnasom 
medelviirden med standardavvikelse1: 

February 26 
March 26 
April19 Nestbuild.lBobygg. 
April 28 Egglay.lA.gglagg. 

Largest follicle size 
Storsta Jollikelstorlek 

N (rrun) 

4 
4 
4 
4 

O.6±O.1 
O.7±O.O 
1.7±O.6 
5.9±2.6 

peaked during the study (p<O.01 in both cases), 
those of Group 1 considerably earlier than Group 2, 
indicating a time difference of a couple of weeks, or 
more. However, the maximum follicular size meas
ured in Group 1 females was significantly smaller 
than among Group 2 females (p<O.05). 

The maximum size of the two groups was signif
icantly smaller than that of the free-living females 
(p<O.02). Females in the control group (Group 3) did 
not show any significant increase in follicle size 
during the experiment. 

Testicular size increased significantly from day 1 
until at least day 31 (p<0.05). By day 68, the size of 
the testes had decreased significantly (p<0.05). 

Nest-building behaviour 

Only the females of Group 1 were provided with 
nest -building material. Except for one pair there 
were no signs of breeding activities (nest-building). 

Discussion 

To obtain full ovarian maturity, the female needs 
supplementary stimuli other than increasing day 
length. However, full maturation seldom happens in 
captivity (Farner 1964, Silverin et al. 1989, Westin 
1989). This experiment was performed in order to 
study whether the presence of a male, a nest-box and 
nest-building material could stimulate the female 
reproductive system to accomplish full maturation. 
The results showed that, under the prevailing labo
ratory condition, this was not the case. 

The stimuli, other than increasing daylength, are 
considered to synchronise the gonadal and hormone 
cycles of the female and the male in order to opti
rnize the breeding conditions (Lehrman 1961, Hinde 
1965, Lewis & Orcutt 1971, Imrnelmann 1973, 
Murton & Westwood 1977, Silver 1978, Wingfield 
& Farner 1980). Such stimuli usually consist of cues 
related to male courtship behaviour e.g. song, part
ner feeding or visual display (e.g. Ficken 1960, 

Table 2. Diameter of the largest ovarian follicle (females) and length of the left testis (males) for Great Tits in 
Groups 1-3. Values are given as means and standard deviations. Group 1: female/male pairs (20L:4D), Group 2: 
female/female pairs (20L:4D), Group 3: female/female pairs (8L: 16D) as a control group. Variation in N-values 
within groups is due to different measuring success. 

Diametern av den storstaJollikeln i iiggstocken (honor) och storleken av den viinstra testikeln (hanar), hos talgoxar 
i Grupp 1-3. Viirdena iir angivna som medelviirden med standardavvikelser. Grupp 1: honor och hanar parvis 
(20L:4D), Grupp 2: honor parvis (20L:4D) och Grupp 3: honor parvis (8L:16D) som kontrollgrupp. Variation i 
N-viirde inom grupperna beror pa variation i miitframgang. 

Day 
Dag 

o 
14 
31 
53 
68 
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N 

4 
5 
7 
7 
3 

Group 1 
follicle size 

Jollikelstorlek 
(rrun) 

O.6±O.1 
1.0±O.3 
1.4±O.5 
1.0±O.4 
O.8±O.3 

Group 1 
testicular size 
testikelstorlek 

(rrun) 
N 

4 1.6±O.1 
3 4.5±O.3 
3 6.7±O.6 
6 5.6±1.1 
3 3.3±O.4 

Group 2 Group 3 
follicle size follicle size 

Jollikelstorlek Jollikelstorlek 
(rrun) (rrun) 

N N 

4 O.6±O.1 4 O.6±O.1 
6 1.4±O.4 3 O.4±O.1 
6 1.6±O.3 4 O.4±O.4 
7 1.8±0.4 4 0.5±O.1 
3 1.2±0.2 3 O.7±O.1 



Brockway 1965, Cheng et al. 1988). During the 
spring it is the male who initiates the breeding season 
by securing and advertising his breeding territory, 
leaving to the female to make the final decision when 
to start the egg-laying (Farner & King 1973). 

In the present experiment the oestradiol levels in 
females from all groups remained low, and not 
significantly different, throughout the experimental 
period. This low level was the same as that observed 
in free-living females prior to the nest-building 
period. Thus, when comparing Group 1 and Group 2 
females kept on long days, it was obvious that the 
company of a male affected neither the oestradiol 
secretion, nor the follicular growth. As the testes in 
the males kept on long days reached full maturity, 
and as the testosterone level is known to increase 
dramatically in males kept on long days (Silverin, 
unpublished data) there could be no satisfactory 
explanation as to why the sexually mature males did 
not promote the maturation process in the females in 
this experiment. It might be that an unkown environ
mental factor was missing, or that the gonadotrophin 
secretion in the females was depressed by stress (i.e. 
increased corticosterone). 

In free-living females, the circulating concentra
tions of oestradiol increased significantly during the 
egg-laying period. The low plasma level of oestradi
ol during the nest-building period is difficult to 
explain, because the oestradiol dependent synthesis 
of yolk, necessary for follicle maturation, is then in 
full progress (Knight & Schechtman 1954, Sche
jeide 1963). The breeding status of the free-living 
females was carefully investigated by repeated in
spections of the actual nest-boxes. 

On the other hand, in female Willow tits Parus 
montanus, plasma levels of oestradiol increased 
significantly between March and April, parallel to an 
increase in the LH secretion. In this species, the 
oestradiol levels reached a maximum during nest
building, decreasing during the egg-laying period 
(Westin 1989). 

In this experiment, females kept on short days 
(8L: 16D) did not show any increase in the size of the 
largest ovarian follicle, whereas a long day regimen 
(20L:4D) induced incomplete ovarium and follicle 
growth (Table 2). The maximum follicle size of the 
females kept on long day was about the same as that 
of the free-living females in the early nest-building 
period, after which the ovaries normally increase 
dramatically in size. This follicle growth in free
living females occurred concomitant with an in
crease in circulating levels of oestradiol, and it is 
likely that this is a prerequisite for the follicular 

growth. It is possible, therefore, that the retarded 
ovarian growth in the captive females was due to 
insufficient oestradiol production. Surprisingly 
enough, the presence of a male obviously had no 
effect on the latter. 

Under natural conditions, slowly increasing day 
length initiates the photoperiodic stimulation. In 
contrast, the birds kept long days were instantly 
hyperstimulated (day length 20 hours), which en
hanced the slow growth of the gonads. Examination 
of the long day stimulated pairs of Group 1 showed 
that the gonads of both sexes synchronously in
creased and regressed in size. This regression of the 
follicles started just before their transformation into 
"preovulatory follicles". The reason for this could be 
that the males, being sexually weaker as a conse
quence of the regressing testes, failed to stimulate 
the female properly at a critical point of follicle 
development. This could possibly be tested by re
placing the "regressive" males with males in an 
earlier phase of the sexual cycle. 

Comparing the females kept on long days, the size 
of the largest follicle in Group 1 was significantly 
smaller throughout than that of Group 2, where the 
growth was faster and the largest follicle peaked 
later (Table 2). At least two explanations of this 
difference are conceivable. 1: The males of Group 1 
generally inhibit the maturation process. 2: The 
females of Group 2 stimulate each other as compet
itors awaiting the appearance of a male, on the 
supposition that he will choose the most mature ( = 
attractive) one of the two. Obviously, this kind of 
stimulation does not end up in complete maturity. 
Unfortunately, the exact breeding status at the peak 
of the ovarian development is not known as these 
females had no access to nest-building material. 
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Sammanfattning 

Hur paverkas talgoxhonans Parus major konsmog
nad av okande dagslangd och narvaro av hane? 

Talgoxhonans svar pa den okande dagsHi.ngden un
dersoktes, vad galler aggstoekarnas tillvaxt, bade i 
faIt oeh pa laboratorium. Pa varen nar dagslangden 
passerat 11 timmar startar ljuset talgoxens kons
mognadsproeess. Hos faglar fOrmedlas den fotope
riodiska informationen genom aU ljuset tranger ige
nom skalltaket oeh hjiirnvavnaden, dlir det traffar 
ljuskansliga ee1ler. Dessa stimulerar hormonprodu
eerande nerveeller i hjiirnan. Observera aU ogonen 
inte har nagon funktion i deua sarnrnanhang. De 
stimulerade hormonella proeesserna paverkar bade 
tillvaxten oeh hormonproduktionen hos konsorga
nen. Hos honan bildas konshormonet ostradiol av 
slirskilda ee1ler i aggstoeken. Ostradiol paverkar en 
rad nodvandiga proeesser under haekningsperio
den, bl.a. gule-syntesen i levern, ruvflaekens bild
ning oeh beteendemonstrets utveekling hos honan. 

Talgoxarna paverkas aven av andra faktorer som 
paskyndar eller bromsar konsmognaden. Exempel 
pa dessa lir tillgangen pa fOda, nlirvaro av en uppvak
tande hane, boholk oeh andra miljofaktorer, vilka 
alla till skillnad fran dagslangden uppfattas direkt av 
ogon oeh orono 

Talgoxhonans aggstoek tillvaxer vid stimulering 
bade i storlek oeh vikt. Den sexuellt aktiva hanens 
beteende gentemot honan ar viktig fOr aU stimulera 
derma process oeh fOr att samordna honans fort
plantningseykel med den egna. Detta sker hos talg
oxen framst fran borjan av bobyggnads-perioden 
oeh under agglaggningsperioden. Hanen behover 
uWver okningen i dagslangden ingen stimulering 
fran honan fOr att fa igang spermieproduktionen. 

Syftet med detta experiment var att utrona om 
konsmognaden hos talgoxhonan gar fortare oeh blir 
fullstandig vid nlirvaro av en sexuellt aktiv hane, 
holk oeh bobyggnadsmaterial. 

Metoder 

I februari saUes tva grupper med talgoxhonor i rum 



dar ljuset var Hint 20 timmar och sHickt 4 timmar 
varje dygn (20L:4D) . Den ena gruppen bestod av 8 
burar med en hona och en hane tillsammans med 
boholk och bomaterial i var och en (Grupp 1), och i 
den andra fanns 4 burar med endast tva honor i varje 
(Grupp 2) . En tredje grupp av honor holls under 
kortdags fOrhallanden (8L: 16D) och utgjorde en 
kontrollgrupp om 4 burar med tva i varje (Grupp 3). 
Dessutom infangades frilevande honor under perio
den februari-april (Grupp 4). 

Blodprover togs pa honorna med olika tidsmel
lanrum for att fOlja hur konshormonet ostradiol 
varierade under studien. Aggstockens tillvaxt un
dersoktes genom att snitta ett hal i kroppsvaggen och 
med hjalp av ett mikroskop mata diametern pa den 
stOrsta aggfollikeln. 

Resultat 

Blodets innehall av ostradiol visade hos de frilevan
de honorna en signifikant okning som borjade under 
bobyggnadsperioden och nadde hogsta vardet under 
agglaggningperioden (Fig. 1 ). Honorna i bur visade 
samma laga niva hela tiden (Fig. 1). 

Aggfollikelstorleken okade kraftigt under bobygg
nads- och agglaggningperioden hos de frilevande 
honorna (Tabell1), medan folliklarna hos de honor, 
som holls i bur, okade endast till samma storlek som 
hos de frilevande honorna under bobyggnadsperio
den fOr att darefter tillbakabildas igen. Egendomligt 
nog var follikeltillvaxten hos honorna i Grupp 2 
snabbare och kraftigare an hos honorna i Grupp 1 
(Tab ell 2). 

