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Preface

Even though the importance of migratory stopovers and the related events for bird
migration as a whole has been intuitively clear since long ago, the targeted study
of this field did not start until a relatively recent time. Since the late 1980s—early
1990s, stopover ecology and behaviour have attracted the attention of a number of
students of bird migration. An important point was the dissertation of Ake Lind-
strom ‘Stopover ecology of migrating birds’ presented at Lund University
(Lindstrom 1990). At the same time Thomas Alerstam and Ake Lindstrom pub-
lished their seminal paper that laid the foundation of the optimal bird migration
theory (Alerstam and Lindstrom 1990). Equally important were the studies of
Frank R. Moore and his colleagues at the University of Southern Mississippi
(Moore and Kerlinger 1987; Loria and Moore 1990; Moore and Wang 1991) and
the dissertation of Andreas Kaiser which was based on work done at what is now
Max Planck Institute for Ornithology (Vogelwarte Radolfzell) and presented at
Konstanz University (Kaiser 1993).

Even though the study of stopover ecology and behaviour of migrating birds
actively developed and for some time was a ‘hot topic’ in bird migration research,
rather surprisingly, no monographic review on stopover biology of birds has been
produced. This book is an attempt to fill this gap.

My own research of stopover ecology and behaviour started when I, as an
undergraduate student, was doing my diploma project on migration ecology of
Acrocephalus warblers at the Biological Station Rybachy of the Zoological
Institute of the Russian Academy of Sciences under the supervision of Casimir V.
Bolshakov. Since 1994, I have worked at Rybachy doing research of stopover
biology of songbirds, mainly long-distance Palaearctic-African migrants. Most of
my fieldwork was done on the Courish Spit in Kaliningrad Region of Russia,
which has a long tradition of avian migration research going back to the early 20th
century when it was in the German province of East Prussia. The study of bird
migration was one of the main fields of activity of the world’s first bird obser-
vatory Vogelwarte Rossitten in 1901-1944 (Thienemann 1931; Vaughan 2009),
and it has also been a very important working field of the Biological Station
Rybachy which replaced it in 1956.
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Some fieldwork was done at the Dzhabybek research station of the Institute of
Forestry of the Russian Academy of Sciences (West Kazakhstan Region,
Kazakhstan). I also analysed data collected at the International Birding and
Research Center Eilat in Israel.

I am most grateful to the director of the Biological Station Rybachy of the
Zoological Institute Casimir V. Bolshakov who was my supervisor and has always
supported my work. I am obliged to the members of the Biological Station Ryb-
achy Dina S. Lyuleeva, Vladimir A. Payevsky, Mark E. Shumakov, Natalia V.
Vinogradova, Valentina P. Dyachenko (}), Vladislav D. Efremov, Leonid V.
Sokolov, Anatoly P. Shapoval, Mikhail Y. Markovets, Alexandra Sinelschikova,
Nadezhda P. Zelenova, Dmitry Leoke for their invariably kind attitude and con-
stant help. The importance of the collaborative work and (often heated) discus-
sions with Nikolay Titov, Andrey Mukhin, Vladislav Kosarev, Arseny Tsvey,
Pavel Ktitorov, Dmitry Kishkinev and Vitaly Grinkevich cannot be overestimated.

Marina L. Sizemskaya and Mamay K. Sapanov made the work at the
Dzhanybek field station possible and convenient. Reuven Yosef made the data
from FEilat available for analysis. I am most grateful to Peter Berthold, Eberhard
Gwinner (), Franz Bairlein and Frank R. Moore for the possibility to visit their
respective institutes and for fruitful discussions. Many discussions with the col-
leagues from various countries, especially with Julia Delingat, Michael Schaub,
Volker Salewski, and Goetz Eichhorn were very constructive. The author is also
most grateful for the comments made by the reviewers that made it possible to
improve the drafts: Vladimir B. Zimin, Dmitry O. Eliseev, Vladimir A. Payevsky,
Valery M. Gavrilov, Alexander V. Artemyev, Alexander V. Andreev. Tatiana A.
Ganf provided linguistic help which is much appreciated. Ekaterina A. Papchin-
kaya helped to format the illustrations.

