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ABSTRACT

The vegetation of the Kgaswane Mountain Reservé&adrth West Province, South Africa,
was mapped according to seven vegetation strutgpes, based on tree density and height,
and grass height. Free-living ticks were colledigddrag-sampling the vegetation from each
structure type in November 2014, prior to the omdehe summer rains, and February 2015,
once most of the seasonal rains had fallen. Eldmdirpotragus oryx location information
was recorded from four GPS collared cows overweegample periods. Tick abundance was
consistently lower in shorter, open, more exposegetation structure types, and higher in
more sheltered types. Position higher up in theldaape nullified the positive impacts of
trees on beneath-canopy microclimate in tall opeondiands, as indicated by comparatively
lower tick numbers than in more sheltered woodlipes. Tick abundance is influenced by
vegetation structure and the availability of ho3ise majority of ticks trapped during both
periods were larvae, with nymphs mostly preseMomember and adults mostly present later
in the season, indicating the seasonal nature obf ¢bhort recruitment. Eland calving
behaviour centred on areas with low adult tick alaunte. Eland did not respond to total tick
abundance during either sampling period. They dtect areas with low adult tick
abundance, and avoided areas with high adult timkndance. This corresponded with an
improvement in upland forage quality, which allowtbém to avoid foraging in areas with
high adult tick abundance. It is plausible that plo¢ential for infestation by adult ticks may
be a supplementary influence driving the use otsjey eland.

Keywords: North West Province; vegetation structure, tickratance, eland, calving, drag-

sampling.
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1. AIM OF THE STUDY

The aim of this study is to investigate the relasioips between vegetation structure, tick
abundance and patterns of elaf@yrotragus oryx movement across a season within a small

nature reserve.

2. RESEARCH OBJECTIVES

Objective 1: To investigate the relationship between vegetattaincture and tick abundance.

Objective 2: To examine the influence of vegetation structurghenoccurrence of the different
stages of development of ticks, namely larvae, mgnand adults, between the two sample

periods.

Objective 3: To examine patterns of diurnal tick activity betmesarly summer prior to the bulk

of the rainfall, and later summer after most rdirtfas occurred.

Objective 4. To investigate the potential for tick abundanedanfluence temporal patterns of

resource use by eland.

3. GENERAL INTRODUCTION AND LITERATURE REVIEW

3.1 Motivation for the Study

During a study investigating the seasonal dietagfgpences of eland at the Kgaswane
Mountain Reserve (KMR), a colleague remarked ahigh level of tick infestation observed on
the animals. This initiated the question: in theeadze of predators and tick control mechanisms
such as oxpecker8(phagus spp. is the challenge exerted by ticks great enowugimftuence
the patterns of resource use by eland?

We live in a dynamic period within a dynamic coetit. There is substantial evidence to

support changes in global climate attributable tooHlective economic dependence on fossil
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fuels (Parmesan and Yohe, 2003; Rettal, 2003; Thomaset al, 2004; Hannah, 2010;
Richardsoret al, 2009). Already in instances where low temperatsir@ dominant controlling
variable, we are seeing marked changes in the talbetween various ecosystem components
resulting in complete ecosystem transformation.eXample is the outbreak of pinebark beetle
infestations in the coniferous forests of the navdstern United States (Rosner, 2015). Climatic
changes are likely to manifest unevenly acrossdlobe, and considerable debate remains
surrounding the nature of these manifestations.i-aeichregions are predicted to be subject to a
more extreme frequency of stochastic climatic evehtgher mean temperatures and overall
desiccation (Scholest al, 2008; Richardsoat al, 2009).

Climatic changes coupled with elevated atmosplmibon levels may result in changes
to vegetation structure in several ways. Warmemisgid conditions tend to favour the
distribution of C4 rangelands (tall, stemmy, suipical grass species) over C3 rangelands
(short, finely tufted, temperate grass specieshli&iRusseét al, 1990; Beerling and Osborne,
2006; Bond, 2008). Increased temperature and edvaatmospheric carbon dioxide
concentration may favour the increased growth ofodyo vegetation at the expense of
herbaceous vegetation (Bond and Midgely, 2000; Bendl, 2003). There may also be changes
in structure within graminoid communities assodavéth altered environmental conditions at
the landscape and local scales, such as the fagpafitall, stemmy, unpalatabfendropogonoid
grass species ovdtanicoid grassegsofter, palatable, medium-sized species) (GibbssBil
1990; Scholes, 1998; Boret al, 2003). Rangelands are strongly influenced by ilerbs and
fire (O’Connor and Bredenkamp, 1997; Scholes archér, 1997; Bond, 2008).

Tree density is an integral component of vegetastincture because it adds height,
which has the potential to modify localized clinsatrariables leading to the physical and
environmental stratification of niches that congétan ecosystem. Tree density in savannas is
controlled predominantly by top-down and bottom-effects. Top-down effects are fire and
herbivory, which consume vegetation, open patchmes suppress tree recruitment (Bond and
Keeley, 2005; Bond, 2008; Sankaranhal, 2008). Bottom-up controls concern limitations on
resources, which may be inherent or created bybglound competition between root systems.
In semi-arid rangelands where there is no spatgdation of tree and grass root niches, the root
systems of the grass sward exert a strong suppeessgiuence on tree seedling recruitment by
competing for limiting resources such as moistund aitrogen (Scholes and Walker, 1993;
Scholes and Archer, 1997; Sankaeaml, 2005; Bond, 2008).
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There is inherent structural variation in the hedmaus layer of semi-arid rangelands, also
guided by top-down and bottom-up effects. Shallmeky, sandy soil may create limitations on
moisture and nutrients, leading to a short, demsd while the higher water holding capacity
and nutrient status of deeper, heavier soils islgoive to the formation of a sward dominated by
tall, robust species (Scholes and Walker, 1993;0f8sh 1998). Fire acts as a non-selective
grazer, temporarily and suddenly converting a w@dnse sward into a short sward (Scholes,
1998; Uyset al, 2004). Large herbivores physically alter the slvas they move through it, by
grazing, trampling or both (McNaughten, 1979; Cdegh1982). They are also responsible for
the localized distribution of nutrients across tlamdscape, leading to the heterogenous
distribution of resources (Caughley, 1982; Taintt#99).

Rainfall and soil moisture are primary determinaoitdherbaceous biomass production
and accumulation in southern African rangelanddn{da and Walker, 1993; O’Connor and
Bredenkamp, 1997; Scholes, 2003; Ust al, 2004). The rate and volume of biomass
accumulation in turn determines the frequency amensity of fires (Scholes, 1998; Bond and
Loffell, 2001; Bond and Keeley, 2005). Intensediege responsible for elevated seedling die-off
and stunting, keeping short trees within the “tn@p” and maintaining a more open savanna
structure (Walker, 1987; Scholes and Archer, 198dholes, 1998; Bond and Keeley, 2005;
Bond, 2008). Rainfall, and more precisely aridig/,also an important driver of woody plant
biomass and species composition (Scheted., 2002), and is hence an important determinant of
savanna vegetation structure.

It is clear that, given the influence of climate e fundamental ecological processes
that govern vegetation structure, the distributbieurrent plant communities is likely to shift as
ecosystems respond to new climate regimes. Profoladges to the structure of vegetation may
have attendant ecological impacts, such as infiagnithe distribution and abundance of ticks
(Gray et al, 2009; Gilbert, 2010; Medlockt al, 2013). This is occurring in tandem with
unprecedented growth in the game farming industr$south Africa, which is seen as a more
profitable, lower-risk economic alternative to centional livestock farming (Van der Merveg
al.; 2003; Dry 2010; Mail and Guardian 2012; Moneyviafli 3). The result is the proliferation
of high-income, high-investment game and wildliening agribusinesses on properties that are
comparatively small and management-intensive. Wtdeding the drivers of tick abundance
within management units that are subject to extenflaences, and the potential influence this

may exert on patterns of animal resource use, raag Bconomic applications.

Page | 3



3.2 Life History Strategies of Ticks (the Acarina)

Most game species from different parts of Southcaficarry high tick burdens (Bothma,
1993). As a general rule antelope up to the sizeldfie wildebeest carry mostly immature ticks
and those larger than blue wildebeest carry bottmatare and mature ticks in large numbers
(Bothma, 1993). Ticks find their hosts mainly byegting, or attaching themselves to vegetation
and waiting to intercept a passing host (Wakkeal.,2003; Medlocket al, 2013). The adults of
the AmblyommaandHyalommagenera are more proactive, actively crawling actbe ground
in search of a host. This is known as exophilicavédr (Walkeret al, 2003).

Ticks have a relatively simple life cycle. The Hdtully engorged female falls from the
host and lays eggs in an appropriate refuge ogrtend. The eggs hatch, and the larvae climb
onto adjacent grass stems to await passing hosttkénet al, 2003). In the case of one-host
species such as the blue tiéopphilus spp eggs are laid on the ground. The larva moults on
the host into a nymph and re-attaches to the sastetd engorge. The nymph then moults on the
host into an adult and remains on the same host emgorged once again (Monnig and
Veldman, 1984; Bothma 1993; Walketr al, 2003). Hence all feedings and subsequent moults
of an individual tick take place on the same hdke life-cycle is rapid, taking three weeks for
feeding and two months for egg laying and larvaleligoment (Walkeet al, 2003).

In the case of the two-host tick, such as bongeelgticks Hyalommaspp), the larva
attaches, engorges and moults into a nymph onidtehbst. The engorged nymph falls off the
host and moults into an adult on the ground. Thdtdden awaits a second host to complete the
life cycle (Monnig and Veldman, 1984; Walketral, 2003). The larvae and nymphs of the bont-
legged ticks usually feed on smaller mammals amdspiwith only the adults found on large
mammals. These are aggressive parasites, actiealsching for hosts, and are resistant to
drought (Monnig and Veldman, 1984; Wallatral, 2003). The modification to the life cycle
may be a strategy aimed at surviving droughts sitheetime spent away from the host is
reduced.

Three-host ticks have three separate hosts, oreabh stage, with moulting occurring on
the ground (Monnig and Veldman, 1984; Bothma 1983jker et al, 2003). This is the most
common type of life cycle (Walkeat al, 2003). Ticks that have recently hatched or neolére
soft-bodied and are inactive for one to two weeaktdl their bodies have hardened. The life-cycle

of three-host ticks is slow, from six months toesaV years.
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The scale and scope of the project left little apymity to identify the ticks to genus
level. The proportion of the captured tick popuatirepresented by each life history strategy
was undetermined. Larvae remain aggregated whaging for a host (Medloclet al, 2015),
and life history information would have providedluable insight into the patterns of tick
dispersal by hosts following hatching. Three-hadt $pecies spend the most time away from the
host, and are hence likely to be the most vulnerabl off-host mortality due environmental
factors. Since the three-host life cycle is the tmamsnmon, it was assumed that this was the
dominant strategy adopted by the ticks encountdvdstudy focused on tick abundance, and
hence although data on life history strategy iyt useful, they were not considered central to

the objectives of the project.

3.3 Drivers of Tick Abundance

My study is confined to questing ticks, which atlap ambush technique by climbing up
vegetation and waiting for a host to brush pastdigiek et al, 2013). The literature is generally
consistent in identifying temperature, relative Idity, rainfall and evaporation as key variables
governing such parameters as tick mortality; tickvaty; tick distribution; tick abundance and
tick growth rates, albeit to varying degrees (Diped989; Needham and Teal, 1991; Randolph,
1997; Estrada-Pena, 2001; Cumming, 2002). Denstigpgendent mortality at the female to
larval stage is correlated with particular climatactors, namely minimum temperature and
minimum relative humidity (Dipeolu, 1989; Randol@997). The development period, i.e. tick
growth rate, is most rapid at high temperature§Gpand is at its longest at cooler temperatures,
these being approximately 2and lower (Randolph, 1997).

Water balance is also of key importance in tickvimal (Needham and Teal, 1991; Gray
et al, 2009; Gilbert, 2010; Medloaét al, 2013). During questing the tick is prone to dgybut,
and so descends the vegetation into the litterr laygrass tuft bases to rehydrate (Medletk
al., 2013). This cycle of dehydration/ rehydratiordamoving up and down the vegetation
reduces the opportunity of host interception andsusp important energy resources, and is
deemed detrimental to off-host tick survival. Theoisture content of the ground-based
vegetation, and the shelter from desiccation ivjoles, is hence an important component of tick
survival (Medlock et al, 2013). Ticks that have moulted are particulaviyinerable to

desiccation, starving and freezing because thaisleletons have not yet hardened (Wakker
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al.,, 2003), and the ratio of body volume to body stefaarea against the prevailing
environmental variables adopts increasing impogghovegrove, 1993). While growth periods
are largely temperature mediated, tick mortalitgeen as the result of a complex of integrated
climatic relationships. Tick survival and reprodaontare dependent on the covariance between
temperature and rainfall, rather than a singlealdei alone (Cumming, 2002).

Ticks exhibit a peak seasonal abundance, witHaggeest number of larvae occurring in
autumn and winter, nymphs during winter and spend adults during summer (Bothma, 1993;
Zeigeret al., 1998). Tick recruitment hence occurs in cohavif) the seasonal dynamics of tick
activity closely tied to the timing of questing iadl of desiccation-vulnerable larvae (Randolph,
1993; Medlocket al, 2013). The timing of activity of nymphs and aduis dependent on
temperature (Randolph, 1993; Randolph, 1997). Thestnimportant environmental factor
appears to be night-time minimum temperature, deteng condensation and saturation deficit
and thus the ticks’ ability to replenish moistuostlduring the daytime and so to survive while
qguesting for hosts (Randolph, 1993). Larvae numbeescorrelated most closely with these
factors (Randolph, 1993; Randolph, 1997).

In terms of tick abundance, model results havevseha statistically significant positive
influence of increasing mean annual temperatureaandgative influence of increasing number
of frost days (Ruiz-Fon®t al, 2012). Ticks do not survive frosts (Walket al., 2003).
Minimum temperature, maximum temperature and riiafe also the most important factors in
predicting tick distribution (Cumming, 2002; Medloet al, 2008; Gilbert, 2010; Medlockt
al., 2013). The key to describing tick occurrencéhis covariance of temperature and rainfall.
Each of the following variables is potentially aniiing factor in tick distribution: vegetation
type, plant productivity, elevation, maximum tengiere, minimum temperature and rainfall
(Cumming, 2002; Estrada-Pena, 2008; Medletkal, 2008; Gilbert, 2010; Medlockt al,
2013). Cumming (2002) found that climate was aedbepiredictor for tick distribution than
vegetation, suggesting that climatic factors exenmre control on tick populations than habitat
physical features. This study was, however, caragaetlat a continental scale where the key
vegetation parameter was vegetation type, rathem the structure of the plant communities
within the broader matrix. Most modeling of the Bommental determinants of tick distribution
occurs at the landscape scale (Randolph, 1997adsstPena, 2008; Medlookt al, 2008;
Scharlemanret al, 2008; Medlocket al, 2013). Cumming (2002) concedes that vegetation

structure may well be an important determinanhatidcal scale.
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Related to this, short, open grasslands have fmeer to be unsuitable habitat for the
free-living stages of most ticks (Londt & Whitehe&@74; Shortet al. 1989a). In a study
undertaken in central Zambia, Zeiggral. (1998) found that woodland supported mostly adult
ticks, while nymphs were located mostly in opensglands. Tick survival is affected by
microclimate, and protection from sunlight, frostfioe (Londt & Whitehead 1974; Shoet al.,
1989a). Longer grasslands ostensibly provide mawveurable microclimates for the free-living
stages of ticks, and these habitats also suppogergopulations of small mammals and ground
birds, important hosts for the immature stages ahyrticks (Horaket al. 1991b; Horalet al
1991c; Walker 1991; Medlockt al, 2013). Short grasses are also likely to limé tjuesting
height of the ticks.

Tick abundance has been shown to be stronglydanfled by the number of hosts
(Rizzoli et al, 2009; Ruiz-Fongt al, 2012; Medlocket al, 2013). Elevated tick numbers in
Great Britain have been attributed to an increasthé deer and red groudeaopus lagopus
scoticug populations (Scharlemarat al, 2008). In northern Italy a change in land manag#
has resulted in improved habitat suitability foradhmammals and roe deer, important hosts for
ticks. This has led to an increase in the incidesfdeck-borne encephalitis (Rizzadt al,, 2009).
This raises the important point that vegetatiorucitre not only affects tick survival by
manipulating microclimate, but also influences hastilability. Grazers support fewer adult
ticks than browsers and intermediate feeders (@alliand Horak, 1997). Density dependent
mortality affects the stages from larva to nympH apmph to adult (Randolph, 1993).

Tick populations are naturally controlled by bigisgch as oxpeckers, ants, beetles as well
as bacteria, entomopathogenic fungi and nematdtfeskér et al, 2003; Samistet al, 2004).
Oxpeckers feed exclusively on ticks, but numbengehdeclined in areas traditionally used for
commercial beef production in response to the apptin of acaricides (Hockest al, 2005). In
six days a single young red billed oxpecker eatsvéen 1100 and 1549 larval, nymphal and
adult ticks. Extrapolated to an adult bird, thisoamts to approximately 12 500 larval or 98 fully
engorged tick females (Bezuidenhout and Stutterh@®80). The absence of oxpeckers may
therefore have a considerable influence on tickufain dynamics (since they remove adult

ticks prior to reproduction) and subsequent leeéisfestation in large ungulates.
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3.4 Influence of Vegetation Structure on Local Micro-Cimate

Empirical data from experiments investigating pnriyngroduction within savanna
systems provides insight into the effects of vetijmtastructure on local micro-climate. Soil
moisture is generally higher beneath the tree catitgn further away (Scholes, 2003; Archibald
and Scholes, 2007) due to the interception of saldiation by the tree canopy and reduced rate
of evaporation from the soil and vegetation bendhth canopy (Scholes, 2003). This is a
complex effect, however, and depends on the fractd the energy budget provided by
radiation, and the fraction provided by the cirtigla of hot, dry air (Scholes, 2003). If sufficient
energy is provided by the circulation of warm, @iy beneath the canopy, evaporative demand
will remain high even in the shade (Scholes andkéfall 993; Scholes and Archer, 1997).

