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Many long-distance migrant birds regularly have to pass ecological barriers, like the
Saharan desert, where fuelling is very difficult, and large fuel loads have to be stored in
advance. In this paper, we have investigated how seven species of birds are distributed in
autumn close to the Saharan desert in the eastern Mediterranean area by using ring
recoveries from northern Europe. The result clearly shows that the species included are
not randomly distributed at this point, about 3,000 km from the breeding area. Birds
from rather large breeding areas were shown to converge in confined areas, which in
several cases completely differ between species. This means that birds of the same
species have to follow different migratory directions depending on the location of their
starting point. The observed pattern support earlier findings indicating that birds, in
combination with a clock-and-compass orientation procedure, must use some external
cues in order to find confined species-specific areas. The possibility for birds to use
information from the Earth’s magnetic field as an external cue in this area is discussed.
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Many bird species accomplish bi-annual migratory
movements in order to exploit seasonally available
resources. (Alerstam and Lindström 1990, Berthold
1996). Both distances and time involved in these movements varies considerably. Some species can be on
migration for as much as six months of the year, and
travel about 20,000 km. Passerine birds have been shown
to use both celestial cues and information from the
Earth’s magnetic field to choose and maintain a speciesor population-specific migratory direction (Able 1993,
Wiltschko and Wiltschko 1995). Fat is the main fuel for
migratory flights, but large fuel loads entails increased
flight costs as well as reduced escape performance at a
predator attack (Blem 1980, Alerstam and Lindström
1990, Kullberg et al. 1996, Kullberg et al. 2000). Most

bird species therefore seem to accumulate rather small
fat deposits (20 /30% of lean body mass), and refuel at
several successive stopover sites (Alerstam and Lindström 1990). However, many long-distance migratory
birds have to face the challenge of passing vast ecological
barriers, where fuelling is not possible and very large fuel
loads have to be stored in advance. The passage of the
Saharan desert involves flight distances of at least 1500
km with hardly any refuelling possibilities (Moreau
1961, Biebach 1990). In spite of this, passerine birds
regularly pass the desert and as many as 3 /5 billion has
been estimated to be involved (Moreau 1972). Birds have
been found to double their mass (100% increase of lean
body mass) by means of fat storage prior to this barrier
(Fry et al. 1970).
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In a study by Thorup and Rabøl (2001), three long
distance migratory species show a higher directional
concentration than expected from a simple clock-andcompass model (‘vector orientation’). The authors conclude that in addition, some external cues must be
involved in guiding a naı̈ve bird to a species-specific
wintering area. In accordance, we have in recent studies
shown that birds might use information from the Earth’s
magnetic field as an external cue to decide where to
accumulate the extensive fuel loads necessary for successful trans-Saharan flights (Fransson et al. 2001,
Kullberg et al. 2003). Furthermore, ring recoveries of
thrush nightingales Luscinia luscinia from northern
Europe were found to be highly concentrated to a
restricted area in northern Egypt (Kullberg et al.
2003). If confined species-specific stop over areas are a
general pattern in long-distance migrants prior to the
trans-Saharan crossing remains to be investigated. In
this study ring recoveries from northern Europe have
been used to investigate how seven migratory species are
distributed in the eastern part of the Mediterranean area
during autumn migration.

Material and methods
Only ten species of passerines breeding in northern
Europe pass the eastern part of the Mediterranean area
on their way to their wintering grounds in sub-Saharan
Africa (Cramp 1988, 1992, Cramp and Perrins 1993,
1994). Due to low numbers of ring recoveries (less
than 5) in three species (river warbler Locustella
fluviatilis, marsh warbler Acrocephalus palustris and
collared flycatcher Ficedula albicollis ), we have restricted
our analysis to seven species; thrush nightingale, barred
warbler Sylvia nisoria , lesser whitethroat Sylvia curruca ,
common whitethroat Sylvia communis, blackcap Sylvia
atricapilla , willow warbler Phylloscopus trochilus and
red-backed shrike Lanius collurio. Of these, the thrush
nightingale, the barred warbler, the lesser whitethroat
and the red-backed shrike are almost exclusively found
in this area, while on passage from breeding sites in
Europe to wintering areas in sub-Saharan Africa, while
the other species have populations breeding in Europe
passing the western part of the Mediterranean area as
well (Cramp 1988, 1992, Cramp and Perrins 1993). The
study area we defined (Fig. 1) covers most of the passage
of birds from Europe along the eastern flyway, and the
area in Libya to the west holds very few recoveries
(Zink 1973, 1975). We obtained ring recoveries from
birds ringed in Denmark (the Zoological Museum in
Copenhagen), Sweden (the Swedish Museum of Natural
History), Norway (Stavanger Museum) and Finland (the
Finnish Museum of Natural History). Ringing started in
those countries during the beginning of the last century,
but most of the recoveries included are from the last 40
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Fig. 1. The study area in the eastern part of the Mediterranean
and all the recoveries included from birds ringed in Denmark,
Norway, Sweden, Finland and at the Biological Station
Rybachy, Kaliningrad (n331). The division of the area into
smaller parts is also shown as well as the total number of
recoveries within the different areas.

