
Chapter 8
Migratory Flights and Stopovers:
Organisation of Migration

Abstract In this chapter I summarise the contents of this monograph and propose
the model that four main groups of factors influence the decision to take off:
current fuel stores, fuel deposition rate at a given stopover site, weather factors
(mainly wind assistance) and geographic position relative to the optimal rate of
migration. I also discuss the principles of organisation of migration in songbirds
and different selection pressures that may govern migration from the breeding to
the non-breeding area and back. This chapter also contains the main conclusions,
and after them I outline the future research directions that may bring further
progress to the field. The alternation of flights and stopovers is apparently
organised in some manner. The aim of our study is to identify the principles that
govern this organisation of migration. Flights are dependent on stopovers in an
apparent way: during flights, the energy stored during the stopovers is used.
Therefore it is necessary to obtain estimates of the energy deposition rate at
stopovers and of the rate of using energy during flights.

8.1 The Importance of Fuel Deposition Rate

As shown in Chap. 3, FDR in the wild is usually rather low, and the maximum
known values follow the equation FDRmax = 2.17 mass-0.34, where mass is body
mass in kilograms (Lindström 2003). This means that a Eurasian reed warbler with
the lean body mass of ca. 10.0 g under optimal conditions can increase its body
mass by 1.04 g per day. Assuming the energy density of fuel stores of 21.6 kJ g-1

(Klaassen et al. 2000) and flight power of 5.80 kJ h-1 (Sect. 7.7), one day of
fuelling at the maximum possible rate provides a Eurasian reed warbler with energy
sufficient for flying during 3.9 h. The duration of an average nocturnal migratory
flight during spring passage in this species is 4.1 h (Bolshakov et al. 2003a),
i.e. the energy gained during one day of feeding ad libitum is nearly sufficient for
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one night of flight. For comparison, a European robin can gain a maximum of
29.2 kJ of energy in one day, with allows it to fly during 3.7 h, assuming the flight
cost of 7.1 BMR and BMR = 26.45 kJ day-1, which is the mean of the four
published estimates: 26.0 (Gavrilov 1980); 29.1 (Gavrilov 1985); 24.3 and
26.4 kJ day-1 (Gavrilov 1981).

These calculations predict the maximum possible fuel deposition rate. The FDR
that is reached in the wild is usually much lower due to food shortage, competition,
predation risk etc. (Chap. 3). Besides, in the first 1–2 days upon arrival at stopover
FDR may be very low, or even negative (Szulc-Olech 1965; Pettersson 1983;
Hansson and Pettersson 1989; Mädlow 1997; Titov 1999; Sect. 3.5). Obviously,
such a hitch at the beginning makes the mean FDR across the overall time of
stopover much lower. Therefore, in the real world migrants need much longer than
a single foraging day to gain energy necessary to fly during 3.7–3.9 h.

It should be also kept in mind that the FDR values observed in the wild always
show a large dispersion, and the significant predictors (e.g. initial fuel load) often
leave a great deal of variation unexplained (Chernetsov and Titov 2001;
Chernetsov et al. 2007). As an example, we can look into FDR values of Eurasian
reed warblers, sedge warblers and garden warblers at several European and North
African sites during autumn migration (Schaub and Jenni 2000). In the Eurasian
reed warbler the proportion of explained variance in FDR in the best generalised
linear model varied between 21.2 – 64.9% (13 sites); in the sedge warbler, between
26.0 and 38.4% (seven sites, the value for Mettnau, SW Germany [97.4%] is
omitted because it is based on the analysis of only 10 recaptures); in the garden
warbler, between 0.1 and 69.2% (12 sites). The highest proportion of explained
variance among the sites where [100 recaptures were included was 42.5% (FDR
of Eurasian reed warblers in Mettnau). The predictors were stopover duration,
initial body mass, the progress of season and moult status. Thus, about one-half of
variance in FDR usually remains unexplained.

8.2 Factors that Govern Departure Decisions

The main currency that shapes the organisation of migration is the energy nec-
essary for flight (and safety, i.e. the probability to survive; see Chap. 4). As shown
by both field and experimental data, fat individuals are more prone to take off than
lean ones (Wang and Moore 1993; Jenni and Schaub 2003; Fusani et al. 2009).
However, it is not possible to construct a realistic and generally a heuristically
useful model of the migratory strategy of passerines on the basis of energetic
considerations alone. As shown in Chap. 4, the attempts made in the framework of
the optimal migration theory cannot be called successful. They did not result in the
models that would fit the data well enough, because apart from the energetic (i.e.
endogenous) factor, the behaviour of the migrants is strongly modified by the
environment.
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Apart from the variation in fuel deposition rate during the stopover period,
departure decisions are strongly influenced by the weather, mainly by wind speed
and direction (Schaub et al. 2004; Tsvey et al. 2007; Arizaga et al. 2011;
Schmaljohann et al. 2011; Schmaljohann and Naef-Daenzer 2011). It should be
mentioned that Victor Bulyuk and Arseny Tsvey (in litt. 2011) analysed weather
conditions on the nights of departures of European robins that stopped over on the
Courish Spit for more than one day and were captured in mist-nets at take-off. The
weather on the nights of departure of such birds was not significantly different
from the that in the preceding nights. However, it should be kept in mind that some
of the recorded departures could be for exploratory flights (Schmaljohann et al.
2011; Mills et al. 2011), or the birds might abort their departures. This may or may
not be recorded when radio-tracking the birds, but captures in elevated mist-nets
do not allow to distinguish between the ‘true’ (or ‘successful’) migratory depar-
tures and the exploratory or aborted flights.

What happens after an aborted flight? In practice, the stopover continues. Does
the migrant continue to gain fuel if the environmental conditions permit it? Such
situations may occur not infrequently in September and October in northern and
central Europe, when the weather conditions unfavourable for flight (opposing
westerly and south-westerly winds) are favourable for refuelling (relatively high
air temperature; Chernetsov 2002). Isolated cases of captures of very heavy birds
not in front of a barrier, i.e. of European robins with the body mass exceeding 20 g
(i.e. fuel load ca. 50%), sedge warblers weighing 18–19 g (fuel load ca. 80–90%),
a great reed warbler weighing 45.5 g (Koleček 2006) seem to support this view-
point. It should be however kept in mind that such captures of very fat individuals
are very rare. On the other hand, as we have already mentioned more than once,
mist-netting probability of a songbird depends on its mobility, and the mobility of
the individuals with high fuel loads may be very low. Because of that, heavy
migrants may be strongly underrepresented in captures and be more common in
the wild than usually assumed (Kosarev and Kobylkov 2010).

The weather, including wind, may influence not only migratory departures but
also the decision to cease flight. When crossing the Sahara, passerine nocturnal
migrants continue their flights after daybreak if they enjoy following winds and
land in the desert if the wind is opposing (Schmaljohann et al. 2007a). Emer-
gency landing at night is well known when flight conditions quickly deteriorate.
For instance, mass emergency landing of migrating thrushes, mainly song
thrushes, was recorded in Lithuania on 23 October 1990 when the weather
favourable for migratory flight was sharply replaced by low clouds and fog
(Bolshakov et al. 2002).

