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ABSTRACT

Supplementary feeding is a management application often used to support declining wildlife
populations or facilitate reintroductions. Nowhere is it perhaps more popular, than in vulture
conservation. Vulture supplementary feeding sites (SFS), also known as vulture restaurants,
are specific locations where carcasses and unwanted animal parts are provided for vultures to
feed on. This is proposed to be a win-win scenario in that contributors to the site receive a free
carcass disposal service while simultaneously supporting vulture populations. SFS are assumed
to benefit vultures through enhancing demographic parameters such as breeding success and
survival. While there is some evidence for such effects, more recent critical assessments are
questioning assumptions that these effects are ubiquitous. Additionally, research has begun to
identify unintended negative consequences to both target and non-target species and the larger
ecosystem. SFS may consequently be counterproductive to conservation goals in some cases.
Most of these critical assessments have been conducted in Europe, and southern Africa, the

supposed birthplace of SFS, remains understudied.

In light of the ongoing African vulture crisis, which has seen vulture populations plummet
across the continent, effective investment of conservation resources is critical in preventing the
extinction of this functional group. The main aim of this thesis was therefore to evaluate what
role SFS play in vulture conservation in a southern African context. | specifically focus on
South Africa, where SFS is widespread and have a long history. To understand the value of
SFS | needed to verify the proposed positive effects of this conservation measure and assess
any potential negative consequences of the practice. First, this required base-line information
on the scale and extent of the practice. Secondly management practices and the motivations of
managers needed to be reviewed to understand the context in which these sites function and
whether there are any risks to vultures using these sites. Thirdly, the distribution of the major
threat to vultures (i.e., poisoned carcasses), which SFS are proposed to mitigate, needed to be
determined. And finally, the presumed positive effect of SFS on vultures needed to be tested.

I could then examine the potential trade-offs of this management practice.

In this thesis | first describe the distribution and contribution of SFS to vultures at a national
level. | do this by compiling records and databases from various organisations involved in
vulture conservation. Then, using a snow-ball survey method and telephonic and email

interviews, | verify the activity and history of all recorded and newly discovered SFS. Using
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this method, I identify 143 currently active SFS across the country, feeding an average of 64.6
kg per day. Overall provisioning at SFS amounted to an estimated 3301 tonnes of food per
year. An amount equivalent to 83% of the food requirements of all vultures in the region. |
show that different vulture species have varying access to this resource depending on their
range. Food provisioning was highly skewed to only 17% of SFS which are providing 69% of
the food. Consequently, species with smaller home ranges have relatively poor access to food
provided at SFS when compared to further ranging species. In this first chapter, | provide the
necessary base-line information that has previously hampered the critical assessment of the

effects of this intervention.

Using information from the survey conducted with SFS managers | then investigate the context
in which these SFS function and their adherence to best management practices. Half of the SFS
surveyed were associated with livestock farming and the majority were private individuals not
officially affiliated with any conservation organisation. The pervasive sentiment under
managers is that SFS are beneficial (84% of managers) and most managers are unable to
indicate any disadvantages to themselves in the running of SFS. The cleaning service provided
by the vultures is the most widespread perceived benefit. While managers may receive benefits
from this practice, | show that their low awareness of vulture conservation issues may lead to
practices that are harmful to vultures. For example, despite experts identifying unintentional
and intentional poisoning from poison laced carcasses as the most critical threats to vultures,
only 47 and 24% of managers, respectively, listed these as potential threats to vultures.
Additionally, while most managers (85%) assess carcasses for provisioning suitability based
on whether they had been treated with veterinary drugs, relatively few managers (10%) did the
same for lead (Pb) contamination. Worryingly, only 30% of managers consider threats to
vultures, such as the proximity of power lines, when deciding on a location for their SFS.
Overall, current management practices are not adequate to guarantee the safety of vultures
using SFS. | therefore advise that increased awareness and training is required and perhaps
more stringent guidelines and regulation of the practice. As | show a correlation between the
numbers of vultures seen at SFS and the amount of food provided there, the initial focus for

such training and regulation should be the SFS with the highest provisioning rates.

More formal regulation of this practices will also allow for its targeted application in relation
to threats in the landscape. To inform such management and to control for the major cause of

vulture declines in subsequent analysis, | investigate the prevalence and motivations for using



poison as a predator control method under livestock farmers. I do this via face-to-face surveys
using a specialised questioning technique and ad hoc quantitative methods. This reveals that
an estimated 22% and 31% of farmers use poison over a 1-year and 5-year period, respectively.
Poison use hotspots generally coincide with small stock farming areas and the strongest
predictor for its use is its perceived prevalence under peers. My results, however, indicate that
farmers are less likely to use poisons if they frequently encounter vultures on their farm. The
widespread positive attitude displayed towards vultures along with the other findings provide
leverage points to change behaviours and mitigate this threat.

In addition to the proposition that SFS mitigate the threat from poison laced carcasses, they are
also proposed to assist breeding vultures and increase their success in raising young. To test
this, I use monitoring data on South African Cape vulture colonies spanning over two decades,
to model the effects of SFS on breeding success, while accounting for threats such as poison-
use and the provisioning of Pb contaminated food. I also test whether Pb contaminated food
potentially proved at SFS is affecting breeding success. | show that the amount of food
provided annually at SFS is weakly positively associated with breeding success, but that these
results are not significant. | find that a reduced proximity of SFS to vulture colonies is
negatively associated with breeding success, but this result is also not significant. Lastly, | find
no evidence that the amount of potentially Pb contaminated food provided at SFS, nor the
average prevalence of carcass poisoning in the area, affected local breeding success. These
results cast doubt on the current dominant narrative in the conservation sphere, which asserts

that SFS have positive effects on vulture demographic parameters, such as breeding success.

In this thesis, | show that some a priori assumptions about the benefits of SFS in vulture
conservation may be overvalued and unjustified. Furthermore, | uncover that current
management practices may be endangering vultures feeding at these sites, the problem of which
is heightened by the identified widespread use and level of provisioning occurring at a
landscape scale. It is therefore an urgent matter to examine other effects, both positive and
negative, that SFS have on vultures and the rest of the ecosystem. In this thesis | have provided
the necessary information to conduct such research. Until a net benefit to vultures is shown a
refocussing of conservation efforts on directly combatting the major causes of vulture declines

may be warranted to ensure the effective spending of limited conservation resources.
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CHAPTER 1:

Introduction

Photo: White-backed vulture electrocuted by a powerline on a seldomly used farm road.
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1. Conservation science and management

Conservation biology is a discipline that applies science to conservation problems (Soulé,
1985). It differs from other biological sciences in that it is often a crisis discipline requiring
action even when information to guide management recommendations is severely limited
(Soulé, 1985). Given the rapid loss of biodiversity and habitat transformation in often
understudied systems, a certain level of tolerance for uncertainty in this field is a necessity.
However, since the advent of the discipline, science has made leaps and bounds in the field,

but some management practices have stubbornly refused to sway to new information.

Despite the increase in relevant conservation science information, there seems to be a large
disconnect between this information and conservation managers on the ground. Research
indicates that most manager make decisions based on what they “know”, relying on experience
rather than evidence when making management decisions (Pullin et al., 2004). A review of the
management of over 1000 protected areas in Australia indicated that around 60% of
management decisions relied on experience-based information and very few managers used
evidence-based information (Cook et al., 2010). An assessment of fen management across 2996
ha in eastern England indicated that only 2% of management actions were based upon
verifiable scientific evidence (Sutherland et al., 2004). Therefore, much of the current
conservation management is based upon beliefs and opinions rather than a systematic appraisal

of scientific evidence and this is an obstacle to effective conservation.

Research in the medical field comparing recommendations drawn from systematic and
scientific review to those from “conventional expert wisdom” has shown the terrible mistakes
that rely on expertise rather than evidence can make (Stevens and Milne, 1997). In the wake of
this realisation and considering the many lives that were unnecessarily lost, radical changes
took place in the medical industry to review even commonly used procedures and therapies
which had previously not been well evaluated (Antman et al., 1992). A similar revolution may
be needed in conservation as well. Given the current global biodiversity crisis we cannot afford

to spend limited conservation resources on ineffective measures.

The reasons for the preferential reliance on experience are varied. One contributing factor is
that systematic reviews of research results are rare and dissemination of findings to managers
even more so (Sutherland et al., 2004). Although increased scientific communication would be
valuable, the inertia of established beliefs in certain management actions may prevent managers

from ceasing current actions or switching to evidence supported ones (Sutherland et al., 2004).
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A part of this problem is that the consequences of conservation actions are rarely documented
and continued monitoring after implementation is rare. This situation could leave managers
with false impressions of the impact of their actions. Information alone is thus often insufficient
to inspire behavioural change in a person with an existing reference framework, as social and
environmental psychology suggests (Abrahamse et al., 2005). Addressing the motivational
foundations for certain behaviours and the perceptions that shape them may therefore be
required to effect such behavioural change (Osbaldiston and Schott, 2012). This is especially
needed when engaging with members of the public who, since they are not generally trained in

science nor conservation, may be less easily swayed by evidence-based information.

Members of the public, such as private landowners specifically, are becoming an increasingly
important focus of conservation initiatives as there is a growing realisation that protected areas
will be insufficient to achieve biodiversity goals (Norton, 2000). The protection of wide-
ranging threatened species whose individuals routinely traverse park boundaries, such as
vultures, is especially difficult (Lambertucci et al., 2014). Gaining landowner buy-in into
conservation initiatives for such species is therefore key, but these initiatives need to be
evidence-based.

2. Vultures

Many ecosystems provide large numbers of animal carcasses through various mechanisms of
mortality (Barton et al., 2019; Kane et al., 2015). To exploit this resource many meat-eating
vertebrates are facultative scavengers (Gutiérrez-Canovas et al., 2020). Conversely, vultures
are fully invested in a scavenging lifestyle and are the only obligate vertebrate scavengers in
the world (Ruxton and Houston, 2004). They have evolved highly specialised physiologies and
behaviour that enable them to exclusively exploit this evanescent food resource which is
scarcely distributed throughout the landscape (Ruxton and Houston, 2004). The main
adaptation that has enabled this, is the ability of energetically inexpensive soaring flight, which
came at the cost of the ability to efficiently dispatch prey (Ruxton and Houston, 2004). Vultures
also evolved large bodies and some members of the group, like the Cinereous Vulture,
Aegypius monachus, and the Andean Condor, Vultur gryphus, are some of the heaviest flying
birds in the world (Mundy et al., 1992). This enables them to consume more food when
discovering a carcass and carry greater body reserves (Ruxton and Houston, 2004). Being
heavier also means that they can forage over a greater surface area due to the relationship
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between mass and flight speed during soaring flight (Pennycuick, 1972). Furthermore,
grouping behaviour such as communal roosting and feeding, allows information transfer
regarding resources and increases the likelihood of finding a meal (Dermody et al., 2011).
Along with this, extreme visual acuity (Jones et al., 2007) or olfactory abilities (Houston, 1986)
help vultures discover carcasses. Finally, an extremely acidic stomach enables them to safely
exploit carcasses that are host to a large variety of disease-causing pathogens (Houston and
Cooper, 1975).

Globally there are 23 species of extant vultures which occur on every continent except for
Australia and Antarctica. Vultures in the Old World (Africa, Europe, and Asia, 16 species)
belong to the taxonomic order Accipitriformes and they differ phylogenetically from New
World vultures (Americas, 7 species), which reside in a sister clade in the order Cathartiformes
(Prum et al. 2015). Excluding Falconiformes (the kestrels and falcons) and Cathartiformes,

Accipitriformes includes all diurnal birds of prey (or raptors).

3. Vulture and global biodiversity declines

3.1.  Vultures in the context of global biodiversity declines

It has been proposed that earth has entered a new geological epoch, the Anthropocene, due to
the profound influence of human activity on the global environment (Lewis and Maslin, 2015).
Human activity is now impacting even the furthest most isolated corners of the globe (Munari
etal., 2017; van Franeker and Bell, 1988) and is now the dominant cause of most contemporary
environmental change affecting a wide range of earth’s biophysical components (e.g.,
atmospheric composition, nitrogen cycle, carbon cycle, climate change, riverine flow, and land
cover) (Steffen et al., 2008).

With the human population having grown to more than 7.7 billion by 2019 and expected to
reach up to 10.9 billion by the end of the century (United Nations, 2019), such pressures on the
environment will likely continue to increase in future. These environmental changes have led
to what is now considered Earth’s 6" Mass Extinction event (Barnosky et al., 2011). The first
in earth’s history to be caused by a single biotic entity, Homo sapiens (Barnosky et al., 2011).
Currently extinction rates are 1000 times higher than background extinction rates (Pimm et al.,
2014).
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Across all bird species, 44% have declining populations and 13% are threatened (McClure et
al., 2018). With more than half of the world’s 557 raptor species having declining global
populations and 18% being at risk of extinction, they are more threatened than the average bird
species (McClure et al., 2018). Vultures as a group, specifically, are the most threatened group
of raptors and birds in general (Buechley and Sekercioglu, 2016). Old World vultures
specifically, are doing the worst, with 69% of species being threatened and 81% with a

declining population (McClure et al., 2018).

3.2.  An Asian vulture crisis (diclofenac)

Around the year 2000, a catastrophic collapse of Indian white-backed, Gyps bengalensis, and
long-billed, Gyps indicus, vulture populations were detected in India (Prakash et al., 2003).
Initially, due to the observation of apparently sick birds, an epidemic disease was suspected
(Prakash et al., 2003) but later the ingestion of the veterinary drug- diclofenac was identified
as the cause (Oaks et al., 2004). This drug had been widely used to treat ailing cattle since the
1990s, but inadvertently caused visceral gout and renal failure in the vultures that fed on the
carcasses of these cattle (Oaks et al., 2004). By the time legal action had been taken to ban the
drug in 2006 (Cuthbert et al., 2011), Indian white-backed vultures, Gyps bengalensis, had
already declined by 99.9%, and the long-billed, Gyps indicus, and slender-billed vultures, Gyps
tenuirostris, declined by a combined 96.8% (Prakash et al., 2007). Although some of these
populations have started increasing again since the ban (Chaudhry et al., 2012), it will be many
years before these populations recover. Given this catastrophe, there is strong opposition
against the legalisation of this drug in Africa (BirdLife International and VCF, 2014) where
another continental vulture crisis is underway (Ogada et al., 2016).

3.3.  African Vulture Crisis

3.3.1. African Vultures

Spanning roughly 30 million square kilometres, Africa is a huge continent and unique in that
it is the only continent to straddle the tropics. Africa’s expansive and diverse landscape hosts
the largest vulture diversity in the world, with 11 different species inhabiting mostly its
woodlands, savannas, grasslands, and arid areas. During the last decade 70% of Africa’s vulture

species have been uplisted to Critically Endangered or Endangered by the International Union
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for Conservation of Nature (IUCN) (Amar et al., 2018). Over the last 30 years, eight of these
vulture species declined by an average of 62% (Ogada et al., 2016). Southern Africa boasts up

to 8 different vulture species, including the endemic Cape Vulture, Gyps corprotheres.

3.3.2. Historical persecution

When Europeans first started settling southern Africa, vultures were plentiful (Mundy et al.,
1992). Although hostile attitudes toward dangerous predators and damage causing animals
have likely been ubiquitous throughout the centuries, these settlers brought with them an
extermination mentality which had not necessarily previously existed on a wide scale in Africa
(Mundy et al., 1992). As with other large raptorial birds in the settlers” countries of origin,
vultures were regarded as significant predators of livestock (Mundy et al., 1992), a sentiment
that, although rare, persists today (Chapter 4). When Ostrich farming started in the Cape
Province in the 1860s, the ability of Egyptian Vultures, Neophron percnopterus, to crack open

ostrich eggs with rocks reinforced such negative notions.

Naturally, these negative sentiments resulted in widespread persecution of vultures, with
poison (specifically strychnine) being a favoured method (Mundy et al., 1992). South Africa
has a long history of state sponsored lethal control of problem animals that extended into the
1990’s and which at some stages endorsed poison-use (Endangered Wildlife Trust, 2006). In
fact, “poison-clubs” specifically aimed at addressing the “vulture problem” existed (Boshoff
and Vernon, 1980). By 1923 the Egyptian Vulture was extinct as a breeding species in southern
Africa (Mundy, 1978) and throughout the century notable vulture colonies also started
disappearing, such as the once prominent colony at Nelspoort in the Karoo (Mundy et al.,
1992).

3.3.3. Modern major causes of African vulture declines

Attitudes of black African cultures towards vultures differ widely. Although vultures are
consumed by some as a food source, they are also harvested for belief-based use due to the
superstitious belief that they harbour magical properties (Ogada et al., 2016). The major
applications of vultures in belief-based use in sub-Saharan Africa are to provide the user with
foresight or clairvoyance, to imbue racehorses with greater swiftness and to attract customers

(Mundy et al., 1992). These effects are inferred from the ability of vultures to find carcasses
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quickly with their superior visual acuity, the swiftness of their flight and their ability to gather
in great numbers at carcasses (Mundy et al., 1992). All vulture species are vulnerable to such
exploitation, which accounts for 29% of vulture mortalities (Ogada et al., 2016). This trade
seems to be growing and may be stimulated by the opportunities presented by sentinel

poisoning (Mateo-Tomas and Lopez-Bao, 2020).

Sentinel poisoning entails poachers intentionally poisoning vultures to stop these birds from
attracting the attention of nature authorities to the carcasses of poached animals (Ogada et al.,
2016). It seems that poachers are now using such opportunities or to harvest vulture parts, or
deliberately poisoning vultures for the purpose of harvesting them (Henriques et al., 2020;
Mateo-Tomas and Lépez-Bao, 2020). Before 2012 vulture poisoning was mostly unintended
collateral during illegal predator control by livestock owners and this remains a prominent issue
(Ogada et al., 2016; Santangeli et al., 2016b). Whatever the origin of the poison, poisoning is
now the number one cause of vulture declines, accounting for 61% of mortalities (Ogada et al.,
2016).

Another mounting concern regarding food safety for vultures is the use of lead ammunition in
hunting activities (van den Heever et al., 2019). Although lead poisoning is a well-documented
concern among large raptors and scavengers (Gangoso et al., 2009; van den Heever et al.,
2019), the population level effects of mortalities due to this threat remains to be quantified
across much of Africa. High blood-lead levels are, however, being detected across parts of
southern Africa and warrants concern (Garbett et al., 2018; van den Heever et al., 2019).

Not only food safety, but also food availability has been suggested to contribute to vulture
declines (Kriger et al., 2015; Williams et al., 2017). Wild ungulate herds have largely been
replaced by livestock across Africa. Livestock have lower mortality rates, and their carcasses
are generally used by their owners. This situation is proposed to result in an overall decrease

in the number of carcasses that are available to vultures (Mundy et al., 1992).

Deaths associated to electrical infrastructure account for a further 9% of vulture demises and
occur due to electrocutions or collisions with powerlines and wind turbines (Ogada et al., 2016;
Rushworth and Kriiger, 2014). A minimum of 80 Cape vultures are estimated to be killed by
powerlines annually in the Eastern Cape province of South Africa and pressures from
powerlines alone are predicted to cause the extinction of colonies in some areas within 50 years

(Boshoff et al.,, 2011). With Africa’s increasing population and power needs, power
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infrastructures are set to expand and therefor also the distribution of this threat throughout the
continent (Bazilian et al., 2012; Rushworth and Krtiger, 2014).

4. The ecological relevance of vultures and their anthropogenic value

Scavenger communities are often highly structured and can require specialized scavengers to
facilitate scavenging by other species (Selva and Fortuna, 2007). The removal of key species
in the scavenger community can thus lead to the deterioration of critical ecosystem services
(Olson et al., 2012). Vultures are such specialised scavengers and although their specialisation
may increase their vulnerability to extinction (Sekercioglu et al., 2004), it makes them a key
player in nutrient cycling and carcass decomposition (DeVault et al., 2003). Vultures greatly
increase the rate at which carcasses are decomposed and, in their absence, it can take nearly
three times as long for a carcass to disappear (Ogada et al., 2012a). This results in increased
mammalian scavenger at carcasses, increased number of interactions between these scavengers
and as a result likely increases disease transmission (Ogada et al., 2012b). Such a situation can
have dire consequences on human well-being. In the wake of the Asian vulture crisis for
example, feral dog, Canis familiaris, and rat, Rattus rattus, populations may have increased
(Pain et al., 2003; Prakash et al., 2003). The expected resulting increase of rabies cases is
estimated to have added an economic cost of $34 billion on India’s health care system

(Markandya et al., 2008).

Further economic losses may also be incurred in the form of livestock losses. The loss of apex
scavengers such as some vulture species may result in mesoscavenger release (O’Bryan et al.,
2019; Ogada et al., 2012b). As many of these mesoscavengers are also mesopredators (like
black-backed jackal, Canis mesomelas, for example) such increases in their numbers can
conceivably lead to increased predation on livestock. This may in turn inspire intensified
predator persecution, including poisoning, which conceivably can cause further escalation of

vulture declines and reinforce mesopredator increases.

5. Vulture conservation and supplementary feeding
5.1.  Supplementary feeding
Survival, growth, and reproduction are all life history events which compete for the limited

resources available to an organism. All organisms attend trade-offs when investing energy and
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resources into their own development and homeostasis versus reproductive effort. Strategies

for energy allocation are therefore determined by the availability of resources.

Breeding is the most energetically costly activity of many species’ lifecycle and thus the period
when maximum resource availability is required (Martin, 1987). Animals generally adjust their
breeding patterns to coincide with the period in the season when resources are most plentiful
(Sinclair et al., 2006). In birds, for example, the timing of breeding is closely associated with
the seasonal variation in food supply (Perrins, 1970). Variation in resource availability
provides animals with information on, when and where to breed, as well as how much energy
to invest into offspring (Korpimaki and Norrdahl, 1991; Martin, 1987). The environmental cues
of food availability may thus shape population dynamics. In theory it is therefore expected that
organisms that are food limited will increase their productivity if provided with more resources
(Martin, 1987).

An increase in productivity in response to increases in food availability has been demonstrated
by, for example, the correlation between breeding success in predators and the population
fluctuations in their prey (Korpimaki and Norrdahl, 1991; Korpimaki and Wiehn, 1998). Pulsed
events of greater resource availability such as insect outbreaks (Hogstad, 2005) and seed mast
events (Curran and Leighton, 2000) have also been correlated with increased fecundity in birds.
Pulsed events and dramatic fluctuations in food availability are however special cases that do
not capture the subtle differences in food availability that occur in the absence of such strong
environmental cues. Additionally, although such correlations allow for inference, they are not
demonstrably causative. Experimental supplementation of food does however provide the

opportunity to assess the causative nature of such effects.

Before the 1990s studies on supplementary feeding were strongly biased toward small-bodied
herbivores in the northern hemisphere. These studies found that supplemental food resulted in
smaller home ranges, increased body weight and earlier breeding (Boutin, 1990). Later avian
studies have also produced similar results. Supplementary feeding for example improved the
breeding performance in Eurasian Eagle Owl, Bubo bubo, including earlier egg laying and an
increased probability of producing young (Pearson and Husby, 2021). Analysis of 15 years of
individual-based demographic data for 161 red-billed chough, Pyrrhocorax pyrrhocora,
showed substantial increases in adult survival and breeding success for supplementary fed

individuals (Fenn et al., 2020). In the Northern Goshawk, Accipter gentilis atricapillus,
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supplementary feeding resulted in higher nestling survival (Dewey and Kennedy, 2001; Ward
and Kennedy, 1996).

A meta-analysis of studies on birds indicates that although supplementary feeding has a mostly
positive effect on reproductive parameters, such effects are variable (Ruffino et al., 2014).
While most studies in the meta-analysis reported earlier laying dates, increase in growth rates
and breeding success in birds in response to supplementary feeding, contradictory results are
also common and the reasons for them not clearly understood. The analysis did, however, show
that the effects of supplementary feeding are modulated by environmental conditions. Existing
high food abundance in the environment, for example, was associated with reduced effects on
reproductive parameters. Supplementary feeding also had a more pronounced effect on clutch
size in birds who cache food. Competitive relationships may in some cases explain the lack of
any beneficial supplementary feeding effects as differences in body mass has been indicated to
influence dominance hierarchies, with heavier species monopolising supplementary food
resources (Francis et al., 2018). Additionally, individual variation in behavioural responses to
supplementary feeding may dilute population-wide patterns, thereby masking important
population management considerations (Steyaert et al., 2014). Feeding can also negatively
affect health parameters through inducing higher contact rates, stress and exposure to food
contaminants which may counteract the benefits of additional food resources (Murray et al.,
2016).

The distribution of food in the landscape may also affect the foraging patterns, behaviour, and
distribution of animals. When high-quality or quantities of food are consistently available at
specific locations, such areas may experience high population densities because animals move
to and concentrate their activities around these sites (Cooper et al., 2006; Sahlsten et al., 2010).
Supplementary feeding has consequently been indicated as a potential measure to change
animal movements, including migration patterns (Jones et al., 2014), and distribution across a
range of taxa (Lépez-Bao et al., 2008; Sahlsten et al., 2010). Supplementary feeding has also
been used in reintroductions and has increased site fidelity and persistence of reintroduced

animals (Bannister et al., 2016).

This conservation measure can have consequences on animal behaviour in subsequent seasons,
even if supplementary feeding has ceased (Jones et al., 2014). Supplemental feeding for
example can alter the migration of elk, Cervus elaphus, decreasing their access to quality
foraging (Jones et al., 2014). Additionally, supplementary feeding can strongly influence
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dispersal timing and distance, especially in animals that have condition dependent natal
dispersal, such as juvenile northern goshawks (Kennedy and Ward, 2003). The long-term
consequences of this activity thus need to be monitored if this measure is to be applied in a
responsible manner, especially when it concerns its application on species with a high risk of

extinction.

Supplementary feeding, in a conservation context, refers to the management tool whereby
additional food resources are provided to presumed food-limited populations of conservation
concern to reverse population declines. Such supplementary feeding schemes have been
implemented for a wide range of animals and are often a standard component of reintroduction
schemes. Evidence of the case-specific usefulness of this conservation measure has resulted in

its application becoming commonplace (Ewen et al., 2015).

Wildlife also access anthropogenic food in a context unrelated to conservation activities and in
human dominated world anthropogenic food sources are often readily available. While much
of such anthropogenic food sources may include crop raiding, livestock predation and
scavenging on human garbage, humans regularly provide food specifically for wild animals
(Newsome and Rodger, 2008). Back-yard bird feeding for example is extremely common
throughout the Western world (O’Leary and Jones, 2006), more than half of households in the
United Kingdom feed birds (Davies et al., 2012). Unmanaged feeding can put wildlife and
people at risk (Newsome et al., 2004; Semeniuk and Rothley, 2008). Potential problems with
feeding of wildlife include habituation, disruption of normal activities, increased aggression,
and nutritional problems. Food availability effects almost all aspects of an animal’s life history.
It is therefore a primary regulator of avian populations and supplementary feeding can
consequently change avian community structure (Galbraith et al., 2015). This can include
favouring invasive species and negatively effecting the abundance of native species (Galbraith
et al., 2015). Given such environmental costs, the informal application of supplementary

feeding by members of the public is inadvisable.

5.2.  History of supplementary feeding in vulture conservation
People have been intentionally leaving meat for vultures for centuries. Traditions such as that
of Mongolian and Tibetan Sky burials, where human corpses are fed to vultures, have histories

spanning thousands of years (Martin, 1996). The modern concept of providing supplementary
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food to vultures for conservation purposes (also known as a vulture restaurant), however, is
proposed to have originated in South Africa in 1966. At this time, a supplementary feeding site
(SES) was created to support Bearded Vultures in Giant’s Castle Game Reserve (Mundy et al.,
1992). Abattoirs also started making use of vultures around this time to get rid of unwanted
meat and in the late 1970s this became a favoured conservation tool for Cape Vultures, Gyps
coprotheres, in the Magaliesberg mountains in the then Transvaal province. It was during 1977
that vulture conservation came to the forefront in South Africa as the Vulture Study Group
(VSG), a working group of the Endangered Wildlife Trust, was officially formed and became
the first organisation solely dedicated to the study and conservation of vultures (Mundy et al.,
1992). The VSG developed from a group of enthusiastic bird ringers involved in the first
organised bird-ringing scheme in Africa, which annually ringed Cape Vulture at the Kransberg
colony. Vulture studies in the region however started back in 1948 and was originally focussed

on the Magaliesberg vulture colonies.