Tree canopies trap and concentrate rainfall intgelainput units, mainly in the form of
drip-lines and stem-flow (Scholes and Archer, 19%tholes, 1998; Scholes, 2003). This
increases the infiltration of rainwater into thdstanopy soil, particularly near the base of trees
(Scholes and Archer, 1997) and contributes to that@nance of a higher soil moisture regime
beneath the canopy than out in the open. Stemdwprovide a considerable influx of water.

Trees typically enhance the pools and fluxes of sotrients beneath their canopies
(Scholes, 1993; Scholes and Archer, 1997) via sévaechanisms. Canopies trap aerosol
minerals dispersed during the dry season, whiclihere washed into the sub-canopy soil during
subsequent rainfall events (Scholes and Archer719here is evidence, albeit circumstantial,
that trees act as nutrient “pumps”, drawing nutedrom the entire root zone (horizontal and at
depth) and depositing them as litter at the saifase beneath the canopy via leaf senescence
(Scholes, 1993; Scholes and Walker, 1993; SchaldsAacher, 1997). A third mechanism is
through trees serving as focal points for roostimgs and mammals seeking shade, cover or
forage, and their subsequent faecal and urine deg@&kholes and Archer, 1997). Leguminous
trees fix nitrogen (Scholes, 1998). The consequearcelevated nutrient levels is stimulated
herbaceous primary production resulting in a tadlard, denser cover and a more sheltered,
benign environment for tick survival. The highemnpary productivity may also attract hosts.

Tree crowns disrupt wind flow (Archibaket al, 2009). In areas where tree cover is high
enough, this serves to create eddies and pushititealvove the tree crowns creating a sheltered
sub-canopy environment. The sub-canopy is likelynaintain a higher relative humidity (RH),

and hence more benign conditions for tick survival.
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3.5 The Impacts of Ticks on Large Herbivore Hosts

Ticks have a range of detrimental impacts on thests. High tick infestations may cause
anaemia, reducing production and threatening tlathhef young, old and sick animals. Up to
2500 larvae and nymphs may attach to each legDQG0rall per animal (Bothma 1993). Control
of ticks in game, particularly non-water dependgpcies such as eland, is difficult. Animal
production has been found to be detrimentally ingxhin a number of studies (Johnstiral,
1981; Horaket al, 1983b; Jonssoet al. 1998). Jonsson (2006) managed to quantify theifoss
production, finding that each engorged female tigls responsible for the loss of 1.37 + 0.25 g
of body weight in cattle.

Young animals are particularly susceptible todpiction losses associated with tick
infestation, with studies showing that a moderatk toad on a growing lamb, in this case
impala, can cause a weight loss of up to 44kg ar yMooringet al, 2004). Impala have
evolved allogrooming behavior that allows themaarter tick infestations. Scholét al. (1991)
found that weaning weight in dipped Hereford catttas 29.5 kilograms greater than in
undipped Hereford cattle. The effects of individeayorging ticks ranged from 8-8.9 g per tick.

Ticks with large mouth parts, such as the bork (Bmblyommaspp) and bont-legged
tick (Rhipicephalusspp) may cause physical damage to the skin, Igadinndustry losses for
trophies and processed products (Bothma, 1993).biikesite may also serve as an entry point
for secondary infections, leading to abscesses pmogressively worsening wounds that
ultimately threaten the health of the animal (Bo#hh993).

The indirect transmission of viral, protozoan apalcterial diseases may also occur
(Bothma, 1993). This may threaten the game popuaitself (eland are susceptible to heart
water) or may be transferred to nearby commerceaf therds (gallsickness, heart water, red
water) (Wesongat al.,2001).
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3.6 The Relationship Between Eland Tragelaphus oryx) and Their

Environment, and Potential Implications for Tick Infestation

Social Organisation

Eland are gregarious, forming larger herds durimg wet season compared to the dry
season (Rowe-Rowe, 1983). This has been assowdtethe formation of nursery herds, where
several family units amalgamate while their calaes young (Skinner and Smithers, 1990). The
assumption made is that smaller groups come intdacb with a greater surface area of
vegetation, and hence are more exposed to ticksl#rger groups of animals. The animals in
the center of a larger group, usually the youngy imave a lower exposure than animals on the
periphery simply because vegetation is trampled therefore anticipated that eland should be

more susceptible to tick infestation during the siegson when they are dispersed.

Calving

Eland exhibit seasonal calving, with calving pealssially occurring when there is a
greater availability of green forage (McNaughtoA9Q; Pappas, 2002). Skinnet al, (1974)
found that eland breed throughout the year, bub witpeak calving period during the early
summer months (August to October in summer rairdatlas). Underwood (1973) concurred
with this, although the season may vary geograpfieecording to climatic conditions that
favour the production of high quality forage, ar tfeeding preferences of the local eland
population. Calving is relevant given the impacktinfestations can have on smaller bodied
animals in terms of lost productivity. During thah\dng period herds may seek to minimize the
exposure of young animals to the tick challengeyathering into herds, or avoiding areas with

high tick numbers.

Activity

The peak activity period of eland tends to be cseplar and they utilize shade during the
day (Pappas, 2002). Skinner and Smithers (199@®, rmwever, that they may feed into the
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night during the summer months. Animals are likelyse woodlands for shade. They also move
into wooded areas to escape wind and shelter feom kikewise eland move into open areas to
regulate their temperature during cooler periodsr{kt al, 1970). This behavior in response to
temporarily unfavourable environmental conditionaynbring eland into contact with areas of

high tick abundance, increasing their risk of berwninfested.

Food

The stomach morphology and structure of eland areemlosely associated with that of
browsers, suggesting that they are unable to digpestire grass as well as grazers (Watson &
Owen-Smith, 2000). Their diet is usually restrictedyreener, newly-sprouted grass (Hofmann,
1973; Owen-Smith, 1982). Using a different approg&ponheimeet al. (2003) examined the
dietary composition of several bovids through thalgses of stable carbon isotopes from teeth
enamel, bone collagen and hair samples. The resdlisate that, although eland may include
grass in their diet, in the sampled populationis & minor constituent (about 10% of their diet).
Codronet al.(2006) analyzed C3:C4 ratios and nitrogen percestagfaeces sampled at sites in
the Waterberg region of Limpopo Province. Elandeveoncluded to have a strongly C3-based
diet, so they were considered almost strictly ber&sconfirming the current evidence for
southern African populations. Similarly Wallingtet al. (2007) analysed faecal stable carbon
isotope ratios in Suikersborand Nature Reserveant&g and found that C3 plants (browse)
formed 95% of eland diet in March (late wet seasng June (early dry season). They suggest
that eland populations in savannah environmentsh#xdlarger browse percentage in their diet
than populations living in grasslands. Hence therehelming consensus is that eland are
mainly browsers (McNaughton and Georgiadis, 1986;9B1990; Watson & Owen-Smith, 2000)
or mixed-feeders, but the extent to which they gnaamains uncertain. In southern Africa they
are assumed to be browsers during the dry seasdrgrazers only during the new growth flush
following the onset of spring rains (Buys, 1990pfteius & Mentis, 1990; Watson & Owen-
Smith, 2000; D’Ammandet al., 2014, citing Kerr, Wilson & Roth, 1970). Keet al. (1970)
found that in Zimbabwe eland spent approximateB68% the time browsing, 10% of the time
feeding on forbs and 6%-7% of the time grazing.

In contrast, research from Tanzania (Lamprey, 1968)popo (Hofmeyr, 1970) and the

Drakensberg region of South Africa (Rowe-Rowe, J988icates considerably more utilization
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of grass, although this is likely to be seasonaly$3(1990) reported that feeding on woody
plants increased from 25% in the wet season to Bb%e dry season in Mpumalanga, South
Africa, while forbs were noted as an important comgnt of the diet. A more recent study in the
Magaliesberg region of South Africa found that gessconstituted 31.8% of the plant species
eaten during the dry season winter months (D’Ammagtdal, 2014). Contradicting the findings
of Buys (1990), D’Ammandet al (2014) found that forbs were generally avoidedj ¢hat
most of the browse component of the eland dietistets of woody species. Most of the grazing
was also limited to a single specidsjstachya leucothrixIn view of the above variation in
findings, it has been suggested that diet compositnay vary between different eland
populations in different geographical regions, ander different management conditions.

Eland have a high metabolic rate, and require twdiih high protein content (Pappas,
2002). Owen-Smith (1987) used a model to predat ¢éhand should prefer vegetation types with
an abundance of browse species with a high leaf:statio to meet the high protein
requirements. The types identified were forb rictasglands/ savannahs or broad-leafed
savannahs. The significance of this is that thestjieemaximize the quality of their diet is likely
to be a major determinant of eland movement pattesnich may or may not bring them into
contact with ticks. According to the theory that arganism satisfies a hierarchy of needs
sequentially in order of temporal importance, tlagy influence that tick abundance exerts on
eland movement is likely to be related to the dyalf forage available at that time. When forage
quality is limiting, eland may prioritise maximigrtheir diet and exploit the available resources
to this end irrespective of tick abundance. Undemndgtions where forage quality is easily
maximized, eland may be in a position to prioritismimizing tick infestation, and accordingly
alter their movement patterns.

A further consideration is the influence of the mgement area on the patterns of
resource use by eland. Under what may be considetenlal conditions, such as those in large
protected areas, free roaming eland herds have foeed to have a home range of up to 500
km? (Skinner & Smithers, 1990). Many of the studies eland have been undertaken on
properties far smaller than this (Kgaswane MounRe&serve, for example, is approximately 50
km? in area). It is possible that physical or behasdb@onfinement forces eland to shift from
being large, roaming concentrate selectors to geridacultative grazers. Eland are not
dependent on water, obtaining their water requirgm&om their diet (Bothma, 1993; Skinner
and Smithers, 1990).
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Contribution to the Game I ndustry

Eland contribute to the game farming industry tigtotrophy hunting, as the biggest and
most easily accessible African bovid (Estes, 199%ey are a sought-after component of a
discerning trophy collection, with a current apprmoate cost of R26 420 per trophy

(www.africanskyhunting.co.3aln addition, they contribute to ecotourism, lgegregarious and

sometimes forming large herds (Jarman, 1974; E3899). They produce hides similar in size
to cattle, and carcasses dress out at 235-464kit201993), similar in mass to a buffalo. The
meat is also of good quality (Skinner and Smith&880). Eland therefore have a part to play in
the industry. Live sales reached R5 473 to R7 J3apimal in 2012 (Farmers weekly, 2013),
with a record price of R205 000.

My study may be viewed at two scales, the firshgeis applied specifically to eland. The
outcomes may therefore be of practical relevanckandowners who have eland within their
properties. At a broader level, eland may also $etllas a surrogate for any kind of large wild
ungulate and it may be possible to extrapolate rémilts of the study to managing the

populations of a wider variety of animals in sngglme reserves and on game farms.

4. HYPOTHESES

Hypothesi s related to objective 1:

1.1 The areas consisting of tall, stemmy grasses esed with low shrubs will contain the
highest numbers of ticks. The short, mesic gradslam the ridges will contain the lowest

tick numbers.

Hypotheses related to objective 2:

In view of the literature indicating that tick la® mortality is positively correlated to lower
relative humidity, it is expected that adult ticke better suited to withstand drier conditions

than immature ticks. Hence the hypotheses are:
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2.1 That adult ticks will be more prominent during tsarly wet season (November), and the
larval and nymph stages dominate the wetter mombhgards the end of summer

(February); and

2.2 That adult ticks will be located in higher proports in the more sheltered structure types
since the higher temperatures and lower relativaidlity likely to occur in the more open
vegetation structure types causes high mortalitpragnsmaller moulting ticks. Hence

fewer ticks reach maturity in these areas.

Hypotheses related to objective 3:

3.1 The temporal patterns of diurnal tick activity @spond with that of eland, since this is
likely to increase the chance of intersection vathost. | expect the diurnal temperatures
to be higher in February than in November, with tharmest period over midday
constituting a higher proportion of the day. Henomyre ticks will be intercepted in the

morning and later afternoon than during the heah®imidday period; and

3.2 This pattern will be more pronounced in Februaantft is in November.

Hypothesis related to objective 4:

4.1 Eland will minimize their calves’ exposure to areafshigh tick abundance by either

avoiding areas with high tick densities, or moviagidly through them.

5. CRITICAL QUESTIONS

The hypotheses have been condensed into the faldpevitical questions asked during the study.

The questions seek to guide the collection andyaisabf the data.
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Objective 1.
1.1 s there a relationship between vegetation strecind tick abundance?
1.2 If so, what is the strength of this relationshiposs vegetation structure types?

1.3 What is statistical significance of any existintat®mnship?

Objective 2:
2.1 How are the tick developmental stages distributetbss the respective vegetation
structure types?
2.2 s the distribution of age classes statisticalgngicant between the vegetation structure
types?
2.3 Is there a difference in the tick age class distiins between the two sampling
periods?

Objective 3:
3.1 What are the temporal patterns of diurnal tick \aistievident during the sampling
periods?
3.2 Do these differ statistically between vegetationdure types?

3.3 Do they differ significantly between sampling peis@

Objective 4.
4.1 Do eland avoid areas with high tick abundance aeléct areas with low tick
abundance?

4.2 |If so, is there a change in this behavior betwéertwo sampling periods?

6. MATERIALS AND METHODS

6.1 Study Area: Kgaswane Mountain Reserve

KMR is situated on the outskirts of Rustenburghe North West Province of South
Africa (25’ 43’ S, 27 11’ E) (Figure 1). The reserve encompasses a rangaterlinking

environmental gradients (eg. soil type; vegetatimmposition; forage quality; temperature;
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humidity; aspect; altitude; precipitation), eachvdiich are likely to influence the biotic and

abiotic determinants of tick abundance.

Altitude and Climate

There is an altitudinal gradient associated witthr@p in height from 1660m above sea
level (a.s.l) at the top of the Magaliesberg in thestern half of the reserve to approximately
1200m a.s.| at the floor of the valley system ia #astern part of the reserve (Nel, 2000, citing
Coetzee, 1975; Parrini and Owen-Smith, 2010). Thearmlong-term annual rainfall is
approximately 687mm + 208.4mm (Nel, 2000), with tiigh variability typical of semi-arid
regions (Scholes and Walker, 1993; Scholes, 1%&nfall is highly seasonal, with 88% of the
MAP falling between October and March (Parrini a®aven-Smith, 2010). Although the
regional climate is constant, the topography eistiag$ the following local environmental
gradients:

Temperature Cooler in the uplands, warmer in the valleys,tipalarly during the summer
months. Uplands are subject to cooling breezesngusummer. Valley bottoms have cooler
night-time temperatures in winter, but winter feost the uplands are likely to be more frequent.
Moisture Uplands are a net exporter of rainfall via suefagnoff (a function of topography) and
subsurface seepage through the coarse, shallosv $biere are greater evaporative losses from
the more exposed landscape, and greater evapatatimplosses from the shallower soils. The
lower lying areas are net sinks of moisture dughéoaccumulation of runoff. The deeper soils in
the valley bottoms encourage the dominance of taeesshrubs, the shade of which reduces
evaporation demand on the soil. The deeper saitslave greater storativity of soil water.

The environment in the bottomlands is likely to meister, which translates into a
different vegetation community and a different uagjen structure. This is likely to influence
parameters such as local temperature; relative ditynincidence of frost; and fuel loads and

hence fire frequency and intensity, which may mtaffect tick abundance.
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Figure 1: The Study Site: Kgaswane Mountain Reseryesouth of Rustenburg on the eastern periphery ohie North-

West Province, South Africa (indicated in the insét
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Geology and Soils

The reserve is predominantly underlain by two ggicll formations, namely the
recrystallised quartzite of the Transvaal Systechthe norite intrusions of the Bushveld Igneous
Complex (Nel, 2000). The high-lying summit and gls@re underlain by relatively homogenous

beds of coarse-grained quartzite and minor horr(fétsetzee, 1975). The lower-lying, valley

bottom regions are dominated by Kolobeng Noritdgaae-rich, fine-grained igneous mineral
(Figure 2).

GKgaswane Mountain Reserve
Geology
Alluvial Deposits
B8 Kolobeng Norite
Magaliesberg Altered Shales
58 Magaliesberg Quartzite

[ g L |Kilometers
0 05 1 2 3 4

Figure 2: The geology of the Kgaswane Mountain Reses

The significance of geology is the influence itshhad on local soil formation.
Pedogenesis is driven by the integrated influeméggarent material, topography, climate, time

and organism activity (Fey, 2010). The combinatidrthese factors within the study site has
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resulted in a spatial soil distribution characei®y shallow, sandy soils in the uplands and on
the steep slopes overlooking the valley bottomg, (2@0). These are approximately 15cm deep
Mispah (orthic A/ hard rock) loamy sands (Soil Gléisation Working Group, 1991). The soils
in the footslope regions are deeper and more othy-These are mostly Glenrosa (orthic A/
lithocutanic B) soils up to 25 cm deep. Colluviapdsition at the base of the slope is a dominant
pedogenic process, establishing a soil environrhegntdient. Relatively deep, loamy, well-
drained and nutrient-rich soils characterize thigeyabottom soils. Hutton (orthic A/ red apedal
B) is the dominant soil form with depths rangingnfr 30 to 40cm (Nel, 2000).

