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Summary

1. This report provides the basis for a SNH response to the above report by E.S. Lawrence of LEC (hereafter referred to as LEC). None of the reports or commentaries involving Edinbane has considered if the year (2001/02) over which flight activity observations were collected was potentially representative of the lifespan of the wind farm. From a simple analysis of fledging rates I suggest that the year of the flight activity observations was probably representative of conditions which may prevail over the lifespan of the wind farm in terms of subadult eagle abundance.

2.  The LEC assumption that the flight activity observations at Edinbane are adequate with respect to seasonal coverage is questionable, but there is no clear argument to suggest that flight activity would be different in the period for which data are ‘missing’. Ideally, to settle these arguments, flight activity observations would be conducted at Edinbane for the missing period. Alternatively, we can take one or several ‘worse case’ scenarios for eagle activity rates by assuming that activity levels are higher in the missing period and assessing the effect of these scenarios on predicted collision mortality. A possible scenario that could be constructed would be that activity levels were twice as high in the missing period than for the period covered by the available data. This may be reasonable, but it is arbitrary.

3. The LEC report is in error on several points of criticism of ‘inherent biases’ in the collision risk model.

4. The basic flight speed used (13 m/s) is reasonable, but flight speed can vary with wind speed. An average wind speed of 8 m/s is used to account for this effect (i.e. eagle ground speed being 21 m/s downwind and 5 m/s upwind). With revised eagle biometrics and gliding flight (LEC assumed flapping flight) this gives a BAND collision risk of 19.15%. As the turbines will be shut down for 18% of the time this gives a collision risk of 15.7% (LEC did not incorporate a reduction in BAND collision risk due to turbine shut down).

5. LEC argues that only outer sections of blade should be used to estimate collision risk as the inner sections are spinning so slowly the birds will see them and so will not die through collision with this part of the rotor swept area. This is not acceptable for at least three reasons.

6. LEC notes that for a proportion of the time the rotors will operate at a slower speed. If the turbines are two-speed, then the effect should be incorporated.

7. There has to be a degree of caution about the LEC assumption that for 10% of time (in addition to the low wind speed turbine turn-off time) eagles will be inactive due to bad weather.

8. On avoidance rates, the LEC references to Blyth harbour and Scottish wind farm sites are irrelevant. LEC derives estimates of avoidance rates for two USA wind farms but at least one of these is flawed. I have estimated avoidance rates for golden eagles and several other species at a number of USA wind farms. The results for eagles are summarised and 98% is considered as reasonably precautionary.

9. Although some caveats may apply, LEC may have identified at least four turbines which may be notably risky. However the absence of an estimation of how the removal of the potentially most risky turbines may affect collision risk prevents a full evaluation of the effectiveness of turbine removal as a form of mitigation..

10. Any management measures to remove or reduce prey or food supplies within the wind farm area would have to be balanced by a counteractive increase elsewhere so that there was no net loss. The success of this would depend on why eagles access the wind farm site, which is not properly understood. If there is displacement, LEC does not consider how loss of the area as a means of reaching other areas would affect the birds, or how it could be compensated for.

11. ‘Creating’ an extra pair of breeding eagles does not seem to be an adequate, sensible, worthwhile or realistic form of compensation. None of the suggested collision deterrent measures are proven and may have no practical use. 

Increasing productivity of breeding pairs elsewhere on the island would have to produce the equivalent of the number of fledglings which leads to the number of subadults killed. 

12. Using a 98% avoidance rate and some acceptable changes to the LEC model parameters, I derive several collision fatality estimates based on the flight activity data from LEC. Estimates range from 0.27 to 0.6 eagle deaths per year. These are much lower than an estimate for Edinbane in the RDC report for Ben Aketil wind farm cumulative assessment. The main difference between the RDC model and models based on LEC would appear to be in the flight activity data which were used, as the other changes in the parameters are not marked.

13. None of the predicted fatality rates are probably sufficient to cause the Skye eagle population to decline according to the demographic parameters used in an earlier population modelling exercise. Nevertheless, the predicted deaths are not without some concern and as the mortality should be considered as largely additive it will serve to partially erode the non-breeding floating sector of the population. It is also a little disconcerting that such a marked change in predicted fatalities between LEC and RDC models should result from a change primarily in the flight activity data which were used.

14. If planning permission is granted then undoubtedly it should be conditional on a stringent set of realistic compensation measures to minimise the potential for fatalities or adverse impacts due to displacement and to counteract the negative effects of the wind farm. These ‘mitigation’ measures should probably include a reduction in turbine numbers. A rigorous monitoring programme would also be essential and should include a means of systematically assessing utilisation of the site by birds and a fully objective protocol for assessing collision fatalities.

