
 

Hellrigg Wind Farm: Goose Refuge 
Monitoring Report Winter 2014-15 

 

RWE Innogy UK 

 

 

 

Ecology Consulting, Swallow Ridge Barn, Old Cassop, Durham DH6 4QB 

Email: steve.percival@ecologyconsult.co.uk 

 

September 2015 

  

mailto:steve.percival@btinternet.com


Hellrigg Wind Farm ECOLOGY CONSULTING 
GOOSE REFUGE MONITORING REPORT 2014-15  September 2015 

 

2 

 

Introduction 

RWE Innogy UK has committed to undertake conservation measures for pink-footed geese as 
part of an environmental enhancement plan for the Hellrigg wind farm at Parkhead Farm, 
Silloth. This will ensure that the scheme overall delivers a net gain to the local goose 
population. It aimed to more than offset the risks of additional mortality through collision with 
the wind turbines, and the effective loss of feeding habitat through displacement of birds from 
a zone around the wind turbines, by providing an alternative feeding area away from the wind 
farm and closer to the birds' night roost on the Solway Firth. 

Construction work for the wind farm commenced during 2010. Initial works through the 2010-
11 winter involved site preparation and construction of access tracks and infrastructure 
foundation. The wind turbines were installed during summer 2011 and construction of the 
wind farm was completed in September 2011. 

This report constitutes the fifth and final of the annual Refuge Management Scheme reports 
(the fourth after completion of construction of the wind farm) and provides information and 
analysis of the work undertaken during the 2014-15 winter, and a review of the operation of 
the Scheme overall. It included work on the goose refuge area and on the wind farm itself 
(monitoring the effects of the wind turbines now that they have been installed). 

The locations of the goose refuge, the wind farm site and the goose survey area are all shown 
in Figures 1-2. 

During the 2010-11 surveys pink-footed geese were found in the survey area in higher 
numbers earlier than in previous baseline surveys, so it was agreed with the Refuge 
Monitoring Group that the surveys should be brought forward into December to ensure that 
they captured the main period that the geese were present. 

The conditions in 2014-15 were more typical of the pre-construction baseline than in 2011-12 
and 2012-13, when there had been exceptionally wet autumn weather (which had meant that 
many farmers were again unable to fully harvest much of their barley crop, leaving a 
particularly rich food resource for geese and swans). 

Methods 

As noted above, the wind farm construction was completed in September 2011, so the surveys 
during the 2014-15 winter were the fourth of the post-construction monitoring programme. 
The surveys included the following: 

 

1. Weekly Goose Field Counts 

Regular (weekly) goose counts were undertaken through the December-March survey period 
to determine the distribution and abundance of pink-footed geese within the refuge, around 
the wind farm site and across the wider area (to better understand the use of the refuge and 
the wind farm site in a wider local context). The extent of the wider goose count area is shown 
in Figures 1 and 2. A total of 12 surveys were carried out during the 2014-15 winter. For all 
goose flocks encountered the number of birds present was estimated, their behaviour noted 
(e.g. feeding, roosting), their precise location and habitat were all recorded onto a 
standardised recording form. All additional species of conservation interest seen during these 
surveys were also recorded. 
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2. Goose use of refuge: Dropping Counts 

Geese produce droppings at regular intervals (typically every 3-5 minutes, Owen 1972), and 
these can be an effective way of determining the amount of goose grazing in an area (Bibby 
et al. 2000). Droppings were counted in a series of 1m radius circular plots located regularly 
across each study field. A total of 60 sample plots were counted (as used in 2011-12, 2012-13 
and 2013-14). An initial count was carried out in mid-December and this was repeated at 
approximately monthly intervals through to mid-March (four visits in total). The locations of 
the plots across the refuge fields are shown in Figure 8. 

At the same time as the dropping counts, the condition (including sward height) of the grass 
sward in each survey plot was also measured, and the presence of any grazing stock noted. 

 

3. Collision searching 

The key species at this site with regard to collision risk is pink-footed goose, so the collision 
monitoring programme focused on this species. Collision monitoring has been undertaken 
through the main goose season (mid-December – mid-March), with 2014-15 being the fourth 
and final year. 

The detailed collision monitoring methodology followed that developed in the USA for bird 
collision monitoring at wind farms (Morrison 1998) and that adopted more recently by SNH 
(2009). A core area of 100m radius around each turbine was carefully searched on foot. The 
100m distance has been set conservatively as bird fatalities have rarely been documented 
over 70m from turbines at other wind farms (Johnson et al. 2000). Sectors around the turbine 
were searched slowly, taking particular care to search any taller clumps of vegetation, and 
openings of 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, and using a GPS). All carcasses were photographed, and their details 
recorded as follows; species, sex, age, date and time collected, location, distance and direction 
(degrees) to nearest turbine, condition, and any comments regarding possible causes 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. 

