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SUMMARY

This report considerthe compaative results ofthreeautumn seasodstudy (20087 2010)
within the scope ofhe potentialimpact ofthe Saint Nikola Wind &m (SNWF), constructed

in summer2009, on migrating birds. Data fromvisual observations and radar study are
analysed

In 2010, the occurrence of autumn migrants was strongly corredatiec very short period
when strongwvesterly winds occurred. Outwith this exceptional period, numbers of migrants
were low, but rose dramatically during the short period of strong westerly Vépddial and
temporal dynamics in theumbers of dferentspecies passing throudjne wind park
territory during autumn migration is presented.

SNWF does not appear to lie on a regularly used part of the Via Pontica migration corridor

for diurnal migrants, especially those species that rely on thermals totenighas is
probably due to SNWFO6s proximity to the Bl ack
The Via Pontica migration corridor is probably fairly broad in extent in Bulgaria but most of

the migratory traffic is likely to the west of SNWF and IKedi, presumably because birds try

to avoid the Black Sea and the risks associated with an absence of thermals over the sea.
These arguments are illustrated by analysis of data across several spatial and temporal scales
regarding a common migrant, the wrsterk.

As a consequence, it is reasonable to conclude that few autumn migrants are typically
recorded at SNWF and, when numbers are relatively high, they are strongly associated with
westerly wind conditions, probably because these winds drive bintstifieir preferred route.

Such westerly winds are unusual during autumn.

Therefore, the risk of collision mortality posed by SNWF is intrinsically low because: a) it
lies away from the main Via Pontica migration corridor; and b) presence through vagrancy i
further limited by the rarity of conditions that drive vagrant migrants towards SNWF (i.e.
strong westerly winds).

This intrinsically low risk, through the behavioural ecology of autumn migrants, is reduced
still further by the turbine shut down protéa SNWF. This mitigation measure, to reduce
collision risk, was enacted during a short spell in autumn 2010 when unusual westerly wind
conditions probably pushed several migrant birds away from the their preferred migration
route.

No collision victimsof key migratory species were recorded during the brief period of
concentrated potential vulnerability 201Q This was likely a result of the low intrinsic risk
of collision posed by SNWF and/or the turbine shutdown system that was enacted.

Data to dateindicate that SNWF does not constitute a major obstacle or threat, either
physically or demographically, to important populations of diurnal autumn migrants.



INTRODUCTION

Knowledge of spatial distribution of birds iequired to addressiany fundamatal
guestions okvolutionary ecology and ornithology as well as for practical solutions.
Bird migration is an adaptation fexploiting areas separated in space which differ in
their suitability over time, with the classic example being seasonal migrafio
species which breed in the Northern Hemisphere but avoid the harsher conditions in
winter by migrating to the Southern Hemisphere after breeding.routes taken by
migrating birds are often relatively restricted because conditions which favour
migréion can be geographically restricted, and such routes can be termed migration
corridors.

A conditional group of soaring migrantncludes pelicans, storks, birds of prey and
cranes, although some raptor species and cranes fly mainly in an active manner
(flapping their wings). Thessoaringbirds primarily use the lifting warm air currents
(thermals)for a special kind of flighthat is energetically efficient because it uses
extrinsic sources of energy (thermals) to move forwandghout active flappingpf

wings 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)esnalf tim
day (e.g. at night) are not conducive to the generation of thermals.

At the border between the ground andevdodes,such as at thBlack Seacoast, in
particular, there is a difference in the air temperature. Thisrdifte limits the flight
abilities of the soaring migrants aman leadbirds along the coastal line$his
distribution of migrants through a certain territaaiong the Bulgarian Black Sea
coast, known a¥ia Ponticg is of primary interest for the development of wind power
indudry in the region.Although tere aredatapointing tothe guiding role of the
Black Sea coastreating the migration corriddknown asVia Pontica(Zalles &
Bildstein, 2000) the stellite tracking data of many soaring bird specibews
deviation of over200 km in individual migratory trackin the autumnFor example,
results suggest that whiteosks Ciconia ciconia have only a rough inherited
migratory direction and therefore meteorological conditions and winds particularly
must influence the direction and distribution omigration.In keeping with this, &
soaring speciescan be observethroughoutthe wholeof Bulgaria during autumn
migration

In NE Bulgarig close to the Black Sea cop8ES Geo Energy OObasconstructed
awind farm the SainfNikola Wind Farm (SNWF)consisting of 52urbines. SNWF

is within a broader area considered to be part of the general Via Pontica migration
corridor. In the last6 years, several field studies have investigated the spatial and
temporal distbution of mgratory andreeding birds within this area.

