Power line risk to Cape (Gyps coprothergs
and White-backed (G. africanus) Vultures
In southern Africa

Caroline G. Howes
909864

A dissertation submitted to the Faculty of Science,
University of Witwatersrand,
in fulfilment of the requirements for the degree of Master of Science
Johannesburg, South Africa

March 2016






Abstract

This study examined the movements of wliéeked Gyps africanusand Cape vulturess,
coprothere¥ to assess their habitat preferencesgasureseasonal changes in foraging
behaviour, and examine where vultures are at risk of electrocution by and collision with
power lines.White-backed and Cape vultures are two Old World vulgpeciesfound in
southern Africa. They are listed as Critically Endangered and Endangered respestihely
massive population declines over the past three decades. These declines are due to poisoning,
habitat lossJack of food,use in traditional medicine, andeetrical infrastructure mortality.
Vultures provide key ecosystem services such as reducing disease transmission, cycling
nutrients and attracting tourists artierefore,a loss of vulturesould cost the continent
millions of US dollars

Thirteen vultures(five white-backedand eight Cape vulturesyvere tracked usm
either DUCK4A or BUBO-4A GPSGSM trackers Ecotone Telemetry, Sopot, Polgnd
Birds were tracked between April 2013 a@dtober 2014These data wenesed to examine
the habitat suitabilityof both speciesising MaxEnthabitat suitability modelling. Key drivers
of countrywide habitat suitability for whitdacked vultures were mean temgere (30.9%
contribution), precipitation seasonality (22.0% contribution), and biome (19.5%
contribution) while key drivers for Cape vultures were distancartificial feeding station
(24.8% contribution), and precipitation seasonality (50.5% corimibu Anthropological
variables (land use, cattle density, and population density) contributed very little to the
models.

Using the same tracking data, seasonal changes in foraging movements were
examined, particularly in relation to hypetital food awilability. Data were categized by
seasons (winter, spring, summer, andumn)usingweather data over the past decaldeere
was little evidence for seasonal movement in whaeked or Cpe vultures which may be
because food availability is not the limiting factor regardless of time of year.

Lastly, a model was constructeéd MaxEntusi ng t he Endangered
Wildlife and Energy Programme dataset of wiiecked and Cape vuttl electrocutions by
and collisions with power lined/oltage was a major contributor to risk in every model for
both collision and electrocutiofhis is likely to be related to the type and height of the
power line structures rather than actual voltdgéher land use or population density also
contributed to all four modelsSlope contributed to whitbacked vulture models while



feeding station and elevation contributed to Cape vulture models. Each of these variables
probablyrelates not only to the likelihood of vulture presence but also how vultures behave
in the area (e.g. flying lower in natural or low population ateafrage more effectively
therefore putting them at higher risk of collision).

This study sugests that management initiatives should incledeefully placing
vulture feeding stationgo change foraging patterns and provide safiecontaminated
carrion, and proactive retrofitting dfigh risk power linesto reduce thehigh unnatural
mortality in white-backed and Cape vultur@s South Africa It is important to continue to
improve these models using more tracking data from more populations ofbabked and
Cape vulturesand more electrocution and collision data gathered from regular, randomly

selectegowerline surveys.
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Preface

The purpose of this study was to examine how wihéteked and Cape vultures mdteough
their environmentand to assess how this may put them atafghower line mortality This
thesis consists of five chapserone introduction chapter (Chapter 1), three research chapters
(Chapters 2, 3, and 4), and one conclusion chapter (Chap@hd&pter 1 gives an overview
of white-backed and Cape vulturess wdl as an introduction to vulture mortality due to
power lines. Chapter 2 models the distributions of wiliteked and Cape vultures using
satellitetracking data. Chapter 3 examines whether there ch@nges in movements
seasondy in white-backed and Capevultures using tracking data. Chapter 4 uses
electrocution and collision data to examine which factors increase the risk of power lines on
vultures andhighlight theareas where vultures are at high risk of power line mortadity
South Africa.Lastly, Chapter 5 is a conclusion chapter, examining how the research chapters
connect and what it means for vulture conservation.

All chapters are written as standalone papers in a general journal ,feotiag¢re is

somerepetition between the chapder
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Chapter 1: General Introduction

1.1: Background

Old world vultures are a diverse group of 16 species and nine genera of obligate scavenging
birds (IUCN 2015. Vultures are the only true vertebrate obligate scavengers on the planet
(Ruxton and Houston 200Dermody et al. 2011 Only large soaring birds can survive on
carrion alonedue to the stochastic and widespread natuaofon distribution(Ruxton and
Houston 200% Flight allows vultues to cover vast areas in a relatively short period of time
and soaring flight is highly economical, requiring little ene(Byxton and Houston 20p4
In addition to their soaring flight, vultures have also evoladdrge body sizdo better cope
with long periodof little food, and a highly acidic stomaébr bone digestion antb destroy
the harmful bacteria, parasites, and other microorganisms found in cdNiondy et al.
1992 Ruxton and Houston 20D4To take advantage of carrion resources, vultures have lost
traits needed to kill their own prey such as powerful talons, and wing shapes thatoallow
agility in the air(Ruxton and Houston 2004

Gyps vultures, commonly known as griffonare the largest group of Old afd
vultures and are founoh Europe, Asia, and AfricgMundy et al. 1992IUCN 2015. All
eight species have slightly downy heads, broad wings, and a ruff of feathers around their
necks(Mundy et al. 1992IUCN 2015. Gypsvultures rely on their keen eyesight to spot
carrion while soaringMartin et al. 201p Of the eightGypsspeciesoneis Least Concern,
oneis Near Threatened, ome Endangered, and fivare Critically EndangeredUCN 2015.
Threats include poisoninglectrocution and collision with power infrastructure (power lines,
wind farms, etc.)habitat loss)ack of food and declines in available food resour¢Bgan
2004 Verdoorn et al. 2008Boshoff et al. 20110gada et al. 2035

Africa’s wvultures have &experienced catas
particularly in East and West Afrig@gada et al. 20)5The decline across the eight sgsci
of vultures found in Africa has been 62% over the past 30 years with seven of the species
declining over 80% over the same per{@bada et al. 20)5Poisoning was recorded as the
number one threat to vultures followed by trade in traditionaliciee (Ogada et al. 2035
Mortality due to electrical infrastructure was third, accounting for 9% of recorded vulture
deaths across the contind@gada et al. 20)5White-backed Gyps africanusand CapeG.



coprothere} vulturesare thetwo species ofsypsvulture regularlyfound in southern Africa
and have followed the trends of vulture decline in Af(icdCN 2015 Ogada et al. 2035

1.1.2: Ecology of the whiteacked vulture

The whitebacked vulture is the smaller of the two southern AfriGgpsspeciegFigure 1.1
Table 1.1)(Mundy et al. 1992 They are a widespread species found throughout East and
West Africg as well as southern AfrictMundy et al. 1999 In southern Africa, they are
found in northern South Africa, Swaziland, eastern Namibigsvigana, Zimbabwe, and parts

of MozambiqugMundy et al. 1992 White-backed vultures primarily forage in open wooded
savanng, particularlythose dominated b&cacia speciegMundy et al.1992 Bamford et al.
2009 Pfeiffer et al. 201p Theyavoid forested areashere carrioris difficult to locate, and

they are more common at lower altitudésundy et al. 1992Simmons et al. 2007 White-
backed vultures are gregarious feeders and can number up to 2000 birds at a large carcass
such as an elephantgxodonta africanp(Mundy et al. 1999 In their prefered habitat, they
usually outnumber all other vulture species at a cafdéissdy et al. 199p

Figure 1.2:A photo of an iate whitbacked vulture at a carcass in the Kruger National
Park near Skukuza camp. Photo by Melissa Whitecross.



Table 1.1:Comparison of the whitbacked and Gee vultures in regards to size, range, and
conservation staty®lundy et al. 199

Whitebacked ulture Cape wlture
Wingspan 2.2m 25m
Weight 4-7 kg 7-11 kg
Range Southern, East, and West Africi Southern Africa
IUCN status Critically Endangered Endangered

White-backed vultures nest in large stick nests in trees in loose colonies often along
rivers (Mundy et al. 1992 They are a monogamous species and may occupy the same nest
site for up to 15 year@undy et al. 1992 They lay one egg every one to two years and the
parents care for and feed their fledged offspring for up to ten m@witnsdy et al. 1992
Between 43% and 87%f eggs survive tdhe fledgling age of four monthéMundy et al.

1992. Mortality is high in young birds with around 15% mortality in second year birds in
Mpumalanga province; this most likelydue to starvatiofMundy et al. 1992Kendall and
Virani 2012 Monadjem et al. 2002

The total southern African population of whltacked vultures is unknown. In Kruger
National Parkthe largest population of whieacked vultures in southern Africa, a tovl
900 pairs (or 2,000 individualswere estimated from an aerial breeding surfiyrn et al.

2013. Populations have declined by 90% (or about 4.1% per year) over 30(@gaicda et
al. 2015. They are now listed as Criticallgndangered by the International Union for
Conservation of Nature (IUCNJUCN 20135.

1.1.2: Ecology of the Cape vulture

The Cape vulture is the larger of the two southern AfriGgpsspecies (Figure 1.2, Table

1.1) (Mundy et al. 1999 They are found in eastern South African¢ small population in

the Western Cape province), Lesotho, semfstern Zimbabwe, and soutastern Botswana

with aremnant, nofbreedingpopulation in the Waterberg Plateau of Namititundy et al.

1992. Theyforage in a variety of habitats including savanna, grassland, fynbos, and alpine
scrub(Mundy et al. 199p Their altitudinal range is large, ranging from sea level ta ove
3000 metres (Mundy et al. 1999 Like all other Gyps species, the Cape vulture is a
gregarious feeder and is often in the company of other vulture species at a @4urabset

al. 1993. At a carcass, Cape vultures tend to be aggresstizleng out a portion of carrion
(Mundy et al. 199p



Figure 1.2: A photo of an adult Cape vulture atvalture feeding station in North West
province. Photo by Melissa Whitecross.

Unlike white-backed vulturesCape vultures nest and roost colonially on large cliffs,
and in river gorgegMundy et al. 1999 Pairs of Cape vultures tend to be monogamous and
will return to the same nest site yester year if breeding is successfiMundy et al. 199
They lay one egg every one to two ye@generally every yearand care for the chick for
over a year including a long pe¢dging dependence period of up to a yeeually several
months) (Mundy et al. 1992 Between 45% and 78% of eggs reach the fledgling stage
(Mundy et al. 1999 However, the fledghig survival rate of Cape vultures can be very low
(only 11% reach three years old) due to high competition for food and mortality due to
human factorgMundy et al. 1992Piper et al1999.

The 2013 population of Cape vultures is believed to be around 4700 breeding pairs or
9400 mature individualdUCN 2015. Populations have decrease2Pb (or 5.1% per year)
over the past three decades, leading them to be listed as Endangered W@Nh@UCN
2015 Ogada et al. 2035 The causes of mortality for the species are similar to those of

vultures worldwie (seeabove)(Ogada et al. 2035



1.1.3: Whitebacked and Capeulture movement

Both white-backed and Capeulture have been tracked extensively in southern Africa over
the past decad@amford et al2007, Simmons et al. 200 Kendall et al. 2013Phipps et al.
2013a Phipps et al. 2013I5piegel et al. 201 Pfeiffer et al. 201p White-backed vultures

have been tracked in South Africa (North West and Limpopo provinces), Namibia, and
Kenya (Figure 1.3]Kendall et al. 2013Phipps et al. 2013&piegel et al. 20)3 There are
currently no papers published with Minimum Convex Polygon (MCP) or ke(nedthods

that estimatehome rang® calculatedfor adult whitebacked vulturesimmature white
backed vultures have been found to have a smaller MCP than immature Cape vultures (Table
1.2) (Phipps et al. 2013aPhipps et al. 2013&und that the vultures spent only a small
amount of time in protected areas, abé18% of their 99% kerneldn the Serengetlara
region in East Africa, whitdacked vultures have been shown to spend the dry season
following western whitebearded wildebeesCponnochaetes taurinyderds, and in the wet
season mavelsewhere. This is thought to be because of the high rate of wildebeest mortality
during the dry season providing a steady food source for the vu(Keeslall et al. 2013

There appeatio be no tracking studies examining habitat use for wiatsked vultures.

Table 1.2 The minimum convex polygon (MCP) values of adult and immatdniee-backed
vultures and Capevultures in four studies in southern Africa. Values represent mean
standard deviations (where available).

Location Adult MCP (km ?) Immature MCP (km ) Study
North West, South Africa N/A 297,521+ 189,581 Phippset al. 2013
Waterberg Plateau, NamibBie 21,320 482,276 Bamfordet al.2007
North West, South Africa 121,655+ 90,845 492,300+ 259,427  Phippset al.2013

breeding: 14,70% 2,155

nonbreeding: 16,887 366 N/A Pfiefferet al.2015

Eastern Cape, South Africa

Cape vultures have been trapped and tracked in South Africa (Limpopo, Eastern
Cape, and North West provinces) and Nam{damford et al. 2007Phipps et al. 2013b
Pfeiffer et al. 201p All three of the currently published papers included MB&mford et
al. 2007 Phipps et al. 2013Pfeiffer et al. 201p The adults in Namibia and the Eastern
Cape province had much smaller ranges than tihod¢orth West province (Table 1.2)
(Bamford et al 2007 Phipps et al. 2013kPfeiffer et al. 201p Immature birdshad much
larger home ranges than the ad@Bamford et al. 2007Phipps et al. 2013bCape vulture
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in the North West provinckad the largest known home range of any vulture spéelepps
et al. 2013h
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Seasonal differences in movement and habitat use dlaedeen examined in Cape
vultures (Bamford et al. 2007 Pfeiffer et al. 201% Namibian Cape vultures spent
significantly more timedaily flying during the norbreeding seasatanduring the breeding
seasonwhenbirds flew greater distances on the days wiery did leave the neBamford
et al. 2007. Home range did not change despite the greater distances flown; the birds rather
intensified their search in the same afBamford et al. 2007 No significant differences in
home range between the breeding andm@eding seassnwere found in the Eastern Cape
province Cape vulturegsimilar to Namibia) (Pfeiffer et al. 201p Birds there also
disproportionatelffavoured subsistence farming and natural woody vegetation dizetheer

land covettypes(Pfeiffer et al., 2015).



