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ABSTRACT

Arid and semi arid environments are characterisgdektreme fluctuations in
temperature and low rainfall which present sigaifit challenges to the animals
inhabiting these areas. Mammals, such as aardy@mysteropus aferPallas 1766),
excavate burrows in order to avoid predators amdatic extremes and are termed
“ecosystem engineers” as they physically modifyirteavironment and in doing so
create new habitats and alter the availabilityesburces to other species. In this study
| assessed the microhabitat conditions (maximumnamimum temperature, relative
humidity and seed abundance) of aardvark burrowslation to paired control sites.
In addition, | evaluated the use of aardvark busoly other vertebrate and
invertebrate species and investigated the impactastlvark burrow mounds on

landscape scale floristic diversity.

Maximum temperatures were significantly lower (p G05) and minimum
temperatures and midday humidity were significartigher (p < 0.05) inside the
burrows at the three study sites, Kwandwe Privaem& Reserve (Kwandwe),
Mountain Zebra National Park (MZNP) and Tswalu Kala Reserve (Tswalu).
There were no significant differences between trecentration of seeds, the average
numbers of unique individual small mammals, trapcegs or small mammal species
richness recorded inside the burrows comparedtsdai(p > 0.05). At all three sites,
small mammal species diversity was higher in thedws but this result was also not
significant (p > 0.05 for all). Trap success anel tlumber of individuals captured was

higher at Tswalu than the other two sites (p < Gdd%ooth). The different methods



used in this study revealed a total of 25 mamneaies bird, one amphibian and six

reptile species utilising aardvark burrows.

There were significant differences in insect comityuassemblages between the
burrows and open control areas at Kwandwe and Ts(pak 0.05 for both) but not at
MZNP (p > 0.05). The parasitic guild was more pnoemt inside the burrows than
outside but their abundance was not as high a<ipaiked, possibly due to the
placement of traps closer to the burrow entranbes the sleeping chambers. The
complex structure of the burrows prevented thegstant of traps in close proximity

to the sleeping chambers.

As expected, the amount of bare earth was signtlicdnigher on active and recently
abandoned burrow mounds compared to the old bumounds and reference plots at
all three sites (p < 0.05 for all), with the exdeptof the active burrows at Tswalu.
Overall, the different plot types were charactati®y significantly different plant
communities during all the seasons at MZNP, dutimge of the seasons at Kwandwe
and only during winter at Tswalu. The total speciesness recorded on the reference
plots was higher than on the burrow mounds atlaké sites. However, species
diversity on the reference plots was not signiftbahigher than the burrows at any of
the sites (p > 0.05 for all sites). Although theulés were not significant, the overall
species diversity at a site level was greater thameference patches at Kwandwe and

Tswalu (p > 0.05 for both).

Aardvarks fulfil the criteria of a significant egadem engineer and their presence in

arid and semi-arid environments is likely to betical to the survival of other



individual organisms and species, particularly whkarnative burrowing animals are
either absent or restricted in their activitiesu$haardvark populations should be

considered a conservation priority in arid and sand ecosystems.
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Chapter 1: General introduction

CHAPTER 1

GENERAL INTRODUCTION

1.1 THE BIOLOGY OF THE AARDVARK

1.1.1 Taxonomy and phylogeny

The aardvark (Orycteropodida®rycteropus afelPallas 1766) is the sole surviving
species of the order Tubulidentata, a group of ipiien ungulates (Rahm, 1990;
Taylor & Skinner, 2004). Recent evidence suggdss the aardvark should also be
added to the Superorder Afrotheria, an ancientcaAfrilineage that includes the
elephants (Elephantidae), hyraxes (Procaviidae) amiephant shrews
(Macroscelididae) (Springeet al, 1997; Springeret al, 2004). No significant
phylogenetic relationship exists between the aakdwand either the pangolins
(Manidae) or the South American anteaters (Myrmbagpae). The similarities in
appearance and behaviour of these species haveabesned to convergent evolution

(van Aarde, 2004).

1.1.2 Physical Characteristics

The aardvark bears little physical similarity toyasingle extant mammal. Its

appearance is occasionally compared to that ofgaapid this combined with its

digging behaviour has given rise to its colloquiaime, the aardvark, which means
“earth-pig” in Afrikaans (Kingdon, 1971). The he&lelongated and tapers into a
long, rounded, pig-like snout that ends in a bluoizzle (Melton, 1976). The ears are
tube-like and resemble those of a donkey. Adultdeks possess simplified

dentition with no enamel or roots and only foufit@ grinding teeth are held on each
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half of the jaw (Skinner & Smithers, 1990). The nioalso contains an elongated
worm-like tongue and well developed salivary glari#elton, 1976; Skinner &

Smithers, 1990). The back is hunched and slopesatizally towards the strong,

muscular tail which resembles that of kangaroor{ér & Smithers, 1990). The body
is a pale colour and is sparsely haired, whilsttéileand legs are usually covered in
darker hair. The legs are squat and powerful withhind legs being longer than the
fore legs (van Aarde, 2004). The aardvarldigitigrade and the forefeet have four
digits with sharp claws adapted for digging. Thadhfeet have five digits that are
shorter and weaker compared to the forefeet. Tatalt length can vary between 1.5
m and 2.0 m (Kingdon, 1971; Taylor, 2002) and addight can range from 40 kg to
80 kg (Kingdon, 1971; Taylor, 2002; van Aarde, 2004ardvarks do not exhibit

sexual dimorphism (Skinner & Smithers, 1990).

1.1.3 Distribution and habitat

During the Pliocene period numerous aardvark spemieurred throughout Africa as
well as in southern Europe and western Asia. Thange extended to include
Madagascar during the Pleistocene (Melton, 19&61 Aarde, 2004). The present
distribution of the aardvark is restricted to artieesive area of sub-Saharan Africa
(Skinner & Smithers, 1990) (Figure 1.1). Aardvahiese been documented living in a
diverse range of habitats including all varietidssavanna, open woodland, scrub,
grassland and records even exist for the rainferethe Congo Basin (Smithers,
1971; Skinner & Smithers, 1990; Taylor & Skinnef02; van Aarde, 2004). It is,

however, suggested that they favour areas withysands and that they generally
tend to avoid true forests and very arid areasyTihay also be locally absent in

mountainous and rocky areas and regions wheredihés ®ither too shallow or too
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hard to excavate or where their prey is scarcen(ti & Smithers, 1990; van Aarde,

2004).

Figure 1.1: The present distribution of aardvarkéirica

(www.ultimateungulate.com/Tubulidentata/Orycteropafer.html).

1.1.4Diet

The diet of aardvarks is dominated by termites amig, with termites being favoured

in the wet season and ants in the dry season whaay termite species are quiescent
(Kingdon, 1971Melton, 1976; Tayloet al, 2002). Kingdon (1971) claims that they
may also consume large numbers of scarab beetlgelain addition, aardvarks have

also been recorded eating the fruit of the wildunber Cucumis humifructys

possibly to increase moisture intake (Melton, 19%8y Aarde, 2004).

1.1.5 Behaviour and habits
Aardvarks are primarily nocturnal, although durthg cold winter months they may
emerge from their burrows to forage in the laterawon. (A full description of their

burrowing behaviour will follow in chapter 4). Aararks tend to be solitary and
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rarely interact with other individuals except dgrithe mating season which occurs in
early summer in southern Africa (Taylor, 2002; Tay& Skinner, 2003). It is
unknown whether these animals are territorial bstirett core areas exist within the
overlapping home ranges of individuals (Taylor &r8ler, 2003; van Aarde, 2004).
Home ranges in South Africa varied between 2.6 &nd 4.6 kriiwith no significant
difference for male or female home ranges (van Aatdl, 1992; Taylor & Skinner,

2003).

1.1.6 Reproduction

Information regarding the reproductive biology @fr@dvarks is scarce. The gestation
period is approximately seven months and usuallly @ single young is born
(Melton, 1976). The altricial young will stay inghburrow for two weeks before
joining their mother on foraging outings (Meltor§76). Young first start to excavate
their own burrows, in close proximity to their metts, at six months of age and will
continue to accompany their mother until the follogvmating season. At this point
male offspring leave the area whilst females magtinoe to associate with their
mothers. The roaming nature of males suggestsatralvarks may be polygynous
(Melton, 1976). Aardvarks are thought to reachuséxmaturity after two years

(Rahm, 1990).

1.2 CONSERVATION STATUS

The aardvark is currently listed as an animal aefsteconcern (Friedman & Daly,
2004) despite a lack of data regarding populatinessand trends. It has been implied
that previous classifications of the aardvark asillfierable” could be attributed to

their nocturnal and elusive behaviour which mayeheasulted in them being viewed
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as uncommon (Taylor, 2002; Friedman & Daly). Thes Idensities at which they
occur has probably enhanced the perception of theiseals being uncommon and it
was estimated that eight animals occupied 18 duming a study in the Karoo (Taylor

& Skinner, 2003).

Aardvarks are preyed on by all the large terrdstpeedators including lions
(Panthera le®. However, it is the spotted hyaer@r@cuta crocuty, which regularly
kills young, and man which pose the biggest th(gatgdon, 1971). Aardvarks are
hunted for bushmeat and recreation in numeroustdesarnn Africa. Various body
parts are also sought after items in traditionadlicise and may be used for a variety
of purposes including preventing iliness, as gaark Icharms and poison (Kingdon,
1971; Melton, 1976). Loss of habitat as a restilland development and crop
farming may also a pose a threat to aardvarks. r&gnto this, intensive cattle
farming may result in increased trampling of grpastures which creates favourable
conditions for termites thereby increasing preyilabdity and potentially expanding
the distribution of aardvarks, as occurred in Mgda, Kenya (Kingdon, 1971). In
some cases aardvarks may be persecuted by farsénisyacan be a nuisance when

digging into roads and dam walls or under fenceli€(s, 2002).

1.3ECOSYSTEM ENGINEERING

Arid and semi arid environments are characterisgdektreme fluctuations in
temperature and generally experience much great@poetranspiration than
precipitation over the course of a year (Broamnal, 1979; Kinlaw, 1999). Such
factors present significant challenges to the alsnmabiting these areas, a situation

which may be exacerbated by limited or completé laicvegetative cover. Certain
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burrowing mammals such as aardvarks, warth&jsa¢ochoerus aethiopicusand
Cape porcupinesHystrix africaeaustraliy create three-dimensional underground
structures which are utilised by other speciesisgalefuge from predators and harsh
environmental conditions (Reichman & Smith, 1990inl&w, 1999). Soil has
insulating properties which results in the moderagtow-ground environment of
burrows providing suitable shelter in both hot suemerand cold winters for a variety

of species (Reichman & Smith, 1990; Finlaysbml, 2005).

The animals which create these structures candveed as “ecosystem engineers” in
accordance with the definition of Jones al (1994, p374) who proposed that
“ecosystem engineers are organisms that directlyinolirectly modulate the
availability of resources (other than themselves)ther species, by causing physical
state changes in biotic or abiotic materials. Iindso they modify, maintain and/or
create habitats”. Unlike the keystone species @oticecosystem engineering does
not encompass trophic or competitive interactidviglg et al, 1993; Poweet al,
1996; Jonest al, 1997). However, Jones al (1994) hypothesize further that many
ecosystem engineers may in fact be keystone spaesgste their limited involvement

in community food webs.

Ecosystem engineers can be separated into twdnefurtategories, autogenic
engineers and allogenic engineers (Jartes., 1994). Autogenic engineers alter their
environment via their own physical structures andh@ same time remain as a
component of the engineered environment (Berkertb&sRowden, 2003). Trees and
plants provide numerous examples of autogenic eeging. For instance they grow

roots that bind the soil and consequently reducawsien. They also shed dead
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branches which can alter stream flow dynamics aed teaf canopies may limit the
light available to plants in the understorey (Joeeal, 1994). Allogenic engineers,
however, modify the environment by changing livimgnon-living matter from one
physical state to another as a result of their Weba usually via mechanical
processes (Jonest al, 1994; Berkenbusch & Rowden, 2003). Exampleshid t
include beaversQastor Canadensisjreating dams in rivers and aardvarks digging
burrows. Such examples of engineering, which dyecfluence the fithess of the
engineer, have also been termed “extended phendaygeeering” because the
modified environment directly benefits the fithesfsthe engineer (Dawkins, 1982;

Joneset al, 1997).

The concept of ecosystem engineering is applicablboth marine and terrestrial
environments (Jonest al, 1994) and it is suggested that physical engingdras a
profound impact on the structure and functioningnmafst ecosystems and may even
play a role in extreme environments such as theeNetgsertand the Antarctic
(Buynitskiy; 1968; Jonest al, 1997; Alkon, 1999; Wilbyet al, 2001). It is further
claimed that ecosystem engineering may be an impbrheans of creating habitat
heterogeneity and consequently may increase spaclasess on a landscape level

(Dean & Milton, 1991a; Jonex al, 1997; Wrightet al., 2002).

A large number of organisms inhabiting a varietyegbsystems exhibit behaviour
which can be defined as ecosystem engineering henvtheir ecological impact may
vary from significant through to relatively incomgential (Jonegt al, 1997). For

example, the damming of a river by beavers in otdereate a pond is likely to have

large landscape level effects (Wrigat al, 2002) whereas the hoof print of an
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ungulate which collects rain water is unlikely tavle major ramifications for an

ecosystem (Jonest al, 1994). Therefore, Jonet al (1994) recommended that a
scaling system be employed to facilitate the forassessment of the impact (positive
or negative) of any given engineering activity. glsicaling system comprises six

spatial and temporal factors and these criteribbeildescribed later.

1.4 BROAD MOTIVATION

There is a paucity of literature on the ecologyaafdvarks. Of the few studies
conducted on this animal the majority have dealthwiome range and burrow
utilisation as well as their feeding ecology anglpgenetic history (Melton, 1976;
Willis et al, 1992; Van Aardeet al, 1992; Springeet al, 1997; Lindsey, 1999;
Taylor & Skinner, 2000; Taylor & Skinner, 2001; Tawy et al, 2002; Taylor &
Skinner, 2003; Lehmann, 2004; Taylor & Skinner, £00Very few studies have
investigated the role of their burrows in ecosystiemctioning (Kingdon, 1971;
Smithers, 1971; Melton, 1976; Skinner & Smither89@). As a result of their
burrowing behaviour aardvarks could be considenduktecosystem engineers. In this
study | use the six criteria of Jones al (1994) to evaluate the significance of
aardvarks as ecosystem engineers in arid and samieavironments. These
environments were selected because it was thobghtthe extreme environmental
conditions which characterise these areas maytregstihe burrows being critical to
the survival of other species. Given our limitedowledge of aardvarks and the

potential threats they face, research of this eagiprobably overdue.
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CHAPTER 2

GENERAL DESCRIPTION OF THE STUDY SITES

21 LOCATION

The study was conducted at three sites in Soutlcaf(Figure 2.1) which were
selected on the basis of their aridity, differeabitat types and the presence of extant
populations of aardvarks. Kwandwe Private Game Reséereon referred to as
Kwandwe) is situated approximately 35 km north eél@amstown in the Great Fish
River Valley, in the Eastern Cape Province (3338096°62’E). The Mountain Zebra
National Park (MZNP) lies approximately 12 km wetCradock (32°06’S, 25°24’E)
in the Eastern Cape Province, and Tswalu KalahaseR/e (Tswalu) is located 100

km north-west of Kuruman in the Northern Cape Riogi(27°04’'S, 22°10°E).

2.2. KWANDWE PRIVATE GAME RESERVE

2.2.1 Sitedescription and history

Kwandwe was established as a private game reserd99 and occupies an area of
approximately 200 kA(Figure 2.2). The land was previously utilized émstrich and
small stock farming. At present the reserve is boed by the R67 regional road in the
east and by privately owned farmland and state-dwaad in the north, west and
south. The entire perimeter of the reserve is sumaed by an electrified game fence.
The perennial Great Fish River and the non-perérBagha’s River run through

Kwandwe.
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2.2.2 Climate
Due to the lack of long-term climatic data for Kwdave, data from Grahamstown
were used as a surrogate to facilitate comparisah the data obtained from

Kwandwe for the study period (2005-2006).

The mean monthly maximum and minimum temperatuezs®rded on Kwandwe
during 2005 and 2006 are indicative of a warm tewruge climate (Figure 2.3).
Kwandwe experienced hot summer months (Decemberei with mean maximum
monthly temperatures of approximately 30 °C. Thetev months (June - August),
were cold with night-time temperatures droppingobel5 °C. The mean monthly
minimum temperature for these months ranged betwesrd 7.5 °C. These trends are
similar to those recorded in Grahamstown for theyear period 1997-2006 (Figure

2.4).

Rainfall events are highly variable at Kwandwe amaly occur throughout the year
with bimodal peaks usually during April and Novembklowever, 2006 was an
exception as the reserve experienced uncharaateligthigh rainfall in February

(111 mm) and August (141 mm) (Figure 2.5). The lt@@nual precipitation at
Kwandwe during the study period was 357 mm in 2@08 410 mm (January to
August) in 2006. This was lower than average ahmaiafall measured at the
Grahamstown weather station (511 £ 87 mm) for #eyear period 1997-2006
(Figure 2.6). Kwandwe’s location on the leewardesaf the Kaprivierberge may

explain its decreased rainfall compared to Grahawrst(Parker, 2003). However, it
must also be noted that the rainfall data preseirtethis chapter did not extend
further than August 2006 and thus it is likely titia¢ total annual rainfall for 2006

would have exceeded that of the ten-year mean.f&tlaend temperature patterns

10
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may also differ within Kwandwe due to the topogriaphcomplexity of the reserve
and as a result the lower-lying areas experiengbenitemperatures and receive less

rainfall than the areas of higher elevation.

2.2.3 Vegetation

The vegetation on Kwandwe can be divided into 1@omanits: Bushclump Karroid
Thicket, Medium Portulacaria Thicket, EuphorbiaPortulacaria Mosaic, Short
Euphorbia Thicket, Tall Euphorbia Thicket, Bushclump Savannah Thicket, Old
Cultivated Areas (Old Lands), Karroid Shrubland,aibage Line Thicket and
Riverine Thicket. Bushclump Karroid Thicket andv&ine Thicket dominate
Brandeston peninsula, the area where this study eawxlucted (figure 2.2).
Bushclump Karroid Thicket is typically found on slgfclay colluvial slopes adjacent
to the alluvial plains of the Great Fish and BoghRivers. This vegetation type is
characterised by scattered clumps of trees suremlig grass and shrubs. Typical
species of this vegetation type inclutRhus refracta Rhus longispina Euclea
undulata Gymnosporia polyacanthdtrees), Setaria neglectaDigitaria eriantha

(grasses) anBentzia incandshrub).

Riverine Thicket can be divided into two distincines, the alluvialAcacia zone
consisting ofAcacia karroowhich border the watercourses of the Great Figth an
Botha’s Rivers, and secondly the vegetation zonetwbccurs on the steep banks of
the Great Fish River. The dominant species inzbise includeRhus lanceagAcacia

karrooandCombretum caffrunPanicum maximuns the dominant grass species.

11
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2.2.4 Topography and geology
The altitude of Kwandwe ranges from 170m abovelsea (a.s.l.) in the Great Fish
River Valley to approximately 600m a.s.l. on thetheeast ridges. Steep valleys and
gorges are prominent in the south and north-eagonme of the reserve whilst the
central portion is characterised by open plains andulating hills (Bissett, 2004).
Low & Rebelo (1996) describe the dominant geologyg aoils of the Eastern Cape
Province as ranging from deep solonetic soils pating from dolerites of the
Beaufort group through to the sandy clays and s$ith® of the Cape Supergroup,
Dwyka and Ecca formations. The underlying geologKwandwe is dominated by
grey/red mudstone and sandstone of the Middletomdbon (Johnson & Keyser,
1976). Brandeston peninsula is dominated by sataly-soils with sandy soils
occurring on the banks adjacent to the Great FiserRThe topography of the study
area ranged from steep north-facing slopes in théhern section through to a
relatively flat middle section before sloping stigedown to the Great Fish River

(Figure 2.2).

2.3MOUNTAIN ZEBRA NATIONAL PARK

2.3.1 Sitedescription and history

The Mountain Zebra National Park was initially &étshed as a nature reserve in
1937 with the aim of protecting the remaining papioin of 11 Cape mountain zebra
(Equus zebra zebygdBrown & Bezuidenhout, 2005). The original pratzt area was
only 17 knf and this was deemed insufficient to maintain &lei@opulation of these
animals. Consequently, in the 1960s adjacent faminlavas purchased and
incorporated into the park which increased its sizapproximately 65 kfm(Pondet

al., 2002; De Klerket al, 2003; Brown & Bezuidenthout, 2005). Since 1996

additional farms (and ecosystems) have been prdamd the park now occupies an

12
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estimated 210 kM (Brown & Bezuidenhout, 2005). The recent acquisgianclude
the 18 kmi Ebenhaezer section in 1999/2000 (De Kletkal, 2003), of which a
portion was used as the study area for this reBg&igure 2.7). The Wilgerboom
River flows seasonally through the central valléyh® southern section of the park

and exits in the north (Porad al, 2002) (Figure 2.7).

2.3.2 Climate
Climate data recorded at a weather station at Mgl used to describe the climate
during the study period and data from the nearladGck weather station were used

to analyse the long-term weather patterns at MZNP.

February 2005 and 2006 were the hottest monthsigldine study period with mean
maximum temperatures of approximately 29 °C angé&ratures often exceeding

30 °C (Figure 2.8). During the study period the tainmonths of June and July
experienced the lowest mean minimum temperatur@8ofC and 1.6 °C (2005) and
1.0 °C and 1.4 °C (2006). In both 2005 and 200&ewinight-time temperatures
regularly dropped below 0 °C resulting in seveostir These results are analogous to
those recorded over the 10-year period 1997-2006 Wecember, January and
February experiencing the hottest mean maximum éeatpres and June and July
experiencing the lowest mean minimum temperatuFégufe 2.9). The Bankberg
provides a barrier to cold fronts in the winter mi@nresulting in a more moderate
climate existing in the sheltered valleys but smoay fall on the higher lying ridges

(Pondet al, 2002).

MZNP is considered to fall within the summer ralhfzone of South Africa (De

Klerk et al, 2003; Brown & Bezuidenhout, 2005), however, dgrthe study period
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2005-2006 rainfall was greatest in late summerearty autumn (Figure 2.10) which
agrees with the findings of Porat al (2002). During this study, peaks of rainfall
occurred in February 2005 (71.5 mm), January 2@368(mm) and February 2006
(130.2 mm) with very little rain falling in the wier months. The total annual rainfall
during the study period was 398 mm in 2005 and ##0 in 2006 (January to
August) which was substantially higher than theyHa+ average of 362 £ 65 mm

(Figure 2.11).

2.3.3 Vegetation

The MZNP is located in a transitional zone or enetdetween the Nama Karoo
Biome in the west and the Grassland Biome in trst lat it is considered to form
part of the Nama Karoo (Pomd al, 2002; Brown & Bezuidenhout, 2005). The Nama
Karoo Biome is the second largest biome of SoutiicAfand is situated on the hotter,
drier, central plateau of the western half of counfhis vegetation is comprised

primarily of grass and dwarf shrubland (Low & Re)el996).

The Ebenhaezer section of the reserve has beesifildsas Eastern Mixed Nama
Karoo and consists primarily of shrub and grassidatad vegetation communities
(Hoffman, 1996; De Klerlet al, 2003). It is suggested that annuals and geophyte
contribute approximately 50 % of the species is thagetation type (Hoffman, 1996).
De Klerk et al (2003) identifiedfive major plant communities in the Ebenhaezer
section:Buddleja glomeratdRhus lucidaVoodland, Themeda triandraMerxmuellera
disticha GrasslandAcacia karroePentzia globosaNoodland,Panicum maximum
Acacia karrooWoodland andalsola kaliMedicago sativaDld cultivated fields. The
area used for this project was dominated Agacia karroePentzia globosa

Woodland. The western boundary of the study areddped old cultivated lands

14
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whilst the seasonal Wilgerboom River served asun@ary on the eastern side. The
vegetation along this drainage line consists piiisnaf Acacia karrooveld (De Klerk

et al, 2003).

2.3.4 Topography and geology

The altitude at MZNP ranges from approximately 100G.s.l. in the eastern and
central parts of the park through to Rooiplaat tredBankberg in the south at 1360 m
and 1927 m a.s.l. respectively. The southern @edf the reserve is dominated by
mountainous territory with steep-side valleys (Penhdl, 2002). This high-lying area

subsides into a mid-slope plateau, footslopes aerdtaally becomes the undulating
plains of the central and eastern sections of @& prhe dominant feature in the
north-west is the steep-sided Saltpeterkop at 1d#s.l. (Ponet al, 2002). The site

of this research was relatively flat with gentledulations in places (Figure 2.7).

