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ABSTRACT

PRI information on the directions and the temporal and spatiat distribution of bird migration was requested
N expertise concerning the building of a large antenna system for Voice of America in the Arava Valley.
eoes The primary fask, the project may provide information for bird strike prevantion in the Israeli Air For-
2 offers unique research possibilites on bird migration in a desert environment, The paper comprises
sl description of the digital recording methods used in connection with the tracking radar "Superfieder-

¢, Qualiative data consist of flight paths and wing-beat patterns of tracked birds. Recording of quantita-
W dala s based on conical scanning at different elevations, It provides information on the spatial distribu-

Pnotbirds in a half-sphere of 5 km radius around the radar. A few examples of results are prasented and
e, The_ guanmative results of the radar obsorvations will also be used for a comparison with diffe-
mare traditional observation methods, such as moon-walching, infra-red, and ceilometer observations.
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1. Introduction
1.1. Background

Plans to build a large antenna system for Voice of America and Radio Free Europe in the Arava Valley
have been in discussion since 986. Considering the fact that the eastern edge of the Mediterranean is ane
of the world's most important migratory routes for birds, diffarent organizations for natura protection opponed
against the construction of this network of wires, which would reach heighls between 50 and 155 m and
stretch over a distance of about 1.8 km across the valley (1 additional km in the longitudinal axis of the valley
is not so important in relation to bird migration). The main question was, how many birds would fly through
the area of the principal antenna body and would physically be endangered by a collision with a wire. In July
1991 the Supreme Court of israe! decided that the building of the relay station should be delayed until petk
nent research on the potential hazard of the antenna systern for bird migration was done. Based on ihis
decision the Swiss Ornithological Instilute was asked to do a radar study on the quantities and the flight be-
haviour of birds migrating through the area in guastion. The project was named MNAMIP {(Negoy Arava Migre-
tion Project) by the Swiss Bird Radar Team.

Besides the scientific significance of the project, the results may be of interest for bird strike preventionin
the Israeli Alr Force. Great success was attained up to now in preventing strikes during daytime wilh large
flocks of soaring birds by direct warning. There were, however, no radar data available which could show
1he over all seasonal and diurnal variation of numbers and height distributions of migrating birds in this coun
try. The present paper provides basic information on the aims and the methods of the current radar project.

1.2. The primary tasks

1) To provide quantitative information on the spatial distribution of nociurnal migrants and the distributioan
{ofien fiocked) bird echoes during daytime in the area of the pianned antenna system and al a compar-
son site on the plateauw of the Negev,

2) To provide information on the flight behaviour {mainly directions} of representative samples ol migranis in
relation o metecrological conditions, as well as a rough survey of the bird types involved.

1.3. Secondary aims

The unigue possibility to do radar studies in a desert environment and the praclical significance of the re-
sulls induced additional aims for the project:

a) Seasonal fluctuations in the volume and composition of migration shall be compared with weather Qev&
lopment and with phenclogical daia collected simultansously by Ben-Gurion Universily of with published
data on seasonal changss in numbers and species composition of migrating birds.

b} The height distribution and the directions of migraticn shall be compared 1o the conditions in the lower
atmosphere and will help to explain how the birds cope with consiraints imposed by environment, such as
wind, humidity, oxygen pressure and temperaiuie, and by their own physiclogical nseds. This may im-
pose a trade-off betwaen saving water or ehargy and accomplishing the joumsy in due time,

¢) Methodological compariscns, The possibil'y o build oplial radar sites in a flat area, the need for the
highest possible back-up for the obtained data. the scientific challenge to calibraie different ingthods, and
the additicnal interest of the Israeli Army in the Juture use of own equipment for bird stiike prevention i§a
compelling set of requesis for a thorough comparison of different methods, We aim al comparing the i
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21. Study area and radar siles

Each radar is surrounded by a dam of 40 m radius and 2,5 m height in order to pratect the radar as much
8 possible against echoes of

the surroundings. In the flat area of the Arava Valley nearly all the ciutter

%hoes could be exciudeqd by this preventive measure.
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The basic properties of the tracking radar "Superfledermaus" in cornparison with surveillance radars have
described by Bruderer {1971). Additional i
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A hatt-sphere of 5 im radius above the

i radar is surveyed every odd hour from 19 hrs to 09 hrs
eiimas from 17 to 11 hrsj. The pencil beam of the tracking radar "Superfledermaus” is successively
each elevation the beamn scannes the surface of a cone during
18 seconds by rotating once from N- to N-position. Each cefl of 30 m length along the 2,2* pencii-beam pro-
e Mlormation on the amplitude of all detected echoes. This information is recorded in steps of 0.2, This

