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0. EXECUTIVE SUMMARY

This study evaluates the impact on birds of prepiné wind farms in Thrace, where a
large scale wind farm development project of asii®0 MW is under development.

The study area is located in the prefectures ofo&vand Rhodope in Thrace,
northeastern Greece and it is widely known fohitgh ornithological value. The “Near
threatened” Black Vultures reproduce a few kilomet®e the southeast of the area and
they use it for foraging. This is currently the yriBlack Vulture population left in
Southeast Europe. The area is also considerea dasthstronghold of the “Endangered”
Egyptian Vulture in Greece, with very important migratory concentrations while it
hosts the most important Golden Eagle breeding lptipn in Greece. Approximately
50% of the wind farm development project area igeced by Natura 2000 sites.

Carcass surveys around a selection of wind turbmése study area were carried out by
WWEF Greece to estimate bird mortality. Resultshef surveys were corrected for bias
caused by the observers’ detection ability andsttevenger removal activity. Trials to
estimate the bias were performed. In addition, eysvof spatial use by birds were
carried out. Indices of avian space use were tlaculated and comparisons made
between a previous monitoring study run by WWF Geei@ 2004- 2005 and this study
(hereafter also referred as “first monitoring pdfi@and “second monitoring period”
respectively).

Overall, five birds of prey were found dead (fourffen Vultures and one Booted Eagle)
during the current monitoring scheme run betweedB2dnd 2009 (one year). Carcasses
from eleven other birds and eight bats were alsxtodered. Observers’ detection
efficiency was 66% on average, and the averagedicercass remained in the field was
23 days, although 50% of small carcasses, 22% diumeand 25% of large ones had
been removed after 14 days. The estimated morteditys were 0.152 birds of prey
(including vultures)/turbine/year and 0.072 vuliterbine/year. Griffon Vultures, Black
Vultures and Common Buzzards comprised more th&a &0Dobservations during the
survey of spatial use by birds in the study areagdneral, densities of birds crossing
between wind turbines were positively correlatethwin east exposition and steepness of
the slope and the distance between turbines, whilas negatively correlated with north
exposition. The use of the area was more interdivang the second monitoring period,
but numbers of Common Buzzard observations drdistidacreased in 2008-09.

The more frequent presence of raptors in the amaerpose them to a higher risk of
collision and hence higher mortality. This may e treason underlying the higher
mortality observed during the second monitoringquerin particular, the population of
the Common Buzzards may have been severely affégtéloe operation of wind farms.
The effect may have been displacement of the dealt pairs present during the first
period or high mortality due to collision. Bird ntality estimates are alarming with
regards to predicted collisions per year. Resukésparticularly alarming for Griffon
Vultures not only for the breeding population ine€ce but also for the population
breeding in the broader area of Eastern Rhodopentams.

Only one year of post-construction monitoring may be adequate to properly assess
the impact of wind farms on birds of prey. This ggin particular to wind farms for
which pre-construction ornithological studies wefeery low quality.




1. INTRODUCTION

The region of Thrace is located in north-eastereeGe, bordering with Bulgaria in the
North and Turkey in the East. The prefectures addipe and Evros are internationally
renown for their high ornithological interest, hiogt habitats of European importance
mainly for large birds of prey and aquatic birds\V\MW Greece 2008). Up to date, 11
wind farms with a total of 163 wind turbines haveeb installed in the area and are
currently in operation. These investments followe thsual trend and occupy natural
upland areas, normally the top of ridges where veinergy is better exploited, relatively
far away from populated, industrialized or degradezhs (Madders and Whitfield 2006,
Atienza 2008). The existing number of wind farmstatied in the region of Thrace is
expected to increase enormously in the near futakeéng into account the number of
applications submitted to the country’s Regulatéwthority of Energy (RAE 2010)

(Fig. 1).

The Black Vulture fegypius monachisis one of the most endangered bird species in
Greece (IUCN, 2009). The Dadia-Lefkimi-Soufli Fdrééational Park hosts the only
population left in the country and in the southeasEurope, threatened with extinction
due to its small size (Skartst al. 2008). However, this is a key population for the
recovery of the species in the Mediterranean, withucial role to play in the connection
between the European and Asian populations. Mutidrtedind resources have been
invested by public (e.g. regional authorities) gmivate organizations (e.g. WWF
Greece) for the conservation of these birds. Flgjtaracteristics and movements of the
Black Vulture potentially make it one of the mosinerable species to wind turbines. In
addition to hosting the last population of the RI&ulture in SE Europe, the area is also
considered as the last stronghold of the endandgeggptian Vulture in Greece, with
very important premigratory concentrations, whitealso hosts the most important
Golden Eagle breeding population in Greece.

With this information in mind, as well as the faleat negative impacts of wind turbines
on the avifauna have been well documented in qibgs of the world (see for example
Barrios and Rodriguez 2004, Drewitt and Langstod62d elleria 2008), a big concern
was raised about the probable impacts of wind fasmbird populations of the area. As
a consequence, WWF Greece attempted to monitorcisimd wind farms on birds in
Thrace for the first time in 2004 - 2005 (17/03/08/12/05; Ruizet al. 2005), during
which monitoring no raptors were found dead. Theeabe of findings did not allow to
relate the patterns of flights in the area with taldy, but there was a clear
differentiation in the flight behaviour between dbdirds of prey (territorial raptors,
with a territory in the wind farm area) and vultsiré.ocal raptors that entered a 250 m
radius around wind turbines flew primarily arouhé butermost turbines, while vultures
visiting the area mainly to forage tended to ctbesturbines at a much higher rate. The
study concluded that there was an imperative ndedoand evidence-based pre-
construction studies to obtain good knowledge @nftittors potentially affecting bird
mortality. Although ornithological studies are agd requirement before the
construction of any wind farm in Greece and thugha area, most of them are of very
poor quality and inappropriately evaluated due hHe tack of expertise in the state
authorites involved in the evaluation process.

! Scientific names in the text are given only thstftime a species is mentioned. However, they have
been used in tables and figures.




A second monitoring phase was implemented by WWeéeG from June 2008 to July
2009 to produce new knowledge which would be nescgdsr appropriate planning and
management of future wind farms in the area inti@ato birds. It is desirable that the
implementation of this kind of monitoring activisiebe systematically funded by
investors themselves and implemented by indeperatersultants in the near future, to
assure the long term monitoring of the area angravent the expected cumulative
impacts of wind farms on animal mortality, as wiadn density in Thrace increases.

This document presents the methods and findingth@fsecond monitoring period
(2008-2009). The study comprises two well differatieid parts. In the first part, bird
mortality caused by wind farms in the area is assshsbased on carcasses found during
systematic searching. To estimate potential biasexh by observers’ efficiency and
scavengers’ activity, observers’ detection trialsd ascavenger removal trials were
carried out. Mortality rates were estimated takimgse bias sources into account. In the
second part, spatial use by birds is examined,dbasedata obtained during both the
2004-2005 and 2008-2009 monitoring studies. Theemecent findings are presented
and various indices (crossing densities, bird uskex) are calculated and compared
between the two study periods.

The main questions of this study were the following

1. What was the observed raptor mortality due to siolh with wind turbines?

2. In particular, what was the observed vulture maxtal

3. What is the mortality if we take into account tHeservers’ detection efficiency
and the scavengers removal rate?

4. Was there any influence of season on observergcten efficiency and
scavengers removal trials? Was there any influef@arcass size on scavenger
removal trials?

5. Were there any differences in the use of the ayehidols of prey between the
first monitoring period (2004-2005), implementecegrear after the onset of the
operation of wind farms and the second monitoriegqul (2008-2009), carried
out four years later?

6. Was there any correlation between the characksisti the wind farms siting
and the spatial use by birds?




2.STUDY AREA

The study area is located between Rhodope and Ewefectures, in northeastern
Greece. It is situated in the north west of theidwatl Park of Dadia-Lefkimi-Soufli
Forest and is included within the home range ofBlaek Vulture population remaining
in the area (Vasilakist al. 2008). A large part of these prefectures has bleetared as
a Wind Priority Area (WPA 1) by the Greek statelfH{&0%) of the WPA 1 is covered
by seven Natura 2000 sites, five of which consit8pecial Protection Areas (SPAS)
and two are National Parks (Fig. 1). Since 2003wirid farms (WFs) with 163 wind
turbines (WTs) have been installed and are cugeintloperation. This number is
expected to increase drastically in order to futi¢ objective of 480 typical WTs (960
MW) set by the Greek state (WWF Greece 2008).
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Fig. 1 Study area with operating and planned wind fafgmifce: Regulatory Authority of
Energy/RAE).

In total, 127 out the 163 operating WTs belongimgnine out of the 11 operating WFs
were included in the monitoring scheme. Ten new \Wawe been recently constructed,
but their operation has not started yet

The selected WTs were distributed as follows:

1. SAPKA (X): 5 WTs, encoded X1 to X5.

2. DIDIMOS LOFOS (D): 8 WTs, encoded D1 to D8
3. GERAKI (T): 42 WTs, encoded T1 to T42

4. MATI (MA): 3 WTs, encoded MA1 to MA3

5. KERVEROS (K): 14 WTs, encoded K1 to K14

6. PELTASTIS (P): 10 WTs, encoded P1 to P10




7. MYTOULA (M): 19 WTs, encoded M1 to M19
8. SOROS (S): 13 WTs, encoded S1to S13
9. MONASTIRI (MO): 13 WTs, encoded MO1 to MO13

The WT models present in each wind farm varied heirt technical characteristics
(Table 1).

Table 1. Operation characteristics of wind turbines

Max.
Height Rotor Rotation Chord
Windfarm (m) diameter (m) period (m) MW
Nec micon T, S, MA,
52/900KW MO 44 52 22.4/14.9 rpm 2,25 0,9
Rokas Bonus 1.3MW K, P 50 62 19/13 rpm 3 1,3
Vestas 2MW M, D, X 60 90 16.7/19 35 2
N50R46 - IEC | (80) MO 44 52 22.4/14.9 rpm 2,25 0,8

When the 2004-2005 monitoring was implemented, rsé¢veurrently operating
windfarms were still under construction. At the ginthe following wind turbines were
monitored (Ruizt al 2005):

2004: 57 wind turbines were surveyed for bird bhveha (4 view points) in Soros (13),
Geraki (34) and Peltastis (10) and 17 wind turbimeSoros and Geraki were
searched for carcasses.

2005: 5 wind turbines in Sapka were surveyed fat behaviour (1 view point), and all
wind turbines (105) in 5 windfarms were searcheddarcasses: Peltastis and
Geraki named as “Large Wind Farm” or LWF and Sarasied as “Small Wind
Farm” or SWF in Ruizt al. (2005), Sapka, Didimos Lofos and Virsini.




3.METHODS
3.1. Carcass surveys

Systematic carcass searches of all 127 wind tustimek place between 17/06/2008 and
31/07/2009, thus covering one full year of inspattiTurbines were searched two days
a week. During the first months of the monitoringripd visits were usually fixed on
Tuesdays and Fridays, but for practical reasombjnes were visited in a random way
from February 2009 onwards. Turbines were divigebur sectors and according to the
number of turbines and topographic difficulty otkaector searches were conducted by
four and two people alternatively (Table 2). Eadttsr was searched once in the
morning, the next time in the afternoon and soTdre total time needed to search all of
the 127 turbines was two weeks before the nextdafivisits.

Table 2. Sampling design of carcass surveys.

Week Day (surr?r;aer: En\jv?nter) Wind turbines ofl\glj)r::r(\a/;ts
A Al 8:00 — 9:00 MO1-MO13, T1-T32 4
A A2 12:00 - 11:00 T33-T42, MA1-MA3, D1-D8, X1-X5 2
B B.1. 8:00 - 9:00 S1-S13, M1-M19 4
B B.2. 12:00 - 11:00 K1-K14, P1-P10 2
C

A circular sample plot of at least 50 m radius waarched around each turbine, with the
turbine as the centre of the plot. The minimumltataa searched every 14 days was
99.75 ha. At each visit and turbine, observers sicanned the platform holding the wind
turbine by car. They then divided the rest of that ;n two parts and each part was
searched on foot, starting from the same point faidwing opposite directions. If
general, each half circle was searched by zigaagsthe actual way of searching often
varied among wind turbines depending on topographg vegetation cover. When
observers encountered obstacles such as rockseqyusbes or other, they searched
them carefully. In cases where steep slopes wenedfevithin the plot, binoculars were
used. Parts of the plot not accessible to the gbseidue to dense vegetation or other
reasons were recorded as a proportion of the ptdtiéed from searching.

On the plate of the turbine, carcasses of all kofdmnimals that had possibly died due to
an interaction with the wind turbine were a targegluding passerines and bats.
However, outside the plate, observers focused ats lnf prey. Carcasses found during
preparation of the monitoring and those randomlyntb during implementation were

also taken into account in mortality estimates.

Searching equipment included plastic bags, plagtees, a GPS, measuring tape, a
photo camera and binoculars. The following dataewercorded prior to the onset of
searching activities at every visit (Appendix I):

* Observers’ names

 Date

» Start and end time

e Wind farms




Identification code of wind turbine
The proportion of the wind turbine plot that was searched.

When a carcass was found:

Species was recorded if possible.

GPS coordinates of the carcass position were t@kéimere was more than one
piece, the GPS position was taken for every piece).

The distance and direction to the closest turbias measured (if there was more
than one piece, distance and direction to the stasebine were measured for
each piece, as well as the distance between thassapieces).

Photos of the incident were taken before the careess touched or removed
(Table 3).

The carcass was examined for possible injuriesakdn bones, and these were
recorded if found.

The carcass was checked for insects whose presascescorded.

The carcass was collected in a plastic bag witata ldbel and kept in the freezer
for any further examination.

If the carcass was a raptor or a vulture the careas collected and sent for x-
rays and toxicological analyses to the competestitutions in the region and
Thessaloniki.

Table 3.Carcass photos protocol

AN

AN NN

Close ups of the carcass from all sides and of eantass piece, if the carcass was cut|in
more than one piece.

Photos of the wing from both sides, head, bill atiger parts of the bird potentially
providing information about the age of the deadreahi

Close ups of injuries e.g. injured bill, broken gietc.

Close ups of insects.

General photo of the surrounding landscape inclyittie wind turbines.

Photo showing the position of the bird in relattorthe closest wind turbine. One person
stood close to the carcass pointing at it and ghetre taken both from near and from far
distances, including the person, the wind turbime the carcass. Other photos included| the
wind turbine, the carcass and the landscape, otimet turbines etc.

3.2. Observers’ detection trials

Observers’ detection bias is a quantification @& tibservers’ ability to find dead birds,
largely influenced by topography, vegetation suuetand observers’ experience. In the
frame of the carcass surveys, observers’ detebiasimight heavily influence mortality
estimation. One might quantify the observer’s &pilo find dead birds when a known
number of birds are placed in the search area. Mgbea observers’ detection trials to
guantify and correct the bias of mortality estinsate#f vultures and raptors due to
collision with wind turbines. We aimed to quantifje detection ability of every
observer involved in the carcass surveys.
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Three sites outside but near the windfarms wesecsal for trials. These were similar to

the windfarm sites in terms of topography, vegetastructure, habitat types, and degree
of difficulty, and they were easily accessible. @r50 m radius sample plots were
defined in each trial site. The same areas were iose¢he scavenger removal trials (see
below).

Selected trial sites were located at a distané&®6fto 1000 m from the windfarms:

1. Site Mytoula (located west of the windfarm Mytoula, within adias of 500 m
around the point 659738, 4550781N, taken as the trial site point of reference).

2. Site Mati - Geraki (located approximately 500 m south-east of thedf@rm
Mati within a radius of approximately 700 m fronetpoint of reference 658640
E, 4555316&N, on either side of the road just before the Matiditurbines).

3. Site Peltastis(located 500 m to 1000 m southwest of the end ofdf@rm
Peltastis within a radius of 700 m around the pd&@bBR025E 4557884N,
following the hillcrest, after the last wind turlein

Each of these sites simulated a small windfarm hoéd wind turbines with their
respective 50 m radius plots as in the surveyed! winbines. Each hypothetical wind
turbine was represented by a stick or an existieg. tAt each site, the distance between
hypothetical wind turbines was at least 200 m. Acdfc humber of dead birds, bird
parts (e.g. one wing) or remains (e.g. feathers) placed at random in each plot. These
carcasses and remains were from birds previousigdalead in the field (e.g. in roads
due to collisions with cars) that had been keptdro Carcasses were also provided by
the Hellenic Wildlife Hospital EKITAZ) from birds deceased during their rehabilitation
process. The number of carcasses, carcass parteraaths, as well as their position in
the plot were unknown to the observers, who weked$o survey each plot as they did
in the windfarms. All necessary permissions to\caut the trials were obtained from
the relevant authorities.

Observers recorded the number of findings, the rgesmn of every finding, a good
description of the position of the finding in retat to the hypothetical wind turbine and
the time spent searching at each plot. Observatsnbacontact with each other during
trials. At the end of the trials all carcasses wekected from each site.

The ability of observers to detect dead birgsnas calculated as the ratio of the number
of carcasses detected to the total number of cegsgdaced:

& =Number of carcasses detected / Number of carcasses placed
We tested for effect of season on observers’ efficy using One Way ANOVA
(Brown- Forsythe) (Field 2005).
3.3. Scavenger removal trials
This trial was applied in order to quantify thed@mobably affecting estimates of raptor
and vulture mortality rates due to carcass rembyascavengers. Potential scavengers

present in the area are mammals such as foxesgsyotlogs and mustelids but also
birds. We aimed to quantify the removal rate ofteapand vulture carcasses from
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scavengers at the windfarm areas using the sardg sties as in 3.2 (see above). We
assumed that the same type of scavengers prestd atindfarms were found in our
trial study sites, since these were close to tmelfarms.