The geology of MZNP is dominated by mudstone, seom#sand shale of the Balfour
formation, Beaufort Group of the Karoo Supergro®or(det al, 2002; Brown &

Bezuidenhout, 2005). The chemical and mechanicaltiveging of these mudstones
and shales results in the deposition of sedimeithwtontains large concentrations of
clay and salt. Weathering of the prominent dolesitécrops in the southern section of

the park also results in the formation of highlstife clayey soils (Ponét al., 2002).

24 TSWALU KALAHARI RESERVE

2.4.1 Sitedescription and history

In the mid 1990’s Tswalu was established as a hgneserve and conservation area
on land which had previously been utilized for &darming purposes. In 1999

Tswalu was purchased by the Oppenheimer familypmadently occupies an area of
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approximately 874 ki(Van Rooyeret al, 1999) (Figure 2.12). It is now run as an
eco-tourism venture and breeding facility for ergkned species such as roan

(Hippotragus equinysand sable antelopélippotragus nigey.

The reserve is divided into nine management urfitgaoying size: the main estate
(278 knf), predator section (130 Kin Stofberg section (59 K Kalkpan and
Tsamma sections (323 Kmroan and sable camp (13 RmSonstraal south (12 Kn
Sonstraal north (13 ki) Gosberg horse camp (7 Rnand the Klochopiets triangle
(37 knf) (Van Rooyeret al, 1999). No major rivers flow through the resefvan

Rooyenet al, 1999).

2.4.2. Climate

Due to the lack of long-term climatic data for Téwadata from the Van Zylsrus
weather station, situated 50 km north of the resewere used for comparison with
the data obtained from the Tsamma section of therve for the period covering this
study (2005-2006). Once again climate data for 2@@grom January to August.

In 2005 the mean maximum temperature exceeded 3B #@& summer months of
January, February and December. Mean maximum textyves in 2006 were slightly
lower with the 33 °C recorded in January beinghighest (Figure 2.13). However,
temperatures exceeded 40 °C regularly in the summoeths both in 2005 and 2006.
The mean monthly maximum recorded at Van Zylsrughe ten year period 1997-
2006 during the months of December, January anduggpwas 35 °C (Figure 2.14).
During the 2005-2006 period mean monthly minimumgeratures were lowest in

the winter months of June, July and August withrage temperatures lower than
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5 °C (Figure 2.13). This was only marginally highiean the 10-year means for these
months (Figure 2.14). Night-time temperatures imtesi during 2005-2006 often

dropped below freezing.

Rainfall in Tswalu peaked in January (149 mm) ammilA77 mm) in 2005 and in
January (96 mm) and February (133 mm) in 2006. mauthe ten-year period at Van
Zylsrus peaks in rainfall were experienced in Janpaad March (Figure 2.15). Little
or no rain falls in winter. The total annual pretpon at Tswalu was 352mm during
2005 and 306 mm during 2006 (January to August. armual mean for Van Zylsrus

during the ten-year period was, however, only 1$b64nm (Figure 2.16).

2.4.3 Vegetation

The vegetation of Tswalu consists of Shrubby Kalabane Bushveld on the plains,
Kalahari Mountain Bushveld on the mountains ants lahd Kalahari Plains Thorn
Bushveld in the north and north-east (Van Roogeral, 1999). These vegetation
types form part of the Savanna Biome, the largesiné in South Africa (Low &
Rebelo, 1996). The vegetation in the Tsamma arnga@2.12), where this study was
conducted, has been identified as containing figgetation communitiesAcacia
haemotoxylon— Grewia flava — Aristida meridionalis open shrubveld,Acacia
haemotoxylon- Grewia flava— Eragrostis lehmannianalune valleys and plains,
Acacia haemotoxylor Centropodia glauca— Hermannia burchellii shrubveld,
Acacia mellifera— Rhigozum trichotonum- Monechema incanunshrubveld and
Acacia mellifera- Rhigozum trichotonura Stipagrostis uniplumidushy plains and
valleys (Van Rooyeret al,1999). TheA. haemotoxylonopen shrubveld is the
dominant community and covers approximately 40 %tld area. The other

community types are roughly equal in size (Van Ruoost al, 1999). The study area
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for this research contained all five vegetatioreyput was dominated by tAeacia

haemotoxylor- Grewia flava— Aristida meridionaliscommunity.

2.4.4 Topography and geology

The landscape at Tswalu comprises sandy plainsgsdand pans in the south and
west of the reserve and hills and the Korannabergntains in the north and east of
the reserve. Sandy valleys occur between the f\iésn Rooyenet al, 1999). The
altitude at Tswalu ranges from 1020 m a.s.l. nezgelR pan in the west to 1586 m
a.s.l. on the Korannaberg in the east (Van Roagtenl,1999). During the rainy
season streams may flow through the mountain \gllegwever, these terminate in
the plains below the mountain and do not form aomayer (Van Rooyeret al,
1999). The terrain on the Tsamma section of thervesconsists mainly of open

plains with lowlands occurring between scatteredlpel sand dunes.

The geology of the reserve can be divided into tw&in types; the Matsap Formation
of the Korannaberg mountain range and the Kala&oup of the Gordonia
Formation of the plains. The Matsap Formation ciesiof quartzite and
conglomerate with lenses of hematite whilst the akKali Group comprises
predominantly of aeolian surface sand and dunds kmtited amounts of alluvium,
gravel, limestone and silcrete (Van Roowtral, 1999). Van Rooyen & Bredenkamp
(1996a; 1996b) suggest that Shrubby Kalahari Dunsh2eld and Kalahari Plains
Thorn Bushveld are associated with deep sandyaimyosands of aeolian origin and
underlain by calcrete. Kalahari Mountain Bushveddhought to be restricted to acid
banded ironstone and lava substrate which occuthemills and mountains of the
region (Van Rooyen & Bredenkamp, 1996c¢). The prdadant soil type in the study

area was fine-grained red soil interspersed witlelyiscattered outcrops of calcrete.
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2.5SOIL HARDNESS

Sixty readings of relative soil hardness were tat@rmomly within the control areas
at each of the study sites using a S-170B pockettpemeter (Brainard-Kilman,Stone
Mountain, GA, USA). Due to the data not being ndhndistributed a Kruskal-
Wallis one-way ANOVA was used to test if the sitesl an affect on soil hardness.
The results suggest that this was indeed the (fdses= 96.9907, p<0.001) with the
soil at Kwandwe (mean = 4.7 + 3.03 kgfcinand MZNP (mean = 4.29 + 2.84
kg/cnf ) being significantly harder than the soil at Thwémean = 0.75 + 1.11

kg/cnt ). The implications of this shall be discussed iater chapter.

2.6 BURROW DENSITY

In order to calculate the density of intact aarbMasrrows occurring at each site, 40m
x 100m belt transects were thoroughly searchefidarows by two observers

(McCoy et al, 2006). The two observers walked along the medbhthe transect at a
constant speed with one observer locating burronhe left of the midline and the

other to the right to prevent sampling bias (Mc@byal, 2006). In no instances did
the belt transects overlap. The number of transerteyed at each study site differed
due to the different size of the study areas ah esdte. At Kwandwe a total of 33

burrows were located in 16 completed transects eoegpto the 35 burrows in 11
transects at MZNP and 39 burrows in 80 transect®swaialu. Thus burrow densities
were calculated as 516 /km795 /knf and 122 /krh for Kwandwe, MZNP and

Tswalu respectively.
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2.7 TABLESAND FIGURES

NORTHERN CAPE

CRADOCK
,.

EASTERN CAPE

GORAH AE

1,220 Kilometers
|

Legend

[ kwnnDwne
B vizvr
| RELAN]

Figure 2.1: The location of the three study sité@hiw South Africa (ArcGIS 9; map

units: decimal degrees; not projected).
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Figure 2.2: The topography and drainage pattert@@ndwe Private Game Reserve
(ArcGIS 9; map units: decimal degrees; not progct&he study site for this research

was located on Brandeston peninsula section afetberve.
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Figure 2.3: The mean monthly maximum and minimumperatures for Kwandwe
during the study period 2005-2006.
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Figure 2.4: The mean monthly maximum and minimummperatures for

Grahamstown over the ten-year period 1997-2006.
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(1997-2006). Data for 2006 are January to August.

23



Chapter 2: General description of the study sites

Legend

Ad  study site
contours
N . )
drainage lines
W‘+E 4 D Ebenhaezer Farm
0 g Kilometers
S P S S S S N R [ ]mzne

Figure 2.7: Topography and drainage patterns fouain Zebra National Park.
(ArcGIS 9; map units: decimal degrees; not progctdhe study site for this

research was located on what was previously thaltdszer farm.
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26



Chapter 2: General description of the study sites

TSAMMA,

Legend
N% ¥ Study Site
w E Drainage Lines
0 g 10 20 Kilometers
5 | . . . : . . ' ; Contours
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during the study period 2005-2006.
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CHAPTER 3

MICROHABITAT OF AARDVARK BURROWS

3.1 INTRODUCTION

Water, shelter and food are the three critical eles required for survival in all
environments on earth (Krebs, 1985). This is egfligctrue in arid and semi-arid
ecosystems where temperatures may fluctuate omraalland seasonal basis from
very hot to very cold. Water may also be scaraktlavels of evaporation are usually
elevated (Taylor & Skinner, 2004). The use of buwsan these harsh environments

may assist in the provision of water, shelter aatif

The main contributors to water loss for terrestnartebrates living in these
environments are urine formation and evaporatiammfrthe lungs and skin. In
response, animals have developed a range of meohgnboth physiological and
behavioural to facilitate their existence (SmitB9Q; Williamset al, 1999; Milton &
Dean, 2004; Finlaysoat al, 2005). One such strategy is to remain quiesgenhg
times of environmental stress, a tactic which ispleyed by spadefoot toads
(Pelobates fusciisvhich remain underground for months until a maginfall event
when they emerge, mate and lay eggs before retutaitheir underground chambers
(Smith, 1990). Reptiles are also known to aestjvede example, the Horsfield’'s
tortoise [estudo horsfieldiwhich lies dormant under the desert sands of kigtsn
and only emerges for three months in spring, tvesdang the very hot summers and

very cold winters (Milton & Dean, 2004). Howeverany vertebrates which occur in
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arid and semi-arid areas do not aestivate and tiewveloped alternative strategies for
survival. For example, members of the Heteromyi@kamgaroo rats, kangaroo mice
and rock pocket mice) in North America, and theddipae and Muridae (jerboas and
gerbils) of the Middle East and Africa only derig@esmall amount of moisture from
their diet which consists predominantly of dry seeohd plant material (Schmidt-
Nielsen & Schmidt-Nielsen, 1950; Smith, 1990). Thary, however, acquire water
generated by their own metabolism and supplemaesit thet with insects and green
vegetation (Walsberg, 2000; Tracey & Walsberg, 2002 addition to not having
sweat glands, they limit water loss by produciny daeces, excreting highly
concentrated urine (twice the concentration of s¢axy, remaining in sealed burrows
for most of the day and only foraging at night aridg cooler periods of the day
(Kirmitz, 1962; Smith, 1990). The sealed burrows remain humid tjinout the day
and this greatly reduces evaporation from the luf@shmidt-Nielsen & Schmidt-

Nielsen, 1950; Reichman & Smith, 1990; Smith, 198@jiams et al, 1999).

Numerous studies across a range of vertebrates, fuggested that relative humidity
in burrows is high and in many instances exceeds &m the surface (Schmidt-
Nielsen & Schmidt-Nielsen, 1950; Coulombe, 1971y KaWhitford, 1978; Wood,
1997; Cortéset al, 2000). For example, research conducted by Bul@@02)
revealed that relative humidity in the burrows bk tdesert tortoiseGopherus
agassizi) ranges from 6.1 — 44.5 %, whereas at the saneergiative humidity on the
surface ranges from 4.1 — 32.2 %. Importantly, ugtmut the study period the
relative humidity inside the burrows was highernthan the surface and this, in
conjunction with higher recorded surface tempeesturesulted in the conclusion that
the potential for evaporative water loss is greatetside of the burrows (Bulova,

2002).

31



Chapter 3: Microhabitat of aardvark burrows
A wide variety of animals utilise microhabitats buas rocks, vegetation and burrows
to avoid extreme temperatures. These include espsilich as Egyptian spiny-tailed
lizards Uromastyx aegypticysvhich avoid soil surface temperatures that careed
55°C, by retiring to their burrows which may be 126-°C cooler during the heat of
the day (Williamset al, 1999; Dean & Williams, 2004). The diurnal buriog owl,
Speotyto cuniculariamakes use of gular fluttering as well as emplgyia wings as a
“heat shield” (Coulombe, 1971). Mammals and iralso utilise burrows to escape
high diurnal temperatures (Coulombe, 1971; Reichr@a®mith, 1990; Beck &
Lowe, 1991; Kinlaw, 1999; Williamst al, 1999). In the case of the fossorial rodent,
Ctenomys fulvyswhich is found in the Atacama desert, the tentpeeadifference
between the burrows and the surface is greater2B&¢ during the warmest part of
the day in both summer and winter. The oppositadireccurs at night with the

burrow temperatures being higher than those osuhface (Cortést al.,2000).

Apart from providing a microhabitat where animalse auffered from thermal
extremes and may experience reduced evaporatier ¥oas compared to the external
environment (Reichman & Smith, 1990; Kinlaw, 199®)rrows may act as seed traps
which concentrate food resources for granivorou$ @mnivorous animals (Dean &
Milton, 1991b; Alkon, 1999, Braggt al, 2005). Research in the Negev desert
highlands of southern Israel and the Bokkeveldaregf South Africa support this
hypothesis as it has been recorded that evenvwaiashallow depressions in the soil
created by foraging Indian crested porcupirtégs(rix indicg, Cape porcupines and

aardvarks trap seeds (Dean & Milton, 1991b; AIkb®Q9, Bragget al, 2005).
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Aardvarks dig three types of burrows. The firstligy when the animal is excavating
for food, usually in open ground or in termitarihese burrows range from being
relatively shallow to occasionally being large eglodo cover the entire body. They
are rarely, if ever, used for refuge (Smithers, 119Kelton, 1976; Skinner &
Smithers, 1990). The second type is used for teampaefuge and may be several
metres in length and terminates in a simple slegpimmber. These burrows are
usually only occupied for a day or two but the aalimay return to them periodically
(Smithers, 1971; Melton, 1976; Skinner & Smitheir890). The third type of burrow
is thought to be where aardvarks take up permamsidence when they are not on
the move or are used to rear young. As a resulteaxcavation during lengthy
periods of occupation these burrows may increasesiabstantial size with numerous
chambers and entrance points. It has been suggbstettiese larger burrows are used
more often by females as males tend to be more dionf@mithers, 1971; Melton,

1976; Skinner & Smithers, 1990).

Aardvarks are predominantly nocturnal and thishisught to reduce the chance of
hyperthermia which can be induced when animalsaatee during the heat of the
day (Taylor & Skinner, 2004). Digging requires @rsficant amount of muscle
activity which results in increased heat productimcNab, 1979; Ivanov, 2006) and
thus may exacerbate the risk of hyperthermia iffggered during the day in an
environment where the ambient temperature is highshade is minimal (Taylor &
Skinner, 2004). Conversely, aardvarks are proneypmthermia if they do not seek
shelter in burrows when night-time temperaturesvinter reach sub-zero levels as
they are sparsely haired and have a high thernmaluzmdance, a physiological
adaptation that is thought to prevent them overhgant their burrows (McNab, 1979;

Taylor & Skinner, 2004). Thus, aardvarks tend to emerge in the late afterrioo
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forage during winter and retreat to their burrowsew the outside temperature drops

below approximately 2 °C (Taylor, 1998; Taylor &isker, 2003).

The use of an existing slope for burrowing and dhientation of the burrow could
potentially influence the thermal microclimate dbarrow if the entrance faces in the
direction of the greatest thermal input (McGatyal, 1993; Wood, 1997). However,
the use of slopes for burrowing and the orientatibaardvark burrow entrances have
not received much attention in the literature dretefore this facet of burrow ecology

shall also be investigated

It is hypothesised that aardvark burrows which avendant, persist for a long time
and large, could provide important protection frolimatic extremes for both the
aardvark and other animals that use them. In adfditit is likely that seeds will

accumulate in the burrows and the burrows could tbontribute to all three key

elements of survival.

The specific aims of this chapter of the study were
> To determine if aardvark burrows provide a morertiadly stable
microclimate than the external enviremiin semiarid and arid ecosystems;
> To ascertain if burrows provide a humid microhahithich could facilitate
water conservation in aardvarks anemodmimals;
> To determine if burrows act as seed traps whiclteoiate food resources for

granivorous and omnivorous animals.
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3.2METHODSAND MATERIALS

3.2.1 Burrow location

Each season (autumn [March-May], winter [June-Atiguspring [September-
November] and summer [December-January]) 20 intmoidvark burrows were
randomly selected at each study site. Intact busreere those which did not exhibit
obvious signs of collapse. In addition, a corresjioym control area was identified
between 15 m and 20 m away from each burrow inrea with similar aspect and

slope to that of the burrow.

3.2.2 Temper atur e recordings

Twenty standard dry bulb maximum/minimum thermomsetgere available for this

part of the research. Therefore, one thermometearinserted 1 m inside 10 of the
burrows which had been randomly selected from tiggral 20 burrows. A further 10

thermometers were placed in the shade at the pomesig control areas. The
maximum and minimum temperatures for the previoih@urs were recorded each

morning for a period of four days.

3.2.3 Humidity

A digital hygro-thermometer pen (Extech instrumenigaltham, Massachusetts,
U.S.A)), attached to a wooden dowel, was insertaedrto each of the 20 burrows to
measure the relative humidity inside the burromsmiany instances the structure of
the burrows made it impractical to insert the hytirermometer pen any further than
1 m. The relative humidity outside the burrows wasasured 1 m above the burrows

(Platt et al, 2004). Readings were taken early every morniviggen humidity was
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likely to be highest and every afternoon when hityigvas likely to be lowest

(Cortéset al, 2000). Readings were taken for four consecutases.

3.2.4 Seed concentration

Every season a single soil sample (500°)cmas collected from each of the 20
burrows and its control area using a hand trowdlawylindrical container. Soil was
collected from the top 2 cm as previous researaisih & Chew, 1977Reichman,
1984; Price & Reichman, 1987; Price & Joyner, 1991)gests that most of the seeds
in the seed bank are located in this upper layeit. samples were stored in ziplock
bags before being transported to the laboratory caretl in an oven (60 °C for 10
days). Four sub-samples weighing 50 g each werevedifrom each sample to make
seed removal more efficient. Each of these sub-ksmmere passed through a set of
five sieves with mesh apertures of 4160, 2360um, 1000um, 500um and 25Qum,

in order to separate soil particles and organigidebhe soil residue trapped in each
sieve was transferred into a white sorting dish ¢&9 diameter) and spread evenly
across the base. The sorting dish was then plawger @ binocular microscope (35 x
magnification) and seeds were removed with a phiiine forceps. All seeds that
were collected from the four sub-samples were éwithto two containers, one for
monocotyledonous seeds and another for dicotylagoseeds. Once all four sub-
samples were sorted the monocotyledonous and tkcdaiyous seeds were weighed

and these values were converted to biomass of peeddogram of soil.

3.2.5 Burrow orientation
The orientation of 60 burrow entrances (those bwsraised in winter, spring and
summer) were recorded at each site during the efrshe study using a handheld

GPS (Garmin, GPS 72, Olathe, Kansas, U.S.A). Buroowntations were divided
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into eight directions for analysis: N (=337.5-22.4°), NE (=22.5-67.4°),(657.5-
112.4°), SE (=112.5-157.4°), S (=157.5-202.4°), G\R02.5-247.4°), W (=247.5-

292.49), NW (=292.5-337.4°) (McCey al.,, 1993).

A protractor was placed on the ground in front & tourrow and this used to
determine whether the 60 burrows at each site wageinto substrate with a slope
angle greater than 15°. This value was selectetherbasis of the figure used by

Taylor & Skinner (2003) to establish if aardvarlsgd steep slopes when foraging.

3.2.6 Burrow entrance size

The height and width (cm) of each burrow entranes wieasured 10 cm inside the
opening as the visible tunnel dimensions usualipaieed uniform after an initial
widening at the entrance. Burrow measurements uweken from all 20 of the

burrows located at each site each season.

3.2.7 Data analysis

Three-way ANOVAs (Statistica 7.0, Statsoft, Incylsa, Oklahoma, U.S.A., 2004)
were used to test the effect of burrow, site arek@e on the following variables;
maximum temperatures, minimum temperatures, avedaily temperature range
(maximum temperature minus minimum temperature);nmg humidity, afternoon
humidity, change in humidity (morning humidity msuafternoon humidity),
monocotyledonous seed biomass and dicotyledon@astsemass. The orientation of
the burrows at each site was analysed using cirdelscriptive statistics. The
Rayleigh test of uniformity (vectorial model) (Oneversion 1.0, Kovach Computing

Services, Anglesey, Wales, 1994) was used to deterithe orientation of the
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burrows was random or if they demonstrated eviderice preferred directioriThe
data from Tswalu were re-analysed using the axadehas a result of the bimodal
distribution of the data from that sit®ne-way ANOVAs were used to test if the
orientation of burrows influenced the maximum terapgre of burrows and to test if
site had an effect on the height and width of thedw entrances. In all cases where
ANOVAs were used normality was tested and data weamsformed where
necessary. Scheffé’s post-hoc tests were usedalyse where differences in mean
values occurred. Z-tests (Sigma Stat, Jandel Catipor, San Rafael, California,
U.S.A., 1995) were used to test if there was aetkffice in the proportion of burrows
on slopes and on flat ground at each of the s¥ates correction was applied to all

calculations. Data are presented as a mean = 1 SD.

3.3RESULTS

The mean maximum temperature outside the burroves sigmificantly higher than
inside (F,016=1125.28, p < 0.001) after controlling for the sigant effects of site
and season (p < 0.001 for both) (Figure 3.1). Tkmeption was MZNP in autumn
where the difference between inside and outside massignificant (p > 0.05).
Kwandwe and Tswalu experienced significantly highieran maximum temperatures
compared to MZNP both inside and outside of thedws. As expected the mean
maximum temperature inside and outside the burneas greatest in summer and
lowest in winter, except for outside at Kwandwe vehd was greatest in autumn

(Figure 3.1).

Conversely, the minimum temperatures were sigmfigdower outside the burrows
than inside (fF916= 1137.85, p < 0.001) after accounting for thenigant effects of

site and season (p < 0.001 for both) (Figure 3k)wever, no significant differences

38



Chapter 3: Microhabitat of aardvark burrows
were detected at either Kwandwe or Tswalu durirgghmmer (p > 0.05 for both).
The mean minimum temperatures differed at eachwsite MZNP experiencing the
lowest mean temperatures and Tswalu the highest.nTdan minimum temperatures
inside the burrows at Tswalu were higher compadhe other two sites and
Kwandwe was higher than the MZNP. However, Tswahd &wandwe also
experienced higher minimum temperatures outsidth@fburrows in comparison to
MZNP. Unsurprisingly, the mean minimum temperature diteeach season with
winter experiencing the lowest temperatures andnsaimthe highest. The only
situation where the mean minimum temperature aeeréglow zero degrees Celsius
was outside the burrows at MZNP during the wint8r§ °C). The next lowest mean
minimum temperature was recorded at Tswalu whexdeimperature was nearly 4 °C
warmer. All the reserves demonstrated the samm tvath the highest minimum
temperatures in the burrows occurring in summerthadowest in winter

(Figure 3.2).

The average daily temperature fluctuation (maximemperature minus minimum
temperature) outside the burrows was significamjigater than inside (s =
2083.52, p < 0.001) with the effect of site andsseaagain being significant (p < 0.05
for both) (Figure 3.3). Post-hoc tests revealed #lha site level, MZNP experienced
significantly greater fluctuations than Tswalp < 0.05) whilst in the burrows both
MZNP and Kwandwe experienced greater fluctuatidrentTswalu (p < 0.01 for
both). No significant difference existed betweea $ites outside of the burrows. On a

seasonal levakinter experienced the greatest fluctuations amanser the lowest.

