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SUMMARY

This report presents the results of studies performed during two months in 2009 and 
in earlier years with the objective to describe the potential impact of the Saint Nikola 
Wind Farm (SNWF) on autumn migrating birds. On the basis of preliminary available 
information from previous years, a radar study was planned and undertaken in autumn 
2009. Simultaneous visual observations at eight locations under the radar beam to the 
north and within the constructed SNWF provided full coverage of the territory. Data 
from visual observations and radar study are analysed. Spatial and temporal dynamics 
in the numbers of different species passing through and across the wind park territory 
during  autumn  migration  are  presented.  The  results  from  the  radar  observations 
provide, for the first time, information on the flight altitudes of nocturnal migrants 
over the wind park territory. Few priority target species passed over SNWF in 2009. 
While this confirmed the relatively low importance of the area for migrating birds, it 
led  to  insufficient  information  to  allow  “training”  of  the  radar  to  automatically 
recognise target species. The results, nevertheless, provide a good basis for the further 
development  of  the  radar  as  a  tool  for  early  warning  system  concerning  bird 
migration. An appendix with the screens with most typical echo signatures is provided 
for future use by radar operators. The data from the 2009 autumn monitoring were 
updated to the priority list of species passing through the wind park territory during 
autumn migration and its possible impact on the populations of these species. The 
accumulated evidence to date suggests that SNWF is unlikely to present a significant 
collision risk for autumn migrants as it does not constitute an important part of the 
Via Pontica migration corridor.

INTRODUCTION

Birds are one of the most mobile groups of animals, whose propensity to undertake 
migration  is  well-known.  Bird  migration  is  an  adaptation  for  exploiting  areas 
separated in space which differ in their suitability over time, with the classic example 
being  seasonal  migration  of  species  which  breed in  the  Northern  Hemisphere  but 
avoid the harsher conditions in winter by migrating to the Southern Hemisphere after 
breeding. 

There are over 400 species  of birds in  the Bulgarian avifauna,  most of which are 
seasonal migrants and the majority of these are Passeriformes, which migrate mainly 
at night, at altitudes over 500 m on average, across a wide front with no discernible 
spatial  concentrations.  Other  migrants  include  species  which  may  be  classed  as 
soaring birds.  Soaring birds use prevailing wind energy as a power source for their 
flight;  in particular,  rising warm air  currents  (thermals)  generated by solar energy 
radiating from land. This is an energetically efficient flight method, in which birds 
gain height without moving their wings, by exploiting rising warm air currents in a 
thermal  to provide lift,  after  which they undertake a  direct  forward gliding flight, 
often covering a great distance, while gradually losing height until they reach another 
thermal.  The  group of  soaring  birds  includes  pelicans,  storks,  diurnal  raptors  and 
cranes; although some raptor species and cranes, for example, frequently use active 
‘powered’ flight (i.e. they flap their wings and so power their flight intrinsically rather 
than use extrinsic energy sources, such as warm air currents). 
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Whilst migration by soaring birds which exploit thermals is energetically efficient, it 
imposes  constraints,  because  flight  is  restricted  to  conditions  where  and  when 
thermals are generated. Such conditions tend to be restricted geographically (to the 
land, as solar energy is largely and rapidly absorbed but not reflected by the sea), and 
to times when solar energy is sufficient to allow reflection into the surrounding air. 
Soaring bird migration consequently tends to be restricted to the land and at times 
when solar radiation is sufficient to generate thermals, and is often concentrated in 
space and time accordingly because major water bodies (e.g. the sea) and times of day 
(e.g.  at  night)  are  not  conducive  to  the  generation  of  thermals.  Migration  routes 
therefore are often restricted geographically (in “corridors”) to narrow stretches of 
land  (notably,  at  inter-continental  land-bridges  such  as  the  Straits  of  Gibraltor 
between  Europe  and  Africa)  and  are  used  by  soaring  migrants  during  the  day 
(especially when insolation is highest, such as around mid-day).

One such migration corridor, due to a guiding role through low air temperature of the 
Black Sea coast to the east, is known as Via Pontica (Zalles & Bildstein, 2000) and is 
part of the more extensive Eurasian – East African Flyway. Much of eastern Bulgaria 
potentially  forms  part  of  this  migration  corridor  and  all  migrant  species  can  be 
observed  through  the  whole  country  during  seasonal  migrations.  At  the  border 
between the ground and water, at the Black Sea coast,  in the particular,  there is a 
difference  in  the  air  temperature.  This  difference  limits  the  flight  abilities  of  the 
soaring migrants and leads the birds along coastal lines. 

The  recent  political  drive  for  renewable  sources  of  energy  has  lead  to  the  rapid 
expansion of the wind energy industry  (Whitfield & Coupar, 2008). Whilst energy 
generation through harnessing wind resources is seen as relatively ‘environmentally 
friendly’, and appears to be relatively benign in its effects on birds compared to other 
anthropogenic activities (Erickson et al., 2001) and other means of energy generation 
(Sovacool, 2009), fatalities through collision with rotating blades of wind turbines is a 
potentially serious risk (Langston & Pullan,  2003).  Collision risk is thought to be 
greatest in situations where the flight activity of birds may be concentrated, such as 
can occur in a migration corridor (Langston & Pullan, 2003). The spatial distribution 
of migrants through the territory of the Bulgarian Black Sea coast, exploiting the Via 
Pontica,  is  therefore  of particular  interest  for  the development  of  the wind power 
industry in the region. In NE Bulgaria, close to the Black Sea coast, AES Geo Energy 
OOD has constructed a wind farm, the Saint Nikola Wind Farm (SNWF), consisting 
of 52 turbines. SNWF is within a broader area considered to be part of the general Via 
Pontica migration corridor. 

In the last six years, several ornithological field studies have investigated the spatial 
and temporal distribution of migratory and breeding birds within the area of SNWF. 
With a view to providing objective data for evaluation of the collision risk posed by 
SNWF for birds, this report aims to present qualitative and quantitative information 
about the characteristics  of autumn migration of birds through the environs of the 
wind farm during 2009. For the first time at SNWF, this information includes data 
collected by radar. Radar is an extremely useful tool in the study of bird migration and 
has become further enhanced by the development of construction designs specifically 
geared towards their use to survey bird migrants. The greatest advantage offered by 
radar is in the study of nocturnal migration, when few other alternative methods are 
available. Diurnal migration has traditionally been studied by visual observation (e.g. 
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Bildstein, 2006). Radar has, nevertheless, recently begun to be involved in the study 
of diurnal migrants, as it becomes increasingly realised that visual observations have 
limitations. 

The primary goals of the autumn 2009 studies were to:
• Calibrate radar echo signatures against visual records in order to ‘train’ the 

radar to ‘recognise’ species (or groups) of flying birds;
• Document the use of SNWF and its environs by autumn migrants in 2009.   

THE STUDY AREA

SNWF is  located  in  NE Bulgaria,  close  to  the  Black  Sea  coast  near  the  cape  of 
Kaliakra. The wind farm lies between the road from the village of Bulgarevo to St. 
Nikola (municipality of Kavarna), and the 1st class road E 87 Kavarna – Shabla (Map 
1). SNWF consists mainly of arable land with different crops (wheat, sunflower, flax), 
intercepted with roads and wooded shelter belts. The development area is outside the 
NATURA 2000 site known as Kaliakra. 

METHODS

Study duration and equipment

The study was carried out in the period 15 August – 30 September 2009, covering a 
total  of  45 days,  the  period of  the  most  intensive  migration  activity  according  to 
previous information (six years of regular monitoring of the site). The visual surveys 
were made during the day,  in  standard interval  of time between 08:00 and 18:00 
Astronomic time. 

