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The Cape Vulture is Endangered and endemic to southern 
Africa. Although to date there have been relatively few 

Cape Vulture fatalities reported at wind farms in South Af-
rica when compared to other sources of vulture fatality, wind 
energy has been identified as a potential new threat. Globally, 
numerous vulture fatalities have been recorded from colli-
sions with wind turbine blades and associated infrastructure. 
These guidelines therefore provide recommendations for site 
selection, monitoring, impact assessment and mitigation, to 
help ensure that expansion of wind energy in Africa does not 
present a new and serious threat to the species. 

BirdLife South Africa recommends that if a wind farm is 
proposed within the range of Cape Vulture, a stepwise ap-
proach to site selection and mitigation should be adopted. 
The risks and feasibility of the wind farm should be regularly 
reviewed before deciding to proceed with the next step in the 
assessment (Figure 1). 

site screening (location of wind farms)
The large foraging range of the Cape Vulture (thousands of 
square kilometres) and the potentially significant impact 
poorly planned wind farms could have on the species implies 
that large parts of the Cape Vulture’s distribution may be un-
suitable for the development of wind turbines. The impor-
tance of site screening cannot be overemphasised – negative 
impacts can be minimised by placing turbines well away from 
areas regularly used by Cape Vulture.

Site screening can begin with a desktop analysis using exist-
ing information but should be complemented by field work. 

Site screening should take the following into account:
a) The location of the proposed wind farm in relation to the 

distribution of the Cape Vulture
See Figure 2, and refer to the Southern African Bird Atlas 
Project 1 and 2. Areas with high SABAP2 reporting rates for 
Cape Vulture should be assumed to be of high sensitivity. 

b) The proximity of the site to Cape Vulture colonies and roosts
Cape Vultures can be expected to regularly use the air-space 
within 50 km around their roosts and breeding colonies. 
Vultures will occur well beyond these zones, but there is a 
lower probability of them occurring beyond these buffers. 
The location and status of known breeding colonies and 
roost sites should be confirmed, and the area surrounding 
the proposed wind farm should be thoroughly surveyed for 
previously unrecorded breeding and roost sites. A buffer 
of approximately 50 km around all colonies, and regular 
or seasonal/occasional roosts should be considered as high 
to very high sensitivity (with sensitivity influenced by dis-
tance from the roost/colony, as well as its size and loca-
tion). A buffer of approximately 18 km around breeding 
colonies should be considered as very high sensitivity. 

c) Topography and wind-scape
Increased flight activity and risky behaviour are likely 
along ridge tops, cliffs, steep slopes and wind corridors. 
These areas are likely to be of high sensitivity. 

d) The availability of food in the landscape (including exist-
ing vulture restaurants)
Livestock management practices and the availability of car-
rion around the proposed wind farm should be considered, 
especially the location of existing vulture restaurants (sup-
plementary feeding sites). Increased flight activity can be 
expected in the area around active vulture restaurants, and 
between vulture restaurants and roosts or colonies. 

e) Risk maps (once available)
Spatial risk assessment models can be developed to predict 
the presence and flight height of birds. Once available for 
the Cape Vulture, these maps will provide an additional in-
dication of potential collision-risk. 

f) The potential for cumulative negative impacts.
The number of operational and potential wind farms within 
a radius of at least 100 km of the proposed wind farm should 
be considered, including the results of pre-construction and 
operational phase monitoring (where available). 

Following consideration of all the above factors, the potential 
risks and limitations to development should be described and 
a preliminary indication of sensitivity (from low to very high) 
should be assigned. At this stage the risk assessment would 
largely be based on the probability of birds using the area and 
the risk of cumulative negative effects.  

data collection and analysis for impact assessment
Site screening relies primarily on existing data and the fac-
tors listed above must therefore be interrogated in more de-
tail during the impact assessment process (see Figure 1). If 
a wind farm is proposed within the distribution of the Cape 
Vulture, the location and status of all known as well as poten-
tial breeding colonies, roost sites and supplementary feeding 
areas within at least 50 km of the site should be checked. This 
should first be done during site screening and repeated during 
the assessment process. 

The duration and scope of fieldwork recommended for 
impact assessment must be guided by site screening (i.e. the 
preliminary assessment of risk to Cape Vulture) and as more 
data become available, the recommended approach to data 
collection and impact assessment should be revisited, and if 
necessary revised. 

Avoidance of high sensitivity and particularly very high sensi-
tivity areas is encouraged, but developers may decide to proceed 
with data collection to verify the risk. If a wind farm is proposed 
within high or very high sensitivity areas (i.e. if vultures are like-
ly to occur regularly and/or there is a risk of cumulative nega-
tive impacts) data collection must extend beyond the minimum 
protocols recommend in the BirdLife South Africa/EWT Best 
Practice Guidelines (Jenkins et al. 2015):
a) The duration of monitoring should be at least two years to 

allow for annual variation and increase statistical rigor.
b) Surveys should include the pre-breeding season (late 

March to early May), and the breeding season (May to 
December).

Summary and key recommendations
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c) A minimum of 72 hours per vantage point per year should 
be surveyed, and site visits should be timed to account for 
as much seasonal variation as possible (i.e. a minimum of 6 
site visits each year).

d) All occupied and potential breeding colonies and roost 
sites within 50 km of the proposed wind farm must be 
monitored according to standard survey protocols.

e) The use of technology to study the movements of vultures 
(e.g. radar, tracking devices, and/or wind current model-
ling) is strongly encouraged. 

f) The number of bird fatalities that might take place once the 
wind farm is operational should be estimated using a colli-
sion risk model (provided there is sufficient data from the 
site to support this). However, factors such as topography, 
bird behaviour, season, aggregation, wind direction and 
wind speed may also affect collision risk and should also be 
considered in the final assessment of risk. 

g) The risk of cumulative effects should be assessed.

If a site is found to be low or moderate sensitivity after screening, 
one year of data collection in accordance with the BirdLife South 
Africa/EWT Best Practice Guidelines (Jenkins et al. 2015), com-
bined with surveys for potential colonies and roosts in surround-
ing area, may be sufficient. However the scope of data collection 
should be regularly reviewed and it may be necessary to increase 
the survey effort if new information suggests the initial sensitiv-
ity rating should be increased. Conversely, if data collection sug-
gests that the initial assessment of sensitivity was too high (e.g. all 
known roosts/colonies are confirmed to be inactive, no new ones 
are found, and very low/no vulture passage rates are recorded), 
the duration of data collection could be reduced.

mitigation
Mitigation measures must be designed to achieve no net loss 
of biodiversity. Limited options are available for mitigation 
once a wind farm is operational. It is therefore critical that the 
mitigation hierarchy (i.e. first seek to avoid and then mini-
mise risk) is adhered to during planning. 
a) Wind farms and wind turbines should not be placed in ar-

eas with a high abundance of Cape Vulture, high passage 
rates, and where topographic features associated with risky 
flight are found.

b) Free spinning of turbines under low wind conditions, when 
turbines are not generating power should be avoided.

c) The design, location and alignment of new powerlines as-
sociated with the wind farm must be optimised to reduce 
vulture fatalities (collisions and electrocutions). No new 
powerlines should be permitted within 5 km of a colony. 
Where deemed necessary (i.e. following assessment by 
an avifaunal specialist), bird flight diverters should be in-
stalled and maintained to minimise collision risk. All new 
pylon structures must meet Eskom’s ‘bird-friendly’ stand-
ards to minimise the risk of electrocution.

d) Construction of associated infrastructure within 5 km 
of breeding colonies and roosts, particularly during the 
breeding season, should be avoided. 

e) Curtailment or shut-down-on-demand may help reduce 
the risk of collisions, but the feasibility and effectiveness of 
this approach for the Cape Vulture needs to be monitored 
and assessed. Shut-down-on-demand does not replace the 

need to first avoid and minimise impacts through the con-
sidered location a wind farm and its turbines but could be 
implemented to minimise the risk of residual negative im-
pacts, or as part of an adaptive management strategy.

f) The number of livestock and other animal carcases must 
be minimised at the wind farm and within nearby areas 
(e.g. within 2 km). A carcass management plan should 
be implemented, and birthing of livestock near turbines 
should not be permitted (alternatively turbines should be 
curtailed during calving and lambing season).

g) If the strategic location or removal of supplementary feed-
ing sites is proposed as a mitigation in order to reduce the 
risk of collisions to acceptable levels a) the mitigation hi-
erarchy must have been exhausted and b) the effectiveness 
of this approach must be verified during the preliminary 
avifaunal assessment and impact assessment process. Any 
new vulture restaurant must be located and managed so as 
not to increase risk to the birds. 

h) The effectiveness and desirability of reducing collision risk 
by stopping the supply of food at existing vulture restau-
rants must be verified during the preliminary avifaunal as-
sessment or impact assessment process.

The Environmental Management Programme for any wind 
farm where there is a potential risk of vulture fatalities should 
include clear impact management objectives, outcomes and 
actions that may be necessary to address this risk.

monitoring (construction and operational phase) 
and adaptive management
The duration and extent of operational phase monitoring 
should be increased for wind farms if there is a risk of multi-
ple Cape Vulture fatalities (i.e. the site is located in a high or 
very high sensitivity area):
a) Vantage point monitoring should continue through con-

struction. Monitoring Cape Vulture presence and move-
ments may be recommended throughout operation as part 
of an adaptive management strategy.

b) Breeding colonies and roost sites should continue to be 
monitored (where possible in collaboration with NGOs, 
state conservation agencies, and other wind farm operators 
in the area).

Physical features such as their large wingspan, weight and narrow 
field of binocular vision compromise vultures’ ability to perceive and 
response to obstacles in their flight path. 

chris van rooyen

hanneline
Sticky Note
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c) Carcass surveys must begin as soon as the first few turbines 
are turning (i.e. 10% of the turbines have been erected and 
are rotating) and should continue through the lifespan of 
the project.

d) If new powerlines are built, operational phase monitoring 
should extend to include the powerline – bird flight divert-
ers should be checked (and if necessary, replaced) and the 
area beneath the line should be surveyed for fatalities. 