The morning relative humidity in the burrows wagngiicantly higher than outside

(F1L1776= 75.289, p < 0.001) after accounting for the digant effects of site and
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season (p < 0.001 for both) (Figure 3.4). Howewaly the internal burrow readings
at MZNP in the spring and summer were significahttyher than those outside
(p < 0.05). Moreover, the autumn readings at Kwandewvealed higher humidity
outside the burrows than inside although the difiee was not significant (p > 0.05).
Significantly higher values were recorded at bothalkidwe and MZNP compared to
Tswalu on a site level inside and outside the hwsr@p < 0.001 for all), with the
humidity inside the burrows significantly higherMENP compared to Kwandwe
(p < 0.001). A difference existed between all $kasons with summer experiencing
the highest morning humidity and winter the lowest.all three sites the humidity

was highest in the burrows in summer.

The afternoon relative humidity was also signifitamigher inside the burrows than
outside (fr1336= 775.33, p < 0.001) after controlling for the sfgant effects of site

and season (p < 0.001 for both) (Figure 3.5). Dedpilowing the general trend the
afternoon humidity readings taken in the burrowsKatandwe during summer,
MZNP during autumn and spring and at Tswalu duaatumn were not significantly
higher than those taken outside (all p > 0.05). Télative humidity recorded at
MZNP was significantly higher than that at Kwandype< 0.01) which was higher
than Tswalu (p < 0. 01). Post-hoc tests revealatl ttiis trend applied to humidity

readings on a site level as well as inside thedwsrand outside the burrows.

A significant difference existed between all thasms (p < 0.01 for all) with summer
having the highest humidity and winter the loweafithin the burrows the same
seasonal trend emerged as was noted with the ngoreiative humidity. That is,

humidity was highest inside the burrows at all ¢heites in summer and lowest in
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winter with the exception of Kwandwe, where sprimgd autumn values were the

lowest.

The average daily fluctuation in relative humiditgorning humidity minus afternoon
humidity) was significantly less inside the burroamsmpared to outside {336 =
7.9586, p < 0.01) after controlling for the siga#nt effects of site and season (p <
0.001 for both) (Figure 3.6). Post-hoc tests shotted on site level fluctuations at
Kwandwe were greater than at the other reserves (p001). The burrows at
Kwandwe demonstrated greater fluctuations thanbtimeows at Tswalu (p < 0.05)
with no difference existing between Kwandwe and N#ZNr between MZNP and
Tswalu (p > 0.05 for both). Outside the burrows Kdwae exhibited greater
fluctuations than either MZNP (p < 0.001) or Tswgl< 0.01). No difference existed
between Tswalu and MZNP (p > 0.05). Summer expeee@nsignificantly greater
fluctuations than the other seasons (p < 0.001)diference was detected between

the other seasons (p > 0.05 for all).

Neither the biomass of the monocotyledonous{§&= 3.11, p > 0.05) (Figure 3.7)
nor the dicotyledonous (16 = 26.09, p > 0.05) (Figure 3.8) seeds were siggmifiky
higher inside the burrows compared to outside aftertrolling for the effect of site
(p < 0.001 for both) and season (monocotyledonoss(Qu001, dicotyledonous p >
0.05). The biomass of monocotyledonous seeds inbtlreows and outside was
generally very low at all sites except at Tswaluha winter where the biomass was
significantly elevated compared to the other sibesng the other seasons (p < 0.001
for all). No difference in monocotyledonous seednimss was detected between the
inside and outside of the burrows at Tswalu dutimg winter (p > 0.05). A higher

biomass of dicotyledonous seeds was retrieved fthen soil compared to the
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monocotyledonous seeds, however, the results were wariable. A higher biomass
of seeds was recorded at Kwandwe compared to thex sites (p < 0.001 for both)
particularly in spring compared to Tswalu (p < Q.@/d in summer compared to

MZNP (p < 0.05).

The vectorial model suggests that the burrows aamdwe (p < 0.001, 0.94f
89.36) (Figure 3.9) and MZNP (p < 0.001, 72.8193.68) (Figure 3.10) show a
strong directional effect. Burrows orientated innartherly direction were most
common at Kwandwe (modal class size = 15) whilstdws at MZNP tended to face
in an easterly direction (modal class size = 21hofs-significant result was recorded
for Tswalu (p > 0.05, 289.23°133.80), however, this was attributed to the bimodal
nature of the data recorded at that site (Figut&)3Following re-analysis in the axial
model, the burrows at Tswalu were found to dematsta significant preference

along the north/south axis (p < 0.00%9.18% 59.47) (Figure 3.12).

The effect of burrow orientation on the maximum pemature recorded in the
burrows was significant ¢4, = 2.4392, p < 0.001). However, the scheffé’s past-h
test did not reveal any significant differencendividual means. The burrows facing

in a southerly direction experienced the higheskimam temperatures (mean =
23.60°C + 2.63°C) whilst the west-facing burrows recorded the Istm@aximum
temperatures (mean = 19.26 + 5.71 °C). Burrow orientation also influenced the
minimum temperature (R4, = 12.780, p < 0.001). North-west orientated burrows
experienced the lowest minimum temp (mean = 10@% 4.57) and south-facing

burrows the highest (mean = 1846+ 5.48).
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The z-tests revealed that a significantly high@pprtion of burrows were located on
slopes compared to flat ground at Kwandwe (p <)0(Btgure 3.13). The opposite
result was evident at MZNP (p < 0.05) where a higiteportion of burrows occurred

on flat ground. No significant difference was evitlat Tswalu (p > 0.05).

Site had a significant effect on the height of bnerow entrances ¢h3; = 38.187, p <
0.001). The height of the burrows at MZNP (meanl1-8@ cmz* 9.62 cm) were
significantly greater than those at Kwandwe (meaB506 cm+ 5.97 cm) which
were greater than those at Tswalu (mean = 32.15:chi38 cm). No significant
difference in burrow width was detected betweensites (k237 = 2.7316, p > 0.05)
although the burrows at MZNP (mean = 41.79®.97 cm) were wider than those
at Kwandwe (mean = 38.60 cm, S{5.50 cm) and Tswalu (mean = 37.05 cm, 5D

5.38 cm).

3.4 DISCUSSION

It is apparent from the results of this study @etdvark burrows provide a favourable
microclimate for aardvarks and other animals attemgpto seek refuge from harsh
environmental conditions. The burrows were coolantthe external environment
during daily and seasonal periods of extreme hedtramained warmer when the
surface temperatures were low. The aardvark burralse maintained a higher

relative humidity throughout the day, and thus almsheltering in them would be

less susceptible to the effects of evaporative waiss. Although high burrow
humidity may reduce the potential for evaporatieeling, animals may still offload

excess heat through the process of conductive gpelhen their bodies come into
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contact with the cooler burrow soil (Peinke & Brgwa®03). In addition, the internal
environment remained more stable with regards ladive humidity and temperature
as fluctuations were less pronounced than thogbeokxternal environment. These

results are consistent with those of Taylor & Skin(2004)for aardvark burrows.

Numerous factors are thought to influence the nalar@mte of burrows, for example
the size of the entrance hole, the presence ofngratover, soil characteristics
(including soil structure and moisture content)mpbexity of the burrows and the
length and the depth of the burrow. (Kirmitz, 1982y & Whitford, 1978,Downs &
Perrin, 1989; Degen, 1997; Wood, 1997; Bulova, 20ddore & Roper, 2003;
Finlaysonet al, 2005). Temperature is strongly negatively caesd with vertical
depth below the soil surface of the underground litvgs of two animals of
contrasting size, the badgeMdles meles and the banner-tailed kangaroo rat
(Dipodomys spectabligKay & Whitford, 1978; Moore & Roper, 2003). Imaition,
Schmidt—Nielsen & Schmidt—Nielsen (1950) recordegater daily temperature
fluctuations in the shallower burrows Bfpodomys merriamecompared to the deeper
burrows ofD. spectablis However, at 30 cm below the surface, their streyealed
that the temperature variation was minimal. Thossults concur with research
conducted in the Namib desert where soil tempegatareasured at 120 cm below the
surface demonstrated only minor daily or seasohglifations (Downs & Perrin,
1989). Degen (1997) suggests that diurnal temperdtuctuations vary as little as

3 °C at a depth of 20 cm and that fluctuationsnairemal at 80 — 100 cm below the
surface. Indeed, at a depth of 20 cm the burrowwfGerbillurus species exhibit
little variation despite the large fluctuationstbe external environment (Downs &
Perrin, 1989). The temperature fluctuations indite aardvark burrows at all the

reserves, however, were greater than those recondsunilar habitat inside gerbil
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burrows, aardwolf Froteles cristatus dens and springharePédetes capensis
burrows where temperatures remained relatively tamtsand the range did not
exceed 5 °C (Downs & Perrin, 1989; Peinke & Browaf03; Anderson &

Richardson, 2005).

Although the depths of the aardvark burrows weremeasured in this study they
were deeper than those dug by springhares at the sies (pers. obs.). Aardwolfs
generally use springhare or aardvark burrows assiles (Skinner & Smithers, 1990)
and therefore it is unlikely that the depth of lows occupied by springhares and
aardwolfs is the sole factor in their burrows eximiy reduced thermal fluctuation.

The size and complexity of the burrows may pasti@tcount for the greater than
expected temperature and humidity fluctuationshie aardvark burrows. Research
conducted by Bulova (2002) proposes that burrowk wialler entrance holes and
longer tunnels are cooler and more humid due tmemeased buffering effect of the
soil. As mentioned earlier in the chapter, aardvaskeate burrows with very long

tunnels, however, they also make use of temponamotvs which may only be a few

metres long (Skinner & Smithers, 1990). Unfortuhatelue to the sharp bends
common in the tunnels of aardvark burrows it ioftlifficult to estimate their length

without performing laborious and potentially inwasiexcavations. Therefore, it is
assumed that on occasion aardvark burrows may bdeshthan those used by
springhares and aardwolfs which have a mean lesfgdipproximately 42 m and 5 m
respectively (Buytynski & Mattingly, 1979; Andersé&nRichardson, 2005). As one
would expect, the size of the entrance holes dfipé8 — 5 cm in diameter) (Skinner
& Smithers, 1990), springhare (13.2 cm x 16.8 cnmg aardwolf burrows (38 cm x

25.5 cm) (Anderson & Richardson, 2005) are smalian those which were recorded
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for aardvark burrows during this study and this reaplain the elevated temperature

and greater fluctuations.

The size and complexity of a burrow is influencedthe size of the animal, the
substrate into which the burrow is dug, the stainitj influence of the surrounding
vegetation and the energetic cost of creating tlm€olv (Downs & Perrin, 1989,
Reichman & Smith, 1990, Woolnough & Steele, 200fLjhe purpose of digging a
burrow is to create a refuge with a stable microate then ideally the burrow should
be several times the length of the excavator adhave a small diameter which
permits the excavator access (Woolnhough & Ste€l@é1R2 Whilst the dimensions of
the aardvark burrows at all three sites in thislgtiit the allometric scaling equation
for semi-fossorial animals (White, 2005), those suead at Tswalu were, on average,
smaller than those at the other sites. This magsibebed to smaller aardvark digging
the burrows at Tswalu or to the softer soil at Tiswaot offering as much structural
support, thereby limiting the size and complexifybarrows. Shimmiret al (2002)
noted that southern hairy nosed-womblaasjorhinus latifron¥ burrows dug into
clay-dominated soil were generally more architeadtyrcomplex compared to those
in sandy soils, and kangaroo ra@igodomys ordj) have been recorded digging
deeper, more complex burrows in soils with a higdikrand clay content (Laundre &

Reynolds, 1993).

In addition to providing less structural suppontetgrained sands which characterise
Tswalu are thought to offer less insulation thardisils topped with a surface crust
(Degen, 1997; Cortést al, 2000) such as those that occur at MZNP and Kwand
Soil affects burrow humidity as the moisture comeai between soil particles is

thought to be an important factor in maintainingthburrow humidity (Reichman &

46



Chapter 3: Microhabitat of aardvark burrows
Smith, 1990). Clay-dominated soils retain moisthetter than sandy soils and thus
one would expect that humidity would be greatesbumrows in these soils and
fluctuations would be the least (Jahal, 2004). Humidity was typically higher at
Kwandwe and MZNP than at Tswalu, but daily variatio humidity was greatest at
Kwandwe thus contradicting the suggestion of &aial (2004). It is possible that the
reduced entrance sizes of the burrows at Tswalu awyto moderate internal

humidity and temperature fluctuations.

Larger entrance holes and burrow architecture (eigerous entrance holes and short
tunnels) may reduce the risk of hypercapnia andokigpin burrow inhabitants
(Wood, 1997; Woolnough & Steele, 20013as composition in burrows is thought to
be affected by a number mechanisms including tiasitbn of oxygen and carbon
dioxide through the soil pores (Maclean, 1981). Wismil particles are tightly
packed, for instance in clay dominated soils, diision is unlikely to provide large
mammals with sufficient oxygen. Therefore air fltwvough the entrance caused by
temperature and pressure gradients increases ortamge (Wood, 1997; Woolnough

& Steele, 2001).

Increased ventilation may also be achieved throogiiowing into slopes (which
increases convection) (Wood, 1997) or by orientgtburrow entrances in the
direction of the prevailing winds. Increased aiflonay, however, result in the
desiccation of the burrow environment and gredtetdation in temperature and
humidity (Schmidt-Nielsen & Schmidt-Nielsen, 1930ay & Whitford, 1978). The
aardvark burrows in this study did not show anyaclpattern with regards to
favouring flat ground or slope as all three resenelded different results. However,

the availability of sloping land was not quantifiedhis study as contour maps do not
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provide enough clarity on a microscale and it watspossible to measure preference
for slope. Despite the evidence to suggest thadvagks at all three sites favour
orientating their burrows in a particular directithrese were not directed towards the
prevalent winds at any of the reserves (Kwandwet ¢summer), west (winter),
south-west (cold fronts); MZNP: north-west & Tswalorth-east). Research on other
burrowing vertebrates has yielded conflicting resurhe burrows of the nine-banded
armadillo Pasypus novemcinctuand the bearded lizarti¢leoderma horriduinare
randomly orientated (Beck & Lowe, 1991; Plattal, 2004)whereas those of four
other armadillo speciesP(iodontes maximysEuphractus sexcinctusCabassous
unicinctusand Cabassous tatouqyare orientated in such a way that the wind blows
away from the entrance (Carter & Encarnacao, 19833. proposed that armadillos
use their sense of smell to locate prey and thexefloey approach digging sites
downwind, hence the trend of burrow entrances tpaiway from the wind (Carter &
Encarnacao, 1983). Although aardvarks also locais and termites by smell
(Skinner & Smithers, 1990) it is unlikely that this the correct explanation for
burrows being orientated away from on-coming wiadeeding burrows are not often
utilised as sleeping shelters. The armadlasypus hybridusand the coyoteQanis
latrans) orientate their burrows to increase exposure uplight in addition to
avoiding the prevailing winds (Harrison & Gilbet985; Plattet al, 2004). Despite
predictions to the contrary, the results from nydgtrevealed that aardvark burrows
facing in a southerly direction (away from the semperienced significantly higher
maximum and minimum temperatures. This also comad Coulombe (1971) who
found no correlation between the orientation amaperatures within the burrows of
the burrowing owl.However, these results may be somewhat biased assita

Tswalu, contributed the majority of the south-faciburrows.
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Season had an effect on presence of monocotyledceanua dicotyledonous seeds in
the soil seedbank, possibly as a result of thdathipatterns experienced at the three
study sites. The pronounced peak in winter bionmsmonocotyledonous seeds at
Tswalu may be ascribed to the summer grasses, wldaler in response to the
favourable summer rains, shedding their seedseabtiset of the dry winter period
(Haaseet al, 1995; Chessoat al, 2004). The biomass of dicotyledonous seeds was
greater than that of the monocotyledonous andwhss probably because shrub seeds
generally weigh more than monocotyledonous seedsls@N & Chew, 1977).
Dicotyledonous seed biomass was also more varihiale monocotyledonouseed
biomass possibly as a result of the presence oéatey diversity of dicotyledonous
plants occurring at the study sites (refer to abap) which may react differently to
temperature and the timing and volume of rainfakrés (Nelson & Chew, 1977).
Furthermore, the greatest biomass of dicotyledoseesls was recorded at Kwandwe,
the site with the greatest floral diversity (refer chapter 5). The variability of
dicotyledonous seed biomass in the soil may alsaffeeted by seed harvesting rates
as it is thought that large seeds of woody plaatigs are prone to predation when
lying on the soil surface thus reducing the chasicéhem infiltrating the soil seed
bank (Teketay & Granstrom, 1995). Although it waspsising that no significant
difference existed in seed biomasses inside argideuodf the burrows (Dean &
Milton, 1991b) one might conclude that foragingourrows may be safer than in the
exposed open areas where animals are more vuleer@algredators (Browet al,
1988; Kotleret al, 1991; Longland & Price, 1991). This topic and #ifect of seed
predation by rodents on the soil seedbank shatlibeussed in greater detail in the

following chapter.

49



Chapter 3: Microhabitat of aardvark burrows
In conclusion, aardvark burrows provide a thermaitgble microclimate which
promotes water conservation and which may cont@iongentration of seeds equal to

that of the exposed open areas.
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Figure 3.9: A rose diagram (vectorial model) ilhasing the burrow entrance
orientations of 60 aardvark burrows at Kwandwe. ffeguency of observation in
each directional class is represented by the rauditiee blue wedge. The red line
running from the centre of the diagram to the oatige represents the mean

direction, while the red outer arc represents 6% @onfidence intervals of the mean.

Figure 3.10: A rose diagram (vectorial model) ililasing the burrow entrance

orientations of 60 aardvark burrows at MZNP. Thegjfrency of observation in each
directional class is represented by the radiubs@blue wedge. The red line running
from the centre of the diagram to the outer edgeesents the mean direction, while

the red outer arc represents the 95% confideneevals of the mean.
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Figure 3.11: A rose diagram (vectorial model) ililating the burrow entrance

orientations of 60 aardvark burrows at Tswalu. frequency of observation in each
directional class is represented by the radiub@blue wedge. The red line running
from the centre of the diagram to the outer edgeesents the mean direction, while

the red outer arc represents the 95% confideneevads of the mean.

Figure 3.12: A rose diagram (axial model) illustrigtthe burrow entrance

orientations of 60 aardvark burrows at Tswalu. frequency of observation in each
directional class is represented by the radiub@blue wedge. The red line running
from the centre of the diagram to the outer edgeesents the mean direction, while

the red outer arc represents the 95% confideneevads of the mean.
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Figure 3.13: The proportion of burrows occurringfiam ground (angle < 15°) and on

slopes (angle < 15°) at the three sites (n = @&fbius for each site).
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CHAPTER 4

COMMENSAL FAUNA OF AARDVARK BURROWS

4.1 INTRODUCTION

A large variety of terrestrial and aquatic orgarssuose burrows, with vertebrates
having been associated with these structures sihee carboniferous period
(Meadows, 1991; Kinlaw, 1999). Burrows provide $&relnd protection, facilitate
communication and provide areas to forage as veelioacache food (Reichman &

Smith, 1990; Meadows, 1991; Kinlaw, 1999; Finlaysoal, 2005).

As was demonstrated in the previous chapter, agedwarrows provide a moderate
and stable microclimate compared to the above-sarémvironment. Some animals
such as short-tailed gerbilB¢smodillus auricularisand jerboas (Muridae) plug the
entrances of their burrows in order to increasedwrhumidity and thus reduce
evaporative water loss (Kirmitz, 1962; De GraaB1p Plugging of burrow entrances
may also hinder the access of predators to theWwsrrAlthough sealing off burrows
may be performed purely to deter predators sugnakes, it does on occasion have
the opposite effect as some carnivores may bectdttdo the burrow by the recently
disturbed soil (Jarvis, 1991). Burrow plugs maydtave little effect when animals
are sought out by larger carnivores such as theyhdadger Nlellivora capensis
because they are powerful diggers and soil bardersiot offer much protection

(Skinner & Smithers, 1990).

Mammals attempting to protect their defencelegscell young from predators may

construct dens or burrows which have large entsaboé which narrow considerably
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as they progress further underground (Anderson &h&idson, 2005). These
constrictions in the burrow are usually only justge enough to contain the young
and thus preclude large predators from gaining sscd® the offspring. This
phenomenon has been in noticed in the dens of biloyaenas Hyaena brunea)
spotted hyaenas and aardwolfs, particularly in sangbere large predators such as
lions and leopardsP@nthera pardus are still present (Anderson & Richardson,
2005). Burrows with single entrances may limit @ied access, however, the
disadvantage of this strategy is that no altereaéiscape route is available and the
prey animal may become trapped in the event thpxedator does gain access to the
burrow. Some burrows, including those excavatedabydvarks, may have many
entrance points and consist of long and highly dempunnels which may serve to
confuse potential predators (Bronner, 1992; Kinld®99). Animals may also use
burrows as a refuge to recover from disease omyinjdinlaw, 1999) and deeper

burrows may afford animals protection from fire {wrance, 1966; Kinlaw, 1999).

Burrows also influence the food gathering and sfereapability of certain organisms
(Reichman & Smith, 1990; Meadows, 1991; Kinlaw, 9P9%or instance, the true
moles (Talpidae) spend the majority of their liv@sderground in burrows which
afford them protection from predators and aboveggoclimatic conditions as well as
providing areas for them to forage and in some s;astore their food (Smith &
Reichman, 1984; Reichman & Smith, 1990). Food dthogr has the benefit of
allowing rodents a broader diet than would othesviie possible if they foraged every
day or night in the company of other competitosstheey are able to store high-value
food items for consumption in the future (Reichm&nFay, 1983; Smith &
Reichman, 1984). Food caches are of particular itapoe when resource availability

is low as is generally the case in winter (Reich@dray, 1983). The kangaroo rats
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are amongst the best-known food hoarders and theg ability to select seeds that
will generate the most metabolic water (MacMillerH8nds, 1983; Kinlaw, 1999). In
addition, rodents may also use seeds to soak ugrwapour in their humid burrows
before ingesting the seeds, thus conserving scaster resources (Reichman &
Smith, 1990). Numerous species of southern Afrigatents, including the pouched
mouse $accostomus campesjrend the short-tailed gerbil, are also known tarto
food in their burrows (De Graaf, 1981). Given tlrdvark burrows have been
shown to contain concentrations of seeds approgima&iual to that of the exposed
open areas outside, it is possible that rodents msaythese structures for foraging

purposes.

The animals that utilize burrows can be grouped thtee broad categories; primary
excavators/tunnelers, secondary modifiers and twrmocupants (Kinlaw, 1999).
Digging is an important aspect in the lives of m@mnexcavators and they possess the
ability to dig large, complex burrows that can havsignificant ecological impact
(Kinlaw, 1999). Although the energetic cost ofatieg a relatively simple burrow
may not be particularly high, with certain animalsch as armadillos digging new
shelters sometimes on a nightly basis, the costases the larger and more complex
the burrows become (Reichman & Smith, 1990; Woajo& Steele, 2001). Even
the most notable example of a primary excavata,aardvark, may not dig a new
burrow every night but will rather return to an dbdirrow or modify a burrow
abandoned by another individual (Skinner & Smithd$90). Secondary modifiers
are restricted to digging their own burrows in esofsoils and may live in and alter
burrows created by primary excavators. Cape ponegpiwarthogs and bat-eared
foxes Otocyon megalotjsare a few examples of vertebrates recorded miodifsgnd

inhabiting aardvark burrows (Cumming, 1970; Peirt@74; Skinner & Smithers,
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1990). The third category of animals, burrow oceupasave time and energy by
living in or using the burrows of other animalshatit making any alterations to them
(Kinlaw, 1999). Many invertebrates, birds, amphilsiaand reptiles such as the
southern African pythonPython natalensjsare members of this group (Branch,
1993; Kinlaw, 1999). Burrow occupants which regiylanhabit a burrow of a
particular excavator or modifier are known as comsaé organisms. These
organisms may be further divided into obligate camsals, which are only found
associated with that burrow type, and non-obligedemensals, which will use
whatever refuge is available (Kinlaw, 1999). Therkiture contains many studies
documenting the presence of vertebrate commensalhda burrows of primary
excavators (e.g. Vaughn, 1961; Kiviat, 1978; Heidd®88; Neal & Roper, 1991;
Witz et al, 1991; Swihart & Picone, 1995; Ceballes al, 1999; Williamset al,
1999; Shimmiret al, 2002; Lomolino & Smith, 2003; Dean & Williams)@4; Platt
et al, 2004; Bragget al, 2005). Information regarding vertebrate and itelerate
commensals inhabiting aardvark burrows does existidousually embedded in the
literature pertaining to the individual commensaganism. At present only one
comprehensive article exists on the commensal @g@en inhabiting aardvark
burrows and this does not contain any informatianirovertebrate fauna (Smithers,

1971).

