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Introduction

The reporfpresentsesultsof the ornithologicakurvey andnonitoring at Saint Nikola

Wind Farm (SNWF) in theperiod 01 Decembe2012tol5 March 2013, continuing

from similar studies in previous winters before and after construction of SNéF

primary objective ofwintering bird studies at SNWF is to investigate the possible

effects of the wind farm ogeese populations, notably tRedbreasted Goodéranta

ruficollis (RBG) due to itsglobally threatened conservation statBsr e vi ous year s
wintering studies at SNWF have been reported and presentedvioiodo on the

AES SNWF website

To date,as documented by previous repottisere have been no indications ttha

SNWF has had any adverse impact on wintering geese, including &#Ghe more

abundant Greater Whieonted Goosé\nser albifrondGWFG). This report presents

the latest findings, from the 2012/13 wintexhich continuedto scrutinisethe

possibilityof an adverse i mpact on wint.@hisi ng gee:«
report also analyses the risk of collision with turbine blades across the study period, to

date.

Methods

Methods wereessentiallythe same as in previous winter survdyata were coécted

within a 6core study areab6é that encompasse
but with additional areas in a buffer the vicinity ofthe wind farm (Figure 1)his is

to distinguish this area of consistent effort across winters from a mudar aida

where observations were also undertaken, in some previous winters, that extended

north, up the coast to the freshwater lake of Durankulak (see report for the 2010/11
winter). The o6f oot pri nt & q presdribed by @ pevifretemaronmdt f ar m
outermost turbinegss s referred to as the OSNWF terri
Project Area insomeprevious reports)The 75 days of the study encompassed the

whole period when geese were recorded inctire study area, including tI&NWF

territory, during 202/13. Detailed observations were madaily, so far as possible

within the constraints of suitable weathen the locationand counts (including

species composition) of birds involved in flight activity @eddingbehavior of any

flocks within the wind farmand its vicinity Crop typeswithin the core study area

were also recordefFigure 1). Observation points and the location and coverage of

the BirdScan radar were as in the most recent previous winters (Figure 2)

Searches under turbineasr fcollision victims were changed from the 4 d protocol of

the previous two winters to a 7 d search interVdlis change was governed by
practicalities and that no goose collision casualties had been recorded under the more
intensive search protocol ofdlprevious two winters.

Additional novel procedures involved the use of GPS units to allow tracking and
recording of search paths when observers were searching for collision victims under
turbines.



A detailed description of methods underlying the decsiamd procedures for
switching off turbines under the (Turbine Shutdown System: TSS) presenting a risk of
bird collisions is described in a number of previous reports and in the Owner
Ornithological Monitoring Plan. The feeding grounds within the wind pearitory
identified in the winter surveys were investigated daily and the number of feeding
geese at these sites and weather conditions (i.e. heavy mist, fog) were the bases of
decisions for the TSS (Turbine Shutdown System) for reduction of the aolfisiq

as in previous winters.

Figure 1.Map of thefields potentiallysuitable for feedingf geesen winter 202 i
2013 (green= whea), and core study areamonitored in winter seasons 2002013
(dark green boundary)



NS

Figure 2. Location andcoverage of theBirdScan Radar System duringinter
monitoring 2012/2013. The numbered black dots represent visual observation points.

As noted in previous reports, despitee experiencend qualificatiors of all field
ornithologists,geese werenot always easilydentifiedto speciesn all circumstances,
evenwhen visibility and distance allowambnfirmation ofoverall counts of geegsee
Photos 13, below)



Photo Strahil Peev

Photo 1. Identification oRBG Branta ruficollisand GNVFG Anser albifonswhenin
mixed flocksfeeding within and in the vicinity of SNWIiS the mosiprecisemethod
for quantitative analysisf the relative abundance of the two species



Photo Victor Vasilev

Photo 2. Identification of RBG Branta ruficollis and GWFG Anser dbifrons under
good visibilityand close proximitys easy even when in flight



Photo Victor Vasilev

Photo 3. Identification oRBG Branta ruficollisand GWFG Anser albifronsfrom a
distance of severdlundredmetes whenin mixed flocksandin rapid flight can be
problematidfor observers (and impossible for the radar)

List of participants in the observations

Dr Pavel Zehtindjiev
Senior Field Ornithologistnstitute of Biodiversity and Ecosystem Research
Bulgarian Academy of Sciences

Victor Metadiev Vasilev

Field ornithologist Senior researcher in tHeaculty of Biology University of
Shumen, Bulgaria

Member of BSPB since 1992

Dr Dimitar Vladimirov Dimitrov

Field ornithologist Institute of Biodiversity and Ecosystem Research
Bulgarian Academ of Sciences

Member of the BSPB since 2000

Dr Mihaela Nikolova llieva

Field ornithologistInstitute of Biodiversity and Ecosystem Research
Bulgarian Academy of Sciences

Member of BSPB since 1999

Martin Petrov Marinov
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Field ornithologist PhD studentin Institute of Biodiversity and Ecosystem
ResearchBulgarian Academy of Sciences

Strahil Georgiev Peev
PhD studenin Faculty of Biology Sofia University

Kiril lvanov Bedev
Field ornithologist

Yanko Sabev Yankov
Field ornithologist

Stefan Milenov Dinov
Field assistant

Results

Geese were observed in tbarestudy area étween @ January2012and10 February
2013 The number of birds per speciesaccepting the difficulty in species
identification under distance, flock size and rapid flight activitynstraintsis
presented in Table 1.

