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Abstract

Anthropogenically induced climate change, coupled with the volatility of world oil markets,
has accelerated the global implementation of a variety of renewable energy technologies
(RETS). The southern African nation of Lesotho aims to utilise its aeolian resources by
harnessing the power of the wind through the development of wind farms. The Lesotho
government has approved the development of a 42 turbine wind farm in the Maluti-
Drakensberg in north-eastern Lesotho. The development of a wind farm in this area is
predicted to result in significant negative impacts on globally important populations of
Bearded Vulture Gypaetus barbatus and Cape Vulture Gyps coprotheres, in addition to six
other red-listed species, including Black Stork Ciconia nigra and Southern Bald Ibis

Geronticus calvus.

Concern over the impacts of wind farms on Lesotho’s avifauna has resulted in calls for the
development of an avian sensitivity map. Sensitivity maps have been developed in many
countries, including South Africa, in order to provide locational guidance for the siting of
wind farms and indicate areas where the development of wind farms could potentially result
in negative impacts on sensitive bird species. This study has developed an avian sensitivity
map for Lesotho by creating a species sensitivity index to determine the potential sensitivity
of Lesotho’s avifauna to wind farms and then mapping the distributions of 14 bird species
considered most at risk to identify areas of “medium”, “high”, “very high”, “maximum” and
“unknown” senstivity. Individual species maps were converted to 1-km square resolution
allowing for a Composite scoring map, selecting the highest sensitivity score for each square,
and a Cumulative scoring map, summing all sensitivity score within each square, to be

created.

The Composite scoring map indicated that 64.45% of Lesotho’s land area scored as “high” to

“maximum?” sensitivity, suggesting that the development of wind farms in these areas will



have a significant negative impact on Lesotho’s avifauna. It is recommended that any planned
development proposed for these “high” to “maximum” sensitivity areas should be subjected
to stringent, long-term environmental impact assessments in addition to adhering to the best
practice guidelines for wind energy projects in South Africa, with a rigorous 12 month
surveying and monitoring programme implemented prior to any construction stage. An
“unknown” sensitivity score was assigned to 21.93% of Lesotho, highlighting the knowledge
gaps that exist for Lesotho’s avifauna and the need for more comprehensive surveying within
these areas. Given the relative paucity of distributional data for many sensitive species in
Lesotho, I suggest that the Composite scoring maps are a better conservation tool, for
developers and conservationists alike, than the Cumulative scoring maps as they provides a
more accurate visual representation of the highest level of species sensitivity to wind farms in

Lesotho.
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1. Introduction

Biodiversity loss, climate change and the unsustainable demand for, and consumption, of
finite natural resources are three of the greatest challenges currently facing our planet
(Cincotta et al. 2000; Thomas et al. 2004; McKee 2004). The catalysing force driving each of
these challenges is the rapid global growth in human population, which has been ongoing in
the developed world since the Industrial Revolution (Lutz et al. 2001; Grimm et al. 2008). It
is predicted that population growth trends in developing countries will be analogous to those
which have taken place in developed countries, i.e. adhering to demographic transition theory
(Ezeh et al. 2012; Coale 1984). Consequently, the UN has projected that the global
population will increase to 9.6 billion by 2050, which will further exacerbate the difficulties
of addressing these three threats and intensify the “Anthropocene defaunation” that is

currently occurring throughout the world (Dirzo et al. 2014).

According to a recent article in Science, current species extinction rates, due to anthropogenic
influences, are up to a thousand times higher than the natural rate (Pimm et al. 2014).
Without urgent action to reduce biodiversity loss there will be catastrophic consequences for
humans, as we risk losing the ecosystem services that are essential to human survival and
civilization (Costanza 2000; Costanza et al. 2014). The successful transition from fossil fuel
reliance to low carbon economies, which effectively utilise renewable energy techologies
(RETSs) and maximise energy efficiency, will be crucial in mitigating the impacts of climate
change and the associated biodiversity loss these impacts are expected to cause (Bridge et al.
2013; Dincer 2000). The impacts of climate change on biodiversity are of particular concern
as mid-range climate change scenarios predict 15 to 35% of species globally will be
“committed to extinction” by 2050, with between 608 and 851 International Union for

Conservation (IUCN) red-listed bird species being highly vulnerable to climate change



(Thomas et al. 2004; Foden et al. 2013). However, it is crucial that the targets set for the
development of renewable energy are compatible with conservation targets (Nordhaus 2007).
Given most renewable energy sources have geographical restrictions, provisioning physical
spaces suitable for the deployment of renewable energy technologies presents a novel
challenge due to their, predominantly, land intensive nature; with wind, hydro and biofuels
having the largest impacts on land use (Hoogwijk & Graus 2008; Clinton et al. 2011,

Pimentel et al. 2002).

Mitigatory strategies for reducing the impact of renewable energy development on exisitng
land uses, such as land sharing/dual use and land sparing, are available and provide a means
for reconciling these potentially conflicting conservation targets and targets for increased
renewable energy utilisation (Phalan et al. 2011; Evans et al. 2009; Edenhofer et al. 2011).
However, national government implementation of these strategies is not ubiquitous,
particularly in countries where government policy tends to favour short-term economic
development over long-term biodiversity conservation (James et al. 2001; Fredriksson &

Svensson 2003).

The southern African nation of Lesotho has a population of slightly over 2 million
inhabitants, with 76% of the population living in remote, rural areas (REEEP 2012).
Household access to electricity is estimated at only 5% for rural areas and, given the lack of
existing infrastructure and the rugged terrain of Lesotho, the potential for connecting these
villages to the electricity grid in the immediate future is low without considerable capital
investment (MDP 2012; REEEP 2012). Global case studies indicate economic growth tends
to be synonymous with electricity consumption, therefore developing the energy sector in
Lesotho is viewed as a viable strategy that will result in employment creation, sustainable
human capacity enhancement and poverty reduction (Shiu & Lam 2004; Ghosh 2002; Wolde-

Rufael 2006; LEWA 2003). Currently, peak electricity demand in Lesotho reaches 140



Megawatts (MW), with Lesotho generating only 72 Megawatts from Muela hydropower
station, resulting in reliance on electricity import from Mozambique and South Africa (MDP
2012). Lesotho’s five-year electricity development plan has set a target for 40% of its
population to have access to electricity by 2020, effectively doubling the current nation-wide
figure of 20%, by exploiting the country’s renewable energy resources through the Lesotho
Highlands’ Power Project (LHPP) (MDP 2012; LEWA 2012). The aim of the LHPP is to
harness the country’s potential 6,000 MW of windpower, 4,000 MW from pump storage and
400 MW from conventional hydro-power in order to meet Lesotho’s electricity demand, with
the excess electricity generated, along with water, being exported to South Africa as part of a
bilateral collaborative agreement between Lesotho and South Africa (MDP 2012). Several
wind farms have been planned for development in Lesotho, with the Lesotho government
having given approval to the development of a wind farm at Letseng in the Maloti Mountains

(REEEP 2003; BirdLife South Africa 2014).

Comparative analyses indicate that wind power has an advantage over other RETSs in terms of
its technological maturity and reliability, its low greenhouse gas emissions and its cost
efficiency (Evans et al. 2009; Hahn et al. 2007; Herbert et al. 2007; Blanco 2009). While all
energy generating technologies are responsible for producing some form of pollution or
emissions during at least one stage of their lifecycle, wind energy differs from fossil fuel-
based energy generating technologies in that it does not emit greenhouse gases during its
operational stage, i.e. when wind turbine blades are rotating (Nugent & Sovacool 2014;
Kuvlesky et al. 2007). Wind energy already plays an important role for many countries in
contributing to a varied energy mix, with this contribution continuing to increase as turbine
and blade technology improves (WWF 2014; Herbert et al. 2007). However, although it is
accepted that promoting the development of wind farms will reduce the global energy

sector’s greenhouse gas emissions, and so assist in mitigating this anthropogenically caused
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driver of climate change, the scale of development and siting of wind farms has the potential

to result in negative impacts on wildlife, and in particular birds (Drewitt & Langston 2006).

Impacts of wind energy on avifauna

The impacts of wind energy facilities on birds can be divided into four categories; (i)
collision risk, (ii) displacement disturbance, (iii) habitat loss or degradation and (iv) barrier
effects (Langston & Pullan 2003; Drewitt & Langston 2006; McGuinness et al. 2015). Each
of these four potential effects can interact, which may result in either an increase in the
overall impact on birds or a decrease in the severity of a particular associated impact (Drewitt
& Langston 2006). Given the interactive nature of these impact factors, developing an
understanding of the severity of each effect is complex and difficult to determine. For
example, if a wind farm is sited in a location where it functions as a barrier to bird movement,
this may result in avoidance of the entire wind farm (i.e. macro-avoidance) and/or avoidance
of the rotor swept area of individual wind turbines (i.e. micro-avoidance) (Everaert 2014).
One effect of this increased site avoidance rate may be a reduction in collision mortality, even
though the knock-on effect could be an increase in energy consumption for birds circling the
wind farm site (Hill et al. 2014; Busch et al. 2013). While the existing literature indicates that
wind farms can potentially have a significant negative impact on bird abundance, the severity
of each impact on bird abundance is dependent on site- and species-specfic factors. For
example, bird abundance is negatively impacted by wind farms for raptors, including White-
tailed Eagles Haliaeetus albicilla in Norway, and Snipe Gallinago gallinago and Curlew
Numenius arquata in the UK (Pearce-Higgins et al. 2012; De Lucas et al. 2008; Bevanger et
al. 2010; Garvin et al. 2010). Not all wind farms have negative effects and other studies
indicate there is little evidence for any significant impact on relative bird abundance at wind
farms, post-construction, for other species, incuding Red Grouse Lagopus lagopus and

European Golden Plover Pluvialis apricaria in the UK (Douglas et al. 2011).
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To maximise the energy generating efficiency of wind farms, and in order for them to be able
to exploit consistently high average wind speeds, wind farms should, ideally, be sited in open
and exposed areas, as energy is typically maximised as the height of the turbine is increased
(Drewitt & Langston 2006). Although, surveys of how the general public perceive wind
power tend to show strong support for greater implementation of the technology, one of the
barriers to wind farm siting is Not-In-My-Backyard (NIMBY) syndrome. This tends to result
in the siting of wind farms away from urban areas, buildings and homes and has pushed their
development into upland, coastal and offshore areas (Wolsink 2000; Drewitt & Langston
2006; Devine-Wright 2005). The siting of wind farms in these areas, which often serve as
habitats for vulnerable breeding, wintering and nesting birds, has the potential to adversely
impact upon resident avifauna and other wildlife (Wang et al. 2015; Bright et al. 2008). In the
case of the Letseng wind farm, this development is within the breeding and foraging range of
the critically endangered Bearded Vulture Gypaetus barbatus and southern Africa endemic
Cape Vulture Gyps coprotheres and could result in significant negative population level

effects to both species (Rushworth & Kruger 2014; Kruger 2014).

