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Summary 

Information concerning the strategy adopted by passerine migrants in crossing ecological 
barriers is still scant, especially as far as spring migration is concerned. With the aim of 
investigating the pattern of desert and sea crossing in spring, capture frequency, biometry 
and physical conditions of Garden Warblers ringed at 18 stations spread over the Western 
and Central Mediterranean were analysed as a function of the geographical position of the 
ringing sites. The patterns of increasing capture frequency and wing length with longitude, 
matching those recorded within the species' wide breeding range, suggest wide-front 
movements across the Sahara and Mediterranean. The progressively delayed trapping hour 
with latitude indicates that Garden Warblers migrate actively during the day. Despite the 
potentially favourable spring ecological conditions, the North African coast seems not to 
be used substantially to restore the reserves depleted during the desert crossing. According 
to recent estimates of flight range, fat levels recorded at our Mediterranean stations are 
compatible with the absence of refuelling in North Africa, assuming a fat load at departure 
of about 27 g or lower fat load and some tail wind assistance. 
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Zusammenfassung 

Frfihjahrszug der Gartengrasmfieke (Sylvia borin) fiber das Mittelmeer 

Noch wie vor ist wenig bekannt, wie Singv6gel groge 6kologische Barrieren ~berwinden. 
Dies gilt besonders ffir den Friihjahrszug. Um zu untersuchen, wie im Frfihjahr die Wilste 
und das Mittelmeer fiberquert werden, haben wir Fangfrequenz, Biometrie und physische 
Kondition yon Gartengrasmticken analysiert, die an 18 verschiedenen Fangstationen im 
zentralen und westlichen Mittelmeer gefangen wurden. Mit zunehmender geographischer 
L~inge nahmen die Fangh/~ufigkeit und die FliJgell~nge zu. Diese Zunahmen entsprechen 
denen im Brutgebiet und zeigen, dag Gartengrasm/icken die Sahara und das Mittelmeer in 
breiter Front tiberqueren. Die mit zunehmender geographischer Breite sp~itere Tagesstun- 
de des Fangs zeigt, dab Gartengrasmticken auch tags ziehen. Ungeachtet der m6glichen 
gfinstigen Rastbedingungen im Fr~ihjahr in N-Afrika scheint die nordafrikanische Kiiste 
aber nicht zur Rast und Wiederaufffillung verbrauchter Energievorr~te genutzt zu werden. 
Die gefundenen Fettwerte und die damit m6gliche Sch~tzung der potentiellem Flugstrek- 
ke deuten eher darauf hin, dag die Gartengrasmficken siJdlich der Sahara mit einer K6rper- 
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masse yon etwa 27 g oder weniger startcn und unter Nutzung yon Rttckenwinden fiber Sa- 
hara und Mittelmeer ohne weiteres Auftanken ziehen. 

Introduction 

Migrating songbirds are able to cover large dis- 
tances relying almost exclusively on energy re- 
serves in the form of stored fat which is taken 
on before departure (Berthold 1975, 1993). 
During their journeys, they can perform long 
and uninterrupted flights especially when 
crossing ecologically hostile habitats, as in the 
case of Western Palearctic migrants having to 
overcome the Sahara and the Mediterranean in 
order to move between their breeding and win- 
tering ranges. In spring, fuelling takes place 
south of the Sahara (Smith 1965; Dowsett & 
Fry 1971; Jones 1995), and desert crossing in 
this season is particularly risky owing to pre- 
vailing N-NE winds. Nonetheless, at high alti- 
tude (about 2000 m a.s.1.) strong tail winds can 
be experienced by birds (Alerstam 1990). 

Subsequent to the classic study by Moreau 
(1972), the strategies adopted by migrants 
when crossing the Sahara have recently re- 
ceived new attention (Bairlein 1987, 1992; 
Biebach et al. 1986, 1991; Biebach 1992, 
1995). In particular, four main strategies for 
overcoming the desert have been proposed as 
open for migrants (Biebach 1990): a) outflank- 
ing the desert (along the coasts of West Africa 
or the Nile valley), b)desert  crossing along 
routes offering stopover sites represented by 
oases (Middle-West Sahara, see Moreau 1972; 
Bairlein et al. 1984), or large front movements 
across even the most hostile areas, c) adopting 
or d) not adopting an intermittent flight strat- 
egy (Biebach et al. 1986). The latter strategy, 
which proposes a desert crossing with over- 
night flights and stopovers during the day, may 
have an adaptive advantage under bad weather 
condition (e.g. headwinds), as it can minimize 
energy consumption and water loss (Biebach 
1990). The intermittent migratory strategy 
does not exclude the occurrence of a non-stop 
flight (Herremans 1991; Bairlein 1992): the si- 

multaneous adoption of different strategies is 
suggested by recent results which indicate that 
about one-quarter of autumn migrants adopt an 
intermittent migratory strategy in the eastern 
Sahara (Biebach 1995). Independently of the 
strategy used (i.e. single-step flight or intermit- 
tent flight), we may expect migrants to opt for 
the most direct route and to move along a wide 
front, since any shaded place (e.g. rocks, single 
bushes) may represent a suitable stopover site 
(Biebach et al. 1991) and therefore birds need 
r~ot be constrained to cross the desert along 
specific routes. 