The VSG undertook a major project on SFS in the early 1980s and delivered carcasses to
various sites themselves. As this system was later found to be economically impossible, they
shifted to motivating landowners to start their own sites provided with animals that died locally.
By 1988 there were 40 recognised SFS in southern Africa as well as other privately run ones,

notably in Lichtenburg, Lydenburg and Thabazimbi.

Osteodystrophy syndrome was later detected in Cape Vulture chicks, which was assumed to
indicate insufficient calcium in the diet of these birds. The cause was suggested to be the
elimination of spotted hyena from the area due to their perceived incompatibility of this species
with livestock farming. This resulted in a reduction in the amount of bone fragments available
to vultures. The VSG and other SFS managers therefore made such bone fragments available
at SFS and these sites therefore started playing an important role in nutrient provisioning for
the affected vulture colonies. The VSG also used SFS to assist in research and environmental

education regarding the usefulness and the plight of vultures.

The demonstrated utilities of this conservation measure helped cement it as an advisable action
for supporting vulture colonies. Consequently, the VSG and some conservation organisations
have urged private landowners to start and run their own SFS all over South Africa (Anderson
et al., 2005; Mundy et al., 1992). This was proposed to be a cost-effective waste management

solution for landowners that simultaneously supported endangered vulture species. As a result,
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SFS are now commonplace and many informal feeding sites likely remain undocumented as
the practice is un-regulated (Craig et al., 2018; Pfeiffer et al., 2015b).

Further afield, SFS have also historically been used to address changes in sanitary policies
affecting vulture food availability (Margalida and Colomer, 2012), for population recovery
(Ferrer et al., 2018) and to assist in the reintroduction of species such as the California Condor,
Gymnogyps californianus (Kelly et al., 2014), and the Bearded Vulture, Gypaetus barbatus
(Carrete et al., 2006b). They played a pivotable role in reversing the extinction of the California
Condor. During their reintroduction to southwestern United States and Mexico, SFS acted as
substitutes for parental care for released fledglings, enabled the capture and release of condors
for monitoring and treating blood lead levels and enabled the deployment of tracking devices
(Kelly et al., 2014). In the Pyrenees Mountains of France and Spain as many as 25 SFS were
created between 1988 and 2002 which were providing up to 15 tonnes of bone per year for the
last 40 pairs of bearded vultures (Margalida et al., 2014). This is largely believed to have
benefited pre-adult survival rates and contributed to the population recovery (Oro et al., 2008).
Such early successes have fuelled the application of this conservation measure as a standard

response to declining vulture populations.

5.3. Do SFS work as advertised?

The two main aspects that SFS are proposed to positively effect are survival and breeding
success. One of the reasons that these effects are expected is due to the assumption that
populations are limited by food availability, due to the large-scale habitat transformation and
replacement of natural ungulate herds to livestock. An increase in food availability will thus
intuitively have positive effects on these parameters. Assumptions of low food availability do
not always hold up under direct investigation (Kane et al., 2015) but SFS are also proposed to
buffer vultures against poisoning (Mundy et al., 1992) and thereby increase the survival of

adult vultures and inadvertently the survival of the chicks they are raising.

Food availability is closely linked to breeding success and survival in the conservation
zeitgeist, as is illustrated by Objective 8 of the Multi-species Action Plan to Conserve African-
Eurasian Vultures. This objective aims to ensure an appropriate level of safe food to sustain
healthy vulture populations with the main proposed means of verification of food availability

being measures of breeding success and overall survival estimates (Botha et al., 2017). There
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are indeed studies showing that some populations and species, especially those that are food

limited, SFS may be effective in increasing these measures.

A supplementary feeding program for Spanish imperial eagles led to the recovery of breeding
success after a period of low prey availability after a haemorrhagic disease outbreak (Gonzéalez
et al., 2006). SFS increased the number of fledglings per brood through reducing sibling
aggression. The authors concluded that for this species SFS were an effective emergency

conservation measure for the species as their reproductive output was food limited.

The majority of Old-World vultures, however, only lay a single egg (Mundy et al., 1992), the
mechanism of increasing the number of fledglings raised in a single brood is thus not available
for them. Coincidently, much of the evidence for a positive effect on breeding success in Old
World vultures comes from the species that do indeed lay two eggs, such as the Bearded vulture
and the Egyptian vulture, Nephron percnopterus. For a breeding population of Egyptian
vultures in the Italian peninsula, nesting site occupation rate, percentage of breeding attempts
with at least one success and the mean number of fledged young was found to be negatively
correlated with the distance to SFS (Liberatori and Penteriani, 2001). A small population of
Bearded wvultures in northeast Spain showed a seven-fold increase in the average annual
production of young during a period of supplementary feeding compared to a period without

in a small population (Ferrer et al., 2014).

Other Old World vulture species have, however, shown similar positive responses in breeding
parameters. The establishment of a feeding scheme in Dadia Forest, Greece, coincided with
threefold increase in Cinereous vultures, Aegypius monachus, wintering in the area, breeding
pairs doubled and breeding success increased from 40% to 95% (Vlachos et al., 1999). Schabo
et al. (2017) assessed long-term data on a single Cape Vulture colony and found that although
SFS did not increase breeding success, there was a significantly positive effect during the nest-

building stage on the number of breeding pairs at the colony.

The beneficial effects of SFS are however not ubiquitous to vultures on a geographic level, as
a group, nor even within a single species, a nuance that is often overlooked by conservationists
and which can have important consequences. For example, in contrast to results above for the
Italian Peninsula mentioned above, Oppel et al. (2016a) found no indication that supplementary
feeding and nest guarding increased Egyptian vulture breeding propensity, breeding success,

the number of fledglings raised or adult survival in the Balkans. Also, in Spain, modelling
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indicates that SFS only increases the survival of pre-adult Bearded vultures, also buffering

them from the effects of poisoning, but not so for adults (Oro et al., 2008).

The extent to which a population is food limited will determine to what extent SFS affect
demographic parameters. In most studies no direct estimates of food availability are available
and a shortage is inferred due to historical large-scale replacement of the scavengers’ natural
food source by domestic cattle. A lack of response in the presence of SFS may indicate that
food availability is not the limiting factor for these populations and that SFS may thus not be
the most effective conservation response. Margalida (2010) experimentally provided additional
food for Bearded vultures in the Spanish Pyrenees mountains during the chick-rearing period
but found no significant increase in breeding success between non-provisioning and
provisioning periods. Other studies have concurred with these results but have indicated that
SFS were useful in promoting range expansion (Arroyo et al., 2021; Margalida et al., 2009).

Even in the presence of food limitation supplementary feeding is not automatically the most
efficient conservation management investment as other factors may be a stronger driving force
behind population declines. For example, Martinez-Abrain et al. (2012) found that although
food scarcity due to the cessation of supplementary feeding during the European bovine
spongiform encephalopathy epidemic did negatively effect fecundity of Griffon vultures, Gyps
fulvus, wind farms had a much larger negative effect on this demographic parameter. In some
cases, SFS may even be harming conservation goals by having a negative effect on the very
measures they are purported to enhance. SFS have led to changes in Bearded Vulture mating
systems due to social ‘overcrowding’ (increased formation of polyandrous trios) in Spain
which has caused a reduction in breeding success (Carrete et al., 2006a; Margalida et al., 2014).
Such findings have led to some controversy in the conservation and research sphere (Stoynov,
2016; Oppel et al., 2016b) and this highlights the need to critically assess the case-specific

effects of this conservation measure.

5.4. Caveats and best management practices

Food availability can affect about every aspect of bird ecology, including reproduction,
behaviour, demography and distribution (Robb et al., 2008b). This highlights the fact that,
while a lack of the desired beneficial effects from SFS may represent misspent conservation

resources, this endeavour is not risk free, and may also have negative consequences on other
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aspects of bird ecology. This thus calls into question the current informal application of this
conservation tool. There is a need to consider various trade-offs and the effects of within target
populations as well as on non-target species and the system as a whole (Cortés-Avizanda et al.,
2016). The net benefit of SFS need to be conclusively shown to justify their current wide-

spread implementation.

5.4.1 Changes in foraging behaviour

Carcasses are a pulsed resource that usually appear randomly in the landscape and present a
large amount of food that is only available for short period of time (Yang et al., 2008). Vulture
behaviour and foraging strategies, as well as competitive relationships within the scavenger
guild, have evolved to reflect this (Ruxton and Houston, 2004). SFS, especially those with high
provisioning rates are therefore a very unnatural scenario because food resources are centrally
located and may be near permanent. Consequently, there are concerns that such provisioning
may disrupt the competitive equilibriums with the scavenger assemblage and the ecological
scavenging service provided by vultures. Concerns are often related to the development of
habituation, dependence and monopolisation of food provided at SFS (Deygout et al., 2009;
Fluhr et al., 2017).

The development of habituation and dependence can be inferred from changes in foraging
movements in the presence of feeding sites. An analysis of the tracking data of 38 Griffon
vultures, Gyps fulvus, in the Grand Causses, France, indicated that these vultures preferred
feeding sites over the rest of their habitat where carcasses were unpredictable (Monsarrat et al.,
2013). SFS were specifically preferred during seasonal resource scarcity or when flight
conditions were poor. When flight conditions were optimal, however, these vultures still
displayed natural foraging behaviour over areas with unpredictable resources. This suggests
that although SFS influences foraging behaviour, birds do not lose their ability to forage

naturally.

Carrete et al. (2006b) found that in Spain, SFS encouraged floater Bearded Vultures to settle
in their natal area rather than dispersing further afield. Concurring with these findings, Fluhr et
al. (2017) showed that SFS with high provisioning rates tended to increase the level of routine
behaviour in Griffon vultures. Feeding sites were visited more often than would be expected if

vultures were foraging randomly. Gilbert et al. (2007) found that the three GPS tagged Oriental
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White-backed Vultures, Gyps bengalensis, that fed at SFS showed a reduction of home-range
size by 23-59% upon discovering an experimental SFS. Contrastingly, Kane et al. (2016), who
investigated Cape Vulture movements, found no significant change in home range size when
compared to measurements before the inception of SFS. Their analysis did, however, show that

aside from roost sites, SFS were the most important explanatory factor for vulture movements.

5.4.2 Changes in competitive relationships

The coexistence of species in the scavenger guild is enabled through competitive and faciliatory
processes between facultative and specialist scavengers (DeVault et al., 2003). This results in
ordered resource-partitioning within the scavenger guild (Houston, 1987). Such processes are
modulated depending on the species present and their relative numbers. Smaller vultures for
example may benefit from the presence of larger scavengers that are able to tear open tough
carcass skins, resulting in increased access to the carcass (Meretsky and Mannan, 1999).
However, when larger species outnumber smaller ones at a carcass they may monopolise the
resource to the detriment of smaller species (Meretsky and Mannan, 1999; Moreno-Opo et al.,
2015a).

An experiment has shown that predictable carcasses may unbalance the relative abundances of
scavenger species and that facilitatory interspecific processes mentioned above is enabled by
unpredictable carcasses (Cortés-Avizanda et al., 2012; Moreno-Opo et al., 2015a). Under
predictable food availability conditions, dominant Griffon Vultures arrived earlier and in larger
numbers, effectively monopolising the food resource. SFS with high provisioning rates may
thus constitute an ecological trap for smaller and generally more endangered vulture species,
who congregate at these sites but have restricted access to the resources available there (Cortés-
Avizanda et al., 2012). Smaller vulture species are often more endangered and therefore SFS

management practices should address such imbalances.

Given that supplementary feeding sites can disturb the dynamics between scavengers, Cortés-
Avizanda et al., (2010) suggests that supplementary feeding should ideally mimic the
spatiotemporal unpredictability of natural carcasses as to maintain natural inter-species
competitive relationships. They advise that numerous feeding stations offering low quantities
of food is ideal. Carcass size and fine scale distribution can also determine which species get

to feed and small carcasses or the scattering of pieces of the carcass over a wider area can be
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used to ensure smaller vulture species are also supported by SFS (Cortés-Avizanda et al., 2010;
Moreno-Opo et al., 2015a, 2015b).

Feeding methods can also modulate intra-species competition between different age classes
(Duriez et al., 2012; Meretsky and Mannan, 1999; Moreno-Opo et al., 2015a). Young Griffon
Vultures compete with older more dominant conspecifics at carcasses. This results in younger
birds having access to a lower quantity and quality of resources than adults at high intensity
feeding sites close to vulture colonies (Duriez et al., 2012). Similarly, when chicken carcasses
were provided at feeding sites in the Negev Desert, Israel, adult Egyptian vultures could
dominate these carcasses and fed in higher proportions than younger birds (Meretsky and
Mannan, 1999). Adults were however not able to dominate feeding events where large
carcasses and scattered scraps were provided and therefore did not feed preferentially. In this
experiment large and infrequent feeding did not favour any age class.

SFS may affect selection pressures allowing unfit individuals to survive and therefore
negatively influence population genetic health (Garcia-Heras et al., 2013). Additionally, they
have been shown to affect sex ratios in other birds (Clout et al., 2002), while in vultures they
can be favoured by a specific sex, potentially causing sex differences in exposure to threats

such as poisoning (Gangoso et al., 2009).

5.4.3 Food safety and health

One of the major benefits that SFS potentially provide is that they reduce the probability of
vultures encountering unsafe food sources which may affect their survival and fitness
(Margalida et al., 2014). Food safety relates to three threats already discussed: poison,
veterinary drugs, and lead. SFS have successfully been implemented in response to the Asian
vulture crisis in order to reduce their exposure to the toxic veterinary drug, diclofenac, which
helped increase survival in relation to this calamity (Gilbert et al., 2007). The ban and
identification of an alternative vulture-safe non-steroidal veterinary drug (Swarup et al., 2007)
will likely reduce the need for SFS which were implemented as a short-term response to buy
time, but these results provide a proof of concept that can be extended to other food

contaminants.
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This poisoning-risk reduction effect is based on the assumption that food provided at SFS are
safe and contaminant free. However, because SFS are not necessarily formally regulated, as in
South Africa, whether carcasses provided at SFS are free from any harmful contaminants will
depend on how aware managers are of best management practices and how willing they are to
stick to them. Well-meaning management strategies not adhering to scientifically based best
management practices can have the opposite effects than intended on the target species (Blanco
et al., 2011). A two decade long supplementary feeding initiative to increase the productivity
of the highly endangered Spanish Imperial Eagle, Aquila adalberti, had unintentionally been
dousing the birds with pharmaceuticals (antibiotics and antiparasitics) that were contained in
the carcasses provided at the SFS. This resulted in depressed immune systems and a higher
diversity and load of pathogens on individuals. Therefore, the supplementary feeding initiative
was likely increasing the extinction risk of this species (Blanco et al., 2011). Pathogens can
also be transmitted directly from carcasses supplied at SFS, some vultures have for example
been shown to contract antimicrobial resistant Salmonella from swine carcasses fed at SFS
(Blanco, 2018; Marin et al., 2018).

5.4.4 Effects on non-vulture species

Food provided at SFS can also be exploited by non-target species. Such increases can also have
notable knock-on effects for the rest of the ecosystem, causing increased predation pressures
for other animals, such as ground nesting birds (Cortés-Avizanda et al., 2009) and perhaps
exacerbate human wildlife conflict. In South Africa food provisioning led to an increase of
mammalian scavengers which are often in conflict with livestock owners, namely the brown
hyaena, Hyaena brunnea, and the black-backed jackal, Canis mesomelas (Yarnell et al., 2015).
As discussed with regards to the Asian Vulture Crisis, this circumstance can lead to increased
disease transmission and detrimental effects on human well-being but also notably increased

human-wildlife conflict.

Localised increases in the mammalian scavengers can intuitively lead to increases in livestock
losses due to predation. This may in turn inspire retaliatory poisoning by livestock owners. It
is due to these factors that providing a fence around feeding sites is advised so that mammalian
scavengers can be excluded from these sites. These fence lines should however encapsulate a

large enough area for vultures to safely take off and land, otherwise these vultures run the risk
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of becoming entangled in these structures. Additionally, SFS should be placed away from other
dangerous structures such as powerlines and wind farms, which pose an electrocution and
collision risk to vultures (Martinez-Abrain et al., 2012) and other species, such as Marabou
storks, Leptoptilos crumenifer, which are also often seen at feeding sites (Monadjem et al.,
2012).

6. My Research

6.1.  Thesis aims

Africa is currently experiencing a vulture crisis with most vulture species on the continent
facing the risk of extinction. Supplementary feeding sites have become a popular conservation
tool and private landowners have been motivated to manage such sites themselves. This is done
despite a lack of clarity on how effective this conservation measure is or what the potential
trade-offs, non-intended consequences and knock-on effects to non-target species and the rest
of the ecosystem may be. There is thus an urgent need for research into this conservation
measure. A lack of robust data on feeding sites has previously hampered the critical assessment
of these aspects. The aims of this thesis are therefore 1) to provide robust data on SFS in South
Africa and how much food they provide which will facilitate future research into a range of
aspects, 2) to determine how well the managers of these sites adhere to best management
practices that ensure SFS are safe for vultures, 3) identify the severity of the threat of poison
use, the major cause of vulture declines, in the agricultural landscape, and 4) test whether the
main proposed benefit of increasing breeding success holds true in the endemic Cape Vulture
while accounting for the before mentioned confounding factors. This information is aimed to
help inform conservation decisions as to the most effective use of conservation resources in

saving vultures and to refine the application of SFS as conservation tool.

6.2.  Thesis overview

The main body of this thesis consists of four data chapters (Chapter 2-5) which serve as stand-
alone research articles. This has been done to facilitate publication and indeed three of the
chapters in this thesis (chapters 2 -4) have already been published in peer-reviewed journals at
the time of submission of this thesis. While this approach has greatly increased the impact of

this work and is also more efficient, this does result in some slight repetition of this
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introduction. Figure 1.1 illustrates the rationale for the thesis and how chapters link together

and culminate in the synthesis. An overview of each data chapter is provided below.

Chapter 2 collates, compiles, and verifies records of SFS in South Africa. Through surveying
the managers of these sites, | establish a spatiotemporally accurate national SFS database. This
database includes critical information on the provisioning rate of SFS which is required to
investigate their effect. This is then put into the context of vulture food requirements to get a
sense of whether vultures have a sufficient food supply. Data from this chapter provides the
corner stone for the chapters that follow it.

Chapter 3, stemming from the same survey as Chapter 2, examines the motivations,
perceptions, and awareness of best management practices of SFS managers. | identify potential
hidden risks vultures may be exposed to at SFS due to a lack of awareness of safe management
practices and identify the best motivational avenues to leverage manager behaviours to adhere

to vulture safe practices.

Chapter 4 investigates the prevalence of poison-use by commercial farmers in South Africa.
As this is the main cause of vulture mortalities and SFS can potentially lure vultures to an area
with higher poison use, we quantified the prevalence of this practice through surveys with
farmers which allowed us to account for this effect in Chapter 5 and isolate only the effects of

SFS on breeding success.

Chapter 5 models the effects of SFS on vulture breeding success. We investigate this effect in
Cape Vultures and at the scale of the colony, using vulture monitoring data from the past 20
years. Data from all preceding chapters inform this model as to have the most accurate picture

of the effect of these SFS on vultures.

Chapter 6 synthesises our results and provides management recommendations in line with our

findings.
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CHAPTER 2:

Quantifying the spatial distribution and trends
of supplementary feeding sites in South Africa
and their potential contribution to vulture

energetic requirements.

Photo: Farmer providing unwanted meat to vultures at SFS (Photo by Robert Trollip).
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Abstract

Old World vultures are the most threatened group of raptors globally. Supplementary feeding
sites (SFS) are a popular conservation tool, widely used to assist vulture populations. Despite
their popularity, the impact of SFS on vultures remains largely unstudied. A lack of knowledge
on the number, distribution and management of SFS is a key factor hindering such research. In
this study, |1 compile records of SFS in South Africa and conduct questionnaires with SFS
managers to characterise SFS. | identify 143 currently active SFS. My data suggest that SFS
numbers have been stable over the last decade. The average provisioning rate for all SFS was
64.6 kg/day. Overall SFS provide an estimated 3301 tonnes of food to scavengers each year,
the equivalent of 83% of the energetic needs of all vultures in the region. This contribution was
highly skewed, however, with just 17% of active SFS sites providing 69% of all food.
Furthermore, these resources were not equally distributed, with SFS in Limpopo, North West
and Kwazulu-Natal provinces providing 83% of the total meat provisioned. The three most
common meat types provided at SFS were beef (39%), pork (33%) and game (19%).
Worryingly, | found that 68% and 28% of SFS managers were unaware of the potential harmful
effects of lead and veterinary drugs, respectively, which highlights potential poisoning risks
associated with SFS. Examining exposure to SFS by different vulture species, | found that
whilst SFS are accessible across the distribution range of vultures with large home ranges (e.g.,
African white-backed and Cape vultures), those species with smaller home ranges have
relatively poor accessibility. With this study | demonstrate the potential importance, but also
associated risks, of SFS to vultures in South Africa, and provide the information-base to assess

the impacts of this popular but as yet largely un-assessed conservation tool.

Introduction

The decline of biodiversity often requires the implementation of intensive management actions
(Butchart et al., 2010; Barnosky et al., 2011). Because of the inherent uncertainty in how
biological systems will react to conservation interventions (Keith et al., 2011), some
management actions can cause unintended negative effects on target species or ecosystems
(Cortés-Avizanda et al., 2009; Wittmer et al., 2013). Validating the beneficial outcome of such
interventions is thus a crucial role of conservation science. To facilitate such inquiry,

responsible management should entail continuous monitoring and assessment. This is the only
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way in which to ensure that limited conservation resources are not wasted on ineffective or

detrimental interventions (Santangeli and Sutherland, 2017).

Food supplementation is an intensive management intervention often meant to help threatened
species. While its effects in a conservation context are in many cases unknown, unintended
negative ecological effects of food supplementation have been reported (Robb et al., 2008a;
Milner et al., 2014). These include changes in social and movement behaviour (Duriez et al.,
2012; Jones et al., 2014; Fluhr et al., 2017), predation and selection pressures (Schmidt and
Hoi, 2002; Cortés-Avizanda et al., 2009), interspecific relationships (Carrete et al., 2010;
Cortés-Avizanda et al., 2012) sex ratios and reproductive performance (Clout et al., 2002;
Carrete et al., 2006b) and various health factors (Blanco et al., 2011; Sorensen et al., 2014).

Almost seventy percent of old-world vulture species are threatened with extinction (IUCN,
2019), the most rapid population declines occurring in the vulture-rich regions of Asia and
Africa (Ogada et al., 2016). Over the last decade, the unnatural and accelerated mortality rates
of vultures across Africa have led to the International Union for Conservation of Nature
(IUCN) uplisting seven out of ten of the continent’s vulture species to Critically Endangered
and Endangered (Amar et al., 2018). While this can be attributed to various threats (Anderson
etal., 1999; Boshoff et al., 2011; McClure et al., 2018), the most prevalent of these is poisoning.
This risk of poisoning include: intentional poisoning - for traditional belief-based use of vulture
parts (Mckean et al., 2013), or “sentinel poisoning”, whereby poachers target vultures as they
provide rangers with a clear sign of poaching events (Ogada et al., 2016), and unintentional
secondary poisoning - where vultures are the unintended victims of the poisoning of so-called
problem carnivores (Santangeli et al., 2016b). Similarly, vultures may be poisoned by feeding
on livestock treated with veterinary drugs, specifically those treated with non-steroidal anti-
inflammatory drugs (Gilbert et al. 2002; Oaks et al. 2004) or lead contaminated carcasses
(Bounas et al. 2016; Garbett et al. 2018), which may even lead to catastrophic population level
impacts (Green et al., 2004).

The high mobility and wide ranging behaviours of vultures make conserving them challenging
because conventional conservation measures, such as protected areas, may be insufficient
(Santangeli et al., 2019). In South Africa, there has been a strong emphasis on providing
additional food through supplementary feeding sites (SFS; often also referred to as “vulture
restaurants”, Cortes-Avizanda et al., 2016). These measures have been implemented because

providing such food is typically assumed to reduce poisoning risk (Gilbert et al., 2007), with
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some evidence indicating it can also increase breeding success and survival (Gonzélez et al.,
2006; Oro et al., 2008). However, such effects are not ubiquitous and, in some cases, SFS show
no effects (Kruger et al., 2015; Oppel et al., 2016a). SFS therefore remain a debated
conservation tool (Oppel et al., 2016b).

Anderson and colleagues (2005) previously estimated that there were around 140-145 active
SFS in South Africa, with an annual increase of 9% per year. The majority of SFS are
established informally by land managers, particularly as an easy and inexpensive form of
carcass disposal (Mundy et al., 1992; Piper, 2004b). Therefore, many SFS are potentially
operated without following best-practice guidelines (Piper, 2004a). Essential information on
the number, status (active - providing food, or closed), location and provisioning rate of SFS
is lacking and not collated into a systematic centralised database. This hinders investigations
on the effects of SFS on vultures in Africa (e.g., Kane et al., 2015), which is essential to
understand the conservation outcomes of SFS. The first step in quantifying the effectiveness

of SFS is thus to systematically gather this information.

Here, | aim to fill this knowledge gap in South Africa and lay the basis for future studies on
this common, yet un-assessed conservation tool. Specifically, | aim to i) determine the current
and historical number and distribution of active SFS in South Africa; ii) quantify the amount
and type of food resources being provisioned at these SFS; iii) estimate the contribution of SFS
resources towards filling the energetic needs of the different vulture species based on their
potential access to SFS.

Methods

Ethics statement

This study was approved by the Faculty of Science Research Ethics Committee at the
University of Cape Town (Approval code: FSREC 83 —2017). Participants provided informed
verbal consent, as approved by the ethics committee.

Supplementary feeding site data
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We used existing datasets on SFS from three organisations in South Africa which are
extensively involved in vulture conservation (VulPro, The Endangered Wildlife Trust and
Ezemvelo KwaZulu-Natal Wildlife). These datasets were out-dated to various extents and the
information they contained had not been verified during recent years. | consolidated all three

databases.

We conducted a survey with the managers or affiliated persons of each SFS. The survey was
conducted by a single interviewer (CWB) over the telephone or email, using an open-ended
questionnaire (see Appendix 2.1). Surveys were conducted between November 2017 and
October 2018. Respondents were asked to provide a range of information regarding their SFS,
most notably coordinates of the site, the status of the SFS (whether the site was active, i.e.,
provisioning food, or closed and no longer provisioning) their provisioning rates (tonnes per
year), type of carcasses used, their date of establishment and closure and reasons for
establishment and closure. SFS managers were also presented with a multiple-choice question
regarding whether they believed that lead from spent ammunition or veterinary drugs present

in carcasses could have any potential harmful effects on vultures.

Provisioning rate calculations

Respondents were asked to specify, as accurately as possible, the type and quantity of food (a
combination of whole carcasses and offal) that they provide at their SFS within a given time
unit. When respondents provided weights per carcass or specified the amount of offal in
kilograms (the parts of an animal carcass that is discarded after butchering or dressing), these
amounts were used. In cases where respondents provided a quantity range, the mid-point of
this range was used to calculate provisioning rate. However, when livestock carcass weights
were not provided but only the numbers of carcasses, | used the body mass of animals from the
literature averaged across breeds within a specific livestock type (Cloete and De Villiers, 1987;
Cloete et al., 2000; Wells and Krecek, 2001; Sheridan et al., 2003; Scholtz, 2010; Snyman,
2014a, 2014b, 2014c, 2014d, 2014e; Andrew Tucker unpubl. data).

To determine provisioning rate of game animals, the average mass of game species was derived
from the 2016 South African hunting statistics (available from the Department of

Environmental Affairs) and published weights (Stuart and Stuart, 2015). When respondents
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indicated an amount provisioned during the hunting season, | assumed that this was provided

over the average winter hunting season, which is three months in duration.

