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The Karoo is a unique region in South Africa in terms of its ecological processes and endemic species. Large areas
are needed to maintain viable populations of nomadic birds that follow erratic rainfall events and subsequent food
and nesting resources, as well as ephemeral standing water. Whereas many species are adapted to arid conditions,
our trait-based analysis found that an unusually large percentage (almost 45%) of 315 bird species in the semi-arid
Karoo region rely on water to some degree. Indeed, some birds may have benefited from human activities to date,
such as through the provision of water for livestock. However, this reliance on water makes birds vulnerable to
changes in water quality stemming from various industrial developments. Given the large areas of the Karoo under
consideration for concessions, the most noteworthy of these is hydraulic fracturing for shale gas, which results in
a large quantity of waste water (‘produced water’) that contains a wide variety of chemicals, including petroleum
byproducts. Given the negative impacts of secondary waste water on wildlife in other parts of the world where
shale-gas exploration is being undertaken, careful attention must be given to preventing access to such produced
water by an estimated 60 to 141 species of birds that make use of the water in the Karoo.

Vulnérabilité des oiseaux aux sources d’eau contaminées dans la région de Karoo en Afrique du Sud

Le Karoo est une région unique en Afrique du Sud en termes de processus écologiques et d’espéces endémiques.
De grandes zones sont nécessaires pour maintenir des populations viables d’oiseaux nomades qui suivent
des précipitations irrégulieres et la nourriture qui s’en suit et des ressources de nidification, ainsi que des eaux
stagnantes éphémeéres. Alors que de nombreuses espéces sont adaptées aux conditions arides, notre analyse basée
sur les traits a révélé qu’un pourcentage exceptionnellement élevé (prés de 45%) de 315 espéces d’oiseaux dans
les zones semi-arides de la région de Karoo dépend de I'’eau dans une certaine mesure. En effet, certains oiseaux
peuvent avoir bénéficié d’activités humaines a ce jour notamment lors de I’approvisionnement en eau pour abreuver
le bétail. Cependant, cette dépendance a I’eau rend les oiseaux vulnérables aux changements dans la qualité de
I’eau en provenance de divers développements industriels. Etant donné les vastes zones du Karoo faisant I'objet de
concessions, le plus remarquable d’entre elles est la fracturation hydraulique du gaz de schiste, ce qui raméne une
grande quantité d’eaux usées («eau de production») contenant une grande variété de produits chimiques, y compris
des sous-produits du pétrole. Compte tenu des impacts négatifs des eaux usées secondaires sur la faune sauvage
dans d’autres parties du monde ou I’exploration du gaz de schiste est en cours, il faut veiller a empécher tout accés a
ces eaux produites de cette fagon pour environ 60 a 141 espéces d’oiseaux qui utilisent 'eau du Karoo.
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Introduction

The Karoo is an arid area covering about one-third of
South Africa and a small part of Namibia, and is made
up of two biomes, the Succulent Karoo and Nama Karoo.
Both biomes are semi-arid zones, but are distinct owing
to differences in seasonality and the amount of rainfall
(Desmet and Cowling 1999). The avifauna of the Karoo

sensu lato is rich, with over 400 species recorded in the
region (Harrison et al. 1997). In addition, an array of animals
with high endemism, such as tortoises and scorpions
(Vernon 1999), are found in the region. Karoo vegetation is
similarly rich in species and endemism (Cowling and Hilton-
Taylor 1999; Mucina and Rutherford 2006).
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Both biomes have a high species richness of larks
(Alaudidae), and the Nama-Karoo has a relatively large
assemblage of nomadic birds; both biomes have many
granivorous birds that rely on water (Hockey et al. 2005).
Resident species of birds tend to maintain low densities and
wait for rainfall events, whereas nomadic species search
for resource patches scattered in time and space, so their
respective densities vary temporally and spatially (Dean 1995).

Industrial developments planned for the Karoo have
included mining for uranium (Turner 1985), hydraulic
fracturing for natural gas (Scholes et al. 2016), and solar
(Rudman et al. 2017) and wind-energy facilities (Ralston-
Paton 2017). Each of these developments will likely impact
the region’s biodiversity (Holness et al. 2016), with bird
species (along with many other animals) expected to face
numerous challenges in the face of such developments.