Scavenger removal rate was quantified using a knouvnber of carcasses placed at the
study area and checking each carcass for a centaiod of time to record its removal
from the area. Carcasses and carcass parts wearedptandomly at the three sites,
avoiding however positions conspicuous to humang. (shepherds or hunters).
Carcasses were left in place for one month (ifreatoved earlier by a scavenger) and
checked on particular dates (see section 4.3). oo to the condition in which
carcasses where found each time, they were assiyaatategory out of five possible
categories, as shown in Table 4.

Table 4.Categories assigned to carcass condition duringdaeenger removal trials.

A =intact / in the same position as it was left

B = it was moved, but was still visible

C =it was "eaten-scavenged", but was still preserdnd possible to be see
D = disappeared with a few remains

E = completely disappeared

>

It is worth noting two things. First, “real” raptearcasses were used instead of poultry
or other non-native species to avoid overestimdtigegscavenging rate, as suggested by
Kerlinger and Curry (1998). Second, the carcasse wot fresh but had been frozen,
and therefore were expected to be more difficultfitml and be less attractive to
scavengers, maybe leading to an underestimatiaieofscavenging rate (Smallwood
2007).

Mean carcass removal timig) was calculated as the average length of time easar
remained at the site before it was removed :

wheret; is the removal time of thgh carcasss is the number of carcasses used in the
trials, ands; is the number of carcasses still remaining on 8@yof the trial. This
estimator is the maximum likelihood estimator assgnthe removal times follow an
exponential distribution and there is right-censgrof data (Ericksoet al. 2001, 2003).
We collected any trial carcasses still remaininglap 30, yielding censored observations
at 30 days.

We tested for effect of season and carcass sizheoremoval day using Kruskal-Wallis
Test (Field 2005).

Standard errors (SE) and 90% confidence interv@l} ¢f both the average time a

carcass remained before being removedr(d the observer efficiency) (were calculated
by bootstrapping using 5.000 bootstrap iterations.
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3.4. Mortality estimation based on carcass surveys

The total numbeN of avian fatalities was estimated for all birdspoéy and for vultures

in particular, with their respective variances,ngsthe number of carcasses detected
during the study period corrected for scavengerorahand observers’ efficiency bias,
I.e. the proportion of carcasses that remainechéenstudy area during the scavengers’
removal trials and the observers’ efficiency rdtee following formula was applied:

N-estimated= Na*Cz*Cp*Ce,

whereNa is the number of collision fatalities (carcass#sfectedCz is the correction
factor for search are&€¢ = 100/z, where z is the the proportion of totafate that was
actually searched¥;pis the correction factor for scavengir@p(= 100f, wherep is the
proportion of birds not removed by predators during scavenging trialsiCe is the
correction factor for search efficiencZ¢ = 100/e, where e is the proportion of birds
found by observers) (Everaert and Stienen 2007).

3.5. Surveys of space use by birds

We surveyed the space use by birds to estimaterraplization rates and to record the
risk movements of the bird species of interestaoheof the nine monitored wind farm
sites. Risk movements were flights that occuredhiwitin area of 250 m radius around
each wind turbine. Parameters were estimated wkitagfrom observations at particular
View Points (hereafter VPSs).

Selection of View Points

After an initial exploration, ten VPs were selected so that all wirbines at the nine
wind farms could be observed (Tables 5 and 6, Agpel). To select VPs, existing
limitations such as the availability of time andntan resources, and the relief were
accounted for and some priorities were set (e.gembservation replications and fewer
VPs). Location of VPs outside the wind farms witfaod view to the surrounding area,
short distances between VPs and wind turbinesyatida 180° view to the turbine were
preferred to reduce potential disturbance effeftebservers on birds. However, this
was not always possible because of the limitingofac Some VPs had a 360° view in
order to observe all the turbines of the particstady plot, defined as the area observed
by each VP (see below). Selected VPs also covéredatea that was covered in the
previous monitoring period (2004-2005). The distareetween any VP and the
respective turbines observed varied from a few rmetp to 2500 m.

13




Table 5. Area of the study plots

Wind Farm Total area of WF (ha) Visible area (ha)
Peltastis 1336.16 107.81
Kerveros 1414.91 250.0(
Monastiri 1443.60 112.5(
Geraki 3036.07 381.25
Mati 788.42 17.19
Didimos Lofos 1210.90 181.21
Sapka 1308.72 175.04
Mytoula 2168.08 265.63
Soros 1335.36 203.13

The values of visible area were estimated by a coation of field and computer work.

Observers represented the actual visible surfacevefy study plot on its map, then
digitalized the information using a GIS programmjch finally was used to generate
the visible hectars.

Table 6.Description of VPs

View Point :
Code Site WT observed GPSE| GPSN
VP1 Sapka X1, X2, X3, X5, (X4 nowith 8 gers18 | 4550341
very good view)
. D1, D2, D3, D4,
VP2 Didimos Lofos D5. D6. D7. D8 661611 4558648
VP3 Gerakil T1-T17 654848 45609480
VP4 Geraki2 T19-T32 656706 4557792
. | MA1, MA2, MA3, e
VP5 Kerveros - Geraki - Mati T33-T42, K1-K10 656417 4554932
VP6 Peltastis - Kerveros P1-P10, K11-K14 654840 7594
VP7 Mytoula M1-M7 661600 4551047
VP8 Soros - Mytoula S1-S10, M8-M19 663817 4549755
VP9 Soros S11, S12, S13 664999 4547910
VP10 Monastiri MO1-MO13 649805 4562921
Observations

The area observed by each VP defined an individiadly plot. Each study plot
comprised a specific number of wind turbines anel #djacent landscape, and was
illustrated on a map (Appendix lll), including threspective wind turbines to be
observed. Study plots were not of equal size arit #ize depended on the number of
wind turbines that they comprised. A second pldleda“the turbine study plot” was
nested within each study plot. A turbine study plais defined as the sum of all 250 m
radius circles surrounding wind turbines in thewimdlual study plot, with each turbine as
the centre of each 250 m circle.

14




Study plots were observed continuously for fiveiscand any interruption was recorded
on the data sheets, indicating both the causelanduration in minutes. The observers
used 10x42 binoculars to scan circularly the wimthines and the slopes included in the
study plot. Both study plots and turbine study platere used to collect data on the
utilization rates of the area by target specietuating raptors, vultures, corvids, storks

and other large size birds. In addition, turbinedgt plots were used to record data
relative to the interactions of the birds with thebines. These data were collected
whenever a bird was observed flying within lessitR80 m from the turbines (although

this does not mean that there are no interactidreswa bird flies further).

The following data were recorded by observers arh ey of observation: date, code
and name of VP, observers’ names, start and ere dinobservation, as well as causes
of potential interruption and duration in minuté&3bservers then recorded data by
entering alpha-numeric codes onto a standardizéal steeet and onto the map of the
corresponding plot (Appendix 1) that illustrateal turbines in the plot and their
identification numbers (Thelander and Rugge 19@&ubna 2007).

During an observation event:

* When a bird was sighted, it was tracked continuofreim the time it entered the
study plot until it departed or observers lost sigfht.
* The event was entered into the data sheet usiimgdardual numeric code
* The flight of the bird was drawn on the respectivap, showing the direction of its
trajectory and using the same code previously us#te data sheet.
* Observers recorded the following data:
= Start time (the time of initial detection of the bird in thiady plot, accurate to
minutes).
= End time (the time that the bird departed from the stuay pl was lost by the
sight of the observers, accurate to minutes. Careggty, the minimum time
considered to be spent within the study plot wagny case, one minute).
= Species(if identification was not possible, the most deth description or
characterisation was recorded).
= Sex
= Status (when possible to distinguish local flights fromther flights (i.e.
migration flights), status was recorded)
= Number of individuals, if more birds were seen flying together.
= Initial distance to observers in meters (the distance betweenitbeabd the
observers at the moment that the bird was initidéiected — the map helped to
estimate this distance).
» The closest distance to observeia meters
= Height above the ground(an estimation of the flight height of the birdhiah
described the general impression of the observaositahe overall flight in
relation to the land surface).
= Activity type

Data were always recorded on the first of the ddumets (Appendix IVa), whenever
there was an observation event. If a bird was eeseflying within the turbine study
plot (i.e. at a distance 250 m or less from thedwmurbines), observers collected the
following second set of data (Appendix IVb) in teda to the interaction of the bird
with the turbines:
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* For the same evernthe same numeric codas in the study plot page
= The duration of the presenceof the bird in the turbine study plot in
minutes (consequently, the minimum time considewved, in any case,
one minute).
» Thedistance of the bird to the nearest turbinen meters.
» The operational status of the nearest turbine and the duration of its
rotation in seconds.
= The flight height of the bird at its nearest distance to the turbine
estimated in relation to the pylon of the turbieqy. flight height = 1.5
pylons.
» Thetype of interaction of the bird with the turbines. The following cases
were defined:
1. No interaction.
2. The bird wadlying parallel to the turbines or it came close to a
turbine but itdid not crossthe turbines.
3. The birdcrossed between two turbinegor one if it was the last
turbine in the plot).
4. The birdcrossed the turbines but flied much higherthan the
height of the turbines (> 2 pylons).
5. The birdcrossed through the bladesf a turbine.
= Every time there was an interaction of the birdhwibe turbine, the
reaction of the bird was recorded.
= A measurement of th@ind was taken at the time of interaction.

Weather data were also recorded every 30 minutesach observation day, using a
manual anemometer Kestrel 3000 (Appendix 1Vc):

* Wind speed (average and maximum in m/sec)

» Wind direction (N, NE, E, SE, S, SW, W, NW, N)

* Temperature ( °C)

* Visibility

* Cloud cover (%)

* Fog presence (Yes/No)

* Relative humidity (%)

Observations were usually carried out twice perkwveee day two observers conducted
observations from two VPs and the second day tbibservers conducted observations
from three VPs (each observer was placed on aeswWiglon either day). If the weather
conditions allowed all VPs were visited in two weglcompleting one round of
observations at all nine wind farms. Each study plas surveyed the same number of
times.

Observation times were rotated in order to covethal daylight hours. Each study plot

was visited once in the morning and the next timéhe afternoon. During June, July,
August, September and October 2008, and April, Mag June 2009, the morning

observations were carried out from 8:00 to 13:00 @re afternoon observations from
12:00 to 17:00. During the winter months (when al is shorter and weather

conditions are different, e.g. fog in the early miog hours), observation times changed
to 9:00 — 14:00 and 11:00 — 16 00, respectively.
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Based on experience, the Scotish Natural Herit205) recommends that a survey
period of 36 hours at every VP and over each sedbogeding, non-breeding,
migratory) is a reasonable minimum for raptorsolm study, observers surveyed space
use by birds during 205 mandays or 942 hours &l (@d&ables 7 and 8).

Table 7. Time spent at each of the ten VPs

View Total time spent Breeding season Non breeding season
Point (hours:minutes) (Jan — Aug) (Sept — Dec)
VP01 102:10 69:35 32:35
VP02 92:35 70:00 22:35
VP03 81:15 52:52 28:23
VP04 79:28 53:56 25:32
VP05 129:04 89:04 40:00
VP06 102:45 70:00 32:45
VP07 93:20 63:30 29:50
VP08 96:32 63:27 33:05
VP09 82:00 58:15 23:45
VP10 83:00 55:30 27:30
Total 942:09 646:09 296:00

During the monitoring of 2008-2009, more VPs wesedito survey part of the area
surveyed during the monitoring of 2004-05. This liegpthat, in absolute terms, the total
time devoted to survey the common monitoring area Varger in 2008-2009 than in
2004-2005 (Table 8). However, these differencegetaced when times are seen at the
scale of wind farms, and not VPs (the time spemitodng a wind farm with two VPs

is not the sum of both times, but the average ¢l times; as you don’t see the whole
wind farm from each single VP, but they complemeatth other).

Table 8. Comparison of the absolute times spent during Z0M6 and 2008-2009 in areas
monitored during both monitoring periods

LWF (Peltastis and Geraki) SWEF (Soros) Sapka
2004/09 VP 1 VP 2 Total |VP1 |vP2| Total VP 1
;”e‘ﬁt 91:58 82:19 174:17 | 103:59) 99:39 203:38 43:09
Part off Part of | Part of
2008/09 VP04 (S0 | L S0 L ons | Total | VP08 | VPOY Total VP01
;”e‘ﬁt 79:28| 129:04 102:45| 81:15| 392:32 | 96:32 | 82:00178:32 102:10

Two indices of avian space use were calculatedcitbgsing densities index and the bird
use index. First, crossing densities were calcdlaldne crossing density reflects the
density of birds crossing the space between tushieepressed by bird individuals per
100 meters and 100 hours. Crossing densities vissecalculated in the first monitoring
period (Ruizet al 2005), making comparisons of the values from Ipattiods possible.
Comparisons were performed using the Mann-Whitnagissical test (Field 2005).
Crossing densities were also tested against sew@rdlfarm characteristics, in order to
detect potential correlations. In that case, Spearoorrelation analysis was used (data
were non-normally distributed) to relate geomorplgalal and wind turbine site
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variables with birds’ crossing densiies. Geomorppmal variables included slope (in
degrees) and aspect, which is to say eastnes<{aspe transformation, from -1 to +1)
and northness (aspect-cosine transformation, frbnto-+1) (Poirazidiset al 2004,
Poniatowski & Fartmann 2008). The wind turbine saeiable was the distance between
two neighbouring wind turbines (in meters) (see &mgix 1X). Aspect and slope (in
degrees) were derived from 30 m DEM using a GISyaomme (ArcMap 9.3). These
variables were measured in the following way:

1. For every gap between any two neighbouring winditas, two square sampling
plots were considered, to the left and the righte sof the ridge where both
turbines were considered, with direction from thvetfwind turbine to the last
one. The width of each square sampling plot wasdtsnce between the two
corresponding wind turbines.

2. Inside these square plots, points at 30 m distabetveen them were
systematically located.

3. The cell values of the raster (aspect, slope) w&teacted based on the previous
set of points for each square plot.

4. The average of the points’ values was taken foryesquare plot and for every
geomorphological variable to the final analysis.

Distances between two neighbouring wind turbinesnfieters) were measured using
ArcMap 9.3.

Second, the bird use index was calculated. Birdinex was defined as the number of
hours a species was flying in the wind farm areahpeirs of monitoring. Three buffer
zones were defined around each wind turbine: 260,&1d 1500 m distance from the
turbine. Merging the buffers around all wind tumdsnof every wind farm resulted in
three buffers of 250, 500 and 1500 m around thedwarm respectively. Bird use
indices were also calculated for the 2004-2005ysalldwing comparisons between the
two monitoring periods to see if there were anyngjes after four years.

The bird use index was calculated using ArcMap WBere all flight trajectories
recorded had been digitalized. To extrapolate itne very individual spent in each
specific buffer zone, two basic assumptions werelandhe observers recorded the
flights on the map in the most accurate way andsbinoved with a constant speed. As
the total time of each flight and the total lengtid the lengths of the flight trajectories
in each buffer zone were known, the time spentichéuffer zone could be calculated.

Finally, data from all VPs were aggregated to shtwe monthly numbers of

observations and individuals, and the monthly rapésobservations (number of
observations/hour) and monthly rates of individué&smber of individuals/hour)

recorded during both periods. Because data weraarotally distributed, we used the
non-parametric Kruskal-Wallis tests to analyse ahrand seasonal differences in
average monthly numbers of observations and indalg] as well as observation and
flying rates (Sokal and Rohlf 198&ield 2005, Farfaet al. 2009).

18




4. RESULTS AND DISCUSSION
4.1. Carcass surveys

Observers carried out carcass surveys over adbtedd6 days, completing 319 hours of
searches. Average searching time per day was tlogs. Each wind farm was searched
between 24 and 27 times in total.

Overall, 24 animal carcasses were found betweea 2088 and July 2009. Two more
birds found outside the systematic carcass seanslees included in the list. Five
carcasses belonged to the target species, whitd fllem were other birds and 8 were
bats (Table 9).

Table 9.Detected carcasses: Falconiformes, other birdsbatsd

Species Description Date Windfarm Nea_rest Bistance to .
turbine nearest turbing
Falconiformes
. Cut in two pieces: .
Griffon Vulture wing and rest of the 20/05/08| Kerveros | K1 W|ng: 13m
(Gyps fulvup body Body: 34.5 m
Cut in two pieces: zggfo&r;a":
Griffon Vulture Legs and tail and ré®9/05/08| Geraki T32 ' f bodv:
of the body Rest of body:
25m
?&Zi‘;jﬁg'gemms Broken wing 04/07/08 Geraki | T36 35m
Griffon Vulture Injured wing, 30/09/08| Geraki T1 1.6 km
at the shoulder
Griffon Vulture PVC ring (G05) 06/07/09Soros S10 18 m
Other birds
(Sgggrzgarriggria) Intact - scavenged 14/08/0&eraki T35 12m
%gfgﬁga"i;:;tat N Intact 30/09/08 Soros S10 15.30 m
Chaffinch Portion: wings,
(Fringilla coeleb$ feathers, bones 29/10/08) Mytoula M19 43.50m
(B'E(rzgﬁlsrcrjnerulai Portion 12/11/08 Mytoula M2 22m
Crested Lark Whole body 30/01/0%apka X2 25.30 m
fgﬁ;fgl‘l‘l’;‘ cocleby | Whole body 06/02/09 Peltastis | P3 19.50 m
Ferruginous Duck Only eyes 12/03/09| Monastiri | M1 19.25m
(Aythya nyroca missing
'\("Aera]‘t‘lj,]‘fj"sv Er'gt'gns)s L”;ES injured 13/04/09| Geraki | T33 27.55m
eathers, bea eraki o data
(HSSf;;epop)s Feathers, beak 28/04/0%eraki | T33 No d
Chukar Whole body,
(Alectoris chukay o y 28/04/09| Sapka X3 No data
Hawfinch Didimos
occothraustes roken nec 40 m
C h Brok k 26/06/09 Lofos D01 10.40
coccothraustés
Bats
m@g;g&‘gg&nus) No data 08/07/08 Mytoula | M9 25 m
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Bat sp. Intact 05/09/0BPeltastis P2 13m

Bat sp. Intact 5/09/08] Peltastis P9 3m
Bat sp. Broken wing 16/09/08Kerveros | K14 28.90 m
Bat sp. Intact 25/05/0p Sapka X2 6.10m
Common Pipistrelle |\ 30/05/04 Peltastis | P1 7m
(Pipistrellus pipistrellus

Lesser Noctule Intact 08/06/09 Peltastis | P1 10m
(Nyctalus leisleri)

Savi's Pipistrelle No data 19/06/09 Kerveros | K11 15.6 m

(Hypsugo savii)

The Griffon Vulture detected on 29/05/08 was foundwo pieces. The first piece
(head, wings and half body) was 25 m away fromtthibine pylon (in an obvious
position on the plate) and it was gone the nextktioibservers scanned the area
(20/06/2008, three days after the systematic sebegfan). The second piece (half
body, legs and tail) was found 49.7 m away, insa lgbvious position, and it remained
there for at least three and a half more months. détision was taken of leaving the
remains as they were found and not following th&tqmol indicated in such cases. It
was considered that extra data of high interesardkgg observers’ detection and
scavenger activity could be collected, which onhgal event like this could offer.

