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First results of study of flight direction and density of nocturnal passerine migration by the moon-
watch method during 22 nights in autumn in NE Bulgaria are presented. Trapping data from August -
October 1977, 1979 and 1997 concerning passerine nocturnal migrants at two stopover sites is analysed. 
In August and September 98-100% of trapped nocturnal migrants are trans-Saharan migrants. The main 
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September. The seasonal shift of main flight direction of nocturnal migration from SSE-S (August and 
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Introduction 
Radar observations of nocturnal migration over the Mediterranean (Casement 1966) 

support the hypothesis suggested by Moreau (1961, 1972) that many passerines from the 
Western Palaearctic migrate over this area on a broad front towards their African winter 
quarters. The flight directions over the Mediterranean are SW in the western part of the re-
gion and SSE in the eastern part (Casement 1966, Hilgerloh 1988). Moreover, the available 
ringing recoveries suggest that some passerines migrate to African winter quarters in SW di-
rection, others in SE. Different populations of Palaearctic migrants may reach Africa by dif-
ferent routes, from SW to SE. Migratory divides were reported from a number of central 
European passerine species (Bairlein 1985, Berthold 1993, Berthold et al. 1990, Mead 1983, 
Zink 1973-1985). 

Ringing recoveries and available radar observations suggest a possibility of non-uniform 
distribution of African nocturnal migrants over the Mediterranean, with larger concentra-
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tions in western and eastern parts of the region. The Alps may play a role in shaping such a 
pattern of spatial distribution (Bruderer & Jenni 1990, Liechti et al. 1996). Polarization of 
migrants at either end of the Mediterranean may also be caused by the Sahara (Finlayson 
1992). This desert is a major physical and ecological obstacle so avoiding it and following 
more indirect routes must have high selective value (Finlayson 1998). Some migrants un-
doubtedly cross the central Mediterranean and Sahara by direct way (Moreau 1961, 1972, 
Casement 1966, Biebach 1990). The lack of the factual observations, however, does not per-
mit to compose an integral conception concerning a spatial distribution of migrating birds in 
this region (Finlayson 1998). It should however be admitted that Moreau's (1961) hypothe-
sis has never been tested on the large scale. 

One of the methods of estimating the large-scale spatial distribution of birds is to com-
pare numbers of birds in flight estimated by a single method at several sites lying across the 
main direction of migration (Dolnik & Bolshakov 1985, Dolnik 1990). This method is espe-
cially suitable for estimating the spatial distribution of nocturnal passerine migrants. They 
fly separately, at high altitude, and they are uniformly distributed cross the front of migra-
tion. The local topography has a more limited impact on distribution of nocturnal migrants 
than on that of diurnal migrants, though situation is different when high mountains are con-
cerned (Dolnik & Bolshakov 1985, Liechti et al. 1996). Radar and moon-watch observations 
are the most suitable for the Mediterranean of all the available direct methods (Moreau 
1961). The effectiveness of the moon-watch method has been demonstrated in many studies 
(Lowery & Newman 1966, Dolnik & Bolshakov 1985, Bruderer & Liechti 1994, Liechti et al. 
1995, 1996, 1997). This method is simple, can be highly standardized and yields the clearest 
estimates, i.e. numbers of birds passing over (Bolshakov 1985, Liechti et al. 1996, Richardson 
1982). The preponderance of clear skies in certain regions also favours the use of this method 
(Dolnik & Bolshakov 1985). 

The main limitation of radar and moon-watching methods is that species identification 
of flying passerines is practically impossible (Bolshakov 1985, Bruderer & Liechti 1994). In 
order to get information on the species concerned and their relative numbers it is necessary 
to trap migrants at stopovers as well as making moon-watch observations. Unfortunately, the 
number of direct studies of the nocturnal migration of passerines in the Mediterranean area is 
not sufficient (Bourne 1960, Bateson & Nisbet 1961, Nisbet et al. 1961, Adams 1962, Wallraff 
& Kiepenheuer 1963, Kiepenheuer et al. 1965, Casement 1966, Hilgerloh 1985, 1987, 1988, 
1989a, b, Liechti et al. 1997). No estimates of passage numbers are available. The recent 
European project for trapping nocturnal migrants at stopovers did not cover any Mediterra-
nean areas to the east of Italy (Bairlein 1997). 

