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The results of radar-tracking supervisions over the night migration in Israel are submitted. The 

НОtОЫЦТЧatТoЧ oП ПХТРСt aХtТtuНОЬ, ПХТРСt ЬpООНЬ, СОТРСtЬ oП ЦaбТЦuЦ ЛТЫНЬ’ МoЧМОЧtЫatТoЧ, aЧН 
migratory directions was performed. The average flight altitudes of night migration were 985 m in 
autumn and 1465 m in spring of 1998-2000, maximum flight altitudes were 2068 m and 2655 m 
correspondingly. The mean track direction of the night bird migration is 183° in spring and 6° in 
autumn. The migration of waterfowl over the Mediterranean Sea in the low altitude band was 
registered. Their average headings differ from the general migratory path, averaging 135° in autumn 
aЧН 315° ТЧ ЬpЫТЧР. TСО avОЫaРО ЛТЫНЬ’ РЫouЧНЬpООН аaЬ 14 Ц/Ь (50 kЦ/С) ТЧ ЬpЫТЧР aЧН 13 Ц/Ь (47 
km/h) in autumn.  
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Ɉ ȼ. Ɇɚɰɸɪɚ 
ɉɈɉȿɊȿȾɇȱ ɊȿɁɍɅɖɌȺɌɂ ɊȺȾȺɊɇɂɏ ɋɉɈɋɌȿɊȿɀȿɇɖ ɇȱɑɇɈɃ ɆȱȽɊȺɐȱȲ 

ɉɌȺɏȱȼ ȼ ȱɁɊȺȲɅȱ 
Ɇɟɥɿɬɨɩɨɥɶɫɶɤɢɣ ɞɟɪɠɚɜɧɢɣ ɩɟɞɚɝɨɝɿɱɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ȼɨɝɞɚɧɚ ɏɦɟɥɶɧɢɰɶɤɨɝɨ 

ɉɪɟɞɫɬɚɜɥɟɧɨ ɪɟɡɭɥɶɬɚɬɢ ɪɚɞɚɪɧɢɯ ɫɩɨɫɬɟɪɟɠɟɧɶ ɡɚ ɧɿɱɧɨɸ ɦɿɝɪɚɰɿɽɸ ɜ ȱɡɪɚʀɥɿ. ȼɢɤɨɧɚɧɨ 
ɨɰɿɧɤɭ ɜɢɫɨɬ ɩɨɥɶɨɬɿɜ, ɲɜɢɞɤɨɫɬɟɣ ɩɨɥɶɨɬɿɜ, ɧɚɩɪɹɦɤɿɜ ɦɿɝɪɚɰɿʀ ɬɚ ɜɢɫɨɬ ɦɚɤɫɢɦɚɥɶɧɨʀ 
ɤɨɧɰɟɧɬɪɚɰɿʀ ɩɬɚɯɿɜ. ɋɟɪɟɞɧɿ ɜɢɫɨɬɢ ɩɨɥɶɨɬɿɜ ɫɤɥɚɥɢ 985 ɦ ɜɨɫɟɧɢ ɿ 1465 ɦ ɧɚɜɟɫɧɿ ɜ 1998-2000 
ɪɪ. Ɇɚɤɫɢɦɭɦɢ ɜɢɫɨɬ ɩɨɥɶɨɬɿɜ ɫɤɥɚɥɢ 2068 ɦ ɿ 2655 ɦ ɜɿɞɩɨɜɿɞɧɨ. ɋɟɪɟɞɧɿɣ ɧɚɩɪɹɦ ɧɿɱɧɢɣ 
ɦɿɝɪɚɰɿʀ ɛɭɜ 183° ɧɚɜɟɫɧɿ ɬɚ 6° ɜɨɫɟɧɢ. Ȼɭɥɚ ɜɿɞɡɧɚɱɟɧɚ ɦɿɝɪɚɰɿɹ ɜɨɞɨɩɥɚɜɧɢɯ ɩɬɚɯɿɜ ɧɚɞ 
ɋɟɪɟɞɡɟɦɧɢɦ ɦɨɪɟɦ ɧɚ ɧɟɜɟɥɢɤɢɯ ɜɢɫɨɬɚɯ. ɇɚɩɪɹɦɨɤ ɩɪɨɥɶɨɬɭ ɜɨɞɨɩɥɚɜɧɢɯ ɩɬɚɯɿɜ ɜɿɞɪɿɡɧɹɜɫɹ 
ɜɿɞ ɝɨɥɨɜɧɨɝɨ ɜɟɤɬɨɪɭ ɦɿɝɪɚɰɿʀ - 135° ɜɨɫɟɧɢ ɿ 315° ɧɚɜɟɫɧɿ. ɋɟɪɟɞɧɿ ɲɜɢɞɤɨɫɬɿ ɦɿɝɪɚɰɿʀ ɫɤɥɚɥɢ 
14 ɦ / ɫ (50 ɤɦ / ɱ) ɧɚɜɟɫɧɿ ɿ 13 ɦ / ɫ (47 ɤɦ / ɱ) ɜɨɫɟɧɢ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ȱɡɪɚʀɥɶ, ɪɚɞɚɪ, ɧɿɱɧɚ ɦɿɝɪɚɰɿɹ ɩɬɚɯɿɜ. 
 