The radar  (Bridgemaster  65825H: Swiss BirdScan MS1) was a  fixed pencil  beam 
system  especially  developed  for  the  study  of  bird  migration  by  the  Swiss 
Ornithological Institute, with the following specifications:

Transmitter Power:                           25kW
Magnetron Frequency:                     9410MHz, ±30MHz
Pulse Length / PRF:                          0.05 µsec / 1800Hz (Short Pulse)
                                                          0.25 µsec / 1800Hz (Medium Pulse)
                                                           0.75 µsec / 785Hz (Long Pulse)

Pulse Generator:                                Solid state with pulse forming network
Receiver type:                                    logarithmic with Low Noise Front End (LNFE)
Tuning:                                              AFC / Manual
Intermediate Frequency:                   centred at 60MHz
Bandwith:                                          0MHz on short and medium pulses
                                                           3MHz on long pulse
Noise Factor:                                     5dB
Dynamic Range:                               80dB
 
Weight:                                            approx. 500 kg, excl. two wheeled trailer
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Power connection 
standard:                                           1-phase 230V / approx. 1kW
 
Detection range:                      approx. 5 km (for small passerines) up to 7.5 km (for 

larger birds)
 

Radar observations were made continuously during the day time and for 15 minutes 
per every hour of the night (20:00 h – 05:00 h) during the whole period of the survey 
according to the following scanning programmes:

Diurnal Radar Observation Protocol

1. Four minutes at 30 mills, or as low as ground clutter permitted (equivalent to 
approximately 25-275 m elevation at 5 km distance);

2. Four minutes at 80 mills (equivalent to275-525 m at 5 km distance);

3. Four  minutes at 130 mills (equivalent to 525-775 m at 5 km distance); 

4. Four minutes at 180 mills (equivalent to 775-1025 m at 5 km distance); 

5. The magnetron then rested for one minute, and then the cycle was 
recommenced. 

Nocturnal Radar Observation Protocol

1. Four minutes at 30 mills; (equivalent to approximately 25-275 m elevation at 5 
km distance);

2. Four minutes at 150 mills (equivalent to 675-825 m at 5 km distance);

3. Four minutes at 700 mills (equivalent to 3375-3625 m at 5 km distance);

4. The magnetron then rested for 48 minutes, and then the cycle was 
recommenced.

Basic Visual Observation Protocol

An aim of the autumn radar study 2009 at  SNWF was to collect  data  on diurnal 
migratory  birds  recorded  by  the  radar  and  also  identified  visually  by  ground 
observers. The echo signatures of the visually identified radar targets were analysed in 
detail for unique features which could be quantified via appropriate algorithms and so 
recognised by the radar alone after such “training”. The observed birds were therefore 
conditionally grouped as “soaring” or “non-soaring”.  The first group, according to 
generally acknowledged practice, included pelicans, storks, cranes and all the diurnal 
raptors, although some of them fly mainly in an active manner. The second group of 
non-soaring birds included all other species. This conditional division was made to 
focus the study mainly on birds of conservation importance like pelicans, storks and 
diurnal raptors. Data on the other (non-soaring) species were collected as a secondary 
priority, as specified in the text below. 
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Map 1. Location of the plot of the wind park radar beam and the observation points  
(red dots).

The study involved direct  simultaneous  visual  survey of  all  passing  birds  from 8 
points  (red  dots,  Map 1).  Observation  line  1 was surveyed  from 15 August  to19 
September 2009. In this period the observation points were slightly shifted according 
to the optimal radar position. The changes of the points as well as the radar beam are 
shown in Map 2. Observation line 2 was surveyed between 20 and 30 September and 
precise locations of the points and the radar are indicated in Map 3.  
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Map 2. Location of the observation points (red dots) of observation line 1. 

Map 3. Location of the observation points (red dots) of observation line 2. 

Table 1. Coordinates of the observation points.

Observation point Coordinates N Coordinates E
RADAR N43 32.131 E28 33.929

R1 N43 32.189 E28 33.061
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R2 N43 31.171 E28 31.460
R3 N43 31.756 E28 30.090

RO2 N43 27.743 E28 27.897
RO3 N43 27.966 E28 28.574
R2 A N43 32.214 E28 30.764
R2 A2 N43 32.456 E28 30.890
R3 A N43 32.042 E28 29.848
R3 A2 N43 32.813 E28 29.900
R3 A3 N43 33.028 E28 29.905
RO4 N43 28.821 E28 30.531

Field observations followed the point count census technique according to Bibby et al. 
(1992).  Point  counts  were  performed  by  scanning  the  sky  in  all  directions.  The 
surveys  were  carried  out  by  means  of  optics;  every  surveyor  having  a  pair  of 
binoculars  with 10x magnification.  Observation points  were permanently equipped 
with standard Admiral telescopes with 20 – 60x magnification, a compass, GPS and 
digital camera. 

All  observers were qualified specialists  carrying out surveys  of bird migration for 
many years and were active members of the BSPB (BirdLife Bulgaria). The advice 
and practical help of an Austrian volunteer, Martin Rossler, were much appreciated in 
the calibration trials and in subsequent observations. 

The following observers participated in the study:

Dr Pavel Zehtindjiev
Institute of Zoology
Bulgaran Academy of Sciences
Sinior Field Ornithologist

Victor Metodiev Vasilev
Senjor researcher in the facultity of Biology
University of Shumen, Bulgaria
Member of BSPB since 1992

Dimitar Vladimirov Dimitrov
PhD student in Institute of Zoology , BAS,
Member of the BSPB since 2000

Ivailo Antonov Raykov
PhD student
 Museum of Natural History, Varna
Member of BSPB since 1999

Veselina Ivanova Raykova
Museum of Natural History, Varna
Researcher
Member of BSPB since 1999
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Strahil Georgiev Peev
Student in Facultity of Biology
Sofia University

DI Martin Rossler 
Works at wind parks in Austria
Sargfabrich, Vienna, Austria

The location of the observation points, methods and experience of the observers were 
inspected by Dr Mike Madders from Natural Research Projects Ltd.  Dr Felix Liechti 
from  Swiss  Ornithological  Institute  gave  a  course  on  radar  application  for  all 
participants in the observations. Later in the season all observation sites were visited 
and checked by Kevin Duffy from Natural Research Projects Ltd. 

Specific Visual Observation Protocol

During  the  visual  surveys  the  following  records  of  flying  birds  were  noted  by 
observers:
 Species and (if possible) gender and/or age;
 Number;
 Distance from observer;
 Direction from the observation point;
 Altitude;
 Direction of flight (flight path);
 Behaviour   (notably  flight  behaviour)  concerning  existing  wind  farm 

constructions;
 Supplementary behavioural observations;
 Weather conditions;
 Precise  position  of  birds  simultaneously  registered  at  the  radar  screen  and by 

observers birds were recorded in order to ascribe specific echo signatures of target 
species (i.e. Pelicans, Storks and Raptors) to known species.

Species
All soaring birds, flying in the surveyors’ scope of view were identified to the level of 
species, if possible, and recorded. The characteristics of gender (male or female) and 
age (adult, subadult, immature, juvenile) were also recorded for certain species when 
conditions  allowed.  Because  of  the  difficulty  in  distinguishing  between  similar 
species  in  harsh  conditions  (e.g.  bad  visibility,  great  distance,  etc.),  if  exact 
identification  was  not  possible  both  possible  species  were  recorded  (e.g.  Aquila 
pomarina /  clanga or  Aquila  clanga /  pomarina,  depending on which of  the  two 
species was more probable). In certain cases when it was not possible to identify the 
bird of prey species, the bird was recorded to the lowest possible taxonomic category 
(e.g. genus, e.g. Circus sp.). When conditions did not allow identification of a bird of 
prey to a lower taxonomic category it was recorded as NBP (non-identified bird of 
prey). 
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Number (abundance)
The  surveyors  counted  all  migrating  soaring  birds,  flying  in  their  scope  of  view, 
regardless of the possibility to distinguish their species or higher taxonomic category 
(as described in the previous point). When the data were recorded, single birds (or 
pairs),  as well  as discrete flocks, were noted along with their  number  and species 
composition. In the case of larger flocks  (e.g. White Stork Ciconia ciconia), when the 
counting of every single individual was impossible, birds were counted in groups of 5 
or 10 birds after the flock started planing to the next thermal. 

Although  reasonably  cost-effective  in  terms  of  results  and  expenses,  the  visual 
method on its own can seldom record every part of a migration over a certain region 
(Kerlinger, 1989). Consequently, as visual coverage was not complete over the entire 
study area,  the  raw results  (counts)  were extrapolated  according  to  the maximum 
distance at which the species have been recorded during the period of the observations 
(see  also  Autumn Monitoring  Report  for  2008).  The  overall  number  of  birds  per 
species  was  obtained  by multiplying  the  number  of  individuals  to  the  number  of 
points theoretically needed, for certain species, to cover the whole territory. Obtained 
density of migrants was used in the further analysis. Extrapolated numbers of small 
passerine birds and soaring birds which are visible at a maximum distance that is less 
than  the  distance  between  the  observation  points  were  obtained  by  the  following 
formula:

N= (Nt/Np) * (10000/Dmax)

Where N = extrapolated total  number,  Nt = recorded total  number  of birds, Np = 
number of observation points (in the case of our study it is 4), Dmax = maximum 
distance at which the species has been recorded (m); 10000 (m) – is the extent of 
horizontal front of SNWF which birds should theoretically cross when following the 
main migratory direction.
 
Distance (horizontal and vertical) of flying flocks and single birds’ trajectories 
Along with  counting migrant soaring birds, recording the spatial location and flight 
trajectories  of  migrants  was  among  the  most  important  tasks  of  the  study.  The 
distance from the observation point and flight  altitude was noted for each bird or 
flock. 