Carcasses were left in situ in order to provide further information on decay rates and 
detectability. 

Sampling validation – search efficiency and scavenger removal: as there were relatively few 
dead birds found during the collision searches in 2014-15 in comparison with previous winters, 
these were supplemented by a sample of birds shot by a gamekeeper to study the rate of 
carcass removal and to test observer search efficiency. Fifteen carcasses (10 pheasants, a 
woodpigeon, 2 teal, a mallard and a jay) were scattered within the search areas around the 
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wind turbines on 4/2/15, and recorded as part of the corpse monitoring. All were intact whole 
carcasses. 

 

4. Vantage point survey 

Vantage point (VP) surveys were carried out to compare key species flight activity through the 
wind farm site and its surrounds with that prior to construction (primarily pink-footed geese). 
The same vantage point was used as in the previous baseline surveys to observe bird 
movements through the proposed wind farm site and its surrounds (at NY134514). The 
vantage point survey methodology followed the same standard SNH-recommended survey 
method (Madders, in Whitfield et al. 2010, SNH 2014) as used in the pre-construction surveys. 
That methodology was refined to record flight height estimates as accurately as possible 
rather than just summarising them to height classes.  The key target species for these surveys 
was pink-footed goose, but any other species of conservation importance were also recorded. 
The surveys were carried out during the main period that the geese use the area, December-
March. All target species flight lines were mapped, and the flight height of each flock recorded. 
When birds were observed over an extended period, estimates of flight height were recorded 
every minute. The activity during each flight (e.g. flying to roost, foraging) was also recorded. 
Overall a total of 36 hours of flight observations were obtained from the vantage point in 
2014-15, with the timing of these observations made to cover dawn/dusk roost flights as well 
as general daytime movements. 

 

5. Habitat/crop mapping 

Mapping of the habitats and crop types available in the core survey area (within 1km of the 
wind farm site) was carried out during the first visit in December and any changes thereafter 
were noted, to determine habitat availability across this area. 

 

6. Wind turbine operational status 

Results from the previous 2012-13 surveys were inconclusive regarding whether goose and 
swan flight activity in proximity to the wind farm differed between when the turbines were 
rotating and when they were non-operational. Reduced levels of flight activity were recorded 
through the collision risk zone when turbines were operational, but this coincided with 
reduced flight activity over the whole survey area. It was not possible to investigate this 
further using the 2013-14 data as there were insufficient data that winter from low wind 
speed conditions to investigate this question further. In 2014-15, however, there were several 
of the surveys days when the wind speed was too low for the turbines to be operational, so it 
was possible to repeat the analysis undertaken on the 2012-13 data to compare goose flight 
activity in proximity to the wind farm in operational and non-operational conditions. 

Results 

Study Area Goose and Swan Distribution 

The distribution of pink-footed geese across the survey area is shown in Figure 1. These geese 
showed a similar change in distribution over the study period to that they had shown in 
previous winters, feeding largely inland initially but later switching to the coastal saltmarshes 
(particularly at the end of February after the shooting season was over). 
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The distribution of barnacle geese across the survey area is shown in Figure 2. This species 
showed a more consistent distribution over the study period, feeding largely on the coastal 
saltmarshes and less frequently on the adjacent agriculturally improved grassland (as in 
previous winters). 

There were no records at all of any whooper swans in the survey area during the 2014-15 field 
count surveys. Numbers had been much lower in 2013-14 area than in the previous two 
winters (when feeding opportunity in the area had been enhanced by a very wet autumn and 
failed barley harvest), and fell further in 2014-15. 

 

Survey Area Goose and Swan Numbers 

The total numbers of geese recorded in the wider survey area during each survey are 
summarised in Figures 3 and 4 for pink-footed geese and barnacle geese respectively. Pink-
footed goose numbers (Figure 3) were again highly variable between surveys (as in previous 
years), with a peak of 7,144 (lower than the peak of 9,320 in 2011-12 and 7,460 in 2013-14 
but higher than that of 4,758 in 2012-13). The peak in 2010-11 had been 7,100 and the mean 
number recorded in the survey area 3,950 in that winter (though this had included an 
additional area to the north of the current survey area). The mean number recorded in the 
survey area was though higher than in any of the previous years (3,013; in comparison to 
2,175 in 2011-12, 2,185 in 2012-13 and 2,015 in 2013-14), indicative of higher overall use of 
the survey area during 2014-15. Relatively high numbers were recorded at the start of the 
survey period in December, then again through February and March, but with considerably 
fewer birds in January. 