Ⱥ. ȼ. ɆȺɐɘɊȺ 
ɉɊȿȾȼȺɊɂɌȿɅɖɇɕȿ PȿɁɍɅɖɌȺɌɕ ɊȺȾȺɊɇɕɏ ɇȺȻɅɘȾȿɇɂɃ ɇɈɑɇɈɃ 

ɆɂȽɊȺɐɂɂ ɉɌɂɐ ȼ ɂɁɊȺɂɅȿ 
Ɇɟɥɢɬɨɩɨɥɶɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ ɭɧɿɜɟɪɫɢɬɟɬ 

 ɢɦɟɧɢ Ȼɨɝɞɚɧɚ ɏɦɟɥɶɧɢɰɤɨɝɨ 
 
ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɞɚɪɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɧɨɱɧɨɣ ɦɢɝɪɚɰɢɟɣ ɜ ɂɡɪɚɢɥɟ. 

ȼɵɩɨɥɧɟɧɚ ɨɰɟɧɤɚ ɜɵɫɨɬ ɩɨɥɟɬɨɜ, ɫɤɨɪɨɫɬɟɣ ɩɨɥɟɬɨɜ, ɧɚɩɪɚɜɥɟɧɢɣ ɦɢɝɪɚɰɢɢ ɢ ɜɵɫɨɬ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɬɢɰ. ɋɪɟɞɧɢɟ ɜɵɫɨɬɵ ɩɨɥɟɬɨɜ ɫɨɫɬɚɜɢɥɢ 985 ɦ ɨɫɟɧɶɸ ɢ 1465 ɦ 
ɜɟɫɧɨɣ ɜ 1998-2000 ɝɝ., ɦɚɤɫɢɦɭɦɵ ɜɵɫɨɬ ɩɨɥɟɬɨɜ ɫɨɫɬɚɜɢɥɢ 2068 ɦ ɢ 2655 ɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
ɋɪɟɞɧɟɟ ɧɚɩɪɚɜɥɟɧɢɟ ɧɨɱɧɨɣ ɦɢɝɪɚɰɢɢ ɛɵɥɨ 183° ɜɟɫɧɨɣ ɢ 6° ɨɫɟɧɶɸ. Ȼɵɥɚ ɨɬɦɟɱɟɧɚ ɦɢɝɪɚɰɢɢ 
ɜɨɞɨɩɥɚɜɚɸɳɢɯ ɩɬɢɰ ɧɚɞ ɋɪɟɞɢɡɟɦɧɵɦ ɦɨɪɟɦ ɧɚ ɧɟɛɨɥɶɲɢɯ ɜɵɫɨɬɚɯ. ɇɚɩɪɚɜɥɟɧɢɟ ɩɪɨɥɟɬɚ 
ɜɨɞɨɩɥɚɜɚɸɳɢɯ ɩɬɢɰ ɨɬɥɢɱɚɥɨɫɶ ɨɬ ɝɥɚɜɧɨɝɨ ɜɟɤɬɨɪɚ ɦɢɝɪɚɰɢɢ - 135° ɨɫɟɧɶɸ ɢ 315° ɜɟɫɧɨɣ. 
ɋɪɟɞɧɢɟ ɫɤɨɪɨɫɬɢ ɦɢɝɪɚɰɢɢ ɫɨɫɬɚɜɢɥɢ 14 ɦ/ɫ (50 ɤɦ/ɱ) ɜɟɫɧɨɣ ɢ 13 ɦ/ɫ (47 ɤɦ/ɱ) ɨɫɟɧɶɸ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɂɡɪɚɢɥɶ, ɪɚɞɚɪ, ɧɨɱɧɚɹ ɦɢɝɪɚɰɢɹ ɩɬɢɰ. 
 
