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hese guidelines summarise the current state of knowledge
with regards to the potential effects of wind energy on
Verreauxs’ Eagle, and outline the steps necessary to ensure
that negative effects are adequately assessed and minimised.
Verreauxs’ Eagle has been listed as regionally Vulnerable in
the latest Eskom Red Data Book of Birds of South Africa, Le-
sotho and Swaziland (Taylor et al. 2015). There is evidence to
suggest that this species is vulnerable to colliding with wind
turbines. Eagles may also be affected by disturbance and dis-
placement related to wind farm activities, particularly around
nests. Opportunities to avoid and minimise these impacts lie
largely within the planning phase (i.e. before construction).
Where a wind farm is proposed within potentially impor-
tant Verreauxs Eagle habitat, BirdLife South Africa recom-
mends the following:

» Wind turbines should be placed outside of the core terri-
tory of eagles to reduce the risk of collisions.

o Areas associated with increased flight activity and/or
risky behaviour should also be avoided, for example the
edge the escarpment, ridge tops, cliffs, steep slopes and
particularly slopes that are perpendicular to the prevailing
wind direction.

+ Dedicated surveys must be conducted to identify poten-
tial nest sites. Cliff-lines should be surveyed for evidence
of nesting. These surveys should extend beyond the devel-
opment footprint to include the likely territory of any pair
that may regularly use the site.

o A buffer of 3 km is recommended around all nests (in-

VERREAUXS’ EAGLE ALBERT FRONEMAN

cluding alternate nests). This is intended to reduce the risk
of collisions and disturbance. This is a precautionary buffer
and may be reduced (or increased) based on the results of
rigorous avifaunal surveys, but nest buffers should never be
less than 1.5 km.

Vantage point surveys should be conducted for a minmum
of 72 hours per vantage point per year.

Fieldwork must include surveys during the breeding sea-
son.

Surveys (including vantage point monitoring) should ex-
tend beyond the developable area.

The relative extent and type of use of the site by eagles
must be assessed.

Steps should be taken to avoid increasing the prey popula-
tion (and thereby attracting eagles to the wind farm). For
example excavated rocks and animal carcasses should be
removed.

If it is suspected that a proposed wind farm may pose a sig-
nificant risk to Verreauxs’ Eagles, the duration of pre-con-
struction monitoring should be extended to two years,
particularly where alternate nests are some distance apart
and/or turbines are proposed in areas that may be associ-
ated with increased flight activity and/or risky behaviour.
No construction activities (e.g. new roads) should be al-
lowed within 1 km of nests during the breeding season.
Nests should be monitored for breeding activity through-
out the lifespan of the wind farm (including during con-
struction), but care must be taken to ensure that monitor-
ing activities do not disturb breeding birds.
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Verreauxs’ Eagle and Wind Farms: Guidelines for
impact assessment, monitoring, and mitigation

Renewable energy has the potential to play a significant role
in mitigating global climate change and can therefore make a
positive contribution to the conservation of birds and other
biodiversity. However, renewable energy can also have nega-
tive environmental impacts. Wind-farms can cause mortality,
disturb and/or displace of birds (Drewitt & Langston 2006;
Strickland et al. 2011; Rydell et al. 2012; Gove et al. 2013).

The iconic Verreauxs' Eagle (Aquila verreauxii; previously
known as the Black Eagle) is found across much of Africa,
including South Africa (BirdLife International, 2015) and a
number of wind farms have been proposed within its range
(out of a total of 57 impact assessment and monitoring re-
ports for wind farms that BirdLife South Africa analysed, 65%
reported the presence of Verreauxs Eagles at, or near to, a
proposed wind farm).

Its conservation status, behaviour and distribution, togeth-
er with experiences with eagles and wind farms in other parts
of the world, suggest that poorly planned wind farms could
negatively affect the species. It is therefore not surprising that
Verreauxs’ Eagle is considered to be a priority for impact as-
sessment and monitoring at wind energy facilities in South
Africa (e.g. Retief et al., 2010, and updates thereof). If wind
energy is to be developed in South Africa without adding fur-
ther stressors to the species, steps must be taken to minimise
risks throughout the lifecycle of a wind farm (i.e. from screen-
ing to operation).

This document provides an overview of our current under-
standing of the likely impact of wind energy faculties on Ver-
reauxs’ Eagle, and offers guidance on how the impacts should
be assessed, avoided, mitigated and monitored.

Verreauxs Eagle is an apex predator and plays an important
ecological role (Davies, 1994). Due to its wide range, the
global population of Verreauxs Eagle is not considered to
be threatened (BirdLife International, 2015). However, there
has been a marked decline in reporting rates for the species
in the South African Bird Atlas Project, which suggests that
the species may be decreasing in numbers, at least in some
areas. Verreauxs Eagle has therefore been listed as region-
ally Vulnerable in the latest Eskom Red Data Book of Birds
of South Africa, Lesotho and Swaziland (Taylor et al., 2015).
Verreauxs Eagle is a long-lived species and a slow breeder
(Simmons 2005).

Verreauxs’ Eagle are predominantly found in mountainous,
rocky habitat (Davies & Allan, 1997). The regional population
of Verreauxs’ Eagle (i.e. for South Africa, Lesotho and Swazi-
land) has been estimated to be between 3500 and 3750 mature
individuals, but confidence in these figures is low (Taylor et
al., 2015). Davies (1994) estimated there to be 2000 breed-
ing pairs in what was then the Western Cape Province (later
divided into Western Cape, Eastern Cape, Northern Cape
and part of the North West). The density of the species varies

across the landscape (Davies & Allan, 1997), with the highest
densities found in the south-western Cape to KwaZulu-Natal.
Densities of 1 pair per 24 km? (4.2 pairs per 100km?) have
been recorded in the Karoo (Davies, 1994). Murgatroyd et al.
(2016) report densities of 1.2 pairs per 100 km? in the Sand-
veld, and 3 pairs per 100 km? in the Cederberg.

Verreauxs Eagles are territorial. Their territories surround
their nest sites, but their nests are not necessarily in the cen-
tre of their territory (Gargett, 1990). Nests are usually built
on cliffs and ledges (Gargett, 1990), although they have been
recorded nesting on power lines and occasionally in trees.
Resident pairs can have up to and exceeding five alternate
nest sites within a territory, although one site may be pre-
ferred (Davies, 1994). Alternate nests may be some distance
apart — in the Karoo alternative nests have been recorded up
to 2.39 km away from the most active nest, although most al-
ternate nest sites are closer (with a mean distance of 0.49km)
(Davies, 1994).