Some species, at least, such as the Melodious 
Warbler (Hippolais polyglotta) and the Wes- 
tern subspecies of the Bonelli 's Warbler (Phyl- 
loscopus bonelli bonelli), despite wintering in 
a rather large longitudinal range south of the 
Sahara (Cramp 1992), apparently outflank both 
the desert and the Mediterranean Sea in spring, 
entering the Western Palearctic through the 
[berian peninsula (Pitastro et al. 1998). Many 
other species are thought to cross the desert 
(Biebach 1995; Pilastro et al. 1998). The num- 
ber of migrants observed while staging in the 
oases, compared to the total number of mi- 
grants estimated as crossing the desert, sug- 
gests that only a minor fraction of birds rest 
and/or refuel during their desert crossing (Mor- 
eau 1961, 1972). It remains unknown how fre- 
quently the other strategies are adopted, i.e. 
outflanking and wide-front crossing, and few 
attempts have been made to estimate the rela- 
tive importance of the strategies described 
above. 

Detailed and systematic observations on 
geographical variation of capture frequency, 
physical condition and biometrics of migrants 
after crossing the Sahara desert during spring 
migration are still lacking. The same holds true 
for the pattern of Mediterranean Sea crossing, 
which has not yet been investigated in detail. 
In order to contribute to the gathering of such 
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knowledge, spring migration in the Mediterra- 
nean area was studied through a long-term pro- 
ject based on large-scale co-ordinated and 
standardized mist-netting (Progetto Piccole 
Isole, PPI, Spina et al. 1993), carried out since 
1988 at a series of islands and coastal stations 
stretched across the Western and Central Medi- 
terranean. 

The data collected at these stations offer an 
insight into the strategy adopted in overflying 
not only the Mediterranean Sea but also, 
through indirect evidence, the Sahara desert. In 
this paper we analyse trapping patterns, bio- 
metrics and fat stores in spring migrating Gar- 
den Warblers (Sylvia borin) on their arrival in 
southern Europe. The Garden Warbler is a par- 
ticularly suitable species for studying migra- 
tory strategies since: 1) it is a very widespread 
migratory species (Cramp 1992); 2)detailed 
information is available on its autumn migra- 
tion strategy (Bairlein 1987; Jenni & Jenni- 
Eierman 1987; Biebach 1992); 3) the longitu- 
dinal range of the European breeding popula- 
tions matches that of the winter quarters, i.e. 
Central-European populations winter in Cen- 
tral Africa, and Western-European ones in 
Western Africa (Cramp 1992). Since these po- 
pulations differ in wing length, it is possible to 
track their movements using biometric data 
collected at stopover sites (e.g. Jenni & Jenni- 
Eiermann 1987). According to the type of in- 
formation available from the PPI, we will con- 
centrate in this study on two aspects of barrier 
crossing: i) do migrants cross the desert and 
open sea, or do they prefer to outflank such ap- 
parently inhospitable areas? ii) do they require 
substantial refuelling between the two barriers 
(i.e. in North Africa) or do they accumulate en- 
ough energy sources in sub-Saharan Africa to 
reach Southern Europe? 

If we assume that the direction of migration 
adopted during desert crossing is maintained in 
North Africa and over the Mediterranean Sea, 
we could make the following predictions: in 
case of a wide front movement across the Sa- 
hara and the Mediterranean along more or less 
a direct route from the wintering to the breed- 

ing areas, the frequency of capture should 
either not change significantly among stations 
or increase in the Central Mediterranean, the 
species being in fact more abundant in Central 
and Eastern Europe (Cramp 1992). If, on the 
other hand, Garden Warblers outflank the de- 
sert, a concentration of captures should be 
found at the Western stations within our study 
area. As a third possibility, if migrants concen- 
trate along the oases, this might result in an in- 
termediate pattern, not necessarily easy to 
distinguish from the other two (i.e. outflanking 
and wide front). In this case, if birds adopting 
this strategy of desert crossing are numerous, 
migrants should in principle concentrate in the 
Western and Eastern part of the study area, and 
should be rare in the central stations, which are 
located in longitudinal correspondence with a 
particularly inhospitable part of the Sahara de- 
sert. As far as morphology is concerned, in case 
of a wide-front strategy, an increasing gradient 
in wing length should be observed from West 
to East, paralleling the one observed both on 
the wintering and breeding grounds (Cramp 
I992; Zink 1975; F. Bairlein, pers. comm.; 
L. Jenni, pers. comm.). 