Israel is a major flyway for migrating birds that breed in the western Palaearctic and 

winter in Africa (Moreau, 1972). Numerous studies have been devoted to soaring bird 
migration over Israel (Yom-Tov, 1988, Leshem & Yom-Tov, 1996, Shirihai et al., 2000). 
Due to technical constraints, nocturnal migration is not studied as intensely. The application 
of radar in the ornithological studies helps to obtain reliable data on the nocturnal migration. 
Several studies describe nocturnal migration in Israel (Bruderer, 1994, Bruderer and Leichti, 
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1995, Alfia, 1995). The huge concentration of nocturnal migrants requires the development 
of systematic radar-tracking techniques covering the bird migration routes. The systematic 
radar-tracking of nocturnal bird migration over central Israel began in 1997 (Dinevich et al., 
2000). The aims of this study were to apply techniques developed for systematic migration 
tracking to describe and quantify spring and autumn migration over central Israel. 

MATERIAL AND METHODS 
The meteorological radar station MRL5 was used for the long-range observations of 

nocturnal bird migration. The MRL5 has two wavelengths 3.2 and 10 cm, and therefore has a 
high capacity to detect the birds (Dinevich et al., 2000). For specifications and performance 
of the radar see Abshayev et al., 1980.  

The high potential dual-band meteorological radar MRL5 is located in Latrun, Central 
Israel (34´98´´N, 31´83´´E; 270 m a.s.l.). The data of six migratory seasons (three springs and 
three autumns) were collected between 1997 and 2000, comprising more than 600 nights of 
observations and of about 40,000 photographs.  

In 2001-2002, the data on flight directions and speeds of more than 20,000 nocturnal 
migrants were collected by the direct supervision and measurements of radio echoes on the 
radar screen and on the oscilloscope. 

Recording radar echoes 
Initially, time-exposure photography was used to record information. The radio echoes 

from various reflectors, including birds, clouds, and hills are simultaneously observed on the 
radar screen. In order to identify bird echoes a simple yet efficient system was developed. A 
35mm camera was used to monitor the radar screen. During a three-minute exposure 18 
revolutions of the radar beam were recorded. Using time-lapse photography, single 
consecutive echoes of bird movement were recorded as tracks. The length of a track can be 
used to calculate flight speed. Stationary echoes, which do not change their spatial position in 
time, are not reflections from birds and considered ground clutter. These echoes are generally 
formed by the reflections from the hills, high buildings, trees, and the reflections from the 
side lobes. Echoes from planes can easily be identified because of the high flight speed. 

Guided a radar beam strictly toward the north or toward the south, we obtained the data 
on bird speed and direction by observing of the shift of dot signal for the preset interval (three 
minutes, for example) on the radar screen or on the oscilloscope. The vertical scanning were 
performed in each hourly series of observations at 3.2 cm wavelength in four azimuths (0°, 
90°, 180° and 270°; sometimes we executed these measurements in two azimuths 190° and 
270°). АО ОбtЫaМtОН tСО Нata oЧ НТЬtЫТЛutТoЧ oП ЛТЫНЬ’ СОТРСtЬ aЧН aХtТtuНОЬ oП tСО ЦaбТЦaХ 
ЛТЫНЬ’ МoЧМОЧtЫatТoЧ ПЫoЦ tСО Ыadar images. The error in calculation was equal to half of the 
cross-section diameter of directional diagram. For 3.2 cm wavelength at the distance of 10 
km the error does not exceed 50 m, at the distance of 25 km – 100 m.  