15. Clearly, also, granting planning permission has major implications for cumulative effects of any further wind farm proposals in areas which may be used by subadult eagles on Skye.

Introduction

This report provides the basis for a SNH response to the above report by E.S. Lawrence of LEC (hereafter referred to as LEC) and a separate analysis of the predicted collision risk and relevant population implications for golden eagles associated with the proposed Edinbane wind farm, Skye. Another relevant document includes the Environmental Statement Supplemental Information on the Ben Aketil wind farm by RDC Scotland (hereafter referred to as RDC). Bill Band of SNH has also contributed to this SNH report.

This report is divided in to two principal sections: first I provide some comments on the LEC report and then guided by these comments I provide an assessment of collision risk for eagles at Edinbane and the population implications.

Comments on the LEC report

4.1.2 Input flight data

Previous SNH comments on Edinbane collision risk estimates remarked on the absence of flight data for the period August to December. LEC deals with this absence by asserting (section 4.1.2) that “the sample of observations is sufficient for the current analysis”. But no sound argument is given to support this assertion and so there is no basis for taking the assertion as reasonable.

The omission of data could be viewed as serious because if the area is used primarily by immature eagles, numbers may be higher in the population as a whole at this time of the year because of the presence of a new influx of fledglings (juvenile) eagles in to the subadult (immature) eagle population.

There are no detailed data on seasonal changes in the size of the non-breeding population although on face value the ‘juvenile influx’ argument seems reasonable, because most golden eagles in Scotland probably fledge about the end of July (Watson, 1997). However, fledged golden eagles spend a variable, but often lengthy, period of time on their parents’ territory before gaining independence and dispersing (for example the first soaring flight may not be taken until 2-3 weeks after fledging: Watson, 1997). Juveniles increasingly move further from the nest site as they age, and data in O’Toole et al (1999) suggests it may be three months before they become wholly independent of their parents’ territory. Hence, it may be as late as November before juveniles are found in numbers away from their natal territory (tagging of young eagles in Scotland may indicate most do not leave the natal territory until December: M. McGrady, pers. comm.). If most juveniles rapidly disperse from their natal area after independence then this would further reduce the number of subadults present in an area like Edinbane, which is relatively close to territories which are regionally high in productivity. At this time of year numbers of older subadults may also be at a seasonal low point through accumulated mortality, and this may be exacerbated if older subadults are more likely to be present on Skye during the breeding season when returning to areas near their natal territories, but disperse further afield in the non-breeding season. 

Conceivably, therefore, there may be lower numbers of subadults present in the period ‘missing’ from LEC. Data from RDC suggests that at Ben Aketil, which is close to Edinbane, eagle activity is much lower during August to December than in the breeding season, which would be consistent with the ‘natal dependency’ argument presented above. We could assume that similar conditions prevailed at Edinbane, but such an assumption is considerably weakened by there being no obvious correlation between eagle activity levels at Edinbane and Ben Aketil for those months when both sites were observed (Fig. 3 in LEC). So it may not be safe to assume that the seasonal activity pattern observed at Ben Aketil also occurs at Edinbane.

Hence, to summarise, there is no basis for the LEC assumption that the flight activity observations at Edinbane are adequate, but there is no clear argument to suggest that flight activity would be different in the period for which data are ‘missing’. Observations at Ben Aketil indicate eagle activity in the missing period is lower than the rest of the year, but there is little to suggest that eagle activity levels are seasonally similar at Ben Aketil and Edinbane. Ideally, to settle these arguments, flight activity observations would be conducted at Edinbane for the missing period. Alternatively, we can take one or several ‘worse case’ scenarios for eagle activity rates by assuming that activity levels are higher in the missing period and assessing the effect of these scenarios on predicted collision mortality. A possible scenario that could be constructed would be that activity levels were twice as high in the missing period than for the period covered by the available data. This may be reasonable, but it is arbitrary.

4.1.3 Collision model limitations

It is worth highlighting at this point that the LEC report incorrectly criticises ‘inherent biases’ in the collision risk model.  Most of the criticism relates to ways in which the model has been used (most particularly in the RDC analysis) and not should not be confused with the model itself. 

