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Abstract

This research examindke influence of surface water availdiby, whichdepends onrainfall, and
temperature on faunal occurrencepatterns at naturally-forming waterholes in Shamwari Private
Game ReseryeEastern Cape, South AfricBhe objectivesassesghe occurrenceand diversity of
speciesat three naturally-forming waterholes andto examine the implicatios that rainfall and
temperature have orspecies visitation patternat naturallyforming waterholes On a local scale,
this research makes use of camera trap imageivated by motion sensor, capturireg 10 second
intervals to establishthe faunal occurrence patterns and to determine wallowing activityof
elephants, white rhino, and warthogt the waterholes over a shorttime scale (June 2016 to
November 2016)The frequencies of mammal species visiting tirpes hour were groupedinto
daily and monthly periodsMonthly data wereexamined,as this was a shoterm study, hence
shifts in faunal activity could be easily identified with local weather conditions monthly rather than
seasonally (as seasonality wast the focus of the study)The @currenceof different species per
hour at the waterholesvas established over a period sikmonths (June to NovemberpDistribution
curves were created to determine spesipeak visitation timesgo hour, both daily andmonthly,
and pie chartsvere producedto determine shifts irindividualspecies abundanoeach monthLocal
weather data werestatistically analysed(Pearson’s correlation coefficiemtnd crosscorrelation)
with faunal occurrenceto determine the influenceof these local weather conditionson faund

behaviaur.

Foeciesspecifc occurrences (daily and monthlyere established for all species that visited the
three selected waterholes. Herbivore visitation occurggeédominantly during diurnal hours and
carnivores were observed during nocturnal hours. Temperature influenced species visitation times at
these waterholesAs temperature peaked (Faxand Tmin), there was a decrease in species sighted at
the waterholes.However, srface water availability, whiclts influenced byainfall, was the crucial
variable that drove faunal occurrence at theaturally-forming waterholes. More species were
observed at the waterholes afterainfall events compared to before rainfall. A delay faunal
occurrence was evident at the waterholéso weeks after rainfall event3his lag exists due to the
surface water, which was made available after rainfall eventSurface water avkability and
temperatures werehowever, not the only factors thaidrove the occurrence of species at these
waterholes. Other factors such as predafoey relationships, tourist presence, cloud cover, inter
and intraspecies competition, vegetation, soil typend waterhole morphologyinfluenced faunal

occurrence pattens.



Other objectives wre to establish wallowing actty at the naturallyforming waterholes and to
determineif there is a relationship between local weatheariablesand wallowing behaviourAs
elephants, white rhinpand warthogare sparsely haired mammals is essentifthat they wallow
for means ofthermoregulation Wallowing activityof these specie®nly occurred during diurnal
hours.In Shamwari at the threaaturally-forming waterholes,warthogs wallowed more frequently
than elephants and white rhindocal weathervariables influencedhe wallowing behaviour of
these speciesAn increase in temperature corresponded with an increase in wallpwaitivity.In
addition, peak walloving activity occurred at midday, hen temperatures were at their highest.
However, this depended onwhether there was surface water available in these waterholes. A
significanttwo week interval occurred between rainfall and wallowing activitfcross correlation
function = 0.75) where thequantity of rainfall directly influencedthe presence ofurface wate
available in these waterholegVithout rainfall, the three naturally-forming waterholes remained dry

andspeciedid/could not undergo wallowing activity.

It is essential to understand faunakitation patterns and wallowingbehaviourin relationto local
weather variables in particularwith projected climate change scenariokhis study contributeso
the knowledgenecessary for thenanagement decisia that ensure sustainability of wildlifén
protected areas in South Africa&his canprovide essential information for the construction of

artificial waterholeswhichshould mimic naturalvaterholesand faunaldistribution.

Keywords:Naturallyforming waterholes temperature, surface wateavailability faunal occurrence,

wallowingactivity.
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1.1 Introduction

Since life first began on thglanet, organisns have evolved irresponse to environmental change
(Davies, 2012Davie<t al., 2012). Organismmhave the ability taalter their behaviour to adapto the
changing environments around themas abehavioural change is the first respento changingocal
environmentalconditions (OwenSmith, 2002;Brown, 2012;Davieset al., 2012) This is known as
behavioural ecology, which is the study of behavioural strategies that animals have etwolved
enhance their survival and to increase their reproductive sucf@agenSmith, 2002Alcock,2009;
Davieset al., 2012). Tounderstandthe behavioural ecology of an animadtudies that examine the
link between behaviour, evolution, and ecoloare required(OwenSmith, 2002Woodroffe, 2003;
Brown, 2012;Davieset al., 2012) Behavioural ecology ian interdisciplinary field of studysince
many factors contribute tehangingenvironmental conditionswhich are all itegrated(Caro, 1999)
Forexample ,organismshave the abilityto change thestate of ther local environment&ndthe local
environment can change he state of organismsThis presentsa closelink between landscape,

ecosystemandclimate that in turn, altersanimalbehaviour(Anon, 2014)

Understanding animal behaviour through research is part of the solution to solving both wildlife
conservation and management problems. Tkey characteristic of wildlife management is that
animal species are not the same and will react differently to changingoemwental conditions,
evenat an individual level (OweBmith, 2002; FestBianchet & Apollonio, 2003Wnderstanding

& LIS OphySidlagical constraints is one aspect in determinthgir potential for adaptation to
environmental change (Brown, 2012; Buchanan & Partecke, 2@%physiological constraints are
factors (i.e. stabilising selection) which make faunal populations resistaevolution (Blomberg &
Garland, 2002). This shows that interdisciplinary studies are needed to fully understand animal
behaviour and the consequences of changing environmental conditions (Gwnith, 2002;
Bigwood, 2011; Davies, 2012; Engvall, 20IB)s, research of this nature is important as it provides
broad knowledge of animal behaviour, which can improve conservation by refining our ability to
manage wildlife (FestBianchet & Apollonio, 2003; Gosling, 2003; van Wilgeral, 2015). In
particular, our predictionsconcerning population responses to environmental change (Gosling, 2003;
Woodroffe, 2003; Wieren & Bakker, 2008; Blumstein, 2012; Chaine & Clobert, 2012).

Much work has been carried out dhe relationship between wildlifeclimate, and local weather
variables(e.g.Jeltsch, 1997Hawkinset al., 2003;Ogutuet al., 2008 Simpsoret al., 2011, Hayward
& Hayward, 2012Halidu et al, 2013 Maraschin; 2016 Trent, 2016).One such examplés the
relationshipbetweenrainfall and temperature and how these variables have theability to control

species richness gradientdawkinset al., 2003).Water and vegetatiomaffects the distribution and



abundance of animalghus makingthe availability ofsurface watey which is influenced by rainfall,
a regional constraint (OwenSmith, 2002Georgiadiset al.,, 2003; ChamailléJammeset al., 2007;
van Wilgeret al., 2015. Most mammals live in close association witlater, sincewater is essential
for their survival (Rosenstocket al, 1999) Consequetly, areas aroundsurface waterhave
zoogeomorphidmpacts on the environmene.g. compaction and tramplinyiles, 1988Chamaillé
Jammeset al., 2007a; Archer & Predick, 200&eyet al., 2010; Bigwood, 2011Yanschoenwinkedt
al., 2011).The AfricanSavannah is one habitat where large numbers of different mammal species
live in clse association with watelsources such asrivers, ponds, lakes,naturally-forming
waterholes,and artificial waterholes(OwenSmith, 2002Skead, 2007Bigwood, 2011David®n et
al., 2013;Trent, 2016)Hence, ti is essential to understanidow surface wateravailabilityinfluences
animalbehaviour in particularsemtiarid regionswhich make ugbioregions insouthern Africa This
understanding is requiredo determine whether species are able to adapt tehanges in
environmental conditionsotherwise extinction of species coulte the result(FestaBianchet &
Apollonio, 2003Hannahet al., 2007).Furthermore, research of thinature will aid in predictingow

animals wilkespondto future climate changscenariogGaillardet al., 2008;Brown, 2012).

In South Africamany protected areasprovide supplementary watefor their associated wildlife
includingthe South African National Patksrivate gameaeserves, and private game farrftsnight,
1995; Epaphragt al., 2008; Smit & Grant, 2009; Davidseh al., 2013; Maraschin, 2016Trent,
2016). Water is a crucial resourcan particulararid and semiarid environmentswhere many of
these protected areaare located(Thomas, 1998)These regiong and the aimalswithin them ¢
are exposed tovaryingtemperatures ad a seasonal shift in rainfall, which affects the availability of
naturally occurringsurface water (Simpsoet al., 2011 van Wilgenet al., 2015. Furthermore,
successful managemertdf African protected areas requires an understandofghe relationship
betweenanimalpopulatiors and water sourcesso that a better understanding betweethe biotic
and abiotic elements can be establishgtlamah et al., 2007; Haliduet al.,, 2013).Knowledgeand
monitoring of variablesurface wateavailabilitycan improve our understanding of the functioning of

the naturalecosystem with all the related effects (e.g. floods and droughts).

1.2 Rationale: Contribution to Existing Research

Extensive research has been conducted on faunal utilisatiomaterholes in conservation are@s
southern AfricaAyeni, 1975; Hayward & Hayward, 20Maraschin,2016; Trent2016). However,
there are stillmanygapsregardingfaunalwater-sourceutilisationin different bioregions of suthern

Africa,in particularwallowing atnaturally-forming waterholes.Different regionsn southern Africa



have likely different responses to the effects of climate and local weather varialalig climate
change(ChamailléJammeset al., 2007a; van Wilgeret al,, 2015). There isa gap in literature on how
species asemblages anthe distribution of suthern African spdes within different regions are
related to climatic variablegpredominantlyrainfall as it influences the amount surface water
available(Jeltsch, 1997; Ogutet al.,, 2008). Mammal responses witherefore vary depending on
fluctuations in thenaturally occurringsurface waterand local temperature (Hitchcock, 1996).
Furthermore rainfall and temperature changedover the past centuryin South Africa and
temperatureshaveincreasedn recent years in many protected are@sitchcock, 1996; van Wen
et al., 2015) Hence, ongoingesearch is essentith determine howsuch climatic changesill affect

species survivandadaptiveresponsegHitchcock, 1996van Wilgeret al., 2015).

Daily andmonthly visitation of species to naturalfgrming waterholes is the focus of this research
as the availability of surface water influences faunal utilisatibwater sourcesSeasonal variability

for predicting species richness is better than annual diensariables However, due totime
constraints ashortterm studywas conducted wherenonthly data were examined, hence, shifts in
faunal activity could be easily identified with local weather conditions monthly rather than
seasonally (as seasonality wast the focus of the study)Hawkinset al., 2003;ChamailléJammeset

al.,, 2007b; Simpsoaet al., 2011). Therefore, onthly visitation patterns were analysed to observe
the shortterm changes in faunal visitation at the naturaityming waterholegChamailléJammes

et al, 2007b; Simpsoet al., 2011)becauseeven shoriterm changes in climate can alter animal

behaviour (Brown, 2012).

The wderstandingof faunal occurrenceat naturally-forming waterholes becomes important in

facilitation of management decisions to achieeWR S & A NE R S Oatasépalénfentarya G I G S Q
waterholes (e.g. artificial waterholegenter et al, 2008). An ecosystem state referto the
conservationof specified processes desirable &iability in a system(i.e. species compositioand

abundanceg (Venteret al., 2008) Artificial waterholes need to mimigatural systemgo ensure that

they are not only utilised for drinking bualsowallowing (Butler, 1995Venteret al., 2008; Bracke

2011) Wallowing is the coamg of the A Y I f Q& 02 R& ZadzNdFlikeOsBbstangeti K Y dzR =
water (Jarman, 1972; Bigwood, 2011, Bracke, 2011; Vanschoenvenlak] 2011). Likewiseover-

provision of wate points could lead to declinem some species pajations during droughperiods

andartificial waterholesanalter the natural balance of an area (Jane¢sl., 1999)

In the Kruger National Parkupplementation of water withartificial waterholes resulted in the
unintendedloss of roan antelopgHippotragus equinysduring the drought period of 19821983

(Harringtonet al., 1999).Burchell’s ebra (Equus burchel)iand wildebees{Connochaetes taurinjis



increased irenvironments, whichioan antelopefavoured for grazing on tall grass&¥ith Burchell's
zebra andwildebeestencroachment intdhe roanantelopeniche,it resulted inanincreased grazing
and a decline of tall grass coveffectingthe amount of resourceavailable for roan antelope and
increased vulnerability of roan antelope calvgsarringtonet al, 1999) Anincrease inmammals
drinking at artificialwaterholes can result in increased predatiomnd transference ofdisease
(Rosenstocket al., 1999; Epaphragt al, 2008). Areas wherewater points are more widely
distributed (which mimic naturalwaterholes) suffered very little reduction of species population

during drought period¢OwenSmith, 2002).

Faunal species do not only utilise waterholes for drinking, but also wallowingan dephants
(Laxodonta africand, white (SquarelLipped)rhinoceros Ceratotherium simumg often abbreviated
as rhino¢ andwarthogs Phacochoerus aethiopiguaill be focal species @fallowing activityin this
researchas theyare known to wallow frequentlfJarman, 1972yanshoenwinkeét al.,, 2011) Much
literature existson wallowing activity in National Pagland game eservesin Africa, this includes:
Etosha National Park (NamibigBerger & Cunningham, 1998jwange National PariZimbabwe)
(Flint & Bond, 1968)Middle ZambezBiosphere Reserv&Zimbabwe)(Jarman, 1972)Malilangwe
(Zimbabwe)(Vanshoenwinkekt al., 2011) Tembe Elepimt Park (Maputuland)Bigwood, 2011
Engvall, 2013 RuahaNational Park (TanzanialBarnes 1983) Liwande National Park (Malawi)
(Dudley, 1997)UmfoloziHIuhluweGame Reserve (South Afri¢@wenSmith, 1974 Pienaar, 1994)
Kalahari Gemsbok National Park (South Afri¢@@ir, 1969 Maraschin, 2016 Kruger National Park
(South Africa)lTrent, 2016) and Addo Elephant National Park (South Afri@ahgvall, 20138 Gaps
are still present with regards to wallowing activity the Eastern Cape &outh Africa and fither

researchon wallowingbehaviouris needed irthis specific region

Elephants, wite rhino, and warthogare sparsely hairethammals, which makes them more likely to
wallow than other mammal specie@Parkeret al, 2009; Bracke, 2011; Stuart & Stuart, 2015).
Limited researchhas been conducted into wallowiractivity of these speciesn relation to local
weather variablesin paticular the white rhino and warthogOnly these three species wallowing
behaviour was explored in this investigation, as no wallowing activity was observed by other species
at the naturallyforming waterholesFor the purpose of thiswestigation a walbwing eventwill be
consideredwhen animals enter naturBtforming waterholes and cowetheir body surface with

mud, other substance (dust) or water (Jarman, 1972; Bigwood, 2011Bracke, 2011;
Vanshoenwinkeet al,, 2011) Hephants areknown to spray mugddust or water onto themselves

which can be conducted outside waterholes, thereftihés will be excluded as a wallowing euwen



(Jarman, 1972)Thus,comparablewallowing events(entering the waterhole and rolling in mud,

other substances, and wateaye explored for all three species

There is limited researcmto how the availability ofsurface waterand temperatureaffects the
wallowing behaviourof these specieg¢Jarman, 192; Butler, 1995;Cumming & Cumming2003.
Wallowing is a behavioural response to increasstperatures aswallowingspecies arainable to
thermoregulate their bodyemperatureseffectively(section 2.7 (Brown, 2012)Thus, it is essential

to understand wallowing behaviouo determine whatmanagementstrategiescan be put in place

to aid in these species wallowirgtivity with increasedemperaturesand decreased surface water
availability Wallowing species wilbe regatively affected by climate changas thermoregulation
influences the visitation times that these species drink or wallow at water sources (Hewitson &
Crane, 2006; Kruger, 2006; Valebal., 2007a; Huet al., 2012).1t was noted by Huegt al. (2012

that behavioural thermoregulation (e.g. wallowing) acts as a buffeincrease temperatures.
Therefore, increased wallowing frequency will take place by elephants, white, dmabwarthogs to
cope withincreased temperatures. Warthogs are highly vulnerable during periods of low rainfall, as
warthogs are known to be the first species to decline during droughts, as they are vulnerable to
changes in water and food availability (Wallkgral., 1987; Mason, 290; OwerSmith, 2002)Thus,
behaviourd and physiological constrainteecome a necessity to investigate, and to establish

speciesspecific watesrequirements and how it is influenced by climate change (Be#aad, 2012).

1.2.1 Research Aim
This resarchaims to investigate how daily and monthly variations in local weather conditions affect
the occurrence and wallowing behauio of faunal species at naturalfgrming waterholes in

Shamwari Pviate Game Reserve, Eastern Cape, South Africa.

1.2.2 Objectives

1. To establishthe daily and monthlyfaunal occurrenceat naturally-forming waterholesin
Shamwari Private Game Reserve feixanonth period (June; November2016).

2. Toidentify any relationship betweemaunal occurrence patternand local dailyweather
conditions(rainfall and temperature) ovehe samesixmonth period.

3. To establishthe number ofwallowingevents both daily and monthlgt naturally-forming
waterholesfor a sixmonth period

4. To identify if there is a relationship between local ailer conditions (rainfall and
temperature)and wallowingoehaviourover asixmonth periodor to determine if wallowing

is an event driven process
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2. Literature Review

2.1 Natural Waterholes

The generic definition of a natural waterhole imaurally formeddepression on the surface of the
landscape that is filled with water for an extertiperiod of time (Butler, 199%get al., 2001). It is
known as a zoogenous pool, which ipaol origirated or producd by animals rather than plants
(Jarman, 1972). Literature reveals the formation of natural waterholes to be highly localised to
specific environmental conditionglimatic conditions,species present in the environmenand
other influencesby anmal action in the landscap@racke, 2011)Typically, fhe area surrounding
waterholes often comprises of game trailsat lead directly to and away from the waterholés,
particularif the waterhole idocated in the thicket biome as it enablas easier gradient for animals

to descend(Jarman, 1972allet al., 1999 Skead, 2007ucina & Rutherford, 2031Jones, 2012).
Waterholes may even fam along these game paths during the wet season (Bracke, 2Bb%ever,
limited research has been condect on nonperennial natural waterholes or naturalfgrming
waterholes; literature predominantly focuses on perennial water sources and artificial waterholes

for animal utilisation and behaviour.

2.2 Origin of Natural Waterholes

22.1 Natural Forming Waterholes

Waterholes can form in various ways, for instanaeme waterholes are a consequence of natural
shallow depressiam or as deflation basins in dry seasons (Flint & Bond, Mg#; 1969; Jarman,
1972 Nget al, 2001; Makhabuet al, 2002; Braclke, 2011; Vanshoenwinket al., 2011; Etosha,
2015; Stommelet al., 2016). Natural shallow depressianin the landscape camtain waterfor an
extendedperiod. Thisallows forthe formation of mud or a mudike substanceand therefore the
ability to holdwater, whichforms a waterholgNget al., 2001; Bracke, 2011; Vanshoenwinkehl.,
2011; Etosha, 2018tommelet al., 2016).However, these naturallforming waterholes have spatial
and temporal variability due to various climatic and hydrogeological factors (Gebaje 2005). For
instance, some waterholes have endorheic drainage, which is a closed hydrological drainage syst
such as a pan, while other waterholes have an open hydrological drainage system, such as a
waterhole in a dry riverbed (Parris, 1976; Hillyatdal., 2015). Therefore, the type of drainage can
influence the ability of the waterhole to retain water tr disperse throughout the dry seas@Weir,
1969; Jarman, 1972; Yair, 1972; Makhabwal., 2002) In addition, vaterholescanform during the

dry periods as deflation basinghich are shallow claylined depressions that can extend to at least



1.5km indiameter(Weir, 1969; Jarman, 1972hese types of waterholentain highclay content
making it an appropriate waterhole for wildlife to wallovin (section 2., as ¢ay has highwater
retention capability (Flint & Bond, 1968Weir, 1969; Jarman, 197 air, 1995; Makhabet al.,
2002.

Natural waterholes arepredominantlylocated in wet areas, however, availability of these aréas
due to fluctuations in surface water according to the seagéfianet al., 1995). During the wet
season, ephmeral (ran-fed) waterholes hostan abundance of water for wilifie, however,in the

dry season;the ephemeral water source evaporatesd at times is unable to support water
(Jarman, 1972; Davidsan al., 2013; Stommeeét al., 2016).Therefore the transient natwe of these
ephemeral waterholesas a water source is revealétarman, 1972Chamailt-Jammeset al., 2007a;
Davidsonet al., 2013; Stommelet al., 2016). However, one should acknowledge that the deeper
waterholes could provide a permanent water source throughout the dry season, desipigg
evaporation rates (Gaylaret al., 2003). On the other hand, after heavy rains, some waterholes may
hold water despite the decline in water volume of permanent rivers in the dryosg@aylardet al.,

2003; Davidsoret al., 2013) The exception to this is in periods of extreme droughts, making
naturally-forming waterholes dependent on preceding catchménitel rainfall (Flint & Bond, 1968
Masonet al., 1999;Gaylardet al., 2003;Davidsonet al,, 2013. In river beds, when there is a decline

in water capacity of permanent rivers resulting from the dry season, there is waterhole formation in
dry sand riverbeds, which animals use to drink or wallow. An example of these waterholes is found
in alluvial rierbeds of Kruger National Pagkarman, 1972Goudie & Wells, 1995; Makhalat al.,
2002;Etosha 2015; Stommett al., 2016).

Natural waterholesan form because ofhere asurfacedepression meets the water tabl(usually
located in valleysiJarman, 19Z; Shaw & Thomas, 199Bracke, 2011; Etosha, 2015; Stommieal.,
2016).Furthermore, waterholes can be located on the side of ridges, manipulating the connecting
fractures in the geology creating waterwaglistoun, 2012)However, the availability ofvater in
the waterholes varies depending on the season and the size and depth of the waterhole, with
exceptons to this patternin years that experience intense drought osignificantdecrease irthe

water table (Fht & Bond, 1968; Jarman, 197&ljstoun, 2012 Etosha, 2015).

22.2 ZoogenousNaterholes

There are many reasons de why waterholes exist; literature reveals the origof natural
waterholes ishy trampling, drinking, rootingand geophagy by animals, whichtren called a
zoogenous pool/waterholéJarman, 1972; Butler, 199¥iles, 1988Bigwood, 2011Bracke, 2011;

Vanshoenwinkekt al., 2011) (Figure 21). Trampling isalso an origin of a waterhole by animal



activity, astrampling creates an impermeable clay seal, alfgior greater water retentioriButler,

1995, Thomas, 1998igwood, 201l Waterholes can be the consequence ofgiig by elephants,
rhino, Burchell's zebrand warthog. In times when there are adequate water sourcesvhere the

water table cannot beaccessed) or poor qualityf avater and mud presenis when diggingnto the
ground by these animals occuBlint & Bond, 1968Weir, 1969; Jarman, 1972; Ng al., 2001,
Skead, 2007; Haynes, 201Rnes, 2012; Stommet al., 2016). With repeated use, th wet soil is
trampled and a certain volume of the sediment is removed, finally forming a waterhole (Jarman,
1972;Bigwood, 2011Engvall, 2013)f there is a presence of pigs in the environmehey are the

main creators of waterholes in many naturalttéegs (Bracke, 2011)and warthogs are the main
cause of zoogenous waterholes in Afr{Etint & Bond, 1968Warthogsare known to producéoles

from rooting, which then expand to form waterholes over a given period of {ftiat & Bond, 1968;
Bracke, P11).However, ontradictory evidence suggestdephants arehe most observed species
that dig waterholes, & they are able to access water at depths (Weir, 1969; Jarman, 1972 &
Stommelet al, 2016). Bioturbation within waterholes control these water wages, as it plays a
predominant role in the structure antunction of the waterholes (Yair, 1995). Literature on why,
where, and when animals dig to access water to drink or wallow is lacking and investigations into
this behaviouris important to understad, in particulartimes of drought wherthere is leshatural

surface water available

Once a hole or depression is created from animal actiitityecomes enlarged by animals drinking,
wallowing, entering and exiting waterholeand geophagy (Hayne2012) Engineerspecies at
waterholes cause formation and decay of the environment within and around waterholes, and can
cause geomorphological change in thaterhole structure (Weir, 1969; Jarman, 1972; Parlatral.,

2009 Bigwood, 2011; Jones, 201dphe waterholecan be changed bgn individual species or a
variety of speciesOnce a waterhole has been formetdcan be subjecto deterioration by physical
(wind, rain, and runoff) and biologicalzoogeomorphicforces (Goudie & Wells, 1995%-eyet al.,

2010;Alistoun, 2012

Waterholes may be abandoned, btitey can be reengineeredby animal species to conserve
energy, as iis a more efficient ecological constraitihen startinga waterholeanew (Jones, 2012).
Shifts inwaterholedensityare a result okcological factors, such as abiotic resources and conditions,
resources and interactions, ptise and negative feedbacks, andtrinsic densitydependent
regulations. Understanding the ecological feedbacks becomes central nterstanding to

connection betweergeomorphology, climate, anédinal interactions in all landscapes (Jones, 2012).

10



22.3 SaltLick Zoogenou¥Vaterholes

Waterholes arealsocreateddo SOl dzaS 2F OSNIi | Ay &dalidabidhSsailsfor y SSRa
mineral supplemerdtion, known assaltlicks which occur in various are@Sigure 2.) (Weir, 1969;
Jarman, 1972; Butler, 1995). Sldks have high concentrations of watssluble sodium which
animals require for their daily nutritional requiremengslaynes, 2012)in adlition, the soilsalso
have significantconcentrations of calcium, magnesiuiind potassium and are usually located on
grassy plains (Weir, 196Parris, 1976 To consume the salimé&ch soi] animals either paw, lick, or
use hornsforefoot, tuskstrunks,antlers or digging tools to obtain the saliméch soil Flint & Bond,
1968;Weir, 1969; Butler, 1995; Haynes, 2012; Engvall, 20¥38)lowing isalsoa method, to loosen
the soil for ingestion around salt licks. Onte tsoil is actively removedt creates acavity thatfills
with water, creating a waterhole that can hesed forfurther faunal utilisation(Weir, 1969; Engvall,
2013).In addition, saHicks can form dring dry periodswhere evaporation rates can increase
water salinity leadingto the surrounding soils becoming salt ri¢hlistoun, 2012; Engvall, 20113
This could potentially cause an ephemeral waterhole to become aishltvaterhole; howeverthis

is very environmentally specifice. pan)Yair, 1995CIutton-Brock, 20013ommel et al., 2016).

Toemphasise further the connection afaterholes and waterways, sditks are known to be found

in a chainalong a line segment on a suck or subsurface waterway inttarger waterholes
(Weir, 1969; Nget al., 2001; Alistoun, 2012 This makes it essential to consider drinking sites, in
combination with wallowing and salicks (Weir, 1969; Jaram, 1972; Engvall, 2013}l waterholes
develop througha rangeof stages of expansiand infilling (Jarman, 1972; Skead, 2007). The
diagam is a summary of the formation of naturaftyrming waterholes and was created using all of
the previous information irsection 22, which includes the origin of natural, zoogenous, and&kt

zoogenous waterhole@igure 2.]1.
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2.3 Introduction to Cimate , Weather, and Water Sources

Climate has constantly been changing since the earth first forraed on every timescale there
have been fluctuations of th& I NJBuifaee conditionsThe first step one has to take to determine
how the climate varies is to distinguish between weather and climate. Weather is what you get and
climate is what we expect. Thefore, climate change is concentrated around the statistics of the
weather phenomena that have @vided evidence into lortemporal changes in the overall
warming and cooling of the gpal climate (Burroughs, 2007). Thuaspclimate changes are etched

onthe landscape, antlastherefore influenced the evolution of life forms (Beever & Belant, 2012).

