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ABSTRACT.—Radar observations of passerine trans-Saharan migrants during autumn mi-
gration (August and September 1981, 1983, 1984, and 1985) in the Straits of Gibraltar revealed
intense movements to the south and southwest. On average birds flew to the southwest (211°).
Thus, after crossing the coast of southwestern Europe, migrants did not change their direction
to the southeast towards the interior of Africa. If the birds maintained their southwesterly
direction, they would continue along the west coast of Africa. Along this route the birds
might find better conditions than on any route through the interior of the continent.

The reported average direction of birds at Gibraltar represents a sample of the general
behavior pattern in the southern Iberian Peninsula. The variance of nightly directions could
be explained by the fact that birds fly on a fixed heading in strong crosswinds that alternate
between east and west, but are only of local importance on a southbound migration route.
Received 14 March 1988, accepted 8 November 1988.

MoReAU (1961, 1972) believed that passerine
migrants crossed the Mediterranean and the Sa-
haraanywhere, but banding results (Zink 1973-
1985, 1977) demonstrated that most European
and many Asian migrants fly around the Med-
iterranean in autumn. Consequently, a larger
number of migrants would be expected to start
their migration through Africa from south-
western and southeastern Europe. Many mi-
grants have to change their direction during
migration. On the westerly route, the change
from southwest to southeast was thought to oc-
cur in the area of the southern Iberian Penin-
sula and North Africa (Zink 1977, Gwinner and
Wiltschko 1978). Recent radar observations
(Hilgerloh 1985a, 1988) demonstrated that in
the southwestern Iberian Peninsula migrants
still maintained southwesterly directions. To
determine if migrants maintained a southwes-
terly direction leaving the coast of Europe or if
the coast acted as a releasing factor for a change
of direction, I conducted a radar study at Gi-
braltar, where Europe is closest to Africa.

The tunnel effect of the Straits of Gibraltar
produces strong easterly and westerly winds.
This provides a rare opportunity to evaluate the
behavior of birds under conditions of strong
crosswinds. Behavior in relation to winds has
been reported in several locations to depend on
meteorological conditions and on whetherasea-
crossing or an overland flight follows (Drury
and Keith 1962; Drury and Nisbet 1964; Gauth-
reaux and Able 1970; Richardson 1972, 1976;
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Alerstam 1976; Williams et al. 1977; Williams
and Williams 1978). Unusual migratory behav-
ior might be used to compensate for the unique
conditions in the Straits of Gibraltar.

MATERIAL AND METHODS

I observed migration using the military S-band sur-
veillance radar on top of the Rock of Gibraltar
(Houghton 1970). Gibraltar is about 25 km northeast
of the narrowest point between Africa and the Iberian
Peninsula. The distance from Africa is ca. 24 km. The
radar has a wavelength of 10 cm and each rotation of
the aerial lasts 4 s. To suppress echoes from fixed
objects or waves, the radar was used with a Moving
Target Indicator (Eastwood 1967, Hilgerloh 1980).
More technical data cannot be given because of mil-
itary secrecy. The radar gives a survey of the typical
small and diffuse echoes of nocturnal passerine mi-
gration within a radius of 16 km. Migrants flying over
the African mainland cannot be observed. Shorebirds
were visible as clear dots, and passed alone or in small
groups between the Mediterranean and the Atlantic.
Gulls that sleep on the Rock of Gibraltar or, farther
to the northeast, waterfowl that feed in the evening
at the mouth of the river Guadarranque, and herons
complete their main activity before night migration
starts. In the Bay of Algeciras next to Gibraltar dis-
turbed gulls fly around during the night, but do not
contribute to the regular pattern of passerine migra-
tion. I believe that the type of echoes, the regular
pattern of migration, and the time of the year suggest
that a significant proportion of the birds detected were
passerines. Because of the topography, I measured
migration over water only; it was not possible to de-
tect migrants overland to the north of the radar. Eval-
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Fig. 1. Mean flight directions (rounded to 10°) for
35 nights during autumn migration in Gibraltar. The
triangle at the outer circle shows the mean direction.

uation of modal migration direction was accom-
plished by examining photographs of the Plan Position
Indicator (PPI). Five nights were evaluated directly
from the PPI. I took two photographs of the PPI every
30 min. I chose this time period to insure that the
measurements were independent. For the first pho-
tograph, I left the shutter open during one rotation
of the radar beam; for the second, I left it open during
19 rotations. Often only parts of the nights were doc-
umented.