With a view to providing objective possible data for evaluation of the risk for the
birds this study aim atomparative analysis of the three autumn seasons concerning
correlations in the numbers of birds ameéteorological conditions at the wind park
territory. Particular emphasis is placed on the white stork, given its abundance and
conservation status, and the wealth of
satellite tagging of birds of the breedingpgnds.The report also updat¢he priority



list of specieswith high conservation value noerning possible impact on thei
populations.

THE STUDY AREA

SNWEF is located in NE Bulgaria, close to the Black Sea coast neacape of
Kaliakra. The wind fan lies between the road from the village of Bulgarevo to St.
Nikola (municipality of Kavarna), and the 1st class road E 87 KavaBtaabla (Map

1). SNWFconsists mainly of arable land with different crops (wheat, sunflower, flax),
intercepted with roadsnd woodedshelter belts. Thdevelopmentreais outsidethe
NATURA 2000 siteknown asKaliakra.

METHODS

Duration and equipment

The study was carried out in the peribl Augusti 30 Septembef010, covering a
total of 45 days, the period of the mosttersive migration according tpreliminary
information @ yearsof regular monitoring of the siteJThe surveys were made during
the day,n standardnterval of time between 8 AM and 6 PM Astronomic tirRadar
observations were made permanently during day time and for 15 minutes per
every hour of the night (20105 h) during the whole period of the survey according
to the following scaning progam:

Diurnal Radar Observations

1. Four minutes at 30 mills, or as low as ground clutter permits (equivtalen
approximately 28275 m elevation at 5 km distance);
Four minutes at 80 mills (equivalent to2385 m at 5 km distance);
Four minutes at 130 mills (equivalent to 5286 m at 5 km distance);
Four minutes at 180 mills (equivalent to 7825 m at 5 kndlistance);
The magnetron then rested for one minate] therthe cyclewas
recommence

ablrown

Nocturnal Radar Observations

1. Four minutes at 30 mills; (equivalent to approximate32Z5 m elevation at 5
km distance);

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

3. Four minutes at 700 mills (equivalent to 333&25 m at 5 km distance);

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

The observedbirds were conditionally grouped ifsoar i ngosoanmd ndoon
categories The first group, according tgenerally acknowledged practice, included

pelicans, storks, cranes and all the diurraptors, although some of thsdten

migrate with active powered flight The second group of the ngparing birds

included mosof the other species.



Map 1. Location of the plot of the wingark radar beanmand theobservatiorpoints
(blackdotg. The study involved direct simultaneouisual survey ofll passing birds
from eightpoints(black dots)
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This conditional divsion was made to allow for focusing the study mainly on the
birds of conservation importance like pelicans, storksdanchal raptors. Data about
other (norsoaring) species were collected as a second priority, as specified in the text
below.

Field obsevations followed the census techniques according to Bibby et al. (1992).
Point counts were performed by scanning the skyllidigections. Height estimates
and distances to the s were verified witltonstructionsand other landmarks in the
vicinity of the observation pointthat had previously beemeasured,calibratedon
location by GPS and marked on maps available to the obser@&irch site
familiarization is very important in ensuring that records are as accurate as possible.

All observers wee qualified specialists carrying out the surveyfsbird migration for
many yearsncluding the last three autummsll observers are active members of the
BSPB (BirdLife Bulgaria).



Photo 1. Coordinated combination of radar and visual observations mragal0.