Higher mean and peak numbers of barnacle geese were recorded in 2014-15, with a peak of 
6,334 (compared with a peak of 2,935 recorded in 2011-12, 2,579 in 2012-13 and 3,923 in 
2013-14). Higher numbers were also recorded earlier in the winter (Figure 4). The mean 
number recorded in the survey area was 2,607 (compared with 644 in both 2011-12 and 2012-
13, and 1,310 in 2013-14). The peak in 2010-11 had been 5,900 and the mean number 
recorded in the survey area 2,660 (though this had included an additional area to the north of 
the current survey area, which was particularly well-used by this species, so is not directly 
comparable). 

There were no records of any whooper swans using the survey area in 2014-15 (other than 
two over-flying seen during the VP survey on 13/12/14). A peak count of 45 and a mean of 19 
had been recorded in 2013-14. In 2012-13 a peak count of 669 and a mean of 125 was 
recorded, a peak of 440 and a mean of 51 in 2011-12, and a peak of 120 and mean of 54 in 
2010-11. 

 

Analysis of Pink-footed Goose Habitat Use 

Figure 5 shows the results of the analysis of pink-footed goose habitat use over the study 
period. This shows the proportion of geese recorded in each habitat during each survey visit. 
The geese followed their usual pattern of feeding predominantly on improved grassland until 
the end of the shooting season (22 February), when they then also made extensive use of the 
saltmarshes for feeding.  One flock was also recorded feeding on a winter wheat field. The 
distribution of crop types within the core survey area is shown in Figure 6. 
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Analysis of Barnacle Goose Habitat Use 

Barnacle geese were found predominantly on saltmarsh (Figure 7), though several of the 
smaller flocks were grazing on improved grassland, and there was a single record of a flock 
feeding on winter wheat. 

 

Goose Utilisation of the Refuge 

Two pink-footed goose flocks were observed within the refuge during December 2014-March 
2015 (Table 1). Though seen less frequently in 2014-15 than in the previous year, the numbers 
seen were higher, with a mean refuge count over the survey period of 367 and a peak of 3,100 
(compared with a mean of 68 and peak of 434 in 2013-14, when there were 7 flocks recorded 
in this area). Five flocks had been seen on the refuge in the 2012-13 field count surveys, with 
single flocks seen on two dates in January and three on one date in February. The mean count 
over the survey period in the refuge in that winter was 337 (peak 2,600). Four flocks had been 
seen there in the 2011-12, with a mean of 239 and peak of 1,850), and four flocks in 2010-11 
(mean 113; peak 1,160). 

 

Table 1. Pink-footed goose flocks recorded within the goose refuge during December 2014 
– March 2015. 

Date Time Flock size Field number (see Fig 4) 

31/12/14 14:45 3,100 D2 [18] 

21/01/15 09:58 1,080 A [7] 

 

The dropping counts again gave a more accurate picture of how the geese were using the 
refuge. The goose dropping counts are accumulative, recording all goose use through the 
study period, whereas the counts are just instantaneous snapshots, and pink-footed geese in 
the area are highly dynamic moving regularly between feeding areas. As well as showing the 
goose distribution across the refuge fields (Figure 8), they also show the pattern of goose use 
through the study period (Figure 9). The Figure shows the mean dropping density in each field 
block on each survey visit, together with standard error bars. Goose feeding was more evenly 
spread through the survey period in 2014-15 than in previous winters, and was greatest on 
fields A and B in the northern part of the refuge. 

The condition of the goose refuge for the geese was very good (and overall sward height at 
the target 5-10cm) on all fields, apart from a brief period in late January/February when the 
mean height in Fields A and C respectively were marginally below the 5cm level (following a 
period of extensive use by the geese), and in December when Field D was higher than ideal 
(though was quickly reduced to an optimal level in Jan-Mar). The sward heights recorded in 
each field during each survey visit are summarised in Figure 10. 

The overall use of the refuge by the geese in each year that the refuge was operating, 
estimated from the dropping count data, is shown in Table 2. This Table gives the mean 
dropping density in each of the four refuge fields and for the refuge in total, together with an 



Hellrigg Wind Farm ECOLOGY CONSULTING 
GOOSE REFUGE MONITORING REPORT 2014-15  September 2015 

 

7 

 

estimate of the number of goose-days1. The refuge has consistently supported substantial 
numbers of geese, with a minimum 11,000 and maximum 24,700 goose-days over the five 
years of implementation. 