The effects of wind energy facilities on birds are highly variable and dependent on a variety
of, potentially interacting, factors (Kuvlesky et al 2007). These factors include local
topography (influencing favoured soaring, hunting or migration corridors), habitats
(influencing nesting, roosting and foraging areas) and the species and behaviour of birds
located in the development area (Drewitt & Langston 2006; Barrios & Rodriguez 2004; Hull
& Muir 2013). In recent years an effort has been made to fill the knowledge gaps that
previously existed about the extent of the impacts that both onshore and offshore wind farms
will have on wildlife populations, particularly birds and bats. This has resulted in an
improved understanding of the species-specific impacts of wind farms and individual wind

turbines on birds (Ferrer et al. 2012; Hull et al. 2013; Doty & Martin 2013; Smallwood &
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Thelander 2008; Smallwood & Rugge 2009; Smallwood 2007). Although there still remains
an urgent need for continued research based on the species-specific impacts of wind farms
and individual wind turbines on birds, the existing research indicates that avoiding situating
wind farms in locations considered as sensitive bird habitats or where populations of
vulnerable and endangered bird species do not reside, is an effective mitigative strategy for
reducing the negative impacts of wind farms on avifauna (Langston 2013; Langston & Pullan

2003; Jenkins 2011).

Collision risk

One of the primary ecological drawbacks identified with wind energy is the concern over bird
fatalities caused by collisions with wind turbine blades and towers and associated wind farm
infrastructure, such as transmission lines (Marques et al 2014; Drewitt & Langston 2006;
Smallwood & Karas 2009). The factors influencing the collision risk of wind farms to birds
can be divided into three categories; (i) species-specific factors, including morphological
features, bird behaviour and bird abundance, (ii) site-specific factors, such as landscape
features, weather and flights path, and (iii) wind farm-specific factors, which include turbine
features, blade visibility and wind farm configuration (Marques et al 2014; Dirksen et al.
1998; Gove et al. 2013; Langston & Pullan 2003; Poot et al. 2011; Drewitt & Langston
2006). Seasonal effects have also been shown from studies by Bevanger et al. (2010) at the
Smgla Wind Farm in Norway. It was observed that the majority of the 39 dead or injured
White-tailed Eagles Haliaeetus albicilla collided with wind turbines in the spring, while all of
the 84 Willow Ptarmigan Lagopus lagopus fatalities, occurring between 2005 and 2010, were
by collision and predominantly occurred between March and June, indicating that the risk of
collision may also increase during the breeding season (Bevanger et al. 2010; Dahl et al.
2012). This increase in collision risk may be associated with courtship or specific aerial

displays of the species involved.
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Population level effects are of particular concern for birds susceptible to colliding with wind
turbines, due to behavioural and location-related factors, and that are already globally or
regionally threatened or endemic species (Gove et al. 2013; Katzner et al. 2012). The
literature indicates that the bird groups which are most at risk of colliding with wind turbines
are large raptors and other large soaring species, which utilise the same wind source as wind
turbines (Retief et al. 2010; Langston & Pullan 2003; Rydell et al. 2012; De Lucas et al.
2012). As a result of raptors occurring at relatively low densities, and being K-selected
species, any supplementary mortality from collisions can have negative population scale

effects at a local level (Drewitt & Langston 2006; Eichhorn et al. 2012; Dahl 2014).

The Tarifa Wind Farm in Spain is an example of a poorly sited wind farm, lying on a
migration route between Europe and Africa, that has resulted in negative population level
effects, through high levels of collision strike mortality amongst, predominantly resident,
raptor and vulture populations (Barrios & Rodriguez 2007; De Lucas 2012). Significant
population level effects were also reported at the 165 km? Altamont Pass Wind Farm in
California, where a search for bird carcasses within 50 metres of 4,074 wind turbines over
periods ranging from 6 months to 4.5 years resulted in estimated annual wind turbine caused
birds fatalities of 67 Golden Eagles Aquila chrysaetos, 188 Red-tailed Hawks Buteo
jamaicensis, 348 American Kestrels Falco sparverius, and 440 Burrowing Owls Athene
cunicularia (Smallwood & Thelander 2008). To date, there is a scarcity in the existing
literature of population models having been used to demonstrate the population level effects
of wind farms on birds. However, when used they have demonstrated how even a very low
reduction in the survival rate of birds residing and migrating within the vicinity of a wind
farm can have a significant impact on the population viability of K-selected species

(Rushworth & Kruger 2014; Carrete et al. 2009).
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Although operational wind farms are presumed to present the primary risk to bird species
through collision strikes with the rotating blades on wind turbines, the associated
infrastructure necessary to support an operational wind farm, in the form of transmission lines
and transport links, also represent a significant potential threat to wildlife (Gove et al 2013).
A 2010 study reported anecdotal evidence of Willow Ptarmigan colliding with tower bases,
while the range of estimates of transmission line collision fatalities (>10,000 — 174 million)
highlight the threat that these infrastructure pose world-wide (Bevanger et al. 2010; Erickson

et al. 2014; Jenkins et al. 2011).

A recent study has also estimated that small wind turbines (SWTSs), with a mean rotor
diameter of 4.0 metres may result in between 1,567 to 5,510 bird fatalities per year in the UK
(Minderman et al. 2014). However, these bird fatality estimates were partly based on SWT
owner questionnaire surveys, which may have caused a bias in these estimates as they may
have not have reported all collisions. More robust studies are required to determine with

greater certainty the impact of SWTs on bird mortality rates.

There remains a paucity of reliable data on collision risk and bird fatality, with many studies
assessing collision strikes based on carcass recovery, with corrections not always applied for
carcasses that are removed by scavengers or not found (Langston & Pullan 2003; Erickson et
al. 2014; Huso & Dalthorp 2014). The increasing use of dogs, which offer numerous benefits
over human searchers, in carcass recovery detection has proved successful in providing more

accurate estimates of collision strikes (Arnett 2006; Paula et al. 2011; Bennett 2015).
Displacement disturbance

Displacement disturbance takes place when a habitat occupied by a species is altered or
becomes unusable due to the development of a wind farm in that area (Madders & Whitfield

2006; Gove et al. 2013; Pearce-Higgins et al. 2009). This displacement can occur during both
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the operational and construction stages of wind farms and may result from the visual
intrusion, noise or movement of the wind turbines or the associated infrastructure (Drewitt &
Langston 2006). The impacts of displacement disturbance are difficult to quantify, and the
effects are typically species, site and season-specific, with consideratable variation in the
effects of displacement between sites, species, season and stage of the annual cycle (Gill et al.
2001; Gill 2007; Gove et al. 2013; Stevens et al. 2013; Pearce-Higgins et al. 2012). Impacts
on birds from displacement can take the form of (i) total exclusion, where an otherwise
suitable habitat is avoided in its entirety, (ii) partial displacement, where bird abundance is
reduced yet there is still a bird presence and situations where birds remain within the vicinity
of a wind farm but are exposed to disturbance impacts, which may include increased
predation and nest abandonment (Gove et al. 2013; Hockin et al. 1992). The extent of the
effect of displacement is dependent on several factors, including the availability of alternative
habitat, how birds adapt and adjust to wind farms over time and the impact on reproduction
and survival, with potential for each of these three factors to interact (Madders & Whitfield
2006; Gill et al. 2001; Pruett et al. 2009; Madsen & Boertmann 2008). Displacement can
result in reduced fitness and productivity but if alternative habitat is available then there can
be a minimal impact on population size (Langston & Pullan 2003). In a study of upland birds
in the UK, the risk associated with disturbance displacement was exacerbated where
alternative habitat was unavailable for 7 out of 12 species studied which occurred at lower
abundances around wind turbines compared to control sites; this could potentially result in a

local population effect on these species (Pearce-Higgins et al. 2009)

Habitat loss

The extent of habitat loss resulting from the development of a wind farm is dependent on the
scale of the wind farm but is typically small per turbine base, with habitat loss amounting to

2-5% of the total development area (Fox et al. 2006; Drewitt & Langston 2006). The negative
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impacts include loss of feeding, nesting and breeding habitats or additional energy
expenditure which could lead to increased mortality rates (Larsen & Guillemette 2007).
Studies of the behavioural response of numerous species, including Common Eiders
Somateria mollissima and Pink-footed Geese Anser brachyrhynchus, to wind farms have
reported a reluctance amongst these species to approach human-made structures, which
functionally results in habitat loss (Larsen & Guillemette 2007; Plonczkier & Simms 2012;
Madsen & Boertmann 2008; Madsen 2008). The absence of careful and thorough planning
can also result in extensive habitat fragmentation and patches being created, which could

potentially increase vulnerability to invasion by alien species (Kuvlesky et al. 2007).

