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Observations have been gathered between January 2007 and December 2014.
Three main VPs were used throughout; a fourth was added in 2008 to target a
potential white-tailed eagle roost and a fifth in 2010 to provide better coverage of

the Ben Aketil wind farm.

Observations comprised more than 100 hours of survey effort per annum at each

of the four main VPs, plus 36 hours per annum from the roost VP.

Flight data were digitised and quantified for each 4 ha area of the wind farm that
fell within the VP viewsheds.

Flight data were analysed on a month by month and annual basis.

Surveys for raptors breeding within 2 km of the consented Edinbane wind farm

were undertaken each year between 2007 and 2014.

Surveys of all Golden Eagle territories on the Isle of Skye were undertaken each
year between 2007 and 2014.

In 2014 (from all five VPs not clipped to view sheds) there were 248 golden eagle
flights with a total length of 487.5 km, 196 white-tailed eagle flights (576.7 km),

and seven hen harrier flights (9.6 km).

The amount of activity varied between months. Golden eagles showed peaks in
activity in spring and autumn with considerably less activity in winter and summer.
White-tailed eagle activity peaked in April with particularly reduced activity
between September and January. These annual trends are relatively consistent

between the years.

Spatial and temporal patterns of usage were investigated using a grid of 4 ha
cells. Flights were clipped to exclude sections outside of potential viewsheds. The
total lengths of digitised flight lines that intersected each cell were calculated
separately for each month. Similarly the total number of surveying hours was
calculated for each grid cell by overlapping the viewsheds on to the grid. Usage is

expressed as metres of flight per 10 hours of observation.

Activity, recorded from the three main VPs (A, B and C) as the mean flight length

per 4ha grid cell, has varied considerably between years, VP and species.

Over the three continuously monitored VPs, golden eagle activity showed a sharp

decline up to 2009 which was maintained into 2010. There was a subsequent
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increase in 2011 and 2012 followed by a decline in 2013. However, in 2014 there
was a large increase back to a level that was almost identical to that recorded in
2007.

However, changes over the years are inconsistent across the VPs. Between 2007
and 2009, the largest decline was recorded from VP A which covers the northern
part of the Edinbane wind farm. However, in 2014 recorded activity was the

highest recorded.

Activity from VP C, which covers the southern part of the Edinbane wind farm,
has been variable but any declines have been smaller than elsewhere. Activity
from VP B, which covers the Ben Aketil wind farm and Ben Aketil and Ben Sca,
declined sharply in 2009 and has never recovered to the 2007 and 2008 figures.

Activity from VP B, which covers the Ben Aketil wind farm and Ben Aketil and Ben
Sca, declined sharply in 2009 and has never recovered to the 2007 and 2008
figures.

At Edinbane construction activity spanned 2008-2010 and flight activity declined
during those years, particularly in 2009 and 2010. Since then there has been
some recovery with little difference between the 2007 and 2014 golden eagle

data.

If the ratio of mean use per grid cell between the two wind farms and the surveyed
areas outside of the wind farms is greater than one, the mean use per 4ha grid
cell is greater in a wind farm area than outside of the wind farm. For example, in
2007 the level of golden eagle flight activity was 1.6 times greater within the
proposed, but unconstructed, Edinbane wind farm than in the non-wind farm area.
This almost certainly reflects differences in the distribution of suitable topography

between the two areas.

If either wind farm has a displacement/avoidance impact on golden eagles this
ratio should decline over time and there is evidence for avoidance or displacement

during the construction periods.

Since construction ended at the Edinbane wind farm the ratio has increased
suggesting that construction effects are greater than the operational effects. In
2013 the ratio exceeded that pre-construction figure and the use maps suggest

more activity within the wind farm than outside it.

The earlier, but similar, trend at Ben Aketil supported this interpretation but in 2013

and 2104 there was little activity within the Ben Aketil wind farm and the ratio of
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the means suggests that there has been displacement which is also supported by

the flight maps.

White-tailed eagle use has increased over the eight survey years particularly in
the VP C Edinbane view shed. There were similar increases, but with less activity
recorded, in the other view sheds. The main exception is 2009 when there was

relatively little activity.