Water is an essential resource for animals to survive (Rosenstbelt, 199) and thus most
mammals live in close association with wat@hamaillé€Jammeset al., 2007a). Many species are
known to migrate over vast distances to find adequate water sources (quaaldyavailability), to
either drink or wallow (Crowe, 1995; Clutt@rock, 2001; Vanschoenwinket al., 2011; Birkettet
al.,, 2012; Engvall, 2013herefore, the availability of water sources influeadhe distribution
abundanceand occurrenceof fauna(OwenSmith, 2002 ChamailléJammeset al., 2007a). dimate
variables namely rainfall and temperatureare important in explaininghe patterns of species
diversity and richness patterrasthey influence theavailability ofwater (Bergstrom & Skarpe, 1999;
Hawkinset al., 2003; ChamailléJammeset al., 2007a; Bigwood 2011).Other climaticvariablesare
important (e.g. humidity, wind, cloud coveut they are not examined herdue to time and

funding constraints

The dobal distribution of rainfall has a stronger correlation to species diversity and richhass
temperature (Hawkinset al., 2003. Similarly,Ogutuet al. (2008)state that the dominant climatic
factor influencingherbivore dynamics in th@frican environment is rainfalGeveral authorsGwen
Smith 2002 2008 Georgiadist al., 2003;ChamailléJammeset al., 2007, Prins & Fritz2008 have
reveakd that rainfall limitsthe carrying capacity of herbivore speci@dis is becaus# constrains
the distribution and abundance of watelependent and large bodgized herbivore speciem
landscapessince they havegreater water requiements compared to lessvater-dependent and
smaller body sized herbivor¢®wenSmith, 2002 2008 ChamailléJammeset al., 2007a; Ogutuet
al., 2008; Daviest al., 2012; Hawkinset al., 2013. In addition rainfall directly affects the food
availability forherbivore species, making nafall patterns important fornatural food production
(ChamailléJammeset al., 2007a; Ogutuet al., 2008;0wenSmith, 2008 Pavieset al., 2012;Hawkins
et al, 2013), and the recycling and formation of water sources that these spedesend upon

(Jarman, 1972ChamailléJammest al., 2007a; van Wilgeret al., 2015).
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Water sourcesare a major limiting factothat influencesfaunal occurrence,when it comes to
wildlife didribution and abundance,in particular the savannah regiongOwenSmith, 2002;
ChamailléJammeset al., 2007a). There are different water sites #t are available to animals as
water sourcesincludingfree water (.e. streams, rivers, puddles, lakes)eformed water (i.e. water
within food), and oxidativeor metabolic water (i.e. this is water that is produced as a product of the
oxidation of organic compounds containing hydrogéAJex, 2011) Effecive management and
monitoring areneeded for thesdlifferent water sources, a it is necessarfor species survivaln
particular the dry seasos during periods ofdrought, and under the effects of climate change
(Haliduet al., 2013).An ecological drought isshortfall of rainfall over a longemporalscale, which
effectslarge areas for one to several seasons or a year resulting in reduction of primary production
in the natural ecosystemHpunamet al., 1975 127). During times ofdrought, lack of rainfall will
negatively affectplant growth, therefore, affecting the ecosystem anfibod availabilityfor animal
species (Redferat al., 2005 ChamailléJammeset al., 2007a; OwerrSmith, 2008. In addition there

has been a loss of species due to construction of fences blocking migratory routgsefies to
access water sources outside protected areas, making supplementary water sources essential for
species tofulfil their water requirements (Williamsomt al, 1988; Kalikawa, 1990; Butler, 1995;
Shroyeret al, 2001, OwenSmith, 2002 200§ Woodroffe, 2003. Hence, ongoing research into
speciesspecific water requirements igecessaryparticularly to determine if water requirements

change under differing climatic conditions (Keréal,, 2003).

The increasein drought events, evaporatiomates, temperatire, and decreasein precipitation
reducesthe availability ofsurface waterin protected areas and thyshere is a ned for additional
water sourcegTrent, 2016) Thus,this research aim® determine whether species have the ability
to adapt to these climatic changes fragmentedfenced settings or when it is necessaryfor
managementto implement adaptive management decisio@wenSmith, 2002;Gosling, 2003;
Woodroffe, 2003;Hannah et al, 2007, Chaine & Clobert, 2012yan Wilgenet al, 2015).
Furthermore this researchprovides information on how dailylocal weather patterns influence
faunal behaviourwhich isvaluable for future management decisio(Gaillardet al, 2008; van
Wilgen et al, 2015) Thus,researchon faunal behaviourcan be used tadetermine how future
climaticchangege.g. temperature extremesyill influence faunabehaviour Therefore the impacts
associated witkclimaticchangescan bedetectedearly and adaptive management solutions can be

put in place tadealwith the consequenceg¢van Wilgen, 2015).
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2.4 Impacts of dimate and Weather on Wild Fauna

National Parks and protectedeas in suthern Africa are essential for conservation wildlife and
require efective management to ensure thegustainability.South African conservation areas are
typically affected by climateand localweather changes, as many areas are in water scamregions
and are predicted to become more arid due to changing rainfall patteriso due to their
fragmented fenced settingMagadza, 1994Vanke & Wanke, 2000QwenSmith & Ogutu, 2012).
Over the past centurythere has been a decreasing rainfall volume acsosghern Africa (Hoofman
& Vogel, 2008; Derry & Dougil, 2008; Redtlal., 2010; Hetenet al., 2014).The southeastar parts
of the country (Easter@ape) havéeen predicted to increase in summer rainfall (Hewitson & Crane,
2006; Kruger, 20Q6van Wilgeret al., 2015, which differs from the western and ribern parts of
South Africa wherea decrease in rainfals predcted (IPCC, 2014)The Cape Floristic Region is
predicted to have dryer conditionsnd will warm approximately by 1.8°C by rm&htury (Kerleyet
al., 2003 Midgleyet al., 2003. A projected decrease of 5 to ¥of rainfall is possible in the ndite
decades for South AfriceMadzwamuse, 201,0van Wilgenet al., 2015. Moreover, 1 is projected
that temperature is expected to increasy 1°C to 3C in South Africgenerally over the rext five
decades (Madzwamuse, 201and to increase by 6 t02.0°C in semarid regions(i.e. Kruger
National Park)Eriksenet al., 2008; Hoffman & Vogel, 2008; Hughetsal., 2011). Theseprojected
increase in temperature and evaporation ratescombined witha decrease in rainfallwill affect
surface water availabiy (Hulmeet al., 2001; Davis, 2010T.herefore monitoring protected areas to
determine all the factors that threan these conservation areasn particular climate andlocal
weather changesare becoming increasingly more importann particularwith additional stress to

water resourcegCaro, 1999Jury, 2013

Predicted changes in precipitation will increase vulnerability of certain species and may lead to
speciesextinction (Tewset al., 2004; Meadows, 2006jPCC2007; Williset al.,, 2009).1t has been
estimated that 69% ofall mammalsalive today will beextinct by 2050(Hetemet al., 2014) The
KrugerNationalPark Gouth Africamaylose 66% of animapeciesesulting frompotential climate
change by 205QMeadows, 2006)Already tsessebgDamaliscus lunatus lunatupopulationshave
declined because ofainfalkinduced weather changessnatural food availabilityis altered in the
dry season (Dunharat al,, 2004).In Zimbabwe(from 1985 to 2005)large herbivore populations
were negativdy affected due to a decrease the availability ofsurfacewater as they have greater
need tofulfil water requirements comparetb smaller body sized speciéShamaik-Jammest al.,
2007b).

dimate andweather changesifect the patterns of habitat utilisation, due to water availability and

environmental changeBlumsten, 2012;Halidu et al., 2013). Species undergo behavioural and
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physiological adaptations to cope with climate and weather changes (i.e. daily and seasonal shift i
utilisation of resources or migration) (Bellagtal., 2012 Brown, 2012 In Augralia, the presence of
surfacewater influences the number of species present in a habitat (Williams & Wells, 198Ghe
African savannaecosysteman increase in rafall has a direct correlation witanincrease in most
ungulate speciegOwenSmith, 2008)Thus, sasonalityaffectswhen fauna utilise waterholeswith

regard towater requirements, food intakeandwallowing; which is often neglected ifiterature.

Thereis a need to understand the basic ecological mechanismatfrally-forming waterholes for
park management and other conservation practicesparticularwith the effects of climateand
weathervariabilitybeing a realityHaliduet al., 2013).Longerterm applicationswill be beneficialin
protected areasand not shoriterm solutions as adaptationmanagementpractices & protected
areas become a necessifie. artificial waterholesywith the effects of climate changéRitter &
Bednekoff, 1995tslam &Uyeda, 2007Tefempaet al., 2008; Madavamuse, 2010)With monitoring
techniques one can establish specific faunal distributiamd behavioural patterns each protected

area(Trent, 2012)

2.5 Water Dependency

Water requirements are different for every species, either watiependent or lessvater
dependentbased on how regularly specieged waterto either drink or wallow Physiological
adaptations diet, and the ability ofspecies to prevent water losdl influence water dependency
(Redfernet al., 2005; Cainet al., 2012). Water-dependent speciesare those thatrequire large
guantties of water on a daily bas{e.g. warthog (Redfernet al., 2005). Waterdependent species
may drink water every one to twalays (e.g. white rhing (Young, 1970)Grazers are water
dependent species and need greater access to water sources, as their food source has low moisture
content (e.g. grass)(Knight, 1995; OweBmith, 2002; Derry, 2004; Derry & Dougill, 2008).
Furthermore, graersusuallyhave largetbody sizeto browsers;therefore, they have to drink more
regularly to reach their daily water requirements (Ow&mith, 2002; Prins & Fritz, 200Bgsswater
dependent species can go an extendaetiod ¢ up to three or four dayg without regular water
intake (e.g. giraffe[Graffe camelopardali}) (Tefempaet al, 2008). Succulent leavesand fruits
obtained by some speciesnake up theirwater intake to meet their daily water requirements
(Western, 1975; Derry, 2004QwenSmith, 2008;Halidu et al, 2013). Forexample, Kudu
(Tragelaphus strepsicerpsa lesswater-dependent speciesreach their daily water requirements
through eating succulent leavégs.g. spekboonjPortulacaria afrd) as they are browsers (Western,

1975; OwenSmith, 2002Derry, 2004)Impala(Aepyceros melampyare knownto remain in areas
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around permanent watesources;however, they are mixed feederand vary their dependency on
the availability ofwater and appropriatewater-bearing foraging resources (Young, 197®Dwen
Smith, 20022008;Brown, 2012. Carnivores are lessater dependent species, as carnivorgsain
their water requirements from animal tissuand bodily fluids(e.g. lion[Panthera led) (Western,
1975 Trent, 2018.

Understanding these water requirements falifferent species is importanso that a loss ofwater-
dependentspeciesdoes not occur during times of drougbt during the dry seaso(Ayeni, 1975
Knight, 19950wenSmith, 2002; Bobicht al., 2014;Trent,2016).Water-dependent species are not
able to survive without a permanent (perennial) water sowraad fencingconstrictstheir ability to
moveto different permanent water source§Ayeni, 1975, Shroyeat al., 2001; Chamaik-Jammeset

al., 2007c).In the Amboseli region (Kenyaome 8@90% of waterdependent species are found
within 4 km of water sources in the dry season (Ow&mith, 2002ps animalsdrink more frequently

in the dry season to meet body water requirements, in particular antelope specagliét al.,
2013) CdzNII KSNX 2 NB X &2 Y S whichdS Onigdeat® eadhifspedicinds ridtTaBow
species to adapt to environmental conditions in the dry season unless they have water available;
hence,these speciesre considered the most watatependent. This includes the blue wildebeest,
hippopotamus Kippopotamus amphibiogs waterbuck Kobus ellipsiprymniis and warthogs to
name a few; which are considered the greatest watependent species in Africa (Nagy & Knight,
1994; Auer, 1997; Schmiflielsen, 1997; OweBmith, 2008; Hayward & Hayward, 2012; Hety
al., 2012; Okelloet al, 2015).It is important to understand waterneeds for different water
dependent species, in partitar those species that undergovallowing as means of
thermoregulaton, becausewallowing species can be even more vulnerable in the dry season or
during drought periods (Owe8mith, 2002; Juareet al., 2013). Furthermore, water requirements
for water-dependent species influenceompetition over territory aound water sources (Ritter &
Bednekoff, 1995; Valest al.,, 2007; Blumstein, 2012).

Jeciesspecific water requirements atbus linked to daily and seasonal migration patterns (Knight,
1995; Shresteet al.,, 2012; Gienapp, 2012; Gandiwa, 2013). Thesmfaacetermine how far species

will migrate to find an adequate water source to drink or wallow. Not surprisingly, there are
different seasonal acclimatisation responses that species undergo for their water and energy
requirements (Haimet al., 1990). A gg in research exists regarding speciesspecific water
requirements for wildfree-ranging animalgnakingit important to study faunal occuence and

utilisation at water sourcesto improve the general understanding ¢dunal behaviour and their
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impactsat water sources(e.g. zoogeomorphiglalso withthe added pressures aflimate change
(Pecket al., 2009).

2.6 Faunal Occurrence Patterns at Waterholes

Surfacewater is an importantresource forthe water supplyin wildlife populationsjn particulararid
and semiarid regions(Strauch, 2013)Faunain southern Africaare often exposed toconditions
ranging fromarid to semiarid, which includeincreased temperature andecreasd rainfall due to
climate and weatherchanges, which altespecieswaterhole occurrenceand utilisationpatterns
(Davidsoret al.,, 2013) Someregions aremore vulnerable to changes in weathand climate change
compared to otherge.g. Kruger National Parlillsonet al., 2013; van Wilgeret al., 2015). The
supply of surfacewater dependson seasonality which influences mammal distribution and
migration in protected areawhich fencing has altered (Knight, 1995; Epapletaal., 2008; Smit&
Grant, 2009). Hencdpcalisedenvironmentalconditions can lead to localised faunatcurrence,

utilisation, and wallowingoehaviourat these water sources (Trent, 2016).

In addition mary other factors play a role ithe abundanceand diversity of species present at the
water sources such as vegetation, predation, bodsgize, soil typegeology, morphologyf the
waterhole topography, food preference, habitat preferen@nd climatic variablesThe visitation,
utilisation, and behaviourof speciesat waterholestherefore vary over different temporakales and
in different environments Individual speciemust respond to changing conditions daggasonally

and annually

26.1 Daily FaunalPatterns

Several studies haveeen conductedo documentthe daily tempord drinking patterns ofiifferent
mammal species (Cronje et al, 2005; Smit 2011; Trent, 206, Maraschin, 2013,2016)
Understanding speciespecific water requirements is crucial fimture conservation of biodiversity,
in particularresearch in relation tepeciesbody size and carrying capacity witespect torainfall
variability (Chamaik-Jammest al.,, 2007g; Jeltschet al.,, 1997; IPCC, 2007; Hetezhal,, 2014).Peak
herbivoreoccurrence at water sources occurred at midday, when temperatures were at their peak
(Hayward & Hayward, 2012By contrastresearchby Lindsedt & Boyce (1985) androostet al.
(2009 reveask that lightest body sizehasa crucial influence of daily temporal drinking patterns
where smaller species are observed uditig waterholes more frequently during the day (e.g.
warthog). Alternatively, the larger body sized specieqe.g. elephants)are observed utilising
waterholes in the evening (Ayeni, 1978kinner & Chimimba, 2005; Valeikal., 2007a). With the

increase in temperaturesmalker body sizewill be favouredas smaller animals dissipate heat more
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readily than larger body sized anim@i¢aimet al, 1990 Riek & Geise2013 Boutin & Lane2014)
Hence, thesmallerbody sizedspecieshave the ability to utilise waterholes during the dgywhen
temperatures areat their peak Large animalaccumulatelargeamounts ofheat during the day and
slowly dissipatehis heat at night therefore the largerbody sizé species utilise waterhoteduring
nocturnal hours, as these conditions are more favourable for their tineregulation(Lindstedt &

Boyce, 1985Riek & Geiser, 20)3

2.6.1.1 Sunrise andSunset

An animal's daily behaviour follows a 2¥bur cyclic pattern, which is regulated by external factors

such as light intensifyambient temperatureprthe & dzy’ Q& LJ2 & A,&rdd Arg thus gssodided a 1 @
with sunrise and sunsefNpuvelletet al.,, 2011). Animal behaviour at water sourceis known to

follow variationsin sunrise and sunset timeg@Nouvelletet al., 2011) Diurnal animal behaviour is
adjusted seasonallythis isrelated to the changing sunrise and sunset timegusing a variatioim

day length and the availability of liglitlill et al., 2003; Nouvelletet al., 2011, Beauchamp, 20105
Nocturnalspecies are also influenced bynrise andsunsettimes, as they adjust theiactive hours

before sunrise and after sunset (Hill al., 2003 Beauchamp, 20)5Most herbivore (prey) species

are restricted by light availability in contrast tarnivores, as the seasonal variation in day length

influences their daily activity patterns (Hilet al., 2003 Nouvelletet al., 2011).

26.2 SeasonaPatterns

Qurface water availabilityféects the distribution of wildlife diversity and abundance within a habitat,
whichareinfluenced by seasonabnditions (Williams & Wells, 1986yonjeet al.,, 2005;Epaphaset
al., 2008; Stapelbergt al., 2008; Bellarcet al., 2012; Shrestat al., 2012; Gandiwa, 20135andiwa
et al, 2013 Fulleret al.,, 2014). In the wet seasoflarge quantities of surface watere available for
species to utilise throughout the landscapbus, fauna become disperse@Phillipson, 1975)As a
result, certain waterholesare uilised less frequently when more pools are widely distributed
(Western 1975;Thrashet al., 1995; OwenSmith, 1996; Leggett al., 2003, 2004 Legget,2006a,
2006b; ChamailléJammeset al,, 2007c; Smitet al.,, 2007; Valeixet al, 20083 Blumsten, 2013.
CGorresponding to alecrease in abundance species that congregate around artificial waterhodess
they are spread across a larger numbenafturalwater sourcegOwenSmith, 2002Nangula & Oba,
2004;Maraschin, 2016; Trent, 2016 the dry seasomany natural waterholedry up and the only
water available in the landscape is presentpgrmanent water sources such as perenmiaérs and
supplementarywaterholes (Dudley, 1997,0wenSmith, 2002;Valeixet al, 2009a; Valeix, 2011
Davidsoret al., 2013).
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Vegetation growth is seasonal, whictfluences the nutritional quality of the food and its availability
(OwenSmith, 2002, 2003, 2008; Prins & Fritz, 2008; Searle & Shipley, 2008; Eaaie2012).
Therefore faunal visitation patternsare influenced by stiting rainfall patternsand consequential
food availability OwenSmith, 2002 2008 Lewison, 2007 Searle & Shipley, 200®avieset al.,
2012. The dry seasohas an effect o local vegettion structure and compositiofiBarnes, 1983;
Cumming & Cumming, 2008larrison & Bargdgett, @8; OwenSmith, 2008 as a decrease in
precipitation andover-grazing around waterholes could le&a expansion othe piosphere(Owen
Smith, 2002;Wieren & Bakker, 2008)A piosphere is a zone of influencesulting from regular
grazing of vegetatiomround a water sourc@/VashingtorAllenet al., 2013).The piospherds often
cleared of vegetatiotior a distancebetween 10 to 35m aroundthe marginsof waterholes Thrash

et al, 1993; Ng et al, 2001; Parkeret al., 2009; Franzet al, 2010; Kasiringa, 2010; Mukaru &
Mapaure, 2012;Engvall 2013).This loss in vegetatioin the dry seasomesults ina decrease in
abundanceof herbivore speciesnd the number of individualghat utilise the piosphere around
waterholes due to the vegetation changdrom the drier conditions(Barnes, 19830wenSmith,
2002 2008; Skarpe & Hester, 2008Vieren & Bakker, 2008Kasiringua, 2010Blumstein, 2012;
Engvall, 2013)}-undamentally landutilisation withinthe piosphereis determined by the adequacy
of food availability, whichs dependent orthe wet seasonThus foraging behaviour is adapted to
the local environmental conditions for species to meet their nutritional requirements through
seasonatycles, whichs influenced by rainfallOwenSmith, 2002 20®, 2008 Prins & Fritz, 2008
Searle & Shipley, 208

The ecosystem response varies depending on tifferthg communities of herbivoein a certain
environment which is influenced by seasonaliiffering faunal communities caaffect the long
term austainability and resilience of thgreaterherbivorecommunity thatcongregate and rely on a
water source,in particularthe dry seasongGoudie & Thomas, 198%;luttonBrock, 2001)For
example four female elephants weighpparentlythe same as a herd of 50 sable antelope, but each
community will have a different effect on the environmeifithus, understanding the dixgty and
abundance ofspecies utilisingvater sourcesduring different seasonds essental, as they have

differing effectson the ecosystem.

26.3 Predation Effects on Waterhole &k

Predatorprey dynamics affecthe density ofherbivore specieghat utilise waterholes causing a
predator-prey shift(Bergeret al., 2003 Hoover & Tylianakis, 201Blumsteinet al., 2015. Predator-
prey shifs arecaused by seasonal shifts diets that may result in the increased presence of

predators around water sourcg®wenSmith, 2002; Blumstein, 2012ones, 2012Davidsoret al.,
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2013; Petersoret al., 2014). For instance, Wen theae is a decrease ithe abundance of prey, this
has an influence on their correspondipgedators.Predators typically seek their prey whérey are
weakened thus duringmonths when there is deficitof rainfall orduring drought periods,kills by
predators increaseFor example, dring the dry seasoim the Kruger National Park0% of kidu Kills
occur, whereas during/ears ofabove average rainfaludus have a high survival rai@wenSmith,
2002).Thus variations in predatiorare related to rainfall, which influences the forage availability

and hence dieguality of the kudu(OwenSmith, 2002).

In addition herbivoresare vulrerable to predation at permanenwater sourcesn particularduring

dry season, as manyaturally-forming waterholes dry upgBlumstein, 2012PDavidsonet al., 2013).
Predationtypicallyoccurs withina 2 km distance fromwaterholes in the drgeasonDavidsoret al.,

2013) whereasin the wet seasorpredation occursat greater distancegRosenstoclet al., 1999;
OwenSmith, 2002;,Dolan, 2006; Valeigt al., 2009c; Simpsomet al, 2011; Crosmaryet al. 2012;
Davidsoret al., 2013. Lionsin the Kruger National Paire known to kill2-4 km away from water
sourasin the dry seasorwhere thevarying distancef a kill is dependent on the seas(@vialeixet

al., 2009c; Davidsonet al., 2013). Thus, lerbivores are moreevenly dispersed in the wet season
when naturalsurface water is abundant in the landscape, compared to the dry season when water is

predominantly pesent inpermanent water sources aruttificial waterholegDavidsoret al., 2013).

Consequently vegetation can dfect the occurrence anddrinking timesof herbivore species at
waterholes.Open areas will have higher numbers of herbivore spedthass allowing them to drink
for longer periods as there is a greater chance to detect predatdf3aillardet al., 2008; Owen
Smith, 2008Périquetet al., 2010 Stankowich & Reimers, 2015 his sense of security is a result of
limited opportunity for ambush tehniquesby predators as preycan spotpredatorsat a greater
distance QwenSmith, 2002Périquetet al.,, 2010; Davieset al., 2012; Engvall, 2013Stankowich &
Reimers, 2016 Burchell's ebrasare an exampleof species that favoucertaindrinking sites in open
areasfor this reason(Périquet et al., 2010) Species will have longer drinking times at water sources
when there is a largeabundance ofpecies as this reduces individual vigilance responsibility and
decreases the opportunityof predationby prey dilutionand confusion(Bruger & Gochfeld, 1992;
Périquet et al., 201Q Blumsten, 2012 Daviest al.,, 2012 Beauchamp, 201®Blumsteinet al., 2015;
Stankowich & Reimers, 2015Thus, faunal abundance vegetation water requirements and

predationinfluence the occurrence and utilisation of fauna at the water sources.
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2.7 Wallowing

Wallowing is the coating of theyaA Yslbbd@ surface with muda mudlike substanceor water
(Jarman, 1972; Bigwood, 2011, Bracke, 2011; Vanschoenwétkal, 2011). Wallowing is the
natural behaviour of pigéSuidaespp), warthogs(Phacochoerus aethiopicusvild boar(Sus scrofp
rhino (Rhinocerotidag elephants(Elephantidag elephant sealgMirounga), American bisoriBison
bison), giant tortoises (Testudinidag crocodile (Crocodylinag buffalo (Syncerus caffgr deer
(Cervidag andoccasionally hippopotamu@ippopotamus amphidgdJarman, 1972Dudley, 1997;
Bigwood, 2011Bracke, 2011; Vanschoenwinket al., 2011; Jones, 2012Engvall, 2013 Small
rodents arealsoknown to sometimes wallowe.g.yellow marmots[Marmota flaviventri$) (Butler,
1995). Animals that haveno fur or are sparsely hairedre more likely towallow frequently than
other mammal specieSkinner & Smithers, 1998jgwood, 2011Bracke, 2011; Vanshoenwinlel
al., 2011).The anima® needto wallow is associated with thermoregulaticeind using mudas sun
protector. Wallowing isalso related to skin care and grooming for removing biting insects or
ectoparasite repellent and health by disinfection of wounds. Lastly, fauna walloscémtmarking,
resting, play and pleasur@nda social centre for animalsy either drinking or wallowing related to
sexual behaviou(Weir, 1969 Dudley, 1997Nget al., 2001; Bracke, 2011; Vanshoenwinkelal.,
2011; Haynes, 2012Engvall, 2013Stuart & Stuart, 2015)Thus wallowing is a basic ethological

need

Wallowing activity iparticulaty prominent in pigs andgig-like animalgButler, 1995; Bracke, 2011)
Figs lack functional sweat glands and wallowing in mud is an effet@evioural control
mechanismto prevent hyperthermia(Bracke;2011) 2 | f £ 2 ¢ A y 3 ad#ptationl for hainid Q
environments; as such, wi#iogs undergo wallowing activity when temperatures are at their peak
cope with the heat (Bracke, 2011jence,wallowing is necessary for thermoregulati@md is
important for the welfare of these specig¥anshoenwinkekt al., 2011). Pigs also wallovafter
consuming food as food intake elevates their body temperature (Bracke, 2&Ekearch has
indicated that agigs wallow it reduces their body temperature b§°C however the variation in

body temperaturefor elephants, rhino, andiarthogsafter wallowingis not known (Bracke, 2011).

2.7.1 ZoogeomorphicEffect of Wallowing

Wallowing activity has direct geomorphic consequences on the landseap®as explained by
Butler (1995).Butler (1995, 2006suggests that wallowing B direct effect that aimals can create

on a landscape Bigwood, 2011) Butler's (2006) diagram, portrays the host of geomorphic
consequences associated with animal action on the landscape, and the consequences associated

with it (Figure 22). However, there is still a gap in literature on wallowing and the effects this animal
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action has on the landscap&heformation of natural waterholes because wfallowing activity has
many consequencesn the landscapesuch as compaction, tramplingatisportation and deposition
of sedimentsand erosion (Butler, 1995/iles, 1988Bigwood, 2011; Engvall, 2013; Stomraehl.,
2016).

