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§ ABSTRACT

3B The strategic location of Israel, at the junction of three continents, makes it a "bottleneck” area
| hlo which significant portions of the world populatlons of soaring birds converge. This study used
A & combination of flve different methods to gather data, with each method complementing and
‘B tnflrming the data from the others. The appearance times of migrating raptors and storks was
b Iound to be very prectse (3.5~14.92 days). Variations in migration routes on a dally, seasonal and
. yetly scale were also found to be very regular. The results of this study have been Implemented in
f te lstael Alr Force and in the cwillian flight system. Procedures for limiting flights during the

b dgration seasons have reduced the average yearly damage to alreraft by 88% compared to the
i wat, while permitting low altitude flights durlng days with light migration,




INTRODUCTION

Desplte its small slze, israel 1 strategically located at the junction of three continents. As 8 result,
lstael is a "bottleneck”, into which all or a large part of the world populations of certain soaring
of its unique location and small size,

species converde, durling spring and autumn. The combination
facliitates studying a number of basic migratlon phenomena, whvich cannot be fallowed In breeding

or wintering grounds. The only other similar site In the world is in Panama.

Although many migration surveys had been carrled out before the early 1980s, there were stil
many gaps in the existing knowledge of the subject. The surveys had concentrated on a number of
limited areas, using conventlonal optical equipment, so that only a fraction of migratlon was coverad
on a horizontal and vertical section. There was no systematlc reference to the subject of cllmatic

conditions and their influence on migratlon,

The concentration of an extremely large mass of soaring birds In the limited alr space over Tsrael,
creates a severe flight safety problem for lsrael Air Force alrcraft and their pilots. The analysis o
damage caused by birds between 1972.1983 showed that hundreds of accidents had occurred
Many of these were serious {damage exceeding 1/2 milon dollars), several arcraft crashed and
one pilot was kifled. 74% of the accidents occurred during migration months. Total Josses reached

tens of milllons of dollars.

The objectlve of this study was to examine if any yearly of seasonal regularity exists n the numbers
ol birds passing over, times of passage and length of passage time over lerael. The possibiiity of
regularity In dally and seasonal migration youtes and altitudes was also checked as well as migration
velocity. The Influence of various climatic and biological factors on this system was studied. All this
in order to examine the possibllity of predicting changes and applying the conclusions of the study
in the lsrae! Alr Force, In otder to aveld Injury to pllots and save large amounts of money for the

natlonal securlty budget.

METHODS

methods were used for thls research:

. Dozens of studies have tracked migration with smali numbers of
for the first tme ever, ground observers
laced across the country, along 75
nced birdwatchers logged about

Flve dliferent data gathering
1. Groupnd Observer Network
gbservers at 2—3 key observation polnts. In this study,
were placed along a bread front 25 observatlon polnts were p
kilometers, durlng several migration s2asons. More than 150 experie

224,000 observation hours.
2 Light Alrcraft Tracking —
thaly altttudes and counting flocks per time
days. Additional fughis were carried oul
Twenty.rine {lights totalling 83:40 hours ware carrled out.

with the same

3. Motorised Glider — This rethod enabled continoue {iving, up 0 11.5 hours,

flock, as well as exact mapping of the migratlon rouis, altitude, Hock progress rate, cllmbing and
giiding n thermals. One hundred and seventy—three flights totalling about 720 hours were carrled
out. This was the first time motorised gltder migratlon tracking was used in the Middie Fast No
study using a motorised glider to systematically follow migrating flocks for such long perlods

time had been done up to now, both in the number of flight hours and the number of tracking

days.

This methad proved excellent for locating principal migration routes,
and distance unlts, and very eifickent on ~peak” migration
1y conflym the radar distingiiom ability {see method 5
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4 Unmanned Adrcraft {Drones) - This method enabled tracking single flocks for about 150

ult, klometers with constant documentation of the flock by video camera. Nineteen flights were carrled
ing out. To the best of our knowledge, this is the fIrst blologlcal study ever to make use of this millitary
lze, Instrument for research,

ling

5 Radar - A radar screen at the Ben.Gurlon Internatlonal Alrport surveillance radar was
permanently avallable during the migration seasons. This enabled constant tracking during all hours
of the day. The cloud radar of the Shaham Company {ollowed migration regularly only durlng one
still = s¢ason. lts use was terminated due io technlcal problems. A total of 8125 radar tracking hours