Vegetation

Nel (2000) identified four major vegetation groupamely:

a) Vegetation associated with shallow soils and bddramderlain by quartz. These
characterize the steep northern and central ridges;

b) Vegetation associated with deep to medium-deep-dvained soils, also underlain by
quartz. These dominate the central basin and magtitern plateau of the reserve;

c) Vegetation associated with deep clay-dominateds soiiderlain by diabase, mostly
confined to the eastern valleys; and

d) Vegetation associated with moist habitats and iapadrainage lines.

These were described and mapped according to #sswmciation with the dominant
substrate types. This was further refined into &Getation communities based on a combination
of the composition of the dominant species and dinecture of the woody and herbaceous
vegetation (Nel, 2000). Vegetation structure isirtef as the organization of space of the
individuals that form a stand (and by extension emetation type or a plant association)
(Edwards, 1983 citing Dansereau, 1957). The prineeynents of structure are growth-form,
vertical stratification and coverage (Edwards, )98®I (2000) has grouped the vegetation types
according to the variable quadrant size methodriest by Coetzee and Gertenbach (1977).
The vegetation classes created are similar to tho8med in Edwards (1983), which provides a

practical, robust and broad-scale classificaticstesy for the structure of vegetation. The system
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is hierarchical, and based on the dominant pringgoyvth form types, cover, height and, to a
lesser extent, substrata. The primary attributes ase:

* A primary set of four growth form types (trees,ds, grasses and herbs);

* A primary set of four cover classes (closed, ogpasse, scattered) for each growth form

type;

» A set of four height classes for each growth foypet(high, tall, short, low).
The resulting permutations yielded 72 potentialetagion structural groups (refer to Edwards,
1983).

Nel (2000), in his vegetation classification, itBed and mapped 13 structural groups
across the 51 vegetation communities. The structilaasification is independent of species
composition, although this information is providddly study is more concerned with vegetation
structure than species composition, and seeks tablet the main vegetation structural
gradients across the study area.

6.2 Research Design

Vegetation Structural Types

The establishment of vegetation structure typegHerstudy was based on the existing
vegetation map from Nel (2000) and the associa#ta abtained from the North West Parks and
Tourism Board (NWPTB). Nel (2000) divided the vaisodistinct vegetation types into thirteen
vegetation structural units. Ideally, tick abundaneould have been sampled for all thirteen
types. This may have yielded a more sensitive,sbland certainly more comprehensive dataset
with the added advantage of spatial consistencysacstudies. However, the time-frame
available for my study precluded the sampling btlatteen units, and this number was refined
by simplifying the classification criteria.

A key assumption of this study is that tick aburmawill vary according to the relative
humidity and temperature within the herbaceous tatigm layer. The main structural
determinants of these variables are assumed thebleeight of the grass layer; the height of the

tree layer; and the density of the tree layer. Abraader level, and according to visual
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assessment, the vegetation types within the reseeve divided into the groups as described in
Table 1.

The vegetation structure types were mapped in Arc&i(Environmental Systems
Research Institute (ESRI), Redlands, CA, USA), aisihe vegetation-type shapefile from
NWPTB as a foundation. This was overlain on geoegfeed 2012 black-and-white aerial
imagery, obtained from the Surveyor Generals OffiteMowbray. Google Eartl satellite
imagery was also used as a reference. The mappgdops were modified and merged
according to the dominant structural unit. Mappivegs done at a scale of 1.5 000. The polygons
were then ground-truthed to ensure that the mapoppptely represented the vegetation
structure seen on the ground.

It should be noted that certain areas of the TalWland Grassland (TLG) are artificial
due to the influence of human activities. The carcdion of earthen dam walls across the main
valley bottom has resulted in the subsequent naabibn and deposition of sediment, which has
modified the species composition of the sward. ithpoundments across the valley are also
retaining much of the longitudinal flow, resulting a change from a sward dominated by
Hyparrhenia hirtaandHyperthelia dissolutdao one dominated biynperata cylindricaa shorter,
hygrophilous species. The maintenance of a sewiteheath a power-line is maintaining an
artificial grassland adjacent to the valley bottdparian zone by routinely removing trees that
reach a certain height. In these areas, the ogl#rgriconsideration was the structure of the
vegetation. Hence modified areas were includetienotverall classification of the TLG structure
type even though they may have occurred in an @ypiosition in the landscape.

Thicket and genuine stratified forest areas are ptesent within the reserve. They are,
however, thinly distributed and spatially limited/ithin the context of the reserve and their
expected contribution to eland resource use, theyassumed to be relatively unimportant. The
density of the tree layer, and the dearth of agyrawlerstory, requires a different sampling
strategy as drag cloths proved to be impractictle Tecision was taken to include these
structural types in the Tall Closed Woodland (TCyWup, based on the additional assumption

that they would fulfil a similar ecological role relation to eland use.
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Tick Data

Data were collected over two sampling periods, nai@vember 2014 and February

2015. According to long-term rainfall data (www.ae@ather.com), the wet season in

Rustenburg usually begins in October and ends inl,Apith peak precipitation occurring in
November and January (Figure 3). The rainfall pattfer the 2014/2015 season appears to
broadly conform to this trend (Figure 3).
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Figure 3: Mean Annual Precipitation (MAP) data for Rustenburg

(www.accuweather.com/en/za/rustenburg; www.worldwedteronline.com/  Rustenburg-

weather-averages/North-Wegt The bars represent the average precipitation pemonth,

while the line represents rainfall data recorded fom June 2014 to June 2015. Point (A)

represents the first sampling period, and (B) repreents the second sampling period.

However, analysis of the individual rainfall eveddta reveals that in October 2014 a
single rainfall event on the 95 accounted for 80% of the monthly total

(www.worldweatheronline.com/Rustenburg-weather-ages/North-West). In addition, 85% of

the rainfall in November 2014 occurred in the lasgtek of the month, with regular rainfall

Page | 22



events for the following two months. The major falhevent at the end of October undoubtedly
initiated the critical vegetative phenological peeses, visually signaling the onset of the wet
season. However, given the prevailing high evaparatemand; the desiccated soil profiles and
the dry month-long period immediately following thetorm event, | reasoned that the
environmental conditions that affect tick larvaldanymph mortality may not have been

sufficiently influenced by that single rainfall exe | assumed that, from a ticks eye view, the
wet season began once rainfall occurred at interegalfficient to maintain soil and lower

vegetation/ litter-strata moisture levels, in sandoperpetuating the environmental conditions
that influence wet-season tick mortality. The weason in 2014 therefore essentially began

properly on the 2% November (www.worldweatheronline.com/Rustenburgdher-

averages/North-West).

November 2014 and December 2014 were notable ®hihpher than average rainfall
that occurred (Figure 3). December was remarkaldy, weceiving approximately double its
long-term average precipitation. January 2015 aglordary 2015 were drier than usual, with
February markedly so in receiving half the expegiegtipitation (Figure 3). The rainfall data
during March 2015 were also skewed by a single tewdrere 67mm of the total of 86mm fell
(www.worldweatheronline.com/Rustenburg-weather-ages/North-West).

The study site is situated in a semi-arid savanegion with a rainfall regime
characterized by its variability (Scholes, 1998;sU2006). Within the temporal context of the
study, the bulk of the annual precipitation feltween the last week of November and the end of
February, with the periods of the wet season dmeeiside characterised by unseasonably dry
conditions punctuated by single rainfall eventse Sampling periods occurred during November
2014, extending into a wet period, and the first imeeks of February 2015 where little rainfall
was encountered. It is hence fair to say that its¢ $ampling period corresponded with early
summer prior to the onset of the wet season, amd¢hond sampling period corresponded with
late summer following the culmination of the weasen. This is particularly so in view of the
unusually dry February and early March.

The reserve was mapped according to the severtistbanits, and three representative
sites (Sites A, B and C) were selected within eanlt. The structural unit represents the
population, or entire vegetation structure clagsdp studied. Each site represents a sample, and
there are hence three replications per structuril(&igure 4). Within each site block, 3 drags

were carried out, moving in a zig-zag fashion astbe block. Spickett al. (1992) and Zeiger
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et al. (1998) used a length of 250 m per drag, Dareelal. (2000) used a 60 m by 60 m grid
while Ruiz-Fonset al. (2013) used a 100 m drag transect. A potentiddlpro highlighted is that
ticks are not only picked up by the flannel, bu# afso brushed off by the vegetation. It was
decided to adopt a transect length of 50 m asah®bng unit to allow more samples to be taken
within the time allotted. Three 50 m drag transeetse carried out within each block at each
site, representing 3 samples per site.

Ecological research aims to maximize the amounhfmirmation contained in the data
collected. The samples collected were distribuegdporally across the day to account for any
confounding influences due to the weather, andestigate these. Within each block at each
site, one drag was performed in the morning (O7(Dh00); one drag during the middle of the
day (11h00 to 15h00); and one in the afternoon @@5to 18h30). There were hence nine
samples taken from each temporal period within esiaictural unit, and twenty-seven samples
were taken from each structural unit during a samggberiod. A total of 189 samples were taken

during each sampling period, and the total numberags for this study was 379.
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Table 1: Vegetation Structural Types Identified wihin KMR.

Vegetation Structure
Unit

Description

Photo: Sampling Period 1

Photo: Sampling Period 2

1. Short upland
grassland

Trees are largely absent;

Bulk of the sward is less than 30cm in
height;

Vegetation is characterized by granitic
rock at the surface, and shallow coarse
soils;

Shrubs are prominent, but generally the

same height as the sward and too sparse

distributed to affect microclimate;
Seasonal variation in structure is
associated with the culms ©hemeda

triandra andLoudetia simplex

2. Tall Upland
Grassland

Trees are absent;

The bulk of the sward volume is greater
than 40cm in height; Occupies the mid-
slope and foot-slope areas of the
topography;

Characterized by deeper, sandy clay sai

Termitaria are prominent.
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3. Tall Lowland
Grassland

Situated in the valley bottoms in the
lowest parts of the reserve;
Characterised by a flat topography, fairl
deep clay soils and dense, tall herbace
vegetation wittHyperthelia dissolutand
Trachypogon spicatusominant species;

Trees and shrubs sparsely scattered andi

unlikely to influence the microclimate;

Bulk of the sward approximately 70cm inf

height, flowering culms raise this to in
excess of 1.2m;

4. Tall Open
Woodland; Tall
Grass Layer

Generally occupies the mid-slope areas i

the eastern part of the reserve;

Tree layer is generally 3m to 5m in heig "

and sparsely distributed;

Tree density is, however, judged to be
sufficiently dense to a) influence grass
species composition (and therefore
structure); and b) influence wind
movement and hence microclimate.
The dominant tree species &@urea
salignaandAcacia caffra

The grass component is similar in height}

and species composition to the Tall
Lowland Grassland.

Page | 25




5. Tall Open
Woodland; Short
Grass Layer

Occupies the upland areas on the easterg"

side of the reserve;

Characterized by a scattered tree layer
3m to 5m in height and a dense short
sward, the bulk of which is approximate|
30cm in height;

The dominant tree species &aurea
salignaandProtea caffra;

The grass sward tends to be dominated
typical mesic short grassland species s
as Themeda triandra, Heteropogon
contortis, Panicum coloratum, Loudetia
simplex,andTristachya leucothrix

6. Shrubland; Tall

Grass layer

Occupies an area at the head of the mai

valley in the reserve;

Characterised by a prominent, moderat
dense layer of trees less than 2 min
height, withRhus rehmannianand
Maytenus heterophylldominants;

The grass layer is tall (>1.5m in height)
dense and dominatéy Hyparrhenia

dregeanaandHyperthelia dissoluta
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e Characterised by a dominant tree
component whose canopies overlap;

» Tree height is generally >5m;

» The grass layer is short and relatively

sparse;
7. Tall Closed

* Includes thicket and forest structures.
Woodland
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Structural Group 1: for example Tall Upland Grassland

Site C

~~—~

Block 1

November 2014
February 2015

Block 2

Block 3

Figure 4: Experimental design. Three representativesites are chosen from each vegetation
structural unit. Each site is divided into two samging periods, which is in turn divided into
three sampling blocks. Within each sampling blockone drag is carried out in the morning

(red arrow); midday (orange arrow) and afternoon (geen arrow).

Care was taken in selecting the blocks, to enduae the area being sampled was as
homogenous as possible. The blocks were positipeguendicular to the contour, ensuring that
transects included the gradient, and that the enmiental influence was distributed evenly

across all blocks and transects. The confoundifigeince of environmental gradients was
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minimized at each site. Each site was flat and @pprately 300 m x 400 m in dimension, the
intention being to divide each site into two bloaksapproximately 150 m x 200 m to enable
“fresh” vegetation to be sampled during each datkecting iteration (Figure 5). The sites and

blocks were selected and marked using a GPS.

Eland Data

One eland cow was fitted in 2012 with a Global Bosing System (GPS) collar (Africa
Wildlife Tracking, http://www.awt.co.za that allowed GPS locations to be recorded (Plate

Collars were fitted to three additional eland cowsSeptember 2014. Location data in the form
of GPS coordinates at 4-hourly intervals were olgtdifor the duration of the study period.
These data were used to determine the locatioheoéland in relation to the defined vegetation

structure types.

Plate 1: Eland cow with GPS collar.
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Legend
D Kgaswane Mountain Reserve
Sampling Blocks

2014 Burn

e L I IKilometers
0 0375 0.75 15 225 3

Figure 5: Experimental design: Position of the thre sampling blocks (A, B and C) for each vegetatiostructural type. The area
marked in yellow cross-hatching is the approximatgosition of a burn applied shortly before samplingcommenced in November

2014. This area was avoided.
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The data captured by the GPS were transmitted atillisee to a secured database that
was accessible through the internet. The origim@ntion was to download the location data for
two periods, namely November 2014 and January 2@18&oincide with the sampling periods.
However, a large portion of the area frequentedhiyfirst collared eland cow was burned prior
to the November sampling period, resulting in ahlwf newly-sprouted green grass cover. The
provision of high-quality forage attracted the elaonto the burned areas, introducing a
confounding factor to the movement data during gegod. To counteract this, the assumption
was made that the patterns of tick abundance wéhah vegetation type are likely to be similar
from year to year, since the hypothesis being deist¢hat eland are able to link tick abundance
with vegetation structure at certain times of tleary and alter their movements accordingly.
Eland movement data for the sampling periods (Ndesn2014 and February 2015) were
downloaded and compared against tick abundancesatiie vegetation structure types. In order
to account for the potential distortion in animahhviour introduced by the burned area, the
current results were compared to movement data fr@ensame periods of the preceding year. In
the event of a substantial difference in movemaitepns, the data from the preceding year
would be used as a surrogate for the current sepsaticularly since it is known that no parts of
the collared eland’s home range were burned duhi@grevious year.

It should be noted that the effect of the fire orafje palatability was assumed to have
waned sufficiently by the second sampling perioddo influence on animal movement to be
unlikely. Fires remove cured grass biomass, exgo#ire grass growing tips to light and
stimulating the production of new shoots (Taintt899). These are usually considered highly
palatable (O’Connoet al, 2010). Over the course of the subsequent grog@agon the lignin
content of the new grass growth increases, straityuenabling the leaves to be held in such a
way that light capture is maximized within a conifpet environment (Tainton, 1999). The
consequent reduction in the carbon to nitrogero ratithin the leaf material has a negative
impact on crude protein content, resulting in auotidn in perceived palatability by animals
(Tainton, 1999). Certain grass genera, most not&blynbopogonand Elionurus produce
phenols and turpenoids that act as grazing detsri&an Oudtshoorn, 1992; Scholes, 1998;
Tainton, 1999). These accumulate over the coursleeofrowing season. It is fair to say that the
guality of grass forage decreases as the propasfitignin and turpenoids in the forage material
increases, and the sward becomes collectively atgidé to all but specialist grazers (Tainton,

1999). Facultative grazers and mixed feeders hbaceme increasingly more selective in their
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grazing preferences as the growing season progrefhe attraction of animals to the burned
area is likely to wane until it fails to influen@imal movement patterns (Archibadéd al,
2005).

6.3 Data Collection

Within each 50 m transect, ticks questing on vegetavere collected by drag-sampling
using a modified method described in detail by Egticet al. (1992). This entails dragginga 1 m
x 1 m piece of white flannel cloth along the trasts@ drag sampling apparatus was designed

using three wooden broomsticks and a series obditecclips (Plate 2).

Plate 2: The drag apparatus used in sampling.

The draw bar consisted of a wooden broom handleoappately 1.2 m long with four
large crocodile clips attached equidistantly acits¢ength. The apparatus was designed to aid
the rapid and simple change of drag-cloths in fe&l.f Another wooden broom handle was
attached to the distal end of the drag-cloth wilte Emaller crocodile clips, the purpose being to
weigh the cloth down and ensure that the clotheptkn contact with the vegetation while
dragging. The third wooden broom handle was atth¢bethe drawbar by a nylon rope, and
allowed me to drag the cloth away from my legs whivalking, ensuring that all ticks
encountered along the sampled transect were pigkéxy the cloth rather than my legs.

Each collection was made by pulling the spar aadist of 50 m. At the end of each
transect the flannel cloth was removed from the drat put into a labelled zip-lock bag. The

ticks were removed with fine-point forceps, counsad placed in a tub containing 70% alcohol.
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The parameters measured were: tick number; andageuwental stage (adult, nymph and larva)
based on size class. Ideally species identificaiogenus level would also have been recorded
using Walkeret al. (2003), the primary objective being to divide tieks up into 1-host, 2-host
and 3-host ticks and identify and compare theitgpas of abundance. However, not having an
entomology background, the time taken to do thigmbly would have strained the project
schedule. While this is certainly valuable datdawe, it was deemed surplus to the information
required to meet the objectives of the study.