The predominant sediment inatural watkrholes consists of thick viscoaky, which can be easily
attached to an animal® body (Ng et al., 2001; Bracke, 2011; Vanschoenwinlatl al., 2011).
Furthermore,the looseningof surface material is a consequence of the activity in the waterholes,
resulting fromnatural excavation and wallowingctivities (Thomas, 1998). The sediment that is
transported from the waterhole isypically redeposited outside of the waterholé-lint & Bond,
1968; Bigwood, 2011 onsequentlythe utilisation of a waterholecanlead to localized soil erosion,
which typically leads to filling of waterholeswith coarser sand ovea period oftime (Weir, 1969;
Skead, 2007;Stommel et al, 2016). In addition the regular compacton of soil surrounding
waterholesandtrampling of vegetatiorenhances erosioat the waterholeedge whid leads to the
expansion of the waterhol¢Butler, 1995;Harrison & Bardgett, 2008{Vieren & Bakker, 2008;
Bigwood, 2011Engvall, 2013Stommelet al., 2016). This expansion of the waterhotentributes to
the ability of the waterhole to hold an increased amount of water (Engvall, 2088)eover, hino
and warthoggractice excavation at waterholedges, whicttanchang the congstencyof the mud
(Bracke, 2011).

In addition, afactor to consider with waterhole&s how the sediment changes during wet and dry
periods(Allanet al., 1995).There is mechanical separation of coarse and fine material into separate
areaswhen water is presentwhich could affect where animals amgallowing, as certain sediment
types are more dsirable than others for wallowin@/Veir, 1969; Stommedt al., 2016).Hence, the
type of sediment transported out of the waterholes in the diffetesreas, because a&feparation is
significant as it influences the utilisation of waterhol@&/eir, 1969). During the wet season,
sediment such asoase silt and clay may washto waterholes and accumulate, resulting in more
ideal waterholes for wallowin@Weir, 1969; Alistoun, 2012%ediment caralso beblown into these
waterholes by wind aabn (Weir, 1969)In the dry season, transport of sediment is influenced more
by wind action rather than by water, as water is limited or abg®¥eir, 1969;Alistoun, 202). If a
sufficient amount of sedimenis neither removed nor presenthis willmake the waterholes less
ideal for wallowing and utilisation, therefore they are less likelfpéomaintainedand remain active

(Flint & Bond, 1968Veir, 1969; Thomas, 1998; Parlatral., 2009 Engvall, 2013).
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Figure 22: Incorporation of wallowing activity into Butler's (2006hodel of animal action. \Wllowing was
incorporated as it has a direct geomorphic consequence on the landscape.

The entirebehaviourof wallowing by animals still needs to be investigatesljterature reveals very

little on the consequences wallowing has on the landscéfigure2.2), in particular regarding

warthogs and rhinoFurthermore, there is also a gap in the literature related to wallowing frequency

and duration of wallowing mammal# particularwarthogs, and how climatic and local weather

factors affectthe wallowingbehaviourof different species (Bracke, 2011).

2.8

Monitoring Methods

Interpreting animal behaviour and observing the interactionsnimals have in their natural

environment is vital when investigatingaunal occurrence around natural waterhole&nimal

behaviour and occurrence patternsan beobservedoy many methods includindput not limited ta
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GPS collars, direct observations from a hide or meticle (direct counts), spoor ardtopping
counts, aircraft monitoring, radielemetry, and photographc/video recording techniques (Loet
al.,, 1962; Ayenj 1975; Wilsoret al., 1996; Carqg 1999; Galantiet al., 2000; OwenSmith, 2003;
Galillardet al. 2008; Cromsigtet al., 2009; Funstoret al., 2010; Kay=t al., 2011a; Rowcliffeet al.,
2011; Hayward &Hayward, 2012). Each method has d@dvantages andimitations, for instance
traditional monitoring methods (for example ditecounts by observationpre laba intensive
(Ayeni, 1977; Cromsiget al, 2009; Handcocket al, 2009). Other limitations include time
constraints, costand negative effects orfiaunal behaviofrom the presence and impact of human
activity (Weiret al., 2009: Verstaetenet al., 2010). New monitoring techniquetiave emergeadvith
technological advansawhich have becone popularand address manypast limitations(i.e camera

traps and webcamg)NVawerlaet al., 2009: Verstaetert al., 2010).

Camera traps are a useful namvasive method that do not require the capturing and handling of
animals (Robertset al., 2006; Marnewicket al., 2008; Porter et al, 2010; Kayset al., 2011a;
Ancrenazt al., 2012 Hayward & Hayward, 2012; Engvall, 20T2amera traphaveaided research

as itallows for more precise accurate and reliable monitoring strategiesand there is no influence
of human activity on animal behavio@Robertset al., 2006; Marnewicket al., 2008; Rowcliffe &
Cabone, 2008Porter et al.,, 2010; Kay=t al., 2011a;Kayset al., 2011b; Ancrenazet al., 2012
Hayward & Hayward, 2012; EngvalQ13). In addition the use of camera trapallows for safe
monitoring of animals at nightwhere predation is highand traditioral methods were generally
limited to a 12hour observation period (during daylight hou(®ayset al., 2011a; Ancrenagt al.,
2012 Crosmarnet al., 2012.

Webcam monitoring caalsobe used in research as it is advantageous over camera traps because of
live monitoring (Hlerian approachin real time (Hayward & Hayward, 2012; Trent, 2012; Maraschin,
2013).An Hilerian approachs whena particular area is monitored and any species moving into the
area is recordedh real time(Kayset al, 20113. In South Africa, specific locations in different game
reserves can be viewed online through live video streaming (webcams), sutfe asebsite
Africam.com and the SANParks website, to view species drinking from water sources in Addo
Elephant National Park, Kgalagadi National Park, and Kruger NationaPetdtg]li et al., 2010;
Kamphof, 2011; SANParks, 2012)m8 advantages are #t webcam monitoring can be lowost

and can acquire continuous high frequency imageryithout regular maintenance, cheakps,
battery replacementsor various technical expertiséBradleyet al., 2010). Solar panels provide
continuous recharge capabilitifor the webcamand becauseof the live monitoring methodin real

time); one can determinghe proper function of the webcans without checkupsin the field(Culter
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& Swann, 1999; Loclet al, 2005).Webcams are moréeneficialover camera trapshowever,the

advantage of both is that the datean be viewed andstored for future investigationgCutler &
Swann, 1999; Verstraetest al., 2010; Bradley & Clarke, 201Thesephotographic/video recording
techniquesare valuable method# monitor wildife to discoverfuture threats totheir populations

andensure survival and management of species in conservation éretiorelliet al., 2010)

2.9 Summary

Water sources are a major limiting facttitat influences animal behaviour, in particular whign
comes to wildlife distribubn and abundance, predominantly savannah regiongOwenSmith,
2002; Chamailldammeset al., 2007a).Climate andweather changesffect faunalutilisation at
water sources due tothe changes imatural surfacewater, which is influenced by rainfalgnd
environmental change (Blumstein, 2012; Halidual., 2013). Species undergo behavioural and
physiological adaptations to cope with climate and weather changes (i.e. daily and seasonal shift in
utilisation of resources ommigration) (Bellardet al, 2012; Brown, 2012).Hence, localised
environmental conditions can lead to localised faunal occurrence, utilisation, and wallowing
behaviour at these water sources (Trent, 20IR)erefore, here is a need to understand the basic
ecological mechanism of naturaflgrming waterholes for park management and other conservation

practices, in particular with the effects of climateangebeing a reality (Halidat al., 2013).

Wallowingat waterhoks isnecessary fomnimalthermoregulationand is inportant for the welfare

of sparsely hairedspecies(Vanshoenwinkekt al, 2011). The predominant sediment inatural
waterholesis thick viscouslay, which can be easily attachedan animal@ body (Ng et al., 2001,
Bracke, 2011; Vanschoenwinkedl al., 2011). There isa gap in the literature related to wallowing
frequency and duration of wallowing mammals, in particular warthogs, and how climatic and local
weather factors affect wallowing behaviour (Bracke, 20Thus, research of this natuoanprovide
knowledge ofanimal behaviouaround waterholesand can improve wildlifenanagement(Festa
Bianchet & Apollonio, 2003; Gosling, 2003; van Wilgeral, 2015). Behavioural researatan
enhance ourunderstanding ofpopulation responses to environmental changad proviing
sufficiert supplementarywaterholes in whiclauna can utilise for drinking and wallowi{@osling,

2003; Woodroffe, 2003; Wieren & Bakker, 2008; Blumstein, 2012; Chaine & Clobert, 2012).
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3. Study Area

3.1 Introduction

Shamwari Private Game Reseigdocatedin the Eastern Capesouth AfricgFigure3.1) and covers
an area of25000 ha. Shamwaris the chosen location tachieve theaims and bjectivesof this
study as it has aliverse ecosystenpwith rich biodiversity(Anon, 2015)A large variety of southern
African speciesre present inShamwarjincludingbuffalo, giraffe lion, cheetah(Acinonyx jubatus
leopard (Panthera pardus caracal(Felis caracd) brown hyena (Hyaena brunnegr blackbacked
jackal(Canis mesomelgsbhateared fox(Otocyon megalot)s yellow mongoos€Cynictis penicillafa
honey badge(Mellivora capensjs elephants, white rhinoeros black rhin@eros(Diceros bicorn)s
hippopotamus,a variety of nocturnal spees,leopard tortoise(Geochelone pardalisand a wide
variety ofbirds and insects (Anon, 201%)ther species have been reintroduced to tregion and
conserved such as thesd-billed ox-pecker (Buphagus erythrorhynchyjsconservation of Cape
Mountain zebra (Equus zebra zebyaand theflightless dung beetl€Circellium bacchyisShamwari

also haveconservatiorand reintroduction programmegAnon, 2015).
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3.2 Climate and Habitat

3.2.1 Climate

Shamwaris located in a serarid regionwith an averageinnualrainfall of approximately 42620

mm (Whitehouseet al.,, 2008; Parkeet al., 2009).In semiarid regions,variability inseasonatainfall

is a centralcharacteristic(Knight, 1995; Epaphraet al., 2008; Smit& Grant, 2009;Hetem et al.,
2014).Lowestrainfall occursin the winter months(dry seasonfrom May to Augusiand summer
months of December and Janua@n the otherhand, thehighestrainfallis in the spring months of
October and Novembeand the autumn month of March, thus these are typically the wet seasons
(Figure 3.2 Marchreceivesan average ofi3 mm of rainfallthe highestfor any month(Figure 3.2
Seasonalainfall is an important influence in the amount of surface wateailablein the reserven
particular natiral surface water imaturally-formingwaterholes(Ogutu & OwerSmith, 2003 Birkett

et al, 2012; Davidsoat al., 2013.

African semiarid regionstypically experience fluctuations in temperaturéooth seasonally and
diurnally, with hot days and cool nights (Van Roogeal.,, 2008; Mills & Mills, 2013)n Shamwari,
the averageminimum temperature ranges from 6°C to 16°C and averaggimum temperatue
ranges from 20°C to 29°@nnually (Figure 3.2). The hottest temperatures are experienced in

Decemier, Januaryand FebruarfFigure 3.2(Schulze, 2007July and Junare the coolesmonths
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Figure 32: Monthly average climate variables calculated over 25 yemsrShamwari Private Game Reserve
(Schulze, 2007).
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3.2.2 Geology

Shamwari Private Game Reserve is ledatntwo different lithologies.The loweraltitude parts of

the reserve areassociatedwith coastalsediment connectedwith long periods of stabilitypn the

PostAfricanl erosion surfacéMcCarthy & Rubidge, 2008jaud, 2008) These deposits formed the

Alexandria Formation (marine limestone) and Nanaga Formation (aeolian duhis$) areoverlain

by ared soi| theseare pat of the Algoabasinhostingthe Uitenhage GroufFigure 3.3(McCarthy &
Rubidge, 2005Norman & Whitfield, 2006 Maud, 2008).The Utenhage Grouppredominantly
comprise of greenisigrey coloured and m@dish mudstonewhichare claylikematerials McCarthy &
Rubidge, 2005Norman & Whitfield, 2006Addo ElephantNational Park, 2016). Othexdiments

associated withthe Algoabasinconsist of calcareous sandstone, sandy limestone, conglomerate
and coquinite Norman & Wihifield, 2006;Maud, 2008).The higher-altitude parts of Shamwari are

located on themarine AlgoaGroupof soft Cretaceous sediments present fromhen the world's sea

level rosecausing marine deposits to cover these coastal pléiigure 3.4 (McCarthy &Rubidge,

2005; Maud, 2008)
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Figure 3.3: Cross section from the Gamtoos Basin to beyond the Fish River (Buéhak, 2015). Research

site indicated by red square, legerfdr this figureprovided belowin Figure 3.4
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3.2.3 Vegetation and Habitat

3.2.3.1 Vegetation

The nost dominantnatural vegetéion present in Shamwari Private Game Resasvihe Eastern
Cape succulent8vucina & Rutherford, 2001 Shamwari is located in thiéowie Thicket vegetation
unit, which is dominated byhe succulents euphorbias and aloes, there are thorny shrubs, woody
lianas Capparis, Secamone, Rhoicissus,)Adoal shrubbysucculentgCrassulaceae, Asphodelacgae
(Vlok & EustorBrown, 2002;Mucina & Rutherford, 2011)The Kowie Thicket nit comprisesthe
Albany Valley Thicket, whiatlominates Shamwari vegetationThe Albany Thicket is the second
smallest biome in South Africanakingup 3.3% of the total land area (Pageal.,, 2006).

Albany Valley Thicket consists of wadiveloped woody vegetatigrwith succulents andpinescence
that are relatively poorly developed(Shackletonet al., 2007) Woody semtisucculens consistof
thorny vegetationtypes have an average height of-2 m {/lok & EustorBrown, 2002;Mucina &
Rutherford, 2011)Many pecies presenin the Albany Valley thicketiime are endemido this
region, thus, it is identified as a biodiversity hotspot as it harbours a large number of rare and
threatened specie$Viok & EustorBrown, 2002Kerleyet al., 2003;Mucina & Rutherford, 2011)n
the past clearing for agricultural land anextensive pastoralism occurre@sulting in ogn areas
(savannah biome) in thikicket biome (Kerleyet al., 2003; Skead, 2007Parkeret al., 2009 Mucina
& Rutherford, 201} In total, 92% of the Albany Thickéiome in the Eastern Capgasdegraded
(Mucina & Rutherford, 2011). Todalyowever,the Albany Thicket Biome is highly transformbdt
still hashigh levels of degradatiofiKerleyet al., 2003; Skead, 200Parkeret al., 2009).

Shamwari Private Game Resemagietation alsaonsists othe Sundays thicket and Coega Bontveld
(Mudna & Rutherford, 2011). Sundayhicket is dominated by Spekboomoftulacaria afrawhich

is known as Sundays Spekboomvdile Sundays Spekboomveld has tsghctural heterogeneity
in this vegetation unifVlok &EustonrBrown, 2002Mucina & Rutherford, 2011). Spekboom is one of
the most important food sources fomegaherbivores €.9. elephants and rhino)Skead, 2007;
Whitehouseet al., 2008).In areas where spekboom was removetacia karoomay be found
(Mucina & Rutherford, 2011) There arealso annual grasses (e.gAristida congestaCynodon
dactylon and Enneapogon desvauxipresent and resilient herbaceous species (&gnseveieria
aethioppicg, where spekboom was once remov@ducina & Rutherford, 2011¥oega Bontveld has
a mixture of species such agras®s (wide stretches) and succulent Karelements the fynbos
biome is alsopresent in the Coega Bonteve{@lok & EustofrBrown, 2002;Mucina & Rutherford,
2011).A wide variety of esare locatedin Shamwari Private Game Rese(&mith, 2003)these

aloesare classified undethe Grass Ridge Bonteve{tflok & Eustin, 2002)Grass Ridge Bonteveld
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species areestricted to outcrops of limestonevhich only occur along the Nanagarfmation of the
Uitenhage Grougsection 3.2.2

3.2.3.2 PermanentWater Sources

There are very few artificial waterhole sites in Shamveaihe main water source that runs through
the reserveis the. dza K Y Rwér(QBoesmansrivigr which extends imind (Skead, 2007)Other
water sources that are utilised by wildlife amaturally-forming waterholes (norperennial water
sources), which are present throughout the Shamwari landscaj@kead, 2007)These waterholes
are, however, only utilised when there is surface water aability. Three naturally-forming
waterholes (4C) are examined in this stu@yigures 3.5, 36 & 3.7).

3.3 Site A

Site Ais anaturally-forming waterholelocated on dow gradient (120), at an altitude of210m a.s.|
and islocated on alluvial depositAppendix L Locations (GPS coordinates) of the waterholes will
not be divulgedat the request ofShamwari Private Gantfeeserve,as unfortunately theeffects of
poaching in South Africa agereality.In the pastsite A was cleared of the Albany Thicket vegetation
and transformed to agricultural landnd pasturage (Skead, 200TQurrently the land has been
rehabilitated and is dominated by a variety of grasard other vegetation that is presenincluding
scattered Sveet thorn (Acacia Karopand Royal carpet L{obularia maritima (Skead, 2007)The

. dz& K Y | y Gdocaredagpokitnately 100m away from the waterhole (Figure 3.5. Multiple
game trails are found in a radial pattesurrounding thewaterhole Figure 3.3 predominantly

leading to and from the Bushm@nRiver.

Thisnaturally-forming waterhole hasfew bare soil patchegherefore, lessopportunity for runoff as

the grassrestricts the free movement of surface watghereby the waterholeacts as a sink and
captures the transported waterand sedimentfrom surrounding aregParkeret al, 2009). The
centre of he waterhole is the deepest depressioh this naturally-forming waterhole [Table 31).

The waterhole at site A haslength of approximately 22.5 m, depth of 0.5 m, and a width of 17.5 m
(Table 3.1 The overall shape of site A waterhdaéregularto circular Figure 3.%. Site A waterhole

is the smallest waterhole in this studygble 3.). These parameters are nhexact measurements
due to the irregular shape of the naturafigrming waterholes and constantly changing morphology

of these waterholes; hence, they are given as an approximation.
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Figure 35: Aerial photograph of Site Alecation and surroundings in Shamwari Private Game Reserve.
Latitude and longitude were withheld due to the unfortunate reality of poaching in South Africa.

Table 3.1: Naturally-forming waterhole approximation parameters ofach site.

Average Site A waterhole Site B waterhole Site C waterhole
Length (m) 20-25 54-60 10-14
Width (m) 15-20 22-26 1-4
Depth (m) 0.5-1 0.2-1 0.5-1
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3.4 Site B

The naturally-formingwaterhole site B, is located on dow gradient (120) areain Shamwariwith an
altitude between 218 and 219n a.s.land is located on alluvialeposits Appendix L Ste B
waterhole falls within both the Savannah and Thiet Biomes (Figure3.6). TheSavannalarea was
previouslyagriculturalland and is now rehabilitatedatural land, located south and west of the
waterhole TheThicket Biome is locatedonth and east of thewaterhole Figure3.6). The differat
vegetation types located icloseproximity to the waterhole include Sweet thorrA¢acia Karop
Needle bush Azuma tetracanthp Common Spike thornGiymnosporia buxifol)a Milkwood
(Syderaxyan inermgeHue-bush Dipspyros lycioidésand Puzzle bushHhretia rigidd. Multiple game
trails arepresentradially around the waterhole antbad directly to the waterholdrom various
directionsin Shamwari predominantlyto the waterholes deepest depressioriBigure 3.8 The
deepest and widest depressionin this waterholeis where the greatest faunal utilisatiomnd
wallowing activity takesplace as this is where water collectsSite B was the largest of the
waterholes in this investigation with a length of 57 m and width of 22. 59 able 3.). Site B had a
flat morphology, except for the central depression in the waterhole. This centraledsipn was

deepest at 0.6 mOverall this waterhole had an irregular kidney shagpegure 3.9.

3.5 Site C

Site C is located onlaw gradient (120), with an altitude of 210 m a.s.l. in the Thick@bme (igure
3.7). Vegetation surrounding thevaterhole include Sweet thorn Acacia Karop Needle bush
(Azuma tetracanthg Common Spike thorrsymnosporia buxifolja Milkwood Syderaxyan inerme
Bluebush Dipspyros lycioidgs Puzzle bushEfretia rigidd, Spekboom Kortulacaria afry, and
Karoo Num Num (Carissa haematocarpaMultiple game trails lead to the waterhole, forming a
radial pattern Figure3.7). Ste Chasrelativelymore bare sojlcompared to site A and Biith just
thicket vegetation surrounding the waterhgléherefore, there is less regulan of runoff atsite C
compared to the other two waterholesSite C is the deepest waterhole in this investigatb®.75
m (Table 3.}, and the surroundng vegetation north and south influenced thiswaterholes
morphology. The wdsand east of the waterholeonsists of thedeepest depressionavhereas the
centre is raised, due to the presence of thickegetationof the waterhole edges at these locations
(Figure 3.7. Site C had the shortest length at 12 m and width of 2.5Table 3.]. Site C presents
itself as a highly irregular howglass shapeFjgure 3.7.
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Site B Naturally Forming Waterhole
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Figure 36: Aerial photograph of Site B's location and surroundings in Shamwari Private Game Reserve.
Latitude and longitude were withhkl due to the unfortunate reality of poaching in South Africa.
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Site C Naturally Forming Waterhole
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Figure 3.7: Ariel photograph of Site C’s location and surroundings in Shamwari Private Game Reserve.
Latitude and longitude were withheld due to the unforturte reality of poaching in South Africa.
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3.6 Summary

Shamwari Private Game Reservethe Eastern CapeSouth Africa Kigure 3.1), has a diverse
ecosystenwith rich biodiversity ands the chosen location tachieve theaims and objectives of this
study. The low rainfall regime and the sole river water source ofBashma® Rver means that

naturally-forming waterholesare an importantnon-perennial water sourcel-aunal activity around

three waterholes (AC)are examined in this study.
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4. Methods

Thisproject focuses ofocaldaily weather influence othe occurrenceof faunalspecies observed at
the chosematurally-forming waterholes. BushnellTrophycamera traphigh-resolutionimageryfrom
June 2016 to November 2016 Shamwari Private Game Resewas usedto achieve the desired
aim and objectivessgection 1.2. The research piect was only conducted fa shorttime period(six
months) because of the timeframe of Masters studRainfal] surface wateravailability and
temperature [average (g, maximum(Tmay, and minimum(Tmin)] all potentially influence faunal
visiting times(duration and frequency and speciesbehaviour. This chapter descrilsethe data
collection methodsand the specifics of howdata gatherirg and analysis took placEollowing this,
there isa discussion orthe methodology used to analysmmera trap images andcal shortterm

daily weathermatterns

4.1 Field Data Collection

4.1.1 SiteSlection

Naturallyforming waterholesare widely spread throughout the Shamwari landscape (Skead, 2007
Three naturally-forming waterholes were chosen in this investigation.n&@ GPS coordinateand
detailed locations of each waterhole sitgere documented but this informationwas withheld at
the reques of the game reservelo make suréhese waterholes were adequate achievethe aims
and objectivesmentioned (section 1.2); certain factors mentioned below were taken into

consideration.

First, the naturally-forming waterholesneeded to be active (inuse)over the time frame of the
investigation Waterholes that are excavatday wildlife dfect site selectin, as some waterholes will
be utilised at different periodsrangingfrom a few days to tw weeks.In addition, othersare only
utilised in the wetseason (Jarman, 197Raliduet al., 2013;Stommelet al., 2016). Itwasimportant
to note that during tle dry seasonsomespecies may locat® different areasin Shamwarto find
adequate water source andtherefore waterholes could potentially beconmgactiveduringthe dry

months

Scond the three wallowing speciemvestigated(elephant, white rhinpand warthogs) neeeld to
visit each waterhole and undergo wallowing at these waterhole sites.ifffoisnation was provided
from the knowledge of the game rangers who observed these specific wallonamgmalspecies at

each waterhole site.
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Lastly the waterholes needed to be away from areas with high touristvigtas itnegatively affects
faunal behaviourBehaviour is disrupted d@duto noise levels of vehiclesd touriss, whichin turn
leads to increas# vigilance behaviour of fauna dhe waterholes before drinking and wallowing
(Kamandaet al., 2008 Stankowich & Reimers, 2015 or this reason, the chosen sites are relatively

isolated and away from tourist hotspots.

4.1.2 WaterholeParameters

Average waterholgparameterswere measuredat the start of the data collectioJune 2016¥or

each naturally-forming waterholesite. Average waterhole parameters incldlestimated length

(m), width (m) and depth(m) of each waterholgTable 31). Mean waterhole parameters of each

site were established, as parameters such as depth was difficult to measure, due to the wa@rholes
irregular shape and morphological change by animal acti@hearvironmental factors such as wind

and water.Thus, the waterhole parameters aretrspatially uniform.

4.1.3 Camera Traps

With the presence of inquisitive elephants in Shaamwa metal camera casing watesigned and
manufacturedto protect the cameratraps in the field (Ancrenazet al., 2012) The @amera trap
casing were tested at Johannesburg Zo¢in the elephant enclosure) to determine if any
modificationswere needed forthe casing oiif other elephant deterrents were needed protect
them (Appendx 2). Thecasingwere commendabldor use in environments with elepharmiresence
without any extra modifications or deterrents. As a resthie Bushnell Trophyamera trapsand
casingswere placed at eachvaterhole sitein Shamwariwithout modifications Bushnell Trophy

camera traps are digital passive camera traps, withgturequality ofeightmegapixels

The camera traps wenglaced at the waterhole sitef®r a sixmonth period (JuneNovember 2016)
ensuringa largedataset were available for analysiCamea traps were placed approximately 10 m
away fromthe waterhole ensuring the ente waterhole would becaptured Another important
aspect regardingamera placementvassun exposureCameraraps wereplaced facing southest
or southwest directiorto ensuresun exposure diaot interfere with photos, by creating blanks
the image(Ancrenazet al, 2012). The same parameterswere setfor eachcameraat each site,
enabling comparability of dat&achcamera wado take animagequality offive megapixelsaswas
the recommended settingFor the purpose of this invaghtion the camera traps wereset to
motion sensorand set to take an imagevery 10 secondsnce the motion sensor was activated
(Stommelet al., 2016).Field scarimonitoring edges of waterhole siteglas set at each site take
images fromD0:00until 23:59(24-hours) Camera trapswvere able to take images for Z#burs over a

sixmonth period oncethe motion sensor was activated time stamp was setip on each of the
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camera traps, so each image contairtbd date/time of when the image was captured, allowing for
easy recording andountingof individualsat the waterholes.The @amera traps have a built in LED
that functiors as a flash (whé flash), sdhe camera trap couldake acceptablephotos at nightby
capturing the faunbspecies thatctivated the motion sensoAdditional equipment waseeded to
ensure adequate and efficierrunning of camera traps, thiincluded: spare AA sizeLithium
batteries; memory cardsgloth for cleaning the ameratraps (when changing batterieand checking
cameratraps regularly); GPS unitind data storage facilitiesand a portablehard drivefor storage

and backup (Ancrenazt al., 2012).