The last two Griffon Vulture observations were madwler special circumstances.
The vulture found on the 30/09/08 was 1.6 km awaynfthe nearest wind turbine, at
an altitude around 200 m lower than the turbinexidaogical tests were run and X-

ray plagues obtained, and the results led to thelasion that collision was the cause
of death. On the 06/07/09 a colour plastic ring i@md semi-buried in the plate

under wind turbine S10, with signs of having beessped by something heavy (such
as a car) against the soil, being broken into foaces. It was highly unlikely that a

Griffon Vulture landed on the plate simply losints iring, so the incident was

considered as a result of collision with the tuebin

Three out of four Griffon Vultures individuals weadults, and only the vulture found
on the 30/09/08 was immature. This is a small sartgpdraw clear conclusions, but it
has to be taken into account that a high adult afitytmay severely affect the
population dynamics of a long-lived species suckhasGriffon Vulture, leading to a
decline in the population growth rate.

Fig. 2 Lesser Noctule found on 08/06/09 Fig. Booted Eagle found on 04/07/08
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4.2. Observers’ detection trials

4.2.1. Observers’ detection trials, August 2008

In the summer 2008, trials were carried out on28& 24" and 2% of August. The first
day (23/8) the trial was conducted at the site Mipthe second day (24/8) at Mati-
Geraki and the third day (25/8) at Peltastis. ksthfirst trials, all the observers (coded
as A, B, C, D, E, Table 11) participating in thecass searches in June, July, August
and early September were tested. We used 23 casgamainly parts and remains from
Black Vultures (Table 10). Detection rates amongeobers ranged from 39.1% to
65.2% (Table 11).

Table 10.Distribution of carcasses during observers’ depectiials in the summer of 2008.

23/08/08 | Mytoula M1 1 One Black Vulture wing

23/08/08 | Mytoula | M2 2 One Black Vulture wing

23/08/08 | Mytoula | M2 3 One Common Buzzar8(teo buteo)
23/08/08 | Mytoula | M3 4 Tail and legs of Black Vulture

23/08/08 | Mytoula | M3 5 One Carrion CrowJorvus corone)
24/08/08 | Mati-Geraki T1 1 One Black Vulture wing

24/08/08 | Mati-Geraki T1 2 Remains of a Little OwiAthene noctua
24/08/08 | Mati-Geraki T1 3 One Common Buzzard

24/08/08 | Mati-Geraki T3 4 Feathers and bones of Black Vulture
24/08/08 | Mati-Geraki T3 5 One Carrion Crow

24/08/08 | Mati-Geraki T3 6 One Black Vulture wing

24/08/08 | Mati-Geraki T3 7 Feathers, legs and bones of Black Vulture
25/08/08 | Peltastis P1 1 One Carrion Crow

25/08/08 | Peltastis P1 2 One Black Vulture wing

25/08/08 | Peltastis P1 3 One Black Vulture wing

25/08/08 | Peltastis P1 4 One Long-legged BuzZAuteo rufinus)
25/08/08 | Peltastis P1 5 Feathers of Black Vulture

25/08/08 | Peltastis P1 6 One Swalld#irando rusticg

25/08/08 | Peltastis P2 7 One Griffon Vulture witreaming missing
25/08/08 | Peltastis P2 8 One Griffon Vulture wing

25/08/08 | Peltastis P2 9 Feathers of Black Vulture

25/08/08 | Peltastis P2 10 One Kestfl€o tinnunculus)
25/08/08 | Peltastis P2 11 One Chaffinch




Table 11.Results of observers’ detection trials in summe&&@or each site and observer, the
number of carcasses found to the total numberrobsaes and the time spent searching is given.

Observer

4/5 57 min.| 5/7 57 min. 6/11 43 min65.2
2/5 No data 6/7 57 min. 5/11 47 min. 56.5
4/5 75 min.| 3/7 40 min. 5/11 60 min52.2
3/5 60 min.| 2/7 65 min. 4/11 60 min39.1
3/5 46 min.| 5/7 52 min. 5/11 63 min56.5

4.2.2. Observers’ detection trials, November 2008

The autumn 2008 trials were conducted on thed8and 18" of November. Trials were
conducted at the same three sites where the sutniadsrwere conducted. In this trial
all observers that participated in carcass searcheig September, October and
November were tested: A (second participation),sBcénd participation), C (second
participation), D (second participation), F (figsrticipation), and G (first participation).
This time we used 28 carcasses (Table 12). Detecttes among observers ranged
from 50.0% to 82.1% (Table 13).

Table 12.Distribution of carcasses during the autumn 200&okers’ detection trials.

08/11/08 | Mytoula M1 1 One Black Vulture wing

08/11/08 | Mytoula M1 2 Feathers and bones of Blaakure
08/11/08 | Mytoula M1 3 One Black Vulture wing

08/11/08 | Mytoula M2 4 One Griffon Vulture wing

08/11/08 | Mytoula M2 5 One Griffon Vulture with omeng missing
08/11/08 | Mytoula M2 6 Feathers, legs and bonedadkBVulture
08/11/08 | Mytoula M2 7 One Black Vulture wing

08/11/08 | Mytoula M3 8 Feathers and dry body ofl&i®wl
08/11/08 | Mytoula M3 9 Feathers, bones and a fo®atk Vulture
08/11/08 | Mytoula M3 10 One Black Vulture wing

09/11/08 | Peltastis P1 1 Feathers and bones of Blaltkre
09/11/08 | Peltastis P1 2 Feathers and bones of Blaltkre
09/11/08 | Peltastis P1 3 One Black Vulture wing

09/11/08 | Peltastis P1 4 One Griffon Vulture witleaming missing
09/11/08 | Peltastis P2 5 One Black Vulture wing

09/11/08 | Peltastis P2 6 One Black Vulture wing

09/11/08 | Peltastis P2 7 One Griffon Vulture wing

9/11/08 Peltastis P2 8 One Black Vulture wing

09/11/08 | Peltastis P2 9 Feathers and bones of Blaltkre
10/11/08 | Mati-GerakiT1 1 One Black Vulture wing

10/11/08 | Mati-Geraki T1 2 Feathers, bones and a foot of Black Vultyre
10/11/08 | Mati-Geraki T1 3 One Black Vulture wing

10/11/08 | Mati-Geraki T1 4 One Griffon Vulture wing

10/11/08 | Mati-Geraki T2 5 One Black Vulture wing




10/11/08 | Mati-Geraki T2 Feathers and bones of Black Vulture

10/11/08 | Mati-Geraki T2 Feathers and bones of Black Vulture

10/11/08 | Mati-Geraki T2 One Griffon Vulture with one wing missing

O[NNI

10/11/08 | Mati-Geraki T3 Feathers and bones of Black Vulture

Table 13.Results of the autumn 2008 observers’ detectiatstriFor each site and observer, the
number of carcasses found to the total numberrohisaes and the time spent searching is given.

Observer
5/10 44 min.| 8/9 53 min. 8/9 54 min75.0
6/10 40 min.| 6/9 43 min. 4/9 41 min57.1
8/10 30 min.| 8/9 55 min. 7/9 40 min82.1
5/10 41 min., 6/9 60 min. 5/9 65 min57.1
7/10 40 min.| 4/9 33 min. 3/9 ? min, 50.0
5/10 41 min.| 4/9 34 min. 8/9 41 min60.7

4.2.3. Observers’ detection trials, March 2009

The winter 2008-2009 trials were conducted on t88 14" and1%' of March 20009.
This third round of trials should have been rurFebruary 2009, but extreme weather
conditions (snow and very low temperatures) impedeel normal course of the
programme leading to a delay. Ttrials were condlatehe same three sites. Almost all
observers participating in carcass searches inrDleee2008 and January, February and
March 2009 were tested: C (third participation), (§&cond participation), H (first
participation) and | (first participation). In tdtave used 35 carcasses (Table 14).
Detection rates among observers ranged from 650734.4% (Table 15).

Table 14Distribution of carcasses during the winter 200820bservers’ detection trials

A partially decomposed Golden Eagle
13/03/09 | Mytoula = M1 | 1 ( Azu”a C%rysaet 0)2 9
13/03/09 Mytoula M1 2 One Black Vulture wing
13/03/09 Mytoula M1 3 One Goshawkdcipiter gentilig
13/03/09 Mytoula M1 4 Feathers, bones and a fo®atk Vulture
13/03/09 Mytoula M2 5 One Griffon Vulture
13/03/09 Mytoula M2 6 One Griffon Vulture wing
13/03/09 Mytoula M2 7 One Sparrowhawkcgipiter nisu}
13/03/09 Mytoula M2 8 One Common Buzzard
13/03/09 Mytoula M2 9 One Black Vulture wing
13/03/09 Mytoula M3 10 One Common Buzzard
13/03/09 Mytoula M3 11 One Black Kit&{lvus migran$
13/03/09 Mytoula M3 12 Feathers and bones of Blaakure
13/03/09 Mytoula M3 13 One Black Vulture wing
14/03/09 Peltastis P1 1 Feathers and bones of Blaltkre
14/03/09 Peltastis P1 2 One Griffon Vulture
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14/03/09 Peltastis P1 3 One Black Vulture wing

14/03/09 Peltastis P1 4 Feathers, bones and af@back Vulture
14/03/09 Peltastis P2 5 One Black Kite

14/03/09 Peltastis P2 6 One Common Buzzard

14/03/09 Peltastis P2 7 Feathers and bones of Rialtkre
14/03/09 Peltastis P3 8 One Griffon Vulture wing

14/03/09 Peltastis P3 9 One Common Buzzard

14/03/09 Peltastis P3 10 One Sparrowhawk

14/03/09 Peltastis P3 11 One Black Vulture wing

14/03/09 Peltastis P3 12 One Goshawk

15/03/09 MatiGerak T1 1 One Common Buzzard

15/03/09 MatiGerak T1 2 One Griffon Vulture wing

15/03/09 MatiGerak T1 3 One Goshawk

15/03/09 MatiGerak T2 4 One Griffon Vulture

15/03/09 MatiGerak T2 5 Feathers, bones and a foot of Black Vultjire
15/03/09 MatiGerak T2 6 One Sparrowhawk

15/03/09 MatiGerak T2 7 One Black Vulture wing

15/03/09 MatiGerak T2 8 One Common Buzzard

15/03/09 MatiGerak T3 9 One Black Vulture wing

15/03/09 MatiGerak T3 10 One Black Kite

Table 15Results of the winter 2008-2009 observers’ detedtimls. For each site and observer,
the number of carcasses found to the total numbeam@asses and the time spent searching is
given.

8/13 42 min.| 7/10 31 min. 9/12 38 min68.6
26 min. 33 min. 30 min.

12/13 30 sec 9/10 16 sec. 11/12 40 sec. 91.4
1h . :

10/13 20 min. 9/10 54 min. 12/12 46 min.88.6

10/13 52 min.| 6/10 41 min. 7/12 34 min65.7

4.2.4. Observers’ detection trials, May 2009

Spring 2009 trials were conducted on th&,280" of May and & of June 2009 at the
same three sites. In these trials all observerscgaating in carcass searches in March,
April and May 2009 were tested: C (fourth partitipa), G (third participation), H
(second participation), | (second participation),(filst participation) and K (first
participation). In total, we used 34 carcasses lgr'dle). The detection rates among
observers ranged from 63.6% to 70.8% (Table 17).
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Table 16Distribution of carcasses during the spring 20089eokers’ detection trials

29/05/2009 | Mytoula M1 1 One Griffon Vulture

29/05/2009 | Mytoula M1 2 One Sparrowhawk

29/05/2009 | Mytoula M1 3 One Common Buzzard

29/05/2009 | Mytoula M2 4 Feathers and bones of Bladkure
29/05/2009 | Mytoula M2 5 One Common Buzzard

29/05/2009 | Mytoula M2 6 One Black Kite

29/05/2009 | Mytoula M2 7 A partially decomposed Guidagle
29/05/2009 | Mytoula M3 8 One Common Buzzard witheuting
29/05/2009 | Mytoula M3 9 Feathers, bones and adbBlack Vulture
29/05/2009 | Mytoula M3 10 One Black Vulture wing

30/05/2009 | Peltastis P1 1 One Griffon Vulture

30/05/2009 | Peltastis P1 2 One Common Buzzard
30/05/2009 | Peltastis P1 3 One Black Vulture wing
30/05/2009 | Peltastis P2 4 One Common Buzzard witheoung
30/05/2009 | Peltastis P2 5 Feathers, bones and aff@&ack Vulture
30/05/2009 | Peltastis P2 6 A partially decomposeldi&oEagle
30/05/2009 | Peltastis P2 7 One Black Vulture wing
30/05/2009 | Peltastis P3 8 One Common Buzzard
30/05/2009 | Peltastis P3 9 Feathers and bones ok Blalture
30/05/2009 | Peltastis P3 10 One Sparrowhawk

30/05/2009 | Peltastis P3 11 One Black Kite

30/05/2009 | Peltastis P3 12 One Black Vulture wing

03/06/2009 | Mati-GerakiT1 1 One Common Buzzard without a wing
03/06/2009 | Mati-GerakiT1 2 One Black Vulture wing

03/06/2009 | Mati-GerakiT1 3 A partially decomposed Golden Eagle
03/06/2009 | Mati-GerakiT1 4 Feathers, bones and a foot of Black Vulture
03/06/2009 | Mati-GerakiT2 5 One Black Vulture wing

03/06/2009 | Mati-GerakiT2 6 One Griffon Vulture

03/06/2009 | Mati-GerakiT2 7 One Black Kite

03/06/2009 | Mati-GerakiT2 8 One Black Vulture wing

03/06/2009 | Mati-GerakiT3 9 Feathers and bones of Black Vulture
03/06/2009 | Mati-GerakiT3 10 One Sparrowhawk

03/06/2009 | Mati-GerakiT3 11 One Common Buzzard

03/06/2009 | Mati-GerakiT3 12 One Black Vulture wing




Table 17 Results of the spring 2009 observers’ detectiaistriFor each site and observer, the
number of carcasses found to the total numberrobsaes and the time spent searching is given.

8/10 30 min | 7/12 30 min 7/12 21 min 64.7
; - | en2 4112 o2 31 min | 70.8
7/10 44 min | 9/12 46 min 8/12 43 min 70.6
9/10 38 min | 8/12 39 min 6/12 44 min 67.6
8/10 40 min - - 6/12 38 min 63.6
- - 8/12 49 min - - 66.7

Overall detection ability was then calculated fbrfaur seasons and for every observer
participating in the carcass searches (Table 18).

Table 18 Results of overall detection ability by observeor leach season and observer, the
number of carcasses found to the total numberrofsaes is given.

24/35

31/35 24/34 | 55/69 | 0.80 79.7

23/35 23/34 | 46/69 | 0.67 66.7
14/22 14/22 | 0.64 63.6
8/12 8/12 0.67 66.7

62/115 107/168 | 110/140,  108/160 - -

We placed a total of 120 carcasses for observezctien trials, distributed in four
seasons. Total observer efficiency, expressedeagrtiportion of detected carcasses, was
¢ = 0.66 [SE£) = 0.027, Cl 90%: 0.61-0.70]. No observer was ableetect more than
80% of the total of carcasses (Fig. 4). Total deiacability was also expressed by
season (Table 18). Vegetation cover and structutbeatrial sites changed with season
and we wanted to check for an effect of these obsruy the capacity of observers to
detect carcasses. Athough season had a signifeffatt on observer efficiency g =

4.39, d.f.=3,17p < 0.05,m = 0.35), this was not pronounced in the post ketst
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Fig. 4 Total detection ability by observer

Fig.Preparing the Observers’ detection trials
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4.3. Scavenger removal trials

4.3.1.Scavenger removal trial, August 2008

The summer trial was conducted from th& 26 August to the 24 of September 2008.
Two to three carcasses or carcass parts were péasath of the study sites (Table 19)
on 25/8/2008 (day 0). Sites were subsequently atefi remaining carcasses or carcass
parts on the following dates: 26/8 (day 1), 27/8y(@), 28/8 (day 3), 29/8 (day 4), 1/9
(day 7), 8/9 (day 14), 14/9 (day 20), 24/9 (day @@bles 20, 21 and 22).

