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A quantitative estimate of the spatial and temporal
distribution of nocturnal bird migration
in south-eastern Europe – a coordinated
moon-watching study
Pavel Zehtindjiev1 and Felix Liechti2

In SE Europe, the spatial and temporal distribution of nocturnal migration is hardly known.
With the moon-watching technique the passage of 5603 nocturnal migrants was recorded
during 419 observation hours at 28 sites spread over Bulgaria, SE Romania and northern
Greece. Mean migratory traffic rate was 1400 birds.km–1.h–1 in autumn and 900 birds.km–1.h–1
in spring. Migration intensity was similar along both E-W and N-S gradients. Flight directions
were virtually opposite between seasons, with a slight shift from SSW to S during the autumn
and from NNE to N during the spring. These results indicate that a high proportion of nocturnal migrants along the eastern flyway do not circumvent the eastern Mediterranean Sea,
but cross the sea on a broad front. This is in contrast to the migration along the western flyway, where a majority of mainly long distance migrants take southwesterly directions towards
the Iberian Peninsula and thus avoid a long sea crossing.
Key-words: Nocturnal migration, moon-watching, migratory intensity, flight direction, SE-Europe.
1

Institute of Zoology in Bulgarian Academy of Sciences, Sofia 1000, Bulgaria; 2Swiss Ornithological Institute, CH–6204 Sempach, Switzerland. 1Corresponding author: kalimok@ein
et.bg

Nocturnal bird migration over Europe is dominated by
small passerines (Bloch et al. 1981, Rabenold 1993),
with many of them migrating long distances to sub-Saharan Africa. Their migratory routes have been studied
through various ringing schemes for several decades
(Zink 1973, Zink & Bairlein 1995). Based on these
ringing results, Zink suggested that a majority of transSaharan migrants circumvent the Mediterranean Sea to
the east and the west. In contrast, Moreau (1972) proposed that most species cross the Mediterranean Sea
and the Sahara desert on a broad front. Nocturnal passage has been observed directly at numerous sites by
means of radar, moon watching and passive infrared
techniques (see Bruderer & Liechti 1999 and references therein). In autumn, migration along the western
flyway is directed on a broad front towards the southwest, resulting in a high migration intensity over the

Iberian Peninsula, compared to a reduced long-distance migration over the western Mediterranean Sea.
In spring, migration over the island of Mallorca was
only one fifth of that over the Spanish mainland (Bruderer & Liechti 1999). Hence, along the western flyway the Mediterranean Sea is circumvented by a notable proportion of nocturnal migrants. Up to now, only
few data have been available for the European part of
the eastern flyway (except Adams 1962, Casement
1966, Szép 1992, Bolshakov et al. 1998). It was therefore not possible to decide whether the European
branch of the eastern flyway is mainly directed towards
the Middle East or crosses the eastern basin of the Mediterranean Sea on a broad front. The aim of this study
was to fill part of this gap in southeastern Europe,
mainly the Balkan area.
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Figure 1. Map of the observation area in southeastern Europe. Black dots indicate observation sites.

Methods
This first co-ordinated large-scale research on nocturnal bird migration in the Balkan region was carried
out in the autumn of 2000 and the spring of 2001.
Simultaneous moon-watch observations were carried
out at 28 sites (Fig. 1) during the periods of full moon
in autumn (12–18 August; 9–15 September; 10–16 October) and spring (7–12 March; 5–8 April; 4–10 May).
Depending on the meteorological conditions and the
availability of the observers involved, the number of
sites for simultaneous observations varied from 7 to 12.
Only observations from sunset to 8 h after sunset were
included. In autumn 2000 we collected observations of
3815 silhouettes during 242 h of observations from 19
sites, spread over 7 nights each in August, September
and October (Table 1). In spring 2001, 1696 silhouettes
were counted at 16 different sites during a total observation time of 167 h, spread over 7 nights in March, 5
nights in April and 7 nights in May. We also included
previous observations from 4 nights in mid-May 2000.
Wind speed and direction were taken from the upper air
wind maps (850 mbar) for midnight available on the
internet (Mesoscale Alpine Program MAP: http://www.
cmirl.ge.infn.it/mappe/bolam/bolam21/).
Data on the passage of nocturnal bird migration were
collected by the moon-watching method (Lowery