4.1.3.1 Bird speed and random distribution of flights

LEC is correct in claiming that bird flight speed is likely to vary, so it is helpful if a reasonable average speed is used. A value of 13 m/s bird air speed is reasonable as a working average for golden eagles, from several observational studies (e.g. Bruderer & Boldt, 2001) but, as LEC points out, at times flight speed is likely to vary (although LEC does not note it explicitly, this means ground speed of the bird is likely to vary depending on the direction of flight with respect to the wind). Bill Band has reasonably suggested using an average wind speed of 8 m/s to account for this effect (i.e. eagle ground speed being 21 m/s downwind and 5 m/s upwind). With revised eagle biometrics and gliding flight (LEC assumed flapping flight) this gives a BAND collision risk of 19.15%. As the turbines will be shut down for 18% of the time this gives a collision risk of 15.7% (LEC did not incorporate a reduction in BAND collision risk due to turbine shut down, but should have – RDC did include this reduction).

LEC is also correct in that the model does not intrinsically account for any spatial variation within the wind farm area, unless the user of the model accounts for it. So by noting that “the model simply averages all detected flights in equal proportion within and outside of the rotor swept volume” and that “the accumulated time of flight activity detected during the watches can be assorted at random through the wind farm area” LEC points out a potential limitation of how the model is run, rather than an intrinsic limitation of the model itself. To a degree the feature of the model which averages out the use of space acknowledges that there will be a level of inaccuracy in the recording of flight activity (as also acknowledged by LEC elsewhere) so some form of spatial averaging is appropriate. But if the user wants to incorporate spatial variation then the model can deal with this (subject to the user being able to input sufficient observations to make a breakdown of spatial variation meaningful statistically). Ironically, although not mentioned in this part of the report, LEC does take some account of spatial variation by calculating the activity intensity of eagles at a VP level rather than across the whole wind farm (which follows the RDC approach and is statistically superior to lumping results across the whole wind farm). So collision risk could have been calculated separately for those parts of the wind farm visible from each VP. SNH requested that a similar type of spatial breakdown was made as part of the LEC assessment to identify changes in the collision risk if some ‘high risk’ turbines were removed, but this does not appear to have been attempted, unfortunately.

If, as LEC illustrates, all of the flight observations were outside the area where there will be turbines, then of course the model would overestimate risk but it would be reasonable and possible to account for this in the model. On the other hand, at the other extreme (which LEC does not illustrate) it is ‘theoretically’ possible for all flight observations to be concentrated around the turbines and for there to be no observations outside of the development area. If the model is not run to account for this, then collision risk will be underestimated. So there is no inherent model bias towards overestimation of risk in this respect.

4.1.3.2 Blade profile and collision risk

LEC argues that only outer sections of blade should be used to estimate collision risk as the inner sections are spinning so slowly the birds will see them and so will not die through collision with this area of the rotor swept area (RSA). This is not acceptable for at least three reasons: 

a) there is no good evidence from Altamont that bird fatality is related to blade speed (Smallwood & Thelander 2004); 

b) the LEC argument assumes birds collide because they don’t see the spinning blade (the degree of motion smear), whereas there’s no evidence that birds collide for this reason. Several studies on this aspect of blade visibility have failed to produce any of the expected results for it to be viewed as a major issue. It seems more likely that in most situations birds like eagles are well aware of spinning blades (lots of anecdotal evidence for this, including typically very high avoidance rates, for example) but collide when conditions such as winds make it difficult for birds to control their flight and avoid contact. For example, griffon vultures seem to collide in S Spain, not when foraging but when unsuccessfully trying to use winds to climb over turbines (Barrios & Rodríguez, 2004), and at Altamont there are strong associations between topographic features (and therefore wind conditions) and fatality (Hoover, 2002; Smallwood &Thelander, 2004); 

c) if we accept LEC’s assumption then we should use avoidance rates calculated only from the outer portion of the blade, which can not be done (and which LEC therefore has not done), and even if they could be estimated they would be much lower than rates for the whole blade.

4.1.3.3 Rotor speed

LEC notes that for a proportion of the time the rotors will operate at a slower speed. If the turbines are two-speed, then it should have been incorporated. As the proportion of time at the lower speed is not given by LEC, it is difficult to factor in this change. If all the time was at the slower rotation period (5.7s as opposed to 2.82s) then the BAND collision risk is 12.8%. Assuming 50% of the time is at the slower rotation period (which may be more often than in practice) then the BAND collision risk is 15.975% and after accounting for a shutdown period it is 13.1%. If the slower rotation speed occurs for less than half of the time then the collision risk will be higher.