1.1.4: Power lines and vultures in southern Africa

Power lines are often cited as one of the major mortality factors for vultures in southern
Africa (Ledger 1981van Rooyen and Ledger 199Boshoff et al. 2011Martin et al. 2012
Phipps et al. 2013bIn South Africa, Eskom is the primaspurceof electricity producing
around 95% o5 o ut h Adwerand d5%sof power for Africa as a whalean Rooyen
and Ledger 1997 As of 1996 Eskom wagesponsible for 255,74&Glometresof power lines
in South Africa(van Rooyen and Ledger 199V ulture electrocutions associated with power
lines wasfirst obsened in 1972 in the North West provingdarkus 1972) Now both
electrocution and collision with lines are widely acknowledged throughout southern, Africa
as well as Europ@Markus 1972 Sarrazin et al. 1994Vulturesarevulnerable to power line
deaths inboth collisionand electrocutiorfJanns 2000Rubolini et al. 200p Vultures will
perch and nest on power lines, especially in areas such as the Northern Cape province that are
largely devail of trees(Anderson and Hohne 20Q.7Although it is difficult to quantify the
number of vulture deaths caused by power lirasfé¢w a.6% of power line deathwayto
be reported; Boshoff et al.,, 2011yyhite-backed and Cape/ultures are particularly
susceptible to power line deatfianns 2000Jenkins et al. 201Bhaw et al. 2010 In the
similar Eurasiangriffon vulture G. fulvug, conflicts with power lines werdhe number one
cause of death in a reintroduced population in Fré8aegazin et al. 1994The Eastern Cape
study that examined the power line deaths of vultures not only highlighted the high mortality
rate but also how inaccurate the current bird strike datgbaseéCentral Incidence Register,
or CIR, managed by Eskom and the Endangered Wildlife Trust in South Africa) may be
(Boshoff et al. 2011 While the database estimated an average of 14 vultutiesdeer year,
the surveys indicated 80 birds, a 5.7 fold increase in mor{8laghoff et al. 2011

Collisions occur when a flying bird strikes a power line, usually the ground wire, and
is either injured or killed by the impa¢fanns 2000 Although vultures are less susceptible
to this in comparison with electrocution, there are still many records of the birds being killed
in this manneBevanger 1998Jenkins et al. 201Ghaw et al. 2010 In the Eastern Cape
province, bird strike records indicated that 16% of vulture deaths on power lines were due to
collision (Boshoff et al. 2011 This is particularly true when the birds are startled off a
carcass into power lines, resulting in the death of more than ongB®ranger 1998
Vulturesare susceptibléo collisions due to theiimited, forward facing visionde Lucas et
al. 2012 Matrtin et al. 2012 While foraginga Gypsvulturé sision is focused on the ground
and the bird cannot see what is in front of\tartin et al. 2012 Vultures also fall into a
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group of Dbirds known as the “ther mawithaoarer s
large wingspan (Janns 2000). This puts them at greater risk for collision because they have
less control over their flight, particularly in windy conditiddanns 2000)

Electrocution accounted for 84% Gfape vulture power line deaths in the Eastern
Cape province according to the CIR, over five times more than colliggoshoff et al.
2011). Electrocution occurs when vultures span the gap betivezigsonductorsisually with
their wings.Many factors affect whether or not the bird is electrocuted including weather,
voltage, and other condition (Lehman et al. 2005 maynot only kill the vulture but often
cause a disruption in electricity delivery, which makesrkers more likely to record the
bird mortality (Ledger 1981van Rooyen and Ledger 199Targe numbers of vultures will
often perch on pylons where they move around and interact with each other, adding to the
risk of electrocution(van Rooyen and Ledger 199Because of their extremely large wing
span, vultures are often electrocuted when they take off from their perches. Based on the CIR,
26% of all bird electrocutions were Cape vultures and 6% were -Wwadieed vulturegvan
Rooyen and Ledger 1997Certain types of electricity pylons account for thejority of
Gypsvulture deathslargely due to the coiguration ofconductors, andf and where on the
pylon perches are availab{eedger 1981van Rooyen and Ledger 1997f the distance
between theonductors is narrow (less than the wingspan of an adult vulture), the birds are
more likely to be electrocuted when taking @¢&n Rooyen and Ledger 199Perch location
can affect how close the birds are to tb@ductorsvhile roosting, taking off or landingvan
Rooyen and Ledger 19R7

In South Africa, there has beercancerted effort by Eskom a€IVT to reduce the
risk of collison and electrocution for vultures and other large rap(eas Rooyen and
Ledger 1997Lehman et al. 20Q7 For collision risk, one commonly used tactic is to remove
the ground wirebecausethis appears to be the most deadly of the lines (Figure 1.2)
(Bevanger 1998Lehman et al. 20Q7Jenkins et al. 2001t ' s t hi nness and
position on the power line configurations make the ground wire particularly risky, because of
thebirds reduced ability to detect it and its |
be flying (Jenkins et al. 2030 Removal of the ground wires fairly successfuin reducing
mortality (up to 80%)for many bird species(Jenkins et al. 2030 Marking the wire with
shiny met al “flapper s”, bright spirals, or
visible to birds, allowing them to avoid colliding with(Jenkins et al. 20)0Thesemethods
mayresult in a 4282% reduction in bird mortality depending on the area and type of marker
(Jenkins et al. 2030To reduce electrocution risk, Eskom began by adding new perches on
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pylons away from lines and conductgvein Rooyen and Ledger 1997This was successful

except in areas with high vulture densigsulting inmore vultures thamvailableperches

(van Rooyen and Ledger 1997To alleviate this problemEskom fitted many of the
conductors with PVC spiralso keep the vuit r e s’ flight feathers f
conductors Spirals, spinesand other bird guardaere attacheanto favouredperches to
discouragethe birdsfrom landing on pylongvan Rooyen and Ledger 1997Eskom also

stopped producing certaiansafe constructionssuch as kite structures (Figure 1@&pan

Rooyen and Ledger 1997An additional optionis therouting new power lines away from

crucial vulture habitafe.g. nesting coloniesr artificial vulture feeding stations(Jenkins et

al. 2010.

ground wire

power line

conductor * conductor
\&“\ power line
power line

Figure 1.4: A diagram of a typical kite structure with a ground wire, three lines, and three
conductors.

1.2: Rationale

The focus of this research was to better understand the movement patwehte-tblcked
and Capevultures relative to the current power line networkghite-backed and Cape
vultures énd allother African vulture species) have experiencathstrophic declines over
the past three decadédgada et al. 2035 Declines in vulture populationsffect human
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health costs, and mamnaal disease transmissidgMarkandya et al. 20Q&®gada et al. 2011
Ogada et al. 2032 These declinehiave focused researchers better understanding the
ecological importanceof these birdsas well as finding ways to reduce hureaused
mortality.

Both white-backed and Capeultures are faranging species that cross international
borders,usinga large variety of private and public lan@hipps et al. 2013#hpps et al.
20130. There is currently little understanding of these species movements beyond home
range, and some foraging patterhexaminel seasonal movements and habitat use for both
white-backed and Cape vultures to inform conservation personnel about when feeding
stations are the most effective, and where land conservation can best support these species.
Power lines were found tle responsible for 9% of humaaused mortality of vultures in
Africa over the past three decad@gada et al. 20)5In addition, power lines in the Eastern
Cape province appear to be killing Cape vultures at a rate above the reproductiveirate of
species(Boshoff et al. 2011 This makes power lines a top priority for vulture research.
There have been no predictive studies of vulture mortality on power Byasnderstanding
what landsape factors make a power line dangerous to vultures, not only can current lines be
prioritised for vulturesafe retrofitting based on riskut planned new lines can be assessed
before they are builBenson 1982, Lehman et al. 2007)

1.3: Aims andObjectives

The aim of this study was to use tracking data to evaluate seasonal movements and habitat
suitability for white-backed and Capeultures, and to integrate this knowledge with an
understanding of factors affecting power line mortality of bo#TEs.

The first objective of this study (Chapter 2) was to create a habitat suitability map of
South Africa forwhite-backed and Capeulturesandto understand what landscape factors
affectthis suitability.

The second objective of this study (Chapter 3) was to examine whétiterbacked
and Capevultures changed their foraging movements seasonally, particularly in relation to
food availability and vulture feeding stations.

The third objective of this styd(Chapter 4) was to create a map of power line
mortality risk forwhite-backed and Capeultures for South Africaand to understand what

landscape factoaffect thisrisk.
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Chapter 2: Modelling habitat suitability of two
threatened vulture species using tracking data

2.1: Abstract

White-backed and Cape vultware threatened and declining rapidly across their ranges.
Poisoning, electrocution and collision with power linesk of food,andhabitat lossare all
drivers of their decline. Predicting habitat suitability may help prearitareas for
conservation forts. Using tracking data from both species and MaxEnt distribution
modelling habitat suitability modelsere created for both whieacked and Cape vultures.
Four models were created for each species, two with climate variables and two without
climate variables. Two models were for the whole of South Africa while two were for the
northern provincegLimpopo, Mpumalanga, North West, Free State, and Gautdngputh

Africa where the majority of the birds were tracked. Predicted ranges (for each species)
remained similar regardless of the model. The most important variables forbabked
vultures using the countrywide models were mean temperature 930. contribution),
precipitation seasonality (22.0% contribution), and biome (19.5% contribution). The most
important variables for Cape vultures for the coumtige models were distance to feeding
station (24.8% contribution), and precipitation seasonéii®.5% contribution). The models

also showed that anthropologickdvelopmentariables, such as population density, land use
and cattle density, had little impact on the model. These models will allow conservationists to
prioritise conservation effortssuch as building feeding stations, educating people about

poisoning and traditional medicine, and retrofitting power lines to be vidafe
2.2: Introduction

During the past decade methods for tracking mammals and birds have improved dramatically
allowing researchers to follow daily and long term movement patterns of teaegtrial and
aguaticspecieqSeegar et al. 1998ridge et al. 201}l Tracking datareused to study home
range, migration routes, and foraging pattef@adahia et al. 2005Guilford et al. 2006

Bridge et al. 2011Gschweng et al. 20)2There are now many large tracking point datasets
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of many different species across the gl¢Badahia et al. 200%5uilford et al. 2006Bridge
et al. 2011 Gschweng et al. 20)2Recently, there has been a focus on using the data to
assess habitat sui tEitbetali2Qly , and species’ ran

Generally a model uses environmental variables, and species presence and absence
datahave been usei create a predictive modgElith et al. 201). Because both presence
and abseredata were required, tracking data were considered inappropriate for this purpose
(Elith et al. 201) New modelling techniques, such as Maxm&nid othersrequire only
presence datmformation making tracking data more useful in creating these md&éth
et al. 201). Thesehabitat suitability modelling programs effectively use presence points, like
tracking points, to define the limits of differeatp e cvarelsles These limits are then
extrapolated acrodarger ares of interest. Tracking data are also superior to grehssbd
samplingas they are unbiased by inaccessibility waying sampling intensitgGschweng et
al. 2013, however, it is necessary to account for spatial autocorrelation and for biases from
using a small number of animalEndren et al. 2000 Tracking data, combined with new
statistical methods for creating habitat suitability modeldnovel sources of environmental
variables, arepowerful toot for identification of appropriate habitat for many species
(Endren et al. 201@schweng et al. 20)2

Vultures are declining worldwide and the 16 Old World vulture species in particular
are decreasing at an atang rate(IUCN 2015. Eleven out of 16 species of Old World
vulture are listed as Endangered or Critically Endangered by the International Union of
Conservatin of Nature (IUCN). The threats to vultures are varied and include accidental and
targeted poisoning, harm caused by electrical infrastrudauale pof food,and habitat losand
disturbancgVerdoorn et al. 2004Boshoff et al. 2011IUCN 2019. The decline in vulture
populations in Asia and Africa are particularly sev@eeen et al. 20Q4UCN 2015 Ogada
et al. 201%. Their decline has been linked to an increased likelihood of disease transmission
between mammals, a higher human healthcare cost, and an increase in centa@srsich
as feral dogsGanis lupus familiarisand rats Rattussp) (Markandya et al. 200&8gada et
al. 2013.

White-backed Gyps africanusand Cape . coprothere} vultures are two African
vulture species that are declinif@gada et al. 20)5The whitebacked vulture is a tree
nesting species found throughout sediharan Africa and listed as Critically Endangered
(Mundy et al. 1992IUCN 2015. It is believed thiathey have decreased by 90% over three
decades or 4.1% per anny@gada et al. 20)5The Cape vulture is a large, clifesting
southern African endemigpecies, currently listed as Endangeffddndy et al. 192, IUCN
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2015. Recent evidence has indicated that populations have shrunk at a startling rate of 92%
over three decades or 5.1% per anrfgada et al. 20)5Both species are in urgent need of
protection in Africa especially from poisoning which has often been linked to their decline
(Ogada et al. 2035

Cape vultures are largely concentrated in the Drakensberg Mountains around Lesotho
and into the EasternCape province, in harsh climates where snowfall is annual and
temperatures are often below 0°C, and in the north east of South Africa into southern
Botswana and southern Zimbabwe where temperatures rarely fall below fré@dzindy et
al. 1993. There is also a remnant population in the Wesape province, east of Cape
Agulhas (Mundy et al. 1992 They have been reported as vagrants throughout southern
Africa (Mundy et al. 1992 They are often found near nesting or roosting cliffs but in a
variety of savanna and grassland habifstandy et al. 1992 They appear to have adapted
well to foraging in farmlands in many argddundy et al. 1992Pfeiffer et al. 201p

White-backed vultures are found throughout southern Afdacae t he r egi on’
abundant vulture specigdundy et al. 1992 In South Africa they are found imorth
eastern KwaZuhkNatal (Zululand) province andhe northern South Africa provinces
(Limpopo, NorthwestMpumalanga, and Northern Cagedm the border with Mozambique
in the east to the Kgalagadi National Park in the Wilsindy et al. 1992 They occur in
savanng, particularly those dominated byAcacia species where they often nest in tall
Acaciatrees(Mundy et al. 1992 Theyprefer foraging in more open savannas (rather than
those with a closed napy) at an altitude below 150@etres, and generally avoid human
settlemen{Mundy et al. 1992Simmons et al. 2007

South Africa is experiencing rapitumanpopulation growth, about 1.3% per year,
with the associated expansion offrastructure such as power lines and roads, and land
transformation (Perkins et al. 20Q5StatsSA 201p This growth potentially threates
vultures, in particular the expansion of electrical infrastructure wighda et al. (2015)
suggestwas responsible for 9% of vulture deaths acrdBtca. By understanding where
white-backed and Capeultures occur or are likely to ocgugeographicallyfocused
conservation plascan be drafted to protect these species.

This studyattempedto createhabitat suitability map(for the current conditions) for
white-backedand Capevultures in South Africa using satellite tracking ddtaaimed to
understand and define the variables that drive vulture distribution in South Africa. This
undestanding canlead to direct, responsibleinfrastructure expansion and apbisoning
education efforts. The model was also checked by using the extensive datasets of the
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Southern African Bird Atlas Project 2 to assess wheithaccurately predist thepresence

and absence of vultures in South Africa.

2.3: Methods

2.3.1: Satellite tracking

GSM-GPS (Global Systems for Mobile communications and Global Positioning System)
trackng devices, either DUCKA or BUBO-4A (Ecotone Telemetry, Sopot, Poland;
www.ecotonetelemetry.cony, were fitted orfive white-backed (three femaland two male)

and eight Cape (two female, five male, and one unknownhd¥ndangered Wildlife Trust
(EWT) undera ToPgThreaten or Protected Specipgrmitfor the Limpopo Vulture Project
(Table 2.1). All the birds were adult except for one-adhblt white-backed vulture. Birds
were either trapped at Moholoholo Rehabilitation Centre (S24.5134°, E30.9048°) or
Mockford Farm (S24.0628°, E29.2992°) feeding stations in Limpopo province, South Africa
(Figure 2.1). Birds were caught in walk traps. Each inglidual was patagial tagged (a
plastic cattle ear tag withrsumber attached to both wings) amrged, and blood was taken

for sexing(Hewitt and AustirSmith 1966 Kendall and Virani 2012 Tracking points were
collected hourly from 5:00 until 17:00 daily from April 2013 to October 2014.

2.3.2: Data filtering

To maximse data quality from the original tracking dataset, several criteria were applied.
First, any point that was less than ok#gometre from the previous tracking point was
excluded from the analysiKassara et al. 20}4 This reducesthe chances of spatial
autocorrelationEndren et al. 201 (Kassara et al. 20)4This reduced the dataset to 6,595
points from B,391 points for whitebacked vulture and to 8,840 points fr@&®,097 points

for Cape vultureNext, all dataoutside ofSouth Africawere excludedvhich reduced the

datasets to 6,328 points for whitacked vulture and 8,162 pasrior Cape vulture.
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Table 2.1:Vulture tracking data including the age and sex of each individual and the length
of tracking period.Tracking start dates were all in 2013 and tracking end dates were all in

2014.

ID Species Age Sex Number  Tracking Tracking

of Points  Start Date End Date
VULTO5 White-backed vulture Adult Male 4,662 11 April 19 October
VULT09 White-backed vulture Adult Male 3,406 11 April 9 March
VULTO7  White-backed vulture Adult Female 6,065 10 April 14 October
VULT16 White-backed vulture Adult Female 1,753 21 November 28 May
VULT10 White-backed vulture Subadult Female 3,505 11 April 9 September
VULTO1 Cape vulture Adult Male 1,802 21 November 27 May
VULT23 Cape vulture Adult Male 4,237 12 April 19 October
VULT24 Cape vulture Adult Male 5,522 12 April 30 August
VULT25 Cape vulture Adult Male 5,681 12 April 19 October
VULT21 Cape vulture Unknown Male 1,482 12 August 16 January
VULT15 Cape vulture Adult Female 817 22 November 8 August
VULT17 Capevulture Adult Female 1,934 22 November 18 June
VULT22 Cape vulture Unknown Unknown 4,622 8 August 19 October

To avoid unequal contributions ach birddue to different numbers of tracking

points, a randomset was selected from each dataset using the XLStat (Addinsoft SARL,

2015,vers. 2015.1) random data selection function. qimentityof points was determined by

the smallest number of tracking points for an individual bidch bird contributed 350

points to the modelThree Cape vultures produced fewer than 350 points (295, 210 and 283

points) This resulted in a total of, 250 points for the whitbacked vulture and 2,887 points

for the Cape vultures (Figure 2.2).
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Figure 2.1: Map of northeast South Africa with biomes and capture pduotations
illustrated.