The distance between nests of different pairs also varies. In
the Karoo Davies (1994) recorded an average distance of 2.72
between nests of neighbouring pairs. In the Cederberg mean
Nearest Nest Distance is 4.0 km (range=1.3-7.3km, n=24);
while in the Sandveld the mean is 5.3 km (range=1.1-12.8,
n=31) (Murgatroyd pers. comm.).

Area (Biome) Nearest Nest Distance (km)  No.of nests Reference

Mean D Range

Nuweveld 2.72 0.95 1.34-4.51 20 Davies 1994

(Nama-Karoo)

Wind Farm 3.84 0.49 3.29-4.25 4 *

(Nama-Karoo)

Cederberg (Fynbos) 40 13-73 24 Murgatroyd pers
comm.

Nuweveld 425 139 3.0-7.5 12 Boshoff & Palmer

(Nama-Karoo) 1988

Wind Farm (Nama 491 3.95 0.89-9.2 8 *

Karoo)

Drakensberg 5 4889 8 Brown 1988

(Grassland)

Sandveld (Fynbos) 53 1.1-128 3 Murgatroyd pers
comm.

Wind Farm (Nama- 6.40 215 4.88-7.93 3 *

Karoo/Grassland)

Soutpansherg 6.8 40 2.0-145 8 Tarboton & Allan

(Savanna) 1984

Wind Farm (Fynbos/ 6.88 191 4292 7 *

Succulent Karoo)

Magaliesherg 9.5 45 3.0-19.5 12 Tarboton & Allan

(Savanna) 1984

Magaliesberg 14.4 114 8 Whittington-

(Savanna) Jones etal. 1994

Wind Farm 6.1 0.6-12.0 20 *

(NamaKaroo)

Waterberg (Savanna) 133 6.5 50-21.0 9 Tarboton & Allan
1984

Gaap Plateau 411 5 Anderson &

(Savanna/Nama-Karoo) Hohne, 2007

Table 1. Nearest Nest Distances for Verreauxs’ Eagles, as reported in
various studies in South Africa.
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3. POTENTIAL IMPACTS AND RISK FACTORS ASSOCIATED WITH WIND ENERGY

3.1. COLLISION WITH WIND TURBINES

Bird fatalities as a result of collision with wind turbines (as
well as associated infrastructure) is a well-documented risk
associated with wind farms (Drewitt & Langston, 2006; Hot-
ker, Thomsen & Jeromin, 2006). While many wind farms have
reported low collision rates (Erickson et al., 2001; Drewitt &
Langston, 2006), some wind farms have had a high number of
incidents. Most of the high-profile cases have involved large,
soaring birds of prey (Barrios & Rodriguez, 2004; Hotker,
Thomsen & Jeromin, 2006; Smallwood & Thelander, 2008).
Eagle mortalities at wind farms have been experienced in
many parts of the world. Golden Eagle (Aquila chrysaetos)
(e.g. Smallwood & Thelander, 2008; Smallwood, 2013), White-
tailed Sea Eagle (Haliaeetus albicilla) (e.g. Hotker, Thom-
sen & Jeromin, 2006), Bald Eagle (Haliaeetus leucocephalus)
(Pagel et al. 2013) and White-bellied Sea Eagle (Haliaeetus
leucogaster) (Smales and Muir, 2005) have all been reported
to collide with wind turbines. It is therefore not unlikely that
Verreauxs’ Eagles could face a similar risk in South Africa.

Although Taylor et al. (2015) suggests that wind farms pre-
sent a potentially significant new threat to the species, up until
recently no wind farms had been constructed within the range
of Verreauxs' Eagle and there has been limited opportunity to
document the impacts. A review of the first six wind farms to
share post-construction monitoring data with BirdLife South
Africa indicates that Verreauxs’ Eagle mortalities have occurred
at two of those wind farms. A total of five Verreauxs’ Eagles col-
lisions have been reported; four fatalities occurred at one wind
farm within a three-month period (Smallie, 2015a). These pre-
liminary data do suggest that this species is vulnerable to colli-
sions, and points to the need for a precautionary approach for
wind farms within the species’ range.

While it is dangerous to extrapolate fatality rates from studies
at a particular wind farm, or from a particular area, to a specific
site (Fielding & Haworth, 2010), lessons may be learned from
experiences with wind farms and other species of eagle, for ex-
ample Golden Eagle (Aquila chrysaetos), Verreauxs’ Eagle’s eco-
logical counterpart in the northern hemisphere.

Golden Eagles

Altamont Pass in California is a well-studied and well-publi-
cised example of a wind farm where there have been signifi-
cant raptor mortalities, particularly Golden Eagles. Fatality
rate estimates for Altamont Pass vary, partly as a result of dif-
ferent monitoring protocols (Smallwood & Thelander, 2008;
Smallwood & Karas, 2009). There is also inter-annual varia-
tion in fatality rates (Smallwood, 2013). Accounting for sev-
eral potential biases in the data, Smallwood and Thelander
(2008) estimated that 1127 raptors are killed annually, includ-
ing 67 Golden Eagles (0.11 golden eagle collisions per MW
per year).

Although the number of fatalities at Altamont Pass is high,
the annual fatality rate per turbine is not exceptional. Part of
what makes this situation stand out is the large number of
turbines involved (Drewit and Langston, 2006) — there are ap-
proximately 5400 wind turbines at Altamont Pass, covering an
area of 165km? (Smallwood & Thelander, 2008)

STEVE BOLAND

With a high density of raptors, combined with the large number of tur-
bines, Altamont Pass has become infamous for Golden Eagle fatalities.

Some authors suggest that Altamont Pass is a unique situa-
tion and the high fatality rates are as a result of the particular
characteristics of the site (Hunt, 2002). The population of rap-
tors, including Golden Eagles at Altamont Pass is particularly
dense (Hunt, 2002; Hunt & Hunt, 2006; Smallwood, Lourdes
& Morrison, 2009). Prey are abundant, which attracts and
supports the high numbers of raptors. The area is also top-
ographically varied, with deep valleys and mountain ridges
(Smallwood & Thelander, 2008). It has also been suggested
that design of the wind turbine (e.g. lattice towers) and the
layout of turbines (more closely spaced turbines than modern
layouts) at Altamont Pass may influence fatality rates (Bright
et al., 2008).