Diskussion 

Syftet med experimentet var att undersoka om kons
mognadsprocessen hos talgoxhonorna blev forstarkt 

och kanske fullstandig genom narvaron av en hane, 
boholk och bomaterial. Resultaten visade ingen sa
dan paverkan, trots att enligt flera forskare en sadan 
extra stimulering fran bl.a. hanen ar nodvandig for 
att honan skall na agglaggningsstadiet. lnte heller 
visade talgoxhonorna nagon skillnad mellan Grup
perna 1-3 vad betraffar ostradiolproduktionen. AlIa 
lag hela tiden pa samma laga ni va som de frilevande 
honorna vid bobyggnadsperiodens borjan. Att nar
varo av en hane inte haft nag on effekt kan mojligen 
tillskrivas nagon stressfaktor som orsakats av de 
experimentella omstandigheterna. 

Studien visade att kortdagshonorna (Grupp 3) 
inte fick nagon follikeltillvaxt. Hos langdagsho
noma (Grupp 1-2) intraffade en ofullstandig folli
kel- och ovarietillvaxt. Honorna i Grupp 2 visade 
dock en nagot senare intradande och markant stOrre 
follikelstorlek. Kanske kan detta tolkas som att 
honorna stimulerade varandra som konkurrenter i 
vantan pa en hane, och da under fOrutsattningen att 
den hona, som komrnit langst i konsmognadsfor
loppet, har stOrst chans att vinna en uppdykande 
hanes gunst. 

Norrnalt under varen stimuleras konsmognaden 
av en langsamt okande dagslangd. I denna studie 
"chockstimulerades" hanarna genom att de overfor
des fran kortdag utan overgang till langdag. Detta 
paskyndade hanens testikeltillvaxt. Testiklarna bor
jade sedan tidigt att tillbakabildas, redan langt innan 
honornas aggstockar hunnit att utvecklas fardigt. 
Kanske ar en hane med krympande testiklar inte i det 
tillstand som kravs fOr att effekti vt stimulera honans 
mognadsfOrlopp? 

Eftersom ostradiolhalten steg kraftigt under agg
laggningsperioden hos de frilevande talgoxhonor
na, ar det troligt att okande halter ostradiol kravs fOr 
att aggstockens folliklar skall kunna tillvaxa (under 
inlagring av gula) just innan agglaggningsperioden. 
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Short communications Korta rapporter 

Dangerous exploration: nest-cavity 
inspections by male Pied Flycatchers 
Ficedula hypoleuca 

HANSKALLANDER 

Competition for nest cavities between Pied Ficedula 
hypoleuca and Collared Flycatchers F albicollis on 
the one hand, and Great Tits Parus major on the 
other, has been mentioned by many authors and was 
analysed in detail by Slagsvold (1975). It is general
ly concluded that the Great Tit is the stronger of the 
species. However, during the laying period of the 
tits, flycatchers may nevertheless succeed in usurp
ing nests by quickly building on top of the tit's nest 
(e.g. LahrI1950). However, in years when Great Tits 
start breeding sufficiently early to have completed 
their clutches at the time the flycatchers try to get 
established, such take-overs apparently fail (e.g. 
Campbell 1955, Slags voId 1975). 

Inspection of potential nest cavities appears not to 
be without risk to flycatchers. Several authors have 
reported dead Pied or Collared Flycatchers in nest
boxes occupied by other species, particularly Great 
Tits and Tree Sparrows Passer montanus (Lahrl 
1950, Creutz 1955, Haartman 1957, Curio 1959, 
Jansson 1960, Haftorn 1971, Slagsvold 1975). In 
most instances the dead birds have been males, but 
two authors, Curio (1959) and Jansson (1960), re
port one dead female each. Haartman (1957) even 
suggested that more male Pied Flycatchers may be 
killed by Great Tits than by predators during the 
breeding season. 

In the present note, I document the mortality risk 
to which male Pied Flycatchers expose themselves 
when inspecting potential breeding cavities. I do so 
to encourage those who monitor nestboxes regular
I y, to record cases when male (and female) Pied (and 
Collared) Flycatchers are found dead in the boxes. 
Such data may eventually tell us whether an in
creased mortality of females during incubation 

(Lundberg & Alatalo 1992) is balanced by a higher 
mortality of males during the earlier phases of breed
ing. To some extent they will also reflect the inten
sity of nest-cavity competition between tits and 
flycatchers. 

Material and study areas 

For a variable number of years during 1970-77 I 
monitored nestboxes in several small deciduous 
woods and one pine wood (Vombs Fure); in 1983 to 
1988 at Revinge; from 1988 to 1993 again in Vombs 
Fure; from 1990 to 1993 at Kungsmarken; and from 
1991 to 1993 at Hagestad. All these localities are in 
SW SHme, southernmost Sweden, with the excep
tion of Hagestad at the extreme SE comer of the 
province. The number of boxes, which were of 
dimensions suitable for Great Tits and Pied Fly
catchers, varied between c. 550 in 1971 and 133 in 
1990. The density of boxes varied considerably 
between study plots, being around 6 boxes/ha in 
almost all areas in the 1970-77 study but lower in the 
later years of the study (1983-93). For some areas, 
nestbox density cannot be calculated because of the 
linear arrangement of the boxes, with large un
boxed areas in between. 

The nestboxes were checked every five to seven 
days from before the Great Tits started laying until 
incubation was about halfway and then usually again 
during the nestling period. 

Results 

A total of 22 Pied Flycatchers was found dead in 
nests of Great Tits (once below the nestbox) during 
c. 50 "plot years". All ofthe flycatchers were males. 
Most of them had injuries on the head and back; 
several had the posterior part of the skull punctured. 
The corpses had either been moved to the side of the 
nest or partly incorporated in the nest material by the 
tits. 

For the 21 males, for which the time for their death 
in relation to the breeding stage of the Great Tit could 
be determined with certainty or with a high probabil-
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ity, seven (33%) had been killed during the tits ' nest
building period, nine (43%) during the laying peri
od, four (19%) during incubation and one (5%) just 
after hatching of the tit 's eggs. For one male, the time 
of death could not be determined with acceptable 
precision. 

No less than nine (41 %) of the flycatchers were 
found in the same year, 1993. This was a peak year 
for tits in S. Sweden (unpubl. data, J.-A. Nilsson 
pers. comm.), with numbers probably being the 
highest since the mid-70s, or even exceeding these. 
The mortality risk that nest-cavity prospecting Pied 
Flycatcher males face thus seems to be related to the 
density of competitors for nest cavities. Using the 
percentage of unoccupied nestboxes about the time 
the Great Tits hatch their eggs as an index of compe
tition for nest holes, the mean proportion of unoccu
pied boxes was 19.4% in years when male Pied 
Flycatchers were found dead (range 8-35%, n=lO 
"plot years") versus 38.0% (range 0-68%, n=36 
"plot years") when none were found. 

From Slagsvold's (1975) analysis one would ex
pect more Pied Flycatcher males to be killed by 
Great Tits in years when the tits start breeding late in 
relation to the arrival and establishment of the fly
catchers. Using the difference between the mean 
laying dates of the two species as a measure of 
breeding overlap, and thus of potential nest-cavity 
competition, gave no support for this idea, but the 
material is small and such a relationship may well 
exist. 

Discussion 

All 22 Pied Flycatcher males found dead in nestbox
es occupied by Great Tits were males, indicating that 
the greatest risk occurs when males are inspecting 
potential nest cavities. During nest-building, Great 
Tits visit the nest intermittently, and during laying 
the nest is left unattended for long periods. By 
contrast, during incubation, the female Great Tit is 
fed on the nest by the male and leaves the nest only 
for short periods (Perrins 1979). Thus, the risk that 
a cavity-inspecting male Pied Flycatcher should be 
taken by surprise should be greater during the tits' 
nest-building and laying stages than during the later 
stages of breeding. In agreement with this, of the 21 
male Pied Flycatchers for which the timing of their 
death could be determined with reasonable accura
cy, no less than 16 (76%) had been killed during the 
tits' nest-building and laying periods versus only 
five (24%) during incubation andjust after hatching. 
Some caution is necessary, however, in interpreting 
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these figures as slightly fewer nestbox inspections 
were made late in the tits ' breeding cycle. 

In the present study, nestboxes were used and, in 
most instances, they were present in rather high 
density. This no doubt explains why no more than 22 
male Pied Flycatchers were found killed by Great 
Tits in a total of c. 50 "plot years" (equalling c. 1200 
Great Tit first clutches). Only in 1993 was this 
mortality factor more prominent: nine males were 
found in a total of 209 monitored boxes (118 Great 
Tit nests) . This year the numbers of tits no doubt 
were the highest since the 1970s (and possibly even 
higher than those in that decade), suggesting that the 
mortality risk of male Pied Flycatchers is directly 
related to the density of nest-cavity competitors. 
This conclusion is supported by the lower propor
tion of unoccupied boxes in those years when dead 
flycatcher males were found than in the years when 
none were found. Thus, except in years when tit 
popUlations are extremely high, one should not 
usually expect to find dead flycatcher males in boxes 
occupied by Great Tits in densely boxed areas but 
only when boxes are far apart or few in relation to 
available habitat. This is because in areas with a high 
density of boxes, even during peak years, the tits' 
territorial behaviour will exclude conspecifics from 
some of the boxes, thus leaving empty boxes for the 
flycatchers . Some support for this is the fac t that 
only two flycatcher males were found killed by 
Great Tits during the early years of this study. Both 
were found in the same rich deciduous wood in 
which the density of boxes was only 2.5 per ha, and 
in which only one or two boxes remained unoccu
pied in each of these two years. By contrast, in the 
other eight study plots, totalling 27 "plot years", 
nestbox densities ranged from 5.6 to 7.3 per ha, and 
often as many as half of the boxes remained unoccu
pied. 

Is nest-cavity inspection connected with a consid
erable mortality risk to Pied Flycatchers or not? And, 
is the mortality rate of males due to being killed in 
the nest-cavities of Great Tits enough to balance 
female mortality due to predation during incuba
tion? Clearly, the answers to these questions depend 
on how intense competition for nest sites is in most 
situations. If the availability of suitable nest cavities 
is low in natural forest, and competition with tits 
therefore intense, then this mortality factor could be 
important, as indicated by the high number of male 
flycatchers found dead in 1993, a year when most 
boxes were occupied by tits. It would be interesting 
to have data on how frequently male Pied Flycatch
ers are killed by tits from nestbox studies in which 



the densities of boxes are low. However, data from 
natural cavities in relatively undisturbed forests 
would be even more valuable - but are hard to 
obtain. 
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Sammanfattning 

Ar det farligt for svartvita Jlugsnapparhanar aft 
inspektera tankbara bohdl? 

Som de flesta som regelbundet inspekterat holkar 
kanner till, dider det ofta hard konkurrens mellan 
halbyggare om de tillgangliga boplatserna. Slags
voId (1975) analyserade denna bohalskonkurrens 
mellan talgoxe Parus major och svartvit flugsnap
pare Ficedula hypoleuca. I likhet med flera andra 
fOrfattare konstaterade han att talgoxen ar den fy
siskt starkare, men att den svartvita flugsnapparen 
trots detta ej sallan lyckas ta over talgoxens bohal. 
Detta sker speciellt under ar da talgoxama paborjar 
sin hackning sent i relation till nar flugsnappama 
anHinder: under talgoxamas Higgningsperiod, da fag
lama larnnar boet obevakat under langre perioder, 
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hinner ej sallan flugsnapparna bygga over balen, 
varvid talgoxarna overger. 

am en flugsnappare overraskas av bohalets agare 
leder detta ofta till att flugsnapparen hackas ihjal 
(Lohrl 1950, Creutz 1955, Haartman 1957, Curio 
1959, Jansson 1960, Haftorn 1971, Slagsvold 1975). 
Haartman (1957) gissade t.o.m. att fler svartvita 
flugsnapparhanar dodades av talgoxar i samband 
med att de inspekterade tankbara bohal an vad som 
under hackningsperioden togs av predatorer. I denna 
notis redovisar jag de fynd av svartvita flugsnappare 
ihjalhackade av talgoxar, som jag gjort i samband 
med atskilliga ars holkstudier i Skane. Syftet ar att 
om mojligt ge en uppfattning om hur stor denna 
dodsrisk ar for flugsnappama och att stimulera an
dra, som regelbundet kontrollerar holkar, att regist
rera forekomsten av doda flugsnappare. 