In South Africa, mineral and mining rights are owned
by the state, which may grant licences to oil and gas
companies to explore the possibility of using fracking to
extract gas from shale deposits. The recent initiative to
prospect for and possibly mine natural gas from the shales
of the Karoo (Scholes et al. 2016; Todd et al. 2016) using
hydraulic fracturing or fracking is cause for concern, as the
process uses large quantities of water. More importantly,
the water used in the drilling and gas-extraction process
(called ‘produced water’) may be stored in retention
ponds adjacent to the wells (Ramirez 2009). Under South
African legislation, open water storage (at a well point)
would not be permitted (Glazewski and Esterhuyse 2016),
yet the produced water may nevertheless be available to
animals when ponds overflow or flood. About 52% of the
Nama-Karoo and 10% of the Succulent Karoo biomes
fall within potential concessions (Todd et al. 2016). The
areas concerned are shown in more detail in the report by
Scholes et al. (2016).

Fracking involves the pumping of a combination of
water, chemical additives and sand underground to extract
natural gas trapped in shale formations (Scholes et al.
2016). Waste water (used in the drilling process) and
produced water (used to flush out the natural gas) do not
stay underground but are pumped back to the surface
and stored in retention dams alongside the drilling rigs
(Reinicke et al. 2010). These impoundments thus contain
water with a mixture of the toxic, acidic and saline chemical
additives that are used in the extraction process, along
with the accidental discharge of oils and careless diesel
spills from the drilling process (Veil et al. 2004; Burton et
al. 2014). The scarcity of open-water sources means that
produced water ponds in the Karoo are likely to attract
animals who drink water or are associated with open water
in various ways, and could thus be fatal to these fauna, as
demonstrated in other regions and environments (Ramirez
2009; Latta et al. 2015; Costa et al. 2017). Hazards to
birds at wellpads include not only the toxic components
of the produced water found in ponds, but also oil slicks
on the water surfaces if otherwise not covered (Ramirez
2009). Several species of aquatic birds migrate at night
and occasionally land on water bodies on passage (Kirby
et al. 2008). QOil alone can be lethal to birds by disrupting
the water repellence of their plumage and the insulation
properties of the feathers, which can be a significant

source of mortality (Ramirez 2010). Nomadic species that
encounter produced water ponds would very likely drink at
them, although resident species would be unlikely to do so,
unless the produced water bodies were within their patch.

Potential gas reserves in the Karoo are thought to be far
less than predicted (de Kock et al. 2017); but if even a small
proportion of the wells for which prospecting licenses have
been issued are brought into service, there will be threats
to biodiversity. Identifying the components of the biota that
are at risk would be a useful exercise, if only for planning
ahead. Although research on the impacts of fracking has
not kept pace with the speed of new fracking projects,
studies now emerging show that fracking has a significantly
negative impact on human health (Colborn et al. 2011) and
biodiversity (Kiviat 2013; Lutz and Grant 2016; Wood et al.
2016), including birdlife (Latta et al. 2015).

Here, we assess the life history and habitat-use traits that
make birds of the Karoo vulnerable to pollution effects. In
addition, we present a list of species that we consider would be
at risk from contaminated water sources resulting from fracking.

We used a trait-based approach to determine the
vulnerability of birds to contaminated water. The approach
follows Foden et al. (2013), who used this method to
identify species (including birds) at risk from climate
change. We initially considered a list of 407 bird species
recorded for the Karoo (Dean 1995); we then removed
all species that could be best described as incidental
or vagrant in the Karoo, resulting in a list of 315 species.
We further divided this list into those species with a range
centred in the Karoo and those where the Karoo was
marginal to a species’ range. This exercise was conducted
by examining habitat preference data from The Atlas of
Southern African Birds (Harrison et al. 1997), wherein
reporting rates are given by habitat. Reporting rate is the
number of times a species occurs on a set of lists; for
example, when a species occurs once on a set of 10 lists,
the reporting rate is 10%. If the ratio of the reporting rate
in the Karoo biomes to the reporting rate across all other
habitat types was >0.5, then the Karoo was determined to
be important for the species.