To obtain new quantitative data on the problem of spatial distribution of Palaearctic-
African nocturnal passerine migrants over the Mediterranean area, formulated by Moreau 
(1961, 1972) several decades ago, special studies of nocturnal bird migration have been initi-
ated in Bulgaria since 1995. The project should tackle the following questions: (1) quantita-
tive estimates of nocturnal migration, mainly small passerines, by the moon-watch method; 
(2) identification of the passerine species on nocturnal migration, in particular those crossing 
the Sahara, together with their numbers, timing of migration, and physiological status by 
trapping at stopovers. First results of this project, obtained in autumn 1995, are presented 
here. Further, trapping data from two Bulgarian sites in 1977, 1979 and 1997 were analysed. 
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2. Study area, methods, and material 
Moon-watch observations were carried out between August and October 1995 in NE 

Bulgaria (44°00' N, 26°26' E) in the central part of the Lower Danube plain which is on three 
sides surrounded by the southern Carpathians and Stara Planina mountain systems (Fig. 1). 
Observations were carried out at the Biological Station "Kalimok" of the Bulgarian Academy 
of Sciences. The modified version of moon-watch method was applied (Bolshakov 1981, 
1985). Observations were carried out with a 35-x telescope, for 30 min in each hour of dark-
ness, starting 30 min after sunset. Observations when the Moon had risen over 20° and over 
50% of the face of the Moon was visible were used for quantitative estimates. In autumn 1995 
data for 22 nights between August 6/7 and October 8/9 were obtained (Tab. 1). The eleva-
tion and azimuth of the Moon were computed by software developed by Heino Potter 
(Pulkovo Astronomical Observatory, St. Petersburg). Recorded birds were divided into large 
taxonomic groups (Bolshakov 1985). Only birds identified as passerines are treated in this 
paper. Their proportion in relation to all birds is presented in Tab. 1. 

Figure 1. Map of the Eastern Mediterranean and the Balkan Peninsula. 
1 — Field site "Kalimok"; 2 - Field site "Roupite". The shaded area represents eleva-
tions >1000 m a.s.l. 



Table 1. Results of the moon- watch observations in autumn 1995. 

Date Time of ob-
servations 

(local t ime) 

Hours after 
sunset, covered 
by 30-min ob-
servation ses-

sions 

The Moon 
elevation 

during ob-
servations, 

degrees 

Number of 
recorded birds 

Mean M T R 
(birds·h-1·km-1), 

all hours 

Mean MTR 
(birds·h-1·km-1), 

4-5 hours after SS 

MTR for whole 
night 

(birds·night-1·km-1) 

Wind at 00.00h 
(local time), 

height 1460 m 

Total Passe 
-rines 

Total Passe 
-rines 

Total Passe-
rines 

Total Passe-
rines 

Direction, 
degrees 

Speed, 
m / s 

6 /7 .08 22.05-23.35 2 20-26 10 7 770 540 082 3.3 

7 /8 .08 21.30-01.00 2,3,4,5 20-27 15 6 200 120 140 40 070 2.5 

8 /9 .08 22.00-02.30 2,3,4,5,6 20-29 21 11 330 230 210 140 140 6.7 

12/13.08 23.30-04.45 4,5,6,7,8 25-45 23 16 570 250 1070 320 079 4.0 

13/14.08 23.30-05.00 4,5,6,7,8,9 20-49 23 16 300 270 100 40 038 2.1 

14/15.08 03.30-05.50 5,9,10 27-53 8 4 210 140 140 40 

3 /4 .09 20.30-22.00 1.2 24-27 19 13 790 590 115 4.6 

4 /5 .09 20.35-21.05 1 28 1 0 109 2.1 

5 /6 .09 20.35-00.55 1,2,4,5 22-30 100 82 1990 1730 940 690 093 8.1 

7/8 .09 20.40-03.00 1,2,3,4,5,6,7 20-38 233 177 2180 1800 2420 1970 21800 19580 117 4.1 

8 /9 .09 21.30-04.00 2,3,4,6,7,8,9 24-42 208 173 2510 1910 3910 3620 23820 19480 122 5.6 

9 /10 .09 21.55-22.25 3 24-27 19 16 1250 1100 091 3.1 

11/12.09 23.00-05.45 4,5,6,7,8,9,10 24-56 164 139 1930 1700 1090 830 19020 16490 138 6.5 

12/13.09 23.00-05.50 4,5,6,7,8,9,10 20-59 47 34 340 270 450 360 3020 2420 071 1.9 