For the provincial modelghe five provinceswith the largest number of tracking
pointswere includedLimpopo, Mpumalanga, Gauteng, North West and Free )Staitgure
2.2). The datasetegan with the points more than okilometrefrom the previous tracking
point. When the datasets were reduced to only points contained inptioes®oes, white
backed vulture had 6,137 points and Cape vulture had 7,906 points. When points were
randomly selected (as above) to accoumtdifferent number of points froneach birds,
white-backed had 998 points and Cape had 1,747 pdiash individual of both species
contributed 210 points to the model. One wiéeked vulture produced fewer than 210
points (158 anda Cape vulture contributed fewer than 210 points tarbeel (67.

2.3.3: Climate and nalimate models

Four models were created for each species, two for the five provinces and two for the entirety

of South Africa. The province model was credtedssess whether the models were stronger
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in the areas where the majority of the tracking points wecatéd.To test the effect of
climate on the ranges of the vultures, two models included climatic variables (e.g. mean

temperature, annual rainfall, and all other environmental variables) and two excluded them.

2.3.4: Environmental variables

The following variables were used to create all the models. All rasters datasets had a

resolution of 400m.

2.3.4.1: Topography

Two topographic variables were used: elevation and slope. Cape vultures are often
observed in mountainous argaghere they breed and roosthereas whitdacked vultures
are less likely to be(Mundy et al. 199p This is likely to reflect in theiuse of different
elevations and slopeBlevation was a 90m DEM modebm BioClim and slope was derived
in ArcGIS 10.2 ESRI Inc.,2015 vers. 10.2.0.3348)yom the elevatiorfHijmans et al. 2006
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2.3.4.2: Distance to resources

Distance to, i) fresh water, ii) vulture feeding stations, and iii) protected areas were
used. Vultures use water for bathing airthking. In South Africa, this could be a limiting
resource. Feeding statignghere carcasses are provided/tdturesby peoplefood ishighly
variable At some feeding statiorfeod is provideddaily, at others only sporadicallin sone
areas these feeding stations araaor source oYulturefood in South Africa andbirds are
likely to stay near themProtected areas provide key nestiaggas with little human
disturbance. Distance to water was calculatsitig the South African National Biodiversity
Institute (SANBI) rivers layer and the South African vegetation map wtiais lakes, dams,
and other largavater bodies(SANBI 2009 2011). From thisdataset, a Euclidean distance
raster was created. Feeding station GPS points were mapped from the EWT dataset and a
Euclidean distance raster was created. The SANBI protected area layer was used to create a
Euclideandistance raster. Both formal and infaiprotected areas wenecluded (SANBI
2010.

2.3.4.3: Cattle density

Both speciesitilise domestic livestock as a food soul@enson 2004)Cattle make
up the largest livestock biomass in South Afi(iB&AFF 2013. There were 13.9 million head
of cattle in South Africa in 201@AFF 2013. The dataset was obtained from the Food and
Agriculture Organization’s (FAO) (FAOW2008a | Pr o
The cattle density layer is a model using various environmental variables and livestock

counts.

2.3.4.4: Population density

Human population is likely to be a disturbance to both vulture species. Population
data were obtained from the Council for Scientific and Industrial Research (CSIR) Geospatial
Analysis Platform(Naude et al. 2097 Population counts for individual mesozones were

converted ito a population density raster.
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2.3.4.5: Land use

Land use isalsolikely to be related to disturbance for vultures (similar to population
density). Land use data were ainied from the SANBI Land Cover map from 2Q@ANBI
2009. It includes seven categories: i) natural, ii) cultivated, iii) urban, iv) degraded, v) water,
vi) plantation,and vii) mines. Theseategoriesvere defined usingrovincial governments on
land usedatg and information from the Agricultural Research Council, Eskom, and the

Department of Water Affairs and Forestry.

2.3.4.6: Biome

Vultures are more successful when foraging in open habi{Msndy et al. 199p
Biome data suggeshow open a habitat is, with grasslaméemakaroo, succulent karoo,
desert, and fynbos being nearly devoid of trees while forest, Indian Ocean coastal belt, and
Albany thicket beingmostly covered in trees. Savanna and azonal vegetation areas are
variable in their tree cover. Biome data welgained from the SANBI vegetation map and
included eleven categories: i) savanna, ii) grassland, iii) Albany thicket, iv) azonal vegetation,
v) desert, vi) forest, vii) fynbos, viii) Indian Ocean coastal belt, ix) N&arao, x) succulent
karoo, and xi) weer (Mucina and Rutherford 20).0

2.3.4.7: Climate

Climate variables were used in two models for each species. Temperature and rainfall
often affect the distribution obrganisms andhe type of biome found in an area. These
variables can affect resource availability for spsciSpecies can also be limited by
temperature and water due to their physiology. Climate data were obtained from BioClim
(Hijmans et al. 2006 A total of eight variables were used: i) annual precipitation, ii)
minimum monhly precipitation, iii) maximum monthly precipitation, iv) seasonality of
precipitation, v) mean temperature, vi) minimum temperature, vii) maximum temperature,

and viii) seasonality of temperature.
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2.3.5: Species distribution modelling

MaxEnt 015, vers. 3.3.3kwas used t@reatehabitatmodels with preseneenly data on
variablescaleg(Phillips and Dudik 2008Elith et al. 201). MaxEnt is highlycompatiblefor

use with tracking datéEndren et al. 201(Elith et al. 201} It allows presencenly data, is
robust to overfting in the case of correlated environmental variables, and can perform well
with even small numbers of pointBhillips and Dudik 2008Elith et al. 201 MaxEnt uses

a maximum likelihood approach. It maxses the entropy between two probability densities,
the presencenly data and the landscape data. It then plots likelihood value responses for
each variable in the mod&lategorical @ariables(e.g. biome or land use) are given likelito
values for each category. For these models, the standard settings of MaxEnt were used. For
the climate modelsl7 variables were used anohefor the neclimate modelsValues abve

0.5 were considered suitable habitat #maseabove 0.75/ery suitable habitaLiminana et

al. 2012 Liminana et al. 2014

2.3.6: Testing the models

To test the modelsSouthen African Bird Atlas Project 2 (SABAP2Jlata were used
(SABAP2 201%. SABAP2 is a citizen science project within southern Africa that involves
surveying bird diversity in pentadsproximately9 kilometre by 9 kilometre squares)
(Harebottle et al. 2007 More than 130,000 pentad survey cards have been submitiesl

eight yeas (July 2007 to October 2015f the project Data forwhite-backed and Cape
vultures vere extracted m October 10, 2015. Pentads were either catésmt as each
species present (any full protocol, ad hoc protocol, or incidentatd)eoo absent (which
included pentads that had no dg@ABAP2 2013. For the province area (covering 455,135
km?), there were 588 pentads (or 10.3% of the total area) with-vhitked vultures present
and 753 pentads (or 13.4% tbfe total area) with Cape vultures present (Figure 2.3). For
South Africa (with a total area of 1,220,341 %rthere were 1,124 pentads (or 7.5% of the
total area) with whitdoacked vultures present and 1,068 pentads (or 7.1% of the total area)
with Capevultures present (Figure 2.4). An equal number of pentads without vultures was
chosen randomly faall groups by assigningndividual numbers tgentad and using RThe

R Foundation for Statistical Computing Platforg@15, vers. 3.2.2)}o randanly select the

correct number of pentad$he maximum and mean values of the MaxEnt models were
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calculated for each pentad using Geospatial Modelling EnvironrSgattial Ecology LLC,

2014, vers. 0.7.4.pas the pentads were much largenttie resolution of the MaxEnt model
(Beyer 2012 The maximum values were compared between pentads with each species
presenbor absent forall modek. The maimum was used as it was assumed that even a small
amount of suitablenvironmentcould have a vulture present regardless of the surrounding

habitat. All dataarepresenédasamean with + standard deviation.
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Legend
I SABAP2 Pentad w/ WB Vulture
[_1SABAP2 Pentad w/o WB Vulture

Legend
[ SABAP2 Pentad w/ Gape Vulture
[1SABAP2 Pentad wio Cape Vulture

Figure 2.3: SABAP2 pentadswithin Limpopo, Mpumalanga, Noritvest, Free State and
Gauteng with and without A) whiteacked vultures and B) Cape vultures.
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[ 1SABAP2 Pentad w/o WB Vultures
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C——km [ SABAP2 Pentad w/o Cape Vultures

Figure 2.4 SABAP2 pentads with and without A) whibecked vultures and B) Cape
vultures in South Africa.
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2.4: Results

2.4.1: Province models

Four models were produced for the five provinces, two for wiateked vultures and two for

Cape vultures (Figure 2.5). The whiiacked vulture model with climate had an area under

the curve (AUC) of 0.93, indicatindpe model hd high discriminatory power. The likelihood

of occurrence values ranged from 0.00 to 0.81. The total area of suitable habitat (values
above 0.5) was 11,222 Kr(2.5% of the total area of the provinced)abitat was largely
restricted to the far north of Limpopo and North West provinces (very arid areas) and Kruger
National Park in the east. Mean temperature, minimum temperature, and distance to protected
area each contributed over 10% to the model @ aif).

The whitebacked vulture model without climate data had an AUC of 0.91, meaning it
had less discriminatory power than the model with climate data. The likelihood of occurrence
values ranged from 0.00 0.88 The total area of suitable habitatsvE,680 krh(3.4% of
the total area of the provingesSuitable habitat was more widely spread across Limpopo
province than in the previous model. Elevation, distance to protected area, and biome each
contributed over 10% to the model. Savanna was thd preserred biome followed by
grassland according the likelihood values. All other biomes were equally preferred.

The Cape vulture model with climate data had an AUC of 0.87. The likelihood of
occurrencevalues ranged from 0.00 to 0.8Bhe total area dfuitable habitat was 23,580 km
(5.2%o0f the total area of the provingeSuitable habitat covered a large portion of Limpopo
province and portions of North West province. Only a small portion of Kruger National Park
was included. Distance to feeding giat temperature seasonalitgnd minimum temperature
each contributed over 10% to the model.

The Cape vulture model without climate data had an AUC of 0.83. This was the
lowest value of the four models. The total area of suitable habitat was 35,760.8% of
the total area of the provinge3he likelihood of ocarrence values ranged from 0.00 to 0.89
Suitable habitat covered most of Limpopo province and parts of North West province.

Distance to feeding statipand distance to protected area eachrdmrted more than 10%.
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Table 2.2 Percent contribution of individual variakléo four provincial MaxEnt models.
Values in bold contributed over 10% to the model. The signs next to the percent indicate how
the likelihood response lines for each continumasiable we r e

sh*tapeddi c'at e

negati ve. “+7 Jdmrlli cadesapesi minvenitial decr
“+/ i ndicates an initial i ncrease foll owed Db

White- White-

backed backed w/o Cape Cape w/o

Variable w/Climate Climate w/Climate Climate

Elevation 3.3 - 50.3 - 0.6 + 4.1 +/-
Slope 1.7 - 2.2 - 0.3 + 1.7 +
Distance to Water 03 n 03 n 03 n 0.8 n
Distance to Feeding station 1.7 - 43 - 31.0 - 66.1 -
Distance to Protected Area  17.6 - 25.2 - 0.8 - 15.2 -
Cattle Density 04 - 2.1 - 1.3 n 3.3 -/+
Population Density 16 - 3.0 - 1.4 - 20 -
Land Use 0.9 1.8 0.9 2.0
Biome 8.7 10.8 0.8 4.7
Mean Temperature 39.0 +/- - 0.6 + -
Maximum Temperature 04 - - 14 - -
MinimumTemperature 18.2 + - 16.8 +/- -
Temperature Seasonality 3.2 n - 255 - -
Annual Precipitation 13 - - 54 - -
Maximum Precipitation 0.8 +/- - 3.0 - -
Minimum Precipitation 0.3 +/- - 09 - -
Precipitation Seasonality 0.6 + - 91 n -

2.4.2: Testing the province models

Pentads with whitdacked vultures present had significantly higher maximum habitat

suitability (HSI) values from the model with climate variables than pentads wighiaurin
Whitney U = 491,232, g~ 588, n = 589, p < 0.001) (Figure 2.6). The mean maximum HSI
values for pentads with whigacked vultures present was 0.34 + 0.23 and for pentaelise

birds wereabsent was 0.07 £ 0.12. Pentads with whadeked vultures prest also had

significantly higher maximum HSI values in the model without climate variables (Mann
Whitney U = 502,444, y= 588, n = 589, p < 0.001). The mean maximum HSI values for
pentads with whitdacked vultures was 0.41 + 0.24 and for pentads witives 0.10 + 0.13.

More pentads with whitbacked vultures present had suitable habitat within them with the

no-climate model than with the climate model (Table 2.3).
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Figure 2.5: MaxEnt models for norteastern provinces. A) whieacked vulture with
climate data, B) whitdacked vulture without climate data, C) Cape vulture with climate
data, and D) Cape vulture without climate data.

Pentads with Cape vultures present had significantly higher maximum habitat
suitability values from the model with climate variables than pentads withtaunn-\Whitney
U = 274,182.5, h= n, =753, p < 0.001) (Figure 2.7). The mean maximum t#dlies for
pentads with Cape vultures was 0.43 = 0.22 andhimsewithout was 0.20 + 0.19. Pentads
with Cape vultures present had significantly higher maxinti@ values from the model
without climate variables than pentads withthe birds(MannWhitney U = 277,720, JF na
=753, p < 0.001). The mean maximum HSI value for pentads with Cape vultures was 0.52 +
0.19 and for pentads withoutas 0.28 + 0.20. More pentads with Cape vultures present had
suitabk habitat within them with the adimate model than with the climate model (Table
2.3).
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Figure 2.6:Box plots displaying the maximum habitat suitability values of pentads with and
without whitebacked vultures (WBV) for the two models of the five proes. The letters
represent significant differences within not between the models. The boxes represent the 25%
and 75% quantiles. The line across the box represents the mean. The open circles are outliers.
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Figure 2.7:Box plots displaying the maximum héddi suitability values of pentads with and
without Cape vultures (CV) for the two models of the five provinces. The letters represent
significant differences within not between the models. The boxes represent the 25% and 75%
guantiles. The line across thex represents the mean. The open circles are outliers.
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Table 2.3 The percent of pentads (and the number of pentads out of the total) with vultures
present that had suitable habitat according to the four province models.
White-backed vulture Capevulture
Climate 27.9% (211/757) 38.1% (225/591)
No-climate 39.4% (298/757) 57.4% (339/591)

2.4.3: Country models

Four models were produced f&outh Africa, two for whitebacked vultures and two for
Cape vultures (Figure 2.8). Thehite-backed vulture model with climate variables had an
AUC of 0.92. The likelihood of occurrence values ranged from 0.00 to 0.83. The total area of
suitable habitat was 17,820 k(1.5%of the total areaf the country. The model indicated
thatmuch of Limpopo province was suitable hahitae whole of Kruger National Park and
parts of the Northern Cape and North West provinces. The model did not predict suitable
habitat in KwaZuldNatal province. Mean temperature, precipitation geakty, biome, and
minimum temperature all contributed over 10% to the model (Table 2.4). Savanna was the
preferred biome while grassland was the least preferred. All other biomes were equally
preferred.