The limitations with using camera traps arthat smaller species may not beaptured (i.e. small
rodents)(Pollocket al., 2002).In addition if the movement ofinimalstriggered the motion sensor
the 10 second delay may not capture the entirety of the animal movemienparticularif the

animals crossed the field of view in less than 10 sec@idsrenazt al., 2012)

4.1.4 CameraTrap CheckingProcedure

It wasessential tocheck on the cameartraps, to ensure that they were workigtimally, and were

in the correct position (Ancrenaat al.,, 2012). Before leding the camera in the field, @vo-week
pilot project was conducted to ensure the camera traps weenctioning properlyin the
environmentand were in appropriate positiondhe camera traps werchecked regularlyevery 2
weeks,to change the memory castind batteries, whereecessaryCheckingproceduresmay have
influenced faunal utilisation on theay, asfaunal kehaviour is disrupted due to noise levels of
vehicles anchuman activity therefore, less faun@ould have visited the waterholes on these days
(Kamandaet al., 2008; Stankowich & Reimers, 201B6).addition the presence of elephanti
Shamwarresulted inmore regular checkips ofthe camera trapgo ensure no destruction ahshift

of the camera trap positioniesulting from their curiosityAncrenazt al., 2012).

4.2 Organisation of Data

From all the species recorded by the camera trapable 4.}, reptilian and avian species were

excludel from this investigation, as thiesearchfocuses on mammalian species.
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Table 4.1: Reptilian and avian species observed at naturdibyming waterholes in Shamwari but excluded
from analysis, as the focus of this study was on mammalian species.

Species not malysed during study period

Scientific Name

Corvus capensis

Falco naumanni
Sagittarius serpentarius
Streptopelia capicola
Lamprotornis nitens
Anthropoidegparadiseus
Bostrychia hagedash
Ardea cinerea

Numida meleagris
Alopochen aegyptiacus
Geochelone pardalis

Common Name

Pied Crow

Rock (Common) Kestrel
Secretary bird

Cape turtle dove
Glossy starling

Blue crane

Hadeda lbis

Grey heron

Helmeted Guineafowl
Egyptian Goose
Leopard tortoise

4.2.1 Camera TrapmageData Organisation

At each site(Table 4.2, species were identifiecind the numbers of individual®f each species
present at the waterholesalongside the relevardate and timeof their presenceFaunalwaterhole
visitations wererecorded inMicrosoft ExceR010 spreadsheetsOnce individualsfirst appearedat
the waterhole,the species and number of individualere recorded A zero wasallocatedwhen the
same individal was present at the waterholen the next camera trap image(Trent, 2016)
Individuals were identified byisualmarkingsor recognisable traitsOver or underestimation may
however, occur as someindividuak do not have easilyisually identifiable traits. If the same
individuals revisited the waterhole later in the day (such as morningemathing, they werere-
recordedas species are known to utilise the same waterholes throughout the 8pgcies visitation
per hour was grouped into daily and monthly periods to investigate correlations between visiting
times and wallowing activity with local weathesriabkes Monthly data were examineds his was a
shortterm study, hence shifts in faunal activity could beasily identified with local weather
conditions monthlyrather than seasonally §seasonalityvas not the focus of the study).

Table 4.2: Camera trap details of total images from June 204Blovember 2016. Discrepancy is number of
days captured is explaineds alimitation in the Discussion sectian

Site Study Period No. of days No. of camera trap images archived
captured

Site A | 14" Junec 29" November2016 141 1236

Site B | 14" Junec 29" November2016 169 1897

Site C| 14 Junec 29" November2016 169 1156
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4.22 Climate ata

Local imate datawere obtained from the South African National Weather Service (SAaWSyere

dzaSR G2 SELX 2NB | NBfI GA2y3&aKALl visitbtiomti®i&syat the S Y L32 NI
waterholes compared tolocaldaily rainfall and temperatureRainfall andemperature dataduring

the same time periof the study, was obtainedfrom the Addo Elephant National Park weather

station (station = 0055447A7)This station was chosen as ithg closest reliablaveather station to

Shamwar(23 km)and is in the same climiatzone as Shamwafirigure 3.). The Addo Elephant Park

weather was als the only availableeliable weather data for this investigatiorit was important

having rainfall recordsvhich areappropriate as rainfall variability of the area of studies varies

temporally, spatiallyandin terms of intensity (Ayeni, 1977; Hagrd & Hayward, 201p

4.3 Data Analysis

All statstical analysisof faunal observationsvas conductedusing Microsoft Excel 2010 and
Statistica The faunaloccurrencedata wereused to determine speciespecific visitation patterns
(either diurnal or nocturnal) at # waterholes.With the help of camera traps, factors that
influenced the diversity and density of species at these waterholes were rev@aegrass growth
and suface water availability Theseimages which wererelevantto this investigéon, were gored

so they could beised forfurther analysis and discussion of results.

4.3.1 ShortTerm Temperature andRainfall Analysis(Junez November 2016)
Theaveragedaily andmonthly temperature (Tmin, Tmax Tavg) @nd rainfall(mm) were calculated over
the study period (JuneNovember 2016)to determinewhich days andmonths experiencedthe

highest and lowestemperaturesand thegreatest and least rainfall (mnjtals.

4.3.2 Camera Tap Imagery

Thetotal (n) faunaloccurrenceandtotal (n) individuals pesspedesat eat waterhole was calculated
for eachhour (00:00;23:59 over the study periodsection 4.21). Then daily visitation patterns of
each species weraveraged over a smonth period to determine the peak visitation intervals
(morning [00:0009:00], afternoon [09:0€15:00], late afternoon [15:008:00], and evening [18:00
24:00]). Peak sightings at the waterholes were classified as the period in wiheclyréatest
frequency by a particular species occurred over the study period (BJimember 2016)After this,
averagecounts per specieswere separated intomonthly hour occurrencedata over the study
period. Distribution curves weranalysed to determinenonthly patternsfor different species at the
waterholes.Totals (n)were used in this analysis ¢fie number of individuals of each specie#thin

the differenthours andmonths throughout the study period
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4.3.3 Peak Faunal Ativity

Themeanhourly datafrom June to Novembewere usedto analyse temporal occurrengeatterns
of eachspecies at thavaterhole sitesHourly percentages for each species were calculéteu the
hourly data. Then theeparatespecies wergrouped according to theirisitation intervals (morning,
afternoon, late afternoon, and eveninggo that the peak timefor each species observemuld be
established These results werstatistically analysed with the use of Principal Compogadémalsis
(PCA) and cluster analyd®CA and clusteare suitable fotthis statistical analysis as they can enable
isolation of specific groupsf specieghat have similar peak occurrene¢ the waterholesEuclidean
methods were used to test occurrencef unclusteredanalysis.Ward@ D method wasused to
calculate distance between each specibased orthe hourly percentagesof each specie@Manly,
2009). Time was classified as a vectathen species were grouped according twedapping
waterhole visitation times driven by specifiime vectors. The statistical analyseising PCA and

clusters were then compared to waterhabecurrencepatterns.

Differences in sunrise and sunset were considered, as the sunrise and sunset differed each month
over the study period, altering the lighwvailable in each montiréble4.3). The suf® position in the

sky (time of sunrise and sunset) cause variations each month in the daylight hours available, which is
known to influence faunal behaviour (Nouvelkgtal.,, 2011). 8nrise ranged from 05:608:00 and

sunset from 17:0€20:00 over the study period able4.3).

Table 4.3: Sunrise and sunset times grouped into hourly categories for each month over the study period
(June- November 2016).

Sunrise Sunset
June 07:00-08:00 | 17:00-18:00
July 07:00-08:00 | 17:00-18:00

August 06:00-07:00 | 17:00-18:00
September| 06:00-07:00 | 18:00-19:00
October 05:00- 06:00 | 18:00-19:00
November | 05:00- 06:00 | 19:00-20:00

4.3.4 Monthly Faunal Activity

To establishmonthly waterhole occurrenceatterns for each species, thieourly visitatiors which
were calculated per speciesvere divided intodifferent monthly hourly meanf the study period
(June&,November2016). Monthly data wereexamined ashis was a shorterm study,hence shifts in
faunal activity coulde easily identified withocal weather conditions monthly as seasonalityas

not the focus of the studyGraphs wergroducedso thatmonthly differencesin speciesoccurrence
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at the waterholes could be identifiedSpecies that have similasisitation timeswere grouped
together according to monthly preferential waterholeccurrence Faunal species werealso
categorised according to their food preference (feeding guildgazersbrowsers, mixedeeders,
insectivores, and carnivores This was to determina which month certain speciewith different
food preference occurred at the waterholesas food preference is associatedith water-

dependencyAyeni, 1975; Western, 1975).

4.3.5 LocalWeather @nditionsand Faunal Activity Relationships

Local veather conditions such astemperature and rainfal] affect visiting timesand wallowing
aaivity of specieqSkiles & Hanson, 199%thuiler, 2007)Temperaturethreshdds of each individual
speciesand the amounbf availablesurface watempresent inthe landscapdollowing rainfall events,
also dfect faunal behaviour (Mills & Retief, 1984; Thouless, 1998; Ful¢ral, 2014) Monthly
means for bothtemperature and rainfall were explored throughotthe study period(Appendix 3
This was to determine whemainfall quantity was sufficiertb form surface water antb produce an
adequate amount of watefor faunal utilisationandsuitable conditions to allow species to undergo
wallowing activity. Thus, rinfall influences faunabccurrence patterns at waterholes, as raithf
affects both water availabilityand distributionin Shamwari. Thereforethe number of species
visiting the wateholes is likely to be influenced lgaily and monthlyrainfall patternsin the region
which is explained beloveéction 4.37 - 4.3.9 (Valeixet al., 2008a).

4.36 Temperature andFaunal Activity

To determine if there was a relationship between temperatandfaunalactivity at the waterholes,
meandaily faunal sightingswere used.Thesewere plotted againsaveragedaily temperature (v
over the study periodto determine i a pattern existsPearso@ Correlation Gefficient was used to
statistically analyse this relationshi\ppendix 3 The relationshifs between Tmax Tmin, and faunal
activity were identified. The relationship between Tax Tmin, @and faunal activityis important as
different species have different temperature thresholisd are active during different times of the
day under dfferent local weather conditions.Monthly relationships were determined between
occurrenceper speciesand temperature Average monthly activitjor each species was correlated
with averagemonthly temperature (Thvwy. Thus,speciegspecificdaily andmonthly patterns with

temperatureover thestudy periodcould be determined

4.3.7 Rainfalland Faunal Activity
Arelationshipbetweenfaunalsightings and rainfalbgfore rainfall, during rainfall, andimmediately
after rainfall) was determined The mean number of sightings was organised #sponse to rainfall

categories. fis includedone day before a rainfall everdr two days beforea rainfall event,on the
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day of a rainfall event,and one day after a rainfall evenbr two days aftera rainfall event To
determine if a relationship existetietween rainfalland these rainfall categoriesi KS t SI NE 2 y Q
Correlation Coefficient was usedith rainfall dataand the mean faunal sightingsduring these
rainfall eventgAppendix R Acrosscorrelation wascompleted to determinethe similarity ofrainfall
relative to faunal sightingandto determine if there igddisplacement(lag)between rainfall andhe
number offaunal sighting®ver the study periodThecrosscorrelation wasconducted withaverage
weekly faunal sightingat the waterholes,as it was more effectivéhan dailyfaunal sightingsto

detect a change in faunal occurrengatternsin relation to minfall

4.3.8 Faunal Activity in Relation to Quantity of Rainfall

Thequantity of rainfallaffectsspeciesoccurrence atvaterholes Different quantities ofdaily rainfall
were categosed during the study period:-@ mm; 10-19 mm; 20-29 mm; I Y R30 mm. Rainfall
events <1 mm were excludedrom this analysiglue to its inconsequential quantityfhe mean of
faunal sightingsvere established for each rainfall categofhis wascompletedto determine the

effectsthat different quantities of rainfall have on faunal occurrence at the waterholes.

4.3.9 FaunalActivity and SurfacéVater Availability

Rainfall drives faunal occurrenpatterns atwaterholes, as rainfall affects both water availability in
waterholes and distribution of watethroughout the landscapéValeixet al., 2008). A relationship
between faunal sightings and surface water avaiigbin the naturallyforming waterholes was
establishedand displayedgraptically. This was accomplishdayy categorising the waterholes each
day over the study periodfrom the camera trap imagesseither: dry; muddy, or water. Dry was
when there was no mud or water present in the waterholes. Mudds when the waterholes
appearedto be wet but clearly no puddles of water could be see mud was presentastly,
water waswhen thewaterholeswere filled with water or contained puddlés the depressios of

the waterholes.

4.3.10 Peak Wallowing Activity

The hourly datavere used to analyse temporalatterns ofwallowingby elephant,white rhino,and
warthogs ateach waterhole Thetotal (n) number of wallowing events was calculated faach
speciesper hour over the study periodnd weregrouped according to their time periods, Huat

the peaktime of wallowing activity could be established per wallowing species. These results were
statistically analysed with PCA and clustaalysisand Pearson Correlationdgfficient to determine

if there is a significant differenda wallowing activity for each speciésppendix
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4.3.11 Monthly Wallowing Activity

To establishmonthly wallowing activity for each wallowing species, the perceatafj wallowing
activity that wascalculated for each species wdwided into different months. This wasused to
determine in which monththe greatest and least wallowing activitgok place Secies tha had
similar wallowing activitiesvere grouped togetherTo determineif there was ashift in monthly
wallowing activity, the total(n) wallowing events per hour for each specigdsring these months

were graphed.

4.3.12 Wallowing Activity and Temperature

To determine if there is a relatiship between temperature and peak wallowing activity at the
waterholes daily wdlowing patternswere calculated using theotal (n) wallowing activity.Daily
average temperatures k) were then plotted agains peak wallowing activity The Pearso®
Corelation Wefficient wasused to determine if a relationship exidistween Tavg Tmax, andTmin and

peak wallowing activity per wallowing spec{@ppendix 3

4.3.13 Wallowing Activity and Rainfall

To determine arelationship between wallowingctivity and rainfall events, totaln) wallowing

activity and rainfall (beforeainfall, duringrainfall, and mmediately afterrainfall) was established
Wallowing activity was organiseatcordingto rainfall categoriespne day before a rainfall eventro

two days beforearainfall event, @ the day of the rainfall evenandone day after a rainfall event or

two days after the rainfallevent ST NR 2y Qa / 2 NNdd crossdozelbtionnassusetd OA Sy (i
examine these relationshig@&ppendix 3 A dosscorrelationwere conducted with weekly averages

as it was more effective to detect a change in wallowing activity in relation to rainfatlaifs

wallowing activitymay nottake placeat all of thewaterholes.

4.3.14 Wallowing Activity after Rainfal Events

The aquantity of rainfall affects wallowing activity of elegnts, white rhingand warthogsThetotal
(n) wallowing activity for each species wastablshed for each rainfall categoryg tletermine if the
different quantities of rainfall influenced wallowing activitf these wallowing species at the
waterholes.Different quantities of rainfall were categead during the study perigdas described

above

4.3.15 Wallowing Activity and Suface Water Availability
It is important to establish a relationship between surface water availability and wallowing activity.
Wallowingis theO2 I GAy 3 2F | yAYLl { Q& madkk® substrdaddnater,3huss A G K Y d;

surface water needs to bgresent to allowwallowing events to take plad@arman, 1972; Bigwood,
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2011, Bracke, 2011; Vanschoenwingedl., 2011).This was accomplished by the methatéscribed

in section4.3.9

4.4 Summary

Data at the three waterholes were collected by means of motion setrgggered camera trapsit

each site, the species were identified and the numbers of individuals of each species present at the
waterholes, alongside the relevant date and time of th@#sence Species occurrence per hour was
grouped into daily and monthly periods to investigate correlations between visiting times with local
weathervariables Data analysis was based on the tdi@linal occurrence and total individuals per
species at esh waterhole for eah hour (00:0923:59).The total number of wallowing events was
calculated for each species per hour over the study period and were grouped according to time
periods, so that the peak time of wallowing activity could be establishedwadiowing species.
These faunal activity patterns were then compared with climate variables of temperature and
precipitation, usinfPearso® & O 2 NDEBidienti A 2y O
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Chapter 5

Results
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5. Results

5.1 Short-Term Temperature and Rainfall (June zNovember 2016)

51.1 Temperature

Over the course of the study period (JuiNovember2016) June anduly experienced the coldest
meanmonthly temperatures with the absolutelowest daily temperaturerecordedin July(-1.1°C).
Theabsolutehighestdaily temperaturewere recordedin August(40.1°Q (Figure 5.1& Table 5.1
Due to theshort period of this study predominantly winter month dat werecollected, therefore

not all seasons were explored.

Table 5.1: Sixmonth average (duration of study period) foralg, Tmax, Tmin, @and rainfall (mm).

Sixmonth averagefor Tavg, Tmax, Tmin, @and rainfall (mm)
Tavg Trmax Tmin Rainfall (mm)
Average 6) 16.80 °C| 25.27 °C| 8.17 °C 0,58 mm
Sample size (n) 169 169 169 49
Range 18.45 25.8 14.6 14.2
Variance () 14.21 °C| 26.63 °C| 19.45°C 3.61 mm
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Figure 5.1: Daily average, maximum, and minimum temperature over the study period (ih@vember
2016).

51.2 Rainfall
In the region the highestrainfall (mm)wasmeasuredin July, with 32.4 mnof rainfal (Figure 5.2
Duringthe yearwhen theresearchwas conductedJunerecorded only7 mm. November followed

with the second lowest of 10 mifrigure 5.2.
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Figure 52: Monthly precipitation (mm) over the study period.

Over e course of the study periothe 25" of Julyrecorded the highest dailgainfall (mm)of 14.2

mm. On the 3% of Septemberthe secondhighest of 12 mm was measurgBigure 5.3 More rain

fell during the dry season then wetter season, which rhaye been da to the weak development

of La Niia towards the wet season, causing below average rainfall (mm) (SAWS, 2016b). Over the
course of the study perigdShamwari experiencethoderately dry conditions (SAWS, 2016and

below average rainfal(mm). From September tdNovember 2016 Shamwari experience below

average rainfaltausing severely dry conditiofiSigure 5.3 (SAWS, 2016a).
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Figure 5.3: Daily precipitation (mm) ovethe study period.

5.2 Faunal Occurrence at Waterholes
There were 27 species observatthe waterholes over the study periodable 5.2, these were

both diurnaland nocturnal specie@able 5.2, 5.5, 5.6 & 5.7

52



Table 5.2: Faunal species observed at the naturafigrming waterholes during the study period,
demonstrating water dependency of these species in the Shamwari Private Game Reserve.

Common Name

Scientific Name

Water-dependency

Feeding preference

Family Bovidae
Red Hartebeest

Springbok
Impala
Blesbok
Waterbuck
Gemsbok
Eland
Greater Kudu
Family Giraffidae
Giraffe
Family Equidae
Burchell zebra
Black Rhino
White Rhino
Family Elephantidae
African Elephant
Family Hippopotamidae
Hippopotamus
Family Suidae
Warthog
Family Cercopithecidae
Vervet Monkey
Chacma Baboon

Family Hystricidae
Porcupine
Family Felidae
Lion
Family Hyaenidae
Brownhyena
Family Canidae
BlackBacked jackal
Bateared fox
Family Leporidae
Scrub Hare
Family Mustelidae
Honey Badger
Family Suidae
Bush Pig
Family Bovidae
Common Duiker
Bushbuck

Alcelaphus buselaphus

Antidorcas marsupialis
Aepyceros melampus
Damaliscus drcas phillipsi
Kobus ellipsiprymnus
Oryx gazella
Taurotragus oryx
Tragelaphuc strepsiceros

Giraffa camerlopardalis
Equus burchellii

Diceros bicornis
Cerathotherium simum
Loxodonta africana
Hippopotamus amphibius

Phacochoerus aethiopicus

Ceropithecus aethiops
Papio ursinus

(Sources: Western, 1975; Derry, 2004;0wenSmith,
2008; Davidsoet al., 2013 Stuart & Stuart, 2016
Diurnal species

Water-dependent

Less watedependent
Water-dependent
Water-dependent
Water-dependent
Less watedependent
Less watedependent
Less watedependent

Less watedependent
Water dependent
Water-dependent
Water-dependent
Water-dependent
Water-dependent

Water-dependent

Water-dependent
Water-dependent

Nocturnal Species

Hystrix africaeaustralis

Panthera leo

Hyaenabrunnea

Canis mesomelas
Otocyon megalotis

Lepus saxatilis

Mellivora capensis

Potamochoerus porcus

Sylvicapra grimmia
Tragelaphus scriptus

Less watedependent

Less watedependent

Less watedependent

Less watedependent
Less watedependent

Lessvater-dependent

Less watedependent

Water-dependent

Lesavater-dependent
Water-dependent

Mixed Feeder

Grazer

Mixed Feeder

Mixed Feeder

Grazer

Mixed Feeder

Mixed Feeder

Browser

Browser

Grazer

Browser

Grazer

Mixed Feeder

Grazer

Grazer

Mixed Feeder

Mixed Feeder

Mixed Feeder

Carnivore

Carnivore

Carnivore
Insectivore

Grazers

Mixed Feeder

Mixed Feeder

Browser
Browser
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53 Camera Trap Monitoring at Each Naturally -Forming Waterhole .
This section analysespecies observedver a 24hour (00:0023:59 period each day when the
camera trapswere active in the field over thstudy period The 24hour period waddivided into

hourlytime categoriegTable 53).

Table 5.3: Time categories over the 2dour period.

Time Category| Time Category
1 00:00- 00:59 13 12:00- 12:59
2 01:00- 01:59 14 13:00- 13:59
3 02:00- 02:59 15 14:00- 14:59
4 03:00- 03:59 16 15:00- 15:59
5 04:00- 04:59 17 16:00- 16:59
6 05:00- 05:59 18 17:00-17:59
7 06:00- 06:59 19 18:00- 18:59
8 07:00-07:59 20 19:00- 19:59
9 08:00- 08:59 21 20:00- 20:59
10 09:00- 9:59 22 21:00- 21:59
11 10:00- 10:59 23 22:00-22:59
12 11:00-11:59 24 23:00-23:59

The observed species over the study petiedealed27 speciest the waterholegTable 54). Site B
had the highesnumber of individualssightedat the waterhole(n= 2067) followed by site Gn=
1022) with the lowestnumber of individualsobservedat site A(n= 988) Warthogshad the highest
occurrenceat site A(n= 186)and site Gn= 262) and springbok had thieighestoccurrence at site B
(n =583)Table 54).

5.4 Peak Faunal Activity

Species were recorded over the-Bdur period each day during which camera trap images were
available. The most frequent species to visit site A waterhole over the study peewarthogs
(n=186), with 12:013:00 as the peak hour in which warthogs were most frequently sighted (n=40)
(Table5.4,5.5). Burchel® zebra were the second most frequent species (n=184able 5.4 The
peak hour for Burchell zebra activity was bewen 11:0012:00 Table 5.%. Springbok (n=583) were
the most frequently sighted at the site B waterholEable 5.4, 5.6 The springba® peak activity

occurred between 12:003:00 (n=104). The second most frequently sighted species at site B was
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impala (+457) Table 5.9, with 17:0018:00 as the peak howf activity. Warthogs were the most
frequently sighted species at site C (n=262) with peak activity between -12:00 (n=46) Table
5.4,5.7). Kudu were the second most frequently sighted speciestatC (n=145)ith peak &tivity
between 10:0611:00 Table 5.7.

Table 54: Total (n) faunal sightings over a 6 month period at each naturédiyming waterhole site. Asterisk
(*) has been marked on the highest number of siglys per species.

Common Name Scientific Name Site A Site B Site C
Diurnal species
Family Bovidae
Red Hartebeest Alcelaphus buselaphus 0 13 7
Springbok Antidorcas marsupialis 174 *583 2
Impala Aepyceros melampus 121 457 95
Blesbok Damaliscus drcas phillipsi 15 244 0
Waterbuck Kobus ellipsiprymnus 40 0 70
Gemsbok Oryx gazella 0 0 13
Eland Taurotragus oryx 18 16 0
Greater Kudu Tragelaphuc strepsiceros 30 62 145
Family Giraffidae
Giraffe Giraffa camerlopardalis 31 51 7
Family Equidae
Burchell zebra Equus burchellii 181 126 95
Black Rhino Diceros bicornis 0 3 9
White Rhino Cerathotherium simum 0 10 77
Family Elephantidae
AfricanElephant Loxodonta africana 37 53 22
Family Hippopotamidae
Hippopotamus Hippopotamus amphibius 6 3 3
Family Suidae
Warthog Phacochoerus aethiopicus *186 239 *262
Family Cercopithecidae
Vervet Monkey Ceropithecus aethiops 9 1 4
Chacma Baboon Papio ursinus 0 1 15
Nocturnal Species
Family Hystricidae
Porcupine Hystrix africaeaustralis 10 0 11
Family Felidae
Lion Panthera leo 0 1 1
Family Hyaenidae
Brownhyena Hyaena brunnea 2 3 4
Family Canidae
Blackbacked jackal Canis mesomelas 9 12 5
Bateared fox Otocyon megalotis 0 0 2
Family Leporidae
Scrub Hare Lepus saxatilis 8 0 7
FamilyMustelidae
Honey Badger Mellivora capensis 1 0 1
Family Suidae
Bush Pig Potamochoerus porcus 0 0 1
Family Bovidae
Common Duiker Sylvicapra grimmia 11 29 68
Bushbuck Tragelaphus scriptus 0 0 14
Total (n) 988 2067 1022
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Table 55: Total faunal species over the study periger time category at site A. Asterisk (*) has been marked on the hour with the largest number of sightings per

species. Sunrise times are highlighted in yellow, sunset tiraes highlighted in red over the study period
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Table 5.6: Total faunal species over the study period per time category at site B. Asterisk (*) has been marked on the hour widlrgestinumber of sightings per

species. Sunrise times are highlighted in yellosunset times are highlighted in red over the study period.
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Table 5.7: Total faunal species over the study period per time category at site C. Asterisk (*) has been marked on the hour wigingest number of sightings per

species. Sunrise times are highlighted in yellow, sunset times highlighted in red over the study period.
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5.5 Monthly F aunal Activity

The ptal number ofindividuals for eacliaunal species wereanalysed for each month as the faunal
activity differs month to month over the study period.The number of individualdor each species
wasusedto determinewhich species had thieighestoccurrenceat eachwaterholein the different

monthsof the study period

55.1 Site A

In the month of Junespringbok hadhe highesthumber of indviduals sighted31.9%)the second
highest species sightings being warthogs (192%) In July springbok (4@%) werethe mog

frequently sighted speciesvith the seconchighest beingmpala(11.5%)Figure 5.4 In Augustthe

highest sighted specieswere Burchel@ zebra (471%) yet June and July hado sightings of
Burchell@ zebra with the second most frequently sighted specibging warthogs (214%) In

September, warthogs (32.5%) were the ast frequently sighted species witthé secondbeing
springbok (14.1%Figure 5.4 In Octoberthe most frequently sightedpecies werémpala (348%),
with the secondbeing waterbuck (13.7%) Lastly, m November,warthog (297%) were themost

frequently sighted speciewith the second beingpringbok (28%)(Figure 5.4.