Two databases were used for the calculations. One database included the information 
from radar images of conical scanning at various altitudes; another one was consisted of the 
ЫОМoЫНЬ oП ЬТЧРХО ЛТЫНЬ’ tЫaМkТЧР НuЫТЧР tСО НТЫОМt oЛЬОЫvatТoЧ ovОЫ tСО ЫaНaЫ ЬМЫООЧ oЫ tСО 
oscilloscope in the manual aerial mode. The direction and speed of bird movements were 
calculated from well-allocate tracks on the radar screen.  

RESULTS AND DISCUSSION 
IЧ ЬpЫТЧР tСО avОЫaРО aХtТtuНОЬ oП tСО ЦaбТЦuЦ ЛТЫНЬ’ МoЧМОЧtЫatТoЧ аОЫО СТРСОЫ, tСaЧ ТЧ 

autumn. So, in 1999, this height was 1490 m in spring (SD = 578.91) and 980 m in autumn 
(SD = 445.84); in 2000 – 1440 m (SD = 605.35) and 990 m (SD = 504.32) respectively. On 
ЬОpaЫatО НaвЬ, tСО СОТРСtЬ oП tСО ЦaбТЦaХ ЛТЫНЬ’ МoЧМОЧtЫatТoЧ attaТЧОН 2000 Ц ТЧ autuЦЧ aЧН 
even ЦoЫО tСaЧ 3000 Ц ТЧ ЬpЫТЧР. TСО aЛЬoХutО СОТРСt oП tСО ЦaбТЦuЦ ЛТЫНЬ’ МoЧМОЧtЫatТoЧ 
in these years was noted in the spring of 1999 and composed 3750 m.  
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- meteorological: increase of tropopause level and the temperature of the spreading 
surface. Thus birds aspire to fly in the cooler air layers. 

- oЫЧТtСoХoРТМaХ: МСaЧРО oП tСО ЦТРЫatoЫв ЛТЫНЬ’ ЬpОМТПТМ МoЦpoЬТtТoЧ НuЫТЧР tСО НТППОЫОЧt 
periods of spring and autumn.  

The mean direction of the night migration in autumn was 183°. In spring the pattern of 
distribution of flight directions is directly contradictory to the autumn – the birds fly in the 
opposite direction with the small deviation to the east, caused by correction for the western 
wind. The mean direction of spring night migration is 6°.  

For the analysis of directions of bird migration from the ground surface to 2000 m four 
altitude bands in steps of 500 m were selected. Comparison of the directions of bird flights 
according to these bands revealed some distinctions in the flyways (Table 1). 

We established the increasing of the spectra of migratory flight directions with climbing 
motion in spring and autumn. The probable reason for this fact can be the aspiration of birds 
to use the wind for the optimization of power expenses during the distant flights. The wind 
speed increases with the height in the troposphere. We’vО also concluded that the large-scale 
circulating processes in our region govern the direction of wind in the upper air, which 
coincides with the direction of bird migration (see Jaffe, 1988).  

In the lower altitude band (below 500 m), we noted the migration of birds to the side of 
the Mediterranean Sea in spring and from the side of the Mediterranean Sea in autumn. The 
sector of these directions differs from the general sector of seasonal migrations, averaging 
135° in autumn and 315° in spring.  

In most cases these flights were observed during the first two hours after the beginning 
of night migration at altitudes from 250 m to 350 m. The probable explanation of this 
deviation it is the migratory flight of waterfowl over the Mediterranean Sea in low altitude 
band.  