While the changes in land use associated with the construction of wind farms can result in
negative impacts on bird habitats, as described above, the placement of wind farms and
individual turbines also offers positive impacts and provides the potential for habitat creation
(Drewitt & Langston 2006; Wilson & Elliot 2009). A study by Pearce-Higgins et al. (2012)
observed potential positive effects of wind farms on Skylark Alauda arvensis and Stonechat
Saxicola torquatus during the construction and post-construction stage, with this positive
impact being linked to vegetation disturbance during the construction phase creating greater
openness in the sward structure, which has been shown to benefit these species (Pearce-
Higgins & Grant 2006). Mammal prey availability increased for some raptors, such as golden
eagles, at the Altamont Pass Wind Farm in California as a result of a land use change, which
has also been linked to enhanced collision risk as flight activity was greater due to increased
foraging (Smallwood & Thelander 2008). A study on the habitat-creation potential of
offshore wind farms by Wilson & Elliot (2009) indicated that up to 2.5 times the amount of
area initally lost through the placement of a monopile offshore wind turbine could potentially
be created through the installation of these wind turbines. However, further research is

required into the altered species composition within these habitats, and while this study
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indicated potential for habitat-creation at offshore wind farms, there is little suggestion that

this would also apply at onshore wind farms.

In addition to the direct negative and positive effects on bird habitats associated with wind
farms, loss of habitat can also occur when habitat is removed during the construction of
turbine pads, access roads and power lines (Pearce-Higgins et al. 2012). While these impacts
are comparable to those from other construction projects, they are still important to consider
in the pre-construction and planning stage of a wind farm. However, newer wind farms,
including the Letseng wind farm in Lesotho, are constructed with more efficient wind
turbines that require fewer turbine pads and roads per unit of energy, thereby reducing the

negative effects associated with habitat loss (Zimmerling et al. 2013; Ralston pers. comm.).

Barrier effects

Poor siting of wind farms in migration flyways or local flight paths can result in the creation
of a barrier to bird movement, otherwise known as the barrier effect (Masden et al. 2009,
2010). As birds often respond to spatial heterogeneity by adjusting their movement patterns,
barriers to movement can potentially increase distances travelled and, therefore, energy
expended (Gove et al. 2013). Given that reproductive success is linked to body condition at
breeding time, any deterioration in mass and physical condition could be detrimental and
have a direct impact on breeding output (Wendeln & Becker 1999; Masden et al. 2010). The
severity of the impact of barrier effects is highly variable and based on species, site and
seasonality specific factors such as type and frequency of bird movement, location and
topography of the wind farm site and time of day and visibility (Masden et al. 2009; Gove et

al. 2013).
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Mitigating the impacts of wind farms on avifauna

While comprehensive studies into their effectiveness are rare, mitigation strategies have been
proposed to reduce bird collisions with wind turbines and transmission lines, with the most
important stage of mitigation being the initial wind farm planning stage and the siting of the
wind farm (Marques et al. 2014; Manville & Albert 2005; de Lucas et al. 2012; May et al.
2015; Dai et al. 2015; Stewart et al. 2007). To minimise the negative impacts of wind farms
on wildlife they should be managed over a broad geographical area and not built in areas of
high avian abundance and activity (Dirksen et al. 1998; Gove et al. 2013; Langston & Pullan
2003; Hotker et al. 2006; Northrup & Wittemyer 2013; de Lucas et al. 2008). Good planning
is imperative for reducing avian impact risk, yet it is likely there will still be some risks

associated with wind farms (Dai et al. 2015; Marques et al. 2014).

A study in Tarifa, Spain reported that the use of a selective stopping program to shut down
wind turbines when Griffon Vulture Gyps fulvus were observed within their vicinity reduced
the mortality rate by 50% while only reducing the total energy production of the Tarifa wind
farms by 0.07% per annum (De Lucas et al. 2012). However, while there are resident birds
within Tarifa at risk to collision, many of the species most at risk to collision are migrating
species. This is not the case at the proposed Letseng wind farm site, as the species susceptible
to collision strike, such as Bearded Vulture, are primarily resident species and therefore the
reduction in energy production from selective stopping may be much higher, suggesting this

may not be a popular option with wind farm developers.

Developing a better understanding of the visual fields of birds may provide an insight into
how to mitigate the risk of collision with wind turbines (Mclsaac 2001; Martin 2007; Martin
et al. 2012; Martin 2011). An optical analysis study indicated that as a bird approaches a

rotating turbine blade the retinal image of the blade increases in velocity until it reaches a

19



speed where the retina cannot keep up with the spinning blade (Hodos 1999). This results in
the retinal image becoming a transparent blur and the bird interpreting the area as being safe
to fly through, leading to a potential collision. A variety of blade patterns were then tested in
an attempt to increase blade visibility, with a number of increasing visibility but only up to a
certain distance. Another study investigating the effect of colouration analysed how painting
wind turbines a different colour than the common turbine colours of “pure white” or “light
grey” and using pattern-painted blades, may reduce collisions as “pure white” or “light grey”
colours were found to attract significantly more insects than other colours, which would in
turn attract insectivorous bird species, and so increase the risk of collision (Mclsaac 2001;
Long et al. 2011). However, further research is required into the effectiveness of coloured

and pattern-painted blades given the paucity of exising studies.

For transmission lines the earth-wire is responsible for the majority of collisions, therefore
fitting it with bird diverters, brightly coloured “aviation” balls, and reviewing the siting of
proposed new power lines has, potentially, reduced bird collision frequency overall by at
least 50-60% in South Africa (Jenkins et al. 2011; Jenkins 2013). Studies are ongoing in
South Africa on the effectiveness of diurnal and nocturnal bird diverters in areas of high

collision-risk in the Karoo (C Hoogstadt, EWT, pers. comm.).

As complex interactions take place between the factors that contribute to collision risk,
displacement, habitat loss and barrier effects from wind farms, and other types of
developments, the most effective mitigation strategy will likely involve the implementation
of a combination of mitigation measures dependent on the individual characterisitics of each
potential wind farm site, the placement of individual turbines and target species (Marques et

al. 2014).
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Global utilisation of sensitivity mapping

The lack of published literature testing post-construction mitigation measures has resulted in
considerable uncertainty regarding their effectiveness. However, the negative effects of wind
farms on birds can best be reduced by avoiding any spatial concurrence of the two through
careful site selection at the planning stage, i.e. by not siting wind farms in areas where bird
species vulnerable to the impacts of wind farms are known to reside and migrate (Drewitt &
Langston 2006; Madders & Whitfield 2006; Baban & Parry 2001). Sensitivity mapping is a
pro-active tool for alerting wind energy developers early in the planning process to potential
conflicts between the siting of wind energy facilities and sensitive bird species (Bright et al.
2006, 2008). When used as a locational guidance tool for wind farms sensitivity maps
typically display the distributions of target bird species and provide sensitivity scores for the
area mapped, indicating the potential sensitivity of the target species to the development of a
wind farm within the mapped area (Bright et al. 2006, 2008). Sensitivity maps can make wind
farm developers aware of the complex and costly studies and mitigation measures that may
be required if a site chosen for a wind farm overlaps with vulnerable birds of conservation
concern (Smallwood & Thelander 2008). Avian sensitivity mapping in relation to onshore
and offshore wind energy developments has been used in locational guidance for developers,
and to inform strategic spatial plans and associated strategic environmental assessments
(SEA) in many countries and regions, including: Germany (Garthe & Huppop 2004),
Scotland (Bright et al. 2006, 2008), England (Bright et al. 2009), South Africa (Retief et al.
2010), the United States (American Bird Conservancy 2011), the Rift Valley/Red Sea regions

(Strix 2012) and Ireland (McGuinness et al. 2015).

Garthe & Huppop (2004) was the first study combining a spatial analysis and a wind farm
sensitivity index (WSI) for birds to create a map, identifying areas of “concern” or areas of

“major” concern, that could be used as a locational guidance tool for wind farm siting in the
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North Sea. The WSI was based on nine factors flight manoeuverability, flight altitude,
percentage of time flying, nocturnal flight activity, sensitivity towards disturbance by ship
and helicopter traffic, flexibility in habitat use, biogeographical population size, adult
survival rate and European threat and conservation status. Subsequent sensitivity maps have
created sensitivity indexes with additional factors included in order to improve the accuracy
of species sensitivity scores. Bright et al. (2006, 2008) developed the first terrestrial bird
sensitivity map to provide locational guidance for onshore wind farms in Scotland. This map
was developed using the Special Protected Area (SPA) network and the distributions of 18
species considered to be vulnerable to wind energy developments (Bright et al. 2006, 2008).
Based on a literature review assessing foraging ranges, collision risk and disturbance
distances for each of the 18 species, appropriate buffer zones were determined, with these
results used to developed a composite map of Scotland displaying the highest sensitivity
rating for each one square kilometre. Due to the uncertainty over the species-specific effects
of wind farms a three-level scale was used to categorize each one kilometre square as either
“high”, “medium” or “low/unknown” sensitivity (Bright et al. 2006, 2008). One of the ways
in which the Scottish sensitivity map proved useful was that, rather than expend resources on
objecting to wind farm proposals for “unknown/low” sensitivity areas, it enabled the statutory
conservation adviser, Scottish Natural Heritage (SNH), to dedicate their efforts to objecting
to the development of wind farms in areas where bird sensitivity to wind farms was rated as
”high”, on the grounds that additional data collection must preceed any development in order
to better understand the impacts a wind farm may have on resident and migrating birds within
the proposed development site (B Huntley pers. comm.). Collecting additional data and, if
necessary, committing to post-construction monitoring to assess adverse impacts of the

development on sensitive species equates to time delays and increased financial costs
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incurred in carrying out more detailed environmental assessments. This results in many

developers avoiding areas indicated as “high” sensitivity.