The author expresses a sincere gratitude to all these people. The responsibility
for all the shortcomings remains with the author alone.
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Chapter 1
Introduction

Abstract This chapter gives a general introduction to the migratory movements
of birds, and outlines the ultimate factors that govern the migratory behaviour. The
remaining part of this monograph mainly deals with the proximate controlling
factors. It is emphasized that the realised behaviour of avian migrants results from
an interplay of their endogenous migratory programme and the environmental
conditions the migrants encounter en route. The definitions of avian migration,
migratory stopover, its duration, fuel deposition rate, and departure fuel load
accepted in this monograph are given in this chapter.

1.1 General Introduction to Migratory Movements
of Birds

Many songbirds perform long-distance migratory movements twice a year. Annual
movements of some passerines are no less impressive than the famous migration of
Alaskan Arctic terns Sterna paradisaea to their winter quarters in Antarctica
(Berthold 2001; Newton 2008; Egevang et al. 2010). The longest migratory
movements among songbirds are probably performed by northern wheatears
Oenanthe oenanthe that travel between Alaska and northeast Asia and East Africa,
and by willow warblers Phylloscopus trochilus that breed in northeast Asia and
winter in Central and East Africa. If migratory distance is taken relative to body
size, this willow warbler population may be performing the longest migratory
movements in the world (Alerstam 2003).

Not only such extreme long-distance migrants, but most other migratory birds
do not cover the distance between their breeding areas and winter quarters by a
single flight. Some very impressive exceptions do exist, e.g. bar-tailed godwits
Limosa lapponica baueri that fly non-stop from Alaska to New Zealand across the
Pacific (Gill et al. 2005, 2009). However, a vast majority of migrants make
multiple stopovers en route during which they rest and refuel.
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In daytime migrants and in migrants with the mixed rhythm of migratory activity
(Bolshakov 1977) it may not be easy to distinguish between migratory flights and
stopovers. This is true of birds like titmice that make migratory movements by
flying low above the canopy, so that it may be difficult to say whether they are
migrating or foraging. Unlike many other songbirds, swallows and martins can fly
and forage (Lyuleeva 1970), and American crows Corvus brachyrhynchos have
been recently shown to do the same (Ward and Raim 2011). Detailed observations
of the behaviour of moving passerines make it possible to tell foraging movements
from diurnal migration, but often it is not easy to make the distinction.

In nocturnal migrants flight and stopovers are usually better separated. When
migrating over areas with continuous stopover possibility, i.e. when not crossing
ecological barriers, these birds perform long-distance flights (covering dozens and
hundreds of kilometres) during the night and rest and forage within a much smaller
area during the daytime. This diel pattern of flights and stopovers makes a clear
distinction between them possible (Bairlein 1992). The linear size of a stopover
area may be as long as dozens and hundreds of metres, at most several kilometres
(Wang and Moore 1993; Titov 1999; Chernetsov et al. 2004; Chernetsov and
Mukhin 2006; Paxton et al. 2008), and is anyway negligible as compared with the
distance of single migratory flights which may be dozens and more often hundreds
of kilometres (Bulyuk and Chernetsov 2000; Barriocanal et al. 2002; Hall-Karlsson
and Fransson 2008). As shown by our studies on the Courish Spit in the Eastern
Baltic, 10.7 km is at the very upper limit of the distance of daytime movements in
songbird nocturnal migrants (Chernetsov 2011).

Only when normally nocturnal migrants are crossing large water bodies or
other areas with very poor stopover opportunities (e.g. the Sahara), their diel
rhythm of flight activity changes so that they can fly both during night and day.
It happens when crossing the Gulf of Mexico (Gauthreaux 1971, 1972), the
western Atlantic between North and South America (Williams and Williams
1990), the Mediterranean and the Baltic in their widest parts (Bruderer 2001), and
under some situations (e.g. in spring) when crossing the Sahara (Schmaljohann
et al. 2007). Therefore, nocturnal migrants are a suitable system for studying
flights and stopovers when they migrate over good habitats with continuous
stopover opportunities. Most data collected, analysed and discussed in this
monograph refer to passerine nocturnal migrants.