13/14.09 00.05-03.30 5,6,7,8 25-56 30 27 450 430 200 170 013 2.0 

2 /3 .10 18.45-21.30 1,2,4 24-29 13 11 360 340 150 90 084 3.4 

3 /4 .10 18.45-22.30 2,3,4,5 25-32 31 17 640 430 880 360 139 8.0 

4 /5 .10 18.45-00.15 1,3,4,5,6 22-36 58 27 640 520 830 740 137 5.5 

5/6.10 19.00-01.10 2,3,4,5,6,7 26-40 58 40 580 450 510 390 083 2.1 

6/7.10 19.00-02.16 2,3,4,5,6,7,8 25-45 68 56 810 710 920 880 9060 7850 015 2.7 

7/8.10 19.30-04.00 2.3,4,5,7,8,9,10 21-49 118 58 890 760 1550 1400 9430 8190 015 5.6 

8 /9 .10 20.20-02.05 3,4,5,6.7,8 29-54 58 49 1020 940 1050 870 9250 8210 016 6.2 
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For each bird flight direction, approximate altitude compared to the ground level, and 
individual MTR (birds·hour-1·km-1) were computed. Overall MTR was obtained by adding 
individual MTRs (Bolshakov 1981, 1985). The estimate of approximate flight altitude, and 
corrections for the changing size and orientation of the visible part of the face of the Moon 
radically improve MTR estimates previously available (Lowery 1951, Nisbet 1959, 1963, 
Richardson 1982). Swiss researchers (Liechti et al. 1996) recently used a similar correction 
of MTR for distance from observed birds. 

The direction of migration was calculated for 16 sectors (interval 22.5°) from 0° to 360° 
by adding correspondent individual MTRs. The following variables were computed for each 
observation session (Tab. 1 ): 

1. Distribution of flight directions at all altitudes over the session (all nights and obser-
vation hours pooled) 

2. Distribution of flight directions at high altitudes (over 1000 m a. g. l.) during the 
middle of the night. We suggest that these distributions best reflect the directions of transit 
migration. The precision of direction determination at high altitudes is known to be best 
(Nisbet 1959, Richardson 1982). Moreover, these estimates excluded birds that had just 
taken off, and those landing. The following periods were assumed to best reflect transit mi-
gration: 3-5 h after sunset in August, 3-6 h in September, and 3-8 h in October (the period 
between sunset and sunrise being 10, 11, and 12.5 h, respectively). Median flying altitude 
during these periods was similar across all sessions, 1200 to 1350 m above ground level. 

3. Distribution of flight directions when wind speed was ≤ 4 m/s. The observed flight 
directions depend not only on the heading of birds, but on wind drift as well. To estimate the 
flight direction least influenced by wind (general direction), we calculated distributions of 
flight directions at altitudes between 1000 and 2000 in a. g. 1. over the period 0 ± 1 h (wind 
data are available for 0 h local time, 1460 m a.s.l.) when wind speed did not exceed 4 m/s. 

4. Distribution of directions of transit migration on different nights (six nights in both 
September and October). We intended to exclude the possibility that mass migration during 
a single night could shape a pattern for the whole observation session. 

For statistical treatment circular statistics was used (Batschelet 1981). Moon-watching 
data is not suited for usual statistical treatment using the number of recorded birds. The dis-
tribution can be presented only as MTRs in each sector (22.5° in our study). The problem is 
that when using MTR, sample size always reaches We suggest using the coefficient C 
which reflects both MTR and the number of observed birds. In the equation 

(where the circle is divided in n sectors; MTR, is the density of migration in each sector) N is 
the number of recorded birds. This method of statistical treatment is used throughout this 
study. 

Three variables were used as characteristics of the density of migration: 
1. Average MTR (birds·hour-1·km-1) for all observation periods over the night. 
2. Average MTR (birds·hour-1·km-1) for the 4-5th hours after sunset. This period is best 

represented across our study (Tab. 1). 
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3. Density of migration over the night (birds·night-1·km-1) was obtained by adding 
hourly MTRs when observations were conducted over nearly the whole dark period. Such 
estimates were available for four nights in September and three nights in October (Tab. 1). 

The species composition of nocturnal passerine migrants, the numbers of different spe-
cies, the timing of their migration were derived from the trapping data. Migrants were 
trapped at daytime stopover sites in SW Bulgaria in 1977, 1979 ("Roupite" ringing station of 
Bulgarian Ringing Scheme, 39°15' N, 23°10' E) and at the Biological Station "Kalimok" in 
1997 (Fig. 1). At "Roupite", birds were trapped over the whole summer and autumn in ca. 
200 m of mist-nets erected in reedbeds Phragmites sp., scrub (80% Salix spp., Prunus sp.), and 
on the edge of a Populus sp. plantation and an agricultural area. At "Kalimok" birds were 
trapped in 130 m of mist-nets in three habitats: Robinia pseudacacia scrub (50 m), wood 
(Fraxinus excelsior, Pyrus achras) (30 m), and reedbed (50 m). The ringing routine followed 
the ESF project (Bairlein et al. 1995). No data was collected from birds trapped at "Roupite". 