The most realistic qualitative model of behaviour of migrants at stopover may
be presented in the following way. Any migrant is influenced by at least four
groups of factors that are to some extent independent on each other and thus may
be represented as orthogonal axes in the four-dimensional hyperspace: (1) current
energy status; (2) habitat quality that makes it possible to reach a certain FDR;
(3) weather conditions, first of all wind assistance; and (4) position on the
migratory route with respect to the individual schedule of migration. Most prone to
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continue migration, i.e. to depart, are fat birds at a poor site under weather con-
ditions favourable for flight that are delayed on the migratory route (i.e. because of
unfavourable weather in the preceding days). The position of a migrant along any
of these axes influences its readiness to migrate: under favourable weather con-
ditions both fat birds depart (that would have departed also in poorer weather) and
their leaner conspecifics that in worse weather would have remained at stopover.
There is evidence that the optimal schedule of migration may be individually
adjusted, as shown by the data at the onset of spring migration of bar-tailed
godwits from New Zealand (Battley 2006; Conklin et al. 2010) and from Portugal
(Lourenço et al. 2011). If migration is much delayed (like in late May—early June
1974 on the southern coast of the Gulf of Finland in the European robin;
Bolshakov and Rezvyi 1998), nearly all individuals depart for migratory flights,
even those whose fuel stores are low. This is probably what Tatiana Blyumental
and Victor Dolnik meant when they wrote about ‘carrying along of the lean
individuals by the fat ones’ when explaining how the waves of migration were
formed (Blyumental et al. 1967; Dolnik and Blyumental 1967; Dolnik 1975). This
‘carrying along’ was postulated when discussing the migration of fringillid finches,
i.e. short- and medium-distance diurnal migrants (Dolnik 1975); its existence in
solitary nocturnal migrants seems dubious. After the periods of strong opposing
winds which are very unfavourable for migration on the Courish Spit significantly
more European robins take off under moderate opposing winds, i.e. with negative
wind assistance (Bulyuk and Tsvey in litt. 2011). Recent radar studies have shown
that songbirds perform migratory flights with negative wind assistance more often
than hitherto assumed (Karlsson et al. 2011).

The influence of stopover habitat quality on the departure decision has been
shown experimentally. European robins and pied flycatchers in migratory dispo-
sition stopped to show migratory restlessness (Zugunruhe) if after a period of
fasting (which imitated migratory flight) they were fed ad libitum. Zugunruhe
resumed when food access was again restricted, imitating poor stopover site
(Merkel 1938, 1958; Biebach 1985; Gwinner et al. 1988). In the field experiment
Eurasian reed warblers tape-lured into a suboptimal habitat (sand dunes on the
Courish Spit) departed from the stopover site by nocturnal migratory flights
(Ktitorov et al. 2010). All individuals, even the lean ones, left the area by nocturnal
flights on the first night after arrival (n = 10).

Our model assumes that the values of each factor which releases flight are not
fixed, but vary within certain limits which are defined by other factors. This makes
it possible to explain why birds captured at migratory take-off show a broad vari-
ation of body mass and fuel load values (Sect. 7.2). This range of variation does not
support the idea of the threshold fuel load releasing flights. The weather conditions
under which migrants depart (Bulyuk and Tsvey 2006; Bolshakov et al. 2007;
Tsvey et al. 2007; Bulyuk and Mukhin 2010) and fly (Richardson 1978, 1990;
Bolshakov 1981; Karlsson et al. 2011) also vary broadly. Some individuals start and
perform migratory flights under the most inclement weather conditions, which
permitted Victor Dolnik to claim that ‘‘with respect to birds it is a mistake to use the
words ‘flying’ or ‘non-flying’ weather: migratory birds are practically all-weather

162 8 Migratory Flights and Stopovers: Organisation of Migration

http://dx.doi.org/10.1007/978-3-642-29020-6_7


aircrafts’’ (Dolnik 1975, p. 41). Certainly this does not mean that the weather
conditions do not influence bird migration. However, whatever factor we analyse in
isolation, the migratory flights may be performed (and start) at so broad a range of
its values that a migratory flight may be initiated by any individual in any condition.
Only the analysis of the combination of the aforementioned factors may help
identify the patterns.

It should be mentioned that this model is actually just an application of the
well-known limiting factor rule (Begon et al. 2006) to movement ecology of birds:
of the four suggested groups of factors of the greatest importance for the departure
decisions is the one which is the closest to the critical (i.e. prohibiting) value.

It should be also kept in mind that the independence of the four groups of
factors (and, as a consequence, the orthogonality of the representing axes) is rather
conventional. The current energy condition of the migrant is only independent of
the habitat quality at the stopover site immediately after arrival (and even habitat
selection during arrival may be and most probably is condition-dependent). During
stopover the latter factor greatly influences the former one. Current weather (its
suitability for migratory flights) is often correlated with the weather during the
preceding days, which may influence the fuel deposition rate (especially in early
arriving individuals in spring) and the position of the bird with respect to its
migratory schedule. However, the assertion that ‘every factor depends on all the
others’ may be formally correct but is not very enlightening. Therefore I suggest
that there is a point in isolating groups of relatively independent factors but the
conditional character of their independence should be retained.

8.3 Series of Migratory Flights and Waves of Passage

Small passerines that resume migration after a successful prolonged stopover
usually appear to make several nocturnal flights in succession. A series of
migratory flights starts when migrants accumulate sufficient fuel stores; its onset
seems to be mainly governed by energy and the spatiotemporal migratory pro-
gramme (Dolnik and Blyumental 1967; Dolnik 1968, 1975; Berthold 1996, 2001;
Jenni and Schaub 2003). It seems that migrants that resume migration after pro-
longed stopovers may depart under a broad range of weather conditions (Bulyuk
and Tsvey 2006; Tsvey et al. 2007; Bulyuk and Mukhin 2010). If the weather is
favourable for migratory flights, migration may continue beyond the first night. A
relatively small energy cost of flying in good weather (low air turbulence, sig-
nificant wind assistance) further favours flying during several nights. Between
these nocturnal flights migrants make one-day stopovers, i.e. they are transients at
the respective stopover sites. This tactics of migration seems to be typical of
songbird long-distance migrants both in spring (Bolshakov et al. 2003a, b; Tøttrup
et al. 2012) and in autumn, as shown by the analysis of ring recoveries (Fransson
1995; Hall-Karlsson and Fransson 2008).
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The study of the temporal schedule of nocturnal departures of European robins
showed that their readiness to take off after one-day stopovers and partly departure
time were mainly defined by the weather in the preceding night, i.e. during the
previous flight (Bulyuk and Tsvey 2006). European robins can continue the series
of migratory flights if they have previously migrated with following winds and
have not depleted their fuel stores. Conversely, if the flight occurred under
unfavourable winds and resulted in large expenditure of energy, the series of flights
is terminated (Dolnik and Blyumental 1967; Dolnik 1975). It cannot also be ruled
out that progress towards the goal of migration may also influence the decision
to continue flights. It is generally assumed that first-time migrants have no
information about the goal of their migration (Gwinner and Wiltschko 1978;
Berthold 1990, 1996). However, evidence is accumulating that first-autumn
migrants can control their position on the migratory route on the basis of external
references, in particular of the geomagnetic field parameters (Beck and Wiltschko
1988; Wiltschko and Wiltschko 1992; Fransson et al. 2001; Kullberg et al. 2007;
Chernetsov et al. 2008; Henshaw et al. 2008, 2009).

Anyway, wind assistance is apparently one of the most important extrinsic
factors that govern the decision to continue migration or terminate it. It should be
emphasized that before migrants take off, they seem to have no ‘miraculous’
method to know the high-altitude wind. The only way to know the wind at the
normal flight altitudes is to take off and to test it, as suggested by exploratory
flights of northern wheatears on Helgoland (Schmaljohann et al. 2011) and by
aborted departures of European robins on the Courish Spit. Changes in wind
conditions may synchronise the cycles of migratory activity of individual migrants
(Dolnik and Blyumental 1967; Dolnik 1975; Schaub et al. 2004). As a result, the
dynamics of passage often (but not always) has a pronounced wave-like pattern,
when peaks of passage are alternated with much quieter nights (Bolshakov 1981;
Erni et al. 2002). As some migrants may be at different stages of the series of
migratory flights (some may be starting, some continuing, and some finishing
them) individual migrants that arrive at a stopover site on the same night, may
show broad variation in fuel stores and stopover duration (Tsvey et al. 2007).

