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1. INTRODUCTION 
Many species of  eagles spend over half  the year outside their breeding terri-

tory, on migration and in their winter quarters. Whereas their behaviour during 
the breeding season is often  closely studied, our knowledge of  the remaining 
part of  the year is very slight. The methods used hitherto, such as ringing, track-
ing by radar, observation in bottle-neck areas and at points of  concentration (the 
Bosphorus, Gibraltar, Straits of  Messina, etc.) leave us no wiser regarding many 
aspects of  their migration and overwintering. Thus these methods cannot suffi-
ciently embody research into the birds' wanderings in space and time. The 
methods of  marking used hitherto do indeed provide some approximate infor-
mation as to where the birds stay (stopovers, winter quarters), but as a rule these 
yield too few  data regarding the speed of  migration, the precise course of  their 
wanderings, the number of  and time spent at resting-places, their short-term 
movements within their resting-places and winter quarters, their daytime be-
haviour, etc. 

Because of  the length of  time spent by many eagle species on migration and 
in their wintering grounds, and the increased dangers, especially for  the inexpe-
rienced young birds, research into the various aspects of  their biology outside 
the breeding territory is of  great practical and theoretical importance. 

For the past few  years satellite telemetry (ST) has provided a new aid to-
wards the study of  bird migration (Berthold & Nowak 1990, Fancy et al. 1988, 
Fuller et al. 1995, Harris et al. 1990, Howey 1992. Keating et al. 1991, 
Landfried  1990, Nowak & Berthold 1987, 1991, Nowak 1991, Taillade 1992). 
Meanwhile several interesting studies were carried out on a few  large bird spe-
cies - particularly cranes, geese, storks, albatrosses and swans (Berthold et al. 
1992, 1995, Ellis et al. 1992, Gudmundsson et al. 1995, Higuchi et al. 1991, 
1992, 1994 a,b, Jouventin & Weimerskirch 1990, Nagendran 1992, Nicholls et 
al. 1992, Nowak et al. 1990, Parmelee et al. 1985, Prince et al. 1992, 
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Weimerskirch et al. 1992, 1993, Weimerskirch & Robertson 1994). To-date the 
amount of  such research conducted on birds of  prey is still very small and de-
rives almost exclusively from  North America (Berthold et al. 1991, Brodeur & 
Decarie 1993, Griesinger et al. 1992, Grubb et al. 1994, McIntyre et al. 1991, 
Kralovec 1994). 

Since 1992 we have for  the first  time employed satellite telemetry for  the 
study of,  so far,  nine species of  eagles in Europe, Asia and Africa  (Meyburg et 
al. 1993, 1994, 1995 a, b, c, d; Meyburg & Lobkov 1994). We report here on 
our experiences in general using this technique, and give a few  examples of  the 
results. 

2. TECHNIQUE AND STATE OF DEVELOPMENT OF 
SATELLITE TELEMETRY 

Just as with conventional telemetry or ground telemetry, which made their 
entry into ornithological study long ago, the birds are likewise in ST equipped 
with transmitters, in this case with satellite-transmitters, sometimes called Plat-
form  Transmitter Terminals, or PTTs, which, however, are in the case of  raptors 
always fitted  as „backpacks", for  which we use two strips of  Teflon.  The four 
ends of  these very lightweight strips are knotted together with gradually dis-
solving surgical thread over the sternum, so that after  a certain time it disinte-
grates and the transmitters fall  off. 

Each PTT has an individual identification  number. The main signal charac-
teristics are: -transmitter frequency : 401.650 MHz ±4kHz. This must remain 
stable, as the Argos location calculation is based on measurements of  the Dop-
pler effect  on the signal; -repetition period. In our case impulses or messages 
are send out at intervals of 65 seconds. 

The transmitter message includes: a preliminary synchronisation sequence, 
statement of  message length, the transmitter ID number and the sensor data (in 
our case strength of  the battery, temperature, activity and in some PTTs the 
height above sea level). 

The signals are received by Argos instruments flown  on board the National 
Oceanic and Atmospheric Administration (NOAA) Polar Orbiting Environmen-
tal Satellites (POES) at an average height of 850 km. At least two satellites are 
operational at any time. Launches are scheduled through 2010. The satellites 
receiving the messages from  the transmitters relay them to ground in real time. 
They also store them on tape recorders and read out the messages every time 
they pass over one of  the three main system ground stations (Wallops Island, 
Virginia, USA, Fairbanks, Alaska, USA, Lannion, France). The Global 
Processing Centres in Landover, MD, USA and Toulouse, France process all 
data received from  the receiving stations. They archive all the results and make 
them available. Each centre can back up the other in the event of  a failure. 
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The satellites „see" the North and South Poles on each orbital revolution. 
Their orbital planes rotate about the polar axis at the same time as the Earth 
about the Sun, or one complete revolution per year. Each orbital revolution 
transects the equatorial plane at fixed  local solar times. Therefore,  each satellite 
passes within „visibility" of  any given transmitter at almost the same local time 
each day. The time taken to complete a revolution around the Earth is approxi-
mately 102 minutes, thus making ca. 14 orbits each day. 