1951), following the guidelines given by Liechti et al.
(1996b). While watching the disc of the full moon by
telescope the observer recorded the relative size, the
entrance and exit of all bird silhouettes passing through
the disc. Flight directions were calculated according to
the position of the moon, under the assumption that the
bird was flying horizontally. Migration traffic rate
(MTR) was computed with respect to the estimated distances of individual birds, their flight directions and the
position of the moon (Liechti et al. 1996b). Observations were included only when the moon elevation was
above 15°. Distance estimates were based on the relative size classes calibrated by parallel observations with
a pencil-beam radar (Liechti et al. 1995, Liechti 2001).
This indicates the approximate height distribution of
nocturnal bird migration. However, real size differences between birds were ignored.
Statistics
For MTR means and standard deviation are given. For
linear statistics and variance analysis the MTR-values
were log-transformed. Analysis was performed with the
software package SPSS© (v. 9.0.0). Circular statistics
were calculated according to Batschelet (1981). Mean
directions were calculated from individual flight directions. As the surveyed space is smaller at short than at
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Table 1. Location of the observation sites and data collected at each site during autumn 2000 and spring 2001.
Location

Latitude/Longitude

Autumn
no. of
nights

Bistrica
Braila
Burgas
Dimitrovgrad
Dolni Bogrov
Elena
Gorna Oriahovica
Iskar
Izvorovo
Kresna
Limnos
Lom
Madjarovo
Malino
Milanovo
Nova Cherna
Pirin
Pleven
Plovdiv
Poda
Purvomai
Razgrad
Rusenski Lom
Shtit
Shumen
Sofia
Svishtov
Traianu
total

42° 03’ N, 23° 11’ E
45° 27’ N, 27° 09’ E
42° 31’ N, 27° 23’ E
42° 03’ N, 25° 36’ E
42° 41’ N, 23° 30’ E
41° 51’ N, 25° 48’ E
43° 07’ N, 25° 40’ E
42° 30’ N, 23° 34’ E
41° 58’ N, 26° 08’ E
41° 48’ N, 23° 11’ E
40° 00’ N, 25° 25’ E
43° 05’ N, 23° 14’ E
41° 39’ N, 25° 53’ E
41° 24’ N, 26° 01’ E
43° 08’ N, 23° 25’ E
43° 59’ N, 26° 28’ E
41° 48’ N, 23° 34’ E
43° 25’ N, 24° 37’ E
42° 25’ N, 24° 37’ E
42° 30’ N, 27° 28’ E
42° 20’ N, 24° 40’ E
43° 31’ N, 26° 31’ E
43° 50’ N, 25° 57’ E
41° 49’ N, 26° 22’ E
43° 16’ N, 26° 55’ E
42° 41’ N, 23° 19’ E
43° 37’ N, 25° 21’ E
45° 02’ N, 28° 02’ E

Spring
hours

no. of
birds

mean
MTR

1
12
6
15

1
16
8
32

11
226
75
482

1442
1185
957
1575

1
2

2
3

11
58

473
2300

3
2

4
7

62
222

1173
2773

8
7
7
17
3
13

19
10
13
26
4
17

196
122
149
634
23
162

1067
1219
1068
2075
555
801

2

2

27

1087

2

4

86

no. of
nights

hours

no. of
birds

mean
MTR

10
1
1
1

20
2.5
3.0
2.6

71
20
35
27

236
1101
1407
1179

1

2.5

30

1052

5
5

11.6
6.4

102
60

777
1105

6
12

8.1
20

51
341

694
1354

6
9

10.5
15

57
144

456
1173

4
2

8.1
5.5

41
122

557
1497

2
14
11
10

2.3
26
27.9
20

96
176
382
71

2932
746
1228
236

1744

9
17
4

13
57
5

370
859
35

2103
1525
849

131

243

3810

1400*

100

192

1826

949*

* Mean calculated after means per site and night.

