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SUMMARY 

The Blood Hill wind farm has 10 x 225kW wind turbines, which have been 
operating since 1992. They have a hub height of 30m and a rotor diameter of 27m. 
The wind farm is located on arable farmland, 12km NNW of Great Yarmouth, in 
south-east Norfolk. An additional larger 1.5MW single wind turbine (installed in 
2000) was located 850m west from the main wind farm. 

The surveys aimed to establish the bird populations that winter in the area and 
those that over-fly the wind farm site, and to see if there was any evidence that 
they were affected by the wind farm (in terms of possible collision, disturbance 
and as a barrier to their flight routes). The surveys comprised (a) a field survey 
based on a simple ‘look-see’ method, counting the bird numbers within a pre-
defined study area, (b) a vantage point survey, monitoring bird flight activity to 
quantify movement rates across the study area and (c) monitoring of collision 
victims. 

Flight activity of pink-footed geese, golden plover and lapwing was high in 
proximity to the wind turbines. The collision risk to all three of these species 
predicted using the standard collision risk modelling (applying precautionary 
avoidance rates) suggested that mortality might be high (in order of 10-100 
collision/year of each species). The actual number of goose collisions recorded 
(only 1) and the fact that no wader collisions at all were found, indicates that the 
actual avoidance rates were much higher than those precautionary values, 
equating to 99.97% for geese and 100% for waders. It is clear that the standard 
precautionary approach has substantially over-estimated mortality in this case. 

Golden plover and lapwing also exhibited very high avoidance rates. Despite 
many thousands of flight at rotor height through the collision risk zone not a 
single collision was recorded. From the information gathered during this study it 
is clear that the Blood Hill wind farm is not resulting in any significant collision 
impact on any of the local wintering bird populations. 

The disturbance study showed that there was not a complete displacement of 
birds from a 600m zone around the wind turbines (the distance often used as a 
worst-case displacement distance). There was actually relatively high use of this 
zone by golden plover and lapwing in 2006-07 and by geese in 2007-08. Numbers 
of all these species were high even within 300m for these species in those years. 
This reflected differences in crop distribution and in birds’ preferences: there was 
more preferred golden plover and lapwing habitat in this zone in 2006-07 but 
more preferred goose habitat in 2007-08. This study has shown that it is 
important in any analysis to consider crop/habitat availability, and also the 
benefit of a second winter’s data when undertaking post construction 
monitoring. 

In terms of disturbance effects on flight behaviour, there was no clear evidence of 
any barrier effect for key species. Flight lines did not appear to be disrupted and 
there were still many flights in proximity to turbines. 
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INTRODUCTION 

1. Wintering bird surveys were commissioned by RES UK & Ireland Ltd. [RES] 
to provide information on how the operational wind farm was affecting the 
local bird populations. The surveys aimed to establish the bird populations 
that winter in the area and those that over-fly the wind farm site, and to see if 
there were any evidence that they were affected by the wind farm (in terms of 
possible collision, disturbance and as a barrier to their flight routes). 

2. It is generally agreed that there are three main ways in which wind farms 
might affect birds (a) direct loss of habitat during the construction process, (b) 
mortality rate through collision with the turbines, (c) disturbance, resulting in 
effective loss of habitat from a zone around the wind farm or disruption to 
flight behaviour (Langston and Pullan 2003, Percival 2005, Drewitt and 
Langston 2006). 

3. Direct habitat loss is usually of such a small scale that it is unlikely to be 
significant unless the site is located on a particularly sensitive or rare habitat. 
The Blood Hill wind farm was constructed on arable farmland which does 
not fall into either of these categories, so would not have had any significant 
habitat loss impact. As a result this issue is not considered further in this 
report. 

4. There have been a number of wind farms worldwide that have caused large 
numbers of bird mortalities through collision. Most notably, at Altamont Pass 
in California and at Tarifa and Navarre in Spain, large numbers of raptors 
have been killed (Orloff and Flannery 1992, Janss 1998, Lekuona 2001, 
Thelander et al. 2003). Such problems have occurred where large numbers of 
sensitive species occur in close proximity to large numbers (hundreds/ 
thousands) of turbines, and usually also where the wind farm area provides a 
particularly attractive feeding resource (Percival 2005). In wind farm sites in 
the UK collision rates have generally been very low (Meek et al. 1993, Dulas 
Ltd 1995, Tyler 1995, Ecological Advisory Service 1997, Bioscan (UK) Ltd 
2001), though these studies have been largely undertaken at upland sites with 
relatively low bird densities. 

5. In wind farm impact assessments in the UK it is recommended practice to 
undertaken modelling to quantify the bird collision risk if important species 
are present (Percival et al. 1999, Band 2001, Whitfield et al. 2005). An 
important component of this modelling is a measure of birds’ ability to avoid 
flying into wind turbines, normally expressed as an avoidance rate. There is, 
however, a shortage of studies that have measured avoidance rates, so the 
usual practice is to use a precautionary value of 95% (Band et al. 2007), 
though this has been updated for some less vulnerable species to 99% (R. 
Bullman, SNH, pers. comm.). A key aim of this report is to investigate bird 
flight activity in the vicinity of the wind farm and compare the actual bird 
collision rate with that predicted from such collision risk modelling. 
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6. Disturbance could potentially affect a rather greater area than direct habitat 
loss. The maximum distance that wind turbines have been shown in reliable 
studies to affect birds outside the breeding season is 600m, though many 
studies have found no disturbance effect at all (Percival 2005). This distance is 
routinely used in wind farm impact assessment as a worst-case potential 
disturbance zone. One of the key aims of this report is to investigate the 
wintering bird populations within this 600m zone in comparison to the wider 
area. If any disturbance effect of the wind turbines were occurring then a 
gradient of bird density would be expected in relation to the distance from 
the turbines.  No pre-construction wintering bird surveys had been carried 
out, so it was not possible to make any comparisons with any baseline at that 
time. 