r of wete carried out. This Is the first time radar was used to follow soaring bird migration In the
ared & Middle East in general, and in lsrael specifically,
atic :
Most migration iracking research has been limited to one method, and only a minorliy comblaed
two methods simultaneously, such as a combination of radar and ground observers (Evans & Lathbury,
rael, 2 1973} or light alrcraft and radar (Pennyculck, Alerstam & Larsson, 1979). In our study, we have
s of 2B developed, for the [irst time, to the best of eur knowledge, research based on a combination of
red. = five methods for data gathering from one migration system, with each method complementing, at
and 4 least partlally, the deficlencies of one of the others. At the same tlme this enabled conflrmatlon of
ched E data gathered by one method by one of the other methods. The development of several parallell
‘S 1esearch methods allowed for Integration between the various methods, The radar could, for example,
X take over from the motorised gilder for a short period of time, to enable refueliing and rest; it
‘bers = could then direct the glider to the exact position of the flock it had left to continue tracking.
2{1:: MR The statisticai analysis 1n this research Is based on 9 autumn migration seasons for raptors and 4
1 this 2B for storks and pelicans. During spring migration raptors were followed In Ellat for 6 years and
study E stotks for 4 in the western Negev.
r the R
RESULTS
Comparison of our results to data in the relevant literature, proves, that the data for specles whose
total population or most of it passes through "bottleneck” areas, provides relatively rellable estlmates
ers of _ of minimal population size. The numbers counted during migrailon are sometimes higher by an
orvers  SE order of magnitude than data from existing studies {Leshem,1991).
ng 75 -
about | _: [notder to examine long-term regutarity In major migrating species appeararice, the welghted average
4 . day of arrtval was calculated for all the years of the stidy, as well as the date by which half of the
outes, 3 population had passed by over Israel, the average peak day and the average arrival percentage for
pation each species on the peak dav. The resulis show that # Is possible to predict the appearance days of
od 5). . vadous raptor species with a precision of11.3% (01312 days In autumn and1.92 t634.92 days in
8. 5pring {P<0.001). The arriva! of storks can be predicted with a precls! on 0f*3.78 days In autumn
 samd - andt5.46 days In spring. The rest of the data examined was found to be statistically significant, but
g and for some the time span was broader. The concluston reached was that It Is possible to predict ;
arried J; tPpearance times of the various species.
ist. No ; Com i
ods of  Lomparlson of arrlval percentages on the peak day for a number of raptor species shows, that the :
acking L pessage percanta

; ges In auvtumn for flocking species are greater than for non-flocking species
--.[17.1%—-30‘1% and 9.0%-15.6% respectively). In spring, the difference belween flocking and non—
fbchlng specles s even greater: 27.7%-460% and 83%-120% Tespectively. Intra-specific




comparlson shows, that for many of the specles the arrival percentage on the peak day Is higher in
epring than In autumn. This Is probably the adult population, hurrying to return to its breeding
grounds In spring, therefore moving in more concentrated waves. Thus an inverse relatlon between
the arrival percentage on the peak day and age of sexual maturlty s found; 46% of the the Levant
Sparrowhawk, populatiorn, which reaches sexual maturity in its flrst year, passes ovel during the
peak day compared to 17.7% of the Steppe Eagle population, which reaches sexual maturity at
age 5. In non-flocking species the situation is similar, although In less concentrated waves.

The regularity of passage time period length was examined {or each of the specles migrating over
Israel. Analysis of the data shows, that those species lying over In large numbers tend to flock and
pass over during the shortest time periods. Thus, 90% of the populations of the flve species which
flock in autumn, pass over durlng 13.20 days, compared to five non-flocking species which pass
over during 24—35 days. The only exceptlon to this rule Is the White Pellcan (Pelecanus onocrotalus),
whose passage time period 1s long {114 days in autumnn), desplte 1t being a true flocker. The reason
seems tc be that this specles flocks during the breeding season as wel, populating very broad
breeding grounds (between 22_85 longitude), with each breeding colony reaching its nesting sltes
as Independent units. Accordingly, we find, that this is the only {locking specles that has no peak
days on which more than 10% of the population fly over, and whose weighted average day of
arrival Is the least statistically significant of all flocking species { 12.39 days).

Despite all the above, In non-flocking specles, which have a longer passage time period, the welghted
average arrival day Is very exact, within a span of 1.8 to 2.85 days only, In the 4 non-flocking
specles analysed In this study (Booted Eagle Hleraeetus pennatus, Short—toed Eagle Clrcaetys gallicus,
Egyptian Vuliure Neophron percnopterus and Marsh Harrler Clrcus aeruginosus). These four species
also arrive with a high time overlap In autumn and spring, and there s a possibillity that what we
see here Is inter—specific flocking of non-flocking species (they were also observed migrating In
common therrmais).