Cape Vulture fatalities should be photographed, the GPS 
coordinates and estimated wind speed recorded, and imme-
diately reported to BirdLife South Africa, EWT, VulPro, the 
Department of Environmental Affairs (DEA) and relevant 
conservation authorities, and a mitigation strategy should be 
proposed. Injured birds must be transported to the nearest 

certified wildlife rehabilitation centre for treatment.
Wind farms are encouraged to go beyond demonstrating no 

net loss and should aim to achieve a net positive gain for the 
species. Once the mitigation hierarchy has been exhausted, 
residual impacts could be compensated through off-site con-
servation action. 

conclusion
These guidelines draw on our current understanding of the 
Cape Vulture, supplemented by research on vultures and 
wind farms in Europe. These recommendations will be peri-
odically reviewed and updated. With the implementation of 
the guiding principles outlined in this document we believe 
it is possible to develop wind energy in South Africa without 
negatively affecting the conservation status of Cape Vulture.

Figure 1. Decision tree outlining the recommended approach to site screening, data collection and impact assessment.

SITE SCREENING
Consult species distribution maps, SABAP1&2, existing data on colonies, roosts and feeding 
sites. Consider risk maps (where available), topography, wind-scape. Check status of known 

breeding and roost sides, and survey area for previously unrecorded sites.

DATA COLLECTION
Increase monitoring effort (i.e. confirm 

status of known colonies and roosts, 
check for new ones, increase monitoring 
to 72 hours per vantage point per year, 

consider radar and/or tracking).
Regularly review risk assesssment.

DATA COLLECTION
Follow Best Practice Guidelines, plus 

repeat surveys for potential colonies and 
roosts in surrounding area.

Regularly review risk assessment and  
approach to data collection.

Finalise EIA

Extend monitoring to 
two years (consider 

abandoning project)
Finalise EIA

LOW TO MODERATE SENSITIVITY
Cape Vulture likely to be an occasional visitor
(e.g. within the species distribution, but more than 

50km from roosts and colonies, well away from 
vulture restaurants, plus no topographic features 

associated with risk and low SABAP reporting rates)
AND

low risk of cumulative impacts
(i.e. few turbines with environmental  
authorisation within 100km of site)

HIGH TO VERY HIGH SENSITIVITY
Cape Vulture likely to frequent area

(e.g. high SABAP reporting rates, less than 50km 
from roost, colony and/or vulture restaurant, 

topographic features associated with risk)
OR

Risk of cumulative impacts
(i.e. many turbines with environmental  

authorisation within the Cape Vulture distribution 
and within 100km of site)

LOW RISk
(e.g. known roost/ 

colonies inactive, no 
new ones found, and 
very low/no passage 

rates recorded)

MODERATE TO
VERY HIGH RISk

Cape Vulture 
collision likely

LOW RISk
(e.g. beyond roost, 

colony and feeding site 
buffers, no topographic 

features associated, 
with risk, plus no/few 

birds observed)

MODERATE TO
HIGH RISk

(e.g. within buffer of  
previously unrecorded 
roosts or colonies, or 

moderate to high  
passage rates recorded)
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1. INTRODUCTION

The demand to produce energy from renewable resources 
has increased alongside global energy consumption (Sai-

dur et al. 2011). This form of energy production can help re-
duce carbon emissions – a long-term goal for many countries 
and an effective way to mitigate the effects of global climate 
change on biodiversity (Leung and Yang 2012). However, 
some renewable energy installations can have detrimental 
environmental impacts (Drewitt and Langston 2006, Gove 
et al. 2013, Loss et al. 2013, Rydell et al. 2016). Of particular 
concern is that threatened raptors may experience negative 
impacts if they collide with wind turbines and associated in-
frastructure (de Lucas et al. 2012a, Pagel et al. 2013).

The Cape Vulture Gyps coprotheres is considered a high pri-
ority species for impact assessment and mitigation at wind 
farms in South Africa. This is because of the predicted risk of 
collisions (due to their size, behaviour and habitat use), con-
servation status, and overlap with proposed and operational 
wind farms (Retief et al. 2013, Ralston-Paton et al. 2017). 

The Cape Vulture is endemic to southern Africa (Mundy et 
al. 1992) and has the smallest distribution of any Old-World 
vulture species (i.e. vultures that inhabit Europe, Asia, and Af-
rica) (Mundy et al. 1992, Piper 2005). In 2015, the Red List sta-
tus of the Cape Vulture was up-listed to Endangered because 
the population had decreased by 50% over three generations 
(Allan 2015, Ogada et al. 2015b). The species currently faces 
numerous threats including collisions and electrocution with 
electrical infrastructure, inadvertent poisoning and poaching 
(Allan 2015, Botha et al. 2017). 

There is growing interest in developing wind energy in 
the Eastern Cape Province, an important area for the Cape 
Vulture. A number of wind farms are planned, and some are 
already operational in areas where interactions with Cape 
Vulture are possible. Cape Vulture occur regularly in at least 
three Renewable Energy Development Zones (areas where 
the large-scale development of wind energy will be promoted) 
(Avisense 2015), as identified in the first phase of the Strategic 
Environmental Assessment for wind and solar photovoltaic 
energy in South Africa (SEA) (CSIR 2015). 

To avoid adding further pressure to the species, which 
could contribute to irreversible population declines and lo-
cal extinctions (Rushworth and Kruger 2014), guidelines are 
needed to help wind energy develop with the least negative 
effects on the species. This document provides an overview of 
our current understanding of the likely impact of wind tur-
bines on the Cape Vulture and offers guidance on how the im-
pacts should be assessed, avoided, mitigated and monitored. 

These guidelines focus on a project-based approach, but the 
importance of thorough strategic environmental assessment 
cannot be overemphasised. “The most effective way to detect 
and avoid severe environmental impacts of wind energy de-
velopments is to perform Strategic Environmental Assessments 
(SEAs) at large spatial scales. SEAs enable strategic planning 
and siting of wind energy developments in areas with least en-
vironmental and social impact whilst maintaining economic 

benefits” (Botha et al. 2017). However, it must be noted that 
BirdLife South Africa does not endorse the outcome of the 
first phase of the SEA due to the failure of this process to ad-
dress the cumulative risk to Cape Vulture and other species.

While the effects of wind farms on Cape Vultures have not 
been well studied, understanding the effect wind turbines 
have had on European and Asian vultures can provide valu-
able insights for their African counterparts. Wind farms have 
been operational in Spain for decades and several articles 
have been published on factors that might influence the risk 
of collision for Eurasian Griffon Vulture Gyps fulvus (e.g. Bar-
rios and Rodríguez 2004, Carrete et al. 2012, de Lucas et al. 
2012a). This species is similar to the Cape Vulture in regard to 
its flight patterns, behaviour, vision morphology, and colonial 
cliff breeding strategies (Mundy et al. 1992, Carrete et al. 2012, 
Martin et al. 2012). These guidelines draw on lessons from 
these examples, but it is important to note that there are dif-
ferences in vulture population size, land use, food supply, and 
human population densities that must be taken into account. 
As our knowledge grows, the recommendations contained in 
these guidelines may be amended to reflect our improved un-
derstanding of how vultures can flourish alongside increased 
generation of renewable energy. 

These guidelines expand on the recommendations in the 
BirdLife South Africa/Endangered Wildlife Trust Best Prac-
tice Guidelines for Birds and Wind Energy (Best Practice 
Guidelines) (Jenkins et al. 2015). These documents should 
therefore be read together.

Cape Vulture and Wind Farms: Guidelines for 
impact assessment, monitoring, and mitigation

Areas associated with increased flight activity and/or risky behaviour 
(for example ridge tops, cliffs, steep slopes) should be considered as 
high sensitivity. 

chris van rooyen
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2. POTENTIAL IMPACTS Of WIND ENERGY ON CAPE VULTURE

2.1 fATALITIES ASSOCIATED WITH 
WIND TURbINES AND ASSOCIATED 
INfRASTRUCTURE 
The Cape Vulture is a large bird, weighing on average 9 kg 
with a wingspan of 2.55 m (Mundy et al. 1992). As a result, 
they have a high wing load and cannot respond rapidly to ob-
stacles in the air. Gyps vultures (a genus of Old World vulture, 
which includes Cape Vulture) also have a small frontal binoc-
ular field that creates large blind spot areas in the direction of 
travel (Martin et al. 2012). Tracking data from two adult Cape 
Vultures captured in the Maluti-Drakensberg area indicate 
that 61.7% of the recorded flights were less than 100 m above 
ground level (i.e. potentially within the rotor swept area) 
(Rushworth and Kruger 2014). Their size, the slope-soaring 
behaviour, limited visual field, and large foraging range could 
make Cape Vulture particularly susceptible to collisions with 
man-made structures such as wind turbines and powerlines 
(Bamford et al. 2007, Martin 2011, Martin et al. 2012, Rush-
worth and Krüger 2014). 

At the time of writing, few (five) wind farms were opera-
tional in areas Cape Vulture had previously been recorded. 
Cape Vulture fatalities as a result of turbine strikes have oc-
curred at some of these wind farms, and preliminary moni-
toring data suggests an average fatality rate of approximately 
0.03 vultures per turbine per year (Smallie, unpublished data). 