Arthropods are known to be common in the burrowsnainy mammals and may
include members of all the major feeding guildsludang; herbivores, detritivores,
predators and parasites (Peirce, 1974; Hancox, ;1B8&hman & Smith, 1990).
Mammalian burrow dwellers generally remain in tHairrows for a large portion of
the day and in some instances, such as is thefoasiee badger, may occupy their

underground shelters for months or even years [Re@aa & Smith, 1990; Neal &
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Roper, 1991). Therefore, given the combination egutar access to a host and a
warm, humid environment burrows could contain higinasite loads. This may have
management repercussions especially if the pasasite vectors of disease, an
example of which are the phlebotomine sand fliegckvimhabit rodent burrows and
carry the protozoa that cause leishmaniasis (Degeal, 1983;Schleinet al, 1984;
Reichman & Smith, 1990). Other parasites, suchcks,tmay (if occurring in large
enough numbers in burrows) either cause the ddatlahog piglets through blood-
loss anaemia, or weaken the animals to such antekiat they are vulnerable to other

diseases or predation, thereby regulating wartlopgations (Peirce, 1974).

Identifying what and understanding why other ansnaly on aardvark burrows for
survival may have important conservation implicasioparticularly in areas where
aardvarks are routinely persecuted. Miller (199tes that the extermination of
prairie dogs Cynomysspp.), which function as important ecosystem rdguain
certain areas of the United States, has resulteatidmear extinction of the black-
footed ferret fustela nigripes The worrying population declines of at leastethr
other species; the mountain ploveZh@radrius montanys the ferruginous hawk
(Buteo regaliy and the swift fox Yulpes veloxhave been directly attributed to the
poisoning of prairie dogs (Miller, 1994). Miller 924) further contends that
protecting keystone species is more cost-effedtiad trying to protect each species

which is dependent on it.
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Given the limited availability of information reghng the commensal fauna of
aardvark burrows the objectives for this chapter ar
» To determine what vertebrates species utilise aakdwurrows;
» To determine whether the burrows contain a uniggedt community;

» To infer the importance of aardvark burrows for siievival of other species.

42 METHODS AND MATERIALS

The 20 burrows that were randomly selected eackosefor microhabitat analysis

and their corresponding control areas were alsd tsstudy the commensal fauna of
the aardvark burrows in comparison to the surraumpeénvironment. Methods used to
record the commensal fauna of aardvark burrowsuded small mammal trapping,

burrow surveys and opportunistic sightings, questaires and invertebrate pitfall

trapping.

4.2.1 Small mammal trapping

Two Sherman small mammal traps were baited witledobats and peanut butter
(Perrin & Johnson, 1999) and placed 0.5 m inside @htrance of each aardvark
burrow. The traps were placed along the side wallan attempt to minimise the
obstruction at the entrance. One trap was oriethti@eing out of the burrow and the
other facing into the burrow. A further two traper® set up at each corresponding
control area situated approximately 15 to 20 m ftbmburrows. The traps were left
in place for a period of four nights and were clegtlevery morning (Kutieét al,
2000). The traps were closed during the day tocawtaip mortalities as a result of
high midday temperatures (Perrin & Johnson, 199@tidK et al, 2000). It was
anticipated that this would be more of a problenthia open control areas where

shade was minimal but for the purposes of consigténwas decided to close the
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traps in the burrows as well. Traps were reopemedhé afternoon in order to
maximise the opportunity of catching crepusculacsgs. Traps set during the winter
months were insulated with a blanket to reduceptitentially lethal effects of the low
night-time temperatures (Perrin & Johnson, 199@alBmammals that were captured
were emptied into a plastic ziplock packet, weighseked, had flank hair clipped
with scissors to facilitate the analysis of rodenbvement patterns (mark and
recapture), and were identified to species. Inghent that an animal could not be
identified in the field, body measurements wereetaknd a digital camera was used
to take photographs for further examination. Dedabrd1981) and Stuart & Stuart
(1990) were used to identify “specimens” from theofographic evidence and

measurements. No animals were intentionally saedfiduring this study.

In order to assess trap success the data werdetljosa standard 100 trap nights. A
trap night was defined as a 24-hour trapping pefRRowe-Rowe & Meester, 1982;
Swihart & Picone, 1995). Although traps were clofada period each day this was
not deemed sufficient to alter the evaluation aptsuccess. Traps that were disturbed
(by other animals), or otherwise accidentally teggd were excluded from the

calculation of trap success (Varty, 1990).

4.2.2 Burrow surveys and oppor tunistic sightings

Each of the burrows used for the small mammal irapwere divided into one of two
groups, active or abandoned, based on the presdgreardvark footprints and flies
around the entrance indicating current occupatfdheburrow by an aardvark
(Kingdon, 1971; Skinner & Smithers, 1990; Pkittal, 2004). The visible portion of
each of the 20 burrows were checked every mornmgadternoon using a torch and

the presence of any vertebrates were recorded.sldpng roofs of each of the
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burrows used for the small mammal trapping were atsecked for the presence of

tunnels or nests constructed by birds.

The presence of hair, quills and droppings in thedws and animal tracks entering
or exiting the burrows were also noted. These saasid signs were identified using a
field guide (Stuart & Stuart, 2000). Opportunistbservations of animals using

burrows during the course of other data collectiene also recorded.

4.2.3 Questionnaires

A questionnaire regarding sightings of animals gsiardvark burrows was circulated
amongst the staff of the reserves and other fedéarchers who were known to have
conducted field work in similar ecosystems. A cogbyhe questionnaire is attached as

Appendix A. A request for information was also pshéd in popular literature.

4.2.4 Insect sampling

The heuristic value of using morphospecies/ redataxonomic units (RTUS) is the
subject of a contentious debate in the literatuek the benefits and limitations of the
method have been extensively debated (Cranstor; a&nston & Hillman, 1992;
Oliver & Beattie, 1993; Oliver & Beattie, 1996a; %b; Goldstein; 1997; Oliver &
Beattie, 1997; Pilet al, 1999; Derraiket al, 2002; Krell, 2004). One of the major
criticisms of using morphospecies is that accurateerpretation of faunal
compositions is thought to be impossible in theeabs of species-level information
(Goldstein, 1997). Another drawback of using thistimod is the accuracy with which
samples are allocated to morphospecies. If intefspeariations are small they may
not be detected and specimens may be lumped teogasha single morphospecies

thus resulting in an underestimation of true specdiehness. The converse occurs if
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intraspecific variation is high as specimens magfé into separate morphospecies,
resulting in an overestimation of true speciesmeds (Derrailet al, 2002). Sexual
dimorphism and large morphological differences leetw adults and non-adults are
the main cause of the latter problem (Derraikal, 2002). Despite the criticisms
regarding the accuracy of the method there is gémensensus that it may serve a
purpose if morphospecies voucher specimens areketieloy trained taxonomists
following initial sorting by parataxonomists (Deilkat al, 2002). The recognition of
this method as a valid and reliable (if managedewly) tool has even led trained
entomologists to use it when attempting to solveseovation issues (Derraékt al,
2002; Krell, 2004). Due to the decrease in taxomospiecialists (Krell, 2004), a lack
of taxonomic information pertaining to some poastydied groups (Oliver & Beattie,
1993) and the limited time and resources availédnledentification, it was decided
that the benefits of using this method outweighweal potential problems associated
with it. The insect survey was only conducted immer as this is the season when
insects are most abundant. Pitfall trapping wad useassess the insect fauna of
burrows because it is a commonly used techniquehwisi inexpensive, the traps are
easy to collect and replace and the catches age tdtge with many species being
caught (Topping & Sutherland, 1992; Thomas & Mallsi®99; Wardet al, 2001).

A pitfall trap (depth = 8 cm, diameter = 10 cm) v&ask into the soil until the rim
was flush with the ground at the entrance of edd¢heburrows and at all the control
areas. Each trap was then three-quarters filletd water. Commercial liquid soap
was added to the water in order to break the sarfagsion so that the invertebrates
could not escape (Thomas & Marshall, 1999). No ledt@reservative was added to
the water in case vertebrates drank from the trBpsry morning the traps were
emptied into separate sealed containers labellgdthe date and their burrow/control

number. Samples were transported to the laboradbrthe completion of each
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fieldwork period. Once at the laboratory the lamgganic debris was removed by
hand and the samples were transferred into sealidscontaining 70 % alcohol and

stored for later identification to family and therorphospecies level.

The contents of each sample bottle was emptiedaimtbite sorting tray (diameter 29
cm) and the specimens identified to family leveingskeys and guidelines where
necessary (Borror & White, 1970; Unwin, 1981; Sthd&l Holm, 1986; Pickeet al,
2004). Non-adults were excluded from this study an attempt to minimise
misidentifications (Oliver & Beattie, 1993). Insesppecimens were then divided into
morphospecies on the basis of obvious differencesexternal morphological
characteristics (Derraikt al, 2002). A reference collection was compiled as ne
morphospecies were encountered. The first specimiezach new morphospecies
was kept as a voucher specimen (Cranston, 19903taretl in a vial containing 70 %
alcohol. All voucher specimens were cataloguedamedhoused in the Department of
Zoology and Entomology, Rhodes University. The gsifisation of insects to family
level was subsequently checked by A. Kirk —Spriglys,curator of entomology at the

Albany Museum, Grahamstown.

Individual morphospecies were assigned to broadifigeguilds on the basis of their
family-level natural history and the structure loéit mouthparts, which were viewed
under a binocular microscope (30 X) when necessarysome cases morphospecies
were allocated to more than one guild, for examphere adults feed on nectar but
also prey on other invertebrates to feed theirpoiifg). Guilds are defined as “a group
of species that exploits the same class of enviemah resources in a similar way”
(Adams, 1985). Although Simberloff and Dayan (1P8fress the importance of

similarity in foraging behaviour when dividing orgams into guilds, they
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acknowledge that the assessment of similarity ligestive and that other studies have
de-emphasised this aspect in favour of broadeiirigeglilds. The definition of guild
categories is also inherently subjective (Root,7%hd the designated feeding guilds
used in this study were modified from those derifiesn Moran and Southwood
(1982) and Gurgel-Goncalvest al (2006) As such, the following broad feeding
guild groups were established: predatory/hematopisgphytophagous, fungivorous,
detritivorous/saprophagous, parasitic and ants. guikel concept is used widely in
ecological studies as it is thought to be a usefebhns to compare communities
(Adams, 1985; Simberloff & Dayan, 1991). In thigse it was aimed at
complementing the morphospecies approach as ll@svcomplex communities into

functional units which are not bound by taxononeiationships (Adams, 1985).

4.2.5 Data analysis
A Kruskal-Wallis one-way ANOVA (Statistica 7.0) wased to determine whether
site had an effect on the proportion of burrowstaming tunnels or nests constructed

by birds.

In order to determine if the status of the burr¢active or abandoned) affected small
mammal trap success a student’s t-test was pertbforeeach of the sites after the

data had been normalised using an arcsine tranafam

The small mammal trapping data have been analysddllaws. Capture rates were
too low to allow analyses on a daily basis andefch season, site and position. Thus,
data were pooled and species diversity, richndss lumber of species caught),
number of individuals caught and trap success walilated. In other words, at each

site and for each season a single value for ea@meder (species richness etc.) was
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calculated for both the burrows and for the cortirelas. These values were then used
to calculate means for the burrows and controlsaa a two-way ANOVA was
used to examine the effects of site (i.e. reseavel) position (i.e. burrow or control)
on the parameters. This analysis allowed the kegstipn, which was the effect of
burrows to be addressed, but there was no measwagiability within each season
and thus the effect of season could not be testaistically. Although the effect of
season was not an important question in the seahgonal changes in the parameters

will be described in the results.

The Shannon-Wiener index (H’) was used to meadwespecies diversity of small
mammals and insect morphospecies inside the burmodsn the control areas whilst
Pielou’s index (J') was used as a measure of ewsn(feRIMER 5, PRIMER Ltd,
Plymouth, UK). The Shannon-Wiener index takes axoount both the number and
evenness of (morpho)species whilst Pielou’s indesovides a numerical

representation of the evenness of a community.

The pitfall traps were emptied on a daily basigtst the Michaelis Menten (MM)
species richness estimator (EstimateS 7.5.0, Rakvé&ll, Connecticut, U.S.A.) could
be used to estimate total morphospecies richnegfeimnd outside of the burrows by
functional extrapolation. These estimations aledadn species accumulation
calculated by MaoTau (EstimateS 7.5.0) and weréopeed in order to assess the

efficiency of the sampling technique.

The similarity of the insect morphospecies commesitecorded inside the burrows
and in the control areas were analysed in PRIMEkgudshe Log (x + 1)

transformation function. Log (x + 1) transformingtd is a powerful method which
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focuses attention on the whole community becauseixes the contributions from
both common and rare morphospecies. This was peefeto presence/absence
transformations which completely down-weigh effeat€ommon species. Following
this the ANOSIM function was used to detect if asignificant differences in
community structure occurred between the burrowd eontrol areas. SIMPER
analysis was then used to determine which morphispeontributed most to the
Bray-Curtis dissimilarities between the burrow coamities and those outside at each
of the sites. SIMPER arranges species on the ba#ieir average contribution to the

total average dissimilarity between samples (busrand control areas).

43RESULTS

4.3.1 Small mammal community

The average numbers of unique individual small mafernaptured per season were
not significantly greater outside the burrows coregato inside (F1s= 2.86734, p >
0.05) (Table 4.1). However, site,(fs=10.97585, p < 0.05) did have an effect as the
number of trapped individuals was significantlylieg at Tswalu compared to MZNP

(p < 0.001) and Kwandwe (p < 0.05)(Figure 4.1).

The average small mammal trap success was noftfisagrily higher outside the
burrows compared to inside ;(fls = 1.30944, p > 0.05), however site did have a
significant effect (k15 = 7.41357) with Tswalu experiencing significantiigher trap
success than MZNP (p < 0.05) (Table 4.1). Trap esgdnside the burrows was
highest during summer at Tswalu (47.3 %) and Kwan@2b.3 %) and in winter at
MZNP (2.7 %) (Figure 4.2). This pattern differedteide of the burrows with
Kwandwe (17.5 %) and MZNP (4.8 %) experiencing tge#&ap success in winter

and Tswalu (84.6 %) in summer (Figure 4.2). Avera@p success was higher in
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abandoned burrows than active burrows at all thites but the differences were not
significant (Kwandwe: t = -0.2157, df = 6, p > 0,08ZNP t = -0.1447, df = 6, p >

0.05; Tswalu: t = 0.3537, df = 6, p > 0.05) (Figdr8).

The average small mammal species richness wasgmficantly greater inside than
outside the burrows (g = 0.0462, p > 0.05) despite more species beinghtau
inside the burrows than outside at Kwandwe and M{Na&ble 4.1). Tswalu showed
the opposite pattern and average seasonal spédie®ss was greater in the open
control areas compared to inside the burrows. Agaie had a significant effect{ks

= 16.8, p < 0.001) with Tswalu having a signifidgritigher species richness than
both Kwandwe and MZNP (p < 0.05 and p < 0.001 retppely). Species richness at
Kwandwe was significantly higher than MZNP (p <%®).0Species richness inside the
burrows was greatest in winter and spring at Kwandfour), in autumn at MZNP
(three) and in winter, spring and summer at Tswialur). This differed to the pattern
observed outside as species richness was highdbkeiontrol areas in spring at

Kwandwe (four), in summer at MZNP (two) and in veinat Tswalu (six) (Table 4.2).

Neither site (F14 = 2.1189, p > 0.05) nor positiony(f = 3.4991, p > 0.05) had a
significant effect on average small mammal spediegrsity even though higher
values were calculated for the burrows at all tieiges (Table 4.1). Species diversity
values were highest at Kwandwe in spring (insidé antside), in winter at Tswalu
(inside and outside) and in autumn at MZNP inside burrows and in summer
outside the burrows. Pielou’s eveness values fathal sites and seasons were high
(all values were greater than or equal to 0.73gpktor the control areas at Tswalu in
spring (0.55) and summer (0.29) (Table 4.2). Thatrabundant species in the small

mammal community at Tswalu were the gerb@erbillurus paeba and Tatera
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leucogasterfollowed by Saccostomus campestrend Mus indutus Rhabdomys
pumilioandPraomys natalensigere the most abundant small mammals at Kwandwe
whilst R. pumiliowas the most common species at MZNP. The pattdrnamerical
dominance of these species was generally the sasideiand outside the burrows
even though absolute numbers were often not sindilae only insectivorous species
caught during the study was a forest shréydsorex variug inside a burrow at

MZNP (Table 4.3).

The regression analyses did not reveal any sigmfipositive relationships between
either trap success or the number of individual lsmmammals caught and the
combined biomass of the monocotyledonous and dexdynous seeds recorded
inside and outside the burrows at each of the tBites. In some instances a non-
significant negative relationship was observed ketwthe two variables and seed

abundance. The R and p values are recorded in #able

At all the sites where small mammals were recagiusxcept for Kwandwe in

autumn and MZNP in winter where the number of raass were limited to one and
three respectively, in excess of 50 % of the ragagt occurred in the same trap
station as the time before, that is, no movemetwden traps took place (Figure 4.4).
When movement was recorded taking place it wasllysbhatween the traps in the
control sites and the burrows or vice versa. Vétie Imovement appeared to take

place between different burrows or between diffecemtrol sites.

4.3.2 Burrow surveys, opportunistic sightings and questionnaires
Site had a significant effect on the proportionbafrows containing tunnels in the

roof excavated by birds {5 = 219.25, p < 0.001), with Tswalu (77.5 % ) havang
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significantly higher proportion of nests than eitfZNP (7.5 %) or Kwandwe (0 %)
(p < 0.001). The proportion of burrows containiregts at MZNP was significantly

higher than at Kwandwe (p < 0.001).

The burrow surveys and opportunistic sightingsdgdl five mammal species and one
bird species at Kwandwe; five mammal species, tis §pecies, two reptile species
and one amphibian at MZNP and six mammal species, lird species and one
reptile species at Tswalu using aardvark burrovabld 4.5). Of these species only
bat-eared foxes and ant-eating chaiyrfnecocichla formicivorawere observed at
all three sites. The bat eared-foxes and warthogee Virequently observed using
aardvark burrows at Kwandwe and adults were ofé&m accompanied by young. At
MZNP the bat-eared foxes were the only animalslegtyuseen entering and exiting
burrows and were also the only species seen engefigim burrows with young. At
Tswalu no animals were seen using burrows whilshénpresence of young and only
the highveld gerbil Tatera brantsij and the ant-eating chat were regularly observed

entering the burrows.

Quills of the Cape porcupine were regularly foundhe aardvark burrows at all three
sites and footprints were often observed enterimd) exiting the burrows. Footprints
of unidentified mongoose and rodent species wese @corded regularly at all the
sites. The only ungulate to make use of the aakdbarrows was the steenbok
(Rhaphicerus campestjiswhose tracks were noticed entering burrows on two

separate occasions at Tswalu during the summeidfab).

The response to the questionnaires was very pdbrfeiv completed surveys being

returned. Unfortunately, in some instances inforomapertaining to the sightings, for
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example frequency and location of observations, alss not available. There was a
strong overlap between the species observed uanayark burrows in this study and
those documented in the questionnaires (Table Bigi\ever, the questionnaires did
include a few new species such as the Cape VaMpés champg honey badger,
African pygmy kingfisher I6pidina pictg, little bee-eater Mlerops pusilluy puff
adder Bitis arietan3, southern African pythonPython natalens)sand Cape cobra
(Naja niveg. When the results from the different methods weoenbined, 25
mammal species, seven bird species, six reptileispe@and one amphibian species

were recorded using aardvark burrows.

4.3.3 Insects

The insect trapping at Kwandwe yielded 946 indigidurom nine orders, 22 families
and 30 morphospecies inside the burrows and 968id@ls from seven orders, 18
families and 33 morphospecies outside the burrdwd1ZNP 627 individuals from
six orders, 26 families and 43 morphospecies wegped in the burrows compared
to 532 individuals from seven orders, 18 familiad 80 morphospecies outside of the
burrows. The traps inside the burrows at Tswalgha®2023 individuals from seven
orders, 32 families and 50 morphospecies, whereastraps outside the burrows
contained 49996 individuals from six orders, 30 ifem® and 50 morphospecies
(Table 4.8). The Formicidae (ants) were the masindant family captured inside
and outside of the burrows at all the sites. Falgwthe Formicidae, the next most
abundant groups inside the burrows differed at esighwith the Pulicidae and the
Calliphoridae at Kwandwe, the Hodotermitidae and/liigiae at MZNP and the

Tenebrionidae and Histeridae at Tswalu featurirmgrpmnently.
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ANOSIM showed that there were significant differeqcin insect community
assemblages between the burrows and open corgad at Kwandwe (R = 0.865, p <
0.05) and Tswalu (R = 0.927, p < 0.05) but not &NW (R = 0.25, p > 0.05). The
global statistic (R) at MZNP was relatively low,dinating overlap in community
composition. SIMPER analysis calculated the avesagdarity between each of the
four days trapping inside the burrows to be 53.1&t%wandwe, 44.51 % at MZNP
and 61.05 % at Tswalu. Average similarity betweanheof the four days trapping
outside the burrows was 40.54 % at Kwandwe, 55.48t %1ZNP and 64.94 % at
Tswalu. Average dissimilarity between the groupside the burrows and those
outside the burrows were 74.98 % at Kwandwe, 521& MZNP and 50.81 % at
Tswalu. The 12 morphospecies which caused mosieoBtay-Curtis dissimilarities
between the burrows and control areas at eaclastésted in Tables 4.9 — 4.11. At
MZNP and Tswalu a minimum of 12 morphospecies werired to account for
50% of the dissimilarity which existed. Eleven muoppecies were required to do the
same at Kwandwe. At all three sites the formicidrphospecies accounted for a
substantial portion of the dissimilarity betweer thurrows and the control areas.
Other morphospecies which were influential atfalee sites included the tenebrionid

beetle morphospecies and the Pulicidae (fleas)windty occurred in the burrows.

The average abundance of individual insects cawghta daily basis was not
significantly affected by position as the trapstire control areas did not contain
significantly more insects than the burrows {f= 1.477769, p > 0.05). The effect of
site was significant (;g = 3.763181, p < 0.05) although scheffé’s post-test did
not reveal any significant differences between vidlial sites. Position did not
significantly affect the average daily morphospsdeversity of trapped insects;(fs

= 0.3642, p > 0.05), however, site was very sigaiit (i 158= 45.7879, p < 0.001). A
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scheffé’s post-hoc test showed that morphospediessity at MZNP and Kwandwe
was significantly higher than at Tswalu (p < 0.806t.both), whilst MZNP was higher
than Kwandwe (p < 0.001) (Table 4.12). When thenttcidae were removed from
the average daily morphospecies diversity analysither position (Fig = 3.1292, p
> 0.05) nor site (s = 1.3145, p > 0.05) had a significant effect (Eadl13).
However, morphospecies diversity and evenness salieincrease in all instances
except outside the burrows at MZNP. The most netattrease in morphospecies
diversity and evenness, after the removal of themiedae from the analyses, was

observed inside and outside of the burrows at Tis\@mpare tables 4.12 and 4.13).

There was no significant effect of position on #werage daily insect morphospecies
richness (Ic1s = 0.0058, p > 0.05) despite the daily morphospgeaighness outside
the burrows at Kwandwe and Tswalu exceeding thgphaspecies richness inside
(Table 4.14). The effect of site was again sigaific(R,1s = 6.5834, p < 0.05) with
the morphospecies richness significantly highdrsatalu compared to Kwandwe

(p < 0.01). Total morphospecies richness inside autdide of the burrows was very
similar at Kwandwe (inside: outside = 30:33) andvak (50:50), while at MZNP
(43:30) 13 more morphospecies were recorded ibdineows compared to the control
areas (Table 4.14). The results of the Michaelisvide species richness estimator
suggest that the insects were under-sampled irstiniy as in all cases less than 67 %
of the estimated morphospecies available were écpft all three sites at least 33 %

of the morphospecies were common to both the bwiavd the controls (Table 4.14).