We tested these predictions on a large data 
set of Garden Warblers ringed during their 
spring migration in the Western and Central 
Mediterranean. The project has been carried 
out since 1988 through a variable number of 
stations. For this analysis we selected five 
years characterised by the largest geographical 
coverage of sites. We also analysed the levels 
of fat reserves of migrating Garden Warblers at 
their passage through project stations in order 
to see whether they are compatible with a di- 
rect crossing strategy according to recent flight 
range calculations. 

Materials and methods 

Between 1992 and 1995, a total of 15,386 Garden 
Warblers were ringed at 13 islands and 5 coastal 
sites (Fig. 1). The list of stations is reported in table 
l, together with information about their location. 
Ringing activities took place between April 16 and 
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Fig. 1. Capture frequencies of Garden Warblers at the 18 PPI stations. Capture frequency is expressed as the 
percentage of Garden Warblers (black portion of the pie charts) over the total number of trans-Saharan pas- 
serine migrants captured at each site. See Table 1 for abbreviations of station names. The list of the migrant 
species considered in the total is given in Table 2. 

Abb.  1. Fangh~iufigkeit yon Gartengrasmticken an den verschiedenen Stationen. Die Fangh~iufigkeit der Gar- 
tengrasmticken (schwarzer Anteil des Kreisdiagramms) ist berechnet an der Summe atler an einer Station 
gefangenen trans-Sahara ziehenden Singv6gel. Zu den Abktirzungen ftir die einzelnen Stationen s. Tab. 1 ; zu 
den Fangzahlen und den berticksichtigten Arten s. Tab. 2. 

May 15, as a period of peak migration for trans-Sa- 
haran passerines (Spina et al. 1993). Around mid- 
May, the migration of Garden Warblers in the Medi- 
terranean is still under way, but the bulk of passage 
has already taken place, as shown by data gathered 
at some of our stations when these were covered for 
a longer period (Montemaggiori et al. 1996). Nets 
were checked every hour from dawn to dusk and 
furled only in case of adverse weather conditions. 
Each captured bird was ringed and measured, and 
wing length was recorded as feather length ('third 
primary',  Berthold & Friedrich 1979; Jenni & Wink- 
ler 1989). Birds were weighed to the nearest 0.1 g, 
using an electronic balance (Sartorius PT600), or to 
the nearest 0.5 g, using a Pesola spring balance. 
Subcutaneous fat was estimated according to Busse 
(1974), assigning a score ranging from 0 (no visible 
fat) to 5 (abdomen and furcula bulging with fat). For 
each station, we calculated the average values of 

third primary, body mass, fat score and time of cap- 
ture, which were used in the statistical analyses. 
Since fat score and time of capture were not nor- 
mally distributed, they were log-translbrmed before 
mean calculation. Third primary length accounted 
for less than 1% of the variance in body mass of 
Garden Warblers captured on the PPI stations (body 
mass= 11.7 + 0.072 wing length, r 2 = 0.006). In the 
following comparisons among stations we therefore 
use the mean body mass without correcting for the 
wing length. 
When comparing the abundance of a migratory spe- 
cies among different ringing stations it is necessary 
to take into account that the absolute numbers of 
ringed birds may be influenced by site features (for 
instance mist nets are less effective in windy sta- 
tions) and capture effort (e.g. length of nets used). 
For this reason we expressed the frequency of cap- 
ture of Garden Warblers at each station both as the 
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Table. 1. Longitude and latitude of ringing stations. On the basis of their geographic features, each site 
is defined as small island ( < 250 km2), large island (> 250 km 2) or mainland coast. 

Tab. 1. Geographische L~inge und Breite der Fangstationen. Entsprechend ihrer geographischen Begebenhei- 
ten sind die Standorte eingeteilt in kleine Inseln ( < 250 kin2), groBe Inseln (> 250 km 2) und Festlandskiiste. 