Table 2. Mean dropping densities and number of goose-days within the Hellrigg Goose 
Refuge 2010-11 to 2014-15, derived from dropping count data. 

Refuge Field 
(see Fig 8) 

Winter 

2010-11 2011-12 2012-13 2013-14 2014-15 

Mean dropping 
density (no/m2)      

A 7.2 7.7 9.0 6.7 12.4 

B 3.3 8.4 5.8 5.4 11.1 

C 7.8 5.1 5.4 0.04 1.25 

D 2.8 14.4 8.1 3.7 5.5 

Goose-days      

A 4,043 4,313 5,012 3,730 6,892 

B 2,861 7,212 4,978 4,648 9,478 

C 5,025 3,326 3,491 27 810 

D 1,908 9,883 5,552 2,557 3,748 

All refuge 13,837 24,734 19,032 10,963 20,928 

 

 

Goose Utilisation of the Wind Farm site and its surrounds 

There were four records of pink-footed goose flocks feeding within 2km of the Hellrigg wind 
farm in 2014-15, a flock of 1,720 400m SE from the nearest wind turbine on 21/1/15, a flock 
of 73 750m SW from the nearest turbine on 27/1/15, a flock of 6,300 1.1km ESE from the 
nearest turbine on 4/2/15 and a flock of 44 1.5km SW from the nearest turbine on 7/1/15 (see 
Figures 1 and 11). In contrast to the two previous winters, there was a record of a flock feeding 
within 600m of the wind turbines (a flock of 1,720 feeding about 400m from the nearest wind 
turbine). The only record in that zone during the 2011-12 winter was a flock of 70 within the 
wind farm site on one occasion. A low level of use of the immediate vicinity of the site was 
also observed during the pre-construction surveys. Over the five winters of pre-construction 
fieldwork there were only 5 records of pink-footed geese on the ground within this zone, with 
an overall mean count of only 35 birds. These pre-construction records were as follows: 

 14/2/04 – flock of 550 briefly feeding on improved grassland 500m E of nearest turbine 

location (before flying to NE to join main flock); 

 1/2/05 – flock of 5 resting briefly on ploughed field 100m from the nearest wind turbine; 

 2/2/06 – flock of 200 feeding on improved grassland 500m E of nearest turbine location; 

                                                           

1 Goose-days = Dropping Density x Field Area x Dropping Interval (5 minutes, Madsen 1985) x Mean 
daylength (11.2 hours, Band 2014) 
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 31/3/06 – flock of 1,300 feeding on improved grassland 200m SE from nearest turbine 

location; 

 5/4/06 – flock of 1,185 in the same field as the flock on 31/3/06. 

Overall, the land in close proximity (within 600m) to the wind farm continued to be only 
occasionally used by the geese during the post-construction period, as was the case before 
the construction of the wind turbines (Figure 11). The low numbers of records of flocks in this 
zone before and after make it difficult to reach any robust conclusions about any displacement 
effect of the wind farm on feeding flocks of geese, though it is clear that there has not been 
complete displacement from this zone. 

 

Collision Monitoring Results 

The dead birds recorded during the collision victim searches in 2014-15 are detailed in Table 
3. This comprised 11 individuals of 4 species (compared with 23 individuals of 4 species in the 
previous winter, 48 individuals of 9 species in the 2011-12 and 17 individuals of 4 species in 
2012-13). No evidence was found of any pink-footed goose collisions, as in all of the previous 
winters. As previously the most frequently recorded species found dead was woodpigeon (5 
of the 11 individuals). This species had also been frequently recorded in 2011-12 (12 birds 
found), 2012-13 (10) and 2013-14 (9). The next most frequently encountered species were 
corvids and starling, with a total of two found of each. As in the previous reports, a 
precautionary approach has been adopted with regard to attributing cause of death, assuming 
that all birds found could potentially have been collision victims. This is actually very unlikely 
to be the case as at least some of these are likely to have been from fox kills. 

Table 3. Dead birds found during the collision victim monitoring surveys, December 2014 
– March 2015. 