A series of migratory flights comes to an end when fuel stores of migrants are
depleted and/or when the weather deteriorates. Using such migratory tactics during
autumn migration may be adaptive to the unpredictable and often unstable
weather. In autumn in northern and north-eastern Europe such behaviour allows
the birds to migrate towards the south-west in spite of dominating opposing winds
and allow them to use improvements in the weather conditions in the optimal way.
The same tactics is optimal during spring migration in Europe, when warm
weather which significantly improves feeding conditions for insectivorous
migrants is usually caused by intrusions of warm air from the Mediterranean,
which also provide favourable conditions for northbound flights (Chernetsov 2002;
Bolshakov et al. 2003a). In other regions and seasons, when opposing winds are
less frequent, the ability to fine-tune migratory behaviour to the weather conditions
might be less crucial.
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The results of such tactics of migration are apparent from the analysis of daily
variation in trapping numbers. New individuals arrive at stopover after nights with
any wind direction. However, the numbers of European robins peak after the
nights with following winds (Bulyuk and Tsvey in litt. 2011). On some nights the
numbers of arriving migrants also increased in the nights with weak or moderate
opposing winds, when they followed the nights with strong opposing winds
(Bolshakov and Rezvyi 1998; Erni et al. 2002). Therefore, the weather conditions
may synchronise the series of migratory flights performed by different individuals
and help formation of the waves of passage recorded by visual observations or in
trapping projects (Blyumental et al. 1967; Dolnik 1975).

Songbird migrants take off under different weather conditions, but quickly abort
their flights when the wind is unfavourable (Schmaljohann et al. 2011). If the wind
is favourable (in spring) or at least less unfavourable than in the preceding days
(in autumn), a large number of birds continue flight, so that a migratory wave is
formed. If the favourable weather persists, the fuel stores of migrants are used up
rather slowly, so that migratory flights can be performed during several nights is
succession. In such case a strong wave of passage is observed, like it was shown
for fieldfares during spring migration (Bolshakov 1992). In the areas where the
weather conditions during the migratory season are very stable (e.g. in the Central
Asian deserts), the flow of migrants may be very uniform during several weeks,
without any waves.

8.4 Spring Versus Autumn Migration

Spring and autumn migration (to be more exact, migration to and from the
breeding quarters) mainly differ in that in spring most adult passerines return to
their previous breeding area (i.e. show breeding site fidelity), and many yearlings
head for the area that they have imprinted as the future breeding site during
postfledging movements in the previous year (Sokolov 1997; Newton 2008;
Grinkevich et al. 2009). Without discussing the mean distance of natal dispersal in
passerines (e.g. Paradis et al. 1998), we can safely claim that a very significant
proportion of first-time breeders returns to the area whose linear size is by 2–3
orders of magnitude smaller than their migratory distance. This has been repeat-
edly shown by ringing recoveries. It means that in spring, all or most migrants
have a certain migratory goal, whereas during autumn migration, only adult
experienced individuals may have a goal. First-autumn migrants fly towards the
areas they have never visited before. The currently accepted clock-and-compass
concept assumes that juvenile migrants have no inherited knowledge of their
migratory destination except of the (necessarily general) inherited programme but
the recent data suggests that this view may be challenged (see Sect. 1.2).

It cannot be ruled out that the existence of a certain narrow migratory target in
spring and its absence in many first-time migrants in autumn may influence their
migratory behaviour. It has been shown that at least some individuals of
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long-distance songbird migrants arrive in spring at their breeding sites by nocturnal
flights (Bulyuk 2006) and do not perform any slow search in the daytime as it has
been believed for a long time (Heinroth and Heinroth 1941). These data indicate a
very precise, pinpoint navigation of nocturnal migrants during their flights, with an
accuracy of ca. 1 km. It is most likely that these birds took off from different last
stopover areas and started their flights at different time after sunset. The distance to
the goal of migration may be an important factor that influences the timing of
migratory departure in spring (Bolshakov and Bulyuk 1999; Bolshakov et al. 2007).

Apart from these factors that are universal, variation caused by regional weather
features, for instance, the direction of the prevailing winds may exist. In central
and northern Europe in spring warm periods, when the activity of invertebrates
increases and thus food availability for insectivorous migrants improves
(Chernetsov and Manukyan 1999, 2000), are usually caused by the intrusions of
warm air from the Mediterranean region. These southerly or south-westerly winds
provide good wind assistance for most songbirds migrating in spring in this region.
Therefore, in spring the same synoptic weather situations are favourable for both
migratory flights and stopovers. It allows the migrants to perform several flights in
succession and to move towards their migratory target quickly (Bolshakov et al.
2003a, b). This behaviour is very adaptive because in spring many avian migrants,
especially males, benefit from early arrival at their breeding grounds, and the
bonus for early arrival may be very significant at least for some individuals (Kokko
1999; Forstmeier 2002).

In autumn, in the same region warm south-westerly winds influence favourably
food availability for insectivors, but are opposing to and thus unfavourable for
migratory flights. As a result, wind selectivity of passerine migrants may vary
between different years: is some years migrants are less selective than in others,
probably because of the rarer occurrence of favourable winds (Tsvey et al. 2007).
This situation is a special case of the more general rule described in Sect. 8.2.

Apparently, in other regions of the Earth weather (mainly wind) conditions
prevailing in the respective seasons may influence bird migration in a different
manner. Europe and eastern North America are relatively well studied in this
respect, whereas the patterns that occur in other regions are very poorly known and
cry for research into the regional aspects of avian migration (e.g. studies in Central
Asia: Dolnik 1990; Bolshakov 2002, 2003; Raess 2008; in temperate East Asia:
Wang et al. 2006; Yamaguchi et al. 2008, 2012). These studies can also shed light
on the basic patterns of avian migration.

8.5 Annual Movements of a Typical Long-Distance
Passerine Nocturnal Migrant

Let us imagine a typical long-distance avian migrant, for example a Eurasian reed
warbler, breeding in Eastern Europe. Juvenile Eurasian reed warblers start their
nocturnal postfledging movements early, when 35–40 days old (Mukhin et al. 2005).
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The function of these nocturnal flights is still unclear. They might be necessary to
form the navigational target to which they will try to return the next spring, or to
develop flying and orientation abilities (Mukhin et al. 2005). However, the birds do
not start to migrate, i.e. to consequently move in the migratory direction until they are
50–55 days old (Mukhin 2004). By the age of 60 days all juveniles will have left their
natal area and started autumn migration (Chernetsov and Mukhin 2001). Therefore,
most Eurasian reed warblers start autumn migration in mid—late August. Most
adults start their autumn migration even earlier, in late July, and overlap it with body
moult, even though this overlap is more typical of passerines breeding further north,
in the boreal forest and tundra (Panov 2011).

It has been shown in several long-distance passerine migrants (the most con-
siderable material was obtained for the Eurasian reed warbler) that adults start
their first nocturnal flight during autumn migration with relatively large fuel stores,
on average 17.6% of their lean body mass (SD = 5.6, n = 6; Bulyuk 2010). The
mean body mass of adult Eurasian reed warblers that took off for their first
migratory flight from the breeding area was practically indistinguishable from the
values typical of adult transients (Bulyuk 2010). It strongly suggests that adults
start migration in the developed migratory disposition, and the first nocturnal flight
may be rather long-range. The preliminary radio-tracking data suggests that the
situation in first-autumn Eurasian reed warblers may be similar (Kosarev and
Kobylkov 2010). However, in many species and populations of long-distance
migrants migratory speed increases with the progress of migration (Hedenström
and Pettersson 1987; Ellegren 1990, 1993), therefore, early during autumn
migration flights may be shorter, and stopovers longer (Panov 2012).