Following the completion of the Scottish map a sensitivity map for England was then
produced, also using the composite scoring method (Bright et al. 2009). The map was created
based on the method used in developing the Scottish sensitivity map but with 12 species, ten
listed in Annex | of the EU Birds Directive and two with declining and localised populations,
known or suspected to be susceptible to the effects of wind farms on birds mapped (Bright et
al. 2009). The English sensitivity map included written guidance to help the user in the
appropriate and correct usage of the map. It also provided an individual review of the
potential vulnerability to wind farms for six species not included in the original map due,
primarily, to either an absence of suitable data or widespread distributions (Bright et al.
2009). Including written guidance was an important step in making the sensitivity map more
accessible to the renewable energy sector, and specifically to wind farm developers, as an
indicative tool. The provision of written guidance describing in detail the processes used to
create the map, the reasons why species were included and omitted and the limitations of the
map improved the applicative functionality of the map as it allowed wind farm developers to
quickly identify sensitive areas where the siting of a wind farm would incur the delays and

financial costs previously mentioned (Obermeyer et al. 2011).

From the sensitivity maps that have been produced to date perhaps of most relevance, in
relation to developing a sensitivity map for Lesotho, is the South African sensitivity map
(Retief et al. 2010). Given the close proximity of Lesotho to South Africa, the distribution
and range of a number of the species considered vulnerable to wind farms in Lesotho will
likely overlap with South Africa, therefore the species included in a sensitivity map for
Lesotho will be largely similar to the South African sensitivity map. Retief et al. (2010)

expanded on the nine sensitvity factors used by Garthe & Huppop (2004) and used 13 risk
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factors divided into three categories, (i) the conservation status of the species, (ii)
susceptibility to wind farm collisions based on morphological factors (e.g. wing-loading) and
(iii) susceptibility due to the behaviour of species, which allowed them to calculate a species
sensitivity score (Garthe & Huppop 2004). The species sensitivity score was then added to a
land value score, based on the protection status of the land, to obtain a final score that could

then be mapped.

Limitations of sensitivity mapping

Sensitivity maps have proven useful tools in indicating areas where the development of a
wind farm may have a negative impact on sensitive bird species; however there are
limitations to their application (Bradbury et al. 2014; Bright et al. 2009). The quality of the
map produced is dependent on the quality of data used to create the map layers and although
maps are created using the best data available this data is rarely comprehensive (Bright et al.
2009). There will often be gaps in coverage for difficult to monitor species or outdated data
may have to be used where data for particular species are absent (McGuinness et al. 2015).
Although this can reduce the accuracy and usefulness of the sensitivity map, apparent gaps in
data for bird species can highlight areas within the sensitivity map where there is a need to
increase bird monitoring efforts within that region. As monitoring efforts in these areas
increase and more data becomes available the sensitivity map can then be augmented and

upgraded, resulting in improved coverage.

The above issues surrounding the quality of the data used in the development of sensitivity
maps can result in wind energy developers expressing concern about the possible designation
of “no-go” areas in sensitivity maps. As designating “no-go” areas on a sensitivity map can
decrease the credibility of the map and give the appearance of the map being “greenwashed”,

they have not been applied to sensitivity maps (Bright et al. 2008, 2009; McGuinness et al.
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2015). Engaging and involving all stakeholders, especially those from the wind energy
industry, in the map development process should ensure transparency as to the application of
the map as a guidance tool only and emphasise that a sensitivity map is neither definitive nor
intended to replace an Environmental Impact Assessment (EIA) (Retief et al. 2010; Bright et
al. 2006. 2008). Conversely, ornithologists and conservation scientists may express concern if
too many areas are scored “low/unknown” sensitivity as this indicates development will not
have an environmental impact in these areas, which may not be the case but rather the result

of incomplete data (McGuinness et al. 2015).

The sensitivity maps used in Europe are effective as a result of high quality bird atlas data
being made available for the creation of the maps. Creating a map in the absence of such data
and on the basis of poor information could result in a map showing less sensitive areas, when
in reality they could be high sensitivity areas. Despite a modern, scientifically sound
sensitivity map being created for South Africa, no map currently exists for other areas of the
biodiversity rich continent of Africa. One such area with globally important populations of
threatened species is Lesotho. The challenge in creating a bird sensitivity map for Lesotho
lies in obtaining similarly high quality data for bird species that are likely to be sensitive to

the development of wind farms.

The objective of this research is to produce the a bird sensitivity map for Lesotho, which
highlights the most sensitive species to wind farm developments, to help planners and
developers strategically site such farms and avoid any negative impacts of wind farms on

Lesotho’s avifauna.
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The main aims of this study are to:

(i)

(i)

(iii)

(iv)

(v)

Gather all available published and unpublished geo-referenced distributional data for

bird locations, nest sites, foraging areas, roosts, breeding colonies and flightpaths
within Lesotho;

Create a list of sensitive species for Lesotho to determine which birds should be
prioritised for impact assessment and monitoring of wind farms in Lesotho;
Score all species on the list based on their conservation status, collision risk and
vulnerability to displacement disturbance from the construction and operation of
wind farms.

Map the resultant species with the highest sensitivity scoresona 1 x 1 km grid of
Lesotho to illustrate areas of moderate, high, very high and maximum sensitivity.
Discuss the results, findings and limitations of the sensitivity map and provide

recommendations for further research.
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2. Methods

Study area

Lesotho is a mountainous, afro-alpine, landlocked country completely surrounded by South
Africa with an area of 30,588 km? (Barnes 1998). The country can be divided into three
geographic regions (fig 1): (i) the lowlands area on the western side of the country, from the
southern banks of the Caledon River to the Senqu river valley, which covers 26% of the
country. This is where the majority of the country’s economic activity takes place; (ii) the
dominant highlands area, which are formed by the Drakensberg and Maloti mountain ranges
in the eastern and central parts of the country; this covers over two thirds of the land area and
is comprised mostly of grasslands and Fynbos vegetation degraded by overgrazing; and (iii)

the foothills, which divide the lowlands and highlands (Mucina & Rutherford 2006).

Legend
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Figure 1. Map showing topographic relief in Lesotho. The four sites identified by the Lesotho Government with
high wind energy potential are at Katse dam, Mohale dam, Mphaki and Letseng (REEEP 2012). These are
shown (see legend). All rivers and the Katse and Mohale dams and the respective catchment areas are also
shown (see legend).
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Lesotho’s high altitudes and abundance of open, exposed areas coupled with a good wind
energy resource, at an annual average wind speed of 3.7 to 4.7 m/s at 10 metre heights, make
it an ideal location for the development of wind energy facilities (REEEP 2012). Lesotho’s
eastern border is dominated by the Drakensberg Mountains, which are recognised as an
internationally important biogeographic province. Although a relatively low diversity of birds
are found in the highland areas, it supports a high number of globally or regionally threatened
montane and endemic species (Osborne & Tigar 1990; Barnes 1998). Three hundred and
forty species of birds have been recorded in Lesotho over the last one hundred years,
incuding several near-endemic species such as Drakensberg Siskin Serinus symonsi,
Drakensberg Rockjumper Chaetops aurantius and Mountain Pipit Anthus hoeschi (Barnes

1998).

Reviewing the best practice approach to avian sensitivity mapping

Two ways wind energy facilities can negatively impact birds are through collision risk and
displacement risk (Chapter 1). Within these two risk categories there are a range of factors
that can potentially influence the extent of species-specific vulnerability to wind energy
facilities. To compile a list of species sensitive to wind farms, and to determine the extent of
this sensitivity, it is necessary to assign sensitivity scores based on these risk factors to birds
in Lesotho as a first step in generating a sensitivity map. The approach adopted for this study
adheres closely to previous research on avian sensitivity mapping carried out for the North
Sea (Garthe & Huppop 2004), Scotland and England (Bright et al. 2006, 2008, 2009) and

South Africa (Retief et al. 2010).
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Creating a species list by calculating a conservation score

Using international and regional bird checklists for Lesotho, a list of the 262 birds found in
Lesotho was created (BirdLife International 2015; Hockey et al. 2005). This list was then
cross-referenced with Roberts’ Birds of Southern Africa and all species vagrant in Lesotho
were removed, reducing the total number of birds to 255 (Hockey et al. 2005). The aim of the
next step was to identify which of these 255 species were either globally or regionally
threatened and whether they were considered endemic or non-endemic species by assiging all

species a conservation score.

The conservation score for each of the 255 species was calculated based on a score assigned
for each species’ regional conservation status, taken from the Regional Red List for Birds of
South Africa, Lesotho and Swaziland, and global conservation status, taken from the IUCN
Red List (Taylor et al. 2015; IUCN 2014). The regional score was selected when it was
higher than the global conservation score to better reflect the species local sensitivity to wind
farm developments in Lesotho and each country’s responsibility and legal obligation to
protect the species within their boundaries. The score for either global or regional
conservation status was then added to a score for species endemism within southern Africa

(Simmons et al. 2005).