7. The specific objectives of this work were to: 

 Undertake surveys of the wintering bird populations in and around the 
wind farm site. 

 Undertake winter vantage point observations to quantify the rates of bird 
movement across the wind farm site and its surrounds. 

 Undertake monitoring of collision victims through regular searches 
around the wind turbines; 

 Use collision risk modelling to compare the actual number of collisions 
with those predicted using current standard precautionary methods; 

 Examine bird numbers in relation to distance from the wind farm, to see if 
there may be any disturbance effect (reducing numbers in proximity to 
the turbines). 

THE STUDY AREAS 

8. The Blood Hill wind farm has 10 x 225kW wind turbines, which have been 
operating since 1992. The turbines have a hub height of 30m and a rotor 
diameter of 27m. The wind farm is located on arable farmland, 12km NNW of 
Great Yarmouth, in south-east Norfolk. An additional larger single wind 
turbine was located 850m west from the main wind farm (see Figure 1). It was 
installed in 2000 and is a 1.5MW machine, 65m hub height and 70m rotor 
diameter. Access was not possible to this turbine for searching for collision 
victims but it did provide information for the other parts of the study. 

9. The wintering bird study area was chosen to include all areas within the 
potential zone of ecological influence of the proposed wind farm. This 
included the wind farm site itself, a 1km buffer around the site plus the land 
between the wind farm and the main pink-footed goose roost in the vicinity 
at Horsey Mere. The buffer distance was chosen as it exceeds the greatest 
distance at which wintering birds have been shown to be affected by existing 
wind farms (600m; Percival 2005) and the study area provides a substantial 
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reference area away from the area that might be affected by the wind farm. 
The wintering bird study area covered a total area of 12.2km2. 

10. The study area was dominated by arable crops (including winter-sown 
cereals, sugar beet, rape and rotational set-aside). The field boundaries 
included typical open arable marginal vegetation, a few small patches of 
woodland and scattered bushes and trees. There was no large area of open 
standing water within the study area though Horsey Mere lies just outside 
the northern boundary and Martham Broad just outside the western 
boundary (see Figure 1). 
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Wintering Bird Survey Methods 

11. The surveys comprised (a) a field survey based on a simple ‘look-see’ 
method, counting the bird numbers within a pre-defined study area (Gilbert 
et al. 1998), (b) a vantage point survey, monitoring bird flight activity to 
quantify movement rates across the study area (c) monitoring of collision 
victims and (d) sampling validation (search efficiency and scavenger 
removal). 

12. Field counts: this survey work comprised regular counts of the birds within 
the wintering bird study area. A total of 14 of these surveys were carried out 
during November 2006- February 2007 and 12 during October 2007 – 
February 2008. The counts were carried out as instantaneous counts, 
recording a snapshot of the birds present in each field at the time it was 
surveyed. One such count of each field was made each survey day, recording 
the numbers of all the key species present. Any additional records made 
outside this time were noted as supplementary records. These snapshot 
counts were organised to ensure that the full range of times of day were 
covered in each part of the study area. The following species were recorded: 

 All ducks, geese, swans, cormorants, herons, coot and grebes; 

 All waders (including lapwing and golden plover); 

 All birds of prey and owls; 

 All gulls; 

 Large flocks (>100 birds) of other species (except woodpigeon and 
rook); 

 Any other notable species. 

13. As well as counting each species, the behaviour of each flock was also 
recorded, e.g. feeding/roosting. Birds in flight over-flying the field during the 
snapshot were also recorded, together with an estimate of their height and 
direction. 

14. Vantage point surveys: these were carried out to quantify the numbers that 
could be at risk of collision with the wind turbines, or that may be disrupted 
by the presence of the wind farm. A single vantage point was selected to 
observe bird movements through the wind farm and its surrounds (at TL 
286920). The flight observation methodology followed a standard developed 
in the USA for wind farm assessments (Anderson et al. 1999), and that 
recommended in current Scottish Natural Heritage [SNH] guidance 
(Whitfield et al. 2005). All observed flights of the key species (see above) were 
mapped and the flight height of each flock recorded (estimated as accurately 
as possible using reference structures including the wind turbines and 
overhead wires). The activity during each flight (e.g. flying to roost, foraging) 
was also recorded. A total of 3 hours vantage point observations were carried 
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out during each site visit (42 hours in total in 2006-07 and 36 hours in 2007-
08), with the timing of these observations made to cover dawn/dusk roost 
flights as well as general daytime movements. 

15. Collision monitoring: this was carried out using the standard methodology 
developed in the United States for this purpose (Morrison 1998). It covered 
the main 10-turbine Blood Hill wind farm but not the additional turbine to 
the west. Weekly visits were determined to be a suitable frequency. A core 
area of 100m radius around each turbine was carefully searched on foot. The 
100m distance was chosen conservatively as bird fatalities have rarely been 
documented over 70 m from turbines at other wind farms (Johnson et al. 
2000). Sectors around the turbine were searched slowly and systematically, 
taking particular care to search any taller clumps of vegetation, and openings 
of any animal burrows. In addition a further area 250m around each turbine 
was checked for larger bird carcasses by scanning the ground with 
binoculars. The precise location of any dead birds found was recorded and 
mapped (by reference to the distance and direction to the nearest wind 
turbine). All carcasses, feather spots (e.g., a group of feathers attached to skin) 
and body parts were photographed as found. Following identification and 
determination of cause of death in the field, the carcasses/remains were left 
in the same location as they were found to enable corpse removal rate and 
search efficiency to be determined. For all casualties found, data recorded 
included (where they could be determined): species, sex, age, date and time 
found, location, distance and direction (degrees) to nearest turbine, condition, 
and any comments regarding possible cause of death. The condition of each 
carcass found was recorded using the following condition categories: 

 Intact - carcass that is completely intact, is not badly decomposed, and 
shows no sign of being fed upon by a predator or scavenger; 

 Scavenged - entire carcass that shows signs of being fed upon by a 
predator or scavenger or a portion(s) of a carcass in one location (e.g., 
wings, skeletal remains, legs, pieces of skin, etc.); 

 Feather Spot - 10 or more feathers at one location indicating predation or 
scavenging. 

