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The Garden Warbler is a classic subject for the study of Palaearctic–African bird migration
strategies. Most studies have considered the situation close to the breeding areas, while the
African and especially the sub-Saharan part of the species’ migration have received com-
paratively little attention. Here we use autumn and spring ringing data from Nigeria and
The Gambia to study the movements and energetics of the species in West Africa during
the non-breeding season. The first Garden Warblers arrive south of the desert around the
beginning of September, roughly at the same time as the median date for their passage
through the Baltic Sea region and 

 

c

 

. 3 weeks before their median passage date through
southern Italy. In the Nigerian Sahel savannahs, where, owing to the rainy season and its asso-
ciated increase in food availability, many more Garden Warblers stop over in autumn than
in the dry spring, the median date of passage is 1 October. The body mass on arrival south
of the desert is normally only a few grams more than the lean body mass (LBM; 15 g) – with
a mean of 16.6 g (sd = 

 

±

 

1.8 g) in The Gambia and 17.4 g (sd = 

 

±

 

1.8 g) in the Nigerian Sahel.
After resting and refuelling in the Sahel, Sudan and Guinea-type savannahs the Garden
Warblers depart during November–December for wintering areas further south. Before
leaving, they again increase their body mass, with an average fuel load of 

 

c

 

. 20%, and often
more than 50% relative to LBM. Some of the birds passing through Nigeria probably spend
midwinter around the Congo Basin. During spring they return northwards to the Guinea
savannah zone in April and fuel-up there for the trans-Sahara passage. At this time they
normally increase their body reserves to around 50% of the LBM, but 

 

c

 

. 10% of the birds gain
100%, thus doubling their mass. The passage there peaks around 20 April and continues
well into May. That the main take-off northwards is directly from the Guinea savannahs is
indicated by the very low numbers trapped in the Sahel during spring.

The Garden Warbler 

 

Sylvia borin

 

 is probably the best
studied long-distance migrant passerine in the Old
World and has been a focal species for many studies
(e.g. Bairlein 1991, Fransson 1995, Grattarola 

 

et al

 

.
1999, Schaub & Jenni 2000a, 2000b). However, the
African, and especially the sub-Saharan part, of its
migration are still comparatively little known. The
aim of this paper is to add to this information.

The journey between breeding and wintering
grounds must be divided into shorter steps, as the
total energy demand needed to complete each

biannual migration leg exceeds the amount the bird
can store and still fly (e.g. Alerstam & Lindström
1990, Weber 

 

et al

 

. 1994). The fuel used for the
migration is mainly fat, which is accumulated imme-
diately prior to the periods of higher demand, and
especially before the passage over ecological barriers
such as the Sahara (Bairlein 1991, Phillips 1994,
Stoate 1997, Schaub & Jenni 2000a, 2000b, Totzke

 

et al

 

. 2000, Ottosson 

 

et al

 

. 2002).
With regard to the migratory journey itself, and

especially the passage over the Sahara, different
logistic theories have been put forward, including
non-stop flights, intermittent flights (flying during
nights, sheltering in shade during the heat of the day),
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or migration along particularly favourable routes, e.g.
using oases as stopovers (Lavee 

 

et al

 

. 1991, Bairlein
& Totzke 1992, Biebach 

 

et al

 

. 2000, Klaassen &
Biebach 2000).

Results from the large-scale Italian ringing scheme
Progetto Piccole Isole (Spina 

 

et al

 

. 1993) showed
that Garden Warblers in spring migrate on a broad
front across the Mediterranean Sea, and although
largely nocturnal, they also have to migrate during
daylight hours when passing this broad ecological
barrier (Grattarola 

 

et al

 

. 1999). During autumn
migration some refuelling occurs in the Algerian
oases, but the birds doing this seem too few to
represent a significant part of the population (Bairlein
1985, 1988).

Thus, we assume that during the flight over the
Mediterranean Sea and the Sahara there are no pos-
sibilities to feed en route for the majority of Garden
Warblers, and most other desert-crossing species.
In the autumn there are also limited possibilities for
feeding on the North African coast (Bairlein 1991,
Schaub & Jenni 2000a, 2000b), but conditions there
are much better in spring, after the winter rains
(Grattarola 

 

et al

 

. 1999). With a fat-free lean body
mass of 

 

c.