Typical for the seasqibirds of pey were observed in theore study are@ similar
numbers as previous winter surve$mgle individualsvere seemf: Buzzards Buteo
buteg, and Roughlegged BuzzardButeo lagopus Hen harrier Circus cyaneus
Kestrels Falco tinnunculuyand Sparrovhawks Accipiter nisuy were observed only
in January. FouMWhite-tailed Eagle ldaliaeetus albicillg: three aduls and one
subadultbird were observed during the winter monitoringithin passerine birds
Corn buntinggMiliaria calandra) andBrambling Eringilla montifringilla) were the
most numerous.

Table 1. The number of observed birds of different speciethencore study area
monitored in winter season 2012013 (data from vsual observations Figures 1 and
2).

Species January February Total
A. anser 15 15

A. albifrons 224894 2753 227647
B. ruficollis 28317 3590 31907
Anser/Branta 424731 23135 447866
A. nisus 1 1

A. otus 1 1

A. flammeus 1 1

B. buteo 19 19

B. lagopus 3 3

C. carduelis 75 75

C. cyaneus 12 12
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Species January February Total
C. cygnus 70 70
C. olor 148 42 190
C. palumbus 30 30
Cygnus sp. 8 10 18
F. columbarius 3 3

F. montifringilla 50 50
F. peregrinus 2 2

F. peregrinus/cherrug 1 1

F. tinnunculus 4 4

H. abicilla 2 2 4
Mil. calandra 220 220
P. pica 14 14
Perdix perdix 11 11
S. vulgaris 24 24
Grand Total 678653 29535 708188

Total number of observed goose species and their numbers

In total, threespecies of goose were obserwedvinter 2012/203: RBG, GWFGand
Greylag ®ose Anser anser Over 707,000 individual goose observations were
recorded during the surveysthe core study arg@able 1) with less recorded within
the smaller SNWF territory (Tablg). No Lesser Whitdronted Geese were ee.
Additionally Mute Svans(Cygnusolor) andWhooper Swas (Cygnuscygnug were
observedn the core study argd@able 1) in small numberg0 and 190 respectively.

Table 2. The number of observagbeseof different speciefeeding inthe SNWF
territory (data from visual observations).

Species January February Total
A. albifrons 97621 840 98461
A. anser 4 4
Anser/Branta 77760 13110 90870
B. ruficollis 11205 2490 13695
Grand Total 186590 16440 203030

The recorded numbers ffedinggeeseof all speciesn SNWFterritory varied during
the season with short periods of maximum per spedies. maximum ofRBG
feeding in SNWFwere observed between 13 and 17 of January while @W4tG
(over 50%) were seen between 23 and 27 of Jar{eayyre 3)

12
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Figure 3c. Seasonal yhamics ofall species ofjeesgin mixed flocksas observed in
the SNWRerritory in winter 2012/2013
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The peaknumberof geeseifl mixed flocks)was observed in nddle of January](3th
January. The @absencé of geese n 12 of January waactually due to fog and
reduced ability to dect birdswhile in the period 6 - 8 February no geese vee
registered despitgood visibility. In general geese were present in similar number in
the period 05 27 January witla significantincrease of threéimesin two days when
over20% of all geesavere observed. The maximummber ofRBG (peak counti.e.

the maximum number recorded on any one day within a Wiateserved irthe core
study area (Figure Bccording tolte monitoring redts in the period 2008 2013 are
presented in Table 3.

Table 3. The peak coustof RBGin the core study area five winter seasons

Winter 2008/2009|2009/2010|2010/2011 | 2011/2012|2012/2013
B. ruficollis  |5400 19600 8000 12000 8600

Long term monitoring data frome corestudy areallows comparison between
winter seasons dhelast five years (Tabl8). The averagpeak counbtf RBG
feeding inthe corestudy areacrosdive winter seasons was around 100firds with
no significant trend acroske periodFigure 4.

Var2 = 104,616*exp (0,044*x)
22000

20000
18000
16000
14000
12000
- mapm=y
10000 ------—-----'---- -mE
—Il-----------------
m-m-
8000
6000 3
4000
vier 200812009 winter 2010/2011 winter 2012/2013
winter 2009/2010 winter 2011/2012

Figure 4 Annual peak counts of feedifRBG as observed ithecorestudy arean
the wintes 20087 2013.
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Spatial distribution of feeding geese in the wif@m territory

Day by dayappearance in the feeding grounds in SN¥ffitory and movements of
the geesavithin the wind park territory are given in detailtime Appendixat the end

of this report. Themain feeding sites in th&NWF territory and the wider core study
areaon the daywhenthe peak counts dRBG were recordedre presented iRigure

5. Numbes of flights anddanded geese(those seen to land and thereafter usually
feed),within the wind farm(SNWF territory)or outside the wind farrtbut within the

core study area) across the 2012/13 wijratex presented inable 4.