long distances, large silhouettes (short distance) are
given more weight than small ones with respect to migratory traffic rate. We decided not to weight the frequency of directions accordingly, because we know of
no circular statistical test which would us allow to consider this weighting. We checked both ways of calculating mean directions and the results obtained are very similar. To us, the number of observations is much better
suited to verifying the level of significance than the calculated sum of MTR. Individual flight directions were
analysed using general linear models. For this procedure flight directions were restricted to the seasonally
appropriate semicircle, and hence flight direction was

treated as a linear variable. We are convinced that this
simplification is justified and does not compromise our
robust results.

Results
Autumn
Mean migratory traffic rate (MTR) in autumn was 1412
± 947 birds.km–1.h–1, n = 131 (Table 1). Although mean
MTR in August (1021 ± 492 birds.km–1.h–1, n = 48) was
considerably lower than in September (1667 ± 1070, n
= 46) and October (1587 ± 1085, n = 37), a significant
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difference occurred only between August and September (ANOVA: n = 131, R2 = 0.061, P = 0.018; Scheffetest: Aug v. Sep P = 0.02; Aug v. Oct P = 0.231; Sep v.
Oct P = 0.640). We analysed mean MTR per night and
site with respect to longitude and latitude for each
month. In August, migratory intensity increased significantly towards the east (linear regression n = 48, R2 =
0.095, P = 0.033; Fig. 2a), whereas no geographical
trend could be detected for September and October
(Figs 2b and 2c). Flight directions varied considerably
during autumn migration (Fig. 3). Individual flight directions (Fig. 3a) as well as means per night (Fig. 3b)
and means per site (Fig. 3c) tended to be more westerly in August than in September and October.
13 % of all individuals observed flew in seasonally
inappropriate directions (<90° or >270°) and were excluded from further analysis. In the general linear model, latitude, flight altitude and month were significantly correlated with flight direction, whereas longitude
contributed no effect to the model (ANCOVA: n = 3317,

df = 4, F = 16.0, P < 0.001). Flight directions shifted from
SSW to SSE with decreasing latitude (P < 0.001), and
increasing flight altitude (P = 0.002). In August flight
directions were more westerly (i.e. SSW) than in September and October (P < 0.001). In addition, the overall scatter of flight directions decreased significantly from
August to September, and from September to October
(P < 0.001; parametric test for concentration parameter).
Spring
MTR in spring was 949 ± 724 birds.km–1.h–1, n = 93.
Mean MTR in March (647 ± 565 birds.km–1.h–1, n = 27)
was considerably lower than in April (1025 ± 710, n =
40) and May (1146 ± 829, n = 26). Differences between
March and both April and May were significant
(ANOVA: n = 92, F = 3.5, df = 2, P = 0.005; Scheffetest: Mar v. Apr P = 0.013; Mar v. May P = 0.019; Apr
v. May P = 0.945). Neither mean MTR per night nor per
site was correlated with either latitude or longitude
(Figs 4b and 4c).

Figure 2. Distribution of
mean migration traffic rate
(MTR) per site and mean
flight direction for the three
observation periods in autumn 2000. (A) 12–18 August; (B) 9–15 September;
(C) 10–16 October. MTR is
represented by the area of
the circle. Flight direction is
indicated by the mean vector, the length of the arrow
is proportional to the concentration of the distribution of individual directions.
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Figure 3. Distribution of flight directions in autumn. (A) individual flight directions in August (mean = 211°, r = 0.35, n
= 1073), September (186°, 0.61, 1562) and October (187°, 0.75, 1180); (B) mean flight directions per night (sites pooled) for August (200°, 0.87, 7), September (187°, 0.96, 7) and October (188°, 0.99, 7); (C) mean flight directions per
site for August (193°, 0.86, 10), September (180°, 0.93, 12) and October (180°, 0.88, 11).