Despite the high levels of mortality at Altamont Pass, the
breeding population remains intact (all territories that were
occupied in 2000 were still occupied in 2005). This sug-
gests that even though the number of fatalities is high, there
are enough “floaters” to fill territories (Hunt & Hunt, 2006;
Smallwood & Thelander, 2008). Sub-adults and non-territo-
rial adults (floaters) have also been reported to be far more
vulnerable to collisions at Altamont Pass than juveniles and
breeding adults (Hunt, 2002). While this may seem reassur-
ing, there are concerns that Altamont Pass is a population
“sink”; the influx of birds from the surrounding area may have
effects on the broader population (Hunt & Hunt, 2006; Small-
wood & Thelander, 2008).

Golden Eagle fatalities have not only occurred at Altamont
Pass. Fatalities of this widespread species have been reported
at wind farms in the USA as well as in Europe. Fatality rates
vary and there seems to be a marked difference in reported
mortality rates in the USA versus Europe. There have been
few reported collisions in Europe (Hotker, Thomsen & Je-
romin, 2006).

Despite a large number of wind energy projects in Spain,
a review of the European literature found only one report-
ed casualty of a Golden Eagle due to collision with a wind
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Topography influences the flight behaviour of eagles and therefore
the risk of collisions.

turbine (Hotker et al., 2004). Camifa (2015) has collated a
total of 15 fatalities.

Wind farms in the United Kingdom also appear to pose a
low risk of collision to Golden Eagles. This may, however, be
because most wind farms are located in areas of low Golden
Eagle activity (Madders & Whitfield, 2006). By 2010 only two
operational wind farms had an active Golden Eagle range
within six kilometres of wind farm (although many more
have been approved) (Fielding & Haworth, 2010). There has
also been little post-construction monitoring, and data from
monitoring is not always accessible. While it is does seem that
mortality rates are much lower than those observed at Alta-
mont Pass, it may be to soon to conclude that wind farms pose
a low risk to golden eagles in the United Kingdom (Fielding
& Haworth, 2010).

White-tailed Sea Eagle
White-tailed Sea Eagle (Haliaeetus albicilla) is another species
that appears to be vulnerable to collision with wind turbines. In
Germany at least 13 White-tailed Sea Eagle mortalities at wind
farms have been reported (Hotker, Thomsen & Jeromin, 2006).
The Smela Archipelago in Norway is an Important Bird
Area, largely due to its unusually high breeding density of
White-tailed Sea Eagles (BirdLife International, 2015). De-
spite the IBA status, 68 turbines were erected on Smela. Be-
tween 2005 and 2010 at least 39 eagle mortalities occurred
as a result of turbine collisions (Bevanger et al., 2010; May et
al., 2012), an average of 0.11 eagles mortalities, per turbine,
per year. These fatalities were not evenly distributed through
the wind farm, and a higher number of adults than sub-adults
and juveniles were killed (Bevanger et al., 2010). The eagles
were most vulnerable during spring (May et al., 2010), coin-
ciding with early part of the breeding season (i.e. brooding or
with newly hatched chicks) (Dahl et al. 2012). Eagles breeding
within or close to the turbines appear to be most vulnerable
(May et al., 2012). Fatalities as a result of collisions account for
more than half the detectable adult mortality at Smela. How-
ever, despite the high collision rate, the population of White-
tailed Sea Eagles at Smela appears to be stable; the number

of young eagles born on Smela and reproductive success in-
creased between 2002-2010 (May et al., 2012). Again, while
reassuring, the long-term implications of the impacts remain
a concern.

Several factors may influence the vulnerability of eagles to col-
lisions with wind turbines. However, the relative importance
of these factors, and how they interrelate, remains poorly un-
derstood (Strickland et al. 2011). Below are just some factors
that may have relevance.

Abundance and flight activity

It is often assumed that collision risk is related to bird abun-
dance and/or passage rates (e.g. (Smallwood & Karas, 2009),
however evidence to support this is equivocal (Ferrer et al.
2012, U.S. Fish and Wildlife Service, 2013, Gove et al,, 2013,
Marquesa et al. 2014). At Smola, the season with the most
White-tailed Sea Eagle fatalities coincides with the breeding
season, when flight activity is the greatest (Dahl et al., 2012).
While flight activity may influence collision risk, a number
of other factors are also likely to play a role (de Lucas et al.,
2008; Ferrer et al., 2012). Collision risk may, for example, be
reduced if birds are susceptible to being displaced (U.S. Fish
and Wildlife Service, 2013).

Results are preliminary, but at the wind farms where Ver-
reauxs’ Eagle collisions occurred activity rates measured before
construction did not suggest a particularly high risk, although
there was a slight peak in autumn (the season when the inci-
dents occurred)(Smallie, 2015b). This the time of year when ju-
veniles disperse along escarpments (Rob Davies, pers. comm.)
Avifaunal monitoring reports that have included observations
of Verreauxs' Eagles report a range of passage rates that can
vary markedly according to location of the vantage point and
the season. An analysis of monitoring reports suggest that pas-
sage rates, averaged across a study area, can range from less than
0.1 birds per hour to approximately one bird per hour, with a
median of 0.12 birds per hour. These figures should be treated
with caution as data collection and reporting methods vary, and
results may therefore not be directly comparable. Bearing these
constraints in mind, the majority of reported flights (approxi-
mately 55%) occurred at a height that could put birds at risk of
collisions (i.e. between 30 and 160 meters).

Topography and wind

The underlying landscape can influence the extent to which an
area is used by eagles (Madders & Whitfield, 2006), how an area
is used (Katzner et al. (2012), and collision risk (Ferrer et al.,
2012). Some raptors, including Golden Eagles show a preference
for flying along ridges (McLeod, Whitfield & McGrady, 2002).
Katzner et al. (2012) found that Golden Eagles tend to fly lower
when they are over steep slopes and cliffs, when compared to
flatter areas. Golden Eagles are also more likely to fly within
the rotor swept area of turbines on mountaintops, ridge-tops,
cliffs and steep slopes, placing them at greater risk of collision.
Thelander, Smallwood & Rugge (2003) report that Golden Eagle
fatality rates are higher for turbines located on slopes and in can-
yons at Altamont Pass. The aspect of a slope may also influence
collision risk (Thelander, Smallwood & Rugge, 2003); this may
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be as a result of a combination of factor that affecting flight be-
haviour including topography, wind direction and wind speed
(U.S. Fish and Wildlife Service, 2013).

Verreauxs’ Eagles are mountain specialists with a wing de-
sign suited to slope soaring. They often hunt in pairs and soar
along ridges (Davies, 1994). Davies (1994) reports that flight
activity of Verreauxs” Eagle is influenced by wind direction.
Eagles preferentially use slopes that are perpendicular to the
wind direction and amphitheatres facing the wind are par-
ticularly favoured. Modelling of Verreauxs’ Eagle movements
suggests that thermalling flight behaviour is more likely to
occur over relatively flat topography and in low wind condi-
tions (conditions conducive to the formation of thermals).
The average altitude above ground of thermalling birds is not
yet known, but this behaviour may place birds within the ro-
tor swept area and thus present an additional risk of collision
(Murgatroyd, pers comm.).