Table 4. Day by day numéxs of flights anddandedgeese RBG and GWFG) irthe
core study aredifferentiated by whether they occurred within or outsideSN&VF

territory (i.e. within or outside of the wind farmg L and e d 6
seen to land (usually follosd by feeding.

Flightsinside | Landedinside | Flightsoutside | Landedoutside
Date SNWF SNWF SNWF SNWF
3.1.2013 0 0 1800 0
4.1.2013 0 0 235 0
5.1.2013 98 0 335 9000
6.1.2013 0 6000 5290 4500
7.1.2013 2135 5500 8645 0
8.1.2013 0 0 840 1650
9.1.2013 2680 13600 10740 0
10.1.2013 6600 9300 10060 5000
11.1.2013 8500 8500 8900 0
12.1.2013 450 50 200 0
13.1.2013 8100 1500 92880 16700
14.1.2013 2940 24500 19205 2000
15.1.2013 4555 10700 14495 4500
16.1.2013 925 4700 5345 0
17.1.2013 0 7280 13225 2200
18.1.2013 11650 11800 2320 0
19.1.2013 1960 9300 8700 0
20.1.2013 1550 11000 21450 0
21.1.2013 575 10335 10560 0
22.1.2013 370 0 16380 16350
23.1.2013 200 0 20320 20400
24.1.2013 15000 15000 15100 0
25.1.2013 0 9450 9450 0
26.1.2013 5340 8800 2570 0
27.1.2013 9100 7570 9610 1080
28.1.2013 5324 4924 670 0
29.1.2013 1113 1500 1240 500
30.1.2013 3915 4800 420 0

g elmtsmere ar e
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Flightsinside | Landedinside | Flightsoutside | Landedoutside
Date SNWF SNWF SNWF SNWF
31.1.2013 2405 2465 0 0
1.2.2013 0 0 1910 0
2.2.2013 0 3000 2845 0
3.2.2013 0 3000 5296 0
4.2.2013 40 3000 3490 0
5.2.2013 0 2000 2080 4400
6.2.2013 0 0 42 0
7.2.2013 0 0 0 0
8.2.2013 0 0 0 0
9.2.2013 1410 1410 1410 0
10.2.2013 0 70 70 0

Figure 5. Distribution ofmixed flocks oGWFGand RBGin the core study areas
observedn the day(14.01.2013) wh the peak counts obkh species invinter 202

I 2013. The redcolour represers feeding grounds an@vening flights, the blue
colour representsnorningmovementdn the left upper cornemain feeding grounds
in season 2011 2012.

The difference irthe spatial distributio of geese iwinter 2012/2013 wasbviously
dependent on the crop distribution in SNWIE aarrounding territories (seégkre5).
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The doservedflight directions in the morningsvhen geesevill have beencoming

from the roosting sitesconfirmed previous observationgsee reports of presus

winters 2008/09, 2009/1@010/11and 2011/1Pthat there has beenchange in the
behaviour of the geede roost in high numbers in thddk Sea along the coast and
notindtypical 6 fr eshwadrtk of the ®roject areg\intajers t o
proportionof flights of geese incoming to the study amgasalongE-W axis inthe
periodswhengeesewereabundanin winter of 202/13. Use of the freshwater lakes

to the north would have resulted in more incomingffis on the N5 axis.

The records collected ithe last four winter seasonstrongly suggested thamany
geesawere roostingon the seaSuchbehaviouy observed fothelast several yeasss
probablya result ofincreasingong term hunting pressur@@disturbance for decasle
in the previously known main roosting sitelakes DurankulakTuzlaand Shabla.

Comparison of the results afteve winter seasons of monitoring in SNWF territory
after construction of the wind farm with the distributiongekse in the period 1995

2000 Report of BSPB:Dereliev, S. 2000Results from the monitoring of wintering
geese in the region of lakes Durankulak and Shabla for the g&8%2000.BSBCP

& BSPB/BirdLife Bulgarig, when no wind farms were construciadhe region, does

not indicate any displacement of geese as a result of the operation of SNWF (Figures
6-8).