I calculated mean direction for each observation
night from individual 30-min values by vector ad-
dition (Batschelet 1981). Seasonal mean direction was
determined from the nightly mean directions. All fur-
ther evaluations were based on nightly mean direc-
tions in order to give each night the same weight.

I assumed that the nightly calculated mean direc-
tion approximated the real mean of the entire night.
Normality of distribution was tested on only two
nights with sufficient measurements (Kolmogorov-
Smirnov test, P < 0.01). Statistical evidence for di-
rectedness was tested by the Rayleigh test (Batschelet
1981). The nonparametric Mardia Watson Wheeler
test, the standardized Mardia Watson Wheeler test,
and the Mann-Whitney U-test were used for between-
group comparisons.

Speeds of nightly migrating passerines cannot be
accurately determined with a surveillance radar be-
cause migrants generally fly with large distances be-
tween individual birds (Bruderer 1971). The same in-
dividuals will not always contribute to one track on
along exposure photo. Density of migration and fluc-
tuations of the radar set can alter the perceived speed
of migrants. Tracking radar studies showed that, al-
though migrants compensate partly for wind speed
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of tail and head winds (Bloch and Bruderer 1982), the
wind vector in flight direction and the speed of a bird
are correlated (Bruderer 1971). To calculate the birds’
heading (defined as the vector difference of track and
wind vector), I used the value predicted from the
known regression between the wind vector in flight
direction and the speed of migrants 500-1,000 m high
(Bruderer 1971).

My study was restricted to night-migrating passer-
ines, which winter mainly to the south of the Sahara.
All observations were from the months of August and
September (Hilgerloh 1985b) in 1981, 1983, 1984, and
1985.

Every 6 h the Gibraltar Royal Air Force recorded
wind measurements for altitude lines of ca. 305 m.
To study the relation of the wind to the direction of
migration, I used the wind value at 610 m. I made a
supplementary analysis with winds at 1,525 m, be-
cause at this height easterly wind direction often
changes in a clockwise direction in Gibraltar and winds
often become weak. The birds might take advantage
of these conditions. Birds flying much higher could
not be detected clearly on an Air Traffic Surveillance
radar (Hilgerioh 1980). I defined calm nights as those
in which the strength of the wind did not exceed 3
m/s (11 km/h) between ground level and a height of
610 m. To study the relationship between wind vector
and flight direction, I determined the east and west
components of wind, using the formula y = sin (wind
direction) x wind strength (Hilgerloh 1981).

RESULTS

In 35 nights of research the nightly mean
direction of migration varied between 160° and
250°. On average the birds migrated towards
211°(n = 35, r = 0.889, P < 0.001) (Fig. 1). The
birds had no chance of migrating with favor-
able tail winds (Fig. 2), as crosswinds prevailed
(with an average strength of 31.5 km/h in west-
erly winds and 27.8 km/h in easterly winds
during observation nights) (Fig. 3). I found a
strong correlation between the nightly direc-
tion of migration and the wind vector at 610 m
(Fig. 4): y = 154.40 + 1.71x (x = wind vector, y
= track direction, r> = 0.86); but I found a weak-
er correlation with the wind vector at 1,525 m
(r* = 0.66). Similar to conditions in England
(Eastwood and Rider 1965), Switzerland (Bru-
derer 1971), and Louisiana (Able 1970), mi-
grants seem to fly at a median height of ca. 610
m. Over Florida (Williams et al. 1977) and the
Caribbean Islands (Hilditch et al. 1973, Rich-
ardson 1976), they fly much higher. Migrants
may be more likely to fly high in areas with
constant wind patterns than in areas, such as
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Fig. 2. Flight directions (track) in relation to tailwind direction (line) on 35 autumn nights.

Gibraltar, with strong and unpredictable cross-
winds.

The mean directions for easterly winds of 232°
(n=18,r=0.971, P < 0.001) and for westerly
winds of 180° (n = 11, r = 0.965, P < 0.001) (Fig.
5) were significantly different (Mardia Watson
Wheeler test, P < 0.001; standardized Mardia
test, P > 0.05; Mann-Whitney U-test, P < 0.001).