Care was taken to drag-sample areas where tick ensniad not been influenced by
previous sampling. Drags were not carried out alewr-laden grass early in the morning, or
after rain, as wet flannel decreases its effic@ata collection was carried out over three diurnal
time-periods, namely morning (7 or 8 am to 1lamyiday (11am to 3pm) and afternoon (3pm
to 6:30pm). Each site was sampled once at each pen®d during each of the sampling
iterations. The identification of seven vegetatfonctional types, with three replicate sites and
three blocks within each site (and using the irdiiai drag as the sampling unit), equated to 189
drags being made during each sampling period.

ESRI ArcGIS 9 was used to determine the area ambption as a percentage of the area
of the nature reserve of each of the vegetatiarcttre units. The same software was used to
overlay the eland GPS positions on the map analtulate the number of eland observations
per structure type. GPS data were downloaded ferctirrent sample periods, namely early
November 2014 and late January 2015. Data weredalsmloaded for the same periods of the
previous year (early November 2013 and late Jan@@fy}) to compare and account for any

possible distortion to eland movement caused byatieeseason burn in 2014.

6.4 Data Analysis

Tick Abundance and Vegetation Structure

Although the sampling sites were strategically eth@across the landscape to ensure
environmental homogeneity and reduce the risk ofiamae introduced to the data by
environmental factors, the blocks and drags wesergglly randomly scattered across the sites.
At the landscape level it was assumed that ticksuaiformly distributed within each structure

type. Although it was assumed that the macro-enwiental conditions are uniform across the
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structure blocks, realistically it is impossible tpantitatively determine the full array of
variables that govern tick distribution since sochmof it is dependent on the random occurrence
of hosts. Hence, intuitively, the data are likebylte non-parametric i.e. they are not normally
distributed. To confirm whether the data are norapeetric, Shapiro-Wilk W tests were
performed (Steel and Torrie, 1980). The null hypsth to be tested is that the data are normally
distributed. If W is significant, then the hypotlethat the data are normal should be rejected.
The closer W is to 1, the more normally distributieel data.

For normally distributed data a 1-way analysis afiance would be most appropriate for
determining statistically whether abundance varmesoss vegetation structure types. The
equivalent test for non-parametric data is the Kals§Vallis (KW) test, which uses ranked data
rather than the actual data (Steel and Torrie, 198tls was performed on the datasets from the
two sampling periods, the null hypothesis beingt e amount of variation explained by
vegetation structure is not significantly differeatzero.

Dunn’s test is a post-hoc procedure for the KW testake multiple non-parametric
pairwise comparisons of tick abundance betweernvégetation structure types (Dunn, 1961).
The data applies to multiple samples, each witlr then confidence interval, which increases
the uncertainty inherent in the collective confidernntervals because of the increased risk of
error from stochastic events. Bonferroni interv@leu et al, 1974; Byerset al, 1984) were
calculated at a 95% significance to adjust theviddial confidence intervals accordingly, and
reduce the risk of making a Type | error (falseifpas, or the incorrect rejection of the null
hypothesis) in drawing the ultimate conclusions.

The Wilcoxon Signed Rank (WSR) test was used tanaxa tick numbers between
sampling periods within the respective vegetatiomcsure units. This is the non-parametric
equivalent of a paired t-test, and was deemed tth&anost appropriate because the samples
were assumed to be not independent (Steel andeTdtf80). The rationale behind this
assumption is based on the occurrence of the tichkbers within the same vegetation structure
units, and their exposure to the same hosts, batwaenpling periods. Hence, while the
environmental parameters may change between sampdinods, the structural components of
the tick habitat remain essentially the same.
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Tick Age Classes and Vegetation Structure

Ordinarily, a two-way ANOVA would be conducted twaeine the relationship between
the parameters of tick age class and vegetatiarctate type. The data, however, is non-
parametric. Hence individual KW tests for each elges between the two sampling periods and
across the vegetation structure units were perfdriibe aim of this was to examine whether
there is a statistically significant difference tick developmental stages across the various
vegetation structure types. Dunn’s post-hoc tes walertaken for each significant KW test to
determine where the difference lies. The Wilcoxagn8&d Rank test was used to test whether

there was a difference between the two samplingger

Diurnal Tick Activity and Vegetation Structure

Tick activity was equated to questing, with incexhsick activity expressed as a higher
number of ticks caught. The data were pooled, andtists performed to examine differences
in overall tick activity between the diurnal sammgji times during each sampling period.
Differences in overall activity for each samplinghé period between November 2014 and
February 2015 were tested using WSR test.

Individual KW tests for the each period of actividgtween the two sampling periods and
across the vegetation structure units were perfdrideinn’s post-hoc test was undertaken for
each significant KW test to determine where theiavee responsible for any observed
differences lay. The WSR test was used to testlifference between the results obtained for the

two sampling periods.

Eland Space Use Pattern

The selection or avoidance of eland for variousetatpn structure types for both
sampling periods, and across the two precedingoesasvas examined to determine the
influence of the late season fire on animal moverpetterns, as well to provide a resource-use
context against which to compare any observed respdo tick abundance. This was tested

using the chi-squarefd test (Steel and Torrie, 1980). Bonferroni confice intervals were
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subsequently calculated at the 95% level (Meal, 1974; Byerst al, 1984) to determine the
significance of structure type preference or aveoga It should be noted that the November
2013 dataset is substantially smaller than theu&ipr2014 dataset because the eland spent most
of the time on a neighbouring property. This was inoluded in the vegetation mapping, and
hence these data were excluded. Eland also frespleghe wetland habitat, which was not
sampled for ticks and hence also excluded.

The hypothesis that eland utilize areas with theekt tick abundance during the summer
months was also tested using the chi-square tesbwrcalculating the Bonferroni confidence
intervals at the 95% significance level. The ticknbers recorded per drag, allied to the GPS
data for each drag transect, allowed the tick abnod for each polygon to be mapped according
to five abundance classes (Table 2). Eland locataia could then be overlain against this GIS

layer, facilitating chi-squared analysis to tesettter eland respond spatially to tick abundance.

Table 2: Classes applied to tick abundance

Tick Abundance Class Total Number of Ticks Number 6Adult Ticks
Low 0-25C 0-3C
Moderately Lov 251-50C 31-60
Moderatt 501-75C 61-90
Moderately Higl 751-100C 91-12C

High >1001 >121

Assuming that adult ticks are more visible to elaadd the link between adult tick
abundance and intense discomfort is more readslyednible to the animal, it was concluded that
eland may respond primarily to adult tick abundaaseopposed to total tick abundance. The
analysis was repeated, with the adult tick abunelanceach polygon classified according to
Table 2. Few adult ticks were collected during fevember sampling period, and therefore the
analysis was restricted to the February sampl®geri
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7. RESULTS

7.1 Vegetation Structure Types at Kgaswane Mountain Resve

The dominant structural type within the study aiedhe Short Upland Grassland (SUG),
which occupies the quartzitic ridges in the uplaafithe western and central parts of the reserve
(Figure 6). The vegetation is homogenous and daedhdy Loudetia simplex, Panicum
coloratumand Themeda triandraThe structural unit covers an area of approxityé874.5ha,
or 44.6% of the reserve (Table 3).

The lower lying areas of the upland core of themas consist of the second largest structure
type, namely Tall Upland Grassland (TUG) (Figure Table 3). This is also remarkably
homogenous in structure, and cover 857ha, or 1&#%e study area. The structurally most
heterogeneous vegetation units are located indbem valley section of the reserve (Figure 6).
The herbaceous pattern is repeated within theoph woodland categories that dominate this
landscape, with short, sourveld grass species damgthe hill crests and higher areas and the
more stemmyAndropogonoidspecies such dd$yperthelia dissolutaccurring lower down on the
catena. The lower altitude allows a scattered lager to establish a more stratified vegetative
structure. The open woodland type is equally disted between the short and tall grass
constituents, and each covers approximately 108beo$tudy area (Table 3).

The Tall Closed Woodland (TCW) is the most fragredndf the structure types (Figure 6).
In the eastern valley it occupies mainly the fdope areas of the topography adjacent to valley
bottoms. On the upland plateau the structural isntonfined to narrow, steep-sided valleys,
although there are two large patches: one at thd bethe wetland and one dominating the fire-
exclusion zone of a valley network. Approximatel?d of the reserve is composed of this
structure type (Table 3). The two smallest strietypes are the Shrubland with a tall grass layer
(ST) on the lower slopes of the central east-facatena; and the Tall Lowland Grassland
(TLG) that generally occupies the main valley flgéigure 6). Each of these structural types

comprises between 1 and 2 percent of the study(@edzde 3).
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Table 3: Area contributions of the various vegetabn structure types found in the

Kgaswane Mountain Reserve, in hectares and propouns of the total area.

Structure Type Area (ha) Percentagt Proportion
Short Upland Grassland (SU 2 074.5( 44.6¢ 0.4
Tall Upland Grassland (TUt 857.7( 18.4¢ 0.1¢
Tall Lowland Grassland (TL( 72.8( 1.57 0.0z
Shrubland; Tall Grass Layer (< 43.2( 0.9: 0.01
Tall Closed Woodland (TCV 639.9( 13.77 0.1¢
Tall Open Woodland; Tall Grass (TOW 434.0( 9.3¢ 0.0¢
Tall Open Woodland; Short Grass (TOV 468.9( 10.0¢ 0.1
Wetlanc 55.7( 1.2C 0.01
Totals 4 646.7( 100.0( 1.0C
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Legend
D Kgaswane Mountain Resarve
Vegetation Structural Units

Short Upland Grassland
I Tall Upland Grassland
I Tall Lowland Grassiand
Tall Open Woodland. Short Grass Layer
[ Tall Open Woodland: Tall Grass Layer
Il 72l Closed Woodland
- Shrubland: Tall Grass Layer

ML L L lkiometers o
4

Figure 6: Vegetation structure types of Kgaswane Mantain Reserve.
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7.2 Tick Abundance and Vegetation Structure

As was anticipated, the Shapiro-Wilk test revedtet all but three of the samples had
data that are not normally distributed (p<0.05)e Hkewed data distribution is evident in
Figure 7, with the consistent pattern being thelammumber of ticks per drag in the lower
three quartiles and the large variation in the neimif ticks caught per drag in the fourth
quartile of each sample. This is particularly exagted in the TUG during the second
sampling period (Figure 7).
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Figure 7: Boxplot showing tick capture data for thevarious vegetation structure types

during the two sample periods.

During the first sampling period, in November 203496 ticks were collected; while
3168 ticks were collected in February 2015, theosd sampling period. There were
significant differences in tick abundance across structural types for both seasons (KW
test-November: H=85.09; df=6<0.01; February: H=90.70; df=6<p.01; Figure 8).

Not only did the numbers vary, but the distributiohticks across the landscape

tended to be more localized and aggregated duliegFebruary sampling period as the
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standard error of mean tick numbers per drag ialbhptsmaller (with the exception of the
TOW(T) areas) and more consistent across the atautgpes (Figure 8). The TLG and TUG
areas in particular display a high mean variatietwieen the samples. This reflects the high
incidence of single ticks collected during late suen, and the influence of localised
individual aggregations of tick larvae on the dddaring November the bulk of the ticks

sampled were larvae that are still grouped follaatimeir hatching.

60 = ]
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Short Upland Tall Upland Tall Lowland Shrubland; Tall Tall Closed Tall Open Tall Open
Grassland Grassland Grassland Grass Layer Woodland Woodland; Short Woodland; Tall
Grass Layer Grass Layer

Vegetation Structure Types

Figure 8: Mean number of ticks per drag for the repective sampling periods November
2014 and February 2015. Error bars indicate standat error.

In the early wet season (November 2014) the higidshumbers were found in the
areas with tall vegetative cover where the shalte@nditions can be expected to be more
conducive to tick survival (Figure 8). The TCW an@W(T) supported the highest total tick
numbers, followed by the TLG and ST respectivelgifFe 8, Table 4). The dominant pattern
to emerge is that of consistently fewer ticks betagght in the SUG areas relative to the
other structure types (Dunn’s tesg(u01; Table 4; Figure 8), reflecting either highkti
larvae mortality through desiccation on the expasdedes, or a dearth of host traffic in these
areas. The TUG also had significantly fewer tickant the more sheltered structure types
(Figure 8; Table 4). The TLG and TCW yielded a gigantly greater number of ticks than
TOW(S) during the November sampling period (Dunrest; p<0.05; Table 4; Figure 8).
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Table 4: Results of the multiple paired comparisongDunns Test) during the two
sampling periods. The two-sided Bonferrini z-valuesare 3.038 (0.05 confidence level)
and 3.494 (0.01 confidence level).

SUG  TUG TLG ST TCW  TOW(S) TOW(T)
November 2014
SUG -
TUG 2.907 -
TLG 6.397**  3.49* -
ST 5.695*  2.789 0.702 -
TCW 7.74**  4.833** 1.343 2.045 -
TOW(T) 2.888 0.019  3.509** 2.807  4.852* -
TOW(S) 5.778* 2871 0.619 0.082 1.963 2.889 -
February 2015
SUG -
TUG 2.297 -
TLG 7.993** 5.695** -
ST 7.189**  4.892** 0.804 -
TCW 4.712* 2414 3.281* 2.478 -
TOW(T) 3.464* 1.167  4.529** 3.725** 1.248 -
TOW(S) 4.192** 1.894 3.801*  2.998 0.520 0.728 -

* = significant at p< 0.05
** = gignificant at p< 0.01)

The occurrence of a significant proportion of tleasonal rainfall by February is
expected to manifest itself unevenly across thestamn types, as the dual influence of
dense, stratified cover and deeper, heavier smiste more humid conditions at sward level
in the TLG and ST structure types. In the Febr2&35 sampling period, the TLG supported
the highest tick numbers by a substantial and Sogmt margin (Dunn’s test;9.01; Table
4), representing an increase of nearly 100% froenpgrevious sampling period (Figure 8).
The improved conditions for tick survival are ateflected in the greater tick numbers found
in the sheltered TCW and ST structure types contpi@réhe upland grassland types (Dunn’s
test; p<0.01; Table 4; Figure 8). The SUG again contairnigdificantly lower tick numbers
than the other structure types (Dunn’s tes).p1; Table 4; Figure 8), reflecting continued
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malign conditions for tick survival in spite of theccurrence of rainfall. There was no
difference in tick numbers between the upland dmasistypes (Table 4).

There were, in general, significant differencesick abundance within the vegetation
structure types between the two sampling perio@bl€l'5). The SUG yielded significantly
more ticks in early summer than later on (WSR tps0.01; Table 5), while the TUG and
TLG areas yielded greater numbers of ticks latemotie season (WSR tesk@O05; Table
5; Figure 8). There was no significant differenoeick numbers in the ST between the two
sampling periods (Table 5), suggesting a more eonhshicro-climate. An unexpected trend
was evident among the tall woodland structure typeth tick numbers significantly lower

after the bulk of the summer rainfall had occurf€able 5; Figure 8).

Table 5: Results of the Wilcoxon’s Signed Rank Tesshowing the differences in tick
abundance for the respective vegetation structure nits between the early and later
rainfall periods (n=27; a(0.05) = 107;0(0.01) = 83). (Note: Unlike the KW and Dunn’s
tests, if the test statistic is greater than the dical value, the underlying hypothesis of an

existing relationship is rejected, and the results not significant).

Vegetation Type Test Statistic Significance

SUG 12 p< 0.01
TUG 93 p< 0.05
TLG 106 p< 0.05
ST 173 N.S.
TCW 1 p< 0.01
TOW(T) 90 p< 0.05
TOW(S) 32 p< 0.01

7.3 Tick Age Classes and Vegetation Structure

The dominant observations made during the coursieediieldwork were:
a) The virtual absence of adult ticks during the Nolsenmsampling period;
b) The dominance of tick larvae across both samplergpgs; and
c) The virtual absence of nymphs during the late sunpedod in February (Figures 9
and 10).
The February period was characterized by a smatiben of drags that yielded large

larval counts, as opposed to the November periodrevthe larvae were distributed more
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consistently across the drags (Figure 9). Durirgy Mlovember sample 2 557 of the ticks
caught were larvae, representing approximately 69%e total caught. The remainder of the
ticks caught consisted of 1 126 nymphs, approxiim&88% of the total, and 13 adults, or
approximately 0.4% of total captures. The followiRgbruary the proportion of tick larvae
trapped had increased to 87%, although the overathber was similar at 2 777.

Considerably more adults, 365 individuals, weregtaduring this time period (Figure 9).

Only 26 nymphs were recorded, constituting appraxaty 0.8% of the ticks caught during
this period (Figure 9).
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Figure 9: Mean number of ticks per drag of each deslopmental stage between the

respective sampling periods. Error bars indicate sthdard error.

The occurrence and number of tick larvae and tigkphs was strongly influenced
by vegetation structure during the November samgpfiariod (KW test: H (larvae) =80.3;
df=6; p<0.01; H (nymphs) = 53.5; df=6<0.01; Figure 10). Adult ticks were present during
this period, but there was no statistical evidesgggesting that their occurrence favoured
particular vegetation structure types. Tick lanael adult numbers during the February
sampling period were significantly linked to vedeta structure (KW test: H (larvae)
=64.08; df=6; g0.01; H (adults) = 110; df=6;90.01; Figure 10) although there was no
clearly evident influence of vegetation structunenymph numbers.