Globally numerous vulture fatalities have been recorded 
from collisions with wind turbine blades and associated in-
frastructure (e.g. powerlines) (Smallwood and Thelander 
2008, Tellería 2009, García-Ripollés and López-López 2011, 
Camiña 2011, de Lucas et al. 2012a) and it is expected that the 
Cape Vulture will face a similar risk of collisions (Retief et al. 
2013, Rushworth and Krüger 2014). Old World Vultures that 
have died from collisions with wind turbines include Egyptian 
Vulture Neophron percnopterus and Eurasian Griffon Vulture 
Gyps fulvus (Carrete et al. 2009, Carrete et al. 2012, Ferrer et al. 
2012, Martínez‐Abraín et al. 2012). There is no evidence that 
Old World vultures learn to avoid turbine collisions (Johnston 
et al. 2014, Cabrera-Cruz and Villegas-Patraca 2016), which 
suggests that they are not only susceptible to collisions when 
turbines are first installed, but continuously throughout the 
lifetime of the wind farm (Carrete et al. 2012). 

Cape Vulture is a relatively long-lived species, with low re-
productive rates. At most a pair will raise one chick a year, and 
sexual maturity is only reached at 5 years of age (Mundy et al. 
1992). The species already faces numerous threats and addi-
tional losses as a result of poorly planned wind farms are like-
ly to accelerate population declines. Rushworth and Krüger 
(2014) calculated that just 80 wind turbines proposed in Leso-
tho could kill approximately 20-25 Cape Vulture a year. This 
increased the rate of decline of the local Maluti-Drakensberg 
Cape Vulture population from -2 % to -3 % per year and 
brought the predicted time to extinction forward by 80 years 
(from 220 to 140 years) (Rushworth and Krüger 2014). 

The removal of vultures from an area could have negative con-
sequences for the conservation status of the species and could 
also have implications for the local ecology and human health. 
The Cape Vulture is an obligate scavenger; it contributes to 

nutrient recycling, prevents possible mammalian disease trans-
missions, and provides a carbon-neutral waste removal service 
(Dupont et al. 2012, Ganz et al. 2012, Ogada et al. 2012). 

2.2 DISTURbANCE, HAbITAT LOSS AND 
DISPLACEMENT 
Cape Vulture have been recorded at a few operational wind 
farms in South Africa (albeit in low numbers) and at this stage 
there is no evidence of displacement (effective habitat loss) 
(Ralston-Paton et al. 2017). The large home ranges of the Cape 
Vulture is likely to buffer any effects of habitat loss associated 
with the development of wind farms. However, construction 
activities near a colony may affect breeding success and could 
lead to a colony being abandoned. 

Construction (buildings and fences) and large-scale tim-
ber harvesting during the breeding season at the base of a 
Cape Vulture breeding colony in Botswana was thought to 
have contributed to low fledgling rates (Borello and Borello 
2002). The Nooitgedacht colony (in the Magaliesberg) was 
abandoned in the 1960’s after construction of microwave 
transmission towers near to the breeding cliffs (Tarboton & 
Allan 1984, Verdoorn 2004). While small numbers of Cape 
Vulture continued to use the site as a roost (Verdoorn 1997), 
no breeding was recorded again until 1991 (Verdoorn 2004). 
There are now approximately 140 breeding pairs at the site 
(Wolter and Hirschauer 2016), despite an access road located 
directly below the breeding cliffs that is still in use (C. Whit-
tington-Jones pers. comm.).

The type and repetitiveness of the disturbance may influence 
how vultures respond to disturbance. For example, Cape Vul-
ture at Potberg showed increasing agitation as the number of 
high velocity aircraft flights 5 km from the colony increased (K. 
Shaw pers. comm.). The quality of the site, availability of other 
suitable areas, and investment an individual has made in the site 
are all likely to affect how a species responds (Gill et al. 2001).

These guidelines draw on the best available information to help ensure 
the expansion of wind energy in southern Africa does not present a 
new threat to Cape Vulture. 

samantha ralston-paton
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3. RECOMMENDATIONS fOR SITE SCREENING, IMPACT ASSESSMENT & MITIGATION

A stepwise approach to risk assessment is recommended 
(Figure 1). This should start with desktop screening where 

the broad-scale risks associated with developing a wind find 
farm in the broader area are considered and landscape features 
likely to be associated with high risk are earmarked as sensitive, 
and preferably eliminated from further consideration for wind 
turbine development. This should be followed with preliminary 
data collection, and then detailed site surveys by an avifaunal 
specialist, where initial predications are tested, and the layout 
of turbines is finalised. The risks and feasibility of the proposed 
project should be regularly reviewed through the process. 

3.1 SITE SCREENING
The most widely accepted and cost-effective method to pre-
vent wind turbine related fatalities is to place wind turbines 
in areas where risks to birds is the lowest (de Lucas et al. 
2012b, Gove et al. 2013, Marques et al. 2014). For the Cape 
Vulture this implies that large areas within the species’ range 
may be unsuitable for the development of wind energy. In 
particular, placing turbines in areas associated with increased 
flight activity and/or risky behaviour of vultures should be 
avoided (de Lucas et al. 2012b, Rushworth and Krüger 2014).

If wind farm development is considered within the range 
of Cape Vulture (as per Figure 2 and the Southern African 
Bird Atlas Project 2) we recommend that before deciding to 
proceed with detailed data collection a coarse-scale assess-
ment of the risk to Cape Vulture should be conducted (i.e. 
site screening). This will give an early indication of potential 
limitations to development and help reduce risks due to im-
perfect sampling and stochastic events. Site screening should 
also be used to determine the appropriate scope of subsequent 
avifaunal surveys.

Early consultation with the stakeholders (e.g. BirdLife South 
Africa, VulPro, the Endangered Wildlife Trust, ornithologists 
and conservation authorities) is encouraged, and this should 
help ensure that the most up-to-date information is consid-
ered during this critical step. It is anticipated that a National 
Vulture Working Group will soon be established and would 
help facilitate the dissemination of relevant information.

If the development of a wind farm is proposed within the 
range of Cape Vulture, the following should be considered 
during site screening:
a) The location of the proposed wind farm in relation to the 

distribution of the Cape Vulture; 
b) The proximity to known colonies and roosts(and charac-

teristics of these sites);
c) How the topography and wind-scape might affect collision 

risk;
d) The availability of food in the landscape (including existing 

vulture restaurants);
e) Risk maps (where available);
f) The potential for cumulative negative impacts. 

species distribution 
The distribution of the Cape Vulture is limited to southern 
Africa. The species predominantly occurs in South Africa and 
Lesotho where the regional population is separated into three 

nodes, based on their geographical location (Figure 2). The 
south-eastern and south-western nodes are most likely to be 
affected by wind energy given the current spatial distribution 
of proposed wind farms and Renewable Energy Development 
Zones. The southwest-node comprises one remnant, isolated 
breeding colony at Potberg in the Western Cape, while the 
much larger south-eastern node spans Lesotho and the South 
African provinces of KwaZulu-Natal and the Eastern Cape. 
The south-eastern node supports approximately 40 % of the 
global population (Allan 2015). 

Southern African Bird Atlas Project 1 and 2 (SABAP) 
data should be consulted. Areas with high SABAP2 report-
ing rates for Cape Vulture should be assumed to be of high 
sensitivity, although the number of atlas lists submitted for 
a pentad should always be taken into account. However, the 
converse may not be true – several parts of the species range 
have limited atlas data, especially in the Eastern Cape, Kwa-
Zulu-Natal and Limpopo (Wolter et al. 2017) and the number 
of checklists for an area must always be considered. 

 
proximity to vulture colonies and roosts
Cape Vultures travel large distances. The average foraging 
ranges of adult Cape Vultures captured at the Msikaba Cape 
Vulture Colony, Eastern Cape, covered an area of 16 887 km2 
(± 366 km2) (Pfeiffer et al. 2015). Adult Cape Vultures cap-
tured in the North West Province and Namibia covered much 
larger areas (121 655 ± 90 845 km2 and 21 320 km2 respec-
tively) (Bamford et al. 2007, Phipps et al. 2013b). 

Vultures may be at risk of collisions throughout their en-
tire foraging range. However, the Cape Vulture is a communal 
cliff-nesting raptor and can form large breeding colonies on 
suitable rock formations (Benson 2015). Vultures also gather 
in the afternoon to spend the night sleeping at roosts (these 
can be on a cliff, on pylons, or in trees) (Mundy et al. 1992, 
Dermody et al. 2011, Pfeiffer et al. 2015). As adult breed-
ing Cape Vulture tend to be central place foragers (i.e. they 
usually forage within a certain area around a central colony) 
(Boshoff & Minnie 2011), the risk of collisions is likely to be 
greatest closest to these sites. 

It is therefore useful to consider the core foraging range 
as the area of greatest risk (e.g. Tellería 2009, Vasilaki et al. 
2016). Core ranges can be calculated using fixed kernel den-
sity estimates (KDE), a measures the density of records. For 
Cape Vulture, 50% KDE has be taken represent the core utili-
sation area (this is the area an individual is likely to occur 50% 
of the time). For example Phipps et al. (2013a) used 50% KDE 
to delineate the core forging range of vultures that were fitted 
with GPS-GSM tracking units and reported that 56% of all 
know the locations Cape Vulture mortalities caused by power 
line interactions overlapped with the combined core foraging 
range of the nine Cape vultures in the study.

Building on previous studies of core foraging areas for Cape 
Vulture which were limited by small sample size (e.g. Boshoff 
and Minnie 2011, Rushworth and Kruger 2014, Pfeiffer et al. 
2015), Venter et al. (2018) analysed data from 18 adult vul-
tures fitted with GPS/GSM transmitters. These birds occurred 
in both the northern and southern distribution nodes. The 
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mean radius for the 50% KDE was 49 km (breeding season) 
and 48 km (non-breeding season). 

It is therefore recommended that a buffer of approxi-
mately 50km around all colonies, and regular or seasonal/
occasional roosts is considered to be of high to very high 
sensitivity (with sensitivity influenced by distance from the 
roost/colony and of characteristics of the site).

At the time of writing, multiple Cape Vulture fatalities as a 
result of turbine strikes had occurred as far as 30 km from a sea-
sonal roost. Three of the four of vulture carcasses that could be 
aged were sub-adult birds (Smallie, unpublished data). 