At any given time, each satellite simultaneously „sees" all transmitters 
within an approximate 5000-kilometre-diameter visibility circle (or footprint). 
As the satellite proceeds in orbit, the visibility circle sweeps a 5000 kilometre 
swath around the earth, covering both poles. Due to the earth's rotation, the 
swath shifts 25° west about the polar axis on each revolution. This results in 
overlap between successive swaths. Since overlap increases with latitude, the 
number of  daily passes over a transmitter also increases with latitude. At the 
poles, the satellites see each transmitter on every pass, a total of  roughly 28 
times a day for  two satellites. 

The duration of  transmitter visibility by the satellite (or of  the pass duration 
over the transmitter) is the „window" during which the satellite can receive 
messages from  the transmitter. It lasts up to about 14 minutes (10 on average). 
This, under favourable  conditions, makes it possible to receive over 10 im-
pulses (messages) from  the PTT. 

Locations are calculated from  all messages received during a satellite pass 
over a transmitter. Each location is assigned to a location class. The classes 
vary according to the number of  messages received. Argos locations are calcu-
lated by measuring the Doppler shift  on the transmitter signals. This is the 
change in frequency  of  a sound wave or electromagnetic wave when a source of 
transmission and an observer are in motion relative to each other. When the sat-
ellite „approaches" a transmitter, the frequency  of  the transmitted signal meas-
ured by the onboard receiver is higher than the actual transmit frequency,  and 
lower when it moves away. Each time the satellite instrument receives a mes-
sage from  a transmitter, it measures the frequency  and time-tags the arrival. The 
Argos processing centre computes the locus of  possible positions for  the trans-
mitter. The processing centre calculates an initial estimate of  the transmitter's 
position from  the first  and last messages collected during the pass and most re-
cent calculated frequency.  The intersection of  the cones for  these two messages 
with the terrestrial radius and the height declared for  the transmitter (altitude 
sphere) gives two possible positions. For each position, least-squares analysis is 
used on the equations to refine  the estimate of  the transmitter's position and 
transmit frequency.  The position with the better frequency  continuity is chosen, 
and its plausibility checked. Four checks validate the choice of  solution: mini-
mum residual error, transmission frequency  continuity, shortest distance cov-
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ered since latest location, plausibility of  velocity between locations. For the lo-
cation to be made available at least two must test positive. Location classes are 
based on: satellite/transmitter geometry during satellite pass, number of  mes-
sages received during the pass, transmitter frequency  stability. 

Accordingly a very high frequency  stability on the part of  the transmitter is 
necessary - one of  the technical problems in the production of  PTTs. Further-
more, at least two messages must be received each time the satellite passes. A 
precise location, however, depends on the reception of  more impulses. In good 
circumstances a transmitter can be located precisely within at least 150 m. The 
data are directly available within ca. 2-3 hours following  reception from  the sat-
ellite. 

With the help of  this system it is now possible to trace the position and 
thereby the progress of  individual migrating birds world-wide, continuously 
and over a long period of  time. In this way permanently transmitting PTTs, 
which are continually recharged through solar cells, can be located every 1 1A to 
2 Vz  hours. 

Combination with ground telemetry also makes possible direct observation 
of  the birds by ornithologists. The nowadays diminutive ground telemetry trans-
mitters - we as a rule use transmitters weighing only 10-20 g - can be attached 
to the satellite transmitter or also to the tail feathers. 

ST has now been used for  two decades in wildlife  research. The earliest, 
very large transmitters (weight over 600 g), however, only allowed large land 
and sea mammals to be equipped up to the 1980s (cf. Craighead et al. 1992). 

On 21 July 1984 for  the first  time ever a bird - a subadult male Bald Eagle in 
north-east Maryland (USA) - was fitted  with a 170 g transmitter which func-
tioned up to 19 March 1985. During that time the eagle covered at least 4,554 
km along the east coast of  North America (Strikwerda et al. 1986). This bird 
lived for  nearly ten years thereafter,  until it was killed by a train. 

Following this early attempt with a prototype, it was not until the beginning 
of  this decade that halfway  reliable transmitters of  the right size and weight (un-
der 100 g) became available, suitable for  fitting  to large bird species. By 1992 
transmitters weighing only 50 g came onto the market and since the end of  1993 
they have been reduced to only 30 g. 

Since the receiving satellites circle the earth at a height of  850 km, the PTTs 
must necessarily have a far  greater transmitting capacity than with ground te-
lemetry. Accordingly the batteries in this type of  telemetry pose a particularly-
great problem. One way to get round this problem is to programme the PTTs so 
that they do not permanently send out messages but only at fixed  times and at 
longer intervals. In this way it is possible for  a transmitter to have a lifespan  of 
around a whole year. Furthermore, the most recent transmitters can be pro-
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grammed in such a way that in the course of  a year they can be adjusted to op-
erate in different  phases, for  example a protracted period of  inactivity during 
the breeding season and greatly strengthened transmission during migration. 
Generally speaking, the larger transmitters (weight ca. 90g) have a greater ca-
pacity than the smallest PTTs of  ca. 30g. But even with 90 g PTTs we have only 
been able to track eagles for  up to 13 months. 