Recording flight height estimates and distances to birds was assisted by reference to 
land  marks  near  the  observation  points  which  had  been  previously  measured  and 
calibrated using GPS. Additionally, all human visual observers and radar observations 
were tested before observations commenced in a series of trials using a GPS device 
attached to a kite, flown at various heights and distances (Photo 1). In each trial, the 
kite  was  independently  observed  (i.e.  the  kite  controller  and  observer  were 
independent) with height and distance recorded by the observer. These records were 
then compared with data on height and distance from the GPS device attached to the 
kite during the same trial. Differences between the ‘observed’ (human) records and 
the ‘true’ (GPS) records  were then used to  calibrate  subsequent  estimates  for any 
consistent biases in records of birds observed during migration.The same method was 
used for calibration of the radar at both observation lines during the survey period. 
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Flight direction
Flight direction was recorded as the geographic direction on which the bird or flock 
was heading relative to  the observation point.  To facilitate  definition of the flight 
direction a geographic compass and GPS device was provided for every observation 
point. Direction was defined as one of 16 possible sectors of the geographic compass 
(every  sector  being  limited  to  22.5  degrees),  as  follows:  N (north),  NNE (north-
northeast), NE (northeast), ENE (east – northeast), E (east), ESE (east – southeast), 
SE (southeast),  SSE (south – southeast),  S (south), SSW (south – southwest),  SW 
(southwest),  WSW (west – southwest),  W (west),  WNW (west – northwest),  NW 
(northwest), NNW (north – northwest). In the database flight direction of the bird was 
transcribed in degrees as a mean angle of the sector. Tendencies for species (or group 
of species) to fly in particular directions were tested according to standard circular 
statistics (Batschelet, 1981).

Photo 1. A view of one of the observation points and kite used for calibration of the  
birds’ flight altitude estimates and the radar. 

Weather conditions
Weather is an obvious potential influence on bird migration and the capacity to record 
birds visually. Hence, the following measures were recorded:

 Wind direction;
 Wind strength;
 Air temperature;
 Cloud cover;
 Rainfall;
 Visibility.
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The  direction  and  strength  of  the  wind  as  well  as  temperature  were  precisely 
measured  by  the  AES  Geo  Energy  meteorological  masts  and  kindly  offered  for 
analysis. Cloud cover was recorded as the relative cover (in %) of the visible part of 
the sky. Visibility was taken as the maximum distance at which permanent geographic 
landmarks could be seen, defined and recorded in metres. 

Weather records were made every morning at the start of the surveys, at every full 
hour subsequently, and when surveys stopped in the evening, as well as at any time 
when a considerable change in visibility occurred due to factors like fog or mist.

Behaviour of birds concerning existing wind farm constrictions, and other 
behavioral observations
This category of records included supplementary observations of birds, relevant to the 
potential impact of wind turbines on the birds, such as, for instance, birds showing 
turbine avoidance behaviour. These were recorded and described in detail. Additional 
notes  concerning  feeding  and  resting  activities  of  birds  were  also  recorded,  if 
appropriate. 

Recording of data

All the data of the surveys were entered in a  field diary.  The data were processed 
daily and transcribed to a database designed in an Excel workbook. The protocol of 
primary  data  processing  is  a  modified  version  of  the  Protocol  of  Risk  and  Bird 
Mortality,  used by the National  Laboratory for  Renewable Energy Sources  of the 
USA (Morrison, 1998). 

The diary was kept in the following manner:
1. In the morning, with the start of the surveys, the date and the exact time were 

entered  (the  data  were  recorded  by  the  astronomic  hour,  which  is  1  hour 
behind the summer hour schedule, during the whole period of the study), as 
well  as  the  values  of  the  physical  factors  of  the  environment  (weather 
conditions, as described above) and the names of the surveyors. 

2. When observing a migrating bird or flock, first the exact time was taken down, 
the species, genus or family Latin name, (gender and age, if possible), then the 
numbers, the vertical and horizontal distance from the watch point, the flight 
direction. After these obligatory data, additional ones, like soaring, “chimney” 
formation of flocks, landing birds with the exact location of landing, etc., were 
also recorded. 

Meanwhile,  if  changes in the weather or other interesting and/or important 
phenomena should be registered, they were also entered in the diary with the 
exact time of the observation. 

3. In the evening, when finishing the surveys, the exact time, weather conditions 
and the names of the surveyors were taken down again. 
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RESULTS AND DISCUSSION

The 45 days of the study covered the main period of the autumn migration of soaring 
birds,  and  part  of  the  non-soaring  bird  migration.  The  study  encompassed  405 
astronomic hours of observations at 8 observation points. 

Total number of observed bird species and their numbers

A total of  46105 (54866 in 2008) birds were recorded through the study area, and 
43603 (52910 in 2008) of the birds were identified to the species level. In total, 85 (84 
in 2008) species of birds were observed. To estimate numbers for bird species passing 
through the whole wind park territory, extrapolations were applied to the raw counts, 
as described earlier (and as was done in 2008) (Table 2).

Table  2.  Numbers  of  birds  observed  in  the  wind  park  territory  during  autumn 
migration 2009 compared with the numbers of the same species in 2008. 

N Species Extrapolated 
number autumn 
2008

Extrapolated 
number autumn 
2009

% diference 
between years 

1 A. apus 450 200 -56

2 A. arvensis 1175
3 A. brevipes 158 353 +123

4 Antus sp. 167 300 +80

5 A. cinerea 100 498 +398

6 A. gentilis 21 10 -52

7 A. melba 1476 583 -61

8 A. nisus 92 110 +20

9 A. pomarina 44 9 -80

10 A. purpurea 148
11 Accipiter sp. 163
12 B. buteo 146 488 +234

13 B. oedicnemus 8
14 B. rufinus 109 172 +58

15 Buteo sp. 48
16 C. aeruginosus 327 427 +31

17 C. carduelis 2111 650 -69

18 C. ciconia 2648 87 -97

19 C. cornix 7 60 +757

20 C. cornix/frugilegus 10
21 C. coturnix 13 62 +377

22 C. cyaneus 21 5 -76

23 C. frugilegus 125 263 +110

24 C. gallicus 32 30 -6

25 C. garrulus 13
26 C. livia domestica 47 552 +1074

27 C. macrourus 13 70 +438
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28 C. monedula 117 471 +303

29 C. nigra 8 12 +50

30 C. olor 250
31 C. pyg./macr. 8
32 C. pygargus 67 43 -36

33 Circus sp. 15
34 D. major 389 200 -49

35 D. urbica 9083 3740 -59

36 Dendrocopus sp. 150
37 E. garzetta 35
38 Emberiza sp. 250
39 F. cherrug 2
40 F. coelebs 444
41 F. peregrinus 6
42 F. subbuteo 50 323 +546

43 F. tinnunculus 153 449 +193

44 F. vespertinus 23 453 +1870

45 Falco sp. 115
46 Fic. parva 67 166 +148

47 Fringillidae 300
48 G. glandarius 70 225 +221

49 H. daurica 433 850 +96

50 H. pennatus 4 8 +100

51 H. rustica 47927 11330 -76

52 Hirundinidae 6954
53 L. cachinnans 757 5950 +686

54 L. collurio 3222 1300 -60

55 L. megarhynchos 166
56 L. melanocephalus 300
57 L. minor 167 400 +140

58 L. ridibundus 220
59 Larus sp. 264
60 M. alba 267 4625 +1632

61 M. apiaster 26379 9913 -62

62 M. calandra 6250
63 M. flava 18183 5263 -71

64 M. migrans 38 30 -21

65 M. striata 1333 917 -31

66 Motacilla sp. 350
67 O. isabelina 267 250 -6

68 O. oenathe 222 1571 +608

69 P. apivorus 58 132 +128

70 P. caeruleus 278 200 -28

71 P. collybita 444 500 +13

72 P. domesticus 4000
73 P. falcinellus 5 143 +2760

74 P. haliaetus 21 16 24

75 P. leucorodia 74 111 +50
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76 P. montanus 200
77 P. ochrurus 50
78 P. onocrotalus 120 272 +127

79 P. pedrix 267 200 -25

80 P. pica 69 57 -17

81 Passer.sp 10
82 Ph. carbo 99 135 +36

83 Ph. phoenirurus 5000
84 Ph.pygmaeus 47500
85 Phalacrocorax sp. 65
86 Phy. trochilus 0 42500
87 Phylloscopus sp. 125
88 Pl. falcinellus 5 815 +16200

89 Pl. leucorodia 283
90 R. riparia 53411 12305 -77

91 S. curruca 33 625 +1794

92 S. decaocto 27 50 +85

93 S. rubetra 73 450 +516

94 S. turtur 507 163 68

95 S. vulgaris 7333 18656 +154

96 St. hirundo 355
97 T. nebularia 31
98 T. ochropus 50
99 T. tadorna 235
100 Tr. ochropus 75
101 Tringa sp. 5
102 U. epops 306 292 -5

Most  of  the  species  showed  a  slight  increase  in  abundance  during  autumn  2009 
compared to 2008 (Table 2). This may indicate normal fluctuations in bird species 
numbers, or that the observation period was slightly longer in 2009. Detailed analysis 
of this result is outside the scope of the present report.