An example of how the conservation score was calculated is provided in table 1 for Black
Harrier Circus maurus where the endemism score of 2 was added to the regional conservation
status of 3 (as the regional conservation status score was higher than the global conservation
score) to give a total of 5 (Hockey et al. 2005). A five point scoring system was applied to
score the regional and global conservation status with 0 = Least Concern, 1 = Near

Threatened, 2 = Vulnerable, 3 = Endangered and 4 = Critically Endangered. A three point
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scoring system was used to score endemism with 0 = Non-Endemic, 1 = Near-Endemic to

southern Africa and 2 = Endemic to southern Africa.

Table 1. Example of method used to calculate conservation score for Black Harrier Circus maurus

Score IUCN Red List Regional Red List  Endemism Conservation
status status score
0 Least concern Least concern Non-endemic
1 Near threatened Near threatened Near-endemic
2 Vulnerable Vulnerable Endemic
3 Endangered Endangered
4 Critically Critically endangered
endangered
Black 2 3 2 5
Harrier

Applying the conservation status scoring criteria to all species likely in Lesotho resulted in 69
out of the 255 species on the list registering a score of at least 1 (see appendix 1). This means
they were either of global/regional conservation concern or endemic/near-endemic species or
both of global/regional conservation concern and endemic/near-endemic species. However,
of these 69 species 40 were passerines which was considered to be an over-representation of
passerines considering their lower vulnerability to wind farms (for morphological and
behavioural reasons) and, more significantly, an under-representation of raptors and
waterbirds given their susceptibility to wind farms (Barrios & Rodriguez 2004; Desholm
2009; Erickson et al. 2014, Drewitt & Langston 2006, Farfan et al. 2009). To account for
species considered vulnerable to wind farms but not of conservation concern or
endemic/near-endemic, an additional scoring criterion was added to the species conservation

status based on the Endangered Wildlife Trust’s (EWT) briefing document on best practice
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guidelines for pre-construction assessment of the impacts of onshore wind farms on birds
(Jordan & Smallie 2010). The EWT’s list of species and taxonomic groups vulnerable to
wind farms was reviewed and using a five point scoring system, species most vulnerable to
wind farms were assigned a score of 4, groups vulnerable to wind farms assigned a score of 3
and groups not considered vulnerable assigned a score of 0. This was applied to each of the
original 255 species on the species list created for Lesotho. This “vulnerability” score was
then summed with the conservation status score and resulted in 60 bird species, of which 28
were passerines, scoring 3 or over, which was the pre-determined threshold for species to be
included in the species sensitivity index. Species below this threshold were deemed to be of
acceptable low risk and were not be included further. The list of 60 species was then sent out
for expert review (southern African ornithologists David Allan and Andrew Jenkins) to
determine if any species deemed to be of conservation concern or sensitive to wind farms had
been omitted. Following this process Rock Kestrel Falco tinnunculus, Cape Eagle Owl Bubo
capensis and Large-billed Lark Galerida magnirostris were added to the species list to bring

the total to 63 species (Allan & Jenkins per comms.).

Calculating species sensitivity scores

A species sensitivity index was developed by reviewing how wind energy facilities can
potentially result in increased collision risk and displacement risk for bird species. Eight
collision risk factors and five displacement risk factors were assessed, with factors being
scored on a 5 point scale from 0 to 4, 0 indicates a negligible risk and 4 indicates highest risk.
The sensitivity values were assigned to species based on a combination of literature review
and expert opinion. Therefore, it is important to emphasise that there is a certain element of

subjectivity to the final sensitivity scores for each species. Where available, scores were
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taken from the South African species sensitivity list used for the South Africa species

sensitivity list (Retief et al. 2010) and adapted for the Lesotho species sensitivity list and

updated where more recent data was available (Retief et al. 2010). The 13 risk factors used

and how each was scored are listed in Table 2.

Table 2. 13 Risk factors applied to each of the 63 species to calculate overall species sensitivity score. © denotes
collision risk factor, 4 denotes displacement risk factor.

Risk factor Sensitivity  Sensitivity Sensitivity ~ Sensitivity  Sensitivity
score =0 score =1 score = 2 score = 3 score = 4

Body size ° - Small (0- Medium Large Very large

1009) (100-6009) (601g- (1.25kg +)
1.25kg)

Soaring ¢ Never Rarely Regularly Mostly Always

Predatory ° Never - Partially - Highly

Ranging Never Local Wide Regular Extensive

behaviour ° commute range

Flocking © Never Regularly Always - -

Nocturnal Diurnal - Crepuscular - Nocturnal

flying®

Aerial display ° Never Rarely Occasionally  Frequently -

Migratory Never - Seasonal - -

species ©

Range in Extensively Wide Localised Limited Highly

Southern distributed  distribution range limited range

Africa®

Site fidelity Low - Moderate - High

Availability of Low - Moderate - High

preferred

habitat®

Sensitivity to Low - Moderate - High

disturbance °

Habitat Closed Semi-closed  Semi-open Open Open, with

preference ¢ relief

Once the 63 species had been assigned a score for each of the collision risk and displacement

risk factors, an overall species sensitivity score was calculated for each species by adding the

collision risk score, displacement risk score and conservation scores together (see appendix

2). Following the calculation of the species sensitivity score, 14 species were then selected
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for inclusion in the sensitivity map based on the availability of distributional data for each
species. A number of species with high species sensitivity scores, including Ludwig’s
Bustard Neotis ludwiggi, Southern Ground-hornbill Bucorvus leadbeatri and Yellow-billed
Stork Mycteria ibis, could not be included in the sensitivity map due to an absence of suitable

distributional data.

In addition to mapping the distributions of the 14 species, sensitivity values were also added
for Lesotho’s six Important Bird Areas (IBA) and one Ramsar Site. The score for IBAs was
assigned by taking the highest sensitivity score (of the 14) of the six species found within the
IBAs. As Southern Bald Ibis is the only one of the 14 mapped birds found in Lesotho’s
Ramsar site, its sensitivity score was used as a surrogate for other water birds and applied to

the Ramsar site.

For the purpose of mapping the species, additional weighting was given to two of the risk
factors to reflect the higher level of sensitivity associated with these factors. For example, to
score collision risk, extra weight was given to soaring species a and species known to
perform aerial displays b, as both attributes have been linked to higher rates of bird mortality
from wind turbine collisions (Barrios & Rodriguez 2004; De Lucas et al 2012). No additional
weighting was assigned to body size c, predatory birds d, ranging behaviour e, flocking f,

nocturnal birds g and migratory species h. Thus:

Collision risk score = (a+b) * (c+d+e+f+g+h)/6

For displacement risk sensitivity scoring, equal weighting was given to range in Southern
Africa i, site fidelity j, availability of preferred habitat k, habitat preference | and sensitivity to

disturbance m.

Displacement risk score = (i+j+k+I+m)/5
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The species sensitivity score was then calculated by adding the collision risk score,

displacement risk score and conservation score. Thus:

Species sensitivity score = collision risk score + displacement risk score + conservation

score

These three separate scoring categories were then used to create three separate categories

representing collision risk, displacement risk and overall species sensitivity.

Data sources

Distributional data for the 14 mapped bird species on the species sensitivity list was made

available from the following source (see table 3 for data spatial resolution information):

» Bird distribution data gathered in Lesotho for the Southern African Bird Atlas Project
2 (SABAP2) by J. Van Niekerk (2014).

» Bird survey data collected for the Lesotho Highlands Water Scheme (Allan 2001).

» Vulture and other large Red-Data bird species survey data for the Lesotho Highlands
Project (Allan & Jenkins 2007).

» GPS satellite-tracking data and nest site locations for a sample of Bearded Vultures
Gypaetus barbatus (S.Kruger, Ezemvelo KZN Wildlife, unpublished data).

» GPS satellite-tracking data for Black Harrier Circus maurus (R.Simmons,
unpublished data)

» Southern Bald Ibis data collected for measuring changes in distribution and survival

of the Southern Bald Ibis (K.Henderson, unpublished data).

Following expert consultation data from SABAP 1 was not included in the sensitivity map as
a result of the changes in land-use practices that have taken place in Lesotho over the last 15

years. Intensive agricultural methods and over-grazing have resulted in signification land
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degradation and altered the landscape to such an extent that SABAP 1 data was not

considered reflective of contemporary bird distributions in Lesotho (Jenkins per comms.).

Generating the sensitivity map

Esri ArcGIS 10.2 was used to create the sensitivity maps (Esri 2014). The sensitivity map
was created at a 1 km scale as this was deemed suitably fine resolution for the Scottish
(Bright et al. 2008), English (Bright et al. 2009) and Dutch (Aarts & Bruinzeel 2008)
sensitivity maps. Scores for sensitive land areas of conservation concern (i.e. IBAs and
Ramsar site) were first added to the map. A separate map layer for each species was then
created using the available distributional data. Where species nest/colony data was available a
layer was created and a multi-ring buffer applied with a higher sensitivity weighting applied
to the inner buffer to reflect the increased sensitivity of birds close to their nesting grounds.
Given the particular conservation concern over the vulnerability of Cape Vulture (Boshoff et
al. 2011) multi-ring buffers were applied around colonies based on the number of breeding
pairs within the colony, e.g. the higher the number of breeding pairs within a colony, the
larger the buffer (see table 3 for buffer size sources). As some of the spatial data used was in
pentad format (five minutes of latitude by five minutes of longitude making squares with
approx. 9 km sides), a centroid point was added for the pentad and a buffer of 4.5 km applied
to replicate the size of a pentad (see table 3 for buffer sizes and sources for the 14 mapped

species).