To obviate the battery problem, transmitters are also being developed which 
obtain their power from  light with the help of  solar cells; this is then stored in a 
small accumulator. In 1993, for  the first  time ever, we were able to fit  a trans-
mitter of  this type, weighing just under IOOg but still not programmable and 
powered by an adequate amount of  light, to a young Sea Eagle (Meyburg et al. 
1994). Within the space of  a year we received 1000 locations from  this bird. 

Subsequently a version of  this transmitter was developed which could be 
programmed and with which we equipped an immature Imperial Eagle in Saudi 
Arabia in March 1995. As with PTTs with conventional batteries, this transmit-
ted for 12 hrs every 90 hrs. In this way the not inconsiderable Argos costs of 
transferring  data from  transmitter to satellite and to ground station can be re-
duced. Since then we have fitted  two more PTTs of  this type to adult Imperial 
Eagles. With the immature Imperial Eagle we were able in the meantime to 
record a complete year's cycle, from  the wintering grounds in Saudi Arabia to, 
surprisingly, summer quarters in northern China and back to Saudi Arabia. 

This solar-powered version has now been reduced in size and, since mid-
1995, become available weighing 70g and also programmable in different  cy-
cles according to the seasons of  the year. To date we have fitted  the first  trans-
mitters of  this type to an adult Greater Spotted Eagle and an immature Short-
toed Eagle. In the spring of 1996 a 40g solar transmitter will become available 
which will even permit smaller species such as Lesser Spotted Eagle and Os-
prey to be tracked. 

Since with these transmitters, at least in southern countries with sufficient 
sunlight, the power problem no longer plays a part, the amount of  data supplied 
is considerably greater than from  transmitters with conventional batteries. In 
addition it is to be hoped that the overall life  of  the PTTs will be markedly 
longer than is procured with normal batteries, but this remains to be seen. Up to 
now we have not yet been able to track any eagle with a solar PTT for  more 
than 13 months because the second problem regarding long-term studies we 
encountered concerns the attachment of  the PTTs. We have been able to prove 
by recapturing it that one adult Imperial Eagle had lost the transmitter after 13 
months. 

As an aid to ornithology the ST is still in its early stages of  development but 
must play an ever-increasing role which is as yet not sufficiently  appreciated. 
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Quite possibly it will revolutionise bird migration studies as profoundly  as did 
the introduction of  systematic ringing 100 years ago. At present work is pro-
ceeding on the development of  smaller and lighter transmitters (Ginati et al. 
1995; P.W. Howey pers. comm.). It is to be expected that very shortly PTTs 
with conventional batteries weighing only around 15g will become available. 
This will enable relatively small bird species to be equipped. 

The results will improve still further  as the satellites of  the future  become 
more sensitive. This in turn will save power and the transmitter can become 
even lighter and smaller. 

How ST in general will develop cannot at present be foreseen.  It is conceiv-
able, for  example, that a combination with the Global Positioning System 
(GPS) could lead to a far  larger number of  precise locations. It is further  to be 
hoped that in future  other data, e.g. on the bird's physiology, will be included. 
At present we already receive data on the activity, temperature and, spasmodi-
cally, the height at which the bird is flying. 

3. SOME EXAMPLES OF RESULTS 

Since 1992 we have equipped with PTTs 43 eagles belonging to nine differ-
ent species in Europe, Asia and Africa.  We tracked 11 Steppe, 10 Lesser Spot-
ted and 7 Imperial Eagles, 5 Ospreys, 4 Greater Spotted and two Wahlberg's 
Eagles as well as one Short-toed, White-tailed and Steller's Sea Eagle respec-
tively. Naturally not all results from  these ongoing studies can be presented 
here. Rather will a few  examples serve to give a general picture, illustrating 
those questions which need investigation and the sort of  results to be expected. 
Several problems will further  be addressed. 

This method is by its nature particularly well adapted to research into the 
wide-ranging movements of  birds on migration. There are still ever more bird 
species and populations whose migration routes and wintering grounds are 
completely unknown. In addition there are many species for  which we have an 
only very rough idea as regards their migration routes and wintering areas. 

The great advantage of  this method lies in the fact  that individual birds can 
be continuously located over a long period (at present at least a whole year), so 
that research can be advanced very quickly in a short period. Take for  example, 
our ongoing research on the Steppe Eagle Aquila nipalensis, of  which there has 
been practically no ringing recovery at any distance from  the breeding territory. 
Eleven individuals provided with transmitters with conventional batteries 
yielded 1219 locations, between 18 and 394 per bird (mean 111). These birds 
could be tracked over distances up to 17,200 km and up to 375 days. Each loca-
tion, whereby not only the geographical position but also the date and precise 
hour can be established, could to some extent be likened to the reported recov-
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ery of  a ringed bird, but with the difference  that here many locations refer  in 
sequence to one and the same bird and the migration route can be more or less 
precisely traced, whereas the ring recovery generally refers  to the one location 
of  the usually dead bird. In order to obtain over 1,200 recoveries of  ringed 
Steppe Eagles one would probably have had to ring around 50,000 individuals. 
It may be assumed, from  this estimate, that the recovery rate for  Steppe Eagles 
applies equally to other raptors of  the same size. 