It is apparent from Dereliev (2000) that during 1998000the core study arewas
used by geese only Biout of the 5 seasons investigatadd the SNWF territory was
used inonly 1 of the 5 season. it was not apermanent feedingrea for RBG In

the winters when geese were observed in the present territoryMgF3ie localities
arelargely coincident with the present ones and sligatations canmost likely be
explained by changes in the crops within the same drbka.results obtained
immediately beforeand after the operation of SNVW#6 not indicate an adverse effect

of the wind farm on the winter distributions fafeding geese inatling RBG. Large
numbers of RBG and GWFG were obserwgthin the vicinity of SNWF in every
winter seasorfTable 3), and whilst the number that entered the wind farm itself was
variable between winters, there was no indication that the presence of th&amind
either affected goose flight patbstheir use of feeding groundehe annual variation
postconstructionis to be expected given the observations of comparabeial
variation before the presence of SNWF, and given the influence of widespreasd facto
(notably, weather) and more local factors (e.g. crops, hunting activitg)day by

day distributions of feeding geese in SNWF territang the wider core study arka

the winter 202/2013 is given in the APPENDIX relatively more geese were
recordel feeding within the turbinéocatiors in 2012/13 than inhe previousfour
winters(including the 2008/09 winter when no turbines were present)
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Figure 6. Localities offeeding geese in winter seast®bi 199% according to
Report of BSPBDereliey, 2000) andhecore study aredgreen line) with feeding
grounds (blue cycles) established during the monito20@8- 2013
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Altitudinal distribution of flying geese

627,345 observation®f geese were available ftre analysis of theisually observed
flight altitudesin winter 2012/2013This analysis includes birds observed during all
hours of the daynd hereforeall kinds of functional flights and the whole spectrum

of spatial trends seen during the winter seasoi2/281

In contrast to th@revious years more birds were observed flyimger, at altitudes
between0 and 50 metres above ground level (Talde There is no statistically
significant differencean the flight altitudesbetween RBG and GWF@ the flight
altitudes documented in Table 5

Table 5. Comparative distribution of the fliglaititudes of geese observed in the
SNWHFterritory from the vantage points (N627,345birds).

Altitude band (m) A. albifrons | Anser/Branta | B. ruficollis Total
0-49 36% 35% 26% 35%
50-99 34% 23% 40% 27%
100149 14% 10% 18% 11%
150199 7% 14% 9% 12%
200-249 6% 17% 4% 13%
250-299 1% 1% 1% 1%
300-349 0% 1% 1% 1%
350400 0% 0% 0% 0%
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Diurnal variation in flight activity

According todata from visuabbsenations the peak of flight activity occurred early
in the day, asn winter 2008/9,2009/1Q 201011 and 2011/201ZFigure 9. The
geese arrived from their nocturnal roost sitethifirst two hours after sunrise. The
clear6 d e p ar t occuesdnl7mharaund an hour befoseinset depending otthe
period in winter Very low activity, limited to the first two hours after sunset was
registered by radar at the wind park territory wioaty single birds and small flocks
were detectedAn explorationto find whether there agpeciesdependent patterns in
diurnal activity is presented in Figure 10s A previous years there are no marked
differences between the species. Tiferredslight differences most probably reflect
limitations related to the identification of the species under limited visibility in early
morning and late evening periods
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Figure 9. Circadian dynamics of flying geese through tbere studyarea as
registered by visual observations in the winter season d¥/281x axis gives time of
day (by hour), y axis gives proportion of observatiofi¥le same data grouped by
hour ofthe day is presented in right upper corner.

20



70%

60%

50%

40%

m A, albifrons

30% W Anser/Branta

B. ruficollis

20% —

10%

0% -
06 07 08 09 10 11 12 13 14 15 16 17 18
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Carcass monitoring results

All 52 turbines were searchedery seventh daipr carcasses durinifpe whole winter
survey period01 December 201P 15 March 2013)The frequency of searches as
well as names of the field ornithologists/olved in the survey ipresented irmable

3. The main limitationon programmed searchigsthe studyperiod was the restricted
accesdecause of weather conditiomsostly deepsnow coveror thick mud In such
situations the plotef 200x 200 metresinder turbines were searched from the turbine
base (stairs and platform arouBdmetreshigh) by binoculas. Over 95 % of the
programmed searches under the 7-iidgrval protocol using walked transects in the
200 x 200 metres plots were completed.

Standad traclks loggedby GPS used forecordingcarcasssearchesre presented in
Figure 11
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Figure 11. The GPS track of the weekly transects repeated four times per month during the
monitoring period.

Table 6. The numbers of turbines searched for cmhsvictims in winter season
2012/2013 by different searchers