 

 15 g (Bairlein 1987), the required body
mass for crossing the Sahara and the Mediterranean
Sea has been variously suggested as: (1) more than
22 g, on the basis of comparing departure mass and
arrival mass from different sites along the migratory
route (Bairlein 1985, 1988, 1991, Totzke 

 

et al

 

.
2000); (2) more than 27 g with no tail-wind assist-
ance, using Pennycuick’s model in still air with re-
estimated body drag coefficients (Pennycuick 1989,
Pennycuick 

 

et al

 

. 1996), or less with wind assistance
(Spina 

 

et al

 

. 1993, Pilastro & Spina 1997, Grattarola

 

et al

 

. 1999); and (3) 24.7 g from West African data,
mainly from Nigeria (Bairlein 1991).

It is important, however, to study the migrants at
the ‘correct’ latitude, as it seems that birds increase
to the greatest mass only when close to the border
of a major ecological barrier. This was illustrated
recently in an experimental setting where Thrush
Nightingales 

 

Luscinia luscinia

 

 were monitored in
cages under simulated latitudinal migration (Frans-
son 

 

et al

 

. 2001).
In the present study we analyse body mass and

phenology data from three sites south of the Sahara:
(1) Malamfatori near Lake Chad and (2) Amurum
near Jos, both in Nigeria, and (3) Ginak Island in The
Gambia. We examine the post-desert-crossing body
mass in September–October, refuelling in October–
November for the continued southward passage, and

then the final pre-trans-Saharan fat accumulation in
spring. In midwinter, Garden Warblers are mostly
south of the areas studied by us, e.g. recoveries of
birds ringed on Capri in Italy (Pettersson 

 

et al

 

. 1990)
suggest that many spend that time around the Congo
Basin (see also Elgood 

 

et al

 

. 1994).

 

MATERIALS AND METHODS

 

Birds were trapped in mist-nets as part of general
ringing programmes at Malamfatori during 1999–
2000 (in Sahel-type savannah at 13

 

°

 

33

 

′

 

N, 13

 

°

 

23

 

′

 

E;
Ottosson 

 

et al

 

. 2001) and at Amurum during 2001–
04 (in a variety of Guinea-type savannah on the Jos
Plateau at 9

 

°

 

53

 

′

 

N, 8

 

°

 

59

 

′

 

E; Vickery & Jones 2002),
both in Nigeria, and on Ginak Island in The Gambia
during 1994–2000 (in a coastal variety of Sudan-
type savannah at 13

 

°

 

40

 

′

 

N, 16

 

°

 

30

 

′

 

W; King 2000)
(Fig. 1). Timing and duration of ringing activities
changed from year to year, but at Malamfatori the
whole spring and autumn seasons were sampled in
2000. At Amurum, since November 2001, regular
ringing has been based on a Constant Effort Site
programme, with additional trapping effort during
migration time. In The Gambia, ringing activities
also varied between years. The numbers of Garden
Warblers trapped each season at each site are sum-
marized in Table 1.

Trapped birds were ringed and standard measure-
ments, such as wing length and body mass, were

Figure 1. Africa with positions of the ringing sites.
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taken. In addition, fat scores were taken at the Nige-
rian sites but not in The Gambia. Two different
scales were used for determining fat loads: at Malam-
fatori the modified scale of Hasselquist and Petters-
son (1985; ten scores) was used, and at Jos fat was
scored according to the scale of Kaiser (1993, nine
scores) (see also Bairlein 1995). The relationships
between body mass and fat scores at the two Nige-
rian sites are shown in Figure 2.

Following Alerstam and Lindström (1990) we
describe the size of fuel stores, and the rate at which
they were deposited, as a proportion of lean body
mass (LBM), i.e. the body mass of a bird carrying no
migratory fat. We have found no data for LBM based
on dissected birds, but based on low body masses
Bairlein (1987) and Grattarola 

 

et al

 

. (1999) estimated
the average LBM of Garden Warblers to be 15.0 g.

All statistical analyses were performed using SPSS
(SPSS Inc. 2001).

 

RESULTS

Phenology in the Sahel and Guinea 
savannahs

 

Autumn

 

In 2000 the first Garden Warbler on autumn
migration through the Sahel zone was trapped at
Malamfatori on 31 August, 13 days after trapping
had started (18 August). In September and
throughout the autumn, Garden Warblers were
then trapped in small numbers until ringing ended
on 10 November (Fig. 3). Median date of passage
was 1 October (

 

n

 

 = 49). The Garden Warblers

Table 1. Numbers of measured Garden Warblers at each study site and study period.
 