16. Conditions on the ground around the turbines were generally good for 
searching throughout the survey period; most of the area was ploughed in 
2006-07 and winter cereal and plough in 2007-08. 

17. Sampling validation – search efficiency and scavenger removal: a sample of 
39 and 38 birds in 2006-07 and 2007-08 respectively (plus one mammal, a grey 
squirrel in 2006-07) was obtained from the local gamekeeper in order to study 
the rate of carcass removal and to test observer search efficiency (22 
woodpigeon, 10 mallard, 24 pheasant, 16 red-legged partridge, 1 shoveler, 1 
wigeon, 1 gadwall, 1 woodcock, 1 stock dove and 1 grey squirrel). These were 
placed within the search area at intervals through the study period by 
someone independent of the carcass searcher, at precisely recorded locations 
(mapped in relation to distance and direction from the wind turbines), and 
marked with a colour tape on the leg to identify them as experimental birds. 
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They were then recorded by the observer on all subsequent visits, noting their 
precise location (distance and direction from nearest wind turbine) and 
condition, and left in place on site until they disappeared. This work was 
undertaken in 2006-07 and repeated in 2007-08. 

18. Habitat/crop mapping: mapping of the habitats and crop types available in 
the study area was carried out during the first visit in each winter, so that 
habitat availability could be determined. 

19. Weather: weather conditions during all observations were recorded, and 
visits were made to cover a representative range of visibilities, wind speeds 
and directions (though avoiding extreme conditions where visibility is 
severely limited (i.e. fog, continuous heavy rain)). 

Collision Risk Modelling 

20. One of the main aims of this report is to compare the actual number of bird 
collisions recorded within the wind farm with those predicted using current 
assessment methods. It is now standard practice in the UK to use collision 
risk modelling to assess the collision risk where significant impacts may 
occur. The collision risk model most commonly used is the one developed by 
SNH and BWEA (Percival et al. 1999, Band 2001; details of the model are 
given in these two publications). The model runs as a two-stage process. 
Firstly the risk is calculated making the assumption that flight patterns are 
unaffected by the presence of the wind turbines, i.e. that no avoidance action 
is taken. This is essentially a mechanistic calculation, with the collision risk 
calculated as the product of (i) the probability of a bird flying through the 
rotor swept area, and (ii) the probability of a bird colliding if it does so. This 
probability is then multiplied by the estimated numbers of bird movements 
through the wind farm rotors at the risk height (i.e. the height of the rotating 
rotor blades) in order to estimate the theoretical numbers at risk of collision if 
they take no avoiding action. 

21. The second stage then incorporates the probability that the birds, rather than 
flying blindly into the turbines, will actually take a degree of avoiding action 
(as has been shown to occur in all studies of birds at existing wind farms, 
with avoidance rates typically well in excess of 99%; Desholm and Kahlert 
2005, Percival 2005). The current avoidance rate value recommended for use 
in wind farm assessments by SNH is 99% for geese (R. Bullman, pers. comm.) 
and 95% for most other species (Band et al. 2007). 

Wintering Bird Survey Results 

Study Area Wintering Bird Total Counts and Conservation Importance 

22. The wintering bird populations recorded within the study area during the 
field surveys in 2006-07 and 2007-08 are summarised in Table 1. This gives the 
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mean and peak counts and frequency of occurrence for each species made 
each winter. 

Table 1. Wintering bird populations recorded in the study area field counts 
during 2006-07 and 2007-08 (n=14 surveys in 2006-07 and 12 in 
2007-08). 

Mean count 

 

Peak count 

 

Frequency of occurrence 

 