Yies per elevation is reduced by & factor of 11 by averaging 11 azimutal scans, The recor-
can be reproduced as a di

gitat colour picture of the radar PPl on the compuler screen (see
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Daig processing comprises the following steps: 1) the creation of a ciutter mask by SUperimposing the
ol video pictures of the whole season {ceils oceupied in more than 80% of the cases); these are exchy-
Jd from further analysis; 2) interactive exclusion of variable ciutier {e.9. weather); 3) automalic delection of
It Deaks: 4) automatic counting of echo peaks: 5} reducing echoes closer lhan 3 km by digitai STC
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gression lines. Averaging these regression data provides mean values for track direction and ground speed
The bird's heading and air speed is calculated by subtracting the wind vector (measured by tracking pidl
bailoons) at the carresponding fiight level from the vector of the bird's track. For easy comparison he ciry
lar distributions of tracks and headings are always presented together {tracks with a heavy line, headings
with a fine ling). Distributions are presented in the form of polygones, showing the percentage directional dis-
tribution in classes of 5°.

The wing-beats of birds tracked by the radar produce a fluctuation of the echo. The "echosignaturg” cor-
fesponds to the wing-beat pattern of the bird (Bruderer 1969) as long as only one bird is tracked (which s
usuaily the case in nocturnal migration). Waterbirds and waders are known for their rather continuous wing-
beats, while passerines (songbirds) show lypical sequences of bealing and pausing phases in horizonial
flight. Small birds have high wing-beal frequencies, while large birds flap their wings stowly. These bask
features are used for a rough classification of wing-beat patiern during the field work at the radar { Bloch o
ai. 1981).

Four main wing-beat classes and a class of unidentified targets are used in the present paper for nocly-
nal migration:

BW = big waders and waterfowl SW = small waders and waterfowi
BP = big passerines SP = small passerines
U = unidentified targets

3. Results

It is not the aim of the present publication to enter into detailled results, The following graphs shaud
rather provide an idea of the presentation of data and possibilities of future evaluations.

3.1. Basic directions at two sites in the Negev

The basic direction (Bruderer & Liechti 1990} is the mean direction of tracks al a certain site when wind
drift is negligible. it may shift throughout the season, if the directions of the recruiting areas and/or dastina-
tions of the involved bird populations change. It is an important reference when different sites or differen
wind situations at the same site are compared. Due to the low wind speeds observed, the basic directions
for the two sites could be based on birds ftying in winds of less than 2 m/s. .

The basic direction of autumn migration above the Arava Valley was well concentrated around 192' in
nocturnal migration and had three main modes centered around 195" in tracks and headings of diurnal mig-
ration (Fig.4). This direction roughly corresponds to the course of the Arava Valley (Fig.1). The basic direc-
tion at Sede Boger was about 202° during nocturnal migration (Fig.4). In diurnal migration the scatter was
very wide; 1t included many local birds (e.g. vultures, falcons, ravens, sandgrouse, and pigeons), for lhe
definition of the basic direction we included only the birds between 115™ and 295 {+ 90° of the assumed
basic direction). The directions of 202° and 208" indicate a slight spreading of the migratory stream towards

SW on the plateau of the Negev, comparable to the westward shifting of the mountain ridges and the coaslal
plain,

3.2. Density of migraticn

Fig.5. shows the mean altitudinal distribution of nocturnal migrants in the Arava Valley and at Sede Bogr
during the period of 21 to 30 September 1991 for five measwring times. The bar diagrams show that highest
densities of early autumn migration at Sede Boqer occured in a height band of 200 to 600 m AGL, whikeh
the Arava Valley highest densities occured arcund 1000 m AGL fi.e. in a height band cf 600 to 1600 m
AGL). Correspondingly the 56% limit in the Arava is about 500 m higher than al Seda Boger. 600 m roughly
corresponds to the difference in attitude above sea ieve! between the two sites. Densities of migration &t
Sede Boqer roughly doubled those at Arava in the last decade of Septermnber, white in October they wes
nearly equal (for explanation see discussion). Peak migration occured siightly earlier during night at Sede
Boger than at Hazeva, indicating that large areas with suitable resting areas might be closer at the Neger
site. In the course of the season (from mid September to the end of October) the density of migration
dropped by a tactor of 5, height distribulion became more scattered.
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13 Different wing-beat classes

Fig. 6. shows that the proportions of the differert classes of noctumal migrants changed with the pro-
fiess of the season. A paralle decrease of the proportion of waders/waterfowl (BW/SW) combined with a
aiive increase of passerines (BP/SP) was obvious at both sites. During daytime a comparabile shift from
brge soaring birds to flocks of passerines took place during Cctober {Bruderer unpubl.). Compared to cen-
{ W Europe {Bruderer 1971) the proportion of wader/waterfowi echoes is much highet in Israel.

4 Discussion and conclusions

Tha basic directions at the two sites confirm what was already indicated by surveilance radar pictures
{Aliya 1990): i.e. that the directions of nocturnal broad-front migration slightly spread over the South of Js-
tel, joining en the one hand the course of the Arava Valey and shifling slightly more W on the plateau of
he Negav according 1o the general pattern of the landscape. Due to relatively low wind spesds and fairly
ﬁat;lelrade wind conditions, the directions under ali wind conditions showed no important difference to the
beske directions, except slightly increased drift by westerly winds at Sede Boger (Bruderer unpubl)). More
&ailled studies on the directional behaviour of different types of migrants at different flight levels and under
diterent wind cendiitions are in preparation.