List of participants in the observations:

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 d@iodeversity and Ecosystem Reseaf8hlgarianAcademy
of Sciences

Member of the BSPB since 2000

Ivailo Antonov Raykov

PhD student

Museum of Natural History, Varna
Member of BBPB since 1999

Dr Mihaela Nikolova llieva
Institute of Biodeversity and Ecosystem Research, Bulgarian Academy of Sciences
Member of BSPB since 1999

Strahil Georgiev Peev



Student in Facultity of Biology
Sofia University

MSc Martin Petrov Marinov
Studentin Facultity of Biology
Sofia University

The surveys were carried out by means of optics, every surveyor having a pair of
binoculars with10x magnification. Observationpoints were permanently equipped

with standardAdmiral telescops, with magnification 207 60x, compass, GPS and
digital camera

Specific Visual Observation Protocol

During the visual surveysthe following records of flying birds were noted by
observers

1 Species and (if possible) gender and/or, age

1 Number

7 Distancefrom observer

1 Direction from theobservation point;

1 Altitude;

1 Direction offlight (flight path)

1 Behaviar (notably flight behaviour) concerning existing wind farm
constructions;

1 Supplementarpehaviaral observations;

1 Weather conditions;

1 Precise position obirds simultan®usly registered at the radacreenand by
observers birds were recorded in order to ascribe specificsegphatures of target
speciesi(e. Pelicans, Storks and Raptotg)known species

Species

Alsoaring birds, fl yi ngvweraidentfiedtosthelevelefy or sdé s

species, if possible, and record@the characteristics of gead(male or female) and
age (adult, subadult, immature, juvenile) were aésmrded for certain speciaden
conditions allowedBecause of the difficuftin distinguishing between similapecies

in harsh conditions (e.dpad visibility, great distance, etc.), if exact identification was
not possible both posdéspecies were recorded (eAguila pomarina / clangar
Aquila clanga / pomarina depending on whbh of the two species was more
probable).In certain cases when it was not possible to identify the bird of pre
species, the bird was recordidthe lowest possible taxonomic categagyg(gents,

e.g Circus sp). When conditions did not allow identdation of abird of preyto a
lower taxonomic category wasrecorded adiBP (nonidentified bird of prey).

Number (abundance)

The surveyors counted athigrating soaring birds, flying in their scope of view,
regardless of the possibility to distinguiteir species or higher taxonomic category
(as described in the previous point). When the data were recaidgte bids (or
pairs), as well as discreféocks, werenoted along with theirnumbe and species
compositian. In the case of larger flocks .ge white storl, when the counting of



every single individual was impossiblards were counted igroups of 5 010 birds
after the flock started plamy to the next thermal.

Although reasonably costffective in terms of results and expenses, viseial
method on its own can seldamcord every part of migration over a certain region
(Kerlinger, 1989. Consequently, as visual coverage was not complete over the entire
study area, the raw results (countgrev extrapolated accordgjnto the maximum
distance atvhich the species have been recorded during the period of the observations
(see also Autumn Monitoring Reporfisr 2008 and 2009) The overall number of
birds per species was obtained by multiplying the number of individuals to the
number of poirg theoretically needed, for certain species, to cover the whole territory.
Obtained density of migrants was used in the further analystsapolated numbers

of small passerine birds and soaring birdsck are visible at a maximumhistance

that is lesshan the distance between thaebservation points were obtainég the
following formula:

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

Where N =extrapolated total number, Nt recordedtotal number of birdsNp =
number of observation points (in the case of our study 4),i©Pmax= maximum
distanceat which the species has been recorded (@p00(m) i is the extent of
horizontal front of SNWF wilth birds should theoretically croasenfollowing the
main migratory direction.

Distance (horizontal and vertical) oftheyfli ng f |l ocks and singl e
Along with counting migrantsoaring birdsyecordingthe spatial location and flight
trajectoriesof migrants was among the most important tasks of the study. The
distance from the observatigroint and flight aitude was notedor each bird or

flock.

Recording flight leight estimatesnd distances to birds was assisted by reference to
land marks neathe observation pointgvhich had been previously measuraad
calibrated usin@PS. Adilitionally, all human visial observerand radar observations
weretested before observations commenced in a series of trials using a GPS device
attached to a kite, flown at various heights and distaiiBé®to 1in Autumn
Monitoring Reportfor 2009. In each trial, e kite was ndependently observed (i.e.

the kite controller and observer were independent) hgilght and distance recorded

by the observer. These records were then compaiteddataon height and distance

from the GPS device attached to the kite durthg same tal. Differences between

the Oobservedd (human) records and the
calibrate subsequent estimates for any consistent biases in records of birds observed
during migrationThe samemethod wasused for calibration of the rad at both
observation lines during thsurveyperiod.