The mean level of white-tailed eagle activity has generally been similar or greater
in the wind farms compared with the surrounding habitat. This is particularly
obvious in the southern part of the Edinbane wind farm where there was an
enormous increase in the activity. There is very little evidence for any
displacement of white-tailed eagle flight activity by either wind farm.

Hen harrier activity has been very varied but in most years the mean activity has
been largest in the wind farm areas. The annual habitat use maps provide no
evidence for avoidance or displacement and the descriptions of flights also
suggest a lack of avoidance.

Almost certainly differences between years and regions reflect the locations of

successful harrier nest sites.

When use within the wind farms was expressed as a ratio of that outside of the
wind farm, thus removing the large annual differences in the amount of activity,
there is little evidence that hen harriers demonstrate any avoidance. There is,

however, considerable between-year variability at both wind farms.

It might be tempting to describe the ratio declines of 2011 and 2012 at Ben Aketil
as evidence of the development of avoidance but the same cannot be true at
Edinbane where 2012 saw the second largest ratio following the apparent decline
in 2010 and 2011.

In 2007 29 ranges were occupied by golden eagles but only nine young eagles
successfully fledged. In 2008 29 ranges were occupied by golden eagles and 17
young eagles fledged. In 2009 29 ranges were occupied by golden eagles and 13
young eagles fledged. In 2010 29 ranges were again occupied by golden eagles
and 15 young eagles fledged. In 2011 29 ranges were again occupied by golden
eagles and 10 young eagles fledged. The very wet, cold and windy weather in
May and early June 2011 seems to have been the proximal cause for the large

number of failures.
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In 2012 30 ranges were occupied by golden eagles and only eight young eagles
fledged. This is the smallest number since 1982. One set of twins fledged in 2012.
This compares with one set of twins in 2007 and two each in 2008, 2009 and 2010
and none in 2011. These are lower than the long term average (2.8) over the
period 1982-2000.

In 2013 30 ranges were occupied by golden eagles and thirteen young eagles
fledged from elevenwgccessful ranges. There were two sets of twins fledged in
2013

In 201430 ranges weragainoccupied by golden eagles atwkelve young eagles

fledged fromeleven successful ranges. One atwinswasfledged in 204.

A pair of white-tailed eagles built a ground nest south of the Edinbane wind farm in
2013. There was another nesting attempt in 2014 in a conifer plantation. Both
breeding attempts failed to produce any young.

In 2007 eleven hen harrier territories were active with nine nests being located. Of
these, six failed completely and three successful breeding attempts produced a
total of ten young. In 2008 there were eleven active territories and ten nests were
located. Of these, seven failed completely and three produced a total of nine
young. In 2009 there were seven active territories and six nests were located. Of
these five failed completely and two produced a total of nine young. In 2010 12
active territories were identified and nests found at ten. Ten young were fledged
with the majority of failures thought be due to fox predation. In 2011 13 active
territories were identified and nests found at ten. Fifteen young were fledged.

2012 was a rather poor year with only five active territories and nests from which
eight young were fledged. In2 012, although a pair was
di splaying over a wide area including
to the area to breed. One successful nest site was within 800 metres of turbines

on the Edinbane site in 2011, and in 2012, the pair moved on to moorland and

nested within 400 metres of Turbine 4. This site failed due to fox predation.

In 2013 there were only three hen harrier breeding attempts. 2014 was a better
year (six ranges occupied with five nests, two failed and the other three fledged 10

young). There were no nests in the vicinity of either wind farm in either year.

2011 was the first year in which neither wind farm was subject to any construction
activities. The indications of increases in golden eagle use of the operational

Edinbane wind farm, compared with its construction period, may be evidence that
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there is less avoidance of working turbines compared with their construction
period.