Site Period Year No. measured

Malamfatori, Nigeria 2 April–24 April 1999 0
17 February–10 May 2000 14
22 August–9 November 2000 49

Amurum, Nigeria 8 November–28 November 2001 14
11 December–20 December 2001 0
3 March–21 April 2002 34
6 November–14 December 2002 18
27 February–20 May 2003 162
9 August–15 September 2003 6
17 October–11 November 2003 61

Ginak Island, The Gambia 21 September–31 December 1994–2000 537
1 January–20 April
(coverage varying between years)

Figure 2. Ninety-five per cent confidence limits for the mean body mass (g) in relation to fat score of Garden Warblers trapped at
(a) Amurum, Nigeria, and (b) Malamfatori, Nigeria.
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gradually moved out of the area, probably continu-
ing their migration.

On Ginak Island in The Gambia, in coastal Sudan
savannah, the earliest Garden Warbler was trapped
on 21 September and a few individuals were then
trapped daily through the rest of that month (cumu-
lative sum by date based on 7 years of trapping). The
majority were, however, trapped in October, with
15 October being the median date for passage
(

 

n

 

 = 441). In November the numbers gradually
diminished, but a few were trapped well into
December, the last on 17 December.

At Amurum, situated in Guinea savannah at a
latitude about 400 km south of Malamfatori and

Ginak Island, earliest trapping was on 3 September
in 2003, the only year so far with such early coverage.
Trapping coverage was, however, not complete for
that month, so it is possible that a few individuals
occurred throughout September. In October, Garden
Warblers became more numerous at Amurum,
and the numbers trapped there peaked in October–
November (median date 1 November, 

 

n

 

 = 98; Fig. 3).
Numbers gradually decreased thereafter, and from
late December to the end of March Garden Warblers
were only present in very small numbers (R. McGregor
unpubl. data).

 

Spring

 

During spring the first Garden Warbler at Amurum
was ringed on 20 March 2003, 11 days after inten-
sive ringing had started. This bird was in remex
moult, and therefore was likely to have been in the
area for some time. No other Garden Warblers were
trapped until 3 April, after which numbers increased
to a peak in the second half of that month (median
date 19 April, 

 

n

 

 = 196; Fig. 4). Migration continued
into May, with birds still being trapped on 15 May,
the last day of trapping (10% of the Garden Warblers
at Amurum in spring were trapped in May).

Figure 3. Body mass (g) in relation to trapping date for Garden
Warblers in autumn at (a) Malamfatori, Nigeria, (b) Ginak Island,
The Gambia, and (c) Amurum, Nigeria. Trend lines have been
fitted to the data points.

Figure 4. Body mass (g) in relation to trapping date for Garden
Warblers in spring at (a) Malamfatori and (b) Amurum, Nigeria.
Trend lines have been fitted to the data points.
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Despite continuous trapping during spring
2000, only 14 Garden Warblers were trapped at
Malamfatori, all in the period 22 April–9 May
(Fig. 4). No Garden Warblers were trapped on
Ginak Island during spring migration, despite six
years of ringing effort, but two, probably winter-
ing, birds were trapped in late January and early
February.

 

Body mass changes in relation to 
migration

 

Body mass was positively correlated with fat
score, both at Amurum (Pearson 

 

r

 

 = 0.797, 

 

n

 

 = 292,

 

P

 

 < 0.001; Fig. 2a) and at Malamfatori (Pearson

 

r

 

 = 0.451, 

 

n

 

 = 60, 

 

P

 

 < 0.001; Fig. 2b), confirming
that increased mass reflected increased fuel reser-
voirs. The difference in mean values for the fat scores
0 and 7 at Amurum (17.2 and 28.5 g, respectively)
corresponded to 

 

c.

 

 75% of the estimated LBM (15 g)
of the species. The highest body mass measured in
this study was 31.3 g (at Amurum), which is more
than twice the LBM.