Flight direction

Flight direction wasrecorded as thgeographic directiomn which the bird or flock
was heading relative to the observatjpoint. To facilitate definitionof the flight
direction ageographic compass and GPS dewies provided for every observation
point. Direction was defined as one b6 possiblesectors of thgeographiccompass
(every sector being limited to 22.5 degreeay follows: N (north), NNE (north

bi
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northeast), NE (norttast), ENE (east northeast), E (east), ESE (eassoutheast),
SE (southeast), SSE (southsoutheast), S (south), SSW (soiittsouthwest), SW
(southwest), WSW (west southwest), W (west), WNW (we$t northwest), NW
(northwest), NNW (nortfi northwest).In the dataaseflight direction of the bird was
transcribedn degrees as a mean angle of the se¢emdencies for species (or group
of species) to fly in particular directions were teséedording to standard circular
statistics (Batschelet981).

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;
Cloudcover,
Rainfall;
Visibility.

E E EE Y

Thedirection and strength of the wind as well as temperature were precisely measured
by the AES Geo Energyeteorological mastand kindly offered foranalysis.Cloud

cover was recorded as the relative cdirefs) of the visible part of the sky. Visibility

was takeras the maximum distance at whigrmanent geographic landmarks could

be seen, defined and recorded inneset

Weather records were madgery morningat the start of the surveys, at every full
hour subsequentlyand when surveys stoppedthe evening, as well aat any time
when aconsiderable ltange invisibility occurreddue to factors like fog or mist

Recording of the data

All the data of the surveys were entered fiell diary. The data were processed daily
and transcribed toa databag designed in an Xtel workbook The protocol of
primary data proessing is amodified 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 thiellowing manner:

1. In the morning, with the start of the surveys, the date and the taxactere
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 tle values of the physical factors of the environmemeather
conditions,as described above) and the names of the surveyors.

2. When observing a migrating bird or flock, first the extaoe was taken down,
the species, genus or family Latin name, (genddraaye, if possible), then the
numbers, the vertical and horizontal distance from the watch point, the flight
direction. After these obligatorydatad di t i on al ones, l i ke so
formation of flocks, landing birds with the exact location of lagdetc., were
also recorded.
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Meanwhile, if changes in theveatheror other interesting and/or important
phenomena should be registered, they were also entetkd diary with the
exact timeof the observation.

3. In the evening, when finishing the says, the exact timaveather conditions
and the names of the surveyors were taken down again.

Colision Risk Reduction System

The general principles, which provide a procedural klistc are listed below and
were used to inform the decision making pss. It should be noted that, due to the
complexity of possible combinations of conditions that may be experienced on site,
the principles are not scenathased (i.e. the potential number scenarios, when
considering all species and circumstances at aeytiore, would be too humerous to
prescribe).

1. As soon as a significant number of birds were detected flying in close
proximity to the wind farm (definitio
weather conditions and general visibility but anything sight&tin 5
km should be considered), either through field observation or radar, the
Senior Field Ornithologist wasotified of this activity. This bird activity
wastracked to determine the direction of flight.

2. Determination of what is considered a sigrdaht number should be
based upon a combination of the species in the flock and their number.
As a broad example, a small number of key migrant species (as defined
within the Suplementary Information Report) shld be considered as
important as a largemumber of norkey species, and vice versa. The
determinationof whether the number of birds is significawgs the
responsibility of theSenior Field Ornithologisinformed by the field
ornithologists and/or radar operator.

3. Where the direction flight I®close to the wind farm but appears unlikely
to pass through the site then the activilgsobserved until such timas
the birds have passed the site and out of close proximity. S€her
Field Ornithologistmade the final decision of when a flock ofrdis,
considered as significant, no longer lies in close proximity and thus when
observations of that flock can cease.