Species 

2006-07 2007-08 2006-07 2007-08 2006-07 2007-08 

Little Grebe  0.1  1  8% 

Cormorant 1 0.3 13 2 21%  25% 

Little Egret 0.1  1  7%   

Grey Heron 3 2 8 3 71%  75% 

Mute Swan 9 3 34 6 93%  92% 

Bewick's Swan 0.1  1  7%   

Whooper Swan  1  10  17% 

Bean Goose 1  9  14%   

Pink-footed Goose 1,178 1,034 7,479 3,994 79%  92% 

White-fronted Goose 1 1 7 6 14%  25% 

Greylag Goose 105 84 303 319 93%  100% 

Snow Goose  0.1  1  8% 

Canada Goose 6 7 67 69 29%  25% 

Barnacle Goose 0.3 1 2 8 21%  17% 

Brent Goose 0.4 0.2 4 1 21%  17% 

Egyptian Goose 3 1 13 4 79%  33% 

Shelduck 1 1 2 7 36%  25% 

Wigeon 3 12 26 65 29%  25% 

Gadwall 1 0.2 6 2 14%  8% 

Teal 6 5 26 23 36%  33% 

Mallard 25 15 63 34 93%  83% 

Pintail  1  8  17% 

Shoveler 0.2  2  14%   

Marsh Harrier 4 3 7 6 100%  92% 

Hen Harrier 0.1 0.2 1 1 14%  17% 

Sparrowhawk 1 0.3 2 1 50%  25% 

Kestrel 2 1 4 3 93%  50% 

Coot 1  4  14%   

Crane 1 1 2 5 43%  17% 

Oystercatcher 0.1 0.3 2 4 7%  8% 

Ringed Plover 0.1  2  7%   

Golden Plover 307 453 1,178 1,608 64%  92% 

Lapwing 561 365 1,570 785 100%  92% 

Dunlin 1  6  14%   

Ruff  1  8  17% 

Snipe 0.1 0.3 2 2 7%  17% 

Curlew  0.3  1  25% 

Redshank  0.2  2  8% 

Mediterranean Gull 0.1 0.1 1 1 7%  8% 

Little Gull 0.4  2  36%   

Black-headed Gull 446 305 808 789 100%  100% 

Common Gull 308 168 1,165 424 93%  100% 
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Mean count 

 

Peak count 

 

Frequency of occurrence 

 

Species 

2006-07 2007-08 2006-07 2007-08 2006-07 2007-08 

Lesser Black-backed Gull 0 1 2 5 29%  33% 

Herring Gull 4 5 13 25 79%  75% 

Great Black-backed Gull 1 0.4 4 3 36%  17% 

Barn Owl  0.3  2  17% 

Little Owl  0.1  1  8% 

Note: blank cells indicate species not seen during field surveys in that winter. 

 

Bird Flight Rates over the Wind Farm Site 

23. The observed bird flight rates over the wind farm site are summarised in 
Table 2, which gives the mean over-flying rate per hour over each winter. 
This includes all the observations of birds (of the species noted in the 
methods section above) flying over the proposed wind farm site and its 
surrounds. The Table also gives the percentage of flocks of each species that 
were recorded at rotor height. 

Table 2. Bird flight rates recorded over the wintering bird study area during 2006-07 
and 2007-08 winter vantage point surveys. N = 42 hours total observation 
from the one vantage point in 2006-07 and 36 hours in 2007-08 

Flight rate (no/hr): 
 
 

Total no. of flights 
recorded 
 

Species 

2006-07 2007-08 2006-07 2007-08 

% flocks 
at rotor 
height: 
 

Number of 
flocks 
 

Cormorant 4.4  1.6 186 57 77%  78 

Grey Heron 0.2  0.1 10 3 70%  10 

Mute Swan 0.2   8  50%  2 

Bewick's Swan 0.9   39  0%  2 

Whooper Swan  0.3  11 100%  1 

Pink-footed 
Goose 

528.1  741.5 22,179 26,695 52%  263 

White-fronted 
Goose 

 0.2  6 100%  1 

Greylag Goose 12.1  11.0 507 396 71%  66 

Snow Goose  <0.1  1 100%  1 

Ross's Goose  0.1  2 100%  2 

Brent Goose <0.1   1  0%  1 

Egyptian Goose 0.1  0.2 6 6 0%  6 

Wigeon  0.1  5 100%  1 

Mallard 2.1  1.7 87 60 58%  26 

Marsh Harrier 2.3  1.7 96 60 43%  147 

Hen Harrier <0.1 0.1 2 3 60%  5 

Sparrowhawk 0.1  0.1 6 4 20%  10 

Kestrel 0.5  0.6 19 21 10%  40 

Merlin <0.1 <0.1 1 1 50%  2 

Peregrine  0.1  2 50%  2 

Golden Plover 144.4  90.4 6,064 3,255 48%  106 
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Flight rate (no/hr): 
 
 

Total no. of flights 
recorded 
 

Species 

2006-07 2007-08 2006-07 2007-08 

% flocks 
at rotor 
height: 
 

Number of 
flocks 
 

Lapwing 151.2  63.3 6,349 2,277 51%  101 

Curlew  <0.1  1 100%  1 

Black-headed 
Gull 

+  125.1 + 4,503 18%  206 

Common Gull +  61.3 + 2,207 17%  247 

Lesser Black-
backed Gull 

 0.2  7 60%  5 

Herring Gull + 1.4 + 49 90%  20 

Great Black-
backed Gull 

+ 0.4 + 13 77%  13 

Barn Owl  0.2  6 0%  6 

Note: blank cells indicate species not seen during vantage point surveys in that winter. + = present but 
not surveyed in 2006-07. 

 

Habitats/crop availability within the study area 

24. The study area was predominantly mixed farmland, with mainly arable crops 
but also extensive areas of improved grassland. The areas of each of the main 
crop/habitat types is summarised in Table 3. Winter cereals and sugar beet 
were the more widely grown crops. The distributions of the crops/habitats 
are shown in Figures 2 and 3 for the two winters respectively. 

Table 3. Areas of crop/habitat types within the wintering bird study area, 2006-07 
and 2007-08. 

Crop/ habitat Area (km2) 
Nov 2006 

 

 
Oct 2007 

% study area 
Nov 2006 

 
Oct 2007 

Grass 3.8 3.7 31% 31% 

Parsnips 0.2 0 1% 0% 

Plough 2.5 1.5 20% 13% 

Rape 0.2 0.3 1% 3% 

Stubble 2.0 3.3 16% 27% 

Sugar beet 1.3 1.9 11% 15% 

Turnips 0.2 0 2% 0% 

Winter cereal 2.2 0.6 18% 5% 

Cabbages 0 0.1 0% 1% 

Maize 0 0.02 0% <1% 

Potatoes 0 0.7 0% 6% 

 

Distribution of Wintering Bird Populations in relation to the 
wind turbines 

25. The initial analysis of wintering bird disturbance was to determine the bird 
numbers and density within and outside the 600m zone around the turbines 
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(the distance that is frequently used as a worst-case potential disturbance 
zone). If this zone were the area in which disturbance was occurring, then 
bird densities (i.e. the observed numbers taking into account the area of each 
zone) should be lower than in the remainder of the study area. This analysis, 
as for all of those relating to disturbance, includes only ground counts or 
raptors in flight foraging over the area, i.e. those using the area’s ecological 
resources rather than just over-flying. 