The information on high altitude wind was provided by the Bulgarian Meteorological 
Office. We used the wind data for 0 h local time, 1460 m a.s.l. The estimates were done on the 
basis of analysis of weather maps. 

3. Results 

3.1 Species composition of trapped migrants 

The species composition of typical nocturnal passerine migrants, their numbers and 
timing of captures are presented in Tab. 2 and 3. Out of 29 recorded species 22 (over 75%) 
are trans-Saharan migrants, four have winter quarters in eastern Africa (Moreau 1972), mi-
grating SE over Europe. Five species may be considered short distance migrants and spend 
their winter in the Mediterranean area. Two species out of 29 form the intermittent group 
and spend their winter both in Africa to the north of the equator, and in the Mediterranean 
area (Moreau 1972, Zink 1973-1985). 

Between July 30 and October 27 1977, 1979 1275 nocturnal passerine migrants were 
trapped at "Roupite", SW Bulgaria. Trans-Saharan migrants comprised 32.2%, short distance 
migrants 22.0%, and two species that spend their winter to the N of the equator, 45.8% (Tab. 
2). We suggest that these estimates do not reflect the actual specific composition of groups of 
migrants, as the data incorporates local birds not on migration. Balkan populations of the 
Blackcap Sylvia atricapilla may be partially migratory (Berthold et al. 1990). 

The trapping data from "Kalimok" (between August 9 and October 27, 1997) probably 
better reflects the composition of nocturnal migrants. Trans-Saharan migrants comprised 
90.6% of 212 birds that were not in moult and have a fat score of 3 or higher. The bulk of 
these birds was trapped at daytime stopovers in August and September, median date being 
August 28-29. Species wintering in the Mediterranean area appear in the north of the Balkan 
Peninsula mainly in October (Tab. 3). 
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Table 2. Species composition and numbers of nocturnal passerine migrants trapped at 
„Roupite" (SW Bulgaria) in 1977 and 1979* 

Standard decades*** 

Species 22 23 24 25 26 27 28 29 30 

30.07- 09.08- 19.08- 29.08- 08.09- 18.09- 28.09- 08.10- 18.10-

08.08 18.08 28.08 07.09 17.09 27.09 07.10 17.10 27.10 

W i n t e r qua r t e r s S of t h e Sahara and t h e e q u a t o r 

Acrocephalus 1 3 1 1 

arundinaceus 

A. palustris** 2 4 2 1 2 2 

A. scirpaceus 1 1 1 

A. schoenobaenus 1 3 1 2 8 4 3 

Hippolais icterina 1 23 2 

Lanius collurio 6 3 

Luscinia luscinia ** 2 1 2 1 1 

L. megarhynchos 6 7 4 1 

Ficedula hypoleuca 3 4 2 

F. albicollis** 5 6 1 

Muscícapa striata 1 6 14 10 5 6 1 

Phylloscopus sibilatrix 2 5 7 3 1 4 1 

Ph. trochilus 5 24 6 3 15 13 2 

Phoenicurus phoenicurus 4 1 

Sylvia borin 1 4 19 32 8 3 1 

S. communis 6 30 28 2 

S. curruca * * 10 4 1 

W i n t e r qua r t e r s i n Med i t e r r anean and par t ia l ly N of t h e e q u a t o r 

Phylloscopus colly bita 2 4 14 25 28 76 

Sylvia atricapilla 25 16 117 141 68 29 29 7 3 

Winter quarters in Mediterranean and partially N of the Sahara 

Cettia cetti 3 5 22 5 4 4 10 7 4 

Erithacus rubecula 7 8 18 27 33 51 39 

Prunella modularis 5 11 

Troglodytes troglodytes 1 5 5 8 

Notes: 
* Data by Bulgarian Ringing Trust 
** Species with winter quarters in Eastern Africa 
*** after Berthold (1973) 
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Table 3. Species composition and numbers of nocturnal passerine migrants trapped at Kali-
mok in 1997* 