55.2 Site B

In June, at site B waterhole the most frequently sighted species was impala (29.3%), with the second
being warthog (24.1%}-{gure 5.%. No carnivores were sighted in June, only herbivorous species. In
July, the most frequently sighted spesigvere springbok (2%%), with the second being blesbok
(211%) Figure 5.5. In August, the most frequently sighted species were warthog (29.8%), with the
second being springbok (15.7%). A high percent of 16.2% were unknown Spessegedin August

at this waterhole, these species could not be identified due to many factors (this is explained in
limitations (section 6.9 (Figure 5.%. In September, the most frequently sighted species were
springbok (3®%), with the second being impala (21.1%j)g@re 5.5). In October, the most
frequently species sighted were impala (35.7%), with the second being springb&%o)2bigure

5.5). Lastly, in November, the most frequently sighted species were springbd®4p2with the
second being warthog (13.9%figure5.5). There were no carnivore sightings in the first three
months of the study period and an increase in carnivore sightings occurred in the last three months

at site B waterhole.
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Figure 54: Percentage composition of the total number of faunal species sighted at site A waterhole in each ir
over the study period.
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Figure 55: Percentage composition of the total faunal specisighted at site B waterhole over the study period.
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553 SiteC

At the site C waterhole in Junéhe mog frequently sighted species wergarthog (237%) with the
second mosfrequently sighted species beimgizNO K S t {(16. 5% Fighreé 5% In July, the most
frequently sghted species were Bchell® zebra (17%) with the second beindgudu (17%) and
waterbuck (I%)(Figure 5.8. In August the mog frequently sighted species wesgarthog (272%),
with the secondbeing white rhino (%), hese are both wallowingmammals (Figure 56). In
September, the most frequently sighted species were warthogsl8¥. withthe second beindudu
(17.8%)Figure 5.8 In Octoberthe mog frequently sighted species werarthog (33.9%)with the
secondbeingcommon duiker (1B%)(Figure 5.6. Lastly, m November, the most frequently sighted

species were kudu (30.5%), with the second be&mghog (18.6%f{Figure 5.6

5.6 Different Feeding Guilds Monthly Activity

Faunal species have different food prefereaqfeeding guildg grazers, browsers, mixed feeders,
and carnivores). Different food preferences are associated with wadgpendence and influences

the occurrence of faunal species at the waterholes (Ayeni, 1975; Western, 1975). Herbivore
populations ae known to disperse into different habitats within a landscape where there is food
availability, in particular after rainfall events (Ow&mith, 2002; Gaillardt al. 2008; Prins & Fritz,
2008; Valeiet al.,, 2010; Daviegt al., 2012). This makes it imp@ant to understand monthly faunal

species distribution in relation to feeding guilds.

56.1 Site A

Grazers occurred every month at the waterhole and it is evident that they were the most frequently
sighted feeding guild. However, this could be due toittmverall large numbers in Shamwari,
compared to the other feeding guilds. The most frequent sightings of grazed/gb®ccurred in
August, with the least being in October (41.6%jg@re 5.J. The number of grazers sighted,
increased in August andecreased again in September and October. Springbok were the most
frequently sighted grazers at site A waterhole in June (31.9%) and Judoj4¥igure 5.4 In
August, Burche® zebra (471%) were the most frequently sighted grazers. In September ¢82.5
and November (29%), warthog were the most frequently sighted grazéiigire 5.4. In October,
waterbuck (137%) were the most frequently sighted grazefsg(re 5.4 Browsers (9.3%) were
most frequently sighted in October, with the least sightedlime (5%) Figure 5.7. In June, the
only browsers sighted at the waterhole were kudus@d). In July (3%) and September (B%), the
most frequently sighted browsers were kudu3%). In August (8%)and October (&%), the most
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Figure 56: Percentage composition of the mammal species sighted at site C natufafiying waterhole over the stud:

period.

63



frequently sighted browsers were giraff€&igure 5.4 Lastly, in November, the mo$tequently

sighted browsers were common duiker (4.4%ig(re 5.3

Mixed feeders were sighted at site A waterhole, October had the most frequent sightings of mixed
feeders (39.1%), with the least in June (5.3%yure 5.7. In October, whengrazers wee least
sightedthe least in October, mixed feeders had their higheatnber ofsightings at the waterhole
during this month Figure 5.7. In June (8%), July (11.5%), September (13.5%), Octobe8¥ad4 and
November (8%) the most frequently sightedhixed feeders were impala @) Eigure 5.4.

However, in August, the most frequently sighted mixed feeders were elephants (Figre(5.4.

Carnivore species were sighted at site A waterhole in the months of June, July, and August and were
absent inSeptember, October, and November. June had the most frequent sightings of carnivore

species (A%) at the waterholeRigure 5.7.

Feeding Guild Percentage (%)
P N W D OO O N
O O O O O O o o o

June July August September October November
Month
Carinvores m Grazers m Browsers m Mixed Feedersm Unknown

Figure 5.7: Percentage (%) dhe total faunal sightings of species with different feeding gid (grazers,
browsers, mixed feedersand carnivoresht site A waterhole overstudy period.

56.2 Site B

Grazers were sighted most frequently at the waterhole than any other feeding guild in each month,
except in the month of October; with mixed feeddrsing the most frequently sighted. Grazers were
most frequently sighted in November (746) and August (59.4%), with the least in Octoberl®&9J.

and June (39%) Figure 5.8 In June (24.1%) and August (29.8%), the most frequently sighted
grazers weravarthog. In July (20.1%), September @860), October (28%), and November (520),

the most frequently sighted grazers were springbeiggre 5.5.
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Browsers were most frequently sighted in November (9.4%) and Septe®dr \ith the least in
July (3.6%pnd October (5.5%)F(gure 5.8 In June, the most frequently sighted browsers were
black rhino (3%). In July (2%), August (5.2%), and October (2.6%), the most frequently sighted
browser were kuduFRigure 5.%. In September (5.4%) and November (4.2%g, most commonly

sighted browsers were giraff&igure 5.5.

October (8%) and June (3729 had the most frequent sightings of mixed feeders, with the least in
November (13%) and August (15.9%Figure 5.8. In June (29.3%), September (21.1%), October
(35.7%), and November @), the most frequently sighted mixed feeders were impala. In July
(211%) and August (8%), the most frequently sighted mixed feeders were blesboKklf2) Figure
5.5). Carnivores were sighted at site B waterhole in July, Au@ober, and November. Carnivores

(4.2%) were most frequently sighted in August and absent in June and Septdrdname(5.3.

Feeding Guild Percentage (%)
= N w H a1 (2] ~ e}
O O O O O O o o o

June July August September October November
Month
Carinvores m Grazers m Browsers m Mixed Feeders m Unknown

Figure 58: Percentage (%) of the total faunal sightings of species with different feedjodds (grazers,
browsers, mixed feeders and carnivores) at sitavBterhole overstudy period.

56.3 SiteC

Grazers were sighted most frequently in August$%¢). and September (54%6), with the least being

in November (29%) and June (47.3%frigure 59). Grazers were again the most predominant
feeding guild at the waterhole, except in November, browsers were the most frequent feeding guild
during this month. In June (Z86), August (22%), September (38%), October (33.9%), and
November (18.6%), theost frequently sighted grazers at the site C waterhole were warthogs. In
July, the most frequently sighe I NJ T S NE 5z8bkB17.6%RGID&SPHE  Q
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Browsers were most frequently sighted in November (44.9%) and Septemb&¥db4vith the least
in August (15%) and June (21.5%8jigure 5.9. In June (%), July (1%), August (8%), September
(17.8%), and November (30.5%), the most frequently sighted browsers at the waterhole were kudu.

In October, the most frequently sighted browsers wecanmon duiker (1B%)(Figure 5.6.

Mixed feeders were most frequently sighted at the waterhole in August (21.7%) and November
(212%), with the least in September (5.4%) and October (11.Bire 5.9. In all months, impala
were the most frequently ghted mixed feeders at site C waterhole: June 1%3, July (11.1%),
August L0%), September (2.7%), October (8%), and Novembed¥d{Figure 5.5.

Carnivores were only absent from site C waterhole in June and present every other month over the
study peiod. Carnivores were sighted most frequently in Octobe8¥d.and August (1.1%Figure

5.9). Speciespecific visitation patterns at the waterholes are due to multiple factors such as feeding
preference, physiology of different species, predaoey interactions, and body size differences.

Some of these factors will be explained further in the discussitvater §.

N w Y u (o))
o o o o o
1 1 1 1 )

Feeding Guild Percentage (%)
=
o

o
|

June July August September October November
Month

Carinvores m Grazers m Browsers m Mixed Feedersm Unknown

Figure 59: Percentage (%) of the total faunal sightings of species with different fiegdguilds (grazers,
browsers, mixed feeders and carnivores) at sitev@terhole overstudy period.
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5.7 Monthly Faunal Activity

The ptal faunalsightingsat the waterholes were analysed montHiyr each speciggo determine if
there was a shift in faunalctivity monthly over thestudy period.Some species that were sighted at
the waterholeshad small visitation frequencieandtherefore these species were excluded from the
monthly analysis. The following speciegere excluded red hartebeest, blesbok, gemsbok,
waterbuck, eland, common duiker,giraffe, black rhino, hippopotamus, vervet monkey, chacma
baboon, porcupine, lion, browhyeng blackbacked jackabat-earedfox, scrub hare, honey badger,
bush pig,and bushbuck The following species were inatled in the analysisspringbok, impala,

1 dzRdzX s zbtd) Whid riiinQ, elephardandwarthog.

571 Monthly Faunal Activity of Each $ecies

Faunalbehaviour isknown to follow cyclial patterns over the daywhich is a result of external

factors sub as light availability (sunrise and sunséthedifferent faunalspecies hava preference

in visitation times €.g. diurnal or nocturnal)(Nouvelletet al, 2011). Thus, sasonality causes

variations of sunrise and sunset over the study period,antdd Y A YI f Q& 0 Sckhis ght2 dzNJ F 2 {
availability Table4.3) (Nouvelletet al., 2011).

5.7.1.1 Family Bovidae Diurnal Species

571.1.1 Springbok

Springbok were sighted every month at the waterhole over the study pemadhad predominantly
diurnal visitationpatternsat the waterhole June and August both dainimodal peakin springbok
hourly visitation times anduly, September, Octobesand November had multimodal pesfat the
waterholes (Figure 5.10 June andSeptember had peakightingsin the afternoon June (13:00
14:00) andSeptember(14:0015:00). July and October had peadightingslater in the day(late
afternoon and evening)July (16:0€L7:00) and October (17:608:00). August and November had
peak spingbok sightings between 12:0013:00 (midday), June and Juhad a peak inhourly
springboksightingsduring midday(Figure 5.1Q Springbok visitation patterns show a variation with
sunrise and sunsetdue to light availability at the waterholef~igure 5.10; Table 4.3). From
September to November there was an increase in springbok sightingsaladeearlierin the day,
this shift occurred with the variation in light available during these mordlg, to earlier sunrises

and later sunsetgFigure 5.10

57112 Impala
Impala show predominantly diurnal activity at the waterholes; however, they were sighted regularly
during nocturnal hours. Over the study period, impala show multimodal peaks in visitation patterns

at the waterholes Figure 5.1) Impala had peak sightings during nocturnal hours (22400) in
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June. July had a shift in impala sightings to later in the morning between-02:00. August and

September sightings were later in the day, August (11200) and September (10:a0.:00)

(Figure 5.1} Lastly, October and November, also had a shift in impala visitation timestdater
in the day, October (17:008:00) and November (15:a06:00). August, September, and November

impala sightings vary with sunrise and sunset at théewmle, however June, July, and October do

not show a variation with light availability at the waterhs(&igure 5.1)
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Figure 5.11: Impala monthly visitationpatterns over the study periodYellow arrow indicates sunrise, red arrow indical
sunset.

57113 Kudu

Kudws which were sightedt the waterholes didhot show strictlydiurnal activity as kudu were
sighted during nocturnal hours over the study period. In Jusad July, peak activity occurred
between 23:0024:00 during nocturnal hoursin August there was a shifin visitation times to
22:0023:00 Figure 5.12 There was alsonahourly peakbetween 10:0611:00; September had a
peak h kudu sightings between 10:a1:00(Figure 5.13. Octoberwas the only month with a peak
in the morning(07:0308:00)over the study priod. Lastly kudu had peak sightingsetween 18:0Q
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20:00in November(Figure 5.12 Kudu do not show a variation in activity at theterholes with
light avalability (sunrise andsunset). Howeverthe exceptionis the month of Septemberand
November which showskudu behaviour followinghe surrise and sunset (light availabiljtat the

waterholes Figure 5.12Table4.3).
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Figure 5.12: Kudu monthly visitation patterns over the study perio®ellow arrow indicates sunrise, red arrow
indicates sunset.

5.7.1.2 Family Equidae Diurnal Species

57.1.2.1 " OOA£Zkbrd 6
Burchel®@ zebrawere sightedat the waterholes every montbver the study periodin Junethere
were three peaks in activity at the waterhokeom 10:0@;13:00, all peak activity occurred in the
afternoon at the waterholgFigure 5.13 Peak sightingsin Julywere between 10:0011:00 and in
Augustto between 11:0012:00(Figure 5.13 Setember and November showedétrlier in the day
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(06:0007:00 for September,08:00:09:00 for Novembe) (Figure 5.13 Burchel@ zebra visitation
patterns over the course of the studyeriod, reveadd strict diurnal activity asa result of light
avalability (sunrise and sunsetfrigure 5.13Table4.3). Octoberis an exception asuBchelk) zZebra
were sightedat the waterhole during nocturndlours, but still hd peakactivity during durnal hours

duringthis month(Figure 5.13
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57.1.2.2 White Rhino

White rhino were sighteat the waterholes during both diurnal and nocturnal hours oer course
of the study period. In June, July, Augustd September white rhino peasightingsoccurredat
different times Qune09:0010:0Q July 12:0613:00; August15:0016:00; September 14:0{5:00)
(Figure 5.1% From Augustto September there was a shift in peak white rhino activity at the
waterhole to later in the day. In&ober, peak white rhino sightingsccurred between 18:019:00,
but white rhino were not sighted at the waterholes in Novemligéigure 5.13 Visitation patterns
reveal predominantly diurnal activityat the waterholes, between sunrise and sung€&able4.3).
However, there are cases whewghite rhinohave high numbesof sightingsduring nocturnal hours,
so it is not cleawhetherwhite rhino activity at the waterholes follow the light availability of Ssar

and sunsetFigure 5.1
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5.7.1.3 Family Elephantidae Diurnal Specie

57131 Elephant
Elephant werenot sightedat the waterholesevery month over thecourseof the study period, as
they were absent in June. However, whensighted elephant peak activity patterns were
predominantlyduring nocturnal hourgFigure 5.1% July,October, and Novemberhad peak elephant
sightingsbetween 01:06802:00. Novembehad a peak irelephant sightingdetween 19:0020:00
(Figure 5.1% Septemberhad an activity peak at02:00;03:00 (Figure 5.1% andAugusR & LIS ]
between 12:0013:00(midday)
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5.7.1.4 Family Suidae Diurnal Species

5714.1 Warthog
Warthogs were sightedt the waterholes every month over the study peatjavhichshowedstrictly
diurnal visitation patternsand were not sightedduring nocturnal hoursln June warthog had peak
sightingsbetween 12:0013:00 (midday)Figure 5.1% In July and Augusthis wasbetween 10:00
11:00 andOctober and Novembdretween 07:0008:00(Figure 5.1% Warthogvisitation behaviour

follows the cyclicapatternsof sunrise and sunselight availability at the waterholegTable4.3).
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Figure 5.16: Warthogmonthly visitation patterns over the study periodYellow arrow indicates sunrise, red arrow
indicates sunset.

74



5.8 Statistical Cluster Analysis and Principal Component Analysis (PCA)

58.1 Site A

Cluster analysis at sit& of all species sighted overetstudy period was performed. Cluster analysis
was based on theisitation timesof all specieso the waterhole Species were groupeghen the
timing of sightings at the waterholes were simil&crub hare and common duiker were grouped
together as they wre sighted duringhe same visitation timesHippopotamus and porcupine were
alsogrouped together(Figure 5.1Y. All of these species were grouped into a different-gubup, as
they are noturnal species, and had strictly nocturnasitation patterns. Honey badger and brown
hyenaare nocturnal speciedut visitation times at the waterhole differed from other nocturnal
species(Fgure 5.17. The statistical cluster dendrograravealsstatistical similarities invisitation
times betveenBurchell® zebra,warthog, impala, and springbo#t site A waterholgFigure 5.1Y. It

is evident that here is a clear division in groupibgtween nocturnal and diurnal species. All species
with clear diurnal visitation times were grouped togeth&rhich are majority herbivore species.
Howeve, there is no clear division betweerarnivore and hdsivore species visitation timessa
blackbacked jackahad peak sightings at the waterhotiuring the day while brownhyenahad

strictly nocturnal visitabn times at the waterholg¢Figure 5.1Y.
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Figure 517: Cluster analysis (@ndrogram) of mammal species grouped according to the occurrence times at
site A.
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Principal componenanalysis (PCAyas performed on thesightings of species at site A waterhole
over the study periodPCA was performed as it is a more statistically significant analysis of the
visitation times of thespecies whicloccurred at the waterholes, compared taster analysisPC1 is
the division betweennocturnal and diurnal specieslhe first separation of PC1 orcupine,
common duiker, browrhyeng scrub hare and hippg@otamus The second separation in PC1 is
honey badgerand blackbacked jackalRigure 5.18 PC2s the division of species mdifferent time
categories (Figure 5.18 The pecies arethus divided into 5 groups @). Group A include
porcupine, hipppotamus common duiker, scrub har@nd brownhyena Group Bonly includes
honey badger.Group C only includeblackbacked Jackal. Group D includes waterbuck, eland,
elephant and vervet monkey. Group @ly includes giraffe. Group F inclesl springbok, warthog,
impala, Birchel®@ zebra, kuduand blesbok Kigure 5.18 Blackbacked jackalhoney badgerand
giraffe are grouped independently as their visitation tintes/e no similarities with other species
visitation times at the waterhole; therefore, they are not clustered with other speiable 58).
Both axes of PC1 and PC2 demonstrateeparation of late morning to afternoon hou(gigure
5.18). Group Aspeciesare groupel into evening and morning peak visitation timé&xroup Dspecies
are groupediogether as theirpeakvisitation times occur in the morningnd afternoon (Table 58).
Lastly, group Fspecieswere grouped together as the peak visitation timescurredin the afternoon
(Table 58).

Joecies that are at 90 degrees from one anotirethe PCA have mutually exclusive visitation times
at the waterhole; therefore, they do natisit the waterhole at the same tim@he PCA demonstrates
that nocturnal species do not vigite waterhole atthe same time as diual speciegFigure 5.18
The carnivore blackacked jackal isnutually exlusive b the nocturnal herbivore (prey) spesje
andthe diurnalherbivorespeciesThis is sincéhe carnivoreblackbacked jackal will not occur at the
same time as prey speci@sigure 5.18 The browrhyenais mutually exclusive to diurnakhbivore
(prey) specieshowever,scrub hare, porcupineand common duikehave the same visitation times

to the brownhyeng as they are nocturnal specidsdure 5.18
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Legend

A - Brown hyena, common duiker,

0.5 hippopotamus, porcupine, and scrub hare.

B¢ Honey badger.

0.0
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C¢ Blackbacked jackal.
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Figure 518: PCA analysidemonstrating time vectors, which drives occurrence of species at site A.

58.2 SiteB

A cluster analysis wagerformed for site B waterholeto determine statistical differences and
similarities of speciesisitation times over the study period of albecies sighteadt the waterhole
Brown hyeng hippgotamus and black rhino have similaritigs visitation times, as they all have
nocturnal visitationpatterns at the waterhole. Elephants wergrouped with these species as their
peakvisitation times wee during nocturnal hourgFigure 5.1% Lionwasgrouped independently, as
lions had no similarities in visitation times with other specigervet monkeys andhacma baboons
were grouped togethefboth primates)asthey both have strictly diurnal visit&n patterns(Figure
5.19. Blesbok, springbolBurchel@ zebra, warthog, giraffe, kudand impala are grouped together
as their peak visitation times are in the afternofffigure 5.19Table 59). These speciewhich have
similar visitation timesare all diurnal herbivore species Blesbok and springbok are grouped
BdzNJ K &br& &nd warthog argrouped giraffe and kudu are grouped together #sey have
similar visitationtimes at thewaterhole (Figure 5.19 Redhartebeestand white rhino are groped
together as they have similaisitation times in the afternoon and morninggble 59). Blackbacked
jackal and common duikeare grouped in the same stdroup as they haveimilaritiesin visitation
times (Figure 5.19. Both these species have similasitation times during nocturnal houia the
early morning and evenindiowever the blackacked jackal has peaksitation patterns during the
day, whereas the common duikehasstrictly nocturnalvisitation patterns(Figure 5.1% Elandhave
no simiaritiesin visitation patterns with other specieand therefore were grouped independently

(Figure 5.1%
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Figure 5.19: Cluster analysi¢dendrogram) of mammal species groupeatcording to the occurrence times at
site B.

Principal component analysis (PCA) was perforofeall species sighted at site B waterhole over the
study period PC1 is the divisionf diurnal and nocturnal groups. The first separation is group A
which incudes blackbacked jackal, blesbok, white rhino, red hartebeest, eland, springaoé
impala. These species are grouped together as thedkvisitationtimes occuiin the afternoon and

late afternoon(Figure 5.20 & Table 8. Group Bconsists of giraffewarthog, Birchel@ zebraand

kudu Figure 5.2D These species were sighted at the waterhole in the morning and afternoon,
therefore were grouped because of similar visitation tim&soup C includes vervet monkey and
chacma baboonBoth these primates have the same peak visitation times at the waterhole in the
afternoon betweenl3:0014:00 Table 59). Group Dare all nocturnal species, with the exdigm of
elephant and hippopotamusThese species were grouped together as peakatisn patterns
occurred in the evening and morning at the waterh@la@ble 59). Lion and browrhyenaare both
carnivores anchave the same visitation times at the waterhole in the evening, as they are both
nocturnal speciegFigure 5.2 Carnivore speek (lion and brownhyeng are 90 degrees to
herbivore (prey) species, except for commduiker as it 8 a nocturnal specieshus, they have
mutually exclusive visitation patterns at the waterhole. The PC1 first separaterall diurnal
species and theexond separation are all nocturnal species. All diurnal and nocturnal species are

mutually exclusivdrom one other; therefore, theydo not visit the waterhole at the same time
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(Figure 5.2 White rhino and elephants are mutually exclusiveéch other;itherefore, they do not

visit the waterhole at the same time.

1.0

Legend

0.5
D A ¢ Blackbacked jackal, blesbok, eland,
impala, red hartebeest, springbok, and
white rhino.

PC2

0.0
B¢ Burchell's zebra, giraffe, kudu, and
warthog.

C¢ Chacma baboon and vervet monkey.

-1.0

-1.0 -0.5 0.0 0.5 1.0
PC1

Figure 520: PCA analysis demonstrating time vectors, which drives occurrence of species at site B.

58.3 SiteC

A duster analysisvas preformed of thevisitation times forall species sighted at site C waterhole, to
determine the similarities and differenceés visitation times of thee species Honey badger ad
blackbacled jackal are grouped together aghey have similanocturnalvisitation times. Sringbok
and chacma baboon argrouped together as they have similadiurnal visitation times.
Hippopotamusand bateared foxare grouped together as they have similawcturnal visitation
times (Figure 5.21 Brownhyenaare groupedndependentlyas they have ngimilarvisitation times

to other speciessighted at site CElephantplack rhino, porcupine, bushbuc&nd common duiker
are groupedtogether as their peak visitation times at theaterholesoccur during nocturnal hours
(Figure 5.2} Elephant and black rhino are groupegetheras their peak visitation is in the evening
and morning (nocturnal hoursBushbuck and common duiker are grouped together as theeye
similar visiting timedn the eveningand early morningFigure 5.2) Scrub hAre and giaffe are
groupedtogether, €rub hare arestrictly nocturnal whereas giraffe have no preference but have
similar peak visitation times as the scrub hare at sit®idrnal species are grouped into tvgob-
groups(Figure 5.21 Gemsbokwarthog, kudu, impalaand Birchel® zebra are grouped togethe
and red hartebeest, waterbuck, amhite rhino are all grouped together. Gemsbok, warthog, kudu,

impala and RIzZNJO K &ffrd d@begrouped together as their gl visitation times oags in the
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afternoon. Whereasred hartebeest, white rhinpand waterbuck are grouped together as their peak

visitation times occurred in the late afternooRigure 5.21 & able 510).

120
100
080.
S
S 2
=
<
@
£ 60
[a)
g
X
£
8 40}
| AT_‘
0
5T 552835t et eEBaeLEugecs
2830303285328 8:23828¢832¢8
s 8 23 IO gfo.n:gfaI-Sg%iCENQEg:E
om = m 3 o s oL ¢« 2 v Q = 0o £ 2 4 £
T a S g o 3 g 2 2 = - 5 c =
3&(})@@ Llﬂj T 2 T o M 9 G O] Eggsj
c S IS : > 0 o E O < =
o (3] c [ S5 L
T S < S o o E 5 ©
ORI @ > 3 g2
[5] O o
ke
m

Figure 521: Cluster analysis (@nhdrogram) of mammal species grouped according to the occurrence times at
site C.

Principal component analys{®CA) was performed for apeciessighted at site C waterhole over
the study peiod. PC1 separates nocturnahd diurnal species at the waterhole. The first separations
are the diurnal species and the second separations are all the nocturnal speitihean exception of
lion that was sighted during diurnal hourEach cluster wagrouped (Acl) according to theipeak
visitation times at thewaterhole. Group A consists of lion, kydtervet monkey, &NOK St £ Q&
warthog, and impala(Fgure 5.22. These species are grouped together as their pgsiation times
occurred in theafternoon (Table 510). Group B includespringbok andchacma baboon athese
species had the same visitation times betwegh00-13:00 Gemsbokvasgrouped independently in
group C as their peak visitation times ranges from morniaiiernoon, and late afernoon,
predominantly in the afternoonTable 510). Group D includesgvhite rhino, red hartebeestand
waterbuck Figure 5.22 These species are grouped together as their pgsitation times occurred

in the late afternoon Table 510). Group E includeslephant and bush pigF{gure 5.22 These
species are grouped together as their peakitation times occurredn the evening Table 510).
Group Fincludesbushbuck porcupine, browrhyeng and black rhino as these species ocedrat

the waterholeduring similartimes (Figure 522). These species are all grouped togethetlesy are
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nocturnal species andvere sighted in theesvening and morningT@ble 510). The common duiker
wasgrouped independently in group Gigure 5.22, asit did not have similavisitation times to the
other species that weraighted at the waterhole. The common duiker had peak visitation times in
the evening and morningréble 510). Group Honly includes the blackacked jackal as this species
peak visitation times were throughub the dayin the morning, afternoonand eveningTable5.10).
Group | includeshippopotamus bateared fox, giraffe, scrub har@nd honey badgeras these
species are grouped together #seir peak visitation times are all during nocturnal hogEgure
5.22). These species are grouped their peak visitation times occurred in ttae evening and in

the morning Table 510).