4. Prevailing wind strengthand directions for the site and surrounding area
have been established at the outset of each dayvareconsdered in
terms of its possible influence on flight direction of birds (particularly
soaring species). Was particularly important to consider times where
strongwesterlywinds could result in large, and potentially unexpected,
migration across the site

5. Where the direction of flight layn close proximity and appesuto be

heading towards any part of the wind farm, the actiwis observed
from the relevanvantage point(s). Two mobile sérvers were operating

11



along themain roads around the winauk in order to track all identified
flocks.

6. The Senior Field Ornithologistnadethe decision of if and when to shut
down the relevant turbines informed by his own observations, the
observations of the field ornithologists and the radar operator
consiceration of a combination of the following:

0 The species within the flock (this determines issues such as
likely avoidance behaviour, speed of flight, height of flight
and relative importance);

o The height at which the flock is approaching the wind farm;

0 The speed at which the flock is approaching the wind farm
(this will be a function of the type of species within the flock
and prevailing wind conditions);

o0 The direction of the flight (in order to inform the number of
turbines that could require shut down);

o The known typical behavioural patterns of the species in terms
of turbine avoidance;

o0 The weather conditions, primarily in terms of the prevailing
wind directions, the possibility of changes in direction, and
strength; and

o The time lag between verbally instting a shut down and
cessatin of blade rotation (see poirielow for further
information).

7. 1t should be noted that the time lag between the verbal notification to shut
down and cessation of blade rotation is considered to be in the order of
up to 2 ninutes. The decision of when to instruct a shut down will take
account of this time lag.

8. Where the species identifi@terethose key species addressed within the
Project Supplementary Information Reppgpecific regardvas paid to
their conservatiostatus anc precautionary approaetastaken in each
case of potentiallait down i.e. where doubt existed to whether the
birdsthat mayenter the wind farmvere of high conservation status then
a shut dowrwasenacted.

9. Where a flock heading towardsethwind farm eventually takes evasive
action, avoids the wind farm, and thus a shut down is not enacted by the
Senior Field Ornithologist the principles established in bulletwgere
followed.

10.For birds observed as roosting on the site at dawn Streor Field
Ornithologistinstruced the operations office to shut down the relevant
turbines that could potentially cause a risk to the birds when they take
flight. Once the birds have taken flight the same procedure as detailed in
bulletpoint9 abovewasfollowed.

1
Sant Nikola Kavarna Wind Farm Supplementary Information Report, Rev04, July 2008, AES Geo Energy
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11.For birds observed as roosting close to the site at dawn, the aatasty
observed and theSenior Field Ornithologistmade a professional
judgement as to whether to shut down the relevant turbines based upon:

o Proximity of the flock to the winfarm;

0 The species within the flock (this determines issues such as
take off behaviour, speed of flight, height of flight likely
avoidance behaviour, and relative importance);

o0 The weather conditions, primarily in terms of the prevailing
wind directions, thepossibility of changes in direction, and
wind strength;

0 Likely direction of flight when the birds take off, where
possible (by way of illustration, if geese are observed it is
possible that, once they have finished roosting, they will take
flight northwads towards Shabla);

o The time lag between verbally instructing a shut down and
cessation of blade rotation (see bullet below for further
information).

12.Where shut downis not enacted, observations of the birdgere
maintained until such time as they ¢alight. Once they have taken
flight, if they movel away from the wind farm then the principles
detailed within bullepoint 3 abovewereto be followed. If they mowd
towards the wind farm then the principles detailed under bodetts 5
to 9 abovewerefollowed.

This interim protocol was followed in order to test reduction risk sytem during the
period of intensive migradn in autumn 2010 between 15 August and&aptember.

Statistical methods

The circularlinear correhition coefficient (Fisher,293:p.145; Mardia & Jupp, 2000
p.245; Zar, 1999p. 651) was calculated between a circular variaklg.(wind
direction) and a linear variabl@.g. number obirds by species)This correlation
coefficient ranges from 0 to 1, so there is no negatahee. The calculation of the
significance of the correlation follows Mardia & Jupp (2000) in using their
approximation of the F distribution in equation 11.2.2.

RESULTS

The 45 days of the study covered the main period of the autumn migration of soaring
birds and part of the nesparing bird migratiomn 2010 The study encompasséa5
astonomic hours of observations from eigiitservation pointsAdditional data from

the studies of autumn migration in the wind park territory from 2008 and 2009 was
used fo the analysisof correlations between the nber of birds and physical
components of the environment.