Behaviour
Collision risk may also be influenced by behaviour that causes
birds to be distracted in flight (e.g. hunting, mating, territorial
displays, and inter-species interactions) (U.S. Fish and Wild-
life Service, 2013). At Altamont Pass Wind Resource Area
birds appear to be at greater risk when foraging (thus prey
availability too may affect collision risk) (Thelander, Small-
wood & Rugge, 2003). Camifa (per comm.) also reports that
most collisions in Spain occurred while Golden Eagles were
hunting and it has been hypothesised that birds may go into
a “hunting trance” which renders them unaware of obstacles
such as spinning turbines (Sinclair and DeGeorge, 2016).
Verreauxs' Eagles have been observed to hang in the air,
almost motionless, for extended periods of time when hunt-
ing (Davies, 1994). They have a habit of flying at low heights
and at speed over rocky terrain during surprise attacks on
sun-basking rock hyrax (Rob Davies, pers. comm.). Ver-
reauxs Eagles also engage in aerial displays during courtship
and “cartwheeling” is usually associated with the defence of
territories (Gargett, 1990). It is therefore possible that they
could be risk when hunting, and during mating and territo-
rial displays.

Wind farms may affect birds through causing the loss or deg-
radation of habitat (Madders & Whitfield, 2006; U.S. Fish and
Wildlife Service, 2013). The implications of habitat loss can be
challenging to assess and study, particularly for non-breeders/
floaters (Fielding & Haworth, 2010).

In addition to direct habitat loss, activities relating to
the construction and operation of wind farms may lead to
displacement of birds (effective habitat loss) (Madders &
Whitfield, 2006; U.S. Fish and Wildlife Service, 2013), and
disturbance relating to wind farm activities could affect
breeding success and productivity of nearby eagle nests (U.S.
Fish and Wildlife Service, 2013).

Displacement effects have been reported for White-tailed
Eagles at Smola where fewer occupied and successful breeding
territories were recorded after the wind farm was constructed
(Bevanger et al. 2010, Nygard et al., 2010, Dahl et al,, 2012). It is
not clear if the reduced number of occupied territories was as a
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The risk of displacement and disturbance is possibly greatest during the
construction of a wind farm, when noise and activity levels are highest.

result of collision mortality, or due to displacement of birds, or
both (Dahl et al,, 2012). In the USA there is equivocal evidence
of displacement in Golden Eagles (Madders & Whitfield, 2006).
There are, for example, no Golden Eagles nesting in the Altamont
Pass Wind Resource Area (Hunt & Hunt, 2006). However, it is
not clear if this is as a result of displacement of eagles, or if it re-
flects the baseline condition, as research only really began after
the wind farm was constructed (U.S. Fish and Wildlife Service,
2012). Although there are few examples of wind farms close to
Golden Eagle territories in Scotland, there is some evidence to
suggest that eagles may be displaced, or partially displaced (Field-
ing & Haworth, 2010). The lack of before-after-control-impact
studies (Drewitt & Langston, 2006) and the low density of raptors
has limited the number of conclusive studies (Dahl et al., 2012).
Birds may respond differently to different types of distur-
bance and under different circumstances (Ruddock & Whit-
field, 2007) and it is unclear to what extent Verreauxs' Eagle
will be affected by habitat loss, displacement and disturbance
associated with wind farms. Human disturbance does appear
to be an important problem for Verreauxs’ Eagles (Whitting-
ton-Jones et al., 2013). There is evidence that Verreauxs Ea-
gles can become habituated; the breeding pair at the Walter
Sisiulu Botanical Gardens in Johannesburg being a case in
point (Symes and Kruger 2012), although it is not clear if this
example is typical of the species. At this stage, there is no evi-
dence of displacement at any operational wind farm in South
Africa; on the contrary, there are preliminary indications that
activity rates may increase post-construction although fur-
ther research and analysis is required to confirm this. It is too
early to determine if there has been any effect on breeding.

Opportunities to avoid and minimise impacts on eagles lie
largely within the planning phase of a project (i.e. before
construction).(U.S. Fish and Wildlife Service, 2013). The
mitigation hierarchy also dictates that impacts should first be
avoided, then minimised, and only then mitigated. It is there-
fore important that risk factors are taken into account as early
as possible in the project development cycle. Emphasis should
be placed on avoiding impacts though the careful location of
wind farms and wind turbines, before considering curtail-
ment and habitat management.
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Various studies have highlighted the importance of careful
siting of wind farms in reducing the risk of collisions (e.g.
Drewitt & Langston, 2006, Dahl et al. 2012, Marquesa et al.
2014). The most cost effective approach to mitigating impacts
is to study the area and identify landscape and biological fea-
tures that may be associated with risk (U.S. Fish and Wildlife
Service, 2013). For Verreauxs’ Eagle, such sites could include
breeding sites (recent or historical), physical features (e.g. to-
pography) or other areas of high use.

Avoid areas of high use and risky flight behaviour
To reduce the risk of collisions and displacement wind tur-
bines should be placed outside of the core territory of ea-
gles (e.g. the area where 90% of the eagle activity occurs).
Other areas associated with increased flight activity and/or
risky behaviour should also be avoided (e.g. Hotker 2008,
Katzner et al. 2012). These include ridge tops, cliffs, steep
slopes (Katzner et al,, 2012, Gove et al.,, 2013), escarpment
edges and particularly slopes that are perpendicular to the
prevailing wind direction (Davies 1994). These areas should
be assumed to represent areas of high flight activity, unless
monitoring data demonstrates otherwise.

Avoid nests and important breeding areas

Important breeding areas should be avoided (Dahl et al,

2012). The risk of impacts associated with disturbance, as well

the risk of collision for foraging and fledging birds can be re-

duced by avoiding placing turbines within certain distance of
known raptor nests (Gove et al., 2013) and it is common prac-

tice to recommend buffer zones (Ruddock & Whitfield, 2007,

Rydell et al., 2012).

In South Africa there has been some debate around appro-
priate extent of nest buffers for Verreauxs’ Eagles. This may
in part be due to the lack of clarity about the purpose of the
buffer, and uncertainly around how much flexibility there is
to amend recommended buffer widths in response to site-
specific data.