No significant changes in the composition of species were registered. The only new 
species in autumn 2009 of conservation importance is  Falco cherrug because two 
individuals passed near by the wind park territory.  Both individuals were observed 
hunting for several  days  in different  parts  of the studied territory.  The number  of 
white  storks  Ciconia  ciconia decreased  significantly  in  2009  and  no  flocks  were 
observed since all registered individuals passed in small groups of single birds. Three 
small flocks of pelicans passed over the wind park at high altitude, out of the collision 
risk zone.

Total number of observed soaring birds

The estimated number  of  individual  soaring  birds  was  4417 (4156 in  2008).  The 
species  observed  did  not  differ  markedly  by  year  although  Dalmatian  pelican 
(Pelecanus crispus) was not observed in 2009 (only four were seen in 2008). The 
species composition comprised 26 species in 2009: 1 pelican, 5 stork, heron and ibis 
species,  and  20  diurnal  raptors.  The  most  numerous  species  in  2009  were  the 
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Common Buzzard  (Buteo  buteo)  and the  Marsh harrier  (Circus  aeruginosus),  and 
white storks were most abundant in 2008 (Table 2). In 2009 numbers of pelicans were 
272 individuals of White Pelican (Pelecanus onocrotalus). Diurnal raptor estimates 
amounted to 2442 (1185 in 2008). The proportions of the different groups of soaring 
migrants in two autumn seasons are presented in Figure 1. 
 

Figure 1. Proportions of the different groups of recorded soaring birds, with autumn 
2008 shown above and autumn 2009 shown below.

The changes in the composition of different groups of soaring birds in the wind park 
territory between 2008 and 2009 were probably due to the slight 2009 increase in the 
numbers of birds of prey (raptors). This proportionate increase was likely because the 
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2009 observation period was extended, more in keeping with the extended migratory 
period of most raptors. 

Spatial distribution of records

Soaring birds
Soaring birds comprised 9.6% of birds observed using the territory of the wind park in 
autumn 2009. The altitudinal distribution of soaring birds is of primary importance for 
collision  risk  assessment  because  risk  should  only  occur  at  the  heights  swept  by 
rotating turbine blades.
 
The flight  heights of  soaring birds relative  to the upper rotor swept height  of the 
SNWF turbines (approximately 150 m) are presented in Table 3. Around half (47%) 
of soaring birds flew below 150 m and around half (53%) were above 150 m (Table 
3). No significant changes in the flight altitude of soaring birds between 2008 and 
2009 were apparent.

Table  3.  Flight heights of soaring bird species according to the upper limit of the 
turbine rotor swept height (150 m).

Species Proportion of birds below 150 
m above the ground

Proportion of birds above 150 m 
above the ground

A. brevipes 27,62% 72,38%
A. gentilis 33,33% 66,67%
A. nisus 58,14% 41,86%
A. pomarina 33,33% 66,67%
Accipiter sp. 1,23% 98,77%
B. buteo 40,83% 59,17%
B. rufinus 37,16% 62,84%
Buteo sp. 7,89% 92,11%
C. aeruginosus 62,08% 37,92%
C. gallicus 52,63% 47,37%
C. macrourus 71,43% 28,57%
C. nigra 0,00% 100,00%
C. pyg./macr. 60,00% 40,00%
C. pygargus 64,71% 35,29%
Circus sp. 50,00% 50,00%
F. cherrug 57,14% 42,86%
F. peregrinus 50,00% 50,00%
F. subbuteo 57,98% 42,02%
F. tinnunculus 73,70% 26,30%
F. vespertinus 77,71% 22,29%
F. vespertinus 91,67% 08,33%
Falco sp. 24,36% 75,64%
H. pennatus 0,00% 100,00%
M. migrans 50,00% 50,00%
NBP 17,86% 82,14%
P. apivorus 31,65% 68,35%
P. haliaetus 30,77% 69,23%
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While they were target species, the low number of pelicans and storks does not allow 
a detailed analysis of their flight heights in the vicinity of SNWF, and the majority of 
these birds were observed outside the wind park. Pelicans were recorded between 150 
and 250 m above the  ground,  eight  white  storks  passed between 200 and 800 m 
altitude, and a single group of four black storks were observed at 300 m altitude.

Compared to  storks and pelicans, the percentages of diurnal raptors that flew below 
150 m were much greater, varying around 50% according to species. The main reason 
for raptors’ higher propensity to fly at collision risk height is probably because in this 
group  feeding  behaviour  was  recorded  more  frequently,  as  typical  for  migrating 
raptors (Bildstein, 2006).

No marked spatial  concentrations  of migrants  were registered passing through the 
territory of the wind park. 

Non-soaring birds

Non-soaring birds represented 89% of the birds recorded in autumn 2009 (96.7% in 
2008). The spatial  distribution of these species is highly dependent on the habitats 
available in the study area (for example, the majority of passerine birds use vegetation 
in the shelter-belts and are not exposed to collision risk during the day). Most of these 
bird species migrate at night at high altitudes across a broad front, and so the term 
“migration corridor” is not applicable.

The most common migrating birds within the wind park were bee-eaters, swifts and 
swallows (Table 1). Most numerous were different species of Hirundinidae family 
with  extrapolated  number  of  54300  individuals  (56927  individuals  in  2008).  The 
second  most  numerous  species  of  non-soaring  migrant  was  bee-eater  with  9913 
(26379 in 2008) individuals (Table 2). An increase in the number of yellow-legged 
gulls  (L.  cachinnans)  was  observed  in  2009.  This  species  was  the  third  most 
numerous  recorded,  with  over  5000 birds  seen  in  autumn  2009.  Despite  the  low 
conservation value of the most numerous species, several of them used the wind park 
territory for feeding and will be exposed to collision risk.

Direction of migration

The main  direction  of migrating  birds at  the two observation  lines  (Map 1) were 
compared on a preliminary basis in order to find if they differed. This test is useful in 
order to see if the choice of observation line affected the results. In order to test for a 
difference a selected group of soaring migrants in migratory flight were selected and 
the flight  direction  statistics  of each species  and the group as  a  whole were then 
analysed with respect to records at observation lines 1 and 2.

The  geographical  compass  distributions  of  migration  directions  (by  percentage  of 
observed soaring birds by species and observation lines) are presented in Tables 4 and 
5.
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Table 4. The distribution of migratory directions of soaring bird species at observation line 1 (Map 1) in percentages of observed birds.

Species E ENE ESE N NE NNE NNW NW S SE SSE SSW SW W WNW WSW

A. brevipes 1 14 1 24 26 1 0 2 22 0 0 1 5 3 0 1

A. cinerea 0 0 0 1 0 0 0 0 63 8 16 2 9 0 0 0

A. gentilis 0 0 0 0 20 0 0 0 60 0 0 0 20 0 0 0

A. nisus 9 0 0 0 0 0 0 0 64 14 0 0 5 5 0 5

A. pomarina 0 0 0 0 11 0 0 0 78 0 0 0 0 11 0 0

A. purpurea 0 2 0 2 4 0 0 0 11 82 0 0 0 0 0 0

Accipiter sp. 0 0 0 20 0 0 0 20 20 20 0 0 0 20 0 0

B. buteo 5 4 0 16 10 0 2 6 33 3 2 0 9 3 1 2

B. rufinus 5 0 0 20 7 0 3 8 16 8 1 0 18 12 1 1

Buteo sp. 0 0 0 11 0 0 0 0 89 0 0 0 0 0 0 0

C. aeruginosus 4 3 0 14 7 0 1 2 51 3 1 0 8 3 0 0

C. ciconia 5 2 2 3 18 5 0 29 18 5 3 0 6 5 0 0

C. gallicus 0 0 0 0 18 0 0 0 36 0 0 0 36 9 0 0
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C. macrourus 0 0 0 4 4 0 0 0 70 22 0 0 0 0 0 0

C. pyg./macr. 0 0 0 0 0 0 0 20 0 20 0 40 20 0 0 0

C. pygargus 7 0 0 7 7 7 0 0 47 7 0 0 7 13 0 0

Circus sp. 0 0 0 0 0 0 0 0 83 17 0 0 0 0 0 0

E. garzetta 0 0 20 0 0 0 0 0 20 60 0 0 0 0 0 0

F. cherrug 0 0 0 33 0 0 0 17 50 0 0 0 0 0 0 0

F. peregrinus 0 0 0 0 0 0 0 0 100 0 0 0 0 0 0 0

F. subbuteo 6 2 0 10 19 0 0 2 29 8 0 1 14 6 1 0

F. tinnunculus 9 1 1 19 7 1 1 5 27 4 0 1 12 9 2 3

F. vespertinus 1 0 2 8 3 0 0 0 52 15 0 1 15 2 0 0

Falco sp. 2 2 0 10 0 0 2 0 52 5 2 2 2 19 0 0

H. pennatus 0 0 0 0 0 0 0 0 50 0 0 0 50 0 0 0

M. migrans 0 0 0 33 0 0 33 0 0 0 0 0 33 0 0 0

NBP 0 0 0 7 9 0 0 2 50 2 2 7 11 7 0 2

P. apivorus 0 4 0 4 0 0 0 0 63 2 21 0 4 0 2 0

P. haliaetus 0 0 0 0 9 0 0 9 36 18 9 0 18 0 0 0
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Pl. falcinellus 0 0 5 0 0 0 0 0 50 17 27 0 0 0 0 0

Pl. leucorodia 0 0 0 0 0 0 0 0 6 44 0 0 50 0 0 0

Grand Total 2 2 2 8 6 0 1 2 43 11 11 1 7 3 0 1

Table 5. The distribution of migratory directions of soaring bird species at observation line 2 (Map 1) in percentages of observed birds.