To calculate the amount of offal provided | used averaged dress out percentages (ratio of
slaughtered and vicerated carcass to live weight) from the literature for each animal group.
This was only needed for the game and pork category as all other livestock offal amounts
were indicated in weights. South African dress out percentage for a range of ungulate species
falls within a 52-61% of body weight (Von La Chevallerie 1970; Hoffman 2000; van Zyl and
Ferreira 2004; Hoffman and Wiklund 2006; Hoffman et al. 2009; Swanepoel et al. 2016).
Offal thus accounts for between 39-48% of live weight. | used the conservative measure of
40% of live weight for my calculations of offal weight as some offal is commonly used for
human consumption. Dressing weights for domestic pigs were between 72-84% (Latorre et
al. 2009; Warriss et al. 1990; Boler et al. 2012; Virgili et al. 2003), thus for pigs | used 20%
as percentage offal of live weight. QGIS was used for all spatial analyses (QGIS, 2019).

Calculation of vulture energetic needs

To contextualise the total amount of food being provided by SFS, I calculated the total annual
food requirements of all vultures in the South Africa, Lesotho and eSwantini region (Appendix
2.2). | used adult vulture population estimates and indications of the proportion of the
population that are adults to calculate the total population size. Daily food requirements from
the literature were then used to calculate food requirements for the entire population on an
annual basis (Appendix 2.2). In addition to the SFS within South Africa, provisioning rates
from two verified SFS in Lesotho and two in eSwatini were then used to calculate what
percentage of the annual food requirements were already provided by SFS. The species
evaluated included the IUCN Critically Endangered African white-backed vulture, Gyps
africanus, Endangered Cape vulture, Gyps corprotheres, Endangered lappet-faced vulture,
Torgos tracheliotos, Near Threatened bearded vulture, Gypaetus barbatus, Critically
Endangered hooded vulture, Necrosyrtes monachus, and Critically Endangered white-headed
vulture, Trigonoceps occipitalis (IUCN, 2019).

Coverage of species range by SFS
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Adult vultures often have smaller home ranges than non-adults and thus their access to SFS is
more restricted (eg. Kruger, Reid, and Amar, 2014). The extremely wide-ranging nature of
immature vultures means that they effectively have complete access to all SFS in South Africa
Thus to make useful comparisons between species regarding their access to SFS, | focussed
this analysis on adults only. | quantified the proportion of each species’ distribution range that
is accessible to SFS in the following way. First, | collated home range estimates for each species
from the literature (Kriiger et al., 2014; Kane et al., 2016; Garbett, 2018; Reading et al., 2019).
Such estimates were unavailable for adult African white-backed vultures, but as evidence
suggests they display similar movement behaviour as lappet-faced vultures (Spiegel et al.,
2013), | thus used lappet-faced vulture estimates as a proxy. The average across all species
was used for white-headed vultures for which data were also unavailable. Assuming uniform
circular home ranges, | converted these species-specific home range estimates to minimum and
maximum buffers for each species (Appendix 2.3). | used 95% Kernel Density Estimates
(KDE), 90% in the case of bearded vultures, for the calculation of the maximum buffer radiuses
and 50% KDE for the minimum buffer radius of each species. These species-specific radiuses
were then used to create buffers around each active SFS in the region. Finally, | calculated the
proportion of each vulture species’ range covered by the minimum and maximum buffer
surrounding SFS in the region. This yielded a minimum and maximum proportion of species
range coverage by SFS. | repeated the above analyses using only SFS with high provisioning
rates (>40 kg/day).

Results

We were able to contact 92.4% of the SFS for which | had working contact details. The
remainder either refrained from responding to all attempts at communication or had closed so
long ago that no relevent respondent could be found. Of those I did contact, 72.4 % participated
in the study beyond just simple verrificaion of the status of their SFS. Among verified and
currently active SFS, | had a response rate of 94.3%.

State of SFS in South Africa
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We verified the status of 232 SFS records in South Africa, including 25 new sites (i.e., not
present in the three original datasets) that were mentioned by respondents and verified on an
ad-hoc basis. Among verified SFS, 143 were active (Figure 2.1), and 89 were closed. Ninety
entries remained unverified, due to out-dated contact information. Given the age of the

databases and their entries, these were assumed to be closed.

Trend and motivations of SFS establishment

We gathered information on establishment and closure dates of 104 currently active and 39
closed SFS. The earliest reported establishment date was 1933. From 1975 numbers of active
SFS increased sharply but have remained relatively constant since around 2009 (Figure 2.2).
The main motivation for establishing an SFS was for conserving vultures (65% of 159 total
responses) and for the cleaning benefits vultures provide (26%). Other reasons were the
personal pleasure of running an SFS (12%) and ecotourism (11%). Reasons for closing SFS
were: managers moving away (22% out of 55 responses), low vulture visitation rates (13%),
relocation of SFS (11%), carcass contamination concerns and lack of control regarding
dumping by general public (11%), lack of carcasses for provisioning (7%), and occurrence of

powerline mortalities (7%).

Provisioning Rates

We obtained information on provisioning rates from 132 of the 143 active SFS. Of these, 24
provided both livestock and game, 82 provided livestock only and 26 provided game only.
Eight SFS that only provided game, indicated that their SFS was solely active during the
hunting season. There was high variability in provisioning rate among SFS, with a mean + S.D.
of 23.58 t/y + 38.84 (range: 0.32 — 208.57 t/y), equivalent to 64.61 kg/day + 106.42. Across all
SFS for which data was collected, | estimated that 3113 tonnes of food are provided each year.
If extrapolated across sites with unknown provisioning rates, using the average of similar types
of sites in the same province (or across the entire country in the case of Nature and Game

Reserves), then 3301 tonnes of food are provided across all known active SFS.
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The contribution of food provisioned was highly skewed, with just 17% of active sites
providing 69% of reported total annual provisioned food (Appendix 2.4). Sites with highest
provisioning rates are generally affiliated with intensive livestock farms, abattoirs or Non-
Governmental Organisations (NGO) who source carcasses from such operations. Sites that
provided little food annually are represented more often by small-scale livestock farms. I report
high variation in resource contribution by SFS across South Africa, with Limpopo, KwaZulu-
Natal and North West provinces providing the majority of food resources (Figure 2.3). Across
South Africa, most of the total food provisioned consisted of beef (39.2%), pork (33.3%) and
game (19.4%, Appendix 2.5). Less common meat sources included sheep (3.6%),
horses/donkeys (2.2%), chicken (1.0%) and goat (0.2%).

Potential energetic contribution of SFS

We estimated that the extrapolated total provisioning rate of 3301 t/y, plus 16 t/y provided at
SFS in eSwatini and Lesotho, is enough to potentially fulfil about 83 % of the annual food

requirements for vultures in South Africa.

Food safety

Out of 111 respondents answering the question on the health risks posed to vultures from
providing contaminated food, 32% of managers believed that lead from spent ammunition
could be dangerous to vultures, 35% were not sure and 32% were convinced otherwise. For
veterinary drugs, 72% believed that they could have harmful effects, 20% were unsure and 8%

were convinced otherwise.

Vulture range coverage by SFS

The South African range of lappet-faced vultures, African white-backed vultures and Cape
vultures had highest accessibility to SFS, with 100% of their range being covered by any SFS,
and 79% to 81% when considering only SFS providing more than 40 kg/d (Table 2.1).
Conversely, hooded and bearded vultures had the lowest SFS range coverage (Table 2.1).
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African white-backed vulture Cape vulture
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Legend

@ Very High (>300 kg/d) - Low (20-40 kg/d) = Closed

© High (100-300 kg/d) - Very Low (<20 kg/d) x Not verified

e Medium (40-100 kg/d)  * Unknown B Vulture distribution

Figure 2.1: The distribution and status of vulture supplementary feeding sites in South Africa as verified by the
present study. Active (green), closed (red) and unverified (black cross) supplementary feeding sites are indicated.
The average daily food provisioning rate category of active sites is indicated by the size of the green circles, green
diamonds indicate active supplementary feeding but with unknown provisioning rates. The distribution of each of
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six vulture species occurring in South Africa is shown in dark grey (data obtained from BirdLife International and

NatureServe 2015).
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Figure 2.2: A) Cumulative number of active SFS over time in South Africa, and B) the number of annual SFS
closures. This is based on information of opening and closing dates obtained from 155 SFS. | start the timeline
at 1955 for brevity, because between 1933 and 1955 only a single SFS was reported as active. Sites that did not

provide this information were excluded here.
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Figure 2.3: Proportional contribution of each meat type to the total food provisioned at supplementary feeding sites in each province in South Africa (shown by the pie charts
within each region in the map). The size of each pie chart is proportional to the total amount of food provisioned in each province per year (log transformed to ease visualisation).
Numbers below the name of each province in the map indicate the number of active supplementary feeding sites in that province. The total amount of food provided at
supplementary feeding sites in each province in tonnes per year is reported in the histogram to the right. (LP = Limpopo, KZN = KwaZulu Natal, NW = North West, EC =
Eastern Cape, GT = Gauteng, MP = Mpumalanga, FS = Free State, NC = Northern Cape, WC = Western Cape).
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Table 2.1: The percentage area of vulture species’ South African distribution range that is within adult vulture maximum (based on 95% Kernel Density Estimates, except for
bearded vultures which is based on 90% Kernel Density Estimates) and minimum (based on 50% Kernel Density Estimates) home range distances from SFS and SFS with
higher provisioning rates respectively.

All SFS

Higher provisioning rate SFS
(>40 kg/d)

Maximum  Minimum South Percentage area Percentage area Percentage area Percentage area
. buffer buffer African within maximum within minimum within maximum within minimum
Species . . S
radius radius distribution home range home range home range home range
(km) (km) range (km?) distance (%) distance (%) distance (%) distance (%)
Lappet-faced vulture 249 94 243927 100 84 79 45
African white-backed vulture 249 94 399801 100 81 81 46
Cape vulture 187 56 285533 100 72 80 41
White-headed vulture 120 41 34717 92 41 56 5
Hooded vulture 35 10 37888 33 5 14 2
Bearded vulture 10 4 35898 24 6 7 2
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Discussion

My study shows that use of SFS in South Africa is widespread, and they provide enough food
to potentially fill almost all the energetic needs of the entire South African vulture population.
Provisioned food was not distributed evenly, with some species having low access to SFS
through their range. Therefore, vultures in the area are exposed to varying amounts of
provisioned meat quantities and types, and the associated risks of provisioned food of which
many SFS managers remain unaware. The numbers of active SFS have remained stable over

the past decade.

SFS trends

The initial increase in SFS from the 1970s onwards can likely be ascribed to various awareness
campaigns promoting the establishment of SFS to local landowners and the general public
(Mundy et al. 1992). Combined with increased awareness of vulture declines, this may have
accounted for the growing adoption of SFS by landowners. If the growth rate of SFS remained
consistent since that of 2002, then today there would be 430 active SFS in South Africa
(Anderson et al., 2005). My results show a similar increase up to the year 2002, but a reduction

in this rate afterwards, with SFS numbers plateauing in 2009.

Adherence to best practices

Livestock dominates the food provisioned by SFS in most areas. Due to widespread use of
veterinary drugs in livestock production, many scavenger species may be exposed to these
substances (Blanco et al., 2016; Blanco et al., 2017) in a similar way as reported for Asian
vultures (Shultz et al., 2004). Other veterinary drugs such as antibiotics may have unidentified
long term sub-lethal effects that can influence the fitness of scavengers (Pitarch et al., 2017).
Game meat was provisioned at 34% of SFS and mostly originates from hunting activities. This
provisioned meat may therefore contain lead fragments from spent lead ammunition. This is
problematic as the harmful effects of lead on avian taxa are well documented (Haig et al.,
2014). Lead is known to accumulate in vultures in southern Africa and a worrying number of

individuals display lead levels consistent with subclinical to severe clinical effects (Garbett et
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al., 2018; Kruger and Amar, 2018; van den Heever et al., 2019). Ingestion of lead fragments in
carcasses have been indicated as the most likely cause of these elevated lead levels as these
elevated levels were not found in non-scavenging species and were also associated with hunting

season and areas (Garbett et al., 2018; van den Heever et al., 2019).

The safety of the food provided at SFS depends on how aware managers are of threats, and
how seriously they take them. In South Africa, my survey suggested that 28% of SFS managers
were unaware of potential harmful effects of veterinary drugs and 68% were unaware of the
harmful effects of lead. Consequently, carcasses provided at many SFS could be contaminated
with these harmful substances, which could have a negative impact on the vultures that
consume them. Another indication that best practice is not always followed is illustrated by the
small percentage of SFS that are providing poultry carcasses, potentially exposing vultures to
avian influenza (Ducatez et al., 2007). Some respondents also reported powerline associated
mortalities at their sites which represents a main contributing factor for the closure of 7% of
SFS. This indicates that some SFS may potentially increase the collision and electrocution risks
to vultures. | suggest that conservation practitioners should work more in connection with SFS
managers in order to increase their awareness of these unintended consequences and reduce
their likelihood through promoting best management practices. In cases where negligent
management practices are resulting in mortalities of endangered species, the relevant

authorities should intervene.

Temporal variation in SFS provisioning: a paradox

Our updated information on distribution and food provision of SFS in South Africa will allow
in-depth analyses of how SFS may influence space use of vultures. Vultures have historically
evolved to use temporally variable and unpredictable food resources (Monsarrat et al., 2013).
Conversely, regular feeding at SFS associated with intensive livestock farming operations,
could lead to the development of routine behaviours and dependence (Fluhr et al., 2017).
Within an African context, limited information exists on this potential impact of SFS on vulture
behavior. Anecdotal knowledge in Southern Africa suggests this may be species-specific. For
example, dependence on SFS seems low for the Cape vulture (Kane et al., 2016), but high for
non-adult bearded vultures (Reid et al., 2015).
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Paradoxically, while foraging naturally, vultures may have an increased risk to come into
contact with carcasses that have been laced with poison (Monadjem et al., 2018). Regular and
copious provisioning of safe food at SFS could thus lead to a reduction in poisoning risk.
Initially, SFS were only viewed as a temporary means to ‘buy time’ for addressing the ultimate
threats that are causing vulture declines. Unfortunately, after 40 years since the introduction of
SFS, the threat of poisoning is still high, and SFS have become an established tool for general

application.

Expansion of the SFS network

Many conservation organisations promote the establishment of SFS (Birds of Prey Programme,
2007). They do so based on different unverified assumptions e.g. that SFS reduces localized
poisoning risk, that SFS can divert vultures from areas of high risk and that in the absence of
SFS, vulture populations experience food shortages. In order for the expansion of the existing
SFS network to be evidence-based, such assumptions first need verification through scientific
investigation. Once evidence for a measurable net positive impact on vulture demographic
parameters has been obtained, then this tool can be considered on a case-by-case basis. Given
the current lack of such evidence, decisions on SFS establishment are made in the dark (Cook
etal., 2010).

Future research

Parts of the SFS database were already being used in research prior to this study and thus prior
to my verification (e.g., Krlger et al., 2015; Kane et al., 2016). A visual comparison of the
results of this study and the locations used by Kane et al. (2016) suggests that roughly 22% of
the 110 SFS included in their study were miscategorised. Their study also omitted at least 70
active SFS. One of the aims of the present study is therefore to provide up to date information
that can assist future analyses exploring the influence of SFS on vulture behaviour or

demographics.

Future studies need to verify the basic assumptions on the demographic effects of SFS on

vulture populations. In addition, research should focus on quantifying the role of SFS in
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reducing poisoning risk to vultures, e.g., by studying impacts on ranging behaviours. For
example, it may be that SFS could be strategically located to divert vulture movements away
from areas with a high threat of poisoning or wind turbine collision (Reid et al., 2015). Finally,
the effects of different feeding methods (regular vs. irregular feeding, whole carcasses versus
small food parcels) on the above factors and the structure and functioning of the South African
scavenger guild could be assessed. In Europe, increased predictability of resources at SFS
favoured more dominant species to the detriment of less competitive and often more threatened
vulture species (Cortés-Avizanda et al., 2012). Feeding methods could thus play an important

role when SFS are aimed at supporting a particular species in a particular area.

Although I hope this study can assist in future research, SFS security is a concern. There are
fears that if SFS locations are made freely available, they could be exploited by poachers for
vulture harvesting, or that provided carcasses would be taken for human consumption. Parties
interested in using this data for research or management planning are therefore encouraged to

contact the authors directly so relevant data-agreements can be arranged.

Conclusion

To assess the effectiveness of conservation interventions, it is crucial to know where, when and
how such interventions are implemented. A lack of this information prevents such assessments,
ultimately leading to a potential waste of scarce conservation resources that, in the case of
vulture SFS, may even have counterproductive effects. In this study, | provide the necessary
information to enable such research and provide conservation managers with an updated view
of the South African SFS network.
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VR_Code (for office use):

VULTURE RESTAURANT SURVEY:

Hello, my name is Christiaan W. Brink and | am a PhD student at the University of Cape Town
researching the contribution of vulture restaurants to vulture conservation in South Africa. | found your
contact details on our existing database in relation to a vulture restaurant / feeding site, and would
appreciate it if you took part in our survey that will aid vulture conservation and which will ultimately
benefit vultures and landowners. Your participation would be appreciated whether you are currently
feeding vultures or have stopped doing so.

As part of my thesis | am updating the current database with the information of vulture restaurant
managers. This information will not be published or made freely available to the public and will only
be distributed to the relevant people in vulture conservation and research (eg. VulPro, EWT, Ezemvelo
KwaZulu-Natal wildlife, all of which have contributed to, or is a collaborator on this project). Do you
give consent for your information to be shared with the before mentioned people?

Participant agreed (Please remove if you disagree)

At the same time we would like to get an understanding of what motivates people to run vulture
restaurants. Please answer the questions below. Please note that the answers from these questions
(excluding the Basic Info) will not be included in the database but rather kept confidential. When the
research is published, none of your answers will be linked with your name or name of your farm and
so will remain anonymous.

Please note that your participation in this interview is completely voluntary.
Do you agree to participate in this interview?
Participant agreed (Please remove if you disagree)

A. Basic info/demographics

Name:

Position/role at the property: (i.e.: owner, manager):
Occupation:

Property owner name:

Name of property/farm:

Vulture restaurant property address:

ok wdhE
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7. Email:

Preferred contact number:

9. Coordinates of Vulture Restaurant (if not available, coordinates of property-please
specify the structure for which coordinates are given):

(o

B. Vulture Restaurant (VR):

10. Is the vulture restaurant still active, are you still feeding vultures?

[if closed] :

11. When did you stop putting out food for vultures?

12.What were the reasons why you stopped?

13.When did you start feeding vultures? (year and month if possible)

14.What was the motivation behind establishing and maintaining the vulture restaurant?

15.Please provide as accurate an estimate and description of what is provided at the vulture
feeding site as possible: (eg. 2 Adult pigs per year (200-300kg per carcass); 10kg of Beef
offal per day; 5 new born calves per month; Offal from 50 game carcasses during
hunting season). We are fully aware that this may depend on stock losses and be
variable but please make an attempt at providing some sort of rough estimate. Number
of carcasses provided over the last year might be easiest. If closed please provide an
indication of how much you used to feed.

16. Where is/was this food sourced from? (eg. My own property; neighbouring farmers
donate; SPCA)

17.1n your opinion do carcasses containing lead from spent ammunition pose any potential
health threats to vultures (eg. Feeding on animals shot during hunting)? Please
highlight chosen answer

a. Yes
b. No
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c. Idon’t know

18.1n your opinion can veterinary drugs present in carcasses have any negative effects on
vulture health? Please highlight chosen answer
a. Yes
b. No
c. Idon’t know
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Appendix 2.2: South African population size and total annual food requirement estimates for six vulture species.

Annual

Daily food Annual food provisioning

Number of Proportion  Population
Common name Scientific name requirements requirement in species
adult vultures adults estimate
(kg) (t) distribution

(ty)
African white-backed vulture  Gyps africanus 73502 0.67° 10970 0.4¢ 1601.6 2218.0
Cape vulture Gyps corprotheres 88002 0.75¢ 11733 0.52¢ 2227.0 2448.9
White-headed vulture Trigonoceps occipitalsis 1582 0.75¢° 211 0.35° 27.0 84.6
Lappet-faced vulture Torgos tracheliotos 3382 0.81° 417 0.5° 76.1 1190.0
Hooded vulture Necrosyrtes monachus 1502 0.65f 231 0.35° 295 120.1
Bearded vulture Gypaetus barbatus 2332 0.6 388 0.39 425 737.4

TOTAL 17029 23950 4003.6

aTaylor et al. 2015, °Murn and Botha 2018, “Mundy et al. 1992, “Robertson 1984, °Kemp and Begg 2001, ‘Brown 1997, Donazar 1993



Appendix 2.3: Vulture species home range sizes used for the calculation of SFS range coverage. The maximum buffer radius corresponds to the 95% Kernel Density
Estimates (KDE) for the given species. Only a 90% KDE was available for bearded vultures. For the minimum buffer size, 50% KDE was used.

Average home Maximum Minimum
Species Scientific name range buffer radius buffer radius References
(km?) (km) (km)
Lappet-faced vulture Torgos tracheliotos 194 813 249 94 Garbett, 2018
African white-backed vulture  Gyps africanus - 249 o4 Spiegel, Getz, & Nathan, 2013
Cape vulture Gyps corprotheres 110181 187 56 Kane et al., 2016
White-headed vulture Trigonoceps occipitalsis - 120" 41" -
Hooded vulture Necrosyrtes monachus 3913 35 10 Reading et al., 2019
Bearded vulture Gypaetus barbatus 286 10 4 Kriger, Reid, & Amar, 2014

_'_Data unavailable, lappet-faced vulture values used here based on literature suggesting similar movement behaviour.
"Data unavailable, average values of all other species for which data was available used.
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Appendix 2.4: Supplementary feeding sites (SFS) ranked according to their annual provisioning rates, from
highest to lowest, in relation to the cumulative contribution of each additional site, to the national total annual
provisioning rate (expressed as a percentage).
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Appendix 2.5: Summary of the composition and distribution of the 3113 tonnes (t) of annually (y) provided food, at 143 verified active SFS, across all South African
provinces. (LP = Limpopo, KZN = KwaZulu Natal, NW = North West, EC = Eastern Cape, GT = Gauteng, MP = Mpumalanga, FS = Free State, NC = Northern Cape, WC =

Western Cape).

Verified % of
Province TOTAL tly % Beef % Game % Pork % Sheep % Equine % Other
active sites TOTAL
LP 32 1198.7 38.5 35.9 27.6 30.4 4.1 0.2 1.7
KZN 51 752.4 24.2 56.4 10.9 25.3 1.6 3.7 2.1
NW 16 616.5 19.8 15.0 14.6 59.9 3.8 14 5.3
EC 21 246.8 7.9 89.1 0 2.2 5.9 2.7 0.0
GT 6 165.1 5.3 114 12.7 64.5 0.3 111 0.0
MP 6 78.4 2.5 13.6 82.2 0.0 0.4 3.8 0.0
FS 6 26.2 0.8 54.2 16.8 3.2 12.2 3.8 9.8
NC 4 16.2 0.5 20.2 61.9 0.0 3.9 141 0.0
WC 1 12.6 04 47.2 0.0 0.0 52.8 0.0 0.0
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CHAPTER 3:

Perceptions of vulture supplementary feeding
site managers and potential hidden risks to
avian scavengers.

Photo: Vultures reduce cow to skin and bone in less than a day, before farmer could even move carcass to
feeding site (Photo by C.W. Brink).
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Abstract

Under the current African vulture crisis, supplementary feeding sites (SFS), which provide
carrion resources, have become a popular conservation tool to address vulture declines. In
South Africa, this practice is unregulated and the context in which SFS operate and their
adherence to best management practices is currently unknown. In this study, | conducted a
survey with SFS managers regarding the management of their SFS to evaluate potential
conservation implications of different practices. Half of the SFS surveyed were associated with
livestock farming. Overall, most managers (84%) perceived some benefit from running an SFS,
largely attributed to cleaning services provided by vultures. Over half of the managers
perceived no disadvantages from running SFS. | found a positive correlation between numbers
of vultures seen at SFS and the amount of food provided there. Despite unintentional and
intentional poisoning being identified by experts as the most critical threats to vultures in
Southern Africa, only 47% and 24% of managers, respectively, listed these as potential threats
to vultures, highlighting limited understanding of current vulture conservation issues. Most
managers (85%) vetted carcasses for provisioning suitability based on whether they had been
treated with veterinary drugs, but relatively few managers (10%) did the same for lead (Pb)
contamination. Only 30% of managers considered threats to vultures when they decided on a
location for their SFS. Overall, this study unveils that at many SFS, safety conditions are not
met, and vultures may be exposed to risks, such as the ingestion of toxic substances (e.g. Pb)
or electrocution by energy infrastructure. To minimise unintended negative consequences from
SFS it will be essential to increase the interaction between SFS managers and conservation
practitioners, to increase the flow of information on best management practices and enforce

stringent and clear guidelines that minimise any risks to vultures.

Introduction

Community and stakeholder engagement is often a prerequisite for the success of conservation
initiatives (Hulme and Murphree, 1999; Kumasi et al., 2010). As a result, many conservation
programs have shifted from top-down regulatory approaches to bottom-up voluntary initiatives
that foster stewardship and the appreciation of ecosystems and their services (Santangeli et al.,
2016a). In many cases, local communities rather than the government or organisations are

responsible for the implementation of conservation initiatives, a situation which is easier to
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establish if there is some benefit to participating individuals (Naidoo et al., 2016). Community
involvement in conservation initiatives has considerable potential (Olsson and Folke, 2001;
Nelson et al., 2010), but these benefits can be tempered by the competence of community
members and the extent to which best practices are followed. When best practices are poorly
applied, such initiatives may have detrimental ecological effects (Blanco et al., 2011). In such
cases, detrimental effects on the target species or system may occur, while still providing short
term benefits to participating community members, conceivably resulting in these practices
being perpetuated.

Perceived benefits
Carcass disposal

Personal enjoyment Perceived threats to vultures

Conservation Powerlines

Ecotourism n
Belief-based use
None i . . .
Unintentional poisoning

Perceived disadvantageous Intentional poisoning

None Veterinary drugs

Increase in problem animals Habitat loss

Cleaning and maintenance Food scarcity

Site security Lead poisoning

Untidiness

Graphical Abstract: Summary of supplementary feeding site manager perceptions regarding the benefits and
disadvantages of running a supplementary feeding site, as well as the most commonly perceived threats to
vultures. Arrows are scaled to the percentage of respondents that mentioned the element.

Vulture supplementary feeding sites (SFS, also referred to as vulture restaurants) are a popular
tool implemented under the assumption that they can help avert the dramatic declines of old-
world vultures (Cortés-Avizanda et al., 2016; Chapter 2). The popularity of SFS is likely
because they conceptually present a win-win scenario for landowners and vultures. SFS
provide a cost-effective carcass disposal method for landowners who would otherwise have to
burn or bury their carcasses to ensure biosecurity on their farms. Alternatives often require
expensive equipment, such as earth moving vehicles or industrial scale incinerators, which also
have operating costs along with transportation costs, compared to SFS that in many cases only
require transport costs. Additionally, SFS may provide a tourism attraction that can help attract
customers for landowners that offer hospitality services. Among the proposed benefits to

vultures is a reduced poisoning risk, the main threat driving vulture declines. Although based
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on a sample of only six Oriental white-backed vultures, Gyps bengalensis, Gilbert and
colleagues (2007) found reduced diclofenac poisoning related mortality rates in response to
SFS establishment, thereby providing some support for this tool in conservation. Other
proposed positive effects include improved breeding success and survival (Margalida et al.,
2014; Botha et al., 2017). These effects have, however, not been ubiquitously or conclusively
demonstrated (Schabo et al., 2017), and in many cases, SFS establishment is based on

assumptions rather than science (Oppel et al., 2016a).

Worryingly, SFS may even result in unintended negative consequences. These may include
changes in foraging patterns or habituation (Gilbert et al., 2007; Fluhr et al., 2017), negative
health consequences and disease transmission (Blanco et al., 2011; Botha et al., 2017; Chapter
2), decreasing productivity (Carrete et al., 2006b), and the monopolization of resources by
certain age classes or species (Cortés-Avizanda et al., 2012; Duriez, et al., 2012). SFS may also
have cascading effects on non-target species by increasing local predation pressure (Cortés-
Avizanda et al., 2009). There are thus likely many benefits and disadvantages from SFS which

should be considered before assuming a net gain (Cortés-Avizanda et al., 2016).