Table 19.Distribution of carcasses or carcass parts duhirgsummer 2008 scavenger removal
trials

Peltastis 1 One Long-legged Buzzard without head
Peltastis 2 One Black Vulture wing

Mati-Geraki | 3 One Common Buzzard

Mati-Geraki | 4 One Carrion Crow

Mati-Geraki | 5 One Kestrel

Mytoula 6 One Black Vulture wing

Mytoula 7 One Common Buzzard

Table 20.Results of the summer 2008 scavenger removal trideltastis

Peltastis | 0 25/08/08 | A A
Peltastis | 1 26/08/08 | A A
Peltastis | 2 27/08/08 | A A
Peltastis | 3 28/08/08 | A A
Peltastis | 4 29/08/08 | A B
Peltastis | 7 01/09/08 | A B
Peltastis 14 08/09/08 | B E
Peltastis | 20 15/09/08 | B -

Peltastis | 30 24/09/08 | E -

A =intact / in the same position as it was left

B =it was moved, but was still visible

C =it was "eaten-scavenged", but was still preserand possible to be seen
D = disappeared with a few remains

E = completely disappeared

Table 21.Results of the summer 2008 scavenger removal triddati-Geraki

Mati-Geraki | 0 25/08/08 A A A
Mati-Geraki | 1 26/08/08 A A A
Mati-Geraki | 2 27/08/08 A A A
Mati-Geraki | 3 28/08/08 A A A




Mati-Geraki | 4 29/08/08 A A A
Mati-Geraki | 7 01/09/08 A E A
Mati-Geraki | 14 08/09/08 A - D
Mati-Geraki | 20 15/09/08 B - D
Mati-Geraki | 30 24/09/08 B - D

A = intact / in the same position as it was left

B = it was moved, but was still visible

C =it was "eaten-scavenged", but was still preserand possible to be seen
D = disappeared with a few remains

E = completely disappeared

Table 22.Results of the summer 2008 scavenger removas inallytoula

Mytoula | O 25/08/08 A A
Mytoula | 1 26/08/08 A A
Mytoula | 2 27/08/08 A A
Mytoula | 3 28/08/08 A A
Mytoula | 4 29/08/08 A A
Mytoula | 7 01/09/08 D C
Mytoula | 14 08/09/08 D E
Mytoula | 20 15/09/08 D -

Mytoula | 30 24/09/08 D -

A =intact / in the same position as it was left

B = it was moved, but was still visible

C =it was "eaten-scavenged", but was still preserand possible to be seen
D = disappeared with a few remains

E = completely disappeared

All carcasses were still present in their placedfoleast one week (Table 23).

Table 23.0Overall results of the summer 2008 scavenger rehtoaks at the three study sites

Peltastis Long-legged Buzzard 30
Peltastis One Black Vulture wing 14
Mati Geraki | Common Buzzard 30
Mati Geraki | Carrion Crow 7

Mati Geraki | Kestrel 14
Mytoula One Black Vulture wing 7

Mytoula Common Buzzard 14

4.3.2. Scavenger removal trial, November 2008

The trial was conducted from the™af November 2008 to the £of December 2008.
Due to lack of available carcasses, the trial wasdacted at only one of the three trial
sites, Peltastis. Three carcasses were placee atudy site on 11/11/2008 (day 0) and
were checked on the following dates: 12/11/2008y (d3, 13/11/2008 (day 2),
14/11/2008 (day 3), 15/11/2008 (day 4), 18/11/2@68y 7), 25/11/2008 (day 14),
2/12/2008 (day 20) and 11/12/2008 (day 30) (Tadde 2
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The following carcasses were used:
1. One Long-legged Buzzard
2. One Common Buzzard
3. One Golden Eagle

Table 24.Results of the autumn 2008 scavenger removalitrideltastis

Peltastis | O 11/11/08 A A A
Peltastis | 1 12/11/08 A A A
Peltastis | 2 13/11/08 A A A
Peltastis | 3 14/11/08 E B A
Peltastis | 4 15/11/08 - B A
Peltastis | 7 18/11/08 - B A
Peltastis | 14 25/11/08 - E B
Peltastis | 20 02/12/08 - - B
Peltastis | 30 11/12/08 - - D

A = intact / in the same position as it was left

B = it was moved, but was still visible

C =it was "eaten-scavenged", but was still preserand possible to be seen
D = disappeared with a few remains

E = completely disappeared

Carcasses at Peltastis remained between 3 and/8@Tdible 25).

Table 250verallresults of the autumn 2008 scavenger removal @idPeltastis

Peltastis Long-legged Buzzard 3
Peltastis Common Buzzard 14
Peltastis Golden Eagle 30

4.3.3. Scavenger removal trial, March 2009

The trial was conducted from the™6f March 2009 to the 150f April 2009. As in the
searcher efficiency winter trial, the winter scagenremoval trial could not be conducted
in February 2009 as originally planned, becausexteme weather conditions (snow and
very low temperatures) that impeded the normalsm®of the study.

Up to three carcasses or carcass parts were psceach site (Table 26) on 16/3/2009
(day 0) and were checked to see if they had bemowed by scavengers or not on the
following dates: 17/3 (day 1), 18/3 (day 2), 1942y 3), 20/3 (day 4), 23/3 (day 7), 30/3
(day 14), 5/4 (day 20), 15/4 (day 30) (Tables Bra@d 29).

Table 26.Distribution of the carcasses during the winter@286avenger removal trials

Peltastis One Common Buzzard

Mati-Geraki | 2 One Goshawk
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| Mati-Geraki | 3 One Sparrohawk |

Mytoula 4 One Sparrohawk
Mytoula 5 One Common Buzzard
Mytoula 6 One Sparrohawk

Table 27.Results of the winter 2009 scavenger removal titaReltastis

Peltastis | O 16/03/09 A
Peltastis | 1 17/03/09 A
Peltastis | 2 18/03/09 B
Peltastis | 3 19/03/09 B
Peltastis | 4 20/03/09 B
Peltastis | 7 23/03/09 ? (no access due to snow)
Peltastis | 14 30/03/09 E
Peltastis | 20 05/04/09 -
Peltastis | 30 15/04/09 -

A = intact / in the same position as it was left
B = it was moved, but was still visible
C =it was "eaten-scavenged", but was still preserand possible to be seen
D = disappeared with a few remains
E = completely disappeared

Table 28.Results of the winter 2009 scavenger removal timalMati-Geraki

Mati-Geraki | O 16/03/09 A A

Mati-Geraki | 1 17/03/09 A A

Mati-Geraki | 2 18/03/09 A A

Mati-Geraki | 3 19/03/09 A ? (covered by snow)
Mati-Geraki | 4 20/03/09 A ? (covered by snow)
Mati-Geraki | 7 23/03/09 A ? (covered by snow)
Mati-Geraki | 14 30/03/09 A E

Mati-Geraki | 20 05/04/09 A -

Mati-Geraki | 30 15/04/09 B-C -

A = intact / in the same position as it was left
B =it was moved, but was still visible
C =it was "eaten-scavenged", but was still preserand possible to be seen
D = disappeared with a few remains
E = completely disappeared

Table 29.Results of the winter 2009 scavenger removal tmalytoula

Mytoula | O 16/03/09 A A A
Mytoula | 1 17/03/09 E C E
Mytoula | 2 18/03/09 - E -
Mytoula | 3 19/03/09 - - -
Mytoula | 4 20/03/09 - - -
Mytoula | 7 23/03/09 - - -
Mytoula | 14 30/03/09 - - -
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Mytoula | 20
Mytoula | 30

05/04/09 = - -
15/04/09 = = =

A = intact / in the same position as it was left

B =it was moved, but was still visible

C =it was "eaten-scavenged", but was still preserand possible to be seen
D = disappeared with a few remains

E = completely disappeared

Carcasses in Mytoula disappeared faster comparthe tather sites (Table 30).

Table 30.Overall results of the winter scavenger removaldrat the three sites

Peltastis One Common Buzzard 14
Mati Geraki | One Goshawk 30
Mati Geraki | One Sparrohawk 14
Mytoula One Sparrohawk 1
Mytoula One Common Buzzard 2
Mytoula One Sparrohawk 1

4.3.4. Scavenger removal trial, June 2009

The trial was conducted from thé&' af June 2009 to the"2of July 2009. One carcass
was placed at each site (Table 31). Carcasses placed at the study areas on
01/06/2009 (day 0) and were checked on the follgvdates: 02/6 (day 1), 03/6 (day 2),
04/6 (day 3), 05/6 (day 4), 08/6 (day 7), 15/6 (d&y, 21/6 (day 20), 01/7 (day 30)
(Tables 32, 33 and 34).

Table 31.Distribution of the carcasses during the spring2€€avenger removal trials

Peltastis 1 One Griffon Vulture

One Common Buzzard

One Common Buzzard

Table 32.Results of the spring 2009 scavenger removal tinaleltastis

Peltastis |0 01/06/2009 | A
Peltastis |1 02/06/2009 | A
Peltastis | 2 03/06/2009 | B
Peltastis | 3 04/06/2009 | B
Peltastis |4 05/06/2009 |B
Peltastis | 7 08/06/2009 |B
Peltastis | 14 15/06/2009 |B
Peltastis | 20 21/06/2009 |C
Peltastis | 30 01/07/2009 |C
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A = intact / in the same position as it was left
B = it was moved, but was still visible

C =it was "eaten-scavenged", but was still preserand possible to be seen

D = disappeared with a few remains
E = completely disappeared

Table 33.Results of the spring 2009 scavenger removal tinalldati-Geraki

Mati-Geraki |0 01/06/2009 A
Mati-Geraki |1 02/06/2009 A
Mati-Geraki |2 03/06/2009 A
Mati-Geraki |3 04/06/2009 A
Mati-Geraki |4 05/06/2009 A
Mati-Geraki |7 08/06/2009 A
Mati-Geraki |14 15/06/2009 E
Mati-Geraki |20 21/06/2009 -

Mati-Geraki |30 01/07/2009 -

A =intact / in the same position as it was left

B =it was moved, but was still visible

C =it was "eaten-scavenged", but was still preserand possible to be seen
D = disappeared with a few remains

E = completely disappeared

Table 34.Results of the spring 2009 scavenger removal tiiadidytoula

Mytoula 0 01/06/2009 |A
Mytoula 1 02/06/2009 | A
Mytoula 2 03/06/2009 |B
Mytoula 3 04/06/2009 |B
Mytoula 4 05/06/2009 |B
Mytoula 7 08/06/2009 |B
Mytoula 14 15/06/2009 |B
Mytoula 20 21/06/2009 |C
Mytoula 30 01/07/2009 |C

A = intact / in the same position as it was left

B = it was moved, but was still visible

C =it was "eaten-scavenged", but was still preserand possible to be seen
D = disappeared with a few remains

E = completely disappeared

Carcasses remained at the sites for at least 34(daple 35).

Table 35.0verall results of the spring scavenger removaldrat the three sites

Peltastis One Griffon Vulture 30
Mati Geraki One Common Buzzard(iteo buted | 14
Mytoula One Common Buzzard(iteo buted | 30
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In total, 19 bird carcasses were used in the sgmreremoval trials (Fig. 7). After 14
days 50% of small carcasses, 22% of medium and @#ge ones had been removed

(Fig. 8). Any trial carcasses still remaining atdy/s were collected.

The average length of time a carcass remainederfi¢gfd before it was removed by a
scavenger was=23 days [SH] = 3.71 and Cl 90%: 18.15-30.38]. However, bothssa
(H=14198, d.f.=3,p<0.001) and carcass size (H=11350, d.f.p20.001) had a highly
significant effect on the removal day.
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Fig. 7 Total number of carcasses per species placed | isites per season of trial plotted
against number of days they remained at site befanoval
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Fig. 8 Observed mean proportion of bird carcasses avaifabldetection over a 30-day interval.
Seasons were pooled to show the time carcassegezhan the trial site according to their size.

Fig. MVinter view of the trial site at Peltastis
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4.4. Mortality estimation based on carcass surveys

Following Everaert and Stienen (2007), the mosta(hiumber of avian fatalities as
mentioned in the methods) for all birds of prey waestimated= 19.27 birds of prey
dead for all wind turbines and the whole studyqetand for vultures in particular, it was
N-estimated= 9.12 vultures dead for all wind turbines and thieole study period.
Estimated mortality rate consequently wils0.152 birds of prey/turbine/year and
N=0.072 vultures/turbine/year.

Similar mortality rates have been found by Barraosd Rodriguez (2004) in Spain
(Griffon Vulture mortality rates ranged from 0.08 ©.150 birds per turbine and year).
Drewitt and Langston’s (2006) review of the relavaterature showed collision rates
ranging from 0.01 to 23 bird collisions per yeahey further note that even ostensibly
low levels of additional mortality from wind turles may be significant for long-lived
species with low productivity and slow maturatiates, especially when rarer species of
conservation concern are affected. They add thatam cases there could be significant
effects on their populations (locally, regionally, an the case of rare and restricted
species, nationally), particularly in situationsesd cumulative mortality takes place as a
result of multiple installation. This is highly kky the case in our study area in Thrace.

It is important to mention concerns raised by tegearchers of this project about the
possibility of losing carcasses due to removal bynans. These concerns are supported
by evidence, such as the extremely fast disappe@rgnree days) of large specimens of
carcasses (e.g. Griffon Vulture) that had fallerobvious places on the wind turbines’
platform. This is against findings mentioned in tredevant literature (Barrios and
Rodriguez 2004) and our own results from the sog@enemoval trials: smaller pieces
belonging to the same carcass situated in moreehitlscations remained in the area for
more than four months. Active removal by humans fuaher supported by the finding
of a Griffon Vulture ring under a windfarm.

This possibility has already been acknowledgedthgroresearchers such as Atieetzal
(2008) who state that it has been proved that gewjrking at the wind farms hide
carcasses, probably because they think that tbkimjight be jeopardised if birds are
killed at the wind farm, leading to an underestioratof bird mortality rates obtained
from monitoring.
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4.5. Surveys of space use by birds

4.5.1. Avian space use descriptors

The following tables and diagrams describe the dali@cted during our surveys of bird
use of space in 2008 and 2009.

Table 36.Total number of observations by species and tataiber of birds detected by species

in the total of the study area

Species TS pf Species Nu_mper i
observations individuals
Aegypius monachus 149 Gyps fulvus 215
Buteo buteo 141 Aegypius monachus 187
Gyps fulvus 135 Buteo buteo 183
Buteosp. 81 Buteosp. 102
Unidentified raptors 49 Corvus corax 56
Aquila chrysaetos 43 Aquila chrysaetos 48
Circaetus gallicus 34 Circaetus gallicus 48
Corvus corax 32 Unidentified raptors 48
Falco sp. 28 Falcosp. 32
Ciconia nigra 22 Ciconia nigra 31
Unidentified eagles 16 Unidentified vultures 20
Accipitersp. 15 Unidentified eagle 18
Falco tinnunculus 14 Accipitersp. 16
Accipiter nisus 12 Accipiter nisus 15
Hieraaetus pennatus 11 Falco tinnunculus 13
Accipiter gentilis 10 Buteo rufinus 12
Buteo rufinus 9 Accipiter gentilis 11
Corvus corone cornix 6 Corvus corone cornix 10
Pernis apivorus 6 Hieraaetus pennatus 10
Aquila pomarina 3 Pernis apivorus 10
Unidentified vultures 3 Unidentified gull 8
Accipiter brevipes 2 Ardea cinerea 6
Corvussp. 2 Aquila pomarina 3
Unidentified gull 2 Accipiter brevipes 2
Ardea cinerea 1 Corvussp. 2
Ciconia ciconia 1 Ciconia ciconia 1
Circus cyaneus 1 Circus cyaneus 1
Columba oenas 1 Columba oenas 1
Falco eleonorae 1 Falco eleonorae 1
Falco naumanni 1 Falco naumanni 1
Falco peregrinus 1 Falco peregrinus 1
Falco subbuteo 1 Falco subbuteo 1
Falco vespertinus 1 Falco vespertinus 1
Neophron percnopterus 1 Neophron percnopterus 1
Total 835 Total 1115
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Note that in general, the total number of obseovetirecorded will be lower than the
total number of individuals, as observations cosgrat least one individual but can
comprise more than one. In contrast, sometimessainee individual can be observed
several times, performing different activities dgrithe same flight (the total number of
observations recorded will be higher than the totahber of individuals).

Griffon Vultures Gyps fulvus were the third most common species observedvintip
Black Vultures Aegypius monachysand Common Buzzard8(teo butep However
they presented the highest numbers of individuadended in the whole study area. This
agrees with the observed trend of these vultured édso of Black Vultures, but in a

lower degree) to fly in groups.

Vulture individuals of both species (Griffon andaBk) represented more than one third
of the total bird individuals observed in the wifadm area. If Common Buzzards are
added, three species represented more than hallfinflividual observations (Fig. 11).

Ciconia nigra
3%

Rest Gyps fulvus

Falco sp 15% 0%

3%

Corvus corax
5%
Circaetus gallicus

4% Aegypius monachus

Agquila chrysaetos 17%

4% Raptor Sp
4% Buteosp Buteo buteo

9% 16%

Fig. 11 The ten most abundant taxa by number of indivslirathe whole study area.

The same three species (Griffon and Black Vultusasy Common Buzzard) were
observed from all VPs (as well as individuals bgiag to the genu8uteg. Two more
species (Golden Eagkquila chrysaetosnd Black StorkCiconia nigrg were observed

from nine out of ten VPs (Table 37).

Table 37.Total number of individuals by species detectadfein the study area

Species Number of individuals Total
VP1| VP2 | VP3| VP4 | VP5| VP6 | VP7 | VP8 | VP9 | VP10 | All VPs
Gyps fulvus 18 24 | 20 22 11 8 20 66 16 10 215
Aegypius monachus | 12 24 18 35 25 13 10 25 19 6 187
Buteo buteo 10 23 18 20 67 20 11 5 1 8 183
Buteosp. 1 16 | 5 8 31 15 1 16 7 2 102
Corvus corax 5 6 2 9 27 1 2 4 56
Aquila chrysaetos 3 9 4 7 7 7 5 5 1 48
Circaetus gallicus 1 7 2 15 2 8 8 5 48
Unidentified raptors 8 5 2 4 13 3 13 48
Falco sp. 2 4 5 1 6 11 1 2 32
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Ciconia ciconia 1
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Total 79 135 81 137 248 94 68 169 66 38 1115

It is worth noting that a high proportion of totaird flights were made within the risk
area of 250 m from turbines (Table 38). For examptgh Griffon and Black Vulture

observations in this risk zone represented alm0%b @f their total flight observations.
Griffon Vulture individuals were also present irithhighest numbers in this zone, flying
in groups, whereas Black Vultures were almost aswvapserved flying as single
individuals (Table 38).