Turbine | Kiril Bedev| Strahil Peev| Stefan Dimov| Victor Vasilev] Yanko Yankov| Total
8 6 1 1 1 5 14
9 6 1 2 1 5 15
10 7 1 2 2 4 16
11 5 1 1 2 5 14
12 6 1 1 1 4 13
13 6 1 2 2 4 15
14 6 1 1 3 5 16
15 7 1 2 1 5 16
16 7 1 2 2 5 17
17 6 1 1 2 4 14
18 6 1 1 2 4 14
19 6 1 2 1 4 14
20 6 1 2 2 4 15
21 6 1 2 3 5 17
22 6 1 2 3 4 16
23 5 1 2 2 4 14
24 5 1 1 2 5 14
25 6 1 1 2 5 15
26 5 1 1 2 4 13
27 5 1 2 4 5 17
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Turbine | Kiril Bedev| Strahil Peey| Stefan Dimov]| Victor Vasilev] Yanko Yankov| Total
28 6 1 2 3 4 16
29 6 1 1 2 5 15
31 7 1 1 2 4 15
32 4 1 2 2 4 13
33 5 1 2 2 4 14
34 6 1 2 2 4 15
35 5 1 2 2 4 14
36 6 1 1 1 5 14
37 6 1 2 1 4 14
38 6 1 1 2 5 15
39 6 1 2 2 4 15
40 6 1 1 1 6 15
41 5 1 2 2 4 14
42 6 1 2 2 4 15
43 7 1 1 2 5 16
44 6 1 1 2 5 15
45 6 1 2 3 4 16
46 6 1 1 2 4 14
47 7 1 2 2 4 16
48 6 1 2 2 4 15
49 5 1 1 2 4 13
50 6 1 2 1 4 14
51 6 1 1 1 3 12
52 5 1 1 1 3 11
53 6 1 2 2 3 14
54 6 1 2 1 3 13
55 6 1 2 1 3 13
56 5 1 3 1 4 14
57 5 1 2 1 4 13
58 5 1 1 1 4 12
59 6 1 1 1 3 12
60 7 1 1 2 4 15
Total 304 52 82 94 219 751

There was one intact carcass foun@@i2/13winter season: &reat Crested Grebe
(Podiceps cristatyswas found dead under turbine ®h 12 March 2013 at 66m
distance in NE direction from the turbine baRegional Officeof the Ministry of
Environment and Water@RIOSV) were informed and they collected the bird for
analysisin the same day with rptocol N¢ T 1758/13.03.2013During initial
observation on sita penetration wound/as notedunder the right wing of the dead
bird, that thebodywas otherwisentact and no obvious fractures or collision injuries
were presentAfter the detailed analyses done by RIOS&kt dayit was confirmed
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that the bird hd been attacked by a predator anddh#ot died due to a collision vt
the turbine.

Table 7. The results of the collision victim monitoring in winter season 2012/2013.

Single Bunch of
Taxon feather feathers |Intact Part of the body Total
Alaudidae 2 1 3
Anser albifrons 1 1
Anser sp. 1 1
Branta ruficollis 2 2
Not identified 22 11 33
Pica pica 1 1
Pluvialis apricaria 1 1
Podiceps cristatus 1 1
Total 24 17 1 1 43

All other remaindound during the wintecollision victimmonitoringincludingsingle
feathers, buches of feathers and body par{3able 7) also cannot be attributed to
collisions with turbines as they were inconsistent with the volume and form of
remainsexpected fronsuch traumaThis includel two buncles of feathers oRBG,

as wdl as asingle feather from GWFG

No parts of the bdy or intat remains of geese which couédfinitely be considered

as collision victims were detected after 751 single searches of different turbines in the
period 01December 2012 15 March 2013 (&bles6 and7). Therefore, o evidence

for collision of geese speciescluding RBG was found in the winter survey period
when geese were present

In order to reduce the risk of collision with the rotors of the wintbinesin
conditions of reduced visibilityfog or snowstorm)different groups of turbirgeas
well as single turbines were stoppetlring the2012/13 winter studyperiod (see
later), as during the previoughreewinters

Collision Risk Modelling and Avoidance Rates

Input data

A previous reportreport for the 2010/11 winteexplored collison risk modellingor

both GWFG and RBG wusing the o0Banddé Collis
2007) for the 2010/11 and 2009/10 wintefBhis exercise is repeated here for the

2012/13 winter, with comparisons made for previous winters and using theodata t
estimate |l i kely 6éavoidance ratesd under t h

Bird size and flight speed
Measures of body size were taken from Cramp (1998) and flight speed from Campbell
& Lack (1985) and Provan & Whitfield (2007} able §.
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Table 8. Measures of goose bodize and flight speed used in the CRMs.

Measure RBG GWFG
Body length (m) 0.55 0.72
Wingspan (m) 1.26 1.49
Flight speed (m/s) 19 19

Wind farm parameters

Input values for parameters relevant to the wind farnsiipations are given in Table

9. Note that the proportion of time that turbines were assumed to be operational
accounts for 6downti med when bl ades do
maintenance. The value used in the CRMs is the standard metric calculated by the
wind energy industry fo modern turbines such as those deployed at SNWF.
Observations at SNWF conform to this metric.

Table 9. Input values for wind farm parameters.