It seems intuitively obvious that avian migration first of all is flight. However,
careful analysis shows that the role of stopovers is very important in terms of both
time and energy. Actual flight represents 29% of energy expenditure during
migration, whereas the rest is spent on supporting the animals during stopovers
(Wikelski et al. 2003). This proportion (roughly one-third during flight, two-thirds
during stopovers) was predicted by the optimal migration theory (Alerstam and
Hedenstrom 1998) and supported by direct measurements of flight costs during
actual free migratory flight in Catharus thrushes by injecting doubly labelled water
D,0'® (Wikelski et al. 2003). However, it should be mentioned that recent tracking
data on red-backed shrikes Lanius collurio during their migration between Europe
and Africa showed a very high rate of movement, corresponding to travelling
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during 7-10 h daily, and even 11-16 h daily when crossing the Sahara (Tgttrup
et al. 2012). Thus, some species may spend a large proportion of their time actually
flying, but they apparently need quite some time to fuel up before such flight bouts,
and this fuelling time should be included in the estimates.

Because of the important role that stopovers play in the temporal and energetic
balance of migration, their significance for organisation of migration is paramount.
Stopovers are mainly made for refuelling, not for rest (Dolnik 1985), when
continuing flight is not optimal due to adverse environmental conditions, e.g. high
air temperature causing negative water balance, headwind, low visibility, precip-
itation etc. (Dolnik 1990; Biebach 1990; Biebach et al. 1991, 2000; Schmaljohann
et al. 2007). Thus, some stopovers are used for refuelling and some for avoiding
adverse weather, with varying behaviour.

Probably it is during the stopover that orientation tasks are solved by the
migrants. More and more data becomes available suggesting that calibration of
compass systems used by migrants (sunset cues, geomagnetic field and possibly
stellar cues) occurs at stopovers before take-off (Cochran et al. 2004; Muheim et al.
2006, 2007, 2009; but see Rabgl 2010; Chernetsov et al. 2011). During migratory
flights migrants seem to be maintaining a selected direction of movement, more or
less successfully due to wind drift (Moore 1990; Thorup et al. 2007).

Unlike many waders and waterfowl, songbirds can stop over at any site along
their flyway, and are not restricted to the scattered patches of stopover habitats
which are often traditionally used by many generations of migrants. This is called
a continuous stopover opportunity as opposed to a discrete stopover opportunity
(Houston 1998). This is certainly only true if songbirds are migrating over optimal
or at least suitable habitats. If they are crossing an ecological barrier (e.g. sea or
desert), they can only stop at few suitable sites (islands in the sea or oases in the
desert). Under such conditions passerines are also facing a discrete stopover
opportunity.

Stopover ecology and behaviour is a complex of ecological, physiological and
behavioural adaptations aimed at solving the specific problems that migrants are
facing. It is not identical to the so-called ‘migratory syndrome’ that does not seem
to exist, in the sense that there is no evidence for deeply rooted co-adapted trait
complexes (Piersma et al. 2005). However, there are some common challenges
faced by avian migrants, e.g. they all should try to refuel as fast and efficiently as
possible, and they all should try to survive. The migratory stopover may be a rare
situation when the main assumption of the optimal foraging theory [i.e. that the
animal’s behaviour is aimed at maximising the net energy intake: Krebs and
Davies (1991), Begon et al. (2006)] is indeed correct, as other activities (breeding,
moult, using certain food types) are non-existent or have a low priority. This task
should be solved by the animal in a novel environment, often in a suboptimal
habitat, under inclement weather conditions, high level of food competition etc.

The main ecological parameters of a migratory stopover are its duration, fuel
deposition rate and energy efficiency. These parameters are interrelated, but the
form of relationships is not straightforward. They are studied by the optimal
migration theory (Alerstam and Lindstrém 1990; Weber and Houston 1997;
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Houston 1998; Alerstam and Hedenstrom 1998; Alerstam 2011). To build realistic
theoretical models it is necessary to obtain reliable empirical estimates of these
main parameters, which appeared to be a non-trivial task.