Ringing site Abbreviation Year(s)* Country Latitude Longitude Location 
Station Abktirznng Jahr(e)* Land Breite L~inge Typ 
Kerbacha Ker 1994 Morocco 35°08'N 2°20'W Mainland coast 
Gibraltair Gib 1992; 1995 Spain 36°07'N 5°36'W Mainland coast 
Malta Mal 1992-94 Malta 36°21'N 14°20'E Small island 
San Pietro Pie 1992; 1994 Italy 39°09'N 8°14'E Small island 
Capo San Elia Eli 1993-95 Italy 39°11'N 9°09'E Large island 
Ilia de l'Aire Air 1994-95 Spain 39°47,N 4°18'E Small island 
Columbretes Col i996 Spain 39°52'N 0°41'E Small island 
Capo Caccia Cac 1993 Italy 40°32'N 8°09'E Large island 
Capri Car 1992-94 Italy 40°33'N 14°13'E Small island 
Punta de la Banya Ban 1993 Spain 40°33'N 0°41'E Mainland coast 
Ventotene Ven 1992 95 Italy 40°47'N 13°25'E Small island 
Giannutri Gia 1992-95 Italy 42°15'N 11 °02'E Small island 
Montecristo Mon 1992 Italy 42°19'N 10°I9'E Small island 
Aiguamolls de Aig 1993-96 Spain 42°20'N 3°10'E Mainland coast 
1' Emporda 
Capo Corso Cot 1993-95 France 43°01 'N 9~'24'E Large island 
Capraia Cap 1992-93 Italy 43°02'N 9°49'E Small island 
Monte Brisighella Bri 1992; 1994-95 Italy 43°56'N 12°50'E Mainland coast 

* years selected are those for which data were available in digitalized form and stations were active during the 1992-1996 period. 

* Es sind nur solche Jahre berticksichtigt, die zwischen 1992 und 1996 arbeiteten und ftir die die Daten digitalisiert vorliegen. 

Table 2. Absolute (n) and relative frequency (% of total number of migrants) of capture of Garden Warbler at 
the 18 tinging stations. For abbreviations see table 1. 

Tab. 2. Absolute (n) und relative H~iufigkeit (% aller Zugv/Sgel) von Gartengrasmiicken an den 18 Berin- 
gungsstationen. Abktirzungen s. Tab. 1. 

Ringing site Total no. of migrants* Absolute capture frequency Relative frequencies 
Station Summe aller of Garden warbler of Garden Warbler 

Zugv6gel Anzahl Gartengrasmiicken relative H~iufigkeit 

Aig 2008 180 8.96 
Air 4460 91 2.04 
Ban 1471 191 12.98 
Bri 2363 164 6.94 
Cac 337 57 16.91 
Cap 3828 814 21.26 
Car 8765 1387 15.82 
Col 998 28 2.81 
Cor 2257 221 9.79 
Eli 1108 101 9.12 
Gia 14251 3268 22.93 
Gib 1882 214 II.37 
Ker 770 167 21.69 
Mal 3274 1051 32.10 
Mon 2245 512 22.81 
Pal 1876 142 7.57 
Pie 1130 20i 17.79 
Ven 33935 6597 19.44 

* Species considered in the totals, along with the study species, were: Nightingale (Luscinia megarhynchos), Redstart (Phoenicurus 
phoenicurus), Icterine Warbler (Hippolais icterina), Melodious Warbler (H. polyglotta), Spectacled Warbler (Sylvia conspicillata), 
Subalpine Warbler (S. cantillans), O1]~hean Warbler (S. hortensis), Lesser Whitettu'oat (S. curruca), Whitethroat (S. communis), 
Blackcap (S. atricapiIIa), Bonelli's WJoler  (Phylloscopus bonelli), Wood Warbler (/~ sibiIatrix), Chiffchaff (/~ collybita), Willow 
Warbler (/~ trachilus), Collared Flycatcher (Ficedula albicollis), Pied Flycatcher (E hypoleuca), Golden Oriole (Oriolus oriolus), 
Red-backed Shrike (Lanius collurio), Woodchat Shrike (L. senator), Ortolan Bunting (Emberiza hortulana). 
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absolute number of Garden Warblers captured, and 
as the frequency relative to the total number of mi- 
grants ringed on that station. For this purpose, spe- 
cies with habitat requirements radically different 
from those of the Garden Warbler (e.g. swallows or 
chats) were excluded from the total of migrants, ac- 
cording to the method used in a previous study (Pi- 
lastro et al. 1998). A list of the species considered is 
given in table 2, The same analysis was also re- 
peated using the uncorrected frequency of capture. 