In South Africa, conservation organisations have long promoted the establishment of informal
and privately run SFS (Mundy et al., 1992; Anderson et al., 2005). These are proposed as a
cost-effective waste management solution that also supports endangered avian scavenger
species, especially vultures. The use of supplementary feeding sites is now commonplace. A
recent study (Chapter 2) consolidated records of SFS in South Africa from various conservation
organisations and surveyed their managers. This study verified 143 active SFS across the
country that provide an estimated 3301 tonnes of food annually, equivalent to 83% of the food
requirements of all vultures in the region. Additionally, many informal small SFS likely remain
undocumented (Pfeiffer et al., 2015b; Craig et al., 2018). In South Africa, landowners are free
to dispose of unwanted animal carcasses by providing them to scavengers, and this practise is
currently un-regulated. It is likely therefore that this practise is commonplace for landowners
in areas where vultures and other scavengers are present. SFS seem to be an ideal scenario,
perfectly aligned with UN Sustainable Development Goal 15 “Life on Land” which aims to
facilitate development while protecting biodiversity. However, for SFS to deliver sustainability

outcomes, as mentioned above, they should provide a net benefit for vultures and for people.

If SFS are not managed responsibly, these sites might not have the desired beneficial effect on
vultures and other scavenger species. For example, the safety of carcasses provided at SFS is a
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concern. Lead (Pb) is toxic to animals, including vultures (Naidoo et al., 2012; Pikula et al.,
2013), and has been documented to accumulate in African vultures with the likely source of
contact being lead shot contained within the carcasses of hunted animals (Garbett et al., 2018;
van den Heever et al.,2019). This source of lead nearly drove the California condor,
Gymnogyps californianus, to extinction in North America, and the use of lead ammunition
within condor habitat has consequently been banned (Finkelstein et al., 2012). The ingestion
of veterinary drugs can also have dramatic impacts on vulture populations, as shown by the
catastrophic declines in Asian vulture populations due to the anti-inflammatory drug,
diclofenac (Green et al., 2004; Shultz et al., 2004). The effect of many routinely used veterinary
drugs on vultures, such as antibiotics, remain unassessed. Gomez-Ramirez et al. (2018) found
that despite farmer assurances that carcasses provided at SFS in southeastern Portugal were not
treated with antibiotics, 29% of meat samples contained antibiotic residues. In South Africa,
68% of SFS managers were unaware that lead, and 28% were unaware that veterinary drugs,
can have negative health consequences for vultures (Chapter 2). Vultures may thus routinely
be ingesting these substances at SFS. Besides the provisioning of contaminated food, other
unsafe management practices would include placing SFS in close proximity to powerlines or
fences and bird un-friendly reservoirs, leading to potential collisions/electrocutions and
drowning respectively (Piper, 2004a). Best management practices for SFS therefore aim to
reduce vultures’ exposure to the above-mentioned threats (Birds of Prey Programme, 2007).
This includes taking steps to ensure that food provisioned is free from contaminants and

ensuring that SFS placement does not expose vultures to threats.

If conservation practitioners want to influence the management practices of private individuals
using this unregulated conservation tool, then they need a good understanding of the
perceptions, motivations and knowledge base of the individuals engaging in this practice
(Kareiva and Marvier, 2012). In this study I aim to fill this knowledge gap by; 1) Providing
information on the land management context in which SFS function; 2) Determining vulture
visitation and how this may be affected by provisioning rates; 3) Determining the level of
awareness of SFS managers to the anthropogenic threats vulture face and their knowledge of
best practices as applied to SFS. This information will provide useful insights to inform future
interactions between conservation managers and SFS managers. It will also serve as an urgent
call to the conservation community to evaluate the application of this conservation tool.
Although SFS have many potential conservation benefits, it also has the potential to negatively

affect an entire and highly threatened guild, with potential cascading effects on the ecosystem.
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Methods

In Chapter 2 | collated, updated and verified a national SFS database for South Africa. This
database contains information from various organisations extensively involved in vulture
research and conservation (FitzPatrick Institute of African Ornithology, VulPro, Ezemvelo
KwaZulu-Natal Wildlife and the Endangered Wildlife Trust). The data for this present study
were simultaneously collected alongside that project. Thus, at the same time as confirming if
the SFS was active (supplying at least one carcass per year), | surveyed the managers or
affiliated personnel of these SFS. The survey was conducted by a single interviewer (me) over
the telephone or email, via an open-ended questionnaire (supplementary material) between
November 2017 and October 2018. Telephonic contact was always first attempted, and email
was only used if requested by the respondent or if telephonic contact could not be established.
Although different survey methods may affect the results, these effects are not ubiquitous and
usually small (Elliott et al., 2009; Rutherford et al., 2016). Self-administered questionnaires
generally suffer more from non-response bias while interviewer facilitated methods suffer more
from social desirability bias, which is more prominent if the subject matter is sensitive (De
Leeuw, 2005). Mixed-mode strategies (e.g., telephonic interviews and self-administered email
questionnaires) are consequently often used to compensate for the weaknesses of each
individual mode (De Leeuw, 2005). Because my questionnaire did not contain any particularly
sensitive questions, | assumed that reduction in non-response bias due to a mixed-mode
approach would outweigh any potential differences in social desirability bias between the two
techniques. Respondents were asked a range of questions pertaining to the context in which
their SFS was operated, the carcasses they provided, their perceptions regarding the benefits
and disadvantages of running a SFS, perceived trends in number of visiting vultures,
knowledge on the current threats to vultures, and their awareness of best management practices.
| also asked SFS managers to provide an indication of the average number of vultures present
during a feeding event (Question 15, Appendix 3.1). For the full list of questions see Appendix
3.1

Only SFS verified as active were included in my questionnaire study. As these were open-
ended guestionnaires, some responses were not relevant and were excluded from analyses. For
example, when respondents were asked to list all the threats to vultures in South Africa that

they knew about (Question 20, Appendix 3.1), only threats of anthropogenic origin and those
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mentioned in the Multi-Species Action Plan (MSAP) were considered relevant (Botha et al.,
2017). These threats include unintentional poisoning (secondary poisoning during predator
control attempts), intentional poisoning (for belief-based use or as part of sentinel poisoning),
powerline electrocutions, collisions with power infrastructure, food scarcity, habitat loss and
degradation, disturbance from human activities, climate change and other less prevalent threats
such as drowning in farm reservoirs. Afterwards, | pooled similar answers into categories or
themes. For simplicity, only categories that were mentioned by more than one respondent are

reported.

We expected differences in the perceptions (e.g., threats or benefits) of SFS between managers
whose main income relates to livestock farming as compared to hunting activities. The
financial capital of livestock farmers is directly influenced by the effects from carcasses (such
as increased predator numbers or disease prevalence) either at SFS or on the farm in general,
as they may influence livestock mortality rates. Farmers are thus required to manage carcasses
to protect their livestock, but carcass management can be costly and labour intensive. SFS thus
provides a relatively cheap and convenient method that SFS managers can exploit. People
whose main income comes from hunting do not contend with these risks to the same extent and
carcass management is thus less of a required management practice. Consequently, | thus
expect them to have different attitudes towards SFS than livestock farmers. | predict that
hunting operators would perceive more benefit from ecotourism and farmers more benefit from
the cleaning services provided at SFS. | also predict that farmers will perceive more

disadvantageous to running an SFS than hunting operators.

Based on responses from the questionnaire, | calculated two awareness scores for each SFS
related to two different concepts. One was related to the number of population-level threats to
vultures that managers could name, providing an estimate of manager knowledgeability on
vulture conservation issues in a broad sense. The other was related to managers’ awareness of
two known food safety risks that can negatively impact vulture health and was thus directly
related to potential risks experienced at individual SFS. The awareness score for each concept

was calculated as follows:

1) Broad knowledge of threats: | calculated the proportion of threats that a manager could name
from those listed in the MSAP, thereby providing a score between zero and one (one being

assigned when all threats, n = 9, in the MSAP were listed by the respondent).
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2) Awareness of food safety risks: this was also calculated as a score from 0-1, where managers

received 0.5 points for indicating that lead, and another 0.5 points for indicating veterinary
drugs in carcasses could have a harmful effect on vultures (a score of 1 was thus given if they
indicated both lead and veterinary drugs).

These two scores were then summed and divided by two to provide a score from 0 to 1, where
one indicated full awareness of all threats to vultures (this term is hereafter ‘Awareness’). To
spatially visualise these Awareness levels, | used inverse distance weighting interpolation
(Santangeli et al., 2016) on the Awareness score for each SFS based on its known coordinates
and mapped the results. Inverse distance weighting assumes that each provided data point has
a localised influence that diminishes with distance from that point. Using this assumption this
method then calculates scores for each spatial point for which there is no data, while giving
greater weight to scores from datapoints closest to itself (Lu and Wong, 2008). The same
approach was also recently used to interpolate poison use prevalence across Namibia
(Santangeli et al., 2016b; Craig et al., 2018). I used QGIS (QGIS, 2019) to construct this map.

Statistical analysis

To evaluate whether there were differences in the perceived benefits, disadvantages and
awareness of each threat between SFS who generated income from livestock farming versus
hunting, | used Generalised Linear Models (GLM) with a binomial error structure and a logit-
link function. Each identified benefit, disadvantage and threat was modelled in isolation as a
binary response variable (indicating whether it was mentioned by a manager or not) with SFS
type (either livestock farming or hunting) as the predictor variable. The probabilities and 95%
confidence intervals were then calculated for each predictor using the estimated marginal
means. These analyses were conducted using the stats and the emmeans package in the
statistical software R (version 3.6.1) (R Core Team, 2019; Lenth, 2020). Some of the models
did not run due to convergence problems caused by one or both categories in the predictor

variable containing only zeros in the response data.

I explored the association between vulture visitation rate at SFS (obtained with the present
survey) and food provisioning rates at the same SFS (kilograms of meat or carcasses provided
annually), obtained from Chapter 2. For this analysis, | used a Pearson’s product-moment

correlation test.
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Ethics statement:

This study was approved by the Faculty of Science Research Ethics Committee at the
University of Cape Town (Approval code: FSREC 83 — 2017) and participants provided

informed verbal consent for participation.

Results

Of the 143 active SFS contacted, 114 (80%) participated in this survey. Although
participation rate was high, not all respondents answered every question in the survey,
resulting in varying sample sizes for each question. In most cases, categories were not
mutually exclusive, and respondents often reported multiple categories. Over half of the

questionnaires were conducted over the phone (61%) and the remainder via email (39%).

Land management context in which SFS operate

Livestock farming was the most common main income-generating activity, reported by 50%
of managers (Appendix 3.2). The second most common income-generating activity was
tourism and hospitality, reported by 25% of managers, followed by hunting (20%) and game
breeding (19%). These criteria were not mutually exclusive, and managers often reported
multiple income sources. Viewing hides were present at 28% (of 105 respondents) of SFS

(although 6% specified that these were for private use only).
Perceived benefits and disadvantages

The cleaning service provided by vultures at SFS was mentioned by 44% of managers, making
it the most widely perceived benefit (Figure 3.1). Despite this, few managers seemed to link
this benefit to disease prevention, as this was only mentioned by 2% of managers (Figure 3.1).
Thirty percent of managers also derived personal pleasure or a feeling of satisfaction through
running an SFS. Ecotourism was perceived as a benefit by 21% of managers. Some respondents
(16%) perceived no benefits from the use of SFS. Less common benefits included facilitating

research (7%) and the presence of vultures assisting in locating dead animals (2%). There
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appeared to be only a limited difference in the perceived benefits between SFS mangers that
were principally involved in livestock farming as compared with those involved in hunting.
Ecotourism was the only perceived benefit that | analysed, which differed between these two
types of SFS sites (z-value = 2.461, p = 0.01, Appendix 3.3), with SFS managers on hunting
farms being 6.8 times more likely to perceive ecotourism as a benefit compared to livestock
farmers (Figure 3.2A, Appendix 3.3). Furthermore, locating mortalities was only mentioned by
managers on hunting farms (5.3%, 95% CI = 0.7% - 29.4%) and disease prevention was only
mentioned by managers on livestock farms (1.9%, 95% CI = 0.3%-12.4%, Appendix 3.3).

Over half of all managers (56%) reported no disadvantages to managing an SFS (Figure 3.1).
The two most commonly identified disadvantages were increases in problem animals such as
jackal (15%), and the effort in cleaning and maintaining the site (15%). Site security was the
third most frequently expressed concern (10%, Figure 3.1), with some managers reporting
increased trespassing on their properties caused by the SFS, which was also associated with
carcass and infrastructure theft, as well as uncontrolled dumping at the site. The general
“dirtiness” and “untidiness” of the site (9%), often related to the number of bones lying around,
was also cited as a concern by some managers. Less common concerns included offensive
smells emanating from SFS (6%), fears of disease spread (6%) with two managers stating that
they fear their cows may become sick from chewing on bones (the most likely cause being

botulism), and challenges concerning carcass sourcing (4%).

There were again little differences in the perceived disadvantages between SFS mangers that
were principally involved in livestock farming as compared with hunting SFS sites. Managers
from hunting associated SFS were 1.6 times more likely to perceive no disadvantage from
having an SFS when compared to livestock farmers (z-value = 2.107, p = 0.035, Appendix 3.4)
(Figure 3.2B). Furthermore, increases in problem animals (19.2%, 95% CI = 10.7% - 32.2%)
and carcass sourcing (3.9%, 95% CI = 1.0%-14.1%) were disadvantages only mentioned by

managers on livestock farms.
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Figure 3.1: Benefits (n=105, A) and disadvantages (n=106, B) to having a supplementary feeding site as
expressed by managers of active supplementary feeding sites in South Africa. Data were acquired via email and
telephonic questionnaires. The categories in these graphs are not mutually exclusive.
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Figure 3.2: The probability that managers of differing supplementary feeding site types (livestock farming or
hunting) would mention (A) ecotourism as a benefit of running a supplementary feeding site or (B) that there are
no disadvantages to running a supplementary feeding site. Error bars indicate 95% confidence intervals.

Carcass sourcing

Over half of the managers (58%) provided carcasses exclusively from their own properties,
28% provided from their own and other properties and 15% provided only carcasses originating
from other properties. Of the carcasses that came from other properties, the vast majority (85%)
were provided by neighbouring farmers, followed by abattoirs and butcheries (22%). Other

uncommon sources were veterinarians and the Society for the Prevention of Cruelty to Animals
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(animal welfare NGO) (3%), roadkill (2%) and police and security services confiscating stolen

and poached animals (2%).

Contamination risk mitigation

When asked about whether there were some carcasses that managers considered unsuitable to
be provided at their SFS (Question 12, Appendix 3.1), the majority of respondents (70%, of
103 respondents) indicated that there were some criteria with which they judged carcass
suitability; the remaining 30% indicated that they provide all carcasses that become available.
The presence of veterinary drugs in a carcass was the most common criteria by which SFS
managers judged carcasses as unsuitable (Figure 3.3). Although managers commonly referred
to veterinary drugs in general, some specifically mentioned drugs included non-steroidal anti-
inflammatories (NSAID), antibiotics, tranquillizers and cortisone (Figure 3.3). Moreover, some
managers avoided providing carcasses of animals dying from disease, preferring to dispose of

such carcasses in a more direct manner (incineration or burying).

Only 10% of all managers mentioned that they actively avoided lead contamination in their
carcasses. When considering only managers that provide game at their SFS (for which the issue
of lead contamination will principally apply — i.e., from lead ammunition), 11% (of 38

respondents) indicated they avoided putting out lead-contaminated carcasses.

Managers’ awareness of threats and unintended risks

When choosing the location for establishing the SFS, only 30% of SFS managers considered
possible threats to vultures (Appendix 3.5). The most common criterion used when choosing a
location, mentioned by 61% of managers, was the accessibility of the site to vultures (Appendix
3.5 and 3.6), followed by the accessibility of the SFS to farm staff, mentioned by 40% of
managers. Some managers (19%) considered the ease of use of the sites for vultures when
deciding on a location, which included having perching and roosting structures and having a
water source close by. Most SFS (n=65) did indeed have a water point nearby (40%) or at the
SFS (32%), but 28% had no water point.

Respondents (n=108) mentioned an average of three applicable threats (i.e., those identified by
the MSAP) (range: 0-9). The most commonly mentioned threats by managers were in order:
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power lines, belief-based use and unintentional poisoning (i.e., pertaining to secondary
poisoning aimed at predator control) (Figure 3.4). For testable threats, the awareness of each
threat did not differ significantly between livestock and hunting associated SFS, but some
threats were mentioned solely by managers on livestock farms, including food availability
(15.4%, 95% CIl = 7.9%-27.9%), wind turbines (7.7%, 95% CI = 2.9%-18.8%), human
disturbance (3.9%, 95% CI = 1.0%-14.1%), drowning (1.9%, 95% CI = 0.3%-12.4%), and
disease (1.9%, 95% CI = 0.3%-12.4%), (Appendix 3.7). Vehicle collisions (5.3%, 95% CI =
0.7%-29.4%) was only mentioned by managers on hunting farms (Appendix 3.7). Awareness
of threats showed a patchy spatial distribution, with hotspots of low awareness occurring along
South Africa’s northern border, eastern KwaZulu Natal and throughout much of the Eastern

Cape (Figure 3.5).

Perceived population trends and vulture visitation at SFS

When asked about local vulture population changes of the last 10 years (Question 16, Appendix
3.1), managers (n=92) were equally divided between those that believed numbers had increased
(38%), were stable (33%) or had declined (27%), with a further 2% indicating that there was
no discernible trend due to varying numbers. The mean reported vulture visitation rate at SFS
was 72 vultures per feeding event (n=98, range: 0-300]. There was a positive correlation
between the average number of vultures visiting the SFS during feeding events and annual
provisioning rate (r= 0.398, t = 4.268, df = 97, p-value <0.001, Appendix 3.8).
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Figure 3.3: Carcass criteria that managers of active supplementary feeding sites in South Africa considered as
unsuitable to provide to vultures (n=72, A). Criteria related to veterinary drugs reported by managers who
attempted to avoid providing veterinary drug contaminated carcasses at their feeding sites (n=61, B). These are
the constituents of the “Related to veterinary drugs” criteria in the figure to the left. None of the criteria in these
graphs are mutually exclusive.
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Figure 3.4: Percentage of supplementary feeding site managers (n=108) that are aware of each threat listed by
the Vulture MSAP. The relative acuteness of each threat in southern Africa (as specified by the MSAP) is indicated

by the grey shading.
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Figure 3.5: Awareness of supplementary feeding site managers of vulture threats and food safety concerns in
South Africa, the coloured and grey area indicates the cumulative distribution of six vulture species. The grey
shaded area contained only a single supplementary feeding site and these results were therefore excluded for
anonymity reasons. The map was derived using inverse distance weighting interpolation of calculated awareness
scores (see methods) which were based on the number of relevant threats managers could list and whether they
were aware of the risks of food contaminated with lead (Pb) and veterinary drugs to vultures. Higher scores
indicate higher awareness.

Discussion

Our results suggest that managers perceive various benefits from their SFS, while perceiving
few disadvantages. | also identified a worrying lack of knowledge on best management
practices meaning that some SFS may pose a risk to vultures. Several managers have low
awareness of the main threats to vultures. As a result, often managers do not consider threats
when choosing a location to place their SFS. Additionally, and perhaps of most concern, many
SFS managers are not selective in the food they provide to the vultures, which may lead to

vultures ingesting veterinary drugs or lead when feeding at SFS.
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Context in which SFS operate

The main income-generating activities (livestock farming, tourism and hospitality, hunting,
game breeding and crop farming) indicate that the vast majority of SFS are either being run
from farmland or privately-owned reserves. Livestock farming is intuitively the nexus around
which SFS operate everywhere where they exist. For example, in France, 95% of the 105 SFS
are run by livestock farmers (Fluhr et al., 2017), while in northern Spain, livestock farmers
suggested food provisioning as the best way to conserve the Egyptian vulture population
(Cortés-Avizanda et al., 2018).

The context in which SFS operate can both influence how managers perceive risks to vultures
associated with their SFS and determine what the best strategies for conservationists are to
influence these perceptions. The majority of South African SFS are strictly for private use and
do not provide carcasses sourced from other properties. Some managers expressed that this is
because they want to maintain strict control of carcasses provided to vultures to ensure that the
food is safe. If managers already foster such concerns, then alleviating risks from contaminated
carcasses, which my questionnaire suggests might be an issue, should be a simple case of
ensuring that managers are well informed of which substances would be harmful to vultures.
Unfortunately, most hunters in South Africa and elsewhere still ignore the threats that lead
ammunition can pose to scavengers, and other wildlife (Epps, 2014; Cromie et al., 2015). This
situation can be exacerbated by the reluctance of organisations trusted by the hunter
community, to acknowledge the threats of lead ammunition to avian scavengers. For example,
the South African Hunters and Game Conservation Association, have an official stance that
although they recognise the studies indicating increased blood lead levels in vultures, studies
have in their opinion not sufficiently managed to link this to lead ammunition in carcasses (van
de Geissen, 2019). Getting such organisations to promote best management practices and
engaging properly with such stakeholders must be a priority if we are to ensure food placed at
SFS is safe for vultures. Encouragingly, the recently established South African Lead Task
Team of the National Wildlife Poisoning Prevention Working Group includes several

stakeholders from the South African hunting industry.

We found that most managers perceive at least some benefits from running an SFS. This
suggests that most managers recognise and value some of the ecosystem services provided by

vultures. These services fall mostly within a regulation and maintenance (related to carcass
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disposal) or cultural theme (related to the aesthetic and existence value of vultures) (Potschin
and Haines-Young, 2011). The most widely perceived benefit was the cleaning service
provided by vultures. This ecosystem service seems to be recognised elsewhere too (Santangeli
et al., 2016b; Garcia-Alfonso et al., 2018; Morales-Reyes et al., 2018). In South Africa, other
carcass disposal methods are burning or burying (personal observation) which is widely viewed
as a good farm management practice, because carcasses are considered potential points of
origin for diseases (e.g., botulism) which may cause stock losses (Radostits et al., 2007).
Carcass disposal can be a laborious and costly task, especially for intensive farming operations,
therefore, using vultures is likely a more affordable and logistically feasible alternative. Most
other perceived benefits fall under cultural ecosystem services, such as personal enjoyment in
running an SFS. | can assume that managers that indicated that they receive no benefit from
their SFS run them purely because they feel some sort of moral imperative to do so. Similarly,
those managers that highlight conservation or environmentalism as a benefit, may run an SFS
at least partly, for altruistic reasons, e.g., for a sense of biophilia (Kellert and Wilson, 1993),

and their participation in this activity may thus contribute to a sense of moral wellbeing.

Many of the perceived benefits and disadvantages of running SFS seem to correspond to the
context in which they function. An understanding of how these contexts cause
knowledge/attitude differences will enable conservation management to influence the
managers of these sites. Managers from hunting SFS were for instance more likely to perceive
ecotourism benefits from SFS. This may thus be a good avenue with which to influence such
managers. Similarly, the most frequently mentioned disadvantage of SFS was that they cause
an increase in problem animals such as predators that may attack livestock (e.g., black-backed
jackals, Canis mesomelas). No manager of hunting SFS saw this as a disadvantage. Indeed,
those managers, seemed to be less affected by their SFS, with a higher proportion of them

perceiving both no disadvantages as well as no benefits.

SFS use and manager perceptions of vulture trends

Considering the current vulture declines experienced in Africa (Ogada et al., 2016), it is
surprising that over a third of mangers in South Africa perceived a local increase in vulture
numbers at their SFS. This perception was also recorded in Namibia, where 68% of farmers
perceive vultures to have increased on their farms during the previous 5 years (Santangeli et

al., 2016b). One explanation for the contrast in perception with known population trends, may
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be the localised increase of vultures at sites after the initiation of an SFS. One manager, with a
very high provisioning rate, explained that after a year of food provisioning without any vulture
visits, they now observe between 100-300 vultures daily. This may explain why many
managers assume, despite no scientific evidence, that their SFS are helping to increase vulture
populations (personal observation). Increased activity at SFS may, however, not be an indicator
of vulture population trends in the area, but rather the consequence of a shift in foraging activity

towards SFS as opposed to other areas.

We found a correlation between number of vultures and the amount of food provisioned. This
result may stem from vultures responding to the amount of food supplied at an SFS, or
alternatively because the amount of food managers supply is reactionary to the numbers of
vultures. If the former, it would suggest that vultures foraging behaviour is being altered by
SFS. Had vultures been foraging naturally | would expect single feeding events to be drawing
similar vulture numbers irrespective of the provisioning rate at SFS. If vultures are becoming
dependent or habituated to this artificial food source, this may have important management
implications (Fluhr et al., 2017). The latter might be less likely, since managers are likely to be
restricted in their provisioning to their stocking and mortality rates, and thus only intensive
farming operations will have the resources to respond to vulture numbers in any significant
way. | therefore speculate that vultures responding to varying provisioning rates is a more likely

hypothesis for the observed correlation.

The potential costs to vultures from SFS

Species-centred conservation may have greater support when stakeholders better understand
the value of the species in question. This can be achieved by highlighting the ecosystem
services that vultures provide (Gangoso et al., 2013). The notion being that the species will be

valued and protected in response.

With an average of 72 vultures visiting during each feeding event, and the ability to draw more
than 300 vultures, SFS provide food for a considerable number of vultures. Indeed Chapter 2
suggested that South African SFS may be fulfilling up to 83% of the total energy requirements
of vultures in the region. This combined with the potential for dependency or habituation,

means that SFS, if poorly managed, may have considerable population-level effects on vultures
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in the region, through luring vultures into areas with increased risk of mortality and exposure

to unsafe food.

Many SFS managers do not have good awareness about the threats currently facing vultures,
with managers on average only being able to name about three of the nine applicable threats
(as identified by the MSAPs). Threat knowledge also did not correspond well to the importance
of the threat in the region. Poisoning, for instance, is widely recognised as the main threat to
vultures. On farms, this specifically relates to the use of poisons for predator control. More
than half of managers seem to be unaware that this behaviour threatens vultures, or perhaps
they do not believe that it commonly occurs. Some managers indicated that they use poison to
target predators, however, they believe they do so in a way that removes any risk to vultures
(e.g., using small parcels of poisoned bait). In Namibia, 88% of interviewed commercial
farmers indicated that they used poisoned baits in a similar way and 12% indicated that they
poisoned larger carcasses (Santangeli et al., 2016b). If poison-use rates in South Africa are
comparable to those in Namibia, this would pose a severe hurdle to ensuring that vultures
persist in the country. Worryingly, increases in problem animals (referring to predators) was
the most cited disadvantage of SFS. This was already shown in previous studies (Yarnell et al.,
2015). Consequently, SFS may cause increased predator numbers, leading to higher stock
losses and increased likelihood of managers or neighbouring farmers to use poison. In this way

SFS may exacerbate human-wildlife conflict.

Other safety concerns relate to the food provided at SFS themselves. Previous studies show
that few SFS managers consider lead to be harmful to vultures (Chapter 2). This will however
mostly be a concern at the 38% of SFS that provide hunted game carcasses (Chapter 2).
Surprisingly when | asked these game providing managers what criteria they use to screen
carcasses for provisioning, only 11% mentioned lead avoidance (Question 12, Appendix 3.1).
When asked directly whether they believed lead could have detrimental health effects on
vultures, however, 41% of these managers agreed that lead could have detrimental effects on
vulture health (Chapter 2). It thus seems that although some managers know that lead is harmful
to vultures, they do not necessarily translate this knowledge into actions to minimise risks from
lead contamination. Vultures are likely exposed to lead at SFS. A recent study showed how
widespread lead exposure was for vultures in South Africa (van den Heever et al., 2019).
Contamination at SFS may contribute to the above-mentioned results and explain why lead
levels in South Africa are so much higher than for other regional populations (Garbett et al.
2018 compared to van den Heever et al. 2019). Moreover, it is still common for statutory
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conservation agencies to provide animals from culling operations or animals that were poached,

which also likely contain lead, for vultures to feed on.