4.1.3.4 Bird dimensions

This criticism of the model run by RDC is valid and in my calculations I have incorporated sexual differences in biometrics by assuming that the female/male biometric ratio was 1.08, following Tables 1 & 2 in Watson (1997), and an equal sex ratio, so that body length was 0.82 m and wing length was 2.12 m (cf RDC used 0.85 and 2.2 respectively). These are the measures I have used in previous calculations of Band collision risks for golden eagles, and so I would concur with LEC that correction for sexual differences should be done. It makes relatively little difference to overall collision risk, however, and using female-only biometrics (as RDC has done) gives a ‘worst case’. LEC also suggests that because most birds at Edinbane are juveniles, immatures or subadults, body size measures should be reduced accordingly. I have not done this, because whilst juveniles/immatures have shorter wings, they have longer tails (Table 2 of Watson (1997)), and differences will disappear as the youngest age classes approach adulthood.

4.1.3.5 Bird flight hours

The LEC suggestion that eagles do not fly in bad weather may well be true, but in the absence of any ‘hard’ data on exactly what kind of weather leads to inactivity, a clear justification for a quantifiable reduction in risk is difficult. So there has to be a degree of caution about the LEC assumption that for 10% of time (in addition to the low wind speed turbine turn-off time) eagles will be inactive due to bad weather. 

Tests of the collision model and assumptions on avoidance rates

LEC is correct in that the collision model has not been verified or tested. It follows, therefore, that the subsequent LEC claim that it intrinsically overestimates collision risk as “backed up by numerous studies” is unsubstantiated: if the model has not been tested then it can not have been shown to be biased. Moreover, as pointed out earlier, the criticisms of the ‘biases’ in the model by LEC in this respect are misguided .

4.1.4 Blyth Harbour study

Results from Blyth harbour are not relevant as they involve an entirely different situation with different species.

4.1.5 Altamont study

See appendix.

4.1.6 Wyoming study

See appendix.

4.1.7 Scottish wind farm sites

The result of this exercise depends in large part on the eagle activity value which is input to the model. As this value is entirely arbitrary and the three example wind farms involve resident pairs of eagles (not non-breeding subadults) where (for at least two farms) observations suggest displacement of eagles, the exercise tells us little. 

As LEC notes, there have been no records of an eagle colliding with a wind turbine in Scotland but this information does not assist understanding of avoidance rates, given that the two main sites with more than occasional eagle activity involve resident pairs which do not appear to be using the wind farm sites and there is no systematically rigorous search programme for carcasses at any Scottish site where eagles are commonly present.
5 Flight activity and topography

Californian observations

As LEC notes, a number of factors appear to underlie variation in collision fatalities at Altamont. The report of Smallwood & Thelander (2004) is better than the report cited by LEC, however, as it exploits a larger dataset and more thorough analyses.

Edinbane flight data

Unfortunately as no prey or food surveys were done by way of comparison of the wind farm and wider areas, the assumptions on how prey/food may or may not be affecting eagle use of the site cannot be substantiated.

Proximity analysis – Edinbane

SNH had suggested that it would be helpful if particularly risky turbines could be identified and the impact of their removal on collision risk assessed. 

Flights at rotor swept height (or at least in the 20-100m height band) are obviously more relevant than lower or higher flights and it’s not clear which heights have guided the conclusions in LEC (presumably the rotor height flights?). It’s also not clear if the time spent observing the different turbine locations has been accounted for: obviously if a turbine was watched more often then, all else being equal, more flights would be expected in the area.

The above caveats aside, this exercise in LEC may have identified at least four turbines which may be notably risky (3, 10, 11 & 20). Turbine 20 is astride the main ridge so seems to have failed to have met “the previous advice prior to the collection of flight data on positioning wind turbines away from the ridge top”. 

We do not have an estimation of how the removal of the potentially most risky turbines may affect collision risk, as without more detailed estimations of activities in particular parts of the wind farm we have to rely on how the removal of (for example) four ‘average’ turbines would reduce risk. Hence, actual reduction in collision risk would be higher if turbines disproportionately associated with risky flights were removed. This limitation restricts the extent to which one possible form of mitigation (turbine removal) can be evaluated. 

A couple of incidental notes to correct some statements in LEC here: the maps in Smallwood & Thelander (2004) show some turbine strings at Altamont are especially hazardous (as does the work of Hunt et al, 1998). It is also worth noting (contrary the claim in the LEC report) that baseline (pre-construction) information on eagle activity within the Beinn Ghlas and Beinn an Tuirc wind farm sites does exist.

6 Population effects on golden eagles on Skye

Non-breeding eagle ranges

LEC notes that “the Edinbane development area represents 2% of this local ‘sub-adult’ range on the northern part of Skye” but later notes that “a detailed analysis of the alternative areas of upland where non-breeding Golden Eagle could range on Skye has not been undertaken”.  In reality, little is known about how important the Edinbane area is for subadult eagles in the context of the wider area.