Table 38.Total number of observations by species and tataiber of birds detected by species
in the risk area{ 250 m radius around each turbine,) and propouifdiights in the risk area to
the total flights observed in the whole study area.

Species Number of | Proportion of, Species Number of| Proportion of
observations| risk flights individuals| risk flights
(%) (%0)
Gyps fulvus 94 69,6 Gyps fulvus 144 67,0
Buteo buteo 82 58,2 Buteo buteo 110 60,1
Aegypius monachus = 103 69,1 Aegypius monachus 109 58,3
Buteosp. 42 51,9 Buteosp. 48 47,1
Corvus corax 21 65,6 Corvus corax 35 62,5
Unidentified raptors | 32 65,3 Unidentified raptors 31 64,6
Aquila chrysaetos 28 65,1 Aquila chrysaetos 29 60,4
Ciconia nigra 14 63,6 Ciconia nigra 23 74,2
Circaetus gallicus 21 61,8 Circaetus gallicus 22 45,8
Falcosp. 20 71,4 Falcosp. 22 68,8
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Unidentified eagles 13 81,3 Unidentified eagles 14 77,8

Accipitersp. 11 73,3 Accipitersp. 12 75,0
Accipiter nisus 9 75,0 Accipiter nisus 10 66,7
Pernis apivorus 4 66,7 Pernis apivorus 8 80,0
Unidentified vultures | 2 66,7 Unidentified vultures 8 40,0
Falco tinnunculus 8 57,1 Falco tinnunculus 8 61,5
Unidentified gull 2 100,0 Unidentified gull 8 100,0
Hieraaetus pennatus 8 72,7 Hieraaetus pennatus 7 100,0
Ardea cinerea 1 100,0 Ardea cinerea 6 100,0
Corvus corone cornix 3 50,0 Corvus corone cornix 5 50,0
Accipiter gentilis 4 40,0 Accipiter gentilis 4 36,4
Aquila pomarina 3 100,0 Aquila pomarina 3 100,0
Buteo rufinus 2 22,2 Buteo rufinus 2 16,7
Circus cyaneus 1 100,0 Circus cyaneus 1 100,0
Falco eleonorae 1 100,0 Falco eleonorae 1 100,0
Ciconia ciconia 1 100,0 Ciconia ciconia 1 100,0
Accipiter brevipes 1 50,0 Accipiter brevipes 1 50,0
Columba oenas 1 100,0 Columba oenas 1 100,0
Corvussp. 1 50,0 Corvussp. 1 50,0
Falco vespertinus 1 100,0 Falco vespertinus 1 100,0
Total 534 Total 675

Proportions of individuals of both species of vidis within the risk area were
comparable to those detected in the broader stuely, and together with Common
Buzzards they were again more than half of aliiallial observations (Fig. 12).

Individuals observed within 250 m

Falco sp
3%

Rest
15%

Gyps fulvus
22%

Circaetus gallicus
3%

Ciconia nigra
3%

Aquila chrysaetos 4%
Buteo buteo

Raptor Sp 5% 17%

Corvus corax
5% Buteo sp Aegypius monachus

7% 16%

Fig. 12 The ten most abundant taxa by number of indivluathe risk area<(250 m)
The same three speciedegypius monachusButeo buteoand Gyps fulvuy were

observed within the risk area from all ten View msi(as well as individuals belonging
to the genu8uteq (Table 39).
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Table 39.Total number of birds by species detected frontn&dew Point within the risk area :

Species Number of individuals Total
VP1| VP2 | VP3| vP4]| VP5| VP6 | VP7| VP8 | VP9 | VP10 | All VPs
Gyps fulvus 11 6 9 17 6 6 9 57 13 10 144
Buteo buteo 6 9 16 13 32 16 8 5 1 4 110
Aegypius monachus 8 16 11 21 9 11 4 19 8 2 109
Buteosp. 1 5 3 7 6 5 1 15 3 2 48
Corvus corax 4 4 2 7 15 1 2 35
Unidentified raptors 3 2 2 4 10 1 9 31
Aquila chrysaetos 3 4 4 6 3 4 5 29
Ciconia nigra 7 4 5 1 1 1 2 2 23
Circaetus gallicus 2 2 1 1 7 6 3 22
Falco sp. 1 4 1 1 5 8 2 22
Unidentified eagles 3 1 6 1 1 1 1 14
Accipitersp. 1 4 2 2 1 2 12
Accipiter nisus 3 3 3 1 10
Pernis apivorus 2 4 2 8
Falco tinnunculus 1 4 1 1 1 8
Unidentified vultures 2 6 8
Unidentified gull 2 6 8
Hieraaetus pennatus | 1 3 1 2 7
Ardea cinerea 6 6
Corvus corone cornix 2 3 5
Accipter gentilis 2 1 1 4
Aquila pomarina 1 1 1 3
Buteo rufinus 1 1 2
Accipiter brevipes 1 1
Ciconia ciconia 1 1
Circus cyaneus 1 1
Columba oenas 1 1
Corvussp. 1 1
Falco eleonorae 1 1
Falco vespertinus 1 1
Falco naumanni 0
Falco peregrinus 0
Falco subbuteo 0
Neophron percnopterus 0
Total 53 61 57 102 108 51 45 131 38 29 675

Almost half of all individuals observed crossing tivind turbine rotors were vultures

(Tables 40 and 41). Vultures also were the majaaityong birds crossing the wind

turbines at a much bigger height than that of tiedwurbines (Tables 40 and 41). The
frequency of birds occurrence in the risk are®%0 m) of the wind farms presented as
individuals per 10 hours of behaviour monitoringdahe detailed interactions of birds

pooled by observations with the wind turbines carséen in the Appendices V and VI.
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Table 40. Interactions of each bird species with wind tuesinNumbers in cells are numbers of
individuals. The total number of individuals isgtitly higher than before, as the same birds may
have interacted more than once with the wind t@$in

Interaction with turbines

Species 0/1] 2 | 3 | 4 5 Total

Gyps fulvus 81 42 72 52 9 256
Aegypius monachus 81 34 58 26 7 206
Buteo buteo 76 31 55 11 10 183
Buteosp. 56 22 21 3 4 106
Corvus corax 28 9 19 1 57
Aquila chrysaetos 20 13 13 4 50
Unidentified raptors 22 12 15 1 50
Circaetus gallicus 27 10 7 3 1 48
Falco sp. 11 8 14 3 36
Ciconia nigra 8 11 8 4 31
Unidentified vultures 18 2 20
Unidentified eagles 4 4 7 2 1 18
Accipitersp. 5 2 8 1 16
Accipiter nisus 7 4 4 15
Falco tinnunculus 6 4 3 13
Buteo rufinus 10 2 12
Accipiter gentilis 7 1 3 11
Hieraaetus pennatus 3 1 5 1 1 11
Corvus corone cornix 5 5 10
Pernis apivorus 2 1 2 5 10
Unidentified gull 6 2 8

Ardea cinerea 6
Aquila pomarina
Accipiter brevipes
Corvussp. 1
Ciconia ciconia
Circus cyaneus 1
Columba oenas 1
Falco eleonorae 1
Falco naumanni 1
Falco peregrinus 1
Falco subbuteo 1

1

1

R
H
PR R R

Falco vespertinus
Neophron percnopterus

PR RPRPRRPRRPRPRLRNONNWOD

Total 485 216 330 124 34 1189
0/1: The bird is flying far from the wind turbine®) interaction;
2: The bird is flying parallel to the wind turbinesit approaches a turbine without crossing them;
3: The bird is crossing between two wind turbin@sane if it is the last one);
4: The bird is crossing between wind turbines basfmuch higher than the height of the wind tuesin
5: The bird is crossing and flying within the blaatea of a wind turbine.
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Table 41.Overall interactions of birds with wind turbinesgbed by vultures and rest of species.

Interaction with turbines

0/1 | 2 | 3 | 4 | 5 | Total
Vultures 181 78 130 78 16 483
Rest of species 304 138 200 46 18 706
Total 485 216 330 124 34 1189

Figures 13 and 14 show the nearest turbines tditde entering the risk area and the
respective numbers of observations and individiralskthat approached them. Turbines
M7, K1, M16 and X1 concentrate the highest numberbservationsX 15, Fig. 13). In
contrast, turbine M18 concentrates the highest munalb individuals (39, Fig. 14). In
Appendices VIl and VIII the pairs of turbines credsy birds are shown, both in number
of observations and individuals. The number ofvrdlials crossing was used to calculate
crossing densities (birds/100 m*100 h) in all gdgween wind turbines that were
crossed (Tables 42 and 43).
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Table 42.Density of birds crossing between any two wind itugb expressed as individuals per 100 meters addhdlrs (see interaction types 3 and 4 in tables 41
and 42 above). Colours stress the highest values.

Crossing density (birds/100 m*100 h)
Pair of Pair of Pair of Pair of
turbines Total Vultures Rest turbines Total Vultures Rest turbines Total Vultures Rest turbines Total Vultures Rest
D2-D3 1.76 1.76 0.00 M5-M6 0.29 0.00 0.29 P8-P9 3.00 0.6C 2.40 T21-T22 1.86 0.62 1.24
D3-D4 2.70 0.45 2.25 M6-M7 0.72 0.00 0.74 P9-P10 0.62 0.00 0.6 | T23-T24 0.49 0.49 0.00
D4-D5 1.04 0.00 1.04 M8-M9 1.60 0.00 1.6( P10 T25-T26 0.42 0.00 042
D5-D6 1.90 0.38 1.52 M9-M10 0.66 0.66 0.0( S1 T26-T27 2.37 0.30 2.q7
D6-D7 3.23 0.00. 3.23 M10-M11 1.23 0.62 0.62 | S1-S2 21.70 21.70 0.00 T27-T28 5.48 1.10 4.38
D7-D8 1.92 0.48 1.44 M11-M12 0.40 0.00 0.4 S3-S4 2.14 1.43 0.7 | T28-T29 2.70 1.35 1.3%
D8 M12-M13 1.67 1.12 0.5p | S4-S5 3.20 3.20 0.00 T29-T30 0.60 0.00 0.60
K1 M13-M14 0.44 0.00 0.44# | S6-S7 5.09 3.63 1.45 T30-T31 0.63 0.00 0.68
K1-K2 0.91 0.00 0.91 M15-M16 2.25 1.33 0.93 | S7-S8 1.44 0.29 1.1p | T32-T33 1.91 1.19 0.7
K2-K3 2.20 0.88 1.37 M15-S1 S8-S9 1.23 1.23 0.00| T33-T34 2.30 098 1.31
K2-T34 M16-M17 1.95 0.65 1.3p | S9-S10 0.67 0.00 0.7 | T34-T35 3.05 191 1.14
K3-K4 2.50 1.50 1.0d M17-M18 7.06 6.35 0.71 S10-S11 1.58 095 0.3 | T35-T36 1.84 1.38 0.46
K4-K5 1.71 0.43 1.24 M18-M19 8.70 757 1.13 S11-S12 2.71 090 1.81 | T36-T37 4.79 0.37. 4.42
K5-K6 1.54 0.51 1.09 MA1-MA2 1.12 0.56 0.54 S12-S13 7.31 244 4.87 T37-T38 2.38 0.48 1.91
K6-K7 2.26 0.97 1.29 MA3 S13 T38-T39 0.86 0.00 0.86
K7-K8 1.52 1.52 0.0¢ MO4-MO5 0.67 0.00 067 | T1 T41-T42 0.99 0.00 0.99
K8-K9 0.51 0.51 0.0d MO7-MO8 1.79 0.00 1.79 | T4-T5 0.90 090 0.00 | X1
K9-K10 1.75 0.88 0.8§ MO8-MO9 1.79 0.71 1.01 | T6-T7 2.45 1.63 0.82 | X1-X2 1.63 0.27  1.36
K10-K11 3.52 2.01 1.51 MO9-MO10 0.75 0.75 0.0 | T7-T8 2.69 0.00 2.69 X2-X3 1.44 0.16 1.2§
K11-K12 1.34 1.34 0.0 MO10-MO11 0.77 0.00 0.7y | T8-T9 1.99 0.00 1.99 | X3
K12-K13 0.53 0.53 0.0 MO12-MO13 0.37 0.00 0.3 | T9-T10 3.60 0.90 2.7Q | X3-X5 0.70 0.70 0.0(
K13-K14 2.81 1.76 1.05 MO13 T10-T11 2.47 0.0 2.47 X5
K14 P1 T11-T12 0.84 0.00 0.84
M1 P1-P2 1.23 0.00 1.23 | T12-T13 1.81 0.91 0.9
M2-M3 0.64 0.00 0.64 P6 T14-T15 1.80 0.00 1.0
M3-M4 1.30 1.30 0.0d P6-P7 0.58 0.00 0.5 | T16-T17 1.58 0.00 1.5
M4-M5 2.48 0.00 2.48 P7 T17-T18 1.43 0.00 143
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Table 43.Density of Black and Griffon Vultures crossing\ween adjacent turbines expressed as individuald@@meters and 100 hours (see interaction ty@esl3

4 in tables 41 and 42 above).

Crossing density (birds/100m*100h)

47

Pair of Aegypius Gyps Pair of Aegypius Gyps Pair of Aegypius Gyps Pair of Aegypius Gyps

turbines  monachus  fulvus Rest turbines monachus  fulvus Rest turbines  monachus fulvus Rest turbines monachus  fulvus Rest

D2-D3 1.32 0.44 0.0( K13-K14 1.76 0.00 1.0% P10 T23-T24 0.00 0.49 0.90

D3-D4 0.45 0.00 2.21 K14 S1-S2 0.87 20.83 0.00| T26-T27 0.00 0.30 2.0y

D5-D6 0.00 0.38 1.52 | M3-M4 0.87 0.43 0.0( S3-S4 1.43 0.00 0.7L | T27-T28 0.00 1.10 4.38

D7-D8 0.48 0.00 1.44 | M9-M10 0.66 0.00 0.0( S4-S5 0.00 3.20 0.0p | T28-T29 0.45 0.90 1.3p

D8 M10-M11 0.00 0.62 0.6 | S6-S7 0.00 3.63 1.4p | T32-T33 0.95 0.24 0.7p

K1 M12-M13 0.56 0.56 0.56 | S7-S8 0.29 0.00 1.1p | T33-T34 0.66 0.33 1.31

K2-K3 0.00 0.88 1.3 M15-M16 0.66 0.66 0.9 S8-S9 1.23 0.00 0.0p | T34-T35 1.91 0.00 1.14

K3-K4 1.50 0.00 1.0d M16-M17 0.65 0.00 1.30 S10-S11 0.63 0.32 0.3 | T35-T36 0.92 0.46 0.46

K4-K5 0.43 0.00 1.28 M17-M18 0.00 6.35 0.71 S11-S12 0.90 0.00 1.81 | T36-T37 0.37 0.00 4.4p

K5-K6 0.00 0.51 1.03 M18-M19 0.00 7.57 1.13 S12-S13 2.44 0.00 4.7 | T37-T38 0.48 0.00 1.9

K6-K7 0.65 0.32 1.29 MA1-MA2 0.56 0.00 0.56 S13 X1-X2 0.00 0.27 1.3p

K7-K8 1.14 0.38 0.0d MO8-MO9 0.00 0.71 1.07 T4-T5 0.90 0.00 0.00 | X2-X3 0.00 0.16 1.2§
MO9-

K8-K9 0.51 0.00 0.0d MO10 0.75 0.00 0.0( T6-T7 1.63 0.00 0.82 | X3-X4

K9-K10 0.88 0.00 0.88 MO13 T9-T10 0.90 0.00 2.70 | X3-X5 0.28 0.42 0.0d

K10- T12-

K11l 2.01 0.00 1.5] P1 T13 0.91 0.00 0.9 X5

K11- T21-

K12 0.67 0.67 0.0( P6 T22 0.00 0.62 1.24

K12-

K13 0.00 0.53 0.0( P8-P9 0.00 0.60 2.4D




4.5.2. Comparisons of crossing densities

The crossing density index equals the number aViddals that cross the space between
two adjacent turbines per 100 meters and 100 hdums.index was calculated for all
birds of prey, for the rest of raptors except wdtu and for each vulture species
separately (Tables 44 and 45).

Table 44.Crossing density indices by wind farm (WF)

Crossing density index (birds/100 m*100 h)

Wind farm Aegypius monachus | Gypsfulvus Rest Iaﬁltak‘:ir ds of prey)
Sapka 0.179 0.268 0.982 1.429
Didimos Lofos 0.380 0.127 1.710 2.217
Geraki 0.301 0.137 1.025 1.462
Kerveros 0.869 0.382 1.251 2.503
Peltastis 0.092 0.138 0.644 0.874
Mati 0.285 0.000 0.569 0.854
Mytoula 0.234 0.979 0.788 2.001
Soros 0.600 1.851 1.151 3.602
Monastiri 0.094 0.141 0.422 0.656

Table 45.Crossing density indices by WF sectors

Crossing density (birds/100 m*100 h)

. Total
Sector Aegypius monachus | Gypsfulvus Rest (all birds of prey)
Soros + Mytoula 0.343 1.238 0.895 2.477
Didimos Lofos 0.380 0.127 1.710 2.217
Geraki + Mati +
Kerveros + 0.374 0.180 0.951 1.505
Peltastis
Sapka 0.179 0.268 0.982 1.429
Monastiri 0.094 0.141 0.422 0.656

We compared the mean crossing density betweeneghis Y004-2005 (first monitoring
period) and 2008-2009 (second monitoring periodm@arisons were made first for
those gaps that were monitored in both period andrsd for each windfarm.