Elephant, white rhinp hippopotamus,and giraffes which are all megaherbivores are all mtiyu
exclusive fran oneother (90degrees from each other), therefore they do not occur at the waterhole
at the same timgFigure 5.22 The brownhyenawas mutually exclusive from all diurnal herbivore
(prey) speciesLion however, were not mutually exclusive to herbivore species, an lacurred
during diurnal hours at site Gigure 5.22 All diurnal species are mutually exclusive to nocturnal
species at the waterhol&udu, vervet monkey, elephgrdand waterbuckare exceptiors as they are
not 90 degrees from nocturnal specidslephants, giraffe and kudy however, are excluded form
nocturnal and diurnal analysiss theyhave peak visitation times both diurnally and nocturnally

hours Figure5.22).

Legend

A ¢ Burchell’s zebra, impala, kudu, lion, vervet monkey

Bat-Eaged Fox

and warthog.

B ¢ Chacma baboon and springbok.

C¢ Gemsbhok.

D ¢ Red hartebeest, waterbuck, and white rhino.

E¢ Bush pig and elephant.

F¢ Black rhino, brown hyena, bushbuck, and porcupine
G ¢ Common duiker.

H ¢ Blackbacked jackal.

10 | ¢ Bateared fox, giraffe, hippopotamusoney badger,

-1.0 -0.5 0.0 0.5 1.0
pCL and scrub hare.

Figure 522: PCA analysis demonstrating time vectors, which drieesurrence of species at site C.
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Table 5.8: Percentage of each species sightings during the morning, afternoon, and evening at site A. Percentage peaks are highlaghtedange (peak hour),
orange (second highegieak hour) and lighter orange (third highegieak hour). Sunrise times are highlighted in yellow, sunset times are highlighted in red over the
study period.
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Table 5.9: Percentage of each species sightings during the morning, afternoon, and evening at site B. Percentage peaks are highégktedinge (peak hour), orange (second highest
peak hour) and lighter orange (third highest peak hguSunrise times are highlighted in yellow, sunset times are highlighted in red oversthdy period
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Table 5.10: Percentage of each species sightings during the morning, afternoon, and evening at site C. Percentage peaks are highbgktecnge (peak hour),
orange (second highest peak hour) and lightarange (third highest peak hour). Sunrise times are highlighted in yellow, sunset times are highlighted in red over the

study period.
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5.9 Temperature and Faunal Activity

Fauna in southern Africa are often exposed to conditiohscreased temperaturedue to climate
and weather changeavidsoret al.,, 2013).This makesesearch relevant for speciepecific water
requirements, as temperature influences how regularly a speciesatilises waterholesfor either
drinking or wallowing(OwenSmith, 2002; Gosling, 2003; Woodroffe, 2003; Hanegtlal, 2007;
Chaine & Clobert, 2012an Wilgeret al., 2015).

Thedailynumber of species sighted at the waterhole was plotted againgexperienced daily over
the study period This wasdoneto determine if there was a relationship betweé&smperatureand
the number of species sighted at the waterho(@sgure 5.2R Astemperature increases there s
decrease in faunal sightings at the waterh@égure 5.23 Whentemperature is at its lowest there
is a decrease in faunal sightings at the waterb@fgure 5.23 However, it igelevant to note that
lowest sightinganay correspondwith the time of day rather than temperatureghus, a more in
depth (hourly) analysiisnecessaryThetime seriesindicatesa decrease inhe number offaunal
sightings ovethe course of the study perio¢(Figure 5.23 Ta,g Shows an increase in tguerature

over the study periodFigure 5.23
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Figure 523: Total number ofdaily faunal sightings in relation to average temperature at waterholes over
the study period.

t SFNE2Y Qa 02 NNBdreusédtozlgternreSralalidnghip Beyvéemlaily Tavg Tmax and
Tmin, @and the daily total of all fauna sighted at the waterholes over the study period positive

correlation indicates that as temperature increastt®e number of fauna sighted at the waterholes

increases and a negative correlation indicates that as temperature increases the number of fauna
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sighted at the waterholes decreas€kwg and Tax show an increase irfaunal sightingswith the
increase irtemperature but this is a very weak relationshipable 511). However with Tagthere is
no significant relationshigp > 0.05)between temperaure and faunalsightings,but there is a
significant relationshifp < 0.05petween Taxand the number of faunal sighting$able 511). Tmin
indicates that agminincreaseghere isa decreasdn faunal sightings at the waterhodewhichshows

a statisticallysignificantrelationship (p < 0.05)Table 511). Therefore, as temperatures decrease so
does the faunal sightings at the waterholes.

Table511Y t S NE 2y Qa O atNiNaEperaturke ghy, Trd, 2uRI ) An Gelatidn to the number of

fauna sighted at the waterholes over the study period. Negative correlations are marked in green.
Statistically significant correlations are marked by asterisk (*).

Temperature Average Maximum Minimum
Temperature | Temperature| Temperature

Pearson’s correlation coefficient 0.06 *0.18 _

59.1 Temperature and Faunal Activity of Eactp&cies

Water requirements are different for every species, eith&ater-dependent or lesswater-
dependent based on how regularly specmsed water to either drink or wallowTemperature
influences how regularly species utilise the waterholes, which makes researchpietos-specific

water requirementsmportant (OwenSmith, 2002; Gosling, 2003; Woodroffe, 2003; Hansiadl.,
2007;Chaire & Clobert, 2012yan Wilgenet al., 2015).As statedin section 57, some species that
were sighted at the waterholes had small visitation frequencies, and therefore these species were

excluded from the analysis.

Springbok show an increase in the numbérsightings at the waterhokewhen temperatures Tavg
Tmax, & Tmin) increased (Figure 5.2% There appars to be a decrease in kudwBlJ K &brd, White
rhino, and warthog sightings at the waterhelewvhen the temperature increasedHowever,
Burchell@ zebra, white rhino, elephantand warthog appear to have peak sightings at the
waterholes in August, when the temperature peak@el.). Elephants have peak in the number of

sightings in October when temperature started to increéSgure 5.2
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Pearson correldon coefficients were usetb determine whether there was a positive or negative
correlation with the number of sightings per species and temperatlis@, (Tmax and Tin). Weak
positivecorrelations exist betweenalyandthe number ofelephant, impala, springbekndwarthog
sightings(Table 512). A weakpositive correlationexistsbetween Taxandthe number ofBurchell@
zebra,elephant impala, springbok, wartho@nd white rhinosightings(Table 512). Lastly aweak
positive correlation exists betweenfandthe numbe of elephant, impala, springbok, and warthog
sightings(Table 512). However, hesepositivecorrelatiors did not show any statistical significance.
Weak regative correlations exidietween Ty and the numberof elephant, impala, springbok, and
warthog sightings(Table 512). Aweaknegative correlation exists betweemak andthe number of
kudu sightingsat the waterholes. Lastly there is aweak negativecorrelation between i, and the
number of Burchel@ zebra, kudu, and white rhirgightings(Table5.12). However, hese negative

correlatiors show no statistical significance.

Table 5.12: Correlation of monthly number of sightings and temperaturea(d Tmax, and in) and rainfall
(mm). Negative correlations arhighlighted in green. Statistically significant correlations are marked by an
asterisk (*).

Species Average Maximum Minimum Rainfall
Temperature Temperature Temperature
Elephant 0,21 0,40 0,03 0,03
Impala 0,19 0,19 0,18 0,37
Springbok 0,32 0,08 0,49 0,52
Warthog 0,18 0,30 0,07 _

5.10 Rainfall and Faunal Activity
The donmnant climatic factor which influences faunal behaviauithe African environment is rainfall

(Ogutuet al. 2008).Rainfall affects food availability for species, making rainfailepns important

for natural food productionChamailléJammeset al., 2007a; Ogutuet al., 2008; OwerSmith, 2008;
Davieset al., 2012; Hawkinset al., 2013). According to Hawkinet al. (2003) rainfall has a stronger
correlation to species diversity and richness when compared to temperativeeefore rainfall has a
stronger influence on faunal visitation patterns at the waterhol@se time series over the study
period reveals that both rainfall and threimber of faunal sightingsre decreasingFigure 5.2% The
time series indicates that as rainfall increadbere is a decrease in the number of faunal sightings

at the waterhole (Figure 5.25 t S | NItd@rglddién coefficientwas completed to dermine if a
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negative or positivecorrelation exists between rainfall and the number of faursaghtings at the
waterholes. Avery weaknegative correlatior(r=0.018 p > 0.0% exists betveen rainfall(mm) and
the number of faunal sightingiowever, thiswas not statistically significant (p > 0.05).the time
seriesa pattern is evidentwhenthere are large quantitiesf rainfall (mmjthere is a lagged peak in

the number of fauna sightkafter these rainfall eventat the waterholeqFigure 5.25h
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Figure 525: Total number of faunal sightings in relation to rainfall (mm) at waterholes ovee study
period.

5.10.1 Rainfall and Faunal Activity of Each fecies

As statedin sectims 5.7 and 5.9.1, some species diged at the waterholes had lowisitation
frequencies, and were excluded from analyBissults indicat¢hat when peak rainfall occurs in July
(32.4 mm) there is a peak in the number springbok(n=119) and kudu(n=52) sightings at the
waterholes (Figure 5.25> . dzNI K §(f=198) awhitt Bhidd\@# = 55) elephant(n = 46) and
warthog (n=224)all show peaks iugust a month afterthe largest quantity of rainfallfell (August
experencead low quantties of rainfall at12 mm) (Figure 5.2% Elephant (n41) shoved a peak in
October, a month after a peak quantity of rainfall (22.2 p{figure 5.2% Lastly, when there were
small quantities of rainfall(June,October, and November)there is a decrease in the number of
BdzNI K &ebr, hite rhino, and warthofFigure 5.25 Impala had a peak in the number of
sightings in Octobera month after a peak in rainfall in September, but also showed a petdein
number of sightings iduly when there was peakin rainfall quantity. Therefore there is no clear

relationship between rainfall and impala sightings at the waterh@égure 5.2%
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Pearson correldon coefficients were usetb determine whether there was a positive or negative
correlation with the number of sightings per spes and rainfall (mm)A positive correlation
indicates that as rainfall (mm) increases the number of fauna sighted at the waterholes increases
and a negative correlation indicates that as rainfall (mm) increases the number of fauna sighted at
the waterloles decrease#\ weakpositive correlation exists betweenuBchel@ zebra, elephantand
impalasightings and rainfall (mn{Jable 512). A moderate positive correlation exsdbetween kudu

and springbolsightingsand rainfall (mm)Table 512). A weak negative correlation exists between
warthog and white rhino sightings and rainfall (mfhable 512). However, thecorrelatiors haveno

statistical significancg > 0.05)Table 5.12

5.10.2 Faunal Activity in Relation to Rinfall Events

A lag between tB number of faunakightingsat the waterholes and rainfall(mm) is apparentin
Figure 5.25therefore analysing different rainfall events and the number of faunal sightivass
necessaryDays were divided into different groups (two days before, one luizfpre, on the day,
one day after and two days after rainfall eventhis was conducted to determine when pdakinal
sighings at the waterholes occurred irelation to rainfall events.The least number of faunal
sightingsat the waterhole occurred befe rainfall eventsin particulartwo daysbefore (n=269)
rainfall events(Table 513). On the day of rainfall eventshere werethe greatest faunal sightings
(n=781) at the waterholes (Table 5.8). After the rainfall events, depending ondhquantity of
rainfall, therewas a decline in faunaightings(Table 5.13 Therefore, a relationship between faunal
sightings ad rainfall at the waterholes does exidiut this relationshipgs not statistically significant
(Figure 5.27.

Table 5.13: Total faunal sightings in association with rainfall events at the waterhole over the study period.
Asterisk (*) has been marked on the largest number of sightings per species.

Days before or after rainfakévent Faunalsightings
Two days before 269
One day before 411
On the day *781
One day after 467
Two days after 494

A crosscorrelation analysis was conducted to determine whether there was gethgorrelation
between faunal sightings and rainfall at the waterholes over the study pdfaure 5.2Y. Lag
numbersfrom O to -7 were ignored in thisnalysisasthis would bepredicted faunal sightings at the

waterhole, before rainfall eventsven occur. The crosscorrelation indicates a -#veek lag (cross
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correlation function[CCF] in faunal sightings at the waterholes after rainfall eveffitgure 5.2}.
Therefore the number of faunal sightings increas2sveeks after a rainfall event, bis is not
statisticdly significant (CCF < 0.@jJigure 5.2). Thus postrainfall surface water availability has a

greater influence on theaumber faunal sightings at the waterholes comparedaimfall (mm).

O coefficient
1.0 —— Upper Confidence Limit
— Lower Confidence Limit

= T I T [
uuu O ow e

CCF

ﬁ

-0.57

Lag Number

Figure 527: Crosscorrelation between rainfall and faunal sightings at the waterholes over the study period.

5.10.3 FaunalActivity in Relation to Rainfall Qantity

Rainfall quantity (mm) influences the amount of surface water that is available in the watedmnules
the surrounding aregsfor faunal species to utilise. At the waterholes there were more faunal
sightingsbetween 1-9 mm (n=3994)of rainfall, than 1019 mm(n=119) Table 5.%). As there were
more rainfall events wich fell into the category of-@ mm ranfall quantity (n=43) tha 1019 mm
(n=2) (Table 5.%). 1-9 mm and 1619 mm were the only rainfalategoriesexplored as no rain fell >
19 mm. However, when comparing averagébe number of faunal sightings withieach rainfall
category, more faunal sigtings occuared at the waterhole with 149 mm (average = 23.80) even
with its small datase{Table 5.14). Therefore higher rainfall volumesesultedin an increase in the
number of faunal sightings at the waterholes, #sere are greater quantities ofurface water
availablefor species to utiliseA longertemporal study is needed to determine how ancrease in

rainfall quantity>19 mm influenceshe number of faunal sightings at the waterholes.
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Table 5.14: Total faunal gyhtings at the waterhole in relation to rainfall quaititly (mm) over the study

period.
Rainfall quantity (mm)| Number of faunal Averagenumber of Number of rainfall evens
sightings sightingsper rainfall
event
1-9 3994 24.35 43
10-19 119 23.80 2

5.11 Faunal Activity and Surface Water Availability

The presence of surface water influersdde number of species present ingiven habitat(Williams

& Wells, 1986)Both the occurrence afvater-dependent and leswater-dependent species at water
sources are influenced by the availability of surface water (Trent, 2012, Zlli6}ime series dfite

A waterhole indicatesa significantpositive correlation with the number of faunal sightings and
surface wateravailability (r=0.015 p < 0.05)(Figure5.28). Therefore, a surface wateincreases
there is an increase in the number of fausahtingsat the waterhole However, ih the time series
there are also peaks in the number of faunal sightings at the waterkdien the waterhole is dry

(Figure5.28).
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Figure 528: Total number of faunal sightings in relatiomtsurface water available at site A waterhotaver
the study period. Different surface water categories are represedby 0=Dry, 1#Muddy (purple), 2=Water
(blue).

The timeseries of site B waterhole indicatessignificant negative correlation with the number of
faunal sightings and surface water availaipli¢he waterhole (r=-0.17; p < 0.05)Figure 5.2% As the
surface wateiincreasesthere is a decrease in the number of faunal sightings at the waterhdiis.
could bea consequence of increased surface water available throughout Shamwari in temporary

pools, after large quantities of rainfafFigure 5.2% The time serieshowever,reveals a peak in the
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number of faunal sightings at the waterholehen it was dry, ané significant decrease in faunal

sightings when there was surface water availalbecept in SeptembdFigure 5.2%
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Figure 529: Totalnumber of faunal sightings in relationat surface water available at site B waterhotever
the study period. Different surface watecategories are represented by 0=Dry,Maddy (purple), 2=Water
(blue).

The times series of site C waterhole indicates aifsggnt positive correlation with the number of
faunal sightingsaand surface water available (=831, p < 0.05) Kigure 5.3]D. Therefore as surface
water increasesthe number of faunal sightings increases. The time series reegagtak infaunal
sightingswhen surface waterthad a muddy consistency in the waterholedisplaysthat there was
an increasépeal) in faunal sightingsvhen there was water and mud presecimpared to when the

waterhole was drywhich differs from the other twavaterholes(Figure 5.3].
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Figure 530: Total number of faunal sightings in relation to surface water available at site C waterhole over
the study period. Different surface water categories are represedtby 0=Dry, 1Muddy (purple), 2=Water
(blue).
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5.12 Peak Wallowing A ctivity

Wallowing is the coating cinay A Y| f Q&4 02 Ré ZadaNdfikeGGbstandedr KateY dzR =
(Jarman, 1972; Bigwood, 2018racke, 2011; Vanschoenwinlatlal., 2011).For the purpose of this
investigation, a wallowing eventas consideredwhen elephants, white rhinoand warthogsenter

the waterholes and covetheir body surface with mud, othesubstance (dust) or water (Jarman,

1972; Bigwood, 2011Bracke, 2011Vanshoenwinkekt al., 2011) Elephants areknown to spray

mud, dust or water onto themselves(Jarman, 1972)which can be conducted outside waterholes,
therefore this wasexcluded as a wallowing everithus, comparable wallowing events (entering the

waterhole and rolling in mudyther substances, and water) are explored for all three species.

Analyss of hourly wallowing activity for each wallowing species (elephant, white rhino, and warthog)
was conducted to determine when peak wallowing activityok place. Warthog preformed
wallowing activity at all the waterholes in this investigatiMiarthog had peak wallowing aeity at

site A between 12:004:00and at site B between 11:612:00 (Figure 5.3 Wallowing activity at
both these sites occurred during the afternoon, whilsmperatureswere at their peak. At site C,
wallowing activity of warthog occurred betweel5:00-16:00 (late afternoon)Figure 5.31 Ste C

had the highest number afiallowingevents ofwarthog (n<) compared to siteA (n=6) and B (n5).
Wallowing events of elephants were only sightedige A(n=11), in this investigation. Elephant peak
wallowing acivity took place between 12:003:00 when temperatures were at their peg@kigure
5.31). Wallowing events of white rhino were sighted atesiB and CWhite rhino pak wallowing
activity (n=2) at site B occurred betweeri4:00;15:00 (afternoon) (Figure 5.31 Wallowing events
(n=3) of white rhino were distributed throughout diurnal hours at site C waterhBeakwallowing
activity of white rlino occurred between08:0009:00 (morning) 13:0014:00 (afternoon) and
16:0017:00 (late afternoon)(Figure 5.3} Therefore determining the hour in which white rhino
prefer to wallow wasinconclusive At site A here is no significant difference (p0=05) between
elephant and warthog wallowing activity, as peak wallowing activity occurred during similar times.
Sites A and B both showed no significant differenge> 0.05)between warthog and white rhino
wallowing activity at the waterholesn additian, dl wallowing eventsoccurredduring diurnal hours

and no wallowing activity occurred during nocturnal hours.
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Figure 531. Peak wallowing activity at each site over the study period.

5.13 Statistical Cluster Analysis and Principal Component Analysis (PCA)

5.13.1 Cluster Analysis

A duster analysisvas performed of the wallowing activity foelephant, white rhinpand warthog at
the waterholes, to determine the similarities and differences in wallowing actgr the study
period. Elephants were grouped independentyg wallowing activity only occurred at site(FAgure
5.31) between12:00-13:00 (Fgure 5.33. White rhino and wartlog were grouped togetheas their

wallowing activity occurred at similar times at the waterholeg(res5.31 &5.32).
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Figure 532: Cluster analysis (@nhdrogram) of wallowing activity atvaterholes over the study period.

5.13.2 Principal Component Aalysis (PCA)

A principal component analysffCA)as conducted to determine whether there wesemilarities

or differences invallowing activity of elephants, white rhino, and warthogschwallowingspecies
was groupedAcC)into independentclusters, as the wallowing activity of these three species differ
(Figure 5.3R Group A only consists of elephant wallowing activity, as wallowing events of elephants
only took place at midday at sitewtaterhole (Figures5.31 & 5.33). Warthogs are in group &s their
wallowing activityranges from the early morning to late afternoon, warthog peak wallowing activity
takes place in the afternoofFigures 5.31 & 5.33. Group C consists of whithino; white rhino are
clustered independently as wallowing activity ranges from the late mortindate afternoon.
Predominantly white rhino wallowing activity takes place in the late afternaghich differs from
both elephant and wartho¢fFigures5.31 & 5.33).

Elephant and white rhino wallowing activity are mutually exclusive from one another, as elephants
and white rhino are grouped 90 degrees from each other. Therefiwese two species will not
appearor wallowat the waterholes at the same timegFigure5.33). Warthog wallowing activity isot
mutually exclusive to elephants and white rhino. Therefongrthogs will be present at the
waterhole at the same time as elephants and white rhino. Furthermeegthog wallowing activity

can occur at the same timeselephants and white rhin@rigure 5.3).
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Legend

A- Elephant.
B ¢ Warthog.

C¢White rhino.
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Figure 533: PCA analysis demonstrating time vectors, which drives wallowacgjvity at all sites for
wallowing species ovethe study period

5.14 Monthly Wallowing A ctivity

Wallowing activitydiffers monthly for elepharg white rhino, and warthog at the waterholes.
Warthog had the most wallowing events in Septembén=19) andAugust (n45) (Figure 5.3%
Warthogs lad wallowing events in June @) Gctober (n=1), and November (h%). Eephant were
only sighted wallowing in Augugt=11) and white rhino were sighted wallowing in Augyet13)
and Septembe(n=2) (Figure 5.3% August consisted dhe most wallowing eventéh=39)compared
to all other months over the study periodune(n=2)and Octobern=1)had very few eventand
July had no wallowing evenfBigures 5.28, 5.29, 5.3®.34).
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Figure 5.34: Total monthly wallowing activity at the waterholes over the study period

98



Monthly wallowing activity was analysedto determine if there was a shift imonthly wallowing
activity over the study period Wallowing activity of warthoggredominantly occurred in the
afternoon. In Augustwallowing activityof warthogs occurrect midday, whist at site C wallowing
activity occurred between 08:009:00 (morning) and 13:@24:00 (afternoon)(Figure 5.3% In
October, ro wallowing activity occurred at site A, whilst wallowing activity occurred/éen 12:®-
15.00 (middg) at site B and between 15:45:00 (lateafternoon) at site C(Figure 5.3k Lastly,n
November wallowing activity of warthogs was observetdsite A and not at siteB and Cwallowing
activity shiftedearlier in theday between 10:0011:00 (morning) (Figure 5.3k The only wallowing
activity observedby elephans occurredat site Ain August betweerl2:00-13:00 (midday)(Figure
5.35. Nowallowing activity of white rhinevas observedt site A, only at siteB and GFigure 5.3h
In Augustpeak wallowing activitpf white rhinowas observed between 083-09:00 (morning) and
14:0015:00 (afternoon). However, wallowing activity at sités@istributedthroughout thediurnal
hours (08:0016:00). InSeptemberwallowing activity of whiterhino was observed between 13:00
15:00 (afternoon)Figure 5.3%
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Figure 5.35: Monthly wallowing activity per hour at the waterholes ovehe study period
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5.15 Temperature and Wallowing A ctivity

When analysing wallowing activity in relation to temperatuiteis evidentthat as temperature
increases, wallowing activity increasassthe waterholes(Figure 5.3% Peaksin wallowing activity

took place in Augusand September 2016August experienadthe highest temperatures (40°C)
during this study period and this is when peak wallowing occurred for elephant and white rhino
(Figue 5.394. When temperature increased in October and Novemlibere was a decline in the

number of wallowing events, even thoughgincreased during this tim@~igure 5.3%
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Figure 5.36: Daily average temperature (°C) irelation to the total number of wallowing events at the
waterholes over the study period.

t SINE2y Qa O2 NINBéré dondacied t@ deteihd Orel&ighship betweeny TThax,

and Twn, and the numberof wallowing events at the waterholesver the study period. A positive
correlation indicates that as temperature increases the numbvatlowing events increases and a
negative correlation indicates that as temperature increases the number of wallowing events
decreases.Tayg and Thax Show an incrase in wallowing events as the temperature increases,
however, this is a very weak relationsh{fpable 5.5). Tayghas no statisticéy significantrelationship

(p > 0.05)with wallowing events, but there is a statistilyakignificant relationship (p €.05)
between Tax and the number of wallowing eventflable 5.5). Tmin reveals a weak negative
correlation with wallowing events at the waterholeBhus, as temperature decreases so does the

number of wallowing events, however, thgsnotstatisticallysignificance (p > 0.0%)able 5.5).
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Table515Y t SI NE2y Qa O2NNBf I (A 2a6 T, 2R Fn) I Qelatiy to the2n@mbér 8y LIS NI { dz
wallowing events at the waterholes over the study period. Negatigerrelations are marked in green.
Statistically significant are marked by asterisk (*).

Temperature Average Maximum Minimum
Temperature Temperature Temperature

Pearson’s correlation coefficient 0,10 *0,19 _

5.15.1 Temperature andvionthly Wallowing Activity of Each Becies

As temperature increases over the study petrititere is an increase in wallowing events at the
waterholes. In August when temperatigpeak there is peak wallowing activity of elephafmt=11)
and white rhino(n=13) at the waterholes When temperatures were at their lowest in July, no
wallowing activity took place at the waterholeéd/arthog do not show a preference favallowing
activity in assoation with temperature. Warthogs were observed wallowingJime (n=2), when
temperatures were cooler andin August(n=15) and Novembe(n=10) when temperaturesvere at
their highest. Warthog had peak wallowing activity 8eptembenn=19) when temperatures did not
peak (Taxand Tin). Howeve, availablesurface wate may have beera limiting constraint in the

amountof wallowing activitythat occurred whichwill be analysed isection 5.%.
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Figure 537: Monthly total of number wallowing events for each wallowing species in relation to monthly
average maximum and minimum temperature @lg, Tmax, and Tmin) Over the study period

Pearson correlation coefficients were conducted to determine whether there was a negative or
positive correlation with the number of wallowing events for each wallovepgcies and g Tmax

and Tnin. There is aveakpositive correlation with the number of wallowing events for all wallowing
species and iy and Tmax (Table5.16). A weak positive correlation exists between the number of

warthog wallowing events andmk (Table5.16). Lastly, there is aveak negative correlation that
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exists between elephants and white rhino wallowing events agfl All correlations which were
conducted for each wallowing species wallowing events agl Thax & Tmin Showed no statistical
significance (p > 0.0%)able5.16).
Table516Y t S NE2Yy Qa O2NNBf I (A 244 T 28 FnF) A kaBfdlin retafion iv S Y LIS NI i

monthly number of wallowing events for each speciesthe waterholes over the study periodNegative
correlations are marked in green. Statistically significant correlations are marked by asterisk (*).

Species Average Maximum Minimum Rainfall
Temperature Temperature Temperature (mm)
Warthog 0,27 0,27 0,26
Elephants 0,03 0,26
White Rhino 0,01 0,23

5.16 Rainfall and Wallowing A ctivity

Shortterm changes in rainfall (mpalter animal behaviour inrgy givenhabitat (Brown, 2012)The
short-term changes inthe number ofwallowing eventsjs a response ® the quantity of rainfall.

When comparingainfall and the numbeof wallowing events at the waterholes over the study
period, it appears that there is no relationship between the t(figure 538). At S| N&R 2y Qa
correlation coefficientwas usedo determine if a relationship doesxist between rainfall and the

number of wallowing eventsA weak negative correlation exists between rainfall and wallowing
events, howeverthis is not statistically significant @05, p > 0.8). However, in the times series it

was evident that the number of wallowing events was lagged behind railfaluly when there was

apeak in rainfal(14 mm), a lagged peak of wallowing events (n=15) occur after this rainfall eaent

possiblymore surface water was available for species to utftisevallowing activity(Figure 5.38
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Figure 538. The number of wallowing events in relation to rainfall (mm) at the waterholes over the study
period.