If migrants do not refuel in North Africa, the re- 
serves accumulated south of the Sahara must allow 
them to reach Southern Europe. In order to find out 
if the body mass of Garden Warblers sampled in the 
different stations (i.e. at different stages of their sea 
crossing) are consistent with the absence of refuel- 
ling stopovers, the felt consumption rate of Garden 
Warblers departing for their breeding grounds was 
computed running the programme provided by Pen- 
nycuick and based on recent re-estimated body drag 
coefficients using live birds in wind tunnels (Penny- 
cuick 1989, Pennycuick et al. 1996). As body mass 
at take off we entered the value of 24.7 g, assessed 
by Bairlein (1991) as body mass of Garden Warbler 
at departure before crossing the desert and the Medi- 
terranean Sea during their spring rnigration. As lean 
body mass, we entered the mean body mass of Gar- 
den Warblers for fat class 0 (body mass= 15.0 g, 
s.d.= 1.17, n=3517), which is the same used by 
Bairlein (1987) when calculating potential flight 
range in autnmn. As latitude of departure south of 
the Sahara, we used the latitude of 14°N, which is 
the maximum northern latitude at which the pre- 
ferred habitats used by this species can be found 
south of the Sahara (see Pilastro & Spina 1997). The 
wing span value used has been directly derived from 
Garden Warbler data collected on the island of Ven- 
totene (wing span=238.7 mm, s.d.=0.67, n=34). As 
aspect ratio, we used the value of 5.4. Since mi- 
grants apparently store significant amounts of non- 
fat components, mainly proteins, before long-dis- 
tance journeys, (Lindstr6m & Piersma 1993, Klaas- 
sen et al. 1997), we assumed a fuel energy density of 
30 kJ/g. 

We used parametric tests when data were normally 
distributed. Otherwise, appropriate transformation 
or non-parametric tests were used (Sokal & Rohlf 
1995). Statistic tests were performed using SPSS 
8.0. All probabilities are two-tailed. 

Results 

The proportion of  Garden Warblers over the to- 

tal number of  migrants ringed at each station 

varied from a minimum of 2.0% (Air) to a 
maximum of 32.1% (Mal). Absolute captures 

per year ranged between 28 (Col) and 1319 

(Ven, Tab. 2). The proportion of Garden War- 

blers over the total number of migrants signifi- 

cantly increased with longitude and decreased 
with latitude (multiple regression of  capture 

frequency on longitude and latitude: partial 
r=0.64,  p=0.014;  partial r = - 0 . 5 8 ,  p=0.023,  

respectively; n=  18, Fig. 1). When the loga- 

rithm of the number of  Garden Warblers cap- 
tared per year was used as dependent variable, 

only the longitude results significantly corre- 

lated (longitude, partial r=  0.55, p = 0.048; Iati- 

tude, partial r = - 0 . 3 0 ,  p = 0.26, n = I8). 

Mean values and standard deviations re- 
corded on each station for wing length, fat 

score, body mass and median hour of capture 
are reported in table 3. Third primary mean va- 

lues ranged between 5 9 . 0 m m  (Ban) and 
61.9 mm (Gia). Garden Warblers progressively 
increased in wing length with longitude, but 

not with latitude (multiple regression, longi- 
tude: partial r=0.89,  p < 0 . 0 0 1 ;  latitude: 

r = - 0 . 0 1 ,  n.s., n=  17; Fig. 2). Mean body mass 
and fat score ranged from 15.6 g (Gia) and 

18.2 g (Bri), and between 1.22 (Gia) and 3.73 
(Eli), respectively. Mean fat score and mean 

body mass were significantly correlated 
(r=0.66,  p < 0 . 0 1 ,  n=18) .  When the wing 

length was entered into the regression model, 
the percent of variance explained increased 
only from 43.8 to 46.5%, a confirmation that 
body mass largely depended on the fat reserves 
left. 

Mean fat score and body mass decreased 
with latitude (Table 3 and Fig. 3). Garden War- 

blers captured on Monte Brisighella weighed 
more and had more fat reserves left than those 
captured on the other stations located at similar 
latitude. This station differed from all the 
others also in terms of mean time of  capture 
(Fig. 4). Altogether, these data suggest that 
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Fig. 2. Mean third primary length in relation to 
longitude (open circle = mainland station; filled cir- 
cle = island station). Line is the least square regres- 
sion fitted to the points. 

Abb. 2. Mittlere L~inge der 3. Handschwinge in Ab- 
h/ingigkeit yon der geographischen L~inge. Kreise: 
Station am Festland; Punkte: Inseln. Linie: Regres- 
sionsgerade. 
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Fig. 3. Mean body mass in relation to latitude (open 
circle = mainland station; filled circle = island sta- 
tion). Line is the least square regression fitted to the 
points, excluding Monte Brisighella station (Bri). 

Abb. 3. Mittlere K6rpermasse in Abh~ngigkeit yon 
der geographischen Breite. Kreise: Station am Fest- 
land; Punkte: Inseln. Linie: Regressionsgerade, un- 
ter Ausschlug der Station Monte Brisighella (Bri). 

Garden Warblers captured there may have al- 
ready started to replenish their fat reserves 
prior to completing their northward migration. 

The station of Monte Brisighella (Bri) has 

therefore been excluded from the following 

comparisons of  daily trapping and physical 

conditions (body mass and fat score) at differ- 
ent ringing sites. 