The whitebacked vulture model without climate iables had an AUC of 0.90. The
likelihood of occurrence values ranged from 0 to 0.87. The total area of suitable habitat was
25,406 kni (2.1%o0f the total areaf the country) The model, once again, predicted suitable
habitat in Limpopo, Northern Cape,caiNorth West provincesandin the Kruger National
Park. It also showed some suitable habitat in northern Kwaatal province. Biome and
elevation contributed over 10% to the model. Savanna was the nefstrgd biome
followed by Naméakaroo, azonal vegetation (e.gmarshes, riverine habitat, etc.), and
grassland. All other biomes were equally preferred.

The Cape vulture model with climate variables had an AUC of 0.87. The likelihood of
occurrence values ranged from 0 to 0.93. The total dreai@ble habitat was 45,075 km
(3.7%0f the total areaf the country) The model covered Limpopo province and part of the
Highveld in Gauteng and North West provinces. It also had suitable habitat in parts of the
Eastern Cape province. There was vettel suitable habitat in KwaZulilatal province.

Precipitation seasonality and distance to feeding station contributed over 10% to the model.
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The Cape vulture model without climate variables had an AUC of 0.84. The
likelihood of occurrence values rangiedm O to 0.84. The total area of suitable habitat was
87,558 kni (7.2% of the total are@f the country) It coveredthe same areas as the model
without climate variables but also includeauch larger portions of the Eastern Cape and
KwaZulu-Natal provinces especially in the Drakensberg region. Distance to feeding station
and biome contribed over 10% to the model. Narkaroo, savannagrassland, and forests

were preferred over all otheromes.

Table 2.4:Percent contribution of individual variable to four South Africa MaxEnt models.
Values in bold contributed over 10% to the model. The signs next to the percent indicate how
the likelihood response lines for each continuous variablewers hafped.ndf cat e:

negati ve. “+7 4 mrlli cadesapesi minvenitial decr
“+/ i ndicates an initial i ncrease foll owed b
White- White-
backed backed w/o Cape Capew/o
Variable w/Climate Climate w/Climate Climate

Elevation 06 - 13.7 - 14 + 4.4  +/-
Slope 1.2 - 54 - 0.2 + 1.4 +
Distance to Water <0.1 +/- <0.1 + 02 + 1.0 +
Distance to Feeding station 2.5 - 41 - 24.8 - 68.4 -
Distance to Protected Area 2.5 - 1.8 - 08 -/+ 44  -/+
Cattle Density 0.2 - 05 - 01 - 22 -+
Population Density 0.8 - 1.8 - 1.0 - 15 -
Land Use 0.8 0.6 0.6 1.2

Biome 19.5 51.5 0.9 15.5

Mean Temperature 30.9 +/- - 05 -/+ -
Maximum Temperature 09 +/- - 1.3  +/- -
Minimum Temperature 150 + - 3.6 +/- -
Temperature Seasonality 15 + - 94 -/+ -

Annual Precipitation 0.3 +/- - 1.6 +/- -
Maximum Precipitation 1.1 +/- - 1.8 +/- -
Minimum Precipitation 03 + - 1.2 -/+ -
Precipitation Seasonality 22.0 +/- - 505 + -

2.4.4: Testing the countmodels

For the whitebacked vulture model with climate variables, pentads wittures present had
significantly higher maximum habitat suitability values than pentads wiitere the birds
wereabsent (ManftWhitney U =1,067,802.2, n= 1,124,  =1,130, p < 0.001) (Figure 2.9).
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The mean for maximurilSI valuesfor pentads with whitddacked vultures was 0.30 = 0.23
while for those without birds was 0.07 £ 0.12. There was also a significaritedénce
between pentads in the model without climate variables (Mghitney U = 1,125,959, 4%

1,124, n =1,130, p < 0.001). The mean for maximidiS valuesfor pentads with white
backed vultures was 0.42 + 0.20 while the mean for pentads without vultures was 0.11 +
0.14. More pentads with whieacked vultures present had suitable habitat within them with

the neclimate model than with the climate model (Tea.5).

HSI Value
[10.0-0.25
[ 025-05
M 05-075
. 0.75 -1

Figure 2.8:MaxEnt models for South Africa. A) whigacked vulture with climate data, B)
white-backed vulture without climate data, C) Cape vulture with climate data, and D) Cape
vulture without climate data.

For the Cape vulture model thiclimate variables there was a significant difference
in maximumHSI values between pentads with vultures presentveimere absent (Mann
Whitney U = 861,528.5,yF 1,068, R =1,060, p < 0.001(Figure 2.10). The mean value for
pentads with Cape vultures present was 0.36 +\Wi&#e they werabsent was 0.17 + 0.19.
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For the model without climate variables, thavere also significant differences between
pentads with and withoW@ape vultures (MankVhitney U = 924,419, y= 1,068, R =1,060,

p < 0.001). The mean value for pentads with vultures was 0.51 = 0.17 while for pentads
withoutbirdswas 0.26 + 0.21.

Table 2.5 The percent of pentads (and the number of pentadsf dlne South Africantotal)
with vultures present that had suitable habitat according to the four national models.
White-backed vulture Cape vulture
Climate 24.0% (278/1156) 32.4% (352/1087)
No-climate 39.2% (453/1156) 57.4% (624/1087)
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Figure 2.9:Box plots displaying the maximum habitat suitability values of pentads with and
without whitebacked vultures (WBV) for the two models of South Africa. The letters
represent significant differences within not between the models. The boxesergpghe 25%

and 75% quantiles. The line across the box represents the mean. The open circles are outliers.
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Figure 2.10:Box plots displaying the maximum habitat suitability values of pentads with and
without Cape vultures (CV) for the two models of Bowfrica. The letters represent
significant differences within not between the models. The boxes represent the 25% and 75%
guantiles. The line across the box represents the mean. The open circles are outliers.

2.5: Discussion

2.5.1: Whitebackedvulture model

All white-backed vulture models had a high AUC value and showed similar results in terms
of both areas where the birds were likely to be found, and which variables were important in
determining suitable habitat. The habitat models predeteall areas of appropriate habitat.
This included the Kruger National Park, northern parts of North West and Limpopo
provinces, and in the national models, parts of the Northern Cape province and Zululand
(northern KwaZuleNatal province). These atecatiors with a number of protected areas
and relatively lowhumanpopulation density which could help the vuli® remain safe

from poisoning and the traditional medicine trade. The models did miss parts of the white
backed v ulincluding erge swathasgognorthern Zululand, North West province,
and eastern Northern Cape proviieindy et al. 1999 This is likely due to the fact that the
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vultures tracked were caught in Limpopo province and were mostly frergréater Kruger
population, whichimplies that there may bsubpopulations in different regions or site
fidelity among the birdg§Mundy et al. 1992 Adding datacollectedfrom birdsacross the
country (including KwaZuleNatal provincgpopulationand the population further to the west
of South Africg may help correct this.

The variables thatvere important were similar between all the models and largely
support what is known about whibecked vultures. Biome contributed over 10% to three of
the models and, in alsavanna was the most preferred type. This was followed byagrdss
Namakaroo, and azonal vegetation. Whitacked vultures are largely a savanna species
although they do move through other biomes including grassland, and karoo vegetation,
particularly in the Northern Cape provin@dundy et al. 1992 The azonal vegetation may
be explained by their r@ince on riverine habitat for large trees to nesBamford et al.

2009. Elevation played a relin both models without climate. The birds were more common
at lower elevationsas expectedElevation may also be serving as a proxy for many of the
climactic variablegin the models without climatic datajhe last nofclimatic variable that

was important for the provincial models is distance to protected area. Protected areas are
important nestin@reas for whitdbacked vultures and also have large game populations with
natural mortalityMonadjem and Garcelon 200%rotected areas were only important in the
provincial models which may indicate case of scalesuggestinghat on the local level,
protected areas may be extremely important (especially for breeding birds) while on a
national level they may be less important. This is supported by evidesroeanother
tracking study indicating that vultures (particularly young birds) spend very little of their time
in protected arega®hipps et al. 2013b

Three climatic variables contributed over 10% to at least one of the models: i)
minimum temperature, i) mean temperature, and iii) precipitasasonality. All models
predicted that birds would not be found in areas that had a minimum temperature of below
0°C. They also predicted that birds were most likely to be found in areas with a mean
temperature of between 16°C and 22°C. These temperatanecide with a subtropical
climate which is where whitbacked vultures are found across Africa. Another indication of
this was precipitation seasonality. The eastern half of South Africa has high seasonality with
warm, wet summers and cold, dry winteshich coincides with the high precipitation
seasonality which the models predicted. It also coincides with the typical climate of South

African savanna@Mucina and Rutherford 20]0
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The SABAP2 data indicat¢hat portions of suitable habitat were missed by the
models suggestinghat the model is tooonservative. These areaselargely in the Eastern
Cape and KwaZukNatal provinces which may have been underpredicted by the models. The
average habitat suitability values for all of the winescked vulture models were below the
suitable habitat cedff. The models without alhate variables were slightly more successful
in correctly identifying areas where whibacked vultures were present than the models with
climate variables. This is likely because the models without climat@blespredicted a
larger area and identifieghoreregions than those with climate variabl@$is may indicate
that the climate variable importance have been ovexaggerated in the models due to the
fact that the birds are from one portion of their total rasyggestingelevation and biome

may bemore suitable predictors.

2.5.2: Cape vulture model

All the Cape vulture models had high AUC values, and showed similar areas where the birds
were likely to be found. Suitable areasall models include west of Krugeraonal Park,
central Limpopo province, parts of North Wesbvince, and the Magaliesbergoomtain

range in Gautengnd North Wesprovinces. These areas have consistent feeding stations,
many game and livestock farms, and mountain ranges with suitabteng habitat. The
climate models missed parts of the Cape vulture range such as the highlands of KwaZulu
Natal province and the majority of the Eastern Cape province. Both of these areas have large
breeding populatiasof Cape vulturegMundy et al. 1992 The model alsanissed the
population at De Hoop Nature Reserve in the Western Cape proviiheeis likely because
thetracked vulturesised in the modelwere all trapped in far off Limpopo province atidl

not frequent these areakhe provincial models covered the majority of where Cape vultures
(particularly the tracked syopulation) are known to occur.

Six different variablescontributed over 10% to at least one bE tCape vulture
models. Only one was consistent through all four modwlggestingthere were major
differences in terms of scale for the provincial and South Afrinadels. At the provincial
scale, the important variables were minimuemperature, temperature seasonality, and
distance to protected area. At the country scale, the important variables were precipitation
seasonality and biome. Precipitation seasonality is a strong driver of vegetation type in
southern Africa and this comlad with biome, is very important on the larger scale for
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vulture habitat use. Temperature and protected areas are likely to be more important on a
smaller scale.

The variable that was important in all the models was distance to feeding station. It
contributed heavily to the modelled distribution, particularly imsthwithout climatic
variables suggestinghat Cape vultureeely heavily on vulture feeding stations while white
backed vulturesio not. The model indgiates that it is unlikely that a Capelture would be
more than 15ilometresfrom a feeding station. This strong contribution from feeding
stations may be because all of the birds that were tracked were trapped at feeding stations.
This may mean that ¢htracked population is a syopulation of vultures that uisle feeding
stations moreegularlythanvulture populationgenerally This would inflate the importance
of feeding stations for the species as a whalal interpretation needs to be undertaken
cautiously. To assess whether there is a coumiige reliance on feeding stations would
require more tracking data from other parts of the country, and from birds trapped away from
feeding stations (or nestlings).

The SABAP2 data indicated that the Cape vulture sodere more accurate than
the whitebacked vultures in predicting vulture presence, particuladgeiwvithout climate
variables. The maximum values for pentads with Cape vultures present, based on the national
and provincial models without climatvariables, wreabove 0.5Again, the climate models
were less accurate than the-clonate modelssuggestingclimate variables may not be as
important in determining habitat suitability, especially on a large scaldieamaodels are

indicae and may beinderpredicting suitability isomeareas.

2.5.3: Differences between species

The Cape vulture models predicted more suitable area than thebabked vulture models

in all cases. They also had lower AUC values in all cases. This mbhgdaeiseéhe Cape
vulturehas a less specific habitat type than the widteked vultures and therefore were less
constrained by variables like biome and temperature. For instance;babked vultures are
generally restricted to savanna (particularly for breeding) while Cape vultures are found in
savanna and grasslafdundy et al. 1992 Adult Cape vulture arealso found at a greater
variety of elevationgandhabitat$ thanadultwhite-backed vulture$Mundy et al. 1992 The

other major difference between the two species is tmsrof feeding stationsFeeding
stations contributed little tdNVhite-backed vulture modeldut in Cape vulture,’ the
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contribution was very high, suggesting the latter wezavily reliant on feeding stations in
comparison to whitéacked vultures. This may be a function of proximity to feeding stations
with many feeding stations being located close to the breeding and roosting cliffs of Cape
vultures allowing for better acss.

Based on the SABAP2 datthe Cape vulture models more accurately reéftbe
actual range of the species than thatevhacked vulture models. As discussed above, the
white-backed vulture modelsinderpredict suitable habitaprobably because thevast
majority of the whitebacked vulture points were in a small area, implying a small area of
suitability, while the Cape vulture points were more widely spread across the country. This
could be remediedwith more tracking paths frondifferent whitebacked vulture sub
populations, elsewhere i8outh Africa Although the birds do move large distances, the
breeding adultseemmore likely to remain around their breeding areas

2.5.4: Differences between models

The models without climatic variables consistently predicted larger areas with smaller AUC
valuesand better fit the SABAP2 data. Many of the nolimatic variables likely served as
proxies for climatevariables in the nalimate models(e.g. elevation correlates well to
temperaturgbiomewith temperature and rainfallHence, the core suitable habitat was very
similar from both climatic and nedimatic variablemodels Overall, the models were
similar in their predictions of suitable habitat and consistently engsdashe lack of
importance of human population variables and the importance of habitat variables like biome,
elevation, feedingtations, and protected areas.

2.5.5: Conservation implications

These models show predictedirrently suitable habitat for two threatened vulture species.
Conservationists should aim to manage areas of high suitability for vultures. This includes
providing safe food at feeding stations, particularly for Cape vultilv@sseem reliant on

these, educating the public to reduce poisoning and capture for the traditional medicine trade,
and carefully placing power infrastructure to avoid electrocution and collision. The birds do
not appear tavoid areas of human development and therefomadrm population and land

use is natin itself, a problem as long as proper steps are taken to reduce mortality from
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power lines and poisonindgy increasing the number of feeding stations in the country, it
may not be necessary to conservrgeaareas of habitat (with the exception of breeding areas)

as the birdaremore likely to remain close to consistent (and safe) food resources.
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Chapter 3: Seasonal movements of Cap&yps
coprothere$ and white-backed Gyps africanug
vultures in southern Africa

3.1: Abstract

Vultures have been shown to exhibit seasonal movements elsewhere in Africa in response to
carcass availabilityl tracked eight CapeGyps coprothergsand five whitebacked G.
africanug vulturesin southern Africafor 19 months (201-2014).Birds were trapped at two

sites in Limpopo province in South Africa and fitted with G&W®S trackersDUCK-4A or
BUBO-4A (Ecotone Telemetry, Sopot, Polandariations in home range, disp&ment,

feeding station use, and diversity of habitat use were compared over four seasons: winter
(JuneAugust), spring (Septemb&ovember), summer (Decembiéebruary), and autumn
(March-May). There were few significant differences between seasons far eiffecies.