Under aren 1970-77 kontrollerade jag ett stort 
men varierande antal mesholkar i lOvskogsdungar 
och, undertre ar, en tallskog (Vombs Fure); 1983-88 
fOljdes holkar pa Revingefaltet; 1988-93 pa nytt i 
Vombs Fure; 1990-93 i Kungsmarken och 1991-93 
i Hagestad. Samtliga lokaler ar belagna 5-25 km 
oster om Lund, med undantag av Hagestad i land
skapets sydostligaste horn. Antalet holkar varierade 
mellan 550 ar 1971 och 133 ar 1990. De kontrolle
rades i allmanhet var femte till sjunde dag fran 
bobyggnad till ungamas utflygning. Undantaget ut
gor de allra senaste aren, da fa kontroller gjordes 
efter mitten av talgoxamas ruvningstid men aven 
nagra av ytorna under vis sa ar pa 70-talet. 

Totalt hittades under cirka 50 "ornradesar" med 
sammanlagt ungefar 1200 fOrstakullar av talgoxe 22 
svartvita flugsnappare, samtliga hanar, doda i bon av 
talgoxar. Oftast hade de bara forts at sidan, ibland 
hade de delvis inkorporerats i bomaterialet. For 21 
av dem kunde tidpunkten nar de hackats ihjal relate
ras till stadiumi talgoxens hackningscykel: sju (33%) 
hade dodats under bobyggnadstiden, nio (43%) un
der laggningsperioden och fern (19%) under ruv
ningsperioden eller just efter talgoxaggens klack
ning. Detta stammer val overens med det faktum att 
talgoxhonan (som matas av hanen) larnnar boet 
endast korta stunder under ruvningstiden och de 
forsta dagama efter klackningen - risken att en 
flugsnappare da skall ga in i ett bohal och overraskas 
ar darfor langt mindre an under talgoxens laggnings
period. 

Inte mindre an nio av flugsnapparhanama hittades 
1993, vilket var ett veritabelt toppar for mesar, 
troligen t.o.m. med annu hogre tatheter an under 
topparen i mitten av 1970-talet. Detta, samt det 
faktum att farre holkar stod tomma under de ar da 
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svartvita flugsnapparhanar hittades doda an under ar 
da inga hittades (19,4%, variation 8-35%, n=10 
"omradesar" mot 38,0%, variation 0-68%, n=36 
"omradesar), tyder pa att dodsrisken for flugsnap
parhanarna star i proportion till tatheten av konkur
renter. Jag fann daremot inget samband mellan gra
den av overlappning i talgoxamas och de svartvita 
flugsnapparnas hackningstid och antalet ihjalhacka
de flugsnapparhanar, men ett sadant samband kan 
mycket val anda finnas - det totala antalet doda 
flugsnappare i denna studie ar ganska lagt. 

Emellertid ar det inte mestatheten i sig utan sna
rast tatheten bohal (holkar) i relation till mesarnas 
numerar som bestammer hur hog risken ar fOr bo
halsinspekterande flugsnapparhanar. Om holktathe
ten ar hog kommer talgoxarnas revirbeteende aven 
under toppar att leda till att tomma holkar star till de 
svartvita flugsnapparnas fOrfogande. Det ar nog 
ingen tillfallighet att de tva flugsnapparhanar, som 
hittades doda under studiens forsta ar, bada hittades 
i en mycket rik lOvdunge dar holktatheten var 2,5 
holkar per ha och dar endast en eller tva holkar stod 
tomma de bada aren. Daremot hittades ingen enda 
flugsnapparhane dod under sammanlagt 27 "omra
desar" in om de ytor dar det fanns 5,6-7,3 holkar per 
ha. 

Det skulle vara intressant att veta hur stora risker
na med att inspektera tankbara bohaI ar fOr svartvita 
flugsnapparhanar i omraden med glest utspridda 
holkar (en, eller mindre an, en holk per ha) och, 
naturligtvis, i relativt orord skog med endast natur
liga hal. 

Hans Kdllander, DeptojEcology, Ecology Building, 
S-223 62 Lund, Sweden. 

Kulloverlappning hos smadopping 
Tachybaptus ruficollis 

ANDERS WIRDHEIM 

Faglar som formar starta en ny kull innan ungarna 
fran den foregaende annu blivit sjaIvstandiga kan 
pressa in flera kullar under en sasong an eljest. De 
borde diirmed ocksa kunna producera fler ungar. For 
en allman oversikt av vilka effekter sadan kullover-
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lappning har pa bl.a. kullstorlek och hackningsfram
gang hanvisas till Burley (1980). 

Hos bostannande arter, som lagger mer an en kull 
och som maste mata sina ungar bade i boet och en tid 
darefter, tycks det vara mindre vanligt att kullover
lappningen ar sa stor att den nya kullen borjar laggas 
medan ungarna ur den fOregaende fortfarande finns 
kvar i boet. Daremot tycks det kunna vara regel att 
nya kullar paborjas under den tid som ungarna ar 
beroende a v matning sedan de lamnat boet. I en 
studie av talgoxe Parus major (Smith m.fl. 1988) 
paborjades 99 % av andrakullamainnan ungarna var 
sjalvstandiga, nagra dock redan medan det fortfa
rande fanns outflugna ungar i fOregaende kull. 

Hos borymmande arter borde kulloverlappning 
kunna fOrekomma i storre omfattning, i varje fall hos 
arter dar ungarna tidigt borjar soka foda sjalva. Till 
de mer kanda exemplen hor sandlOparen och mo
snappan dar hannen ensam ruvar den forsta kullen, 
medan honan snabbt lagger en ny som hon tar hand 
om (Parmelee & Payne 1973, Hilden 1975). Har har 
overlappningen drivits sa langt att den omfattar en 
stor del av ruvningstiden. 

Smadoppingen intar en mellanstallning. Ungarna 
lamnar boet efter klackningen, matas i betydande 
omfattning i borjan, men blir successivt alIt sjalv
standigare (Bandorf 1968). Teoretiskt borde sma
doppingen darfor kunna ha betydande kulloverlapp
ning. 

Sommaren 1993 inventerade jag hackfagelfaunan 
i ett system av nyskapade vatmarker i Skottorp i 
sodra Halland (62°60/N. 13°26/E). Vatmarkema 
anlades 1991 och omfattar totalt ca 60 ha fOre detta 
jordbruksmark. De bestar av fyra grunda dammar. 
Stallvis ar dammama redan tamligen vegetationsri
ka (f.a. kaveldun Typha) . 

Under inventeringen konstaterades bl.a. fyra hack
ningar av grahakedopping Podiceps grisegena, va
ray tre lyckades och resulterade i vardera tva flygga 
ungar. Vidare hackade minst sju par smadopping 
Tachybaptus ruficollis. Atminstone tva av smadop
pingparen lade tva kullar, nagot som ar vanligt hos 
denna art. Smadoppingen ar den europeiska dopping 
som oftast lagger tva kullar (Bandorf 1968). I bad a 
fallen handlade det om kulloverlappning (tyska Brut
verschachtelung), dvs. att den andra kullen paborja
des innan ungarna fran den fOrsta var sjaIvstandiga. 

Den fOrsta iakttagelsen som tydde pa kullover
lappning var niirmast komisk. I den minsta och 
vastligaste av dammarna fanns endast ett par. Efter 
att ha ruvat fram den fOrsta kullen i ett bo belaget 
nara stranden, uppeholl sig faglarna en morgon vid 
ett nytt bo i en liten rugge mitt i dammen, drygt 50 



meter fran det fOrsta boet. Den ena fageln (som 
visade sig vara honan) lag pa boet med halsen strackt 
rakt framat, medan den andra (hannen) simmade 
runt boet i snava cirklar. PlOtsligt antrade hannen 
boet bakom honan och inledde paming. Vr honans 
ryggfjadrar formligen spratte det da ut tva sma 
ungar. De hamnade i vattnet dar de forblev simman
de medan pamingen fullfOljdes. 

Den patoljande veckan besokte jag dammen nas
tan dagligen. Vid samtliga tillfallen lag en adult fagel 
pa boet medan den andra uppeholl sig med ungama 
i narheten (sallan mer an 20 meter fran boet). Drygt 
tva veckor senare sags den ena fageln med tva stora 
ungar samtidigt som den andra simmade nara boet 
med tva till synes endast dygnsgamla ungar. 

I en annan damm hackade tre par. Tva av dessa 
fOdde sannolikt upp endast en kull var. Det tredje 
paret sags aldrig ruva sin fOrsta kull, utan dok upp en 
dag vid ett mindre vegetationsparti mitt i dammen 
med atminstone tva sma ungar. Redan da hade de 
borjat bygga en ny boplattform, ett arbete som 
fortsatte patoljande dag. Ytterligare en dag senare 
lag den ena fageln pa boet under hela den tid (ca tva 
timmar) somjag besokte platsen. Precis som vid den 
tidigare namnda hackningen uppeholl sig senare en 
av faglama med ungama nara boet, medan den andra 
ruvade. Jag sag aldrig att de bada vuxna faglarna 
byttes om, utan fick intrycket att de hade skilda roller 
i bada paren. Vid nagra tillfallen sags den ruvande 
fageln yanda aggen, menjag lyckades inte klarlagga 
om de klacktes. Nagra nya sma ungar sags inte. Fran 
den forsta kullen nadde tva ungar flygfardig alder. 

Hos smadoppingen ar kulloverlappning hittills 
beskriven fran Tyskland (Bandorf 1970) och Oster
rike (Sackl 1982) refererade i Bauer & Glutz von 
Blotsheim (1987) och Bezzel (1985). Cramp m.fl. 
(1977) namner daremot inte fOreteelsen. Det fram
gar av referenserna att det ar extremt sallsynt att en 
andrakull paborjas redan i samband med klackning
en av fOregaende kull, aven om ett fatal fall ar kanda. 
Bada mina observationer i Skottorpsdammama ty
der pa att overlappningen var mycket stor. Det bor 
inte ha gatt mer an nagon vecka mellan klackningen 
av den forsta kullen och varpandet av fOrsta agget i 
den andra, vilket saledes ar bland de kortaste inter
vall som registrerats. Det innebar ocksa att andrakul
len startades val fOre den tidpunkt da ungama sjalva 
skaffar sig nagon namnvard del av fOdan. Detta gor 
de inte forran de ar minst tva veckor gamla (Bandorf 
1968). 

Vad som ocksa var intressant med paren i Skot
torp, var att de bada hela tiden uppeholl sig inom 
begransade revir och upprattholl parbanden trots de 
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skilda rollerna. Det fOrstnamnda paret var som namnts 
ensamma i sin damm och kunde rora sig opaverkade 
av andra smadoppingar. Anda holl de sig inom ett 
litet omrade. I det andra fallet fanns ett annat sma
doppingpar hackande mindre an 100 meter bort, och 
vid flera tillfallen uppstod, om inte revirstrider, sa i 
alIa fall skarmytslingar. Vngama sokte sig da en
samma mot boet med den ruvande fageln . 

Ett tack riktas till Soren Svensson for vardefulla 
kommentarer pa ett forsta utkast till manuskript. 

Referenser 

Bandorf, H. 1968. Beitrage zum Verhalten des Zwergtauchers 
(Podiceps ruficollis). Die Vogelwelt, Beiheft 1:7-61. 