Measure Value Notes

Number of turbines 52
Proportion time operationg 0.87 Standard industry metric
Rotordiameter (m) 90 Vestas V90 3 MW model
Rotational speed (rpm) 16.1 Variable, but 16.1 nominal speed
Maximum chord (m) 3.5 Vestas V90 3 MW model
Pitch (degrees) 15 Vestas V90 3 MW model
Corridor width (m) 6900 Mean distance across wind farm + 200 n
buffer

Goose flight activity parameters

The number of goose flights within the wind farm area was estimated from the
number of observations of goose flights across the wind farm and from those records
where geese were observed as landing within the wind (feafble 4).In the 2012/13
winter, dueto agreater propensity for birds to feed within the wind farather than
simply fly through if the number ofdaily flights at risk of collision was taken
primarily as being the number of birds observed as landitign the wind farm
Although doubling the number of birds seen landimgay be considered a more
appropriatemethod becausthe birds must have flown in and out of the wind farm

the Band CRM(Band et al 2007jassumes that bird flights pass through thie fu
turbine array and in its current format it is not designed to deal with birds flying in
and out of a wind farmHence, doubling the number of birds seen landing would
imply that he total exposuref flights to the whole array was twice the number seen
landing. This is not the case, because each flight (in or out) only exposed the birds to
part of the array. Taking only the number of birds seen landing as being a measure of

no

the number of Oat ri ské flights ¢stherefore
model 6s assumptions, since it was not poss

the Band CRM becaudbe directions which feeding birds had taken when entering
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and/or leaving the wind farm (and so the number of turbines the birds had negyotiated
were often unknown.

If a smaller number of birds were also observed flying through the wind farm, then
these were ignored as they may have been a component of the birds seen to land
within the wind farm This is a conservative measure in terms ofneting the
collision risk since not all flights through the wind fammill involve birds moving in

to feed within the turbinese. it probablyunderestimatedhe predicted collision
mortality, and so the capacity for geese to avoid collision will be rastienated If

the number of birds observed flying across the wind farm exceeded the number
observed to lanthen these records were added to the number of flights at risk after
accounting fothe numbers that must have flown in/out to feed after landimglly,

if there were no records of birds landing within the turbines on a day when birds were
observed to fly through the wind farm then the number of flights through was taken as
the number of flights at risk.

As in previous years, thgoose flights farisk according to species were taken from

daily records of numbers of identifiable specias the presence of the two species
varied within a season. I n other words, w
OAnser/ Brant ad r e ctothatwere atttibluted taneachmepecreswerfe f | i g
based on daily records of the proportion of each spedB&/FG or RBG.

Since there was no marked observed species difference in flight albaideen

speciesacross the year@nsurprising as mixed speciflecks were the norm) the

proportion of flights at risk heighaltitude was taken from thsummed observed

goose recordg i . e . t he OTot al@vencspetiaspenific valuesTa bl e
(Table 5) this procedure was conservative as regards the nunmdgreated collision

victims. Past analysis hashown that theseobserved recordsdio not differ

substantially from thenore precise radar recordfaltitude

With a turbine hub height of 105 m and a rotor diameter of 90 m, the rotor swept

height (RSH) whih presented a risk of collision was 650 m. Conservatively, as

in previous reports, the o6at riské altitud
altitude bands recorded, was taken to be 150149 m. As a conservative
(precautionary) measure fhight activity at RSH from the recorded flight heights, the

data for the height band 50149 m was employed for all geese observations

2012/13 giving a value of 0.38 (38 %: Table 5).

In order to reduce the risk of collision with the rotors of #iad turbinesduring
conditions of reduced visibilitydifferent groups of turbinegas well as single
turbineg were stopped during the 2012/13 wintertotal there werel73 timeswhen
an individual turbine was stoppediue to a perceived collision ristor geese,
comprising a total of 54@urbinehours which represented 3.4 of the potential
diurnal operationaturbinehours wen geese were presentthe core study areaver
the study periodIn December 2012, no shutdowns were required. In 6 diffetays
in January 117 of the 173 stops were ordered. @nuary 12, the entirewind farm
was stoppedior almost the entire dayecause of a severe snow stofmFebruaryon
three different days 56 stops were ordered. The duratieadafstop varied beveen
20 minutes to 9 hours.
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The large majority of flights involving thigme when thef SSwas implementeavere

not considered as 'risk flights' iartns of theCRM and as documented by the radar
This was because of the predominant circumstances whers8 was implemented:
during fog or other circumstances of reduced visibility (e.g. snowstowhgn,
because both observers and the radar Weired', there was uncertainty as to the
behaviour of the geese. In both these situations, therefrat rik' flights were
recorded.Consequently, the estimates of number of flights within the wind farm
presented inrable 4(and so the potential numbers of flights to be considered by a
CRM) were not markedly affected by the TS®e number of flights that ocawd
during such conditions of reduced visibility and TSS implementation was probably
small, in the context of thebservations of goose flights during turbine operation over
the whole winter; as in the previous two winters.

Radar observations indicatedathwhilst they occurred, there were relatively few
flights of geese during the hours of darkn@gse above)not accounting for these few
records in the CRM will again make the predictions of collision mortality (and
avoidance rate estimation) conservati

Probability of collision

As describedy Band (2001) and Baret al (2007) even if birds fly through spinning

rotor blades they will not always be hit by a blade due to the interaction between the
movement and metrics of the blades and the movementairics of the bird. This
Oprobabil i tconseguéntlycvarieslaccsrding to dlade and bird metrics and

is calculated using a standard Excel spreadsheet (Band 2001). In the present study the
collision probabilities were 8.1 % (RBG) and 9.0 % (6.