The spring migration wave Is longer than the autumn one In most birds of prey and storks. In
many of the specles passage time In spring 1 almost double that in autumn,

Flocking and non-flocking species passing over lsrael were compared according to thelr wintering
grounds and type of food. The data shows, that all nine flocking specles overflying Israel, migrate
south of the Sahara and some of them reach South Africa, They feed at least partially on exothermic
prey. Three of the 4 non—flocking specles which are commoner: Booted Eagie, Egyptian Vullure
and Short—toed Eagle also feed on heterothermlic prey and migrate south of the Sahara. Only the
Marsh Hartier is an “intermediary specles”, wintering both north and south of the Sahara, and
feeding accordingly on birds and mammals. A number of specles feeding on endothermic prey do
not flock, and accordingly do not migrate south of the Sahara. This phenomenon Is parallelled b
New World raptors {Mindeli, 1985).

Comparison of the welghted arrival day of different specles according to thelt chronological ordet
of appearance In autumn, shows distinct reqularity in the order of arrival according to the type of
prey they feed on — from Insect eaters to repliles, fish and finally mammal eaters. During spring
migratfon the picture is reversed, and the first to pass are those feeding on endothermic prey
and the last the Insect eaters. This phenomenon shows the close relation and dependenice between
migration times and the avallability of prey, whose activity varles with changes tn weather, with
exotherms disappearing first in autumn and returning first In spring.
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3 Fig. I: Percentage of the total population of each flocking s jes
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Examinatlon of d
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Examination of daily raptor migration magnltude during autumn and spring shows (fig. 2), that only
ih 19% and 24% of the days respectively is there high magnltude migration (10,000-200,000
brds per day), In 12.1% and 16.8% of the days medlum magnitude migration {5,000-10,000 birds
per day} and In 58.9% and 68.1% of the days migration s sparse (05,000 birds per day). Storks

show less days with peak magnltude than raptors (13.7% and 13.8%), and pelicans have no days
with heavy migration.

The distribution of daily migration magnitude is Important blologically to differentiate between the
R migration patterns of different bird groups (pelicans, storks and raptors). No less Important is its
significance In the applications of the concluslons of this study by the Israel Air Force. BPZ {Bird
Plagued Zone) regulatlons, which prevent fighter alrcraft flying at low altitudes during the migration
seasons, have been formulated as a result of this study The migration magnitude distribution shows
5% 3  that low altitude flights are possible during the migration seasons on days when the magnitude s 1,
4G of with a calculated risk, on magnitude 2 days. The data presented shows, that in autumn fighter

§  srenaft can fiy at low altitudes 254%-58.9% of the time and In spring 42.5%-68.1% of the time.

Since scaring bird migratton occurs during 6 to 7 months a year, this information is of great
operational importance for the 1AF.

Migration axis movements on a daily scale
Al % Bused on data from the ground observer network, the motorised glider and radar photo sequences li
b 3 fiom the Ben-Gurlon International Airport survelllance radar, it may be seen that the migration :
B wls which passes west of the mountains and parallell to the Mediterranean coast in autumn Is |

deflecied at the beginning of the day from east to west for 1025 kilometers, depending on weather
e % tnditions and flock roost locations. Towards 10:00-11:00 the daily breeze blowing from the sea 1
" B miluences the migration axis, which is slowly deflected back to the east. The west—east drifl Is !

greater in the data of the Northern Valleys Survey and shorter in the Cross—-Samaria Survey due i
lo varlations in topography.

In the Elat Mountains wind flow plays a similar role, but due Lo the topography of the southern

- Arava Valley, which causes a change in wind directlon, the axls moves during the day in a noi Lth- south
. direction,

-~ kR
: 3 .