Despite their geographic proximity it is clear that it would be difficult to use
the results from one wind farm to predict bird behaviour at the other and
that any similarities or differences are not true for all species. A greater
understanding of how birds use habitat at quite small scales is needed
before more robust models of bird-wind farm interactions can be fully
understood.
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Background

1 Bird observationsvere collected, in ad around the Edinbanand Ben Ketil wind farns,

by Ken Crane and Kate Nellist udimge, four and, later, fivevantage points (Fid.).

2 Data colleabn started on 16th January 200dsing vantage points @,085.8haview
shed, B(1,380.3ha)and C(1,740.5ha). Vantage point [{1,378.3ha)was added in
January 2008 to recordabitat use associated with a possible whitgled eagle roost
site. Vantage point £2,237.1ha)was added in January 2010 to provide better coverage
of the Ben Aketil wind farm.
Figure 1. Vantage Points,AC Dand E) and viewsheds (30 m vertical offse801
window and4,000 m horizontal threshold). Thed line shows the boundary of a buffer
drawn 500 m around the actual or proposed turbin€ontains Ordnance Survey data ©

Crown copyright and databasght 2010) Note that previous reports used a 6,000 m
detection threshold.
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This report uses data up to 31st December 2014 (Table 19tal, since 2007, there were
544 surveys (2,335 hours).

Flight data were recorded for golden eaglgquilachrysaetoswhite-tailed eagle
Haliaeetus albicillahen harrierCircus cyaneuysnerlinFalco columbariuand peregrine

falconFalco peregrinus

Two Ben Aketil turbines had been constructed by 19/09/2007, rising to five by'the 2
October and nine by the 300ctober. On the 8 November 2007 all ten were complete

with eight functioning. An additional two turbines were installed during spring 2010.

At Edinbane, preliminary construction commenced in early 2008, whilst main sites work
commenced during August 2008. Wind turbines started to arrive during late summer
2009 and construction was completed during June 2010. All turbine bases, for the original
13, had been completed by 20/06/2009, with the first turbine complete by Juy 15
Construction was slower than Ben Aketil and six were complete, with four more under
construction, by the § October 2009. By the date of the survey on th& 2&vember

the 13 were complete and construction had started on the five bases for the later

extension. Work on all turbines was completed by Jubg&®

Therefore, all bird data collected from July 2010 were unaffected by construction

activities.

Over the entire survey perio8l,412flights were recorded, of which, 2,015 (5,829.4 km in
length) were bygolden eagle, 1,048 (2992.6 km) by white tailed eagle and 315 (548.7 km)
by the hen harrier. The remaining flights were by buzzard, merlin and peregrine falcon
(less than 20 of eagh

Fine scale spatial and temporal patterns of use are investigated agjnd of cells 200 m
by 200 m (4 ha).

The total lengths of digitised flight linghat intersected each celvere calculated after
clipping flights at the edge of the relevant VP's view shed. Flights seen from VPs D and E

are excluded from some anagsbecause these VPs were not used until 2010.

Similarly the total number of surveying hours per year was calculated for4edrid

cell by oerlapping the view sheds (Fit). on to the gridSome 4ha grid cells were in

Edinbane Bird MonitoringPage?2
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more than one view shedJse ofa grid celby a birdis expressed as kilometres or mesr

of flight per 10hours of observation.

Table 1. Summary of hours surveyed frora¥antage points

2007 J F M A M J J A S O N D Year

A 135 45 90 90 100 90 90 60 90 90 90 9.0 106.0
B 93 95 91 90 100 90 100 80 80 93 90 45 1047
Cc 120 45 90 90 60 70 90 90 90 95 093 9.0 1023

A 90 90 93 90 100 90 95 90 90 90 90 9.0 1098
B 90 90 90 90 100 90 90 90 90 90 95 9.0 1095
C 90 90 100 9.0 100 90 93 95 90 90 90 9.0 1108
D 30 46 33 30 50 30 30 30 30 30 33 33 405

A 90 100 90 90 95 90 90 90 90 90 90 9.0 1095
B 90 90 90 90 90 90 90 90 90 90 90 9.0 108.0
C 95 90 90 90 90 90 90 90 90 90 90 9.0 1085
b 30 30 30 37 35 30 30 35 35 30 31 32 385