Species E ENE N NE NNE NNW NW S SE SSE SSW SW W WNW WSW

A. brevipes 0 0 78 0 0 0 0 17 6 0 0 0 0 0 0

A. cinerea 0 0 0 0 0 0 0 0 0 0 0 100 0 0 0

A. gentilis 0 0 0 0 0 0 0 100 0 0 0 0 0 0 0

A. nisus 2
9

0 10 0 0 0 0 52 0 0 5 5 0 0 0

Accipiter sp. 0 0 53 0 0 0 0 47 0 0 0 0 0 0 0

B. buteo 1
0

0 16 4 0 0 2 45 3 0 3 14 2 0 0

B. rufinus 1
4

0 17 0 0 0 5 38 2 0 5 5 7 0 7

Buteo sp. 5 0 5 0 0 5 0 77 0 0 0 0 9 0 0
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C. aeruginosus 7 0 10 7 0 0 0 53 3 3 0 10 3 0 3

C. ciconia 0 0 0 0 0 0 0 13 0 0 0 0 50 38 0

C. gallicus 0 0 67 0 0 0 0 0 0 0 0 0 17 17 0

C. nigra 0 0 0 0 0 0 0 0 50 0 0 0 0 0 50

C. pygargus 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0

F. subbuteo 0 0 35 0 0 0 0 35 6 0 12 6 6 0 0

F. tinnunculus 1
1

4 17 6 0 4 4 34 4 0 2 6 6 0 0

F. vespertinus 2
4

0 3 0 0 0 2 50 9 0 0 9 3 0 0

F. vespertinus 0 0 8 0 0 33 0 8 0 0 42 8 0 0 0

Falco sp. 6 0 14 6 0 3 0 60 3 0 0 9 0 0 0

H. pennatus 0 0 0 100 0 0 0 0 0 0 0 0 0 0 0

M. migrans 0 0 0 0 33 0 0 33 0 0 0 33 0 0 0

NBP 0 3 6 6 0 3 0 69 3 0 0 3 9 0 0

P. apivorus 0 0 0 0 0 0 0 97 0 0 0 3 0 0 0

P. haliaetus 0 0 0 0 0 0 0 100 0 0 0 0 0 0 0

23



Grand Total 7 0 24 2 0 1 1 47 3 0 2 6 3 1 1
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Southern  migration directions prevailed at both observation lines. The predominant 
migratory direction of soaring birds at the observation line to the north of SNWF and 
the line within SNWF did not differ statistically. Most of the species which typically 
migrate  as  singletons  (notably,  raptors,  amongst  soaring  birds)  had  no  significant 
tendency towards a particular migratory direction, probably because these birds were 
feeding at the moment of observation. 

The obtained results  together with the altitudinal distributions  of flight heights are 
useful information concerning future collision risk model application at SNWF.

Temporal distribution of records

Seasonal dynamics

There  was  no  obvious  medium-term temporal  concentration  of  migration  activity 
during 2009, with the most dramatic peaks in diurnal migration recorded only during 
a single day (Fig. 2 and 3). Such distributions of migratory activity are typical of 
short-term external (environmental) influences (e.g. weather) in an area which does 
not  typically  constitute  a  major  migratory  pathway,  rather  than  suggesting  a 
biologically determined process (e.g. breeding cycle) being further realised along an 
important migratory route.

Figure 2. Seasonal change in intensity of bird migration expressed as a percentage of  
all records during autumn 2009. 

In  keeping  with  this  interpretation,  temporal  spikes  in  migratory  activity  were 
obviously highly correlated with (relatively unusual) westerly wind directions when 
the number of migrants sharply increased. The rest of the time the number of migrants 
fluctuated within limits of ±5% of all records with no notable peaks. Moreover, the 
number of autumn migrants is extremely low for the volume of birds expected along 
the  Via  Pontica  (see  below)  and  does  not  reflect  any  other  known phenology of 
autumn  migration  for  the  Eastern  Europe/Western  Asia  region,  or  other  intrinsic 
biological process which would be expected to be influential (e.g. timing of breeding 
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seasons).  This  indicates  that,  given  the  purported  importance  of  the  Via  Pontica 
migration corridor, the majority of diurnal migration probably occurred to the west of 
SNWF, with only occasional (and negligible, see below) influxes of small numbers of 
birds thrown off their inherent flight course or behavioural responses (i.e. the majority 
of phenotypic influences) by relatively aberrant conditions. 

Figure  3.  Seasonal  change in  intensity  of  soaring  bird  migration  expressed  as  a  
percentage of all records during autumn 2009.  

These characteristics of SNWF probably represent the whole region of Kaliakra cape 
in the sporadic (short-term) increase of the temporal density of different migratory 
species  (Table  6).  The  reason  for  such  sporadic  short-term  activity  increases,  in 
contrast  to the broader  typical  seasonal  migratory patterns,  must  be a complex  of 
meteorological conditions and their interaction with species’ flight abilities, genetic 
influences and behaviour of species regarding orientation and the need to feed to fuel 
migration en course. Nevertheless, despite such temporal conformity, in general, the 
majority of migrants passed through in the first 10 days of September (Table 6). 

Table  6.  Timing  of  the  passage  of  different  soaring  and  non-soaring  species  
expressed by ten day periods in autumn 2009.

Species 15.8.200
9  - 
24.8.200
9

25.8.2009 
- 
03.9.2009

04.9.2009 
- 
13.9.2009

14.9.2009 
- 
23.9.2009

24.9.2009 
- 
01.10.2009

A. apus 0% 67% 33% 0% 0%
A. arvensis 0% 2% 4% 90% 3%
A. brevipes 11% 10% 7% 70% 1%
A. campestris 33% 67% 0% 0% 0%
A. cinerea 6% 28% 60% 4% 2%
A. gentilis 33% 33% 0% 33% 0%
A. melba 23% 17% 54% 6% 0%
A. nisus 2% 7% 30% 27% 34%