J




Fig._3: Photo sequence_(1-6) - Wost-east daily flu~tuations in Lesser
Spotted Eagle (Agquila_pomarina) autumn migration as seen on the i
Ben-Gurion radar (27.9.88}.
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foto 4: 12:06 - The Less 3
Spotted Eagles drift
19.3 km east of the
ceastline,

13:34 - The Lesser
spotted Fagles drift
20.4 km east of the
coastTine.

g0 6: 14:13 - The Lesser

3 Spotted Fagles drift
3.3 km east of the
coastline,
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Fla. 4: Honey Buzzard {Pernls aplvorug) ischars” along the Northern
Valleys axls in astumn.
This is a three—dimenslonal Mustration portraying the daily
average of 29 observation days In which a large number of Honey
Buzzards passed over during three survey years (1988-1350).
Z—axis — number of birds
¥ —axis — distance from the coast
¥—axis — hours of the day
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Migration axis movements on a seasonal scale

In the Northern Valleys survey seasonat varlatlons In the horizontal migration axis are very obvious.
Between 1987—1990 data on stork and pelican passage was also gathered during the whole autumn
migration season. Fig. 5 illustrates the distribution of six flocking species arrival times as a function

of distance from the coast. Below, the data for. 90% passage and average peak day for each
species appears.

The data clearly shows an Inverse relation between arrival time of flocking specles and average
distance from the coast. Storks, the first to appear, migrate along the most easterly axis. As the
arrival date becomes later, the axis drifts west towards the coastline. Pellcans, the last to appear,
migtate along the most westerly axis. Glider data shows, that pellcans, along the Kfar Kassem —

cross-Samaria line, and further south In the Gaza area, concentrate almost completely in the west,
at ranges ol 5-10 km from the coast.
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Fig. 5 portrays movements of the migration axis during the season, which starts In August in the
east {storks} and eventually moves principally to the western part of the country (Lesser Spotted

Eagles, Red—footed Falcons and Pellcans). Climate plays a major role In determining seasonal
fuctuations:
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Fig. 5 portrays movements of the migratlon axis durlng the season, which staris in August in the
— Northern east {storks) and eventually moves principally to the western part of the country (Lesser Spotted
Eagles, Red—footed Falcons and Peflcans). Climate plays a major role In determining seascnal
{luctuations:

In summer, the weather Is domlinated by a sub—tropical high, which prevalls along the entire African
toast up to our area (a reglonal baromeiric high}, combining with the Persian trough In its southern
part. The hot, dry alr which comes from the Perslan Gulf, cools off when It reaches the Mediterranean
and absorbs melsture. The cool sea alr creates and inverslon In the temperature—aititude gradient
- the marine inversion.

This Inversion creates a stable layer, in which the temperature Increases with altitude Instead of
decreasing {1C for each 150 m.). As a result good conditions for thermais develop, and as can be ;
seen In flg. 6, the eastern area Is the most approprlate for migration, and therefore all migration In !
August converges In the east.

Flg. 6: Scheme of the fnversion on a west—cast section (noon — August)
The thick’ diagonal line represents the temperature—aititade
gradient.
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Fig. 5 portrays
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Fig 5 portrays movements of the migration axis during the season, which starts In August In the

east (storks) and eventually moves principally to the western part of the country (Lesser Spotted
Eagles, Red—footed Falcons and Pellcans). Climate plays a major role in determining seasonal

fuctuations:

In suminer, the weather Is dominated by a sub-troplcal high, which prevalls along the entire African
toast up to our area (a reglonal barometric high), comblning with the Perslan trough In Its southern
part. The hot, dry alr which comes from the Perslan Gulf, cools off when It reaches the Mediterranean
and absorbs molsture. The cool sea alr creates and Inversion In the temperature—altitude gradient

- the marine Inversion.

This Inversion creates a stable laver, in which the temperature increases with altlitude Instead of
decreasing (1C for each 150 m.). As a result good condltlons for thermals develop, and as can be
seen in flg. 6, the eastern area Is the most approprlate for migration, and therefore all migration in

August converges In the east,

Hg. 6: Scheme of the inversion on a west-east section (noon — August)

The thick® diagonal line represents the temperature—altitude
gradient.

~
A

L3
.
.
A, v
DN OEAN
LA TR St AT
A N A
AT B A AL
A
‘e ,‘,‘,‘,‘,\'\’\‘\‘\I\ non
A e e, N LA T s * -,
rRra RIAY SRRt l A EUSS
C - 1 Plai A, aLTs Her | ln,’"\";‘-\:\t‘;\.‘;‘.‘o.a‘:kf‘;‘ )
casial ] Llln'-l-— ]‘ DRI PO AN AN .

23° 25° 29°

Temperature - altituge gradient

Jordan
Valley

RPN L A




In September the Persian trough gradually recedes,
from the scuth. Temperature differences between
gradually dimlinishes, disappearing completely in
from east to west. About half of the stork populatio
and April, when summer weather conditions are sti
accordingly along the western axis over the
when storks are absent).