Fat reserves, expressed as mean fat score, 
significantly decreased both with latitude 

( r = - 0 . 6 5 ,  p=0.004,  n = 1 7 )  and longitude, 

although the latter correlation was only mar- 
ginally significant (r = - 0 . 4 4 ,  p = 0.08, n = 17). 
A similar pattern of  variation was observed 

using mean body mass, but a weaker con'ela- 

tion was observed (latitude: r - - -0 .45 ,  p = 0.07; 

longitude: r = - 0 . 1 7 ,  n.s., n=  17, Fig. 3). An 

improvement of the correlation with body mass 

was observed when the distance from the North 

African coast (estimated assuming a S-N mi- 

gration route), in place of latitude, was consid- 
ered ( r = - 0 . 5 9 ,  p=0.012,  n=  17). In contrast, 

this was not observed for mean fat score 

(r = - 0 . 6 4 ,  p = 0.006). 

The mean hour of  capture progressively in- 

creased with latitude across stations (r = 0.58, 
p = 0.014, n = 17). The correlation coefficient 

became marginally non significant when the 

distance from North Africa, in place of latitude, 

was used (r = 0.46, p = 0.06, n = 17). No signifi- 

cant correlation was found with longitude 
(r = 0.26, n.s., n=  17). 

The mean body mass of  Garden Warblers 

taking off from the sub Sahara in order to cross 
the desert in spring has been estimated as 

24.7 g (Bairlein 1991). According to recent es- 
timations of  flying efficiency using live birds 

in a wind tunnel (Pennycuick et al. 1996), and 
the parameters specified in Materials and 

Methods, this body mass corresponds to about 
2800 km of flight in still air, at sea level. As- 

suming that Garden Warblers start their flight 
at the average latitude of  14°N (see also Pila- 
stro & Spina 1997), this figure may on average 
be sufficient for the birds to reach North Afri- 

ca, but not the most northern PPI stations. Ob- 
served values of  body mass on the PPI stations 
may be compatible with a flight without inter- 
mediate refuelling from sub-Saharan Africa to 
the Mediterranean only assuming an higher 
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Table 3, Mean values with standard deviations (s.d.) and sample size (n) for third primary, fat score, body 
mass and hour of capture. For abbreviations see table 1. 

Tab. 3. Mittelwerte mit Standardabweichung (s.d.) und Stichprobengr66e (n) ftir 3. Handschwinge, Fettwert, 
K6rpermasse und Fangstunde. Abktirzungen s. Tab. 1. 

Ringing Third primary Fat score Body mass Hour of capture 
site 3. Handschwinge Fettwert K6rpermasse Fangstunde 

Station (mm) (g) 

mean s.d. n mean s.d. n mean • s.d. n mean s.d. 
Aig 60,1 2.64 175 2.06 1.26 175 17.2 1.69 169 II 3.94 
Air 60,7 1.97 26 2.57 1.57 91 16.1 1.98 88 10 3.30 
Ban 59,0 1.98 182 2.13 1.27 191 16.1 1.82 179 12 3.14 
Bri 61.2 1.80 163 2.64 1.00 t64 18.2 1.59 164 9 2.60 
Cac 61,2 1.97 54 2.54 1.34 57 17.2 2.54 53 10 2.98 
Cap 61,2 1.75 811 1.57 1.22 814 16.6 1.65 794 1l 3.22 
Car 60.9 1.80 1228 2.22 1.10 1387 16.3 1.57 1367 10 3.09 
Col 60.0 1.52 9 2.83 1.39 12 16.8 2.86 9 9 3.81 
Cor 0 2.02 1.34 220 17.2 1.91 219 13 3.81 
Eli 61.1 2.02 100 3.73 1.29 101 17.4 2.45 99 9 2.71 
Gia 61.9 1.74 3261 1.22 1.20 3265 15.6 1.43 3242 13 3.38 
Gib 59.4 2.33 22 2.17 1.24 212 16.5 1.70 212 10 2.82 
Ker 59.8 1.73 166 3.62 0.99 167 17.6 1.85 167 11 4.30 

- Mal 61.5 1.90 758 1.94 1.30 500 17.4 2.18 892 10 3.21 
Mon 61.4 1.83 509 1.68 1.44 512 16.6 1.66 509 13 3.70 
Pal 61.4 2.01 141 1.25 1.04 142 15.8 1.44 141 12 4.80 
Pie 61.4 1.92 194 2.52 1.37 194 17.3 2.17 192 11 3.41 
Ven 61.8 1.80 6584 1.66 1.20 6583 15.9 1.52 6541 12 3.47 
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Fig. 4. Mean time of capture in relation to latitude 
(open circle = mainland station; filled circle = island 
station). Line is the least square regression fitted to 
the points, excluding Monte Brisighella station 
(Bri). 