%
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A. pomarina 22% 22% 0% 56% 0%
A. purpurea 100% 0% 0% 0% 0%
B. buteo 11% 16% 13% 41% 19%
B. oedicnemus 0% 100% 0% 0% 0%
B. rufinus 26% 21% 6% 26% 20%
C. aeruginosus 14% 18% 30% 32% 6%
C. carduelis 31% 62% 0% 8% 0%
C. ciconia 74% 0% 2% 6% 18%
C. cornix 0% 0% 71% 25% 4%
C. coturnix 100% 0% 0% 0% 0%
C. cyaneus 0% 100% 0% 0% 0%
C. frugilegus 4% 6% 90% 0% 0%
C. gallicus 16% 37% 5% 26% 16%
C. garrulus 0% 0% 100% 0% 0%
C. livia domestica 18% 38% 24% 20% 0%
C. macrourus 21% 29% 46% 4% 0%
C. monedula 0% 7% 2% 35% 56%
C. nigra 0% 0% 0% 0% 100%
C. olor 100% 0% 0% 0% 0%
C. pygargus 29% 29% 29% 6% 6%
D. major 50% 50% 0% 0% 0%
D. urbica 2% 41% 56% 0% 0%
E. garzetta 57% 0% 43% 0% 0%
F. cherrug 0% 29% 29% 43% 0%
F. coelebs 17% 83% 0% 0% 0%
F. peregrinus 0% 0% 50% 50% 0%
F. subbuteo 5% 11% 21% 60% 4%
F. tinnunculus 26% 24% 13% 31% 7%
F. vespertinus 1% 11% 24% 24% 40%
F. vespertinus 0% 0% 0% 8% 92%
Fic. parva 0% 0% 0% 0% 100%
G. glandarius 0% 0% 11% 33% 56%
H. daurica 29% 71% 0% 0% 0%
H. pennatus 0% 67% 0% 33% 0%
H. rustica 5% 3% 58% 24% 9%
L. cachinnans 9% 30% 28% 22% 10%
L. collurio 54% 31% 8% 8% 0%
L. megarhynchos 0% 100% 0% 0% 0%
L. melanocephalus 100% 0% 0% 0% 0%
L. minor 88% 13% 0% 0% 0%
L. ridibundus 0% 91% 5% 5% 0%
M. alba 1% 0% 3% 40% 56%
M. apiaster 17% 24% 50% 8% 1%
M. calandra 0% 1% 0% 7% 91%
M. flava 12% 37% 5% 3% 43%
M. migrans 17% 0% 0% 67% 17%
M. striata 18% 36% 0% 9% 36%
O. isabelina 0% 100% 0% 0% 0%
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O. oenathe 36% 50% 14% 0% 0%
P. apivorus 19% 8% 33% 38% 3%
P. caeruleus 0% 0% 100% 0% 0%
P. collybita 0% 100% 0% 0% 0%
P. domesticus 100% 0% 0% 0% 0%
P. haliaetus 38% 15% 8% 38% 0%
P. leucorodia 6% 49% 45% 0% 0%
P. montanus 100% 0% 0% 0% 0%
P. ochrurus 100% 0% 0% 0% 0%
P. onocrotalus 0% 0% 3% 97% 0%
P. pedrix 0% 100% 0% 0% 0%
P. pica 6% 25% 13% 13% 44%
P. trochilus 35% 12% 0% 0% 53%
Ph. Phoenirurus 0% 0% 0% 0% 100%
Ph.carbo 18% 14% 23% 33% 11%
Ph.pygmaeus 100% 0% 0% 0% 0%
Phalacrocorax sp. 0% 0% 0% 100% 0%
Phylloscopus sp. 0% 0% 0% 0% 100%
Pl. falcinellus 98% 2% 0% 0% 0%
Pl. leucorodia 18% 32% 0% 50% 0%
R. riparia 63% 23% 13% 0% 0%
S. curruca 40% 20% 0% 0% 40%
S. decaocto 100% 0% 0% 0% 0%
S. rubetra 11% 67% 22% 0% 0%
S. turtur 46% 8% 46% 0% 0%
S. vulgaris 34% 30% 28% 7% 1%
St. hirundo 85% 0% 15% 0% 0%
T. nebularia 0% 100% 0% 0% 0%
T. ochropus 100% 0% 0% 0% 0%
T. tadorna 0% 46% 54% 0% 0%
Tr. ochropus 83% 17% 0% 0% 0%
Tringa sp. 0% 0% 100% 0% 0%
U. epops 71% 14% 14% 0% 0%

Passerine  migrants  typically  fly  at  night  and  use  the  habitats  within  SNWF  for 
refilling their energetic reserves during the day. These birds are potentially exposed to 
collision  risk  primarily  from  operational  wind  turbines  during  nocturnal  flight. 
Temporal  records from observations  obtained at  some of the observation sites are 
presented in Table 7. The main passage period for the passerine migrants through the 
study area was in the last 10 days of August and beginning of September.

Table 7.  Temporal variation in the abundance of nocturnal migrants observed in the  
study area.

Species 15.8.200
9  - 
24.8.200
9

25.8.2009 
- 
03.9.2009

04.9.2009 
- 
13.9.2009

14.9.2009 
- 
23.9.2009

24.9.2009 
- 
01.10.2009
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A. arvensis 0% 2% 4% 90% 3%
A. campestris 33% 67% 0% 0% 0%
C. cornix 0% 0% 71% 25% 4%
Fic. parva 0% 0% 0% 0% 100%
L. collurio 54% 31% 8% 8% 0%
M. alba 1% 0% 3% 40% 56%
M. flava 12% 37% 5% 3% 43%
M. striata 18% 36% 0% 9% 36%
O. isabelina 0% 100% 0% 0% 0%
O. oenathe 36% 50% 14% 0% 0%
P. collybita 0% 100% 0% 0% 0%
P. trochilus 35% 12% 0% 0% 53%
Ph. Phoenirurus 0% 0% 0% 0% 100%

Diurnal dynamics

There were two main periods of diurnal activity of birds during autumn migration in 
2009. Around 55% of the birds were registered between 08:00 and 10:00 astronomic 
time. The second peak of activity was in the middle of the day. The most intensive 
period of the day for migratory activity, overall, was between 09:00 and 13:00, when 
over 90% of the observed migrants passed over the study area.

Figure 4. Diurnal activity of migrants from observations in autumn 2009.

 
Altitudinal distribution of nocturnal migrants

Nocturnal bird migration over Europe is dominated by small passerines, with many of 
them migrating long distances to sub-Saharan Africa. These birds migrate individually 
during the night. Their migratory routes have been studied through various ringing 
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schemes for several decades. The most systematic study of nocturnal migration in the 
Eastern Balkans is based on a moonwatching technique and provided data on large 
scale distribution of migrants, their density and flight altitudes (Zehtindjiev & Liechti, 
2003). This study did not differentiate trends in the distribution of migrants over the 
generic territory of Bulgaria and the specific Black Sea coast region. Therefore, there 
are no previous data on the flight altitudes of nocturnal  migrants  in the region of 
Kaliakra. For the first time, using the radar system at SNWF, the first results on the 
altitudinal distribution of migrants at night are presented below by hours of the 24 h 
day (Fig. 5).

The presented results (Fig. 5) were collected in the period 20 – 30 September in the 
wind park territory and represent the distribution of nocturnal migrants in different 
altitudes  within  SNWF turbines.  During the  night  the  vast  majority  of  birds  flew 
singly (individual distances > 200m). The distribution of the migration traffic rate in 
SNWF at night demonstrates that over 80% of nocturnal migrants passed between 500 
and 1500 m above ground. Only 1.7% of nocturnal migrants passed between 0 and 
200 m altitude and, therefore, were exposed to some potential risk of collision. There 
were no specific periods of the night when the proportion of such low fliying birds 
increased over 4% of all recorded migrants. The variation in the proportion of birds, 
exposed to a risk of collision during nocturnal migration, according to different hours 
of the night, is presented in Figure 6. 
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Figure 5.  Mean flight  height  distributions for nocturnal  migrants (the heading of  
each graph gives the astronomic hour of the day for 20 – 30 September 2009). X axis  
represents  altitude  of  the  flight,  and  Y  axis  shows  Migration  Traffic  Rate  in  
birds/km/hour.
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Figure 6. Percentage of nocturnal migrants flying between 0 and 200 m altitude 
according to different hours of the night in SNWF.

Identification of diurnal radar echoes to species

Identification of radar echoes within the BirdScan radar system is based on the echo 
intensity (also called  reflectivity)  and the fluctuation  of this  intensity in  time.  For 
birds flying singly this fluctuation is at least partly based on the wing beat pattern. 
Based on these patterns  the Software “Fixbeam” detects  and classifies  the echoes 
automatically into birds and non-birds and, within the “birds” group, into passerine-
type  and wader-type  birds.  During  the  night  the  vast  majority  of  birds  fly  singly 
(individual  distances  >  200m);  therefore,  most  bird  echoes  can  be  automatically 
classified. In contrast, during the day many birds fly in flocks. Hence, a diurnal echo 
signature may not just represent wing beats from a single bird, but a mixture of all 
movements which occur within a flock. Up until now no automated classification has 
been implemented for these kinds of movements. One of the aims of the autumn radar 
study 2009 at SNWF (see Introduction) was to collect data on diurnal migratory birds 
recorded by the radar and identified visually by ground observers in order to classify 
echo signatures according to visual records. 

Over 300 groups of birds or single migrants were identified from the observers and 
detected by the radar simultaneously.  The echo signature of the visually identified 
radar targets was analysed in detail and 60 of them were used for the further analysis 
concerning the quality of the signal obtained. The first results show clearly that the 
information which can be extracted from the radar signal is suitable to distinguish 
birds and flock of birds from non-bird targets.  The simple  comparisons  shown in 
Figure 7 and 8, demonstrate that even with single variables a preliminary distinction 
between bird and non-bird targets is possible. The more sophisticated factor analysis, 
including 78 variables extracted from the radar signal, clearly reveals the potential of 
the data for the implementation of an automated classification system (Figure 9).

%

hour of the night
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Figure 7. Median, quartiles and 90% range of the echo length for 9 different diurnal 
radar targets. Birds were identified visually (mainly flocks and large single birds) or 
by clear wing beat patterns (wader- and passerine-type). Non-bird targets consisted 
of insects, clutter and clear air reflectivity.
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Figure 8. Median, quartiles and 90% range of the echo size for 9 different diurnal 
radar targets. Birds were identified visually (mainly flocks and large single birds) or 
by clear wing beat patterns (wader- and passerine-type). Non-bird targets consisted 
of insects, clutter and clear air reflectivity.
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Figure 9. Results of a principal component analysis with 3 factors. For the sake of a 
better overview only 3 bird type targets and non-bird targets are shown (green: flock 
of small birds, red: large single birds, blue: flock of large birds, black: non-bird 
targets). There is only a small overlap between birds and non-birds, whereas within  
the birds a more detailed analysis (and more data) is needed to distinguish the 
different groups. 