Naturally location by satellite and recovery of  a ringed bird are only very 
superficially  comparable and provide different  types of  information.  Ringing 
and ST are in no way mutually exclusive and we ourselves also ring all birds we 
track. 

One of  the aims of  our studies has been to record as far  as possible the com-
plete annual migration routes of  particular individuals. This we have achieved 
already with several species (Lesser Spotted Eagle, Wahlberg's Eagle, Imperial 
Eagle, Osprey) for  the first  time in ornithological history. With other species 
the complete migration routes are nearly within our grasp. 

An example of  the recording of  complete annual migration routes is the case 
of  an adult Imperial Eagle Aquila heliaca trapped on its wintering grounds near 
Mecca in Saudi Arabia and fitted  with a transmitter. This bird could be tracked 
to its nest site on the edge of  the Urals in Russia, back to its winter quarters in 
Arabia and once again the major part of  its return journey to its breeding terri-
tory, where it was confirmed  that it successfully  reared a young to fledging  a 
second time. On its wintering grounds it was successfully  recaptured after  al-
most a year and a veterinary report stated that the eagle was in good condition 
and that the transmitter had not harmed it in any way. At the beginning of 1996 
this Imperial Eagle was trapped for  a third time on its wintering grounds in 
Saudi Arabia. In the meantime the bird had lost its transmitter. Careful  exami-
nation showed that the transmitter had no adverse effects  on the bird, such as 
damage to the feathers  etc. 

3.1. The Example of  the Lesser Spotted Eagle 
The migration routes of  many species are only partially and roughly known. 

Thus, for  example, it was known from  sightings at concentration points that the 
Lesser Spotted Eagle (LSE), a typical long-distance migrant which spends over 
half  of  the year outside its breeding territory, mainly followed  the eastern route 
round the Mediterranean, over the Bosphorus, Turkey and Israel, but virtually 
nothing was known over its route once in Africa.  Still less is known about its 
pattern of  movements in space and time, its ecology, habitat requirements, etc. 
in its wintering grounds. Through the satellite tracking of  seven individuals we 
were able to establish the following. 
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Since 1992, when PTTs first  became available, small and light enough to be 
fitted  to this species, we have adopted ST as a vital component in an extensive, 
long-term LSE Project in Mecklenburg-Vorpommern (Germany). The tracking 
in 1992 of  the first  young eagle, which took an unexpected migration route, has 
already been described (Meyburg et al. 1993). In 1993 and 1994 we equipped 7 
further  Lesser Spotted Eagles in Europe and tracked them over total distances 
of  between 2,900 and 19,400 km (Meyburg et al. 1995 b). 

In 1992 small, relatively reliable transmitters became available weighing 50 
g and thus suitable for  fitting  to female  Lesser Spotted Eagles. A further  reduc-
tion to 28-30 g after  autumn 1993 made it possible also to equip the smaller 
males. 

In 1993 we equipped two female  nestlings in Germany (PTTs 20648 and 
20649) and a further  one in Latvia (PTT 20643). In 1994 four  adult males were 
trapped in their breeding territories in Germany (PTT 22691 and 22694) and 
Slovakia (PTT 22692 and 21821) by the Dho-gaza method and fitted  with trans-
mitters. 

All transmitters functioned  perfectly  on those birds that survived until fail-
ure of  the batteries, which occurred after  very variable lengths of  time, (from 
3Vz  to almost 11 months, average 7.6) and which could be determined from  the 
data previously transmitted. From all seven eagles between 44 and 126 Argos 
locations (average 70) were received. In total we plotted 494 positions. 

Both the young birds from  Germany perished in Lebanon, one of  them being 
definitely  shot. Both transmitters gave out signals a few  times thereafter,  albeit 
irregularly. All the remaining birds were tracked to south of  the equator. In con-
trast to the first  bird tracked in 1992, they all followed  the typical eastern route 
over the Bosphorus, Israel and Suez. For the first  time their movements within 
Africa  could be followed-something  completely impossible by direct observa-
tion. Equally successful  was the documentation received from  the wintering 
grounds in southern Africa,  south of  latitude 15. 

In one case, using telemetry, we succeeded for  the first  time in tracking a 
migrant from  Europe through its year-round migrations from  its breeding terri-
tory to southern Africa  and back. This adult male from Mecklenburg-
Vorpommern was followed  for  almost eleven months and over a total of 19,403 
km. 

Caught and equipped with a PTT (22691) on 27 June 1994 in Mecklenburg-
Vorpommern (Germany) this bird was at the same time fitted  with a conven-
tional telemetry transmitter and kept under close observation for 121 hours be-
fore  its departure. It showed no reaction to the two transmitters. It was a territo-
rial bird; its mate had not laid eggs or had lost them at a very early stage. We 
received 126 Argos locations from  this eagle. 
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15°E 30°E 45°E. 