years, which coincides with an overall increase in the
number of passerine birds ringed in northern Europe. We
have also included published recoveries from the Biological Station Rybachy on the Courish Spit, Kaliningrad,
from the period 1956 /1997, found in the study area
(Bolshakov et al. 2001). Recoveries used in the analysis
are from the autumn migration, and we have included all
recoveries that are reported between July and December.
The total number of autumn recoveries is 331. The
largest number of recoveries refers to adult birds (63%),
being experienced migrants, while a smaller proportion
consists of juvenile birds (26%) on their first migration.
A small part of the material (10%) refers to recoveries of
birds with unknown ringing age found in the same
autumn as they were ringed, most of them probably on
their first migration. Based on geography and the
distribution of recoveries, we have divided the study
area into three parts in order to test whether the
recoveries from the different species are randomly
distributed or not (Fig. 1). Parts of Libya and Egypt
are included in one area, Cyprus in another and the third
area include Israel, Jordan, Lebanon, Syria and parts of
Turkey. Traditional hunting of migratory birds has
occurred in this area for a long time (Moreau and
Dolp 1970, Woldhek 1979), and most of the recoveries
are from birds killed.

Results
Ring recoveries from the seven species were not
randomly distributed between the three areas (Pearson
x2: x2 254.3, df 12, PB0.001; Table 1). Red-backed
shrike, thrush nightingale and common whitethroat are
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Table 1. Number of ring recoveries of the seven species from the different areas.
Species
Thrush nightingale
Barred warbler
Lesser whitethroat
Common whitethroat
Blackcap
Willow warbler
Red-backed shrike
Total

Libya and Egypt

Cyprus

Israel, Jordan, Lebanon,
Syria and Turkey

Total

19
0
13
20
0
64
33
149

0
0
21
0
28
4
0
53

0
14
68
2
34
10
1
129

19
14
102
22
62
78
34
331

more or less exclusively found in one area, northern
Egypt (Table 1; Fig. 2a /c), while the barred warbler is
only found in another area, Turkey, Syria and Lebanon
(Table 1; Fig. 2d). There is not a single ring recovery of
blackcaps in northern Egypt while they are equally
common in the two other areas (Table 1; Fig. 2e). The
two last species, lesser whitethroat and willow warbler,
are found in all three areas, but the main area differs
(Table 1; Fig. 2f /g). The majority of willow warblers is
reported from northern Egypt while lesser whitethroats
are more commonly found in Syria, Lebanon and Israel.
It is clear that several species start off from a relatively
larger breeding area and that they converge in a much
smaller area in front of the Saharan desert. This is
especially evident in the thrush nightingale (Fig. 2a), the
barred warbler (Fig. 2d) and the blackcap (Fig. 2e).

Discussion
Our result shows that the species under study are not
evenly distributed in the eastern Mediterranean area.
This strongly suggests that many long-distance migrants
use species-specific stopover areas in front of the
Saharan desert. The non-random pattern of ring recoveries observed cannot be explained by variation of
hunting effort in the different areas, since hunting for
small birds takes place in large parts of the Mediterranean and especially so in the included three areas.
A variety of hunting methods is used in the Mediterranean, and they are known to differ between the three
areas. In northern Egypt the main method used is
covering trees with nets and in Cyprus, Lebanon and
Syria lime-sticks are commonly used (Moreau and Dolp
1970, Woldhek 1979). However, since the methods used
not are species-specific, and all the species included are
small sized birds that use more or less similar habitats
during migration, we have no reason to believe that the
observed differences in distribution have been caused by
differences in hunting methods.
The species included in this study have larger longitudinal variation in their breeding areas than at the
Mediterranean passage. This means that individuals
of the same species have to use different migratory
directions depending on the location of their starting
8