Eurasian reed warblers from the Eastern Baltic migrate through the Iberian
Peninsula (Chernetsov 1999), the distance to which is ca. 2,000 km; other long-
distance migrants cover some 1,500 km to the Mediterranean coast. The mean
speed of migration (i.e. movement along the migratory route with stopover time
considered) in Eurasian reed warblers ringed in central Sweden was on average
39 km day-1 (Bensch and Nielsen 1999), i.e. the birds should need some 50 days
to cover 2,000 km. It is however conceivable that the speed was underestimated in
this study, because some individuals had been ringed during postfledging move-
ments before their actual migratory departure. In other long-distance songbird
migrants the estimates of migratory speed are higher: in Swedish sedge warblers it
was on average 55 km day-1 (Bensch and Nielsen 1999), in Sylvia warblers varied
between 43 and 93 km day-1 depending on species and the area of origin
(Fransson 1995). Assuming such estimates, the Mediterranean may be reached
more quickly, in 25–40 days. Red-backed shrikes supplied with geolocators
travelled from the southern Baltic coast to SE Europe with the average speed of
101 km day-1 and reached that area in only 9 days (SD = 5.1; n = 9; Tøttrup
et al. 2012).

In late September our Baltic Eurasian reed warbler reaches the northern edge of
the extensive ecological barrier which is formed by the Mediterranean and the
Sahara, and starts to fuel up. Until now, migration occurred without accumulating
large fuel loads that would significantly increase the energy cost of flying
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(Sect. 3.5), but now the migrant has to accumulate significant fuel stores (at least
50% and up to 100% of its lean body mass) that make the flight significantly more
expensive, in line with the predictions of the aerodynamic theory.

The current data obtained by large-scale radar studies of passerine migration in
the Sahara clearly show that the main strategy of crossing the desert is flight during
the day and rest in the desert during the night (Schmaljohann et al. 2007a, b). The
concept of non-stop flight across the desert suggested by Reginald E. Moreau half
a century ago suggesting that migrants fly non-stop during several days (Moreau
1961) has raised doubts for quite some time (Bairlein 1985, 1988; Biebach et al.
1986), and now can be considered refuted (Schmaljohann et al. 2007a, b; Salewski
et al. 2010). However, from the energetic viewpoint it makes the situation for the
migrants more, not less, grave: during the diurnal rest the distance to the goal
(relatively suitable stopovers areas on the northern edge of the Sahel) is not
reduced, and the energy continues to be consumed (assumed at ca. 0.5% of body
mass per hour; Meijer et al. 1994; Salewski et al. 2010).

After crossing the Sahara in tropical Africa different passerine migrants utilise
very different spatial strategies. Some species, like the pied flycatcher (Salewski
et al. 2002) or bluethroat (Markovets and Yosef 2005) occupy a territory where
they spend the whole winter and where they recur every year. Other long-distance
migrants, e.g. the willow warbler or garden warbler, move broadly within Africa,
so that their movements may be called intra-African migration (Jones 1995;
Salewski et al. 2002; Ottosson et al. 2005). Red-backed shrikes remain for
1–2 months in the Sahel/savannah zone of southern Sudan before they proceed to
their final winter quarters in Botswana/Angola (Tøttrup et al. 2012). I suggest that
their stay in Sudan, which is also typical of several other Palaearctic migrants,
namely the marsh warbler, great reed warbler and whitethroat (Yohannes et al.
2009b), should be called the first winter quarter rather than stopover (cf. Intro-
duction), and their movements between the first and the final winter quarters is
intra-African migration. Little is known about the physiological basis of these
movements (Terrill 1990).

The onset of spring migration is very poorly studied. It is one of the least known
periods of the annual cycle in long-distance passerine migrants; recently, when
radio-tracking has greatly advanced our knowledge of the postfledging period
before the onset of autumn migration (Vega Rivera et al. 1998, 2003; Mukhin
2004; Mukhin et al. 2005), it probably became the least studied period.

It is believed that the onset of spring migration is under endogenous control
(Berthold 1996), but recently some data has became available suggesting that this
trait, too, may be modified by the environment, in particular, by precipitation in the
wintering area (Sokolov and Kosarev 2003). In any case, migratory speed in spring
is much higher than in autumn, as shown by the analysis of ring recoveries
(Fransson 1995; Hall-Karlsson and Fransson 2008; Yohannes et al. 2009a) and by
geolocator tracking data (Stutchbury et al. 2009; Heckscher et al. 2011; Tøttrup
et al. 2012). It is usually assumed that the main reason for that is the necessity to
arrive first to the breeding areas, because first arrivals, especially males, can
occupy optimal breeding territories (Kokko 1999). As mentioned earlier, in spring
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European long-distance migrants enjoy the weather situations favourable for
migratory flights simultaneously with the weather situations favourable for for-
aging and fuelling. In the very recent years, information on the departure time and
travel speed of songbirds from their winter quarters in South America (Stutchbury
et al. 2009) and Africa (Tøttrup et al. 2012). Spring migration may be remarkably
rapid: two purple martins travelled from Brazil to Pennsylvania in 13 and 27 days;
wood thrushes returned to Pennsylvania from Honduras or Nicaragua in
13–29 days (n = 6; Stutchbury et al. 2009); similarily, veeries travelled from
South America to Delaware in 17–33 days (n = 5; Heckscher et al. 2011). More
data will most probably become available very soon.

In the recent years, the season of spring migratory arrival in most passerines,
long-distance migrants included, has shifted towards earlier dates (Moritz 1993;
Mason 1995; Sokolov et al. 1998; Sokolov and Payevsky 1998; Sokolov 2000,
2006; Crick and Sparks 2006; Gordo 2007; Møller et al. 2010). In western Europe,
where winters have become much milder and spring phenology has advanced a lot,
the advancement of arrival dates of long-distance migrants is insufficient, resulting
in the mismatch between time of reproduction and the peak of resources: even
though birds breed earlier in calendar dates, phenologically they breed later than in
earlier years (Both and Visser 2001; Both et al. 2005, 2010). Many passerines, e.g.
pied flycatchers in the Netherlands, breed now phenologically too late, in the
suboptimal season. However, in other regions, where spring phenology has not
(yet?) advanced so much as it did in western Europe (i.e. in the Urals or in
Siberia), no such mismatch is currently observed (Sokolov and Gordienko 2008;
Ananin and Sokolov 2009).

8.6 Conclusions

1. Passerine migrants usually stop over for 1–15 days. Sometimes, especially
before and just after crossing large ecological barriers (large water bodies,
deserts) stopovers may be longer and reach 20–25 days. Significant proportions
of migrants stop over for one day only and continue migration on the first night
after arrival. When studying stopover behaviour by stochastic capture-mark-
recapture models, it is most useful to estimate the proportion of ‘transients’
(migrants that make one-day stopovers) and the mean stopover duration of non-
transients. However, it should be kept in mind that capture-mark-recapture
models tend to overestimate the number of transients, whereas radio-tagging
results in more realistic estimates.

2. The mean fuel deposition rate (FDR) during migratory stopovers varies
between zero and even negative values to 0.5% of lean body mass per day, but
theoretically under ideal conditions may be as high as 10% per day. FDR does
not remain constant during the stopover: it is low or even negative during the
first 1–2 days upon arrival, then increases and may decrease again in the last
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days of a prolonged stopover, especially if migratory departure is delayed by
adverse weather. The mean FDR is often inversely related to the initial body
mass. During the autumn migratory season FDR may increase with the progress
of the season, even when food abundance and availability decline. FDR broadly
varies on the individual basis; a large proportion of its variation is not explained
by the extrinsic factors.