26. The results of this analysis for each winter are summarised in Table 4 and 5 
for 2006-07 and 2007-08 respectively. All target species recorded are shown, 
though for most the numbers were insufficient to be able to draw any firm 
conclusions. The main three species of conservation interest that were present 
in sufficient numbers were pink-footed goose, golden plover and lapwing. 
The number of species within the 600m zone was lower than in the wider 
area, largely as a result of habitat availability. There was extensive wet 
grassland habitat in the northern end of the study area outside the 600m zone 
but not within it, so many wetland species were only found in that area. 
There were also differences in crops grown in the 600m zone and outside (see 
Figures 2 and 3) that are likely to have contributed to the observed 
differences. Much of the study area is arable farmland, and crop rotation 
means that the location of different crops differs between years. These are 
examined further below for the key species. 

27.  Notwithstanding these other factors, it is clear that the 600m zone was still 
used by many species. Indeed in some years bird numbers and densities were 
actually higher within this zone than elsewhere (probably as a result of crop 
availability but this still clearly illustrates the birds’ willingness to utilise this 
zone when it holds resources they require). Pink-footed goose densities in 
2006-07 and lapwing densities in 2007-08 were considerably lower in this 
zone but this again is likely to reflect crop availability rather than avoidance 
of the turbines (given their distributions in the other winters): densities of 
both species in that zone in the other winter were actually higher than in the 
wider area. 

Table 4. Wintering bird field counts in the study area, 2006-07: mean density and 
peak counts for the areas within 600m of the wind turbines and the remainder 
of the study area. 

<600m from turbines >600m from turbines 

Species 

Mean 
density 

(birds/km2) 
Peak 

count 

Mean 
density 

(birds/km2 
Peak 

count 
Little Egret 0 0 0.01  1 

Grey Heron 0 0 0.3  8 

Mute Swan 0 0 1.1  34 

Bean Goose 0 0 0.1  9 

Pink-footed Goose 21.4 880 109.1  7139 

White-fronted Goose 0 0 0.1  7 

Greylag Goose 1.0 50 11.1  294 

Canada Goose 0 0 0.8  67 

Barnacle Goose 0.02 1 0.03  2 
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<600m from turbines >600m from turbines 

Species 

Mean 
density 

(birds/km2) 
Peak 

count 

Mean 
density 

(birds/km2 
Peak 

count 
Brent Goose 0.02 1 0.04  4 

Egyptian Goose 0.09 2 0.3  13 

Shelduck 0 0 0.1  2 

Wigeon 0 0 0.4  26 

Gadwall 0 0 0.1  6 

Teal 0 0 0.7  26 

Mallard 0 0 2.9  63 

Shoveler 0 0 0.03  2 

Marsh Harrier 0 0 0.4  7 

Hen Harrier 0 0 0.02  1 

Sparrowhawk 0.05 2 0.1  2 

Kestrel 0.05 1 0.2  4 

Coot 0 0 0.1  4 

Crane 0 0 0.1  2 

Oystercatcher 0 0 0.02  2 

Ringed Plover 0 0 0.02  2 

Golden Plover 62.0 1178 6.1  544 

Lapwing 42.8 688 46.0  1410 

Dunlin 0 0 0.1  6 

Snipe 0 0 0.02  2 

Mediterranean Gull 0 0 0.01  1 

Little Gull 0.04 1 0.03  2 

Black-headed Gull 37.5 305 35.5  714 

Common Gull 17.9 197 28.4  1078 

Lesser Black-backed Gull 0.04 1 0.03  1 

Herring Gull 0.02 1 0.4  13 

Great Black-backed Gull 0.02 1 0.1  3 

Table 5. Wintering bird field counts in the study area, 2007-08: mean density and 
peak counts for the areas within 600m of the wind turbines and the remainder 
of the study area. 

<600m from turbines >600m from turbines 

Species 

Mean 
density 

(birds/km2) 
Peak 

count 

Mean 
density 

(birds/km2 
Peak 

count 
Little Grebe 0 0 0.01  1 

Grey Heron 0 0 0.1  3 

Mute Swan 0 0 0.38  6 

Whooper Swan 0 0 0.2  10 

Pink-footed Goose 136.4 2250 53.9  1890 

White-fronted Goose 0 0 0.09  6 

Greylag Goose 0 0 9.5  319 

Snow Goose 0 0 0.01  1 

Canada Goose 0 0 0.7  69 

Barnacle Goose 0.2 8 0.0  1 

Brent Goose 0 0 0.0  1 

Egyptian Goose 0 0 0.1  4 

Shelduck 0 0 0.1  7 
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<600m from turbines >600m from turbines 

Species 

Mean 
density 

(birds/km2) 
Peak 

count 

Mean 
density 

(birds/km2 
Peak 

count 
Wigeon 0 0 0.70  55 

Gadwall 0 0 0.02  2 

Teal 0 0 0.5  23 

Mallard 0.1 5 1.4  27 

Pintail 0 0 0.1  8 

Marsh Harrier 0.02 1 0.3  5 

Hen Harrier 0 0 0.0  1 

Sparrowhawk 0 0 0.03  1 

Kestrel 0 0 0.1  2 

Crane 0 0 0.05  5 

Oystercatcher 0 0 0.04  4 

Golden Plover 24.4 434 35.3  1606 

Lapwing 7.3 140 35.9  765 

Ruff 0 0 0.1  8 

Snipe 0 0 0.0  1 

Curlew 0 0 0.02  1 

Black-headed Gull 29.0 511 22.1  516 

Common Gull 16.5 299 12.1  183 

Lesser Black-backed Gull 0.02 1 0.1  3 

Herring Gull 0.1 4 0.5  24 

Great Black-backed Gull 0 0 0.04  3 

Barn Owl 0.05 1 0.02  1 

 

28. Further analysis is focussed on the key species in such numbers and of 
conservation interest/concern (particularly in relation to wind farm 
developments); pink-footed goose, golden plover and lapwing. The observed 
distributions of each of these species are shown in Figures 4 to 9. 