To-and-fro  migration of an adult Lesser Spotted Eagle Aquila pomarina between its 
breeding grounds in northern Germany and its wintering quarters in Zambia, showing dates 
of  arrival at selected points en route (from  Meyburg et al. 1995b). 
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The eagle remained in the nesting territory until 5 September. On its journey 
to its wintering grounds in southern Zambia it covered 8,986 km. On the home-
ward journey it could be tracked all the way back to its breeding territory, 
where it arrived on around 22 April, some 10 days later than in other years, as 
did all other LSEs controlled by us, doubtless due to weather conditions. For 
outward and return journeys it took IVi  weeks in each case. In the 1995 breed-
ing season it was again studied with the help of  conventional telemetry. 

In its wintering grounds, which covered a total of  about 25,000 km2, it re-
mained for  four  months, from  the end of  October to the end of  February. The 
locations here covered a total distance of 1,554 km. One month after  arriving in 
southern Zambia, near the Victoria Falls, the bird concentrated on an area of  ca. 
1,800 km2, 60 km west of  Lusaka and just north of  the Kafue  river plain. Here 
it spent three separate spells of  about two weeks each (26.11.-7.12., 19.12-5.1 
and 14.2-26.2). In-between it made two excursions to the south-west, to an area 
about 164 km distant. 

Very interesting also was another adult male caught and equipped with PTT 
21821 on 24 May 1994 in eastern Slovakia. This was the only unmated adult 
individual which, shortly before  capture, had indulged in a spectacular aerial 
battle with the territory-holder, during which both birds spun earthwards with 
interlocked talons for 80-100 m. 

This bird was tracked over a period of  \QVi months and a total of 16,074 km, 
during which 74 locations were analysed. On its outward journey from  Slovakia 
to the southernmost point of  its migration in Mozambique it covered 9,977 km. 

To begin with, the eagle remained in northern Slovakia up to 31 May and 
then flew 247 km further  south to the neighbourhood of  Turkeve in Hungary 
(47°6'N 20°50'E). Here, in an area of  some 35 km2, it spent nearly two months, 
from 18 June to 7 August. It then returned to northern Slovakia, to the area in 
which it had been captured, where it remained up to at least 1 September. 

This bird first  reached its true winter quarters, which covered ca. 11,000 km2 

in the Kruger Park (South Africa)  and neighbouring Mozambique, on 15 Janu-
ary 1995, before  which it had roamed over various countries in southern Africa. 
The leisurely return journey, arriving in Upper Egypt only on 12 April, pointed 
to another non-breeding season in 1995. This was also indicated by the rela-
tively low speed of  migration, averaging only 128 km per day as far  as Egypt, 
when contact was lost due to weakening of  the batteries. 

Interesting too was a nestling fitted  with PTT 20648 in the nest in 
Mecklenburg-Vorpommern (Germany) at the western edge of  the species' 
range on 30 July 1993 and recorded for  the last time in the breeding territory on 
7 September. This young eagle was tracked for 2,921 km, with 44 locations re-
ceived. On 7 October, shortly after  its arrival in northern Lebanon, the bird was 
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shot. Four further  locations were received from  this area up to the beginning of 
March 1994, followed  by five  more from  the neighbourhood of  Beirut. In May 
1994 we were sent the transmitter and ring with a covering letter from  a Leba-
nese doctor confirming  the shooting. There was a bullet lodged in the transmit-
ter. 

The three adult birds with no young to care for  left 10-14 days earlier than 
the eagle which had bred successfully  which, however, travelled much faster, 
reaching the Black Sea at about the same time. 

3. 1. 1. Migration route 
Through observation at concentration points (Burgas in Bulgaria, 

Bosphorus, Belen Pass, Iskanderun Gulf  in Turkey, Israel, Suez and Hurghada 
in Egypt) the route round the eastern Mediterranean was relatively well known 
and studied. Beyond this point the routes taken were virtually unknown. 

The four  birds from  Germany all followed  a similar route as far  as the Bul-
garian Black Sea coast, leading in practice over Poznan to south-east Poland, 
through eastern Slovakia or western Ukraine and finally  diagonally through 
Rumania over Bucharest to the Black Sea near Burgas. 

The eastern Mediterranean was flown  round; a few  birds possibly cut across 
the north-east corner above Cyprus. One eagle at least crossed the Gulf  of  Suez 
from  the southern tip of  the Sinai Peninsula, whilst two others flew  round the 
north of  it. 

From here on the hitherto unknown route in Africa  proved to be a quite nar-
row flightpath  running almost due south between longitudes 31° and 36° 
through Sudan to the southern end of  Lake Tanganyika in SW Tanzania. From 
this region the LSEs appeared to fan  out and disperse to scattered wintering 
grounds south of  latitude 10° S. On the outward migration three eagles passed 
west and two east of  Lake Victoria. 