When compared against most of the other vegetdtipas, there is a significant

negative relationship between tick larvae and th5Sn both of the sampling periods
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(Dunn’s test; g0.01; Appendix: Table I), although there is no eléince in tick larvae
numbers between the SUG and TUG. There is a stéfimgty between tick larvae and the
TLG during the later rainy season (Dunn’s test0.01; Appendix: Table I), and the
significant relationship identified by the KW testmostly composed of the difference in tick
numbers between TUG and all the other structuresyghe TCW and TOW(T) had the
highest number and proportion (25%) of tick lareagight during November (Dunn’s test;
p<0.01; Appendix: Table I; Figure 10). This is todogected as they also yielded the highest
overall tick numbers.

Although tick larvae were still the most numerowge alass during the February
sampling, the bulk of these were concentrated @ ThG and ST structure types (Dunn’s
test; p<0.01; Appendix: Table I; Figure 10). The tick pogidns in both tall grassland
structure types were overwhelmingly dominated byda (approximately 98% in both
cases). The highest numbers of nymphs were recandin® more sheltered structure types,
such as TLG (approximately 47% of ticks caught) &W (42%) (Dunn’s test; $9.01;
Appendix: Table II). Tick nymphs were significantlgss numerous in the SUG during the
November sampling period than they were in therostreicture types (Dunn’s testc@.01;
Appendix: Table II).

There were significantly more adult ticks in the &d TCW areas during February
2015 than there were in the other vegetation siradiypes (Dunn’s test:<0.01; Appendix:
Table Ill). There was no significant differencetire number of adults caught between these
two structure types (Appendix: Table Ill). The adidks were mostly concentrated in the ST
and TCW structure types where they constituted 26% 52% of the tick populations
respectively (Figure 10). These two structure typietdded 80%, or 295 of the 365, adult

ticks caught during the February sampling period.
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Figure 10: The different stages of development cotiwting the total tick counts in
November 2014 and February 2015. Error bars indica standard deviation.

The pattern of tick abundance across the life stapfted slightly during the later
stages of the rainfall season, with higher numlméréick larvae found in the vegetation
structure types characterized by tall, dense heragccover. The variation within sampling
units also increased substantially, showing gredisgyarity between tick counts (Figure 10)
and suggesting an increasingly clumped distributibtick larvae across the landscape. The
standard deviations for the nymph and adult tictadeere consistently smaller than that of
the larvae data, indicating that these age groupsmamre evenly distributed, or effectively
dispersed (Figure 10).

There was a significant difference in the numbetap¥ae caught between the two
sampling periods in the SUG, TLG, TCW and TOW (ffyisture types (WSR Test;90.01;
Table 6). In the case of the SUG and TCW, the nurob&arvae caught in the early rainfall
period was significantly lower than that of theelatainfall period, andiice versafor the
TLG and TOW(T) (Figure 10; Table 6).
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Table 6: Results of the Wilcoxon’s Signed Rank Tesshowing the statistical significance
of the differences in the numbers of ticks caught ithin the three developmental stages
between the two sampling periods (n=273(0.05) = 107;(0.01) = 83). (Note: Unlike the
KW and Dunn’s tests, if the test statistic is grear than the critical value, the

underlying hypothesis of the parameters being rel&d is rejected, and the result is not

significant).
Larvae Nymphs Adults
Test Test Test
Vegetation Type o Significant o Significant o Significant
Statistic Statistic Statistic
SUG 7 p<0.01 6 p0.01 0 p0.01
TUG 130 N.S. 1 £0.01 0 p0.01
TLG 40 p<0.01 1 p0.01 0 p0.01
ST 161 N.S. 0 £0.01 0 p0.01
TCW 1 p<0.01 0 p0.01 0 p0.01
TOW(T) 145 N.S. 1 £0.01 12 §0.01
TOW(S) 41 §0.01 1 p0.01 98 §0.05

The conspicuously low number of nymphs encountetadng the February 2015
sampling period accounts for the significant déferes (p< 0.01) in nymph numbers within
the various structure types between the two sammariods (Table 6). Adult tick numbers
were significantly lower prior to the onset of ttanfall period (p< 0.01; Table 6), reflecting

the seasonal nature of tick recruitment.
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7.4 Diurnal Tick Activity and Vegetation Structure

Overall Tick Activity

The data did not support the hypothesis that theee significant differences in

overall tick activity between the diurnal times ithgr November 2014 and February 2015
(KW-November; H=5.978, df = 2, all comparisons p0s%) KW-February; H=5.991, df = 2,
all comparisons p >0.05). The patterns of collectivurnal tick activity appeared constant

across both sampling periods (WSR Tes{0.05) = 146.06; all comparisons p>0.0bhe

trends identified were not significant, possiblycése many of the differences observed

could be attributed to increased variability in tingper quartile, which did not affect the

rankings used in the statistical tests (Figure 11).
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Figure 11: Overall tick activity across all vegetion structure types, shown in total tick

counts (left). Error bars indicate standard deviaton. The boxplot (right) indicates the

spread of the upper quartile of the February 2015 dta.
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Tick Activity Between Diurnal Time Periods Within Vegetation Structure
Types

Several vegetation structure types indicated diffees in tick activity between the
diurnal time periods (KW test, df = 2;90.01; Table 7). There was, however, little evidenc
of a pattern linking tick activity across similatriectural components (Figure 12). For
example, tick activity in the TUG during Novembeasvsignificantly less during midday
than either the morning or afternoon sessions (wisielded the same activity) (Dunn’s test;
p < 0.01). However, the same pattern was not evidetite other grassland structure types,
SUG and TLG. Likewise, the ST in November yieldediér activity levels in the afternoon
than during the morning or midday periods, whicbvedd the same activity levels (Dunn’s
test; p< 0.01), but the pattern was not repeated in the T&WM\one would have expected had
there been a consistent influence exerted by streictt is fair to say, however, that tick
activity was more consistently evenly distributenlogs the morning, midday and afternoon

periods for each structure type in February thadomember (Table 7).

Table 7: Results of the Kruskal-Wallis tests examimg the differences in tick activity
between the morning, midday and afternoon times whtin each vegetation structure type
during November 2014 and February 2015 (n=3, df=2Critical H (0.01) = 9.21; Critical

H (0.05) = 5.99).

Sample Period

November 2014 February 2015
Vegetation Structure Type Test Statistic Significance Test Statistic Significance
(H) (H)

SUG 0.59 NS 0.35 NS
TUG 16.30 p< 0.01 3.43 NS
TLG 2.81 NS 5.71 NS
ST 12.84 p< 0.01 0.26 NS
TCW 1.88 NS 0.20 NS
TOW(S) 16.13 p< 0.01 6.28 p< 0.05
TOW(T) 2.54 NS 5.12 NS
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Figure 12: Diurnal tick activity for all seven structure types across the two respective

sample periods.

Tick Activity Between Vegetation Structure Types

There were significant differences in tick activibgtween the vegetation structure
types for each of the diurnal time periods for tdevember 2014 and February 2015
sampling periods (KW test;<0.01; Table 8). Most of this variance was attrilbdute the
substantially fewer ticks caught in the SUG, and tlesser extent the TUG, for each of the

diurnal time periods sampled.

Table 8: Results of the Kruskal-Wallis tests examimg the differences in tick activity
during the morning, midday and afternoon time perials between the vegetation
structure types during November 2014 and February @15 (n=7, df=6; Critical H (0.01)
=16.812).

Sample Period

November 2014 February 2015
Diurnal Time Period  Test Statistic (H) Significance Test Statistic (H)  Significance
Morning 42.66 p< 0.01 38.69 p< 0.01
Midday 37.25 p<0.01 25.29 B 0.01
Afternoon 37.304 p< 0.01 36.403 pc 0.01
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Significantly fewer ticks were trapped in the magiin the SUG than in the more
dense lowland structure types (Dunn’s test @.01; Appendix Table IV). In February this
pattern extended to the TUG. There was no diffe¥énanorning tick activity between the
two upland grassland types for both sampling petiod

In November the upland grassland types yield&eer tick numbers during the
midday time period than the TLG and denser woodlgmmes (Dunn’s test; £ 0.01;
Appendix Table V). Midday tick activity was more ngistent across structure types in
February. The only significant differences ideetifiwere between the SUG, with the least
ticks captured, and the two dense lowland woodtgpds (Dunn’s test; g 0.01; Appendix
Table V; Figure 12).

With the exception of the SUG, and TUG in Februdhgre was no difference in
afternoon tick activity among the vegetation stnuettypes. The SUG had significantly lower
levels of afternoon activity than several of theskr structure types (Dunn’s test<®.01;
Appendix Table VI; Figure 12).

Tick Activity Between Vegetation Structure Types Across the Two Sample

Periods

Morning and afternoon tick activity was significgntower in the upland grassland
structure types in February than in November (W& < 0.01, Table 9, Figure 12), which
is the opposite to what would have been expectés denser lowland structure types
showed little or no difference in tick activity pens between November and February
(Table 9), indicating sheltered, more stable emrrental conditions. There were higher
levels of tick activity recorded in November thanFHebruary for all time periods in the TCW
(p<0.01; Table 9).
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Table 9: Results of the Wilcoxon Signed Rank Testsxploring the differences in tick
activity within vegetation structure types and betveen sampling periods. (n=9; Critical
Value a(0.05) = 6; Critical Value a(0.01) = 2). (Note: Unlike the KW and Dunn’s testsf

the test statistic is greater than the critical vale, the underlying hypothesis of the

parameters being related is rejected, and the restiks not significant).

Vegetation Structure Type Morning _ Midda¥ . Afternoc.)n.
Test Statistic Test Statistic Test Statistic
SUG or o o
TUG 1+ 20# %%
TLG 14# o 154
ST 154 18# 174
TCW O*+ Or Lo
TOW(T) or 18 7
TOW(S) 154 3% L

* = significant (p = 0.05)
** = significant (p = 0.01)
# = Not Significant

7.5 Eland Movement and Tick Abundance

Eland Preference for Vegetation Structure Types

Eland were frequently encountered during the Nowamsbmpling period gathered on
the burned areas, and then never in a group ldhger 30 animals. In contrast, during the
February sampling period, the eland were obsenmwregated into one large herd of
approximately 130 animals that remained in thengblareas in the central and western parts
of the reserve. This is reflected in the GPS daigufe 13). Several movement patterns are
evident from the spatial data. The obvious onéesshift in altitude. During late summer the
eland are confined exclusively to the upland are&greas during early summer, prior to the
commencement of the rains, the eland are locatedhén central valley bottom for
approximately 60% of the time. The eland, in fagtpear to congregate preferentially in the
TLG and TCW of the valley floor.
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Figure 13: Shift in eland movement between the Nowaber 2014 sampling period (top),

and February 2015 sampling period (bottom).
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There also appears to be a change in the sociavimetof the animals. The broader
spread of GPS points in November suggests a gréatgee of autonomy between the four
collared animals and their herds. There appearetdobr conglomerations of GPS points
(Figure 13) in the north, central and southerniposgt of the reserve. The GPS points during
the February sampling periods are more concentratggbesting that the collared animals
were spending more time in close proximity to omether, corroborating the observed
behaviour.

An additional pattern is evident with regards tee thegetation structure types
favoured by the eland. The animals appeared to bee revenly distributed across the
structure types during the November sampling penath the exception of the ST which
was avoided (Figure 14). During the February samgptieriod, however, they were confined
virtually entirely to the upland grassland struetiypes (Figure 14). The TCW areas that
were frequented were situated in the upland aredssarrounded by upland grasslands
(Figure 14).
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Figure 14: Proportion of eland GPS locations in edtvegetation structure type during

the November 2014 and February 2015 sampling perigd

There was a significant relationship between elaogement and vegetation structure
type during both sample periodg? (test; p<0.001; Table 10). In November 2014 the
proportion of eland locations expected to occuralh vegetation structure types was

significantly different to the observed proportiaghst actually occurred (p<0.05; Appendix:
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Table VII). Eland showed a marked preference ferthG and the tall open woodland types,
and avoided the upland grassland structure typeésianse ST and TCW types (Appendix:
Table VII). The avoidance of the SUG and the pegiee of the TLG appear to contribute the
most to the significant relationship identifiedtive” test (Table 10).

There was no significant relationship between eland SUG during the February
2015 sample period (Appendix: Table VIII). The @agreferred the TUG during this time,
and avoided the remaining structure types (p<OAppendix: Table VIII).

Table 10: Chi-squared §?) test for the selection of vegetation structure tyes by eland at

Kgaswane Nature Reserve, using amalgamated locatiakata for all four collared eland.

November 2014 February 2015
Structure Type Area (ha)  Proportion Exp Obs Chi Exp Obs Chi
SUG 2074.50 0.45 978.73 342 414.2 1319.44 1354 0.9
TUG 857.70 0.19 404.66 327 14.9 545,52 1292 1021.5
TLG 72.80 0.02 34.35 411 4130.5 46.30 1 44.3
ST 43.20 0.01 20.38 4 13.2 27.48 0 27.5
TCW 639.90 0.14 301.90 254 7.6 406.99 194 1115
TOW(T) 434.00 0.09 204.76 343 93.3 276.04 60 169.1
TOW(S) 468.90 0.10 221.22 485 3145 298.23 19 261.4
Total 4591.00 1.00 2166.00 2166 4988.2 2920.00 2921636.2
Degrees of Freedom 6 6
Significance p<0.001 p<0.001

Comparison with the Burned Area

To examine the potential confounding effect on alimovement brought about by
the burn, the eland movement data for the seasontprthe burn were reviewed. There are
fewer sample points in this dataset because onéyeand cow was collared, but similar
patterns are evident. The eland generally congeegat the bottom of the large, central
valley during November before moving into the uplauring February (Figure 15). There
was a similar affinity for the upland grasslandusture types during late summer, and tall
open woodland types during the November perioduffieidl6). The ST was avoided during
the corresponding sample periods for both yeams,tla@ TCW was utilized slightly more in
November than in February during both years (Figiée In common with the subsequent

season, the chi-squared test revealed a strongorsdhip between eland location and
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vegetation structure type during both samplingqukri§?® test; p<0.001; Table 11). During
November 2013, as with November 2014, the elanidadathe SUG and preferred the TLG
(p<0.05; Appendix: Table IX). Similarly, during Felary 2014, as with February 2015, the
eland preferred the TUG, were ambivalent towarésSG and avoided the other structure
types (p<0.05; Appendix: Table X). These relatiopsttontributed the most to the observed
chi-squared significance. The patterns of elandue® use are considered suitably similar
for both years, and there is little evidence togasg that the fire had a significant influence
on eland distribution.

E Kgaswane Mountain Reserve
®  SAT843 November 2013
®  SAT843 February 2014

Figure 15: Shift in eland movement between the Noweber 2013 sampling period (red),
and February 2014 sampling period (blue).
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Figure 16: Number of eland GPS locations in each getation structure type during the
November 2013 and February 2014 sampling periods.

Table 11: Chi-squared §?) test for the selection of vegetation structure tyes by eland at

Kgaswane Nature Reserve, using location data for éhsingle collared eland.

November 2013 February 2014
Structure Type Area (ha) Proportion Exp Obs Chi Exp Obs Chi
SUG 2074.50 0.45 41.57 2 37.7 127.43 147 3.0
TUG 857.70 0.19 17.19 17 0.0 52.68 115 73.7
TLG 72.80 0.02 1.46 18 187.6 4.47 0 4.5
ST 43.20 0.01 0.87 0 0.9 2.65 1 1.0
TCW 639.90 0.14 12.82 7 2.6 39.31 16 13.8
TOW(T) 434.00 0.09 8.70 39 105.6 26.66 3 21.0
TOW(S) 468.90 0.10 9.40 9 0.0 28.80 0 28.8
Total 4591.00 1.00 92.00 92 334.3 282.00 282 145.8
Degrees of Freedom 6 6
Significance p<0.001 p<0.001
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The Relationship Between Eland L ocation and Tick Abundance

The relationship between eland November distrilbuaad total tick abundance was
significant, although the spatial patterns were eamily discernibleyf test, p<0.001; df=5;
Table 12, Figure 17). Eland favoured areas thapéagd to have high tick abundance, and
avoided areas of moderate tick abundance (p<0.ppeAdix: Table XI, Figure 19). This is
opposite to the expected response.

The eland appeared to be fairly evenly distribltetiveen the upland areas of low
tick abundance and high tick abundance during #lerdary sampling period (Figure 17).
Whilst there was still evidence of an influencedpg animal locations associated with tick
abundanceyf test, p<0.001; df=5; Table 12), the variation séetween the actual and
expected eland observations was more evenly s@e@ds the six tick abundance classes.
The eland seemed to avoid the areas with moderaitgiy moderate and moderately low tick
abundance (p<0.05; Appendix: Table XII), althoubts tmay be because they did not occur
in the uplands. Eland occurred significantly moftem than expected in the areas of high
total tick abundance, and less often than expectgede areas of low total tick abundance
(p<0.05; Appendix: Table XII; Figure 19). The seien by eland of areas of high total tick
abundance, and avoidance of areas with low totdl Mumbers, is the opposite of the
anticipated outcome. This suggests that the clgdlgmrovided by total tick abundance,
predominantly composed of tick larvae and nympRksjnsufficient to influence animal
distribution during the sampling periods.