3. The relationships between the main energetic parameters of migratory stop-
overs (fuel deposition rate, stopover duration and departure fuel load) are
usually described in the framework of the optimal migration theory. This theory
is the accepted paradigm in the bird migration research, and the study of
movement ecology and behaviour and of the evolution of migration is usually
performed in this framework. Analysis of the original and literature data calls
the correctness of this framework in question. The idea of the U-shaped rela-
tionship between flight speed and flight power, which is fundamental for the
optimal migration theory, is not supported by the empirical data. In long-
distance songbird migrants, i.e. birds adapted to endurance flapping flight,
energy cost of flight is independent of its speed in a broad range of flight
velocities. Up to the fuel loads of 25–30%, the transport of extra load (fuel) is
nearly free, and the potential flight range is directly proportional to fuel load.
The existing concept is a result of application of the fixed-wing flight theory to
the avian flight which is non-stationary.
A serious weakness of the optimal migration theory is that its predictions are
difficult to test. By varying the initial assumptions, it is possible to change
model predictions in such a way that they will agree to practically any field
data. However, the idea of finding qualitative and quantitative relationships
between the energetic parameters of migratory stopovers is a very useful one; it
has greatly advanced avian migration research.

4. The correct selection of the optimal habitat during migratory stopovers plays a
great (often decisive) role for safe and successful migration. Nocturnal migrants
usually solve this problem by using visual cues when landing after migratory
flights. The number of individuals that fail to recognize correctly their habitat is
usually small; it usually happens under the conditions of poor visibility (rain,
fog). Wetland passerines use for habitat recognition not only visual but also
acoustic stimuli. They respond not only to the conspecific vocalisations but also
to heterospecific song typical of the certain habitat (i.e. to the acoustic habitat
markers). The response to song is either inherited or is developed early in life.
Migrating passerines often have to utilise habitats significantly different from
those they prefer during breeding. Apart from the immediate habitats, the
broader landscape context is also an important factor which shapes the quality
of a stopover site for migrants.

5. An extreme case of selection of an optimal habitat patch in the inhospitable
matrix is stopping over on islands and in oases. The hypothesis that oases are
ecological traps for stopover migrants that cannot refuel there because of their
small carrying capacity and competition is not supported by the field data. Even
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on small islands and in small oases the mean FDR is usually not much lower
than in continuous habitat.

6. Daytime movements of nocturnal migrants do not refer to migratory activity
and are habitat- and foraging-related. Usually they occur towards optimal
habitats and are not generally directed towards the goal of migration. The
exception is to so-called morning flights that at least in some cases are per-
formed to compensate for wind drift during the preceding long-distance
migratory flight, and migratory movements of migrants with the mixed rhythm
of diel activity (Turdus thrushes, goldcrests, bramblings Fringilla montifring-
illa etc.).
Spatial behaviour of passerines at migratory stopovers is very variable. Some
species, e.g. the European robin, after ceasing migratory flight move across
hundreds of metres and either resume flight on the first or second night upon
arrival or occupy a restricted home range (some species defend it) and remain
there until the end of stopover. Other species, e.g. pied flycatchers in spring,
move broadly looking for locally abundant food throughout the stopover per-
iod. It is not inconceivable that the same species of migrants may employ
different spatial strategies depending on the ecological conditions at stopover.
The main factor that governs spatial stopover behaviour is the spatio-temporal
distribution of the preferred food. If the food is relatively uniformly distributed
in space and predictable in time, the migrants tend to occupy (and sometimes to
defend) small home ranges. Species that utilise patchily distributed and
unpredictable food sources make broad movements.

7. The current concept of the temporal schedule of nocturnal migratory flights is
not accurate. The synchronised departures at the beginning of the night are only
typical of migration during short nights (mainly in spring at temperate and high
latitudes). When nights are long, many take-offs occur long after the end of the
evening twilight. Fuel loads of departing migrants vary broadly and often are
not significantly higher than the mean fuel loads of migrants at stopover. Some
birds initiate nocturnal flights with rather small fuel loads. They may be making
short flights in the migratory direction, and may be performing landscape-scale
nocturnal flights aimed at habitat optimisation in reverse or any other direction.

8. The rate of energy expenditure in migratory flight in long-distance passerine
migrants, adapted to endurance flights, is 6–7 times higher than their basal
metabolic rate (BMR). This is much lower than the value of 10–12 BMR
hitherto assumed (Dolnik 1995; Berthold 1996). The data from both free-flying
birds and wind tunnel experiments provide evidence that migratory flights are
energetically cheaper than it is usually believed.

9. The departure decision is made by a migrant under the influence of many
factors that may be lumped into four main groups. These groups of factors may
be regarded as relatively independent and represented as orthogonal axes in the
four-dimensional hyperspace: (1) current energy status; (2) habitat quality
expressed as FDR; (3) weather conditions, mainly wind assistance; and (4)
position on the migratory route with respect to the individual schedule of
migration. In this hyperspace there exists a four-dimensional region where take-
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offs are permitted. The more favourable the weather is the smaller fuel load is
sufficient for departure. The more is a migrant delayed the more it is motivated
to migrate, even in poor weather conditions and with low fuel stores.

8.7 Perspectives of Research of Stopover Ecology
and Behaviour of Passerines

The proposed model of stopover behaviour (four-dimensional hyperspace) has to
remain qualitative at the current stage of bird migration research. One of the main
problems that hinders making this model a quantitative one is the problem of
habitat quality quantification: it is only possible to express it through the fuel
deposition rate for the individuals that remained, but not for the ones that left.
Equally difficult is it to estimate the position of an individual on the migratory
route with respect to its unknown individual migratory schedule, which defines the
urge to migrate (the ‘pure’ motivation, free from the influence of habitat quality,
fuel stores and weather conditions). Currently even the qualitative model seems to
be a step forward in our understanding of the principles of organisation of
migration in passerines.

The studies of stopover ecology and behaviour started in the late 1980s and
intensively developed in the following two decades. Great progress was achieved
in estimating stopover duration by capture-mark-recapture statistics and especially
by radio-tracking of small passerines. Capture-mark-recapture modelling made it
possible to estimate statistically correctly the duration of stopovers on the basis of
biologically realistic assumptions. It should be emphasized that this method per-
mits not only estimation of the mean stopover duration but also to study the
structure of its variation which is most important for the understanding how flights
and stopovers alternate.

Radio-tracking studies made it possible to obtain unbiased estimates of stopover
duration and of spatial behaviour of migrants at stopovers. However, the problem
of obtaining unbiased estimates of fuel deposition rate remains elusive. To
understand the principles of organisation of stopovers and flights (i.e. organisation
of avian migration) it is not sufficient to have unbiased estimates of the mean FDR
across the stopover period, which is by itself very difficult. It is necessary to have
daily estimates of FDR for each day of stopover without multiple captures and
without supplementary feeding, which bias the estimates so much that make them
useless. This aim remains to be achieved.