Abb. 4. Mittlere Durchzugszeit in Abh/ingigkeit yon 
der geographischen Breite. Kreise: Station am Fest- 
land; Punkte: Inseln. Linie: Regressionsgerade, un- 
ter Ausschlu6 der Station Monte Brisighella (Bri). 

take-off  mass (e.g. 27 g, Fig. 5) or some tail 

wind assistance during crossing. Body mass 

values observed in this study are also in l ine 

with body mass  of  Garden Warblers captured 

on Cape Bon (Tunisia) before crossing the 

Mediterranean in spring (18.8 g, F. Bairlein,  

pers. comm.;  Fig. 5). 

Discuss ion 

The geographical  range covered by the 18 sta- 

tions included in this study was about  1791 km 

of longitude ( 5 ° 3 6 ' W - 1 4 ° 2 0 ' E )  and 988 km of  

latitude ( 3 5 ° 0 8 ' N - 4 4 ° 0 2 ' N ) .  Over  this range, 

the capture f requency of  Garden Warblers 

showed a progressive increase from West to 

East. Similar  results were obtained using both  
the absolute and the relative f requency of Gar- 
den Warblers. This precludes that, in this spe- 

cies, migrants  concentrate  in the Western 
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Fig. 5. Observed (open circle=mainland station; 
filled circle = island station; asterisk = Cape Bon, 
Tunisia, F. Bairlein, pers. comm.) and predicted 
(line) body mass of Garden Warblers during spring 
migration in relation to latitude. The line represents 
the expected body mass decrease assuming a take 
off mass of 27 g at a latitude of 14°N, as estimated 
using Pennycuick's model (Pennycuick 1989, Pen- 
nycuick et al. 1996). 
Abb. S. Beobachtete (Kreise: Station am Festland; 
Punkte: Inseln; Stern: Cap Bon, Tunesien, E Bair- 
lein, pers. Mitt.) und erwartete (Linie) KSrpermasse 
von Gartengrasmticken im Frtihjahr in Abh~ingigkeit 
yon der geographischen Breite. Die Linie errechnet 
sich nach dem Modell yon Pennycuick (Pennycuick 
1989, Pennycuick et al. 1996) aus einer K6rper- 
masse beim Abflug bei 14°N yon 27 g. 

Sahara while crossing the desert. In another, 
comparative study it has been shown that some 
species are more frequent in the Central Medi- 
terranean (e.g. Icterine Warbler HippoIais ic- 
terina and Wood Warbler Phylloscopus 
sybilafrix), while others (e.g. Melodious War- 
bler HippoIais polyglotta and Bonelli's War- 
bler Phylloscopus bonelli) occur in greater 
number in the Western Mediterranean (Pilastro 
et al. 1998). This seems not to be the case for 
the Garden Warbler, thus strongly suggesting 
that migrants of this species adopt a 'direct 
route' strategy of sea and desert crossing. The 
high capture frequency observed on Malta, 
which is aligned with the centre of the Sahara 
desert, is a further indication that desert cross- 
ing on wide front is probably the strategy 

adopted by this species. Since Garden Warbler 
breeding populations are particularly abundant 
in Central and Eastern Europe, an increasing 
capture frequency with longitude is what is ex- 
pected in the case of a wide front crossing of 
the desert and sea. Such conclusions are also 
supported by the observed pattern of increasing 
wing length with longitude, matching the one 
reported from both the breeding and wintering 
ranges (Cramp 1992; Zink 1975; Bairlein, pers. 
comm.; Jenni, pers. comm.). The high mean 
values recorded on some of our stations, above 
those reported for Garden Warblers from Wes- 
tern Europe (Bairlein, pers. comm.), may be 
due to the passage of populations of more East- 
ern origin. In conclusion, both capture fre- 
quency and wing length showed a continuous 
and regular pattern of West-East increase, sug- 
gesting that in this species migrants move 
across the desert and sea on a wide, continuous 
front, rather than concentrating along main 
routes. 

The mean capture hour was significantly and 
positively correlated with latitude, i.e. more 
northern stations captured, on average, later in 
the day. This is an indication that Garden War- 
blers migrate actively during the day, when 
crossing the sea. This is in agreement with a 
scenario where migrants, after reaching North 
Africa, continue to migrate on a large front, 
without concentrating, for instance, along the 
Italian peninsula. Since the distance that sepa- 
rates most stations from North Africa is larger 
than the distance that can be covered during a 
night of flight, in many cases migrants are 
forced to continue their flight during daytime. 
Apparently, even when they have the opportu- 
nity to rest on an island, Garden Warblers pre- 
fer to continue their flight northward during 
the day, as suggested by the frequent observa- 
tion of passerine birds leaving the islands dur- 
ing the day in this direction (E Spina, unpubl. 
obs.). Therefore, islands are apparently not vi- 
tal stopover sites for crossing the Mediterra- 
nean Sea, at least in standard weather 
conditions and for most individual migrants. 
On the other hand, it is entirely possible that 
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they become crucial in case of adverse weather 
conditions, an occurrence that may not be rare 
on an evolutionary scale. 