I tested whether the migrants fly with a fixed
heading and whether or not they compensate
for wind. If they compensate for wind, head-

}q ane night

s

Fig. 3. Wind directions (rounded to 10°), mea-
sured at ca. 305 m above ground level (n = 35, a =
55° r = 0.309).

ings in easterly and westerly winds should dif-
fer from each other. The mean heading in east-
erly winds of 210° (n = 18, r = 0.974, P < 0.001)
and in westerly winds of 212° (n =11, r = 0.989,
P < 0.001) (Fig. 6) did not differ significantly
(Mann-Whitney U-test, P > 0.05). Thus, mi-
grants flew with a fixed heading and did not
compensate for drift.

The mean direction of migration of the entire
sample was influenced by the frequency distri-
bution of the winds on the research nights.
There were more nights with easterly than with
westerly winds (Fig. 3), so the mean of the sam-
ple was more to the west than in a sample with
evenly distributed winds. On calm nights the
mean direction was 202°, and the theoretical
value of expectation for nights without easterly
and westerly wind vectors was 205° (derived
from the regression line in Fig. 4).

DISCUSSION

Over the Straits of Gibraltar trans-Saharan
migrants on average fly to the southwest. After
leaving the coast of Europe they do not change
direction to fly the shortest path to Africa nor
do they change direction to the southeast to
reach central and south African wintering quar-
ters more directly.

Migration directions observed in the middle
of the Straits were similar to those of Beja in
southern Portugal (Hilgerloh 1985a, 1987) and



236

260°%
2404
220

200

track direction

180°

160%

wind vector

Fig. 4. Correlation between the migration direc-
tion (abscissa) and the wind vector (ordinate). Each
point represents the mean direction of one observa-
tion night.

the southwestern coast of Portugal (Wallraff and
Kiepenheuer 1963). Southwesterly migratory
movements were observed even southeast of
the Iberian Peninsula on a ship voyage through
the Mediterranean (Casement 1966).

In many places migrants take advantage of
winds (see Gauthreaux and Able 1970; Alerstam
1976; Richardson 1976, 1982; Hilgerloh 1977;
Williams et al. 1977; Williams and Williams 1978;
Kerlinger and Gauthreaux 1985). This is not
possible in the Straits of Gibraltar (Fig. 2), be-
cause strong crosswinds prevail (Fig. 3). In Gi-
braltar migrants have the advantage of a short
sea crossing and the disadvantage of wind drift.
The birds drift but do not compensate (Figs. 4,
5). The wind conditions are local and drift may
be minimal after some time of migration. Dur-
ing nights with good visibility, migrants can
see the African coast and presumably can mea-
sure precisely the amount of drift. They may
compensate for drift once they are over land.
This seems to be a valid strategy in strong cross-
winds of local importance, as the migrants do
not spend energy to compensate for these winds
(Alerstam 1981). Birds migrating in strong east-
erly. winds will even cross European land after
passing over the peninsula of Gibraltar (Fig. 7).
They can interrupt migration in Europe to avoid
further drift on a particular night.

The drift might be interpreted as pseudodrift
(Evans 1966, Nisbet and Drury 1967), if on nights
with easterly winds only birds with westerly
destinations migrate. Birds that migrate in west-
erly winds should reach their wintering quar-
ters more successfully on an easterly route. The
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Fig. 5. Directions (rounded to 10°) of migration
with easterly winds and with westerly winds (broken
line). The mean directions in easterly winds (n = 18,
a = 232° r = 0.971) and in westerly winds (n =11, «
= 180°, v = 0.965) are shown by arrows.

mean direction in easterly winds (Fig. 5) would
drive the birds over the Atlantic and the mean
direction in westerly winds would push them
to the most inhospitable regions of the Sahara
(Bairlein 1985a). Thus pseudodrift cannot ac-
count for these directional deviations. The birds
drift locally and probably compensate for their
drift later (Rabol 1974). The strategy of flying
with a fixed heading evolved in this area prob-
ably because of the unfavorable wind directions
alternating between west and east, and because
they are only of local importance on a south-
bound migration route.