Once buffers were applied to each of the 14 mapped species, the buffered distributional maps
were overlayed with a 1 km x 1 km grid of Lesotho. Two types of maps were then generated
(1) the Composite and (ii) the Cumulative. For the composite sensitivity maps, the highest
species score within each 1 km x 1 km square was selected; this method was used for the

English and Scottish sensitivity maps (Bright et al. 2008; Bright et al. 2009). For the
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cumulative maps, all species scores within each 1 km x 1 km were summed; this
methodology was applied for the South African and Irish sensitivity maps (Retief et al. 2010;
McGuinness et al. 2015). Once all distributional data were mapped the Natural Breaks, Jenks,
classification system was applied to classify the data into five categories. Consideration was
given to other data classification methods, such as Maximum Breaks, Mean-standard
Deviation and Equal intervals, however Natural Breaks was chosen given its effectiveness in
determining natural groups of similar values through searching for significant depressesions

in frequency distribution (Slocum 1999).

In order to make the map more effective and accessible as a scoping tool the sensitivity
categories were divided into areas of “unknown”, “moderate”, “high”, “very high” and
“maximum?” sensitivity, respectively. Although “Maximum” may to a certain extent imply
that sensitivity cannot go any higher it was selected as the label for the highest level of
sensitivity to reflect that the distribution of the species most vulnerable to wind farms
overlapped with these areas and the areas would not be suitable for wind farm development
without rigorous impact assessments being carried out to determine the extent of the impact
on these species. Sensitivity values were then displayed on the map using a 5-tier colour

scheme.

36



Table 3. Buffer zone sizes, sources for determining buffer zones and spatial resolution of data available for the

14 mapped species.

Species name

Buffer zone size
(pentad buffer)

Buffer zone size
source

Data spatial
resolution

Black Harrier

Cape Vulture

Bearded Vulture

Southern Bald Ibis

Jackal Buzzard
Verreaux’s Eagle
Black Stork

Secretarybird

Lanner Falcon

Drakensberg RockJumper

African Rock Pipit
Drakensberg Siskin
Mountain Pipit

Large-billed Lark

Nests: 10km

1-4 pairs — 10km
5-9 pairs — 15km
10-49 pairs — 20km
50-99 pairs — 35km
Nests: 10km/20km

Colonies:
2.5km/5km
Nests: 3km/5km

Nests: 3km/10km
Nests: 5km/10km

3km (4.5km)

2km (4.5km)

1km (4.5km)
1km (4.5km)
1km (4.5)
1km (4.5)

1km (4.5)

Curtis et al. 2004

Boshoff et al 2011
Allan, D. (per

comms)

Brown 1992,
Kruger 2014
Kopij 2001

Hockey et al. 2005
Hockey et al. 2005
Jiquet 2004

Retief (per
comms.)

Jenkins & Benn
1998)

Hockey et al. 2005

Hockey et al. 2005
Hockey et al. 2005
Hockey et al. 2005

Hockey et al. 2005

6 figure grid ref.

& pentad scale

6 figure grid ref.

& pentad scale

6 figure grid ref.

& pentad scale

6 figure grid ref.

& pentad scale

6 figure grid ref.

& pentad scale

6 figure grid ref.

& pentad scale

6 figure grid ref.

& pentad scale

6 figure grid ref.

& pentad scale

6 figure grid ref.

& pentad scale

6 figure grid ref.

& pentad scale

6 figure grid ref.

& pentad scale

6 figure grid ref.

& pentad scale

6 figure grid ref.

& pentad scale

6 figure grid ref.

& pentad scale
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3. Results

A total of 32 species were considered to be of most risk to wind farms following the species
sensitivity scoring, as these species scored more than (a pre-determined threshold) of 15 in
the species sensitivity index (Table 4). The species sensitivity score for each species was
calculated by summing the total collision risk score, total displacement risk score and total
conservation status score. Black Harrier scored highest for all three categories with a total
score of 37. Near-endemic species to Lesotho, Drakensberg Siskin and Drakensberg
Rockjumper both scored a minimum value of 1 for collision risk, while they scored 12 and

14, respectively, for displacement risk.

Table 4 Species sensitivity score for each of the 32 species rated as being most sensitive to wind farm
developments in Lesotho. * Species included in sensitivity maps. Sensitivity score = Collision risk +
Displacement risk + Conservation status scores.

Species Scientific Collision Displacement ~ Conservation Species
name risk score risk score status score Sensitivity
score

Black Circus 16 16 5 37

Harrier* maurus

Cape Vulture*  Gyps 17 14 4 35
coprotheres

Bearded Gypaetus 16 14 4 34

Vulture* barbatus

Cape Eagle-  Bubo 10 19 0 29

Owl capensis

Peregrine Falco 13 14 1 28

Falcon peregrinus

Southern Bald  Geronticus 9 14 4 27

Ibis* calvus

African Tyto 9 15 2 26

Grass-Owl capensis

Jackal Buteo 11 12 2 25

Buzzard* rufofuscus

Ludwig’s Neotis 12 10 3 25

Bustard ludwigii

Verreaux’s Aquila 13 10 2 25

Eagle* verreauxii

African Fish-  Haliaeetus 16 7 0 23

eagle vocifer

Black Stork*  Ciconia 12 8 2 22
nigra

Booted Eagle  Hieraaetus 12 10 0 22
pennatus

Secretarybird*  Sagittarius 11 9 2 22
serpentarius

Southern Bucorvus 8 11 3 22

Ground- leadbeatri
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hornbill
Yellow-billed
Stork

Black Kite
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Amur Falcon
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Osprey
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shouldered
Kite
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migrans
Falco
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Falco
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Circaetus
pectoralis
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cretanus
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The Cumulative scoring sensitivity map is presented in figure 2 based on the 1-km square

map. The Cumulative scoring map displays a greater incidence of high bird sensitivity in

Quthing, Sehlabathebe and a large proportion of the Lesotho Highlands. Of Lesotho’s 30,534

km? area 15,491 km2 (50.73%) was rated as “Unknown”, 8,766 km2 (28.71%) was rated as

“Moderate” sensitivity, 3,497 km? (11.45%) was rated as “High” sensitivity, 2,003 km?

(6.56%) was rated as “Very High: sensitivity and 777 km? (2.55%) was rated as “Maximum”

sensitivity.
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Sensitivity ratings
Unknown (0.0 - 24.0)

I Moderate (24.1 - 61.0)
High (61.1 - 98.2)

" Very high (98.3 - 140.9)

B Maximum (141.0 - 232.9)

0 20 40 80 Kilometers

Figure 2. Map of Lesotho displaying Cumulative wind farm sensitivity scores for 14 mapped species

The Composite scoring sensitivity map (Figure 3) is presented at the same scale as Figure 2.
Ligobong, Mafika Lisiu, Sehlbathe National Park, Sehonghong, Matebeng, Upper Quthing

Valley and Upper Senqu River are all rated as areas of “Maximum?” sensitivity.
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Sensitivity ratings
Unknown (0.0)
Moderate (0.1 - 8.1)
High (8.2 - 12.1)

" Very High (12.2 - 19.0)

B Vaximum (19.1 - 20.4)

0 20 40 80 Kilometers

Figure 3. Map of Lesotho displaying Composite wind farm sensitivity scores for 14 mapped species.

As a result of the Composite scoring map comprising the highest sensitivity scores in each 1
km?grid cell the sensitivity scores differ from the cumulative scoring map. “Unknown”
sensitivity scores cover 6,669 km? (21.93%) of Lesotho’s land area, “Moderate” sensitivity
accounts for 4,155 km? (13.62%), “High” sensitivity areas cover 4,525 km? (14.81%), areas
of “Very High” sensitivity cover 8,919 km? (29.21%) and “Maximum” sensitivity areas cover

6,241 km? (20.43%).
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Black Harrier Circus maurus scored joint second highest for collision risk and highest for

displacement risk with a mean score of 16 (Table 5 and Table 6). Cape Vulture scored

highest for collision risk and second highest for displacement risk with a score of 17 and 14,

respectively.

Table 5 Collision risk sensitivity scores compiled to assess the sensitivity of the 14 mapped species to overall

collision risk from wind farms.

Species Scientific Collision
name a b c d e f g h risk score

Cape Vulture  Gyps 4 4 1 4 1 0 0 3 17
coprotheres

Black Harrier ~ Circus 2 2 2 3 0 2 2 3 16
maurus

Bearded Gypaetus 4 4 1 4 0 0 0 3 16

Vulture barbatus

Verreaux’s Aquila 4 3 2 1 0 0 0 3 13

Eagle verreauxii

Black Stork Ciconia 4 4 0 4 0 0 0 0 12
nigra

Jackal Buteo 2 3 2 1 0 0 0 3 11

Buzzard rufofuscus

Secretarybird  Sagittarius 4 2 2 1 0 0 0 2 11
serpentarius

Lanner Falcon Falco 2 2 2 1 0 0 2 2 11
biarmicus

Southern Bald ~ Geronticus 2 1 0 2 2 2 0 0 9

Ibis calvus

Large-billed  Galerida 1 0 0 0 0 0 0 3 4

Lark magnirostris

Mountain Anthus 1 0 0 0 0 0 0 2 3

Pipit hoeschi

African Rock  Anthus 1 0 0 0 0 0 0 2 3

Pipit cretanus

Drakensberg ~ Chaetops 1 0 0 0 0 0 0 0 1

Rockjumper aurantius

Drakensberg  Serinus 1 0 0 0 0 0 0 0 1

Siskin symonsi

a Body size e Flocking

b Soaring f Nocturnal activity

c Predatory

d Ranging behaviour

g Migratory species
h Aerial display

Table 6 Displacement risk sensitivity scores compiled to assess the sensitivity of 14 mapped species to

displacement risk from wind farms.