13



The only new pecies observed in autumn 2010 wasfan vulture Gyps fulfus).

This speciesdoes not qualify for threatened near threatenedor conservation
dependent It is categorize@s Least Concern, but it ievertheless rare species in
Bulgaria.Long-term decline (in some cases from 2nd half 19th cenhag)continued
more recently in Portugal, Italy, Albania, Ukraine, Turkey, ayda$ while range
expansionhas beerreported for France (aided by reintroduction scheme from early
1980s), Spain, and Bulgariaadividuals of this speciesrecurrentlybeingintroduced

in Bulgaria from SpainThe rest of the species showed differentrdegof variation

in numbers over thhree autumn seasons of stugd@®sented in Table 1.

Table 1. Numbes of birds observed in the wind parkerritory during atumn
migration 2008, 2009 and 201fbr soaring bird species and target species of high
congrvation value.

Species Number of birds
Year
2008 | 2009 | 2010

A. brevipes 95 210 | 976
A. chrysaetos 2
A. cinerea 120 | 259 |26
A. gentilis 10 6 5
A. heliaca 2
A. nisus 44 44 70
A. pennata 3
A. pomarina 44 9 80
A. purpurea 59 11
B. buteo 146 | 390 | 180
B. oedicnemus 1
B. rufinus 163 151 |34
C. aeruginosus 327 |268 |341
C. ciconia 2998 | 87 25478
C. cyaneus 5 1
C. macrourus 8 27 18
C. nigra 8 8 8
C. olor 1 3
C. pygargus 32 17 86
E. alba 1
E. garzetta 7
F. cherrug 7
F. deonorae 7
F. naumanni 1
F. peregrinus 2 4
F. subbuteo 48 125 | 120
F. tinnunculus 138 | 357 |45
F. vespertinus 11 180 | 800
G. fulvus 1

14
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Species Number of birds
Year
2008 | 2009 | 2010

H. pennatus 4 3 17
M. apiaster 11079| 3714 | 5325
M. migrans 18 6 32
M. milvus 1
P. apivorus 58 76 494
P. crispus 4
P. falcinellus 5 721
P. haliaetus 15 13 14
P. leucorodia 117 |83 56
P. onocrotalus 120 | 1190 | 252
Ph. carbo 265 | 354 |394
Ph.pygmaeus 19

Elevenspecies have been obsenreadneautumn butdid not appear in thether two
autumn seasondhree species were present in tagasons only. Thether species
were observed iall three seasons numbers that varied between species and year
The species with relatively constant nunsbpassing through the territory aRh.
carbo, P. leucorodia P. haliaetus C. nigra, C. aeruginosusB. buteg A. pomarina

A. nisus andA. gentilis The most dramatic variations are observed in the numbers of
soaring bird speciesP. onocrotalus C. ciconig P. apivorus M. apiaster F.
vespertinusF. subbutepandA. brevipes

Dominant wind directions in the period of autumn observations 201@semed in
Fig. 1. Prevding winds were as for seasons 2008 and 20® and SW winds. The
small proportion ofwesterlywinds (3 days in the season) coincided wgtieatest
number of observed birdBig. 2, Fig. 3)

15
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Fig. 1. Distribution ofwind directions duringhe studyperiod in autumn 2010.
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Fig. 2. Distribution ofobservedird numbersn the redgon of the wind parlaccording
to wind directions in atumn 2010. The observed numbers inelad registered buos
including those that passed outsidewind park territory.
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Fig. 3. Numbers ohirds observed under different wind directions in the region of the
wind park. Wind direction is indicated aregrees (0 360 where 180 is Souttand O
is North.

All these data indicatd a strong relationship betweaumber of soaring birdand
wind direction. To analyse this possible relationshgused data fowind direction
for the autumn 201@Fig. 1) and the numbers of birds by spec{@able 1) The
results are presented imfe 2.