During the winter, whitédbacked vultures decreased their displacement and home eartje
increased their use of feeding stations which may be linked to the breeding season when birds
were restricted to their nestes. White-backed vulturesir®wed morechanges in seasonal
movementthan Cape vultures perhaps due to differences in habitat use. The lack of
significant differences between seasons suggests that food availabilityolag a limiting

factor for the current South African population of white-backed and Capeultures.
Understanding seasonal movements of vultures may assist conservationists and managers to

support vultures during the periods when food availability is low.
3.2: Introduction

Vultures, both Old World and New World, are the only obligate vertebrate scavengers on
earth (Ruxton and Houston 200£Permody et al. 2001 Their large wingspan and keen
eyesight allows them to take advantage of carcass resources in a uniqtravediyng large
distancego locate carrion, a resource that varies in availabbitgh spatially and temporally
(Mundy et al. 1992Ruxton and Houston 200Dermody et al. 2011, Duriez et al. 2014
Food availability is thought to be the primary limiting factor in scavenger populations (as
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predation events are uncommdRuxton and Houston 200¥Vilson and Wolkovich 2010
Vultures must adogpecificstrategiego take advantage of limited food resourdasluding
focusing on haibats where visibility is better using social cues to locate carcasses, and
perhaps, adapting foraging patterns seasorfRixton and Houston 200Dermody et al.
2011, Kendall et al. 2013CortesAvizanda et al. 201,Duriez et al. 2014

White-backed (Gyps africanus and Cape (G. coprothere} vultures are the most
common vulture specida southern AfricalMundy et al. 1992IUCN 2015. Both species
are listed in Threatened categories by the International Union of Conservation of Nature
(IUCN) Red List with severe population declines due to poisoning, electrocution by power
lines, declines in fod availability, and habitdbss(Ledger and Annegarn 198Wundy et al.
1992 Dean 2004Boshoff et al. 2011McKean et al. 201L.3UCN 2015. The Cape vulture,
an endemic species to southern Africagusrentlylisted as EndangergtliJCN 2013. The
white-backed vulture, distributed across Africa, has recently been listed dsalGrit
EndangeredlUCN 2015. Both birds are highly gregarious, gathering in large numbers at
carcassesat breeding sitesand occasionallywater points(Mundy et al. 1992 Subadult
birds of both species travel widely throughout southern Africa while adults tend to have
smaller home ranges around their nest (during the winter breeding season) or roost sites
(Bamford et al. 200,/Phipps et al. 2013&hipps et al. 2013b

A recent study examined the seasonal movementsipfRe |Gl rueppelli), white-
backed, and lappéaced(Torgos tracheliotgsvultures in the Masai Mara National Reserve
in Kenya (Kendall et al. 2018 It was long believed that vultures followed seasonal
movements ofthe migratory western whitbearded wildebeestConnochaetes taurinys
(Houston 1974Kendall et al. 2018 It is, however,a much more complexelationshipwith
vultures only following wildebeest during the dry season when rates of mortality are naturally
high from starvation, dehydration, and diseg€zallivan et al. 1995Fynn and O'Connor
2000. During the wet seasoniRp e |l | ' s -faceddvultlretgrgeeddry areas where
herbivore mortality wasiigher rather than following the wildebeest he(dendall et al.
2013. Kendall et al. (2013) suggest thisadaptive foraging by both species related to food
availability. Boshoff et al(2009)suggesthere is migratorypehaviouiin the Cape vultures of
the Eastern Cape province, South Afyittee vuluresvacatng winter, breedingcliffs during
thesummerhonbreedingseasonTheyhypothesse thatbirds moveeast during the breeding
season into theoutheasterrEastern Cape and far western KwaZNlatal provincesthough

this hasnot beenassessed using tracking devices or tagged (Hashoff et al. 2000
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In northern and eastern portions (the summer rairafaths) osouthern Africa, there
are two main seasons: the wet, warm summer season (November to April) and the cooler, dry
winter season (May to OctobgFauchereau et al. 2008hang et al. 2005 The majority of
free-range livestock and wdl herbivore mortality occurs in the dry season due tdited
water and food resourcé&allivan et al. 1995Fynn and O'Connor 200Cronje et al. 2002
OwenSmith 2008. During thewet seasonwhen grazingand water are@ormally plentiful,
manyyoungungulatesareborn and the vegetation is thick which allows for heavy predation
(Cronje et al. 20020wenSmith 2008. Vultures, however, are less likely to access predated
carcasses as predators chaseltirds off or even kill thenSouthern Africasupports darge
number of scavenger species including blbakked jackal Canis mesomelas spotted
(Crocuta crocuta and brown dyaena brunneahyenas, and opportunistic lioPgnthea
leo), leopard P. pardu3, and cheetahAcinonyx jubatus(Smithers 2000 Common avian
scavengers include six vulture species, batel€arathopius ecaudatysseveralAquila and
othereagle speciegnd pied crowsGorvus albu¥y(Hockey et al. 2006 These species create
a diverse scavenger community thelitds advantage of the large amount of carrion available
in the southern African system and likely results in high levels of competition for carcasses.

| examingl seasonal moweents ofwhite-backed and Capeultures in southern
Africa. Change in movements and habitat use may be causeflubtuationsin food
availability, which may beresult from seasonalariatiors of temperature and rainfall. If
rainfall is low, food availability islikely to be high due to highungulatemortality. In the
case ofthe summer rainfall regions obusthern Africa, this is likely to be in the winter
season. If food availability is greater in one seasenwinter), vuluresshouldreducetheir
home ranges andisplacement because carrieasier tofind. During the wet season,
ungulatesare more dispersed and therefore vultures may need to travel greater digiance
find carrion.Although if the birds are no longer tied to nesting sites and therefore may be
able to stay in areas where food is available and travelMestsires may reduce thaiise of
feeding stations when natural food availability is highecausethey are more likely to
encounter more caon naturally.Lastly, if natural carrion is widely availablehite-backed
and Capevultures may uséewer vegetation typedecauseheir home ranges are smallér.
predicted that if food availability is greater in one seasa@n \Winter), a) vultures h o me
range and displacemewill shrink, b) theywill reduce their use of feeding stationsdac)
their useof vegetation typewill be less diverseThese hypotheses were tested usihge-

backed and Capaulture tracking points through southern Africa.

44



Documentingthe seasonal movements of these two speciespnoNide a better
understanding of their resource use in southern Afaicd facilitatemanagement of their
populationsby enablingbetter provisioning at fe@ty stationsduringtimes of food scarcity,
and improving protection of areasnportantto their survivalthroughoutthe year. Vultures
forage over vast areaputiing them at risk of poisoning from carcasg&&rdoorn et al.
20049). Poisoningof carcasses has been the greatest cause of vulture decline in(@fyada
et al. 201%. Poisoning includes targeted incidentésy. poachers aimig to avoid detection
and traditional healersapturingbirds for the tradional medicine market, and inadvertent
incidents e.g. farmers poisoning carcasss to reduce predator populations. Providing safe
carcasses at feeding statioreducedpoisoning in India(Gilbert et al. 200y This is
especially important during times of low food availability. Witkese two speciesitdother
African vulture specigs declining rapidly throughout their ranges, it is important to
implement effective conservation measurdhis can be more effectively done by

understanithg their behaviourat a landscape level.

3.3: Methods

3.3.1: Tracking data

Thirteen individuals, fivavhite-backed vultures (three female and two male), and eight Cape
vultures (two female, five male, one unknown) were trapgteddoholoholo Rehabilitation
Centre(S24.5134°, E30.9048%r Mockford Farms 24.0628°, E229929 feeding stations
in Limpopo praiince by the Endangered Wildlife Trust (EWidider a ToP¢Threatened or
Protected Specieg)ermit for the Limpopo Vulture ProjecEeeding stations are locations
where poisoffree carcasses are placed out for vulturesadheravian scavengers to feed on
(Donazar et al. 2030 Besides one suadult whitebacked vulture, all birds were adults.
Their breeding status was unknawBirds were trapped in walik traps set up at each
location. Each individual was fitted witBSM-GPS trackng devices, either DUCKA or
BUBO-4A (Ecotone Telemetry, Sopot, Polaneiyww.ecotonetelemetry.com In addition,
birds were patagial tagged (a numberedtmasg atached to both wings) anthged, and
blood wascollectedto sex thebirds (Hewitt and AustinRSmith 1966 Wallace et al. 1980,
Kendall and Virani 201R Data points were collected hourly5:00-17:00) each dayfrom
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April 2013 to October 2014. Vultures withsufficient pointg(<500)to create accurate home

ranges and displacement vedl were excluded from analyses.

3.3.2 Weather data analysis

Months were divided into four seasons: winter (JAngust), spring (Septemb&ovember),
summer (Decembéfebruary), and autumn (MardWay) based on typical rainfall patterns in

the summer rainfall regions of southern Africa where the vultures were céightlall et al.

2013. South AfricanWeatherService (SAWS)data from 2000 to 2014 for Polokwane,
Limpopo province and Nelspruit, Mpumalanga provifite two weather stations closest to

the capture pointsfdhe vultures)The data includedverage daily maximum and minimum
temperatures and total rainfall for each month. In addition to testing differences between
seasonsthe climate during the vulture tracking months was examined relatitree average

values of those monthie asgss whether the climaté the tracked year was typical.

3.3.3: Tracking data analysis

Tracking points were categsed by month for each vultureMonthly displacement,
minimum convex polygon (MCP) and 50%, and 95% kernels were calculated fameatn
using Geospatial Modelling Environment (Spatial Ecology LRQ14,vers. 0.7.4.0). These
measuresassess changes in foraging patterns across se@§¥on®on 1989. Because there
was extremely high variability in the datslCP and both kernels were log transformed in
order to better visuelethe trends across seasons.

Vulture feeding stations were plotted in ArcGIS 10.2 (ESRI 12015, vers.
10.2.0.3348) from the EWT Vulture Restaurdatabase. A buffer of 500 medrevas created
aroundeach feeding station. The bufferovideda small margin of error for the trackimad
GPS points of the feeding stations. The proportion of vulture tracking points in the buffer was
calculated for each montilo asses whether vultures were more likeo rely on feeding
stationsin someseasons

Both biomeuse and vegetation diversity wesalculated for each month. The South
African National Biodiversity Institutd SANBI) vegetation layer was usg@lucina and
Rutherford 201D The vegetatiomnd biome type were exzirted for each point within South
Africa, Lesotho, and Swazilandhe countries covered by the layell tracking points
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outside of these countries were excludemhtthis analysis. The total number of points in
each biome for ed species and ead®ason was countdd investigateif biome use was
different across seasons and between species. If the birds were tracked at a point it was
considered to be usindpat biome or vegetation type. Even if the birds were flying at the
point, it islikely that they were foraging, and, therefore, using that particular vegetation type.
The vegetation type was extracted for egdhint and monthly vegetation divéss was
calculated for each tracking month of each bird. Vegetation diversity was calculated using the
Shannon Diversity Index on Land Usf@saiola 2005. The following formula was used:

G2 Bn o énQuherep is the proportion of land type All months were assigned to
seasons for analysiéll statistics were calculated using R @R Foundation for Statistical
Computing Platform,2015, vers. 3.2.2) All values are presented as meatsstandard

deviation.

3.4: Results

3.4.1: Seasonal climate

A total of 180 months of climate data from Polokwaresanalysed One hundred and sixty
four months of temperature data and 161 months of rainfall data avexkysedfrom
Nelspruit.

In Polokwane, maximum temperature during the tracking months was omrstan
deviation above the mean two months (June and Sember 2013) and one stard
deviation below the meaim two months (December 2013 and January 2014) (Figure 3.1).
Minimum temperature was one stiard deviation below the meam five months (April,
May, June, October, and November 2018)inimum temperature was two standard
deviations below the mean one month (October 2013Ylonthly rainfall was one stalard
deviation above the meamtwo months (April 2013 and March 2014).

In Nelspruit, maximum temperature during thracking months was one stiard
deviation above the mean two months (January 2013 and June 2014) and one standard
deviation below the meam two months (December 2013 and October 2014). Minimum
temperature was one standard deviation altlegemeann one month (July 2013). Monthly
rainfall was one standard deviation above the medour months (April, May, and August
2013 and March 2014) and one standard deviation below the im@&se month (January
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Figure 3.1: The mean monthly average maximum and minimum temperature and monthly
rainfall values (solid lines with open circles) and the monthly averaggimum and
minimum temperature and monthly rainfall values for vulture tracking months (dashed line
with open squares) from April 2013 to October 2014 for Nelspruit and Polokwane. Error bars
represent one standard deviation above and below the mean

In Polokwane, monthly average maximum temperatures were significantly different in
all seasons (F=12843, 176) p<0.001). Summer had the highest monthly average maximum
temperatures while winter had the lowest (Figure 3.2). Monthly average minimum
tempertéures were significantly different for all sEns except spring and autumn
(H=137.79, d.f.=3, p=0.05). Monthly average minimum temperatures were hightss
summer and lowesh the winter. Monthly rainfall values were significantlyfferent in all
seaons except spring and autumn=#8.21, d.f.=3, p=0.05). The rainfall was highest in

summer, and the lowest in winter.
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In Nelspruit, monthly average maximum temperatures were significantly different in

all seasons except spring andusmn (F=71.523, 160),p<0.01). Highest avage maximum

temperatures were recorded summer, and lowedh winter. Monthly average minimum

temperatures were significantly different in all seasongsepix spring and autumn

(F=157.93,160), p<0.01). Summer had the highest average minimum temperatures, and

winter had the lowest. Monthly rainfall values were significantly different in all seasons

except spring and autumn (H=87.36, d.f.=30404). Rainfall values were highest in summer,
ptsp

and lowest in winter.
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Figure 3.2: The mean monthly average maximum and minimum temperature and monthly
rainfall values for each season in Polokwane and Nelsfié.letters represent significant
differences within not between the models. The boxes represent the 25% and 75% quantiles.
The line across the box represents the mean. The open circles are outliers.
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3.4.2: Tracking data

The whitebacked vultures were tracked for an average of 2347 months. A total of 62
tracking months were used in analysis for wiiéekel vultures (Table 3.1).
The Cape vultures were tracked for an average ot ®® monthsA total of 89 tracking

months were used in analysis for Cape vultures (Table 3.1).

Table 3.1:The number of vulture tracking months and tracking points per season for white
backed and Cape vultures.

Season White-backed wlture Cape wilture
Number of Number of Number of Number of
tracking months  tracking points  tracking months  trackingpoints
Winter 15 4882 20 5855
Spring 14 4268 22 6746
Summer 15 4715 23 6657
Autumn 18 4762 24 6147
Total 62 18,627 89 25,405

Birds were tracked in six countries (South Africa, Botswana, Zimbabwe,
Mozambique, Lesotho, and Swaziland (Figure 3T8)e total MCP of all the whitbacked
vultures was 1,002,603 Kmand the total MCP of all the Cape vultures was 1,168,602 km
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Figure 3.3: The MCP of all whitebacked and Cape vultures with the ca@tpoints of the
birds marked.

3.4.3: Displacement

White-backed vulturedata showed seasonal differences in total monthly displacement
(H=10.73, d.f.=3, p=0.01)Theytravelled greater distances in the spring than in the autumn
(Figure 3.4). Cape vulturedata did not show seasonal differences in total monthly

displacement (Figure 3.4). There were no significant differences between the two species.
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Monthly Displacement (km)

Figure 3.4: The average monthly displacemesicross seasons of tracked wibecked
vultures andCapevultures The letters represent significant differences within not between
the models. The boxes represent the 25% and 75% quantiles. The line across the box
represents the mean. The open circles are outliers.

3.4.4: Home Range

Both whitebacked and Capeultures showed no significant seasonal differences in home
range kernel areas. However, there is a consistent peak in home range during the spring for

Cape vultures and during the summer and autumn seasons foibatkied vultures (Figure
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Figure 3.5:The average monthly logMCP, 10g50% kernel, and 10g95% kernel across seasons
of tracked white-backed vultures andCape vultures. The letters represent significant
differences within not between tineodels. The boxes represent the 25% and 75% quantiles.
The line across the box represents the mean. The open circles are outliers.
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3.4.5: Feeding station use

There wereno significant differences irthe proportion of time spenby whitebacked
vultures at feeding stations across seasons. The same was true for Cape vultures. White
backed vultures showed a peak in use during the winter (Figure 3.6). There were no

significant differences between species.
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Figure 3.6: The average monthly proportion of points at feeding stations across seasons of
trackedwhite-backed vulturesndCapevultures.The letters represent significant differences
within not between the models. The boxes represent the 25% and 75% quantilése The
across the box represents the mean. The open circles are outliers.