A 90 95 90 90 90 90 90 90 80 90 135 9.0 1120
B 90 90 90 90 90 90 95 80 80 85 45 85 101.0
C 90 90 90 90 90 90 90 90 93 90 90 9.0 1083
b 31 30 33 30 30 35 30 30 30 33 30 30 372
E 76 90 90 90 90 90 90 80 90 90 80 9.0 1046

A 90 90 90 90 90 90 85 80 90 90 45 45 975
B 90 90 90 105 90 90 90 90 90 90 90 90 1095
C 90 90 90 90 90 90 90 90 95 90 135 9.0 113.0
b 30 25 30 75 30 30 33 30 30 30 30 30 403
E 90 90 85 45 90 90 90 90 90 90 90 9.0 1030

A 90 90 90 90 90 90 87 90 90 90 90 135 1122
B 90 90 90 90 90 90 90 89 90 90 90 9.0 1079
C 90 90 90 90 90 90 90 90 90 90 90 93 1083
b 30 31 30 30 33 30 30 30 30 30 30 30 364
E 90 90 90 90 90 90 90 90 90 90 90 93 1083

A 90 90 90 90 90 90 90 90 90 90 90 90 108.0
B 90 90 90 90 90 90 90 90 90 90 90 9.0 1080
C 90 90 90 90 90 90 90 90 90 90 90 90 108.0
b 380 30 30 30 30 30 30 30 30 30 30 30 360
E 90 90 90 90 90 90 90 90 90 90 90 90 108.0

A 90 90 90 90 90 90 90 90 90 90 90 90 108.0
B 90 90 90 90 90 90 90 90 90 90 90 90 108.0
C 90 90 90 90 90 90 90 90 90 90 90 9.0 108.0
b 30 30 30 30 30 30 30 30 30 30 30 30 360
E 90 90 90 90 90 90 90 90 90 90 90 9.0 108.0

Edinbane Bird MonitoringPage3
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12 Note thatflights were clipped to the edge of their view shed. Trarg; part of a flight
over ground that could not be sedto a lower limit of 30 mjrom the vantage pointwas

removed prior to calculation of these summaries.

13 For regional comparisons, e.g. betweeind farms or between view sheds, mean flight

length per region was used to remove the effects of differences in area.

14 Activity, recorded from the three main VPs (A, B and C) as the mean flight lengthger

grid cell, has varied considerably betweeragge VP and species (Table 2).

Table 2. Summary ¢dtal fight lengths km per 10 hour surveyinggross alRk00 m grid
cellsin a view shedor three species over eight years. A, B & C are the main vantage

points.

Year A B C D E A B&C

Golden Eagle 2007 184.6 81.4 249.7 515.7
2008 139.3 127.0 167.7 20.0 433.9
2009 21.7 29.2 1748 5.6 225.6
2010 46,5 53.8 113.8 15.4 200.2 214.1
2011 543 491 2448 1.6 268.4 348.2
2012 1126 426 1731 3.2 240.2 328.2
2013 96.1 18.7 166.3 5.0 106.2 281.1
2014 2135 59.2 2357 3.9 180.1 508.4

White-tailed

Eagle 2007 32.8 19.8 583 111.0
2008 51.8 12.9 72.7 2.3 137.4
2009 127 142 63.1 0.1 89.9
2010 11.3 16 129.1 40 315 142.0
2011 198 158 1285 16.9 80.3 164.0
2012 301 63.7 101.3 11.6 735 195.1
2013 427 178 3344 2.0 164.2 394.9
2014 95 582 2249 194 178.1 292.7

Hen Harrier 2007 58 10.6 5.6 22.0
2008 94 223 384 3.0 70.1
2009 158 128 101 3.0 38.6
2010 25.7 205 76 00 244 53.8
2011 274 251 6.4 13.2 29.1 58.9
2012 4.7 86 159 53 2.7 29.2
2013 0.0 0.0 0.0 0.0 0.0 0.0
2014 1.8 0.0 0.3 0.0 0.2 2.1

15 Over the three continuously monitored ¥Rjolden eagle activity showed a sharp decline

up to 2009 which was maintained into 20@Mable2). There was a subsequent increase

Edinbane Bird MonitoringPage4
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in 2011 and 2012 followed by a decline in 2013. However, in 2014 there was a large

increase back to a level that was almost identical to that recorded in 2007.