The recommended buffer around colonies helps protect 
breeding vultures, as well as young, inexperienced birds. Ju-
venile Eurasian Griffon Vulture (i.e. less than 2 months from 
fledging) seem to have a harder time adjusting their flight 
performance during challenging conditions (such as high 
winds) and climb slower than adults (Harel et al. 2016). This 

could contribute to an increased probability of collision with 
wind turbines (Barrios and Rodríguez 2004, de Lucas et al. 
2012a). Juvenile birds accounted for the majority of Eurasian 
Griffon Vulture fatalities (51 % and 74 %) from wind turbine 
collisions in southern Spain (Barrios and Rodríguez 2004, de 
Lucas et al. 2012a). Although an opposite trend has been re-
ported for northern Spain, where 75% of the vulture fatalities 
at wind turbines were adults (Camiña, 2011). 

Martens et al. (2018) analysed the movement of juvenile 
Cape Vultures fitted with GPS/GSM devices in the Eastern 
Cape. The data indicated that juveniles tend to stay close to 
the colony for the first 100 days post-fledging; the core area 
(50% KDE) had an average radius of 18 km Martens (2017) 
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also found that the density of roosts for juvenile vultures 
was highest within 20 kilometres from the breeding colony. 
A buffer of approximately 18 km around breeding colonies 
should therefore be considered as very high sensitivity. 

A key step in site screening is therefore to determine the 
proximity of a proposed wind farm to known breeding colo-
nies or roost sites. A literature review should be conducted 
and the appropriate experts (e.g. BirdLife South Africa, EWT, 
VulPro and other ornithologists) should be consulted. EWT 
and VulPro both maintain a database of colonies and roosts – 
to obtain a shape-file contact Gareth Tate (EWT; garetht@ewt.
org.za) or Kerri Wolter (VulPro; Kerri.wolter@gmail.com).

Existing data on breeding colonies and roost sites is not always 
up-to-date and complete. Roosts are also more numerous than 
breeding colonies, and the sporadic use of these sites can make 
them difficult to document and monitor (Phipps et al. 2013b). 
The status of known breeding colonies and roosts within at 
least 50 km of a proposed wind farm should therefore be 
confirmed, and the surrounding area (within approximately 
50 km from the site) should be assessed for previously un-
recorded sites.

Potential roosts and colonies should be identified through 
a combination of a desktop-based GIS survey, local knowl-
edge, and analysis of tracking data (where available). Exten-
sive searching of suitable sites using a spotting scope should 
follow. Helicopters and drones could potentially be used to 
survey possible roost and colony sites, however, this should 
only be considered under the guidance of a vulture special-
ist, as it could disturb birds and affect breeding success. There 
are also Civil Aviation Authority restrictions that limit the use 
of drones. These should be considered and adhered to if this 
technology is to be used. 

Roosts and colonies should be classified according to the 
following definitions (from Boshoff et al. 2009): 
•	 inactive site (no birds present, no ‘whitewash’ or no fresh or 

recent ‘whitewash’); 
•	 seasonal/occasional roost (birds present or not present; 

fresh or relatively fresh ‘whitewash’; used on a seasonal or 
occasional basis, e.g. summer only); 

•	 regular roost (birds present, fresh ‘whitewash’; birds present 
throughout all or most of the year); 

•	 roost (status uncertain – either ‘seasonal/occasional roost’ 
or ‘regular roost’); 

•	 colony (nest building or presence of eggs, nestlings or 
fledglings).

They should also be described (e.g. man-made or natural). Py-
lon roosts may be difficult to categorize due to the absence of 
whitewash. For the purposes of these guidelines a precautionary 
approach to categorising roosts is therefore recommended. 

topography and wind-scape
The topography and wind-scape within the vicinity of the 
proposed wind farm should be assessed and areas associ-
ated with increased flight activity and/or risky behaviour 
(for example ridge tops, cliffs, steep slopes and wind current 
routes) should be considered as high sensitivity (de Lucas et 
al. 2012b, Rushworth and Krüger 2014). 

Bearded Vultures Gypaetus barbatus meridionalis in Le-
sotho prefer upper slopes, mountain-tops, and high ridges 

The use of colony and roost buffers for 
decision-making, and the relative importance 
of different colonies and roosts
The development of wind energy facilities within the recom-
mended 50 km colony/roost buffer (and especially within the 
18 km high sensitivity buffer around breeding colonies) is 
discouraged due to the risk of cumulative negative impacts. 
While these buffers do not automatically represent a ‘no go’ 
for wind farm development, they should be used to guide site 
selection, as well as the scope of data collection for impact 
assessment. The buffers indicate potential sensitivity; there 
are some limitations to the use of standard, circular buffers 
(discussed below), and there are also a number of other risk 
factors that must be considered in the impact assessment. The 
risks associated with developing wind turbines both within 
and outside of these buffers should therefore be subject to 
further interrogation throughout the process. 

Size and shape of buffer:
Birds from different areas may have different foraging ranges 
(Bamford et al. 2007, Phipps et al. 2013b, Pfeiffer et al. 2015) 
and size of the core home ranges vary between years (Venter 
et al. 2018). It is also possible that Cape Vultures from larger 
colonies have larger core areas to compensate for increased 
competition close to the breeding colony, as has been ob-
served in some colonial breeding gull species (Corman et al. 
2016). Vultures are also unlikely to use a perfectly circular 
area around a colony or roost (López-López et al. 2013, Phi-
pps et al. 2013b, Pfeiffer et al. 2015). It is therefore important 
to also consider the additional risk factors (e.g. topography, 
feeding sites and risk maps) as well as monitoring data gath-
ered for the purposes of impact assessment.

Size and location of colonies and roosts:
The size of the colony or roost is likely to influence the 
probability of collisions. There also is evidence that 
breeding success is positively influenced by nest density 
(Pfeiffer et al. 2017) and large colonies may act as source 
populations (Boshoff & Minnie 2011). Large colonies 
therefore warrant the highest level of protection (i.e. very 
high sensitivity buffers).

The proposed buffers do not take into account the den-
sity of birds using a site. In southern Spain large-scale 
aggregation of vultures (i.e. a measure of the distance be-
tween the turbines and colonies or roosts, combined with 
the number of birds at each site) was found to be a more 
powerful predictor of collision risk than just distance from 
breeding colony or roost (Carrete et al. 2012). Spatial ag-
gregation should therefore also be considered when as-
signing sensitivity. 

Although large colonies may be the most critical to protect, 
it is important to preserve the maximum number of breed-
ing colonies, regardless of the number of breeding pairs they 
contain. If vulture populations continue to decline, smaller 
breeding colonies may experience declines in breeding suc-
cess then abandonment. Small colony desertions would 
cause range contractions and concentrate breeding attempts 
at only the biggest colonies, increasing their vulnerability. 
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(Rushworth and Krüger 2014, Reid et al. 2015). Eurasian Grif-
fon Vultures follow wind currents, which are dictated by local 
changes in topography and allow the vultures to travel great 
distances with little energy (de Lucas et al. 2012b). These wind 
currents are often situated on ridges and cliffs, which provide 
orographic lift (de Lucas et al. 2012b, Katzner et al. 2012). It 
is along these wind currents that wind farms often find suit-
able conditions for generating power (de Lucas et al. 2012b), 
placing birds at risk of collisions. Collision risk for Eurasian 
Griffon Vulture also appears to increase with increasing eleva-
tion above sea level (de Lucas et al. 2008). The relationship 
between wind, topography and collision-risk is likely to be 
similar for Cape Vulture.

food availability 
The availability of food can affect the flight height and area 
used by vultures (Spiegel et al. 2013). The potential availability 
of carrion in and around the location of a proposed wind farm 
should be considered during site screening. This assessment 
should include the location of existing vulture restaurants, the 
type of livestock present in the landscape, management prac-
tices, land ownership and the availability of alternative food 
sources.

A mosaic of land uses is found within the vultures’ forag-
ing ranges including commercial and communal farmland, 
plantations, and protected areas (Pfeiffer et al. 2015). Adult 
Cape Vultures captured at the Msikaba Cape Vulture Colony, 
Eastern Cape, preferred communal farmland over commer-
cial farmland and it is assumed that this is because communal 
farmland offers better foraging opportunities because of nu-
merous livestock deaths (Vernon 1998, Pfeiffer et al. 2015). In 
contrast, the land use around the Potberg breeding colony in 
the Western Cape is dominated by commercial sheep farm-
ing operations and the breeding colony has persisted (Bo-
shoff and Currie 1981, Boshoff et al. 1984). This suggests that 
while there may be a preference for communal land, com-
mercial farmland does not preclude the Cape Vulture. The 
type of livestock present (e.g. cattle vs. sheep) and the poten-
tial availability of food as associated with different livestock 

A single mass-poisoning incident near one large remnant, 
breeding colony could further increase the likelihood of 
extinction (Ogada et al. 2015a). Reducing the number of 
breeding colonies may also constrict gene flow and produce 
a genetic bottleneck, which could further accelerate the de-
cline of the species (Bonnell and Selander 1974). 

Cape Vultures are also not restricted to roosting at the 
colony they breed at, and during both the breeding and 
non-breeding season adult vultures will roost at breeding 
colonies that are not their ‘own’ (Pfeiffer unpublished data). 
All colonies should therefore be regarded as important and 
warrant protection from the impacts of wind energy.