In general, flight directions during spring migration
were less scattered than in autumn (Fig. 5). Individual
flight directions (Fig. 5a) as well as means per night
(Fig. 5b) and means per site (Fig. 5c) tended to be more
easterly in March (i.e. NNE) than in April and May.
8 % of all individuals observed flew in seasonally inappropriate directions (>90° or <270°) and were excluded
from further analysis. In the general linear model, latitude and month were significantly correlated with flight
direction, whereas longitude and flight altitude did not
contribute significantly to the model (ANCOVA: n =

1555, df = 3, F = 17.8, P < 0.001). Replacing latitude
by longitude resulted in a similar highly significant
model. Flight directions shifted from NNW to NNE
with increasing latitude and, as latitude and longitude
are correlated, directions shifted similarly with longitude (P < 0.001). In March and April directions were more
easterly than in May (P < 0.001). The overall scatter of
flight directions did not differ between months.
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Figure 4. Distribution of
mean migration traffic rate
(MTR) per site and mean
flight direction for the three
observation periods in spring
2001: (A) 7–12 March; (B)
5–8 April; (C) 4–10 May.
MTR is represented by the
area of the circle. Flight direction is indicated by the
mean vector, the length of
the arrow is proportional to
the concentration of the distribution of individual directions.

Discussion
Autumn
Migratory intensities recorded in our study for autumn
were of the same order of magnitude as observed along
the western flyway across Germany, northern Italy,
France and Spain (Liechti et al. 1996a, Bruderer &
Liechti 1999). High intensities were observed in September and October with MTRs up to 4000 birds.
km–1.h–1, which were similar to maximum values from
southern Germany and corresponded to about 60 % of
maximum MTRs registered along the border of the
Swiss Alps, (Liechti et al. 1996b). Astonishingly, nocturnal autumn migration in the Balkan area is directed
S-SSW, thus heading towards the eastern or even the
central Mediterranean Sea and the Libyan desert. Southeasterly directions, which would indicate a detour
around the Eastern Mediterranean, were not common.
Winds available from European weather maps (850 hPa
surface) can only give the general pattern of wind within the study area. They were mainly between NW and

NE, and were therefore tailwinds for most migrants. In
August winds were highly concentrated around NNE
with wind speeds between 5 to 10 m/s. This might explain the somewhat more westerly directions but does
not explain the large scatter. Similar directions were registered at one of the present observation sites in autumn 1995 (Bolshakov et al. 1998). Our results in September correspond to the data obtained by moon-watching in northern and southern Greece (Bateson & Nisbet
1961). Mean southerly directions were also recorded by
radar over the Aegean Sea (Casement 1966). However,
observations in the easternmost part of the Mediterranean Sea suggest that some migrants partly circumvent the sea by flying southeast from Turkey across Cyprus to the coast of Israel (Adams 1962, Alfiya 1995).
In August and September the majority of nocturnal
passerine migrants consist of trans-Saharan migrants.
The proportion of migrants wintering north of the Sahara is likely to be limited, taking into account that these
comprise only a few species (Bolshakov et al. 1998).
From the trapping data collected in northeastern Bul-
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garia during the autumn seasons of 1997–2000, 76.5 %
of all non-moulting individuals were trans-Saharan migrants, 13.5 % were short-distance migrants, and 10 %
were species with intermediate migratory strategies (P.
Zehtindjiev unpubl. data). Only 8 % of the trapped birds
were species wintering exclusively in eastern Africa
(Moreau 1972a) and migrating SE over Europe. The
vast majority of nocturnal migrants in August and September were assumed to be trans-Saharan migrants,
while in early October (between 2 and 9 October) the
numbers of trans-Saharan and short-distance migrants