SFS managers recognise the potential toxicity of veterinary drugs to vultures (Chapter 3) and
this is the most widespread consideration in terms of determining if carcasses are suitable to be
fed to vultures. However, 28% of SFS managers remain unaware of the potential negative
effects of veterinary drugs (Chapter 2). It is also worrisome that some SFS provide carcasses
originating from the Society for the Prevention of Cruelty to Animals and veterinarians who
routinely euthanize animals. Despite most SFS managers being aware of the immediate threat
of veterinary drugs to vulture health (Chapter 3), few considered it to be a real threat to vultures
in a more general sense. It is also important to note that sentiments about which drugs are safe
for vultures and which are not, may differ widely. The risks associated with veterinary drugs
may be ameliorated by the influence of veterinarian professionals, one respondent, for instance,
specified that although they provide all carcasses that become available, they have switched
some of their medicines to those that their veterinarian advised is safe for vultures. This could
be true for other SFS as well, but a further complication is that vultures can contract multi-
antibiotic resistant pathogens from carcasses provided at SFS which potentially pose mortality
and fitness risks (Blanco, 2018; Marin et al., 2018, Plaza et al., 2020).

SFS managers recognised the threat of power lines to vultures, but only a few managers
indicated that they considered the proximity to powerlines when selecting a location for their
SFS. It might be that many managers just did not need to consider this as power lines were not
present in their candidate areas. Some SFS, however, do occur near powerlines despite
managers being aware of powerline associated vulture mortalities at these sites (personal

observation).

SFS may also be easy targets for criminals aiming to harvest vultures for the belief-based use
market (McKean et al.,, 2013; Mateo-Tomas and Lépez-Bao, 2020). One SFS manager
divulged that they had once discovered a sack full of vulture parts on the side of the road next
to their property. Another had apprehended persons with a live and injured vulture. Such
incidences may become more common as it has been suggested that the current rise in sentinel

poisoning may stimulate the illegal trade in vulture parts (Mateo-Tomas and Lopez-Bao, 2020).

Currently, SFS are unregulated and left to the discretion of single private individuals. | show
that some of these individuals are unaware of the risks their management decisions pose to

vultures and many do not conform to best management practices. This should be urgently
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addressed to avoid a situation where SFS cause issues for vultures and it is the role of the
scientific community to deliver the knowledge and tools necessary to ensure sustainable use of
such ecosystem services. This could either be done through increasing educational awareness
and training from the conservation NGOs that are involved with several of these sites, or if this

measure fails, government regulation of SFS.

Conclusion

In South Africa, SFS mostly operate within a farming context and the free cleaning service
provided by vultures is a widely valued benefit. SFS managers seem to experience minimal
disadvantages in running such operations. Although SFS may have beneficial effects on vulture
populations some costs need to be considered as well. Many such costs will stem from the fact
that SFS managers seem to have a low awareness of the threats vultures may face and how
their feeding sites may contribute to this risk, especially with regards to food safety. | suggest
increased interaction and communication between conservation practitioners and SFS
managers. Such efforts may be particularly urgent in those areas | have identified as associated
with low SFS manager awareness of vulture threats and the food contamination risks,
particularly in the North-Eastern region of South Africa which also represents a global priority

for vulture conservation (Santangeli et al., 2019).
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Appendix 3

Appendix 3.1: Questionnaire used in this study.

Date:
VR_Code (for office use):

VULTURE RESTAURANT SURVEY:

Hello, my name is Christiaan W. Brink and | am a PhD student at the University of Cape Town
researching the contribution of vulture restaurants to vulture conservation in South Africa. | found your
contact details on our existing database in relation to a vulture restaurant / feeding site, and would
appreciate it if you took part in our survey that will aid vulture conservation and which will ultimately
benefit vultures and landowners. Your participation would be appreciated whether you are currently
feeding vultures or have stopped doing so.

As part of my thesis | am updating the current database with the information of vulture restaurant
managers. This information will not be published or made freely available to the public and will only
be distributed to the relevant people in vulture conservation and research (eg. VulPro, EWT, Ezemvelo
KZN wildlife, all of which have contributed to, or is a collaborator on this project). Do you give consent
for your information to be shared with the before mentioned people?

Participant agreed (Please remove if you disagree)

At the same time we would like to get an understanding of what motivates people to run vulture
restaurants. Please answer the questions below. Please note that the answers from these questions
(excluding the Basic Info) will not be included in the database but rather kept confidential. When the
research is published, none of your answers will be linked with your name or name of your farm and
so will remain anonymous.

Please note that your participation in this interview is completely voluntary.
Do you agree to participate in this interview?
Participant agreed (Please remove if you disagree)

A. Basic info/demographics
1. Name:
Position/role at the property: (i.e.: owner, manager):
Occupation:
Property owner name:
Name of property/farm:
Vulture restaurant property address:
Email:
Preferred contact number:
9. Coordinates of Vulture Restaurant (if not available, coordinates of property-
please specify the structure for which coordinates are given):

O N RN

B. Property:
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10. What are the main income generating activities on the property? (eg. farm
(type?)/hunting/hospitality/residential/game reserve/ecotourism/conservation area etc.):

11. Please provide an indication of land use on the property and the percentage area each
occupies (eg. 10% grazing; 40% cultivated maize fields, 50% natural area etc.)

C. Vulture Restaurant (VR):

12. Are/were there any carcasses that are considered unsuitable to be put out at the vulture
feeding site or are all carcasses put out? Please specify what type of carcasses are
considered unsuitable if any.

13. What benefits do/did you or the property owner derive from the vulture restaurant?

14. What disadvantageous are/were there to managing a vulture restaurant?

15. Can you give an estimate of the average number of vultures (per species) at a carcass?

16. How has vulture numbers (per species) changed over the last ten years at your feeding
site? Increase, decrease, stayed the same?

17. Is there a viewing hide at the vulture restaurant?

18. How did you select the location for the vulture restaurant? What did you need to
consider when deciding on a location?

19. Is there a water point that vultures can bathe in at the restaurant?

D. Vulture Conservation:

PLEASE USE ONLY YOUR OWN GENERAL KNOWLEDGE AND OPINIONS TO ANSWER
THIS SECTION-PLEASE NOTE THAT THESE QUESTIONS DO NOT SPECIFICALLY
RELATE TO YOUR OWN PROPERTY OR AREA

20. Please list all the threats to the conservation of vultures, across southern Africa, which
you know about?
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Tourism and hospitality 1

Conservation area 1

Residential / Private estate 1
Abattoir / Butchery 1

Wildlife rehabilitation and education 1

Livestock farming
Hunting 1

Game breeding 1
Crop farming 1

Forestry 1
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Appendix 3.2: Main income-generating activities on active vulture supplementary feeding site properties in
South Africa, as reported by managers (n=111). These categories are not mutually exclusive, and some

managers indicated multiple categories as their main sources of income.

Appendix 3.3: Results from eight Generalised Linear Models with a binomial error structure and a logit-link
function where each perceived benefit was used as a response variable and the type of supplementary feeding site
(SFS), either livestock farming (n=52) or hunting (n=19) as the explanatory variable. Probabilities and 95%
confidence intervals (CI) were calculated using Estimated Marginal Means, test statistics and p-values provided
from the model summary directory. Missing values indicate models which were unable to converge due to one or
both of the categories in the predictor variable containing only zeros in the response data.

Hunting SFS Livestock farming SFS

Response variable Prob 95% CI Prob 95% ClI Z-value p-value
Cleaning service 0.368 0.187;0.597 0.596 0.459;0.720 -1.678  0.093
Personal enjoyment  0.263  0.114; 0.498 0.327 0.214:0.464 -0.513 0.608
Conservation 0.105 0.027;0.337 0.192 0.107:0.322 -0.853 0.393
Ecotourism 0.263 0.114;0.498 0.039 0.010:0.141 2.461 0.014
None 0.263 0.114;0.498 0.115 0.053;0.234 1.485 0.137
Research 0.053  0.007 ; 0.294 0.019 0.003;0.124 0.723 0.470
Locating mortality 0.053  0.007 ; 0.294 0.000 - - -

Disease prevention 0.000 - 0.019 0.003;0.124 - -
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Appendix 3.4: Results from eight Generalised Linear Models with a binomial error structure and a logit-link
function where each perceived disadvantage was used as a response variable and the type of supplementary
feeding site (SFS), either livestock farming (n=52) or hunting (n=19) as the explanatory variable. Probabilities
and 95% confidence intervals (CI) were calculated using Estimated Marginal Means, test statistics and p-values
provided from the model summary directory. Missing values indicate models which were unable to converge due
to one of the categories in the predictor variable containing only zeros in the response data.

Hunting SFS Livestock farming SFS

Response variable  Prob 95% ClI Prob 95% ClI Z-value p-value
None 0.789 0.554;0919 0500 0.367;0.633 2.107 0.035
Maintenance 0.053 0.007;0.294 0.115 0.053;0.234 -0.765 0.444
Problem animals ~ 0.000 - 0.192 0.107;0.322 - -
Site security 0.053 0.007;0.294 0.096 0.041;0.211 -0.575  0.565
Untidy 0.158 0.052;0.392 0.096 0.041;0.211 0.721 0.471
Smell 0.053 0.007;0.294 0.058 0.019;0.164 -0.082  0.935
Disease 0.053 0.007;0.294 0.096 0.041;0.211 -0.575  0.565
Carcass sourcing ~ 0.000 - 0.039 0.010;0.141 - -

Accessibility for vultures 1
Accessibility for people -
Vulture threats A

Comfort of use for vultures 1

Vulture not considered -

Farm security and benefits

10 20 30 40 50 60

O 4

% of managers

Appendix 3.5: Criteria used by managers of active supplementary feeding sites in South Africa when deciding
on a location for their supplementary feeding site (n=105). The categories are not mutually exclusive.
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Flight considerations

Finding carcasses 1

Vultures present in area 1
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Appendix 3.6: Composition of the “Accessibility for vultures” criteria in Appendix 4 (n=64, A). Composition of
the “Flight considerations” criteria in the left graph (n=38, B). The categories in these graphs are not mutually

exclusive.

Appendix 3.7: Results from 16 Generalised Linear Models with a binomial error structure and a logit-link
function. Managers mentioning the threat was the response variable and the type of supplementary feeding site
(SFS), either livestock farming (n=52) or hunting (n=19) was used as the explanatory variable. Probabilities and
95% confidence intervals (Cl) were calculated using Estimated Marginal Means, test statistics and p-values
provided from the model summary directory. Missing values indicate models which were unable to converge due
to one or both categories in the predictor variable containing only zeros in the response data.

Hunting SFS Livestock farming SFS
Response variable Prob 95% ClI Prob 95% CI Z-value  p-value
Powerlines 0.526 0.311;0.732 0.654 0.516;0.770 -0.975 0.329
Belief-based use 0.368 0.187;0.597 0.500 0.367;0.633 -0.979 0.328
Unintentional poisoning  0.316  0.149,;0.548 0.500 0.367 ; 0.633 -1.366 0.172
Intentional poisoning 0.105 0.027;0.337 0.231 0.136; 0.364 -1.146 0.252
Veterinary drugs 0.105 0.027;0.337 0.231 0.136;0.364 -1.146 0.252
Habitat loss 0.263 0.114;0.498 0.096 0.041;0.211 1.725 0.084
Food scarcity 0.000 - 0.154 0.079;0.279 - -
Lead poisoning 0.053 0.007;0.294 0.039 0.010;0.141 0.262 0.794
Wind turbines 0.000 - 0.077 0.029;0.188 - -
Human Disturbance 0.000 - 0.039 0.010;0.141 - -
Vulture persecution 0.053 0.007;0.294 0.019 0.003;0.124 0.723 0.470
Drowning 0.000 - 0.019 0.003;0.124 - -
Vehicle collisions 0.105 0.027;0.337 0.000 0.000; 1.000 - -
Nest site loss 0.053 0.007;0.294 0.019 0.003;0.124 0.723 0.470
Disease 0.000 - 0.019 0.003;0.124 - -
Climate change 0.000 - 0.00 - - .
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Appendix 3.8: Provisioning rate at active South African supplementary feeding sites plotted against the indicated
number of vultures seen at an average feeding event. The regression line is indicated by the solid line and the 95%
confidence interval by the shaded area. Values are presented at a log scale for both axes.

84



CHAPTER 4:

Prevalence and drivers of poison-use by
South African commercial farmers and
perceptions of alternative livestock
protection measures

Photo: Farmers gather at a livestock auction (Photo by C.W. Brink).
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Abstract

The use of poison to eliminate predators is causing African vulture populations to collapse. To
understand the prevalence and motivations of this practice | conducted an extensive survey
with South African commercial farmers. Using a specialised questioning technique and ad-hoc
quantitative methods | found that an estimated 22% and 31% of farmers used poison over a
one-year and five-year period, respectively. Poison-use hotspots generally coincided with small
stock farming areas. The strongest predictor of poison-use was whether farmers believed the
practice to be common amongst their peers. My results suggest that farmers’ attitudes to
vultures are primarily positive, and farmers are less likely to use poisons if they frequently
encounter vultures on their farm. Overall, my findings provide an understanding on poison-use
that provides leverage points to change farmers’ behaviour and help avert the African vulture

crisis and possible cascading ecosystem impacts.

Introduction

Under a human-managed world, changing human behaviour is essential to halt the current
biodiversity crisis (Johnson et al. 2017). Broad-scale approaches, such as policy and regulation,
may be the most efficient methods to establish pro-environmental practices (Gray and
Shimshack 2011), but poor enforcement, especially in developing countries, often results in
compliance being voluntary in practice (Rowcliffe et al. 2004). Changing human behaviour at
the individual level is thus an important component of conservation efforts seeking to address

such issues, but one that is rarely achieved.

Conservation initiatives targeting individual behaviours often rely on the fundamental premise
that non-participation in pro-environmental behaviour is because of a lack of awareness (van
der Ploeg et al. 2011). However, social and environmental psychology research suggests that
information alone is insufficient in producing behavioural change (Abrahamse et al. 2005).
Additional approaches that enhance the motivational foundation for pro-environmental
behaviour are thus required (Osbaldiston and Schott 2012). To design and effectively
implement such alternative approaches, research needs to move beyond the simple
quantification of human environmental impacts, to examining the causative behaviours

themselves. The realisation that human behaviour is a key component in effective conservation
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has been slow to penetrate the conservation science field and requires a larger research focus
(Cowling 2014).

Environmentally destructive behaviours often take place within a human-wildlife conflict
where wildlife cause a range of damages (Nyhus 2016). Responses to such damage can often
be overly corrective and in some cases dramatic, such as bombing the offending animals
(Cheke and El Hady Sidatt 2019). The use of poison is a widespread and popular method of
retaliation or control to target almost any damage causing species (Ogada 2014). Beyond
agricultural pests, the most common poisons used to target vertebrate species are agricultural
pesticides, such as organophosphates and carbamates, because of their high availability (Ogada
2014). Their legitimate use and their use to target vertebrate species can have a range of both
lethal and sub-lethal effects on non-target species, with cascading effects through the entire
ecosystem (Ogada 2014).

The use of poison by livestock owners to Kill predators that cause livestock losses is currently
at the forefront of conservation discussions, specifically concerning its impacts on scavengers
(Plaza et al. 2020). Being obligate scavengers, vultures are particularly vulnerable to poisoning
and this is one of the main drivers of the population declines that have resulted in an African
vulture crisis (Ogada et al. 2016). Currently, seven of the eleven African vulture species are
listed as endangered or critically endangered (Ogada et al. 2016). The loss of vultures and their
carcass disposal service could have cascading impacts on ecosystems and human wellbeing.
Vulture declines have, for example, been linked to increases in mammalian scavengers, such
as feral dogs (Canis lupus familiaris), which in turn may result in increases in human rabies
infections (Markandya et al. 2008). Furthermore, this associated meso-predator release, may

result in increased livestock depredation and further motivate the use of poisons.

Although poisoning predators is currently illegal in most countries, the practice remains
widespread in 83% of African countries (Ogada, 2014). This is because of the large economic
cost associated with livestock depredation, estimated to range between USD 22 — 171 million
in South Africa annually (van Niekerk 2010; Statistics South Africa 2010). The consequent
poison-use is estimated to kill more than 500 000 wild animals every year in this country
(Endangered Wildlife Trust 2006). Understandably, livestock owners want to avoid such
economic losses and, despite some evidence to the contrary (McManus et al. 2015), lethal
predator control methods are still viewed as more effective and cheaper than alternative
methods (Scasta et al. 2017). Of the lethal options, poisoning is likely the least labour-intensive
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and is therefore likely to continue if perceptions of the risks associated to this practice are not

changed.

Given the large livestock losses associated with predation in South Africa, it is surprising that
there are relatively few comprehensive studies investigating livestock protection measures in
the region (Kerley et al. 2018). Some information on prevalence of specific livestock protection
measures is available from surveys which used a direct questioning approach, but the authors
of these studies highlighted that famers may be apprehensive to answer sensitive questions
openly, out of fear of prosecution or confrontation (Badenhorst 2014). Estimating the
prevalence of sensitive behaviours is notoriously difficult as social desirability and non-
response bias may affect the results (Nuno and St. John 2015). Therefore, alternative methods
have recently been developed that provide respondents anonymity with regards to their
admittance to participating in a sensitive behaviour (Nuno and St. John 2015). Such techniques
have been effectively used in elucidating the prevalence of illegal bushmeat trading (van
Velden et al. 2020) and poison-use (Santangeli et al. 2016b).

Here | used specialised social science techniques that ensure respondent anonymity to
investigate poison-use by livestock farmers in South Africa, a global hotspot for vulture
conservation (Santangeli et al. 2019). | firstly aimed to provide a deep understanding of
poisoning behaviour by determining its prevalence among commercial livestock farmers,
which I expected to be comparable to Namibian commercial farmers who farm within similar
cultural and circumstantial frameworks (Santangeli et al. 2016b). Secondly, | aimed to identify
the context and attitudes that are associated with poison-use. | predicted that, similar to the
Namibian study (Santangeli et al. 2016b), small stock farmers would be most likely to use
poison as their livestock are most susceptible to predation. Thirdly, | explored the spatial
patterns of poison-use across the country. Lastly, | investigated farmer perceptions of
alternative livestock protection methods that may explain the persistence of poison-use. Given
the widespread use of lethal control, | expected this to be perceived as the most effective
method. I discuss how my results may be leveraged to curb poison-use and how the spatial

distribution of poisoning may affect vulture conservation initiatives.
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Methods

Protocol for data collection

To investigate the prevalence of poison-use in predator control, | conducted a survey with
South African commercial livestock farmers between April and September 2019. Because of
South Africa’s political history, which enforced segregation on a racial basis, commercial
farming areas tend to be spatially distinct from areas of communal farming. Previous studies
have indicated that poisoning is more prevalent among commercial than communal farmers
(Santangeli et al. 2016b; Craig et al. 2018); because of this and logistical constraints, I focussed
this study on commercial farmers. All interviews were conducted in person (by CWB).
Commercial farmers were approached at either agricultural retail stores, livestock auctions or
agriculture fairs. | restricted my study to South Africa and focussed my sampling efforts to
within 100 km of the range of any relevant vulture species in South Africa (African white-
backed vultures, Gyps africanus, Cape vulture, Gyps coprotheres, bearded vulture, Gypaetus
barbatus, hooded vulture, Necrosyrtes monachus, white-headed vulture, Trigonoceps
occipitalis) (Chapter 2). Interviews took 10 to 30 min to complete and were conducted in either
English or Afrikaans, depending on the respondent’s preference. The overwhelming majority
of respondents showed good familiarity with either language and | perceive no biases as a
consequence of language comprehension in the study. Respondents either filled in the
questionnaires by themselves or were read the questions and their answers transcribed.

General questions

We designed the questionnaire to include questions on factors that may be associated with a
respondent’s propensity to use poison (Appendix 4.1). Questions related to basic demography
(e.g., age and education level), farming context (e.g., location of farm, size of farm, type and
number of livestock on farm, percentage income from livestock farming, depredation
numbers), attitudes (e.g., towards predators, game, vultures and farmworkers) and the
perception of the effectiveness of alternative predator control methods. Attitude and perception
questions were framed on a five-point Likert scale of agreement or effectiveness (ranging from

strongly disagree to strongly agree or from very ineffective to very effective). | also asked
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farmers to indicate the percentage of their peers they believed used poison to control predators.

Farmers indicated the locations of their farms on a map and the coordinates were extracted.

The list experiment

Using poison to target predators is illegal in South Africa (Thompson and Blackmore 2020).
Therefore, | used an indirect questioning technique that provides anonymity to respondents and
does not require them to directly admit to the illegal behaviour, thereby reducing biases
inherent in direct questioning (Nuno and St. John 2015). The technique used here, referred to
as either the unmatched count technique or a list experiment, has been successfully used to
quantify illegal hunting prevalence in African communities (Whytock et al. 2018; van Velden
etal. 2020). Respondents were randomly assigned to either a treatment or a control group. Each
respondent was presented with a list of behaviours containing four non-sensitive behaviours,
but in the case of the treatment group a fifth behaviour, the sensitive behaviour under
investigation (poisoning), was added to the list (Appendix 4.1). Respondents were asked to
indicate how many of the listed behaviours had been performed on their farm in the last year,
and the last five years, without indicating the behaviours themselves. This resulted in two
datasets, one for poison-use over a one-year period and another for a five-year period. All
behaviours listed were related to farming practices and one very common and one very rare
behaviour was included as is the advised experimental design to avoid ceiling and floor effects
(Blair etal. 2019). The non-sensitive behaviours, or the control items, were the use of protective
collars on livestock (rare behaviour), infrastructure such as fences (common behaviour),

hunting of predators and using flock guarding animals such as Anatolian dogs.

Ethics statement

Informed consent was provided before each interview. To ensure anonymity of respondents
this consent was obtained verbally. This study was approved by the Faculty of Science
Research Ethics Committee at the University of Cape Town (Approval code: FSREC 19 -
2019).
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Statistical analysis

Data analyses were done in R v.3.6.3 (R Core Team 2019), using the “list” package, which was
specifically designed for analysing list experiments (Blair and Imai 2012). Data analyses were
performed using the modelling framework provided by Blair and Imai (2012), which performs
better than previous multivariate regression analysis approaches used for list experiments (Blair
and Imai 2012). Within this framework | used the proposed Non-linear Least Squares (NLS)
estimator and tested my models for assumption inherent to list experiments (Appendix 4.2 —
4.5. The one-year and the five-year timeframes were analysed separately. Please refer to

Appendix 4.6 for a more detailed description of the statistical approach.

All predictors were tested for collinearity and only largely uncorrelated variables (r < 0.4) were
used in my analysis (Appendix 4.7). Below I provide a description of the 15 variables included
in the NLS models and the rationale for their inclusion. A subset of variables pertaining to
farming context was included on the assumption that this context would influence a farmer’s
ability to protect his livestock from predators. These included farm size, and number and type
of livestock. Stock type was included as small stock (sheep and goats) have a higher propensity
to be predated in South African farmland where the main threat is medium sized predators.
Poison-use was also strongly related to small stock farming in a previous study (Santangeli et

al. 2016b). Game in the context of this study refers to medium to large wild ungulates.

High predation rates or the perception that predation is one of the main causes of livestock
losses is intuitively expected to trigger predator control. Similarly, farmers with negative
attitudes to predators or game were expected to more readily use poison, owing to the potential
for these animals to cause financial damages (e.g. predation, crop damage). | expected that
poisoning would be more prevalent amongst older farmers who started farming in an era when
this behaviour was more widespread and acceptable (Ogada 2014). | assumed that a higher
level of education would correlate with increased environmental awareness. | expected farmers
to generally be aware that poisoning threatens vultures and thus would be more apprehensive
to use poison if they saw vultures regularly on their farms. Similarly, positive attitudes towards
vultures were expected to reduce propensity for poison-use. Strained relationships between
farmers and their workers have been reported to result in unmotivated workers and in some
cases vengeful behaviour that can exacerbate livestock losses (Rust et al. 2016). | therefore
included a variable gauging the relationship of farmers with their workers. Lastly, | expected

that farmers who perceived a higher prevalence of poison-use in their community were more
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likely to use poison themselves because of the false consensus effect, whereby people are likely
to overestimate the prevalence of a behaviour that they participate in (Deutsch 1989). All
variables were used as continuous variables except for education level and the main cause of
livestock losses which were added as categorical variables with two levels (tertiary

education/no tertiary education, predators / other).

Poisoning probability estimates were derived for each respondent and interpolated using
Inverse Distance Weighting to show the spatial prevalence of poison-use across South Africa,
following Santangeli et al. (2016b) and Craig et al. (2018).

Results

Respondent characteristics, farming context and farmer attitudes

Of all 1411 people approached 65% indicated that they were livestock farmers and 90% (n =
823) of them participated in the study, nine were excluded because they did not fit the criteria
of commercial livestock farmers. Of the 814 respondents that participated, 98% were male,
largely Afrikaans (78%), followed by English (12%), the rest were of other less represented
groups (Appendix 4.1). Respondent age was 50 on average (+14 standard deviation), with 58%
having tertiary education.

Respondents largely (76%) were full time farmers, and 52% earned over 60% of their income
from livestock farming. Average farm size was 2773 ha with a mean of 1080 livestock, largely
cattle (81%), followed by sheep (56%), goats (16%), game (15%), pigs (3%), chickens (2%)
and lastly horses and donkeys (1%). Of the commonly farmed animals, game was the most
predated, with an average of 6.7% of stocks being lost to predators, followed by sheep (4.4%
of stocks), goats (2.7% of stocks) and cattle (0.5% of stocks). Overall mean predation rate was
higher for small stock (sheep and goats; 4.1%) than large stock (cattle, game, horses and
donkeys; 3.7%).

Farmers generally reported a positive relationship with their farmworkers (94%), favoured
game on their farms (87%) but disliked predators (58%, Appendix 4.8). Attitudes towards
vultures were broadly positive, 84% of respondents wanted vultures on their farm and only 6%

of respondents believed that vultures kill livestock (Appendix 4.8). Although most respondents
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(57%) agreed that vultures do not spread disease, many (31%) had no opinion on this issue
(Appendix 4.8).

Prevalence and correlates of poison-use.

Poison-use prevalence across the whole sample of 814 respondents was 21.9% (95% CI: 11.6-
32.2%) with reference to the one-year period, and 30.8% (95% CI: 19.7-41.8%) with reference
to the five years period. Few respondents (6.6%) admitted directly to using poison. The most
common poisons used were pesticides, specifically aldicarb (Appendix 4.9). Farmers’ estimate
of poison-use by their neighbours (direct question) was 13.5% on average (95% CI: 12.0-
15.0%).

Model results indicated that various factors were associated with poison-use (Figure 4.1,
Appendix 4.10 and 4.11). Poison-use was highest for farmers who perceived this practice to be
common among neighbours, for farmers with a positive attitude towards vultures and those
who own larger numbers of small stock (Figure 4.2). Other factors positively related to poison-
use were farmer age, proportion of livestock predated and negative attitude to predators.

Poison-use was also lower in areas where vultures were seen more frequently (Figure 4.1).

Spatial distribution of poison-use

Predicted poison-use was highest in the Eastern Cape, central Free State and the eastern section
of the Northern Cape and was lowest in the northern half of the country (Figure 4.3, Appendix
4.12). While poisoning prevalence patterns in space are broadly consistent for the one and five-
year periods, poison-use was much more widespread when assessed over a five-year period.
Farmer perceptions of poisoning prevalence were generally lower than predicted by my model
but similar in spatial distribution (Appendix 4.13).

Perceptions of alternative predator control methods

Three of four respondents (73.6%) believed infrastructures, such as fences and enclosures, are
most effective in reducing livestock depredation (Figure 4.4). Lethal control, guarding animals
and removing problem individuals were also regarded as effective by half of respondents, while

other methods where broadly considered as less effective (Figure 4.4).
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Figure 4.1: Factors associated to the use of poison by South African commercial livestock farmers over a one-
year (blue) and five-year period (red) in the present study. Variable coefficients (dots) and standard error (lines)
are derived from multivariate regression models using a non-linear least squares estimator.