Discarding the larvae and nymph data, and consigesnly adult tick abundance,
revealed a stark contrast. During late summery @fe occurrence of most of the seasonal
rainfall, the eland spent the majority of their &irm areas with low adult tick abundance,
namely the upland grassland structure tygésest, p<0.01; df=5; Table 12; Figure 18). The
spatial pattern was obvious (Figure 18). Eland tpady selected for areas with low adult
tick abundance, and avoided areas with high adikdtabundance (p<0.05; Appendix: Table
XIII; Figure 19). There was also a strong selectmrthe wetland habitat (p<0.05; Appendix:
Table XllII, Figure 19), which had an unknown adidk abundance.
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Figure 17: Eland location relative to total tick alundance for November 2014 (top); and
February 2015 (bottom).
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Table 12: Chi-squared §°) test for the selection by eland areas of total ahadult tick

densities between the two sample periods. Few adtitks were collected in November

2014, and adult tick abundance was low throughoute reserve.

Total tick abundance

November 2014 (Total)

High

Moderately High

Moderate

Moderately Low

Low
Unknown
Total

Degrees of Freedom

Significance

February 2015 (Total)

High

Moderately High

Moderate

Moderately Low

Low
Unknown
Total

Degrees of Freedom

Significance

February 2015 (Adult)

High

Moderately High

Moderate

Moderately Low

Low
Unknown
Total

Area
(ha)

2516.70
0.00
2074.58
0.00
0.00
55.70
4646.98

1146.29
209.40
140.05
181.80

2161.95

807.56

4647.05

681.84
1.36
0.00

994.20
2913.87
55.70
4646.97

Number of
Proportion eland
locations
0.5416 1627
0.0000 0
0.4464 364
0.0000 0
0.0000 0
0.0120 21
1.0000 2012
0.2467 1497
0.0451 0
0.0301 0
0.0391 0
0.4652 1143
0.1738 781
1.0000 3421
0.1467 192
0.0003 0
0.0000 0
0.2139 18
0.6270 2710
0.0120 501
1.0000 3421

Expected

number of eland

locations

1089.65
0.00
898.23
0.00
0.00
24.12
2012.00

843.86
154.15
103.10
133.83
1591.55
594.50
3421.00

501.96
1.00
0.00

731.91
2145.13
41.01
3421.00

Chi

264.98
0.00
317.74
0.00

0.00
0.40

583.12

5
p<0.001

505.5252
154.1532
103.1000
133.8350
126.4178
58.5081
1081.5391
5
p<0.001

191.3967
1.0012
0.0000

696.3515
148.7461
5160.2119
6197.7074
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Degrees of Freedom 5
Significance p<0.001
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Figure 18: Eland location relative to adult tick alundance during the February 2015

sample period.
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Figure 19: Proportional eland locations per tick alundance class for total and adult tick

densities over the respective study periods.

8. DISCUSSION

8.1 The Relationship Between Vegetation Structure and Tick

Abundance

The impression gained intuitively during the fielolk for my study was that there
was a clear relationship between tick abundance \agktation structure type. This
difference was statistically significant during bosampling periods, indicating a clear
influence exerted by vegetation structure on ticknbers. The results from my study
corroborate the findings of Londt and Whitehead7@)9 Shortet al, (1989a) and Zeigeat
al., (1998).

The SUG consistently yielded the lowest tick nurslesross both sampling periods.
It should be noted that in this instance we areexaimining the habitat preferences of ticks.
At this scale, it is more likely that ticks aretdisuted according to the habitat preferences of
their hosts. Once discharged from the host, iésduitability of the habitat for allowing tick
survival that determines the tick numbers and dgprakental stages occurring within that

structure type.
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Vegetation structure influences the environmentatapeters operating within a
habitat (Scholes and Archer, 1997; Scholes, 20808),this is likely to be a key determinant
governing tick survival in the SUG. During bothrgaing periods the majority of the ticks
captured in the SUG were larvae and nymphs. Tioksrest vulnerable to desiccation when
they are moulting and/ or questing (Wallatral, 2003). The smaller bodied the tick, the
higher the surface area to volume ratio and thatgrehe threat of drying out (Lovegrove,
1993). In addition, the exoskeleton is softer aratarporous following moulting in the two
younger instars than for adult ticks (Walketr al, 2003). The SUG consists of a short,
herbaceous sward dominated by slender, tufted peidegrasses with a high percentage of
bare quartzitic rock surfaces. It is situated toppbically in a higher, cooler environment
that is more exposed to prevailing winds. The sope steep, and the soils coarse-grained,
shallow and rocky, factors that promote the rapitioval of rainfall from the ecosystem via
surface runoff and the evapotranspiration of wafienin the limited soil profile (Scholes and
Walker, 1993; Schulzet al, 2004; Schaezl and Anderson, 2005). The rockasas absorb,
store and emit greater heat units throughout ao24 period than the surrounding vegetation.
There is no tree cover to offer resistance to thwcreating turbulence and lifting the wind
away from the sward. The lack of tree cover alsmaees the shading effect on the
underlying sward that would lower daytime tempemeguand reduce the evaporative pressure
on soil and plants, enhancing soil moisture (S&)o203; Archibald and Scholes, 2007).
Tree canopies also capture rainfall, allowing ittg slowly, or flow down the trunk into the
soil beneath (Scholes and Archer, 1997; Schole83)20he capture and removal of kinetic
energy from rainfall, and subsequent gentle distidn into the soil beneath the canopy is
likely to reduce runoff and promote infiltrationgt®les and Archer, 1997; Scholes, 2003;
Archibald and Scholes, 2007), all of which slow dotlie exit of moisture from the system,
promoting moister soil conditions beneath the cgn@@choles and Archer, 1997; Scholes,
2003). The cumulative effect is a sward micro-clienavithin the upland grassland types
likely to be characterized by: high daytime tempaes (particularly near rock surfaces);
high fluctuations in temperature between night dag; limited persistence of water at or
near the soil surface even during summer; and stmi and high wind flow. These
conditions are likely to promote the desiccatiorthbof plants and organisms within the
sward. Tick larvae and nymphs are not able to watit these conditions (Randolph, 1997,
Walker et al, 2003), leading to high mortality and a consequiop in the abundance of
ticks in the SUG areas.

The TUG structure types, characterized by a tatlenser herbaceous layer, flatter

topography, sparse rock cover and deeper, heamiks; sontained consistently higher tick
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numbers during both sampling periods than the SeI@ough the difference was not
statistically significant. The stark increase ire thizes of the upper quartile (and sample
variance) of the data between November and Febindigates an increase in the number
and size of larvae nests, which suggests an impremein larval survival during the late wet
season. The TUG structure type is a sink for d&fusoff from the surrounding SUG slopes
(Schulzeet al, 2004; Fey, 2010). Moisture is retained in thepd heavier soils for longer
periods following rainfall events and the flat tgpaphy and dense vegetation cover promote
the infiltration of rainfall and runoff (Scholes @&rwWalker, 1993; Schaetzl and Anderson,
2005; Fey, 2010). It is fair to assume that theroultmate within the TUG sward is
substantially moister than that of the SUG, paldéidy in the later season after most of the
rain has fallen.

| would have expected there to be significantly entaick larvae in the TUG than the
SUG in February, but this was not the case. Whslagiranked data instead of actual data
may have reduced the risk of drawing false positimeclusions (Steele and Torrie, 1980), it
may in this case also have diminished the impastattered batches of localized aggregates
of larvae on the data. Increasing the sample siag be a legitimate way of testing the
veracity of these results.

The lowland vegetation structure types, consisting taller grass layer and/ or a tree
layer of varying height and density, produced digantly greater tick numbers than the SUG
in all cases, and TUG in most cases. As expedteddifferences were more pronounced in
February than in November. The pattern was mosmprent in the TLG, ST and TCW,
where the height and density of the herbaceous tayidyperthelia dissolutaerves to break
up the desiccating activity of wind through-flons @ell as provide shelter and shade at the
base of the grass tufts. This impact is amplifigdhe presence of a dense tree layer. Their
situation in landscape areas that are shelterg¢dereby their proximity to tall closed
woodland or steep slopes, facilitates the dispeodalind-flow by the tree layer and
improves the local soil moisture status (Scholes\Afalker, 1993; Archibaldt al., 2009).

The contribution of soil type to ameliorating miattimate should not be under-
estimated. The ST, TLG and TCW structure types akesituated in the foot-slope and
bottomland positions of the terrain, areas that rege accumulators of soil material and
rainfall runoff (Schulzeet al, 2004; Schaezl and Anderson, 2005). They aregadstogically
underlain by a base-rich, fine-grained materiali(ey which translates into deeper, finely-
textured soils with a higher water holding capa¢fgholes and Walker, 1993; Schaezl and
Anderson, 2005) and nutrient status. These comditigenerate high herbaceous biomass
production (Tainton, 1999; Uyt al, 2004), as evidenced by the dominance of talluso
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grass specie#(dissoluta; Hyparrhenia dregeaharhis in turn translates into the production
of a sizeable litter layer, which provides ticksttwsheltered, moist conditions in which to
rehydrate following unsuccessful questing (Medlatkal., 2013). The higher soil water
storativity of the deeper soils, coupled with higlneoisture status and slower evaporative
demand, also creates conditions of higher relatmmnidity within the sward, resulting in
lower tick mortality.

The TOW(S) showed significantly lower tick abundartban the other woodland
structure types and the TLG, most likely due to deeninance of short upland grassland
species such dsodetiasimplex Tristachya leucthrixthe short, fine phenotype ®hemeda
triandra andHeteropogon contortugJnlike the ST and TCW, the trees are widely dispd,
which localizes and dissipates their influence @e prevailing environmental factors
(Archibald and Scholes, 2007). The TOW(S) is alkaracterized by exposed rock at the
surface, which is likely to be affecting ground femature and relative humidity (Archibald
and Scholes, 2007). They are situated higher ufh@slopes than the other woodland types,
where exposure to a greater variation in tempegadad wind is higher. The exposure of the
sub-canopy to hot, dry air convection is likelyn@intain a high evaporative demand even
beneath the tree canopies (Scholes and Walker,; 19&®les and Archer, 1997), which
negates the apparent beneficial influence of misrate on tick survival and explains why
the TOW(S) yielded similar tick abundances to th#GTduring both sampling periods. The
TOWC(T) is situated lower down in the landscape (eheind is less likely to have as
important an influence), and has a taller herbasdayer than TOW(S). This is a possible
explanation for the higher tick abundance recoritethe former prior to the onset of the
rainy period, when maintaining relative humidityaatst an overarching hot, dry climate is of
amplified importance for tick survival. Interestiggonce substantial rainfall had occurred,
there was no difference in tick abundance betwkenall open woodland types.

The differences in tick numbers yielded by the masi vegetation types differed
significantly between the two sampling periodsdfirvegetation types with the exception of
the ST. The evident pattern shows that SUG tickndboce decreased significantly between
November and February, while it increased signifilkain the TUG and TLG. This suggests
that tick survival conditions in grasslands are salely driven by rainfall, but depend more
on an inter-related combination of rainfall, topaginy and soil type. Each of these influences
the nutrient and moisture status of the substrite, consequent herbaceous vegetation
community, the resulting micro-climate within thmmmunity, and the associated herbivore
community which in turn influences tick occurrencehe combined influence of these

environmental factors on tick survival is likely t@e non-linear, consisting of certain

Page | 64



thresholds beyond which tick mortality or survivadcurs. The ST, the structure type that
arguably offers the most sheltered, stable miomee within the sward, showed no
difference in tick numbers between the two samptiegods.

The data analysis certainly suggests a strongrpaietween vegetation structure and
tick abundance. However, the results are confounoledthe direct link between tick
abundance and the resource use patterns and dalitgilab hosts (Rizzoliet al, 2009;
Medlock et al, 2013). The more exposed, sourveld areas on uheziic slopes provide
habitat for fewer large mammal species, simply bseathey mostly satisfy the resource
needs for obligate grazers or concentrate seledidnge eland herds do roam the SUG areas,
they are likely to be accompanied only by mountesedbuck Redunca fulvorufulg
klipspringer Qreotragus oreotragys and jackal Canis mesomelysanimals with small
social groupings. Smaller hosts such as mongodses;olin and hares are likely to avoid
these areas because they are exposed and ofeectitter against raptors. The rocky habitat
also provides ample opportunity for ambush predatarch as snakes and caradalié
caracal). Baboons Rapio cynocephalus ursinugjould frequent the upper slopes, although
these were not recorded in the SUG areas durirld §ampling. In contrast, the more
stratified structure types lower down in the laragse offer cover and resources for grazers,
mixed-feeders and browsers and are hence likebppport a greater variety of host species
in higher numbers. Potential tick hosts in thessmasrare kuduTfegalaphus strepsiceriys
zebra Equus burchel), sable Hippotragus nige), impala Aepyceros melamp)svaterbuck
(Kobus ellipsiprymnysand monkeysGercopithecus aethipsall of which are likely to avoid
the upland areas. There is also likely to be atgrearray of smaller hosts such as several
species of mongoose, genet, civet and gamebirdsodda may be important tick hosts
within the reserve. A strong correlation existsamsn the number of ticks and the amount of
time baboons spend in an area (Brain and BohrmB®®2; Akinyi et al, 2013). Baboon
troops were mostly observed in the TCW and TLG sackaing both sampling periods, both

of which showed high tick abundances.

Implications of Climate Change

There is already concern among scientists ovelpttential for ticks to expand in
distribution and abundance in response to humameeud climate changes that anticipate
higher temperatures (Randolph, 1993; Estrada-P&®f)8; Medlock et al, 2008;
Scharlemanret al, 2008; Greyet al., 2009; Gilbert, 2010; Randolph, 2010; Jane¢sal,
2013; Medlocket al, 2013). However, importantly, these studies nyostlate to temperate
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northern hemisphere conditions where water and swisture are not, unlike low
temperatures, limiting ecological factors. In castr in African savannas water and soil
moisture are, unlike temperature, the importantitiimg resources (Scholes and Walker,
1993; Scholes and Archer, 1997; Archibald and S&h@007).

Ultimately the consequences of climate change ok ébundance are difficult to
predict due to the non-linear complexity of theemélated ecological relationships. Certainly
there is evidence of woody species expansion imassiand areas (O’ Connor and
Berdenkamp; 1997; Mucina and Rutherford, 2006), &dodh encroachment is a well-
documented phenomenon in savannas (Bond and Midgél2; Sankaramet al, 2005;
Ward, 2005; Wieganeét al, 2006). Both phenomena can be linked to clima@nge. My
results would suggest that tick abundance willease in both situations, presupposing that
the sub-canopy microclimate will enhance tick ofshsurvival. This mirrors the conclusions
drawn by the northern-hemisphere studies.

However, low relative humidity and soil moisturevhéeen identified as key factors
driving tick mortality, particularly in the youngdife stages. Higher air temperatures, drier
atmospheric conditions and a drier, more erratidfall regime may negate the microclimatic
advantages provided by a tall sward and tree canopwer and push the in-sward
environmental conditions towards those more applecao the upland grasslands and
TOW(S). The reduction in herbaceous primary pradactould affect grass tuft vigour and
density, and diminish the litter layer and the swcd@ provides to ticks. Increased
evapotranspiration and evaporation could reduceaclimate relative humidity, increasing
desiccation among questing ticks and impeding thigility to rehydrate. My results indicate
that this would be detrimental to tick abundancené¢ the anticipated changes to regional
climate are, based on the insight | have gaineah fitus study, likely to result in a lower tick
abundance in semi-arid rangeland ecosystems (suthoae found in KMR) as tick off-host
mortality increases.

A feasible scenario could also be a shift in tiggedes composition, with more
drought resistant tick genera becoming dominant.ikarease in 1-host and 2-host tick
species, where the time spent off the host andsedto the elements is minimized, might be
expected and this could maintain tick abundanceyiged that the availability of hosts

remained unchanged.
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Management Implications

My results suggest that open rangelands with atesheward support smaller tick
populations than denser, more sheltered strucypestsuch as tall, lowland grasslands,
shrublands and closed to mixed woodlands. A promifesature of small nature reserves and
game farms is the absence of animals capable aligaily manipulating vegetation structure
across the local landscape. For example, KMR dotkave bulk grazers such as white rhino
(Ceratotherium simujnand buffalo §yncerus caf¢rherds that trample and graze as they
forage, resulting in a shorter, more open swam@@as dominated by taller grass species. The
presence of these animals could substantially shdite herbaceous layer in the TUG, TLG,
ST and TOW(T) structure types, allowing air to glate and dry the microclimate out,
creating less favourable conditions for ticks. Ngnass growth is more nutritious than older
growth (Tainton, 1999; Uys, 2006), and bulk grazersl to rotate through previously grazed
lands utilizing the new growth that accumulatesirdyuithe grazing interval. Sward height
through repeated grazing, and the suppressivetdfiexhas on tick numbers, is therefore
maintained (unlike fire, which has a once-off effeGhe ecological influence of native bulk
grazers can be simulated by substituting cattlebidfalo, and using these to control the
height of the sward. This carries the added adgastahat cattle movement is easier to
manage; there is an additional income stream freef production; and it is possible to dip
cattle with acaricide and in so doing remove tithsn the system.

Large browsers such as black rhifdigeros bicorni$ and, in particular, elephant
(Loxodontaafricang) create more open savanna vegetation by tramphidgdestroying trees,
which favours and stimulates production in the giayer (Stuart-Hillet al, 1987; Scholes
and Walker, 1993; Scholes and Archer, 1997). Thi® @&nsures that replacement tree
seedlings are maintained within the fire trap (Ba@amil Keeley, 2005), and are able to be
killed or inhibited by subsequent fire events. Tinewever, also can have a negative impact
as the sward may become dominated by short shrubs.

Should tick infestation become a problem, a possihnagement option would be to
replicate the effects of these large herbivores haically, in so doing physically and
strategically manipulating vegetation structureteate areas that are less hospitable to ticks.
This includes physically removing trees and shtobgpen up woodland and shrubland areas,
or mowing taller grassland swards to maintain tregna shorter height. These measures,
however, substantially increase the operating aafstse concern.