Standard decades*** 

Species 23 24 25 26 27 28 30 

09.08- 19.08- 29.08- 08.09- 18.09- 28.09- 18.10-

18.08 28.08 07.09 17.09 27.09 07.10 27.10 

Winter quarters to the S of the Sahara and the equator 

Acrocephalus 9 7 4 2 1 
arundinaceus 

A. palustris** 7 3 3 1 

A. scirpaceus 2 4 2 2 1 

A. schoenobaenus 34 3 7 5 12 3 

A. paludicola 2 

Lanius collurio 11 5 1 

Locustella fluviatilis 3 

Locustella luscinioides 1 

Luscinia luscinia * * 4 1 

L. megarhynchos 6 1 2 

Ficedula parva 1 

Muscícapa striata 7 1 2 

Phylloscopus sibilatrix 1 1 

Ph. trochilus 1 7 9 1 

Saxícola rubetra 2 

Sylvia borin 2 1 1 

S. communis 1 1 2 1 1 

S. curruca** 1 1 

Winter quarters in Mediterranean and partially N of the equator 

Phylloscopus colly bita 2 

Sylvia atricapilla 1 2 

Winter quarters in Mediterranean and in Africa N of the Sahara 

Regulus regulus 2 

Erithacus rubecula 1 5 4 

Prunella modularis 1 

Troglodytes troglodytes 2 

Notes: 
* Data on birds without moult and with fat > 3 according to A.Kaiser (1993) 

** Species with winter quarters in Eastern Africa 
*** after Berthold (1973) 
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Figure 2. Seasonal changes of the quantitative ratio in two groups of passerine night migrants 
(trapping data from site "Kalimok" in autumn 1997). 
Thick line - birds with wintering sites south to Sahara 
Fine line - birds with wintering sites in Mediterranean and northward to Sahara 
Solid circles - data is absent 

Comparing the data from Tab. 1, 2, and 3 reveals that in August (between August 6 and 
18) nearly all passerines recorded during moon observations were trans-Saharan migrants. 
Only 13.2% were species that spend their winter in eastern Africa. In September the propor-
tion of trans-Saharan migrants was still high and reached 98%. The number of eastern Afri-
can migrants dropped by more than half to 5.9%. In early October (between October 2 and 
9) trans-Saharan migrants comprised 54.5%, and short distance migrants 45.5%. Fig. 2 illus-
trates the seasonal change in proportions of trans-Saharan and short distance migrants in NE 
Bulgaria between August 9 and October 27, 1997. These estimates are rough, as the sample 
size is small. 

3.2. Direction of migration 

In August and early September when trans-Saharan migrants comprised nearly 100% of 
flying birds, the distributions of directions were significantly different, the mean azimuth 
being about 177° in both cases (Fig. 3, Tab. 4 and 5). Between 77% and 97% of passerines mi-
grate within the sector 165° - 190° (SSE-S-SSW). The analysis of data presented in Fig. 3 
and Tab. 4-7 reveals the following: 
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Figure 3. Distributions of flight directions in passerines observed at "Kalimok" in autumn 
1995. 
1 - all hours after sunset, all heights, all winds 
2 - hours with transit migration, heights >1000 m above ground level, all winds 
3 - hours with transit migration, heights 1000-2000 m, wind speed ≤ 4m/s. 
Mean directions (A°) are not given for the October session, since distributions show a tendency to bi-
modality in all cases. 
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Table 4. Comparison in pairs of the distributions of flight direction for each cycle of moon-
watching (Fig. 3). 

Hour after sunset 
Height of migration 
Wind conditions 

August-September September-
October 

X2 

Parametric test 
for the concen-
tration parame-

ter 

Watson-
Williams test 

X2 

All hours 48.3 1.5 0.01 75.9 

All heights p<0.001 P>0.01 P>0.05 p<0.001 

All winds n1=53 n1=53 n1=53 n1=777 

n2=777 n2=777 n2=777 n2=273 

Hours with transit migration 22.8 1 0.43 47.5 

Heights > 1000 m p<0.05 P>0.05 P>0.05 p<0.001 

All winds n1=15 n1=15 n1=15 n1=270 

n2=270 n2=270 n2=270 n2=144 

Hours with transit migration 6.6 1.27 1.4 28.8 

Heights 1000 2000 m P>0.05 P>0.01 P>0.05 p<0.001 

Wind speed ≤ 4 m/s n1=13 n1=13 n1=13 n1=53 

n2=53 n2=53 n2=53 n2=21 

1. The sector of main migration is narrower in August than in September (135° - 203° 
and 135° - 225°, respectively). 

2. The distribution of high-altitude transit migration differs significantly, but no differ-
ence was detected under nearly still wind conditions. The lack of difference between August 
and September under such conditions may reflect the low number of birds recorded in 
August. 

3. Although the mean direction of transit migration in September was closer to the S 
than in August (176° -178° and 170° - 165°, respectively), the difference was not statistically 
significant. 

4. The separate analysis of August and September data revealed no significant differ-
ences between the distributions of directions as well as between mean azimuths, depending 
upon the flight altitude or wind conditions. 