Breeding colonies vs. roost sites:
Colonies hold breeding populations and are therefore 
important for the persistence of the species and therefore 
warrant protection (Boshoff & Minnie 2011). Phipps et al. 
(2013a) argue that colonies are more important to protect 
than roosts, as roosts can be ephemeral and used by fewer 
vultures. However, small colonies, where no breeding ac-
tivity occurs might be considered as roosts, and some his-
torical roosting sites have a few breeding pairs (K. Wolter 
pers. comm.). Roosts may also enable birds to increase 
their foraging range, as they are not limited to foraging 
within flying distance of a colony (K. Shaw. Pers. comm.) 
Some roosts are likely to be more important than others 
based on their size, how regularly they are used, and how 
they are used. Roosts further away from colonies may be 
used differently to roosts close to a colony. Boshoff et al. 
(2009) reported evidence for the partial migration of Cape 
Vultures – roosts in the Eastern Cape Midlands were not 
used during the autumn–winter period (breeding season), 
but vultures were present during the spring–summer pe-
riod (non-breeding season). It is unclear how this might 
affect collision risk or the significance of impacts. 

Abandoned colonies and temporary roosts:
If colonies or roosts have not been used within the past five 
years, the appropriateness of implementing buffers should 
be considered based on the history, importance and poten-
tial of the site to be recolonized. 

Roosts can be ephemeral and used sporadically (Phipps 
et al. 2013a). For the purposes of these guidelines it is pro-
posed that the recommended high sensitivity buffers be 
applied to regular and seasonal roosts. However, tempo-
rary roosts may be important and the need for additional 
survey effort should be carefully considered and revisited 
throughout the assessment process.

Beyond buffers:
The buffers proposed above are unlikely to completely mit-
igate collision-risk. We know that both adult and juvenile 
Cape Vulture move much further than the proposed buff-
ers around breeding colonies and roosts (Jarvis et al. 1974, 
Phipps et al. 2013a, Rushworth and Kruger 2014, Pfeiffer 
et al. 2015, Martens et al 2018). It is therefore important to 
also consider the additional risk factors (e.g. topography, 
feeding sites and risk maps).

The type of livestock present in an area, land management practices 
and land ownership (i.e. communal vs. commercial) all affect the avail-
ability of food for vultures, which in turn influences how they use the 
landscape. 

morgan pfeiffer  
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management practices may also affect how vultures use the 
landscape (Kevin Shaw, pers. comm).

Vulture restaurants are used to provide a supplementary 
source of carrion to vultures and thus these sites may affect the 
likelihood of birds being present in an area, their behaviour, 
and the potential risk of collisions. López-López et al. (2013) 
found that vulture restaurants influenced the movement of 
Egyptian Vultures in Spain. Surprisingly, areas far away from 
nesting sites (20–30 km) were used more than some closer 
sites (< 5 km). The vultures in the study travelled long dis-
tances (250 km round trip) to some vulture restaurants. Wind 
farms should therefore not be established close to vulture res-
taurants (and conversely vulture restaurants should not be es-
tablished close to wind farms) (López-López et al. 2013). The 
appropriate size and shape of the buffer around existing vul-
ture restaurants should be influenced by how vultures travel 
to and from the site, how regularly the site is used, and the 
location of colonies and roosts in the surrounding area. Areas 
between a breeding colony or roost and an established feed-
ing site should therefore be considered as high sensitivity.

risk maps
Where available, risk maps can provide an additional layer for 
site screening but do need to be verified using data gathered on 
the ground. Pfeiffer (2016) used high-resolution tracking data 
from Cape Vultures in the Eastern Cape Province to predict 
the probability of vultures flying in the study area and flying at 
risk height. Average wind speed, distance from conservation 
priority sites (roost sites, breeding colonies, and supplemen-
tary feeding sites) were used to investigate their influence on 
Cape Vulture flight behaviour) and by using spatial variables 
to predict vulture presence, a probability map was generated 
to estimate relative collision risk across the landscape. Reid et 
al (2015) also developed a spatially explicit model to predict 
collision risk for Bearded Vulture. It is anticipated that initia-
tives to map risk collision will continue to improve.

cumulative impacts
While it may be theoretically possible to develop wind farms 
within the foraging range of Cape Vultures, a precautionary 
approach is strongly advised. The risk of cumulative nega-
tive effects must be considered during site screening (this 
should be repeated in more detail in the impact assessment 

process). As a guideline the number (and where possible im-
pacts) of operational and potential wind turbines (i.e. that 
have environmental authorisation) within a radius of at least 
100 km should be considered during site screening. 

3.2. IMPACT ASSESSMENT 
The duration and scope of fieldwork required to assess the im-
pact should be guided by the potential risk to Cape Vulture as 
assessed during site screening (i.e. based on the proximity to 
colonies and roosts, topography, food availability, and risk of 
cumulative impacts). 

If broad scale analysis suggests that there is potential for 
building a wind farm with minimal negative effects on Cape 
Vultures, but the site falls within the species’ range, the ap-
plicant should proceed to detailed data collection for baseline 
monitoring and impact assessment. This should proceed in 
accordance with BirdLife South Africa/EWT Best Practice 
Guidelines (Jenkins et al. 2015) as well as the recommenda-
tions of the avifaunal specialist. In addition to this, surveys 
should be conducted to verify the absence of active (seasonal, 
occasional or regular) roost sites, colonies and/or supplemen-
tary feeding areas within 50km of the site.

Developers may decide to proceed with data collection in 
areas identified as high or even very high sensitivity during 
site screening, but these projects should be considered as 
high-risk investments and are unlikely to have a positive out-
come for conservation. Subject to verification through data 
collection, high sensitivity areas should be considered “critical 
habitat” and thus most financial institutions should impose 
stringent requirements before they will support development 
in these areas (for more see IFC 2012). Data collection in high 
and very high sensitivity areas should follow the recommen-
dations outlined below. 

The assessment of the site sensitivity and the recommend-
ed data collection protocols should be regularly reviewed 
throughout the process, taking into consideration the fre-
quency that Cape Vulture are recorded on site, the availability 
of food, and other features associated with risk. 

All impact assessments should include consideration of the 
potential impact of associated infrastructure such as power 
lines and roads on vultures (Botha et al. 2017).

data collection within areas of high and very high 
sensitivity 
If a wind energy facility is proposed within a high sensitiv-
ity area (as assessed in site screening), data collection must 
extend beyond the minimum protocols recommend in the 
BirdLife South Africa/EWT Best Practice Guidelines (Jenkins 
et al. 2015), as outlined below. While these recommendations 
technically also apply to areas identified as very high sensi-
tivity during screening, BirdLife South Africa strong advises 
against investing in further studies as it is unlikely that the 
wind energy can be developed sustainably in these areas.

Duration and timing of data collection
Vulture activity levels and use of the landscape may differ year 
on year (e.g. Venter et al 2018) and avifaunal surveys should 
preferably span several years to account for seasonal variation 
in flight activity, and inter-annual variation in the relative abun-
dance of birds (de Lucas et al. 2008, de Lucas et al. 2012a, Jenkins 

A Cape Vulture feeds on carrion at a vulture restaurant in the Thomas 
River Conservancy, Eastern Cape. Vulture restaurants provide a supple-
mentary source of food for vultures and influence the presence and 
behaviour of vultures in the area. The proximity of a proposed wind 
farm to vulture restaurants should therefore be considered during site 
screening and impact assessment. 
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et al. 2015). BirdLife South Africa therefore recommends 
that the duration of monitoring should be extended to at 
least two years within areas of high and very high sensitivity. 

If the results of the first year of monitoring indicate that the 
assessment of sensitivity during screening was inaccurate (i.e. 
should have been lower), it may not be necessary to continue 
with data collection for two years. This should only be consid-
ered if: i) all previously recorded roosts and colonies within 
50km of the site are confirmed to be inactive and unlikely to be 
recolonized, ii) no previously unrecorded roosts or colonies are 
found within 50km of the proposed wind farm, and iii) no or a 
very low number of vultures are recorded during the surveys. 

It is also important to sample as much seasonal variability as 
possible. Vultures could be more susceptible to wind turbine 
collisions in particular seasons as movement patterns and be-
haviour may be affected by the time of year (Spiegel et al. 2013). 
In southern Spain the greatest number of vulture fatalities oc-
curred between September and February – corresponding to 
the Northern Hemisphere winter when thermal generation 
was weakest (Barrios and Rodríguez 2004, de Lucas et al. 2008, 
de Lucas et al. 2012a). This pattern differs between regions – a 
study of 89 wind farms across eight provinces in northern Spain 
found that the number of fatalities peaked in March and then 
declined until September (Camiña 2011). 

Cape Vultures also may demonstrate seasonal differences in 
behaviour and habitat use. For example in parts of the East-
ern Cape increased numbers of vultures have been recorded 
in spring–summer (the non-breeding season) (Boshoff et al, 
2009, Smallie, unpublished). Cape Vultures from the Msikaba 
Colony also showed seasonal variability in habitat use and 
birds in the non-breeding season had slightly larger home 
ranges than in the breeding season (Pfeiffer et al. 2015). 

Vantage point survey fieldwork should therefore include 
the pre-breeding season (late March to early May), as well as 

the breeding season (May to December). Site visits should be 
timed to account for as much seasonal variation as possible 
(i.e. a minimum of 6 site visits each year).

Focal point surveys
Accurate information on the status and location of each roost 
and colony is useful for the purposes of impact assessment 
and mitigation, and it will also help measure trends before 
and after the construction of the wind farm. 

All (occupied and potential) breeding colonies and roosts 
within 50km of a proposed wind farm should be treated 
as focal points during monitoring and impact assessment. 
Breeding colonies should be monitored according to the 
standard survey protocols (e.g. Benson et al. 2007, Wolter et 
al. 2011), as far as is practically possible. Where access is pos-
sible, and taking care not to disturb breeding birds, the num-
ber of pairs and breeding success (productivity and fledgling 
rates) should be recorded. Colonies should be visited at least 
three times during the breeding season to count the num-
ber of pairs (May), the number of chicks (July/August) and 
the number of fledglings (September/October) (Wolter et al. 
2011). Roosts should be visited more often (i.e. at least four 
times a year) and classified (as per Boshoff et al. 2009) and 
described (e.g. man-made vs. natural). As a minimum (i.e. 
where access is limited and at roost sites), notes should be 
taken on the number of vultures and direction of travel to and 
from these sites. Surveys should be done at dusk as vultures 
may leave a colony or roost when it is too dark to do counts at 
dawn (Kevin Shaw, pers. comm.). 

chris van rooyen

Roosts may be used sporadically and can be difficult to identify and 
monitor. An area of approximately 50 km around a proposed wind 
farm should therefore be surveyed for previously unrecorded roosts 
and colonies.
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Monitoring data for roosts and colonies could make a signifi-
cant contribution to the study of the species and it is therefore 
recommended that these data are shared with relevant stake-
holders (e.g. BirdLife South Africa, EWT, VulPro and DEA). 
Where possible, monitoring should be coordinated between 
neighbouring wind farms and local conservation organisations 
– there is no need to duplicate surveys. An efficient approach 
could be to appoint a local conservation organisation to contin-
ue, and if necessary expand existing monitoring programmes. 