1.2 Ultimate Factors that Govern Migration

Avian migration has an endogenous basis. It became apparent to the researchers
very early that many species, especially long-distance migrants, start their autumn
migration rather early, already in summer, long before the feeding conditions
deteriorate and cannot any longer support their existence. During the migratory
period, obligate migrants enter the so-called migratory disposition (Dolnik 1975;
Berthold 1996) which is a special physiological condition, characterised by
hyperphagia, deposition of fat, change of the diel pattern of locomotor activity
(nocturnal migrants start to be active at night in addition to their normal daytime
activity) and spontaneous orientation in the migratory direction. Migrants taken
into captivity develop all these key characteristics of the migratory disposition
(Kramer 1949; Gwinner 1968), and it should be emphasized that this syndrome is
manifested under the constant conditions during many years in captivity (Gwinner
1996). Typically, the period of the rhythm is longer or shorter than 12 months
under such constant conditions, attesting to its endogenous circannual nature
(Berthold et al. 1972; Gwinner 1986). The amount of nocturnal activity of caged
migrants is rather well correlated with the length and sequence of the migratory
journey of their free-living conspecifics (Berthold 1973, 1988; Berthold and
Leisler 1980), suggesting that nocturnal migratory restlessness of captive migrants
(Zugunruhe) is a correct manifestation of the flight activity in the wild. It has also
been shown that this amount of nocturnal activity is inherited (Pulido et al. 2001),
and when e.g. blackcaps Sylvia atricapilla from various populations with different
inherited amount of Zugunruhe are crossed in the experiment, their F1 hybrids
show an intermediate amount of nocturnal activity (Berthold and Querner 1981).
The same is true of the migratory directions: they are also inherited and inter-
mediate in F1 hybrids between different populations (Helbig 1996).

It is generally believed that first-time migrants have an inherited clock-and-
compass programme which presupposes that juvenile migrants fly for a certain
period of time in a certain direction, then change the direction of their migration
and again fly during a certain period of time etc.; finally, they end up in their
species-specific winter quarters (Gwinner and Wiltschko 1978; Berthold 1996,
2001). This concept was rather early criticised on theoretical grounds (Rabgl
1985), and in the recent years data has become available suggesting that first-
autumn migrants in fact can control their position on the migratory routes from
some inherited information on signposts, i.e. some primitive analogue of a map
(Fransson et al. 2001; Kullberg et al. 2003, 2007; Freake et al. 2006; Chernetsov
et al. 2008a; Liechti et al. 2012). Some satellite tracking data from non-passerine
migrants, however, suggest that this inherited map may be actually not so
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primitive and even comparable with that used by their experienced conspecifics
(Gschweng et al. 2008; Lopez-Lopez et al. 2010).

As for experienced migrants, when they return to their breeding areas in spring
or migrate to winter quarters after the breeding season, they are believed to have a
navigational map and thus to be able to make corrections for displacements, e.g.
due to wind drift (Thorup et al. 2007; Chernetsov et al. 2008b).

It can now be regarded a firmly established fact that avian migration has an
endogenous basis and that migrating passerines follow their inherited inner urge to
migrate that tells them when they should start moving, where they should fly (even
though it is not completely clear how it happens and what orientation and navigation
mechanisms are in play) and at least in the case of experienced migrants, when they
should stop [even though some satellite tracking data from non-passerines strongly
suggest that first-time migrants may also have some idea where they are going to and
when to stop; Gschweng et al. (2008), Lopez-Lépez et al. (2010)]. However, it is
simply not possible to have the sequence of migratory events programmed in every
minute detail, because in real life every migrating bird has to deal with too many
unpredictable events.

How exactly this general programme of migration is realised, i.e. if the birds
accumulate small or large fuel stores, how much time they need for that, if they
make short of long migratory flights, how they select stopover habitats, how they
behave when at stopover—all these events apparently are not only influenced
by the general migratory programme but also by the environmental conditions the
migrants encounter, i.e. by the proximate factors. In this book I am trying to give
an overview of these organism-environment interactions and look into the factors
that play a decisive role during migratory travel.

1.3 Aims of the Study

The goal of is monograph is to put into system the results of my own studies of
songbird stopover ecology and behaviour, as well as the existing literature on this
subject. 1 attempted to formulate the main principles that passerine nocturnal
migrants obey when selecting a stopover site, when staying there, and when making
a decision to resume migratory flight, and the diel timing of flight activity.
Knowledge of energy stores at departure and at arrival, together with the new data
on flight cost and flight duration may help estimate the distance of single flights and
travel rate. It must be kept in mind that these ecological processes happen in the
form of behaviour, i.e. habitat selection, spatial and possibly territorial behaviour at
stopover. Fuel deposition is only possible if foraging behaviour provides efficient
foraging; a migrant should remain vigilant not to be predated etc. Within the
framework of the goal of this study the following questions are to be tackled:

e estimating stopover duration and its variation;
e estimating fuel 