Population viability

The population analysis was based on a closed Skye population, not a closed SPA population. The point being that the SPA population cannot be a closed system and that because of this feature a decline in the Skye population inevitably leads to a decline in the SPA population!

7 Mitigation measures

Background to site location and layout

As noted previously, the advice to not locate turbines on the main ridge does not appear to have been followed in all cases.

Management measures

Any measures to remove or reduce prey or food supplies within the wind farm area would have to be balanced by a counteractive increase elsewhere so that there was no net loss. The success of this would depend on why eagles access the wind farm site. If birds use the site wholly or partially to gain access to other areas then an absence of food will not necessarily stop eagles using the site (assuming that there is no displacement).

If there is displacement, LEC does not consider how loss of the area as a means of reaching other areas would affect the birds, or how it could be compensated for.

‘Creating’ an extra pair of breeding eagles does not seem to me to be an adequate, sensible, worthwhile or realistic form of compensation.

Increasing productivity of breeding pairs elsewhere on the island would have to produce the equivalent of the number of fledglings which leads to the number of subadults killed. For example, if 10 eagles were killed by the wind farm over 25 years and if ‘natural’ mortality between fledgling and when the eagles were killed by the farm was 25% then at least 14 extra fledglings would have to be produced over 25 years to counteract the mortality imposed by the wind farm. 

None of the suggested collision deterrent measures are proven and may have no practical use. I do not think they could be considered as anything more than experimental procedures and could not be viewed as ‘mitigation’.

Edinbane collision risk assessment

Avoidance rate

I have estimated avoidance rates for golden eagles and several other species at a number of USA wind farms (appendix). The results for eagles are summarised below (Table 1) along with some subsidiary notes.

Table 1. Estimates of avoidance rates for golden eagles at USA wind farms.

	Site
	Avoidance rate estimate (%)

	Altamont
	99.04

	Altamont
	99.55

	Foote Creek Rim
	99.95

	San Gorgonio
	98.17

	San Gorgonio
	99.15

	Tehachapi
	98.24

	Tehachapi
	99.18

	Buffalo Ridge
	100.00


Several points are worth noting:

· Avoidance rates vary between sites (and also obviously vary within sites);

· Avoidance rates are not necessarily related to bird activity or fatality levels: for example, Altamont has the highest eagle activity and fatality rates but does not have the lowest avoidance rate;

· Although golden eagle avoidance rates are higher at the two sites with more ‘modern’ turbine design, this does not necessarily mean that birds are better able to avoid collision with such turbines because such a pattern is not evident for other species;

· Avoidance rates for golden eagles are not transferable to other species: rates vary between sites for other species and can be as high or much lower than rates for golden eagles. At least for raptors, a 95% avoidance rate seems a reasonable precautionary measure until we have more information, although for some species lower rates may be more appropriate for classified sites;

· On current evidence, an avoidance rate of 98% seems a reasonable precautionary predictive measure for golden eagles and I have used this value.

Estimates of collision fatalities

Using a 98% avoidance rate and changes to the LEC model parameters as described in the comments above, I reached the collision fatality estimates as summarised below (Table 2). I also examined the effect of removing four turbines, but as noted in the comments section, this will underestimate the reduction in collision fatalities. The extent of underestimation is difficult to judge in the absence of a complete investigation of this mitigation measure (see comments on proximity analysis, above).

Table 2. Estimates of predicted collision fatalities resulting from flight data in LEC from several models which varied in their assumptions on some parameter values.

	Model
	Assumptions
	n GE deaths per year
	n years for a GE death

	1
	No reduction in GE activity due to weather or rotor speed
	0.43
	2.35

	2
	No reduction in GE activity but 50% time @ reduced rotor speed
	0.36
	2.81

	3
	With reduction in GE activity + 50% time @ reduced rotor speed
	0.31
	3.2

	4
	As model 1 and with twice the number of transits through the rotors in August - December
	0.60
	1.65

	5
	As model 1 but with 23 turbines
	0.36
	2.76

	6
	As model 2 but with 23 turbines
	0.30
	3.30

	7
	As model 3 but with 23 turbines
	0.27
	3.76


Model 1 predicted 10-11 eagle deaths over the lifespan of the wind farm, whereas model 6 predicted 6-7 eagle deaths over the 25 years of the wind farm. I also examined (model 4) the effect of increasing the risk to twice the ‘background level’ to simulate a ‘worse case’ scenario for the August-December period when flight data are missing (see comments on section 4.1.2 above). This was done simply by increasing the number of transits through the rotors accordingly, and not surprisingly the model predicted 15 eagle deaths over the lifespan of the wind farm. 