29. Only a single pink-footed goose flock was observed on ground within 600m 
of the wind turbines in 2006-07 - a flock of 1,120 550m from the nearest wind 
turbines (Figure 10). The highest density of geese was recorded in the furthest 
distance band (>2.1km from the wind turbines). In 2007-08 a very different 
result was found, with high densities within 600m of the wind turbines 
(Figure 11). The difference in the result between the two years was likely 
attributable to two factors (a) different crop availability in the 600m zone, 
with a lower cover of preferred crops in 2006-07 and (b) a different phenology 
of geese in the two winters – the birds arrived earlier in 2007-08 and made 
more use of stubbles (able to exploit these before they were ploughed in). 
These are examined further below (paragraph 33). 

30. There was a relatively high level of golden plover use of the areas 0-300m and 
301-600m bands from the wind turbines in 2006-07 (Figure 12), but less use of 
these zones in 2007-08 (Figure 13). Again this is likely to reflect between-years 
differences in crop availability and is investigated further in the following 
paragraphs. 
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31. Lapwing use of the 0-300m and 301-600m bands was as would be expected 
from the proportion of the study are that they covered in 2006-07 (Figure 14), 
but less in 2007-08 (Figure 15). In the latter year highest lapwing density was 
found in the >2.1km zone. 

32. It is clear that in order to understand the bird distribution patterns and the 
influence of the wind turbines on them, the other factors affecting birds’ 
distributions need to be taken into account as well, particularly habitat 
availability. Given the likely influence of habitat availability, the local 
preferences of each key species have been examined to enable the crop types 
that they used and preferred to be defined. 

33. In 2006-07 pink-footed goose exhibited a preference for grass fields, and also 
for sugar beet (when it had been harvested) (Figure 16). Use of winter cereals 
by the geese was in proportion to their availability but no other crop/habitat 
was used. In 2007-08 they again showed a preference for grass. Sugar beet, 
winter cereal and stubble were all used in approximate proportion to their 
availability. The birds’ earlier arrival in 2007-08 enabled use of the stubbles 
(which were ploughed in as the winter progressed). All use of that habitat 
was in Oct/Nov, a period during which few geese were present in the study 
area in 2006-07. There was no use of plough or other crops in either winter. 

34. Golden plover exhibited a preference for plough in 2006-07, but also used 
winter cereal and grass in approximate proportion to their availability (Figure 
17). There was a similar result in 2007-08, though in that year there was also a 
preference for winter cereal. 

35. Lapwing showed similar habitat/crop associations to golden plover in both 
winters (Figure 18). 

36. The proportion of each crop/habitat within and outside the 600m zone 
around the wind turbines is summarised in Figure 19. There are several key 
points to note there that are likely to have affected the results of the study: 

 Most of the grassland habitat lies outside the 600m zone (the most preferred 
pink-footed goose habitat); 

 In 2006-07 the availability of plough and winter cereal was relatively high 
within the 600m zone (the year in which numbers of golden plover and 
lapwing were higher in that zone, both species that prefer these 
crops/habitats); 

 In 2007-08 the availability of stubble was relatively high, with less plough 
and less winter cereal (making the area relatively more attractive to pink-
footed geese than it had been the previous winter). 

37. As a result therefore the differences in the results observed for the three key 
species in relation to occupancy of the area within 600m of the wind turbines 
can be explained by changes in crop availability, with higher numbers of 
golden plover and lapwing there in 2006-07, when there was a higher 
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availability of plough and winter cereal, and higher numbers of pink-footed 
geese where there was more stubble and less plough/winter cereal). 

 

Wintering Bird Flight Behaviour in relation to the wind turbines 

38. The vantage point surveys recorded a high level of bird activity in proximity 
to the wind farm. A zone of 500m around the turbines has been used as the 
potential collision risk zone, and numbers flying through this area calculated 
from the flight line data (Table 6). Three particular species of interest were 
observed flying through this zone in high numbers; pink-footed goose, 
golden plover and lapwing. Further analysis of the collision risk has therefore 
focussed on these species. The observed flight lines of these three species in 
each winter are shown in Figures 20 to 25. 

Table 6. Flight rates through the potential collision risk zone, 2006-07 and 2007-08 

Flight rate (no/hr): 
 

Total no. of flights recorded 
 

Species 

2006-07 2007-08 2006-07 2007-08 

Cormorant 1.3 0.1 55 3 

Grey Heron 0 0.03 0 1 

Pink-footed Goose 148.9 116.1 6255 4181 

White-fronted Goose 0 0.2 0 6 

Greylag Goose 1.7 0 70 0 

Egyptian Goose 0.05 0 2 0 

Mallard 0.05 0.2 2 8 

Marsh Harrier 0.3 0.3 14 10 

Hen Harrier 0 0.03 0 1 

Sparrowhawk 0.1 0.1 4 3 

Kestrel 0.3 0.4 13 15 

Merlin 0 0.03 1 1 

Peregrine 0 0.03 0 1 

Golden Plover 124.2 77.0 5217 2772 

Lapwing 61.6 21.9 2588 787 

Black-headed Gull + 53.8 + 1938 

Common Gull + 21.6 + 779 

Lesser Black-backed 
Gull 

+ 0.03 + 1 

Herring Gull + 0.4 + 15 

Great Black-backed Gull + 0.1 + 5 

Barn Owl 0 0.2 0 6 

Note: + = present but not surveyed in 2006-07. 
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Collision Monitoring 

Collision Records 

39. A total of only three dead birds were recorded during the main collision 
monitoring: 

 Greylag goose – found on 7/2/06 100m from turbine 5 - missing head, neck 
and right leg – likely collision victim. 