This data suggests that the flight direction of nocturnal passerine migrants is signifi-
cantly more southerly in September than in August. Only in September was a considerable 
number of birds flying within the sector 203° - 225° recorded. The mean azimuth of migration 
is closer to the S in September than in August (shift about 7-12°). 
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For six September nights data is available that allows estimation of night-to-night 
variations of direction of transit migration (3-6 h after sunset) at altitudes over 1000 m. On 
each night the distribution had a single mode, the mean azimuth varying between 169° and 
206°. Under wind speeds of 4 m/s and less, distribution was also unimodal, with a mean azi-
muth of 175°, 177°, and 210° (Tab. 8). This data shows that on separate nights from mid Sep-
tember onwards the mean azimuth of migration was SSW (203°, 206°, and 210°). On nights 
when migration was in a mainly SSE-S direction, the density was 3-5 fold higher than on 
nights when a SSW flight direction prevailed. 

Table 5. Directions of nocturnal passerine migration in August-September 1995. 

Period H o u r a f t e r sunset 

Heigh t of migration 

W i n d condi t ions 

Number 

of birds 

Total 

M T R 

(birds · 

km-1) 

M T R in 

seasonal 

direc-

tions, % 

Main di-

rections 

of migra-

tion 

M T R 

in 

main 

direc-

tions, 

% 

A0 r 

6-15.08 All hours 

All heights 

All winds 

5 3 4578 88.7 135°-203° 76.9 177 0.71 

3 -5 hours a f t e r SS 

He igh t s > 1000m 

All winds 

15 887 98 135°-203° 89.2 160 0.83 

3 -5 hours a f t e r SS 

Heigh t s 1 0 0 0 -

2000 m 

Wind speed ≤ 4 m / s 

13 8 1 3 100 135°-203° 92.6 165 0.88 

3-14.09 All hours 

All heights 

All winds 

777 58840 97.2 135°-225° 89.1 177 0.81 

3-6 hours a f t e r SS 

Height > 1000m 

All winds 

270 17282 97.1 135°-225° 90.1 176 0.82 

3 -6 hours a f t e r SS 

Height 1 0 0 0 -

2000 m 

Wind speed ≤ 4 m / s 

53 4204 96.0 135°-225° 90.5 179 0.82 

Note: All values of the A° are significant, P< 0.001 (Rayleigh - test) 
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Table 6. Pair comparison of the distributions of flight directions in August (6-15.08) 

Parametric test for the Watson-Williams test 

concentration parameter 

2.3 0.27 

P>0.05 P>0.05 

n1=53 

n2=15 n2=15 

2.8 0.67 

P>0.01 P>0.05 

n1=53 n1=53 

n2=13 n2=13 

2.1 0.11 

P>0.05 P>0.05 

n1=15 n1=15 

n2=13 n2=13 

Table 7. Pair comparison of distributions of flight directions in September (3-14.09) 

Parametric test Watson-

for the concentra- Williams test 

tion parameter 

1 0.19 

P>0.05 P>0.05 

n1=777 n1=777 

n2=270 n2=270 

1.2 0.01 

P>0.05 P>0.05 

n1=777 n1=777 

n2=53 n2=53 

1.1 0.01 

P>0.05 P>0.05 

n1=270 n1=270 

n2=53 n2=53 

Hour after sunset 

Height of migration 

Wind conditions 

All hours 

All heights 

All winds 

3-5 hours after SS 

Heights > 1000 m 

All winds 

3-5 hours after SS 

Height 1000-2000 m 

Wind speed < 4m/s 

Hour after sunset 

Height of migrat ion 

Wind conditions 

All hours 

All heights 

All winds 

3-6 hours after SS 

Heights > 1000 m 

All winds 

3-6 hours after SS 

Heights 1000-2000 m 

Wind speed ≤ 4m/s 
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In early October, the direction of passerine migration changes significantly (Fig. 3, Tab. 
4). First, birds fly across a broader sector from SE to WSW (135° - 248°); second, the density 
of migration is higher in the SW sector, and not in the S or SSE as recorded in August and 
September; third, the distribution of flight direction is bimodal with maximum density in the 
S W (225°) and SSE (158°) sectors. A clear bimodal distribution was recorded during the pe-
riod of transit migration (3-8 h after sunset) both under all wind conditions and when wind 
speed was 4 m/s or slower (Fig. 3). 

The data from six October nights shows that in three cases distributions were unimodal 
with mean S-SSW directions: 205° (October 4/5), 190° (October 6/7), and 188° (October 
7/8). In three other cases passerines were flying both SW and SSE-SE with mean azimuths 
of about 236° and 163° (October 3/4), 229° and 144° (October 5/6), 228° and 162° (October 
8/9). 