Vantage point surveys
It is important to ensure that a representative sample of vul-
ture movements is sampled, particularly if a wind farm is 
proposed within a high-sensitivity area. This implies that 
time spent conducting vantage point surveys should be in-
creased from the minimum recommend in BirdLife South 
Africa /EWT‘s Best Practice Guidelines (Jenkins et al. 2015). 
Enough time must be spent to be able to accurately quantify 
flight activity and predict risk. However, flight activity can 
be variable, and the ideal number of hours spent conducting 
vantage point surveys will be influenced by the site, species, 
flight activity levels, and the acceptable degree of uncertainty. 
Increasing the number of hours of vantage point surveys will 
decrease the variability in the collision risk assessment, and 
more hours of monitoring may be required to reduce variabil-
ity (i.e. potential error) at sites with low levels of flight activity 
(Douglas et al. 2012). In the absence of statistical analysis of 
the uncertainty associated with a data set for Cape Vulture, 
it is recommended that an absolute minimum of 72 hours 
per vantage point per year should be surveyed (e.g. Scottish 
Natural Heritage, 2013). Vantage points watches should be 
conducted by a minimum of two persons (at the same time 
on the same vantage point). This will help minimise observer 
fatigue and distraction and promote accurate data collection. 

Vantage points should be located to ensure maximum 
coverage of the proposed development site. The direction of 
flight and height of vultures should be recorded at the first 
sighting, and then every 15 seconds thereafter. Flight height 
should be recorded in bands of 10 meters, preferably by us-
ing clinometers and range finders. These data can later be cat-
egorised into three broad bands (i.e. below, within, and above 
the rotor-swept area), depending on the turbine specifications 
proposed. Flight paths of Cape Vultures should be sketched 
out on topographic maps. Wind velocity and wind direction 
should also be recorded.

Tracking devices
Tracking devices (e.g. GPS/GSM devices) can be a valuable tool 
for understanding the flight behaviour and habitat usage of in-
dividual birds, and tracking data can be scanned to help identify 
roosts (which can be costly to find and may escape detection 
otherwise) (Pfeiffer et. al 2017). However, the costs and benefits 
of using tracking devices to help inform the placement of wind 
turbines should be carefully thought through. Devices should 
be selected and programmed to meet the purpose of the study, 
with consideration given to accuracy, the need for data on flight 
height and the frequency of recording locations. 

Cape Vulture are likely to move well beyond the boundaries 
of any single wind farm, and there is a risk that vultures fit-
ted with tracking devices might not move through the area 

of interest. Furthermore, only individual birds can be moni-
tored, which means that there is a risk the data collected will 
not be representative of all birds in an area. Age and overall 
health of the birds must also be considered when analysing 
data, this should include if the bird has been rehabilitated. 
Rehabilitated Cape Vultures have a lower survival rate than 
wild-caught birds (Monadjem et al. 2013), which may influ-
ence their movements. 

Cape Vulture can also be extremely difficult to capture and 
handle, and this should only be done under the supervision 
of suitably qualified and experienced individuals. Relevant 
protocols (e.g. Wolter et al. 2015) for capturing, handling and 
fitting tracking devices must be consulted. While no accounts 
of Cape Vulture fatalities from harnesses or tracking devices 
have been published, handling birds and attaching devices 
may carry a risk to study animals (Marzluff et al. 1997). Skin 
irritations have been observed (M. Pfeiffer, pers. obs.), but the 
long-term effect of this condition remains unknown. 

Before embarking on a project that involves capturing and 
tracking vultures, a permit must be obtained from DEA and/
or the provincial conservation authority (as per the National 
Environmental Management: Biodiversity Act (10/2004): 
Threatened or protected species regulations). BirdLife South 
Africa also strongly recommends that ethical clearance be ob-
tained. For more information please see BirdLife South Af-
rica’s position statement on the tracking of birds, available at 
www.birdlife.org.za.

Data gathered through tracking vultures can provide val-
uable information to guide the location of wind farms and 
powerlines. This approach is best suited to projects beyond 
the scale of most wind farms (e.g. strategic/regional planning 
and sensitivity maps). Collaboration and information sharing 

A Cape Vulture flies dangerously close to a wind turbine in the 
Eastern Cape.

Kate webster 
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among stakeholders is therefore strongly encouraged. In or-
der to maximise the benefits of tracking and to avoid duplica-
tion Tracking data should be housed in a central repository 
(e.g. Movebank), and the results of the project should be pub-
lished in a peer review journal. 

Radar 
Tracking devices are useful if the intention is to monitor the 
movements of individual birds over a wide area. In contrast, 
radar can be used to accurately record the movements of 
many birds in a limited area. Radar can record flight height 
and can eliminate some of the errors associated with human 
observation (Becker 2016). Some radar systems cannot dif-
ferentiate between species, but it may be possible to correctly 
identify Cape Vulture using certain types of radar equipment 
(Becker 2016). Although night-time movements of vultures 
are relatively uncommon, radar can also record flights when 
visibility is limited by light (Becker 2016). Radar does not re-
place the need for vantage point monitoring, but it can help 
improve precision of measurements and possibly reduce the 
amount of human observation time at a site. The use of radar 
in high sensitivity areas is encouraged, but precision should 
not be confused with accuracy – radar studies must still be 
well-timed (as a minimum radar surveys should be timed to 
coincide with the period of highest risk).

Radar may also be a useful tool to use when mitigating im-
pacts during the operational-phase (i.e. though shut-down-
on demand). 

Wind current modelling 
Wind current modelling can be used to predict the likely 
flight behaviour of vultures at the scale of a wind farm (de 
Lucas et al. 2012b). This method involves constructing a topo-
graphic model of the study site and recording the movements 
of objects through the model at different wind directions. 
Although costly and time-consuming, this method could be 
useful for proposed development sites that experience a mul-
titude of wind directions.

assessment of collision risk 
Impact assessments generally assume that collision risk is 
correlated to bird abundance and passage rates. However, 
there is conflicting evidence on the relationship between the 
abundance and/or passage rates of Eurasian Griffon Vulture 
and wind-farm fatalities in Spain (de Lucas et al. 2008, Fer-
rer et al. 2012). Barrios and Rodríguez (2004) reported that 
the highest number of vulture passes within 5 m of turbine 
blades were also near the turbines with the highest mortal-
ity rates. Another study found that although there may have 
been a trend between the predictive power of the EIAs (based 
on passage rates) and actual vulture fatalities, this relationship 
was not significant (Figure 3) (Ferrer et al. 2012). De Lucas 
et al. (2008) also did not find a simplistic linear relationship 
between abundance and collision mortality. 

Table 1 summarises average Cape Vulture passage rates 
and fatality rates at operational wind farms in South Africa 
to date. This data is provided for comparative purposes only. 
The survey effort was lower than is recommended in these 
guidelines and post-construction monitoring has only been 
conducted for a short time in South Africa.

The number of vulture fatalities that might take place 
once the wind farm is operational should be estimated us-
ing a collision risk model (Band et al. 2007, Scottish Natu-
ral Heritage 2009, Strickland et al. 2011, United States Fish 
and Wildlife Service (USFWS) 2012, Masden 2015) at all sites 
where there is sufficient data to estimate the risk. Collision 
risk models provide a useful and objective indication of the 
relative risk of collisions (USFWS 2013) and take many fac-
tors in addition to passage rates into account, including the 
characteristics of the wind energy facility and its turbines, 
flight height and speed, and a correction factor is used to 
account for uncertainties and behaviour (e.g. avoidance) 
(Strickland et al., 2011). The results of collision risk modelling 
can be used to compare different wind farm locations or lay-
outs and can help contextualise the predicted impacts on the 
local bird population. However, if collision risk models are to 
produce meaningful results it is important that the input data 
represents average conditions – this should be possible with 

Passage Rate (vultures/hour)

Pre-construction Post-construction 
Year 1 (Year 2)

Distance to nearest 
known roost or 

colony (km)

Collision rate 
(vultures/ 

turbine/year)

Wind Farm 1 0.02 0.26 24 0

Wind Farm 2 0.31 0 17 0

Wind Farm 3 0.13 22 0.45

Wind Farm 4 0.13 0.11 28 0.07

Wind Farm 5 0.34 0.64 (0.84) 12 0.03

Figure 3.  Non-significant correlation between Griffon Vulture 
mortality recorded in operating wind farms in Tarifa, Spain (square 
root transformed) and passage rates of vultures (r=0.379, n-20, p = 
0.099). The dotted curves represent 95% of prediction. Some wind 
farms in the study were not approved, the range of passage rates 
recorded in these projects is represented by the arrows and dotted 
lines. From Ferrer et al. (2012).

Table 1.  Average passage rates (measured using protocols outlined 
in Jenkins et al. 2015), distance to nearest nest and collision rate at 
operational wind farms in the Eastern Cape which have recorded 
the presence of Cape Vulture. Operational phase monitoring was 
conducted for as little as three months (Wind Farm 3) and much as 
36 months (Wind Farm 5) 
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the extended monitoring protocols recommended in these 
guidelines for sites of high sensitivity. Collision risk models 
make a number of assumptions (Whitfield 2009) and there is 
no literature verifying fatality rate predictions for Cape Vul-
ture. The results should therefore be interpreted with these 
limitations in mind. 