Is there any difference in the crossing density inek between the two monitoring
periods? (Comparisons between crossing densitiesrttugh the gaps that were
common for both periods)

No statistically significant differences betweenipés for most of the crossing density

indices were detected between periods, but theevafuthe mean rank of the above
mentioned cases was always higher in the seconddp&008-2009). For the Griffon
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Vulture crossing density index, a statisticallyrsiigant difference was detectetl (=
3439,p<0.05,r=-0.15) with a higher crossing density in the secomnitoring period.

Differences between monitoring periods per windfarm

Sapka A statistically significant difference was dettfor the Griffon Vulture crossing
density U = 2, p<0.05,r=-0.70), with the mean rank of the second perioiddvas high
as the first. The large effect size (accounts fararthan 25% of the variance) of this
difference indicates a very concrete result.

Geraki There was a statistically significant differerite= 649,p<0.05,r=-0.22) in the
crossing density by the rest of raptors, i.e. notuding vultures, with the mean rank of
the second period higher than the first. Althoulgeré wasn'’t a statistically significant
difference for the Griffon Vulture crossing densitige mean rank of the second period
was higher.

Peltastis and SorosThere were no statistically significant differescin the Griffon
Vulture crossing density in either of these windfar but again the mean rank of the
second period was higher compared to the firsgdros, the same pattern was observed
for the Black Vulture crossing density.

How do the wind farm attributes relate to the avianspace use expressed as the
crossing density in the first monitoring period (2@4-2005)?

The crossing densities of all bird species and hoisé pooled together without the
vultures, were positively and significantly corteld with the eastness of the slope
(r=0.294,p<0.05 andy=0.287,p<0.05 respectively), with eastness accounting f64%
and 8.24% of the variability respectively. They adroth negatively and significantly
correlated with the northness of the slope-@.0341,p<0.01 andr=-0.311, p=0.01
respectively), with northness accounting for 11.6880 9.67% of the variability of the
crossing densities respectively.

All vultures’ crossing densities and those of GniffVultures’ alone were also negatively
and significantly correlated with the northnesstlod slope 1(=-0.252,p<0.05 andr=-
0.257, p<0.05 respectively), with northness accounting 6a85% and 6.60% of the
variability.

When windfarms were examined separately, no caioels were found in Peltastis or
Sapka. In Geraki, the crossing density of all Isipgcies was positively and significantly
correlated with the distance between turbime®.313,p<0.05), with distance accounting
for 9.8% of the variability. It was positively asegnificantly correlated with the eastness
of the sloper=0.413,p<0.05), with eastness accounting for 12.5%. It megatively and
significantly correlated with the northness of ghepe (=-0.353,p<0.05), with northness
accounting for 12.46% of the variability. Also, t@eiffon Vultures’ crossing density was
positively and significantly correlated with thesa@ess of the slope=0.33, p<0.05),
with eastness accounting for 10.9%. In Soros@h#on Vultures’ crossing density was
positively and significantly correlated with thestdince between wind turbines=0.65,
p<0.05), with distance accounting for 42.25% of vheability. In other words, a positive
correlation between bird crossing densities anthdee between turbines means that the
larger the distance the higher the probability #hdtird will pass between turbines. The
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Black Vultures’ crossing density was negativelyretated with the northness of the
slope (=0.687,p<0.05), with northness accounting for 47.2% of\thgability.

How do the wind farm attributes relate to the avianspace use expressed as the
crossing density in the second monitoring period (08-2009)?

A. Correlations between WF characteristics and kirdssing densities for WTs
monitored during both monitoring periods.

The crossing density of all birds was positivelyretated with the eastness of the slope
(r=0.272,p<0.05), with eastness accounting for 7.4% of thabdity. It was negatively
correlated with the northness of the slope-@.285, p<0.05), with the northness
accounting for 8.12% of the variability.

Both the vultures’ crossing density and the Grifiéutures’ crossing density alone were
positively correlated with the inclination of thiege ¢=0.289,p<0.05;r=0.421,p=0.001
respectively), with inclination accounting for 8%5and 17.72% of the variability
respectively. Vultures’ crossing density was alegatively correlated with the northness
of the slope =-0.301,p<0.05), with northness accounting for 9.06% of vaeability.
Griffon Vultures’ crossing density was positivelgroelated with the distance between
turbines (=0.331,p<0.01), with distance accounting for 10.96% ofvheability.

Finally, the crossing density of the Black Vulturess positively correlated with the
eastness of the slope=0.407,p=0.001) where the eastness accounted for 16.56¥eof
variability. It was negatively correlated with theorthness of the sloper=-0.46,
p<0.001), where the northness accounted for 21.1fa¥%eovariability.

When windfarms were examined separately no comastwere found in Peltastis or
Sapka, as in the period 2004-2005 (see above)ehaki similarly to the results for the
whole study area, the crossing density of all bidss positively correlated with the
eastness of the slope=0.345,p<0.05), where the eastness accounted for 11.9%eof t
variability. It was negatively correlated with theorthness of the slope=-0.393,
p<0.05), where the northness accounted for 15.44%eo¥ariability. Vultures’ crossing
density was positively correlated with the distabeéween turbines and the eastness of
the slope 1(=0.331, p<0.05; r=0.33, p<0.05, respectively), where the distance and the
eastness accounted for 10.96% and 10.89% of thabiudy respectively. Vultures’
crossing density was also negatively correlatett wie northness of the slope{0.414,
p<0.05), where the northness accounted for 17.14%hefvariability. When vultures
were separated, it was found that Griffon Vulturesdssing density was positively
correlated with both the distance between wind ihe® ¢=0.556, p<0.001) and the
inclination of the sloperg0.49 p<0.01), where distance and inclination accounted fo
30.91% and 24.01% of the variability respectivéiack Vultures’ crossing density, on
the other hand, was positively correlated withehstness of the slope=0.374,p<0.05),
where the eastness accounted for 13.99% of thabikiy, and negatively correlated
with the northness of the slope={0.442,p<0.01), where the northness accounted for
19.54% of the variability in the crossing densltySoros, the only correlation found was
between Black Vultures’ crossing density and thelimation of the sloper€0.645,
p<0.05), where the inclination accounted for 41.6%he variability.
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B. Correlations between WF characteristics and bimassing densities for all studied
WTs

For all windfarms combined, there was a significpasitive relationship between the
crossing density and the distance between consecwind turbines. This was evident
for all raptor species£0.196,p<0.05) that occurred in the study area except thaekB
Vulture. The distance between wind turbines accotmt 3.84% of the variability in the
crossing density. It has to be mentioned that ¢biselation was even more evident for
the Griffon Vulture (=0.29, p<0.01), where distance among consecutive wind nesi
accounts for 8.41% of the variation in the crosslagsity.

For the Griffon Vulture, the crossing density wasesifively correlated with the
inclination of the sloper€0.237,p=0.01). The slope accounts for 5.62% of the valitsbi

in the crossing density. That is to say that tlggér the inclination of a slope, the higher
the probability for this slope to be chosen as sirag place by the raptors. This can be
expressed also as a preference for steeper slbpegdan potentially produce stronger
updrafts.

For the Black Vulture, the crossing density wasatiegly correlated with the northness
of a slope (=-0.268, p<0.01). The northness of a slope accounts for P4l®f the
variability in the crossing density.

Didimos Lofos For the Griffon Vulture, the crossing density wassitively correlated
with the eastness of the slope@.845 p<0.05). The eastness of the slope accounts for
71.4% of the variability in the crossing density.

Sapka When Sapka was analyzed separately, no cormelatas found between the wind
farm characteristics and crossing densities.

Sapka — Didimos LofodHowever, when the data from both wind farms weoeled,
there was a statistically significant correlatioatvieeen the Griffon Vulture crossing
densities and the distance among wind turbire8.714,p<0.05). This distance accounts
for 50.98% of the variability in the crossing depsirhat is to say that the bigger the gap
between the turbines, the higher the probabilitythies gap to be chosen as crossing place
by Griffon Vultures.

Geraki For vultures, the crossing density was positivedyrelated with the distance
between wind turbinesr£0.404, p<0.01). This distance accounts for 16.32% of the
variability in the crossing density. This findingag/even more pronounced for Griffon
Vultures when examined alone=0.528,p<0.001). In this case, the distance of the gaps
accounts for 27.88% of the variability in the ciogsdensity.

The crossing density of Griffon Vultures was pagly correlated with the inclination of
the slope =0.498,p=0.001). The inclination accounts for 24.8% of Haeiability in the
crossing density.

The crossing densities of all raptors pooled togethultures but also Black Vultures
alone were negatively correlated with the northridsthe slope n=-0.309,p<0.05; r=-
0.352, p<0.05; r=-0.375, p<0.05, respectively). The northness accounts f&5%,
12.39% and 14.06% of the variability of the croggilensities respectively.
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Geraki — Mati When data for Geraki and Mati were pooled togethfiadings were
almost the same as for Geraki alone.

Geraki — Mati — KerverasThe crossing density of Griffon Vultures was piosly
correlated with the distance between wind turbifne®.409,p<0.01) and the inclination
of the slope of the turbines=0.291, p<0.05; r=0.441,p=0.001 repsectively), while it
was negatively correlated with the northness of dlape (=-0.344 p<0.01). Black
Vultures’ crossing density but also the crossingsity of all vultures and all birds
pooled together were also negatively correlatet e northness of the slope{0.439,
p=0.001; r= -0.494, p<0.001; r=-0.353, p<0.01 respectively). Finally, the crossing
densities of all vultures pooled together was gissitively correlated with the distance
between turbines and the inclination of the slope0.33, p<0.05; r=0.266, p<0.05
respectively).

Geraki — Mati — Kerveros — Peltasti¥Vhen data belonging to all four wind farms
conforming this geographical sector were poolectiogr, crossing densities of all birds,
all vultures and Black and Griffon Vultures sepahatwere again negatively correlated
with the northness of the slope={0.365,p<0.01;r=-0.517,p<0.001;r=-0.489,p<0.001,;
r=-0.314, p=0.01, respectievly). As in the previ@ase, the crossing density of Griffon
Vultures was positively correlated with the dis@angetween wind turbines=0.38,
p<0.01) and the inclination of the slope both lefdaight side of the turbines+0.274,
p<0.05;r=0.421,p<0.001 respectively).

Kerveros No correlations were found for Kerveros alone.

Mytoula The crossing density of birds which were notwds was positively correlated
with the distance between wind turbines(.568,p<0.05), while the crossing density of
both all vultures pooled together and Griffon Vuodisi alone were positively correlated
with the northness of the slope=(.492,p<0.05;r=0.571,p<0.05).

Mytoula — SorosWhen data of both windfarms conforming a unigaeggaphical sector
were pooled together, correlations were found datyBlack Vultures. Their crossing
density was positively correlated with the eastnafsthe slope n=0.397,p<0.05) and
negatively correlated with the northness-0.423,p<0.05).

Soros On the other hand, the only correlation found nvlaealyzing data from Soros,
was the positive correlation between Black Vultumeessing density and the inclination
of the slopen=0.645,p<0.05).

All of the above mentioned results lead to an ggéng discussion. First of all, the use of
the broader area of the wind farm by raptors inegain but even more by Griffon

Vultures in particular, was more intensive during second monitoring period. When the
differences between monitoring periods were analybg wind farms, they were

significant specifically for Griffon Vultures in $&a and for the “rest of raptors” in

Geraki.

In general, there was a positive correlation of¢hessing densities with the eastness of

the slopes where wind turbines are located, whiedpposite occurs with the northness,
that was negatively correlated with the crossingsd&s in most cases (but see Griffon
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Vultures at Mytoula above). This is to say thapsi® with east exposition are selected by
raptors, and specifically vultures, to cross wiathis, while slopes with north exposition
are generally avoided. North exposed slopes mag less available thermal lifts due to
the shorter time exposure to the sun, while egsvged slopes may have more adequate
air conditions for the raptor and specially vultidlight. Such a finding might be very
important regarding sensitive siting of the windhia in the broader area.

There was also a positive correlation with the afise, especially regarding Griffon
Vulture crossing densities. This is to say thathlgger the gap between the turbines, the
higher the probability for this gap to be chosem @sossing place by raptors. This can be
interpreted also as avoidance of the smaller winbine gaps. The Black Vulture seemed
to use equally smaller and bigger gaps in somescas®l this may indicate a bigger
collision risk if we consider that smaller gaps htige more dangerous.

The correlation of the vulture crossing densitiéthwhe slope was also positive in many
cases, i.e. vultures selected areas with steegslap crossing points. This may also be
related to the presence of air currents. It is vkelbwn that steeper slopes produce
stronger slope lifts.
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4.5.3. Comparisons of monthly observation and indidual numbers

Abundance of birds

During the first study period (2004-2005) 563 olkaé@pns and 696 raptor individuals
were recorded in the proximity of the monitored avilarms (Table 46). In the second
study period (2008-2009) 589 observations and ap&r individuals were recorded in
the same wind farms monitored in 2004-2005 (Table 4

Table 46. Number and proportion of observations and indivisiuacorded in the nine study
wind farms during both study periods only in thencgonly monitored WTs Species that do not
belong to the raptors group have been exclude@pdxibe Black Stork.

No. of No. of %
Year Species observations % Observations individuals Individuals
2004-
2005 Raptors 448 79.574 553 79.454
Aquila chrysaetos 7 1.243 8 1.149
Accipitersp. 1 0.178 1 0.144
Accipiter gentilis 5 0.888 5 0.718
Accipiter nisus 10 1.776 10 1.437
Buteo buteo 342 60.746 411 59.052
Circaetus gallicus 18 3.197 24 3.448
Circussp. 1 0.178 1 0.144
Ciconia nigra 17 3.020 19 2.730
Falco eleonorae 1 0.178 1 0.144
Falco peregrinus 1 0.178 1 0.144
Falco species 3 0.533 3 0.431
Falco subbuteo 1 0.178 1 0.144
Falco tinnunculus 17 3.020 18 2.586
Haliaeetus albicilla 1 0.178 1 0.144
Hieraaetus pennatus 4 0.710 5 0.718
Milvus migrans 3 0.533 7 1.006
Neophron percnopterus 2 0.355 4 0.575
Pernis apivorus 5 0.888 23 3.305
Unidentified raptors 9 1.599 10 1.437
Vultures 115 20.426 143 20.546
Aegypius monachus 71 12.611 86 12.356
Gyps fulvus 42 7.460 53 7.615
Neophron percnopterus 2 0.355 4 0.575
Total 563 100.000 696 100.000
2008-
2009***  Raptors 342 58.065 416 56.369
Accipiter brevipes 1 0.170 1 0.136
Aquila chrysaetos 25 4.244 29 3.930
Accipiter species 5 0.849 5 0.678
Accipitergentilis 5 0.849 5 0.678
Accipiter nisus 11 1.868 14 1.897
Aquila pomarina 2 0.340 2 0.271
Buteo buteo 98 16.638 131 17.751
Buteo rufinus 9 1.528 11 1.491
Buteosp. 67 11.375 82 11.111
Ciconia ciconia 1 0.170 1 0.136
Circaetus gallicus 20 3.396 32 4.336
Ciconia nigra 15 2.547 16 2.168
Unidentified eagles 12 2.037 13 1.762

2 By “commonly monitored WTs” or “common wind farmsfe mean those monitored during 2004l
2008-09
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Falco eleonorae 1 0.170 1 0.136

Falco naumanni 1 0.170 1 0.136

Falco percnopterus 1 0.170 1 0.136

Falco sp. 7 1.188 7 0.949

Falco subbuteo 1 0.170 1 0.136

Falco tinnunculus 10 1.698 10 1.355

Falco vespertinus 1 0.170 1 0.136

Hiraaetus pennatus 9 1.528 9 1.220

Pernis apivorus 6 1.019 10 1.355
Unidentified raptor 34 5.772 33 4.472
Vultures 176 29.881 254 34.417
Aegypius monachus 105 17.827 132 17.886
Gyps fulvus 68 11.545 103 13.957

Neophron percnopterus 1 0.170 1 0.136
Unidentified vultures 2 0.340 18 2.439

Total 589 100.000 738 100.000
***corresponding data to the 2004-2005 study period

Table 47.Number and proportion of observations and indivisiuacorded in the wind farm

during the second period (all WTs). Species thatatdelong to the raptors group have been
excluded, except the Black Stork.

No. of % No. of %
Year Species observations  Observations individuals Individuals
2008-
2009****  Raptors 502 63.544 611 58.807
Accipiter brevipes 2 0.253 2 0.192
Aquila chrysaetos 43 5.443 49 4.716
Accipitersp. 15 1.899 16 1.540
Accipiter gentiles 10 1.266 11 1.059
Accipiter nisus 12 1.519 15 1.444
Aquila pomarina 3 0.380 3 0.289
Buteo buteo 141 17.848 184 17.709
Buteo rufinus 9 1.139 12 1.155
Buteosp. 81 10.253 102 9.817
Circus cyaneus 1 0.127 1 0.096
Circaetus gallicus 34 4.304 48 4.620
Ciconia nigra 22 2.785 31 2.984
Unidentified eagles 16 2.025 18 1.732
Falco eleonorae 1 0.127 1 0.096
Falco naumanni 1 0.127 1 0.096
Falco peregrinus 1 0.127 1 0.096
Falco sp. 28 3.544 32 3.080
Falco subbuteo 1 0.127 1 0.096
Falco tinnunculus 14 1.772 14 1.347
Falco vespertinus 1 0.127 1 0.096
Hieraaetus pennatus 11 1.392 10 0.962
Pernis apivorus 6 0.759 10 0.962
Unidentified raptors 49 6.203 48 4.620
Vultures 288 36.456 428 41.193
Aegypius monachus 149 18.861 190 18.287
Gyps fulvus 135 17.089 217 20.885
Neophron percnopterus 1 0.127 1 0.096
Unidentified vultures 3 0.380 20 1.925
Total 790 100.000 1039 100.000

**+*all the data for the period 2008-2009

Observations and individual composition changeaveen the two study periods (Table
46). In the second study period the raptor obsemsai(no vultures included) but also the
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individual raptor numbers and proportions decreadszm 79.6% to 58% and from
79.5% to 56.4% respectively). In contrast, numbang proportions of both vulture
observations and individuals increased (from 20t4980% and from 20.5% to 34.4%
respectively).