Considering albirdsin 2010, total counts of birdgerehighly significantly correlated

with wind direction (Table 2), since hie greatest number of soaring birds was
observed in the periods witthe most rare westerlywind direction (Fig. 2).For
particular species, the correlation also tended to be stronger for soaring species and
weaker for norsoaring specie@lable 2)

The species wht most significant correlatiowere also frequenththe sameas those

which are most variable in numbers by autumn seasons 2008, 2009 and 2010 (Table
1). The results of the comparative analysis of the quantitative datedmryears

clearly indicate an important role ofvind conditiors in the numbers of migrating

birds (especially soaring migrants) passthgoughor overthe wind park territory

These resudtalso suggestd that the constructed park did not change the migratory
habits of thespecies crossing the territorjnet numberof these species riad by
yearsbut with no trend fora decreas after the park was constructed and started its
operation.

Another potentially important component in thendgnics of the numbers by species

and all birds in geegral in the vind farm regionwas wind speed. The distribution of
the bird numbrs observed in relation wind speed is presented in Fg.

17



Autumn migration in 2010 was unusual concerning numbers of some species of
soaring birds ke white storks €. ciconig, Levant sparrowhaks (A. brevipe}
Honey buzzardg¢P. apivoru3 and Reefooted falcongF. vespertinus Th majority

(over 70%) of the observed bgaf these species appeared in thays of the wdy

period when there were strong westevinds.

Table 2.The circularlinear correlation coefficient (Fisher, 1993, p.145; Mardia &
Jupp, 2000, p.245; Zar, 1999, p. 651) calculated for observed in the wind park region
in autumn 2010. This correlation coefficienfr) ranges from 0 to 1, so there is no
negative correlation. The cailation of the significanc§p) of the correlation follows
Mardia & Jupp (2000) (* indicate the most significant values).

Species r )

A. apus 0.207 0.167
A. brevipes 0.279 0.038
A. cinerea 0.290 0.029
A. melba 0.062 0.853
A. nisus 0.345 0.007
A. pomarina 0.216 0.142
A. purpurea 0.193 0.21
Apus sp. 0.143 0.422
B. buteo 0.278 0.039
B. rufinus 0.078 0.775
C. aeruginosus 0.369 0.003
C. canorus 0.241 0.086
C. ciconia 0.414 6.89E-4***
C. gallicus 0414 6.96E-4***
C. macrourus 0.277 0.04
C. niga 0.269 0.048
C. pygargus 0.326 0.011
D. urbicum 0.177 0.267
F. subbuteo 0.374 0.006*
F. tinnunculus 0.132 0.523
F. vespertinus 0.168 0.305
H. pennatus 0.351 0.005*
H. rustica 0.198 0.191
Hirundinidae 0.233 0.103
L. cachinnans 0.338 0.008
M. apiaster 0.167 0.318
M. migrans 0.334 0.009
P. apivorus 0.402 0.001**
P. haliaetus 0.173 0.284
P. leucorodia 0.148 0.397
P. onocrotalus 0.328 0.011
Ph. carbo 0.361 0.004*
R. riparia 0.248 0.076
St. vulgaris 0.015 0.991
All spedes together 0429 | A4.00E-4***
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Fig. 4. Proportion ofobserved birds in relation tawind speedn autumn 2010.Wind
speed is gien in m/s.

The datafrom the 2010 autumn seasofwhich reflect those from previous years)
indicatal that large numbers of migrants only app in the wind farm territory when
there are westerly winds, especially if these westerly winds are sfrbisgsuggests

that the predominant migratory corridor of the Via Pontica lies to the west of the wind
farm territory, such that appreciable numbefrsutumn migrants (especially soaring
birds) only appear in SNWAwhen directed byesterly winds, which are unusual.

This argument can be examined further by examining information collected away
from SNWEFE Considering such informationhé most objectie results concerning
species identication and numbers thaeduce subjectivity and other limitations of
methodology are data concernisggecieghat are easily recognizeshdare organized

in flocks, such as thehite stork.

Hence, he dynamics of whi¢ stork autumn migration documentdxy visual
observations simultaneously in two locatioms NE Bulgariai.e. at the coast of the
Black Sea (at SNWF) and at 60 km inlafa Krushary),were used for the
comparative analysis presented del
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Fig. 5. Dynamics ofwhite stork migrationn two locations in autumn 2010 (% of
birds by time period):he locatios of the sites argiven on the map above.