By way of comparison, changing the avoidance rate in the RDC model for Edinbane, from 99.5% to 98% changes the number of eagle deaths from 0.55 per year to 2.19 deaths per year (54-55 deaths over the lifespan of the wind farm). The main difference between the RDC model and models based on LEC would appear to be in the flight activity data which were used, as the other changes in the parameters are not marked.

Population implications and final comments

To assess the population implications of the estimated mortality rates I used the Golden Eagle Population Model (GEPM) described by O’Toole et al (2002) and as implemented for Scottish golden eagles by Whitfield et al (2004). Parameter values used in the modelling are shown in Table 3. 

Table 3. Parameter values used in the GEPM simulations.

	Parameter
	Value

	HR count
	351

	Turnover rate
	0.052

	Fledging rate
	0.583

	SR4
	0.39 or 0.374

	SR5
	0.805

	SR6
	0.90

	SR7
	0.90

	SR8
	0.90

	SR9
	0.75

	SR10
	0.60

	SR11
	0.50

	SR12
	0.00


1The number of occupied territories on Skye in recent years varies between 30 and 35 (Watson et al. 2003)

2 The turnover in breeding adults on occupied territories, representing breeding adult (or territory holding adult) mortality rate. Value used is equivalent to a life expectancy of 20 years. Whitfield et al (2004) estimated a life expectancy for breeding eagles in Natural Heritage Zone 6 (principally Mull and Skye for golden eagles) of 23.6 years, and a national estimate of 16.6 years. 

3 Taken from Watson et al (2003) for Skye

4 A survival rate value of 0.39 from fledging to year 4 was taken from the national estimate suggested by Whitfield et al (2004), equivalent to an annual survival rate of 79.1% assuming survival is equal in each of first 4 years of life post-fledging. According to the worst collision fatality estimate derived above, the estimated mortality caused by collision at Edinbane is 1 eagle every 1.65 years (equivalent to 0.60 birds every year). The vast majority of birds using the proposed wind farm area appear to be subadults according to LEC and RDC, probably one or two year olds (i.e. less than 4 years old, so SR4 is the relevant survival rate). Assuming about 17.5 fledglings per year are produced (roughly 30 pairs with 0.58 fledging rate) in each year this gives about 50.9 subadults before mortality and 40.3 subadults after mortality. An increased mortality of 0.60 subadults per year gives 39.7 subadults after mortality or a reduction in annual survival rate to 78.0%, or a survival of 0.37 in the first 4 years of life.

5 Following Whitfield et al (2004) survival rates of non-breeding adults (i.e. SR5 to SR11) is assumed to be similar to breeding adults but with a declining survival rate with age. At age 12 years all non-breeding adults are ‘killed off’: extending this has little effect.

At a subadult survival rate of 0.39 if the parameter values used are correct the Skye population is clearly in a robust condition insofar as its ability to withstand limited changes in demographic parameters (recalling that golden eagle populations are most sensitive to changes in breeding adult survival rate: Whitfield et al 2004). There was no real risk of the Skye population declining when the subadult survival was changed to 0.37; the only change (assuming that the breeding population is at capacity so that the population is ‘capped’), other than the obvious slight change in the number of subadults, was a reduction in the number of non-breeding adults. Non-breeding adults may be seen as a ‘buffer’ for the population against a degree of adverse change and are a sign of a ‘healthy’ eagle population. A run of 20 simulations at 0.39 survival rate gave an average of 13.5 floaters per year after 30 years and, at 0.37 survival rate, an average of 11.7 floaters per year after 30 years. Thus there is a slight reduction in how well the population would be buffered against any further adverse change.

Hence, none of the predicted fatality rates in Table 2 are sufficient to cause the Skye eagle population to decline according to the demographic parameters used in the population modelling exercise. Nevertheless, the predicted deaths are not without some concern and the mortality should be considered as largely additive and so will serve to partially erode the non-breeding floating sector of the population. It is also a little disconcerting that such a marked change in predicted fatalities between LEC and RDC models should result from a change primarily in the flight activity data which were used.
If planning permission is granted then undoubtedly it should be conditional on a stringent set of realistic compensation measures to minimise the potential for fatalities or adverse impacts due to displacement and to counteract the negative effects of the wind farm. These ‘mitigation’ measures should probably include a reduction in turbine numbers. A rigorous monitoring programme would also be essential and should include a means of systematically assessing utilisation of the site by birds and a fully objective protocol for assessing collision fatalities.