Buffers around nests are proposed for various reasons
including:

1. To limit disturbance during the breeding season,

2. To protect what is assumed to be the core activity area of
the territory, and therefore reduce risk of both collision
and displacement,

3. To protect recently fledged birds from collision risk during
the first few months after fledging (when flights are gener-
ally restricted to close to the nest).

The extent of nest buffers recommended for eagles elsewhere
in the world appears to vary according to the context (e.g. spa-
tial planning vs. wind turbine layout), the purpose of the buffer
(e.g. to reduce collision risk vs. reduce displacement and distur-
bance), and whether the buffer is intended as a guideline or is
intended to be strictly implemented across the board.

Where the sole intention is to protect eagles from distur-
bance (e.g. forestry, roads and tourist activities), recommend-
ed buffers can be as little as 200-500 meters (Bright et al.,
2008; Kaisanlahti-Jokimaki & Jokimaki, 2008). The distance
at which a bird might be affected by disturbance is likely to

vary, possibly influenced by the quality of the site, availability
of other suitable areas, and the investment an individual has
made in the site (Gill, Norris & Sutherland, 2001).

In terms of collision-risk, the assumption is that the prob-
ability of collisions decreases with increasing distance from
the nest. Where buffers are intended to indicate an area of
potential risk, proposed buffers can be as much as 6 km for
Golden Eagles (Bright et al., 2008; Hotker, 2008). In Scotland,
a buffer of 2.5 km around Golden Eagle nests is considered
to be of ‘high sensitivity” (Bright et al., 2008). The US Fish
and Wildlife Service (2013) assumes that wind farms that fall
within half an areas mean inter-nest distance present a high
risk to eagles and that the potential to avoid or mitigate im-
pacts is low.

It is recognised that concentric nest buffers are a crude ap-
proach, and may not reflect the actual use of a territory or sen-
sitivity to disturbance. It is unlikely that birds will use all areas
within the circular buffer to the same extent (Rydell et al. 2012).
It is therefore generally recognised that the width of the appro-
priate buffers may change in accordance with the local topogra-
phy, the nature of the disturbance, and sensitivity of the birds in
question (Bright et al., 2006; Ruddock & Whitfield, 2007, Rydell
et al. 2012, U.S. Fish and Wildlife Service, 2013).

Recommended nest buffers for Verreauxs’ Eagle

There have been few empirical studies on disturbance distanc-
es for Verreauxs’ Eagles and to date, specialists in South Africa
have relied on expert opinion when recommending buffers.
For Verreauxs’ Eagles proposed buffers have ranged from 500
m up to 3 km; 68% of reports analysed recommended buffers
of 1.5 km or more. Few specialist reports have provided em-
pirical justification for the buffer extent, although an analysis
of activity around eagle nests in the Karoo found that activity
was generally higher within 1 km of the nest sites, marginally
higher between 1 and 1.5 km, with no clear pattern beyond
that (Percival 2013).

BirdLife South Africa recommends a 3 km buffer around
nest sites. This figure is the radius of the mean 90% utilisation
distributions, based on data from eagles tracked using GPS dur-
ing the pre-breeding season in the Cederberg and Sandveld
(Murgatroyd pers comm.). It is also roughly half the mean inter-
nest distance averaged across sites in South Africa (excluding the
Gaap plateau)(see Table 1). In the absence of further evidence it
should be assumed these buffers indicate areas where the risk of
collisions and displacement is high, and no turbines should
be placed within this area. This buffer may be reduced (or in-
creased) should the results of rigorous monitoring (as outlined
below) indicate that this is appropriate and desirable (i.e. it must
be clearly demonstrated that there is a low risk). Under no cir-
cumstances should the buffer be less than 1.5 km around all
nests. This will help minimise the risk of disturbing breeding
birds, and reduce the risk of collisions, particularly of juveniles
(after fledging, the young usually spend 3-4 months exploring
the area close to the to the nest before leaving their parental ter-
ritory (Gargett, 1990; Davies, 1994)).

In order to protect areas around alternate nests and reduce
any incentive to disrupt nesting and/or breeding, nest buffers
should be applied to all alternate nests. Potential nest sites
should also be mapped and buffered as a precautionary ap-
proach, subject to monitoring data.
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Itis important to be aware that a nest buffer alone is unlike-
ly to be adequate to mitigate potential impacts on Verreauxs’
Eagles. Birds may move great distances away from the nest and
may regularly use habitat and perform risky flight behaviour
may kilometres away. In South Africa fatalities have occurred
more than 3.5 km from suitable Verreauxs’ Eagle breeding habi-
tat (Smallie, 2015b). It is therefore important to also consider the
spatial extent and relative use of an area by birds.

Turbine operation may be restricted to certain times of the
day, season, or in specific weather conditions that are associ-
ated with a high risk of collisions (Smallwood & Karas, 2009).
In order to ensure this approach is effective and efficient, a
detailed understanding of the risk factors is required. This is
a precautionary approach and relies on modelled risk, not the
actual presence of birds at risk (Marquesa et al. 2014) and may
result in a turbines being shut down for lengthy periods.

Shut-down-on-demand (i.e. stopping the movement of the
rotors during high risk periods), has been demonstrated to be
an effective mitigation measure for reducing Griffon Vulture
mortalities in Spain (de Lucas et al. 2012). Shut-downs can be
triggered by human observers, or by using automated devices
(e.g. radar or camera) (Marquesa et al. 2014). It is important
to note that automated devices do not eliminate the need for
human oversight.

The hunting behaviour of Verreauxs Eagle (i.e. tendency to
conduct surprise attacks) is such that it may be a challenge
to anticipate their behaviour and shut down turbines in time
to avoid a collision (Rob Davies, pers. comm.). The effective-
ness and feasibility of shut-down-on-demand for species such
as Verreauxs' Eagle, that may be resident and active through
the year, remains to be tested. Shut-down-on-demand should
therefore not be relied on as the primary mitigation measure,
although it should be seriously considered at sites where mor-
talities have occurred.

Hunting behaviour may be associated with increased collision
risk (Hunt, 2002) and some studies have suggested that the
high number of raptor mortalities at wind farms could be due
to raptors being attracted to the wind farm. The addition of
perching sites (e.g. fences, lattice-towers or other structures)
may attract raptors (Hotker, Thomsen & Jeromin, 2006) and
construction activities could cause prey numbers, and there-
fore raptor numbers, to increase (Hunt, 2002; Hotker, Thom-
sen & Jeromin, 2006).