Table 8. Mean directions of passerine migration on different nights in September 1995. 

Date Hours after Number of Mean MTR A° r 
sunset birds (birds·h-1·km-1) 

Period of the transit migration, all heights, all wind conditions 

5/6.09 4,5 14 345 174 0.89 

7/8.09 3-6 93 1621 180 0.85 

8/9.09 3,4,6 62 1352 176 0.88 

11/12.09 3-6 55 931 169 0.84 

12/13.09 4-6 14 200 203 0.90 

13/14.09 5,6 15 390 206 0.95 

Period of the transit migration, heights 1 0 0 0 - 2000 m, wind speed ≤ 4m/s 

8/9.09 4,6 16 740 175 0.89 

11/12.09 4-6 26 699 177 0.77 

12/13.09 4-6 9 133 210 0.96 

Note: All values of A° are significant, P<0.001 (Rayleigh-test) 

3.3 Density of migration 

The proportion of passerines out of all detected birds was 65% in August, 83% and 84% 
in September and October (Tab. 1). During the period comparable over the whole season (4-
5 h after sunset), the average MTR of passerines was 116 birds·h-1·km-1 in August, 
1273 birds·h-1·km-1 in September and 676 birds·h-1·km-1 in October. Night-to-night 
variations were as high as 8-15 fold. 



6 4 C. V. Bolshakov et al. Nocturnal passerine migration Avian Ecology 
and behaviour 

4. Discussion 
First systematic moon-watch observations in autumn in the northern Balkan Peninsula 

have revealed intensive nocturnal migration of small passerines towards the SSE, S, and SW. 
The mean azimuth of migration is shown to change between SSE in August to SSW-SW in 
October. Seasonal change of mean direction of nocturnal migration occurs at all altitudes, 
and also under the weak winds (wind speed < 4 m/s). 

Trapping data from two Bulgarian sites allows the conclusion that the change of the 
mean azimuth was caused mainly by the differential migration of birds with different winter 
quarters and thus different migratory directions. In August and September species migrate, 
that spend their winter to the S of the Sahara and the equator. Main migratory directions of 
these species are SE, S, and SSW (135° - 203°) in August, and SE, S, and SW (135° - 225°) in 
September. From mid September onwards migration of the Blackcap and Chiffchaff Phyllo-
scopus collybita begins. These species spend their winter N of the equator. They probably fly 
towards the SSW-SW across the northern Balkan Peninsula, as during this period a small 
fraction of passerines fly on courses more westerly than 225°. Moreover, from early October 
onwards, begins the nocturnal migration of birds that spend their winter in the Mediterra-
nean area and in North Africa. At present, it is not possible to distinguish between the groups 
of October migrants (trans-equatorial migrants, species wintering N of the equator, and short 
distance migrants) or to make even rough estimates of their migratory directions. It is not 
improbable that a fraction of short distance migrants fly across the northern Balkan Penin-
sula not only to the SW-WSW, but to the SE as well. Such directions can be suggested for 
Balkan populations of the Blackcap that may be partially migratory (Berthold et al. 1990). 

In August and September the pool of nocturnal passerine migrants consists almost en-
tirely of trans-Saharan migrants. The proportion of migrants spending winter N of the equa-
tor is likely to be limited, taking into account that these are only a few species. In August the 
general migratory direction is SSE (165° - 170°), but it shifts towards the S (176° - 179°) in 
September. At least four explanations of this shift may be suggested. 

1. The density of migration was low in early August 1995 compared to September (53 
and 770 individuals recorded, respectively). A larger data pool may reveal the lack of differ-
ence between the August and September mean azimuths. 

2. In August only birds that spend their winter in eastern Africa migrate to the SSE 
(165° -170°). Trapping data is very scarce and does not allow discussion of this suggestion. It 
may be however noted that few species spend their winter in eastern Africa, their numbers in 
NE Bulgaria being low, not exceeding 13.2% of all resting migrants. 

birds·night-1 ·km-1, an average of 16920 birds·night-1·km-1 .The MTR of passerines was 2420 -
19480 birds·night-1·km-1, an average of 14490 birds·night-1·km-1. On all nights at an altitude of 
1460 m a.s.l. cross and head-cross wind prevailed in relation to the general direction of migra-
tion, S-SSE (Tab. 1). During three October nights under very similar wind conditions 
(direction 015°-016°, speed 2.7 - 6.2 m/s) total MTR varied between 9060 and 9430, an av-
erage of 9250 birds·night-1·km-1. The MTR of passerines varied between 7850 and 8210, an 
average of 8080 birds·night-1·km-1 (Tab. 1). 