 Carrion crow/rook – feathers found on at entrance to rat hole at base of 
turbine 5 on 26/2/07. 

 Red-legged partridge – heavily scavenged bird found 30m from turbine 10 
on 28/2/06 – either collided with tower or predated. 

Observer Efficiency and Scavenger Removal  

40. Checks of the observer efficiency indicated that almost all signs of dead birds 
were located on each survey visit. Only a single corpse was missed during 
any of the visits, a red-legged partridge that had been recorded as scavenged 
on 12/2/07, missed on 17/2/07 and noted as a feather spot on 26/2/07. 
Observer search efficiency therefore exceeded 99%: observers missing 
collision victims was not therefore considered to be likely to have affected the 
results. 

41. Of the 78 corpses put out, 32 were still present (at least as identifiable feather 
spots) at the end of the trial period.  A Kaplan-Meier ‘survival’ analysis was 
undertaken of the data on the longevity of the corpses put out around the 
turbines. This gave a mean survival time of 14.4 days (13.0-15.8 95% 
confidence interval), equivalent to a mean daily survival rate of 93.3% (or a 
daily disappearance rate of 6.7%). From this 38% of corpses would be 
expected to disappear during the 1 week period between visits (calculated as 
1 - the daily survival rate (93.3%) raised to the power of 7). This weekly 
‘mortality’ or disappearance rate was used as a correction factor given that 
surveys were undertaken once per week, as an estimate of the number of 
collision victims that could have been missed as a result of removal by 
scavengers. It was therefore assumed that the actual number of collisions was 
38% higher than that recorded. 

Collision Risk Predictions 

42. The results of the standard Band (2001) collision risk modelling, based on the 
bird numbers observed flying through the collision risk zone during the 
vantage point surveys, are summarised in Table 7. This Table gives the 
annual collision risk prediction for the observed numbers of flights at rotor 
height for a range of avoidance rates, and the observed number of collisions, 
for each of the three key species (pink-footed goose, golden plover and 
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lapwing). It also gives the combined predictions for all goose species and all 
wader species. 

Table 7. Collision risk predictions for pink-footed goose, golden plover and lapwing 
using the Band (2001) model. 

Species Winter Avoidance 
rate 

applied: 
0% 

 
 
 

95% 

 
 
 

99% 

 
 
 

99.9% 

Observed 
no of 

collisions 

Pink-footed 
goose 

2006-07 3,530 177 35 4 0 

 2007-08 2,760 138 28 3 0 
Golden plover 2006-07 1,920 96 19 2 0 
 2007-08 1,190 60 12 1 0 
Lapwing 2006-07 1,060 53 11 1 0 
 2007-08 380 19 4 0 0 
All geese Both 6,353 318 64 6 1 
All waders Both 4,550 228 46 5 0 

43. For all individual species/years and for the combined data the predicted 
number of collisions from the model exceeded the actual number of collision 
recorded, even applying an avoidance rate of 99.9%. The most robust data are 
those based on the largest sample size, i.e. the combined years and species 
groups. For geese a single collision was recorded (equivalent to a collision 
rate of 1.4 in the two winters allowing for scavenger removal). In order to 
achieve an accurate prediction from the collision model, this would equate to 
an avoidance rate of 99.98%, or approximately 1 in 4,500 of those geese 
predicted to collide in absence of avoidance behaviour actually did. 

44. No wader collisions at all were recorded, despite a predicted collision risk, if 
applying a 95% avoidance rate, of 228 birds. It is clear that both golden plover 
and lapwing exhibited very high degrees of avoiding behaviour, well in 
excess of 99%. 

45. It should also be noted that these calculations have been made based on post-
construction flight activity. It is likely that there is an additional degree of 
avoidance of the whole wind farm itself for at least some species, which 
results in a likely under-estimate of the actual avoidance rate. 

Conclusions: effects of the wind farm on wintering birds 

Collision Risk 

46. Flight activity of pink-footed geese, golden plover and lapwing was high in 
proximity to the wind turbines. The collision risk to all three of these species 
predicted using the standard Band (2001) collision risk modelling (applying 
precautionary avoidance rates) suggested that mortality might be high (in 
order of 10-100 collisions per year of each species). The actual number of 
goose collisions recorded (only 1) and the fact that no wader collisions at all 
were found, indicates that the actual avoidance rates were much higher than 
those precautionary values, equating to 99.98% for geese and 100% for 
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waders. It is clear that the standard precautionary approach has substantially 
over-estimated mortality in this case. 

47. The observed goose collision rate was similar to the overall value calculated 
by Fernley et al. (2006) in their review of this topic. The Blood Hill study 
therefore gives further support to the conclusion reached in that review that 
geese are not particularly susceptible to collision with wind turbines. It is also 
borne out also by evidence from other wind farms, where, even though 
formal studies have not been undertaken, they still have only very small 
numbers of geese recorded as collision victims. Published studies document 
only a single incident in Europe (a brent goose in the Netherlands, Musters et 
al. 1996) and three in the United States, all Canada geese, (Johnson et al. 2000, 
Erickson et al. 2001, Erickson et al. 2003, Johnson et al. 2003, Young et al. 
2003). Hotker et al. (2004) reported a further 9 goose collisions in Germany: 
though these relate mainly to anecdotal records rather than from more formal 
studies, they still indicate a very low collision rate for this group. 