 

Autumn

 

Body mass in autumn showed a significant decline
over time at Malamfatori (Pearson 

 

r

 

 = 

 

−

 

0.409,

 

n

 

 = 49, 

 

P

 

 = 0.040), whereas the opposite was true
both on Ginak Island in The Gambia (Pearson

 

r

 

 = 0.241, 

 

n

 

 = 441, 

 

P

 

 < 0.001) and at Amurum in
Nigeria (Pearson 

 

r

 

 = 0.107, 

 

n

 

 = 98, 

 

P

 

 = 0.293). The
mean body mass in autumn was lowest on Ginak
Island (16.6 g, 

 

n

 

 = 441), intermediate at Malam-
fatori (17.4 g, 

 

n

 

 = 49) and highest at Amurum
(18.2 g, 

 

n

 

 = 98); these represent a significant differ-
ence between the sites (one-way 

 

ANOVA

 

, 

 

F

 

 = 40.90,

 

df

 

 = 2, 

 

n

 

 = 588, 

 

P

 

 < 0.001). However, at all sites a
proportion of the individuals had high body masses
(> 22 g; Malamfatori 4.1%, Amurum 3.1%, Ginak
Island 1.2%). These reserves, equivalent to 45–50%
fuel reserves or more, would be sufficient for pro-
longed migratory flights, possibly up to 2000 km in
still air according to the Pennyquick model (Penny-
cuick 1989, Pennycuick 

 

et al

 

. 1996), assuming a
wing span of 239 mm, an aspect ratio of 5.4 and an
assumed fuel energy density of 30 kJ/g (Grattarola

 

et al

 

. 1999). The highest noted body mass in autumn
was 25.8 g, for a bird at Amurum retrapped on
3 November. When first trapped on 18 October, it
had a mass of 18.4 g, thus giving an average increase
in body mass of 0.65 g per day, which is 

 

c.

 

 4.3% of
LBM.

Spring
Most body mass data from the spring were obtained
at Amurum (Fig. 4). Body mass here increased
with date (Pearson r = 0.284, n = 196, P < 0.001),
which it did not at Malamfatori (Pearson r = −0.190,
n = 14, P = 0.516). The data set from Malamfatori,
however, was rather small. The mean body mass at
Amurum in spring was 21.8 g (n = 196), and 35.7%
of the Garden Warblers had a body mass exceeding
22 g; 9.2% exceeded 27 g (Fig. 4). As noted above
Garden Warblers clearly utilized the Amurum area
as a refattening site during the northbound spring
migration, and from being nearly absent there in winter
appeared in large numbers in April and into May.

Recaptures
Data are available for 15 individuals in autumn and
11 in spring (Fig. 5). The time between first capture
and last recapture varied between 1 and 25 days
(mean 5.4 days). Generally, fuel deposition rate
(mass change per day in per cent of LBM) was nega-
tive during the first 2 days after initial capture, but
positive on the following days. The initial dip in body
mass could be attributed to trapping and handling
effects, or to settling effects in a new environment
(cf. Gosler 2001, Schwilch & Jenni 2001). Numeri-
cally, the mass gain rate was higher in spring than in
autumn, with the highest recorded rate being 8.7%
of LBM per day in spring and 4.3% in autumn, but the
paucity of data precluded further statistical analysis.

DISCUSSION

Ringing data from our three sub-Saharan sites in
West Africa document the phenology of Garden

Figure 5. Mass changes in Garden Warblers from first capture
to day of retrapping. The change per day (%) in relation to lean
body mass is shown on the y-axis, and the number of days from
first capture on the x-axis. Data from autumn are filled circles
with a solid trend line, and data from spring are open circles with
a dashed trend line.
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Warbler migration, after the desert crossing in
autumn and prior to it in spring. The first individuals
appeared south of the desert in late August, at a time
when the majority of Garden Warblers in Europe
have not left the breeding areas (the median autumn
trapping date at Ottenby in Sweden is 3 September
and on Capri in southern Italy is 25 September;
Ottenby and Capri Bird Observatories unpubl.
data). As the autumn progressed, Garden Warbler
numbers in Nigeria and The Gambia peaked in
October after which they decreased. However, some
birds were still found at these northern West African
sites, at least on Ginak Island in The Gambia and at
Amurum in Nigeria, well into the winter (Fig. 3). At
Malamfatori, in the Sahel zone of northeast Nigeria,
no Garden Warblers were trapped or observed after
the autumn passage until mid-April of the next year,
except for one bird on 20 February (Gustafsson et al.
2003).