What was striking was the precision with which the routes taken by the ea-
gle fitted  with PTT 21691 coincided on both outward and return journeys, so far 
as could be judged from  the Argos locations. The slight, possibly only apparent, 
deviation between Lake Tanganyika and the wintering grounds was perhaps 
due to inaccurate plotting of  the location in Tanzania, where a distinct change 
of  direction at the southern end of  the aforesaid  flightpath  occurred, conditioned 
in each case by a gap of  several days between locations. 

3.1.2. Speed of  migration 
The autumn migration began slowly but gathered considerable speed al-

ready in south-east Europe. The stretch from  the Bulgarian-Turkish border, 
over the Bosphorus, through Turkey, the Middle East, Suez and Egypt to the 
resting-place in the Sudan was covered with the greatest speed. South of  Sudan 
the rate decreased. 
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The stage between the Bosphorus and Sudan was covered by all birds in 12-
14 days. Here the young Latvian eagle attained its highest average speed of  289 
km per day. Three adult eagles covered averages of 244, 250 and 282 km per 
day respectively. Only a young eagle (PTT 20649) which subsequently per-
ished in Lebanon lingered for  a whole week in the neighbourhood of  the Bul-
garian-Turkish border. A similar speed of  migration was recorded for  the 
closely related Greater Spotted Eagle. One adult of  this species migrating 
through Iraq and Iran covered a daily average of  280 km (Meyburg et al. 1995). 

The adult eagle with PTT 22691 travelled an average of 166 km per day on 
both outward and return journeys. On two days during the homeward journey 
the average speed in Ethiopia and Sudan could be determined thanks to two 
good locations with only a few  hours between them. In each case this amounted 
to 30 kmph. This, however, should be taken as a minimum value, since in both 
instances the bird was probably not in continuous flight  during the measured 
time-lapse. On this basis the eagle would have spent an average of  five  hours 
per day travelling. 

The widespread view that the return migration is distinctly faster  than the 
outward one (Berthold 1990) was not borne out by this bird. With the first 
raptor - a Wahlberg's Eagle (Aquila wahlbergi ) - to be tracked through a com-
plete annual cycle, the return migration took around two weeks longer than the 
outward one (Meyburg et al. 1995d). 

3.1.3. Resting places 
One important resting area on the outward migration is clearly East Sudan, 

between the Ethiopian border and the White Nile, between latitude 7° and 13°. 
It is more than surprising that up to now there have been no autumn sightings 
from  the Sudan and Ethiopia. Particularly favoured  was the region running be-
tween the Blue Nile with its tributaries and the Sobat River. Four of  the tracked 
eagles arrived here between 12 and 17 October, one of  them already on 2 Octo-
ber. The young bird spent a particularly long time (six weeks) in this area. This 
stretch of  land, originally acacia savannah, is to-day given over to the cultiva-
tion of  millet, in which the eagles find  an ideal supply of  food.  At this time of 
the year, after  harvest, various rat species are specially easy to catch (G. 
Nikolaus, pers. comm.). 

3.1.4. Winter range 
Data in the literature on the wintering grounds are quite inexact. The size of 

the area depends basically on how it is defined;  the wintering of  the LSE, ac-
cording to the results presented here, turns out to be a rather dynamic proceed-
ing. Certainly the winter range in East Africa  given by Cramp & Simmons 
(1980) is incorrect, stretching according to them from  northern Sudan south to 
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the Indian Ocean in Somalia and then down the coast to South Africa.  This 
omits the whole western part and it appears questionable whether LSEs in the 
north (Somalia, Kenya, Tanzania) in fact  regularly winter so far  east. According 
to our findings  the winter distribution given by Brown et al. (1982) is, in the 
main, correct. This, however, overlooks the region in northern Namibia and 
southern Angola. 

Christensen & Sorensen(1989) made a detailed analysis of  the literature. 
The LSEs tracked by us frequented  two countries (Angola, Zaire), for  which, 
according to these authors, no evidence has hitherto been found.  Based on the 
literature combined with the results from  satellite telemetry we drew up a map 
of  the winter range (Meyburg 1994). This included all occurrences from  around 
the beginning of  November to the beginning of  March. If,  however, one defines 
the winter range as the extent of  the birds' preliminary resting grounds (winter 
quarters) then it would probably be merely defined  as Africa  south of  latitude 
15°S. 

3.1.5. Influence  of  rain fronts 
Ornithologists, especially in Southern but also in East Africa,  have pre-

sumed that wintering LSEs, far  from  being sedentary, follow  the rain fronts  so 
as to feed  on the swarming termites (Brooke et al. 1972; Pearson & Meadows 
1979; Steyn 1982). In the Kruger Park at the end of  December 1994 we ob-
served individual LSEs in the company of  other species fly  down to feed  on ter-
mites. On 15 and 16 January 1995 there was in this region heavy rainfall.  Be-
tween 17 and 20 January hundreds of  eagles were observed here (A. Kemp pers. 
comm.) - many more than at the end of  December. The fact  that both eagles fit-
ted with PTTs 21821 and 22692 were in this area at the same time can be taken 
as confirmation  of  this theory but further  research is required. 