Date first 
found 

Species/ID Condition 
Turbine 
number 

Distance 
from 

turbine 
(m) 

Notes 

13/12/14 Woodpigeon [1] feather spot 1 87  

14/12/14 Woodpigeon [2] feather spot 4 36  

31/12/14 Woodpigeon [3] feather spot 3 4  

31/12/14 Moorhen [4] wing 2 83  

17/01/15 Rook [5] wing 4 151  

17/01/15 Woodpigeon [6] feather spot 2 40  

27/01/15 Woodpigeon [7] feather spot 4 11  

27/01/15 
Unidentified [8] feather spot 4 52 

white down feathers, no 
identifiable contour 
feathers present 

19/02/15 Corvid species [9] wing 4 11 Rook or carrion crow 

25/02/15 Starling [10] feather spot 2 58  

04/03/15 Starling [11] feather spot 2 86 Possibly same as [10] 

 

The dates on which each of the dead birds was located are summarised in Table 4. Longevity 
of the bird remains generally high (as in 2011-12, 2012-13 and 2013-14), with several being 
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located repeatedly over many weeks. Survival analysis (Kaplan-Meier) gave a mean time to 
disappearance of the corpses of 15 days, in excess of the 7-day survey interval (but less than 
the 22 days in 2012-13 and 31 days in 2013-14), indicating that the chance of a corpse being 
found was high. Few birds were missed during any of the visits either (i.e. there were few gaps 
when birds were not seen then reappeared). The high re-locating rates shows that observer 
search efficiency was high, with no gaps in records of individual corpses. 

Table 4. Dates on which dead birds located, December 2014 – March 2015. 

Species/ ID no. 

 

1
3

/1
2

/1
4

 

3
1

/1
2

/1
4

 

0
7

/0
1

/1
5

 

1
7

/0
1

/1
5

 

2
1

/0
1

/1
5

 

2
7

/0
1

/1
5

 

0
4

/0
2

/1
5

 

1
1

/0
2

/1
5

 

1
9

/0
2

/1
5

 

2
5

/0
2

/1
5

 

0
4

/0
3

/1
5

 

1
0

/0
3

/1
5

 

Woodpigeon [1]             

Woodpigeon [2]             

Woodpigeon [3]             

Moorhen [4]             

Rook [5]             

Woodpigeon [6]             

Woodpigeon [7]             

Unidentified [8]             

Corvid species [9]             

Starling [10]             

Starling [11]             

 

In 2011-12 and 2012-13, there had been a notable aggregation of dead birds in the vicinity of 
turbine 2 which was considered may have been the result of scavenger activity taking place 
(previous results suggested that there may have been a fox den or resting-up place in the 
plantation adjacent to the main search area), but this was not observed in 2014-15 (or in the 
previous winter), with corpses scattered more evenly over the survey area (Figure 12). 

 

Scavenger/Observer Efficiency Trial 

The dates on which each of the scavenging trial birds was located are summarised in Table 5. 
Longevity of the bird was generally high, with several being located repeatedly over many 
weeks. Survival analysis (Kaplan-Meier) gave a mean time to disappearance of the corpses of 
15 days, in excess of the 7-day survey interval (but less than the 22 days in 2012-13 and 31 
days in 2013-14), indicating that the chance of a corpse being found was high. Few birds were 
missed during any of the visits either (i.e. there were few gaps when birds were not seen then 
reappeared). The high re-locating rates shows that observer search efficiency was high, with 
no gaps in records of individual corpses. 

Table 5. Dates on which trial corpses birds re-located, February – March 2015. 

Species/ ID no. 

 

0
4

/0
2

/1
5

 

1
1

/0
2

/1
5

 

1
9

/0
2

/1
5

 

2
5

/0
2

/1
5

 

0
4

/0
3

/1
5

 

1
0

/0
3

/1
5

 

Pheasant [1] Intact      

Jay [2] Intact      
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Species/ ID no. 

 

0
4

/0
2

/1
5

 

1
1

/0
2

/1
5

 

1
9

/0
2

/1
5

 

2
5

/0
2

/1
5

 

0
4

/0
3

/1
5

 

1
0

/0
3

/1
5

 

Pheasant [3] 
Intact Feather 

spot 
Feather 

spot 
Feather 

spot 
Feather 

spot 
Feather 

spot 

Pheasant [4] 
Intact Feather 

spot     

Pheasant [5] 
Intact Feather 

spot 
Feather 

spot 
Feather 

spot 
Feather 

spot  

Pheasant [6] 
Intact Feather 

spot 
Feather 

spot 
Feather 

spot   

Pheasant [7] 
Intact Feather 

spot 
Feather 

spot 
Feather 

spot 
Feather 

spot 
Feather 

spot 

Pheasant [8] 
Intact Feather 

spot     

Pheasant [9] 
Intact Feather 

spot 
Feather 

spot 
Feather 

spot 
Feather 

spot  

Pheasant [10] 
Intact Feather 

spot 
Feather 

spot 
Feather 

spot 
Feather 

spot 
Feather 

spot 

Pheasant [11] 
Intact 

 
Feather 

spot 
Feather 

spot 
Feather 

spot 
Feather 

spot 

Mallard [12] Intact      

Teal [13] Intact      

Teal [14] Intact      

Woodpigeon [15] 
Intact Feather 

spot 
Feather 

spot 
Feather 

spot 
Feather 

spot 
Feather 

spot 

 