This pilot study was based on a relatively small  sample size (60 identified diurnal 
echoes out of 300 collected, but with bad quality through noisy signals); therefore a 
generally  valid  algorithm  to  allow  the  radar  to  distinguish  species  could  not  be 
developed and calibrated by this dataset. The low number of migrating birds through 
the SNWF study area was the main limitation on sample size and, thus, being able to 
“train”  the  radar.  To  collect  sufficient  data  to  “train”  the  radar  in  durnal  bird 
identification will either require continuation of efforts at the study site in the future 
or (likely more profitable) to organise a special  study in a place with significantly 
higher number of diurnal migrants. (All visually identified echo signatures used in the 
present analysis are presented as an appendix to the current report and will be used as 
field guide for the radar operator in forthcoming radar applications.) 

Priority list for species with high conservation status exposed to potential risk of 
collision with wind turbines 

The list  of  species  below is  updated  with the information  from the monitoring  in 
autumn 2009. The species established, in the territory of the wind power park, with 
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high  breeding  density  and  low conservation  status  which  populations  can  not  be 
influenced by the additional mortality caused by wind generators are not included in 
the following list  (see Breeding Birds Monitoring Report  2009).  According to  the 
available information (this and previous autumn monitoring reports) even if all birds 
recorded as passing through the wind park territory would be exposed to the risk of 
collision it would not have significant impact on the population demography of these 
species. Moreover, as noted above, not all birds will be exposed to collision risk.
 
The focal point for migration along the Bulgarian Black Sea coast is Atanassovsko 
Lake near  Bourgas.  The maximum numbers  of  certain  species  per  autumn season 
were as  follows:  White  Stork  (Ciconia  ciconia)  -  204 423,  Black  Stork (Ciconia  
nigra)  –  4  574,  White  Pelican  (Pelecanus  onocrotalus)  –  37  228,  Lesser  Spotted 
Eagle  (Aquila  pomarina)  –  25  796,  Common  Buzzard  (Buteo  buteo)  –  30  662 
(Michev et al., 1999). This data were used for the comparative analysis of the data 
collected  in  our  study  in  respect  of  the  whole  populations  of  different  species 
migrating through Black Sea coast. Additional data concerning the breeding numbers 
of world, European and regional populations of some species were obtained from: 
BirdLife International (2004).

White Pelican (Pelecanus onocrotalus) 

This species has a large range, with an estimated global extent of occurrence of up to 
1,000,000 km2.  It  has  a  large  global  population  estimated  to  be  270,000–290,000 
individuals (Wetlands International, 2002). Global population trends have not been 
quantified,  but  the  species  is  not  believed  to  approach  the  thresholds  for  the 
population decline criterion of the IUCN Red List (i.e., declining more than 30% in 
ten years or three generations). For these reasons, the species is evaluated as Least 
Concern. The total European breeding population is estimated at between 3000 and 
3600 pairs. Most of these breed at Lake Mikri Prespa (Greece), the rest are on the 
Danube delta. Russian population is estimated at 350 and the Turkish population at 
250-400. 

The number observed over the wind park territory in autumns 2008 and 2009 was 120 
and 272 individuals respectively. According to the previous monitoring reports 2004-
2006 the number of white pelicans registered at the site varied between 79 and 335 
individuals.  The  number  of  the  individuals  flying  along  Via  Pontica  is  37 228 
(Michev et al., 1999). The proportion of the birds using the space of the wind park 
during autumn migration is therefore less then 0.5% of the population using the Via 
Pontica.

White Stork (Ciconia ciconia)  

This  species  has  a  large  range,  with  an  estimated  global  extent  of  occurrence  of 
1,000,000–10,000,000 km2. It has a large global population estimated to be 500,000–
520,000 individuals (Wetlands International, 2002). Global population trends have not 
been quantified,  but the species  is  not believed to approach the thresholds for the 
population decline criterion of the IUCN Red List (i.e., declining more than 30% in 
ten years or three generations). For these reasons, the species is evaluated as Least 
Concern. The European population is estimated at about 130,000 pairs.
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The number of the individuals flying along Via Pontica in autumn was estimated at 
204 423 (Michev et al., 1999). Survey of the SNWF area in the autumns of 2008 and 
2009 resulted in 2648 and 87 birds respectively.  In the previous monitoring reports 
2004 – 2006 the numbers counted varied between 555 and 22196 individuals in 2006 
when unusually high numbers were recorded. Therefore the proportion of the passing 
population exposed to the risk posed by SNWF varies between 0.001 and 1.5% of the 
migratory white storks along Via Pontica.

Black Stork (Ciconia nigra) 

This  species  has  a  large  range,  with  an  estimated  global  extent  of  occurrence  of 
1,000,000–10,000,000 km2. It has a large global population estimated to be 32,000–
44,000 individuals (Wetlands International, 2002). Global population trends have not 
been quantified,  but the species  is  not believed to approach the thresholds for the 
population decline criterion of the IUCN Red List (i.e., declining more than 30% in 
ten years or three generations). For these reasons, the species is evaluated as Least 
Concern. European  population  is  estimated  at  about  6000  pairs  and  Turkish 
population at 500-2000

Survey in Burgas revealed 4574 individuals flying through the Via Pontica (Michev et 
al., 1999). In our surveys we registered 8 and 12 black storks in 2008 and 2009, with 
variation between 4 – 15 (2004-2006) individuals in previous years. The average of 
10 birds per year observed at SNWF results in a proportion of 0.2% of the black stork 
population migrating along Bulgarian Black Sea coast.

Booted Eagle (Hieraaetus pennatus)

This  species  has  a  large  range,  with  an  estimated  global  extent  of  occurrence  of 
10,000,000 km2.  It  has  a  large  global  population  estimated  to  be  10,000–100,000 
individuals  (Ferguson-Lees  et  al.  2001).  Global  population  trends  have  not  been 
quantified; there is evidence of a population decline (Ferguson-Lees et al. 2001), but 
the  species  is  not  believed  to  approach  the  thresholds  for  the  population  decline 
criterion of the IUCN Red List (i.e., declining more than 30% in ten years or three 
generations).  For  these  reasons,  the  species  is  evaluated  as  Least  Concern. An 
estimated  2,800-5,000  pairs  breed  in  southern  and  eastern  Europe,  with  largest 
numbers existing in France, Spain and Portugal.

In the monitoring reports 2004-2006 its number through the territory varies between 1 
and 4. During the study 2008 4 birds of the species are observed over the territory. In 
autumn 2009 8 birds passed through the wind park territory. Assuming a maximum of 
8 birds per autumn season, less then 0.03% of the Via Pontica migratory population of 
the species passes yearly through the wind park territory.

Bee-eater (Merops apiaster) 

This  species  has  a  large  range,  with  an  estimated  global  extent  of  occurrence  of 
1,000,000–10,000,000 km2. It has a large global population, including an estimated 
950,000–2,000,000 individuals  in  Europe  (BirdLife  International  in  prep.).  Global 
population trends have not been quantified, but the species is not believed to approach 
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the  thresholds  for  the  population  decline  criterion  of  the  IUCN  Red  List  (i.e., 
declining more than 30% in ten years or three generations). For these reasons, the 
species  is evaluated as Least  Concern.  European estimates  range from 90-200,000 
breeding  pairs.  The  main  strongholds  include  Portugal,  Spain,  Ukraine,  Romania, 
Bulgaria and France.

Unfortunately there are no data concerning this species in previous monitoring reports 
for  the  study area  and there  is  scarce  information  about  migratory  density  of  the 
species along Via Pontica. On the base of our survey we have an extrapolation of over 
26000 individuals using space above the wind park in autumn. In autumn 2009 the 
number decreased to 9000 birds. It results in a raw estimate of less then 0.2% of the 
Via  Pontica  migrating  birds.  Taking  into  account  that  over  90% of  the  birds  are 
registered below 150 m we should expect high number of birds to be exposed to the 
collision risk. Aditional data concerning avoidance behaviour are needed for precise 
estimate of the risk for the species.

Lesser Spotted Eagle (Aquila pomarina) 

This species has an estimated global extent of occurrence of 1,000,000–10,000,000 
km2.  It  has  a  large  global  population  estimated  to  be up to  1,000,000 individuals 
(Ferguson-Lees et al. 2001). Global population trends have not been quantified; there 
is evidence of a population decline (Ferguson-Lees et al. 2001), but the species is not 
believed to approach the thresholds for the population decline criterion of the IUCN 
Red List (i.e., declining more than 30% in ten years or three generations). For these 
reasons, the species is evaluated as Least Concern. There are an estimated 7-8,000 
breeding pairs in Europe with a relatively restricted range covering eastern and central 
Europe.  Largest  populations  are found in:  Belarus 3000-3500, and Poland 0-1200. 
The Russian population is 50-200, and the Turkish population is 30-500.