Further progress in this research will most probably be achieved by the tran-
sition from the ground-based to satellite telemetry of small songbirds. Such data
might allow us to know exactly the beginning and the end of migratory flights of
individuals with known body mass and energy stores. This opportunity may
become available in the foreseeable future, if the ICARUS initiative, aimed at
satellite tracking of small animals, including birds, with conventional small VHF
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transmitters, is realised (Wikelski et al. 2007; Robinson et al. 2010). Another
avenue of research which is already open is using light–dark loggers, the so-called
geolocators which make it possible to track the movements of small birds,
including passerines, with the accuracy of 100–200 km (Stutchbury et al. 2009,
2011; Bächler et al. 2010; Heckscher et al. 2011; Ryder et al. 2011; Bairlein et al.
2012). Results of geolocator studies that have been published since several years
have already brought a wealth of data on migratory speed, number and duration of
stopovers, geographic aspects of migratory movements, and are beyond doubt a
major factor of progress in avian migration research. Another serious advancement
would be a possibility to weigh the free-living birds without capture and without
supplementary feeding. It would permit to measure FDR and its variation with
habitat, landscape, current energetic condition, weather etc.
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Bolshakov CV, Švažas S, Žalakevičius M (2002) Nocturnal migration of thrushes in the Eastern
Baltic region. Akstis, Vilnius

Bolshakov C, Bulyuk V, Chernetsov N (2003a) Spring nocturnal migration of Reed Warblers
Acrocephalus scirpaceus: departure, landing and body condition. Ibis 145:106–112

Bolshakov CV, Bulyuk VN, Mukhin A, Chernetsov N (2003b) Body mass and fat reserves of
Sedge Warblers during vernal nocturnal migration: departure versus arrival. J Field Ornithol
74:81–89

Bolshakov CV, Chernetsov N, Mukhin A, Bulyuk VN, Kosarev V, Ktitorov P, Leoke D, Tsvey A
(2007) Time of nocturnal departures in European robins, Erithacus rubecula, in relation to
celestial cues, season, stopover duration and fat stores. Anim Behav 74:855–865

Both C, Visser ME (2001) Adjustment to climate change is constrained by arrival date in a long-
distance migrant bird. Nature 411:296–298

Both C, Bijlsma RG, Visser ME (2005) Climatic effects on spring migration and breeding in a
long-distance migrant, the pied flycatcher Ficedula hypoleuca. J Avian Biol 36:368–373

Both C, Van Turnhout CAM, Bijlsma RG, Siepel H, Van Strien AJ, Foppen RPB (2010) Avian
population consequences of climate change are most severe for long-distance migrants in
seasonal habitats. Proc R Soc London B 277:1259–1266

Bulyuk VN (2006) At what time of the day do passerine nocturnal migrants arrive at their
breeding sites? Ardea 94:132–139

Bulyuk VN (2010) Autumn departure of adult nocturnally migrating passerines from their
breeding sites. Avian Ecol Behav 17:3–12

Bulyuk VN, Mukhin A (2010) Do weather and lunar cycle influence the decision of juvenile reed
warblers Acrocephalus scirpaceus to perform post-fledging nocturnal flights over the natal
area? Acta Ornithol 45:27–32

Bulyuk VN, Tsvey A (2006) Timing of nocturnal autumn migratory departures in juvenile
European robins (Erithacus rubecula) and endogenous and external factors. J Ornithol
147:298–309

Chernetsov NS (1999) Migratsionnye strategii kamyshevok Acrocephalus spp. v predelakh
Evropy (Migratory strategies of Acrocephalus warblers within Europe). Dissertation,
Zoological Institute RAS

Chernetsov N (2002) Efficiency of migratory stopovers of Song Thrushes Turdus philomelos and
Redwings T. iliacus and their migration strategies in the Eastern Baltic. Avian Ecol Behav
9:15–22

Chernetsov N, Manukyan A (1999) Feeding strategy of Reed Warblers Acrocephalus scirpaceus
on migration. Avian Ecol Behav 3:59–68

174 8 Migratory Flights and Stopovers: Organisation of Migration



Chernetsov N, Manukyan A (2000) Foraging strategy of the Sedge Warbler (Acrocephalus
schoenobaenus) on migration. Vogelwarte 40:189–197

Chernetsov N, Mukhin A (2001) Possible endogenous basis of juvenile dispersal in the reed
warbler (Acrocephalus scirpaceus). Ring 23:173–177

Chernetsov N, Titov N (2001) Migratory stopovers of juvenile Blackcaps Sylvia atricapilla in
autumn: stopover length, fuel deposition rate, and an attempt to predict departure body mass.
Avian Ecol Behav 6:27–28

Chernetsov N, Bulyuk VN, Ktitorov P (2007) Migratory stopovers of passerines in an oasis at the
crossroad of the African and Indian flyways. Ring Migr 23:243–251

Chernetsov N, Kishkinev D, Gashkov S, Kosarev V, Bolshakov CV (2008) Migratory programme
of juvenile pied flycatchers, Ficedula hypoleuca, from Siberia implies a detour around Central
Asia. Anim Behav 75:539–545

Conklin JR, Battley PF, Potter MA, Fox JW (2010) Breeding latitude drives individual schedules
in a trans-hemispheric migrant bird. Nat Comm 1(67):1–6

Crick HQP, Sparks TH (2006) Changes in the phenology of breeding and migration in relation to
global climate change. Acta Zool Sinica 52:154–157

Dolnik VR (1968) Rol’ zhirovyh depo v regulyatsii metabolizma i povedeniya ptits vo vremya
migratsii (Role of the fat depots in the regulation of metabolism and behaviour of the birds
during migration). Zool Zhurnal 47:273–291

Dolnik VR (1975) Migratsionnoye sostoyanie ptits (Migratory disposition of birds). Nauka,
Moscow

Dolnik VR (1990) Bird migration across arid and mountainous regions of Middle Asia and
Kasakhstan. In: Gwinner E (ed) Bird migration. Springer, Berlin

Dolnik VR (1995) Resursy energii i vremeni u ptits v prirode (Energy and time resources in free-
living birds). Nauka, St Petersburg

Dolnik VR, Blyumental TI (1967) Autumnal premigratory and migratory periods in the Chaffinch
(Fringilla coelebs coelebs) and some other temperate-zone passerine birds. Condor
69:435–468

Ellegren H (1990) Autumn migration speed in Scandinavian bluethroats, Luscinia s. svecica,
during autumn migration in Sweden. Ring Migr 11:121–131

Ellegren H (1993) Speed of migration and migratory flight lengths of passerine birds ringed
during autumn migration in Sweden. Ornis Scand 24:220–228

Erni B, Liechti F, Bruderer B (2002) Stopover strategies in passerine bird migration: a simulation
study. J Theor Biol 219:479–493

Forstmeier W (2002) Benefits of early arrival at breeding grounds vary between males. J Anim
Ecol 71:1–9

Fransson T (1995) Timing and speed of migration in North and West European populations of
Sylvia warblers. J Avian Biol 26:39–48

Fransson T, Jakobsson S, Johansson P, Kullberg C, Lind J, Vallin A (2001) Magnetic cues trigger
extensive refuelling. Nature 414:35–36

Fusani L, Cardinale M, Carere C, Goymann W (2009) Stopover decision during migration:
physiological conditions predict nocturnal restlessness in wild passerines. Biol Lett 5:302–305

Gavrilov VM (1981) Sutochnye izmeneniya metabolizma pokoya u ptits (Daily changes of the
resting metabolism in birds). Ornithologia (Moscow) 16:42–50

Gavrilov VM (1985) Seasonal and circadian changes of thermoregulation in passerine and non-
passerine birds: which is more important? In: Iljichev VD, Gavrilov VM (eds) Acta XVIII
Congressus International Ornithol, Nauka, Moscow

Gavrliov VM (1980) Napravleniya bioenergeticheskikh adaptatsiy k sezonnosti klimata u ptits
(Directions of the bioenegertic adaptation to climate seasonality in birds). In: Neufeldt IA (ed)
Ekologiya, geografiya i okhrana ptits (Ecology, geography and conservation of birds).
Zoological Institute, Leningrad