Mean survival time of the trial carcasses was 19 days. Some corpses did disappear quickly but 
even so, weekly survey were sufficient to detect the large majority of birds. Of note though 
was that the intact corpses did not survive in that condition for very long in the trial. All records 
were only of feather spots after the initial visit. It was clear therefore that scavengers were 
active in this area (indeed a fox was seen active during daylight in the wind farm on 4/2/15), 
but that the feather remains that they left of corpses enabled most of them to continue to be 
detected. This did lead to an additional problem of the identification of multi-part corpses, 
where what were probably parts of the same original birds became scattered over the search 
area at multiple locations. These were treated as separate individuals in the analysis of the 
collision victims but may have led to an over-estimation of the number of individuals killed. 
Given the locations of the dead birds found, however, it is not thought that this would have 
had any material effect on the conclusions reached. 

There are issues with any corpse searching programme, but the field evidence at this site 
would suggest that it is unlikely that either observer efficiency or scavenger activity could have 
materially affected the overall results. 

 

Vantage Point Survey Results 

The flight activity recorded during the vantage point surveys is summarised in Table 6. This 
gives the flight rate and total number of individuals observed over-flying the survey area. Pink-
footed goose was, as in 2011-12, 2012-13 and 2013-14, much the most frequently observed 
key target species. More goose flight activity was recorded in 2014-15 than in the three 
previous winters (but a similar percentage of flocks flying at rotor height). Their flight lines are 
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shown in Figure 13. As in 2013-14 but in contrast to 2011-12 and 2012-13, there were very 
few records of whooper swan over-flying during the 2014-15 vantage point surveys (only 2 
swans in total). 

Table 6. Key species flight activity recorded during the Hellrigg vantage point surveys, 
December 2014 – March 2015. Data from 2011-12, 2012-13 and 2013-14 are 
given for comparison. 

Species 

Flight Rate over survey 
area (individuals/hr) 

Total number of flights 
observed over survey area % flights at rotor height 

11-
12 

12-
13 

13-
14 

14-
15 

11-
12 

12-
13 

13-
14 

14-
15 

11-
12 

12-
13 

13-
14 

14-
15 

Whooper Swan 15.4 41.3 0.3 0.1 553 1508 10 2 21% 60% 75% 
100

% 

Pink-footed 
Goose 290 276 289 510 

1044
5 

1007
6 

1039
8 

1835
6 82% 90% 81% 90% 

White-fronted 
Goose 1.5 0 0 0 53 0 0 0 

100
% -  - - 

Greylag Goose 0.5 0.5 0 0 17 20 0 0 50% 
100

% - - 

Barnacle Goose 0.3 0 0 0 11 0 0 0 
100

% -  - - 

Shelduck 7.1 3 1.4 0.4 254 110 49 16 45% 48% 38% 43% 

Wigeon 0  0.3 0 0 0  10 0 0  - 0%  - 

Mallard 0.1 0.3 1.3 0.3 5 12 46 10 67% 50% 23% 20% 

Goosander 0 0 0.3 0.1 0 0 9 2 - - 1 50% 

Cormorant  0 0.03 0 0.03  0 1 0 1  - 
100

% - 
100

% 

Grey Heron  0 0.2 0.0 0  0 7 1 0 -  0% 0% - 

Sparrowhawk 0.2 0.2 0.1 0.2 7 6 5 6 43% 17% 40% 67% 

Buzzard 0.6 1.4 0.5 0.5 21 50 19 19 47% 33% 38% 47% 

Kestrel 0.1 1.8 0.2 0.6 4 65 7 22 0% 13% 0% 14% 

Merlin 0.1 0 0.1 0.1 2 0 5 3 50%  - 20% 33% 

Peregrine  0 0.03 0.0 0.1 0  1 1 5 -  
100

% 
100

% 60% 

Golden Plover 0 0 0.1 15.8 0 0 4 570 - - 0 70% 

Lapwing 0.5 6.4 2.9 7.6 19 232 106 274 
100

% 25% 44% 78% 

Snipe 0 0.1 0 0.1 0  3 0 3  - 33% - 0% 

Curlew 0.1 0.03 0.5 0 2 1 19 0 50% 0% 50% - 

Redshank 0 0 0 0.3 0 0 0 9 - - - 25% 

Common Gull 8.9 507 18.7 92.1 322 
1851

2 672 3315 50% 88% 75% 75% 

Lesser Black-
backed Gull 0 0.4 0.9 1.5 1 15 34 54 

100
% 88% 68% 85% 

Herring Gull 3.9 72.5 96.5 28.6 141 2646 3473 1028 44% 94% 86% 86% 

Great Black-
backed Gull 0.1 0.5 0.4 0.1 2 18 15 2 

100
% 93% 71% 50% 

Black-headed 
Gull 5.1 132 0 69.5 182 4799 0 2501 25% 81% - 68% 

Short-eared Owl  0 0.1 0 0  0 3 0 0 - 33% - - 

 