The observations at the inland site reflectgldenology ofwhite stork passage in
Bulgaria while theSNWF data indicatesmaller numbers in most time periods but an
extraordinary increase in one short period. Moreotee sudden increase in the
number of White storks in Kaliakra wa$terthe specigdpeak of migratiorobserved
elsewhere(Fig. 5). This resul is in line with all threeyears of obervationsat in
Kaliakra district(where SNWF is locatedyhere strong fluctuations in numbers by
species in different autumn seasonsehbgen observedror example the White stork
numbers for autumn of 2008, 200%da2010 were B00, 87 and over 2500
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respectivelyThese results are consistent with the argument that sites like SNWF near
the coast are typically peripheral for autumn migration, and are only used to any
appreciable degree as a consequenicgporadic factors like rare westerlyind
drifting birds into the coastal territorie®\ less likely explanation is that the
fluctuations at SNWF refle¢tends inpopulation numbers.

Forthe interpretation of these possibilitiasger scale informationan be hipful, and
data from over 10 years of satellite tracking ohite storks has been tly
published(Willem Van den Bosschen collaboration with Peter Berthold, Michael
Kaatz, Eugeniusz Nowak & Ulrich Querner 200Zhese large scale data show
obviousavoidance of largepen water bodiesuchas BlackSea and Mediterraean
Sea(Fig. 6).
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Fig. 6. White stork migration as tracked by satellite transmittenster-continental
view (after Willem Van den Bosschen collaboration with Peter Berthold, Miabl
Kaatz, Eugeniusz Nowak & Ulrich Querner 2002

At a finer scale thesgata clearlyalso indicate avoidance obastal regions as typical
routes for white storks omigration(Fig. 77 9). This is also shown byan Loon et al.

(2010) At a coarse scal¢the gross avoidance of large water bodies is probably
determined byhe simple fact of total absence of thermals above theasdaat a finer

scale the tendency to avoid coastal regions whenever possible probably relates to
birds trying to allow some |&ey for unanticipated weather evegsg. being blown

over the sea). flermals over land further from the sea may also in geberahore
frequent

While these broad principles appear to appWenevhen onlyconsidering the routes
of German and Polishmte storks their distributioncove's over half of Bulgariaand
so themigration corridoris not narrow(Fig. 7). Examination of flight routes used by
different individuals indicates variations in individual migratory patks between
seasons of over 300 kon average(Fig. 8- 9). This suggests broadly similar routes
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are taken by different individuals that may be influenced by conditions encountered
en route, such as wind conditions.

Fig. 7. Individual trackdrom a 10 year study of German and Polisinite storks by
satellitetransmitters over the countriebthe Balkan Peninsula. Track @oogle map
(above) and the sameatks on a simplified map () (after Willem Van den
Bosschejn collaboration with Peter Berthold, Michael Kaatz, Eugeniusz Mo&va
Ulrich Querner 2002
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Fig. 8. Individual tracks otwo individual white storks from Gernanyafter Willem
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Nowak & Ulrich Querner 2002
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Fig. 9. Individual track of two individual vhite storks from Gernangnd Poland
(afterWillem Van den Bosschén collaboration with Peter Berthold, Michael Kaatz,
Eugeniusz Nowak & Ulrich Querner 2002

Behaviarral observations in the wind park territory in 2010 when thalmer of white
storks reached 25)00 for two days allovan analysis of the movement strategiés
these birds in relation to thHeypothesighat birds try to avoid the sea and the coast
hinterland All flocks of white storks in the region &@NWFwere tracled in order to
implementa turbine shutdown system under fitetocolabove describedbove, for
reduction of collision risk fobirds in the period of intensive migration through the
wind farmterritory.

The tracls and locationf the flocks observedn the £'and 29 of Septembe010,

when over 80% of the recordechite storks passed thrgh the environs of SNWF,
are presented bmd (Fig. 107 15).
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Fig. 10. Tracks of flocks of \mite storks observed 01.09.2010 in the&nity of SNWF
at altitudes ove200 m aboveround leveli.e. at heights above risk of collision)
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Fig. 11 Tracks of flocks of \uite storks observed 01.09.2010 in thanity of SNWF
at altitudes below 200 m abogeound level.
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