We considered the following species’ traits: feeding,
resting, nesting, drinking and diet. The traits were scored as
binary: ‘1’ if the species was vulnerable by reason of these
characteristics occurring in association with water, and
‘0’ otherwise. Scoring was based mostly on our extensive
experience with these species, but also by referring to
published information, such as species accounts in Hockey
et al. (2005). In more detail, feeding was scored ‘1’ if a
species was considered to engage in foraging behaviour
in water or along the shore (i.e. most duck and wader
species). Resting applied mostly to aquatic birds. Nesting
referred to birds that nested on or over water, but also in
Phragmites reed-beds that typically grow in water. As many
species have been observed drinking, and for some cases
may have scored ‘1’ based on incidental drinking records,
we included birds that were considered to be predominantly
granivorous, since this foraging guild especially is
associated with drinking (Maclean 1996). Two studies that
have quantified water dependence in southern Africa both
suggest that granivores need to drink more frequently than
other dietary groups (Lee et al. 2017; Abdu et al. 2018).
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Any birds that score ‘1’ or more will be vulnerable to
contaminated water, but since population effects can
be compounded by threat levels we also calculated a
vulnerability score based on the sum of the traits. We did
this for two scenarios: an ‘at worst’ scenario presuming
that contaminated water is not covered, and an ‘at best’
scenario presuming that holding dams are covered, and
thus the threats from contaminated water are not applicable
to birds that feed in, nest near or rest on water. Thus, the
scores ranged from ‘0’ (denoting no applicable traits) to ‘5’
(signifying that all vulnerability traits are applicable to the
species) for the uncovered-water (‘at worst’) scenario,
or else 0-2 for the covered-water scenario, but where
we presume water will still be available for drinking at
wells and during transport to and from wells. To visualise
the vulnerability of birds at the family level, for the 25
most-species-rich families we classified each species as
‘resilient’ (no vulnerability traits) or ‘vulnerable’ (at least one
vulnerability trait), and created a bar chart using the sum of
these scores for each family using ggplot2 (Wickham 2009).

Of the 315 species considered, 201 species have the
core of their distributional range in the Karoo and 114
species are marginal (Table 1). Overall, 95 (47.3%) of
the 201 core species and 46 (40.3%) of the 114 marginal
species had life-history attributes associated with water
bodies or the vegetation along water bodies, either for
nesting or feeding, resulting in a total of 141 species
(44.7%) at risk for the ‘at worst’ scenario. Of these 141
species (Appendix 1), 116 had multiple life-history attributes
that make them vulnerable to contaminated fracking
water (vulnerability scores >1). Two of these species had
vulnerability scores >3: the Southern Red Bishop and the
Yellow-crowned Bishop, both of which are granivorous
species that drink, nest, rest and feed near water. However,
if the produced water were covered then only birds that
drink (or are granivorous) will still be at risk, amounting to
60 species (19%) of the 315 species.

Of the traits measured, 88 species feed on or close to
the water’'s edge; 68 species rest in, on or near water;
63 species nest on or in close-proximity to water; and 60
species have been observed drinking, of which 39 species
are considered predominantly granivorous and thus
likely have higher water dependence. Several families of
waterbirds had no species that could be considered resilient
to contaminated water sources (given the water was left
uncovered); these were the Anatidae, Ardeidae, Rallidae
and Scolopacidae, as well as the Columbidae (Figure 1).
Families with no species vulnerable to contaminated water
(i.e. resilient families), using our criteria, included the
Falconidae, Cuculidae, Malaconotidae, Muscicapidae and
Otididae (Figure 1).

Given the aridity of the Karoo, many bird species that
occur there show various adaptations to deal with low
water availability (Dean et al. 2009). Perhaps somewhat
surprisingly, we found that just under half of the species that
occur in the Karoo have some association with water: either
strongly associated with water for resting, or just drinking
water when it is available. Some of these associations with
water are clear (the case of waterbirds, for instance), but
some are not always immediately obvious; for example,
swallows not only often drink water but also use mud to

Table 1: A summary of the numbers of bird species in the Karoo
region of South Africa identified as being ‘vulnerable’ to potential
water contamination: of the list of 315 species initially considered,
we indicate how many can be considered to have the Karoo
region as part of their core range, and we classify the remainder
as marginal. For each of these groups, the number of species
associated with water to some degree (i.e. for nesting, resting,
foraging or drinking) is indicated

Total Associated with

Range . Percent
species water

Core 201 95 47.2

Marginal 114 46 40.4

Total 315 141 44.7

build their nests (Hockey et al. 2005), while Sandgrouses fly
long distances to drink and to provide water to their chicks
(Hockey et al. 2005), which may be more vulnerable than
adults to toxins in water. Thus, the contamination of water
supplies or the provisioning of contaminated water (with
concomitant contamination of mud and the potential loss of
aquatic vegetation) pose a risk to the birdlife of the Karoo,
and this aspect may be undervalued. The extent of the risk
to species would vary greatly but could prove catastrophic
for nomadic aquatic species of birds attracted to the
contaminated ponds.