However,changesverthe years are inconsistemtcross the/Ps. Between 2007 and

2009, the largest decline was recorded from VP A which covers the northern part of the
Edinbane wind farmHowever, in 2014ctivity wasthe highest recorded Activity from

VP C, which covers the southern part of the Edinbane ¥érd, has been variable but

any declines have been smaller than elsewheketivity from VP B, which covers the Ben
Aketil wind farm and Ben Aketil and Ben Sca, declined shiar@B09 and has never

recoveredto the 2007 and 2008 figures

Over the threecontinuously monitored/Ps white-tailed eagle activity underwent small
decline in 2009 busubsequently increased year on year am@014 it wagnore than
double that recorded in 2007 (Table®)spite a considerable decline from the 2013
peak

Most white-tailed activity wasecorded from VP C, which covers the southern part of the
Edinbane wind farmActivity from VB A and Bwhich covethe northern part of the
Edinbane wind farm anthe Ben Aketil wind farm and its surroundingspectivelyhas

never been large

Over the three continuously monitorédPs hen harrier activitynitially showedquite
large increases from 2007 levefllowing a collagsin activity recorded from VP A and
to a lesser extent, VB in 2012, there was no flight activity recorded in 2@h8 very

little in 2014 (Table 2).

The amount of activity has varied considerably between months for all three main species
(Table 3, Figure 2). Golden eagles, whaiéed eagles and hen harrierti ahowed

seasonal peaks in activitolden eagles, in particular, showed clear spring/early summer
autumn increases in activitifhese peaks and troughs are reflected in both flight length
and number of flights. Hen Harrier and whitgled eaglegpealksin late spring/early

summer.Similar patterns are observed if flight length replaces the number of flights.

Across all years, 79% of the golden eagle flights could be attributed to an age class. The

majority (64%) were by adults. The relatpr@portionsof adults wererelatively constant

Edinbane Bird MonitoringPage5
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at approximately 62% between 2007 and 2010. In 2011 this declined to 51% but has

consigently risen since then (63%62% and 80% respectively)

In the case of whiteailed eagles 68% of birds were aged @ndportionswere
approximately equal for adults (48%) sabults (59%) Relative proportions have varied
greatly over the years from a low of 35% adults in 2008 to a maximum of 64% in 2009.
Figure 2 Total flight length (km) per month (20@D14 combined) for thregecies from

vantage points A, B and @nlyparts offlights completelywithin the view sheds are
included).
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Table 3. Number of recorded flights per month per year for three species from VPs A,B &C
(only flightscompletely or partiallyvithin the view sheds are included).

Spp | Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec All

EA 2007 | 182 142 416 300 366 425 26 179 182 556 73 101 | 2948
2008 32 353 164 205 457 129 136 174 320 389 114 32 | 2505
2009 68 227 285 93 171 63 104 13 101 65 76 51| 1317
2010 45 217 54 229 129 106 21 96 64 152 25 40 | 1178
2011 52 144 174 169 122 320 129 112 161 171 42 118 | 1714
2012 39 124 190 191 416 46 103 116 70 179 48 54 | 1576

2013 16 52 217 103 350 2 36 4 352 30 99 72 | 1333
2014 | 254 305 41 209 363 358 0 295 176 223 206 101 | 2531
Total 688 1564 1541 1499 2374 1449 555 989 1426 1765 683 569 | 15102
HH 2007 0 20 0 63 17 0 47 0 0 0 0 0 147
2008 0 0 5 38 201 119 33 7 0 0 0 0 403
2009 5 0 24 150 21 0 37 0 3 0 5 8 253
2010 4 0 0 71 105 101 22 0 0 0 28 0 331
2011 3 0 42 110 48 59 58 0 0 10 4 8 342
2012 0 0 0 45 0 44 49 23 7 0 0 0 168
2014 0 0 0 0 0 0 0 0 0 12 0 0 12
Total 12 20 71 477 392 323 246 30 10 22 37 16 | 1656
WE | 2007 0 66 4 38 184 151 90 33 43 25 69 0 703
2008 0 0 134 205 98 77 46 32 93 108 17 5 815
2009 0 0 224 62 193 0 18 14 0 2 0 22 535
2010 0 0 40 284 124 40 43 213 0 28 3 775
2011 8 6 16 178 250 108 13 48 53 35 128 22 865