Predicted mortality under varioussaidance rate

As noted inpreviouswinter reports, the CRM requires the application of a substantial
correction factor in order to produce realistic estimates of bird fatality rates. This
factor attempts to accoufdr the fact that birds do not simply fly towards rotating
blades (as assumed by the unadjusted CRM) but take action to avoid collision, and
hence 1is <call ed tirhpeeviciawinter rdparts,cCCRMsr waere eud . As
using three avoidanceates: 99%, 99.6 % and 99.9 %and for each winter of
observation since SNWF has been operational i.e. 2009/10, 2010/11, 2011/12 and
2012/13.Estimates of predicted mortality have not been presented in previous reports
for the 2011/12 winter. Here we used the sanathods as for the 2012/13 winter in
estimating the number of goose flights through the wind farrthis winter In future
publications this method will be applied across all winters, and will also be compared
with the simpler method of recorded flighusly, as used for the 2009/10 and 2010/11
winters.

Estimated avoidance rates

As described above for 2012/13 and for previous winters, there have been no recorded
deaths of geese due to collisioBimplistically, it is possible to estimate the
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probability of zerocadllisions' at any given quantile.g. 0.05, 0.01 or 0.001aking the
Ounadjustedod (i.e. before application of
Band CRM predicts should result in a collisighis probability gives the avoidance

rateat that quantilefor the Band CRM

Given that after accounting for the predictions of the Band CRREth flight of a bird
through moving turbinebladesmay result in a collision or no collision, then the
distribution of the total number of collisionwill follow a standard binomial
distribution, because eadlight is, in essence, Bernoulli (or binomial)trial (as a bird

may be hit by blades or not hit each fligh). The avoidance rate (or more correctly

0 t r coliEsion probability) can thereforebe determined under the Band CRNat
would lead to a zero collision total at a particular quantile of the cumulative binomial
distributiorf.

Mathematically, with:
X~Binomial(n,p), thenthe prdability of having zero collisions Pr{X = n} = p*

Giventhebinomial conditionx € (0,1), then witha < Pr{X = n} such that thé¢1 — «)
quantile ofx will be equal tan. This can be written ag™ = « U p = a/™.

Therefore for exampleat the 5%(0.05) quantile the lowest probabilittavoidance

rate) for zero collisionsfor GWFG in 2010/11 isgiven byp = 0.05"*"*°given that
there were 1749 flights of GWFG that should have led to a collision after accounting
for predicted collisions under the Band CR&hd zero collisions were recodle

Analyses were conducted across both species, in all years (and combined years) and at
several levels of probability (statistical significance).

Model outputs

Mortality predictions
Predicted collision mortality by winter, specisdassumedhvoidarce rate are given
in Table 10.

! This gives results based on zero deaths, as zero deaths have been recorded. The seafoh regime
recording deathshowever, is not perfect and according to previous analyses will detect about.5 of
casualties under a 4 d search intefealin 2010/11 and 2011/1Z)he search interval in 2012/13 was 7

d, which will reduce thehance of detecting a dead bird further in this winter. These probabilities of
detection can potentially be incorporaiatb the estimation of avoidance rates, but have not been done
so here formally. Nevertheless, their influence will be miniatalll levels of analysis

2 An avoidance rate under any other CRM could be similarly deterniirtegte the focus is on the
Bard CRM.
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Table 10. Numbes of geesepredictedto be killed by collision at SNWFy species,
based on observed flight activiigross four wintersandunder three CRM avoidance
rates.

Winter Species Avoidance rate
99 % 99.6 % 99.9 %
2009/10 RBG 8.9 3.6 0.9
GWFG 86.1 34.4 8.6
2010/11 RBG 1.3 0.5 0.1
GWFG 17.5 7.0 1.7
2011/12 RBG 4.1 1.7 0.4
GWFG 15.9 6.3 1.6
2012/13 RBG 6.7 2.7 0.7
GWFG 35.0 14.0 3.5
All RBG 21 8.5 2
GWFG 154 62 15

According to these predictisnat, for example, a 99 % avoidance r#tere should

have ber 175 geese killed by collision at SNWF over the four winters of operation.
To date no collision casualties have been found by targeted searches or incidental
observations during, for examptarbine maintenance.

There were neystematicsearches for collision victims in the 2009/10 winter, but
even ignoring this winteBO0 collisions were predicted at the 99 % avoidarate, and
eightdeaths at the 99.9 % avoidance rate. It is known tleaselarch regime will not
discover every collision victim (see 2010/11 winter report) but even accounting for
such potential missed victims, it is apparent that the ability of geese to avoid collision
is extremely high. This ability is considered furthetha next suksection.