In the first study period (2004-2005) the most atamt raptor was the Common Buzzard:
about six out of every 10 observations (60.7%) amtviduals were of this species
(Table 46). The second most abundant subgroup witsres, with the Black Vulture
being the most abundant. During the second studggyeand for the matching data with
the first period (Table 46), the Common Buzzard wasonger the most abundant raptor
and the proportions of observations and individudtepped to 16.6% and 17.8%
respectively. If we add the unidentified Buzzarifen these proportions increase up to
27.75% and 28.86% respectively, still lower comgate the first study period. In
contrast, in the second period, the most abundgiors were vultures with the Black
Vulture still being the most abundant (17.8%). Aentioned earlier, numbers and
proportions of both vulture observations and indiixls increased in both species of
vulture (Table 46).

In the second study period (2008-2009) and in theolev monitored area, 790
observations and 1039 individuals were recordetienproximity of the monitored wind
farms (Table 47). Vultures comprised 36.5% of thesesvations and 41.2% of the
individuals.

Monthly observation rates for all birds of preydiuated between a minimum value of
0.23 observations/hour (January 2009) and a maxiwvaioe of 2.32 observations/hour
(May 2009, Table 48), with a mean monthly value 10189 + 0.63 (mean + SD)
observations/hour. In general, observation ratesewewer in the second period
compared to the first, although no statisticallgngiicant differences were found
(annual: Kruskal-Wallis testX“= 2,430, df=1, p>0.05). The highest observation
rates occurred in spring 2009, but there were missically significant seasonal
differences (Kruskal-Wallis tesx?= 12.933df = 7,p>0.05).
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Table 48.Monthly abundance of observations and individual$ monthly variation in observation and individélging rates.

Number ’c:lfumber Number Number of  Number of  Number of

Number of Number  of Raptor  Vulture of Black Griffon Raptor Number of Number of

Number of Number of Observation Observations  of birds Obser - Obser- Individual ~ Vulture Vulture Observations/hou  Vulture Black Vulture

Year Month Observations  Individuals /hour /hour vations vations Vultures Individuals  Individuals r Individuals/h Individuals/h
2004 March 32 33 34.23 0.935 0.964 32 0 0 0 0 0.935 .00 0.000
April 38 45 30.25 1.256 1.488 30 8 11 3 8 0.992 60.3 0.09¢
May 45 51 42.98 1.047 1.187 41 4 4 3 1 0.954 0.093 0.070
June 54 59 29.96 1.802 1.969 42 13 17 10 6 1.402 5670. 0.334
July 98 116 61.10 1.604 1.899 75 23 28 16 13 1.227 0.458 0.26:
August 54 92 31.13 1.735 2.955 32 22 29 21 5 1.028 0.932 0.67"
September 86 107 38.78 2.218 2.759 63 23 23 14 9 6251. 0.593 0.36
October 43 52 31.78 1.353 1.636 29 14 18 10 8 0.913 0.566 0.31!
November 59 52 36.55 1.614 1.423 52 7 7 3 4 1.423 1920 0.082
December 29 5 25.03 1.159 0.200 26 6 14 9 5 1.039 .5590 0.36(
2005 January 14 14 7.41 1.889 1.889 14 0 0 0 0 1.889 000.0 0.00C
February 0 0 0 0.000 0.000 0 0 0 0 0 0.000 0.000 00
2008 July 51 69 65.00 0.785 1.062 27 24 38 16 22 0.415 .58% 0.24¢
August 26 28 52.96 0.491 0.529 16 10 12 10 2 0.302 0.227 0.18¢
September 29 49 54.16 0.535 0.905 18 11 12 8 4 20.33 0.222 0.14
October 23 50 57.50 0.400 0.870 13 12 37 3 16 0.226 0.643 0.05:
November 16 20 49.08 0.326 0.407 9 11 11 3 8 0.183 0.224 0.06:
December 25 59 22.75 1.099 2.593 4 7 54 25 29 0.176 2.374 1.09¢
2009 January 5 6 21.61 0.231 0.278 4 1 1 0 1 0.185 0.046 0.000
February 37 47 39.83 0.929 1.180 28 9 16 3 13 0.703 0.402 0.07¢
March 55 83 30.50 1.803 2.721 49 6 16 15 1 1.607 529. 0.492
April 64 72 515 1.243 1.398 51 13 7 4 3 0.990 6.13 0.078
May 126 135 54.41 2.316 2.481 78 48 45 33 12 1.434 0.827 0.60°
June 78 85 44 1.773 1.932 54 24 26 12 14 1.227 10.59 0.273

Total 1087 1329 912.5 787 296 426 221 184
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Table 49.Monthly abundance of observations and individual$ monthly variation in observation and flying iateithout Buzzards.

Black Griffon Black Griffon
Obser  Indivi Raptor  Vulture  Vulture  Vulture Vulture Raptor Vulture Vulture
Year Month vations duals Obs time Obs/h Total birds/h Obs Obs Ind Ind Ind Obs/h Vultures_Ind/h  Ind/h
2004 March 2 2 34.23 0.058 0.058 2 0 0 0 0 0.058 0.000 .00® 0.000
April 15 18 30.25 0.496 0.595 7 8 11 3 8 0.231 0.36 0.099 0.264
May 15 19 42.98 0.349 0.442 11 4 4 3 1 0.256 0.093 0.070 0.023
June 20 24 29.96 0.668 0.801 8 13 17 10 6 0.267 670.5 0.334 0.200
July 40 46 61.10 0.655 0.753 17 23 28 16 13 0.278 458 0.262 0.213
August 33 55 31.13 1.060 1.767 11 22 29 21 5 0.353 0.932 0.675 0.161
September 51 57 38.78 1.315 1.470 28 23 23 14 9220.7 0.593 0.361 0.232
October 18 23 31.78 0.566 0.724 4 14 18 10 8 0.126 0.566 0.315 0.252
November 18 23 36.55 0.492 0.629 11 7 7 3 4 0.301 1920 0.082 0.109
December 4 5 25.03 0.160 0.200 1 6 14 9 5 0.040 590.5 0.360 0.200
2005 January 5 5 7.41 0.675 0.675 5 0 0 0 0 0.675 0.000 0.000 0.000
February 0 0 0 0.000 0.000 0 0 0 0 0 0.000 0.000 0OO0@m. 0.000
2008 July 43 58 65.00 0.662 0.892 19 24 38 16 22 0.292 589 0.246 0.338
August 22 24 52.96 0.415 0.453 12 10 12 10 2 0.227 0.227 0.189 0.038
September 23 41 54.16 0.425 0.757 12 11 12 8 4 20.22 0.222 0.148 0.074
October 22 49 57.50 0.383 0.852 12 12 37 3 16 0.209 0.643 0.052 0.278
November 16 20 49.08 0.326 0.407 9 11 11 3 8 0.183 0.224 0.061 0.163
December 24 57 22.75 1.055 2.505 3 7 54 25 29 0.132 2374 1.099 1.275
2009 January 5 6 21.61 0.231 0.278 4 1 1 0 1 0.185 0.046 0.000 0.046
February 27 35 39.83 0.678 0.879 18 9 16 3 13 0.452 0.402 0.075 0.326
March 20 31 30.50 0.656 1.016 14 6 16 15 1 0.459 529. 0.492 0.033
April 32 27 51.5 0.621 0.524 19 13 7 4 3 0.369 6.13 0.078 0.058
May 85 83 54.41 1.562 1.525 37 48 45 33 12 0.680 8210. 0.607 0.221
June 54 62 44 1.227 1.409 30 24 26 12 14 0.682 10.59 0.273 0.318
Total 594 770 294 296 426 221 184
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Monthly raptor observation rates excluding vultufestuated between a minimum
value of 0.18 raptor observations/hour (Decemb@&82@nd a maximum value of 1.89
raptor observations/hour (January 2005, Table @8y a mean monthly value of
0.88+0.54 raptor observations/hour. Raptor obsematates were lower in the second
year compared to the first, although no statistycsilgnificant differences were found
(annual: Kruskal-Wallis testX’= 3.63, df=1, p>0.05). Within the second study
period, the highest raptor observation rates oecuim spring 2009 but there were no
statistically significant seasonal differences ¢seml: Kruskal-Wallis testX?=
12.400,df = 7,p>0.05). In the first period (2004-2005), the highesptor observation
rates occurred in autumn 2004, but there were atisttally significant seasonal
differences either (seasonal: Kruskal-Wallis t¥&t 2,077,df = 3,p>0.05).

Monthly vulture observation rates fluctuated betwese minimum value of 0.046
vulture observations/hour (January 2009) and a mami value of 0.827 vulture
observations/hour (May 2009, Table 49), with a meamnthly value of 0.291+0.22
vulture observations/hour. Vulture observation sateere higher in the second period
compared to the first, although no statisticallgngiicant differences were found
(annual: Kruskal-Wallis testX*= 0.13, df=1, p>0.05). Within the second study
period, the highest vulture observation rates aeclim summer - autumn 2009 but no
statistically significant seasonal differences wdstected (seasonal: Kruskal-Wallis
test,X?= 10.017,df = 7, p>0.05). In 2004-2005, the highest vulture obsepratiates
occurred in summer and autumn, but there were atisstally significant seasonal
differences (seasonal: Kruskal-Wallis te€t 2,077,df = 3, p>0.05).

The total monthly flying rate (observed individuaigaried between 0.2 birds/hour in
December 2004 and 2.9 birds/hour in August of draesyear (Table 48), with a mean
monthly value of 1.446 + 0.86 birds/hour. The higthéotal flying rates occurred
during the first period in spring, although no mttal differences were detected
(annual: Kruskal-Wallis test?* = 0.563,df = 1, p>0.05; seasonal: Kruskal-Wallis
test,X?= 11.907 df = 7,p>0.05).

The vulture monthly flying rate varied between GOdultures/hour in January 2009
and 2.374 vultures/hour in December of the previgear (Table 48) with a mean
monthly value of 0.463 = 0.486 vultures/hour. Thigghlest vulture flying rates
occurred during the second period, although nassizal differences were detected
(annual: Kruskal-Wallis test? = 0.965,df = 1, p>0.05). Summer was the season
with the highest vulture flying rates, although seasonal statistical differences were
detected (seasonal: Kruskal-Wallis té€t= 7.413,df = 7, p>0.05). The same pattern
was found for each of the Black and Griffon Vultuiging rates and their highest
flying rates occurred during the second period. &digpg seasonal differences, the
highest flying rates for the Black Vulture occuiedhe summer of the first period and
the spring of the second period, but for the Griffeulture, the highest values
occurred in the autumn of the first period andhe winter of the second period.

Due to the fact that buzzard species’ observateere reduced from 60.7% in the first
period to 27.75% in the second period, the buzziath were removed from the
analysis and the rest of the data were reanalyzédtiae same approach.
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Monthly observation rates were still not constamerothe study period, fluctuating
between 0.06 observations/hour in March 2004 almé bbservations/hour in May
2009 (Table 49), with a mean monthly value of 081391 observations/hour.
Observation rates were higher in the second petiaoh in the first, although no
statistically significant differences were foundniaal: Kruskal-Wallis testX?=
0,480,df=1, p>0.05). The highest observation rates occurredumrser of 2004 and
in spring 2009, but there were no statistically nfigant seasonal differences
(seasonal: Kruskal-Wallis te$t?= 9.560,df = 7, p>0.05).

Monthly raptor (without vultures) observation ratiisctuated between 0.040 raptor
observations/hour in December 2004 and 0.722 ragiservations/hour in September
2004 (Table 49), with a mean monthly value of 080207 raptor observations/hour.
Observation rates were higher in the second yean tim the first, although no
statistically significant differences were foundnaal: Kruskal-Wallis testX’=
0.480,df=1, p>0.05). The highest raptor observation rates oecuim spring of 2009
but there were no statistically significant seasotifferences (seasonal: Kruskal—
Wallis test,X?= 8.453,df = 7,p>0.05).

Total monthly flying rates varied between 0.058dbihour in March 2004 and 2.51
birds/hour in December 2008 (Table 49), with a meamthly value of 0.817 + 0.58
birds/hour. The highest total flying rates occurdeding the second year, although no
statistically significant differences were found(@al: Kruskal-Wallis test® = 1.92,

df = 1, p>0.05). The highest flying rate was detected in mem 2004, although no
statistical differences were detected (seasonalskal-Wallis testX?= 9.267,df = 7,
p>0.05).

The presence of Common Buzzards in the area hasprasably been highly affected
by the wind farm operation. Their numbers have titady decreased four years after
the first monitoring period carried out only a yesdter the onset of the operation of
the first wind farms. This species is highly tesrial, and this reduction can be
explained either by displacement of the breedingsp@bandonment of traditional
breeding territories) or by high mortality rateserée-Higginset al. (2009) modeled
associations between wind farm infrastructure deddistribution of a range of widely
distributed upland bird species across 12 wind sanmthe UK. Their results showed,
among others, reduced flight activity of buzzardsouad the turbines. They
emphasized the importance of the distinction of dhases previously mentioned: “If
there is high mortality of birds breeding closehe turbines associated with collision,
then a wind farm may become a population sink peagedly colonized by naive birds.
If, however, the birds simply avoid breeding cldsethe turbines, then depending
upon the strength of density dependence (e.g. Yialle Pearce-Higgins 1997),
displaced birds may settle elsewhere with littlestcor ultimately be lost to the
population.”

In this respect, it is worth mentioning that duriogrcass surveys conducted in the
second half of 2009 and in 2010, three Common Buzzavere found dead due to
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collision against the revolving rotors. In additjan 2010, one Black Vulture was
found dead with injuries caused by collision wittviad turbine (Doutawet al. 2011).

However, there were hardly any observations of ComBuzzards in the winter of
the second period (always referring to the matchimgd turbines) compared to the
winter of the first period. This could be explainieg a more severe winter during the
second period, probably pushing the buzzards testheh and to lower altitudes, but
this explanation is not supported by the tempeeatiata recorded in both periods.

When data for the Common Buzzard were excluded femralysis, observation and

flying rates were higher in the second period. Thiss also the case for vultures,
whose observation and individual rates increasetiensecond period. The abundance
of raptors overall was therefore higher in the secperiod.

To conclude, a strong effect of the wind farm ofieraon the Common Buzzard
population in the area is highly likely. Howevengtquestion remains whether this is
due to displacement or higher mortality. The rdsthe raptors may get used to wind
farms in time, probably exposing them to a highsk of collision and hence higher
mortality.
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4.5.4. Bird use index

Total bird use of all species combined and in thosel farms that were examined in
both monitoring periods appears to have increasad years after the first monitoring
period (Fig. 15). With the exception of Peltastimavfarm, where bird use during both
periods was almost the same, the pattern of biediusll other windfarms was similar,
being generally higher during the second periodpamed to the first (Figures 16-19).

Brd Use for both periods

Bird use (flight hours/monitoring hours

Buffer around WFs

—e&— Feriod 1 —8— Reriod 2

Fig. 15 Total bird use for all species combined in winthfa examined during both periods. Period
1=first monitoring period, 2004-2005, Period 2=s&tmonitoring period, 2008-2009; B250=buffer
zone 250 m, B500=buffer zone 500 m, B1500=bufferezb500 m (see section 3.5 for details).
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Fig. 17 Total bird use for all species in Geraki duringtoperiods
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Brd Use for both periods

Bird use (flight hours/monitoring hours

Buffer around WFs

‘—O—I:Eriodl—l—FEriodZ‘

Fig. 20 Total bird use for all species in the totalitywiihd farms during both periods. Here wind
turbines additionally examined in the second pefRetiod 2) are also included.

Bird use by the most relevant species in wind fatimas were examined in both monitoring
periods appears to have increased four years dhigefirst monitoring period. With the
striking exception of Common Buzzards, for whicidbuse during the first period was
higher, the pattern of bird use by all other speeieamined was generally higher during the
second period compared to the first (Figures 21-27)
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Fig. 21 Use of wind farms space by Black Vulture duringhbperiods.
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Gyps fulvus - Bird Use for both periods
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Fig. 22 Use of wind farms space by Griffon Vulture durimgth periods.
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Fig. 23Use of wind farms space by Golden Eagle during petiods.
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Circaetus gallicus - Bird Use for both periods

0.025

0.020

0.015

hours)

0.010

0.005

Bird use (flight hours/monitoring

0.000

B250 B500 B1500
Buffer around WFs

—e— Period 1 —#— Period 2 ‘

Fig. 24 Use of wind farms space by Short toed Eagle dusoth periods.
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Fig. 25Use of wind farms space by Common Buzzard durath periods.
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Aquila pomarina - Bird Use for both periods
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Fig. 26 Use of wind farms space by Lesser Spotted Eagiaglboth periods.
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Fig. 27 Use of wind farms space by Booted Eagle during) ipetiods.
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5. CONCLUSIONS AND RECOMMENDATIONS

5.1 Effect of wind farms on birds of prey

Common and rare bird and bat species were found dee to collision with wind
turbines.

Estimated mortality rates (birds/turbine/year) azemparable to estimations
reported in the literature. Estimated vulture mldstarate was higher than the
observed mortality.

The comparison of crossing densities and individlyahg rates between the two
study periods (2004-2005 and 2008-2009) suggests dl raptors except the
Common Buzzard used the broader wind farm area nmbeasively during the
second period, four years after the first. Thisliegpthat raptors may have got used
to the presence of the wind turbines, and this gsbbexposes them to a greater
risk of collision. This finding was more evident fine Griffon Vulture. In fact, the
higher mortality found during the second study @etis in agreement with a greater
exposure of birds to collision.

The Common Buzzard population may have been affdayethe operation of the
wind farms probably as a result of displacementedfitorial pairs present during
the first period or a greater collision mortaliggven very few individuals killed
could dramatically decrease the number of obsemstias these are territorial pairs
and their movements in the area would lead to h hignber of observations.