Steps should be taken to ensure that Verreauxs’ Eagle’s pri-
mary prey (e.g. hyrax or mole rat) (Murgatroyd et al, 2016b),
does not become more abundant as a result of the wind farm
construction, by ensuring that excavated rocks are removed
from site, and any animal carcasses found on site should be
promptly removed. However, attempts to actively manage
prey should be carefully considered and the secondary en-
vironmental costs of prey management should always be as-
sessed (Hunt, 2002).

In Scotland, mitigation against habitat loss and collision
risk has included attempts to draw Golden Eagles away from a
wind farm site though creating suitable foraging habitat away
from a wind farm area (Walker et al. 2005, Fielding & Haworth,

2010). Supplementary feeding has also been mooted as miti-
gation for the loss of foraging habitat (Fielding & Haworth,
2010). Steps to enhance previously degraded landscapes may
be beneficial, but supplementary feeding is a complex issue.
Any management interventions should be carefully thought
out and include consideration of the broader ecological con-
sequences and demonstrate clear conservation benefits.

Habitat management does not negate the need for careful
siting of wind turbines and the mitigation hierarchy must
always be applied.

Nest removal and/or relocation of birds

The relocation of Verreauxs’ Eagle nests away from proposed
wind farm areas is not considered an effective or desirable so-
lution. Nest relocation has been attempted in the past for both
Golden and Verreauxs’ eagle, but there is mounting evidence
that this is not a satisfactory solution. A significant percent-
age return to their original territories, and non-breeding birds
may re-occupy vacated areas (Phillips et al. 1991).

There is a risk that some individuals may view the presence
of the eagles and eagle nests as an obstacle to the develop-
ment of wind farm. There is already evidence that Verreauxs’
Eagle nests have been intentionally removed from at least
one proposed wind farm site in South Africa. Such action
is both illegal and futile. It is also more likely to hinder the
development of a proposed wind farm, than to facilitate it.
Precautionary buffers must be applied where a nest site is
suspected, particularly when birds may be temporarily dis-
placed from an area. Specialists and developers are encour-
aged to take care when communicating with landowners
and other stakeholders with a vested interest in a proposed
wind farm to ensure these risks are understood.

Adaptive management is an iterative decision-making pro-
cess, used in the face of uncertainty, where management
policies and practices are continually improved through mon-
itoring and learning from the outcomes of previous approach-
es. It relies heavily on pre- and post-construction monitoring
data from individual projects (U.S. Fish and Wildlife Service,
2013). With the limited options available for mitigation once
a wind farm is operational, the increased burden of post-
construction monitoring, and the potential risk of unforeseen
costs associated with operational-phase mitigation, adaptive
management should not be relied on as a mitigation meas-
ure during the impact assessment process. The mitigation hi-
erarchy (i.e. first seek to avoid and then minimise) must be
adhered to. Adaptive management is, however, a critical ap-
proach to manage unforeseen negative impacts. Developers
and avifaunal specialists are encouraged to consult widely and
share experiences with adaptive management.

Note: these recommendations are intended to supplement
the BirdLife South Africa / EWT Best Practice Guidelines
for Birds and Wind Energy (Jenkins et al. 2015). A tiered ap-
proach to development should be adopted. This should start
with desktop screening where areas likely to be associated
with high risk (e.g. core habitat, potential breeding areas, and
topographical features associated with risky behaviour) are
earmarked as sensitive, and preferably eliminated from the
proposed development area.
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The half the mean inter-nest distance for Verreauxs Eagle in the
area should be used to help define the study area/broader im-
pact zone (e.g. the area surveyed should extend approximately 3
km, preferably more, from the nearest proposed turbine).

The BirdLife South Africa / EWT ‘s Best Practice Guidelines for
Birds and Wind Energy (Jenkins et al., 2015) recommend that
avifaunal impact assessments should cover a minimum of 12
months. Monitoring should span all seasons, and should prefer-
ably span several years to account for seasonal variation in flight
activity and inter-annual variation in the relative abundance of
species (Smallwood, Lourdes & Morrison, 2009). Species with
alternative nest sites may exhibit different levels of activity, de-
pending on the location and use of the different nests (Gove et al.,
2013). The U.S. Fish and Wildlife Service therefore recommend
sampling be extended for two years where wind turbines are
proposed within Golden Eagle territories (U.S. Fish and Wildlife
Service, 2012). Similarly, Scottish Natural Heritage (2010) also
recommend that the duration of monitoring be extended to cap-
ture years when alternate nests are used. BirdLife South Africa
therefore suggests that the duration of monitoring should be
extended to two years, where a wind farm may pose a signifi-
cant risk to Verreauxs’ Eagles, particularly where alternate nests
are some distance apart and/or turbines are proposed in areas
that may be associated with increased flight activity and/or risky
behaviour (see the decision tree, Figure 1, page 14).

If monitoring does not include years where alternate nests
are used, the impace assessment should consider how territo-
ry use might change if the alternate nests are occupied. (Scot-
tish Natural Heritage, 2010). Surveys of the habitat and prey
availability in surrounding areas may help provide an indica-
tion of the relative importance of the wind farm site compared
to other available habitat, and may also provide an indication
of the likely significance of displacement, should this occur
(Scottish Natural Heritage, 2010).

If a wind farm is proposed within potential Verreauxs Eagle
habitat, it is critical that dedicated surveys are conducted to
identify potential nest sites. Cliff-lines should be surveyed
for evidence of nesting, taking care not to disturb breeding
birds. Malan (2009) details appropriate survey protocols, but
BirdLife South Africa strongly recommends that suitably expe-
rienced and qualified specialists and field staft undertake these
surveys. Surveys should include the potential development
area, but must extend beyond the development footprint to
include the likely territory of any pairs observed regularly on
site (U.S. Fish and Wildlife Service, 2013) (e.g. approximately
3km from the nearest proposted turbine). If access to neigh-
bouring properties is not possible, a desktop analysis should be
conducted to identify potential nesting areas.

Where wind turbines are proposed within Verreauxs Eagle

Cliff-lines must be carefully surveyed for evidence of nesting and any
nests found within the broader impact zone of the wind farm should
be treated as focal points during following site visits.

territory, it is strongly recommended that the duration of
vantage point monitoring be increased from the minimum
recommended in BirdLife South Africa and EWT ‘s Best
Practice Guidelines for Birds and Wind Energy (2015) to
ensure that a representative sample of bird movements is
sampled. Douglas et al. (2012) found that increasing number
of hours at vantage point markedly reduced the variability in
the predicted collision-rate for White-tailed Eagle in Smela.
Scottish Natural Heritage recommends a minimum or 72
hours per vantage point per year if a wind farm is may affect
Golden Eagles (Scottish Natural Heritage, 2010). However,
the asymptote in variability (i.e. the point at which it levels
off) is likely to be different for different levels of flight activ-
ity. Douglas et al. (2012) therefore suggest that collision risk
assessments should include a consideration of the likely vari-
ability in the predictions, and acceptable levels of uncertainty.