3.4.6: Vegetation diversity

Totalsof 59 months for whitdacked vultureand 80 months for Cape vultunesre usedor
the vegetation and biome use analyg#hite-backedand Capevulturesusedfive biomes: i)
sawanna, ii) grassland, iii) Narrkearoo, iv) forests, and v) azonal vegetation (Figure 3.7).
Because ofow counts in several biomeshite-backed viture data wereombinedinto two
categories: i) savanna and ii) othermeT Cape vulture data wemombined into three

categories: i) savanna) grassland and iii) otheBiome use differed significantly between
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the speciesver the tracking perio@’=3680.7, d.f.=2, p<0.001). Cape vultures used more
grassland and other vegetation types than wiatked vulturesWhite-backed and Cape
vultures both showed significant differences in biome use between sea§c983(29,
d.f.=6, p<0.001 ang’=151.%, d.f=3, p<0.001)White-backed vulturesised onlysavanna in
the spring ananore of other biomes in the summeZape vultures used more grassland and
other biomes in the summer and less grassland and other vegetation types in the winter.
Both white-backed and Capeultures showed no significant differences in vegetation
use diversity between season@igure 3.8). Whitebacked vultures showed a small peak

during the summer. There was a significant diffeeeimcvegetation usdetween species
during spring.

100% r— . —
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60% m Azonal Vegetation
50% m Forest
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% of tracking points

Figure 3.7: The percentage of tracking points in each biome for each season fdrackéd
and Cape vultures.
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Figure 3.8:The average monthly vegetation diversity across seasons of trackesdadit
and Cape vultures.

3.5: Discussion

Therewaslittle change in seasonal foraging movementh@southern Africawhite-backed

and Capevultures observed in thisstudy. Whitebacked vultures showed more variation
throughout the year, with lower displacement and home range yahakshe highest use of
feeding stations in winteCape vultures showed similar displacement, home range, and use
of feeding stations tbughout the yeailhere wasigh variation within each season for both
species.

The lack of strong seasonal changes in movement is in contrast toprelaius
studies in South Africa, Namibia, Kenya, and Europe have f¢rothertsonand Boshoff
1986 Bamford et al. 200/Kendall et al. 2013Monsarrat et al. 20)3Seasonal movements
of Cape vultures in the Western Cape province, South Africa, and in Nawebgalinked to
breedingoehaviourand food availabilitfRobertson and Boshoff 198Bamford et al. 2007
Kendall et al. (2013jound changes in Kenyan vulture foraging behaviour and where they

foragedbut did not examine displacement, or home range.
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3.5.1: Seasonal climate differences

The data from théolokwane and Nelspruweather stations supportéue divisions of the

data into four seasons. Seasons were significantly different from each other (with the
exception of spring and fall) in temperature and rainfall. Winter was the driest and coldest
season as expected. This supports the idea that vultures may be less able to fly in winter due
to cold weather leading to less thermal &fid the view that mortality of mammals due to
starvation and dehydration is likely to gesater(Gallivan et al. 1995Fynn aand O'Connor

2000. The nineteen months that vultures were tracked were fairly typical of the last decade.
The one major exception was the extreme rainfall in March 2014. This may have resulted in
the autumn results reflecting more of a summer signaltaldke high rainfall. It may also

have resulted in a winteseasorwith reduced mammal mortality due to high surface water
and ground water availability. Thedactors may have changed the vultureforaging
patterns for this season. Tragppors the needfor more seasons of tracking data to better

understand the changasd variability between aratrossyears

3.5.2: Drivers of seasonal movement in vultures

There appear to be three primary driverssefisonalkchanges in vulture movements: i)
weather, ii) breedindpehaviouy and iii) food availability(Robertson and Boshoff 1986
Bamford et al. 200/Monsarrat et al. 20)3Becausevultures are large, heavy birds, weather
patterns have a great effect on their ability to forddendy et al. 1992Ruxton and Houston

2004 Shepard and Lambertucci 2QT3uriez et al. 201 In conditions that do not facilitate
updrafts, such as cold or windless days, vultures may have to remain at their roosting sites
(Mundy et al. 1992Shepard and Lambertucci 2QT3uriez et al. 2014 Winters in southern
Africa are cold and dry, and the days are sliBauchereau et al. 2003Vultures tend to

leave their nests later as a result of poor flying conditi@abertson and Boshoff 1936
Mundy et al. 199@ This results in shorter foraging days foe thirds which may mean that
they move shorter distances to find food. The slight decline in wiatked vulture home
range andlisplacement supports this idea. One possible explanation for the lack of change in
the movement of the Cape vultures could be that their roosting and breeding cliffs are in
mourtainous areas which are windi@nd would produce ridge lift that Cape vulsi@uld
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exploit to get alof{Mundy et al.1992. It also may be possible that the area they forage in is
sufficient regardless dhetime of year.

Both white-backed and Capeultures begin breeding in lateummer and early
autumn(Mundy et al. 199p During the incubation phase, one parent is constantly on the nest
while the other forage¢Mundy et al. 1992 This continues through the nestling phase
(Mundy et al. 1992 However, at this point the demands of feeding the young increase
(Mundy et al. 1992 Both species also feed their fledgling after they leave ¢sts(Mundy
et al. 1992 This resultsin a very intensive period of foraging from the time the chick
hatches untithe post fledging dependence period is avbich coincideswith winter into
earlyspring(Mundy et al. 1992Bamford et al. 2007 At the Potbergolony in the Western
Cape province, Cape vultures spent the most time foraging in January and Febheary,
food was scarcegRobertson and Boshoff 1986The shortest foraging time was recorded in
March, April, and May, which is lambing season in the Western Cape province and therefore,
there is high food availabilitgue to high lamb mortalitfRobertson and Boshoff 1986-or
a single radidrackedvulture from Potberg thenean furthest foraging site was twice as far
from the colony in summeasit was in the winte(Boshoff et al. 198y

A pattern simila to the Potbergape wlturesoccurred inthe whitebacked vultures
of this study, withslightly lower home range and displacementhe winterand a sharp
increase irfeeding statioruses.This suggestshatbreeding vulturesire wsing areliable food
resource available close to their neditslso implies that there are more feeding stations per
km’i n t he vul t uThispatternisovemgesimilaa to tha found in griffon vultures
(G. fulvug in the Grand Causse region ofaRce where adult birds decreased their home
range and displacement during the winter but the density of feeding stations in their ranges
increasedMonserrat et al. 2013Monserrat et al. (2013) suggested that they were cutting
out areas from their summéopme range during the winter but only areas without feeding
stations, leading to an increase in feeding station density in their home.rahgesvas
hypothessed to be because ofa combination of weather, food availabilitynca breeding
behaviour But in my study, Cape vultures showed very little change in the scale of their
movements during the breeding season.

Food availability is a major factor determining seasonal movements of
vulturegRobertson and Boshoff 1988onsarrat et al. 2033 Southern Africa has a large
populationof wild and domestic ungulatdSmithers2000. Adult ungulate mortality from
starvationsvaries throughout the yegseakng in winter (the dry season), and early spring
(Gallivan et al. 1995Fynn and O'Connor 2000High mortality of young ungulates,
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particularly impala Aepyceros melamplsin spring produces another peak in carrion
availability (Gallivan et al. 1995Smithers 200D Summer and autumn are the wet, green
periodswith lower herbivore mortality (Gallivan et al. 1995Fynn and O'Connor 2000
Fauchereau et al. 2003Vinter and spring shoulde periods with théargest amount of food
biomass available to vultures.

Despite the likely changes in food availability, the birds did not drastically change
their foraginghabits throughout the yeaWhite-backed vultures moved shorter distances in a
smaller area but relied more heavily on feeding stations. Cape vultures showed very little
change. This may beecausesven if there is a change tihe amount of food throughout the
year, there is still more than enough for the current population. There may be little
competitionbetween vultures due to the drastic population de¢hoeoss most areasyer
the past several decadmsda passble increase in food provisionirigrough feeding stations
although this is currently unclear. Food availability may not be a limiting factowlide-
backed and Capeultures, andherefore, seasonal movements may be dictated by food
availability. Amother postble hypothesis is that vultutereeding is linked tohe season with
the highest food availabilitito meet their energy demands. During the summer season, birds
are no longer breeding, and therefore, their energyirements (@ those of the chicks they
were feedingpre lower. Sothat despite thdecreasen foodavailability, a concurrent decline

in energy demandsears the birds flysimilar distanceso fulfil their needs.

3.5.3: Differences between species

White-backed and Cape vulturebowed very little difference inThis isprobably because
both species have similar breeding and feeding h@Yiiedy et al. 1992 Cape vultures use

a greater variety of habitatexplairing the higherdiversity in the use o¥egetationtypes.

This may also explain the lack of seasonal changes. Cape vultures move beabéats
negaing seasonal effects by exploiting a greater varietyfoold resource White-backed
vultures tend to remaianly in savanna and therefore may be more susceptible to seasonal

changes in this pacular biome(Mundy et al. 199p
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3.5.4: Conservation implications

Understanding the seasonal movements of vultures and the drivers kmlovides
information forevidencebased conservation initiativésr both species. In mgtudy, white-
backed and Cagvultures showed little seasonal changenovement, either in the distances
they travelled to find food or in the habitat types in which they foraged. The two species
differed in the types of habitat that they used, with Cape vulture using sasadigaassland

while white-backed vultures almost exclusivelgedsavanna habitats. Whiteacked vultures

used feeding stations more frequently than Cape vultures, particularly during the winter
breeding season. Th#oes not support my hypothesés periodswhen vulturesare using
feeding stationsmost it is particularly important to provide safe carcasseshate sites
Because Cape vulturassefeeding statios less they may be atgreater risk of poisoning
yearround. The lack of strong seasonal changes in foraging patterns of thesailtwaes
seeminglysuppors the hypothesisthat there is more food available twiltures than the
population needs. This may be because of the sharp declines in vulture populations over the
past three decades, allowing for a greatdume of food per vultureDespite the availability

of natural food, provisioning feedingasions may be an important step to avoid poispnin

deaths of these two species.
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Chapter 4: Using landscape factors to model
vulture power line electrocutions and collisions
In South Africa

4.1: Abstract

Recent assessments \aflture mortality in Africa have shown that electrical infrastructure
(such as power lines and wind turbines) is the third greatest source of unnatural mortality.
With the populations of whitbacked and Cape vulturesateasing by-90% over the past
threedecades, it is important to reduce mortalityerepossible.To reducevulture mortality

from power ling, high riskconstructios must be identified and retrofitted. This study aimed

to identify high risk power lines in South Africa ugitandscape scale factorsolfels were
created using collision and electrocution data for whéeked and Cape vultures from the
Endangered Wildlife/Eskom Wilde and Energy Programm&om 19962013 and the
presenceonly modelling program, MaxEnt. High ristollision areas wer@entified in the

Kruger National Park, northern Limpopo province, andrth-eastern KwaZulu-Natal
province for whitebacked vultures and western Eastern Cape province, and the area around
the Potberg colony in Western Cape province for Cape vultures. High risk electrocution areas
were found in northern North West province, Kruger Natidterk, north-westernLimpopo
province, and the border between the Free State and Northern Cape provinces for white
backed vultures and western Limpopo province, the western side of the Eastern Cape
province, and the border between the Free State anddxort®ape provinces. Voltage
contributed to risk in every model for both collision and electrocution. Land use contributed
to the whitebacked vulture collision model, and slope and population density contributed to
the whitebacked electrocution model. Rdation density and feeding station contributed to
both Cape vulture models, and elevation contributed to the Cape vulture electrocution model.
These ariables ar@robaby related to botlthe likelihood ofvulture presenceén the aeg and

their behaviour(e.g. low foraging in low population areas putting them at risk for collision).
High risk constructios should be retrofitted in an appropriate wapnd should be priorged

by site There shouladlsobe increased monitoring of power line mortality through sureé¢ys

land owners or personnel walking under rural lineadd tothe availabledata to create risk

models
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4 .2: Introduction

Old world vultures are large, soaring scavengers fonmkia, Africa, and Europ€Ruxton
and Houston 20Q4ermody et al. 20101 Theyprovide many ecosystem services including
attracting tourismcleaning up carcassegcyclingnutriens, and reducing the risk of disease
transmission in mammals and human beiraged area cultural symbol for many people
(Becker et al. 2009Viarkandya et al. 200®gada et al. 201 Dupont et al. 201, 2Ganz et al.
2012 Ogada et al. 2032In India,adrastic decline in vulture populatiohas cost théndian
economyan estimated4 billion US dollars in increased human health care costs tbder
yearsdue tohigherrates of rabies and other mammalian disea@darkandya et al. 2008).
These escalating diseasates have accompanied a burgeonfaal dog (Canis lupus
familiaris) population that has benefited from excrease inavailablefood once fed on by
vultures(Markandya et al. 2008

Vulture populations ardecliningacross the Old Worl{Prakash et al. 200&reen et
al. 2004 Oaks et al. 20Q4Thiollay 2006 2007, Ogada and Keesing 2010irani et al. 2011
Ogada et al. 2035 India experienced a 92% decline in vulture populations from 1990 to
2000and mpulations in Africa are falling equally quick{(fpgada et al. 20)5Elevenof the
16 Old World vulture specieare lised in Threatened categories by the International Union
of Conservation of Nature (IUCN) including seven outef African specie§lUCN 2015
Ogada et al. 20)5Both whitebacked ultures Gyps africanusand Cap&G. coprothereps
have eyerienced massive declines aar@ listed as Critically Endangered and Endangered
respectively(lIUCN 2015. Ogada et al. (2015¢stimateCape and whitdacked vulture
populations have fallen 92%md90% respectivelpver thre decades

Threats to vultures in Africa are varied and widespreadludng habitat loss,
decrease in food availability, poisoning, use in traditional medieime& electrocution by and
collision with power linegBenson 1984PRiper et al. 1999van Wyk et al. 2001Verdoorn et
al. 2004 Beilis and Esterhuizen 200&amina and Montelio 200&immons et al. 2007
Boshoff et al. 201,1McKean et al. 201,30gada et al. 20)5Poisonings believed to be the
top threat to vultures in Africa due to its diverse drivedgjada et al. 2035 Poisoning
includesaccidental poisoning bgommercialfarmers(targetingmammalian carnivores such
as blackbackedjackals Canis mesomelastargeted poisoning by poachdegtempting to
avoid detection by authoritiesand environmental poisoning from veterinary medicind a

lead(Benson 1984/erdoorn et al. 20040gada et al. 2005Power lines are the third major
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threat to vultures in Africa behimabisoning andise in the traditional medicine trafi@gada
et al. 2015%.