Bandorf, H. 1970. Der Zwergtaucher. Neue Brehm Bticherei 
430. A.Ziemsen Verlag. Wittenberg-Lutherstadt. 

Bauer, K. & Glutz von Blotsheim, U. 1987. Handbuch del' 
Vogel Mitteleuropas. Band 1. 2. Auflage. Akademische 
Verlagsges. FrankfurtIM. 

Bezzel, E. 1985 . Kompendium del' Vogel Mitteleuropas. Non
passeriformes. Wiesbaden. 

Burley, N. 1980. Clutch overlap and clutch size: alternative 
and complementary reproductive tactics . Am. Nat. 
115:223-246. 

Cramp, S. (ed), 1977. Handbook of the Birds of Europe, the 
Middle East and North Africa. Oxford University Press, 
Oxford. 

Hilden, O. 1975. Breeding system ofTemminck' s Stint Calidris 
temminckii. Omis Fennica 52: 117-146. 

Parmelee, D.F. & Payne, R.B. 1973. On multiple broods and 
the strategy of arctic Sanderlings. Ibis 115:218-226. 

Sackl, P. 1982. Okologie und Brutbiologie einer Population 
des Zwergtauchers, Tachybaptes ruficollis, in der Steier
mark. Egretta 25:1-11. 

Smith, H.G., Kallander, H. & Nilsson, J.-A. 1988. The signi
ficance of clutch overlap in Great Tits Parus major. Ibis 
131 :589-600. 

Summary 

Clutch overlap in the Little Grebe 
Tachybaptus ruficollis 

A few cases of overlap between a first and a second 
clutch are known for the Little Grebe. It seems to be 
exceptional, however, that the eggs of the second 
clutch are laid already in connection with the hatch
ing of the first clutch. 

In 1993 I surveyed the breeding birds of newly 
restored wetlands at Skottorp, southern Halland. At 
least seven pairs of Little Grebes bred in four shal
low ponds. At least two of the pairs laid two clutches, 
which is common in this species. But in both cases 
the clutches overlapped considerably. 
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In the first case I saw the male copulate with the 
female in a new nest about 50 m from the previous 
one. During copulation two small young jumped out 
ofthe back feathers of the female . During the follow
ing week one of the adult birds sat on the nest with 
the other adult with the young swimming in the 
water, usually within 20 m from the nest. Two weeks 
later one of the adults swam with two half-grown 
young and the other one with two newly hatched 
young near the nest. 

In another pond I found a pair with at least two 
small young. They were building a new nest and 
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continued with the nest building the following day. 
On the third day one of the adults sat on the nest, and 
later I saw it tum the eggs. 

In both cases the first egg of the second clutch was 
laid withing a week of hatching the first clutch. This 
is among the shortest intervals ever recorded. It also 
means that the second clutch was initiated well 
before the young start to collect any substantial part 
of their food themselves, which they do not do until 
about two weeks old. 

Anders Wirdheim, Genviigen 4, S-302 40 Halmstad 



Nya bocker New books 

Redaktor Editor: A. Hedenstrom 

Anthony 1. Gaston, 1992: The Ancient Murre
let. A Natural History in the Queen Charlotte 
Islands. Illustrerad av Ian L. Jones. 249 sid. T. & 
A. D . Poyser, London. Medlemspris i Naturbok
handeln, inb. : 252 kr. ISBN 0-85661-070-4. 

Denna bok behandlar den nagot mystiska oeh tidiga
re ganska daIigt kanda alkan, Ancient Murrelet Synth
liboramphus antiquus (sv. starikalka), som haekar 
pa oar langs kusten i norra Stilla Havet fran Japan i 
vast via Okhotska havet oeh Berings hay osterut till 
Alaskas sydostra kust. De stOrsta koloniema finner 
man i den ostra delen av utbredningsomradet oeh da 
kanske framst pa Queen Charlotte Islands med over 
100000 haekande par. Hlir har Anthony Gaston oeh 
hans medarbetare under ett antal ar i mitten av 1980-
talet studerat den lilla alkans biologi oeh haekning 
under nlirmast heroiska faltarbetsformer. 

Starikalkan valjer att plaeera sina bon i halor bland 
klippor oeh stenar pa klippiga oar, men frarnforallt 
talrika lir de pa skogbekladda oar, dlir de graver ut 
sina bohal bland rotter oeh mossa vid foten av upp 
till 40 meter hog a Sitkagranar Picea sitchensis. 
Haekningen inleds i slutet av mars da bohalet grays 
ut. I slutet av april oeh maj laggs oeh ruvas aggen, 
oeh under en relativt begransad tid under senare 
half ten av maj larnnar de tva ungama boet vid en till 
tre dagars alder oeh fOljer sina fOraldrar under en 
ungeflir 18 timmar lang simtur ut till hays dlir de 
finner goda fOdosoksvatten. Ovrig tid av aret lever 
alkoma pelagiskt. 

I fOrsta delen av boken har Anthony Gaston valt att 
presentera historik, forekomst oeh redan kanda haek
ningsbiologiska uppgifter fran olika delar av utbred
ningsornradet. Lasaren blir val insatt i de livsforhal
landen som starikalkan utsatts fOr, inklusive vilka 
forodande effekterpredation av introdueerade dagg
djur, sasom svarta rattor Rattus rattus oeh tvattbjom 
Procyon lotor, kan ha pa de utsatta alkoma i sina 
haekningskolonier. Manniskan har i sin iver att 
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utnyttja timmer fran skogbekladda haekningsoar 
totalt fOrandrat vissa haekningsplatser som tidigare 
varit skyddade fran den ibland myeket kraftiga vin
den oeh dar dessutom tradskiktet utgjort ett skydd 
mot predatorers skarpa ogon. Pa sadana oar har 
antalet haekande faglar starkt redueerats . Det var 
bland annat fOr att skydda de delvis hotade alkoma 
mot skogsavverkning oeh andra stOmingar som man 
inledde mer ingaende studier av artens biologi oeh 
dessutom avsatte vissa oar i Queen Charlotte arkipe
lagen som reservat. 

Bokens andra halft behandlar de studier Anthony 
Gaston oeh hans kollegor genornfort pa ReefIsland, 
en av de 130 smaoar som utgor Queen Charlotte
arkipelagen utanfor British Columbias norra kust. 
Ogruppen lir belagen i norra delen av Stilla Havets 
subarktiska zon, oeh ornradet berors av nliringsrikt 
uppvallande havsvatten som bidrar till en myeket 
hog produktion i havet. Dessa uppvallningar utsatts 
for periodiska nedgangar som anses hanga ihop med 
El Nifios sodra fluktuationer. Den fOranderliga na
ringstillgangen i havet paverkar alkomas oeh andra 
havsfaglars haekningsresultat, som kan avlasas i en 
sarnre reproduktionsframgang under vissa ar. Alkor
na paverkas dock inte enbart av de marina nlirings
kedjoma, utan lir aven starkt paverkade av nlirings
kedjor pa land. De inhemska gnagama, Deer Mice 
Peromyscus maniculatus oeh P. sitkensis, som lever 
av sitkagranens fron lir starkt beroende av fropro
duktionen oeh paverkas myeket av variationen i 
granarnas frosattning mellan ar. pft vis sa av alkomas 
haekningsoar utgor mossen stapelfodan for ett antal 
daggdjurspredatorer, som svarta rattor, tvattbjom 
oeh flodutter Lutra canadensis, oeh nlir antalet gna
gare lir lagt overgar predatorema till att ta de relativt 
lattatkornliga haekande alkoma. Det okade preda
tionstryeket under vissa ar kan oeksa avlasas hos de 
ha~kande alkoma, som under dessa omstandigheter 
i stOrre utstraekning misslyekas med haekningen. 

Forfattaren oeh medarbetare har med olika meto-

55 



Ornis Svecica 4 (1994) 

der undersokt Higlarnas haekningsbiologi, de har 
studerat de adulta Higlarnas "display"-beteende pa 
samlingsplatser ute till hays, registrerat faglarnas 
nattliga rorelser till oeh fran bona, samt undersokt 
hur ungarna finner sin vag om natten, ett antal 
hundra meter genom beekmork skog fran bohalet till 
de vantande foraldrarna vid stranden. I en serie 
experiment med nyss uthoppade ungar pa vag fran 
bohalet ned till havet, kunde man visa att ungarna 
har en nedarvd instinkt att soka sig mot ljus (under 
alIa fall var ljuset starkast over vattnet), men aven att 
faglarna registrerade oeh reagerade pa ljudet fran 
havet oeh pa markens lutningsvinkel for att ta sig ned 
till vattnet. Med hjalp av radiospaming har forskarna 
bland annat undersokt individmarkta faglars rorel
ser ute till hays bort fran haekningson samt fOrsokt 
studera ieke-haekande faglars rorelser oeh beteen
de, en uppgift nog sa svar att undersoka hos en 
nattaktiv havsfagelart! AlIt detta oeh myeket mer far 
man sig tilllivs i de tio avslutande kapitlen av boken 
om starikalkan i Queen Charlotte arkipelagen. 

Kort sagt ar boken myeket lasvard, fOr en fagel
intresserad allmanhet, saval som for havsfagelspeei
alisten. Boken innehaller ett styeke val underbyggd 
naturalhistoria, som dock i vissa fall ar lite val fri 
fran ekologiska oeh'evolutionara tolkningar, om en 
tidigare daligt kand art. Den utgor en utmarkt infor
mationskalla for havsfagelkannaren eller om sa ons
kas, bidrar boken med stimulans oeh ideer for dag
drommande fagelskadare som kanske ej har mojlig
het att sjalva besoka starikalkans haekningsmiljoer. 
De talrika fotona oeh de fina illustrationema av Ian 
Jones bidrar till att formedla mystiken kring faglar
nas haekningsbestyr oeh ovriga liv. Som lasare kan 
man inte undga att uppslukas av den fascination 
Anthony Gaston kanner oeh pa ett myeket bra satt 
fOrmedlar om sitt studieobjekt, starikalkan, eller 
"skinkana" (night pigeons) som Haida indianema 
vid Queen Charlotte islands kallar de sma nattaktiva 
alkoma. 

SUSANNE AKESSON 

Tage Wahlberg, 1993: Kunskapen om faglar. 
Bokforlaget EKO, Uppsala. 479 sidor, rikt illu
strerad. Medlemspris i Naturbokandeln: 342 kr. 

Bokens titel ar ambitios, pa gransen till tendentios: 
Kunskapen om jaglar. Efter genomlasning kan jag 
konstatera aU fOr Tage Wahlberg ar den viktigaste 
kunskap man kan ha om vara faglar den som leder 
fram till aU man snabbt oeh latt kan hiUa deras bon. 
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Enligt honom ar det namligen det basta sattet att 
undvika att stora faglarna. Imina oron en bisarr 
paradox. Stamingar minimeras enklast genom att 
man lar sig uppfatta oeh fOrsta faglarnas beteende; 
med ilsket vamande fjallabbar over huvudet beho
ver inte jag hitta nagot bo for att fOrsta att jag ar en 
ovalkommen gast. Mer subtilt ar att forsta lOvsanga
rens varningslaten men inte heller i det fallet beho
ver man hitta boet for att fOrsta att man star. 

Att dagens ornitologer har alldeles fOr daliga 
kunskaper om vara vanligaste faglars haekningsbio
logi ar ett valkant faktum, som inte minst har patalats 
av Christer Persson i sina debattartiklar om verk
sarnheten i SOP. Jag kan inte annat an att hall a med 
om att kunskap om faglarnas haekningsbiologi ar 
vardefull men enligt min asikt gar det alldeles fOr 
langt nar boletandet, som det gors i boken, upphojs 
till en allman maxim i klass med den artjakt som 
bedrivs av Club 300:s medlemmar, "Av fOdsel oeh 
uppovad vana fOrsoker jag alltid finna boet av varje 
befjadrad uppenbarelse som korsar min vag.". Inte 
minst av historiska skal, med ett i sen tid allmant 
fordomande av aggsamlandet, ar det att balansera pa 
en skor trad nar man skriver om faglarnas bon oeh 
agg. 