3.1.6. Orientation 
All German and Slovakian LSEs initially set out in the same general direc-

tion from  their breeding territories, both young and adult birds heading in a 
somewhat too easterly direction. Both adults from  Germany changed direction 
when still in Poland, taking an almost straight line to the Bosphorus. Further 
slight corrections were made by the young birds. The fact  that these birds from 
Central Europe travelled too far  east must explain to some extent why in au-
tumn relatively many eagles are counted on the Black Sea coast near Burgas 
(Bulgaria) while in spring the number is much smaller (summarised in Bijlsma 
1987). A deviation rather too far  east is, however, relatively harmless, since the 
Black Sea coast serves as a leading line straight to the Bosphorus. Too wide a 
deviation to the west can, on the other hand, lead to straying into Greece, as 
happened with the first  eagle tracked in 1992 (Meyburg et al. 1993). Subse-
quently, we learned that in that same year two more young eagles from 
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Slovakia had lost their bearings and strayed into Greece, where they were prob-
ably shot (Danko et al. 1996). Certainly, individual LSEs on autumn migration 
are regularly observed in Crete (M. Wink, pers. comm.). 

During the crossing of  Anatolia the birds showed a tendency to diverge 
westward from  the obvious course which they had followed  on the shortest 
stretch to the Gulf  of  Iskenderun. At least five  of  the birds arrived at the Medi-
terranean coast north of  Cyprus. The satellite data did not reveal whether they 
then flew  along the coast or took the shortest route across Cyprus to the Leba-
non. As on the Black Sea, it is here clearly less dangerous to reach the coast 
slightly earlier and use this as a leading line, than to miss this and then possibly 
completely lose direction. 

3.1.7. Threats during migration 
Very little is still known about the causes of  death during migration and on 

the wintering grounds. The greatest danger is clearly the passage through Leba-
non and Syria, particularly for  young birds which risk being shot there. The re-
lentless shooting in both countries is well documented (Hatsofe 1981, Leshem 
1985, Baumgart 1991 a & b). Resolution N0 15 adopted at the IV World Con-
ference  on Birds of  Prey and submitted to the President of  Syria (Meyburg & 
Chancellor 1994) resulted in the latter's passing a law (N° 41/T) for  the first 
time on 23.10.1994 decreeing a five-year  ban on hunting which is evidently 
being widely upheld (Baumgart 1995). 

Every opportunity for  improving the situation in Lebanon must be seized on, 
since this probably presents the gravest threat to the species. 

3.2. Other species 
In a similar way we have been able to trace the migration of  different  spe-

cies in ever greater detail. This has repeatedly produced real surprises, such as 
an immature Imperial Eagle equipped in Arabia which spent the summer in 
northern China near the Mongolian border. With this bird we managed to 
record a complete year-round migration cycle. 

From the locations not only the migration route can be established but also 
many other details, such as speed of  migration, resting places, length of  stay, 
times of  passage, etc. 

Fresh information  on practically all questions concerning the period outside 
the breeding season is to be expected and by this means we also have a chance 
to learn something about the whereabouts of  non-breeding adults and failed 
breeders, questions which have so far  been scarcely or not at all answered by 
means of  other methods (e.g. colour ringing, wing-marking, conventional te-
lemetry). Finally, we have succeeded in obtaining for  the first  time reliable in-
formation  on the extent of  the winter home range of  various raptor species. 
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With the introduction of  still more efficient  PTTs in tandem with ground te-
lemetry transmitters we now have the opportunity to make direct observational 
studies of  birds on their wintering grounds and their ecology. 

Other questions regarding many species which can be answered only with 
the help of  ST concern the dispersal of  the young (Meyburg et al. 1994, 1995b; 
Meyburg & Lobkov 1994) and the whereabouts of  immatures. With the Osprey, 
for  example, owing to the large number of  recoveries of  ringed birds, it is 
known that the young do not return the following  year to their place of  birth but 
only one year later. However, details of  this kind can be learned only with the 
help of  hundreds of  ring recoveries, which with rare species cannot be expected. 
In this context ST can provide details regarding the year-long movements, du-
ration of  stay, size of  living space etc. of  juvenile and immature individuals. As 
an example of  interrupted migration, one Steppe Eagle which we fitted  with a 
PTT in South Africa,  broke off  its journey to Kazakhstan in the Sudan, where it 
stayed for  5Vi  weeks. 

4. POSSIBLE SIDE-EFFECTS 

Possible side-effects  which the transmitter may have on the bird are hard to 
detect; they should, however, be slight, since we always take care to ensure that 
the weight of  the transmitter is less than 3% of  that of  the bird. As an indication 
of  how slight such possible side-effects  must be, we can cite successful  breed-
ing after  being fitted  with a transmitter. Nine months after  a female  Steppe Ea-
gle was equipped in Saudi Arabia we found  this bird in Kazachstan having 
raised two young. On 19 July 1994, after Argos locations had indicated the 
bird's presumed nest site, signals were received from  a ground telemetry re-
ceiver. Shortly after,  the bird with the transmitters was observed and photo-
graphed at its nest with two fully-feathered  young. 