In the absence of statistical analysis of monitoring time
versus the variability in collision risk predictions for Ver-
reauxs Eagles, BirdLife South Africa suggests that 72 hours
of vantage point per year should be considered the minimum,
where impacts on Verreauxs’ Eagle are likely (see Figure 1).

Where possible, monitoring should be conducted three to
five consecutive days, as this should help overcome variability
in flight behaviour related to weather and/or when the birds last
fed (Rob Davies, pers. comm.) Extra caution should be imple-
mented where turbines are considered on ridge tops and near
steep slopes (Katzner et al., 2012) and/or near nests. While there
are benefits to monitoring flight activity around nests, the risk
of disturbing breeding birds should always be considered when
determining the appropriate location of vantage points.

Analysis of vantage point data should account overlapping
viewsheds, areas that are not visible as a result of topography,
and detectability of birds.

Fieldwork must include the breeding season; flight activ-
ity is likely to increase during this time. Particular note should
be made of breeding display flights, as well as the flight be-
haviour of dispersing young, as these behaviours may be as-
sociated with an increased risk of collisions (Scottish Natural
Heritage, 2010). Interactions between neighbouring pairs may
also give an indication of territory occupancy and available
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habitat in the surrounding area. This implies that the frequen-
cy of surveys should also be increased from the minimum of
four surveys recommended in the Best Practice Guidelines.

The risk of collisions and displacement of eagles can be mini-
mised if wind turbines are not placed within their core terri-
tory (Fielding & Haworth, 2010) or areas heavily used by eagles
(U.S. Fish and Wildlife Service, 2013). While the focus of van-
tage point monitoring is usually limited to the developable area,
extending monitoring to include the entire territory of a pair
of eagles may be of significant benefit. This will allow data to
be gathered on the relative importance of the wind farm site
for the eagles, determine the potential significance of displace-
ment, and may point to areas that are more suitable for devel-
opment (Scottish Natural Heritage, 2010).

The U.S. Fish and Wildlife Service’s (2013) approach is to de-
fine “important eagle-use areas” — “eagle nest, foraging area, or
communal roost site that eagles rely on for breeding, sheltering, or
feeding, and the landscape features surrounding such nest, forag-
ing area, or roost site that are essential for the continued viability
of the site for breeding, feeding, or sheltering eagles”. Wind energy
projects that overlap or are close to these areas are presumed to
pose a risk to eagles (U.S. Fish and Wildlife Service, 2013). The
U.S. Fish and Wildlife Service (2013) suggests that the relative
extent and type of use of the site by eagles must be assessed if a
proposed wind farm has eagle nests within half the mean inter-
nest distance for eagles in the broader project area (they suggest
that if necessary mean inter-nest distance should be determined
though surveys during the study). This distance can be used to
delineate territories and assess the associated breeding eagles
at risk of mortality or disturbance. A more precautionary ap-
proach would be to use the maximum inter-nest distance for an
area, as this does not assume that the available foraging habitat
is equally valuable and that there is an equitable allocation of
resources amongst pairs.

Core territories of Golden Eagle can be identified through
Predicting Aquila Territory (PAT) modelling (Mcleod et al.

ANDREW PEARSON

With rigorous studies and careful placement of wind turbines, it
should be possible to minimise negative effects on Verreauxs’ Eagle.

2002). PAT models provide an indication of the percentage
use of an area by eagles by modelling factors such as distance
from the nest, topography, elevation, habitat and regional eagle
density (McLeod et al., 2002). They require detailed informa-
tion on habitat and topography, and necessitate observations
across a large part of the birds range (Fielding & Haworth,
2010). PAT models give an indication of the potential impor-
tance of an area for breeding eagles and can therefore be used
to assess the likely impact of developments. If a wind farm
is proposed within an occupied golden eagles range, Scottish
Natural Heritage (2010) reccommends that PAT modelling is
conducted. Similar models could be developed for Verreauxs’
Eagle in South Africa.

Tracking devices

The use of tracking devices (e.g. satellite/GSM devices) can
be valuable in helping provide a better understanding of the
flight behaviour and habitat usage of individual birds. Howev-
er, only individual birds can be monitored, which means that
there is a risk that not all birds using an area may be assessed.
There is also risk that birds fitted with devices may move out
of the area of interest. Handling birds and attaching devices to
them carries an inherent risk to study animals. There is some
evidence of negative impact on birds fitted with tracking de-
vices (Marzluft et al., 1997; Gregory, Gordon & Moss, 2003;
Phillips, Xavier & Croxall, 2003) and for this reason the U.S.
Fish and Wildlife Service discourages the use of tracking de-
vices for wind farm assessments. They rather recommend that
alternative approaches to studying birds should be used (U.S.
Fish and Wildlife Service, 2013).

Murgatroyd et al. (in prep.) recorded what appears to be
high a mortality rate of adult Verreauxs’ Eagles fitted with
transmitters. However, it is not clear if this was as a result
of the transmitters, or due to natural causes (e.g. driven by
a large ‘floater’ population). BirdLife South Africa therefore
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also suggests that a precautionary approach should be adopt-
ed. The costs and benefits of tracking must be carefully
considered alongside alternative survey methods. BirdLife
South Africa also strongly recommends that ethical clear-
ance should be obtained before embarking on a project that
involves tracking birds. For more information please see Bird-
Life South Africa’s position statement on the tracking of birds,
available at www.birdlife.org.za.

In order to maximise the benefits of tracking and avoid du-
plication, tracking data should be housed in a central reposi-
tory (e.g. Movebank) and the results of the project should be
published in a peer review journal. Tracking projects should
include a study of the effects of transmitters on the breeding,
longevity and behaviour. Studies should therefore include
visual observations of the behaviour of tagged eagles and the
breeding productivity of tagged birds should also be moni-
tored. It is also recommended that only tags that will facili-
tate locating birds should they die be used, so that the carcass
can be retrieved and a post mortem examination conducted
(Murgatroyd pers comm.).