"Antligen! Vilken kansla att fa skilja pa det om
valvande graset oeh blieka ned i det valfyllda (sma
flaekig sumphona) redet, tio agg! " Forfattarens 
fixering vid faglarnas bon oeh agg kan inte lindas in 
i nagra fOrskonande omskrivningar for att goras 
rumsren. 

For min del faller stora delar av bokens budskap 
platt till marken oehjag sHiller mig myeket tveksam 
till att overhuvudtaget ge ut en bok som sa starkt 
betonar letandet efter fagelbon som den mest vasent
liga fardigheten inom ornitologin. Tips som "Basta 
sattet aU lokalisera (kungsoms-)boet ar att under 
februarilmars ge akt pa omarnas flyglekar over 
haekplatsen", eller om ortolansparven "Vet man 
ungefar var boet ligger ar det laUast aU finna det med 
hjalp av en lOvruska, som svepes runt vid vandring
en strax over marken endast vidrorande ortvaxter 
oeh eventuella buskar.", ar inte bara tveksamma utan 
det ar fragan om de overhuvudtaget bor publieeras 
for en bredare allmanhet. 

For forfattare oeh illustratarer finns vissa etiska 
regler som bl.a. avser aU skydda originalarbeten oeh 
darigenom ge aran at dem som pa olika satt varit 
nyskapande. Tage Wahlberg har brutit mot de flesta 
av dem i sitt arbete med Kunskapen om jaglar. 
Plagiaten oeh de rena bildstaldema har patalats i en 
recension i Var Fagelvdrld oeh behover darlor inte 
mer an narnnas har. 



Tyvarr verkar inte bildmaterialet vara det enda 
som ar stulet i boken. Sa gott som samtliga uppgifter 
angaende kullstorlek och aggstorlek overensstam
mer mycket val med de som finns i det mycket 
noggranna tysksprmga arbetet Die Eier der Vogel 
Europas av Wolfgang Makatsch. Jag kontrollerade 
tio slumpvis utvalda arter och av totalt 50 varden 
stamde 44 till sista decimalen med dem i narnnda 
bok, i tre fall skiljer sig vardena i andra decimalen 
(avrundningsfel), i tva fall skiljer sig vardena kraf
tigt at (raknefel?) och i ett fall star det att sothonan 
kan lagga upp till 22 agg trots att Makatsch noga 
papekar att sadana stora kullar tvivellost harstam
mar fran tva honor som varper i samma boo En sadan 
overensstammelse kan inte vara slumpens verk. 
Petitesser i sammanhanget ar att de angivna medel
vardena pa aggstorleken utgors av me del varden av 
medelvarden och saledes inte tar hansyn till att 
antalet matt varierar mellan olika undersokningar 
och att uppgifterna ofta harstammar fran olika raser 
utspridda over hela Europa och i vissa fall aven 
inkluderar uppgifter fran Nordafrika och Asien. 

Vad galler uppgifterna om tidpunkten for hack
ningen m.m. visar en titt i Paul Rosenius stora verk 
Sveriges faglar ochfagelbon pa betydande influen
ser fran detta verk. 

I fOrfattarens fOrord narnns Rosenius och Ma
katsch, samt i den senare citerade kallor, flyktigt 
med - "1 de fall jag sjalv inte hittat bon har jag 
inhamtad hjalp fran .... ". Det ar forvisso inte fel att 
sammanstalla uppgifter fran olika kallor fOr att pa sa 
satt ge en overblick over den tillgangliga kunskapen. 
Men nar man gor sa skall man absolut ange varifran 
uppgifterna ar hamtade och hur man har behandlat 
de insamlade uppgifterna. Med tanke pa vilken stor 
del av faktauppgifterna som ar hamtade fran Ma
katschs och Rosenius arbeten finns det inga ursakter 
fOr att inte redovisa var uppgifterna kommer ifran. 
Att skriva som man gor pa parmens baksida att "1 
dagslaget har han (forfattaren) hunnit undersoka fler 
an 100.000 bon - vagt, matt och observerat. " gor att, 
atrninstone jag, forleddes att tro att de redovisade 
uppgifterna skulle vara originaluppgifter insamlade 
av fOrfattaren under hans verksamma boletartid. 
Detta ar djupt ohederligt. 

Forfattaren har vid tidigare tillfallen gett prov pa 
en hemmagjord, och till stora delar felaktig, ekolo
gisk varldsuppfattning med drag av ren mysticism, 
nagra exempel: "Korpen visste alltsa redan den 10 
mars vilket vader det skulle bli den 4 april. Av korpen 
har SMH1 mycket att lara!", "Forekomsten (av rod
spov) utanfOr Oland ar mycket ojarnn och gar pa sina 
hall i vagor med en langd av tiotals ar, vilket brukar 
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sarnmanfalla med solflackarnas fluktuationsmons
ter", "Plundring av bon ar ett av ekologins adelsmar
ken. Det leder till att kullarlaggs om och hacktiderna 
tojs ut och bidrar till en jarnn fOrdelning av fram
klackta kullar som svarar mot fOdounderlagets bar
kraft." Lyckligtvis ar sadana inslag sallsynta i boken 
men den presumptiva lasaren bor anda varnas fOr det 
kvasi-ekologiska budskap som framskymtar har och 
dar. 

Generellt sett ar texten ojarnn och i vis sa fall rent 
excellenta beskrivningar av faglarnas hacknings
rniljoer blandas med intetsagande och ibland felak
tiga omskrivningar och avskrivningar av de vanli
gaste fagelbockerna. Det nyskapande och det som 
tillfOr nagot nytt ar just rniljobeskrivningar. Savitt 
jag kan bedoma ror det sig i stor utstrackning om 
egna erfarenheter och i flera fall skiljer sig det 
skrivna, pa ett korrekt satt, fran litteraturens ibland 
slentrianmassiga och kritiklosa oandlighetsrefere
ran de. Den kunskap som visas har ar yard en battre 
inrarnning an den har fatt. 

Spraket ar mycket personligt hallet och aven om 
jag ibland stars lite av blandningen av fackjargong 
och ett ledigt, talspraksaktigt sprak far det val anses 
ligga inom ramen fOr fOrfattarens konstnarliga fri 
het. Otvi velaktigt ar det roande nar man t.ex. laser 
om i vilket sammanhang hustrun Siv blev omdopt 
till AggreSiv (sid. 474). Forfattaren har dock delvis 
fastnat i fallan aU finna for manga, och darmed i 
vissa fall krystade, synonymer till de mest anvanda 
uttrycken. Vad innebar t.ex. att " .. . utovar sitt hack
ningstryck fOretradesvis pa landets sodra hhlft.."? 

En av bokforlaget EKOs fOresatser ar att ge ut 
bocker som uppmarksammas fOr sin kvalite. For
lagsmassigt ar boken vacker och valgjord, ordentligt 
korrekturlast och jag har endast lyckats hitta nagra fa 
tryckfel. Likasa ar bandet snyggt och vhlgjort, t.ex. 
saknas irriterande limfogar mellan bladen - ett bok
binderimassigt otyg som tyvarr bli vit alltfOr vanligt. 
Hantverket ar gott men innehallet lever inte upp till 
malsattningarna. 

Jag vet inte mycket om vilka det ar som driver 
forlaget och vad de har for bakgrund. Att do rna av 
innehallet i Kunskapen om faglar ar de dock inga 
drivna biologer. Det rninsta man kan gora, och som 
de ocksa mycket riktigt gjort, ar darfor att lata en s.k. 
expert faktagranska manuskriptet. I detta fall tycker 
jag danor att skulden faller tung pa faktagranskaren, 
tillika forfattaren till bokens fOrord , Roland Staav. 
Han borde vara medveten om vilka publicistiska 
regler som galler och dessutom fOrmogen att upp
tacka och atgarda de ovan angivna bristerna. Alter
nativt haft vett att saga nej nar han blev tillfragad om 
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att faekgranska en bok skriven av en personlig van 
till honom. 

Lilt boken med gott samvete sta kvar pa bokhand
lamas hy llor. 

MlKAEL SVENSSON 

Rob G. Bijlsma, 1993: Ecologiscbe Atlas van de 
Nederlandse Roofvogels. Med medverkan av 
Anne-Marie Blomert, Willem van Manen och 
Maria Quist. Schuyt & Co, Haarlem. ISBN 90-
6097 -348-8. 

Som titeln antyder ar foreliggande volym ingen 
vanlig bestamningsguide utan en verklig kalla till 
kunskap om de tolv i Nederlandema haekande rov
fagelartema. Boken bygger pa ett enormt faltarbete, 
vilket till stor del utfOrts av inte rnindre an 93 
frivilliga ornitologer. 

Efter fOrord oeh inledning foljer ett kapitel, som 
detaljerat beskri ver det nederlandska landskapet oeh 
de forandringar detta utsatts for under de senaste 200 
aren. En sedan 50-talet alltmer aeeelererande urba
niseringsproeess har omvandlat ett ursprungligen 
smaskaligt bondejordbruk till en slags agroindustri 
med satsning pa monokulturer oeh dartill horande 
anvandning av avkastningshojande kemikalier. 

Denna forvandling i tiden redovisas myeket over
skadligt med hjalp av kartor oeh stapeldiagram lik
som aldersfOrdelningen pa den skog som forekom
mer. Denna bestar huvudsakligen av pa magra sand
jordar planterade omraden med framrnande trad
slag, framst skottsk tall,japansk lark, norsk gran oeh 
douglasgran. Det finns 74 sadana omraden storre an 
10 ha, men andelen trad som i alder overs tiger 100 ar 
ar fOrsvinnande liten. 

A yen om hela landets atlasinventeringar ligger till 
grund fOr sjalva utbredningsuppgiftema, ar de hu
vudsakliga undersokningarna gjorda i nordostra 
Nederlandema med provinsen Drenthe som kam
omrade. Har ar befolkningstatheten 164 pers/km2 

mot 431 i hela 1andet. Med en jordbruksutnyttjande
grad av 76 % faller inte mer an 11 % pa skog oeh 6 
% pa hed. Resten fOrdelar sig pa bebygge1se, vagar 
oeh vattenytor. Av jordbruksdelen (76 %) utnyttjas 
46 % till betesmark oeh hoskord, 45 % till akerbruk, 
8 % till fodersad oeh 1 % till tradgardsan1aggningar, 
m.m. 

Bara pa de 3-4 senaste deeenniema har jordbru
kets omvandling fran brodsad till olika fodersades
slag medfOrt att exempe1vis havre oeh rag rninskat 
fran e:a 50 % till 3 % (1838 80 %), medan potatis oeh 
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betor okat kraftigt oeh majs infOrts. Hur detta paver
kat bestandsutveeklingen hos de ijordbruks1andska
pet haekande rovfag1arna avslOjas kanske bast av 
uppgiftema fOr angshoken. Fore 1950 var den rela
tivt jamnt spridd over 1andet oeh raknade (1920-
1950) 500-1000 par. 1950 fanns e:a 250 par oeh 
fram till 70-ta1et redovisas "flera tiota1 par". 1988-
90 utgjordes bestandet av endast 2-3 par medan en 
okning till 32 par 1991- 92 visar pa en uppatgaende 
trend. 