5.16.1 Rainfalland Monthly Wallowing Activity of Eachgcies

July received the greatest quantity of rainfaB2(4 mm) over the study periodhowever, no
wallowing activity took place during Julyigure 5.3% Elephant(n=11) and white rhino(n=13) had

the highestnumber ofwallowing activity in Augusa month after the greatest quantity of rainfall
(Figure 5.3% September had the second greatest quantity of faiin(22.2 mm), and the highest
number ofwarthog wallowing event$n=19) took place during this montkFigure 5.3 Therefore,

the number of wallowing events that occur at the waterholes is indirectly related to rainfall (mm)

andpossiblydirectly related to surface water availability the waterholes.

Pearson correlation coefficients were used to detére whether there was a negative or positive
correlation with the number of wallowing events for each wallowing species and rainfall (mm). There
is a weak ngative correlation betweethe number of wallowing events for each species and rainfall

(mm), allcorrelations which were conducted showed no statistical correlation (p > (l@6)e 5.85).

103



20 - - 35
18 - L 30
0 16 A
ac>.> 14 - 25
o 27 L 20 €
[@)] —
£ 10 1 B
= 8 A 15 &
o 'S
< 6 - L 10 X
= 4]
- 5
2
0 'J T T T T - T 0
June July August September October November
Month
mmmm Warthog = Elephants White RhinO  e==== Rainfall (mm)

Figure 539: Monthly total of number wallowing events for each wallowing species in relation to monthly
rainfall (mm) over thestudy period

5.16.2 Wallowing Activity in Relation to Rainfall #ents

A lag between theaumber of wallowing events at the waterholes and rainfall (mm) is appdrent
Figure 5.38Further aralysis reveals that the highesimber of wallowing events take place more
than two days after a rainfall event (d8) (Table 5.%). Therefore, wallowing specieare possibly
utilisingthe waterholes when other surface watsourceswhichwere availableafter rainfall events
havedried up (Epaphrast al.,, 2008; Rudee, 201Maleix 2011; Maraschin, 2016; Trent, 2018he
second highestiumber ofwallowing evenstakes place on the day of the rainfall event (n={jble
5.17). Therefore, wallowing species take advage of the surfae water which wa made available
in the waterholes on the day of the rainfall events, as previously the nvates were dry. This is
why no wallowing events take place befoeerainfall event,as there was no surface water or mud
present for wallowing specie® utilise in the waterholegTable 5.%). Lastly,there isa decline in
wallowing eventst the waterholes one day after a rainfaeltent(Table 5.%).

Table 5.17: Total number of wallowing events in association with rainfall events at thaterhole over the
study period Asterisk (*) has been marked on the largest number of wallowing events.

Days before or after rainfall event Wallowing events
Two days before 2

One day before 0

On the day 14

One day after 0

Two days after 3

>2 days after raifall event *40
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A crosscorrelation was conducted to determineveeekly lag between rainfa{flnm) and wallowing
eventsat the waterholes over thestudy period which was revealed iRigure 5.38Lag numbers 0 to
-7 were ignored in this analysis as it would be prediatedlowing events at the waterhole, before
rainfall events occurThecrosscorrelation indicates a-veek lag (cross correlation functip@CF)n
the number of wallowing eventat the waterholes after rainfall event&igure 5.4D Therefog, the
number of wallowing eventsncreases twoweeks after a rainfall eventwhich is statistically
significant (CCF > 0.0)igure 5.4). Therefore, surfacevater availability has a greater influence on

the number of wallowng events at the waterholes comparedrainfall (mm).

Rainfall with Wallowing
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Figure 540: Crosscorrelation between rainfall and the number of wallowing events weekly at the
waterholes over the study period.

5.16.3 Wallowing Activity in Relation to Rainfall Qantity

As stated earlierfaunalresponses at the waterholes are influenced by the fluctuations of rainfall
guantity, making it important to understanidow different quantities of rainfall influence wallowing
behaviour(Hitchcock, 1996)At the waterholes there were more wallowing events 76¥F after 19

mm rainfall quantity, then 1819 mm (n=0) (Table 5.8). Asthere were more rainfalleventswhich

fell into the categoryof 1-9 mm rainfallquantity (n=43) then 10-19 mm (n2) (Table 5.8). It is clear
that there is alag peakin the number ofwallowing eventsafter 14 mm rainfallat the waterholes

(Figure 5.38 which falls into the category 109 mm(Table 5.8). Therefore, wallowing activity by
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elephant, warthog, and white rhino are infloced by rainfall quantity (mmpAs it determinesthe
amount of surface wateavailablein waterholes and surrounding areas in whictinese wallowing
species cantilise for wallowingactivity. A longertemporal study is needed to determine how an
increase in rainfall quantity greater than1® mm influences the number @fallowing events at the
waterholes.

Table 5.18: The total number of wallowing events at the waterholes in relation to rainfall quantity (mm)
over the study period.

Rainfall quantity (mm) Number of Averagenumber of Rainfall Events
wallowing events wallowing events
1-9 76 0.46 43
10-19 0 0 2

5.17 Wallowing Activity and Surface A vailability

The presence of surface water in naturdlyyming waterholes influencethe wallowing behaviour
of elephant, warthog, and white rhinccach waterhole and its relation between surface water and
wallowing activity was explored independenttiue to differingwaterhole morphologiesnfiltration,
and evaporatiorrates and potentially differing soil propertiggigure 5.41, 5.42& 5.43. Wallowing
events at all sites only take place when thésevater or the waterholes had muddy consistengy
and no wallowing tookplacein the waterholeswhen they were dry(Figure 5.41, 5.42& 5.43.
Therefore, suiace water influences the numbeof wallowing events that take place at the
waterholes. Pearsoncorrelaion coefficients were usedo determine if there was a relationship
between surface water and number of wallowing events at the waterholess S#@d Chas a weak
positive relationship between surface watend the number of wallowing eventdiowever, these
are statistically significant relationshégr=0.2, p < 0.05; 8:16, p < 0.05; respectivélySite B has a
weak positive relationshipwith surface water and the number of wallowimyents, which isot a

statistically significantelationship(r=0.11, p > 0.05).

The type of surface water in the waterholes influenced the number of wallowing events. At site A,
peak wallowing activity took place when watemspresent in the waterholdFigure 5.4} Sites B

and C showed peak wallowing activity vahihe waterholes had enuddyconsistencyFigure 5.42 &
5.43. When comparingvallowing events witlsurface water in the waterholes, there is an increase

in rainfall events over aonsecutiveamount ofdaysan increased surface watavasavailable m the
waterholes, thereforemore wallowing events took plad€igure 5.38, 5.41, 5.42, & 543 herefore,

wallowing activity at the waterholeshas an indirectrelationship to rainfall, but a significant
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relationshipwith the amount of surface water available in the waterholes for wallowing activity to

take place.
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Figure 541: Total number of wallowing events in relation to surface water available at site A waterhole
over the studyperiod. Different surface wate categories are represented by 0=Dry,Nladdy (purple),
2=Water (blue).
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Figure 542: Total number of wallowing events in relation to surface water available at site B waterhole
over the study period. Different surface water categories are represeut by 0=Dry, 1Muddy (purple),
2=Water (blue).
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Figure 543: Total number of wallowing events in relation to surface water available at site C waterhole over
the study peiod. Different surface wate categories are represent by 0=Dry, Maddy (purple), 2=Water
(blue).

The type of surface watgdry, muddy, or waterinfluences the amount of wallowing eventisat
take place as more wallowing events occwhen the waterholes had a muddy consistenEyg(re
5.41, 5.425.43 Table 5.9). Elephant, warthog, and white rhino show a pnefiece in wallowing

activitywhen the waterholes had muddyconsistencyTable 5.9).

Table 5.19: Total number of wallowing events at waterholes in relation to different surface water categories
(dry, muddy, and water). Asterisk (*) has been marked on the largest number wallowing events per species.

Site A Warthog Elephant
Water 8 3
Muddy *10 *8
Dry 0 0
Site B Warthog White rhino
Water 0 0
Muddy *13 *2
Dry 0 0
Site C Warthog White rhino
Water 1 6
Muddy *17 *8
Dry 0 0
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5.18 Summary

Primate and ngulate spe§& & & dzOK I & ¢ | Ndiz&RadoccurgRathe waneDdeS f f Q
diurnally (08:0Q17:00). Peak visitation times were in the afternoon/middagpecies that
predominantly visited the waterholes during nocturnal hours were carnivarestrownhyena) and
nocturnal species such as porcupine, common duikerehbatd fox,bushbuck, bush pig, and scrub
hare. All megaherbivores such gsaffe, hippopotamus, black rhino, white rhino, and elephants
were observed during nocturnalnd diurnal hours. However, éephant, black rhino, and

hippopotamus had peak visitation times duginocturnal hours at the waterholes.

Local weather variables (temperature and rainfall) had no significant relationship with the number of
faunal sightings at the waterholes. However, when temperatures peakeg (fiere was a decrease

in the number of &una sighted at the waterholes. In additiomishad a significant relationship with
the number of faunal sightings. As temperatutecreasedthere was a decrease in the number of
faunal sightings. A shift in temporal visitation patterns occurred in @ation with variations in
daylight hours, burly shifts can be observed in response to sunrise and suitaes. However,
springbok, impala, Burch@lzebra, and warthog still have peak visitation when daily temperatures
peak.When conducting a lag dismiement (cross correlation) between rainfall and the number of
species sighted, it revealed awek lag. Two weeks after rainfaVents,there is an increase in
faunal species utilising the waterholes, however, this lag is not statistically signifitawever,
there is a significant relationship between the number of fauna sighted at the waterhaid
available surface wateiThus faunal occurrence at the waterholdsas an indirect relationship to

rainfall, but a significant relationship with the amutwof surface water available in the waterholes

Warthog wallowing activity occurs throughout the day (091@300). However, peak wallowing
activity occurs in the afternoon when temperature are highest. Elephant wallowing activity only
occurred at midday12:0013:00). White rhino have wallowing activity throughout the day. Shifts in
wallowing activity occurred for warthog and white rhirieephants were only observed wallowing in
August, so shifts in wallowing activity in the different months could nog$tablished.There is no
significant relationship between the number of wallowing events aahfall, Tawg and Tmin.
However, there is a significant relationship betweefxland the number of wallowing events.
Therefore, as temperatures increase so does the number of wallowing evantfiermore, here

was a clear lag in wallowing activitynZeks after rainfall events, which was highly significant. Thus,
available surface water had a greater relationship withllowing behaviour than temperature and
rainfall. The greatest wallowing activity took place in the waterholes when they were a muddy

consistency.
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Discussion
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0. Discussion

6.1 Introduction

The aim of thisresearch was toassessthe patterns of faunal occurrence anaturally-forming
waterholes in Shawari Private Game Reserve by meangsarhera trapsAndysis of camera trap
images wasused todetermine faunal visitation patterns and wallowinigehaviour This research
explores theinfluence of local daily weather conditions(temperature and rainfall) on faunal
visitation patternsand wallowing behavioyrboth daily and monthlyAs te two main weather
variables that influence faunal visitation patterns in any given environment argdesure and

rainfall (Skinner & Chimimba, 2005Mnderstanding faunal occurrence at naturdilyming

g GSNK2tSa 0S02YSa AYLRNIFYyG Ay TFEOAtAGEOGAZ2Y
SOz2aeaidSy aetidl, 2008), indpartRylal, Sk @dicted climate changes in local rainfall

and temperature, which wiliffect survival of species, and their performance (van Wilgen, 2015).

There has been extensive research in quantifying the relationship between species richness and
climatic variables (&ivkinset al,, 2003).However, climatic variableaffecting species behaviour in
ShamwariPrivate Game Reserv&ve not been exploredrhus, analysis of the relationship between
local weather variables and faunal activity at naturédigming waterholes ismportant to fill the

gaps in literaturelt is important to note that this stdy is only based on three naturafiyrming
waterholesand a larger scale research project is necessary to gain a holistic understanding of how
faunal behaviouis influenced i local weather conditionsn ShamwatriThis discussiomterprets
research findings of the investigation and malasnparisons with previous resedcThe final
section outlines the limitations experienced throughout this investigatiowhich includes

methodological, dad, andstatistical limitationsand how theselimitations wereaddressed

6.2 Faunal Sightings

The abundance and diversity of speadsservedat the naturallyforming waterholesvas influenced
by local weather conditions, howevemany other different factors could havénfluenced the
species observedt each site These includesurface water availabilitywaterhole morphology, soll
properties, vegetation, tree cover (shade), watdependency of speciespredation, human
presence, spees avoidancejntra- and inter-species competition, moon phaseseasonality the
hour of day(Young, 1970; Vale&t al.,, 2007b,2008a;Kamandeet al., 2008 Fulleret al., 2014;Trent,

2016). However, @irther research is necessary to determine heach ofthese environmental
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differences influence faunand wallowingbehaviour as localised environments lead to localised

faunal occurrencerad utilisationbehaviourat water sourcegGrayet al., 2012; Trent, 2016).

Differencesin vegetation surrounding the waterholes may have influenced the species that
populated each site, due to differences in vegetation structure and composition, food qualiy
availability (Owermith, 2002; Saetnan & Skarpe, 2006; Galilketrdal., 2008; Trent, 2016).In
addition, species have different food preferences (feeding guildsazers, browsers, mixed feeders,
and carnivores)which influences which speciegopulate each site (Ayeni, 1975; Western, 1975;
OwenSmith, 2002, 2003; Searle & Shipl2908. Physiological adaptations, the ability of species to
prevent water loss, and diet influences the water dependency of species (Sméh, 2002; Searle

& Shipley, 2008; Cagt al., 2012), which plays a role in the species observed at the waterhbhes
water intake of some species comes from animal tissue, succulent leaves, and fruits to meet daily
water requirements (Western, 1975; Derry, 2004; Hakdual., 2013, Fourie, 2014for example,
browsers can access their water requirements from thgetation they consume, whereas, grazers

need to drink more regularly (Western, 1975; Smit, 2011; Trent, 2016).

While site C has more bare soil and a variety of different trees and shrubs surrounding the
waterhole, sites A and B have a variety of graggigs in the piosphere. Grasses surrounding sites A
and B, therefore hold more grazing opportunities for herbivore species, which may be why more
grazers were sighted at these sitéggure 3.5, 3.6, 3.B.7, 5.8 & 5.9Table 5.4. The piosphere ia
grazng hotspot(Jarman, 1972; Parket al., 2009; Cromsigt & Beest, 2014huscould beattracting

more grazing species to the grazing lavansundwaterholes.In addition,trampling occurs around

the fringes of waterholestherefore, compacted soil attracts more animalprédominantly for
feeding on shorter grss swards) of thevaterhole piospheres (Wieren & Bakker, 200&arkeret al.,

2009 Engvall, 2013; Maraschin, 2Qlélerbivore species were sighted more frequently at the
waterholes compared to carnivoresn particular sites A and Brable 5.4 As prey species
congregate around water sources in open arasere prey can detect predators more easily and
prey isless likely to be ambushed by predatdGaillardet al, 2008; Smit 2011; Fourie, 2014;
Stankowich & Reimers, 2015).

A varietyof different trees and shrubs in the piosphere of sites B aridflGence the number of
browsers sighted at these waterholefidgure 5.7, 5.8, 5)9 Site C had the largest number of
browserssighted due to the large amount of herbaceous vegetation surrounding the waterhole
(Figure 3.7, 5.0 Site Calsoattracted a far more diverse species composition compared to the other
sites Table 5.4, owing to vegetation surrounding the waterhole thatows for both browsers and

grazers to utilise the piospher&udu were sighted most frequently at site C, as there was a high
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level of herbaceous vegetation present in the piosphé&iigire 3.7 Table 5.4 whereas, site A had a

lack of herbaceous vegaion to support kudu foraging={gure 3.%. Kudu avoid open areas (Owen
Smith, 2002; Fourie, 2014)hich could explain their low number of sightings at sitéldwever, this

is only based onhis small study area and may differ other areas of the resee. Giraffe, on the

other hand, were sighted more frequently at sites A and B, due to the openness of these sites

(Figure 3.5, 3.5 as giraffes prefer to browse in open environments (Engvall, 2013).

White rhino were not observed at site (Aable 5.4 White rhino avoid open areas with little shade
(Pienaar, 1994)which could explainwhy white rhino were absent at this si{@able 54). However,
contradictingevidence suggests that white rhirefer open woodlang with scatteredtrees offer
shade(Fouie, 2014) Bateared foxesvere only observed in June at site {@is could bebecause of
localised environmeratl conditionsand seasonalityFigure 5.6Table 54). Heavily grazed or basoil
areas havemore insects presen{Saetnan & Skarpe, 2006s bat-eared foxes ardnsectivores
whichmay have attracted them to site C and explained their absence from sites A imddglition

in June, which ipart of the dry season, there was only bare soil in the piosphere at site C. Thus,
more insects may havbeen present to offer easier hunting grounds for these-drated foxes
(Saetnan & Skarpe, 2006; Stuart & Stuart, 20&6}hey were taking advantage of the localised food
source.Bateared foxedave a large home range as they apecialised feeder®avieset al., 2012)
which explains theitow number of sightings at the waterholes in this investigatiBarthermore,

the rare sightings werattributed to their overall low numbers in Shamwari.

Hippgootamuses were observed atl the waterholesn thisinvestigation(Table 5.4, which could be
a consequence athe piospheras which provided sufficient grazing to permit their occurrence at
these sitesas they favour short grass swai@wvenSmith, 20022008 Lewison, 2007; Waldramt
al., 2007;Wieren & Bakker, 2008Fourie, 2014 Stuart & Stuart, 2015Trent, 2019. The largest
number of hipp@otamussightings occurrect site Adue to its ¢oseness a@ the Bushran's Rver
(Figure 3.5; Table 54as hippopotamuseare waterdependent specieand are locatedsubmerged

in permanent waterduring the daywhich allows them to avoid heat streéSmuts & Whyte, 1981;
Estes, 1991Clutton-Brock, 2001Waldramet al., 2007; Stuart & Stuart, 2015)he largest number
of hippopotamus sightings occurred in Jalgd August Kigure 5.4, 5.5, 5)6 when the greatest

surface water was preseir the waterholeqFigure 5.28, 5.29, 5.30

Waterbuck were observed at sites A and C, but not at sifeaBI¢ 54). This is because sites A abd
are closer to the Bushman'svBr compared to site BNVaterbuck are watedependent species and
prefer permanent water sourcesé. rivers or large dams) rather thaemporary ones like naturaly

forming waterhdes (Smitet al, 2007 Stuart & Stuart2015) Water-dependent species will be in
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close proximity to perma®y & &I G4 SNJ & 2 dzND River) i0 Sadiclikar whedzaafudll Yy Q
waterholes are dryas they need to drink more regularly during dry periods (Jarman, 1972;d4aim
al., 1990; Mtahiko et al., 2006; Chamailt-Jammeset al,, 2007a; Valeixet al, 2009b; Smit, 2011;
Haliduet al., 2013)

During this studygemshbok were onlypresent at site CTable 54). Gemsbok mostly congregate at
site G as there may be less competition for resources camed with the other waterholes as
gemsbok have adapted to sewmiid environments (Estes, 1991; Stuart & Stuart, 2015; Maraschin,
2016). Gemsbokwere observedindividually which probably was a territorial majeas malesare
known to be solitary animalEdes, 1991) Warthogs were the most observed herbivore sjgs
present at sits A and C (Table 54). The large number of sightings due to the same warthogs
revisiting thewaterholes as they are territorial antlave a small home rang# 0.6¢3 kn? (Bracke,
2011; Vanshoenwinkedt al., 2011; Trent, 2016)Other specieghoney badger, batared fox, bush
pig, and lionwere observed infrequently at the waterholes, which refiettieir overall low numbers
at Shamwari Table 54). For example the buspig, which wassightedat site C and not at sites A and
B (Figure 3.7 Table 5.3 as their habitat preference is dense busid sitesA and Bwere situated in
open areagEstes, 1991Fourie, 2014 Stuart & Stuart, 2015

Localised environmental conditioshiow how different factors (i.e. vegetationrand seasonalifyare
an important considerabn in faunal occurrenceat these waterholegAuer, 1997; Oweismith,
2002, 2008; Gosling, 2003; Maraschin, 20¥8)number of factors could affect whichspecies
populated specific waterholesand influencethe abundanceand diversity of spgies at each
waterhole (Koehncke, 2010; Trent, 201®)ue to the range of factors that could influence faunal
behaviour, his is why each site was analysed separatélgbitat suitability for species primarily
focuses on food (foraging efficiencyyater, shelter, and securitytherefore these three factors

cannot be view independently (Owe3mith, 2003; Searle & Shipley, 2008).

6.3 Faunal Activity

Faunal species obsed at the waterholes show distinct temporal wateuse behaviour ofthe
different species.Ungulatesvisited the waterholes predominantlyuding the day(08:00;17:00)
(Tables5.5, 5.6, 5.Y. Species thapredominartly visited the waterholes during nocturnal hours were
carnivores (browrhyenaand lion) and nocturnal species such as porcupine, common duiker, bat
eared fox, hipppotamus black rhing bushbuck bush pig,and scrub hargTable 5.5, 5.6, 5)7
Nocturnal activity by these species was also observedJagman & Jarmaifl973, Haim et al.,

(1990, and Stuart & Stuar{2015).
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Blackbacked jackals utilised the waterholes throughout the dagble 5.5, 5.6, 5)7even though
they are known as a nocturnal speci&tuart & Stuart, 2016 The observations of bladkacked
Jackal in Shamwari weret consistent with theblackbackedjackals inKalahari Gemsbok National
Park(South Africapnd Etosha National Pafillamibia) where they aremost frequenty sightedin
the morning and evenin{Pu Preez & Grobler, 197R®jaraschin, 2016)However,Estes (1991) and
Trent (2016)bservedthat blackbacked jackals did appear at water sources during the Aagite
A, blackbacked jackals were observati the waterholethroughout the dayfrom 14-17 Jung(Table
5.5), due to the presence of a springbok carcéisigure 6.1 Jackals are scavengeand visitedhe
waterholes during the day to take advantage of tarcasqFigure 6.}, without competition from
larger carnivaes or scavengers (e.g. lions and brolyenas) (Estes, 1991; Schuettd al., 2013;

Fourie, 2014Stuart & Stuart, 2015Trent, 2018.

06-16-2018 09: 40:22

Figure 6.1: Observation of blackbacked jackal scavenging on springbok carcass atAiteaterhole. Red
circle is the location of the springbok carcass.

Honey badgers were only observed the waterholein the early morning (01:06:00), having
strictly nocturnalvisitation patterns at the waterhol€Table5.5, 5.7). Bateared fox and liowisited

at midnight (23:00;24:00) (Table5.6, 5.7). Lion visitation patterns were similar to lions Kruger
National ParSouth Africa)whosepeak visitation timesvere at midnight (Trent, 2016)There was
a lionessobservedbetween 10:0@11:000n 20August (Table 5.7, which was known to have given
birth to cubs (this information was received from the knowledge of the game randésgesses
with small cubs are known to be more active during diurnal hewen though lions are moractive
at night (Estes, 1991 Brownhyenas had peak visitation timedetween 21:0@02:00(Table 5.8, 5.9,
5.10). Peak activityf brown hyena in theKalaharis alsousually betweemmidnight and dawr{Estes,
1991; Mills & Mills, 2010)Only individual browrhyena wereobserved at the waterholes, as they

are solitary animals (Estes, 1991).
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Peak sightings ofungulatesand primates(chacma baboon and vervet monkesf) the waterholes
were strictly diurnal (Table 5.8, 5.9; 5.30These peak visitation times shown by ungulates and
primates species are identical #otificial waterholes irkKalahai Gemsbok National Park akduger
National ParkHayward & Hayward, 201dirent, 2016; Maraschin, 2018)ngulates and primats
drink at nmidday and avoid nocturnal houdue to predation (Ayeni, 197%{ill et al., 2003; Owen
Smith, 2003Valeixet al., 20070; Valeixet al., 2008, Hoffman, 2011Hayward & Hayward, 2012;
Crosmaryet al., 2012, Stankowich & Reimers, 201Maraschin, 2016; Tren 2016). Springbok,
Burchel@ zebra, and warthog are mutually exclusive to predators, as they do not visit the
waterholes at the same timd={gure 5.18, 5.20, 5.22n addition, he diurnal visitation times follow
light availability, whichenables preyto detectand escape predator8Neir & Davidson, 1965; Ayeni,
1975; u Preez & Grobler, 1977; Hill al,, 2003;Davieset al., 2012; Stankowich & Reimers, 2015).

Since ungulate species have diurnal visitatiomes, it increaseghe number of individualsthat
congregate at thavaterholesduring the dayln addition the number of individualss influenced by
the distributionand the abundance of resources that are present in the environm&mte example
were springbok, as they increased in numbetsen there was sufficient amounts of rainfaligure
5.4, 5.5, 5.6, 5.28, 5.29, 583@roviding suitable grass for grazing in the piosphere (Parris, 1976;
Estes, 1991; Daviest al., 2012 Maraschin, 2016 Thus, an increased number of individualgas
sighted at the waterholesHgure 5.4, 5.5, 5)6 consistat with research inKalahari Gemshbok
National Park Bergstrom & Skarpe, 1999; Maraschin, 201%)ecies will increase time spent at
waterholes as part of larger groups due to a reduced need fawithehl vigilante behaviour and
reducing predation with an increase in collective vigilaiidarman & Jarman, 1973; Bruger &
Gochfeld, 1992; Valeix, 2007b; Périqetal., 2010; Daviegt al., 2012; Kurauwanet al., 2013;
Beauchamp, 2015; Blumste#t al.,, 2015; Stankowich & Reimers, 201&)t this was not explored in

this investigation

Few predatorswere observed at the waterholesTable 5.4, which could be due to their overall low
numbers in Shamwaror they may be situated around permanent wateowgcesand notaround
naturally-formingwaterholes However, pedation is known to be mogtequent near water sources,
as prey species congregatat waterholesfor drinkingwhen surface water iswailable(Davidson
2010; De Boeet al., 2010) Piospheres around waterholes ar@lsograzing hotspotswhich attract
more prey ungulate speciggarman, 1972Waldramet al., 2007; Parkeret al.,, 2009; Cromsigt &
Beest, 2014)Naturally-forming waterholes however, are often not permanent watersources, which

in turn dfect predator-prey relationshig. Therefore, éss predation couldccurat these waterholes
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astemporary water sourceand therefore preyare dispersed throughout the landscape after rainfall
events(Weir, 1969;Jarman, 1972Davidsoret al., 2013).