Analysis of the feeding guilds highlights the nuoardominance of the ants (Figure
4.5A). The ant guild contributed in excess of 7@Pthe insects caught at all the sites

and this value increased to 98 % inside the burramdgs 99 % outside the burrows at

80



Chapter 4: Commensal fauna of aardvark burrows
Tswalu where 11803 and 49647 individuals were edpspectively. When the ants
were removed from the analysis the results becase Winiform. Members of the
phytophagous guild were dominant inside and outeidéhe burrows at MZNP and
outside the burrows at Kwandwe. At Kwandwe botke tbhytophagous and
detritivorous/saprophagous guilds became numeyicalluperior with the
predatory/hematophagous and parasitic guilds ordygmally less abundant. The
predatory/hematophagous and detritivorous/saprapis|agguilds were dominant
inside the burrows at Tswalu whilst the detrivorsaprophagous guild was clearly

the most numerically abundant guild outside thedws (Figure 4.5B).

4.4 DISCUSSION

The foraging behaviour of many animal species @ugiint to be influenced by the
seemingly incompatible requirements of maximisiogd attainment whilst at the
same time minimising exposure to predators (Lorgjk@arPrice, 1991). In addition to
predation and food availability, small mammal p@bains may also be sensitive to
the presence of cover (Perrin & Johnson, 1999).e&eh on striped field mice
(Rhabdomys pumilidlound that this species did not utilise open axglsre ground
cover was absent or sparse, due to the high rispredation, even though large
volumes of food were present (Perrin & Johnson9)9%otleret al (1991) recorded
higher rates of predation amongst rodents per eingeed acquired in open areas
compared to patches with protective vegetation,lsiviBrown et al. (1988) noted
decreased seed harvesting rates amongst kangéspespecially in open areas, when
owls were present. It has also been demonstratddigsert rodents are more prone to
attack and capture by owls in open areas as opposttbse in bush microhabitats
(Longland & Price, 1991). In this respect the copesvided by aardvark burrows

may be analogous to that of shrubby vegetatiois. highly improbable that an avian
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predator will successfully attack a small mammading in a burrow and therefore it
is surprising that, given the lack of notable difieces in seed abundance inside and
outside of the burrows (chapter 3), the resultthisf study did not reveal significantly
greater trap success inside these microhabitattates compared to the open areas.
Indeed, Kwandwe was the only site where trap ssces regularly higher inside the
burrows than outside. Furthermore, the greategiadiy between the open areas and
the burrows, with regards to the number of indigiducaptured and trap success,
occurred at Tswalu, the site where vegetative cosxer generally the most sparse and
thus predation risk by avian predators and mammal&anivores was probably the

greatest.

An advantage of foraging in open areas may be ¢aeiced risk of predation by

ambush predators, for example puff adders, whiclkesfrom underneath bushes
(Pough & Groves, 1983; Longland & Price, 1991; Yo@®03). Although no snakes
were encountered whilst carrying out this fieldwddedback from the questionnaires
suggests that they regularly use burrows. It isyedwer, difficult to assess whether
this is for the purpose of ambushing prey, sheltgeftom unfavourable environmental
conditions or to avoid their own predators. Theutagty with which snakes are seen
in aardvark burrows suggests that they may be aoritant resource for these animals
and in the case of the pythons they may be crificaltheir survival as they are

important for thermoregulation and breeding purpog€. Alexander, University of

the Witwatersrand, pers. comm.).

Despite the possible risk of being ambushed by giced, aardvark burrows
potentially provide a stable microclimate in whith forage even when external

conditions are unfavourable, such as in winter wientemperatures can drop below
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freezing (refer to chapter 3). However, the valliegh® soil seed bank as a food
resource for granivorous rodents has been questiiPrice & Joyner, 1997). There
is evidence to suggest that rodents may preferesting newly produced seeds and
that in some instances the resources containechensbil seed bank may be
unavailable to them (Johnson & Jorgensen, 198teR¥iJoyner, 1997). This would
limit the value of foraging in the burrows to hastiag freshly produced seeds which
had recently accumulated on the burrow floor dfging blown in by the wind. The
lack of any significant positive relationship beemeeither trap success or the number
of individuals and the biomass of seeds preserhénsoil, particularly inside the

burrows, further supports this hypothesis.

The low capture rates in burrows at Tswalu comp#pecbntrols may simply reflect
the frequency with which rodents come into conteith burrows.Parotomysbrantsii
has a large foraging range in open areas and sraatextensive burrow system with
many entrances that can be used to escape fromatpredvhen needed (Jackson,
2000). By contrast, the lesser Egyptian geBieipillus gerbillug forages in a small,
localized area centred around its burrow and thnsally exhausts the food resource
available in this area (Kinlaw, 1999). If the gérippecies present at Tswalu exhibit
the same behaviour this would limit their foragiagtivity in aardvark burrows if
these structures did not occur in close proxinotyhteir own burrows. It may follow
that the small mammals were trapped less frequemntlye aardvark burrows because
the traps in the control areas were situated cluséhe safety of the rodents’ own
burrows. The high proportion of rodents which wezeaptured in the same traps as
the original trapping event took place supports ttieory that the risk of predation

may limit rodent foraging distance (Hay & FulleB8ll). An alternative explanation is
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that they recognise that the traps offer a foodarewand thus purposefully re-visit

them (Magnussoat al, 1995).

The composition of the small mammal communities tredsoil hardness at the three
sites may also affect the use of aardvark burrosvsa aesource. The gerbils, in
particularG. paeba were the most common small mammals trapped atllsand
are known to be prodigious diggers (De Graaf, 198hys for these species, digging
their own burrows in the soft sand at the base exfetation may be preferable to
inhabiting aardvark burrows as their own smallerréaws are subject to increased
thermal buffering (refer to chapter 3), limit thecass of predators (other than snakes)
and the roots of the shrubby vegetation providecsiral support which is not
necessarily available in aardvark burrows. Thellsmammal communities at the
other two sites were dominated by rodents whichleadapable of digging their own
burrows, also use alternative shelter if it is flde, particularly in areas where the
ground is hard and therefore difficult to excavéile Graaf, 1981; Reichman &
Smith, 1990). Rodents may also dig their own busrevithin a larger burrow and on
three occasions pouched mice were witnessed egtenall burrows located within
abandoned aardvark burrows. The active or abandstatus of the aardvark burrows
did not, however, appear to influence the trap ssgowithin the burrows. These
findings are in accordance with those of Watzal (1991) who found no significant
difference in the number of vertebrate commensat®ra active, inactive and
abandoned gopher tortois8dpherus polyphempudurrows. The simultaneous use of
burrows by a primary excavator and other vertebrafgpears to be widespread as
badgers are known to co-exist with rabbsy(ctolagus cuniculysand foxes Yulpes
vulpeg (Neal & Roper, 1991) while Cape porcupines haeerbobserved sharing

burrows with vertebrates such as bat-eared foxeped polecatsi€tonyx striatu¥
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and a variety of rodent species (C. Bragg, Uniwersf Cape Town, pers. comm.).
The structural complexity of a burrow may influertbe diversity of the vertebrate
commensals contained within it, as several sleepignbers and entrance holes may
allow a range of vertebrates to utilise the bursimultaneously and for different
reasons, with minimal interaction between them [@in 1999). Burrows may also be
subject to successional invasion and thus the ocmocoe of species in a particular

burrow may not overlap (Kinlaw, 1999).

The pouched mouse was the only rodent specieselapp this study which had
previously been documented by Smithers (1971) dmadn&r & Smithers (1990) as
using aardvark burrows. Thus, 11 new small manspaties can be added to their
lists. One must, however, be cautious when inténehese results and commenting
on the reliance of these species on aardvark bstrasza number of the trap records
and observations are for one or two individuala pfrticular species, which suggests
that these animals are probably non-obligate corsaienof aardvark burrows
(Kinlaw, 1999).

The low species richness and diversity of small mais recorded at MZNP, together
with very limited trap success (never exceeding b &6bntrasted with the direct
observations made of vertebrates using aardvaniowsras it was at MZNP where
the highest number of species were seen enteriegiting burrows. Very few of the
vertebrate species observed making use of thewsmere seen on a frequent basis
at any of the sites and this can be attributetiédact that most of them are nocturnal
animals (Skinner & Smithers, 1990). Given that nafie¢he observed species are
considered rare, another explanation is that threysamply opportunistic burrow-
users and thus unlikely to be encountered on daegasis (Kinlaw, 1999). Certain

species may also only be observed using burrovpsidicular times of the day as is
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the case with the larks using lizard burrows taapscthe early afternoon heat in the
Arabian desert (Williamet al, 1999). Both the sightings of pearl-breasted ©med
(Hirundo dimidiatg, for instance, occurred at midday on days whieeet¢mperature
exceeded 38C and thus it is likely that they were simply segkiemporary refuge
from the heat. Steenbok are also known to seekesbadng the heat of the day
(Stuart & Stuart, 1990) and their tracks were obesgleading into burrows at Tswalu
on days which were particularly hot. Steenbok arpilarly seen lying in the entrance
of burrows during aerial game counts at Tswalu $fainethorpe, Tswalu Kalahari
Reserve pers. comm.). Although the steenbok tragks easy to discern in the sand
due to the previous night’s rain, the use of busdw other vertebrate species may
have been underestimated as dry soil often pravée & poor tracking substrate, thus
making accurate identification of footprints diffic (Platt et al, 2004). Initial
attempts to use the track pad method followed bggBet al (2005) were also
unsuccessful as rain damaged the paper substichigiad dispersed the powder paint

designed to capture the footprint.

Bat-eared foxes and warthogs were the only two ispewhich were regularly
observed using aardvark burrows in addition to deedly having their tracks
recorded entering and exiting burrows. These twecigs are known to be regular
inhabitants of abandoned burrows (Sowls & Phel@$61 Cumming, 1970; Skinner
& Smithers, 1990). Sowls & Phelps (1966) claim thating warthogs rely on shelter
at night-time for survival and it has been propogkdt their distribution and
abundance could be affected by the presence onedsd burrow excavators such as
aardvarks (Sowls & Phelps, 1966; Melton, 1976).dBimay also be reliant on
aardvark burrows for shelter, especially in aredsene suitable nesting sites and

protective vegetation are limited (Cilliers, 200Bgnce the much greater proportion
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of burrows containing nests at Tswalu in comparisoth Kwandwe and MZNP.
Although not an inhabitant of arid and semi-aridriBonments, the blue swallow
(Hirundo atrocaeruleais critically endangered in South Africa and heught to be
heavily reliant on the presence of aardvark burraws sinkholes for nesting sites
Of the 16 bird species documented in Hockeyal (2005) (Appendix C) as using
aardvark burrows for nesting purposes, only the-eating chat was regularly

observed to do so during this study.

The number of vertebrate species recorded usirdyak burrows during this study
compares favourably with the lists of Smithers @3&nd Skinner & Smithers (1990)
(Appendix D) and the use of alternative track-padthuds, camera traps, more
nocturnal burrow surveys and burrow excavations lvdn all likelihood have
increased the number of species which were recofdecholino & Smith, 2003).
Despite this, the number of vertebrates documemsety the burrows of aardvarks is
greater than in similar studies conducted in therdws of nine-banded armadillos
(six species), woodchuck&/&rmota monax (four species) and pocket gophers (22
species) (Vaughan, 1961; Swihart & Picone, 1998ttt al, 2004), although it is
considerably less than the 55 and 60 species red¢ardthe burrows of black-tailed
prairie dogs and muskrat®datra zibethicusrespectively (Kiviat, 1978; Lomolino

& Smith, 2003).

Invertebrates are an integral component of ecosys{®&omoser & Stoffolano, 1998)
and are regarded as common inhabitants of mammebvesl (Reichman & Smith,

1990). The results of this study reveal that aarkhvburrows are no exception.

! http://www.ewt.org.za/workgroups_overview.aspx2mro

=swallow&page=activities&morePage=activities_more&aty=1
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However, the morphospecies richness of insectsradedoin aardvark burrows was
substantially less than were found in the burrovisthe gopher tortoise (302
invertebrate species) (Kinlaw, 1999), badger sé®tk insect species, eight tick
species) (Hancox, 1988) and gerbil burrows (oveO 2Bvertebrate species)
(Reichman & Smith, 1990). However, the Michaelisfien analysis estimated that
less than two-thirds of the total available morglexses had been trapped. The first
possible cause of this under-trapping may have bezmise of pitfall traps to collect
insect specimens. Despite the benefits of pitfedbping, this method also has
disadvantages such as variable trap efficiencyezhby its reliance on insect activity
and a bias towards surface dwelling insects (TapgirButherland, 1992; Thomas &
Marshall, 1999). It is therefore possible that -sbilelling and flying insects were
under-represented in the samples. This is espetiak of the calliphorid flies which
lay eggs on the skin of aardvarks that later dgveito bots (Kingdon, 1971). These
flies were very common around the entrance of oeclpurrows but this was not
accurately reflected in their occurrence in thdapitraps. Attempts were made to
collect insect specimens using sticky traps attddbemetal stakes but this method
also had flaws as wind deposited sand on the taaplssubstantially reduced their
stickiness and ultimately their effectiveness. Ehemrs also evidence to suggest that
vertebrate species may have affected the traptseassiisome pitfall traps had clearly
been disturbed whilst on other occasions the watesl in certain traps was greatly
diminished overnight, possibly as a result of ahérdrinking from the traps. This
may have resulted in morphospecies being remowed the pitfall traps and others
escaping due to the low water levels. Another bssexplanation for the under-
trapping of the pitfall traps suggested by the Miglis-Menten analyis is that dividing
insects into morphospecies may have resulted ionalerestimation of true species

richness as a consequence of “lumping” (Oliver &atie, 1996). However, this is
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unlikely, because as the number of sorted morplispencreases so to does the
chance that a previously recorded morphospecies mat be recognised, thus
resulting in a “splitting” effect which ultimatelycauses an overestimation of

morphospecies richness (Oliver & Beattie, 1993).

Although the parasitic guild (which was dominategl the Pulicidae) made up a
greater proportion of the insect community in therbws compared to the open areas
outside, it was not as dominant as expected, eftenthe removal of the ants from
the analyses. Cumming (1970) states that fleagsnahd hematophagous maggots
(Auchmeromyiaand Pachychoeromyiaspp., Calliphoridae, Diptera) are common
inhabitants of warthog burrows and may survive fanths in abandoned burrows
before requiring food (Cumming, 1970; Peirce, 19Migh densities of parasites
(including ticks and mites) inhabiting burrows resen been proposed as a possible
explanation as to why animals such as aardvarksvearthogs frequently move
burrows (Cumming, 1970). It is possible that plaeatrof pitfall traps in the sleeping
chambers of burrows would have yielded a greatelngss of invertebrates, in
particular parasites such as fleas and ticks (Hgnt888). Unfortunately this is
impractical without performing the highly laborioasd invasive task of excavating
burrows. Colonies of honeybee&pfs melliferg have also been observed utilising
porcupine burrows in the Nieuwoudtville region afugh Africa (Bragget al, 1995),
but were never encountered inhabiting aardvarkadwsrduring this study. Although
the lack of parasites and honeybees was surpritgiegnumerical abundance of the
ant guild was not. Browret al (1979) estimated that ant biomass in deserts is
equivalent to that of the rodents and that they beyesponsible for the consumption
of the majority of seeds produced in those enviremis The overwhelming

numerical dominance of the Formicidae family casodbe seen in the increase in
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morphospecies diversity and evenness values ttealites when they were removed
from the analyses. This increase happened in spitee fact that the formicid family
contributed a high number of morphospecies insitk @utside of the burrows at all
three sites. The dominance of the phytophagous detdtivorous/saprophagous
guilds, after the removal of the ants from the gsed, is also unsurprising as it has
been claimed that arthropods are the most aburttzibivores and detritivores in
many terrestrial ecosystems (Seastedt & Crossl®84)L Burrows may also
experience successional invasion by insects withiyares entering the burrows first,
followed by detritivores and then predators (KinJa&¥®99). This may also account for
the numerical dominance of certain feeding guiklhough successive days trapping
did not exhibit high levels of similarity eitherside the burrows or in the control
areas outside, and despite the burrows and owsg#es being dominated by the same
guilds, the analysis revealed distinct insect comitres within the burrows at
Kwandwe and Tswalu which suggest that aardvarkolmsrmay act as a valuable

microhabitat for insects.

At times it is difficult to accurately determineetiheason why an individual or species
uses the burrow of another species and the extenthich it is reliant on that

structure or the resources contained within it. leeev, aardvark burrows are utilised
by a variety of vertebrates and invertebratesicha@and semi-arid environments, and it
is reasonable to assume that at least some of thdsgduals and populations are
reliant on the aardvark as an ecological enginadrthat their burrows are essential

for survival.
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45 TABLESAND FIGURES
Table 4.1: SIMPER analysis breakdown of averagsirditarity between recently
active burrow mounds and reference plots into domiions from the 10 most
influential species at Tswalu during spring. Petaga cover was used as a surrogate

for abundance.

Site Position Number of Total Trap Species Species
individuals  number of success (%) richness diversity
captures
Kwandwe Inside 19+7.0 26.3+11.0184+7.6 3.3+1.0 1.0+0.2
Outside 13+8.4 158+9.8 10.3+6.3 25+1 HH2

MZNP Inside 2.8%1.0 3.3%+1.0 2.2+0.6 1.8+108+0.4

Outside 2.8+2.8 3+3.2 21+2.2 1+0.8 06%

Tswalu Inside 19.5+189 28+305 18.7+204 BB 1.1+0.3

Outside 57.5+30.8 725+46.29.1+324 5+0.8 09x04
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Figure 4.1: The number of unique individual smadlmmals caught inside (solid bars) and

outside (clear bars) of the burrows at all sitesnduthe four seasons.
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Table 4.2: The species richness, diversity and ree&svalues inside and outside of

the burrows at all the sites during the four season

Season  Site Position Species Richness SpeciessilyvelEveness
(H) )
Autumn Kwandwe Inside 2 0.68 0.99
Outside 2 0.59 0.86
MZNP Inside 3 1.09 1
Outside 0 0 0
Tswalu Inside 2 0.63 0.92
Outside 4 1.09 0.78
Winter Kwandwe Inside 4 1.01 0.73
Outside 2 0.63 0.91
MZNP Inside 1 N/A N/A
Outside 1 N/A N/A
Tswalu Inside 4 1.32 0.95
Outside 6 1.36 0.76
Spring Kwandwe Inside 4 1.22 0.88
Outside 4 1.06 0.76
MZNP Inside 1 N/A N/A
Outside 1 N/A N/A
Tswalu Inside 4 1.11 0.80
Outside 4 0.75 0.54
Summer Kwandwe Inside 3 0.89 0.81
Outside 2 0.63 0.91
MZNP Inside 2 0.56 0.81
Outside 2 0.69 1.00
Tswalu Inside 4 1.12 0.81
Outside 5 0.47 0.29
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Chapter 4: Commensal fauna of aardvark burrows

Table 4.3: The effect of site (the reserves) argitjpm (burrows or open areas) on the numbers
of unique individuals and species of small mammedpped. Data are means of the four

seasonal values + 1 SD with total numbers in gheses. Common names are listed in

Appendix B.
Kwandwe MZNP Tswalu

Species Burrows Open areas Burrows Openareas \&irroOpen areas

Praomys 83+39 51245 03050 0 0

natalensis (33) (20) Q)

Rhabdomys 9.3+39 75+6.2 15+13 23+26(9) O 0

pumilio (37) (30) (6)

Saccostomus 1.3+1.5 0305 O 0 20+23 45171

campestris  (5) (2) (8) (18)

Mus 1.3+£19 O 08+1.0 05+1(22) O 0

minutoides  (5) (3)

Mus indutus 0 0 0 0 45+ 35+33
6.1(18) (14)

Aethomys 03+£05 03+x05 O 0 0 0

namaquensis (1) (2)

Myosorex 0 0 0.3+050 0 0

varius (2)

Gerbillurus 0 0 0 0 9.5+11.0 39.0+33.9

paeba (38) (156)

Tatera 0 0 0 0 1.3+15 15+17

brantsii (5) (6)

Tatera 0 0 0 0 15+19 75+89

leucogaster (6) (30)

Desmodillus 0 0 0 0 05+£1(2) O

auricularis

Thallomys 0O 0 0 0 0 0.3+x0.5(1)

nigricauda

Mystromys 0O 0 0 0 0.3+£05 0.3+x0.5(1)

albicaudatus (1)

Parotomys O 0 0 0 0 0.8+1.5

brantsii (3)
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Chapter 4: Commensal fauna of aardvark burrows
Table 4.4: The R and p values for the regressia@tyaas between trap success and
the number of unique individuals caught, and thenlmoed biomass of the
monocotyledonous and dicotyledonous seeds remawsd the soil samples inside

and outside of the burrows. * = p > 0.05

Variable Site PositionR P value

Trap success Kwandwednside  0.2838 *
Outside -0.3198 *

MZNP Inside 0.1004 *

Outside 0.2848 *
Tswalu Inside  -0.3884 *

Outside 0.1530 *

No. of individuals caught Kwandwe Inside  0.5227 *
Outside -0.5039 *
MZNP Inside -0.2074 *

Outside 0.2025 *
Tswalu Inside  -0.3926 *

Outside 0.0987 *
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Figure 4.4: The percentage movement between tfajgsaptured small mammals.

96



Chapter 4: Commensal fauna of aardvark burrows
Table 4.5: Vertebrate species observed using bgrowing the course of this study.
Infrequent observations are considered to be lems ten sightings. The purpose of
burrow use is denoted either by “+” or “-*. “?” issed when the purpose of burrow

use is unknown. Common names are listed in AppeBdix

Site Species hame Frequency Young Purpose of use
of present Refuge Breeding
observation

Kwandwe Phacochoerus frequently  Yes + +

aethiopicus

Otocyon frequently  Yes + +
megalotis

Rhabdomys infrequently No + -
pumilio

Canis mesomelasinfrequently No + -
Cynictis infrequently No + -
penicillata

Myrmecocichla infrequently No + +
formicivora

MZNP Proteles cristatus infrequently No + -

Otocyon frequently  Yes + +

megalotis

Hystrix infrequently No + -

africaeaustralis

Lepus saxatilis infrequently No + -

Cynictis infrequently No + -

penicillata

Myrmecocichla infrequently No + +

formicivora

Hirundo infrequently No + -

dimidiata

Varanus infrequently No + -

albigularis

Mabuya capensis infrequently No + -

Bufo gariepensis infrequently No ? ?
Tswalu Felis lybica infrequently No + -

Tatera brantsii  frequently  No + -

Mus indutus infrequently No + -

Hystrix infrequently No + -

africaeaustralis

Otocyon infrequently Yes + +

megalotis

Xerus inauris infrequently No + -

Agama aculeata infrequently No + -

Myrmecocichla frequently  No + +

formicivora

97



Chapter 4: Commensal fauna of aardvark burrows

Table 4.6: Tracks and signs of vertebrate sped@agywaardvark burrows. Infrequent

observations are considered to be less than tetirglg. Common names are listed in

Appendix B.
Site Species hame Tracks/sign Frequency of
occurrence
Kwandwe Hystrix africaeaustralis quills and frequently
footprints
? footprints frequently
Canis mesomelas scats and footprints Infrequently
Phacochoerus footprints frequently
aethiopicus
? footprints frequently
MZNP Canis mesomelas scats infrequently
Hystrix africaeaustralis  quills and frequently
footprints
Otocyon megalotis Latrine sites frequently
? footprints frequently
? droppings frequently
Tswalu Hystrix africaeaustralis  quills and frequently
footprints
? footprints frequently
? footprints frequently
Rhapicerus campetris  footprints infrequently
Otocyon megalotis footprints infrequently
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Chapter 4: Commensal fauna of aardvark burrows
Table 4.7 List of vertebrates observed using aakduaurrows according to
information derived from questionnaires. The pugyosburrow use is denoted either
by “+” or “-“. “?” is used when the purpose of baw use is unknown. Common

names are listed in Appendix B.