Birds may follow two directions after passing
through the Straits of Gibraltar. First, the mi-
grants could continue in the same direction as
in Gibraltar, and fly just along the African west
coast (Fig. 7), and then change direction to the
east after passing the Sahara at its western bor-
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Fig.6. Directions of heading (rounded to 10°) with
easterly winds and westerly winds (broken line). The
mean directions of heading in nights with easterly (n
=18, a =210° r = 0.974, P < 0.001) and with westerly
winds (broken arrow; n = 11, & = 212°, r = 0.989, P
< 0.001) are shown by arrows.
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Fig.7. Projected landfall of migrants in the directions flown in Gibraltar. The line shows the mean direction
of the whole sample; the broken line, the mean direction in calm nights. Inset: map of the area of observation

(A = Algeciras; L = La Linea).

der. Alternatively, the migrants could change
their direction soon after their arrival in Africa
and migrate towards the interior of Morocco
and the Sahara. Migration along the African
coast would be the most ecologically advanta-
geous route as birds would more easily find
shelter and food (Valverde 1957, Moreau 1961)
than in the Sahara interior. Thus, a nonstop
flight through the desert (Moreau 1972) would
not be necessary for these migrants and they
would fly with favorable winds (Hilgerloh in
press). I believe that migrants that leave Europe
west of Gibraltar migrate with similar direc-
tions to those that leave at Gibraltar (Hilgerloh
1988). Migrants that winter in central and
southern Africa would have to change direction
to the east after passing the Sahara. Migration
directions parallel to the coast in Liberia (Gatter
1987, 1988) argue for this route.

A route through the interior of Africa would
have the advantage of being shorter for mi-
grants that winter in central and southern Af-
rica but has the disadvantage of being much
more inhospitable. Passerine migrants occur in

the interior of Morocco (Thevenot 1974,
Vaughan 1960) and in the desert (Bairlein 1985b),
but the main route seems to be along the African
coast. Further investigations may document the
extent to which passerines migrate on different
routes and whether routes are determined by
the location of breeding and wintering grounds
of the migrating populations.
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The American Ornithologists” Union will offer several Marcia Brady Tucker Travel Awards to help defray
expenses of outstanding students wishing to present a lecture or poster paper at the society’s meeting in
Pittsburgh. The paper may have muitiple authors (not true for best student paper competition; see Call for
Papers) but the student’s name must be first and the student must present the paper/poster. Beginning in
1989, no student shall receive more than one MBT Travel Award; students who have received one past
award will be eligible for one more. To apply, send the following material to Robert M. Zink, Museum of
Natural Science, Louisiana State University, Baton Rouge, LA 70803, USA by 15 May 1989: (1) expanded
abstract of paper, maximum 3 typed double-spaced pages, to include methods, major results, and scientific
significance (i.e. not “results will be discussed . ..”; (2) curriculum vitae; (3) anticipated budget of only travel
expenses; (4) letter of support mailed separately from the academic advisor supervising the research. Note
that 10 copies of all materials (except reference letter) must accompany each application. Applications for
MBT awards do not guarantee a place on the scientific program; see instructions given with the Call for
Papers in the meeting announcement. Students are expected to present their papers, irrespective of a travel
award, if granted a place on the scientific program. Recipients of any A.O.U. research awards during 1989
cannot be considered for MBT funding. The MBT Travel Award competition is separate from competition for
best student paper/poster awards (see Call for Papers for rules).

The 20th International Ornithological Congress will take place in Christchurch, New Zealand, on 2-9
December 1990. The Congress program will include 7 plenary lectures, 48 symposia, contributed papers
(spoken and poster), workshops, round-table discussions, and films. There will be a mid-Congress excursion
day. Longer tours are planned to interesting ornithological sites in New Zealand before and after the Congress,
including the post-Congress cruises to sub-antarctic islands.

The second and final Circular of the Congress will be available after 1 October 1989 and will include the
registration papers and forms for submitted papers. New Zealand will also host the 20th World Conference
of the International Council for Bird Preservation in Hamilton on 21-27 November 1990 and a Pacific
Festival of Nature Films, in Dunedin on 27 November to 1 December 1990.

Requests for the final circular, which includes information on the above events, should be sent to Ben D.
Bell, Secretary-General, 20th International Ornithological Congress, School of Biological Sciences, Victoria
University of Wellington, P.O. Box 600, Wellington, New Zealand (Telex: NZ30882 VUWLIB; Facsimile: NZ
64-4-712070).