Peakvisitation times of BdzNJO K &:brd 4@ thevaterholeswasat midday (Figure 5.13, 5.16; Table
5.8, 5.9; 5.1) as they are he most vulnerable to predators arare favouredas preyby lions
(Ayeni, 1975V aleixet al., 2007b; Valeixet al., 2009a; Valeix, 2009¢; Crosmary, 20Rayidsoret al.,
2013;Engvall, 2018 However contrasting informatiorwasobservedin Kruger National Park where
Burchell@ zebra peakightingsoccurred during or after sunrig®@wenSmith & Goodall, 2034Trent,
2016). The dfference in peakisitation timescould be due tahe contrasting temperatursin each
region whereby visits to artificial waterholes Kruger National Patook placewhen temperatures
were cooler (Owetbmith & Goodall2014). Similarities &ist between Kruger National Park and
Shamwari in September as peak visitation times wereswatrise (Figure 5.13 These temporal
relationshipsbetween sunrise and sunset times and faunal actiaitg similar in many different
areas ofsouthern Africasuch asn Kruger National Park (Trent, 2016), Kalahari Gemsbhok National
Park (Maraschin, 2016and Hwange N#onal Park(Zimbabwe)Valeix, 2011). iciesutilisation at
water sourcess thereforecontrolled by predator avoidancend other factors suctas the amount
of heatthe species arexposed to and water loss (Ayeni, 1975; Gaiml., 2006; Epaphraset al,
2008; Simpsoet al., 2011;Stankowich& Reimers, 2015).

Another species whose activityasinfluence by sunrise and sunset times in Shanigawvarthog.
Peak visitationtimes of warthogsoccurredat midday (Table 5.8, 5.9; 5.30even though warthogs
are vulnerable to hyperthermiéSomers, 1997Engvall, 2013Warthogs are strictly diurnab avoid
predation even when temperatureincrease(Somers, 1997Bracke, 2011 Davidsoret al., 2013).
Warthogdiurnal visitation times was also consistent with research conductefidtgs (1991) and
Trent (2016) as they observedactivity correlating with sunrise and sunsetvhen there was light
present Warthogs werepresent at the waterhole duringliurnal hourswhen there waslight
available; howeverhefore sunrise and aftesunset,no warthogswere observedFigure5.16, Table
5.5, 5.6, 5.Y. During nocturnahours,warthogsuse burrows for sheltefrom predators(Estes, 1991,
Somers, 1997; Valeat al, 2009¢ White & Cameron, 2009Nouvelletet al, 2011; Haynes, 2012;
Engvall, 2013)

Peak visitation times of aterbuckwere in the afternoon and late afternoo(irable5.8, 5.10. This
information differed from Valeixet al. (2007a) and Hayward & Hayward (20120 observed
waterbuck visiting waterholes in the morningHowever, Fourie (20149bservedthat waterbuck
were more active during the morning and late afternodémpalapeak visitation timeoccurredin

the morning,midday (August) and late afternoorat the waterholes(Table 5.8, 5.9; 5.30which is
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similar tovisitation timesin Serengeti National Pafdanzaniagnd Hwange National Park (Jarman &
Jarman, 1973; Valeigt al, 2007; Hayward& Hayward, 2012)However, isitation patterns of
impalain Shamwarivere dispersed throughout the daincluding nocturnal hourgFigure 5.1) In
the Kruger National Park, impala visitation tim&sre predominantlydiurnal Fourie, 2013 The
differing impala visitation pattern could be a consequence dfie overall low numbers of top
predatorsin Shamwari.Thismay suggestdaptive behaviourat Shamwarj which has also been

observedby Bergeret al. (2003 and Ydenberg & Prin2q12) in the Kruger Natioal Park

Gemsbok are known to visdrtificial wateholes duringnocturnal hours inKabhari Gemsbok
National Park, conservingater during the day by drinking during cooler periods (Maraschin, 2016).
However, m Shamwarigemsbok peak visitation times wemedominantly during diurnal hours
(09:0@;15:00, but they were also sighted during nocturnal hours Table 5.10. Gemsbokcan
withstand temperatures of 4& (Mills & Mills, 2013; Maraschin, 201&)owever, in Shamwari
temperatures did not reach these pealenabling gemshbok to utilisine waterholes during diurnal

hoursand at midday(Figure 5.1Table 5.4.

Bushbuclhave peak visitatiotimes at the waterholesluring nocturnal hours (20:@23:00)(Table
5.10 asthey are less visible in the open by predatdi@able 5.1 (Jarman & Jarman, 197&stes,
1991) During theday, they returnto the safety of the thicket and avoid open areas (Estes, 1991,
Stuart & Start, 2015).The common duiker is another ungulate whosealpeisitation time is during
nocturnal hours Table 5.8, 5.9, 5.30It was observedy Estes (1991and Jarman & Jarman (1973)
that common duikers have peak visitation times dunimghtin areas where they are heavily hunted
by predators Alternative obgrvationssuggestthat since common duiker aremall antelopes they
are not the main prey source fdions, but they may be favoured by othecarnivore species
(Davidsonet al.,, 2013).Since common duiker are not a main prey sour@eredators this may
explainwhy they are notmutually exclwsive to predators at the waterhole&igure 5.18, 5.20, 5.22
Porcupineswere another species whose visitation times oveplag with carnivores Figure 5.17,
5.18, 5.21, 5.2R possibly because thequills are amorphological antipredator defencd=@urie,
2014; Stankowich & Reimers, 2019)heir visitation tneswere similar to those irKruger National
Park, howeverthey were alsoobserved in the early morning andte aternoon inKrugerNational

Park(Estes1991; Stuart & Stuart, 2015).

In Shamwariit was observed thatarnivore and herbivore speciassitation timesare mutually
exclusive Figure 5.17, 5.18, 5.19, 5.20, 5.21, 5.Zhese mutually exclusive visitatitimes were
also observed by Ayeni, 19'@nd Hayward & Hayward, 2@1 However, m Shamwarikudu and

giraffe did not onlyvisit the waterholes during the dagt the waterholes but exhibitednocturnal
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visitation patterns as well(Figure 5.12;Table5.8, 5.9, 5.1p This ontradictory evidencecould be
becauseof a small population otop predaors in Shamwari compared t&ruger National Park.
However, n Addo Elephant National Paf8outh Africa)t wasfound that predators influenced kudu
temporal visitation times during nocturnal hours (Tamglet al., 2015).Kudu visitation tines were
consistent with research conducted Myeir & Davison, 1965; Du Preez & Grobler, 1977; Vateix
al., 2007y Hayward & Hayward, 201%ho observedkudu drinking in the morning and afternoon.
Giraffe peak visitation times were in the morning aafternoon, andHayward & Hayward (2012)
observed that giraffe are predominantly daytime drinkers.However, they also visited during
nocturnal hours(Table 5.8, 5.9; 5.30which was similar to researchy Weir& Davidson (1965)
Other researct{Du Preez & Grobler, 197in) Etosha National Park observiidit giraffe did not have
specific drinking times,sagiraffes are not influenced by surface water availabgis/they gain their

water requirements from the egetation they consum@wenSmith, 2008).

Elephantpeak visitation times wergredominantlyduring the evening, buthey were also observed

at the waterholesin the morning(Table 5.8, 5.10 Similarly in EtoshaNational Parkand Hwange
National Parkelephants are known to visit waterholes during nocturnal haoidtgeni, 1975Weir,
1969; Berger & Cunningham, 1998 oarie et al., 2009. However, in Kruger National Park,
Pilanesburg National Park (South Africa), Madikwe Game Reserve (South Africa)uMzame
Reserve (Botswana), and TeenElephant Park (South Afriegphants peak visitation at waterholes
was at midday (Hayward & Hayward, 2012), which is inconsistent with findings at Shamwari.
Elephantsare megaherbivoresyhich enablesthem to visit he waterholes during nocturnal hours
(Figure 5.20, 5.21, 5.22asthey are typically not the target of predation (Ayeni, 1975; Ydenberg &
Prins, 2012; Cromsigt & Beest, 2014; Stankowich & Reimers, d0iEsgfore, éephants are able to
visit the waterhoks during cooler periodand avoid the hottest times of the day (Weir & Davison,
1965; Kinahaet al., 2007; Valeiet al., 2007a, 2009a; Loaret al., 2009; Shradeet al., 2010; Trent,
2016).0Only elephant calves are at risk of predation by liphgeni, 1975Skinner & Chimimba, 2005;
Valeixet al.,, 2007a), however calveswere stillobservedin herdsthat visited the waterholesiuring

nocturnalhours

Black rhino carried oustrictly nocturnal visitation times at the waterholes and were abseumirgy
diurnal hours(Table 5.9, 5.10 Black rhinoin the Masai Mara Game Reser{ienya)and the
Kaokoveld(Namibia) had similar visitationtimes, as theyare known to drinkand stay inclose
proximity to waterholes during nocturnal hourSHortridge, 198; Mukinya, 199). Black rhinare
less active duringhe day and least active amidday (Shortridge, 1934; Estes, 1991yhich is

consistent with findings in this investigatiowhite rhino had peak visitation timggedominantlyin
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the late afternoonand during nocturnahours whichwas when temperatures were coole§lable
5.9, 5.10. Both whiteand black rhin@wame to the waterholes during nocturnal houas they are not
vulnerable to predatorgdue to their body size (Berger & Cunningham, 1998; i@8mith, 2002;
Bergeret al., 2003; Stankowich & Reimers, 2015). They aigso present with their calves during

nocturnal hours.

6.4 Relationship between Faunal Activity and Local Weather Conditions

6.41 Temperatureand FaunalActivity

Faunahave to confrontmany challenges in serarid environmentsincludingtemperaturechanges

A thermoneutral zone for each animgpecie®2? LJK é @&rcé@hipasse® a range of conditions in
which animal activitycan takeplace without their body temperature vging beyond a tolerable
range which varies for each specié®wenSmith, 2002) Environmentalconditions such as high
ambienttemperature or high solar radiation may lead to exacerbation of thermal load for different
species (Oweidmith, 2002).Therefore temperature influences the occurrence of species at the
waterholes and thus affects faunal visitation times (OweBmith, 2002; Gosling, 2003; Woodroffe,
2003; Hannalet al.,, 2007;Chaine & Clobert, 201%an Wilgeret al,, 2015). However, in Shamwari
there is no significant relationshietween the number of faunal sightings angdg&t the waterholes
(Figure 5.23, Table 5.1 However, when Jax and Tmin peaked there was a decrease in the number

of faunal sightings at the waterholes, which was a significant relationEigpire 5.23 Fauna seek
shelter during cold and windy conditions to avoid thermal drain (Young, 1970; Jarman & Jarman,
1973; OwerSmith, 2002;Jones, 2012), thus, decreasing foraging activity and drinking in the open at
these waterholesWhen temperaturesincrease herbivores decrease time utilising water sources
whichis consistent with research Byaliexet al. (2007). During peak temperaturat midday orin
summer, foraging activity is restricted and there are typically extended periods of faunal inactivity
(Jarman & Jarman, 1973; Ow8mith, 2002). Periods dfactivity at the waterholes were seen in
impala and kuduRigure 5.11, 5.12, 5.)}5Elephants did show periods of inactivity, however peak
visitation occurred during nocturnal hours, and thus inactivity during diurnal hours was inconclusive
(Figure 5.1% It wasobservedin Hwange National Park and Kruger National Park that there was a
decreasein herbivoreoccurrenceat waterholes during the hottest periods of the day (Vaktal.,
2007b; Shresthat al, 2014; Trent, 2016)Therefore, temperature extremes reduce density of
faunal specie®bserved However,in August, whertemperatures peaked, and after the dry season

in October, kudu had peak sightings at middaigre 5.1 possibly becausthey need to tolerate
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high temperatures;this is to increase their foraging time at the expense of insulation for the cold
during nacturnal hourg(OwenSmith, 2008; Hairet al., 1990)

Body sizeplays an important factor regarding the ability of a species to withstand temperatures
(Lindstedt & Boyce, 1985; Speakman, 199&yward & Hayward, 2012giraffe, white rhino, black
rhino, ard elephanthavepeak visitation times during cooler periods of the day because they are all
megaherbivores and unable to regulate their body temperatures effectively. These species are
dependent on shade during peak temperatures of midday, while wallogfregies are dependent

on suitable natural waterholes to undergo wallowing as means of thermoregulation (e.g. elephants
and white rhino) $toneridge, 19340wenSmith, 1974, 1988ienaar, 1994; Skead, 20Muelleret

al., 2013. Thus, megaherbivores bernefrom avoiding peak solar radiation, which was consistent
with observations by Jarman & Jarman (19%8hite rhino were sighted at the waterholem the
afternoon in June and Julwhen temperatures were cooler. Howeveheir peak visitation times
were in the late afternoon, morning, and eveningigure 5.14 & able 5.9, 5.10 White rhino visit
during these cooledaytimeperiods in August, Septemhemnd October(Figure 5.1% avoiding peak
temperatures whichwas also observed biyeni(1975), Lindstedt & Boyc€1985), and Berger&
Cunningham999.

Carnivorespredominantly visit the waterholes during nocturnal hours when temperatures are
cooler. Many carnivore species are nocturnal and sleep during the(Algni, 1975; Hayward &
Hayward, §12; Maraschin, 2016which affects prey visitation times at the waterhol@salfle 5.8,
5.9, 5.10. These observations wereonsstent with researchundertakenin Kalahari Gemsbok
National Park (Maraschin, 2016). Carnivores avoid open areas during tirites highest
temperatures as they are unabte withstand these temperature extreme@d/aleixet al., 2007b;
Epaphraset al.,, 2008; Simpsoret al., 2011, Hayward & Hayward, 2012; Maraschin, 2016; Trent,
2016).

A shift intemporal visitation patterns isassociatedwith temperature This temporal shifis a
behavioural adaptatiorin which species undergo to avoid thermal stregxposure to heatand
water loss(Hill et al., 2003; Cainet al., 2006; Shresthaet al., 2014).However,springbok, Burchell a
zebra and warthogstill visited the waterholes during the hottest period of the dag avoid
predation(Figure 5.10, 5.13, 5.16These aimals are able to adjust their body temperature through
their hypothalamus, which is the part of the brain that mon@nd adjustsbody temperature
(CluttonBrock, 2001)However,according to Hayward & Hayward (2018peciesprefer utilising

waterholes atmidday when temperatures peatq reach their waterequirements.
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Furthermore when there is a spike itemperature species sighted at the waterhola$ifted their
visitation times toearier or laterin the day, so thathey do not undergo heat stresslgrman &
Jarman, 1973Cainet al., 2006 Shresthaet al., 2014). Therefore, ungulate species are mordiee
duringsunrise, sunseiand during nocturnal hours (Shresttaal.,, 2012). Springbok kudu, Birchell’s
zebra,white rhino, and warthog all showed a shift in visitatiimes when temperature increased
(Figure 5.105.12, 5.13, 5.14, 5.15, 5)16lowever, BZNOK St t Qa 1 So NI} 2yt & NBSSI
in November, when iy was at its highes(Figure 5.1 The temporal visitation times shifted
monthly as T increased,although the shift is slight. This slight shift wadominantlyan haur
earlier or later in the daydependingon thespeciesand the Tygin the different monthgFigure 5.10,
5.12, 5.13, 5.14, 5.15, 5.16he hourly differenceis a response to the shifts in sunrise and sunset
(variation in daylight hou)s(Maloney et al, 2005; Nouvelletet al, 2011; Shresthaet al., 2014,
Tamblinget al., 2015; Trent, 2016).The hourly shift to earlieror later visitation timeswasconsistent
with observationsin Kruger National Park, for Burct®lkzebra, kuduand warthog but only when
Tavgwas greater thar20°C(Trent, 2016).

In November, however springbok were obseved at midday (Figure 5.19 Morphological,
behavioura] and physiological adaptationsenable springbok and impalato withstand high
temperatures (Cairet al., 2006). The sandyand white colourations ofthese specieprevent heat
stressas thecan helpreflect sudight (Abere & Oguzor, 2011; Boutin & Lane, 2014; Trent, 2016)
Thus,it aids withthermoregulation and thereforeallows thesetemporal visitation pakerns (Table
5.8, 5.9, 5.10 Impala function optimally at temperatures between@ll°Cwithout being inactive
(Jarman & Jarman, 1978&lein & Fairall, 1986)which could explainwhy an increased number of
impala were sighted athe waterholes in Octobervhen Taygincreased(Figure 5.2% However, Tayg
did not exceed 28, as the Eastern Cape has lower temperattines Kruger National Parknd
Kalahari Gemsbok National Panwhere it is known that impala undergo heat stress with
temperatures >35°C (Maloiy & Hopcraft, 1971;Maraschin, 2016;Trent, 2016) Temperatue
differences in thesdioregionscould contribute to differences in visitation times at the waterholes.
However, impala onlipad peakvisitationat the waterholesat middayin August There was ahift in
their visitationtimesto earlierin the morning or later in the afternoom June and OctobefFigure
5.10). Previous research sh@ahat impala avoidopen areas wheriemperaturespeak and are
located in the shade, whictould explain why peak visitation patterrisr impalaare not at midday
when Tygincreased(Jarman & Jarman, 1973).could alsocexplainwhy impala occurrencgatterns

at the waterholes shifted monthlyas the temperatures increased earlier in the @aigure5.11).
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6.42 Rainfall andFaunalActivity

Various studies havanalysel the temporal faunal distribution of species in relation to rainfals
there isa close reldonship between faunal movementend abundancevith rainfall (Bergstrom &
Skarpe, 19990wenSmith, 2002; Ogutet al. 2008 as the presence of surface water influences the
abundance and distribution of species present in any given habitat (Williams & Wells, 1986; Redfern
et al, 2005; ChamadlJammeset al., 2007a; Halidwet al, 2013).However, in Shamwaria weak
negative correlatiorexiss between rainfall andhe number offaunal sightingsat the waterholes
(Figure 5.2% which isconsistentwith research conducted iKruger National Park (Trent, 20165t

the waterholes in ShamwarBurchell@ zebra, elephant, white rhino, impala, and warthog sightings
have a very weak correlation with rainfdfigure 5.26; Table 5.1.2Springbok and kudu, on the other
hand, show a moderate positive relationship with rainfall, but it is not statisfisadinificantFigure
5.26; Table 5.12In Kruger National Parkthe numberof springbokat the waterholesshows a strong
correlation to rainfall (Parris, 1984; Stapelbeety al, 2008). In Shamwari, there is no direct
relationship with rainfall and the number of faunal sightingswevera 2week lagn the number of

faunal sightingsit the waterholes after rainfall events apparen{Figure 5.255.27).

Alarge numberof individualswere sighted at the waterholes on theag ofrainfall evens, and there
isan ircreased number of faunal sightingaysafter rainfall evens (Table 5.13 This differed from
Kruger National Park andalahariGemsbokNational Park, as more speciesvere sightedthe day
before andon the day ofrainfall evens (Maraschin, 20167 rent, 2016)However research in Kruger
National Park and Kalahari Gemsbok National Rssksed on artificial waterHes, which have an
inverse relationship betweenfaunal visiation and rainfall eventscompared to naturallyforming
waterholes This is a consequence of surface water made availablediyfall, which influences
which watersourcesspecies drink fornfAyeni, 1975; Maraschin, 2016; TreR@16) The naturally
forming waterholes are raified and aredependent on seasonal rainfall patterns in the regiand
only havesurface water after consecutive days or large volumes of rainfall (Weir, 1969; Jarman,
1972;Chamai-Jammest al., 2007aWaldramet al., 2007;Makhabuet al., 2002 2007; Alex, 2011
Viljoen, 2015; Stommeet al, 2016). Artificial waterholes have a higher abundanoé faunal
sightingsbefore rainfall eventsas thereis noother surface water availableso species congregate
aroundand are relant onthese artificial waterhole®r other permanent water source@ hrashet
al.,, 1995 Dudley, 1997 Noble et al., 1998; Jame®t al, 1999; OwenSmith, 2002 Dolan, 2006
Epaphraset al,, 2008 Valeixet al., 2008a 2009a Valeix, 2011Blumstein, 2012Davidsonet al.,
2013 Maraschin, 2016Stommelet al.,, 201§. For exampleelephants in theKruger National Park
decreased visits to artificial waterholes after an increase in rainfall events (Trent, Pal@gver, in

Ruaha National Park (Tanzania) thavas an increase in elephants sightedbath artificial and
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naturalwaterholes when there was surface water available (Barnes, 1®@attet al, 2012;Trent,
2016).Thus, species become less reliant on artificial water sources or permanent wateesaiter
rainfall events, as there is teropary surface water availabléaroughout the protected area which
the faunacan utilise Epaphraset al., 2008; Rudee, 2011Valeix 2011; Maraschin, 2016Trent,
2016). This can eplain the decrease in the number of fauna present at the naturkdiyning
waterholes when they were driyn Shamwari, as nwater was available for species to utiligégure
5.28,5.29,5.3D

Furthermore both waterdependent and lesavater-dependent speciesare influenced by the
available surface watgfTrent, 2012, 2016; Stommet al., 2016). Results demonstrate thawvater-
dependent elephant, hippopotamus, white rhino, blesbok, Burcl&llzebra, warthogand red
hartebeest utilisé the waterholes more fregently when there was surface water availablégure
5.4, 5.5, 5.6, 5.28, 5.29, 580 hus, wateidependent species will congregate around areas where
surface water is availablavhich s consistent withthe literature (Ayeni 1975 Goudie & Thomas

1985; Franzet al,, 2010 Trent, 2016).

The diversity of specieand individual speciesbundancechanged in the different months of the
study period (June to November). In June and July when the waterholes weleiginye(5.28, 5.29,
5.30, species at the warholes were less diverséifure 5.4, 5.5, 5)6 At the end of July and in
August, there was surface water availatfiég(re 5.28, 5.29, 5.3@ndthere was greater diversity in
speciesat the waterholes Figure 5.4, 5.5, 5)6For examplein Juneat sie A eight different species
were sighted, whereas in August thirteen different species were sighieaie 5.5, 5.6, 5)7Thus,
available surface water influencesppeciesdiversity,consistent withpreviousobservationgWilliams
& Wells 1986 Cronjeet al., 2005 Epaphiaset al., 2008;Stapelbercet al., 2008 Bellardet al., 2012;
Shresteet al,, 2012 Gandiwa 2013 Fulleret al., 2014 Stommelet al., 2016).

In addition, rainfall is a limiting constraint and contributes to vegetation growth amddéoraging
availability and quality for fauna (Western, 1975; Ow&mith, 2002; Ogutet al. 2008).An increase
in faunal sighting®ccurred 2weeks after rainfall evenisvhen newgrass was made available for
grazing(Figure 6.2 This B consistentwith previousresearch(Bothmg 1972 Goudie & Thomas
1985 Bergstrom & Skarpel999 Olff et al,, 2002 OwenSmith 2002, 2008 Redfernet al., 2003
Gaillard et al,, 2008, Prins & Fritz 2008. Herbivores favour habitatsvhere water intake and

nutrients ould be maximisedPark & Sohn2009)
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Figure 62: Grass growth after rainfall events at naturalprming waterhole. Left: No grass present befor
rainfall events. Right: grass growthresent after rainfall events.

Grazers were most frequently sighted at waterholes in Audtigufe5.2,5.7, 5.8, 5.9 possiblydue
to the rains in July which promoted grass growth-d@rewth) in the piospheréJarman, 19720wen
Smith, 2002Chamaik-Jammeset al., 2007a;Gaillardet al., 2008; Wieren& Bakker, 2008; Daviex
al., 2012; Maraschin, 2036In June, July, and October the piospheres had low grazing lawns due to
low rainfall, thus fewer grazers were present at the waterholes during theseths Figure5.2,5.7,
5.8, 5.9. At site B, November had a large number of grazers at the waterkaderé 5.8, even

though grazing lawns were not sufficient.

Browsers were leastommonat the waterholes in August, when there was available surfaatemw
(Figure 5.7, 5.8, 5.9, 5.28, 5.29, 5.3 the months when the waterholes had dried @june,
October, and Novembe}, there were increased browsersifure 5.7, 5.8, 5.9, 5.28, 5.29, 5.30
Browsersncreasein the number of sighting&hen there is no surface water as they hdke ability

to graze furtheraway from water sourcefRedfernet al,, 2003) This was alsobsened in Kruger
National Park (Trent, 2018Xudu areprimarily present in the months when there was very little or
no available surfacevater (July, September, Octoheand November) Kigure 5.4, 5.5, 5.6, 5.28,
5.29, 5.30. In Kruger National Park, howevtre kudu population was positively affected by rainfall
and hence food production (OweBmith, 2002, 2008 owe\er, at Shamwarikudu forage evenly
throughout the habitat throughout the seasons, as the evergreen spekbdoriulacaria afra is
able to support the kudu's water requirements even through the dry seaSmure 5.4, 5.5, 5.6,
5.12). Spekboom isalso sua@essfuleven under harsh conditionsin particular droughts (Ting &
Hanscon, 1977)Thus, their visitation patterns at naturaflyrming waterholes are not affected

during periods with no available surface water (Ov&mith, 2008).

White rhino increased atthe waterholes after rainfall event@rigure 5.2 as they arewater-

dependent specigesand require water daily for drinking and wallowi@wenSmith, 1974Pienaar,
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1994;Davieset al.,, 2012;Stuart& Stuat, 2015).White rhino were most frequently diged in August
when there wasavailablesurface water in the waterhole@~igure 5.265.28, 5.29, 5.30 Similar
observatiors of white rhino occurredin Kruger National ParkOwenSmith, 1974; Estes, 1991
Pienaar, 1994; ClutteBrock, 2001 White rhino are seldom founthr from water sources, and will
follow available surface water (Stoneridge, 1®3Rurthermore, white rhino are known to travel
greater distances in the drthan wet season,excludng excursions to adequate water sousce
(OwenSmith, 2008; Muelleet al., 2013).There werefewer white rhiro in June and November
when there was less rainfalls the waterholes were diffFigure 5.2% Indry periods, white rhinare
found in taller grasslanddue to the depletion of favourable gsa typesleading toa decrease in
areas ofonce previously suitable grazing las\i©wenSmith, 2002; Waldramat al., 2007).This an
be one of the explanationghy white rhino were not frguently sighted in June and Novemksr
the waterholeg(Figure 5.45.5, 5.6.

Black rhino weramost frequently sightedn Junewhen the waterholeswere dry (Figure 5.5, 5.6
5.29, 5.30. Black rhincare able to forage evenly throughout the dry seasorevergreen spekboom
(Portulacaria afrawhich isable to supportheir water requirementseven through the dry season
Black rhinoare dependent on woody vegetatioand succulentsn the dry season (Estes, 1991;
Dudley, 1997; OwefSmith, 2008)However,black rhino may not have occurred the waterholes
when there was surface water available, as Shortridge (18B4grvedthat blackrhino travelled
farther distancesin Malilangwe Wildlife Reserve (Zimbabweenthere is surface water dispersed
throughout the &andscape. Thus, black rhino may have beemeadised throughout Shamwari

utilisingsurface wateifrom elsewherean the landscape

Hephants areknown to migrate to different areas during the year as a result of seasonal changes in
vegetation, in particularfor adequate grasswhich is their favour#é food for forage and water
(Thrashet al, 1993;Loarieet al., 2009;Haynes, 2011Birkett et al., 2012) August had the highest
elephant sightings throughout thiavestigation(Figure 5.4, 5.5, 5)6During June, July, October and
November there werevery few elephants at thevaterholesas there was insufficient surface water
available.Hephants stay in close proximity to permanent water sources in the dry se@sors,
1970; Western, 1975; Barnes, 1983ggettet al., 2003, 2004 Leggett,2006a, 206b; Chamaié-
Jammeset al, 2007a; Loarieet al, 2009; Valeiet al, 2009a; Franzt al, 2010, which could
account for the low numbers @hamwariwaterholes when they were dryhus, elephants had a
strong presence at the waterholes when surface wateas available, for either drinking or

wallowing Figure 5.28, 5.29, 5.30
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