43

might be equal. Trans-Saharan migrants showed a
higher diversity of migratory directions compared to
short-distance migrants. This might be partly due to the
high species diversity among trans-Saharan migrants,
and hence an increased heterogeneity of migratory strategies, compared to migrants wintering north of the Sahara. However, the decrease in the variability of flight
directions with the ongoing season accords with a substantial decrease in reverse movements. The proportion
of reversed flight directions decreased during the autumn from 35 % in August to 18% in September and

Figure 5. Distribution of flight directions in spring: (A) individual flight directions in March (mean = 17°, r = 0.72, n =
361), April (14°, 0.70, 950) and May (2°, 0.71, 385); (B) mean flight directions per night (sites pooled) for March (25°,
0.95, 6), April (14°, 0.99, 4) and May (6°, 0.99, 5); (C) mean flight directions per site for March (16°, 0.94, 6), April
(15°, 0.94, 15) and May (359°, 0.91, 10).
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8 % in October. The high proportion of reverse movements in August might be at least partly caused by juvenile birds during their dispersal phase but still not migrating (Jenni 1984). Between 5 and 10 % of reversed
movements seem to be a normal feature of nocturnal
migration (Zehnder et al. 2001).
At a finer scale, we could not find any important geographical trend, even though flight directions shifted
slightly to the right with latitude in autumn and spring.
Because of the lack of consistent data recording at all
sites simultaneously we refrain from interpreting these
results in detail. Subjectively, we detect an influence of
the topography of Balkan Peninsula and adjacent territories on the diversity of flight directions. A strong flow
of migrants passing between the Carpathian Mountains
and the Black Sea may occur down to southern Bulgaria and northern Greece. Another flow of migration may
enter the study area from the NNW across the westernmost southern Carpathian mountains following the
West Balkan mountain ranges. Low densities were consistently recorded in the central part of the lower Danube valley (Pleven, Table 1), south of the highest
ridges of the southern Carpathian mountains (>2500 m
a.s.l.). At Burgas in August, the movement towards the
southeast along the Black Sea coast was probably due
to the high concentrations of waders in the wetlands flying along the Bulgarian coast. At all the other sites there
was no indication by the observers that waders made up
a major component of night migration.
Spring
Mean and maximum migration intensities recorded during spring migration were about two-thirds of the autumn intensity. On average the MTRs were higher than
those observed along the western flyway (Bruderer &
Liechti 1999) and therefore the ratio between spring
and autumn migration was higher in the Balkan area,
but similar to results gathered by radar in Israel (Bruderer & Liechti 1995). The direction of the night migration in spring was opposite to that in autumn. In
March, when short-distance migrants fly through the
study area (according to ringing results), flight directions were more towards the northeast than later in the
season when trans-Saharan migrants passed through,
although the differences in spring between months in
absolute terms was relatively small (15°).
On a more detailed scale we could observe a gradient
from NNW- to NNE-movements from west to east

within the study area. We interpret this as the result
of two main migratory streams, one towards the
plain between the southern Carpathian mountains and
the Black Sea, and the other towards the low hills between the west Balkan and southern Carpathian mountains.
Based on the results above, we may derive a rough
quantitative estimate of the spatial and temporal distribution of nocturnal bird migration in the Balkan region.
The mean MTR was roughly 1400 birds.km–1.h–1 in autumn and 900 birds.km–1.h–1 in spring. This suggests
that about 900 million birds pass through the study area
during autumn season and almost 600 million in spring
(average width of 900 km, 8 h of flight per night, 90
nights). We assume that about 80 % of these are transSaharan migrants.
The majority of night migrating species occur at the
Kalimok Station (Bulgaria) both in spring and autumn.
The only exceptions are the collared flycatcher Ficedula albicollis, red-breasted flycatcher F. parva and pied
flycatcher F. hypoleuca, which are known to have loop
migrations. However, our results suggest that the majority of nocturnal trans-Saharan migrants intend to cross
the eastern Mediterranean Sea between Greece and
Egypt/Libya in autumn as well as spring. However, to
confirm these assumptions more data are needed from
southeastern Europe and Turkey.
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