Location Species Name Purpose of use
Refuge Breeding
Kwandwe, Tussen die Riviere (Free Phacochoerus + +
State) & Tswalu aethiopicus
Kwandwe, MZNP & Unknown Otocyon megalotis + +
Kwandwe, MZNP, Tussen die Hystrix africaeaustralis + +
Riviere, Tswalu & unknown
Kwandwe, MZNP & Tussen die Proteles cristatus + +
Riviere
Kwandwe, MZNP & Tussen die Canis mesomelas + +
Riviere
Tussen die Riviere Cynictis penicillata + -
Gauteng Mellivora capensis ? ?
Unknown Vulpes chama + +
Tussen die Riviere Rodent spp. + ?
Nylsvley & Zimbabwe Ispidina picta + +
Zimbabwe Halcyon leucocephala + +
Nylsvley & Zimbabwe Merops pusillus + +
Zimbabwe Hirundo semirufa + +
MZNP, Kimberley, Tierberg, Prince Myrmecocichla + +

Albert, Tussen die Riviere & Tswalu formicivora

Kwandwe Thamnolaea ? ?
cinnamomeiventris

Tussen die Riviere Bitis arietans + -

Unknown Python natalensis + +

MZNP & Kwandwe Naja nivea + -

Kwandwe Varanus albigularis + -
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Chapter 4: Commensal fauna of aardvark burrows

Table 4.8: The richness, abundance and guild dlmtsa of insect morphospecies inside and

outside of burrows. Phyt = phytophagous, Pred/herpredatory/hematophagous, Fungi =

fungivorous, Det/sap = detritivorous/saprophagows@ara = parasitic.

Site Position  Order Family No. of No. of Guild
Morpho individuals
species
Kwandwe Inside Thysanura Lepismatidae 1 1 Det/sap
Blattodea Blaberidae 1 1 Det/sap
Isoptera Hodotermitidae 1 1 Phyt
Orthoptera Gryllidae 1 4 Phyt
Acrididae 2 3 Phyt
Hemiptera Reduviidae 1 4 Pred/hem
Coleoptera Trogidae 1 1 Det/sap
Tenebrionidae 3 8 Det/sap
Histeridae 2 7 Pred/hem
Curculionidae 2 4 Phyt
Staphylinidae 1 1 Pred/hem
Carabidae 2 3 Pred/hem
Scarabaeidae 1 4 Det/sap
Diptera Muscidae 1 1 Det/sap
Calliphoridae 1 17 Det/sap & phyt
Culicidae 1 2 Pred/hem
Siphonaptera  Pulicidae 2 19 Para
Hymenoptera Encyrtidae 1 1 Para
Braconidae 1 1 Para
Ceraphronidae 1 1 Para
Formicidae 3 860 Ant
Pompilidae 1 2 Pred/
hem & phyt
Kwandwe Outside Thysanura Lepismatidae 1 1 Det/sap
Isoptera Hodotermitidae 1 122 Phyt
Orthoptera Acrididae 1 5 Phyt
Hemiptera Cicadellidae 2 6 Phyt
Coleoptera Carabidae 2 4 Pred/hem
Scarabaeidae 1 5 Det/sap
Coccinellidae 1 1 Pred/hem
Tenebrionidae 2 23 Det/sap
Histeridae 1 2 Pred/hem
Curculionidae 5 17 Phyt
Chrysomelidae 2 3 Phyt
Diptera Phoridae 1 1 Det/sap
Sarcophagidae 1 3 Det/sap
Hymenoptera Formicidae 8 767 Ant
Eumenidae 1 1 Pred/hem &
phyt
Pompilidae 2 4 Pred/hem &
phyt
Mutillidae 1 3 Para
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Tiphiidae 1 1 Para
Scoliidae 1 1 Para
Megachilidae 1 16 Det/sap
Sphecidae 1 1 Pred/hem &
Phyt
Scelionidae 1 1 Para
Apidae 3 1 Phyt
Tenthredinidae 1 1 Phyt
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Chapter 4: Commensal fauna of aardvark burrows
Table 4.9 SIMPER analysis breakdown of averageindissity between burrows and

control areas into contributions from the mostuefitial morphospecies at Kwandwe.

Morphospecies  Average Average  Average Contribution  Cumulative
abundance abundance dissimilarity to contribution
inside in control (%) dissimilarity
burrows  areas (%)

Formicidae sp 9 189.50 40.50 6.68 8.91 8.91

Formicidaesp5 O 37 4.76 6.35 15.27

Hodotermitidae 0.25 30.50 4.10 5.47 20.74

spl

Formicidaesp1l 24.0 65.50 3.82 5.10 25.84

Formicidae sp 12 0 9.75 3.62 4.82 30.66

Calliphoridae 4.25 0 3.16 4.21 34.87

spl

Pulicidae sp 1 4.5 0 3.07 4.1 38.96

Tenebrionidae O 4 2.83 3.78 42.74

sp 13

Formicidae 0 16.75 2.28 3.04 45.78

sp 10

Formicidaesp6 O 11.25 2.07 2.76 48.54

Formicidaesp8 O 9.75 1.89 2.52 51.06

Tenebrionidae 1.5 0 1.85 2.47 53.53

sp 3
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Chapter 4: Commensal fauna of aardvark burrows

Table 4.10 SIMPER analysis breakdown of averagardikarity between

burrows and control areas into contributions frow inost influential

morphospecies at MZNP.

Morphospecies Average Average  Average Contribution  Cumulative
abundance abundance dissimilarity to %
inside in control (%) dissimilarity  contribution
burrows areas (%)
Hodotermitidae 12.75 20 3.92 7.51 7.51
spl
Gryllidaesp2  8.50 1.75 2.98 5.71 13.22
Formicidae sp 510.75 4.50 2.77 5.30 18.53
Formicidae sp 6 3.25 1.25 2.19 4.20 22.72
Formicidae sp 3 0.75 2.50 2.02 3.88 26.60
Formicidae spl 69.75 53.75 1.99 3.82 30.43
Cicadellidae 1.75 3 1.94 3.73 34.15
sp5
Formicidae sp 2 3.25 3.25 1.92 3.67 37.83
Tenebrionidae 0 1.75 1.82 3.48 41.31
sp5
Scarabaeidae 2 0.25 1.76 3.38 44.69
sp5
Calliphoridae 2 0 1.68 3.21 47.90
sp 2
Pulicidaesp1l 2 0.25 1.61 3.09 51.00
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Chapter 4: Commensal fauna of aardvark burrows

Table 4.11 SIMPER analysis breakdown of averagsirdiirity between burrows and

control areas into contributions from the mostuefitial morphospecies at Tswalu.

Morphospecies Average Average

Average

Contribution

Cumulative

abundance abundance dissimilarity to contribution
inside in control (%) dissimilarity
burrows areas (%)
Tenebrionidae 2.25 41 3.14 6.19 6.19
sp 3
Histeridaesp1 11.5 0 3.11 6.12 12.30
Pulicidaesp2 9 0 2.66 5.23 17.53
Formicidae 2829 12239.75 2.48 4.87 22.40
spl
Tenebrionidae 9.75 0.75 2.32 4.56 26.96
spl
Formicidae 17 106 2.28 4.48 31.44
sp5
Tenebrionidae 1.25 11 2.23 4.39 35.83
sp5
Scarabaeidae 0 3.75 1.96 3.86 39.69
sp 3
Formicidae 81.75 60.50 1.79 3.52 43.21
sp 2
Formicidae 14.5 4 1.64 3.23 46.45
sp 3
Megachilidae 0.25 4 1.32 2.61 49.05
spl
Chloropidae sp 0.75 4.75 1.31 2.57 51.63

1
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Table 4.12: Average daily (meahad SD) and total morphospecies diversity and

Chapter 4: Commensal fauna of aardvark burrows

evenness with formicidae included at each site.

Site Position Average daily Average Total Total evenness
morphospecies daily morphospecies
diversity evenness  diversity
Kwandwe Inside  0.62 £0.29 0.34+£0.17 0.90 0.26
Outside 1.48+£0.24 0.54+0.09 2.24 0.64
MZNP Inside  1.86 +0.12 0.65+0.11 2.14 0.57
Outside 1.68+0.16 0.62+0.03 1.93 0.55
Tswalu Inside  0.58 +0.27 0.19+0.10 0.35 0.09
Outside 0.29 £0.22 0.10+0.08 0.14 0.04

Table 4.13: Average daily (meass1l SD) and total morphospecies diversity and

evenness with formicidae excluded at each site.

Site Position Average daily Average Total

morphospecies daily

Total
morphospeciesevenness

diversity evenness diversity

Kwandwe Inside  2.12 +£0.08 088+ 272 0.82
0.04

Outside 1.89 +0.67 0.79+ 1.76 0.54
0.26

MZNP Inside  1.99+0.11 0.79+ 2.66 0.74
0.09

Outside 1.55+0.23 0.70+ 1.94 0.59
0.09

Tswalu Inside  2.30+£0.48 081+ 2.79 0.74
0.05

Outside 1.99 £+ 0.67 0.66 + 2.33 0.61
0.16
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Table 4.14: Average daily (meahnd SD) and total morphospecies richness,
Michaelis-Menten species richness estimate antbthenumber

morphospecies common to the burrows and contr@adt site.

Site Position Average daily Total MM Total number
morphospecies morphospecies richness of
richness richness estimate morphospecies
common to

burrows and
control areas

Kwandwe Inside 13.3+1.9 30 51.3

Outside 155+2.1 33 52.8 10
MZNP Inside  19.0+6.8 43 73.0

Outside 14.8+3.8 33 55.3 21
Tswalu Inside 23.0+7.8 50 79.7

Outside 24.5+6.6 50 75.3 30
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CHAPTER 5

THE IMPACT OF AARDVARK BURROWS ON
FLORISTIC DIVERSITY

5.1 INTRODUCTION

A great deal of attention has been focused on ffieeteof direct consumption on the
dynamics of vegetation communities, however, thguémce of non-consumptive
activities, such as burrowing, digging, tramplingdathe deposition of excreta, are
now recognised as important drivers of vegetatibncture and function within

ecosystems (Kaczor & Hartnett, 1990; Dean & Miltb@91a).

Burrowing mammals may significantly influence thaumal community of an
ecosystem by creating structures which benefit H#swes and other species
(Reichman & Smith, 1990; Skinner & Smithers, 198law, 1999). However, the
impact of burrowing extends further than this analyrhave important consequences
for the geomorphology, hydrology, soil and vegetatof an area (Kinlaw, 1999;
Whitford & Kay, 1999). The creation of burrows ilgates water infiltration into the
soil profile and generally this is enhanced as demsity of burrows increases
(Kinlaw, 1999; Whitford & Kay, 1999; Gabet al, 2003). Burrowing animals also
have the ability to shift enormous amounts of seditmthe evidence of which can, in
some cases, be viewed from satellite images (Bratchl, 1996; Kinlaw, 1999;
Eldridge & Myers, 2001). The soil that is depadites mounds on the surface during
burrow excavations may contain fragments of bedrtuks contributing to the

weathering of the bedrock and consequently the ptiom of soil formation (Gabedt
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al., 2003). The excavated soil is often differentarture and contains altered levels
of nutrients, pH and moisture compared to the do#er to the surface and when the
mound patches erode the result is a mixing andstrialition of the soil and its
properties (Reichman & Smith, 1990; Hansell, 190Bjaw, 1999; Whitford & Kay,

1999; Schooleyt al, 2000; Gabett al, 2003; Eldridge, 2004).

Disturbances, such as burrowing and digging, whigsult in the development of
local heterogeneity are important in arid and sand-ecosystems as the patches that
are created promote biodiversity by facilitating tto-existence of vegetation species
with different life history strategies, and diffatecolonization and competitive
capabilities (Kaczor & Hartnett, 1990; Dean & Miito 1991b; Kinalw, 1999;
Schooleyat al., 2000; Eldridge, 2004). The impact of a particuésturbance at a
landscape level will depend on a number of factocduding its frequency, size,
timing and intensity (Gibson, 1989). Low rates aftdrbance are thought to favour
competitive species (e.g. perennials), whereas tatgs of disturbance may benefit
colonizing species with high growth and dispersaés (e.g. annuals) (Miller, 1982).
The disturbance hypothesis predicts that at intdiate rates of disturbance,
colonizing species may be out-competed and remaveal local scale through the
establishment of competitively dominant species it remain present at a

landscape level (Miller, 1982).

The creation of small-scale disturbances or islageserally less than 1°rf\Wiegand

et al, 1997; Boeken & Shachak, 1998a; 1998b), is thbughave had profound
impacts on the floral diversity of a number of g@ems. This has been extensively
documented in the literature in studies involvingaiety of mammals, including

American badgersTaxidea taxus European badgers, pocket gophe@&edmys

111



Chapter 5: The impact of aardvark burrows on flaasliversity
bursariug, gopher tortoises, banner-tailed kangaroo faisgqdomys spectabiljsand
alpine arctic foxesAlopex lagopus(Gibson, 1989; Kaczor & Hartnett, 1990; Neal &
Roper, 1991; Andersen & Kay, 1999; Hermaatral, 2002; Eldridge, 2004; Bruust
al., 2005), which all create soil mounds at the ewteato their dens and burrows.
Research has also documented the ecological raeuthern African species such as
the whistling rat and the Cape porcupine whose ewarrand digging sites are
recognised as important germination sites andhare valuable in maintaining plant
diversity (Dean & Milton, 1991a; 1991b; Braggt al, 2005). The significant
influence of aardvarks on the vegetation dynamiceid and semi-arid areas has also
been examined with the research focused primanilyhe impact of their exploratory
and feeding scratchings as sites for the accurounlabf organic matter and
germination (Dean & Milton, 1991b). Subsequent aesle has highlighted the
inadvertent role of aardvarks as effective seegedsal agents and the potential
impact this has on the vegetation of semi-arid gstesns (Milton & Dean, 2001).
However, little attention has focused on the imghat their burrow mounds have on
plant diversity and species richness. Although bstle disturbances are considered
beneficial in promoting biodiversity in many eco®yas, examples do exist when the
opposite occurs. European rabb@ryctolagus cuniculyswarrens in Australian
woodland cause patch formation that has negativectsf on biodiversity and

increases erosion (Eldridge & Myers, 2001).

The main objectives of this chapter are thus:
» To determine whether aardvark burrow mounds supportdifferent
community of plants compared to adjacent areas;
» To determine if aardvark burrow mounds promoteidtar diversity and

richness on a landscape level.
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52METHODSAND MATERIALS
5.2.1 Vegetation sampling
The 20 burrows that were randomly selected eackoseat the three sites for the
small mammal trapping component were also usethéowegetation sampling. Paired
reference plots were randomly located in areasaxpately 5 m from the burrow
mounds and were situated on the same slope, aapdctoil type as the burrow

mounds (Gibson, 1989; Kaczor & Hartnett, 1990).

Burrow mounds were divided into three microtypesttom basis of successional age;
active, recently abandoned and old (Kaczor & HatinE990). Mounds showing
evidence of current disturbance and burrows withiaas signs of occupation (tracks,
tail drag marks and flies at the entrance) wereriesd as active (Kingdon, 1971;
Skinner & Smithers, 1990; Pla#t al, 2004). Burrows which were obviously not
inhabited and did not show signs of fresh excawatiout with mounds which had not
been subjected to large amounts of erosion or ingustere classified as recently
abandoned (Kaczor & Hartnett, 1990). Mounds dispysubstantial amounts of
erosion and containing a large covering of vegetatvere categorized as old mounds

(Kaczor & Hartnett, 1990).

A 1.5 m x 1.5 m quadrat was placed over each manteach reference plot and
each plant present was identified to species lewedre possible. The percentage
cover of each species in the quadrat and the ammiubtire earth was estimated
visually (Gibson, 1989). A voucher specimen of eartidentifiable species was

collected for later identification in the laborator
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Species diversity for the mounds, reference platd for the sites (mound and
reference plot data combined at a reserve levelg walculated using the Shannon-
Wiener index (H’) function in PRIMER. Percentageveonof each plant species was
used as a surrogate for the number of individuaterwcalculating the diversity

scores. Pielou’s index (J') was used as a meadugeenness (PRIMER 5.0).

5.2.2 Data Analysis

The data obtained from each season at each ss&r\{e) for the amount of bare earth
in the quadrats were pooled for each mound typecamtiol and analysed using a
Kruskal-Wallis one-way ANOVA (Statistica 7.0), aket data were not normally
distributed, even after transformation. A multiglemparison post hoc test was used
to determine if any significant differences existeztween the amount of bare earth

on the different mound types and reference plots.

Kruskal-Wallis ANOVAs were also used analyse theadeom each site in order to
determine whether the average number of specietioed on each plot differed

between each of the burrow mound plot types andetfezences plots.

To test whether the burrow mounds (data for althaf three burrow mound types
were pooled) increased the plant diversity at esitdy, non-parametric Wilcoxon
matched paired t-tests were used. The speciessdivaf the burrow mounds was
compared with the reference plots and the ovepadties diversity of the individual
sites (burrows and reference plots combined) wagpeoed with the values calculated
for reference plots at each site. If the overalkdsity of the site was greater than that
calculated for the reference plots, the burrow nasuwere deemed to have had a

positive effect on plant diversity at that site. d&asonal analysis was conducted.
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Plant species abundance data were Log (x + 1)ftnaned and the ANOSIM
function in PRIMER 5.0 was used to detect diffeendn plant community
composition data. Following this, SIMPER analysiaswemployed to determine
which species were the most important in deterrgiriive dissimilarity between the

communities, where a significant difference wa®dietd.

53RESULTS

Fourty-three plant species were recorded on theomwmounds (all three burrow
mound types combined) at Kwandwe compared to thedeties recorded on the
reference plots (Table 5.1). Six species which weoerded on the burrow mounds
were not recorded on the reference plots. At MZNBPsBecies were documented
growing on the burrows, of which seven were foundlesively on the burrow
mounds whilst 40 species were recorded on theamder plots (Table 5.2). Thirty-
five species occurred on the burrow mounds at Tiswalcomparison with the 50
species on the reference plots. Five of the speeiesrded on the burrow mounds
were not found on the reference plots (Table 513)e forb/herb growth form
contributed the greatest number of species on tineoww mounds (all three burrow
mound types combined) and on the reference plaadl #iree sites. The contribution
of the other growth forms to species richness dagimongst the sites and between the
burrow mounds and the reference plots. The geophytre the only growth form
absent from the burrow mound types at all the sidslst no succulent species were

recorded either on the mounds or on the refereluts @t Tswalu (Table 5.4).

Species diversity scores were higher for the refseplots than for the mounds at
Kwandwe (z = 0.78, N = 80, p > 0.05), MZNP (z =&).N = 80, p > 0.05) and

Tswalu (z = 1.72, N = 80, p > 0.05) but none of tesults were significant. Total
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species diversity values (data for burrow moundsraference plots combined) were
higher than the reference the sites at Kwandwe (z66, N = 80, p > 0.05) and
Tswalu (z = 1.82, N = 80, p > 0.05) but not at MZ[#P= 0.21, N = 80, p > 0.05)
(Table 5.5). Evenness values for the burrow mouadd reference plots were
generally high with the exception of the refereptets during Spring at Kwandwe
and during autumn and summer at MZNP where there am overwhelming
dominance of Panicum maximumPentzia globosaand Cynodon incompletus

respectively.

There was a significant effect of plot type on #wverage number of species recorded
per quadrat at Kwandwe (H = 21.3109, N = 160, pG0D), MZNP (H = 22.9305, N
= 160, p < 0.001) and Tswalu (H = 53.5034, N = 16&, 0.001). Post-hoc pairwise
comparisons revealed no differences between attiveow mounds and recently
abandoned burrow mounds at any of the sites, haweference plots contained
significantly more species per quadrat than regeaaitbndoned burrow mounds at all
three sites (Table 5.6). Active burrow mounds (8cggs £ 0.9) were not significantly
different from any of the other plot types at MZNBt active burrow mounds were

significantly different from old burrow mounds atiéndwe and Tswalu (Table 5.6).

Plant community similarity values within plot type®re generally low at all the sites
during all four seasons and zero similarity exidetiveen the active burrow mound
plots in both winter and spring at Tswalu. Contranthis, the active burrow mound

plots exhibited 100 % similarity at that site irtwauan.

Despite the low R-values, overall, the differenbtptypes were characterised by

significantly different communities during all treeasons at MZNP (autumn R =

116



Chapter 5: The impact of aardvark burrows on flaasliversity
0.153, p < 0.05; winter R = 0.177, p < 0.01; spiithg 0.162, p < 0.05; summer R =
0.284, p < 0.01), during three of the seasons aar¢iwe (autumn R = 0.132, p <
0.05; winter R = 0.194, p < 0.01; spring R = 0.16% 0.05; summer R = 0.017, p >
0.05) and during winter only at Tswalu (autumn F0.833, p > 0.05; winter R =
0.199, p < 0.05; spring R = 0.065, p > 0.05; sumier- 0.154, p > 0.05). Following
the similarity calculations the pairwise comparisirKwandwe revealed significant
differences in community composition between th&vadurrow mounds and the old
burrow mounds (R = 0.64, average dissimilarity =724%, p < 0.05) and between
active and the reference plots (R = 0.539, avedagg@milarity = 100 %, p < 0.05)
during autumn. Significant differences were alsacorded between recently
abandoned burrow mounds and the old burrow moumis=(0.211, average
dissimilarity = 82.84 %, p < 0.05) as well as betwehe recently abandoned burrow
mounds and the reference plots (R = 0.164, avataganilarity = 85.59 %, p < 0.05)
in autumn. During winter at Kwandwe the only twdfeliences occurred between the
reference plots and the recently abandoned bur(Bws 0.222, average dissimilarity
= 83.57 %, p < 0.05) as well as between the retergsiots and the old burrow
mounds (R = 0.323, average dissimilarity = 83.74p%, 0.05). In spring the only
significant difference was detected between thevecburrow mounds and the
reference plots (R = 0.254, average dissimilari§3-82 %, p < 0.05). No significant
differences were detected between the differentndalypes and references plots

during summer at Kwandwe.

At MZNP during autumn, significant differences ironemunity structure were
calculated between the reference plots and theeattirrow mounds (R = 0.501,
average dissimilarity = 83.11%, p < 0.05) as weslltlae old burrow mounds (R =

0.121, average dissimilarity = 70.73 %, p < 0.0Buring winter and spring
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differences occurred between the reference platsaative burrow mounds (winter R
= 0.184, average dissimilarity = 81.58 %, p < 0.8pring R = 0.367, average
dissimilarity = 79.60 %, p < 0.05) as well as batwehe reference plots and recently
abandoned burrow mounds (winter R = 0.27, averagg@ndgilarity = 86.06 %, p <
0.05; spring R = 0.159, average dissimilarity =085%, p < 0.05). In summer
differences occurred between the recently abanddmebw mounds and the old
mounds (R = 0.314, average dissimilarity = 85.72 o< 0.05) as well as the
reference plots (R = 0.478, average dissimilarit§y923 %, p < 0.05). A significant
difference also existed between the old burrow msuend the reference plots (R =

0.334, average dissimilarity = 78.97 %, p < 0.05).

At Tswalu pairwise comparisons yielded significdifterences between the reference
plots and active burrow mounds (R = 0.476, avemigsimilarity = 92.95 %, p <
0.05) as well as the recently abandoned burrow s®imwinter (R = 0.176, average
dissimilarity = 85.19 %, p < 0.05) and between Hwtive burrow mounds and

reference plots in spring (R = 0.351, average mhigaiity = 93.20 %, p < 0.05).

In all instances where ANOSIM revealed significdifferences between community
compositions at Kwandwe, SIMPER analysis demoresirdie important contribution
of four grass speciefigitaria eriantha Setaria neglectaEragrostis lehmanniana
andPanicum maximuriTables 5.8 — 5.14). These species were partiguddnindant
on the old mounds and in the reference plots butwemparatively scarce on the
active and recently abandoned burrow mounds ansl ¢batributed substantially to
the dissimilarity between the plot types duringtia$ seasons. For instance, in autumn
Setaria neglectandDigitaria erianthaalone contributed to 60 % of the dissimilarity

between the active burrow mounds and the old bummwnds. Occasionally, for
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example autumn, the grass spedsmodon dactylorwas more common on active
and recently abandoned burrow mounds than on thenolunds or on the reference
plots (Tables 5.10 and 5.11). The abundancéigitaria eriantha and Panicum
maximum on the reference plots and the greater presencspeties such as
Syncolostemon densifloru§&alenia sp., Alzoon sp., Malephora sp. andCuspidia
cernuaon the old burrow mounds were responsible fordifferences which existed
between those two plot types at Kwandwe duringwivder. The greater abundance
of Argemone ochroleucan the active mounds together with the usual ahbooel of
the four dominant grass species on the refererats plere the main contributors to

the dissimilarity which occurred between those phai types in Spring (Table 5.14).