48. It is equally clear that golden plover and lapwing also have very high 
avoidance rates. Despite many thousands of flights at rotor height through 
the collision risk zone not a single collision was recorded. Again waders as a 
group are one that has only very rarely been reported as collision victims 
(Hotker et al. 2004). For this group the same conclusion was reached by 
BirdLife (Langston and Pullan 2003). 

49. Two other dead birds were found during the collision monitoring. One of 
these, a red-legged partridge, may have collided with a turbine tower. The 
other, a crow, was only found as a feather spot and the cause of death was 
unknown. Neither species is of any conservation importance. From the 
information gathered during this study it is clear that the Blood Hill wind 
farm is not resulting in any significant collision impact on any of the local 
wintering bird populations. 

Disturbance 

50. The disturbance analysis illustrated the complexity of interpreting the effects 
of wind turbines in an agricultural landscape and the importance of taking 
into account crop rotation and habitat availability. The 2006-07 results on 
their own suggested lower numbers of pink-footed geese but high number of 
golden plover and lapwing within 600m of the wind turbines. The 2007-08 
results showed much higher numbers of geese in this zone but lower 
numbers of golden plover and lapwing. This reflected differences in crop 
distribution and in birds’ preferences: there was more preferred golden 
plover and lapwing habitat in this zone in 2006-07 but more preferred goose 
habitat in 2007-08.  

51. There was clearly not a complete displacement of birds from a 600m zone 
around the wind turbines (the distance often used as a worst-case 
displacement distance). There was actually relatively high use of this zone by 
golden plover and lapwing in 2006-07 and by geese in 2007-08. Numbers of 
all these species were high even within 300m for these species in those years. 
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52. Studies of the disturbance effects of wind turbines on birds that do not take 
into account crop patterns and particularly those from a single year would 
need very careful interpretation. This study has shown the importance of  
considering crop/habitat availability, and also the benefit of a second 
winter’s data. It is therefore recommended that any post-construction 
monitoring should be carried out over at least two winters. For sites where 
there are key wintering bird species present in sufficient numbers to be 
potentially significant affected by a development, the pre-construction 
baseline data should also be collected over at least two winters. 

53. In terms of disturbance effects on flight behaviour, there was no clear 
evidence of any barrier effect for key species. Flight lines did not appear to be 
disrupted and there were still many flights in proximity to turbines. 

Conclusion 

54. The results of the study show that the collision risk posed by the wind 
turbines at Bloodgate Hill to wintering geese and plovers (lapwing and 
golden plover) was very low indeed, even when there were many thousands 
of flights in proximity to the wind farm. Mortality levels of all species were 
well below any threshold at which they might be considered significant. 

55. No evidence was found of any significant disturbance effect of the wind farm 
on wintering birds. The key species in the study, pink-footed geese, lapwing 
and golden plover, were strongly influenced by cropping pattern but were all 
recorded in close proximity (<300m) to the wind turbines when their 
preferred crop was present there. 

56. In conclusion no evidence was found of any significant effect of the wind 
farm on any wintering bird species. In terms of the wider application of the 
results, careful consideration does need to be given to the types of wind 
turbines present in the study area. Most were small (hub height of 30m and a 
rotor diameter of 27m) in comparison with the turbines that are currently 
being installed (which typically have a hub height of 65-80m and an 80-90m 
rotor diameter). Any such differences in turbine specification can be taken 
into account in the collision risk modelling process, but what is clear from the 
results here is that the three key species, pink-footed goose, lapwing and 
golden plover, all have considerable ability to avoid collisions with wind 
turbines. It is also clear that ornithological impact assessment methods 
currently widely used, assuming a 99% avoidance rate for these species, will 
considerably over-estimate the actual collision risk. There is no reason to 
expect this conclusion to differ for different sized turbines. 

57. In terms of disturbance, these smaller turbines could have the potential for a 
lesser effect than larger turbines. Hotker et al. (2004) suggested that 
displacement distances may be positively related to the height of the wind 
turbine tower. However, even these smaller turbines are still, at this site, 
highly visible from a wide area and generate rather more noise than a more 
modern turbine, so some aspects of the potential disturbance effect are 
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actually higher with these smaller turbines. It is clear that all three of these 
key species can feed in close proximity to operating wind turbines. 
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Figure 1. Study area and wind turbine locations



Figure 2. Pink-footed goose distribution and crop types, 2006-07



Figure 3. Pink-footed goose distribution and crop types, 2007-08



Figure 4. Golden plover distribution and crop types, 2006-07



Figure 5. Golden plover distribution and crop types, 2007-08



Figure 6. Lapwing distribution and crop types, 2006-07



Figure 7. Lapwing distribution and crop types, 2007-08



Figure 9. Pink-footed goose distribution in relation to distance from wind turbines, 2006-07 and 2007-08
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Figure 10. Golden plover distribution in relation to distance from wind turbines, 2006-07 and 2007-08
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Figure 11. Lapwing distribution in relation to distance from wind turbines, 2006-07 and 2007-08
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Figure 12. Pink-footed goose habitat selection, 2006-07
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Figure 13. Pink-footed goose habitat selection, 2007-08
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Figure 14. Golden plover habitat selection, 2006-07
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Figure 15. Golden plover habitat selection, 2007-08
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Figure 16. Lapwing habitat selection, 2006-07
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Figure 17. Lapwing habitat selection, 2007-08
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Figure 18. Crop types within and outside the 600m wind farm potential disturbance zone
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