The densities of atutumnn migration were not basically different at the two sites. Higher densities in the last
. tada of Seplember may be explained by moderate northwesterly winds prevailing at Sede Beger, while at
y {.ra\ra winds were weaker and rather from £. Moderate northwesterly winds induce parial drift; compensa-
#on may be improved aleng the mountain ridges at the eastern edge of the Negev plateau and may {ead o
s concentration of migration at Sede Boqger and to a "lee shade” in the Arava Vailey. For pilets it may be
f dlerest that in this country, which is crossed by the most imponiant flyway of palearctic hirds migrating to
- Mica, densities of nocturnal migralion in peak season al the levels with most intense migration may reach
5 #res in he order of 1000 birds per km?, this is about 1 small nocturnal migrant per cube of 100 m side
| knghh, 1t may thus be important to know when and at what flight leveis such extreme densities are reached.
f Nean densities are much lower, Neverlheless, # becomes clear that not only diurnal scaring birds are
;Innelleq lhro_ugh the area of Israel, but also nocturnai migrants occur in higher densities than elsewhere.
k Caulaling migration traffic rates and extrapolating them to the whole width of the area between the Mediter-

'.liman coast and the Jordan mountains indicates that about one milliard of birds may cross the area in an
. i season,

1 The comparison of the flight levels at the two sites showes that the birds flew rather af the same level
e %aathan above ground, A firs! hypethesis to explain this observation might be that the decisive ale-
pRnls in the structure of the atmosphere have a simitar height distribution over large areas itrespective of
ography. Especiaily the windshear between the trade winds in the iowesl parts of the atmosphere and
.Iani!-lrades was much lower above ground at Sede Boqger, impeding migralion above 500 o 1500 m
Iy in the first part of the season. A second hvpoihesis is, that the birds are avoiding flights in the lowest
Juic of the atmosphere mainly due to high lemperatures, which are extreme in the Arava during early
. The second hypothssis is supported Ly the tact that the difference decreased iater in autumn. when
Wlenperalives were lower. These questions are most important for future research and may help 1o pre-

“:llldlﬁht levels at which most nocturnal migration riust be expectad according to the actual meteorolo-
Al conditions.,
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Captions to figures

Fig.1. The iccation of the two radas sites in southern lsrael. For better orientation 1he main towns in the area
are indicated: T = Tel Aviv, J = Jerusalem, BS = Be'er Sheva, SB = Sede Boger, EA = Ef Arish, EL =
Elat, AQ = Agaba. Note the direction of the Arava Valiey {about 190"} between the Dead Sea and the
Gulf of Elal and the direction of other topographical elements {such as the Mediterranean coasl, the
coastal piain, and the mountain ridges of the Negev) which shifi away from the Arava lo the Saouth.
The main radar stalion is in the Arava Valley, the secondary station in 1he Negev near Sede Boger
{both indicated by black dots)

Fig.2. The lracking radar "Superfiedermaus” and ils conneclions to the recording and peripheral equipment
{PPI-display on computer monitor, display of flighl paths on compuler monior, XY -plotter for {light
paths, X1-plotter for wing-beal signalures).

Fig.3. Elevalion angles at which the pencil beam of the radar scans tha sky in order to provide information
on the spatial distribution of birds in a hall-sphere of 5 km radius. The elevations are given in milles
instead of degrees; 1600 %o correspond 10 90", 1" cofresponds to about 17,8 %o0.

Fig.4. Distribution of the main wing-beat clagses of nocturnal snigration for three pasiods in the autumn of
1991 over the Arava Valley and the area of Sede Boger. The wing-beat classes are: BW = big wa-
ders/waterbirds, SW = smalt waders/waterbirds, BP = big passerines, SP = stnall passerines, U =
unknown birds.

Fig.5. Distributions of tracks and headings under calm wirsd conditions {wirdspeed <=2 mvs). Each graph
provides the number of birds (N}, the mean diraction of tracks {track) and of headings (head). The
polygones are percentage distributions per 5" classes.

Fig.6. Average altiludinal distribution in the decade of 21 to 30 September per measuring time throughout
night (19, 21, 23, 01, 03 hrs) for Arava {a) and Sede Boger (b}. The alliude of the 50%- and 90%-limi
of migration is indicaled by lilled and open arrows, respectively.
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Location of the two radar sites in southern Israel
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FIGURE 2

Tracking radar "Superfledermaus” and recording equipment El
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FIGURE 3

Elevations of the radar beam for conical scanning
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FIGURE 4 i

Proportions of wing-beat classes of nocturnal migration for three autumn periods
d
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FIGURE 5
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FIGURE 6
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