The dominance ofPentzia globosaalong with Eragrostis obtusa Cynodon
incompletusand Drosanthemum hispidummn the reference plots was the main cause
of dissimilarity between the reference plots arsl dther plots at MZNP, particularly
the active and recently abandoned burrow moundsl€¢$a.15-5.23). The exception
was winter wherPentzia globosavas more abundant on the active burrow mounds
than on the reference plots (Table 5.17). The otiher species which were regularly
more abundant on the active and recently abandomedw mounds compared to the
reference plots werBalsolakali and theAlzoonsp (Tables 5.17-5.19 & 5.21). The
abundance ofEragrostis lehmanniana Aristida meridionalis and Stipagrostis
uniplumis in the reference plots and the greater presenceCarbpegia sp.,
Dicerocaryum ericocarpurandHermannia burchelliion the active mounds resulted
in over 50 % of the dissimilarity between those tworow types at Tswalu during
winter (Table 5.24). The presence of dominant gsgmies in the reference plots
together with the presence $&nna italica Schmidtia kalihariensigsnd Hermannia

burchellii on the recently abandoned mounds were the masfisant contributors to
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the dissimilarity between those communities at Tewhuring winter (Table 5.25).
The difference between the active burrow moundsthadeference plots at Tswalu
during spring can be predominantly attributed te tjreater amount ofristida
meridionalis Tribulus zeyheriSenna italicaandHarpagophytum procumbems the

reference plots (Table 5.26).

The Kruskal-Wallis ANOVAs revealed significant difences at all three sites
(Kwandwe H = 73.8364, N = 160, p < 0.001; MZNP Hr/Z23575, N = 160, p <
0.001; Tswalu H = 79.0726, N = 160, p < 0.001) wihards to the amount of bare
earth recorded on the different plot types. The @amhof bare earth was significantly
higher on active and recently abandoned burrow mi®wompared to the old burrow
mounds and reference plots at all three sites Qp05 for all) with the exception of
Tswalu where active mounds did not contain moree lgnound than old burrow
mounds (p > 0.05). No difference was recorded betwie active mounds and
recently abandoned burrow mounds at any of the ¢ite> 0.05 for all). Old burrow
burrow mounds contained significantly less vegegatover than the reference areas

at MZNP (p < 0.05) and Tswalu (p < 0.001) but rntdl@wandwe (p > 0.05).

5.4 DISCUSSION

The colonization of open plots of vegetation aseault of disturbance has been
equated with the colonization of islands as botlolve similar phases of succession
whereby species composition is altered as domisgetties are recruited and begin to
out-compete the pioneers species (Platt, 1975)ed&els conducted on the North
American prairies suggests that the colonization dafturbed plots may take

approximately two to three years with the plotsallsuremaining empty until the

spring proceeding the disturbance (Platt, 197Xritide & Myers (2001) recorded
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significantly more bare ground around the warrehshe European rabbit than in
paired control sites, whilst Kaczor & Hartnett (099ound significantly lower plant
cover on recently abandoned gopher tortoise bumownds compared to undisturbed
plots. Therefore, the significant difference beswdéhe amount of bare earth present
on active and recently abandoned aardvark burrowinci® compared with the
reference plots during this study was not unexpkctdore surprising, however, was
the significantly higher amount of bare earth odh lslirrow mounds compared to the
reference sites at MZNP and Tswalu. This contradidhe findings of Kaczor &
Hartnett (1990) who recorded an intermediate cogedf vegetation on old burrow
mounds which did not differ significantly from egththe recently abandoned burrows
or reference plots. The initial creation of aar¢hvanrrows is likely to result in all but
the largest and most durable plant species beingred by the excavated soil, and it
is unlikely that the plant cover will increase i following the soil deposition,
particularly if the disturbance did not take planea growing season (Platt, 1975),
unless partially covered plants emerge from the Bouunet al (2005) did not find
evidence to suggest that the length of time sime durrow was last inhabited
affected the vegetation on artic fox burrows. Itpssible that the regular use of
abandoned aardvark burrows by other vertebrateiespenay result in increased
trampling of the burrow mound thus inhibiting iaiti plant colonization and
consequently affecting the establishment of plavec even on old burrow mounds.
However, the plant communities which are commonigspnt at the entrance of
European badger setts are thought to be able bstaitd regular disturbance (Neal &

Roper, 1991).

A further point of congruence between this researuth that conducted by Kaczor &

Hartnett (1990) was the greater total species esbrof the reference plots compared
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to the burrow mounds although they did emphasiaé ttheir results may have been
exaggerated as a result of the sampled area iretbeence sites being substantially
larger than that sampled for the burrow moundsheligpecies richness on reference
plots was also observed in comparisons with dess ditelonging to arctic foxes
(Bruun et al, 2005). However, Kaczor & Hartnett (1990) encewetl a higher
number of species per 1°wn the old mounds than on either the recently atvaedi
burrow mounds or indeed the reference plots. This attributed to the intermediate
successional stage of the old mounds which resirted equilibrium being attained
between annual colonizers and later successiomas loe perennial plants. This trend
was only observed at Kwandwe during this researah even though the average
species richness of the burrow mound types incieagth successional age (i.e.
species richness was lowest on active burrow mquaad highest on old burrow
mounds) at Tswalu, the reference plots containedntbst species. Surprisingly, the
active burrow mounds at MZNP contained a higheray® number of species per
mound than the recently abandoned burrows butnii#g have been an artefact of
some of the larger plant species on the active n®ye.g.Pentzia globosaand
Schotia afrd not being completely covered by the initial sd#position during

burrow excavation (pers. obs.).

At all three sites, as was the case in other ssu@iaczor & Hartnett, 1990; Bruwst
al., 2005), certain species were recorded growinduskely on aardvark burrow
mounds and were absent from the reference plotsselhesults, however, must be
interpreted with care as tree species suchAzasa tetracanthand Acacia karroo
were found on the burrow mounds at Kwandwe but vedrgent from the reference
plots at that site. These two species are noticesdrto growing on burrow mounds

(pers. obs.) and it is very likely that the resultere merely an anomaly of the
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sampling. Other species suchfAagemone ochroleuga category one invasive weed,
(Henderson, 2001) were recorded exclusively ondwrmounds at MZNP, yet
occurred on the mounds and on the reference picdsvandwe. Further examples of
this phenomenon includé@canthosicyos naudinianuand Cucumis zeyherivhich
were encountered on the burrow mounds at MZNP kerevebserved on both the
burrow mounds and reference plots at Tswairiplex semibaccatavas only found
on the burrow mounds at Kwandwe but was observedath the mounds and

reference plots at MZNP.

Disturbance is thought to play and important roléaicilitating the invasion of exotic
weeds (Hobbs & Huenneke, 199#)d thus it was not unexpected that species such as
Argemone ochroleugatriplex lindleyiandSalsola kaliwere documented colonising
the denuded soil at the burrow entrances. Howeter, reference sites were not
devoid of alien weeds either. In faétriplex lindleyiwas a prominent component of
the plant community on the reference plots at Kwanih winter whilst large tracts

of Salsola kaliand Solanum sysimbrifoliunwvere observed in areas adjacent to the
study sites at Tswalu and MZNP (pers. obs.). Thgelgpresence of weedy invaders
on the reference sites at all the reserves sugtiedgtthese areas have been subjected
to substantial disturbance. This may have coniithtid the unexpected differences in
community structure observed between the old bummund plot types, which are
not as prone to weed invasion as the earlier samed stages, and the reference
plots. In addition, the lack of difference betwestive or recently abandoned burrow
mounds and the reference plots in some instancgsatea have been influenced by
the abundance of these invasive weeds on the neferplots. The relatively high
abundance obrosanthemum hispidurand Malephorasp. on the reference plots at

both Kwandwe and MZNP together with the substamtiabence oEragrostis obtusa
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andCynodon incompletuioneer/sub-climax grass species) on the referplute at
MZNP is indicative of disturbance as these speafescommon components of early
successional communities on old lands and roadegefQean & Milton, 1995; van
Oudtshoorn, 2002; O’Farrell & Milton, 2006). Thestlirbed nature of some of the
reference plots may be attributed to a combinadiotihhe recent land-use practices of
the study sites as well as current trampling araxigg by ungulate species and the
creation of foraging pits by mammals such as Capeupines and aardvarks (Dean
& Milton, 1991a; 1991b; 1995). Despite the presentalisturbance species, there
was also a greater abundance of climax and sulaxlignass species for example
Eragrostis lehmannianaAristida meridionalisand Stipagrostis uniplumison the
reference plots at Tswalu andigitaria eriantha Setaria neglecta Eragrostis
lehmannianaandPanicum maximuron the reference plots at Kwandwe compared to
even the old burrow mounds, suggesting that thereate plots are generally in a
later successional phase and closer to a climaxmonty than any of the burrow
mound plot types including the old mounds. Howeguvbe very small similarity
values calculated for most of the burrow and refeeeplot types during all the
seasons at all three sites suggests that thereonsiderable variation within
communities occurring on the burrow mounds and tmn ddjacent “undisturbed”
sites. In most instances the global statistic@¥ also low and thus the likelihood
exists that there is a certain amount of overlaméen the burrow plot communities
and those on the reference plots. Further evidemseapport this is that the majority
of species found on burrow mounds were also eneoeditoff the mounds, probably
on areas subjected to disturbance as was obsewed)dhe study on the arctic fox
dens (Bruuret al, 1995). Furthermore, the superior contributioroé growth form,
the forbs/herbs, to the species richness of batbthrow mounds and the reference

plots at all sites may also hint at possible comiyuoverlap. Eldridge and Myers
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(2001) also noted large similarities in the plaomenunity at the entrance of rabbit

warrens compared to adjacent control sites.

In conclusion, despite the lack of significant nargof species unique to burrow
mounds and the lower species richness and divarsithe burrow mounds compared
to the reference plots at all the sites, on a leapks level the presence of burrow
mounds may increase floristic diversity as was evidat Kwandwe and Tswalu
where combined species diversity of the burrow nasuaind “undisturbed” reference
plots was higher than that for the reference sdmstheir own. It is therefore
concluded that aardvark burrows promote heterogenei the landscape and
ultimately have the potential to promote floristitversity in arid and semi-arid
environments, although in some cases these bemséits be diminished by their

facilitation of weed invasion.
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5.5 TABLESAND FIGURES

Table 5.1: Species, family and growth form of ptapresent on burrow mounds and on

reference plots at Kwandwe (Table continue oveyleaf

Species Family Growth Present Present
form on on
burrow reference
mound plots
Acacia karroo Fabaceae Tree Yes No
Alzoonsp. Cupressaceae Forb/herlyes Yes
Aregemone ochroleuca Papaveraceae Forb/herlyes Yes
Asparagus africanus Asparagaceae Forb/herlyes Yes
Atriplex lindleyi Chenopodiaceae Forb/herlyes Yes
Atriplex semibaccata Chenopodiaceae Forb/herlyes No
Azima tetracantha Salvadoraceae Tree Yes No
Cadaba aphylla Brassicaceae Forb/heriNo Yes
Cenchrus ciliaris Poaceae Grass Yes Yes
Ceropegia africana Asclepiadaceae Forb/herkyes Yes
Cuspidia cernua Asteraceae Forb/herbyes Yes
Cymbogon plurinodis Poaceae Grass No Yes
Cynodon dactylon Poaceae Grass Yes Yes
Digitaria eriantha Poaceae Grass Yes Yes
Drosanthemum hispidum Mesembryanthemacea&ucculent Yes Yes
Enneapogon scoparius Poaceae Grass No Yes
Eragrostis chloromelas Poaceae Grass Yes No
Eragrostis lehmanniana Poaceae Grass Yes Yes
Eragrostis obtusa Poaceae Grass Yes Yes
Ehrharta calycina Poaceae Grass No Yes
Euphorbia bothae Euphorbiaceae Shrub No Yes
Euryops chrysanthemoides Poaceae Grass Yes No
Eustachys paspaloides Poaceae Grass Yes Yes
Falkia repens Convolvulaceae Forb/herbNo Yes
Galeniasp. Aizoaceae Forb/herbYes Yes
Gnidia capitata Thymelaeaceae Forb/herkyes Yes
Grewia occidentalis Malvaceae Shrub No Yes
Grewia robusta Malvaceae Shrub No Yes
Helichrysum cymosum Asteraceae Forb/herbyes Yes
Hermannia incana Malvaceae Forb/herbYes Yes
Hypoestes forskaoli Acanthaceae Shrub No Yes
Indigofera alternans Fabaceae Forb/herbres Yes
Lepidium africanum Brassicaceae Forb/herkxes Yes
Lobelia tomentosa Campanulaceae Forb/herlyes Yes
Lycium ferocissimum Solanaceae Shrub Yes Yes
Lycium oxycarpum Solanaceae Shrub Yes Yes
Malephora crocea Mesembryanthemacea&ucculent Yes Yes
Maytenus capitata Celastraceae Tree No Yes
Mesembryanthemum crustalinunMesembryanthemacea&ucculent Yes Yes
Moraea polystachya Iridaceae Forb/herbNo Yes
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Opuntia aurantiaca
Pachypodium bispinosum
Panicum maximum
Pelargonium aridum
Pentzia incana

Plumbago auriculata
Psilocaulonsp.

Rhus lancea

Ruschiasp.

Salsola aphylla

Salsola kali

Senecio radicans

Setaria neglecta
Spilanthessp.
Syncolostemon densiflorus
Teucrium trifidum
Thunbergia capensis
Tragus berteronianus
Tribulus terrestris

Cactaceae Shrub Yes
Apocynaceae Shrub No

Poaceae Grass Yes
Geraniaceae Shrub Yes
Asteraceae Shrub Yes
Plumbaginaceae Shrub Yes

Mesembryanthemacea&ucculent Yes
Anacardiaceae Tree No
Mesembryanthemacea&ucculent No

Chenopodiaceae Shrub Yes
Chenopodiaceae Forb/herblo
Asteraceae Shrub Yes
Poaceae Grass Yes
Asteraceae Shrub Yes
Lamiaceae Shrub Yes
Lamiaceae Forb/herbYes
Acanthaceae Shrub No
Poaceae Grass Yes
Zygophyllaceae Forb/herbYes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
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Table 5.2: Species, family and growth form of psaptesent on burrow mounds and on reference

plots at MZNP (Table continues overleaf).

Species Family Growth Present Present
form on on
burrow reference
mound plots
Acanthosicyos naudinianus Cucurbitaceae Forb/herbres No
Acacia karroo Fabaceae Tree No Yes
Alzoonsp. Cupressaceae Forb/herlyes Yes
Ammocharis coranica Amaryllidaceae Geophyte No Yes
Argemone ochroleuca Papaveraceae Forb/herlyes No
Aristida congesta Poaceae Grass Yes Yes
Asparagussp. Asparagaceae Forb/herlyes Yes
Atriplex lindleyi Chenopodiaceae Forb/herlyes Yes
Atriplex semibaccata Chenopodiaceae Forb/herlyes Yes
Berkheya decurrens Asteraceae Shrub Yes No
Chrysocoma ciliata Asteraceae Shrub Yes Yes
Crassulasp. Crassulaceae Succulentlo Yes
Cucumis zeyheri Cucurbitaceae Forb/herbres No
Cuspidia cernua Asteraceae Forb/herbYes Yes
Cynodon incompletus Poaceae Grass Yes Yes
Drosanthemum hispidum Mesembryanthemacea&uculent  Yes Yes
Elionurus muticus Poaceae Grass No Yes
Eragrostis lehmanniana Poaceae Grass No Yes
Eragrostis obtusa Poaceae Grass Yes Yes
Eragrostis rigidor Poaceae Grass No Yes
Ericocephalus ericoides Asteraceae Shrub Yes Yes
Galenia sarcophylla Aizoaceae Forb/herbYes Yes
Helichrysum agyrophyllum. Asteraceae Forb/herbyes Yes
Helichrysum umbraculigerum  Asteraceae Forb/herbYes Yes
Hermanniasp. Malvaceae Forb/herbNo Yes
Imperata cylindrica Poaceae Grass No Yes
Lepidium africanum Brassicaceae Forb/herkyes Yes
Lobelia neglecta Campanulaceae Forb/herlyes Yes
Lycium cinerium Solanaceae Shrub Yes Yes
Malephora crocea Mesembryanthemacea&ucculent Yes Yes
Mesembryanthemum aitonis Mesembryanthemacea&ucculent Yes Yes
Mesembryanthemum crustalinumMesembryanthemacea&ucculent No Yes
Opuntia aurantiaca Cactaceae Shrub Yes Yes
Passerina obtusifolia Thymelaeaceae Shrub No Yes
Pentzia globosa Asteraceae Shrub Yes Yes
Psilocaulon junceum Mesembryanthemacea&ucculent Yes Yes
Ruschia crodockensis Mesembryanthemacea&ucculent No Yes
Salsola aphylla Chenopodiaceae Shrub Yes Yes
Salsola kali Chenopodiaceae Forb/herlyes Yes
Schotia afra Fabaceae Tree Yes No
Setaria sphacelata Poaceae Grass Yes No
Setaria verticillata Poaceae Grass Yes No
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Solanum sysimbrifolium
Talinum caffrum
Thesium lineatum
Tragus koelerioides
Tribulus zeyheri

Solanaceae
Portulacaceae
Santalaceae
Poaceae
Zygophyllaceae

Shrub No
Shrub Yes
Forb/hertNo
Grass Yes
Forb/herbNo

Yes

Yes
Yes

Yes
Yes

Table 5.3: Species, family and growth form of ptaptesent on burrow mounds and

on reference plots at Tswalu. (Table continuesleaér

Species Family Growth Present Present
form on on
burrow reference
mound plots
Acacia mellifera Fabaceae Tree No Yes
Acanthosicyos naudinianus Cucurbitaceae Forb/herbres Yes
Aerva leucura Amaranthaceae Forb/hertiNo Yes
Ammocharis coranica Amaryllidaceae Geophyte No Yes
Anthephora pubescens Poaceae Grass Yes Yes
Aptosimun marlothii Scrophulariaceae Forb/herlyes No
Aristida congesta Poaceae Grass Yes No
Aristida meridionalis Poaceae Grass Yes Yes
Aristida stipitata Poaceae Grass Yes Yes
Asparagus africanus Asparagaceae Forb/herlyes Yes
Asparagus sauveolens Asparagaceae Forb/herlyes Yes
Cenchrus ciliaris Poaceae Grass Yes Yes
Centropodia glauca Poaceae Grass Yes Yes
Ceropegiasp. Asclepiadaceae Forb/herkyes Yes
Citrullus lanatus Cucurbitaceae Forb/hertNo Yes
Crotalaria orientalis Fabaceae Shrub No Yes
Cucumis zeyheri Cucurbitaceae Forb/herbres Yes
Dicerocaryum eriocarpum Pedaliaceae Forb/herbres Yes
Ehrhartasp. Poaceae Grass No Yes
Elephantorrhiza elephantina Fabaceae Shrub No Yes
Eragrostis lehmanniana Poaceae Grass Yes Yes
Eragrostis pallens Poaceae Grass No Yes
Eragrostis rigidor Poaceae Grass Yes Yes
Ericocephalus ericoides Asteraceae Shrub Yes Yes
Gnidia polycephala Thymelaeaceae Forb/heriNo Yes
Grewia flava Fabaceae Shrub Yes No
Harpagophytum procumbens Pedaliaceae Forb/herbres Yes
Hermannia burchelli Malvaceae Forb/herbYes Yes
Hermannia tomentosa Malvaceae Forb/herbYes Yes
Ipomoea bolusiana Convolvulaceae Forb/herkiNo Yes
Indigofera alternans Fabaceae Forb/herbres Yes
Indigofera flavicans Fabaceae Shrub No Yes
Leonotis leonurus Lamiaceae Forb/herbNo Yes
Limeum fenestratum Molluginaceae Forb/herbYes Yes
Lycium boscifolium Solanaceae Shrub No Yes
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Lycium viscosum
Melinis repens
Monechma incanum
Panicum maximum
Pentzia globosa
Plinthus sericeus
Pteroniasp.

Rhigozum trichotonum
Rhynchosia venulosa
Salsola kali

Schmidtia kalihariensis
Schmidtia pappophoroides
Schotia afra

Senna italica

Sesamum indicum
Solanum linnaeanum
Solanum sysimbrifolium
Stipagrostis uniplumis
Tribulus zeyheri
Xenostegia tridentata

Solanaceae
Poaceae
Acanthaceae
Poaceae
Asteraceae
Aizoaceae
Asteraceae
Bignoniaceae
Fabaceae
Chenopodiaceae
Poaceae
Poaceae
Fabaceae
Fabaceae
Pedaliaceae
Solanaceae
Solanaceae
Poaceae
Zygophyllaceae

Dennstaedtiaceae

Shrub Yes
Grass Yes
Forb/hertiNo
Grass Yes
Shrub Yes
Shrub No
Shrub No
Shrub Yes
Forb/herbres
Forb/herblo
Grass Yes
Grass Yes
Tree No
Forb/herbres
Forb/hertNo
Shrub Yes
Shrub No
Grass Yes
Forb/herbYes
Forb/herlyes

No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes

Table 5.4: Percentage contribution of each plaotvgr form to the total number of

species present on the burrow mounds (data fohralé mound types combined) and on

the reference plots. All seasonal data was pooled.

Growth Kwandwe MZNP Tswalu
form
Burrow Reference Burrow Reference Burrow Reference
mounds plots mounds plots mounds plots
Trees 2.3 % 3.7% 3.0% 2.5% 0% 4.0 %
Shrubs 23.3% 27.8% 24.3 % 225 % 171 % 20.0 %
Forb/herbs 39.5 % 35.2 % 42.4 % 35.0 % 457 % %6.0
Succulents 25.6 % 9.25 % 12.1 % 17.5% 0% 0%
Grasses 9.3 % 222 % 18.2 % 20.0 % 37.2% 28.0 %
Geophytes 0 % 1.8% 0% 25 % 0% 2.0%
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Table 5.5: Species richness, diversity and evensas®s for vegetation recorded each

season on the burrow mounds, reference plots amdothl for the site as a whole

(vegetation on all mound types and reference glotsbined).

Site Season Position  Species Species diversity Evenness
richness H’ J'
Kwandwe Autumn Total 24 2.06 0.64
Burrow 8 1.50 0.72
Reference 23 2.13 0.68
Winter  Total 24 2.61 0.82
Burrow 20 2.73 0.91
Reference 21 2.29 0.75
Spring  Total 24 1.91 0.60
Burrow 21 2.23 0.73
Reference 17 1.50 0.53
Summer Total 22 2.21 0.71
Burrow 18 2.28 0.78
Reference 21 1.96 0.64
MZNP Autumn Total 33 1.67 0.47
Burrow 8 1.50 0.72
Reference 31 2.40 0.70
Winter  Total 21 2.61 0.85
Burrow 15 2.46 0.91
Reference 19 2.50 0.84
Spring  Total 24 2.46 0.77
Burrow 17 2.54 0.89
Reference 22 2.29 0.74
Summer Total 26 2.31 0.71
Burrow 15 2.48 0.91
Reference 23 1.99 0.63
Tswalu Autumn Total 34 2.76 0.78
Burrow 18 2.40 0.83
Reference 27 2.70 0.81
Winter  Total 29 2.63 0.78
Burrow 12 2.32 0.93
Reference 26 2.53 0.77
Spring  Total 23 2.62 0.83
Burrow 13 2.25 0.87
Reference 18 2.46 0.85
Summer Total 22 2.73 0.88
Burrow 14 2.44 0.92
Reference 22 2.63 0.85
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Table 5.6: Significant differences between plotetypwith regards to the average
number of species recorded in each quadrat (n =AQjve = Active burrow mound
plot, Recent = Recently abandoned burrow mound QMat = Old burrow mound plot

and Ref = Reference plot. * = p < 0.05, ** = p 90.*** = p < 0.001.