point (breeding area). Recoveries show that lesser whitethroats and red-backed shrikes from Western Europe
also pass this area in the eastern Mediterranean (Zink
1973, 1975, Biebach et al. 1983, Wernham et al. 2002),
resulting in an even larger within-species variation in
migratory directions. Thorup and Rabøl (2001) found
that some species of long-distance migrants are widely
distributed in the Mediterranean and that they concentrate further south when approaching the wintering area.
However, several of the species included in our study
show a pattern where they already are concentrated
within a confined area when they pass the Mediterranean. A challenging evolutionary question is how this
regional stopover specificity has evolved. It is reasonable
to believe that the post-glacial recolonization from
south-eastern refuges is involved (cf. Hewitt 2000,
Kvist et al. 2004). The observed differences in distribution between the included species in our study
might have been fine-tuned as a result of species-specific
habitat requirements. It is interesting to note that
both the willow warbler and the lesser whitethroat,
which have relatively broad foraging repertoire, have
a more widespread distribution than the other species.
Since extensive fuel loads are of decisive importance
for a successful trans-Saharan flight, it is reasonable to
believe that strong selection has acted on birds in order
to find well-defined species/population specific stopover
sites that enable the necessary preparation before the
barrier. That fine-tuned fuelling strategies exist in
connection with the trans-Saharan passage have been
demonstrated by Rubolini et al. (2002), showing that the
distance to be covered across the Saharan desert affects
the pre-migratory fuel stores in barn swallows Hirundo
rustica . It has recently been suggested that migratory
birds do not show the same site philopatry to stopover
sites as often observed concerning breeding and winter
sites (Catry et al. 2004). There are few detailed stopover
studies close to the barrier crossing, and we would not be
surprised if faithfulness to such stopover sites is a more
common pattern. It is interesting to note that a relatively
high recapture rate between seasons was found in
migrants in southern Tunis, at the desert edge, in spring
(Moreau 1961).
The specific and concentrated distribution of ring
recoveries in this study, at a distance of about 3000 km
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Fig. 2. Recoveries of birds ringed in Denmark, Norway, Sweden, Finland and at the Biological Station Rybachy, Kaliningrad,
and found in the study area in the eastern Mediterranean. Lines connect the ringing site with the recovery site. (a) thrush
nightingale, (b) common whitethroat, (c) red-backed shrike, (d) barred warbler, (e) blackcap, (f) lesser whitethroat and (g) willow
warbler.
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from the breeding area, indicates that birds use external
cues for finding their species-specific stopover areas,
which also has been suggested by Thorup and Rabøl
(2001) concerning birds ability to find their wintering
area. One such important cue may be magnetic information (Beck and Wiltschko 1988, Fransson et al. 2001,
Fischer et al. 2003, Kullberg et al. 2003). A prerequisite
for birds to use geomagnetic information as a cue to
locate a small area is the ability to detect small changes
in the magnetic field. The bobolink Dolichonyx oryzivorus, a long-distance migrant, has been shown to
detect changes of 200 nT electrophysiologically (Semm
and Beason 1990), and field studies on pigeons, sharks,
whales (reviewed in Walker et al. 2002) and lobsters
(based on calculations from data in Boles and Lohmann
2003), reports on sensitivities as small as between 10 and
50nT. A recent study on white-crowned sparrows Zonotrichia leucophrys gambelii also indicate that the magnetoreceptors in birds are extremely sensitive to small
changes (less than 38) in the angle of the geomagnetic
inclination (Åkesson et al. 2001). Differences in the total
intensity and inclination of the magnetic field between
the centres of the three areas in this study are within the
range of these estimates (Libya and Egypt (31800?N
29800?E): 43 186 nT, 45.28; Cyprus (35800?N 33845?E):
45 234 nT, 51.58; Israel, Jordan, Syria and parts of
Turkey (34800?N 36830?E): 45 138 nT, 50.48), indicating
that geomagnetic cues can be a relevant external cue for
these species to find their species-specific stopover areas
before the trans-Saharan passage.
The pattern described in this study could have
implications for nature protection. The passage of the
Saharan desert is critical for many migratory birds and
of utmost importance for the diversity of breeding birds
in northern Europe. There are studies showing that
several long-distance migratory species breeding in
northern Europe have decreased in numbers during the
last 15 years (Karlsson et al. 2002, Lindström and
Svensson 2004), but the reasons for these declines are
not known. If there exist well-defined species-specific
stopover areas important for extensive fuelling these
localities are likely to function as key areas (maybe as
important as wetlands are for many migratory waterbirds) for preserving long-distance migratory species.
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