Species Scientific name Displacement
b c d e risk score

Black Harrier Circus maurus 4 4 3 2 16

Cape Vulture Gyps coprotheres 4 2 4 2 14
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a Range in southern Africa

b Site fidelity

c Availability of preferred habitat

d Habitat preference

e Sensitivity to disturbance

For comparative purposes Figure 4 displays both Composite scoring and Cumulative scoring

sensitivity maps for Lesotho showing collision risk sensitivity for the 14 mapped bird species.

The land cover areas derived from Figure 4 are given in Table 7 for both Composite scoring

and Cumulative scoring maps.

Table 7 Cumulative scoring and Composite scoring map land cover area for collision risk sensitivity score
category and the difference in land cover between the two map iterations.

Sensitivity score

Cumulative collision

Composite collision risk

Difference

category risk land cover (km?) land cover (km?) (%) (km?) (%)
Unknown = 16,845 (55.17) 7,337 (24.03) 9508 (31.14)
Moderate 6,843 (22.41) 2,445 (8.02) 4,398 (14.39)
High 3,940 (13.10) 6,337 (20.75) 2,397 (7.65)
Very High 2,192 (7.18) 2,674 (8.76) 482 (1.58)
Maximum 654 (2.14) 11,739 (38.44) 11,085 (36.30)
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Collision sensitivity rating (Composite)

Unknown (0.0 - 2.4)
I Moderate (2.5 - 5.3)
High (5.4 - 9.9)
I Very high (10.0 - 14.7)
B Viaximum (14.8 - 16.2)

Collision sensitivity rating (Cumulative)

Unknown (0.0 - 17.0)
P Moderate (17.1 - 42.9)
High (43.0 - 72.3)
[ Very high (72.4 - 106.0)
I vaximum (106.1 - 165.6)

0 20 40 80 Kilometers

Figure. 4 Composite scoring and cumulative scoring sensitivity maps of Lesotho displaying collision risk
sensitivity for 14 mapped bird species in Lesotho.



To assess the difference in output between the displacement risk Cumulative scoring and

Composite scoring methods the bird distributional data were compared (Table 8). There were

considerable differences between the two approaches (Table 8), particularly in the

“maximum?” sensitivity score category.

Table 8 A comparison of the Cumulative scoring and Composite scoring map land cover areas for displacement
risk sensitivity score category.

Sensitivity score Cumulative displacement | Composite displacement | Difference

category risk land cover (km? (%) | risk land cover (km?) (km?) (%)
Unknown 13,870 (45.42) = 7,155 (23.43) 6,715 (21.99)
Moderate 8,689 (28.45) 329 (1.08) 8,360 (27.37)
High 4,700 (15.39) 1,536 (5.03) 3,164 (10.36)
Very High 2,237 (7.33) 1,640 (5.37) 597 (1.96)
Maximum 1,038 (3.41) 19,874 (65.09) 18,836 (61.69)

Applying the Cumulative scoring mapping method, (adding all sensitivity scores in each 1 x
1 km grid cell) produced markedly different results in all categories, with the exception of the
very high sensitivity category. Of Lesotho’s land area, 45.42% was classed as “unknown”
sensitivity, 28.45% was classed as “moderate” sensitivity, 15.39% was rated as “high”
sensitivity, 7.33% was rated as “very high” sensitivity and 3.40% was rated as “maximum”
sensitivity. Close inspection of Figure 5 reveals a marked variation in displacement risk based
on the two different mapping approaches. Although there is some overlap in areas rated as
maximum sensitivity, the composite mapping approach resulted in 61.69% more land rated as

maximum sensitivity than the cumulative map.
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Displacement sensitivity rating (Composite)

Unknown (0.0)
I Moderate (0.1 - 3.6)

High (3.7 - 4.4)
[ Very high (4.5-5.2)
B Vaximum (5.3 - 8.2)

Displacement sensitivity rating (Cumulative)

Unknown (0.0 - 9.2)
P Moderate (9.3 - 23.8)

High (23.9 - 39.6)
[ Very high (39.7 - 58.8)
B Vaximum (58.9 - 102.6)

0 20 40 80 Kilometers

Figure 5. Composite scoring and Cumulative scoring sensitivity maps of Lesotho displaying displacement risk
sensitivity for 14 mapped bird species in Lesotho.



4. Discussion

The sensitivity maps produced in this study are GIS tools that have the potential to inform
current and future wind energy avifauna impact assessments in Lesotho. The composite
scoring and cumulative scoring sensitivity maps have an important application in highlighting
regions of Lesotho where the development of wind farms are likely to result in negative
impacts on sensitive birds. The two approaches gave quite different results. The composite
scoring map indicates that 64.45% of Lesotho is rated as having high to maximum sensitivity
and the majority of the Lesotho Highlands are rated as high to maximum sensitivity. The
exceptions are small areas of moderate sensitivity and larger areas where a lack of available
data has resulted in “unknown” sensitivity. The reasons for the highest sensitivity scores
occurring in the highlands is the presence of species of global conservation concern, such as
Bearded Vulture and Cape Vulture, along with localised endemic species, including
Mountain Pipit and Drakensberg Rockjumper. Thus, the development of wind farms in these

areas is predicted to have a significant impact on avifauna in Lesotho.

The existing literature indicates higher levels of vulnerability to wind turbine collision for
large, wide-ranging and soaring species (Gove et al. 2013; Marques et al. 2014), which
suggests the two vulture species present in Lesotho would be at high risk to the development
of wind farms. The composite scoring collision risk sensitivity map re-affirms this risk as
77.95% of Lesotho’s land area is rated as high to maximum sensitivity for risk of collision
with wind turbines. As a result of raptors occuring at relatively low densities and being K-
selected species, additional mortality from collisions could potentially destabilise Cape
Vulture and Bearded Vulture populations to the extent where localised or regional extinctions
could occur (Jenkins et al. 2010; Langston & Pullan 2003; Rushworth & Kruger 2014). The
sensitivity maps were able to effectively display collision risk for the two vulture species and

other species included in the sensitivity map due to good data coverage for these species.
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However, the data available for Black Harrier, which was rated as the most sensitive species
to collision risk based on the species sensitivity index, meant the sensitivity map does not
accurately reflect the risk of collision to this species. Black Harrier’s predilection for seeking
cooler climates during the hotter summer months results in their migration over large
distances, when they fly in a direct line at heights of between 30 m and 90 m increasing their
susceptibility to collision (Curtis et al. 2004). At present, 14 Black Harrier have been satellite
tagged in the Western and Northern Cape and a pattern appears to be forming that suggests a
migration corridor in southern Lesotho (Simmons 2014). The lack of extensive atlas data on
Black Harriers and comprehensive data for other species’ distributions in Lesotho highlights
the primary limitation of the sensitivity map in that without extensive surveying it is difficult

to accurately represent the sensitivity of certain parts of Lesotho.

Risks to smaller species

Smaller, range-restricted species have low to negligble vulnerability to colliding with wind
turbines yet they may still be potentially affected by displacement disturbance (Gove et al.
2013). Three of Lesotho’s near-endemic species, Drakensberg Siskin, Drakensberg
Rockjumper and Mountain Pipit, were included in the sensitivity map based on the their
potential risk to displacement disturbance. The composite scoring map for displacement risk
indicated that 75.49% of Lesotho’s land area was rated as high to maximum sensitivity. The
lack of studies on the displacement of passerines by wind farms makes it difficult to ascertain
the severity of the impacts of displacement on Lesotho’s near-endemic passerines. However,
three studies have found decreased population densities of breeding grassland passerines
within the proximity of wind farms compared with reference areas, suggesting that
displacement can occur (Leddy et al. 1999; Pearce-Higgins et al. 2009; Bevanger et al. 2010).
In the case of Lesotho’s near-endemic passerines and given their specific habitat

requirements, it is likely that an adverse displacement effect could occur during the wind

48



farm construction stage, but that may not result in any significant population level effects.
However, as the displacement of passerines is thought to be limited to an area within
approximately 100 m to 200 m of wind turbines, there could still be negative impacts on the
near-endemic passerines and extensive site monitoring should be carried out prior to the

development of any wind farms (Hotker et al. 2006; Pearce-Higgins et al. 2009).

Although there is a lack of published evidence to conclusively determine the severity of
displacement disturbance on passerines, the displacement of foraging and hunting raptors has
been demonstrated by a number of studies (Hotker et al. 2006; Farfan et al. 2009; Pearce-
Higgins et al. 2009; Smallwood et al. 2009; Dahl et al. 2012). Studies have shown that raptors
may be displaced from breeding territories by wind turbines, with the presence of wind
turbines having an impact on site selection, resulting in nest abandonment where existing
nests are built in areas where new wind farms are built (Gove et al. 2013). The number of
Bearded Vulture breeding territories in the Maloti-Drakensberg mountains has decreased by
up to 51% over the past five decades, resulting in an estimated breeding range area of 28,125
km?. Given the high level of breeding site fidelity in Bearded Vulture displacement
disturbance from wind farm developments could potentially result in territory adandonment

and population decline (Kruger 2014; Reid et al. 2015; Kruger et al 2014).
Sensitive species data gaps

The species sensitivity index identified 32 species in Lesotho as being particularly vulnerable
to the development of wind farms. However, only 14 species could be mapped due to a lack
of distributional data for the remaining 18 species. Of these 18 sensitive species that could
not be mapped, 9 are either endemic species to southern Africa or species that are regionally
or globally threatened, emphasising an urgent need for greater surveying and atlasing effort

for the distribution of these species in Lesotho. Six-figure coordinates for nesting sites and
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colonies were used for Cape Vulture, Bearded Vulture, Southern Bald Ibis Geronticus calvus,
Black Stork Ciconia nigra and Verreaux’s Eagle Aquila verreauxii, while for the other
species data at pentad scale was utilised. Of the 18 species that couldn’t be mapped due to a
lack of data Ludwig’s Bustard, Southern Ground-hornbill and Yellow-billed Stork are
regionally endangered, while African Grass-Owl, Denham’s Bustard and Yellow-breasted
Pipit are listed as regionally vulnerable (Taylor et al. 2015). That these threatened bird
species could not be mapped due to a lack of data highlights an urgent need for extensive
surveying in Lesotho. This should be used to compile distributional data for all threatened
species in order to better inform the siting of wind farms and to fill knowledge gaps in bird

distribution.