94



A 100 B 1.00
[@)] ()]
£ £
5 075 S 075
w W
© ©
o jo
S 050 'S 050
= Ey
2 2
o 025 o 0.25
e 2
o a
0.00 0.00
-1 0 1 2 -5 -4 -3 -2 -1 0
Perception of poisoning prevalence Attitude towards vultures
(ranging from very negative to very positive)
C 100 D 1.00
o (=3}
£ £
& 0.75 & 075
@ @
(] o]
=3 jo 3
S 050 S 050
= =y
3 025 3 o025
g 2
o a
0.00 0.00
-1 0 1 2 0 2 4 6
Number of small stock Proportion of livestock predated
E 1.00 F 1.00
o [=3)
£ £
5 075 S 075
w W
© ©
o Q.
© 050 'S 050
= oy
5 5
8 025 S o025
e o
o a
0.00 0.00
-1 0 1 -1 0 1
Afttitude towards predators Frequency of vulture sightings
(ranging from very negative to very positive)
— One year Five years

Figure 4.2: Partial dependence effects plots showing the association of different factors (x-axis) to the probability
of poison-use among South African commercial livestock farmers over a one-year (solid line) and a five-year
period (dashed line) in the present study. All variables have been logged and scaled. Variable effects displayed
include farmer perceptions of the prevalence of poisoning under their neighbours (A), attitudes towards vultures
(B), number of small stock (C), proportion of livestock predated (D), attitude towards predators (E) and frequency
of vulture sightings (F).
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Figure 4.3: Interpolated predicted probabilities of poison-use over A) a one-year period, and B) a five-year period,
from a multivariate regression analysis of a list experiment involving South African commercial livestock farmers.
Poisoning probability is indicated by the colour shading, while protected areas and land under traditional authority
(communal farmland) are in grey. Distribution of sampling points (bottom right map) is indicated for both the
treatment (red dots) and control group (blue dots). South African provinces are denoted (bottom centre) as WC =
Western Cape, NC = Northern Cape, NW = North West, LP = Limpopo, MP = Mpumalanga, GT = Gauteng, FS
= Free State, KZN = KwaZulu-Natal, and EC = Eastern Cape (LS indicates the country Lesotho). To assist
visualisation and interpretation the colour ramp was scaled to include 2%-98% of the data values.
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Figure 4.42: Farmer perceptions of the effectiveness of various livestock depredation avoidance methods. The
percentage of farmers listing each method on a Likert scale varying from very ineffective to very effective is
indicated.

Discussion

Here | use a specialised survey technique to characterise, quantify and map poison-use by
commercial farmers across South Africa. | found that more than one in five farmers used poison
over a one-year period and almost a third of farmers in a five-year period. This practice was
positively associated with small stock farming and with the social environment, i.e., higher
poison-use prevalence among neighbours favours this practice at the individual level. Poison-
use was negatively associated with the presence of vultures. The continued widespread belief
in the effectiveness of lethal control methods, over alternative livestock predation avoidance

methods, likely contributes to the continued prevalence of poison-use in predator control.

Poison-use prevalence

Although poison-use has likely declined in the past thirty years, it remains a relatively common
practice (Nattrass and Conradie 2018). Interestingly, my five-year estimate was very similar to

the 34% poisoning prevalence recorded around 1988 among farmers in the southern and central
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Drakensberg region (Brown and Piper 1988). This estimate, however, originates from a mail
survey which used direct questioning and therefore likely underestimated poison-use. Poison-
use seems to have shifted away from strychnine, used by 54% of poison users in the Brown
and Piper (1988) study, and was only mentioned by a single self-proclaimed poison user in my
study. Although few respondents indicated which poisons they used, more readily available
pesticides such as carbamates were mentioned most in the present study (Appendix 4.9). Over
a one-year period my poisoning prevalence estimate (22%) was very similar to the 20%
poisoning prevalence recorded for Namibian commercial farmers using a similar questioning
technique (Santangeli et al. 2016b).

The additional 10% increase in poisoning prevalence between my one-year and five-year
estimates highlights the importance of incorporating longer time scales in such surveys. Poison-
use is reactionary and if the specific conditions, such as a particularly problematic predator,
were not present in the immediate past, then poisoning is unlikely to be recorded. Thus, this
longer time scale may provide a more accurate representation of the spatial distribution of the

threat of poison in the landscape.

Correlates of poison-use

Of the factors associated with poison-use, farmers perceptions of the prevalence of poison-use
in their community was the strongest predictor. Farmers may thus be more likely to use poison
if they believe the practice to be locally common. Alternatively, farmers that use poison may
overestimate the number of their peers that use poison as a self-justification for their own
behaviour (Deutsch 1989).

In my study, as in similar studies (Brown and Piper 1988; Santangeli et al. 2016b), small stock
farming was more closely associated with poison-use than other types of livestock farming.
Small stock, because of their size, are more prone to predation by medium sized and widespread
predators (e.g., black-backed jackal, Canis mesomelas, and caracal, Caracal caracal), which are
responsible for the majority of livestock losses in South Africa (Van Niekerk 2010). My results
also provide evidence that poison-use increases with the proportion of livestock that is predated
and a negative attitude towards predators. This suggests that the intensity of human-carnivore

conflict triggers the use of poison.

98



The relationship between a positive attitude towards vultures and poisoning is counter intuitive.
One explanation for this may be that farmers who use poison may try to compensate for their
detrimental behaviour by showing a positive attitude towards vultures. Interestingly, as for
Namibian commercial farmers (Santangeli et al. 2016b), farmers listed a range of measures
they use to avoid mortalities in non-target species when using poison. These include using
poison at night only, with small parcels of meat, and placed in strategic locations which are
perceived to be less accessible to non-target species. These measures are still associated with
high risks to non-target species (Santangeli and Arkumarev, pers. comm.).

Older farmers were more likely to use poison. This finding may be explained by younger
generations being more environmentally conscious (Pérez Urdiales et al. 2016) or because
older farmers, as some have indicated, are no longer able, or keen, to implement more labour-

intensive means of predator control, such as shooting, thus reverting to poison-use.

Farmers who frequently observe vultures on their farms are less likely to use poison, likely
because they are aware of its potential impacts on vultures. However, this result may also
underscore a potential risk to vultures in areas where they are rarer and where farmers may feel

a false sense of complacency for using poison.

Spatial distribution of poisoning

Predicted poisoning prevalence was highest in the southern parts of South Africa where small
stock farming is most common (Van Niekerk, 2010). Because of this spatial pattern, the species
at highest risk to poisoning are the Critically Endangered white-backed vulture, the Endangered
lappet-faced and Cape vulture, and the only extant bearded vulture population of southern
Africa (SABAP2 2007). Additionally, the high poison-use in the Eastern Cape represents an
important threat for a planned bearded vulture reintroduction, two sites in this region have

recently been identified as candidates for this reintroduction (Chapter 3).

Poisoning and attitudes to alternative predator control

There was widespread support among farmers for the effectiveness of fences, enclosures and

other infrastructures in keeping animals safe from depredation. Denying predators access to
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livestock would present a simple solution for this human-wildlife conflict. Unfortunately, the
large financial investment required to implement this measure effectively makes it unattainable

for many farmers (Landman 2016).

Among other means of predator control, lethal methods are still perceived to be more effective
than non-lethal ones. This perception likely supported the persistence of poison-use as reported
in this study. Encouragingly, half of the farmers supported a problem individual approach
rather than an indiscriminate one, likely stemming from the shift from the “vermin” or “pest
species” mentality towards the idea that specific individuals disproportionately cause
depredation (Linnell et al. 2008; Swan et al. 2017). There is evidence that, at least in some
cases, selective predator management strategies can be effective (Swan et al. 2017). When
successful, this strategy promotes co-existence between livestock farmers and individual
predators which are perceived as non-problematic or even beneficial. Given that indiscriminate
persecution of certain species is currently the norm in South Africa, the adoption of this strategy

may reduce poison-use, which is incompatible with this approach.

Non-lethal predator control methods, such as translocation, did not carry much favour among
farmers. Translocation of problem animals has not been very successful in the past (Linnell et
al. 1997), which may explain the farmers’ scepticism for this method. Guarding animals
(Marker et al. 2005; Rust et al. 2013) and deterrents (Miller et al. 2016b) have been shown to
effectively reduce livestock predation. However, these means require expertise, financial
resources, and are logistically challenging, factors adding to the risk of failure (Rust et al.
2013).

Financial compensation when administered appropriately can be an effective measure for
reducing retaliatory killings of predators (Miller et al. 2016a) but fails when administered
ineffectively (Karanth et al. 2012) because of resulting growing intolerance in uncompensated
livestock owners (Karanth et al. 2013). The latter is broadly the case in South Africa and may

strongly explain the lack of faith in compensation schemes by the farmers.

Conservation solutions and behaviour change

The vast majority of interviewed farmers of this study had positive attitudes towards vultures.

South African farmers, as also those from Namibia, in general seem to have an appreciation
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for the cleaning services provided by vultures and many make use of them for carcass disposal
(Santangeli et al. 2016b; Chapter 3). Conservation work with these farmers may thus yield
positive outcomes, i.e., aid the reduction of poison-use, by increasing their awareness of
vultures’ declines stemming from poisoning, and by suggesting alternative predator control

means.

Among those farmers who use poison, many perceived they could do it in a responsible and
selective way. It is thus important to make those farmers aware of the high potential risks that
poison-use entails for any species in the surrounding landscape (humans, pets and livestock
included), irrespective of the way it is used. This could be done by running awareness
campaigns particularly in those areas of the southern half of South Africa which | identified as

having a high prevalence of farmers using poison.

It is important for conservation initiatives to work directly with agencies trusted by farmers,
such as farmer associations, and disseminate the required information through these channels.
There is currently a large degree of distrust between farmers and conservation agencies in
South Africa. Thus, a possible channel to work with farmers on issues related to poison-use
could be through trusted bodies that are close to farmers interests, such as farmers associations
and support bodies. This approach proved to be beneficial in conflicting situations between

landowners and nature conservation (Santangeli et al. 2012).

Conclusions

An understanding of the motivations and perceptions leading to environmentally destructive
behaviours is still largely lacking. Economic gain is often understood as the only relevant
component and leverage points for behavioural change therefore remain undiscovered. This is
particularly salient in the context of this study, which suggests that farmers who use poison
may in general have a positive disposition to vultures and likely lack awareness of, or
underestimate, the risks associated with their behaviour. For commercial farmland to become
viable vulture habitat, guidance from conservationists may be needed, but a bottom-up
approach with farmers as key stakeholders is a necessity (Redpath et al. 2013). Any campaign
aiming to address poison-use prevalence should incorporate the environmental sensibilities
uncovered in this study. Central to such a campaign would be convincing farmers of the risks

that this behaviour, in all its forms, poses to highly endangered avian scavengers, the potential
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effectiveness of alternative methods if correctly applied and the potential ecosystem disruptions

caused by the loss of vultures.

My study suggests that the presence of vultures represent a strong deterrent for farmers to
minimise the use of poison. If vultures are lost, there may be no constraint for farmers in using
poisons, with catastrophic consequences on a wealth of other scavenger and non-scavenger
species. This may ultimately compromise the ecosystem balance to the detriment of wildlife
and humans alike (Markandya et al. 2008).
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Survey code: LC:

Thank you for taking the time to participate, this questionnaire is anonymous and none of the
answers of any respondent will be connected to that respondent. Please answer all questions as far
possible.

1. Farm area and province:

2. Farm coordinates:

NB! IF NOT AVAILABLE PLEASE INDICATE YOUR FARM LOCATION ON THE MAP TO
THE RESEARCHER.

3. What type of farmer are you? /Circle answer]
Subsistence farmer / Small-scale farmer / Commercial farmer

4. Areyou a full-time farmer? [Circle answer] Yes / No

If no, what is your other profession?

5. What is your age?

6. What is your ethnic group? /Circle where applicable]
Afrikaans, English, Zulu, Xhosa, Ndebele, Northern Sotho, Sesotho, Venda , Tswana, Tsonga, Swati,
Cape coloured, Other

7. Level of education [Tick applicable answer]

primary school
high school

tertiary education
no formal education

8. What is the % of your income coming from livestock / wildlife farming only? [Please tick
only one]

less than 10%
between 10 and 20%
between 20 and 40%
between 40 and 60%
between 60 and 80%
between 80 and 90%
more than 90%

9. Approximately how many hectares of land are you farming on? Ha

10. Please refer to the list of farming practices below. During the last 12 months, how many out
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of these five practices were active/used on your farm? [Please count each method only once,

regardless of how many times the method was applied]

out of the 5

11. Including those used in the last 12 months, how many of these methods were used on your

farm during the last 5 years? [ Please count each method only once]

out of the 5

Infrastructure
(eg. Any form of fencing,
a kraal or enclosures)

Killing predators with poison

Hunting predators
(eg. shooting jackal & lynx,
cage traps)

Flock guarding animals
(bv. Anatolian dog,
donkey, emu)

Protective collars
(non electronic,
physical protection only)
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12. What is the largest cause of cattle / game deaths over the past 12 months:

[Please select only one]

Drought Disease Injury Poisonous plants
Stolen Lost Unknown Snake bites
Predator Stillborn Fell down hole Other:

12b. What is the second most common cause of cattle / game deaths over the past 12 months:

[Please select only one]

Drought Disease Injury Poisonous plants
Stolen Lost Unknown Snake bites
Predator Stillborn Fell down hole Other:
13.
Livestock on farm | Number | Number lost (last | Approximate Number lost | Compensation
(eg. cattle, game) on farm 12 months) cost of losses to predators (Yes/No)

14. Please rate the following statements on a scale of whether you agree or disagree with them
-2 is strongly disagree, -1 is somewhat disagree, 0 is neutral, +1 is somewhat agree, and +2 is

strongly agree.

i. I getalong well with my workers and farmhands -2

ii.  Ilike having game on my farm

+2

iii. I would like my farm to have no predators onit -2

iv.  Ilike having vultures on my farm

V.  Vultures spread disease

+2

Vi. Vultures kill livestock

+2

-2

-1 0
-2 -1
-1 0
-1 0
-2 -1
-2 -1

15. Vultures are useful to have on my farm because: [tick if applicable to your farm]

They are not useful

They clean up carcasses

They are an important part of the ecosystem
They make me aware of where animals died

I enjoy seeing them
They attract tourists

They prevent disease spread

16. How often do you see vultures on your farm? [Please tick only one box]

Never

+1 +2
0 +1
+1 +2
+1 +2
0 +1
0 +1

105




Less than once per month
Approximately once a month
Approximately once a week
Approximately once a day

17. Estimate the % of farmers in your community (general surrounding area) that you think
have purposefully used poison to Kill predators in the last 12 months?

%

18. How do you discard carcasses, offal or other forms of unused animal meat on the farm?
[tick all applicable answers]

Burn

Bury

Compost

Leave in the veld for scavengers (in various areas on my farm)

Leave in the veld for scavengers (in a specific area)

Vulture restaurant
Drivetoadump
Other (please specify):

19. If you leave meat for scavengers please provide a rough indication of how many kilograms of
meat you have provided over the last 12 months:

kg

20. In your opinion, how effective do you believe the following stock loss prevention methods
are? Please provide a score between 1 and 5, where 1 is very ineffective and 5 is extremely
effective [circle answer]

i.  Guarding animals (Anatolian dog, donkey, emu etc.) 1 2 3 4 5

ii.  Deterrents and repellents (light, sound) 1 2 3 4 5

iii.  Lethal control of predator numbers (eg. shooting jackal) 1 2 3 4
5

iv.  Non-lethal control (live capture and relocation) 1 2 3 4

V. Removal of identified problem individuals only 1 2 3 4
5

vi. Infrastructure to keep predators out (fences, enclosures) 1 2 3 4
5

vii.  Financial compensation by state or NGO 1 2 3 4
5

THANK YOU FOR YOUR PATIENCE AND PARTICIPATION
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Appendix 4.2: The estimated prevalence of poisoning based on various regression analysis, including the simple
difference in means estimator, maximum likelihood and nonlinear least squares regression estimators. The
estimated prevalence of poisoning for a nonlinear least squares multivariate regression analysis, indicated with

“(covariates)” is also shown.

Appendix 4.3: Estimated proportion of respondent types by the number of affirmative answers to the control and
sensitive items in a list experiment on poison use. The table shows the estimated proportion of respondent type
p(x, y) where x in p(X, y) indicates the number of affirmative answers to the control items and y indicates whether
respondents answer yes, (X, 1), to participating in poisoning.

One-year period Five-year period

Est. S.e. Est. S.e.
p(0, 1) -0.007 0.007 -0.007 0.007
p(1, 1) 0.087 0.034 0.078 0.032
p(2, 1) 0.105 0.027 0.184 0.031
p(3, 1) 0.036 0.011 0.065 0.015
p(4, 1) 0.005 0.004 0.005 0.004
p(0, 0) 0.013 0.006 0.013 0.006
p(1, 0) 0.253 0.023 0.215 0.022
p(2, 0) 0.433 0.033 0.365 0.034
p(3, 0) 0.071 0.020 0.076 0.023
p(4, 0) 0.003 0.006 0.006 0.007
Difference in means 0.226 0.055 0.325 0.059
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Appendix 4.4: Summary of responses to the number of behaviours they participate in in a list experiment on
poison use over a one-year period. Responses for both treatment and control groups are indicated. The table
illustrates likely low ceiling and floor effects with few respondents answering either zero or five in the treatment

group.

Response Control (n) Control (%) Treatment (n)  Treatment (%)

0 3 0.8 5 1.2

1 130 33.4 107 25.2

2 211 54.2 219 51.5

3 42 10.8 76 17.9

4 3 0.8 16 3.8

5 - - 2 0.5
TOTAL 389 425

Appendix 4.5: Summary of responses to the number of behaviours they participate in in a list experiment on
poison use over a five-year period. Responses for both treatment and control groups are indicated. The table
illustrates likely low ceiling and floor effects with few respondents answering either zero or five in the treatment

group.

Response Control (n) Control (%) Treatment (n)  Treatment (%)

0 3 0.8 5 1.2

1 111 28.5 89 21.2

2 215 55.3 187 44.5

3 56 14.4 109 26.0

4 4 1.0 28 6.7

5 - - 2 0.5
TOTAL 389 420

Appendix 4.6: Statistical analysis overview.

Data analyses were performed in R v.3.6.3 (R Core Team 2019), using the “list” package,
which was specifically designed for analysing list experiments (Blair and Imai 2010). All
analyses as detailed below where run separately using the list data referring to the one-year and
the five-year timeframes (i.e. the number of behaviours engaged with during the past one or
five years). Overall poisoning prevalence was calculated through a simple difference in means
estimate between control and treatment groups using the full sample of farmers. Blair and Imai
(2012) provide a modelling framework that performs better than previous multivariate
regression analysis approaches used for list experiments (Blair and Imai 2012). Within this
framework, two estimators were developed for the regression analysis, a Maximum Likelihood
(ML) estimator, which is statistically more efficient, and a Non-linear Least Squares (NLS)

estimator which is more robust. The ML model is more sensitive to assumption violations
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regarding measurement errors which, for example, can arise when a subset of respondents
provide answers at random or choose maximal response values regardless of their truthfulness.
This can induce severe model misspecification biases for ML models (Blair et al. 2019). We
constructed models using both these methods and then tested for misspecification, using a
Hausman test and a comparison of poisoning prevalence estimates with a robust base-line
difference in means estimate (Appendix 4.3). Results from this test, the comparison, and
convergence issues, indicated that ML models suffered from misspecification. A comparison
between baseline ML models and NLS models indicated misspecification of the ML model for
the one-year data (Hausman statistic = -14.768, df = 2, p-value = 0.001) but could not
conclusively be shown for the five-year data (Hausman statistic = -4.857, df = 2, p-value =
0.088). ML models with covariates however did not converge for either the one-year or five-
year data. The more robust NLS estimator was therefore preferred for the multivariate

regression analysis.

A key assumption of the list experiment is that the addition of the sensitive behaviour in the
treatment list does not change the probability of respondent’s affirming control items. Before
conducting our analyses, we verified that no such design effect was present using the ict.test
function (Blair and Imai 2010). We found no evidence for a design effect in our questionnaire
in either the one-year (p=0.56) or our five-year (p=0.54) data. Estimated proportions of each
response type indicated that poisoning was sufficiently prevalent to be assessed with a list
experiment approach (Appendix 4.4). Although we designed our questionnaire to avoid it (see
above), we also estimated the ceiling and floor effects in our model. Summaries of responses
showed a very low percentage of respondent reporting either zero or four behaviours (Appendix
4.5 and 4.6), the opposite trend would have indicated potential ceiling and floor effects. Quasi-
Bayesian approximation estimates of ceiling and floor effects indicate that 0.07% (SE: 0.005%)
of respondents avoid honestly indicating five out of five behaviours (ceiling effect) and 0.1%
(SE: 0.006%) of respondents falsely gave zero behaviours when poisoning is the only activity
they participate in (floor effects). Ceiling and floor effects were consequently ignored. Model
assumptions for collinearity were checked and the correlation coefficients of all included

numeric variables were below 0.4 (Appendix 4.7).

We constructed two NLS models, one with the number of participated behaviours over a one-
year period as the response and the other with the number of participated behaviours over a

five-year period as response variables.
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Poisoning probability estimates were derived with the predict function, for all respondents who

provided the necessary information for inclusion in the multivariate regression modelling

(some respondents did not answer all questions). These predicted poisoning probability

estimates were interpolated using Inverse Distance Weighting to show the prevalence of

poison-use spatially across South Africa, following (Santangeli et al. 2016b; Craig et al. 2018).

Farm_size

Vulture_frequency 0.2

Proportion_predated 0.1 0.1

Factory_stock -0.1 -0.1 -0.2

Small_stock 0 0 0 02

Large_stock -02 0 -02 02 03

Percentage_income 0.2 02 0 0 02 03
Attitude_farmworkers 0 0 0 0 0 01 0
Attitude_predators 0 -01 02 -03 0 -01 O 0
Attitude_game 0.1 0 o 01 -01 0 01 01 02
Attitude_vultures 0.2 0.2 0 01 01 0 0 0 02 0.1

Percentage_poisoning 0 0 0 0 0.1 0 0.1 0 01 01 02

Age

-0.1

0

-0.1

o]

0

0

o]

0.1

o]

-0.1

0.1

-0.2

- 1.0
05

0.0
05

B 0

Appendix 4.7: Correlation coefficients for numeric variables used in a multivariate regression analysis of poison-

use under commercial farmers in South Africa.
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Good relationship with farmworkers
Want to have game
Vultures don't kill livestock

Want to have vultures

Vultures don't spread disease .
Wantto have predators _ -

100 50 0 50 100
Percent
Strongly disagree Il Disagree [ Neutral Agree [ Strongly agree Il

Level of agreement with statement

Appendix 4.8: Farmer attitudes to farmworkers, game, vultures and predators. The percentage of farmers that
who responded with each level of agreement, ranging on a Likert scale from strongly disagree to strongly agree
is indicated.

Appendix 4.9: Poisons used by farmers who admitted to poison-use. Poison names are displayed as they were
reported by farmers. The unidentified poison refers to a single poison which is only known by the distributor’s
name, the distributor seems to be a single individual from the Eastern Cape, from where he distributes the poison
to other provinces.

Name Number Percentage (%)
Temik/Aldicarb 14 33
Sneuklith Poison 13 30
Insecticide 9 21

1080 3 7
Strychnine 1 2
Xylitol 1 2
Cyanide 1 2
Animal dip 1 2
TOTAL 43
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Appendix 4.10: Results of a multivariate regression analysis of poison-use for predator control over a one-year
period, by South African commercial farmers who participated in a list experiment. Model coefficients, standard
error (S.E.) and p-values are indicated for both poison-use (the sensitive item) and control items.

Sensitive Control
item item p-
Variable coefficients S.E. p-value coefficients S.E. value
(Intercept) -2.601 0.876 0.003 -0.327 0.061 0.000
Percentage neighbours poisoning 1.168 0.475 0.014 0.063 0.033 0.051
Attitude towards vultures 1.173 0.607 0.054 -0.012 0.041 0.772
Attitude towards game 0.016 0.359 0.965 0.057 0.035 0.101
Attitude towards predators 0.042 0.373 0.910 -0.091 0.038 0.016
Attitude towards farmworkers 0.075 0.385 0.846 -0.022 0.024 0.348
Percentage income from livestock -0.240 0.385 0.533 0.054 0.037 0.148
Number of large stock 0.722 0.514 0.161 0.037 0.041 0.363
Number of small stock 0.736 0.431 0.088 0.116 0.041 0.005
Number of factory farmed stock -0.178 0.854 0.835 0.041 0.069 0.550
Proportion livestock predated 0.367 0.294 0.213 0.022 0.032 0.481
Main cause of livestock loss 0.059 0.832 0.943 0.287 0.079 0.000
Vulture sighting frequency -0.430 0.395 0.277 -0.003 0.038 0.927
Farm size -0.170 0.526 0.747 0.065 0.041 0.108
Age 0.444 0.397 0.264 -0.055 0.033 0.097
Tertiary education 0.648 0.757 0.393 -0.037 0.067 0.580

Appendix 4.11: Results of a multivariate regression analysis of poison-use for predator control over a five-year
period, by South African commercial farmers who participated in a list experiment. Model coefficients, standard
error (S.E.) and p-values are indicated for both poison-use (the sensitive item) and control items.

Sensitive Control
item item p-
Variable coefficients ~ S.E. p-value coefficients S.E. value
(Intercept) -1.810 0.686 0.009 -0.233 0.063 0.000
Percentage neighbours poisoning 1.012 0.377 0.007 0.041 0.033 0.222
Attitude towards vultures 0.593 0.435 0.173 -0.003 0.041 0.935
Attitude towards game -0.091 0.307 0.768 0.076 0.035 0.032
Attitude towards predators -0.453 0.348 0.193 -0.054 0.040 0.175
Attitude towards farmworkers 0.715 0.528 0.176 -0.042 0.026 0.105
Percentage income from livestock -0.010 0.350 0.977 0.073 0.042 0.081
Number of large stock 0.050 0.340 0.882 0.056 0.044 0.203
Number of small stock 0.253 0.344 0.462 0.178 0.042 0.000
Number of factory farmed stock 0.050 0.393 0.900 0.020 0.064 0.755
Proportion livestock predated 0.098 0.289 0.734 0.026 0.033 0.432
Main cause of livestock loss 0.486 0.686 0.479 0.212 0.080 0.009
Vulture sighting frequency -0.243 0.323 0.453 0.028 0.038 0.456
Farm size 0.032 0.413 0.938 0.029 0.044 0.506
Age 0.202 0.313 0.519 -0.065 0.034 0.057
Tertiary education 0.485 0.598 0.418 0.007 0.067 0.921

112



I Protected areas
I Traditional land

Poisoning probability
- 045

- 0.36
- 026

- 0.16

.— 0.07

0 100 200 300 km

Appendix 4.12: Interpolated lower (A and C) and upper (B and D) limits of the predicted probabilities of using
poison for predator control over a one-year period (A and B), and a five-year period (C and D), from a multivariate
regression analysis of a list experiment in which South African commercial livestock farmers took part. Poisoning
probability (colour shading) protected areas (light grey shading) and land under traditional authority, or communal
farmland (dark grey shading) is indicated.
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Appendix 4.13: Interpolated South African commercial farmer perceptions of the prevalence of poison-use for
predator control under their neighbours. Estimated proportion of farmers using poison (colour shading),

protected area (light grey shading) and land under traditional authority, or communal farmland (dark grey
shading), is indicated.
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CHAPTER 5:

Relationship between supplementary feeding
and breeding success in Cape Vultures, Gyps
coprotheres

Photo: White-wash from a Cape Vulture colony stains a distant cliff face (Photo by C.W. Brink).
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Abstract

Supplementary feeding has become a popular, yet still debated, conservation tool to mitigate
Old World vulture declines. This intervention is proposed to support vulture numbers by
increasing various demographic parameters, but such effects have seldom been verified. I used
monitoring data on ten South African Cape Vulture colonies spanning over two decades, to
model the relationship between supplementary feeding sites within a 100 or 200 km radius and
breeding success. | found that the amount of food provided annually at SFS surrounding a
colony was weakly positively associated with breeding success, but these results were not
significant. An index of the proximity of SFS within a given radius to vulture colonies was
negatively associated with breeding success but this also was not significant. | found no
evidence that the potential amount of lead contaminated food provided at SFS, nor the average
prevalence of poisoning in the area, was associated with local breeding success. These results
suggest that this conservation measure may currently be overvalued, with regards to its ability
to enhance breeding success, in the South African conservation community. To ensure that
conservation resources are not misspent the effect of SFS on other parameters need to be

evaluated and the net benefit to vultures shown.