Variations In migration magnitude between spr
There are significant differences In the migration magnitudes of the varlo

replaced by the Red Sea trough which comes
sen and land decrease, the inverslon Influence
October. At the same time the migration axis moves
. which returns north In spring during March
il absent, and no inversions exists, migrates
western slopes of the mountains {unlike in autumn

ing and autumn on & global scale

us soaring bird spectes

over lsrael In autumn and spring. For example: only one species, the Steppe Eagle (Aquila ntpalensis)

flies aver the Ellat Mountains In autumn, compared to massive migration o

f more than 30 specles

in spring; In autumn White Storks {Ciconia_ciconla) pass over only along the Jordan Valley axls

whereas In spring about half the population also passes over the weste

mountain range; Honey Buzzards fly along the Western Route
concentrating almost totally in the Ellat Mountalns in spring,
variatlon In different specles appearance 15 related to thelr global migration r
and wintering grounds, in relation to the Red Sea which they avoid crossing,

rn edge of the central

In large numbers fn autumn, while
and so forth. The reason for the

outes, between breeding
thus followlng different

routes In autumn and spring {flg.7). The breeding grounds range of different specles in relation to
the Jocatlon of Israel (35 longitude} 1s an additional factor determining different migration routes

over lsrael in spring and autumn.

Flg. 7: Migration flow scheme in spring and autumn (Yom Tov’ 1988)
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-: MPLEMENTATION OF THE STUDY RESULTS IN THE ISRAEL AIR FORCE
 AND CIVILLIAN FLIGHT SYSTEM

tStedy of varfatione in daily migration magnitude made it possible to develop a real-time
Miriing system based on the ground cbserver network and the radars at Ben—Gurion International
Aport. On evenings when Hght migration was observed, low altitude flights were approved even
il the height of the migration season. If, at any time, heavy migration was spotted by the observers
¥ ndar, low altitude fliights werg Immediately cancelled, and pilots returned to BPZ regulations In
tiect during the migration season. This procedure permitted about 35% of low altitude training
lights to take place during the helght of the season,
LThe preciseness of migration wave arvival timesg allowed prediction of arrival and departure
 tmes of flocks In advance, as well as preparation according to organised flight procedures In the
IF and civilltan flight.

2 Migration axis Mmovements were known in advance as a result of this study, making it possible
| b open and close flight areas accordingly during the migration seasons. The regularity in daily axis

| rovements permitted real- time warnings to IAF base control towers and other elements.

E T s the seventh year BPZ regulations during migration seasons have been In effect. The number
bird-aircraft collls

lons has been reduced by 81.8% compared to the pericd before these regulations,
#d average annyal damage has declined by 88%.

The following account proved to be an excellent
Athus systems developed in this study:

1100 5991 a glant flock of White Storks {47,000) passed over Israel. The flock was located at
1040 by one of the ground observer teams west of Bet She'an In the Jordan Valley. Between
i040-10:50 the first mass of 9,000 storks passed over, followed immediately by a second mass of
000, between 10:51-11:20,

B The team co—ordinator {James Smith from England) Immediately Informed the su

punl via the portable military radio transmitter, who then called the Bird Center at
At on the car phone,

The controller at Ben—-Gurion immediatel
Petng the stork mass. He then reported |
prematically tracking the flock along th

test case for examinlng the efficlency of the

tvey head (Dan
he Ben—Gurlon

y changed to a 60 mile scale, instead of the usual 30,
ts exact position to the Israel Alr Force and continued
@ eastern axis {west of the Jordan Valley) up to the central

B At the same time the controi unit of the 1AF located the flock because of Its size, and commenced
Amniliting constant warnings to aircraft, while continuing to follow the flock for & hours, until

'.The tracking was documented on video, until the {lock disappeared In the vicinity of Jabel
_lkk In central Sinai, where it probably landed to roost.

%

'Blr using the data from this study from which we knew that storks usually take off in the
Jerring at about 8:00, and that the!r flight velocity In the first two hours Js slower than durlng the
e of the day, we calculated that the storks had covered about 75 kilometers until the moment of
pRovery. This would agree with a roost in the Hula Valley, which Is known to be a preferred spot,
mght before, From the moment the flock was located unti it disappeared from the IAF radar
i near Jabel Ya'alek, the storks covered a distance of 310 km. This would bring the total
e covered In continuous migration during one day to 385 km.

wntinuous tracking with a combination of two radars and ground observers conflrms the

wutlons of this study and provided rellable real-time warnings lo IAF atrcraft along most of
J tountry.
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