Power Ines pose a threat to a variety of bird species around the world including
flamingos, bustards, storks, and many species of raf@ersson 1982Bevanger 1998Janns
200Q Rubolini et al. 2005Jenkins et al. 2010Shaw et al. 201,0Boshoff et al. 2011
Currently, most research on the effects of power lines has beesetbouthe United States
and EuropgBenson 1982, Lehman et al. 200@nkins et al. 20)0Power lines are known to
kill birds through both collisions with power lines and electrocution by power (ireins
et al. 2010. Largeand/orheavy birds with wide wings and birds with rapid flight are much
more likely to conflict with power linegJanns 2000 In southern Africa, this inades all
species of wvultures (except hooded vultures Nécrosyrtes monachys blue c¢ane
(Anthropoides paradisels, L u dNeotisgudwigi) ( a nd D estandgNndeshar;
lesser Phoeniconaias mingrand greateddmingos P. minol), and many large raptgpecies
(Jenkins et al. 201GBhaw et al. 2010 Raptors, including vultures, are susceptible to both
collisions from flying into power lines due to their largengs, and electrocutions from
perching on power lineflenkins et al. 201@oshoff et al. 2011 When the birds extend
their wings to take off, they cameate a circuit with any energisedrt of the pylon and are
thenelectrocutedMarkus 1972 Ledger ad Annegarn 1981 Whether they get electrocuted
depends on weather, voltage and other factors (Lehman et al. B¥f).collision and
electrocution can result in severe injury or death to the Kivtlgkus 1972 Ledger and
Annegarn 1981

Very few methods have proved effective in the gaition of collisiongJenkins et al.
2010. Markerson power lines both with and without lightsare the primary means of
preventing collisiongJenkins et al. 2030 Another optionis removing thegroundwire, the
top wire on a power linayhich is responsible for a large portionadflisions(Jenkins et al.
2010. Electrocution mitigation has proved slightly more suceggskenkins et al. 2030
Options include adding alternate perches or removing dangerous perches, or insulating
dangerous eneigpd elementgJenkins et al. 2030

As of 1996, South Africa had 255,74&Bometresof power linesmanagecdexclusively
by the South African parastatal Esko(&lectrical Supply Commissionjvan Rooyen and
Ledger 1997. Owing to growing demand, the network of power lingsexpanding rapidly
(Perkins et al. 2005 Vulture electrocutions in South Africaere first recordd by Markus
(1972 in modern day Limpopo province on 88kV kite structures. Since then, éusdnore
incidents have been recorded, espegifdr the most numerous specieghite-backedand
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Capevultures (Ledger and Annegarn 198Boshoff et al. 2000 White-backed wltures
occasionallyneston, and both species commonly perch on pylanakng electrocutios
more likely (Anderson and Hohne 20pdann (200) suggests vultureotision arecommon
because thefpcusbelow them rather than in the direction they are flying

The most thorough examination of the impact of powessl on vultures was Boshoff
et al. (Boshoff et al. 2011 This study used a combination apower line mortalitydataset
and interviews of people living in the areaestimatevulture mortalitieson power lines per
year. Although 14 vultures were recorded deadhe WEP databasesing the surveys, this
increased 5.7 fold tan estimated0 birdgyear This is around 4% of the Eastern Cape
province populationBoshoff et al. 2011 This level of mortalityis enough to cause an
annual decrease in tiiasternCape province Capeulture populationgBoshoff et al. 2011
Although power lines do cause mortality, they dfave allowedthe expansion of white
backedvulture populationgo new areas in South Africaroviding predatoffree nestingsites
particularly in the aridNorthern Capgrovince where suitable large trees are f@gdnderson
and Hohne 2007

Very little is known of the landscape scale factors contribgtto South African
vulture mortality on power lineslhere has been a concerted effort to document power line
deaths of albird species by the Endangered Wildlife Truss ( EWT) Wi I dIl i f e
Programme (WEPAIl known power line mortalitydataof white-backed and Capeultures
in South Afica have been collectedince 1996. Té presentstudy ains to model the
likelihood of white-backed and Capeulture mortality on power lines based on landscape
scale variablege.g. biome, land useglevation,etc.), and to applythesefindings to the
current power line gridThese modek also examinel the differences in factors related to
collision and electrocution risto help engineers and conservationists identify places to avoid
for future power line expansions amdhere to retrofit to makeconstructionssafer for

vultures.

4.3: Methods

4.3.1: Electrocution and collision dataset

Vulture power lineelectrocution and collisiodatahave been opportunistically collected by
the WEPsince 1996. The datased in te presenstudy were collectedbetween 1996 and
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2013. The dataset includdide species killed, the cause of death (collision or electrocution),
the number of birds killed, the date discovered, and3fA8location of birdsor the entirety

of South Africa. Tlere was no power construction or line height data included.

4.3.2: Power line dataset

The power line dataset detailed all Eskom power lines in South Africa. The layer included the
name of the line, whether it was active, and the voltdgere was noanstruction or line

height data included.

4.3.3: Environmental datasets

To create the models, the following variables were used.

4.3.3.1: Topography

Two topographic variables were used: elevation and slbpere is higher wind at
areas of greater slope and elevation which may make vulutesrableto collision with
power linesA 90m DEM model from BioClim was used for elevation and slope was derived
from elevation using ArcGIS 10.ESRI Inc.,2015,vers. 10.2.0.3348Hijmans et al. 2006

4.3.3.2: Distance to resources

Three resource variables were used, i) distance to fresh water, ii) distance to feeding
station, and iii) distance to protected a(8ANBI 2009 201Q 2011). These variables may
contribute to how likely a vulture is to be irspecificlocation.Birds taking off fromwater
points or feeding stations majso be more likely to collide with power lines or may use
power lines to roost on, increasing their risk of electrocufi@ncalculate distance to water,
the South African National Biodiversity Institute (SANBI) and the South African vegetation
map water class were combinetfhis water feature dataset was then used to create a
Euclidean distance raster. Distance to feedst@tion was measured using a Euclidean
distance function applied to the EWT dataset of all known feeding stations in souther
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Africa. Lastly, formal (national and provincial parksand informal (private reserves)
protected areas from the SANBI protected area layers were combined and the resulting

datasetvasused to create a Euclidean distance raster.

4.3.3.3: Cattle density

All vulture specieseed on domestic livestock carcas@dsindy et al 1992) In areas
wherevultures aremaost likely to find food(e.g. areasf high livestockmortality), birds may
fly lower increasing their risk of collision with power lind&irds mayalsoperch on power
lines near carcassesincreasing their risk of electrocution. In South Africa, the largest
livestock biomass igattle (i.e. 13.9 million animalsin 2012) (DAFF 2013. The cattle
density datasesf r om t he Food and Agriculture Organi
and Health departmenFAO 20035. The cattle density layer is a model using various

environmental variablesndlivestock counts.

4.3.3.4: Population density

If vultures avoid densely populated areas, locations Wwgh human population may
have a lower likelihood of electrocution and collisidData onSouth African human
populationwere obtained from the Council for Scientific and Industrial Research (CSIR)
Geospatial Analysis PlatforfNaude et al. 2007 The humandensites for each mesozone

werecalculated from area and population caunt

4.3.3.5: Land use

Different land use types maalso indicate varying levels of humandisturbanceto
vultures. Land use data were obtained from the SANBI Land Cover map from{2A08I
2009. They include seven categories: i) natural, iiultvated, iii) urban, iv) degraded, v)
water, vi) plantation, and vii) minekand ug typeswere defined using data from provincial
governmentss well as data sources from the Department of Water Affairs and Forestry, the

Agricultural Research Council, and Eskom.
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4.3.3.6: Biome

In open, treeless areasylturegraptorsare more likely to perch on power lines,
increasing their electrocution risBiome data were obtained from the SANBI vegetation
map and included eleven categories: i) savanna, ii) grassland, iii) Albany thicket, iv) azonal
vegetation, v) deseryj) forest, vii) fynbos, viii) Indian Ocean coastal belt, ix) Nakaaoo,

X) succulent karoo, and xi) wat@ucina and Rutherford 20).0

4.3.4: Preparing data

Two datasetsusing GPS pointsvere created, oneachfor collisions andelectrocutions.
Using the GPS data, each power lifmth distribution and transmissiosegment was
assessed tdeterminef vulture mortalityincident had occurrethere, and a@ataset ofines
where deaths occurred was created. A random set of 10,00(both distribution and
transmissionlines wheremortalitieshad not occurred was created for both collisions and
electrocutons. Four additionalpresence and absendataset were createdne each for the
two species; collision and electrocution recotddotal six presence and six absede¢aset
were createdas well as a dataset of all South African power lines. Enviesrtahdata(from

all thirteen datasetsas well as voltage, weextracted for each segmentpdwer line The
categorical variables were assigned based on the biome or land use that covered the majority
of the segmeniThe continuous variables were basedthe average value for the segment.

4.3.5:Power line riskmodelling

MaxEnt 015, vers. 3.3.3k), a software aimed at creating models with presaemgalata,

was used to create adlix modek (Phillips and Dudik 2008 (Elith et al. 201} It is
particularly useful for small datasets ofepenceonly data and is robust to overfitting
(modelling of random noise rather than the underlying pattes®n with correlated
environmental variables. MaxEnt maxses entropy between two probability densities, the
landscape data and the preseooly data. It then uses a maximum likelihood approach to
plot likelihood values for each landscape variable in the model. For categorical variables (e.g.
biome or land use), each category is given a likelihood value. For this study, the standard
setting of Ma¥nt were used. The models usedamples with datanethod which involved
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using the power lines in a dateet with the environmental variables already assi(falkt

et al. 201). All models were applied to aflower lines in South AfricaAll statistics were
calculated in R The R Foundation for Statistical Computing Platfo2015, vers. 3.2.2

Values of above 0.5 were considered high risk and values of above 0.75 were considered very
high risk (Liminana et al. 201,2Liminana et al. 2014 Averages are presented with *

standard deviation.

4.4: Results

Between 1996 and 2013, 837 vultures were reported killed in 331 power line mortality
incidents,in the study areaSixty-nine (20.8%)were collisionevents killing 91 birds, and

262 (79.2% were electrocution incidentkilling 746 birds (Table 4.1). One hundred and two

of the incidentg30.8%) involved whitebacked vultures, killing 245 birds, and 2@gisodes
(69.2%) killed592 Cape vultures

Table 4.1 The total number of incidents of power line death of vultures divided by both
cause of death and species of vulture. The number in parentheses is the pdheembtaf
number of incidents.

Electrocution Collision Total
Whitebackedvulture 88 (26.6%) 14 (4.2%) 102 (30.8%)
Capevulture 174 (52.6%) 55 (16.6%) 229 (69.2%)
Total 262 (79.2%) 69 (20.8%) 331 (100%)

There were significant differensdetween the number of birds killed per incident
acrossspecies and cause of dedti=27.44, d.f.=3, 0.01). Significantly more Cape
vultureswere killed perelectrocutionkilled than collisions(electrocutions- mean =2.98 +
4.91 collisions— mean= 1.36+ 0.97) There was no significant differen¢cke number of
birds kill perelectrocutionand collisioneventsfor white-backed vulturegelectrocutions-
mean =2.71+ 2.69 collision—mean =1.14+ 0.53).

There were GPS coordinates fdr8 (53.8%9 incidents (whitebacked vulture—
electrocutions = 25 (28%) and collisions = 9 (64%); Cape vuitetectrocutions = 44 (80%)
and collisions = 100 (57%)).
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4.4.1: Annual mortality

The whitebac k ed vul tures’ annual 12.@Peta H2.09nfar r t a |
electrocutions an@.89+ 1.41for collisions. For Cape vultures, the annual mean values were
28.72+ 19.01for electrocutions and.17 =+ 3.55 for collisions. There was a decrease in
overall white-backed vulture powerline mortalitgnd an increase in overall Cape vulture

mortality over the study period (Figure 4.1).
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Figure 4.1:The annual mortality of A) whitbacked vultures and B) Cape vultures due to
collision with andelectrocution by power lines from 1996 to 2013.
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4.4.2: Spatial patterns of power line mortality

Vulture power line mortalities haveeenrecordedn all nine South Africanprovinces (Figure
4.2). White-backed vulture mortalities were the highesthieNorth WestandNorthern Cape
provinces (Figure 4.3).Most Cape vulturenortalitieswere in the Eastern Capand North

West province (Figure 4.3).

A Cape Vulture Electrocution
® WB Vulture Electrocution
A Cape Vulture Collision
N = 2 ® WB Vulture Collision
8 —— High Voltage Power Lines
A 400 |; Provincial Boundary

[ Jkm D Political Boundary

Figure 4.2: A map illustrating allmajor power lines in South Africa with all power line
mortality points (collision and electrocution) marked.
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Figure 4.3:The total mortality ofwhite-backed (WB) and Capeultures from both collision
with and electrocution by power lines in each province from 1996 to 2013.

4.4.3: Collision models

The model for collision for botBpecieshad astrong AUC value ©0.97 (range 0.00—0.99).
A total of 24,336kilometresof power line had a value of over 0.@&ery high risk)and a
total of 42,45ilometresof power line had a value of over 0.8tigh risk) High risk areas
were in westernEastern Cape province, the area around the Potbapg vulturecolony
(Western Cape provincelruger National Park, and many of the large power lines across the
country (Figure 4.4)Distance to feeding station, land use, population density, and voltage
each contributed over 10% to the model (Table 4.2).

The model for collision for whitdacked vultures had a strong AUC valueOd38
(range: 0.06- 0.99) A total of 18,954ilometresof power line had a value of over O.FR&ry
high risk)and a total of 33,85kilometresof power line had a value of overs0 (high risk)
High risk areas includkenorthern Limpopo province, Kruger National Park andtimern
KwaZulu-Natal province (Zululand) (Figure .8). The high voltage, long distance lines
(transmission linesyre also included.and use and voltage each contributed over 10% to the
model (Table 4.2).

The model for collision for Cape vultures hadstaong AUC value 00.96 (range:
0.00- 0.99).A total of 19,221kilometresof power line had a value of over O.@&ery high
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risk) and a total of 32,06Kilometresof power line had a value of over 0.80gh risk) High

risk areaswere around the Potberg colonyVestern Cape provingeand westernEastern

Cape province (Figure @). The high voltage, long distance lingsansmission linesjre also
included. Distance to feeding station, population density, and voltage each contributed over
10% to the model (Table 4.2).

Table 4.2 Percent contribution of individual variables to three collision MaxEnt models.
Values in bold contributed ovd0% to the model. The signs next to the percent indicate how

the |l ines -Weredbebaped. négati vwet” “i+n"diicnadtiecsa tae
decrease foll owe"d ibrydiacnatiensc raem sieni t“i+al i ncr e
“‘n” i ndicates no clear pattern.
Variable Both White-backedvulture Capevulture
Voltage 45.8 45.2 45.2
Elevation 0.6 +/- 03 - 0.1 +/-
Slope 3.1 - 3.1 - 39 +
Distance to Water 0.3 - <0.1 + 1.4 -/+
Distance to Feeding station 14.3 - 7.3 - 19.3 -
Distance to Protected Area 1.8 + 14 - 0.8 +
Cattle Density 0.8 + 00 n 15 +
Population Density 16.6 - 45 - 13.2 -
Land use 14.6 31.1 8.8
Biome 2.1 7.2 5.9

4.4 .4: Electrocution Models

The model for electrocution for botivhite-backed andCapevultures had a strong AUC
value d 0.95 (range: 0.0G- 1.00).A total of 24,281kilometresof power line had a value of
over 075 (very high risk)and a total of 48,73Rilometresof power line had a value of over
0.50 (high risk) High risk areaswere border area of theFree State and Northern Cape
provinces,northern Limpopoprovince and westernEastern Cape province (Figurery.
Distance to feeding station, land use, population density, and voltage each contributed over
10% to the model (Table 3.3).

The model for electrocution for whiteacked vultures had a strong AUC valde o
0.99(range:0.00— 1.00) A total of 6,370kilometresof power line had a value of over 0.75
(very high risk)and a total of 15,76kilometresof power line had a value of over 0.8tigh

risk). High risk areaswere the border of the Free State and Northern Cape provinces,
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northern North West province, and Kruger National Park (Figuse Ropulation density,
slope, and voltage each contributed over 10% to the model (Table 4.3).

The model for collision for Capeultures had a strong AUC valué 0.96 (range:
0.00— 1.00). A total of 19,481kilometresof power line had a value of over 0.@gery high
risk) and a total of 40,20Kkilometresof power line had a value of over 0.80gh risk). High
risk areaswverethe bordembetweenFree State and Northern Cape provinces, the ofetste
Eastern Cape province, the Drakensberg region of Kwalatal province, and north
central Limpopo province. (Figure3}. Elevation, distance to feeding station, population

density, and voltage each contributed over 10% to the model (Table 4.3).