5.6. ESTIMATING COLLISION RISK

Models to predict fatality rates can provide a useful indication
of the relative risk of collisions (U.S. Fish and Wildlife Service,
2013), but care should be taken to not to over-interpret the re-
sults (Whitfield 2009). Collision-risk models make a number
of assumptions, including predictions of species-specific bird
behaviour (Madders & Whitfield, 2006). They assume that the
risk of mortality increases with flight activity and bird abun-
dance, although evidence to support this assumption is equiv-
ocal (Gove et al., 2013). While these models may be useful for
comparing sites and layouts, they should be interpreted with
caution. Literature verifying fatality rate predictions for eagles
is limited and collision risk models would almost certainly
not have predicted the Verreauxs’ Eagle collision incidents in
South Africa (Smallie pers. comm. 2015). It is not clear if ad-
ditional data collection (as recommended in these guidelines)
would have yielded different results.

5.7. SIGNIFICANCE OF IMPACTS
Significance of collision risk
Bearing in mind the limitations of collision risk modelling,
potential (and actual) mortalities could be contextualised in
terms of the percentage of the population that may be lost.
The U.S. Fish and Wildlife Service (2013) suggests that if an-
nual mortality is between 1 and 5 % of the total estimated lo-
cal-area eagle population, these impacts should be considered
significant. A project is considered to be of high risk, and de-
velopment is not recommended, if the average annual number
of mortalities is greater than 5% of the total estimated local-
area eagle population. Projects that will cause the cumulative
eagle mortality to reach this level are also not recommended.
BirdLife South Africa recommends a more precautionary
approach when assessing the significance of potential impacts
on Verreauxs' Eagles. Confidence in predicted fatality rates is
low, and up-to-date, accurate data to contextualise predicted
fatality rates is not always available. Furthermore, even appar-
ently low collision rates have the potential to cause significant
population declines for raptors (Carrete et al., 2009; Dahl et
al,, 2012; Rushworth & Kriiger, 2014). BirdLife South Africa

SAMANTHA RALSTON-PATON
If wind energy is to be rolled-out on a large scale in South Africa, a
precautionary approach must be adopted to minimise cumulative
negative impacts on Verreauxs’ Eagle and other birds.

is of the opinion that any turbines placed within an area
regularly used by Verreauxs’ Eagle should be deemed to
pose a significant risk of collisions and should be relocated.
BirdLife South Africa suggests that wind farms should aim
for a target of zero Verreauxs Eagle mortality. Bearing this
in mind, we strongly encourage the inclusion of thresholds
in the Environmental Management Programmes for wind
farms; if annual mortality rates exceed a pre-defined limit,
operational-phase mitigation should be non-negotiable.

Significance of displacement

Displacement may reduce collision risk, but it also effec-
tively reduces the available habitat for a species (Fielding &
Haworth, 2010). The cumulative impacts of displacement can
be complex to unravel (Gill, Norris & Sutherland, 2001; Field-
ing & Haworth, 2010). For example, the value of the habitat
from which the birds are displaced and to what extent their
foraging requirements could be met elsewhere will affect the
significance displacement (Gill, Norris & Sutherland, 2001).
At this stage it is unclear to what extent Verreauxs’ Eagle will
be vulnerable to displacement (effective habitat loss), but
again a precautionary approach should be adopted when as-
sessing impacts.

Significance of disturbance

Much like displacement, it can be hard to quantify the signifi-
cance disturbance related impacts. However, the impacts of
disturbance will be important if it affects survival and fecun-
dity, and can ultimately cause a population to decline (Gill,
Norris & Sutherland, 2001). BirdLife South Africa would
consider any impacts that affect breeding success of Ver-
reauxs’ Eagle as significant and should be avoided.
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5.8. CONSTRUCTION-PHASE AND
POST-CONSTRUCTION MONITORING

There are high levels of uncertainty with regards to the poten-
tial effects of wind energy on Verreauxs’ Eagle. Before : after
studies, including vantage point surveys (Fielding & Haworth,
2010) will therefore be very valuable to record to what extent
displacement occurs and whether impacts are permanent or
short-term. Monitoring should continue through construc-
tion, as this intense period of disturbance may trigger chang-
es in eagle presence and behaviour. In particular, where nests
are located near a wind farm, no construction activities (e.g.
roads) should be permitted within 1 km of a nest during
the bredding season. If a breeding pair’s territory overlaps
with the wind farm, or if nesting may otherwise be affected by
activities related to the wind farm, the nest should be moni-
tored for breeding activity through the lifespan of the project.
Where possible the number of pairs and breeding success
(productivity and fledgling rates) should be recorded each
year, but care must be taken to ensure that monitoring activi-
ties do not disturb breeding birds.

6. RESEARCH

There are many gaps in our knowledge with regards to how

Verreauxs’ Eagles might be affected by wind energy facilities,

and how these impacts could be managed. Students, academ-

ics and specialists are encouraged to investigate the following
topics:

« Factors that affect the risk of collision. For example: how
do topography, environmental conditions, and prey avail-
ability influence collision risk?

« Do dispersing juveniles and non-breeding adults use
specific passage-ways (e.g. the escarpment)?

o What is the best model to predict core territories for Ver-
reauxs Eagle?

« What range of passage rates have been recorded, what in-
fluences this, and do passage rate influence collision risk?

« Does tracking affect breeding productivity, longevity and
behaviour?

« Population trends and sensitivity of local and regional
populations to additional mortality.

« Ecological and economic significance of the species. What
are the ecological and economic implications if the species
is lost from an area?

o Detectability of birds in vantage point surveys. Is the 2 km
survey radius adequate?

« Sensitivity of Verreauxs Eagle to disturbance. What are
appropriate buffers for nests to reduce disturbance?

« Does Verreauxs' Eagles activity in the vicinity of a wind
farm change after construction?

« How effective and feasible are mitigation measures (e.g.
curtailment and shut-down on demand)?

BirdLife South Africa encourages wind farm developers and op-
erators to help address these knowledge gaps. Research at wind
farms should be supported and encouraged, and avifaunal spe-
cialists working on projects should be permitted to share lessons
learned through short notes, reports and scientific publication.

7. CONCLUSION

Initial indications are that Verreauxs’ Eagles and wind tur-
bines are not compatible, at least not at a fine-scale. The
presence of eagles at a proposed wind farm site may not
be a fatal flaw to development, but it does suggest that sig-
nificant effort is required to ensure that risks to this iconic,
threatened species are minimised and mitigated. The declin-
ing conservation status of Verreauxs” Eagle, and lack of data
on the effects of wind energy on the species, necessitates a
precautionary approach. These guidelines are intended to be
a living document; as our knowledge grows, recommenda-
tions may be amended to reflect our improved understand-
ing of how best to ensure a future where renewable energy
and eagles can flourish.

ALBERT FRONEMAN
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