Efter ett kapite1, som beskriver vaderlaget fOr de 
aktuella aren (1983-91) f01j er ett a vsni tt dar metodi
ken ingaende be1yses. loom kamomradet har data 
efter standardiserade former insarnlats fOr sju abun
danta arter: haekfag1arnas aIder, kullstorlek, anta1 
klaekta oeh flygga ungar, kullens paborjan oeh ev. 
rniss1yekanden, o.s . v. Dessutom har ruggade penn or 
insarnlats for bivrak, ormvrak, duvhok oeh sparv
hok. Man kan salunda i bi1d visa forandringar hos 1: a 
oeh 2:a handpennan fran samrna sparvhokhona fyra 
ar i rad oeh 2:a handpennan fran nio olika honor, 
o.s.v. Man klattrar, mater oeh yager ungar, tar gift
analyser oeh ringmarker. I vilken man de ofta ratt 
nargangna undersokningama i sig paverkat haek
ningsutfallet undandrar sig anmalarens bedomning. 
1821 revir i kamorrnradet oeh 2375 i ovriga landet 
har legat till grund fOr de artvisa kapitel, som sedan 
f01jer oeh som upptar 172 av bokens totalt 350 sidor. 
Beroende pa art finner man alltsa har mer eller 
rnindre uttomrnande uppgifter av eko1ogisk natur. 
Salunda behand1as sparvhok oeh duvhok pa 29 resp. 
26 sidor, medan ormvrak oeh bivrak avverkas pa 
resp. 27 oeh 19 sidor. 

Bivraken hor givetvis till kategorin valstuderade 
arter. Eftersom den huvudsakligen ar knuten till 
skogsmark, okade populationen i takt med skogs
planteringen pa 1920-40-talen oeh verkar ha stabi
liserats pa 630-760 par. lett skogsomrade i Srni1de 
studerade man (fran ett 30 m hogt brandbevaknings
tom) fyra till drakten individuellt sarskiljbara hanar 
oeh konstaterade att deras jaktrevir till stor del 
overlappade varandra. loom den totala revirytan 
kunde man konstatera 115 utgravda jordgetingbon, 
vars 1arvkakor utgor basfOdan under varma somrar. 
Under kalla somrar daremot, nar getingakti vi teten ar 
lagre, ersattes denna diet med boungar av duvor, 
trastar samt stare. Man noterar t.o.m. att bivraken 
valde boplats med tanke pa narhet till sadana fOrrad . 

Allt skall givetvis inte avslOjas har, men man kan 
inte lata bli att kittla den tilltankta lasaren med 
sadana uppgifter som traekstra1ens 1angd fran botra
det hos sparvhoksungar vid olika alder jamforda 
med den hos ormvrak. Man kan saledes redan pa 



marken med hjalp av ett mattband besHimma ungar
nas alder, fOrutsatt aU arten iir kand. 

En beklammande lasning iir kapitel18 . Det hand
lar namligen om forfoljelsen av rovfaglar, vilken 
trots fridlysning 1936 maste betraktas som ornfat
tande. I tabellform redovisas antalet aktivt dodade 
faglar arsvis fran 1976179 till 1991, dar dodssatten 
(1-6) toppas av fOrgiftning (!) foljd av boplundring 
oeh direkt skytte. Givetvis maste en sadan redovis
ning drabbas av betydande morkertal oeh darige
nom bli ofullstandig, men de torgfOrda uppgiftema 
iir skrammande nog. Det stOrsta hatet verkar inte 
ovantat finnas bland s.k. jagare oeh duvsportidkare. 

J a, det ar kort sagt en faktaspaekad framstallning, 
som taek yare mangden kartor, tabeller oeh stapeldia
gram blir lattillganglig for en lasare med nagorlunda 
baskunskaper i tyska, bara en hollandsk ordbok 
finns till hands. Boken, som iir i A4-format, ar rikligt 
illustrerad med utmarkta fotografier ur frarnfor alIt 
faglarnas haekningsbiologi, vilket lattar upp oeh 
samtidigt askadliggor skeenden, som i text skulle 
kunna bli ornfattande. Manga bildtexter ar dubblera
de pa engelska, pa vilket sprak dessutom erbjuds en 
femtonsidig sammanfattning i slutet. 

En diger litteraturforteekning (401 referenser), till 
vilken sma diskreta hanvisningar i den lOpande 
texten underlattar sokandet, vittnar om aU uppgifter 
oeksa hamtats ur en mangd andra, tidsmassigt sprid
da kallor. Det maste anses vardefullt fOr den som vill 
fordjupa sig i amnet att till bokens egen textmassa 
mellan samma parmar fa hanvisning till ytterligare 
arbeten. AlIt detta sammantaget gor att boken maste 
anses som oumbarlig fOr rovfagelforskaren oeh i 
varje fall hogintressant for ovriga, som tjusats av 
rovfaglarnas niirvaro oeh kanske vill tranga djupare 
in i deras ekologi. 

LARS HEDENSTROM 

Tim Birkhead, 1993: GreatAukIslands - Afield 
biologist in the Arctic. T & A D Poyser, London. 
275 sid. Medlemspris i Naturbokhandeln, inb.: 
331 la. ISBN 0-85661-077-1. 

Nar forskaren publieerar sina reultat i nagon veten
skaplig tidskrift, resultat som ofta frarnkommit efter 
langvarigt oeh handelserikt faltarbete, far lasaren 
ofta kampa sig igenom den knastertorra redogorel
sen av teoretisk bakgrund, metoder, resultat oeh 
diskussion av de nya insiktema i relation till vad 
andra studier visat. TidskriftsredaktOrer tillater en
dast ett minimum av anekdoter om observationer, 
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umbaranden oeh strapatser som forskaren upplevt 
under studiens genomfOrande oeh heIst inget aIls av 
den varano Att som forfattare till en vetenskaplig 
uppsats till slut se sitt alster i tryek frarnkallar danor 
sakerligen en rad assoeiationer till handelser oeh 
kanske ideer som redaktoren strukit fran den slutliga 
versionen pa grund av utrymmesbrist eller brist pa 
tillraekliga bevis. 

I boken Great Auk Islands skriver beteendeekolo
gen Tim Birkhead om just sadant som tillhor forska
rens vardagsvillkor oeh upplevelser i samband med 
utdraget faltarbete, men som inte alltid har med de 
speeifika forskningsproblemen aU gora. Forfattaren 
tar oss med till sina studieplatser av alkor vid New
foundland oeh pa oarna i oeh omkring Laneastersun
det i nordostra Kanada. Faltarbetet har ofta utfOrts 
under myeket bistra yttre fOrhallanden oeh episo
dema ar manga dar lasaren bibringas uppfattningen 
att forskarna hade tur som undkom med Ii vet i 
behall. Saval isbjomsineidenter som hastiga oeh 
oforutsedda vaderomslag hor till den sa kallade 
kalkylerade risken vid arbete i arktis. Aven om 
forfattaren fatt med myeket som kan tillskrivas rub
riken "aventyr" sa ar bokens huvudsakliga tema 
anda faglarnas biologi. Tim Birkhead verkar kunna 
skri va ornitologiska faekboeker med den latthet som 
annars brukar kanneteekna fOrfattare i deekargenren 
oeh liknande litteratur. Spraket ar personligt oeh 
flyter latt. 

I de nio kapitlen behandlas alIt fran forfattarens 
egen utbildning oeh intresseutveekling, den arktiska 
naturen, faltarbetets vardag, grissleekologi, till pro
blem med utfiskning oeh miljOforandringar i Kana
densiska arktis. Vissa delar ar delvis sjalvbiografis
ka. Bokens i mitt tyeke intressantaste avsnitt ar 
kapitel4, som ar en fylIig presentation om vad vi vet 
om den utdoda oeh mytomspunna Garfageln. De 
sista exemplaren av arten draptes 1844 pa sin haek
ningso utanfor Island oeh darmed forsvann den ut 
fran den ekologiska seenen i Nordatlanten. Redan 
1813 fangades det sista exemplaret, en hane, pa on 
Papa Westray (Orkneyoarna) fOr att pryda en omito
logisk samling! Numera aterfinns endast ett fatal 
exemplar pa museer runt om i varlden. Idag kanner 
man bara till sju platser dar Garfageln med sakerhet 
haekat - fran oama norr om Skottland, runt Island 
oeh utanfor Newfoundland. Den mest kanda haek
ningsplatsen fOr Garfageln ar Funk Island utanfor 
Newfoundland dar kolonin tros ha uppgatt till 100 
000 par, men runt ar 1800 var den forsvunnen aven 
har. En viktig orsak till artens snabba utrotning torde 
vara mansklig fOrfoljelse, men Garfageln kan ha 
varit i utforsbaeke pa grund av klimatologiska fOr-
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andringar i norra Atlanten redan da manniskan sys
tematiskt borjade beskatta kolonierna runt ar 1500. 
Man vet oeksa att nordamerikanska indianer annu 
tidigare paddlade sina kanoter till Funk Island fOr att 
hamta Garfaglar. For sjofarare utgjorde de 5 kg 
tunga oeh lattfangade faglarna givetvis ett valkom
met tillskott av farskt kott. Ogonvittnesskildringar 
fran Funk Island (1600-talet) beskriver hur hundra
tals garfaglar at gangen drevs mot stranden oeh 
sedan sjalva promenerade over landgangarna oeh 
ner i batarna! Men vad kanner man egentligen till om 
Garfagelns biologi? Den var flygofOrmogen oeh 
ski Ide sig fran ovriga alkor aven vad galler rugg
ningen. Garfageln fallde pennorna en i taget (som de 
flesta faglar), medan de flygande alkorna faller alIa 
vingpennorna i stort sett samtidigt oeh blir da flyg
oformogna for en tid. Kanske var det av stOrre 
betydelse for Garfageln aU inte ha ett stort gap i den 
lilla vingen under ruggningen for att behalla "flyg
formagan" under vattnet? Arten lade ett agg som 
hade samma plironform som grisslorna (75 Garfa
gelagg finns bevarade i museesarnlingarna). Visste 
Du aU den vanliga fOrklaringen aU denna aggform 
skulle vara en anpassning sa aU agg inte skall rulla 
ner fran smala klippor utan istlillet rulla i eirkel lir 
felaktig? Vissa indieier tyder pa aU Garfagelns unge 
var borymmare oeh att den larnnade land kort efter 
atthaklaekts fOr aU sjalv skaffa sigfOda oeh vaxa till 
sig. Mer om artens biologi oeh arktiska faglars 
ekologi kan inhamtas i boken Great Auk Islands, 
som aven innehaller trevliga illustrationer av David 
Quinn oeh nagra superba fotografier. A yen om manga 
forskare skulle kunna skriva liknande boeker om 
sina erfarenheter kring sina studier oeh marknaden 
snabbt skulle mattas tyeker jag att den aktuella 
boken tillfOr en ny dimension i den fina Poyserse
rien. Jag kan varmt rekommendera den till alIa 
fagelintresserade. 

ANDERSHEDENSTROM 

David Wingfield Gibbons, James B. Reid & Ro
bertA. Chapman (editors), 1993: The New Atlas 
of Breeding Birds in Britain and Ireland: 1988-
1991. T. & A.D. Poyser, London. 520 sid. Med
lemspris i Naturbokhandeln: 621 kr. 

Det lir med avund och beundran man konstaterar att 
England oeh Irland nu publieerar sin andra haekfa
gelatlas. Den forsta kom 1976 oeh baserade sig pa 
faltarbete aren 1968-72. Den blev snabbt ett fOredo
me fOr de atlasboeker som sedan kommit i flera 
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lander. Avund kanner jag fOr att den svenska atlas en 
annu inte kommit ut oeh beundran fOr bokens utom
ordentliga kvaliteter. Den lir helt enkelt ett master
verk som kommer aU satta en ny oeh annu hogre 
standard inom denna genre, en standard som nog lir 
nastan ouppnaelig fOr andra an just engelsmannen 
med sina ornitologiska traditioner oeh horder av 
fagelskadare inom en fOrhallandevis liten landyta. 
Det skulle i sa fall vara finnarna, som med sin 
arbetsfOrmaga oeh ihlirdighet oeh en forestaende ny, 
andra atlasbok mojligen kan prestera nagot med 
samma gedigna innehall. Vi far forhoppningsvis 
snart se! 