Table 4.3 Percent contribution of individual variables to three electrocution MaxEnt models.
Values in bold contributed ev 10% to the model. The signs next to the percent indicate how

the |l ines -Weredbebaped. négati vwet” “i+n"diicnadtiecsa tae
decrease foll owe"d ibrydiacnatiensc raem sieni t“i+al i ncr e
“n” indicates no clear pattern.
Variable Both White-backedvulture Capevulture
Voltage 23.4 27.8 19.2
Elevation 8.1 + 0.0 n 12.3 +
Slope 0.6 +/- 24.6 - 19 +
Distance to Water 0.3 +/- 3.3 +/- 51 +
Distance to Feeding Station 11.9 - 3.3 - 14.1 -
Distance to Protected Area 1.7 - 58 - 0.8 -
Cattle Density 1.0 - 04 - 1.0 -
Population Density 35.3 - 259 - 31.1 -
Land Use 11.1 7.3 9.5
Biome 2.6 15 5.0
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Figure 4.4:Model of power linecollision risk in South Africa for both species (whitacked and Cape vulturesjVarmcolours(red and
orange) represent high risk lines while cool colours (blues) represent lower risk lines.
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Figure 4.5:Model of power line colli®n risk in South Africa for whitdacked vultures. Warm colours (red and orange) represent high risk
lines while cool colours (blues) represent lower risk lines.
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Figure 46: Model of power line collision risk in South Africa f@apevultures. Warm colours (red and orange) represent high risk lines while
cool colours (blues) represent lower risk lines.
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Figure 4.7 Model of power line electrocution risk in South Africa for both species (Wiztdked and Cape vultures). Warm colours (red and
orange) represent high risk lines while cool colours (blues) represent lower risk lines.
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Figure 4.8: Model of power line electrocution risk in South Africa fanite-backedvultures
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Figure 49: Model of power line electrocution risk in South Africa for Cape vultures. Warm colours (red and orange) representlinigh risk
while cool colours (blues) represent lower risk lines.
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4 5: Discussion

4.5.1: Variables comibuting to collision risk

These modelglentify high risk collision and electrocution areasing large scale landscape
variables. The variables that contributed to the modéh the exception of voltage, are
largelythosethat affect the likelihood of vultures being in the atdawever, these variables
may also be contributing disproportionately to the modelrthteonly tothe probability of
vultures being an area but alkema real increaseollision or electrocution risk.

For the collision models, voltage was the highest contributing variable. High voltage
(transmission)ines had the highest risk for collision for both species. Ehisostlikely due
to the configuratiors that are commonly used for the high voltage lines. These dir@aore
likely to have a ground wire and agenerallygreater in heightThese greater heights may be
more similar to the heighthat vultures are flyingt, putting them at greater risk of collision.
When vultures are foraging, thaye less likely tdocusdirectly in front of them as they are
looking at the grounavhich further increases the risk of the large linethatoraging height
of vultures(Martin et al. 2012

For white-backed vulturg the other contributing factor to collision risk was land use
type with birds being most at risk in natural areas. This may relate not only to where the birds
are more likely to be found but also to a changkehaviourwhen they are imatural areas.

The whitebacked vultures may be more likely to be foraging in these areas where there are
natural carrion sourceand this in turn may put them at higher risk as theyflgireg lower
(e.g.closer in height to power lingsin addition, tiey are at risk when taking off from a
carcassparticularly when frightene@undy et al. 1992 Therefore, if they are more likely

to befeeding in these areas, they may be more likely to collide with power lines.

Two other major contributing factors @ape vulturecollision riskare 1) distance to
feeding station an@) human population densityHuman mpulation density may have a
similar function to land use as natural areas are likely to coincide withuovanpopulation
density areas. The Cape wvull r betmviourmay change in a similar way to the whitacked
vultures in natural area®.g. lower flight height while searching for carriolistance to
feeding station may also contribute due toliebaviourof Cape vultures in the areas around
thesite. In many cases the birds are at high risk of collision when taking off from the ground,
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especially in cases where they are scared off of a cafehssly et al. 1992 With large
numbers of vultures feedingt a designated feeding station, the risk of collision may be

highersimply due to increased vulture density.

4.5.2: Variables contributing to electrocution risk

As in the collision risk models, voltage contributed heavily to the electrocution models, with
middle voltage lines being the highest risk for bsplecies. This is not consistent with what

is known about electrocution risk in vultures. Low voltggestribution) power lines(22kV

and 33kV) are generally believed to diehighest riskdue to the arrangement of conductors
(Markus 1972Ledger and Annegarn 198Renson 1982l ehman et al. 20QBoshoff et al.
2017). The 22kV and 33kV lines were not placed in the low risk category by the model but
were not put in particularly high risk categories eithEne large lines are more likely to
electrocute birds in the case sifeamers, when bird excremennects the conductors and
the bird resulting(rarely) in electrocution(lLehman et al. 2007 An exaggeration of riskon
middle voltage lines may be a function of inaccurate gea@paformation for some points.
This means that all data must be analysed with caution.

Two other variables were major contributing factors to whéeked vulture
electrocution risk, slopena humanpopulation density. This species tends to be found in flat
areas and this is reflected by the madeChapter AMundy et al. 199 Vultures are more
likely to be found in flat, open areas (Mundy et al. 1992). They may also be more likely to be
perched on power lines in flateas ashis would allow them a good view of the surrounding
area and a safe place from predatdmsthe flat, open areas surrounding Kimberly in the
Northern Cape province, whitgeacked vultures are thought to be expanding their range by
using power lines to perch and nest(dmderson and Hohne 20D7The use of power lines
for perching puts the birds at risk déetrocution.

Three other variables were major contributing factors toQhpe vulturemodel, 1)
humanpopulation density?2) distance to feeding station, ai¥) elevation. Thesdactors
probablystrongly influencéboth the presence and thehaviourof Cape vulturesThe effect
of elevatian is more likely to be a function of presence than a function of behaiayre
vultures are often found imountainous (and sometimes higlevation)areas, particularly in
the Eastern Capand KwaZulu-Natal provinces where they forage in montane grassland

areas(Mundy et al. 1992 In terms of electrocution riskjumanpopulation density is also
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more likely to be function of likelihood of presence rather than a chandwehaviour.
Distance to feeding station may incregsever line mortalityrisk in vultures due to their
behaviourafter feeding. Birds often perch on trees or power line structures after eating
(Mundy et al. 1992 In the case of feeding stationgere are often many birds which
increases the riskf each individual getting electrocuted dueiriteractions between birds
(Lehman et al. 20QBoshoff et al. 2011

4.5.3: Conservation implications

Many of the high risk areas for electrocution and collisao@ inregionswith large vulture
populations, particularly around important breedsiigs. This highlights that many of the
important contributing factors likely relate to thendity of vultures in a givetocale These
locatiors must be priorised for retrofitting of linesto reduce risk as much as possible. In
many areas, such as Kruger National Park, Eskom has already begun retrofittingdpus in
where birds have been electrocuted or have collided mother lines. It is important to
continue this process but it also is important to take a proactive approach to better identify
high risk lines before vultures are killeand to build only raptor safconstructions in the
future.

Power Ines have beeretrofitted in a varietyf ways. For collision, flappers, spirals
and other objects that make thewerlines more visible to birdeave beerattached to lines
in high risk areagJenkins et al. 20)0Although they are not 100% effective, theyrdduce
collision risk (Lehman et al. 20Q7Jenkins et al. 2030 The ground wirehas also ben
removed as thiputs birds particularly at risKJerkins et al. 201Q For electrocution risk,
insulation of conductorat the insulatorbas been useak acosteffective method of reducing
electrocution riskLehman et al. 20Q7 If this proves ineffective, the striure can also be
changed to a lower risk tyructure although this is much more expensitehman et al.
2007).

It is also important to take these models into account wheandkpm electrical
infrastructure. Areas where vulturegcur in high densities and where the risk factors
identified are present need to either be avoided or mitigation needptibglace from the
beginning. This is particularly true ineas where vultures are breeding or near feeding
stations.The locations ofiulture feeding stations must also be carefully examtnagduce

risk for the large number of vultures feeding.
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4.5.4: Improving the model

There are many ways of improving these models and our current knowledge of power line
mortality in vultures. The easiest way to improve the models would be to increase the number
of points included in the models as well as to better include areas eaa population is
lower. Currently the data for the models were opportunistically collected which leads to bias
towards certain areas where either research is being done on power line mortality or there is a
large populationcentrenearby e.g. around Kimbdy in the Northern Cape provincés
Boshoff et al.(2011) found, there is a vast undermpng of these incidentsThere are
several ways that this knowledge could be improved, the first would be to send out surveys to
people in order to assess whettltery have seen incidents that went unreported. The second
option would be to have personnel walking under power lines periodeadlyregularlyto
assess the number of carcasses found belowdiver lines, particularly in areas that are
rarely visited. Acombination of these methods would likely vastly improve the dataset,
particularly for whitebacked vultures where there are relatively few incidents recorded. It
would also help to assess the overall numbers of birds being killed each year by power lines
Increasing theccuray of thegeospatial datéor each incidentvould also be useful
to identify the responsible linesThese models highlight three thing9 the variables
contribuing to vulture power line risk?) the need for rebfitting in specific areas, arg) the
need to improve data collectiorBy further investigating each of these fact@sd
implementing solutions based on the dai@wver line mortality can be reduced for all vulture

speces which will greatly help with the consengatiof these birds.
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Chapter 5: Conclusion

| examinedhow the habitat choices and movementsSaoiuth Africanwhite-backed Gyps
africanug and Cape@. coprotherepsvulturesput them at risk of mortalitfrom interactions
with power lines. Thesspecies are threatened by a variety of mortality sources including
poisoning, habitat lossdeclines in food availability, wind turbines, and powelines
(Verdoorn et al. 20Q4Boshoff et al. 20110gada et al. 2035 Their declines have been
extreme overthe past three decadeBheir loss could be catastrophamd expensivdor
human and wildlifenhealth(Markandya et al. 20Q8gada et al. @L1). It is imperative that

we understand more about the drivers di e  babitatdclsoices and movemeahdwhere
they are most at risk. Thigas athree parstudyaimed at better understanding these species
andther interactionswith the environmentand power linesThe first chapter examined the
habitat choices of both whiteacked and Cape vultures on multipfetialscales. The second
chapter studied whethehdse species exhibit seasonal movempossiblylinked to food
availability in their environment. Thihird chaptennvestigated where vultures are most at
risk of power line mortality bylectrocution and collision.

Results from thdirst chapterindicate there were many climatic and nehmatic
driversinfluencing thehabitat choice®f both whitebacked and Cape vultureBiome and
distance toa feeding station werahe key drivers while temperature and precipitation
variableswere less importanThe majority of the predicted suitable habiftat white-backed
vulturesw a s i n South Afr i ca'’the Kruger rNgtieralt Parlg witht e c t e «
additional areatocaedin northern Limpopo provincelhis was truat all scales examined
The Kruger National Park has the lastygopulation of whitebacked vultures in South Africa
while the areas along the western Limpopo River have highly suitable nesting habitat
(Tarboton & Allan 198% This rangemeans that they spend a large amount of time in
protected areas, although thisaynbe a function of this particular spbpulation. Cape
vultures were predicted to be far more widespread with suitable habitat in Eastern Cape,
KwaZulu-Natal, Gauteng, North West, and Limpopo provéic€his suggeststhat this
species is more aisk becausehey spend less time in large protected areas.

Distance toa feeding station was very important to the Cape veltabitat models
suggestinghesesites are extremely important to thepecies Thisallows conservationists to

utilize feeding stations to better conserve the species. Feeding stationseduay the
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species exposure to poisoned carcassewl additional food maymprove their breeding
success anattract individuals that might increag®pulation recruitmen{Robertson and
Boshoff 1986 Gilbert et al. 20070ro et al. 2008 They may also help manipulate where
vultures are likely to be found by reducing the area which birds need to locatétfisoalso
interesting to note variables that wedess important None of thehuman variablegcattle
density, land use, arbpulation densifywere major contributorsuggestinghat birds are
not strongly avoiding human developm&which may put them at risk of poisoning or power
line mortality.

These models must be examined watution as theynderpredicthe range of both
species. This iprobably becausthe data werérom only a portion of both speciesverall
range.To improve the models, moteackingdata needs to bevllected and incorporated into
the models More individuals of both speciesfrom different regionstrackedfor longer
periods of time wouldstrengthenthe models. This is particularlyue for white-backed
vulturesin Zululand (Kwa-Zulu-Natal provincg andthe Northern Cape provincd-or Cape
vultures, the Drakensberg Mountains in KwaZtMatal province and the Eastern Cape
province where mytracked birds rarely venturecheeds more investigatiorincreased
cooperation andata sharing fm multiple conservation orgaaisons, research institutions,
and goverment natureconservatiorauthorities in South Africavould greatly improve this
effort to obtain more data

The second chapter examined whether wh#teked and Cape vultures were moving
seasonallyo better exploit food resourcekherewerevery few significant differences in the
seasonal movement of whibeacked or Cape vultures over the study period. This may
suggestthat there is more than enough food availdblethe birdsthroughoutthe year
Consistent food availability may relate geveralfactors including an increase in the amount
of livestock on farm&nd communal grazing are@msSouth Africa, an increase in the number
of game farms, or perhaps an increase in the numbegliable vulture feeding stations
(DAFF 2013. In addition, the populatiaof all vulture speciesas well as other scavengers
have declinedn many areas, perhaps leading to less competition at car¢exseda et al.
2015. Whether there is sufficient food to feed the vulture populationot vulture feeding
stations are still importantproviding a safe, poisofiree food source and perhaps
supplementing younger, less competitive birds.

The final chapter modelled power line risk to wHitecked and Cape vultures across
South Africa.Across he modelghe greatest predictor of power line risk across models was
voltage, whichrelates tothe height and design of a power line struct@ertain structures
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are much more dangerous than others, and voltage may relate to thegiypetafe(Benson
1982,Bevanger 1998 ehman et al. 20QBoshoff et al. 2011 At least one variable related

to human influence, land use &wman population density, was found to be a major
contributor in every model. Vulturetend to be electrocuted in naturak dow human
population areas.believe that this is not just a function of where vulturesraore likely to

be found as myhabitat moded suggest little association with natural ardasnay be a
function ofbehaviourin these areas where birds are likely to be doing the majority of their
foraging, flying at lower altitudes and spending more time perched or on the ground.

Becausemy modds are predicting electrocutions and collisions in low population
areas, it is extremely important to increase monitoring in regibrs. Boshoff et al. (2011)
indicated that only a small percentage of power line mortalities are being repboted.
improve this number, an active campaign of education should be undertaken to better inform
people in rural areas about the Wildlife and Energy Programme (VABBemphasis on
surveying people in rural areas to detect a greater numbapélities. Eskom personnel
properly surveying a number of power lines a year may also help better understand where
birds are at risk. These effotan be focused ihigh riskpredicted inmy models Increasng
the electrocution and collision datasetsl make the modelsmore robust particularly for
white-backed vultures where tliata are very limited

Despite the different drivera the habitat suitability and power line mortalityodels
it is clear that many of the areas that are most suitabifite-backed and Capaultures are
also areas of high power line mortality risk. This supports the idea that vulture density is one
of the drivers of power line mortality risk, as we would expelhe different important
variables from both modetuggesthat density is not the sole predictor of electrocution and
collision risk in vultures. It is important to note tipéaces where the models overlap
prioritise retrofitting of power lines in these areas. Many of theggors of overlap are in
important breeding areas or near vulture feeding stations.

There are many lessons to be learned from thdysaibout the conservation of and
research on vulturesirstly, it highlights theimportance of vulture feeding stations. It is
documented that feeding stations reduce the risk of poisocamgvell as provide reliable
food sources for vulture&Gilbert et al. 200,/0ro et al. 2008 It also appeardased on my
habitat suitability modelthat feeding stations may be profoundly changing how vultures
move through their environmeat subcontinental scalesThis may allow conservationists

and manager® change where vultures spend their time through the use of feeding stations.

90



It is important to place feeding stations in areas where the birds are safe, particularly from
power linesto avoid mortality.

Secondly, it highlightsthat mitigation actions are required to addregswer line
induced vultureanortality. These models may allow Eskom to take a more proactive approach
to vulture power line mortality by identifying high risknés which they can manage
accordingly With the populatios of white-backed and Cape vultures declining rapidly,
reducing mortality in any way poslsngletme i s
survival. It is also important to assess these models through gtouthehg of power line
mortality to improve then andto better predict high risk areas.

The biggest lesson from a research point of view is that it is important tdargee
comprehensive datasets to improve habitat suitability modetsother spatial analyses of
vultures. These datasets can be created through cooperation and data sharing between the
many vulture stakehotls such as conservation orgatins, researchers, and government
agenciesTo better conservboth species, it is extremely importantholistically undersand
vulture foraging, nesting and roosting, and where they are at gremimsality risk to
poisoningandbr power line.
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