Fire is also an effective manipulator of vegetatitnucture (Bond and Keeley, 2005;

Bond, 2008). Fires themselves do not affect ticiytations because they are single events,
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and the burned area is rapidly recolonized oncenéve grass growth attracts hosts (Zeiger
al., 1998). However a long-term, strategically managed implemented fire regime is an
effective tool in maintaining or creating the desdirvegetation structure types, which could
then influence tick abundance. While fires areatiée at controlling tree recruitment (Bond
and Keeley, 2005), they occur at intervals thatless effective at controlling sward height.
As a mechanism for controlling tick populationggefis likely to be most effective when

combined with the activity of large herbivores oechanical operations.

8.2 The Influence of Vegetation Structure on Tick Develpment During

the Sampling Periods

The overwhelming majority of the ticks trapped dgrithe two sampling periods
where larvae. The pattern of their occurrence, vewewas distinctly different with their
numbers in February represented by few large agyms rather than the consistent
numbers encountered during November. Few aduls tiekre encountered during November,
while nymphs were virtually absent from the Febyusampling period.

The SUG had the lowest numbers of all tick lifegsta across the study period. A
possible reason for this is more malign conditidmstick survival prevailing in the SUG
areas, leading to increased tick mortality as dised in the previous section. The paucity of
hosts in this structure type also means that tarkslikely to wait for long periods before
intercepting a suitable host, leading to increaseaftality as questing ticks run out of
reserves (Ziegest al, 1995; Ruiz-Fonst al, 2012; Medloclet al, 2013).

The highest nymph numbers were recorded in Novem®eer this time most
ungulates seek shade in more sheltered vegetatjmes tduring the hot daytime hours.
Engorged nymphs detach mainly between 12h00 an@0L8Winshull, 1982), and would
drop into the shaded areas, moult into the adaiesand begin questing. This may partially
explain the high numbers of adult ticks found ie 8T and TCW structure types during the
later sampling period. Tick larvae and nymphs arelker bodied and more prone to
desiccation than adults (Walket al, 2003; Medlocket al, 2013). The higher larvae and
nymph mortality occurring in the upland grasslayjes would explain the dearth of adults in
these types. The ST and TCW types produce moretesb@l benign microclimatic
conditions, resulting in higher nymph survival, alhitranslates into the high numbers of

adult ticks evident in these structure types.
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Tick larvae tend to be more abundant during thetavimonths and are prevalent in
higher numbers in open grasslands (Ziegfeal., 1995). Ungulates do not need to regulate
their temperature during winter, and hence spemgeater part of the day utilizing open
areas. Engorged larvae detach from hosts mainlydset 10h00 and 14h00 (Minshall, 1982),
dropping into the open areas before moulting tanfarymphs. This may explain why the
TLG and ST, which incidentally provide greater fpeapotential to mixed feeders, had the
highest numbers of nymphs in November.

These patterns of ungulate behavior correspond tivételand location data obtained
for this project. During the late winter and easlynmer months the eland were concentrated
in the TLG structure type. Other mammals such akikbaboons and waterbuck were also
observed congregating in these areas. It standsagon that a higher number of engorged
adult ticks would drop off into this structure typering this time. This may explain the
exceptionally high larvae numbers recorded in th& Turing the February sampling period.

The physical structure of the vegetation may afgluénce animal movement. This
affects the areas where ticks are deposited, bug¢ maportantly affects the frequency and
reliability of ticks intercepting hosts. For exampthe ST structure type consists of long
grass interspersed with densely scattered shrubseiMent is confined to the gaps between
the shrubs, which serves to concentrate animal memé Ticks dropped in this structure
type are sheltered from desiccation, and are dit®ta reliably find hosts to complete the
next phase of their life cycle. In contrast, elamthe SUG are free to roam and disperse in a
diffuse pattern which must substantially reduce ¢hances of questing ticks intercepting
them.

Peak calving for eland is at the end of the dryseseaSeptember to October in South
Africa (Apps, 1996). Assuming calving period isateld to seasonal forage availability
(McNaughton, 1990; Pappas, 2002) it is feasible tladving may have been delayed until
later in the season in KMR due to the latenes$iefrains. Eland calves are hidden for the
first two weeks of their lives, before joining therd (Apps, 1996). The calves are usually
hidden in areas that provide cover from predatsush as tall, dense stands of grass and
shrublands. The period that calves are in hidingesponds with the period of low tick
nymph numbers and absence of adult ticks in theTRG and TCW structure types, areas
where eland calves are most likely to be hiddeerLia the season, following the onset of
the rains, eland family units congregate into langeds that, in the case of KMR, move into
the open upland grasslands. The calves congregataursery herds within these large herds
(Skinner and Smithers, 1990; Skinm¢ral, 1974; Apps, 1996). This period corresponds with

the virtual absence of tick adults and nymphs ftben SUG and TUG areas. The results of
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this study certainly suggest that the prevailirapdlmovement patterns expose their calves to
lower potential infestation from nymph and adutks, the life stages that would arguably

have the greatest physical impact on them.

8.3 The Influence of Rainfall Season on Diurnal Tick Atavity

The pooled data revealed no difference in tickvatgtbetween the different times of
the day. Overall diurnal tick activity patterns wealso the same for both the November and
February sampling periods. Spiclettal, (1991) noted a similar outcome.

It was anticipated that the upland grassland typesld show greater tick activity
during the cooler, more humid times of the day whiie more sheltered, denser structure
types such as the ST and TCW would show more cainkteels of activity throughout the
day because they would be less influenced by temyrer and wind flow. There was,
however, little evidence of a clear pattern linkstguctural components to increased activity
at certain times of the day. A pattern that is emid however, is an evening out of tick
activity between the diurnal time periods from NoNeer to February. In November there
were differences in activity in half of the struautypes, while in February tick activity
during the morning, midday and afternoon periods wWee same for almost all structure
types. It is possible that the improved environrakrbnditions brought about by rainfall,
namely higher relative humidity and more shelteradro-climate conditions resulting from
new leaf-growth, enable the ticks to spend longe¥sting before they need to descend the
grass to rehydrate. They may also be able to rakgdt any time of the day, as opposed to
only at night during the drier season, and so dmeed to co-ordinate questing according to
specific times.

In general, the SUG showed significantly lower lev&f tick activity across all three
time periods than the other structure types fohlsampling periods. The TUG grassland
also showed lower tick activity in the morning aaffernoon than in the ST and TCW
structure types. These conclusions may, howevercdoepromised in that the method of
comparison of activity is based on tick abundamdgch is considerably lower for the SUG.
In hindsight, | should have compared proportionet abundance across the three diurnal
time periods between the structure types as thiddMoave indicated when the ticks that are
present in the transect at the time of samplingrast active.

There was no difference in diurnal tick activitatigrn between November and
February in the denser lowland structure typescatihg that micro-climatic conditions are

stable enough to support questing at any time efday. The suppressed morning and
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afternoon activity in February in the upland grasdl types is contrary to expectations, and
difficult to explain without more accurate micrarohte data. What is evident is that ticks
seem more likely to co-ordinate their questing bera according to prevailing
environmental conditions in the sward rather tleahdst activity.

In hindsight the data collected during my studyprebably insufficient to reach
reliable conclusions regarding tick questing atyivirhis was a secondary objective of the
study, in truth a means of seeking to maximize itifermation obtained from the data
collection. To answer the question fully would regqumore intensive data collection, and a
study designed to address the specific questioarerlls little evidence in the literature to
suggest that ticks are more active during the tiay tduring the night. Nocturnal climatic
conditions during summer are likely to be more fenior questing ticks, and hence any
investigation into tick activity would have to incle this period. However, if ticks are more
reliant on nocturnal conditions to rehydrate, timegy be less likely to risk dehydration by
increasing their nocturnal activity. Tick samplisigould be carried out in each structure type
at specified intervals throughout the day (and nigbr example at half-hour intervals. These
may be replicated spatially, with three drags @men@e, and/ or temporally with repeated
sampling throughout a specified time period. Thisuld generate more robust data,

facilitating the drawing of more reliable conclusso

8.4 The Potential for Tick Abundance to Influence ElandUse of Space

Eland movement within the reserve during the samgptieriods showed two distinct
patterns. The first was behavioural, with all oé thland congregating during the later wet
season to form one herd. The second is spatidl, eléind spending most of their time in the
lowlands and bottomlands of the central valley nigiriNovember, and being confined
exclusively to the uplands during the February darggperiod. There is a clear relationship
between eland location and vegetation structure tigping both sampling periods.

There are a number of possible explanations fos thehaviour. Arguably the
overriding influence is forage quality. The mesragslands of the upland areas are likely to
be “sourveld”, which is defined as rangeland tisaalle to support animal production for 6
months of the year (Ellergt al, 1995; Tainton, 1999). Sourveld grasses are palgtable
during the summer months. While the main deternminsrhigh rainfall which drives the
leaching of nutrients from the soil profile (Cadmetnal, 2013), poor nutrient status of the

soil may also limit forage palatability (Ellergt al, 1995). In winter sourveld grasses
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withdraw the nutrients from their foliage, commemgriin autumn, resulting in the leaves
being unpalatable during winter (Tainton, 1999; @adet al.,2013).

The grazing in the low-lying TLG areas, with a heglsoil base status (Ellest al,
1995), is likely to be “mixed-veld” (able to supp@nimal production for 9 months) or
“sweetveld” (able to support animal production fioe entire year) (Tainton, 1999; Cadman
et al.,2013). These veld types tend to maintain theiataility through winter (Ellergt al,
1995). This allows eland to graze selectively ia Hottomlands during winter, to the point
where 31% of the dry season diet is graBse(cothriy (D’Ammando et al, 2014). As
predominantly browsers, eland are also in a betisition to exploit shrubs and broadleaved
plants over a smaller area in the central valldye $hift by eland to the uplands follows the
onset of the summer rains. This coincides with anprovement in forage quality as
previously dormant sourveld grasses become moratgidé with the commencement of
seasonal growth (Ellergt al, 1995; Tainton, 1999). This pattern of movementansistent
over more than a single season, and is not infeetby the occurrence of late season fires.

The key feature of this movement pattern is thaindbles eland to avoid adult ticks
because they are able to exploit forage that & pesatable at other times of the year. Eland
were not influenced by total tick abundance whatspéuring either sampling period. Total
tick numbers consisted mostly of larvae and nympiend did, however, clearly select areas
in February with low adult tick abundance, and dedi areas of high adult tick abundance,
specifically the ST and TCW. The pattern was noistert in November because there were
so few adult ticks present. The smaller tick lifages may not be large enough to impact on
the animals comfort levels. Adult ticks howeverrtgalarly if they occur in high numbers,
are able to cause a behavioural change in anifBaisnples are easily observed and include:
mutual grooming in ungulates (Moorirgg al., 2004); mud wallowing by rhino, buffalo and
warthog, and subsequent rubbing of the hide agatostps (Estes, 1999; Apps, 1996); eland
rubbing their inner thighs against thorny saplingsan effort to remove ticks (personal
observation during this study); and ungulates acoodating oxpeckers. There is hence
evidence suggesting that animals are able to hekpresence of adult ticks with extreme
discomfort, and alter their behavior to manage this

In mid-to-late summer forage quality in the uplagisslands may be sufficiently
palatable for eland to become temporary facultajnezers. Eland move out of the valley and
congregate, with the season’s calves, in the uplavitere the challenge from adult ticks is
minimal. Animals are able to move in order to avaidas where the predation risk is highest
(such as impala congregating in open areas at)n(§bheel, 1993; Ogutu and Owen-Smith,

2005; Valeixet al, 2009), and congregate in areas where therenm gorm of positive

Page | 72



feedback (salt-licks; sodic sites). It is not inceivable that animals will also be able to
associate certain habitat types with high tick atl certain times of the year. Access to an
alternative source of suitably high quality foragther than browse, allows eland to prioritise
physical comfort over optimizing diet quality. Ethmre supposedly independent of water
because of the high moisture content of their beodist (Watson and Owen-Smith, 2000). A
change in diet to grass forage may cause them donie temporarily more dependent on
water, of which there is an ample supply in thelavet on the high plateau. With the onset of
autumn, when the forage quality in the upland atEaseases as the grass cures, and when
adult tick numbers ostensibly decline and larvaeobee more numerous (Zieget al,
1995), eland are able to move back into the vaitegxploit the seasonally higher forage
quality with a lower risk of infestation from aduitks.

There are several other possible explanations Hese movement patterns. The
upland areas are exposed to prevailing winds, wimak cool the animals down. One would
have thought, however, with February traditiondllging one of the hottest months, if
thermoregulation was a priority then more of thenellocations would be in areas with tree
cover.

The influence of innate behavior in animals shootit be underestimated. The
movement of eland into the uplands during the gevitien calves are most likely to be at
their most vulnerable may also be an inherited-prgdator strategy, even though predators
are absent from the reserve. Open rangelands grdittié cover for predators to stalk from,
and the improved visibility also allows animals detect predators more easily. The
congregation of family groups into larger herdspdises the risk of predation among the
larger population. There is the added protectiorcédves potentially offered by many adults

against predators, and there are a greater nurheges and ears alert to potential threats.

9. CONCLUSIONS

The study has illustrated that the hypothesis Bpedive 1 is correct. Tick numbers are
influenced by vegetation structure, and are highethe more sheltered, denser structure
types. The short, open mesic grasslands on thesegpguartzite ridges contained the lowest
numbers of ticks for both sampling periods. Therevidence suggesting that tick survival is
not solely driven by rainfall, but rather a combltioa of interrelated factors including
rainfall. These are likely to be non-linear. Thelstred, dense ST structure type showed no

difference in tick abundance between the two pssiad contrast to the more open, exposed
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structure types. Tick abundance is reliant on talability of hosts. Based on the insight
gained from this study, tick populations are expédb decline in response to the anticipated
change in local climatic conditions associated wgtbbal climate change, unless more
drought resistant tick species become dominant. rEfetionship observed between tick
abundance and vegetation structure provides aned@iofor using various management
interventions to physically manipulate vegetatiomucure in order to control tick
populations.

The results indicate that the hypothesis that atluks are more prominent in
November was false. Adults are virtually absentfrihe landscape in November, and are
more prominent during February. This outcome cpawads with several other studies. The
larval and nymph stages dominate the drier monpiussibly indicating that although
atmospheric conditions are drier at this time, khwer temperatures and frequent dews
provide more benign conditions among the leafrlitied grass tuft bases. Evidence suggests
that the hypothesis that adult ticks occur in highembers in the sheltered structure types is
correct, and that the rationale behind this is dottowever, the patterns of occurrence of the
various life stages are also linked to host behraWlmst importantly, the results suggest that
the spatial characteristics of eland calving betravdiased on existing regional data, coincide
with patterns of low adult tick abundance.

There were no differences in the overall pattertialf activity between the morning,
midday and afternoon times, and between the Novears February sampling periods. The
data were deemed insufficient to draw any furthe@rctusions. The method of analysis was
flawed, and more meaningful results may be obtabedstimating tick activity according to
the proportion of ticks caught across the time qubsifor each sample, rather than tick
numbers.

Based on the outcome of the study, the hypotHesiebjective 4 must be rejected.
Eland give no consideration whatsoevetdtal tick abundance, and the results suggest that
some other factor, such as forage selection, Bvarriding priority governing eland location
during both sampling periods. However, a patterceisainly evident that suggests that eland
do select areas of loadult tick abundance, and avoid areas of haghult tick abundance
during the mid-to-late summer period. The improvema forage quality in the upland
grasslands associated with the summer rainfallosgasd their proven inclination to include
a substantial portion of grass in their diet, pdeg them with the opportunity to prioritise
physical comfort (for themselves and their calveggr diet quality. There is ample, and
easily observable, evidence that tick infestatiaeres a large enough pressure to cause

animals to modify their behavior. Animals are addide to associate certain characteristics of
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the habitat with positive or negative feedbacksthvthis in mind, and in view of the patterns
identified by this study, it is certainly plausiliteat the potential foadult tick infestation can
be a driver for the modification of resource use ddgnd. The observed patterns are
compatible with a reduction in the risk of poteh&aposure of eland calves @dult ticks.

The findings link both the influence of vegetatstnucture on tick mortality, and the
potential and plausible influence of adult tick alance on animal movement. Small nature
reserves and game farms generally lack two critmahponents controlling adult tick
numbers, namely oxpeckers and large, heavy hedsvoArtificially recreating their
ecological uses through applied, management imdéiores may pay dividends commercially
by limiting the adverse effects of ticks on animasd allowing better resource use by

animals thereby improving growth and birth rates.

10. DIRECTION FOR FUTURE RESEARCH

The drawback in conducting a field investigatiormts@as this is that it is physically
impossible to create individual treatments where-tamget hosts are removed and tick
abundance levels are accurately controlled. Thectdizomparison of target animal response
to tick abundance is impossible. However, it is tiwprof research. While there is literature
describing animal movement in response to foodlavidity, thermoregulation, predation,
reproduction and various other factors, theretike levidence that tick infestation may be a
high enough priority to modify animal movement. My knowledge it is new research. The
most appropriate means of investigating this infisle is by undertaking a series of studies,
each of which fills another piece of the puzzle. Mydy has succeeded in identifying and
exposing certain patterns that may become morestotith additional research.