Det lir tva saker som gor den nya atlasboken 
slirskilt intressant. For det fOrsta lir det naturligtvis 
att den redovisar en andra total inventering av de 
Brittiska oarna. Darmed kan man redovisa vilka 
fOrandringar som intraffat under de tjugo ar som gatt 
sedan den fOrsta atlasen. For det andra har man i 
arbetet med den nya atlasen aven gjort kvantitativa 
inventeringar oeh man kan dlirfor redovisa kartor 
over faglarnas tathet. Bada dessa saker gor man pa 
ett suverant satt. 

Man redovisar fOr nastan alia arter tre kartor. Den 
forsta kartan lir en traditionell atlaskarta som visar 
den aktuella utbredningen under den nya perioden 
1988-91 med punkter av olika storlek fOr mojlig, 
trolig oeh sliker hackning. Den andra kartan visar 
med fyllda resp. oppna eirklar i vilka atlasrutor (10 
x 10 km) varje art tillkommit resp. forsvunnit sedan 
forra inventeringen. Den tredje kartan lir en tathets
karta som med olika flirger, fran rott via gult oeh 
gront till blatt visar var de hogsta till de lagsta 
tatheterna finns. Det lir slikerligen de tva sistnarnnda 
kartorna som kommer att tilldra sig de flesta las ares 
uppmlirksarnhet. Forandringskartan kompletteras 
med en liten tabell med uppgift om antalet rutor med 
fOrekomst under den fOrra oeh den nya atlasperioden 
fOr huvudon oeh Irland separat. 

Tack yare de myeket instruktiva oeh lattlasta for
andringskartorna ger redan en snabb genombladd
ring av boken en god uppfattning om vad som hant 
i fagelfaunan. Det har skett manga drastiska sadana. 
De fiesta fOrandringarna lir negativa och det galler 
slirskilt de pa Irland. De mest frapperande positiva 
forandringarna galler tyvarr nagra introdueerade 
arter sasom kanadagas, mandarin and, amerikansk 
kopparand, rodhona oeh halsbandsparakit. Och det 
lir ju inte slirskilt upplyftande. 

Flera andfaglar har gatt ner kraftigt. Det galler 
krieka, skedand oeh brunand. Dliremot har knipan 
kommit till som nastan ny oeh etablerat sig val. 
Rovfaglarna visar gladjande nog en overlag mycket 



positiv bild. Bivraken och havsomen haIler pa att 
etablera sig, gladan, bruna karrhoken, duvhoken, 
fiskgjusen, Hirkfalken och pilgrimsfalken har okat 
betydligt. Ett av undantagen lir bHlhoken som visser
ligen okat i Skottland men minskat drastiskt pa 
Irland. Samma sak giiller stenfalken som uppenbar
ligen har mycket stora problem pa Irland. 

Flera honsfaglar visar en nlirmast katastrofal ut
veckling med nastan bara negativa forandringar hos 
rapphona, tjader, orre och ripor. 

Kornknarren lir en annan katastrof. Fran att under 
fOrra atlasen ha haft ett gott bestand pa Irland finns 
nu bara sma restbestand kvar. Utvecklingen ar den
samma fOr ror- och sothona aven om bada fortfaran
de lir vanliga. Bland vadama ar utvecklingen ocksa 
patagligt negativ, bI. a. fOr sadana vanliga arter som 
enkelbeckasin och morkulla. En ljusglimt lir sma
spoven som okat i Skottland. 

Liksom i Sverige har man registrerat kraftig ned
gang fOr skogsduva medan dliremot turkduvan tycks 
ha klarat sig bra, till skillnad fran i Sverige, dar den 
minskat. Turturduvan som tidigare var valetablerad 
i England har minskat kraftigt vasterifran. Nattsklir
ran visar en utomordentligt sorglig bild med mer an 
en halvering av utbredningsomradet. Troligen lir 
situationen i Sverige densamma. Goktytan och tOm
skatan, som har minskat under lang tid i England, lir 
i den nya atlas en praktiskt taget utgangna. Den 
negativa bilden galler ocksa tattingama. Sida efter 
sida visar arter som minskat. Enstaka undantag hittar 
man dock, t. ex. cettisangare, som ar ny sedan fOrra 
atlasen, provencesangare, brandkronad kungsfagel 
och bland de allmanna artema svarthattan och not
vackan. De tva sistnamnda visar ju samma bild i 
Sverige. En tidigare sa all man art som grashopp
sangaren har fOrsvunnit fran nlira 40 % av rutoma. 
Gronsiskan och korsnabbama har i barrplantering
arnas spar blivit alIt vanligare. 

En mycket mlirklig bild visar gulsparven, som 
totalt forsvunnit fran stora delar av Irland och min
dre delar av vastra Skottland. Man konstaterar att 
minskningen skett pa de fattigaste jordama dlir allt 
mindre delar kultiveras och dar andelen betesmark 
okar. Det skulle alltsa vara strukturrationaliseringen 
in om jordbruket med okad regional specialisering 
som ligger bakom populationsforandringama. Kan
ske ar den valdiga dominans fOr nedgangar i fagel
faunan, som ar sa utpragland just pa Irland, orsakad 
av sadana faktorer. Kanske lir det fOljdema av Ir
lands intrade i EG och det massiva ekonomiska 
jordbruksstod som pumpats in som vi nu avlaser 
effektema av! 

Langst bak i boken har man en sammanfattande 
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tabell over okande och minskande arter i fOrhallande 
till deras biotop. Inom alla biotoper utom en ar 
balansen mellan okande och minskande arter nagor
lunda jamn. Den biotop som avviker helt lir jord
bruksmark. Av de 28listade jordbruksartema har 24 
minskat! Bara fyra har okat: llirkfalk, vaktel, steglits 
och rodhona, och av dessa lir den sistnamnda intro
ducerad fOr jakt och stOds av utsattningar. Det lir en 
bedrovlig situation som ar lika valbekant hos oSS. 
J ordbruket framstar alltmer som det i slirklass stOrsta 
hotet mot den biologiska mangfalden. 

Kartoma i atlasboken atfOljs naturligtvis av utfOr
liga texter. Dessa lir genomgaende av hog kvalitet 
och beskriver inte bara vad som hant utan analyserar 
ocksa orsakema. Hlir finns ocksa uppskattningar av 
totalbestanden fOr alIa arter, dels pa huvudon och 
dels pa Irland. Dessutom ges mycket information 
om artemas ekologi i allmanhet. 

Denna atlasbok lir smedes inte bara ett kartverk, 
utan en bok som ger breda kunskaper om faglama 
och deras villkor pa de Brittiska oarna. Men en stor 
del av de fOrandringar som sker i denna marginella 
del av Europa sker ocksa pa kontinenten och i 
Skandinavien. Det beror bI.a. pa att de storskaliga 
ekonomiska faktorer som styr de areella naringarna 
ar likartade overallt och pa att faktorer i vinterkvar
teren, dlir manga populationer blandas, kan paverka 
ett stort hackningsosmrade likartat. Dlirfor kan vi 
lara mycket om var egen fagelfauna av denna brittis
ka atlasbok. Den rekommenderas livligt till inkop 
och lasning. 

SOREN SVENSSON 

R. W. Furness & J. J. Greenwood, 1993: Birds as 
Monitors of Environmental Change. 356 sid. 
Chapman & Hall, London. ISBN 0-412-40230-0. 

Att anvanda faglar for att overvaka olika miljofor
andringar, d. V.S. att anvanda faglar som miljoindika
torer, ar mycket populm, atminstone nlir man skall 
argumentera varfor det lir viktigt att utfora fagelin
venteringar. Just betoningen pa faglama som miljo
indikatorer har fOrt tankama vilse hos manga: faglar 
som matinstrument for att registrera sjoars surhets
grad, vax thuseffektens klimatfOrandringar, j ordbru
kets giftspridning, gammelskogamas doda ved eller 
sjoamas godning. Det mesta av detta kan namligen 
enklare och billigare registreras med pH-matare, 
termometer, kemisk analys, direkt uppmatning av 
volymer resp. traditionella limnologiska metoder. 
Om det riu lir pa detta satt varfor lirfaglama sa viktiga 
att folja? 
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Ett viktigt skal ar naturligtvis att vi maste fOlja 
fagelpopulationernas utveekling fOr faglarnas egen 
skull, for att fagelskyddet skall kunna bedrivas pa 
ratt satt. Men det ar inte det vi tanker pa nar vi kallar 
faglarna rniljoindikatorer. Naturligtvis finns det i 
manga fall myeket tydliga oeh speeifika samband 
mellan faglars fOrekomst oeh en speeiell faktor. 
Men da ar det vanligen en speeiell fOda, sarskilda 
krav pa boplats eller speeiell kanslighet for preda
torero Oeh da ar vi inte pa saker som visserligen ar 
hogst intressanta oeh vardefulla, men som inte 
direkt hor till det vi tanker pa nar vi talar om 
rnilj oindikatorer. 

Faglarnas stora betydelse som rniljoindikatorer 
ligger i stallet pa tva andra plan. Dels ar de indikato
rer for ett brett spektrum av faktorer oeh faktorer 
som samverkar, dels ar de s.k. effektindikatorer. Det 
ar denna kombination av brett men ospeeifieerat 
signalvarde oeh effektmatning som gor faglarna sa 
vardefulla. Denna fOrmaga delar de med andra orga
nismgrupper. 
. Denna bok ar en samling av sju kapitel som 

behandlar olika aspekter av faglar inom rniljoover
vakningen: (l) Kan faglar anvandas for att overvaka 
rniljon, (2) MiljOforandringar, (3) Faglar fOr over
vakning av fOroreningar, (4) Faglar fOr overvakning 
av radioaktiv kontarnination, (5) Faglar som indika
torer pa vattenkvalitet, (6) Faglar som indikatorer pa 
fodotillgang i haven oeh (7) Integrerad overvakning. 
Det ar alltsa en hel del fragor som behandlas aven om 
det langt ifran ar nagon heltaekning. SaIedes saknas 
en behandling av fagelOvervakningens relationer till 
de are ella naringarnas mer a direkta biotopeffekter. 
Detta speglar den distinktion som tyeks anvandas 
alltmer, namligen att man avser de kemiska oeh 
fysikaliska faktorerna nar man talar om rniljo oeh 
rniljoovervakning medan man far anvanda natur oeh 
naturovervakning nar man avser biotoper oeh natur
typer som faktorer for faglarnas utveekling. Denna 
distinktion ar olyeklig eftersom den tenderar att 
overbetona de oftast rnindre viktiga kerniska oeh 
fysikaliska faktorerna i fOrhallande till de oftast 
avgorande biotopfaktorerna. I England har de areel
la naringarnas effekter behandlats tidigare i sarskil
da boeker, t.ex. Farming andBirds av R. J. O'Connor 
oeh M. Shrubb (Cambridge Univ. Press 1986). 

Boken bjuder inte pa nagra sWrre overraskningar 
for den som hallit sig ajour med rniljovervakningen. 
Den innehaller myeket litet av kritiska analyser men 
refererar vaIavvagt den kunskap som finns. Det 
kanns oeksa tillfredsstallande att framstallningen ar 
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balanserad i sa matto att bade fOrdelar oeh naekdelar 
med att anvanda faglarna som rniljoindikatatorer 
redovisas. Nar det galler aekumulerande gifter sa
som klorerade kolvaten ar faglarnas rorlighet oeh 
langa liven naekdel om man vill identifiera en kalla 
medan det kan vara en fOrdel om man vill fa en 
integrerad bild fOr ett sWrre omrade oeh en langre 
tid . For radioaktiva amnen pekar man pa skillnaden 
mellan cesium, som kan overvakas med hjalp av 
faglar, oeh plutonium, som inte kan det eftersom det 
inte kan upptas av organismer. 