In Burgas the number of migrating along Via Pontica birds is estimated at over 25 000 
(Michev et al., 1999). In our study 44 lesser spotted eagles were registered in 2008 but 
only 8 birds were observed in 2009. Variations between 1 and 146 are presented in 
2004-2006 monitoring reports. Therefore the proportion of the birds using wind park 
territory in autumn is  about  0.2% of the Via Pontica  migratory population  of  the 
species.

Honey Buzzard (Pernis apivorus) 

This  species  has  a  large  range,  with  an  estimated  global  extent  of  occurrence  of 
10,000,000 km2.  It  has  a large  global  population  estimated  to  be up to  1,000,000 
individuals  (Ferguson-Lees  et  al.  2001).  Global  population  trends  have  not  been 
quantified,  but populations appear to be stable (Ferguson-Lees  et al.  2001) so the 
species is not believed to approach the thresholds for the population decline criterion 
of  the  IUCN  Red  List  (i.e.,  declining  more  than  30%  in  ten  years  or  three 
generations).  For  these  reasons,  the  species  is  evaluated  as  Least  Concern. The 
European population is between 40,000-50,000 pairs, with a further 70,000 in Russia 
and 50-500 in Turkey.
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Monitoring reports 2004-2006 give variable numbers of 395 – 451 birds. In 2008 and 
2009 only 58 and 132 honey buzzards were registered respectively. Considering 400 
as a maximum possible number of birds using the wind park territory each autumn we 
come to a proportion of less then 0.1% of the Via Pontica migrating honey buzzards.

Common Buzzard (Buteo buteo) 

This  species  has  a  large  range,  with  an  estimated  global  extent  of  occurrence  of 
10,000,000 km2. It has a large global population estimated to be at least 4,000,000 
individuals  (Ferguson-Lees  et  al.  2001).  Global  population  trends  have  not  been 
quantified, but there is evidence of a population increase (Ferguson-Lees et al. 2001), 
and so the species is not believed to approach the thresholds for the population decline 
criterion of the IUCN Red List (i.e., declining more than 30% in ten years or three 
generations). For these reasons, the species is evaluated as Least Concern. 400,000-
500,000 breeding pairs spread across most of Europe apart from the far north with up 
to 200,000 in Germany alone.  Russian population is estimated at 400,000-600,000 
and Turkish population at up to 5000.

According to the study in Burgas 30662 common buzzards migrate along Via Pontica
(Michev et al., 1999). The monitoring reports 2004-2006 give numbers of 118 – 419 
birds per season. In the autumn of 2008 there were 146 common buzzards and in 2009 
the number increased up to 488 which is in the range of previous estimates. With an 
average of 170 birds per season, the wind park territory accounts for about 0.5% of 
the birds migrating through Via Pontica. 

Red-footed Falcon (Falco vespertinus) 

Red-footed Falcon breeds in eastern Europe and west, central and north-central Asia, 
with its main range from Belarus south to Hungary, northern Serbia and Montenegro, 
Romania, Moldova and east Bulgaria, eastward through Ukraine and northwest and 
south Russia and north Kazakhstan to extreme northwest China and the upper Lena 
river (Russia). It winters in southern Africa, from South Africa northwards to southern 
Kenya. It has a large global population estimated to be 300,000-800,000 individuals, 
but recent evidence suggests that it is undergoing large declines in parts of its range. 
The  European  population  of  26,000-39,000  pairs  (forming  25-49%  of  the  global 
population) suffered a large decline during 1970-1990, and has continued to decline 
during 1990-2000, particularly in the key populations in Russia and Ukraine,  with 
overall declines exceeding 30% in ten years (three generations). Declines have also 
been reported  from eastern  Siberia,  where the species  may have disappeared  as  a 
breeder from the Baikal region. In Hungary estimated populations have declined from 
2,000-2,500 pairs in the late 1980s to 800-900 pairs based on surveys in 2003 and 
2004,  and  in  Bulgaria  very  few active  colonies  remain.  However,  populations  in 
central Asia appear to be stable, with the species reported to be common in suitable 
habitats (especially in forest-steppe zone with Rook  Corvus frugilegus colonies) in 
Kazakhstan, and no evidence of any population declines there. Populations in western 
Europe are also stable or undergoing increases. It nearly qualifies as threatened under 
criteria A2bc+3bc. 3 000-3,600 breeding pairs found in central and eastern Europe.

Our  study  estimated  11  (extrapolated  to  27)  red-footed  falcons  in  autumn  2008. 
Previouse monitoring reports give numbers of 0-52 birds. We assume an average of 
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25 per autumn season which results in about 0.3% of the Via Pontica migrating birds 
of the species using the wind park territory in autumn. The 453 observed in 2009 is a 
record for the period in all years of monitoring and is unusual. For consideration of 
this result as a general trend we need confirmation from future autumn surveys.

Marsh Harrier (Circus aeruginosus) 

This species has an estimated global extent of occurrence of 1,000,000–10,000,000 
km2.  It  has  a  large  global  population  estimated  to  be up to  1,000,000 individuals 
(Ferguson-Lees  et al. 2001). Global population trends have not been quantified, but 
populations  appear  to  be  stable  (Ferguson-Lees  et  al.  2001)  so the  species  is  not 
believed to approach the thresholds for the population decline criterion of the IUCN 
Red List (i.e., declining more than 30% in ten years or three generations). For these 
reasons, the species is evaluated as Least Concern. There are 26,000-35,000 breeding 
pairs in Europe; it is common in eastern Europe with scattered populations in the west 
and  south.  Poland  holds  between  4000-9000,  and  Germany  supports  3000-8000. 
Russian population 25000 Turkish population 500-5000

In total 327 marsh harriers were registered by our study in 2008. The reports 2004-
2006 give variation of 21-127 birds per autumn. The average of 200 birds per autumn 
result  in  about  0.3% of  Via Pontica  migrating  marsh  harriers  uses  the wind park 
territory in autumn. 427 marsh harriers were observed in autumn 2009. The results 
from 2008 and 2009 may indicate a trend of increasing numbers of this species in the 
wind park territory.  It  may reflect  increased  breeding success  increase  or  specific 
changes  in  migratory  strategy.  The  observed  increase  will  be  subject  of  future 
consideration and analysis when more data are accumulated. 

Black Kite (Milvus migrans) 

This  species  has  a  large  range,  with  an  estimated  global  extent  of  occurrence  of 
10,000,000 km2.  It  has a large global population,  including an estimated 130,000–
200,000 individuals  in  Europe (BirdLife  International  in  prep.).  Global  population 
trends have not been quantified; there is evidence of a population decline (Ferguson-
Lees  et al. 2001), but the species is not believed to approach the thresholds for the 
population decline criterion of the IUCN Red List (i.e., declining more than 30% in 
ten years or three generations). For these reasons, the species is evaluated as Least 
Concern. The  European  population  is  between  26,000-29,000  breeding  pairs,  and 
50000-70000 in Russia.

In our 2008 study we observed 18 (extrapolated to 38) black kites in the wind park 
territory, an increase from the 4-10 previously recorded 2004-2006. In autumn 2009 
30 birds of this species passed through the wind park territory. Even in the worst case 
we have the less then 0.01% of the Via Pontica migrating population using the wind 
park territory.

Sparrowhawk (Accipiter nisus) 

This species has a large range, with an estimated global extent of occurrence of  up to 
1,000,000 km2. It has a large global population estimated to be 1,000,000–10,000,000 
individuals  (Ferguson-Lees  et  al.  2001).  Global  population  trends  have  not  been 
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quantified,  but populations appear to be stable (Ferguson-Lees  et al.  2001) so the 
species is not believed to approach the thresholds for the population decline criterion 
of  the  IUCN  Red  List  (i.e.,  declining  more  than  30%  in  ten  years  or  three 
generations).  For  these  reasons,  the  species  is  evaluated  as  Least  Concern. 
Sparrowhawks  are  widespread  throughout  most  of  Europe  with  150,000-170,000 
breeding pairs, and the UK is a stronghold with about 34000 pairs. Russian population 
is estimated at 140000-180000 and the Turkish population at least 3000.

Monitoring surveys of 2004-2006 reported 42-83 birds per season. Our monitoring in 
2008 observed 44 birds (extrapolated  to  92).  In 2009 a similar  number,  102,  was 
estimated in the wind park territory. In all cases the proportion of the birds using the 
wind park  territory  and  exposed  to  collision  risk  is  less  then  0.001% of  the  Via 
Pontica migrating population of the species.
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APPENDIX I: (PowerPoint file attached)

Screens with typical echo signatures of visually identified diurnal migrants.
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