Three out of the four Griffon Vulture fatalities meadults. Although more data
should be collected regarding the population dyeaphigher adult mortality leads
to a higher risk of population decline in thesegidived animals.

Cumulative negative impacts of operating wind familt certainly be more serious
for the long-term survival of vulture populatiomsthe area.

5.2. Validity and effectiveness of methods used

Carcasses or carcass parts remained in the fiemerage for 23 days. However,
our searching interval time of 14 days may have bIed an important
underestimation of the real number of collisionideats and resulting fatalities, as
50%, 22% and 25 % of small, medium and large caesasespectively had been
removed within 14 days.

Scavengers may not be the only “agents” removingasses from the wind farm
area. Intentional removal by humans cannot be dedwand may have also led to
an underestimation of mortality.

5.3. Recommendations on methods for future applicein

Carcasses of various sizes should be used in sgpaveamoval trials in order to

have more reliable estimations of removal rates.

Both scavenger removal and observer efficiencystishould be conducted across
all seasons of the year, as seasonal changes @tatieg structure may affect the
results.
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The same observers should be used across all seasoneduce the variation
originating from differences in their carcass datecability.

Estimated mortality has to be evaluated per spégiesmbination with population
viability analyses.

The more intensive use by birds of the wind faremadour years after the first post
construction monitoring suggests that only a singéar of post-construction
monitoring may not be adequate to reveal the rephct of the wind farms on birds
of prey. Farfaret al. (2009) consider that post-construction monitorsmguld be
conducted over a longer period, while Madders artdtfi&ld (2006) note that it
should ideally be conducted over a period relatveéhe generation time of the
species involved. We suggest that conducting a nskcpost-construction
monitoring after 3 to 5 years would notably imprake estimation of the impacts.
Post-construction studies should be implemented dgery wind farm by
independent researchers having access to unbi&seddata, following sound
ornithological studies.

5.4. Conservation implications and recommendations

Areas with steep slopes seem to be actively seldoteflight by raptors and it is
suggested that pre-construction ornithological ismidhould exclude ridges above
them when evaluating suitability of locations fand farm siting.

Pre-construction ornithological studies should alsmrporate data with regards to
the relief and exposure (aspect) of the slopeeir #tvaluation of the proposed wind
farm locations: north facing slopes are avoidedrwmst raptors, while those facing
east are preferred.

The longer the distance between turbines, the highthe probability that raptors
will attempt to cross the space between them. Thexethe distance between
adjacent wind turbines should also be accountedirfothe wind farm design.
Distances between turbines should be as long asbt®sto prevent wind farms
from becoming an insurmountable linear obstacldss Ts even more important
given that the density of wind farms in the areaxpected to increase. Lower
density of wind turbines for the Windfarm Prioriyea 1 — where the specific goal
of 960 MW has to be reached - can be achievedrigfetaand more effective
machines are installed. Currently new and moreywmtige designs of wind turbines
are being produced, so that fewer turbines canymethe same amounts of energy.
Having fewer clusters of lower densities, it is egf@d that there will be fewer sites
where negative consequences may occur (WWF 2008).

Cumulative effects of every new wind farm proposhbuld be evaluated before
getting final authorization.

Many new wind farms are planned to be establishdétieé area. This means that the
impact of the already established wind farms shdaddevaluated again, as new
wind turbines occupy the space around them andgehtre environment in which
birds fly.
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Appendix | Data sheets used in the carcass surveys.

Date Researchers
Start
time Sites
End
time Interruption
Percentage of 50 m radio surface (for
windmills where you cannot search all the
Site Round | Windmills searched (e.g. T30, T31, T32...) surface, write here (e.g. T32 (50%)) Comments

In case you find a carcass of a large raptor or aulture, don’t remove it and call the office. For the rest that you find:
Distance | Direction

Carcass Site/ to from Estimated | Estimated | No
condition / Turbin closest turbine time of cause of photo
ID description  |Species Age Sex | plot GPS turbin base death death taken | Comments

Carcass condition:
« Intact: carcass which is completely intact, not badly decomposed, no sign of been fed upon by predator or scavenger

« Scavenged: Entire carcass that shows sign of been fed upon by predator or scavenger
« Portion of a carcass
« Feathers
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Il — Example of a space use by birds n\ap of the study plot observed from VP1.
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Appendix IVa — Data sheets used in the surveys of space usiedsy Part 1

Wind Farm Monitoring 2009

Space use by birds

End
Date: / /2009 Researcher: Start Time: Time: Interruption: Vantage Point:
dilsrllat\ﬁle Closest Height
Number . . q Number distance to above ]
(AJA) Start Time | End Time Species Sex Age Status . obstgrver e — the Activity Comments
(m) (m) ground

Species : if species identification is not possible write down if it is a Vulture, Eagle, Buzzard, etc. Sex: M for Male, F for Female, U for Unknown

Age: Juvenile (J) Immature (1), Adult (A) Unknown (U) Status: Local (L) (for territorial flights), Migratory (M), Unknown (U)
for the cases that the bird does not fly close to the windmills Low (L), High (H), Very High (VH), in reference to the ground, for general sense of the flight or

Height above the ground:
write down at comments.

Activity : Soaring (S) Flying (F) Gliding (G) Display (D) Landing (L) Take off (TOF), Hunting (H) Mobbing (M) Foraging (Fo) Perching (P)
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Appendix IVb — Data sheets used in the surveys of space usiedsy Part 2
Wind Farm Monitoring 2009
Space use by birds

End
Date: / /2009 Researcher: Start Time: Time: Interruption: Vantage Point:
Time Interaction Operational
NG In with status and Flight
(A/A) 250m | Species turbins No of turbins sec/round Distance to nearest tur. height Reaction Wind Comments
In
min Nol No2 Disatnce No

Time in 250m plot: the time that the bird spends in the plot of 250 m distance from turbines, in minutes.

Interaction with turbine:  1.The bird is flying far from the windmills no interaction, 2. the bird is flying parallel to the windmills or it comes close to one but it does not cross (record a
distance from the closest turbine record if it is more than one turbine also record height in relation to the pylon), 3. the bird is crossing between 2 windmills (or one if it is the last one)
we record the numbers of the turbines, the horizontal distance from the closest turbine, and the flight height (in relation with the pylons) at the moment of crossing. 4. the bird is
crossing the windmills but flies quite higher than the height of the windmills (in this case we record the flight height the time that is crossing the line of windmills and as a distance from
the turbine the height from the closest turbine) 5. the bird crosses and flies in the blade sphere of one windmill. In this case as a distance we note down if the bird passes through at
25%, 50%, 75%, 100% of the rotor length) Operational Status: NM not moving, MS moving slowly, MF moving fast, MVF moving very fast and record how many second it takes for
a full rotation. Reaction with the turbine:  NR no reaction, slight changes of flight direction, sudden change of flight direction, loss of balance, panic behavior and slowing down,
collision.
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Appendix IVc — Data sheets used in the surveys of space usiedsy Part 3
Wind Farm Monitoring 2009
Space use by birds

End
Date: / /2009 Researcher: Start Time: Time: Interruption: Vantage Point:
Time
Weather data
1 2 3 4 5 6 7 8 9

Wind Power :

Wind Direction:

Temperature
(ST/ET):

Visibility (ST/ET):

Cloud cover:

Fog presence:

Humidity:

Clouds: Estimation in 100%
Visibility: Excellent, good, regular, bad, very bad




Appendix V Frequency of birds detected in the risk area2%0 m) of the wind farms
presented as number of individuals per 10 houlseb&viour monitoring:

View Point| VP01 | VP02 | VP03 | VP04 | VP05 | VP06 | VPO7 | VP08 | VP09| VP10| Total
Time spent

(hours: 102:10 92:35 | 81:15 79:28 129:04102:45 93:20 96:32 82:0083:00 942:(
minutes)

el 52 61 57 102 108 51 45 131 38 29 675
individuals

Frequency| 519 6,59 7,02 12,84 837 4,96 4,82 1357 463 3,49
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Appendix VI Detailed interaction of observations (by speciesid overall interaction of
observations (Vultures — rest of species)

Interaction with turbines

Species 0/1 | 2 |3 | 4 |5 | Total
Accipiter brevipes 1 1 2
Accipiter gentilis 6 1 3 10
Accipiter nisus 5 4 3 12
Accipitersp. 5 2 7 1 15
Aegypius monachus 49 29 46 20 5 149
Aquila chrysaetos 16 12 11 4 43
Aquila pomarina 1 1 1 3
Ardea cinerea 0 1 1
Buteo buteo 62 25 41 6 7 141
Buteo rufinus 7 2 9
Buteosp. 41 17 18 2 3 81
Ciconia ciconia 1 1
Ciconia nigra 8 5 8 1 22
Circaetus gallicus 14 9 7 3 1 34
Circus cyaneus 1 1
Columba oenas 1 1
Corvus corax 13 7 11 1 32
Corvus corone cornix 3 3 6
Corvussp. 1 1 2
Unidentified eagles 3 3 7 2 1 16
Falco eleonorae 1 1
Falco naumanni 1 1
Falco peregrinus 1 1
Falco sp. 9 6 11 2 28
Falco subbuteo 1 1
Falco tinnunculus 7 4 3 14
Falco vespertinus 1 1
Unidentified gull 1 1 2
Gyps fulvus a7 27 33 22 6 135
Hieraaetus pennatus 3 1 5 1 1 11
Neophron percnopterus 1 1
Pernis apivorus 2 1 1 2 6
Unidentified raptors 22 11 15 1 49
Unidentified vultures 2 1 3
Total 332 170 239 69 25 835

Interaction with turbines

0/1 | 2 IE 4 5 | Total
Vultures 99 57 79 42 11 288
Rest of species 233 113 160 27 14 547
Total 332 170 239 69 25 835
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Appendix VII Turbines crossed during cross observations of altisp (in number of observations)

Vultures

Pair of turbine observation

Res
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Appendix VIII Turbines crossed during cross observations opalties (in number of individuals)

Vulture

Vulture

Vulture

Vulture

Pair of turbines individuals Rest Pair of turbines individuals  Rest Pair of turbines individuals  Rest Pair of turbines individuals Rest

- 6 1 - 6 1 P6 1 T12-T13 1 1
D2-D3 4 D2-D3 4 P6-P7 T14-T15 2
D3-D4 1 5 D3-D4 1 5 P7 2 T16-T17 2
D4-D5 2 D4-D5 2 P8-P9 1 4 T17-T18 2
D5-D6 1 4 D5-D6 1 4 P9-P10 1 T21-T22 1 2
D6-D7 7 D6-D7 7 P10 2 3 T23-T24 1
D7-D8 1 3 D7-D8 1 3 Si 1 T25-T26 1
D8 1 6 D8 1 6 S1-S2 25 T26-T27 1
K1 4 3 K1 4 3 S3-5S4 2 1 T27-T28 2 8
K1-K2 2 K1-K2 2 S4-S5 5 T28-T29 3
K2-K3 2 3 K2-K3 2 3 S6-S7 5 2 T29-T30 1
K2-T34 1 K2-T34 1 S7-S8 1 4 T30-T31 1
K3-K4 3 2 K3-K4 3 2 S8-S9 2 T32-T33 5
K4-K5 1 3 K4-K5 1 3 S9-S10 1 T33-T34 3 4
K5-K6 1 2 K5-K6 1 2 S10-S11 3 2 T34-T35 5 3
K6-K7 3 4 K6-K7 3 4 S11-S12 1 2 T35-T36 3 1
K7-K8 4 K7-K8 4 S12-S13 3 T36-T37 1 12
K8-K9 1 K8-K9 1 S13 2 4 T37-T38 1 4
K9-K10 2 2 K9-K10 2 2 T1 1 T38-T3¢ 2
K10-K11 4 3 K10-K11 4 3 T4-T5 2 T41-T42 y,
K11-K12 2 K11-K12 2 T6-T7 2 X1 3
K12-K13 1 K12-K13 1 T7-T8 X1-X2 1 5
K13-K14 5 3 K13-K14 5 3 T8-T9 2 X2-X3 1 8
K14 3 8 K14 3 8 T9-T10 1 3 X3-X4 1
M1 1 M1 1 T10-T11 3 X3-X5 5
M2-M3 2 M2-M3 2 T11-T12 1 X5 2 6
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Appendix IX Pairs of wind turbines and distances between them

D1-D2
D2-D3
D3-D4
D4-D5
D5-D6
D6-D7
D7-D8
K1-K2
K2-K3
K3-K4
K4-K5
K5-K6
K6-K7
K7-K8
K8-K9
K9-K10
K10-K11
K11-K12
K12-K13
K13-K14
M1-M2
M2-M3
M3-M4
M4-M5

D1-D8 Didimos Lofos

K1-K14 Kerveros

268.28
245.11
240.25
208.33
283.93
234.12
225.51
170.64
176.42
155.24
181.42
150.72
239.94
203.31
150.48
177.02
154.26
145.64
184.89
276.96
205.28

333.3
246.65
346.17

M5-M6
M6-M7
M7-M8
M8-M9
M9-M10
M10-M11
M11-M12
M12-M13
M13-M14
M14-M15
M15-M16
M16-M17
M17-M18
M18-M19
MA1-MA2
MA2-MA3
MO1-MO2
MO2-MO3
MO3-MO4
MO4-MO5
MO5-MO6
MO6-MO7
MO7-MO8
MO8-MO9

M14@ Mytoula
MA1-MA3 Mati

MO9-MO10
MO10-MO11
MO11-MO13
MO12-MO13
P1-P2
P2-P3
P3-P4
P4-P5
P5-P6
P6-P7
P7-P8
P8-P9
P9-P10
S1-S2
S2-S3
S3-54
S4-S5
S5-S6
S6-S7
S7-S8
S8-S9
S9-S10
S10-S11

S11-S12

MO1-M® Monastiri

FR10 Peltastis

321.]
313.
293.
327.
158.
133,
150.
145.
151.
167.
889.
162.
157,
119.

132.6

145.1
161,
124,
142,

360.

168.
155.
327,

135,

S13S1
T1-T2
T2-T3
T3-T4
T4-TS5
T5-T6
T6-T7
T7-T8
T8-T9
T9-T10
T10-T11
T11-T12
T13T1
T13-T14
T14-T15
T156T1
TH6-T
THBT
TI®T
T1®T2
T20-T21
T21-T22
T23T
T2 T

S1-S13 Soros
T1-T42 Geraki

150.11
126.43
118.11
123.96
2.83
62.87
50.64
75
235
136.61
149.24
146.53
135.87
144.96
136.47
144.21
156.07
172.3
146.92
174.75
202.47
203.5
165.07
255.62

T24-T25 291.0¢
T25-T26 297.24
T26-T27 424.8
T27-T28 229.78
T28-T29 279.99
T29-T30 209.1
T30-T31 200.97
T31-T32 191.5%
T32-T33 527.84
T33-T34 236.28
T34-T35 203.1
T35-T36 168.58
T36-T37 210.26
T37-T38 162.5]
T38-T39 180.14
T39-T40 150.04
T40-T41 146.91
T41-T42 156.64
X1-X2 360.84
X2-X3 610.48
X3-X5 702.84
X1-XByka
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Appendix X Comparison of bird use indices for Black Stork, s@amwvk, Honey Buzzard,
Sparrowhawk and Kestrel

Ciconia nigra - Bird Use for both periods
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Bird use (flight hours/monitoring

Bird use (flight hours/monitoring

hours)

hours)
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0.010

0.005
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Pernisapivorus - Bird Use for both periods

B250

B500
Buffer around WFs

—e— Period 1 —#— Period 2

Accipiter nisus - Bird Use for both periods
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Buffer around WFs

—e— Period 1 —#— Period 2
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Bird use (flight hours/monitoring

hours)
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Falco tinnunculus - Bird Use for both periods
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Appendix XI Additional space use by birds data for the secowditoring period, that can be
compared with those resulting from the first monitg period (see Ruiet al 2005)

Table 50Proportion of risk flights (all species)

Observations | Percentage | Individuals | Percentage
Total 835 1115
Risk area 534 63,95% 675 60,54%
Crossed
36,89% of the total 49,69% of the total
tbuertt;’;’r?;” 308 57.68% of the risk flights ~ °>% 82.07% of the risk flights

Table 51 Proportion of risk flights (vultures)

Observations | Percentage | Individuals | Percentage
Total 285 403
Risk 197 69,12% 253 62,78%
Crossed
42,46% of the total 51,62 of the total
between | 121 61.42% of the risk flights ~ 2°0¢ 82,21% of the risk flighs
turbines
Table 52Proportion of risk flights (rest of species)
Observations | Percentage | Individuals | Percentage
Total 550 712
Risk 337 61,27 422 59,27
34% of the total 34,55% of the total
s 187 55,49% of the risk flights 240 58.29% of the risk flights
All species Vultures Rest of species
11% 11%
25% M
39% 37% 40%
e\
\

\ X

—
35%

‘I:l No risk O Risk cross @ Risk no cross ‘

m No risk @ Risk cross @ Risk no cross @ No risk O Risk cross @ Risk no cross
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Appendix XII Wind data

600
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300 -

Records

200

100 /\

N NE E SE S SwW w NW

Wind direction

‘—I—AII systematic records —e— Risk records ‘

Fig. 28 Wind direction for all flights (all systematic mws) and risk flights (risk records). Risk
records refer to flights recorded within the riskaof wind turbines (250 m buffer zone).

All systematic records Risk records

9% 21% 9% 10%

11% 10%

31%

2% 11%

11% 6% 15%

‘DNDNEIEISEDSDSWIWINW‘ ‘DNDNEIEISEDSDSWIWIN\N‘

Fig. 29 Proportions of wind direction. Risk records refeiflights recorded within the risk area of
wind turbines (250 m buffer zone).
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Appendix XIV — Photographs: example sequences of the scavengeval trials

March 2009
Geraki-Mati. Sparrowhawk (Accipiter nisus)
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March 2009

Mytoula. Common Buzzard Buteo buteo)

Scavenger presence
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