Fat reserves (mean fat score and mean body 
mass) of Garden Warblers captured on the PPI 
stations decreased with latitude but did not 
vary significantly with longitude. An exception 
is represented by Monte Brisighella, where 
birds showed the highest mean body mass and 
fat score, despite its being one of the most 
northerly stations. There, also mean time of 
capture differed markedly from that of the 
other stations, suggesting the presence at that 
station of at least some staging migrants or the 
passage of birds that have recovered their re- 
serves somewhere along the Italian peninsula. 

The observed variation of fat reserve levels 
on the PPI stations is in agreement with the 

- conclusions drawn from the analysis of capture 
time, i.e. of an homogeneous front of migrants 
crossing this part of the Mediterranean basin. 
In particular, birds in the Western part of our 
study area do not have, on average, statistically 
larger fat reserves than those in the Central 
Mediterranean, suggesting that the same strat- 
egy of spring migration is adopted by all wes- 
tern Palearctic populations. In particular, a 
similar amount of fat is probably accumulated 
at take-off by all population passing through 
our stations, despite the fact that those passing 
through the Central Mediterranean have got a 
wider section of desert and sea to cross. More 
easterly stations (e.g. Greek islands) may help 
to confirm or reject this hypothesis. 

Our data on fat reserves and body mass at 
our Mediterranean stations are compatible with 
the lack of substantial refuelling in North Afri- 
ca, assuming a body mass at departure of 27 g 
or tail wind assistance. This body mass value is 
higher than the mean body mass observed 
south of the Sahara (24.7 g; Cramp 1992; Bair- 
lein 1991), but lower than those observed be- 
fore Sahara and Mediterranean crossing in 
spring in sub-Saharan Africa or autumn in 
southern Europe (> 30 g, Cramp 1992; unpub- 
lished observations). Further evidence of the 
lack of substantial refuelling in North Africa 

comes from a comparative analysis (Pilastro & 
Spina 1997) which suggests this as being a 
common strategy for trans-Saharan passerines. 
it therefore seems that spring migration strat- 
egy across the Mediterranean and Sahara paral- 
lels that observed in autumn, although 
selective forces may differ between the two 
seasons." In autumn, ecological conditions in 
North Africa are probably unfavourable for 
finding sufficient food to accumulate enough 
fat to cross the desert. Indeed, Garden Warblers 
are known to put on large fat reserves in south- 
ern Europe, which frees them from the need to 
stop-over in North Africa. In spring, on the 
other hand, ecological conditions are probably 
improved in North Africa, after the winter 
rains. In this case, therefore, the reason for the 
lack of stopover after crossing the Sahara may 
be related to the advantage of reaching the 
breeding grounds rapidly. Experiments with 
live birds in a properly designed wind tunnel 
(Pennycuick et al. 1996) recently improved 
our estimates on flying efficiency in small 
birds, but still-air flight range estimates are 
probably still prone to refinements, and re- 
sults presented here should therefore be con- 
sidered with care. 

Mean body mass values observed on both is- 
lands and at coastal sites (overall average = 
16.1 g) are close to the estimated lean body 
mass. This implies that Garden Warblers arriv- 
ing in Southern Europe are not infrequently at 
the limit of their flying capacity. However we 
do not think that the birds captured on the is- 
land are stranded migrants: this is indicated, 
for instance, by the fact that, on a same island, 
physical conditions are very different between 
species, and not only lean birds are caught 
(Spina et al. 1993; Pilastro & Spina 1997). On 
the contrary, the interspecific variation seems 
to be related to the latitude, south of the Sahara, 
at which fattening probably takes place (Pitas- 
tro & Spina 1997). In the case of the Garden 
Warbler, the mean body mass observed on the 
PPI stations is not far from what is to be ex- 
pected according to the observed body mass in 
spring on the North African coast (Fig. 4). 
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Fig. 6. Mean fat score (hatched bars) and body mass 
(open bars) on island and mainland stations. Since 
fat score and body mass decreased with latitude, we 
used the residuals of the linear regression of the ori- 
ginal variables on the latitude. 

Abb.  6. Mittlerer Fettwert (schraffierte S~iulen) und 
mittlere K6rpermasse (helle S~iulen) auf Inseln und 
am Festland. Da Fettwert und K/Srpermasse mit der 
geographischen Breite abnahmen, sind die Residuen 
der linearen Regression zur geographischen Breite 
dargestellt. 
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