The correlation between microclimate and tick alaumog would be more lucid if
temperature and relative humidity were measureéaoh vegetation structure type. This
would assign greater confidence to the rationakeridemany of the conclusions | have drawn
(or refute them legitimately). An attempt was maaleneasure these parameters to provide a
foundation against which to discuss the resultthisf study, but in hindsight the data would
have been fundamentally flawed because there wigsooe data-logger per structure type.
The data should have at least 3 replications, laang into 21 data-loggers distributed
evenly across the structure types. | suspect tigaimini-Stevenson’s screens | constructed to
protect the data-loggers were also incorrect int tiney did not allow sufficient air

circulation, which distorted the results. The raakdid not include these data in the research
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discussion is that | lost half of the data-loggéue to a combination of theft and baboon-
vandalism.

My research illustrated that ticks and nymphs dbimituence eland movement, but it
is plausible that adult ticks could. | would contate future research on adult tick abundance
only. A key constituent missing from this studythe abundance and distribution of the large
exophilic ticks of theAmblyommaandHyalommagenera. These track hosts by following the
carbon dioxide concentration (Walket al., 2003) and, because of their size, may exert the
greatest pressure and discomfort on ungulate hibsteuld be important to include these in
future research.

The assumptions | have made regarding forage guhliing the respective sampling
periods are sound, and based on rigorous, peeawed, published literature. They are still,
however, assumptions. Additional research shouttlde the in-field identification of the
seasonal diet (to the species level) of eland atRKMr an entire year. This could be
combined with the laboratory analysis of the domtrepecies contributing to seasonal diet in
order to empirically measure forage quality, aneerprotein in particular.

The research into the complex relationships betwexs, vegetation and animals
may have practical applications. Once the ecolbgpracesses are better understood,
research could be expanded into the effects of geamant interventions such as mowing or
bush clearance on these relationships, and whttase can be manipulated to achieve a set
of specific objectives.

Finally, | would extend this study across the engiear to examine tick abundance
and eland movement patterns across all four seaiomnsuld be interesting to see whether
the patterns | have identified are consistent thhowt the year. This could take the form of
an ongoing monitoring programme, exploring the oese of ticks and their hosts to varying

climatic conditions.
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12. APPENDIX

The following tables are referenced in the text.
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Table I: Results of Dunn’s post-hoc tests, showintie statistical significance of the relationship beveen tick larvae and vegetation structure

type. The two-sided Bonferrini z-values arew (0.05) = 3.038p. (0.01) = 3.494; n = 7; no. of pairwise comparisors21.

Tick Larvae
November 2014
SUG

TUG

TLG

ST

TCW

TOW (S)
TOW(T)
February 2015
SUG

TUG

TLG

ST

TCW

TOW (S)

TOW(T)

*=p (0.05)
** =P (0.01)

SUG

1.872
4.811**
4.306**
7.592**

1.949
5.485**

2.470
7.572**
3.634**

2.616

3.384*

4.641**

TUG

2.939
2.434
5.72**
0.077
3.613**

5.102**
1.164
0.146

0.914

2.170

TLG

0.505
2.781
2.862
0.674

3.938**
4.957**

4.188**

2.932

ST

3.286*
2.357
1.179

1.019
0.250

1.006

TCW

5.643**
2.107

0.769

2.025

TOW (S) TOW(T)

3.536** -

1.256 -
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Table II: Results of Dunn’s post-hoc tests, showinthe statistical significance of the relationship btween tick nymphs and vegetation structure

type. The two-sided Bonferrini z-values arew (0.05) = 3.038p. (0.01) = 3.494; n = 7; no. of pairwise comparisorrs21.

Tick Nymphs SUG TUG TLG ST TCW TOW(S) TOW(T)

November 2014

SUG -

TUG 3.799** -

TLG 6.351* 2552 -

ST 5.774* 1975 0.577 -

TCW 4.654** 0.856 1.697 1.119 -

TOW (S) 2.792 1.006 3.559** 2,981 1.862 -
TOW(T) 4.004* 0.205 2.347 1.770 0.651 1.211 -
February 2015

SUG -

TUG 0.235 -

TLG 0.9400 0.705 -

ST 1.4100 1.175 0.470 -

TCW 2.351 2.116 1410 0.940 -

TOW (S) 0.940 0.705 0.000 0.470 1.410 -
TOW(T) 0.235 0.000 0.705 1.175 2.116 0.705 -
*=p (0.05)

** =P (0.01)
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Adult Ticks

November 2014
SUG

TUG

TLG

ST

TCW

TOW (S)
TOW(T)
February 2015
SUG

TUG

TLG

ST

TCW

TOW (S)
TOW(T)

*=p (0.05)
** = P (0.01)

SUG

0.000
0.000
0.711
0.233
0.233
1.409

0.287
1.215
6.229**
6.319**
1.741
0.299

TUG TLG ST
0.000 -
0.711 0.711 -

0.233 0.233 0.479
0.233 0.233 0.479
1.409 1.409 0.698

1.503 -
6.516** 5.014** -
6.606** 5.103**  0.090
2.029 0.526  4.488**
0.586 0.917  5.931*

type. The two-sided Bonferrini z-values arew (0.05) = 3.038p. (0.01) = 3.494; n = 7; no. of pairwise comparisors21.

TCW TOW(S) TOW(T)

0.000 - -
1.177 1.177

4577 -
6.02%  1.443 :

Table Ill: Results of Dunn’s post-hoc tests, showig the statistical significance of the relationshigpetween tick adults and vegetation structure
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Table IV: Results of the Dunn post-hoc tests, shong the statistical significance of the relationshifpetween morning tick activity and vegetation

structure type. The two-sided Bonferrini z-values ee: a (0.05) = 3.038p. (0.01) = 3.494; n = 7; no. of pairwise comparisors21.

Morning SUG TUG TLG ST TCW  TOW(S) TOW(T)
November 2014

SUG -

TUG 1.903 -

TLG 4.546**  2.642 -

ST 4.128* 2225 0.418 -

TCW 4.931** 3.028 0.386 0.804 -

TOW (S) 1.305 0.598 3.24* 2822 3.626** -
TOW(T) 3.935* 2032 0.611 0.193 0.997 2.630 -
February 2015

SUG -

TUG 0.720 -

TLG 4.61**  3.89** -

ST 4.089** 3.369* 0.521 -

TCW 2.604 1.884 2.006 1.485 -

TOW (S) 1.138 0.418 3.472* 2951  1.466 -
TOW(T) 3.581** 2861 1.029 0.508 0.977 2.443 -
*=p (0.05)

** =P (0.01)
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Table V: Results of the Dunn post-hoc tests, showgrthe statistical significance of the relationshifpetween midday tick activity and vegetation

structure type. The two-sided Bonferrini z-values ee: a (0.05) = 3.038p. (0.01) = 3.494; n = 7; no. of pairwise comparisors21.

Midday SUG TUG
November 2014

SUG -

TUG 0.405 -
TLG 3.62**  3.215*
ST 3.922**  3.517**
TCW 4417  4.012**
TOW (S) 3.53**  3.125*
TOW(T) 3.009 2.604
February 2015

SUG -

TUG 1.916 -
TLG 4.436**  2.520
ST 3.575*  1.659
TCW 2.276 0.360
TOW (S) 2.713 0.797
TOW(T) 1.376 0.540
*=p (0.05)

** =P (0.01)

TLG

0.302
0.797
0.090
0.611

0.862
2.160
1.723
3.06*

ST

0.495
0.392
0.913

1.299
0.862
2.199

TCW

0.887
1.408

0.437
0.900

TOW (S) TOW(T)

0.521 -

1.337 -
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Table VI: Results of the Dunn post-hoc tests, shong the statistical significance of the relationshigpetween afternoon tick activity and

vegetation structure type. The two-sided Bonferronk-values are:a (0.05) = 3.038p (0.01) = 3.494; n = 7; no. of pairwise comparisons21.

Afternoon SUG TUG TLG ST TCW  TOW (S) TOW(T)
November 2014

SUG -

TUG 2.405 -

TLG 3.208* 0.804 -

ST 2.424 0.019 0.784 -

TCW 4.365** 1961 1.157 1.942 -

TOW (S) 0.077 2.327 3.131* 2.347 4.288** -

TOW(T) 4.128** 1.723 0919 1.704 0.238 4.05** -
February 2015

SUG -

TUG 1.254 -

TLG 4.816** 3.562** -

ST 4.571** 3.318* 0.244 -

TCW 3.311* 2.057 1504 1.260 -

TOW (S) 2.102 0.849 2713 2469 1.209 -

TOW(T) 2.308 1.054 2507 2.263 1.003 0.206 -
*=p (0.05)

** =P (0.01)
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Table VII: Proportional availability and locations logged for eland across vegetation structure typesduring November 2014. The data consists
of the collective locations for four collared elandcows. Bonferroni confidence intervals (determinedt the 95% level) were used to determine

eland selection and avoidance of structure types.

Proportion
_ Proportion of  Observed Number Expected Number P Expected Confidence Interval
Vegetation Total Observed _ _
total of Eland GPS of Eland GPS _ Proportion per on Proportion of
Structure Type hectares ] ] Locations per )
hectarage Locations Locations Structure Type Locations

Structure Type

SUG 2074.5 0.452 342 978.73 0.158 0.452 048K 0.179* -
TUG 857.7 0.187 327 404.66 0.151 0.187 043 0.172* -
TLG 72.8 0.016 411 34.35 0.190 0.016 0.36%<0.212* +
ST 43.2 0.009 4 20.38 0.002 0.009 -0.80R,< 0.004* -
TCW 639.9 0.139 254 301.90 0.117 0.139 0099<0.136* -
TOW(T) 434.0 0.095 343 204.76 0.158 0.095 04%4<0.180* +
TOW(S) 468.9 0.102 485 221.22 0.224 0.102 &P 0.248*  +
Total 4591.0 1.000 2166 2166 1.000 1.000

* Significant at p < 0.05

+ Selection for Vegetation Structure Type

- Avoidance of Vegetation Structure Type
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Table VIII: Proportional availability and locations logged for eland across vegetation structure typeturing February 2015. The data consists

of the collective locations for four collared elanccows. Bonferroni confidence intervals (determineat the 95% level) were used to determine

eland selection and avoidance of structure types.

Vegetation Total
Structure Type hectares total o Elan(.j GRS
hectarage Locations
SUG 2074.5 0.452 1354
TUG 857.7 0.187 1292
TLG 72.8 0.016 1
ST 43.2 0.009 0
TCW 639.9 0.139 194
TOW(T) 434.0 0.095 60
TOW(S) 468.9 0.102 19
Total 4591.0 1.000 2920
* Significant at p < 0.05
+ Selection for Vegetation Structure Type

Proportion of

Observed Number

- Avoidance of Vegetation Structure Type

Expected Number
of Eland GPS

Locations

1528
632
54
32
471
320
345
3381

Proportion
Observed

Locations per

Structure Type

0.464
0.442

0.000

0.000
0.066
0.021
0.007
1.000

Expected
Proportion per

Structure Type

0.452
0.187
0.016
0.009
0.139
0.095
0.102
1.000

Confidence Interval
on Proportion of

Locations

0489k 0.489
0.410< 0.467* +
-0.00PCG< 0.001* -
0.60BG< 0.000* -
0.89406< 0.079* -
0.6180< 0.028* -
0.602x 0.011* -
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Table IX: Proportional availability and locations logged for eland across vegetation structure typesudng the November 2013. The data are
from a single collared eland cow. Bonferroni confidnce intervals (determined at the 95% level) weresed to determine eland selection and

avoidance of structure types.

Proportion
_ Proportion of  Observed Number Expected Number P Expected Confidence Interval
Vegetation Total Observed _ _
total of Eland GPS of Eland GPS _ Proportion per on Proportion of
Structure Type hectares ] ] Locations per )
hectarage Locations Locations Structure Type Locations

Structure Type

SUG 2074.5 0.452 2 42 0.022 0.452 -0.61P0< 0.063* -
TUG 857.7 0.187 17 17 0.185 0.187 0.67B0< 0.294
TLG 72.8 0.016 18 1 0.196 0.016 0.08R0C< 0.307* +
ST 43.2 0.009 0 1 0.000 0.009 0.60P0G< 0.000
TCW 639.9 0.139 7 13 0.076 0.139 0.GORC< 0.151
TOW(T) 434.0 0.095 39 9 0.424 0.095 0.28B0< 0.563* +
TOW(S) 468.9 0.102 9 9 0.098 0.102 0.61RG< 0.181
Total 4591.0 1.000 2920 3381 1.000 1.000

* Significant at p < 0.05

+ Selection for Vegetation Structure Type

- Avoidance of Vegetation Structure Type
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Table X: Proportional availability and locations logged for eland across vegetation structure types dag the February 2014. The data are from

a single collared eland cow. Bonferroni confidencetervals (determined at the 95% level) were usedtdetermine eland selection and avoidance
of structure types.

Proportion
_ Proportion of  Observed Number Expected Number P Expected Confidence Interval
Vegetation Total Observed _ _
total of Eland GPS of Eland GPS _ Proportion per on Proportion of
Structure Type hectares ] ] Locations per )
hectarage Locations Locations Structure Type Locations

Structure Type

SUG 2074.5 0.452 147 126 0.521 0.452 044Xx 0.602
TUG 857.7 0.187 115 52 0.408 0.187 0.3200< 0.487* +
TLG 72.8 0.016 0 4 0.000 0.016 0.00®0< 0.000* -
ST 43.2 0.009 1 3 0.004 0.009 -0.60BC< 0.013
TCW 639.9 0.139 16 39 0.057 0.139 0.62B0< 0.094* -
TOW(T) 434.0 0.095 3 26 0.011 0.095 -0.60B0< 0.027* -
TOW(S) 468.9 0.102 0 29 0.000 0.102 0.60PC< 0.000* -
Total 4591.0 1.000 2920 3381 1.000 1.000

* Significant at p < 0.05

+ Selection for Vegetation Structure Type

- Avoidance of Vegetation Structure Type
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Table XI: Proportional availability and locations logged for eland across areas classified according total tick abundance during November

2014. The data consists of the collective locatiofw four collared eland cows. Bonferroni confidene intervals (determined at the 95% level)

were used to determine eland selection and avoidamaccording to tick abundance.

_ Observed
] Proportion
Total Tick Total Number of
of total
Abundance hectares Eland GPS
hectarage _
Locations
High 2516.70 0.5416 1627
Moderately High 0.00 0.0000 0
Moderate 2074.58 0.4464 364
Moderately Low 0.00 0.0000 0
Low 0.00 0.0000 0
Unknown 55.70 0.0120 21
Total 4647.0 1 2012
* Significant at p < 0.05
+ Selection for Tick Abundance Class

- Avoidance of Tick Abundance Class

Expected
Number of
Eland GPS

Locations

1089.65
0.00
898.23
0.00
0.00
24.12
2012

Proportion

Observed Locations

per Abundance

Class

0.809
0.000
0.181
0.000
0.000
0.010
1

Expected
Proportion per

Abundance Class

0.542
0.000
0.446
0.000
0.000
0.012

Confidence Interval on

Proportion of Locations

0<7B6< 0.831* +

6.6 0.00

9G:Hx 0.203* -

G.(x 0.00
0:0PG< 0.00

0:0P%< 0.016
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Table XlI: Proportional availability and locations logged for eland across areas classified according total tick abundance during February
2015. The data consists of the collective locatiofw four collared eland cows. Bonferroni confidene intervals (determined at the 95% level)
were used to determine eland selection and avoidamaccording to tick abundance.

_ Observed Expected Proportion

_ Proportion _ Expected _

Total Tick Total Number of Number of Observed Locations _ Confidence Interval on
of total Proportion per _ _
Abundance hectares Eland GPS Eland GPS per Abundance Proportion of Locations
hectarage _ _ Abundance Class
Locations Locations Class

High 1146.29 0.2467 1497 843.86 0.438 0.247 04P6< 0.460* +
Moderately High  209.40 0.0451 0 154.15 0.000 0.045 0.000< P0< 0.000* -
Moderate 140.05 0.0301 0 103.10 0.000 0.030 0s0R0< 0.000* -
Moderately Low  181.80 0.0391 0 133.83 0.000 0.039 .000x PG< 0.000* -
Low 2161.95 0.4652 1143 1591.55 0.334 0.465 03P8< 0.355* -
Unknown 807.56 0.1738 781 594.50 0.228 0.174 O2B0< 0.247* +
Total 4647.1 1 3421 3421 1 1

* Significant at p < 0.05

+ Selection for Tick Abundance Class

- Avoidance of Tick Abundance Class
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Table XIII: Proportional availability and locations logged for eland across areas classified according adult tick abundance during February

2015. The data consists of the collective locatiofsr four collared eland cows. Bonferroni confidene intervals (determined at the 95% level)

were used to determine eland selection and avoidameccording to tick abundance.

Adult Tick

Abundance

High

Moderately High
Moderate

Moderately Low

Low
Unknown

Total

Total

hectares

681.84
1.36
0.00

994.20
2913.87
55.70
4647.0

Proportion
of total

hectarage

0.1467
0.0003
0.0000
0.2139

0.6270
0.0120

Significant at p < 0.05

Observed
Number of
Eland GPS

Locations

192
0
0
18
2710
501
3421

Selection for Tick Abundance Class

Avoidance of Tick Abundance Class

Expected
Number of
Eland GPS

Locations

501.96
1.00
0.00

731.91
2145.13
41.01

3421

Proportion

Observed Locations

per Abundance

Class

0.056
0.000
0.000
0.005
0.792
0.146
1

Expected
Proportion per

Abundance Class

0.147
0.000
0.000
0.214
0.627
0.012

Confidence Interval on

Proportion of Locations

0:0#6x 0.066* -
0:0€G< 0.000
0:060x 0.000

0.002< P0< 0.008* -
0<7IP4< 0.810* +
04815 0.162* +
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