Predicting collision risk is not straightforward. Wind farms 
placed in dangerous areas with low densities of vulnerable 
species may be more hazardous than wind farms located in 
relatively safe areas with high densities of vulnerable species 
(Ferrer et al. 2012). In addition to passage rates and flight 
height, factors such as topography, bird behaviour, season, 
aggregation, wind direction and wind speed may all be im-
portant (de Lucas et al. 2012a, Ferrer et al. 2012, Carrete et 
al. 2012) and should be taken into account during all stages 
of the assessment.

assessment of cumulative impacts
The risk of cumulative negative effects must be considered 
during site screening and then again in more detail during the 
impact assessment processes. The World Bank Group (2015) 
recommends that cumulative impact assessments should be 
conducted when multiple wind farms are located in areas of 
high biodiversity value (e.g. core habitat for Cape Vulture). 
The appropriate spatial extent of the cumulative assessment 
should be determined by the avifaunal specialist, taking the 
receiving environment into consideration. As a guide we rec-
ommend that the cumulative effects of all established and po-
tential wind farms (i.e. wind farms that have environmental 
authorisation) within a radius of at least 100 km be considered 
during screening, but if multiple fatalities have been predicted 
during the impact assessment, it would be more appropriate 
to assess cumulative impacts on the regional population (e.g. 
through population viability assessment). This assessment 
should take into consideration impacts over the lifetime of 
the proposed facilities. 

For further guidance on cumulative impact assessments see 
DEAT 2004, SNH 2012 and IFC 2013. The cumulative effects 
study for wind energy in the Tafila Region in Jordan (IFC 
2017) also provides a useful example. 

mitigation
There are limited options available for mitigation once a wind 
farm is operational and the mitigation hierarchy (i.e. first seek 
to avoid and minimise) should always be adhered to. Mitiga-
tion measures should be designed to achieve no net loss of 
biodiversity (IFC 2012).

Planning phase (location, layout and design)
The considered location and layout of a wind farm and its tur-
bines is the most widely accepted and cost-effective approach 
to minimise impacts. Turbines should not be placed in areas 
with a high abundance of Cape Vulture, high passage rates, or 
where there are topographic features and other areas likely to 
be associated with a high risk of vulture collisions (as identi-
fied in site screening and verified by the impact assessment). 
This may require the avoidance of large areas of the landscape.

The location and alignment of new powerlines associated 
with the wind farm should also take the above factors into 
account. No new powerlines should be permitted within a 5 

km radius of a colony or roost (C. Hoogstad pers comm.). In 
areas where there is a high risk of collisions, above ground 
power lines should be avoided wherever possible and all new 
power lines must be marked with bird flight diverters and 
these devices must be monitored and maintained through-
out the lifetime of the line. All new powerlines installed must 
be of the ‘bird-friendly’ type in order to minimise the risk of 
collision and electrocution (Jenkins et al. 2010, Boshoff et al. 
2011) (for more information contact the Eskom-EWT Strate-
gic Partnership). 

Although rarely proposed in South Africa, BirdLife South 
Africa recommends that old lattice type wind turbine towers 
should not be constructed, as these provide numerous perch-
ing areas for raptors and may increase the probability of colli-
sions (Barrios and Rodríguez 2004). 

The implications of varying the name-plate capacity, hub 
height and rotor swept area should be assessed on a case-
by-case basis, informed by the predominant flight patterns 
on site. Some studies have found that fatalities increased 
with turbine height, but relationship between turbine height 
and collision risk is likely to be site- and species-dependent 
(Marques et al. 2014).

Free spinning of turbines under low wind conditions, when 
turbines are not producing power should be avoided (World 
Bank Group 2015).

Construction
Construction activities at or near breeding colonies and roosts 
should be avoided to minimise disturbing vultures at these 
sites (Tarboton and Allan 1984, Borello and Borello 2002, 
Verdoorn 2004). The extent of disturbance buffers has been 
debated internationally and little data exists to support rec-
ommended buffer sizes. To some extent this is a moot point 
for the Cape Vulture and wind farms, as the buffers proposed 
in these guidelines to minimise collision risk (for power-
lines and turbines) are likely to exceed disturbance distances. 
However, it may be possible that construction or upgrades to 
other infrastructure associated with a wind farm (e.g. roads) 
is proposed closer to colonies or roosts. Construction directly 
below or on top of a breeding colony or roost should not be 
permitted, and construction activities should not take place 
within 500 m of a breeding colony or roost (Kaisanlahti-Joki-
maki et al. 2008) (this value is based on eagle research and 
should be adjusted based on the vultures’ use of the immedi-
ate area). Construction near colonies during the breeding sea-
son (i.e. from egg laying, until the chicks have fledged) should 
be avoided (Borello and Borello 2002).

Operational phase
Operational phase mitigation and adaptive management car-
ries risks and uncertainties and should not be relied on at 
high-risk sites where avoidance would be more appropriate. 
However, short of excluding wind energy from vast areas of 
South Africa it will be impossible to reduce the risk of vulture 
collisions to zero. Where the level of risk is deemed acceptable, 
but there is still a small residual risk of collisions, provision 
for operational phase mitigation and adaptive management 
must be included in the Environmental Management Pro-
gramme (EMPr) to further reduce the risk. The EMPr should 
clearly describe impact management objectives, outcomes 
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and actions required to address potential impacts on vul-
tures. Before a project proceeds it is important that decision-
makers understand, and the wind farm developer agrees to 
the potential operational and cost implications of an adaptive 
management strategy. 

The following operational phase mitigation options could be 
considered:
1. Curtailment and shut-down on demand
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. This approach requires a 
clear understanding of the risk factors (Barrios and Rodríguez 
2004, de Lucas et al. 2012a). The collision risk for Eurasian 
Griffon Vulture was found to be higher at lower wind speeds 
(see Figure 7 from Barrios and Rodríguez 2004). In this exam-
ple, turbines could theoretically be curtailed during low wind 
conditions, when the impact on power generation would be 
low. However, curtailment may result in turbines being shut 
down for long periods. Turbines operating at night, for ex-
ample, would have a very limited impact on Cape Vultures, 
but could have major implications for the amount of power 
generated by a facility. 

 Shut-down-on-demand (i.e. stopping the movement of the 
turbines when there is a high risk of collisions) has been dem-
onstrated to be an effective mitigation measure for reducing 
(but not eliminating) Eurasian Griffon Vulture mortalities in 
Spain (de Lucas et al. 2012a). Shut-downs can be triggered by 
human observers, or by using devices (i.e. radar or cameras) 
managed under human surveillance (Marques et al. 2014, 
BirdLife International 2015, World Bank Group 2015). 

The effectiveness and feasibility of this approach for the 
Cape Vulture remains uncertain as the number of vultures 

and daily passage rates will affect how often turbines need 
to be shut down. Shut-down-on-demand is likely to be most 
effective when there are clear peaks in collision-risk. In the 
above example of Griffon Vultures in Spain fatalities peaked 
during the migratory period (de Lucas et al. 2012a), while 
Cape Vulture are not migratory. Since most Old-World vul-
ture species are resident, they may be exposed to risks asso-
ciated with a wind farm throughout the year, not just during 
a specific period (e.g. migration) (Barrios and Rodríguez 
2004). 

Shut-down-on-demand or curtailment should not be relied 
on as the primary mitigation measure (BirdLife International 
2015). However, it must be considered as part of the mitiga-
tion strategy if multiple Cape Vulture mortalities are expected 
to occur (or have been recorded) at a wind farm. The im-
plementation of shut-down-on-demand should be adaptive, 
guided by a well-developed, post-construction monitoring 
program and the cost implications of this approach must be 
taken into account at an early stage of the project planning 
(World Bank Group 2015).

2. Food availability
If a wind farm is established within an area where Cape Vul-
ture may occur it is important that the number of animal car-
casses is minimised, both at the wind farm and within nearby 
areas, as carcasses could attract vultures and increase the risk 
of collisions. A dedicated full-time team should be tasked 
with detecting and removing any dead livestock or other ani-
mals within or near to wind turbines (e.g. within 2 km). All 
operational staff should also be required to report carcasses 
as soon as they are observed. Carcasses should be disposed 
of in a way that would not attract birds, or they should be 
transported to safe locations that are well away from the 
wind farm. 

Calving and lambing near turbines (e.g. within 2km) is 
also strongly discouraged. This may require the wind farm 
to have agreements in place with the land owner and must 
be carefully considered during project planning. An alterna-
tive approach could be to curtail turbines during calving and 
lambing season. 

If limiting the availability of food on site is proposed as 
mitigation and is required to reduce collision-risk to ac-
ceptable levels a) the mitigation hierarchy must have been 
exhausted and b) the effectiveness of this approach must be 
verified during the preliminary avifaunal assessment and 
impact assessment process.

Vulture restaurants
It has been suggested that strategic placement of new vulture 
restaurants could influence the movements of vultures and 
reduce collision risk. While the use of supplementary feeding 
sites does have conservation merit and may be appropriate 
in the context of addressing existing threats (including from 
operational wind farms), a precautionary approach should be 
adopted if this is considered as mitigation for new wind en-
ergy facilities. 