Clearly, also, granting planning permission has major implications for cumulative effects of any further wind farm proposals in areas which may be used by subadult eagles on Skye. 
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Appendix

The 2001/02 subadult golden eagle population on Skye

None of the reports or commentaries involving Edinbane has considered if the year (2001/02) over which flight activity observations were collected was potentially representative of the lifespan of the wind farm. The majority of observations involved subadult eagles. So, for example, if there were relatively few subadult eagles present in 2001/02 then the flight activity observations may underestimate the activity over the 25 lifespan of the wind farm.

Assuming that eagles up to four years old are subadult and that all the birds present in the wind farm area originated from Skye (which provides for a ‘worst-case’ outcome for the Skye (and Cuillins SPA) population), this can be looked at simply by summing the number of fledglings produced on Skye in the four years (year x -3) to year x. This does not account for mortality, but annual variation in mortality is not known and so can not be incorporated. So, assuming that there is no annual variation in mortality (and/or that mortality covaries with reproductive success), this method provides an index of the presence of subadults in 2001/02 compared to other years. Data on annual numbers of fledglings were obtained from Watson et al. (2003) and RDC, and the result is illustrated in Fig. 1.
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Fig. 1. Annual variation in the total number of golden eagle fledglings produced in year x and the three preceding years on Skye. The horizontal line illustrates the mean value.

The 2001/02 season (before fledglings were present for 2002) is given by the value for 2001, and in this year the index of subadult abundance was about average. If the assumptions of the method are safe, then this suggests that the year of the flight activity observations was probably representative of conditions which may prevail over the lifespan of the wind farm in terms of subadult eagle abundance.

Avoidance rates

Altamont

The avoidance rate factored in to the Edinbane collision risk analysis is critical to predicted mortality levels. LEC calculates an avoidance rate for golden eagles primarily from data presented by Thelander et al (2003) from Altamont, California and arrives at 99.62% or 99.82%, depending on the use of different carcass detection rates. There are some errors in the LEC calculations, however, and several additional improvements can be made, mainly by using better quality data from the same Altamont study, reported by Smallwood & Thelander (2004):

· The size of the study area used by LEC is wrong, as it was based on an assumption that each study plot was a radius of 300m (=28.27 ha) and with 20 plots this summed to (28.27 x 20) = 565 ha. Although the size of each plot in the Altamont study is not entirely clear, it certainly was not 28.27 ha and it is erroneous to take the sum of all the plots because the relevant metric in the collision risk calculation is the size of a plot observed at any one time. Depending on how methodological statements in Thelander et al (2003) and Smallwood & Thelander (2004) are interpreted, the plot area was 139 or 297.5 ha and these are the measures I have used.

· I used a rotor diameter of 18m and not 20m (used by LEC), following Tables 2 & 13 of Thelander et al (2003).

· I incorporated sexual differences in biometrics by assuming that the female/male biometric ratio was 1.08, following Tables 1 & 2 in Watson (1997), and an equal sex ratio, so that body length was 0.82 m and wing length was 2.12 m. I made no corrections for age differences in biometrics as this would not be valid.

· For the ‘Band collision rate’ LEC used flapping flight, but I used gliding flight. Golden eagles at Altamont rarely flap in flight (this is probably typical for golden eagles, which are well-known for their efficient use of air movement in flight, minimising self-powered flight): this is illustrated in Table 9 of Thelander et al (2003), Table 8-4 of Smallwood & Thelander (2004), and independently confirmed by Hoover (2002).

· LEC used a correction and an assumption about eagle flight heights because Thelander et al (2003) gave no measures of the proportion of flight time eagles spend at rotor swept height. Such a value is presented by Smallwood & Thelander (2004) (Fig. 8-13) and I used this value rather than making any assumptions.

· LEC should have used 685 as the number of turbines, which is the number of turbines in the observational study, rather than 1110 turbines.