Visual examination of the pink-footed goose flight lines suggested that the birds exhibited 
reduced flight activity in proximity to the wind turbines in 2014-15, as had been observed in 
the three previous winters. Further analysis was undertaken to determine this species’ flight 
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density in a series of buffers around the wind turbines, and compare that with what would 
have been expected if their distribution had been uniform across these buffers (taking the 
area of each buffer into account). The results are summarised in Figure 14. Pink-footed goose 
flight rates through the collision risk zone were 59% lower than the surrounding area within 
1km of the wind farm in 2011-12, 91% lower in 2012-13, 95% lower in 2013-14 and 96% lower 
in 2014-15. This provides strong evidence that flight activity through the collision risk zone has 
been reduced in comparison with that from the wider area and that many birds were adjusting 
their flight routes to avoid the proximity of the wind farm. Flight activity within 200m of the 
wind turbines was reduced in all four winters after the turbines were installed, and within 
400m in two of those four winters. 

This flight displacement was investigated further by comparing the post-construction flight 
lines observed with those from the pre-construction period. Figure 15 shows the flight track 
density for the winters before and after construction of the wind farm, within the wind farm 
and in 200m buffers up to 1km. The track length in each 200m buffer has been standardised 
for area and presented as a percentage of the total flight track length for each buffer zone (to 
allow for differences in total goose numbers between years). This shows a markedly lower 
flight activity within the wind farm and within the 200m buffer around it during the post-
construction period, whilst the proportionate flight activity was higher in the zone more 
distant from the wind farm. This again was consistent with a conclusion of displacement of 
goose flights from a zone up to 200m from the wind turbines. Figures 16 a-e shows the pre-
construction flight lines in proximity to the wind turbine locations for each of the baseline 
winters, and Figures 17 a-c the post-construction flight lines observed during the post-
construction surveys (the flight lines for 2014-15 are presented in Figure 13). 

Data on the operational status of the wind turbines were incorporated into the analysis of 
pink‐footed goose flight activity to determine whether the observed avoidance behaviour 
differed between when the wind turbines were rotating and when they were non‐ 
operational. The results are summarised in Figure 18. In contrast to the results from 2012-13 
(the only other year for which there was sufficient ‘non-operational’ data for a meaningful 
comparison), the geese did not show reduced flight activity in the collision risk zone when the 
turbines were operational. Flight activity was actually slightly higher in both the collision zone 
and in the 200-400m buffer when the turbine rotors were rotating. There was no evidence of 
any major difference in flight behaviour related to whether the turbines were operational in 
2014-15, though there was increased goose flight activity in the wider area in the ‘non-
operational’ (lower wind speed) conditions. Higher overall goose flight activity in lower wind 
speed conditions was also noted in the 2012-13 surveys. 

 

Pink-footed Goose Collision Risk Assessment Update 

The collision risks that the wind farm could pose to birds, particularly pink-footed geese, were 
assessed fully in the ES and in the subsequent update reports, and included the use of 
standard collision modelling (Band et al. 2007). This predicted an annual collision rate of 20 
pink-footed geese, applying a precautionary 99% avoidance rate. 

The predictions applying that same model to each post-construction winter’s observed flight 
activity data are shown in Table 7. This gives the predicted number of collisions applying a 
99% and a 99.8% avoidance rate, and using (a) the whole VP data set and (b) flight activity 
data from only the collision risk zone (taken as a 200m buffer around the wind farm). The 
figures based on the latter take into account the fact that goose flight activity within the 
collision zone was reduced through birds diverting around the wind farm. 
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Table 7. Collision risk modelling predictions for pink-footed geese for the Hellrigg wind 
farm for the ES baseline and for each of the post-construction survey winters. 