In a study of Cape Vultures (largely from the northern-
node population), Kane et al. (2015) found that the location 
of colonies and vulture restaurants are both significant pre-
dictors of vulture presence. However, they found a stronger 

Figure 4. The interaction between height of flight at first contact 
with the observation area (i.e. above the turbines represented by 
the solid line vs. from below the turbines, dotted line) and wind 
speed on the putative risk index for Griffon Vulture (Gyps fulvus) 
at PESUR wind farm, Spain. Range of speeds of light/moderate 
winds: 4·6–12·5 m s−1; strong winds: > 12·5 m s−1. The risk index 
was defined as the frequency of risk situations (i.e. ratio between 
the number of birds observed within 5 m of the blades and the total 
number of passes or observations within 250 m of the turbine lines). 
From Barrios and Rodríguez 2004.
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association with roosts and colonies than with vulture res-
taurants, and supplementary feeding sites not reduce forag-
ing ranges. Vultures were found to range over large areas, 
including where there are no restaurants (Kane et al. 2016). 
A small percentage of the Cape Vulture population may be 
reliant on vulture restaurants for food, but there appears to 
be enough wild ungulate carcasses and livestock deaths in 
communal farmland to sustain vulture populations (Kane et 
al. 2015, Pfeiffer et al. 2015), particularly in areas with good 
wind resource (i.e. Eastern Cape). While vulture restaurants 
are used by adult Cape Vultures, they are not as dependent 
on vulture restaurants as younger birds (Pfeiffer et al. 2015, 
Reid et al. 2015).

A study in Asia showed that five tagged Oriental White-
backed Vultures Gyps bengalensis reduced their home ranges 
(by up to 59%), time in flight, and daily travel distances af-
ter vulture restaurants were established (Gilbert et al. 2007). 
However, the sample size was not representative of the popu-
lation, all vultures travelled beyond the feeding site (which 
was 1.4 km from the breeding colony), and there was no evi-
dence that the direction of travel was changed (Gilbert et al. 
2007). There are also a number of differences between Orien-
tal White-backed Vultures and Cape Vulture, including the 
size of their home ranges. 

Vulture restaurants must be located and managed so as 
not to unintentionally increase risks to the birds (EWT 2011, 
Cortes-Avizanda et al 2016). If a new supplementary feeding 
site is proposed, consideration must be given to the location 
of other wind farms (planned, as well as operational), and 
associated infrastructure. These facilities would also require 
management throughout the lifetime of the wind farm. The 
pros and cons of altering the foraging range of Cape Vultures 
should also be carefully considered as this may affect vulture 
ecology and the provision of ecosystem services. 

Where existing vulture restaurants are located in such a 
way that they may increase the probability of vultures trave-
ling across a proposed wind farm, collision risk could be re-
duced if the supply of food is stopped at the restaurant, or the 
feeding site is relocated. However, if a feeding site has been 
operational for some time (e.g. a year or more) it is likely to 
take some time for birds to unlearn the behaviour and vul-
tures may continue to visit the site even once a restaurant has 
been discontinued (K. Wolter pers comm.). This approach 
would also require the agreement and cooperation of the 
vulture restaurant manager and the knock-on effects should 
be carefully considered. Vulture restaurants have many ben-
efits including providing a safe feeding option, supplemental 
food in times of scarcity, and opportunities for tourism and 
research (Kane et al. 2015) which could benefit the overall 
conservation of the species. Vulture restaurants have in-
creased the survival rate of first-year Cape Vultures in the 
Western Cape, and the number of breeding pairs at a colony 
in KwaZulu-Natal (although not breeding success) (Piper et 
al. 1999, Schabo et al. 2016).

If the strategic location or removal of supplementary feed-
ing sites is proposed as a mitigation measure in order to re-
duce the risk of collisions to acceptable levels a) the mitigation 
hierarchy must have been exhausted and b) the effectiveness of 
this approach must be verified during the preliminary avifau-
nal assessment and impact assessment process.

The use of ‘shut down-on-demand’ may reduce the risk of turbine 
strikes in some circumstances, but the effectiveness and feasibility 
of this approach for Cape Vulture remains to be tested. Where it is 
proposed as mitigation, the cost implications must be taken into  
account by the applicant during the impact assessment process. 

samantha ralston-paton
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3.3 MONITORING AND ADAPTIVE  
MANAGEMENT

If a wind farm is established in a high sensitivity area the 
duration and extent of construction and operational phase 
monitoring should be significantly increased from the min-
imum requirements outline in BirdLife South Africa and 
EWT’s Best Practice Guidelines (Jenkins et al. 2015). 

Given the uncertainty with regard to the potential effects 
of wind energy on Cape Vulture and how negative impacts 
could be minimised, before-and-after studies, combined with 
carcass surveys, will make a significant contribution to our 
knowledge. 

Adaptive management is often proposed as a mitigation 
strategy in South Africa. It is an iterative decision-making 
process used in the face of uncertainty where the effective-
ness of management policies and practices are continually 
reviewed and improved. As such, adaptive management relies 
heavily on monitoring data (USFWS 2012). 

Wind farms are encouraged to go beyond demonstrating 
no net loss and should aim to achieve a net positive gain for 
the species. Once the mitigation hierarchy has been exhaust-
ed, residual impacts could be compensated through off-site 
conservation action. 

monitoring within high sensitivity areas 
Data from vantage point monitoring can be useful when as-
sessing options for operational-phase mitigation and vantage 
point monitoring should therefore continue through con-
struction and into the operational phase, according to the 
frequency and duration recommended by the avifaunal spe-
cialist. It may be necessary to relocate vantage points to avoid 
construction activities. 

Breeding colonies and roost sites identified and surveyed 
during site screening and impact assessment should be moni-
tored throughout the lifetime of the facility (as per the recom-
mendations for focal surveys above), and where possible in 
collaboration with NGOs and state conservation agencies and 
other wind farm operators in the area. 

Surveys for bird fatalities beneath the turbines must be ini-
tiated prior to the commercial date of operation and should 
continue throughout the lifespan of the project. These surveys 
should begin before 10% of the turbines have been erected 
and are rotating. 

If new powerlines are built, operational phase monitoring 
should extend to include the powerline – bird flight diverters 
should be checked (and if necessary, replaced) and the area 
beneath the line should be surveyed for fatalities (with a fre-
quency of approximately once a month, where feasible).

injuries and fatalities 
Fatalities of Cape Vulture (ad hoc or recorded during system-
atic surveys) should be carefully recorded and reported. The 
location of the carcass and estimated wind speed, the weight 
of the bird and approximate age (adult, immature or juvenile) 
should be recorded, and the carcass should ultimately be do-
nated to a museum. Monitoring reports should normally be 
submitted to relevant stakeholders every quarter (Jenkins et 
al. 2015). In the event of a Cape Vulture fatality, this should be 
immediately reported to the bird specialist appointed by the 

wind farm, BirdLife South Africa, VulPro, EWT and relevant 
conservation authorities (i.e. the DEA and provincial conser-
vation authority). Following consultation with experts, and 
consideration of the as the EMPr (which should include im-
pact management objectives, outcomes and actions relating 
to minimising risk to Cape Vulture), the avifaunal specialist 
should draft a report outlining the circumstances of the inci-
dent, the likely significance of the impact (including cumula-
tive effects from that particular wind farm over the period of 
operation, and negative effects from other wind farms in the 
area), and if necessary a mitigation strategy should be pro-
posed. Where necessary the specialist should propose amend-
ments to the EMPr.

The nearest certified wildlife rehabilitation centre should 
be identified in the EMPr (VulPro will be able to assist in 
identifying suitable facilities) and if a bird is injured from a 
suspected collision with wind turbine blades, or related infra-
structure, it should be transported to the facility where it can 
receive proper care. The injured birds should be examined, 
and the extent of the injuries documented. 

Monitoring birds before and after the construction of a wind farm 
provides an opportunity to verify predictions made during EIA pro-
cesses, and test the effectiveness of mitigation measures.

albert froneman
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4. CONSERVATION AND RESEARCH PRIORITIES 

5. CONCLUSION

There are many gaps in our knowledge regarding the Cape 
Vulture, how they might be affected by wind energy facili-

ties, and how these impacts could be managed. These include:
•	 A regular review of the location, size and status of Cape 

Vulture colonies and roosts (particularly in areas preferred 
by wind farm development, such as the Eastern Cape); 

•	 A review of the size and effectiveness of the recommended 
buffer sizes proposed in these Guidelines (including a 
study of the relationship between proximity to roost and 
colony and collision risk); 

•	 Ranking the importance of roost sites by vulture use, sea-
sonality, type (man-made or natural) and risk of collisions 
(this analysis would need to include historical data; data 
on which individuals use roosts would also be of value);

•	 Assessing carrion availability in relation to foraging ranges 
and breeding colony size;

•	 Assessing the viability of locating vulture restaurants to 
reduce wind farm fatalities;

•	 Creating a habitat suitability model to predict potential 
roost sites or breeding colonies;

•	 Determine how hub height and rotor swept area of wind 
turbines influences collision risk for Cape Vulture;

•	 Ecological and economic significance of the species (e.g. 
implications of loss of species from an area);

•	 Is collision risk associated with vulture age or with the 
proportion of risky flights in the rotor swept area? 

•	 Model Cape Vulture flight paths through wind develop-
ment areas;

•	 A statistical analysis of the optimal duration and timing of 
vantage point surveys required to quantify flight activity 
(and risk of collisions);

•	 The effectiveness and feasibility of mitigation measures 
(e.g. curtailment and shut-down on demand using differ-
ent techniques).

•	 Population Viability Analysis under different development 
scenarios. 

South Africa is at an advantage with regard to wind energy 
development and Gyps vultures, because of the wealth of 

information produced in Spain on the topic. Furthermore, 
South Africa is fortunate to have about 2.5-fold more land 
than Spain, which provides numerous opportunities for wind 
energy development away from areas where the potential for 
vulture collisions is high. Over 80% of South Africa’s land 
mass has enough wind resource for economic wind farms and 
can generate enough power to meet South Africa’s electric-
ity demand, with just 0.6% of the country’s land area (CSIR 
2016). While there are numerous other factors that constrain 
the area available wind energy development, we are optimistic 
that with careful site selection, rigorous monitoring, impact 
assessment and mitigation, it should be possible to develop 
wind energy in South Africa without negatively affecting the 
conservation status of Cape Vulture.
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