· The most thorough carcass search regime at Altamont, which also attempted for the first time at Altamont to account for the several biases associated with carcass searches, is that of Smallwood & Thelander (2004). This study also incorporated the preliminary studies reported by Thelander & Rugge (2001) and Thelander et al (2003), and included the same study areas and results of these earlier studies. Rather than apply correction factors of dubious provenance to mortality rates of the preliminary studies (as done by LEC), I have taken the mortality estimate presented by Smallwood & Thelander (2004). It is appropriate to utilise the mortality estimates presented by Smallwood & Thelander (2004) in preference to those in Thelander et al (2003) to take advantage of the greater degree of rigour in the lengthier study and because Smallwood & Thelander (2004) corrected for several search biases. Smallwood & Thelander (2004) give a discourse as to why their mortality estimates are an improvement over the preliminary findings in their (and colleagues) earlier reports. They present two sets of figures; on a per-MW basis and on a per-turbine basis. The mortality estimates calculated using the per-turbine figures are more appropriate for the required calculation due to the proportionate contribution of the sample turbines and their ‘killing rate’ relative to other sets of turbines (e.g. Smallwood & Thelander: Table 3-10), and because per-turbine figures involve no need to convert from per-MW to per-turbine. I have used the mortality rate corrected for search and scavenging biases (Table 3-12, giving 14.8 deaths/yr for 685 turbines), since these biases are now well-known to produce underestimates of collision mortality. Note that this mortality estimate is higher than the ‘worst case’ mortality estimate of LEC.

Depending on which measure of study plot size is used, I obtained avoidance rates of 99.04% and 99.55%.

Foote Creek Rim

I also made estimates of avoidance rates for golden eagles at Foote Creek Rim, Wyoming (Johnson et al, 2000a; Erickson et al, 2002; Young et al, 2003a, b) and obtained values of a) 99.88%, b) 99.98% and c) 99.79%. The differences depend on how estimates of eagle flight time are calculated (a and b), since the source reports do not present flight time figures which are readily imported in to the collision risk calculations. At Foote Creek Rim the turbines were deliberately located away from the area of most intense eagle use, which is at the rim edge, so incorporating all eagle observations (as in a and b) probably leads to an avoidance rate which is higher than experienced by eagles in practice. Including only those eagle flight observations in the area away from the rim edge produces a third avoidance rate value (c) which, as expected, is lower than the other two estimates.

LEC also includes an avoidance rate estimate derived from the Foote Creek Rim data (this is new to v3) of 99.57%. It is difficult to see why this is different from the values I obtained. Possible causes may include the mortality estimate used by LEC which was 1 eagle in one year of searches (after Young et al, 2003a). There were additional searches at Foote Creek Rim, other than those reported by Young et al (2003a) and I took the figure given in Erickson et al (2002) which was 1 eagle death per year per 200 turbines, corrected for the smaller number of turbines used in the observational study. Note, however, that Young et al (2003b) reported on searches at Foote Creek Rim conducted for 44 months and these did not detect any golden eagle carcasses, so avoidance rates are liable to be higher than I have estimated (equivalent to 99.97%, 100% and 99.95% for a, b and c, respectively). Overall, a value of 99.95% is probably the most likely, although whatever the avoidance rate value is for Foote Creek Rim, it is very high.

San Gorgonio Pass and Tehachapi Pass, California

By assuming that eagle flight heights are similar (comparing several USA studies suggests that this is reasonable) and that turbine types are similar (which also seems reasonable: Erickson et al (2002), for example) it is possible to derive avoidance rates from studies at two wind farm sites in California (San Gorgonio Pass and Tehachapi Pass: Anderson et al, 2000; Erickson et al, 2002) by comparing activity rates with those at Altamont. Quarterly searches (i.e. every three months) at these sites were conducted at 390 and about 700 turbines respectively for one year together with studies of search and scavenger bias in corpse recovery rates. Golden eagle activity at these sites was substantially below that at Altamont but each study found one dead eagle. The relatively short monitoring period means fatality estimates are not necessarily reliable as they are more likely to be affected by sampling error (which can lead to under- or overestimation of ‘true’ fatality: Smallwood & Thelander, 2004). The long inter-search interval also means some carcasses may have been missed (leading to underestimation of fatality): in California, for a large bird like the golden eagle, corpse recovery biases are not likely to be substantial (e.g. Smallwood & Thelander, 2004). Underestimation of fatality will lead to overestimation of avoidance rates i.e. ‘true’ avoidance rates will be lower. The potential biases means the results should be viewed with a degree of caution but, nevertheless, provide further examples and a guide to the extent of variation in avoidance rates for the golden eagle (since we expect avoidance rates to vary between sites because they clearly vary within sites).

Avoidance rates at San Gorgonio were 98.17% and 99.15% and at Tehachapi they were 98.24% and 99.18%, depending on which Altamont study plot size was used in their derivation.

Buffalo Ridge

The Buffalo Ridge wind farm in Minnesota consisted of over 300 turbines by the end of the most recent four year study on birds at the site, which has been constructed mainly on agricultural land (Johnson et al, 2000b). Golden eagle activity is similar to that at San Gorgonio, higher than Tehachapi, but much lower than at Foote Creek Rim and Altamont. Avoidance rate was 100% as no dead eagles have been recovered.
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