2012 13 34 155 150 24 48 202 113 68 10 84 84 985
2013 0O 148 254 214 484 195 127 212 32 156 70 77 | 1969
2014 23 36 539 324 129 99 141 43 40 0 49 22 | 1445
Total 44 290 1326 1211 1646 802 677 538 542 336 445 235 | 8092

Spatial and temporal patterns

23 Maps have been created for each combination of year and species (golden and white

tailed eagle and hen harrier: Bigg, 8, 11).

24 There is evidence @omeshiftsin spatial use by golden eadleig. 3with a reduction in
use of the ridges to the east of the Edinbane wind farm but an increase in use of the
ridgessouth of the Ben Aketil wind farmThe largest shifts were associated with
construction activity. 2014, apart from some possible displacement from the Ben Aketil

wind farm there is little evidence of any significant shift in activity compared with 2007.

Edinbane Bird MonitoringPage7
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25 Changes to the amount ofsein the two wind farm areasre confoundedby changes in
the overall ativity in the region (Table 2 and Fig. 4). Thus, increases or decraasewl
wind farmscould simply reflect differences between years in the wider landscape. This
issue is addressed by using internal (withnea andexternal (wind farm non wind

farm) comparisons

26 In addition to the overall use patterns shown in Fig. 3, flight data were analysed
separately for each VP by calculating separate mean use values for VPs A, B and C (Fig. 4).
VP A covers the northern section of the Edinbane wind farm and ¥Psouthern
section. VP B covers most of the Ben Aketil wind farm (Figh&ke three VPs have been
used since 2007 so provide a continuous run of eight years of surveying from the same

VPs by the same surveyors and cover periods before, during trccahstruction.

Figure 3. Habitat use by golden eagles recorded from three vaptaiges (A,B and C).
Values aremeters of flight (all altitudes) per 10 hours of observatiescaled to GL00
where 100 is the maximum value over all yedaps are: rowl - 2007, 2008; row 2
2009, 2010; row 32011, 2012; row 42013 2014 The view shed extent is shown as
transparent pink shadindContains Ordnance Survey data © Crown copyright and
database right 2010).
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In Fig. 5 the mean activity by golden eagles, per grid cell, is calculated for view shed

regions inside (500 m turbine buffer) and outside of the wind farm.

Data collected from VP A show a very clear pattern both inside and outside of the wind
farm with low usage in 2009 and 2010 which coincides with the peak of construction
activity. This is also shown in Fig.Fgior to construction there was more activity in the
region now occupied by the wind faramd, despite large changes in the amount of
activity, this continued until 2014There does not appear to be much evidence for

avoidance of theperationalEdinbane wind farm, at least for data collected from VP A.

The data collected from VP C are broadly similar to those collected from VP A except that,
apart from 2011, the mean level of golden eagle flight activity was always greater inside
the wind farm. This is particularly true for 2013 and 2014. The mean figures for 2014 are
very similar to the 2007 preonstruction values (11.7 and 18.5 outside amside in 2007
compared with 11.1 and 18.0 in 2014gain, here does not appear to be much evidence

for avoidance of theperationalEdinbane wind farm.

The data from VP B, which covers the Ben Aketil wind,fdomot follow the broad
patterns seen in th VP A and C datd he Ben Aketil wind farm was constructed in 2007
with two additional turbines installed at the northern end in 2010. 2010 was the only

year when the mean activity recorded frovP B, within the wind farnexceeded that

Edinbane Bird Monitoring?age10