All females  trapped and equipped during the breeding season (two 
Wahlberg's Eagles and three Ospreys) subsequently reared their young to 
fledging.  One male Lesser Spotted Eagle bred successfully  both in the year it 
was equipped and also the following  year, as also did an Imperial Eagle. An-
other male Lesser Spotted Eagle likewise reared one young in the year after  it 
was fitted  with a transmitter. 

5. CONCLUSIONS AND SUMMARY 

A few  years ago, it was only possible to dream of  the detailed information 
on the migration and dispersal of  free-ranging  eagles that we wished we could 
gather. Thanks to greater miniaturisation and the constant improvement of 
transmitter performance  made by manufacturers  in close interaction with re-
searchers, we can now study the movements of  eagles in unprecedented detail. 
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With several species (Imperial Eagle, Lesser Spotted Eagle, Wahlberg's 
Eagle, Osprey) the complete annual cycle of  migration has been recorded. Sin-
gle individuals have been tracked for  up to 13 months and not only their autumn 
and spring migration routes but also their whereabouts in summer and winter 
have been established. 

The fact  that an adult female  Steppe Eagle bred successfully  after  being 
equipped gave proof  that the transmitter's antenna protruding from  the back 
feathers  in no way impeded copulation. In addition recapture of  an Imperial 
Eagle provided direct evidence that after  a certain time the bird loses its trans-
mitter. 

This loss of  the transmitter clearly means that, so far,  we have not managed 
to track any bird for  longer than 13 months. At present it is unclear in what way 
the transmitter becomes detached and how the overall time of  tracking indi-
vidual eagles can be prolonged. 

Transmitters with conventional batteries have the considerable disadvantage 
that their duration is strictly limited, even when they are programmed to send 
signals only intermittently. The theoretical lifespan  computed by us for  such 
programmed transmitters is for  the most part not reached. The 30 g and 50 g 
transmitters yielded up to 100 locations in each case; the 95 g transmitters up to 
400. Clearly more efficient  are solar transmitters, which have only recently be-
come available, since they can send out signals continuously. The first  transmit-
ter of  this kind which we used produced over 1,000 locations within one year. 

Because of  the high mortality of  juveniles we no longer equip them with 
PTTs. 
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7. ZUSAMMENFASSUNG 

Noch vor wenigen Jahren konnte man lediglich davon träumen, so 
detaillierte Kenntnisse über den Zug und die Dispersion freilebender Adler zu 
erlangen, wie dies jetzt mit Hilfe  der Satelliten-Telemetrie möglich geworden 
ist. Dank der Miniaturisierung der Sender und der ständigen technischen 
Verbesserung derselben können wir jetzt die Ortsveränderungen von Adlern 
mit erstaunlicher Präzision untersuchen. 

Bei mehreren Arten (Kaiseradler, Schreiadler, Wahlbergsadler, Fischadler) 
konnten vollständige Jahresrouten von uns dokumentiert werden. Dabei 
konnten einzelne Individuen bis zu 13 Monate lang per Satellit verfolgt  und ihr 
Herbst- und Frühjahrszug sowie ihre Aufenthaltsräume  im Sommer und Winter 
ziemlich präzise erfaßt werden. 

Es gelang bei einem Steppenadler der Nachweis, daß sich weibliche 
Altvögel nach der Besenderung erfolgreich  fortpflanzen  können, also durch die 
aus dem Rückengefieder  herausragende Antenne des Senders nicht zu stark an 
der Kopulation behindert werden. Ferner gelang durch Wiederfang  bei einem 
Kaiseradler der eindeutige Nachweis, daß die Vögel die Sender nach einiger 
Zeit verlieren. 

Dieses Abfallen  der Sender führt  offenbar  dazu, daß es uns bisher in keinem 
Falle gelang, einen Vogel länger als 13 Monate lang zu telemetrieren. Derzeit 
ist unklar, auf  welche Weise die Sender genau verloren gehen und wie der 
Zeitraum des Telemetrierens verlängert werden kann. 

Sender mit konventionellen Batterien haben den erheblichen Nachteil, daß 
die Lebensdauer recht begrenzt ist, obwohl sie so eingestellt werden, daß sie 
nur zeitweilig senden. Die theoretisch errechnete Lebensdauer wurde bei den 
von uns eingesetzten Sendern meist nicht erreicht. Die 30 g und 50 g Sender 
ergaben jeweils etwa bis zu 100 Lokalisationen, die 95 g Sender bis zu 400 
Ortungen. Deutlich leistungsfähiger  sind die erst seit kurzer Zeit verfügbaren 
Solarsender, die permanent senden können. Der erste derartige eingesetzte 
Sender lieferte  über 1000 Lokalisationen innerhalb eines Jahres. 

Die hohe Mortalität der Jungvögel ließ uns davon abkommen, Nestlinge zu 
besendern. 
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