For four September nights and three October nights data on MTR over the whole night 
is available. Between September 7th and 12th, 1995, MTR varied between 3020 and 23820 
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3. A seasonal shift of the general azimuth of migration occurs in trans-Saharan migrants. 
Early in the migratory season birds avoid a direct crossing of the Mediterranean and the Sa-
hara on a southerly course and take a more easterly direction. 

4. Intra-specific difference in the general migratory direction may exist within long dis-
tance migrants. Populations from the northern Balkan Peninsula and neighbouring areas 
may start migration earlier and fly towards the SSE, partly avoiding the Mediterranean and 
the Sahara. Populations from northern Europe cross the Balkan Peninsula later and fly di-
rectly to the south across the eastern Mediterranean and the Sahara. Similar population-
specific variation in migratory direction has been reported for the Blackcap and Garden 
Warbler Sylvia borin (Berthold 1993, Berthold et al. 1990). 

Our estimates of direction of nocturnal migration in September do not differ from data 
obtained by moon-watching in northern and southern Greece. In early September the mean 
azimuth of nocturnal migration of passerines "was very close to south, both in Northern and 
Southern Greece" (Bateson & Nisbet 1961). We calculated the mean azimuth of migration 
on the basis of material presented by these authors. In Northern Greece the mean azimuth 
was 180° (r = 0.69), in Southern Greece it was 172° (r = 0.62). Both distributions did not dif-
fer from our estimates from NE Bulgaria (x2 l = 13.2; x22 = 18.3; p >0.05 ). Southerly migra-
tory direction (172° - 180°) is thus typical for the whole Balkan Peninsula and regions fur-
ther south over the Aegean Sea and Mediterranean. Mean southerly direction was also re-
corded by radar over the Aegean Sea (Casement 1966). 

Moon-watch observations for 22 nights in autumn 1995 yield the first information on 
the seasonal pattern of numbers of nocturnal migrants. During the period of transit migrat ion 
(in the middle of the night) mean densities of migration were related as 1:10:6 in August, 
September, and October. Within each observation session night-to-night variations of MTR 
during the same period of the night were 8-15 fold, on average 10-fold. It is noteworthy that 
wind conditions were very similar during the whole period of observations in autumn 1995. 
On most nights crosswinds and head-crosswinds dominated, relative to the general southerly 
migratory direction (Tab. 1). Data from one autumn is not sufficient to analyse the impact of 
wind on flight direction and numbers in flight. 

Our material together with the data from a similar study in Switzerland (Liechti et al. 
1996) allow the estimation of density of the nocturnal migration of passerines in western and 
eastern Europe on a similar latitude. We used the estimates of MTR at all altitudes during 2-
hour observations around midnight (00 h local time) on six nights before and after the full 
moon. Average MTR in September and October was 1950 birds·hour-1·km-1 in the northern 
Balkan Peninsula. In lowland Switzerland on an average night in September and October 
this value was higher and reached 2800 birds·hour-1·km-1. Thus, the density of the nocturnal 
migration of passerines may be 1.4-fold higher in western Europe than in eastern Europe. 
These are very rough estimates that need further testing. 

In a number of studies it has been demonstrated on the basis of extensive data that the 
hour-to-hour changes in density of migration (MTR) is subject to very strong variation both 
in Europe (Bolshakov 1981) and in western Central Asia (Dolnik & Bolshakov 1985). Thus, 
MTR over the whole night suits best for quantitative comparisons. In NE Bulgaria the aver-
age MTR over 7 nights was 14490 birds·night-1·km-1 in September and 8080 birds·night-1·km-1 

in October. This suggests that on one September night ca. 11 million passerines may cross the 
whole Balkan Peninsula heading to winter quarters south of the Sahara. 
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From the viewpoint of developing Moreau's ideas (Moreau 1972), the study of Pa-
laearctic-African nocturnal passerine migration should include: 

1. Long-term moon-watch observations (at least three years) at a single site that would 
yield good estimates of flight directions and densities of migration. 

2. Short pan-European projects in order to study the spatial distribution of passerines 
that cross the Balkan Peninsula, and, possibly, the whole of Europe at night at latitude 47° -
50° N. 

3. Establishing permanent ringing site(s) in the northern Balkan Peninsula for trapping 
Palaearctic migrants at stopovers that would operate on the basis of MRI (Berthold et al. 
1991) or ESF (Bairlein et al. 1995) standards. 

Such projects could yield highly valuable information of global importance. 
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