The rains in the northern savannah zones usually
fall in June–August, which should give benign con-
ditions for migrants arriving from the north. How-
ever, after the rains have ceased the environmental
conditions soon become harsher, as the dry season
proceeds. Our observations indicate that in late
autumn the majority of Garden Warblers continue
their migration to areas south of both the Sahel and
the Guinea savannah zones, as may be indicated by
their mean body mass increasing with passage from
north to south, and is clearly suggested by the
median dates of passage. Birds trapped at Amurum
in autumn carried average fuel stores of 21.3% of
LBM, enough for a journey of about 900 km, more
than the remaining 600 km to the coast of Nigeria
where Garden Warblers arrive in December (Urban
et al. 1997). However, the heaviest birds (weighing
c. 70% more than LBM) carry enough fat for a
journey of 2500 km or more, sufficient to reach the
Congo basin, where several Garden Warblers ringed
on Capri in Italy have been recovered (Pettersson
et al. 1990). These birds thus seem prepared for a
second leg of migration similar to that observed in
Marsh Warblers Acrocephalus palustris and Thrush
Nightingales in East Africa (Pearson & Backhurst
1976). In West Africa a similar strategy has been
described for three Acrocephalus warblers, as an
adaptation to the oncoming dry season (Bensch et al.
1991, Hedenström et al. 1993).

In spring, Garden Warblers seem to embark on the
trans-Saharan journey directly from the compara-
tively well-wooded Guinea savannah zone, as judged
from the large fuel stores of the birds at Amurum,

and from the very small numbers of Garden War-
blers trapped at Malamfatori. The strategy suggested
here for this woodland species was proposed by
Bairlein (1991) and Pilastro and Spina (1997); it
differs from the spring migration strategy of a dry-
land bird such as the Common Whitethroat Sylvia
communis, which fuels in large numbers by feeding
on berries from the Saltbush Salvadora persica in
the much more open Sahel savannah before the
desert crossing (Stoate & Moreby 1995). No Garden
Warblers were trapped on Ginak Island in spring,
but here part of the reason for their absence in the
ringing data could be an earlier end of ringing activ-
ities. However, in 1995 and 1997 ringing at this site
continued into April (6 and 20 April, respectively),
but no Garden Warblers were trapped.

Both the overall pattern of body mass against date
of trapping and the documented changes in mass
of recaptured individual birds show that Garden
Warblers increase rapidly in mass during April. The
speed with which they build up their reserves also
seems higher in spring than in autumn, although the
samples of retrapped individuals were rather small
from both seasons (Fig. 5). The highest observed
individual mass gain rate in this study was 8.7% of
LBM per day. In a large review of fuel deposition
rates found in migrating birds (Lindström 2003), the
highest individual gain rate for a Garden Warbler was
12.5% (based on an estimated LBM of 16.0 g).

Earlier studies have suggested what departure
mass Garden Warblers performing the trans-Sahara/
Mediterranean passage would need to have. These
figures span the interval from 22 g to more than
27 g. The figure of 22 g was based on differences
in mean body mass values between populations
sampled south and north of the barriers during
spring migration (Bairlein 1991), and the figure of
> 27 g was based on backward counting from spring
arrival masses on Mediterranean islands, using the
flight model simulation package of Pennycuick
(1989) and an approximated flight distance across
the barrier (Grattarola et al. 1999). Wind assistance
during the migration would diminish this higher
figure (cf. Hjort et al. 1996, Klaassen & Biebach 2000).

The mean body mass at Amurum in spring was
21.8 g, less than the 24.7 g reported from a smaller
Nigerian dataset (Bairlein 1991) but still equivalent
to a rather high fuel load, 45% of LBM. A closer
inspection of the data (Fig. 4) shows that a non-
trivial proportion of the trapped birds had very large
fuel stores, some with mass more than twice the
LBM. It is possible that trapping selects for lean
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birds in the process of fuelling, rather than for those
that have already acquired sufficient stores. The true
departure mass may thus be as high as 25–30 g.

To complete the picture of the migratory part of
the Garden Warbler’s life cycle, further study of the
geography, phenology and body mass patterns of its
late autumn, midwinter and early spring movements
is needed. We suggest that fieldwork in southeastern
Nigeria, Cameroon, coastal Gabon and the Congo
Basin would achieve these aims.