The reactions of birds to most of the chemicals used
in fracking are unknown. Known hazards to birds include
pesticides and industrial pollutants, such as polychlorinated
biphenyls (PCB) and heavy metals, particularly mercury
(Moore 1985; Fry 1995; Giesy et al. 2003). However,
birds notably sometimes have unusual lethal reactions to
apparently harmless substances; for example, chocolate
is toxic to at least one species of parrot (Gartrell and Reid
2007), and veterinary medicines such as diclofenac have
proved lethal to vultures (Swan et al. 2006). Birds may also
experience sublethal effects from carrying PCBs or DDT
in their bodies: nestling Black Harriers (a species found
in the Karoo) with high, albeit sublethal, PCB burdens
showed higher immune responses and lack of pigmentation
in their ceres and tarsi, body parts that may be important
for communication (Garcia-Heras et al. 2017). Given the
extensive list of compounds already identified from water
produced by fracking (Stringfellow et al. 2014), and given
the rather extreme effects of PCBs, insecticides and
fungicides on bird populations (Moore 1985; Fry 1995;
Giesy et al. 2003), it would be unwise to assume that birds
would not be adversely affected by water containing some,
or all, of these compounds.

Even though fracking is a relatively new activity, a few
studies have already examined the impact of shale-gas
extraction on the activities of bird communities. It has been
suggested that shale-gas development has the potential
to fragment regional forests and alter avian communities
(Farwell et al. 2016), and fracking reduces the nesting
success of one species of songbird in North America
(Frantz et al. 2018).

The impacts of fracking and contaminated produced
water on biodiversity would depend on the scale at which
the operations are undertaken. A review of the potential
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Figure 1: The 25 most-common bird families in the Karoo region of South Africa, and the number of species in each family, separated into
species that have at least one trait that would make them vulnerable to contaminated water (‘vulnerable’) and those that have no traits that
suggest vulnerability to contaminated water (‘resilient’). Height of the bars indicates the number of species in each category

impacts on biodiversity and avifauna in the Karoo
suggests that were there a large number of wellpads (an
estimate is one every 2.25 km?), the habitat loss would
be approximately 15% at the landscape scale and would
markedly affect populations of resident species (Holness et
al. 2016). Increased road networks and traffic will likely also
have deleterious effects on birds, owing to direct collisions,
dust affecting feeding by lowering visibility and invertebrate
populations, or through the effects of vibration, light or
noise. Taking into consideration additional habitat loss
and disturbances along roads further from the immediate
areas around drill rigs and associated infrastructure, it is not
unreasonable to expect declines of as much as 20% in the
abundance of resident species (Holness et al. 2016). Pits or
sludge dams constructed to hold produced water near well
sites may be a major hazard for birds in the Karoo (Holness
et al. 2016), as shown in other studies in the Northern
Hemisphere (Ramirez 2010; Latta et al. 2015; Farwell et
al. 2016). Evaporation ponds at a concentrated solar power
facility in the Karoo had a bigger impact on wildlife than
expected, with a wide range of animals (birds, mammals
and reptiles) drowning (Jeal et al. 2019).

If gas extraction proceeds in the Karoo it is essential
that waste water is treated, to mitigate against its
potential negative effects on the region’s biodiversity.
Currently, the use of new technology to remove oil and
salts from produced water show that water treatment, and

the proper management of fracking ponds, significantly
reduces the negative impacts (Ramirez and Mosley
2015; Pichtel 2016). These treatments, which separate
waste liquids and condensate from fresh water, result
in products that can be sold, as well as fresh water that
can be used for other drilling activities or provided to
livestock or wildlife (Ramirez 2009). Recent experience
in China, however, suggests that few operators would
comply with this additional requirement (Guo et al.
2014), even if required by law. An economically sound
suggestion is that waste-water ponds are simply covered
with shade cloth, thereby complying with legislation. A
further planning consideration is that abandoned wells
need rehabilitation and restoration (Ramirez and Mosley
2015). There is the possibility that remnant chemical
residues at abandoned wells could be dissolved by rain,
with the runoff forming ponds or entering river systems,
and thus remaining a hazard for birds and other wildlife.
Under current South African legislation (Section 24N (7)
(e) and (f) of the National Environmental Management
Act), companies that are granted rights to conduct shale
gas extraction are obliged to rehabilitate the environment
around the resultant mine (Motala 2013). Proper
rehabilitation after mine closure is essential; however,
there has been a poor track record for proper mine
closure and environmental rehabilitation across South
Africa (McKay and Milaras 2017).
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Research on the mitigation and prevention of faunal
mortalities related to contaminated water is urgently needed.
Holness et al. (2016) suggest that there could be limited
impacts on the biota during drilling operations; however,
desperate birdlife will take increasing risks in the face of
environmental danger (Sansom et al. 2009; Bonter et al.
2013). Installing model or mechanical raptors would unlikely
provide a long-lasting deterrent effect; making contaminated
water truly inaccessible through fencing and netting will
require considerable thought and effort, and would have to be
maintained and sustainable over the long term; and, finally, the
provision of alternative and safe drinking sources also needs
consideration. Certainly, the impact of contaminated water on
birds and biodiversity merits greater attention.
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