Introduction

Old World vulture populations have declined dramatically over the last three decades, and they
are now the most threatened group of raptors and avian functional guild (McClure et al., 2018).
Over 80% of vulture populations are declining (McClure et al., 2018), some at rates of up to
97% over three generations (Ogada et al., 2016). Following the catastrophic declines of
vultures in South Asia due to the widespread use of an anti-inflammatory veterinary drug that
is toxic to vultures (Oaks et al., 2004), Africa has followed suite with a continent-wide vulture
crisis (Ogada et al., 2016). Of the eleven species found on the continent, two are Near
Threatened, three are Endangered and four are Critically Endangered (IUCN, 2021). The loss
of the carcass removal ecosystem service that vultures provide can have severe consequences
for ecosystems and human wellbeing (Markandya et al., 2008). Without vultures,
decomposition rates increase and mammalian scavengers proliferate (Ogada et al., 2012a). This

can result in increased disease transmission between mammalian scavengers and result in a
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surge in human infections, resulting in both loss of life and severe economic costs (Markandya

et al., 2008). Given all these effects protecting vultures should be a conservation priority.

Long generation times and slow breeding rates make most raptor populations vulnerable to the
increased mortality rates caused by various anthropogenic activities, but vultures are especially
susceptible (McClure et al., 2018). Their obligate scavenging behaviour makes them
exceptionally vulnerable to poisoning, which accounts for more than 60% of recorded vultures
found dead in Africa (Ogada et al., 2016). Although poisoning of vultures often occurs
unintentionally when farmers put out poison for other damage causing animals (Ogada et al.,
2012b), there has recently been a sharp increase in deliberate poisoning by poachers, who either
aim to stop vultures from providing a sentinel role to nature protection authorities (Gore et al.,
2020) or to harvest vultures for belief-based use (Henriques et al., 2020). Recent research is
also highlighting the threat of lead (Pb) poisoning through the ingestion of carcasses containing
spent ammunition (Garbett et al., 2018; Kriiger and Amar, 2018; van den Heever et al., 2019).
Other notable drivers of these declines include mortalities caused by power grid infrastructure
(electrocutions and collisions), habitat loss and human disturbance (Botha et al., 2017), and the
growing threat of collisions with wind energy (Reid et al., 2015), but food safety is generally

viewed as being of the highest concern.

A reduction in food availability has also been suggested to accelerate vulture declines (Botha
et al., 2017; Kriuger et al., 2015). Large-scale agriculture intensification has occurred
throughout Africa with livestock largely replacing wild ungulates, the natural food source of
vultures (Hempson et al., 2017). This situation may lead to fewer carcasses available to vultures
through reduced mortalities of ungulates due to better animal husbandry practices (Mundy et
al., 1992); carcass disposal practices such as burying or burning carcasses (Margalida and
Colomer, 2012); and increased competition with other scavengers that are associated with
anthropogenic landscapes (Kushwaha et al., 2020). Despite a lack of data, a panel of
conservationists and scientists overwhelmingly highlighted the decrease in the amount of
carrion as the highest priority for conservation action to address Cape Vulture, Gyps
coprotheres, declines in southern Africa in the mid-2000’s (Boshoff and Anderson, 2006).
Given such assertions, it is perhaps unsurprising that supplementary feeding has increasingly
become a favoured conservation intervention for supporting declining vulture populations
globally (Chapter 2; Gilbert et al., 2007; Oro et al., 2008). In South Africa alone there are
currently at least 143 active vulture supplementary feeding sites (SFS) supplying a combined
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total of 3301 tonnes of meat annually (Chapter 2). These SFS are proposed to increase survival
rates and breeding success, either through providing food to resource limited populations or by
buffering vultures against the threat of unsafe food sources in the environment (Gilbert et al.,
2007; Margalida et al., 2014).

There is some evidence that SFS can have beneficial effects. For example, Schabo et al. (2017)
found a significant positive effect of supplementary food provided at a nearby SFS during the
nest-building phase on the numbers of breeding pairs at a single Cape Vulture colony. Gilbert
et al. (2007), suggested that SFS reduced mortality rates of Oriental white-backed Vultures,
Gyps bengalensis by changing the ranging behaviour and thus exposure to carcasses
contaminated by lethal veterinary drugs. Another study only found a positive effect on survival
for pre-adult birds, suggesting that while SFS may support a large floater surplus, they fail to
reduce poisoning risk among adults (Oro et al., 2008). Kriiger et al. (2015) found an indication
that proximity to SFS influenced the probability of Bearded Vultures territories remaining
occupied, but only in one of their study regions. Given these positive indications, conservation
organisations have often motivated livestock owners to establish SFS without consideration of
the scientific evidence regarding the suitability of the practice (Cortés-Avizanda et al., 2016).
Such dogmatic adoption of a conservation measure may overlook potential trade-offs
associated with SFS that need careful consideration before this measure is adopted (Ewen et
al., 2015). The indicated benefits to immature birds may, for example, lead to aggregations of
non-breeding birds that can cause a reduction in productivity of nearby breeding birds (Carrete
et al., 2006b). Additionally, positive effects of SFS are not ubiquitous. In the Balkan Peninsula
food shortages were not limiting population trends as was originally assumed (Dobrev et al.,
2016) and SFS did not affect productivity or survival (Oppel et al., 2016a). In this case SFS
represented a waste of conservation resources. The fact that such results have led to
discontentment from supporters of SFS is perhaps an early warning signal that the merits of
the application of supplementary feeding may not always be assessed in an unbiased manner
(Oppel et al., 2016b). The application of SFS can also lead to unexpected expose vultures to
additional threats. In South Africa, a national survey with SFS managers showed that many
SFS managers were unaware of the importance of screening carcasses for veterinary drugs,
which caused the Asian vulture crisis, or Pb (Chapter 2). The physiological effects of Pb are
well documented and affect normal nervous-system functioning, leading to health
deterioration, behavioural change and mortality (Haig et al., 2014; Pokras and Kneeland, 2008).

Pb contamination at an SFS could therefore likely affect the fitness of breeding adults,
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including their ability to effectively raise young and thereby result in reducedbreeding success.
The low awareness under SFS managers of such factors are worrisome, especially so given that
SFS provide more than 80% of the potential food requirements of the entire vulture population
in this region (Chapter 2).

The predictability of food provided by SFS may also negatively affect vulture behaviour and
foraging ecology. While Kane et al. (2016) concluded that SFS do not significantly influence
the foraging movements of Cape Vultures, their results perhaps contradict this in that, besides
roosting sites, SFS were the most important explanatory variable in their habitat selection
models. Similarly, Reid et al. (2015) found that habitat selection by non-adult Bearded Vultures
was influenced by SFS, but not so for adults. Fluhr et al. (2017) suggest that SFS with high
provisioning rates may promote routine behaviours in vulture foraging. Gilbert et al. (2007)
found that SFS reduced home-ranges, time in flight and daily distance travelled.

The research thus far conducted, suggests uncertainties on the effects of SFS on vultures.
However, such studies are low in numbers, spatial and taxonomic breadth compared to the
widespread use of SFS as a tool for vulture conservation. There is, therefore, an urgent need
for studies aimed at quantifying the effects of this conservation tool on vulture fitness. This is
particularly the case in South Africa, which has a long tradition of applying this conservation
measure (Chapter 2). A major factor hindering such investigations thus far has been the
availability of systematic and large-scale data on SFS locations and their provisioning. Here,
for the first time, | make use of a recently compiled high resolution and up-to-date database on
SFS, including the amounts of food and potential Pb contamination of this food provided at
individual sites, across the whole of South Africa (Chapter 2), a hotspot for global vulture
conservation (Santangeli et al., 2019). Additionally, I make use of another recently compiled
spatial assessment on the predicted poisoning prevalence amongst commercial farmers in South
Africa (Chapter 4). | combine the above databases with breeding success at ten Cape Vulture
colonies monitored over more than two decades across their national distribution in South
Africa. | aim to assess 1) the relationship between breeding success at the colony level and the
amount of food provided at nearby SFS, 2) whether SFS in closer proximity to vulture colonies
are more beneficial, 3) whether poor management practice of not screening carcasses for Pb-
contamination may have negative effects on vulture breeding success, 4) whether estimated
poisoning prevalence by commercial farmers in the vicinity of colonies may have negative

effects on vulture breeding success. | predict that higher provisioning rates and the proximity
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of SFS to colonies will increase breeding success and that both higher potential poisoning
prevalence and higher potential amounts of Pb contaminated food provisioning will decrease

breeding success.

Methods
Study species

The Cape Vulture is a gregarious cliff-nesting raptor which is endemic to southern Africa. They
lay a single egg which is incubated for approximately 57 days, followed by a nestling phase of
about 140 days before fledging (Mundy et al., 1992). The average lay date varies between early
May to the latter half of June depending on colony location and local rainfall seasonality
(Mundy et al., 1992). Both South Africa and Lesotho are breeding strongholds for the species
which is listed as Endangered on the IUCN Red List (BirdLife International, 2017).

Colony monitoring data

My study was focused on South Africa, where there is the best data on SFS and the most colony
monitoring data (Figure 5.1). | sourced data on breeding success from various organisations
that monitor Cape Vulture colonies during the breeding season, including the Vulture
Programme (VulPro), Oribi Vulture Viewing Hide and Cape Nature. Monitoring protocols
between organisations differed slightly. Most colonies were surveyed two to three times during
the breeding season. However, the Potberg colony was surveyed monthly. | consequently
standardized data from this colony to make it comparable to the survey protocol of the other
colonies. To do this I used colony specific average laying dates, extracted from the literature
(Mundy et al., 1992). For each colony | calculated the average number of days between its
corresponding average laying date and the dates at which initially surveyed, then repeated this
calculation for the last survey of the season. Initial surveys were done around 21 (range -19-
73) days after the average laying date and the last survey, around 129 (range 73-172) days after
the average laying date. I then applied these calculated timeframes to select which monthly
surveys of the Potberg colony data to use as the initial and final survey for the calculation of

breeding success estimates.
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Colony monitoring broadly followed a standardized protocol developed by the Vulture Study
Group (Benson et al., 2007). This protocol entailed scanning the vulture colony from a vantage
point using telescopic aids and counting the number of breeding pairs and chicks during each
survey visit. In general, colonies were first visited in May and June. During this visit any
nesting, incubating or copulating behaviour was considered a breeding attempt, including
occupation of a ledge by a pair of vultures where there was a suspicion that these birds were
using the site as a nest. During later visits the number of chicks, nestlings or fledglings were
counted (visually confirmed or inferred from adult behaviour). I assumed that all monitoring
data sources followed a similar protocol. The average time between the first survey and the
final survey was 108 days (range 46-157, =+ 31 SD).

Supplementary Feeding Sites (SFS)

We used a recently compiled national SFS database (Chapter 2) and later augmented with
accounts of SFS from a national survey about poison-use by farmers ( Chapter 4). Notably,
these data included estimates on the rates at which food was provisioned to individual SFS, a
critical factor that previous studies using SFS data could not include (Kane et al., 2016; Kruger
et al., 2015). As SFS differ drastically in how much food they provide this is essential
information when determining the effects of SFS (Chapter 2). Additionally, these data included

the establishment and closure dates of each SFS.

To assess the effect of SFS on breeding success | subset the SFS data for each colony so that it
only included SFS that were active during the year that corresponds with a given breeding
success estimate. Additionally, SFS were subset to only include those that were likely to be
used by vultures from the colony in question. Adult Cape Vulture home range estimates range
between 14 700 km? (radius of 68 km) and 110 181 km? (radius of 187 km)(Bamford et al.,
2007; Kane et al., 2016; Pfeiffer et al., 2015a). | assessed SFS within two spatial scales from
colonies, within a 100km buffer and within a 200 km buffer, which encapsulated either the

lower or both lower and upper range estimates mentioned above.
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Figure 5.1: Map of South Africa showing the location of the Cape Vulture colonies and all supplementary feeding
sites that were active at any point between 2001-2020.

Predictor variables:

Poison data

An average poisoning prevalence was calculated for each buffer centred around each colony.
This used data from Chapter 4 which quantified poison-use under commercial livestock
farmers using specialised social science methods designed to specifically survey sensitive and

illegal behaviours.

Observation period

Observation period was calculated by determining the number of days between the first survey
and the last colony survey in each year. Surveys with longer windows provide more
opportunities for failure, and thus it is important to control for differences in the survey

protocols when modelling breeding success.
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Proximity index to supplementary feeding site

We used a proximity index (adapted from Esselstyn et al., 2004) to describe vulture colony
proximity to one or more SFS. | assumed that SFS that were closer would be more accessible
and therefore have a stronger effect on breeding success. The proximity index was calculated

as:

k()]

S

Pl =

Where PI = proximity index, d = distance to SFS in kilometres and s = number of SFS within
the specific buffer. Initially the above proximity index was weighted by provisioning rate, but
as this made no qualitative difference to the results, | decided to disentangle food proximity
and quantity in the model and examine the effects of these aspects separately. | reasoned that
this is conceptually less confounding and that given the mobility and flight efficiency of

vultures all resources within a certain distance could likely be easily accessible.

Provisioning rate

Provisioning rates (kilograms per year) for each SFS were acquired from Chapter 2 and
summed for each buffer. Provisioning rate estimates were originally recorded for the year
2018. Because there can be temporal variability in the amount to food provided at SFS due to
changes in farming practises and stocking rates, it is likely that these estimates are more
accurate for years nearer the time of the survey; and this was explored through the two-time
scale models (10 years or 20 years).

Pb contamination risk

| determined the amount of game meat (which would stem from hunting) that was provided at
SFS by managers who indicated that they did not believe that Pb from spent ammunition left
in carcasses would have any detrimental effects on vultures. Using this criterion, | had a good

justification to assume this game meat may contain Pb (Hampton et al., 2018).
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Statistical Analysis

To assess the effect of SFS on breeding success, | fitted generalised linear mixed effect models
(GLMM) with a binomial error structure using the ‘lme4’ package (Bates et al., 2015) in R
version 3.6.3 (R Core Team, 2020). Breeding success, the response variable, was incorporated
into the model in a binomial fashion as the number of successful breeding attempts in relation
to the number of failed breeding attempts in any given year for any given colony. The number
of successes was determined by the number of fledglings or chicks counted or inferred during
the last survey. Failures were calculated by subtracting the successful breeding attempts from
the initial survey of active breeding pairs. In some cases, subsequent surveys had higher chick
counts than active nests reported in the initial survey. In such cases, | assumed that extra chicks
were the result of breeding attempts initiated after the initial surveys. I therefore took this value
to be a more accurate indication of the number of pairs and this resulted in breeding success
values of 100% in some cases. Unfortunately, | was not granted access to nest site specific
data which would have enabled us to calculate breeding success at the individual pair level.
Such data would have removed the potential for late breeding attempt to interfere with colony
level measure of breeding success. | explored the effect that these 100% estimates on the
models by comparing models run with and without this data. Year and colony identity were
included as random effects in all models to account for between-year variation in breeding
success, and for the pseudo-replication arising from repeated observations of the same colony
over time. Covariates included the estimated Poison-use prevalence, Observation period,
Proximity index, Provisioning rate and Pb contamination risk, which are described above.
Covariates were investigated for collinearity and excluded in models where they were highly

correlated (coefficient >0.7). See Appendix 5.1 for the full model equation.

| investigated the effects of SFS at two spatial scales (100 km and 200 km buffers). | used
breeding success data for the year 2001 to 2020, but also repeated analysis for a more recent
time frame from 2011-2020, which better matched the predictors with regards to their relevance

in time.

The basic structure above was used in all models, of which there were two variants. The first
was a full model containing all predictor variables, including those that | hypothesized had a
negative effect on breeding success (Pb contaminated food provisioning and poisoning
prevalence). Unfortunately, no estimates for poisoning prevalence were available for the

Potberg colony. Therefore, to make use of all available data and to focus on the effects of
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provisioning exclusively, 1 also constructed simpler models. These simple models solely
investigated the effects of the amount of food provisioned and its proximity to vulture colonies

while also controlling for the observation period.

Results

Summary results

Data consisted of 95 observations on annual breeding success spread over a period of 20 years
from ten different vulture colonies located across South Africa (Figure 5.1; Table 5.1). The
average breeding success across all these colonies and years was 77.0%, with a minimum of
21.4% and a maximum of 100%. The 100 km buffers contained an annual mean of 8 SFS
(range: 2-15) and 262 tonnes (range: 18-654 tonnes) of food, with an estimated poisoning
prevalence ranging between 16-27% of commercial farmers. The 200 km buffers contained a
mean of 28 SFS (range: 2-57) and 800 tonnes of food (range: 25-1820 tonnes), with the mean
poisoning prevalence ranging between 18-26% of commercial farmers. The average

observation period (time between first and last survey) was 107.98 days (range 46-169 days).

Relationships with breeding success

Results varied little between the models for the two time scales (10 and 20 years) and two
spatial scales (100 and 200 km, Table 5.2), with provisioning rate showing a positive
relationship and proximity to SFS showing a negatively relationship with breeding success in
all models (Figure 5.2). However, these effects were not statistically significant in any of the
models; although for 200 km 20-year simple model, the relationships were only marginally

non-significant (P =0.082 and p = 0.088 respectively for provisioning rate and proximity).

Co-linearity between variables meant that the full model (i.e., models including potential Pb
level and poisoning exposure) could only be run for the 10-year data at the 100 km buffer
spatial scale. In this model, although showing a negative relationship in both cases, | found no
significant effect of the estimated average poisoning prevalence and the provisioning of
potentially Pb contaminated food on breeding success (p=0.781 and 0.730 respectively, Figure

5.3). Unsurprisingly, all models highlighted observation period as having the greatest effect on
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breeding success estimates, with breeding success decreasing over longer observation periods
(Table 5.2; Appendix 5.2-5.4). The exclusion of datapoints with 100% breeding success
estimates did not materially affect any of the results (Appendix 5.5-5.7).
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Figure 5.2: The fitted relationship, from a GLMM, between colony breeding success and provisioning rate, p =
0.088 (A), as well as the relationship between breeding success and the proximity of SFS to a given colony
expressed as an index, p =0.082 (B). These results stem from a GLMM including Provisioning rate and Proximity
Index for SFS within a 200km buffer and 20 years of Cape Vulture colony breeding success data. The 95%
confidence interval is indicated and raw data (black dots) is shown.
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Figure 5.3: Results from generalised linear mixed effects model testing the effects of the full model (100 km
buffer) on the breeding success of Cape Vulture colonies over a 10-year period.
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Table 5.1: Summary of Cape Vulture colony monitoring data and data on supplementary feeding sites in either a 100 km or 200 km buffer zone. Mean estimates are indicated
with the range shown in brackets.

Colony Years Number of pairs Breeding success Number of SFS: Number of SFS: Tons of food Tons of food
100 km buffer 200 km buffer provided per provided per
year: year:
100 km buffer 200 km buffer
Nooitgedacht 2010 - 2020 122 (82 -177) 0.83 (0.53-1.00) 11 (10-12) 29 (27-30) 605 (408-654) 1393 (1008- 1511)
Skeerpoort 2010 - 2020 259 (197-360) 0.79 (0.59-1.00) 10 (9-11) 32(30-33) 503 (307- 553) 1355 (969- 1473)
Roberts” Farm 2008-2011 7(5-9) 0.65 (0.40-1.00) 12 (11-12) 26 421 (421-422) 946 (942- 957)
Manoutsa 2012-2019 603 (433 -775) 0.89 (0.66-1.00) 11 24 248 571
Kransberg 2011-2020 710 (608 -869) 0.86 (0.65-1.00) 15 (14-15) 48 (47-49) 514 (417- 538) 1738 (1314- 1820)
Soutpansberg 2012-2019 202 (182 -225) 0.79 (0.64-1.00) 2 (2-3) 20 (20-22) 18 (18-20) 552 (551-552)
Mzimkulu/Oribi 2001-2014 35 (17 -48) 0.63 (0.21-0.98) 13 (13-15) 55 (52-57) 117 (71-129) 660 (542-925)
Potberg 2001-2019 54 (20 -95) 0.73 (0.33-1.00) 2 2 25 25
Moletjie 2012 - 2018 15 (5- 21) 0.75 (0.32-1.00) 8 40 (39-40) 367 (365- 368) 995 (776- 1032)
Manyelanong 2017-2019 85 (82-89) 0.97 (0.95-1.00) 2 24 71 948

Table 5.2: Results from a Generalised Linear Mixed Effects Model with a binomial error structure examining the effects of supplementary feeding sites within a 100 km or
200 km buffer of vulture colonies on breeding success over a 20-year period. Predictors included in the model include an index of the proximity of SFS within a buffer zone to
any given vulture colony, the amount of food provided within the buffer zone annually and the number of days over which the colony was monitored. Year and colony ID were
added to the model as random effects.

100 km buffer model 200 km buffer model
Predictors Log-Odds std. Error Cl p Log-Odds std. Error Cl p
(Intercept) 1.27 0.20 0.88-1.65 <0.001 1.19 0.22 0.77-1.62 0.001
Proximity index -0.18 0.15 -0.48-0.12 0.235 -0.30 0.17 -0.64 - 0.04 0.082
Provisioning rate 0.22 0.13 -0.04-0.48 0.097 0.36 0.21 -0.05-0.76 0.088
Observation period -0.86 0.04 -0.94 - -0.77 <0.001 -0.86 0.04 -0.94 —-0.77 <0.001
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Discussion

We tested the effects of supplementary feeding, the associated potential Pb exposure, and
potential exposure to poison through its use by commercial farmers on Cape Vulture breeding
success. | did not find support for my hypothesis that breeding success was positively affected
by the proximity of SFS or the amount of food they provision. I also found no association
between breeding success and the average poisoning prevalence and the amount of potentially
Pb contaminated food provided at SFS. Overall, my study raises some questions as to whether

breeding success in Cape Vultures is food limited in South Africa.

Although not significant, breeding success in Cape Vultures was positively associated with the
amount of food provided at SFS in their foraging range. This positive relationship was present
in all models (irrespective of time- or spatial-scale). This positive relationship concurs with
various other studies that have indicated increases in raptor breeding success in relation to
supplementary feeding (Gonzalez et al., 2006; Rooney et al., 2015). In most bird species,
breeding is a challenging and demanding period where temporal variations in resource
availability may impact a wide range of breeding parameters (Hilgartner et al., 2014; Rooney
et al., 2015). A stable food supply during breeding is known to positively impact a wide range
of breeding parameters in many species (Amar and Redpath, 2002; Davis et al., 2005; Robb et
al., 2008a). However, in cases where food is not a limiting factor such positive effects are
unlikely and conservation resources may be better spent elsewhere. Hoodless et al. (1999)
concluded that spring feeding cannot be advocated as a management technique to improve the
breeding success of Ring-Necked Pheasants, Phasianus colchicus. Similarly, Margalida (2010)
found that supplementary feeding during the chick-rearing period was ineffective at increasing
breeding success in Bearded Vultures, Gypaetus barbatus, in the Spanish Pyrenees. Margalida
(2010) suggested that for these Bearded Vultures other conservation actions should be
prioritised to optimise the use of conservation resources. The low confidence in the positive
relationship between supplementary feeding and breeding success found in my study fails to
provide good support for the idea that a stable food supply is a limiting factor for the Cape
Vulture colonies | investigated (Mundy et al., 1992).

One of the limitations of this study was that | was not able to control for other sources of food,
such as natural food availability. Accounting for this may change results, and future studies
should aim to quantify these food resources to establish food availability in the absence of

currently active SFS. Such research will also allow the targeted application of SFS to only
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vulture populations that have been shown to be food limited. Currently, however, my results
reflect other studies where initial examination of the effects of SFS suggested a positive effect

that later more robust statistical techniques have refuted (Margalida et al., 2017).

The proximity of SFS did not significantly affect breeding success. A range of adaptations
allow vultures to access resources spread across vast distances, the largest foraging range
calculated for a Cape Vulture is, for example, 2 066 350 km? (Hirschauer et al., 2017). These
adaptations include low energy flight, the ability to consume and store sizable quantities of
food and singular offspring with slow growth rates (Ruxton and Houston, 2002). These
characteristics help to make the proximity of food resources less important for vultures than in

other avian groups (Ruxton and Houston, 2002).

I did not find a negative relationship between breeding success and the amount of potentially
Pb contaminated food provided at SFS. Although I could not be certain that all game meat
provided at SFS had been shot, | believe my indirectly measured exposure of Pb in this food
type was realistic, since shooting is the primary method of killing game animals in South
Africa. Furthermore, during the period of study, there has been very limited adoption of non-
Pb ammunition. One possibility for any lack of affect, could be that when vultures feed at a
carcass, only a small number may ingest Pb particles. The effect of Pb-poisoning mortalities
may thus be diluted at the colony level which I investigated. A large proportion of Pb exposure
in vultures may come from hunting activities that are unaffiliated to SFS and therefore not
accounted for in my model. A large percentage of African vultures show elevated Pb levels,
with Pb-shot having been identified as the most likely cause (Garbett et al., 2018; van den
Heever et al., 2019). Although sub-lethal effects are likely affecting vulture fitness on an
individual level (van den Heever et al., 2019), these effects may be outweighed by the short-
term benefits of the additional food resource in some cases (Herring et al., 2020). Also, the
harmful effects of lead ingested as a chick may only become evident in the long-term, after

chicks have already successfully fledged.

We also found no effect of the potential exposure to poisoning by commercial farmers in the
area surrounding colonies. For this variable to affect breeding success, breeding adults would
have to be poisoned during the breeding season. Although poisoning events have the potential
to cause huge vulture losses (Henriques et al., 2020), such events tend to be infrequent and
randomly distributed at the landscape scale. My measure of poisoning prevalence is a measure

of commercial farmers propensity to use poison and may not have been an adequate
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representation of poisoning events where vultures were killed. It is also possible that the large
number of SFS around permanent and conspicuous Cape Vulture breeding colonies, are
reducing the likelihood of vultures encountering poisoned carcasses, thereby mitigating the
effect of this variable on breeding success in the model. Such a poison-risk buffering effect is
a further potential positive benefit of SFS, but one that requires detailed modelling and

empirical research to verify.

Management implications

As suggested by Chapter 2 the amount of food provided at existing SFS combined with natural
food resources, is likely already exceeding the food requirements of vultures in the region. This
could explain why | found no effect of SFS. In the absence of evidence that supplementary
feeding is bolstering breeding South African vultures, it is important to verify other proposed
positive impacts which may still validate the use of this conservation measure. In long-lived
species like large raptors, management strategies that enhance survival rather than action which
aim to address productivity, are more likely to affect population trends (Sether and Bakke,
2000). If a vulture population is indeed food limited, it is likely that SFS will increase survival
(Lieury et al., 2015). I could speculate that SFS have the ability to increase survival of recently
fledged vultures or reduce poisoning risk by vultures preferentially feeding at this safe food
source. However, such aspects require specific testing, and more research is needed to verify
these effects. Short-term survival gains also need to be weighed against longer term negative
effects. For example, SFS may allow birds to increase their fat deposits and therefore energy
reserves, while at the same time causing neurological damage, through chronic exposure to Pb,
that compromises individual fitness over the long-term. Such individual level effects can affect
population demographics as older individuals (the more experienced breeders) suffer the

effects of this exposure compounded over time.

The application of SFS was only ever meant to provide temporary support to vulture
populations while the causes of their declines are addressed and should never be considered a
long-term solution to the current African vulture crisis. If a net benefit to vultures cannot be
shown, then conservation resources may be more wisely spent on directly combatting mortality
causing threats, such as poison use and powerlines. This is especially poignant given my results

and the fact that further research is needed on the effect of this measure on vulture behaviour,

130



ecological structure, and the effects of substances that vultures may be exposed to at SFS.
Additionally, there may be costs for less competitive but more threatened vulture species who
may be attracted to SFS but where food is monopolised by larger and more dominant Cape
Vultures (Cortés-Avizanda et al., 2010). It is therefore necessary to conduct species specific

research on the effects of SFS.