We would like to thank the staff at A.P. Leventis Ornitho-
logical Research Institute (APLORI), especially Dr G.S.
Mwansat. U.O. also thanks Dr A.P. Leventis for financial
support, as does R.M. who was funded by the Leventis
Conservation Foundation. Finance for the Swedish part
of the studies at Amurum came from the Danielsson’s
(Swedish Ornithological Society) and Lars Hiertas Minne’s
foundations and from Ottenby Bird Observatory. The
fieldwork at Malamfatori, within the Lake Chad Bird
Migration Project, was also supported to a large extent by
Dr A.P. Leventis, with other funding from the Hasselblad
and Carl Trygger’s foundations and Ottenby Bird
Observatory in Sweden, and from Vogelwarte Helgoland
in Germany and the Wetland Trust in the UK. Mr P. Hall
and Mr Mari Madu gave invaluable organizational help.
The Gambia data derive from the Gambia Ringing Project
organized by the late J.M.B. King, in which one of us
(C.H.) took part. The data have been forwarded to us from
the Wetland Trust, UK, through Mr C. Matthews. We also
thank Dr T. Fransson for discussions and for valuable
comments on an earlier version of this manuscript. This is
contribution no. 200 from Ottenby Bird Observatory
and no. 12 from APLORI.

REFERENCES

Alerstam, T. & Lindström, Å. 1990. Optimal bird migration: the
relative importance of time, energy and safety. In Gwinner, E.
(ed.) Bird Migration: Physiology and Ecophysiology: 331–
351. New York: Springer Verlag.

Bairlein, F. 1985. Body weights and fat deposition of Palearctic
passerine migrants in the central Sahara. Oecologia 66:
141–146.

Bairlein, F. 1987. The migratory strategy of the Garden
Warbler: a survey of field and laboratory data. Ring. Migr.
8: 59–72.

Bairlein, F. 1988. How do migratory songbirds cross the Sahara.
Trends Ecol. Evol. 3: 191–194.

Bairlein, F. 1991. Body mass of Garden Warblers (Sylvia borin)
on migration: a review of field data. Vogelwarte 36: 48–61.

Bairlein, F. 1995. European-African Songbird Migration Net-
work; Manual of Field Methods. Wihelmshaven: Institute für
Vogelforschung.

Bairlein, F. & Totzke, U. 1992. New aspects on migratory
physiology of trans-Saharan passerine migrants. Ornis
Scand. 23: 244–250.

Bensch, S., Hasselquist, D., Hedenström, A. & Ottosson, U.

1991. Rapid moult among palaearctic passerines in West
Africa – an adaptation to the oncoming dry season? Ibis 133:
47–52.

Biebach, H., Biebach, I., Friedrich, W., Heine, G., Partecke, J.
& Schmidl, D. 2000. Strategies of passerine migration
across the Mediterranean Sea and the Sahara desert: a
radar study. Ibis 142: 623–634.

Elgood, J.H., Heigham, J.B., Moore, A.M., Nason, A.M.,
Sharland, R.E. & Skinner, N.J. 1994. The Birds of Nigeria.
Tring: British Ornithologists’ Union.

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.

Gosler, A.G. 2001. The effects of trapping on the perception,
and trade-off, of risks in the Great Tit Parus major. Ardea 89:
75–84.

Grattarola, A., Spina, F. & Pilastro, A. 1999. Spring migration
of the Garden Warbler (Sylvia borin) across the Mediterra-
nean Sea. J. Ornithol. 140: 419–430.

Gustafsson, R., Hjort, C., Ottosson, U. & Hall, P. 2003. Birds
at Lake Chad and in the Sahel of NE Nigeria. Special
report from Ottenby Bird Observatory. Available at http://
www.sofnet.org/ofstn/apps/nigeriamain.htm.

Hasselquist, D. & Pettersson, J. 1985. Fat deposition and
migration capacity of Robins Erithacus rubecula and Goldcrests
Regulus regulus at Ottenby, Sweden. Ring. Migr. 6: 66–76.

Hedenström, A., Bensch, S., Hasselquist, D., Lockwood, M.
& Ottosson, U. 1993. Winter ecology of the Great Reed
Warbler Acrocephalus arundinaceus in Ghana, West Africa.
Ibis 135: 177–180.

Hjort, C., Pettersson, J., Lindström, Å. & King, J.M.B. 1996.
Fuel deposition and potential flight ranges of Blackcaps
Sylvia atricapilla and Whitethtroats Sylvia communis on
spring migration in The Gambia. Ornis Svecica 6: 137–144.

Kaiser, A. 1993. A new multi-category classification of subcuta-
neous fat deposits of songbirds. J. Field Orn. 64: 246–255.

King, M. 2000. Noteworthy records from Ginak Island, The
Gambia. Malimbus 22: 77–85.