Estimated avoidance rates

The estimated avoidance rates by species and winter, and summed across all winters,
are presented in Table 11. As GWFG is the most common species then the level of
certainty is greater for this species bkely avoidance ratesTaking all winters
combined it can be 99.9 % certain that the avoidance rate of GWFG is over 99.9 %,
based on zero mortality (Table 1BExcluding the 2009/10 winter, when no searches
for collision victims were conducted, makesldittiscernible difference to this result.
Whilst it is known that some GWFGs may have been killed and not recorded (notably
in the 2009/10 winter when no systematic searches were made under turbines) it is
al so known that t he nicimbwdlrhave feendeni smalle d 6
That some were missed lsss likely given that no victims were recorded at all,
despite the relatively frequent searches in three of the winters. Making a further
conservative assumption that a small number of collisictims were not discovered

(and formally incorporating such a possibility) would make little material difference
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to the estimated avoidance rates. It is apparent that GWFG havegerfeat ability
to avoid collision with rotating turbine blades at SNWF.

Table 11 Estimated avoidance rates for both goose species under the Band CRM
given zero recorded mortality, by winter and at various levels of statistical probability
(% quantile).

Winter Species Avoidance rate at quantile
5% 1% 0.1%
2009/10 RBG 0.9966
GWFG 0.9997
2010/11 RBG 0.9775
GWFG 0.9951
2011/12 RBG 0.998
GWFG 0.998l
2012/13 RBG 0.9%5
GWFG 0.992
All RBG 0.9986 0.998 0.99¢7
GWFG 0.9938 0.999 0.99%

For RBGt he <certainty on t heollisopis twee batauseapaci t
RBG are | ess common than GWFG and so the
Nevertheless, it is apparent thhere is a 95 % certainty that the avoidance rate of

RBG is 99.9 %, and a 99 % certainty that it is 99.8 %. Again, &S8\\FG, there is a

possibility that some RBG were killed by collision but not discovered. This possibility

is much lower than for GWFG, because they were less common, and given that no

dead GWFG were found, the possibility of undiscovered RBG is commengurate

much smaller.

Conclusions

The methods applied to this study 2012/13were similar to thosein the winter
seasonsof 2008/2009,2009/2010 2010/2011and 2011/2012 The ®mparative
approach provided important information concerning the species cdropadigeese
and their spatial and temporal distribution within the Project ar@aarconsecutive
winter seasons.

There is no difference in the start and end of the winter periods within all five winter
seasons. The temporal dynamics of piresenceof geesereflects meteorological

conditions in the region and correlatessitively with the coldest period of winter.
However,theréesa def i nite o6peakd period of activit
of RBG being seen within 280 days;this concermation corresponds to the coldest

period of the winter in aflive surveyed seasons.
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The number ofyooseflights within the wind farmvaried across thewinters of the

study. This partially depended ahe time period when the geeserepresent in the

regon of NE Bulgaria It alsovaried according to the number of flights that passed
through the wind farm, and according to the numbers of geese that accessed areas
within the wind farm for feeding. These numbers of feeding geese varied across
winters, as reorded before SNWF was constructed,

The flight altitudes of the geese from all species observed crossing the Project area
were most intensive between 50 and 100 m above ground level fioualinter
seasonsThere was alight decrease in thmean ditude of flights in the latest winter
(2012A.3) which may indicata habituation proces® the presence of turbinesthe
postconstruction period of SNWIer that SNWF was a patrticularly attractive area for
feeding geese in 2012/13 (and so more lowualk flight records were observed as
geese flew in and out from feeding areas within the wind farm)

The 2012/13 wintepbservations confirmed previous resuhat the diurnal activity
of geesgrimarily occurs inwo periods of intensive flights: mang (7-9 h) and, to a
lesser extent, evening (B h). The study in 201243 again did not register
substantiahocturnal flight activityas was alreadyecordedduring theprevious two
winter surveys.

The2012/13 winterconfirmed once again, thatunting pressug has probablyusked
geese to changgeir overnightroost site from thé two traditionalfreshwaterlakes

to the sea surface in a large area alongBllaek Seacoast This pressure has been
increasingly observed over thast 10 years with shooting of the wintering geese
around the two main fresh water roosting siéé®s Durankulak and ShablBhis will
probably have an adverse effect on these wintering geese populations fartjesater
any effect of SNWFas itis apparent that SNWF hastprevented geese from using
feeding grounds used in the past presented a material increased risk of mortality
through collision with the turbine blades in accessing these feeding grounds

No remainsof geesethat could be attributetb collision with turbine bladesvere
found during several hundred searches per season under operational turtihmes
winters éurveys aftet h e wi nabnstfuetionfr@dictionsof mortality based on
high levels of avoidance of collision were not obseniath geese speciedearly
have a neaperfect ability to avoid collision with the rotating turbine blades at
SNWF. That this capacity can be demonstramgth a high level of statistical
certaintyalso indicates thajeese are not averse to flying through eeding within
the wind farm.

There is no evidence of any adverse effec8#WF on populaibns of geese species

in winter. the presence of the wind farm has apparently not discouraged the use of
arable resources by feeding geesel SNWF does not create material risk of
collision mortality. To summarise: to date no geese have apparently died as a result of
SNWF and no geese have apparently been prevented from using potential feeding
areas within SNWF.
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