Methodological considerations

The method for scoring the sensitivity of species to wind farm developments was based on
existing sensitivity mapping projects for terrestrial birds, specifically the South African and
Birdwatch Ireland sensitivity mapping projects (Retief et al. 2010; McGuinness et al. 2015).
As the impacts of wind energy developments tend to be species- and site-specific, this study
expanded on the overall species sensitivity score applied in previous works and included
separate sensitivity scores for collision risk sensitivity and displacement risk sensitivity.
Distinguishing between collision risk sensitivity and displacment risk sensitivity allowed for
a visual comparison of how these two different impacts affect the 14 mapped bird species. In
addition, the inclusion of passerines in the sensitivity map, for which the literature indicates
low sensitivity to impacts from wind energy developments (Gove et al. 2013), can be justified
by their high sensitivity to displacement disturbance, particularly in the case of the range-

restricted, near-endemic Lesotho passerines.
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There is a lack of reliable data relating to collision risk and displacement disturbance risk at
wind farms due to the difficulty in collecting this type of data (Bradbury et al. 2014). As a
result the scores assigned for the sensitivity factors were compiled mostly from expert
opinion and through literature review and are thus inherently subjective in nature. As further
studies on the impacts of wind farms on birds are carried out and more data becomes
available, the accuracy of sensitivity mapping projects will improve. However, at present
sufficient studies have been carried out to justify the inclusion of each scoring category used

and the species scores calculated (Bright et al. 2009; Strix 2012; Furness et al. 2013).

Despite the fact that the same input distributional data was used to create the cumulative
scoring and composite scoring sensitivity maps the results differed greatly highlighting the
importance of the mapping method used. In the case of the sensitivity maps created for
Lesotho, given the uneven coverage of distributional data available, the composite sensitivity
maps offer a more precautionary representation of actual avifaunal sensitivity to wind farm
developments as they best reflect areas where the most sensitive species are located and

indicate the appropriate category of sensitivity based on the species sensitivity score.

The cumulative scoring mapping method effectively indicates areas of sensitivity where there
is sufficient and abundant data. However, for areas where there is a poor data coverage,
which is the case for many areas in Lesotho, the cumulative mapping method will depict
large areas of “unknown” sensitivity. What is more problematic is the representation of areas
with moderate sensitivity, which wind farm developers may then view as areas where the
development can proceed with minimal impacts on avifauna. This mis-representation of areas
as low or medium sensitivity is the primary concern when utilising sensitivity maps as

conservation tools (Bright et al. 2009; McGuinness et al. 2015).
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The sensitivity maps were created using the best distributional data currently available;
however there are some caveats that apply to the degree of accuracy of the maps. The data
used in creating the maps was not collected specifically for the purpose of sensitivity
mapping and given the poor availability of distributional data for Lesotho, all recent data,
from 2000 onwards were included in the map. The South African sensitivity map was able to
utilise comprehensive data from the South African Bird Atlas Project 2 (SABAP 2) collected
between 2007 and 2010, however very few cards have been submitted for Lesotho and those
that were used in creating the sensitivity maps were at the pentad scale. Extracting the
SABAP 2 data for use in the 1 km x 1 km Lesotho sensitivity map resulted in distortion at the
edge of species’ distribution for these datasets. As with other sensitivity mapping projects
(e.g. Bright et al. 2008; McGuinness et al. 2015) knowledge gaps relating to species
distribution or difficulties associated with the spatial scale of the collected data meant that
certain species that scored highly in the species sensitivity index, e.g. Cape-eagle Owl, could

not be included in the sensitivity map.

Recommendations for further research

The sensitivity maps created here for Lesotho indicate broad areas of avian sensitivity to
wind farm developments that can provide guidance to developers seeking to mitigate the
impacts of wind energy facilities on Lesotho’s avifauna. The composite sensitivity map
reflects the vulnerability of Lesotho’s avifauna to the development of wind energy,
particularly in the Highland regions. However, an “unknown” sensitivity score had to be
assigned to 21.93% of Lesotho’s land area due to a lack of data. Clearly, this does not
necessarily indicate areas of low sensitivity but rather that the sensitivity of the areas is not
currently known. These knowledge gaps are evident in the large areas of Lesotho being
classified as of “unknown” sensitivity and this emphasises the need for comprehensive,

nationwide bird surveys in Lesotho. As these data become available they could then be
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incorporated into this sensitivity map, allowing the map to be updated with additional data for
already mapped species, or for species that scored highly on the species sensitivity index but

could not be mapped due to insufficient data.

Where comprehensive distributional data is not available for at-risk species the development
of habitat-based models to aid interpolation of species distributions beyond the range covered
by surveying is a potential method for improving the utility of sensitivity maps. Pearce-
Higgins et al. (2008) developed a habitat use model to in order to gain a better understanding
of the spatial association between Golden Plover Pluvialis apricaria and proposed wind farm
developments. The results of the study indicated avoidance of wind turbines by breeding
Golden Plovers from at least 200 metres. While this study was able to incorporate data from
several wind farm sites, data from a wider range of sites would have helped to provide a
better indication of the site-specific impacts of wind farms on Golden Plover and improved

model fit.

A recent study in Lesotho developed habitat models employing data from 21 Bearded
Vultures fitted with GPS tags over a five year period to predict areas of habitat that may be
sensitive to the development of wind energy facilities (Reid et al. 2015). Assessing the
planned locations of two wind farm sites in relation to the model predicted that the sites
chosen for the wind farms would place Bearded Vultures in the vicinity “at risk” and
specifically quantified the risk for both adults and non-adults, intimating that the sites chosen
would not be suitable for wind farm developments without adversely affecting Bearded
Vulture (Reid et al. 2015). Creating habitat-use models for other vulnerable bird species
could prove useful in providing wind farm developers with a better indication of how the
development of wind farms will affect avifauna within the site chosen for development,

although their utility will also be constrained by the availability of good quality data.
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A further important issue to be considered for future iterations of Lesotho’s sensitivity map is
whether or not to include distributional data for South Africa for species whose ranges
overlap with Lesotho. For example, cliff nesting Bearded Vultures in the Drakensberg
Mountains in South Africa have been shown to forage in Lesotho and will therefore be
potentially sensitive to any wind farm developments in the Lesotho highlands within the

vicinity of their nesting sites (Kruger 2014).

Sensitivity maps should be made readily accessible to wind farm developers as they provide a
valuable indication as to areas where planning consent may be refused on the basis of high
environmental impacts. However, refusal of planning permission on environmental grounds
is dependent on a country having a strong planning system and well-established
environmental legislation, which at present may not be the case in Lesotho. Given the lack of
environmental protection in Lesotho the vulnerability of Lesotho’s avifauna, with the two
vulture species and migratory species such as Black Harrier being particularly at risk,
indicates a precautionary approach should be adopted in areas of Lesotho categorised as high
to maximum sensitivity. The development of wind farms in these areas should be avoided
until further targeted, site-specific data collection and impact assessments are carried out.
This should be undertaken at the pre-construction phase and follow international best practice
guidelines laid out by Jenkins et al. (2011) for South Africa and the UK’s “Good practice

during wind farm construction” document (Scottish Natural Heritage 2013).
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5. Conclusion

The construction and operation of the Letseng wind farm is expected to result in sensitive
bird species of conservation concern being negatively impacted by habitat destruction,
displacement disturbance and potential wind turbine collisions, with wide-ranging, soaring
species, such as Cape Vulture and Bearded Vulture, and range restricted endemics, such as
Drakensberg Rockjumper and Drakensberg Siskin, being particularly vulnerable (BirdLife
2014; Jenkins 2013). With further wind farms being proposed for development in Lesotho the
locational guidance provided by the sensitivity maps will serve to inform areas for wind farm

development that will minimise their impact on avifauna in Lesotho.

The sensitivity map created will not only be of use as a broad decision making tool for wind
farm developers in Lesotho and the Lesotho Department of Environment but it will also assist
in the development of sensitivity maps in other African countries where there is a need for
assessing the sensitivity of avifauna to wind farms. The map may also be of use in supporting
the creation of new Important Bird Areas in Lesotho, as areas of high sensitivity falling

outside existing Important Bird Areas should potentially be considered for this designation.

Possibly, the most important secondary application of the sensitivity map is its usefulness in
highlighting areas where there are knowledge gaps in bird distribution in Lesotho. Filling
these knowledge gaps is essential to better comprehend how the development of wind farms
in areas of “unknown” sensitivity will impact upon Lesotho’s avifauna. The development of
wind farms in areas of Lesotho rated as “high” to “maximum?” sensitivity will likely result in
significant negative impacts on Lesotho’s avifauna and any development in these areas
should not take place. If they do then avian impact assessments should strictly adhere to
BirdLife South Africa/Endangered Wildlife Trust’s best practice guidelines for bird

monitoring at proposed wind energy development sites in southern Africa (Jenkins et al.
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2011) and the UK’s “Good practice during wind farm construction” document (Scottish

Natural Heritage 2013).
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