Klaassen, M. & Biebach, H. 2000. Flight altitude of trans-
Sahara migrants in autumn: a comparison of radar obser-
vations with predictions from meteorological conditions
and water and energy balance models. J. Avian Biol. 31:
47–55.

Lavee, D., Safriel, U.N. & Meilijson, I. 1991. For how long do
trans-Saharan migrants stop over at an oasis? Ornis Scand.
22: 33–44.

Lindström, Å. 2003. Fuel deposition rates in migrating birds.
Causes, constraints and consequences. In Berthold, P.,
Gwinner, E. & Sonnenschein, E. (eds) Avian Migration: 307–
320. New York: Springer-Verlag.

Ottosson, U., Bairlein, F. & Hjort, C. 2002. Migration patterns
of Palaearctic Acrocephalus and Sylvia warblers in north-
eastern Nigeria. Vogelwarte 41: 249–262.

Ottosson, U., Hjort, C. & Hall, P. 2001. The Lake Chad Bird
Migration Project: Malamfatori revisited. Bull. A.B.C. 8: 121–126.

Pearson, D. & Backhurst, G.C. 1976. The southward migration
of Palearctic birds over Ngulia, Kenya. Ibis 118: 78–105.

Pennycuick, C.J. 1989. Bird Flight Performance. Oxford: Oxford
University Press.

http://


© 2005 British Ornithologists’ Union, Ibis, 147, 750–757

Garden Warbler migration in sub-Saharan West Africa 757

Pennycuick, C.J., Klaasen, M., Kvist, A. & Lindström, Å.
1996. Wing-beat frequency and the body drag anomaly:
wind-tunnel observations on a Thrush Nightingale (Luscinia
luscinia) and a Teal (Anas crecca). J. Exp. Biol. 199: 2757–
2765.

Pettersson, J., Hjort, C., Gezelius, L. & Johansson, J. 1990.
Spring Migration of Birds on Capri. Degerhamn: Ottenby Bird
Observatory.

Phillips, N.J. 1994. Autumn migration and weights of Blackcaps
Sylvia atricapilla and Garden Warblers S. borin at an inland
site in southern England. Ring. Migr. 15: 17–26.

Pilastro, A. & Spina, F. 1997. Ecological barriers and morpho-
logical correlates of residual fat reserves in passerine
migrants at their spring arrival in southern Europe. J. Avian
Biol. 28: 309–318.

Schaub, M. & Jenni, L. 2000a. Fuel disposition of three passer-
ine bird species along the migration route. Oecologia 122:
306–317.

Schaub, M. & Jenni, L. 2000b. Body mass of six long-distance
migrant passerine species along the autumn migration route.
J. Ornithol. 141: 441–460.

Schwilch, R. & Jenni, L. 2001. Low initial refueling rate at
stopover sites: a methodological effect? Auk 118: 698–
708.

Spina, F., Massi, A., Montimaggiori, A. & Baccetti, N.
1993. Spring migration across central Mediterranean:

general results from ‘Progetto Piccole Isole’. J. Ornithol.
140: 419–430.

SPSS Inc. 2001. SPSS for Windows, Rel. 11.0.1. Chicago, IL:
SPSS Inc.

Stoate, C. 1997. Abundance of Whitethroats Sylvia com-
munis and potential invertebrate prey, in two Sahelian sylvi-
agricultural habitats. Malimbus 19: 7–11.

Stoate, C. & Moreby, S.J. 1995. Premigratory diet of trans-
Saharan migrant passerines in western Sahel. Bird Study 42:
101–106.

Totzke, U., Hübinger, A., Dittami, J. & Bairlein, F. 2000.
Autumnal fattening of the long-distance migratory garden
warbler (Sylvia borin) is stimulated by intermittent fasting.
J. Comp. Physiol. 170: 627–631.

Urban, E.K., Fry, H.C. & Keith, S. 1997. The Birds of Africa,
Vol. 5. London: Academic Press.

Vickery, J. & Jones, P. 2002. A new ornithological institute in
Nigeria. Bull. A.B.C. 9: 61–62.

Weber, T.P., Houston, A.I. & Ens, B.J. 1994. Optimal departure
fat loads and stopover site use in avian migration: an analytical
model. Proc. R. Soc. Lond. B 258: 29–34.

Received 17 June 2004; revision accepted 10 June 2005; 
first published online: 30 August 2005; 

DOI: 10.1111/j.1474-919x.2005.00460.x.