Winter 

Predicted collision risk with 99% 
avoidance rate 

Predicted collision risk with 99.8% 
avoidance rate 

All VP data 
Collision zone VP 

data 
All VP data 

Collision zone VP 
data 

ES baseline 20.0 - 4.0 - 

2011-12 12.6 5.2 2.5 1.0 

2012-13 25.5 2.3 5.1 0.5 

2013-14 27.7 1.4 5.5 0.3 

2014-15 42.5 1.7 8.5 0.3 

TOTAL (all 4 post-
construction 
winters) 

108 11 22 2.1 

 

It is clear that the approach adopted in the ES and subsequent assessment, following the 
standard SNH collision modelling approach, considerably over-estimated the actual collision 
risk, with no pink-footed goose collisions at all observed. Macro-avoidance of the collision risk 
zone (diverting away from that zone) reduced the numbers of birds at risk by 59% in 2011-12, 
91% in 2012-13, 95% in 2013-14 and 96% in 2014-15. Micro-avoidance by the geese once 
inside the collision risk zone is also high: applying a 99% avoidance rate to flights observed 
through the collision risk zone post-construction, 11 collisions would have expected over the 
four years. None have been recorded. 

These findings have been very much in line with the recently updated SNH position on goose 
collision risk. SNH, in its recent guidance update (Douse 2013), concluded that goose collisions 
with wind turbines are rare (and that the available evidence indicates that geese do not collide 
with wind farms in numbers that are of conservation concern) and now recommends use of a 
99.8% avoidance rate. That would have resulted in a predicted collision risk using the pre-
construction baseline of 4 pink-footed goose collisions per year at Hellrigg. The results 
presented here would suggest that the actual pink-footed goose avoidance rate at Hellrigg is 
even higher than this 99.8%. 

 

Summary and Conclusions 

As in 2010-11, 2011-12, 2012-13 and 2013-14, the goose refuge monitoring in 2014-15 has 
demonstrated that the refuge is appropriately located within the main pink-footed goose 
feeding area. The refuge has achieved its key objective set out in the goose management 
scheme in supporting substantial numbers of pink-footed geese in each of the four post-
construction winters of the study. 

In 2010-11 and 2011-12 the introduction of intensive sheep grazing across the refuge during 
the season led to a reduction in the attractiveness of the sward for feeding geese. This did not 
occur in 2012-13, 2013-14 or 2014-15. There should however be further checks undertaken 
to ensure that this remains the case through the further implementation of the refuge after 
the main monitoring programme has ended. 
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The 2014-15 surveys of the wind farm indicated that the geese have continued to make only 
limited use of the land in close proximity (within 600m), as they did before the construction 
of the wind turbines. Flight activity in proximity (within 200m) to the wind turbines was 
reduced by 96% in 2014-15 compared with the rest of the survey area, with a corresponding 
reduction in the predicted collision risk. Applying the standard SNH (Band et al. 2007) model 
and a 99% avoidance rate, a predicted 1.7 collisions should have occurred taking into account 
macro-avoidance (or 43 if the geese had not shown macro-avoidance of the wind farm). In 
fact no goose collisions at all occurred. The likelihood of any collision victims being missed was 
low, from the longevity of corpses of other species (mean 17 days in 2014-15). The high re-
locating rates shows that observer search efficiency was high, with no gaps in records of 
individual corpses. A total of 11 dead birds were recorded during the collision monitoring, 
with woodpigeon again being the most frequently recorded species (5 of the 11). Other dead 
birds found comprised corvids (carrion crows/rooks), starling and a moorhen. None were 
found in numbers at which there would have been likely to be any significant effect on the 
local bird populations. 
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Figure 3. Pink-footed goose count totals by survey visit, December 2014 - March 2015

Figure 4. Barnacle goose count totals by survey visit, December 2014 - March 2015
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Figure 5. Pink-footed goose habitat use, December 2014-March 2015
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Figure 7. Barnacle goose habitat use, December 2014-March 2015





Figure 9. Pink-footed goose dropping density by survey visit, December 2014 - March 2015. Error 
bars show standard errors.

Figure 10. Field mean sward height by survey visit, December 2014 - March 2015. Error bars show 
standard errors.
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Figure 11. Pink-footed goose feeding density around the Hellrigg wind farm by 200m buffer, Decem-
ber - March 2011-12, 2012-13, 2013-14 and 2014-15
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Figure 14. Pink-footed goose flight density around the Hellrigg wind farm by 200m buffer, Decem-
ber - March 2011-12, 2012-13, 2013-14 and 2014-15.
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Figure 15. Pink-footed goose flight density within and around the Hellrigg wind farm by 200m 
buffer - before and after wind farm construction.
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Figure 18. Pink-footed goose flight density around the Hellrigg wind farm by 200m buffer and wind
turbine operational status, December - March 2014-15.