My results and conclusions should be interpreted cautiously. My analysis was conducted at the
landscape scale, and it is possible that some individual colonies may be benefiting from
supplementary feeding due to localised food shortages. | therefore urge managers to conduct
case-specific and experimental assessment of the impact of supplementary feeding at vulture

colonies to determine the suitability of this conservation measure at their sites.

Conclusion

Our study did not provide evidence that SFS are benefitting Cape Vultures via the mechanism
of enhanced breeding success, in South Africa. While | only investigated one of the potential
benefits of SFS, these results viewed in light of the identified low awareness of vulture threats
under managers, perhaps caution against the indiscriminate application of this conservation
measure. The many potential negative consequences of anthropogenic supplementary feeding
is still poorly understood. A case-by-case assessment of the justifications for its application,
and the way it is applied, may therefore be a more responsible strategy than recommending it
as a standard practice. If a net beneficial effect cannot be shown, then conservation resources
are perhaps more effectively spent if directed towards combatting the causes of vulture
mortalities directly. While supplementary feeding has the potential to play a supportive role in

combatting the vulture declines, it should not be viewed as a solution to the current crisis.
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Appendix

5

Appendix 5.1: Representation of model structure used in R.
Basic model: glmer(cbind(success, fail)~ Proximity Index + Provisioning Rate + Observation
Period + (1|colony) + (1]year), family=binomial)
Full model: glmer(cbind(success, fail)~ Proximity Index + Provisioning Rate + Observation
Period + Lead provisioning + Poisoning Prevalence + (1|colony) + (1]year),
family=binomial)

Appendix 5.2: Summary of 100km buffer results for 10 year period. (only data that allowed us to model it)

Predictors Log-Odds std. Error Cl p
(Intercept) 1.59 0.45 0.70 - 2.47 <0.001
Proximity index -0.18 0.26 -0.68 -0.32 0.479
Provisioning rate 0.28 0.25 -0.22-0.77 0.270
Pb contamination risk -0.23 0.65 -1.51-1.06 0.730
Poisoning prevalence -0.05 0.19 -0.42-0.31 0.781
Observation period -1.73 0.08 -1.89 —-1.57 <0.001
Random Effects
62 3.29
700 0.57 year
0.28 colony
ICC 0.21
N 9 colony
10 year
Observations 61
Marginal R2/Conditional 0.264/0.415
R2
Appendix 5.3: Summary of 100km buffer results for 20 and 10 year period simple models.
Predictors Log- 4. Error Cl p Log- std. Error Cl
Odds ) Odds )
(Intercept) 1.27 0.20 0.88 - 1.65 <0.001 1.49 0.25 1.00 -1.97 <0.001
Proximity index -0.18 0.15 -0.48 -0.12 0.235 -0.11 0.17 -0.45-0.23 0.508
Provisioning rate 0.22 0.13 -0.04 - 0.48 0.097 0.23 0.16 -0.07 - 0.54 0.137
Observation period -0.86 0.04 -0.94--0.77  <0.001 -0.91 0.05 -1.00--0.82  <0.001
Random Effects
o2 3.29 3.29
100 0.40 year 0.18co|0ny
0.15 colony 0.38 year
ICC 0.14 0.15
N 10 colony 10 colony
20 year 10 year
Observations 95 70
Marginal R? /Conditional 0.166 / 0.285 0.207/0.322
RZ
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Appendix 5.4: Summary of 200 km buffer results for 20 and 10 year period simple models

Predictors 583; std. Error cl p 5333 std. Error Cl p
(Intercept) 1.19 0.22 0.77 - 1.62 <0.001 1.42 0.27 0.89-194 <0.001
Proximity index -0.30 0.17 -0.64-0.04 0.082 -0.16 0.20 -0.55-0.23 0.421
Provisioning rate 0.36 0.21 -0.05-0.76 0.088 0.30 0.21 -0.12-0.72 0.160
Observation period -0.86 0.04 -0.94--0.77  <0.001 -0.91 0.05 -1.00 —-0.82 <0.001
Random Effects
o2 3.29 3.29
T00 0.40year 0.24 colony
0-21co|0ny 0.38 year
ICC 0.16 0.16
N 10 colony 10 colony
20 year 10 year
Observations 95 70
Marginal R? / Conditional 0.119/0.323 0.224/0.347
RZ
Appendix 5.5: Summary of 100km buffer results for 10 year period when breeding success estimates of 100%
are excluded.
Predictors Log-Odds std. Error Cl p
(Intercept) 1.41 0.35 0.72-2.09 <0.001
Proximity index -0.07 0.21 -0.48 -0.35 0.756
Provisioning rate 0.20 0.22 -0.23-0.62 0.370
Lead contamination risk -0.14 0.54 -1.19-0.91 0.794
Poisoning prevalence 0.01 0.15 -0.28-0.30 0.966
Observation period -0.79 0.06 -0.90 — -0.68 <0.001
Random Effects
62 3.29
700 0.17 colony
0.24 year
ICC 0.21
N 9 colony
10 year
Observations
Marginal R2/Conditional 0.141/0.235
R2
Appendix 5.6: Summary of 100km buffer results for 20 and 10 year period simple models when breeding success
estimates of 100% are excluded.
Predictors Log- 4. Error Cl p Log- std. Error Cl p
Odds ) Odds )
(Intercept) 1.10 0.15 0.80-1.40 <0.001 1.35 0.17 1.02-1.68 <0.001
Proximity index -0.15 0.12 -0.37-0.08 0.213 -0.01 0.13 -0.27-0.25 0.923
Provisioning rate 0.12 0.11 -0.10-0.33 0.283 0.16 0.12 -0.08 -0.39 0.190
Observation period -0.56 0.05 -0.66 —-0.47  <0.001 -0.61 0.05 -0.71--052  <0.001
Random Effects
o2 3.29 3.29
T00 0.08 colony 0.09c0lony
0.24 year 0.16 year
ICC 0.09 0.07
N 10 colony 10 colony
20 year 10 year
Observations 82 58
Marginal R? /Conditional 0.063/0.147 0.086/0.150
RZ
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Appendix 5.7: Summary of 200 km buffer results for 20 and 10 year period simple models when breeding success

estimates of 100% are excluded.

Log-

Log-

Predictors Odds std. Error Cl p Odds std. Error Cl p
(Intercept) 1.05 0.17 0.72-1.38 <0.001 1.30 0.19 0.94 - 1.66 <0.001
Proximity index -0.22 0.13 -0.47 -0.03 0.090 -0.04 0.15 -0.34-0.25 0.771
Provisioning rate 0.23 0.16 -0.09 -0.55 0.154 0.23 0.16 -0.08 - 0.54 0.142
Observation period -0.56 0.05 -0.66 —-0.47  <0.001 -0.61 0.05 -0.71--0.51 <0.001
Random Effects
o? 3.29 3.29
T00 0.11 colony 0.12 colony

0.24 year 0.16 year
ICC 0.10 0.08
N 10 colony 10 colony

20 year 10 year

Observations 82 58
Marginal R? / Conditional 0.082/0.170 0.100/0.171

RZ
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CHAPTER 6:

Synthesis

Photo: The sun sets over a SFS on top of a hill in the southern Drakensberg (Photo by C.W. Brink).
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This thesis stems from the current widespread and favoured application of supplementary
feeding in vulture conservation. The popularity of this conservation measure is currently not
congruent to the level of conclusive scientific evidence of its beneficial effects on vulture
populations. Many contradictory results have been published globally and knock-on effects on
non-target species, the wider ecosystem and human-wildlife dynamics have rarely been
considered. Additionally, previous assessments have often been localised studies or have been
hampered by a lack of information on resource provisioning at feeding sites. My thesis
therefore investigates the role of SFS in vulture conservation. | did this by firstly compiling
base-line information on this practice in South Africa. | then attempt to verify some of the
proposed beneficial effects of this conservation measure while accounting for potential trade-
offs stemming from bad management practices and threats within the landscape. My thesis
focuses on South Africa, the apparent birthplace of this conservation measure, but the outcomes
of the thesis are also applicable further afield. These outcomes are meant to guide conservation
management in adding to the growing discussion of the trade-offs of SFS for vultures and the

wider ecosystem, as well as identifying and refining best management practices.

Summary of key findings

The infographic below illustrates the overall structure and key findings of my thesis (Figure
6.1). In the second chapter I describe for the first time the prevalence, distribution and resource
contribution of SFS at a national level, thereby providing baseline information for all future
research into this subject. Analysis of this data shows that SFS already contribute a significant
amount of food to vulture populations, which calls into question current assumptions that
vulture populations are food limited in South Africa. However, most of the food is provided by
a small number of SFS with very high provisioning rates, and vulture species have varying

access to these resources depending on their distributions.

Chapter 3 investigated the SFS managers themselves, who were identified to be mostly
involved in livestock farming but also tourism, hunting and game breeding. SFS were perceived
to have few disadvantages and to mostly benefit managers. Managers had a poor understanding
of vulture conservation issues. | show that this low awareness could compromise the safety of
vultures that visit these sites through, for example, the provisioning of food contaminated by
veterinary drugs and/or lead.
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Contaminants in meat provided at SFS are additional to the already widespread threat of poison
use under livestock farmers. In Chapter 4 | show that this practice persists in nearly a third of
South African commercial farmers and is most prevalent under small stock farmers. | found
that farmers were mostly positively disposed to vultures and less likely to use poison if vultures
were present on their farms. The strongest predictor for poison use was, however, whether the
practice was perceived to be commonly used by peers, highlighting how perceived social
acceptability may be shaping behaviour and could be leveraged for vulture conservation. Being
the major cause of vulture mortalities in Africa, poison prevalence may impact breeding

success at the colony level through the mortalities of parents with dependent chicks.

In Chapter 5 | use the baseline data on SFS from Chapter 1, while accounting for potential
effects of unsafe food resources identified in Chapter 2 and 3, to test the effect that SFS have
on the breeding success of vultures at a regional level, using Cape Vultures as a study species.
| found no strong evidence for a beneficial effect of SFS on breeding success, but neither did |
find any strong evidence for negative effects regarding food contaminants provided at SFS, nor

the prevalence of poisoning in the surrounding commercial farmland.

Panacea or perilous management practice?

SFS are enthusiastically envisioned as a win-win scenario for both their managers and vultures.
SFS managers are proposed to receive cost effective carcass disposal and disease prevention
while vultures are proposed to benefit through increased survival and breeding success, as well
as a reduced risk of poisoning. This is the common narrative in campaigns aimed at recruiting
landowners into adopting this practice (The Endangered Wildlife Trust 2011). Unpacking these
assumptions in the context of this thesis, however, shows that establishing such a mutually

beneficial relationship is not necessarily easily accomplished.
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MOTIVATIONS AND PERCEPTIONS DETERMINE BEHAVIOUR

* SFSestablshment is motivated by vuiture conservation.

* Managers perceive arange of personalbenefits.

* Farmershave positive dispositionto vultures.

* Perceptionsregarding social acceptance predicts poison-use.

* Lethalcontrol still regarded as more effective than most non-
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CONCLUSIONS:

A prioriassumptions of the benefits of SFS are unwarranted.
* Bad management practices are endangering vultures using SFS.
* Theapplication of supplementary feeding warrants science-based and case-specific justification.
* Investment of conservation resources should rather focus on directly addressing the causes of
vulture declines.

Figure 6.1: Schematic diagram showing the outline of my research question and how data chapters interlink to
answer this question.
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The majority of managers did indeed perceive SFS to be beneficial to themselves. More than
half of managers specifically appreciated the cleaning service provided by vultures.
Interestingly, only 2% of managers seemed to directly connect this with disease prevention, or
at least specified this benefit. Vultures indeed live up to their reputation of being efficient
cleaners and are able to effectively and quickly dispose of carcasses before pathogens manage
to significantly replicate and transmit (van den Heever et al. 2021). Does this however translate

to reduced disease spread for managers leaving carcasses out for vultures?

Historically perceptions that vultures spread disease were prevalent (Mundy et al. 1992).
Perhaps this negative connotation is still embedded in the minds of landowners. The general
survey | conducted under livestock farmers in Chapter 3 indicated that 43% of livestock
farmers in South Africa do not disagree with the statement that vultures spread disease, albeit
that 31% were undecided regarding whether they believed it to be an issue. Currently, the role
vultures play as the vectors of pathogens is largely understudied (van den Heever et al. 2021).
Their exceedingly acidic stomachs help to reduce their susceptibility to pathogens, but anthrax
spores have been found in their faecal matter (Hugh-Jones and de Vos 2002) and colonisation
by various zoonotic pathogens has been recorded (Plaza et al., 2020). It is therefore possible
for vultures to spread pathogens over great distances given their wide-ranging habits, but the
current consensus is that the disease spread prevention effect of functional vulture populations
far outweighs any potential transmission risks (van den Heever et al. 2021). However, vultures
rely on cues from conspecifics to find carcasses (Mundy et al. 1992) and a reduction in vulture
densities in an area can therefore compromise the effectiveness of this ecosystem service by
causing delays in carcass discovery and reduced consumption. This situation would allow
additional opportunity for pathogens to colonise, replicate and, in the case of anthrax, Bacillus
anthracis, to form spores (van den Heever et al. 2021). Consequently, landowners may, at least
initially until vulture populations recover, experience higher disease prevalence if they leave
carcasses for vultures rather than using other traditional carcass disposal methods such as
burying or burning. The effectiveness of using vultures for carcass disposal and disease
prevention will consequently depend on vulture prevalence and the amount of waste produced
by a livestock production operation. Whether traditional methods of carcass disposal are more
expensive also depends on these factors and the cost-effectiveness of SFS for intensive versus
smaller scale livestock operations still requires investigation. SFS are not without their costs

and they require infrastructure such as fencing and the transport of carcasses to specific sites.
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Vultures themselves may also face the risk of disease and infection when making use of
anthropogenic food sources. Vultures have been shown to be colonised by host-specific human
and multi-antibiotic resistant pathogens, some of which are potentially influencing mortality
risk and fitness (Plaza et al., 2020). SFS have been identified as the origin of many of these
infections (Plaza et al., 2020) furthering the idea that there are likely trade-offs for vultures in
using SFS. Comparably, Plaza and Lambertucci (2018) showed that black vultures, Coragyps
atratus, in the Americas that fed from rubbish dumps had higher body mass on average and
were less prone to dehydration than those in a more natural setting. However, the vultures that
fed at rubbish dumps also displayed biochemical parameters suggesting nutritional problems
that may be causing kidney damage or infections. This thesis may be comparable to the South
African situation where | have identified that, due to low awareness under SFS managers,
carcasses at SFS may contain contaminants (lead and veterinary drugs) that are known to be
harmful to vultures (Chapter 3). In singular cases some SFS have even devolved into
uncontrolled dump sites where all manner of waste, even inorganic waste is or was being
dumped. While most managers seem to be aware of the dangers of veterinary drugs, awareness
of the very real dangers of lead poisoning are exceedingly low. This is despite the toxicity of

lead to all organisms, including vultures, being very well documented.

In this thesis I did not find evidence that SFS help to increase the breeding success of Cape
Vultures at national level. Failure to find a signal for this effect at this large-scale builds on
other critical assessments that are increasingly questioning the narrative that a beneficial effect
is a standard response (Cortés-Avizanda et al. 2016; Oppel et al. 2016a). Such effects may be
situational, requiring populations to be food restricted, which may not be the case at a landscape
level in South Africa. If | had assessed a smaller and less dominant vulture species, then perhaps
it could have been argued that I failed to find any effect because my thesis species was
outcompeted by others at SFS. Cape vultures are however the largest vulture across much of
their South African range. If such base level beneficial effects cannot be shown and the
detrimental effects on the ecology of vultures and the rest of the ecosystem remain largely
unknown, is supplementary feeding an advisable management strategy at the landscape level?
More research is needed to verify how transferable my results are to other species and to test
for other effects like increased survival. In the interim it may perhaps be advisable to limit the
application of SFS to specific cases where low food availability has been demonstrated and
SFS manager can be adequately trained.
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The need for regulation

Much of the negative effects mentioned above relate to bad management practices. The low
awareness of SFS managers of best management practices indicates a need for increased
training and communication from the conservationists that are motivating landowners to adopt
this practice. “Vulture restaurants” as they are more commonly known under livestock farmers,
are however so widely known as a concept in South Africa that it is an activity that people
engage in informally and at their own discretion. Many undocumented SFS therefore likely
currently exist and will be established in future without consultation with conservation
practitioners. Dangerous management practices will consequently be difficult to stamp out
under the current structure of governance which is individual based. Formal regulation of SFS
is therefore perhaps required to ensure that SFS do not endanger vultures. Such regulation
would be most needed at the largest SFS which are likely having the strongest effect on

vultures.

Regulation of SFS was implemented in Europe in response to the 2001 outbreak of bovine
spongiform encephalopathy and new legislation severely restricted the use of carcasses and
animal by-products (Dondzar et al. 2009). The downside of such regulatory action may be that
it discourages landowners to be involved with such initiatives. The resulting low participation
may therefore lead to the closure of many existing sites. Given the potential contribution to
vulture energetic needs | identified, such closures may result in food shortages as it did for
European vultures. The new European sanitary legislation initially resulted in a decrease in
breeding success and survival for vultures since these populations were mostly depended on
domestic livestock (Donézar et al. 2009). Whether this would be the case in South Africa,

where more wild ungulates still remain, is not yet clear.

An additional consideration is South Africa’s ability to enforce such regulation or legislation.
Realistically there is likely a very low capacity to do so effectively. This means that the
responsibility of ensuring that active sites are using best management practices falls to the
conservation organisations who motivated managers to start this practice. Identifying what the
best management practices are is however still open to debate, as the effects of SFS on vulture

ecology and especially foraging ecology are still much debated.
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Poisoning mitigation versus habituation: a catch-22

Assuming my findings regarding the lack of positive effects on breeding success are applicable
to other species as well, then SFS could still be an advisable conservation response if they are
shown to increase the survival of vultures. Potential trade-offs will then need to be considered.
If SFS increase survival while also causing density dependent productivity depression, as has
been the case in some instances (Carrete et al. 2006b), then a net benefit at the population level

is not guarenteed.

One of the mechanisms for increased survival is through reducing the risk of vultures to be
exposed to unsafe food resources such as poisoned carcasses (Gilbert et al. 2007). How
supplementary feeding schemes are applied will, however, determine the acuteness of such
effects. This highlights a certain extent of cognitive dissonance in the current conservation
narrative. Awareness campaigns for livestock farmers are often focussed on educating farmers
about the ecological role that vultures play by cleaning the environment of carrion and stopping
diseases (The Endangered Wildlife Trust 2011). At the same time landowners are motivated to
use SFS to reduce the risks of vultures encountering poisoned carcasses. This risk reduction is
maximised by increasing dependence of vultures on SFS and the safe food sources provided
there (Kelly et al. 2014). Such dependence is encouraged by the predictable and consistent
provisioning of large amounts of food at SFS (Fluhr et al. 2017). However, if vultures are
preferentially feeding at SFS this will compromise the ecosystem service that is highlighted as
the most important motivation for conserving vultures in the first place. Some researchers have
concluded that SFS do not compromise natural foraging behaviour (Kane et al. 2016), but if
this is the case then the buffering effect of SFS against poisoning will be much reduced.

Evidence that SFS do indeed alter vulture movements is mounting (Lépez-Lépez et al. 2014;
Fluhr et al. 2017). The placement of SFS is thus becoming an important management
consideration that may determine whether vultures are being lured into or out of high-risk areas.
This aspect requires further investigation. Many vultures are currently being tracked by various
NGO’s and Universities in southern Africa, this presents an opportunity to test the effect of
SFS on movement behaviour in an experimental manner. Vulture movement in the presence of
predictable food sources can be compared with those when only unpredictable food resources
are available. If any effect is found it would be advisable to also investigate how long the effects
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on movement behaviour continue after the cessation of predictable food provisioning. Once
these effects have been determined the distribution of threats at a landscape level will become
imperative for the proper planning of SFS placement. Such conservation management is
however currently hampered by the lack of regulation and the informal way in which SFS

function.

In this thesis I provide some information towards the future planning of SFS placement by
spatially quantifying the risk of poisoning, the main threat to vultures, from commercial
farmers to all susceptible vulture species in South Africa. This information will be invaluable
for future conservation planning, but to effectively use it we first need to understand the net
effects of SFS. For example, does placing SFS in areas with high poisoning risk reduce
poisoning risk for vultures or result in an increase in population level mortality because vultures
from further afield are lured into high risks areas? What is clear is that the current simplistic
narrative surrounding SFS proposes benefits that may conflict with each other, are
unsubstantiated, or do not include important technical considerations which are required for

the responsible application of this conservation measure.

Conservation priorities

Given the potential of anthropogenic food resources to alter the ecology of wildlife, SFS were
only ever intended as a temporary conservation measure to buy time for conservationists to
address the causes of vulture declines (Moreno-Opo et al. 2015a). Since their inception,
however, the main threats driving vulture declines remain unchanged (Botha et al. 2017).
Addressing threats such as habitat loss, poison-use and belief-based use are complex, sensitive
and multi-faceted. It is therefore tempting to focus on simplistic measures that are
straightforward to apply, such as providing food for declining populations, rather than engaging
directly with the root causes of declines. While establishing SFS may seem simplistic and feel
like a valuable contribution, applying this measure effectively and responsibly is more complex
than generally appreciated and may in many cases be a risky investment of conservation

resources.

In South Africa SFS have evolved beyond a temporary measure and is likely thought by some

to be a viable and permanent means of sustaining vulture populations. If we are to evaluate
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supplementary feeding as a non case-specific, standard response to vulture declines, then at
best the science indicates that there is ambiguity as to whether SFS are beneficially affecting
vulture populations. At worst it shows that SFS negatively impact vulture populations, alter
their behaviour and ecology and may even constitute an ecological trap for some species. Given
this ambiguity and the continued prevalence of severe threats to vultures, it is perhaps prudent
for a shift in the vulture conservation zeitgeist away from a focus on supplementary feeding
towards the investment of conservation capital into addressing threats to vultures directly. My
thesis suggests, at least with regards to Cape Vulture breeding success, that conservation efforts

would be more efficiently spent combating anthropogenic causes of vulture mortality.

Dogma and expert opinion versus scientifically informed management

practices

Pro-active conservation initiatives should be managed in continual process of design,
implementation, evaluation and re-evaluation cycles that are evidence based and targeted
(Sutherland et al. 2004). Unfortunately, while interventions may often be evidence based, case-
specific evaluation is often neglected (Fenn et al. 2020). This impedes effective and responsive

conservation management.

Evidence for the positive effects of supplementary feeding have resulted in a priori assumptions
that this is an efficient conservation practice for supporting vulture populations. Although early
studies have indicated that SFS are appropriate conservation interventions for large avian
scavengers, more recently critical reviews of their usefulness are emerging (Margalida et al
2010). The continued knee-jerk application of this conservation measure in response to species
declines, despite these contrary indications, has resulted in supplementary feeding being
highlighted as a conservation measure whose application has become dogmatic (Martinez-
Abrain and Oro 2013). Justifications for its application should thus be critically assessed on a

case-by-case basis and in a scientifically robust way.

The outcomes of management practices based on scientific evidence can be predicted, albeit to
varying degrees of accuracy, but expectations regarding the outcome are backed up by
evidence. Management practices that are based on dogma ignores contrary evidence, and they

can thus lead to unexpected results (Martinez-Abrain et al. 2004), including negative ecological
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and economic consequences (Carwardine et al. 2008). Dogmatic management practices
therefore constitute a bad allocation of the limited economic resources in the conservation
sphere (Martinez-Abrain and Oro 2013). Given the current economic crisis and the crisis that
is biodiversity decline, the wasting of such resources on ineffective measure are unjustifiable.
There is currently an uneven distribution of conservation spending in relation to conservation
priorities (Halpern et al. 2006). Vulture conservation managers should therefore be mindful
that their management decisions regarding SFS do not become dogmatic and are evidence
based. Further research will be necessary to determine whether supplementary feeding should

be a priority in vulture conservation in South Africa.

Thesis limitations and research recommendations

The fact that | did not find a strong positive effect of SFS on breeding success, highlights the
importance of investigating potential negative effects of this practice on vultures and the wider
ecosystem. Such research will help refine the supplementary feeding methods used, to mitigate
such negative effects, and help to caution the conservation community regarding a priori
assumption about the suitability of this management technique (Blanco et al. 2011; Oppel et
al. 2016b). In this thesis | only tested the effects of SFS on the breeding success of Cape
Vultures. What effect supplementary feeding has on vultures and their populations is too large
and diverse a question to address solely with this thesis. It will require a diverse array of

research across a range of fields and on a variety of species and locations.

To ensure that such questions can be effectively assessed with the level of urgency warranted
by the African Vulture Crisis, standardised monitoring protocols of vulture colonies and SFS
are required. This information also needs to be shared between organisations and researchers
to enable faster research outputs and broader-scale analysis. My thesis was hampered by the
lack of standardised monitoring protocols, requiring post hoc and less effective standardisation
or data exclusion. Additionally, refusals to share data prohibited the exploration of the effects
of SFS on other species. The conservation need of vultures in Africa underlines the need for
unreserved collaboration between organisations towards the common goal of saving vultures.
In this thesis | provide the necessary baseline information on SFS that has hampered robust

analysis of the effects of SFS, at least in a southern African context. In the view of the sentiment
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above, this will be made freely available to parties conducting relevant research or who can aid

vultures in their conservation plight.

This information is however not without its own shortcomings. While 1 was able to provide
estimates on food provisioning. These estimates likely become more and more inaccurate the
further back in time or forward into the future they are projected. This is due to an increased
likelihood of changes in farming practices, such as stocking rates or farming type. Further
research could benefit from accurate records of feeding at SFS. Encouraging farmers to keep
such records could enhance the confidence in the findings from research incorporating this
information. Baseline information on food availability would also have been useful in my
thesis. Currently no large-scale information on carcass availability exists and this was a
complicating factor | could not account for in my modelling. Controlling for this will enable
the identification of vulture colonies who do indeed have low food availability and could

conceivably be affected more positively by supplementary food.

Different species may also respond differently to food supplementation for a variety of reasons,
including differences in life history traits, environmental conditions and inter and intra-specific
competition (Ruffino et al. 2014; Moreno-Opo et al. 2015). These factors are important to
disentangle to effectively apply supplementary feeding initiatives that have the desired effects
on target species. Currently Africa is lagging behind Europe regarding the identification of best

management practices that incorporate such elements (Moreno-Opo et al. 2015).

Of specific interest is the differences in the effects of different feeding strategies and
identifying which would be the preferred application in a given scenario. For example, is a
feeding strategy that simulates a natural situation (spatially and temporally unpredictable
spread of food) and therefore does not alter vulture behaviour preferable? Or should we rather
be encouraging dependence through highly predictable food resources that may be more

effective in reducing poisoning risk but have more acute unintended consequences?

Lastly an investigation of the nutritional quality of food provided at SFS needs investigation
(Ruffino et al. 2014). SFS mostly provide domestic livestock, which has higher fat content than
wild ungulates, and may contain various artificial hormones and veterinary drugs. These

nutritional factors could potentially be affecting vultures in various ways.
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Conclusion

My research adds to the increasing body of evidence that current a priori assumptions regarding
the effectiveness of supplementary feeding in addressing vulture declines are unwarranted.
Worryingly, the potential adverse effects of this management practice on vultures and the wider
ecosystem are still poorly understood and rarely considered. These aspects require urgent
research. What is clear is that the informal application of this conservation measure by
untrained managers is potentially endangering vultures through dangerous management
practices. Increased regulatory action or training can potentially address this concern. As the
situation stands, a focus on food provisioning may be diverting scarce conservation resources
and attention away from management actions which are potentially more effective.
Specifically, directly addressing the causes of vulture population declines specifically should
be a priority. In summary, supplementary feeding has the potential to be an effective
conservation tool in specific cases, but its current application hints at having become dogmatic
in nature. If the effects of SFS and their various trade-offs are not objectively assessed, then
they may become counterproductive to conservation goals in some cases. In future case-
specific research and continuous monitoring is needed to ensure this conservation measure is

correctly applied and resulting in the desired outcomes.
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