Det intressantaste kapitlet ar det sista om integre
rad monitoring. Med detta menar man att man over
vakar flera olika populationsproeesser, oeh fOrutom 
antalsfOrandringar sarskilt fOryngring oeh dodlig
het. Man borjar med att konstatera att det finns sa 
manga aspekter av rniljon som kan forandras att vi 
inte kan hoppas att kunna overvaka alIa dessa speci
fikt. Vardet i att overvaka populationer av ett brett 
spektrum av arter ar att det gor det mojligt fOr oss att 
fanga upp effekter av rniljOforandringar vars inver
kan pa de levande organismerna eljest inte skulle bli 
overvakad. 

Engelsmannen har ovanligt goda mojligheter har
vidlag eftersom man har ett valutveeklat bokortsys
tern som ger data om haekningen. Under senare ar 
har man utveeklat vad man kallar "Constant effort 
sites", platser dar man fangar faglar pa ett standardi
serat satt i sjalva haekningsomradena (oeh inte som 
pa fagelstationer pa extremt belagna straeklokaler). 
Har far man tack yare aterfangster mellan aren data 
pa de adulta faglarnas overlevnad oeh tack yare 
fangster pa sensommaren matt pa den arliga, lokala 
ungproduktionen. Till sin hjalp fOr att overvaka 
dodligheten tar man oeksa den ordinarie ringmark
ningen. I basta fall kan man pa detta satt skapa 
modeller for vissa arters bestandsutveekling, testa 
modellerna mot de langa serier av overvakning som 
man redan har, oeh darmed oeksa kunna gora vissa 
fOrutsagelser om framtiden under olika utveeklings
prognoser. 

Det ar en intressant bok, bade innehallsrik oeh 
lattlast. Jag vill karaktarisera den narmast som en 
lattillganglig forsta larobok oeh amnesintroduktion 
snarare an en vetenskaplig review. Det ar uppenbart 
att den i stor utstraekning riktar sig till "larda" 
amaWrornitologer eller till tjansteman som inte har 
just fagelOvervakning som speeialitet. Men den ar 
oeksa en bra introduktion fOr en faekornitolog av 
samma kategori . 

SOREN SVENSSON 
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Nya doktorsavhandlingar New dissertations 

Redaktor Editor: S. Akesson 

Noel Holmgren, 1993: Patch selection, conflic
ting activities and patterns of migration i birds. 
Filosofie doktorsavhandling, Ekologiska institu
tionen, Teoretisk ekologi, Lunds universitet. 122 
sidor. ISBN 91-7105-038-8. 

En vetenskaplig avhandling iir slutet pa en manga 
ganger ganska lang och modosam resa. Niir det 
galler avhandlingar i omitologi sa kan den fiirden 
ofta ha borjat med det lattjefulla skadandet, over 
holkprojektet vid sommarstugan, till de akademiska 
institutionemas stranga lagar om tillforlitliga obser
vationer och systematiskt datainsarnlande a v aggvo
lymer, fjaderdrakter, ljudyttringar, antalsfOrandring
ar, eller vad det nu kan vara man intresserat sig for. 
For att gora fagelskadandet till vetenskap sa maste 
alltsa noggrannheten och systematiserandet av data
observationema skarpas. Forvisso iir detta sant. Det 
iir sant satillvida att det iir ett nodvandigt, men icke 
tillrackligt, villkor for att gora avhandlingen veten
skaplig. Ty vetenskapens framsta kannemiirke iir 
teori, och inte data. Visserligen kan vi inte teoretise
ra vitt och brett utan verklighetsforankring (dvs 
observationer), men det ar fOrst nar vi fOrsoker 
abstrahera och generalisera var uppfattning om 
omviirlden vi niirmar oss vetenskapen. Och det ar 
om vetenskap en doktorsavhandling ska handla. 

Noel Holmgrens avhandling om faglars liv iir i 
min mening ett mycket gott exempel pa vetenskap. 
Avhandlingen handlar om fagelflyttning, ett amne 
som tycks fascinera oss manniskor i det oandliga. 
Men trots mycken forskarmoda och idogt fagelsta
tionsarbete aterstar manga mysterier. Ett av de mest 
centrala problemen iir flyttningens evolution. Hur 
har olika flyttningsstrategier utvecklats under artu
sendena? Varfor iir vissa arter spegelflyttare (nordli
ga populationer flyttar langst soderut, sydliga kor
tast), andra kedjeflyttare? Hur kan partiell flyttning, 
da delar av en population iir flyttare andra stannare 
uppkomma? I avhandlingens fjiirde uppsats kopplar 

Noel Holmgren ett teoretiskt grepp pa fragan om 
flyttningsmonsters utveckling. Resonemanget byg
ger pa antagandet att dominanta individer kan mo
nopolisera de basta resursema (bra habitat med gott 
om mat). Den individ blir dominant som antingen iir 
stor (kroppsmassa) eller far "fOrsta tjing" pa lampli
ga overvintringsornraden, t.ex. pa grund av kort 
flyttningsstracka. Om vi vidare antar att individema 
tenderar att gora ett sa bra (i termer av overlevnad 
och fOrvantad reproduktion) habitatval som mojligt 
sa blir tre fall mojliga. Sa snart flyttningskostnader
na iir hoga bor spegelflyttning utvecklas. Kedjeflytt
ning blir bara ett mojligt monster under tva speciella 
omstandigheter; dominans baserad pakroppsstorlek 
och okad lamplighet av bade hacknings- och flytt
ningshabitat mot nOIT, eller om hackningshabitatens 
lamplighet okar mot nOIT, overvintringshabitaten 
mot soder och om "fOrsta tjing"-regeln avgor domi
nansfOrhallandena. Under mycket speciella oms tan
digheter utvecklas inget stabilt monster. Har kan 
alltsa Noel Holmgren visa att nagra enkla gradienter 
fran norr till soder och vissa antaganden om domi
nansfOrhalIanden kan fOrklara storskalig flyttnings
monster hos en rad olika fagelgrupper. Kan det vara 
mojligt? 

Noel Holmgren agnar tva av avhandlingens sju 
uppsatser at detta problem. I den ena har han valt att 
utveckla en av homstenarna i modellbygget ovan -
den idealt fria fordeiningsmodellen . Denna synner
ligen enkla, men icke desto mindre geniala modell 
fOr hur djur bor fordela sig i olika typer av habitat for 
att maximera sin overlevnad och reproduktion har 
alltsedan den lanserades i borjan av 70-talet varit ett 
favoritfOremaI fOr experimentella test och teoretiska 
utvecklingar. Noel bidrar till denna tradition med 
bland annat antaganden om fOdosokseffektivitet, 
social dominans och kleptoparasitism, dvs (0 )vanan 
hos vis sa individer (eller arter, t.ex. labbama) att 
roffa at sig modosamt insarnlad fOda fran andra 
individer. Ett av huvudnurnren i detta arbete iir det 
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funktionella svar (dvs intagshastigheten av by ten i 
forhallande till bytesHitheten) som harleds for en 
population med dominansstruktur. Utan att fordjupa 
oss i detaljer i detta sarnmanhang, sa tyeker jag 
kanske att denna uppsats ar den svagaste lanken i en 
annars solid kedja vetenskapliga uppsatser. Sjalvfal
let har det flera beroringspunkter med avhandling
ens ovriga arbeten, men kanns and a en smula som en 
frammande fagel (sic!). 

Efter att ha sagt detta aterfinner vi ieke desto 
mindre ett experimentellt arbete i avhandlingen i akt 
oeh mening att testa just den idealt fria fOrdelnings
modellen. Noel Holmgren anvande talgoxar fOr att 
avgora hur dominansfOrhallandena i grupper av fag
lar paverkade intagshastigheten av fOda oeh huruvi
da den svit av speeifika modeller for fOrdelnings
monster oeh intagshastighet kunde forklara obser
vationema. Men aek, ingen av de existerande mo
dellema (inklusive Noels egen) kunde uppfylla ve
tenskapens stranga krav pa mojlig fOrklaring. Arbe
tet slutar med orden "Meanwhile, theorists may 
continue to improve the theory". Om data inte passar 
teorin, andra teorin - en i sanning odmjuk, men 
ganska ovanlig hallning bland teoretiker. For den 
skull inte alltid riktig, men det ar en annan historia. 

Vadare ar ett av fIyttfagelforskarna favoritobjekt. 
De ar latta att fanga, lever lange oeh ger manga 
aterfynd. lute minst ar karrsnappor oeh Ottenby 
fagelstation intimt fOrknippade med varandra. Noel 
Holmgren ar inte samre sjalv, utan har vaIt Ottenbys 
karrsnappor fOr att attaekera ett av flyttfagelforsk
ningens klassiska problem - konflikten mellan den 
kravande flyttningen oeh andra aktiviteter i faglar
nas liv. I tva uppsatser har Noel tillsammans med 
Ottenby fagelstation studerat hur faglama klarar av 
bade ruggning oeh flyttning (nastan) samtidigt. Oeh 
visst verkar karrsnappoma gora vis sa avvagningar 
mellan ruggning oeh flyttning, t.ex. sa att de faglar 
som initierat ruggningen innan flyttstarten har farre 
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vaxande pennor samtidigt an de som initierar rugg
ningen forst nar de ar framme. Denna avvagning 
aterspeglas emellertid inte sarskilt tydligt under rast
ningen i sodra Sverige. Rastningens langd, kropps
viktsokning eller kroppsvikten vid lamnandet av 
rastplatsen hade ingenting med ruggningsstatus att 
gora. Faglamas energetiska status (matt som mangd 
fettdepaer eller pMyllningshastighet) hade heller 
ingen tydlig relation till rastningslangd. Noel drar 
slutsatsen att fOrdelaktigt vader oeh alder (=erfaren
het) betyder mer fOr karrsnappomas rastningsstrate
gier an ruggnings- oehleller energistatus. Kanske 
resultaten blivit annorlunda om andra arter an karr
snapporstuderats, t.ex. tropikflyttande tattingar. Noel 
Holmgren spekulerar en smula kring detta, men 
larnnar fragan ganska oppen, inte minst dartor att 
teoriema om optimal flyttningsstrategi annu ar i sin 
linda. 

Oeh det ar val sa de flesta avhandlingar larnnar 
lasaren - med fler fragor an sjalvsakra svar. !eke 
desto mindre tyeker jag Noel Holmgrens avhandling 
har Iarnnat ovanligt manga oeh intressanta svar pa 
nagra av fagelflyttningens gator. Han har vandrat 
over ett vitt faIt alltifran storskaliga flyttningsmons
ter over halvkloten till enskilda arters rastningsbio
logi. Pa sa satt kan avhandlingen kanske kannas 
"ytlig", men jag tyeker att det vittnar om en frisk 
intellektuell lekfullhet oeh det ar aek sa sallsynt i 
dagens forskarutbildningsfabriker vid universite
ten. Oeh aven om en sa vetenskapligt avaneerad 
avhandling som Noels kan fOrefalla oandligt fjarran 
fran sondagsskadarens njutning av ormvraksskru
varna over Falsterbo sa talar den likval till alIa oss 
fagelintresserade. Gatoma poekar pa svar, oeh med 
ena stOveln nedsankt i dyn oeh den andra i sannolik
hetsberakningarna sa kommer vi dem lite narmare. 
Vi vet myeket, men and a sa lite oeh det ar val det som 
gor li vet spannande! 
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