Our experimental data are confirmed by the conventional fact, that night migration is 
triggered by the waterfowl (Bingman et al., 1982, Jones, 1985, Kerlinger and Moore, 1989, 
Alerstam, 1990, Bruderer and Liechti, 1995) and well correspond to the regional schemes of 
waterfowl migration suggested by Yom-Tov (1988). 

Table 1 
CТЫМuХaЫ ЬtatТЬtТМЬ Нata ПoЫ tСО ЧТРСt ЦТРЫatoЫв ЛТЫНЬ’ СОaНТЧРЬ  

(p<0.001, Rayleight test of uniformity) 
 

Autumn 
Altitude band, m MОaЧ vОМtoЫ, µ˚ Circular SD,˚ Length of resultant vector, 

Ы˚ 
0-500 356.90 18.01 0.94 

500-1000 0.37 11.89 0.95 
1000-1500 17.26 14.79 0.96 
1500-2000 12.13 17.34 0.97 

Spring 
0-500 173.80 19.57 0.95 

500-1000 187.08 12.36 0.98 
1000-1500 185.15 14.23 0.97 
1500-2000 187.53 15.98 0.96 

 
The distribution of speeds on heights in autumn and spring is shown in Fig. 2 (in this 

ЫОЬОaЫМС аО ЦОaЬuЫОН tСО ЛТЫНЬ’ ПХТРСt ЬpООН МoЧМОЫЧТЧР tСО pХaМО oП ЫaНaЫ ХoМatТoЧ, Т.О., 
groundspeedand were not considered the wind influence).  
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The average speed of bird night migration in spring (Fig. 2a) was about 14 m/s (50 
km/h; n = 9350), more than 24 % of all birds fly in the range from 10 m/s to 12 m/s, about 35 
% - in the range from 12m/s to 14 m/s, and almost 27% - in the range from 14 m/s to 16 m/s.  

Average speed of bird night migration in autumn (Fig. 2b) was about 13 m/s (47 km/h; n 
= 11320), about 7 % of all birds fly in the range from 10 m/s to 12 m/s, about 75 % - in the 
range from 12 m/s to 16 m/s and almost 21 % - in the range from 16 m/s to 18 m/s.  

АО’vО ОЬtТЦatОН the tendency of birds to increase flight speed with the climb in spring. 
In autumn such speed increase was insignificant; moreover, at the transition from one air 
layer to the next one the flight speed was not changed and even reduced.  

 

  
 

Fig. 2. The box plots of bird groundspeeds per altitude bands in spring (left)  
and autumn (right), 2001. 

 
CONCLUSIONS 

1. The maximum flight altitudes of night migration were 2068 m in autumn and 2655 m in spring of 
1998-2000. In spring the altitude grow from March to May, in autumn the height of migration either 
insignificantly decreases from August until November or it practically does not change. It begins to 
decrease only at the end of November. Absolute maximum of flight altitude was 5000 m in spring of 2000 
and 6000 m in autumn of 1999. 
2. The average heights of the maximum concentrations of birds were 1490 m in spring and 980 m in 
autumn of 1999; 1440 m and 990 m – in spring and autumn of 2000 respectively. The upper height of the 
ЦaбТЦuЦ ЛТЫНЬ’ МoЧМОЧtЫatТoЧ аaЬ ЫОРТЬtОЫОН ТЧ ЬpЫТЧР oП 1999 aЧН МoЦpoЬОН 3750 Ц. DuЫТЧР 
investigated period the birds flew higher in spring than in autumn.  
3. The mean track directions of night migration are 183° in autumn and 6° in spring. 
4. The migration path over the Mediterranean Sea in spring and autumn was noted. The average headings 
differ from the general migratory path, averaging 135° in autumn and 315° in spring. The number of 
birds, migrating in the specified directions, is considerably greater in autumn than in spring. Migratory 
flights of waterfowl over the Mediterranean Sea can be the probable explanation of this deviation from 
the general migratory direction in the lower altitude band. 
5. The average groundspeeds of nocturnal migrants were 13 m/s in autumn and 14 m/s in spring.  
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	Fig. 1. The average flight heights of night bird migration in spring and autumn 1998-2000; dashed lines - the smoothed curves.