Gordo O (2007) Why are bird migration dates shifting? a review of weather and climate effects
on avian migratory phenology. Clim Res 35:37–58

References 175



Grinkevich V, Chernetsov N, Mukhin A (2009) Juvenile Reed Warblers Acrocephalus scirpaceus
see the world but settle close to home. Avian Ecol Behav 16:3–10

Gwinner E, Wiltschko W (1978) Endogenously controlled changes in migratory direction of the
garden warbler, Sylvia borin. J Comp Physiol A 125:267–273

Gwinner E, Schwabl H, Schwabl-Benzinger I (1988) Effects of food-deprivation on migratory
restlessness and diurnal activity in the garden warbler Sylvia borin. Oecologia 77:321–326

Hall-Karlsson KSS, Fransson T (2008) How far do birds fly during one migratory flight stage?
Ring Migr 24:95–100

Hansson M, Pettersson J (1989) Competition and fat deposition in Goldcrests (Regulus regulus)
at a migration stopover site. Vogelwarte 35:21–31

Heckscher CM, Taylor SM, Fox JW, Afanasyev V (2011) Veery (Catharus fuscescens) wintering
locations, migratory connectivity, and a revision of its winter ranges using geolocators
technology. Auk 128:531–542

Hedenström A, Pettersson J (1987) Migration routes and wintering areas of willow warblers
Phylloscopus trochilus (L.) ringed in Fennoscandia. Ornis Fennica 64:137–143

Heinroth O, Heinroth K (1941) Das Heinfinde-Vermögen der Brieftauben. J Ornithol 89:213–256
Henshaw I, Fransson T, Jakobsson S, Lind J, Vallin A, Kullberg C (2008) Food intake and fuel

deposition in a migratory bird is affected by multiple as well as single-step changes in the
magnetic field. J Exp Biol 211:649–653

Henshaw I, Fransson T, Jakobsson S, Jenni-Eiermann S, Kullberg C (2009) Information from the
geomagnetic field triggers a reduced adrenocortical response in a migratory bird. J Exp Biol
212:2902–2907

Jenni L, Schaub M (2003) Behavioural and physiological reactions to environmental variables in
bird migration: a review. In: Berthold P, Gwinner E, Sonnenschein E (eds) Avian migration.
Springer, Berlin

Jones P (1995) Migration strategies of Palaearctic passerines in Africa. Isr J Zool 41:393–406
Karlsson H, Nilsson C, Bäckman J, Alerstam T (2011) Nocturnal passerine migration without

tailwind assistance. Ibis 153:485–493
Klaassen M, Kvist A, Lindström Å (2000) Flight costs and fuel composition of a bird migrating in

a wind tunnel. Condor 102:444–451
Kokko H (1999) Competition for early arrival in migratory birds. J Anim Ecol 68:940–950
Koleček J (2006) Nadměrna hmotnost a tučnost u rakosnika velkeho (Acrocephalus arundin-

aceus). Sylvia 42:126–129
Kosarev V, Kobylkov D (2010) Razvitie predmigratsionnogo ozhireniya na mestakh raz-

mnozheniya u trostnikovykh kamyshevok (Acrocephalus scirpaceus) pered nachalom
osenney migratsii po dannym radiotelemetrii (Development of pre-migratory fattening at
the breeding sites in Eurasian reed warblers (Acrocephalus scirpaceus) before the onset of
autumn migration from the radio telemetry data). In: Kurochkin EN, Davygora AV (eds)
Ornitologiya v Severnoy Evrasii (Ornithology in Northern Eurasia). Orenburg State
University Press, Orenburg

Ktitorov P, Tsvey A, Mukhin A (2010) The good and the bad stopover: behaviours of migrant
reed warblers at two contrasting sites. Behav Ecol Sociobiol 65:1135–1143

Kullberg C, Henshaw I, Jakobsson S, Johansson P, Fransson T (2007) Fuelling decisions in
migratory birds: geomagnetic cues override the seasonal effect. Proc R Soc London B
274:2145–2151

Lindström Å (2003) Fuel deposition rates in migrating birds: causes, constraints and
consequences. In: Berthold P, Gwinner E, Sonnenschein E (eds) Avian migration. Springer,
Berlin

Lourenço PM, Kentie R, Schroeder J, Groen NM, Hooijmeijer JCEW, Piersma T (2011)
Repeatable timing of northward departure, arrival and breeding in black-tailed godwits
Limosa l. limosa, but no domino effects. J Ornithol 152:1023–1032

Mädlow W (1997) Durchzug und Rastverhalten des Rotkehlchens (Erithacus rubecula) im Herbst
1995 auf der Greifswalder Oie: Situation während eines Masseneinzugs. Seevögel 18:75–81

176 8 Migratory Flights and Stopovers: Organisation of Migration



Markovets M, Yosef R (2005) Phenology, duration and site fidelity of wintering bluethroat
(Luscinia svecica) at Eilat, Israel. J Arid Environ 61:93–100

Mason CF (1995) Long-term trends in the arrival dates of spring migrants. Bird Study
42:182–189

Meijer T, Mohring FJ, Trillmich F (1994) Annual and daily variation in body mass and fat of
starlings Sturnus vulgaris. J Avian Biol 25:98–104

Merkel FW (1938) Zur Physiologie der Zugunruhe bei Vögeln. Ber Vereins Schles Ornithol
25:1–72

Merkel FW (1958) Untersuchungen zur künstlichen Beeinflussung der Aktivität gekäfigter
Zugvögel. Vogelwarte 19:173–185

Mills AM, Thurber BJ, Mackenzie SA, Taylor PD (2011) Passerines use nocturnal flight for
landscape-scale movements during migratory stopover. Condor 113:597–607

Møller AP, Fiedler W, Berthold P (eds) (2010) Effects of climate change on birds. Oxford
University Press, NY

Moreau RE (1961) Problems of Mediterranean-Saharan migration. Ibis 103a:373–427
Moritz D (1993) Long-term monitoring of Palaearctic-African migrants at Helgoland (German

Bight, North Sea). In: Wilson ET (ed) Proceedings of 8th Pan-African Ornithological
Congress. Musée Royal de Afrique Centrale, Tervuren

Mukhin A (2004) Night movements of young reed warblers (Acrocephalus scirpaceus) in
summer: is it postfledging dispersal? Auk 121:203–209

Mukhin A, Kosarev V, Ktitorov P (2005) Nocturnal life of young songbirds well before
migration. Proc R Soc London B 272:1535–1539

Newton I (2008) The migration ecology of birds. Academic Press, London
Ottosson U, Waldenström J, Hjort C, McGregor R (2005) Garden Warbler Sylvia borin migration

in sub-Saharan West Africa: phenology and body mass changes. Ibis 147:150–157
Panov IN (2011) Overlap between moult and autumn migration in passerines in northern taiga

zone of Eastern Fennoscandia. Avian Ecol Behav 19:33–64
Panov IN (2012) Migratsionnye strategii vorobyinykh ptits v severnoy tayge Vostochnoy

Fennoskandii (Migratory strategies of passerines in the northern taiga of Eastern Fennoscan-
dia). Dissertation, Institute of Ecology and Evolution RAS

Paradis E, Baillie SR, Sutherland WJ, Gregory RD (1998) Patterns of natal and breeding dispersal
in birds. J Anim Ecol 67:518–536

Pettersson J (1983) Rödhakens Erithacus rubecula höstflyttning vid Ottenby. Vår Fågelvärld
42:333–342

Raess M (2008) Continental efforts: migration speed in spring and autumn in an inner-Asian
migrant. J Avian Biol 39:13–18

Richardson W (1978) Timing and amount of bird migration in relation to weather: a review.
Oikos 30:224–272

Richardson W (1990) Timing of bird migration in relation to weather: updated review. In:
Gwinner E (ed) Bird migration. Springer, Berlin

Robinson WD, Bowlin MS, Bisson I, Shamoun-Baranes J, Thorup K, Diehl R, Kunz TH, Mabey
S, Winkler DW (2010) Integrating concepts and technologies to advance the study of bird
migration. Front Ecol Environ 8:354–361

Ryder TB, Fox JW, Marra PP (2011) Estimating migratory connectivity of gray catbirds
(Dumetella carolinensis) using geolocators and mark-recapture data. Auk 128:448–453

Salewski V, Bairlein F, Leisler B (2002) Different wintering strategies of two Palearctic migrants
in West Africa—a consequence of foraging strategies? Ibis 144:85–93

Salewski V, Schmaljohann H, Liechti F (2010) Spring passerine migrants stopping over in the
Sahara are not fall-outs. J Ornithol 151:371–378

Schaub M, Jenni L (2000) Fuel deposition of three passerine bird species along migration route.
Oecologia 122:306–317

Schaub M, Liechti F, Jenni L (2004) Departure of migrating European robins, Erithacus
rubecula, from a stopover site in relation to wind and rain. Anim Behav 67:229–237

References 177



Schmaljohann H, Naef-Daenzer B (2011) Body condition and wind support initiate the shift of
migratory direction and timing of nocturnal departure in a songbird. J Anim Ecol
80:1115–1122

Schmaljohann H, Liechti F, Bruderer B (2007a) Songbird migration across the Sahara: the non-
stop hypothesis rejected! Proc R Soc London B 274:735–739

Schmaljohann H, Liechti F, Bruderer B (2007b) An addendum to ‘songbird migration across the
Sahara: the non-stop hypothesis rejected!’. Proc R Soc London B 274:1919–1920

Schmaljohann H, Becker PJJ, Karaardic H, Liechti F, Neaf-Daenzer B, Grande C (2011)
Nocturnal exploratory flights, departure time, and direction in a migratory songbird. J Ornithol
152:439–452

Sokolov LV (1997) Philopatry of migratory birds. In: Turpaev TM (ed) Physiology and general
biology reviews, vol 11. Harwood Academic Press, Amsterdam

Sokolov LV (2000) Spring ambient temperature as an important factor controlling timing of
arrival, breeding, post-fledging dispersal and breeding success of Pied Flycatchers Ficedula
hypoleuca in Eastern Baltic. Avian Ecol Behav 5:79–104

Sokolov LV (2006) Effect of global warming on the timing of migration and breeding of
passerine birds in the 20th century. Entomol Rev 86:S59–S81

Sokolov LV, Gordienko NS (2008) Has recent climate warming affected the dates of bird arrival
to the Il’men reserve in the southern Urals? Russ J Ecol 39:56–62

Sokolov LV, Kosarev VV (2003) Relationship between timing of arrival of passerines to the
courish spit and North Atlantic oscillation index (NAOI) and precipitation in Africa. Proc
Zool Inst 299:141–154

Sokolov LV, Payevsky VA (1998) Spring temperatures influence on year-to-year variations in the
breeding phenology of passerines on the Courish Spit, Eastern Baltic. Avian Ecol Behav
1:22–36

Sokolov LV, Markovets MY, Shapoval AP, Morozov YG (1998) Long-term trends in the timing
of spring migration of passerines on the Courish Spit of the Baltic Sea. Avian Ecol Behav
1:1–21

Stutchbury BJM, Tarof SA, Done T, Gow E, Kramer PM, Tautin J, Fox JW, Afanasyev V (2009)
Tracking long-distance songbird migration by using geolocators. Science 323:896

Stutchbury BJM, Gow E, Done T, MacPherson M, Fox JW, Afanasyev V (2011) Effects of post-
breeding moult and energetic condition on timing of songbird migration into the tropics. Proc
R Soc London B 278:131–137

Szulc-Olech B (1965) The resting period of migrant robins on autumn passage. Bird Study 12:1–7
Terrill SB (1990) Ecophysiological aspects of movements by migrants in the wintering quarters.

In: Gwinner E (ed) Bird migration. Springer, Berlin
Titov N (1999) Individual home ranges of Robins Erithacus rubecula at stopovers during autumn

migration. Vogelwelt 120:237–242
Tøttrup AP, Klaassen RHG, Strandberg R, Thorup K, Kristensen MW, Jørgensen PS, Fox J,

Afanasyev V, Rahbek C, Alerstam T (2012) The annual cycle of a trans-equatorial Eurasian-
African passerine migrant: different spatio-temporal strategies for autumn and spring
migration. Proc R Soc London B 279:1008–1016

Tsvey A, Bulyuk VN, Kosarev V (2007) Influence of energy condition and weather on departures
of first-year European robins, Erithacus rubecula, from an autumn migratory stopover site.
Behav Ecol Sociobiol 61:1665–1674

Vega Rivera JH, Rappole JH, McShea WJ, Haas CA (1998) Wood thrush postfledging
movements and habitat use in northern Virginia. Condor 100:69–78

Vega Rivera JH, McShea WJ, Rappole JH (2003) Comparison of breeding and post breeding
movements and habitat requirements for the scarlet tanager (Piranga olivacea) in Virginia.
Auk 120:632–644

Wang Y, Moore FR (1993) Relation between migratory activity and energetic condition among
thrushes (turdinae) following passage across the Gulf of Mexico. Condor 95:934–943

Wang Y, Chang JC, Moore FR, Su LY, Cui LM, Yang XF (2006) Stopover ecology of red-
flanked bush robin at maoershan of Northeast China. Acta Ecol Sin 26:638–646

178 8 Migratory Flights and Stopovers: Organisation of Migration



Wikelski M, Kays RW, Kasdin NJ, Thorup K, Smith JA, Swenson GW Jr (2007) Going wild:
what a global small-animal tracking system could do for experimental biologists. J Exp Biol
210:181–186

Wiltschko W, Wiltschko R (1992) Migratory orientation: magnetic compass orientation of garden
warblers (Sylvia borin) after a simulated crossing of the magnetic equator. Ethology 91:70–79

Yamaguchi N, Tokita K-I, Uematsu A, Kuno K, Saeki M, Hiraoka E, Uchida K, Hotta M,
Nakagawa F, Takahashi M, Nakamura H, Higuchi H (2008) The large-scale detoured
migration route and the shifting pattern of migration in Oriental honey-buzzards breeding in
Japan. J Zool 276:54–62

Yamaguchi NM, Arizawa Y, Shimada Y, Higuchi H (2012) Real-time weather analysis reveals
the adaptability of direct sea-crossing by raptors. J Ethol 30:1–10

Yohannes E, Biebach H, Nikolaus G, Pearson DJ (2009a) Migration speeds among eleven species
of long-distance migrating passerines across Europe, the desert and Eastern Africa. J Avian
Biol 40:126–134

Yohannes E, Biebach H, Nikolaus G, Pearson DJ (2009b) Passerine migration strategies and body
mass variation along geographic sectors across East Africa, the Middle East and the Arabian
Peninsula. J Ornithol 150:369–381

References 179


	8 Migratory Flights and Stopovers: Organisation of Migration
	Abstract
	8.1…The Importance of Fuel Deposition Rate
	8.2…Factors that Govern Departure Decisions
	8.3…Series of Migratory Flights and Waves of Passage
	8.4…Spring Versus Autumn Migration
	8.5…Annual Movements of a Typical Long-Distance Passerine Nocturnal Migrant
	8.6…Conclusions
	8.7…Perspectives of Research of Stopover Ecology and Behaviour of Passerines
	References