Site Plot type Number of species + 1 SD in eaohtybe P-value
Kwandwe Active andold 2.4+1.2and3.9+1.5 *
Recentandold 2.2+1.4and39+1.5 **
Recentandref.2.2+1.4and 3.4+1.8 **
MZNP Refand recent 4.1+1.8and2.8+1.3 *
Ref and old 41+18and3.1+2.2 ok
Tswalu Activeandold 1.1+11and29+1.2 *
Activeandref 1.1 +1.1and3.9+1.8 *
Recentandref 1.9+0.7and3.9+1.8 ok
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Table 5.7: SIMPER analysis breakdown of similaditgtween plant communities
within the different plot types each season at Kaves (A), MZNP (B) and Tswalu

(C). N/A = not applicable as the plot type contdidess than two quadrats with

vegetation.
A
Season Plottype Similarity
Autumn Active 5.03
Recent 14.47
Old 36.97

Winter

Spring

Reference 18.34
Active 15.85
Recent 9.29
old 30.89
Reference 27.69
Active 13.39
Recent 27.02
old 24.40
Reference 32.83

Summer Active 18.11

Recent 32.08
Old 23.24
Reference 19.76

Summer Active

B

Season Plottype Similarity

Autumn Active 46.10
Recent 36.73
Old 30.95
Reference 37.09

Winter  Active 50.00
Recent 8.57
Old 15.63
Reference 25.82

Spring  Active 25.64

Recent 18.83

Old 29.14
Reference 32.60
31.14
Recent 36.04
Old 23.70

Reference 35.28
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C

Season Plottype Similarity

Autumn Active 100.00
Recent 29.29
Old 17.59
Reference 22.64

Winter  Active 0.00
Recent N/A
Old 20.76
Reference 24.23

Spring  Active 0.00
Recent 23.33
Old 17.74
Reference 15.74

Summer Active 5.56
Recent 24.76
Old 18.03

Reference 16.01
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Table 5.8: SIMPER analysis breakdown of averagseirditarity between active burrow
mounds and old burrow mounds into contributionsnfthe seven most influential species

at Kwandwe during autumn. Percentage cover was aseadsurrogate for abundance.

Species Average Average Average Contribution Cumulative
abundance abundance dissimilarity % contribution
on active on old
burrow burrow
mounds  mounds

Setaria neglecta 0.00 12.22 29.93 31.60 31.60
Digitaria 0.00 23.33 27.64 29.18 60.78
eriantha

Euryops 2.50 1.67 14.11 14.90 75.68
chrysanthemoides

Eragrostis 0.00 5.00 11.24 11.87 87.55
lehmanniana

Atriplex lindleyi  0.00 1.11 4.05 4.27 91.82
Teucreum 0.00 1.11 4.05 4.27 96.10
trifidum

Lepidium 0.00 1.11 3.70 3.90 100.00
africanum

134



Chapter 5: The impact of aardvark burrows on flaasliversity
Table 5.9: SIMPER analysis breakdown of averagsirditarity between active burrow
mounds and reference plots into contributions ftbm 10 most influential species at

Kwandwe during autumn. Percentage cover was usadasgogate for abundance.

Species Average Average Average Contribution Cumulative
abundance abundance dissimilarity % contribution
on active on
burrow reference
mounds  plots

Digitaria 0.00 28.33 18.18 18.18 18.18
eriantha

Setaria neglecta 0.00 5.00 10.33 10.33 28.51
Euryops 2.50 0.00 9.75 9.75 38.26
chrysanthemoides

Eragrostis 0.00 6.11 9.69 9.69 47.95
lehmanniana

Pentziaincana 0.00 1.39 8.54 8.54 56.48
Malephorasp. 0.00 1.94 5.42 5.42 61.91
Eragrostis obtusa 0.00 1.39 3.52 3.52 65.42
Lepidium 0.00 0.83 3.40 3.40 68.82
africanum

Maytenus 0.00 0.56 2.55 2.55 71.37
capitata

Ehrharta 0.00 2.78 2.36 2.36 73.73
calycina
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Table 5.10: SIMPER analysis breakdown of averagsimilarity between recently

abandoned burrow mounds and old burrow moundscamdributions from the eight

most influential species at Kwandwe during autuPercentage cover was used as a

surrogate for abundance.

Species Average Average Average Contribution Cumulative
abundance abundance dissimilarity % contribution
on on old
recently  burrow
abandoned mounds
burrow
mounds

Setaria neglecta 0.00 12.22 23.20 28.01 28.01

Digitaria 2.14 23.33 21.41 25.85 53.86

eriantha

Eragrostis 3.57 5.00 13.95 16.84 70.69

lehmanniana

Euryops 0.71 1.67 7.78 9.39 80.08

chrysanthemoides

Lepidium 0.71 1.11 4.94 5.97 86.05

africanum

Cynodon 2.14 0.00 4.59 5.54 91.58

dactylon

Atriplex lindleyi  0.00 1.11 3.49 4.21 95.79

Teucreum 0.00 1.11 3.49 4.21 100.00

trifidum
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Table 5.11: SIMPER analysis breakdown of averagsimilarity between recently
abandoned burrow mounds and reference plots inttribations from the 10 most
influential species at Kwandwe during autumn. Paiage cover was used as a

surrogate for abundance.

Species Average Average Average Contribution Cumulative
abundance abundance dissimilarity % contribution
on on

recently  reference
abandoned plots

burrow

mounds
Digitatia 2.14 28.33 17.13 19.33 19.33
eriantha
Eragrostis 3.57 6.11 11.90 13.43 32.76
lehmanniana
Setaria neglecta 0.00 5.00 8.74 9.86 42.62
Pentziaincana 0.00 1.39 6.13 6.91 49.54
Cynodon 2.14 1.67 5.26 5.94 55.48
dactylon
Malephorasp. 0.00 1.94 4.61 5.20 60.68
Lepidium 0.71 0.83 4.18 4.72 65.40
africanum
Eragrostis obtusa 0.00 1.39 3.03 3.42 68.82
Euryops 0.71 0.00 2.78 3.14 71.96
chrysanthemoides
Ehrharta 0.00 2.78 2.11 2.38 74.34
calycina
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Table 5.12: SIMPER analysis breakdown of averagsimilarity between recently
abandoned burrow mounds and reference plots intdribations from the 10 most
influential species at Kwandwe during winter. Patage cover was used as a surrogate

for abundance.

Species Average Average Average Contribution Cumulative
abundance abundance dissimilarity % contribution
on recently on
abandoned reference

burrow plots

mounds
Digitaria 1.88 12.50 17.91 21.44 21.44
eriantha
Panicum 0.00 4,50 9.24 11.06 32.49
maximum
Setaria 1.25 3.75 9.06 10.84 43.33
neglecta
Pentzia incana 1.25 1.50 6.18 7.39 50.72
Lycium 0.63 1.25 4.88 5.84 56.56
ferrisisimum
Drosanthemum 1.25 0.25 4.70 5.62 62.18
hispidum
Malephorasp. 0.63 1.25 4.21 5.03 67.22
Atriplex 0.63 0.75 3.76 4.50 71.72
lindleyi
Falkia repens 0.00 1.25 2.81 3.36 75.08
Acacia karroo 0.63 0.25 2.69 3.22 78.30
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Table 5.13: SIMPER analysis breakdown of averagsimilarity between old burrow
mounds and reference plots into contributions ftbm 10 most influential species at

Kwandwe during winter. Percentage cover was usedsasrogate for abundance.

Species Average Average Average Contribution Cumulative
abundance abundance dissimilarity % contribution
on old on
burrow reference
mounds  plots

Digitaria 1.43 12.50 11.59 13.84 13.84

eriantha

Drosanthemum 3.57 0.25 8.11 9.68 23.52

hispidum

Setaria 2.86 3.75 6.62 7.91 31.42

neglecta

Panicum 1.43 4.50 6.47 7.72 39.15

maximum

Syncolostemon 2.86 0.25 6.32 7.54 46.69

densiflorus

Alzoonsp. 2.14 0.75 4.96 5.92 52.61

Galeniasp. 1.43 0.25 3.84 4.58 57.19

Malephorasp. 1.43 1.25 3.79 4.53 61.72

Cuspidia 1.43 0.50 3.46 4.13 65.85

cernua

Pentzia incana 0.71 1.50 3.36 4.01 69.86
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Table 5.14: SIMPER analysis breakdown of averagssimiilarity between active
burrow mounds and reference plots into contribidom the 10 most influential

species at Kwandwe during spring. Percentage cosaey used as a surrogate for

abundance.
Species Average  Average Average Contribution Cumulative
abundance abundance dissimilarity % contribution
On active  on
burrow reference
mounds plots
Panicum 1.92 29.25 20.80 24.81 24.81
maximum
Argemone 3.85 2.00 8.70 10.38 35.19
ochroleuca
Digitaria 0.77 4.50 7.39 8.81 44.01
eriantha
Cynodon 1.15 4.50 7.03 8.38 52.39
dactylon
Pentzia incana 0.38 1.50 4.67 5.57 57.96
Eragrostis 1.92 0.00 4,57 5.45 63.41
lehmanniana
Drosanthemum 1.15 0.50 3.84 4.58 67.99
hispidum
Asparagus 0.38 1.00 3.20 3.82 71.81
africanum
Lycium 0.77 0.75 3.04 3.63 75.44
oxycarpum
Setaria neglecta 0.38 0.75 2.76 3.30 78.73
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Table 5.15: SIMPER analysis breakdown of averagsimilarity between active
burrow mounds and reference plots into contrib@ifnom the 10 most influential

species at MZNP during autumn. Percentage cover wgasl as a surrogate for

abundance.
Species Average Average Average Contribution Cumulative
abundance abundance dissimilarity % contribution
On active on
burrow reference
mounds plots
Pentzia 2.50 37.00 19.51 23.47 23.47
globosa
Drosanthemum 5.00 6.25 12.58 15.13 38.60
hispidum
Eragrostis 0.00 12.25 12.38 14.89 53.50
obtusa
Chryscoma 5.00 0.00 7.83 9.43 62.92
ciliata
Malephorasp. 0.00 5.25 4.93 5.93 68.85
Tragus 0.00 2.25 4.68 5.63 74.48
koelerioides
Lycium 0.00 5.75 3.56 4.29 78.77
cinerium
Solanum 0.00 1.25 3.40 4.09 82.86
sysimbrifolium
Atriplex 0.00 0.75 2.30 2.77 85.63
lindleyi
Galenium 0.00 0.75 1.93 2.32 87.95
sarcophylla
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Table 5.16: SIMPER analysis breakdown of averagsimilarity between old burrow mounds
and reference plots into contributions from them@st influential species at MZNP during

autumn. Percentage cover was used as a surrogatieuiodance.

Species Average Average Average Contribution Cumulative
abundance abundance dissimilarity % contribution
on old on
burrow reference
mounds plots

Pentzia globosa 4.33 37.00 14.51 20.51 20.51

Eragrostis obtusa 16.33 12.25 11.01 15.57 36.08

Drosanthemum  6.33 6.25 7.05 9.97 46.05

hispidum

Malephorasp. 5.67 5.25 6.74 9.53 55.58

Tragus 3.00 2.25 5.40 7.63 63.21

koelerioides

Aristida congesta 2.00 0.50 3.20 4.52 67.74

Galenium 2.00 0.75 3.09 4.38 72.11

sarcophylla

Lycium cinerium 0.00 5.75 2.76 3.90 76.01

Solanum 0.00 1.25 2.72 3.85 79.85

sysimbrifolium

Atriplex lindleyi  0.33 0.75 2.27 3.21 83.06
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Table 5.17: SIMPER analysis breakdown of averagssimiilarity between active
burrow mounds and reference plots into contribidom the 10 most influential

species at MZNP during winter. Percentage cover wssd as a surrogate for

abundance.

Species Average Average Average Contribution Cumulative
abundance abundance dissimilarity % contribution
on active on
burrow reference
mounds  plots

Pentzia 3.75 3.50 12.21 14.97 14.97

globosa

Cynodon 1.25 3.50 10.81 13.26 28.23

incompletus

Drosanthemum 0.00 7.50 9.66 11.84 40.07

hispidum

Malephorasp. 1.25 3.00 7.16 8.78 48.85

Psilocaulonsp. 1.25 1.75 6.57 8.06 56.91

Eragrostis 1.25 3.00 6.52 7.99 64.90

obtusa

Lycium 0.00 2.25 5.24 6.42 71.32

cinerium

Salsola kali 1.25 0.25 3.56 4.37 75.69

Opuntia 1.25 0.50 3.27 4.01 79.70

aurantiaca

Eriocephalus 0.00 1.00 3.25 3.99 83.69

ericoides
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Table 5.18: SIMPER analysis breakdown of averagsimilarity between recently
abandoned burrow mounds and reference plots intdribations from the 10 most

influential species at MZNP during winter. Percgetaover was used as a surrogate for

abundance.

Species Average Average Average Contribution Cumulative
abundance abundance dissimilarity % contribution
on on
recently  reference
abandoned plots
burrow
mounds

Drosanthemum 1.43 7.50 10.25 11.91 11.91

hispidum

Cynodon 1.43 3.50 9.90 11.51 23.41

incompletus

Pertzia globosa 0.00 3.50 6.92 8.04 31.45

Eragrostis 0.71 3.00 6.42 7.46 38.91

obtusa

Psilocaulonsp. 0.71 1.75 6.16 7.16 46.07

Malephorasp. 0.00 3.00 5.92 6.87 52.94

Salsola kali 1.43 0.25 5.77 6.70 59.64

Lycium 0.00 2.25 5.07 5.89 65.53

cinerium

Eriocephalus  0.71 1.00 5.01 5.82 71.35

ericoides

Helichrysum 1.43 0.00 4.06 4.72 76.07

umbraculigerum
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Table 5.19: SIMPER analysis breakdown of averagssimiilarity between active
burrow mounds and reference plots into contribidom the 10 most influential

species at MZNP during spring. Percentage cover used as a surrogate for

abundance.

Species Average Average Average Contribution Cumulative
abundance abundance dissimilarity % contribution
on active on
burrow reference
mounds plots

Eragrostis 0.00 18.25 13.85 17.40 17.40

obtusa

Pentzia 7.50 9.25 8.14 10.23 27.63

globosa

Ericocephalus 6.25 1.25 6.96 8.75 36.37

ericoides

Drosanthemum 0.00 7.50 6.58 8.27 44.64

hispidum

Psicaulonsp. 2.50 1.00 5.79 7.27 51.91

Alzoonsp. 2.50 2.00 5.46 6.86 58.77

Malephorasp. 1.25 4.00 5.01 6.29 65.06

Cynodon 1.25 4.00 4.14 5.21 70.27

incompletus

Talinum 1.25 1.00 3.90 4.90 75.17

caffrum

Lycium 1.25 0.75 3.21 4.03 79.20

cinerium
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Table 5.20: SIMPER analysis breakdown of averagsimilarity between recently
abandoned burrow mounds and reference plots intdribations from the 10 most

influential species at MZNP during spring. Percgataover was used as a surrogate for

abundance.

Species Average Average Average Contribution Cumulative
abundance abundance dissimilarity % contribution
on recently on
abandoned reference
burrow plots
mounds

Eragrostis 3.13 18.25 11.03 14.70 14.70

obtusa

Pentzia globosa 1.88 9.25 941 12.54 27.24

Drosanthemum 0.63 7.50 7.83 10.43 37.68

hispidum

Alzoonsp. 1.25 2.00 5.40 7.19 44.87

Malephorasp. 0.63 4.00 5.12 6.83 51.70

Psicaulonsp. 1.88 1.00 5.05 6.72 58.42

Helichrysum 1.25 1.50 4.61 6.14 64.56

umbraculigerum

Galenia 0.63 0.75 3.22 4.29 68.85

sarcophylla

Talinum caffrum 0.63 1.00 3.12 4.15 73.00

Cuspidia cernua 0.63 0.50 2.79 3.71 76.72

146



Chapter 5: The impact of aardvark burrows on flaasliversity
Table 5.21: SIMPER analysis breakdown of averagsimilarity between recently
abandoned burrow mounds and reference plots intdribations from the 10 most
influential species at MZNP during summer. Peragateover was used as a surrogate

for abundance.

Species Average Average Average Contribution Cumulative
abundance abundance dissimilarity % contribution
on recently on
abandoned reference

burrow plots

mounds
Cynodon 3.75 37.50 12.65 15.97 15.97
incompletus
Eragrostis 0.00 8.61 8.01 10.11 26.08
obtusa
Schotia afra  3.75 0.83 7.89 9.96 36.04
Setaria 2.50 0.00 6.97 8.80 44.84
verticillata
Salsola kali 6.25 1.94 5.79 7.31 52.15
Pentzia 0.00 2.78 5.37 6.78 58.93
globosa
Drosanthemum 0.00 5.28 4.82 6.08 65.01
hispidum
Alzoonsp. 2.50 0.56 3.71 4.68 69.69
Tragus 1.25 0.83 3.56 4.49 74.19
koelerioides
Atriplex 0.00 5.28 3.34 4.22 78.41

semibaccata
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Table 5.22: SIMPER analysis breakdown of averagsimilarity between recently
abandoned burrow mounds and old burrow moundsciodributions from the 10 most
influential species at MZNP during summer. Peragateover was used as a surrogate

for abundance.

Species Average Average Average Contribution Cumulative
abundance abundance dissimilarity % contribution
on recently on old
abandoned burrow

burrow mounds

mounds
Atriplex 0.00 5.50 9.69 11.31 11.31
semibaccata
Eragrostis 0.00 5.50 9.64 11.25 22.56
obtusa
Salsola kali 6.25 4.50 9.55 11.14 33.70
Schotia afra 3.75 1.00 9.02 10.52 44 .22
Setaria 2.50 0.00 8.38 9.77 53.99
verticillata
Cynodon 3.75 1.50 8.36 9.76 63.75
incompletus
Alzoonsp. 2.50 2.00 6.65 7.76 71.51
Malephorasp. 0.00 2.50 4.69 5.47 76.98
Tragus 1.25 0.50 3.80 4.43 81.41
koelerioides
Drosanthemum 0.00 2.50 3.75 4.38 85.79
hispidum
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Table 5.23: SIMPER analysis breakdown of averagsimilarity between old burrow
mounds and reference plots into contributions ftbm 10 most influential species at

MZNP during summer. Percentage cover was usedgag@gate for abundance.

Species Average Average Average Contribution Cumulative
abundance abundance dissimilarity % contribution
on old on
burrow reference
mounds  plots

Cynodon 1.50 37.50 15.28 19.34 19.34

imcompletus

Eragrostis 5.50 8.61 8.37 10.60 29.94

obtusa

Atriplex 5.50 5.28 8.06 10.21 40.15

semibaccata

Salsola kali 4.50 1.94 6.28 7.96 48.11

Drosanthemum 2.50 5.28 5.80 7.35 55.46

hispidum

Pentzia 1.00 2.78 5.18 6.56 62.02

globosa

Malephorasp. 2.50 0.56 414 5.24 67.26

Alzoonsp. 2.00 0.56 3.99 5.06 72.31

Lycium 2.00 0.56 3.04 3.85 76.17

cinerium

Schotiaafra  1.00 0.83 2.76 3.50 79.66
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Table 5.24: SIMPER analysis breakdown of averagssimiilarity between active
burrow mounds and reference plots into contribidom the 10 most influential

species at Tswalu during winter. Percentage covas wsed as a surrogate for

abundance.

Species Average Average Average Contribution Cumulative
abundance abundance dissimilarity % contribution
on active on
burrow reference
mounds  plots

Eragrostis 1.25 11.00 16.79 18.07 18.07

lehmanniana

Aristida 0.00 4.00 11.26 12.11 30.18

meridionalis

Stipagrostis 0.00 3.25 6.41 6.90 37.08

uniplumis

Ceropegiasp. 1.25 0.25 5.19 5.58 42.66

Dicerocaryum 1.25 0.00 4.75 511 47.77

eriocarpum

Hermannia 1.25 0.00 4.75 511 52.89

burchellii

Sennaitalica  0.00 1.00 4.01 4.32 57.20

Aristida 0.00 1.50 3.54 3.81 61.01

stipitata

Acacia 0.00 1.00 3.37 3.62 64.63

mellifera

Schmidtia 0.00 2.00 3.28 3.53 68.17

pappophoroides
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Table 5.25: SIMPER analysis breakdown of averagsimilarity between recently
abandoned burrow mounds and reference plots intdribations from the 10 most
influential species at Tswalu during winter. Petage cover was used as a surrogate

for abundance.

Species Average Average Average Contribution Cumulative
abundance abundance dissimilarity % contribution
on on

recently  reference
abandoned plots

burrow

mounds
Eragrostis 1.43 11.00 15.12 17.75 17.75
lehmanniana
Aristida 0.71 4.00 10.19 11.96 29.71
meridionalis
Stipagrostis 1.43 3.25 7.93 9.31 39.02
uniplumis
Sennaitalica  1.43 1.00 6.24 7.32 46.34
Schmidtia 0.71 0.50 3.43 4.02 50.37
kalihariensis
Hermannia 1.43 0.00 3.41 4.00 54.37
burchellii
Aristida 0.00 1.50 3.28 3.85 58.22
stipitata
Limeum 0.71 0.50 3.21 3.76 61.99
fenestratum
Acacia 0.00 1.00 3.11 3.65 65.63
mellifera
Schmiditia 0.00 2.00 3.03 3.56 69.19
pappophoroides
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Table 5.26: SIMPER analysis breakdown of averagsimilarity between recently
active burrow mounds and reference plots into dmumions from the 10 most
influential species at Tswalu during spring. Petaga cover was used as a surrogate

for abundance.

Species Average Average Average Contribution Cumulative
abundance abundance dissimilarity % contribution
on active on
burrow reference
mounds  plots

Aristida 0.00 5.83 16.41 17.61 17.61
meridionalis

Tribulus zeyheri 0.00 4.72 9.76 10.47 28.08
Sennaitalica  1.67 2.50 8.90 9.55 37.63
Eragrostis 0.00 3.61 8.75 9.39 47.02
lehmanniana

Harpagophytum 0.00 5.00 7.12 7.64 54.66
procumbens

Aristida 1.67 1.39 6.60 7.09 61.75
stipitata

Cenchrus 1.67 0.28 5.78 6.20 67.95
ciliaris

Indigofera 1.67 0.00 5.51 5.91 73.86
alternans

Stipagrostis 0.00 2.78 491 5.27 79.13
uniplumis

Melinis repens 0.00 1.39 4.13 4.43 83.56
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CHAPTERG

GENERAL DISCUSSION

Evidence has been presented in the preceding chapiéch supports the hypothesis
that aardvarks are important allogenic ecosysteginerrs in arid and semi-arid
environments as a result of their burrowing adgeit However, in this general
discussion, six criteria, as proposed by Jatesl (1994), shall be used to formally
evaluate the significance of their burrow consinrct These criteria are: 1) Lifetime
per capita activity of the organism; 2) population density tife engineering

organism; 3) the spatial distribution, on a locadl aegional scale, of the population;
4) the length of time the population has occurretha site; 5) the durability of the
constructs in the absence of the original enginaed 6) the number and types of
resources that are influenced by the constructs thednumber of other species

dependent on these resources.

Accurately calculating the lifetimper capitaoutput of aardvarks is problematic as
little information exists on their lifespan in théld or on their burrow production
rate. Aardvarks have been documented living fotau@3 years in captivity (Rahm,
1990) but this figure is likely to be reduced ire twild, particularly in areas where
they are subject to predation by large mammalianivares. Research conducted on
game reserves in the Eastern Cape Province, wibaseHave been re-introduced, has
shown that aardvarks form part of the diet of lionsparticular (C. Bissett, pers.
comm.). Furthermore, unlike some other species siscthe nine-banded armadillo

(Taber, 1945; Clark, 1951) which dig new burrows@dt every night, the wandering
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lifestyle of aardvarks (especially males) resutighie length of time they occupy a
burrow varying from a single day in some instantesugh to 38 days in the case of
a radio-collared female in the Karoo (Taylor & Ském, 2003). The average length of
burrow use for three aardvarks was recorded at6i®.and 8.6 days respectively
(Taylor & Skinner, 2003). In addition, aardvarksymaot always dig a hew burrow
when they abandon one but will rather renovate ldnegisting burrow (Skinner &
Smithers, 1990; Taylor & Skinner, 2003). Therefoig, aardvarks live for
approximately 10 years in the wild and they areseowvatively estimated to excavate
a new burrow every 30 days this results in apprakéhy 120 burrows being created
over the course a lifetime. In addition, they witlake many more much smaller
feeding excavations which, while not creating shrélor other organisms, are thought
to be important in shaping the plant communitiesseifi-arid shrublands as they
function as favourable germination sites for martgnp species (Dean & Milton,

1991b).

As mentioned in chapter one, the density at whiatdwark populations occur is
usually low (Taylor and Skinner, 2003) althoughytltky have a broad distribution
range in sub-Saharan Africa (Skinner & Smithers99 Evidence of aardvark
activity was extensive at all three study siteggpebs.) and thus it is assumed that

the species has a large distribution range ata kuale.

Determining the length of time aardvarks have exisit each site is also difficult,
however, they have been present all three studyg ait least since their proclamation
as protected areas. It is, however, more likely thave occurred naturally in these

areas for many thousands of years.
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The high density of burrows (516 /kmat Kwandwe, 795 /kfrat MZNP and 122 /kfn
at Tswalu) combined with the much lower densityaafdvarks suggests a long life
span for the burrows. However, the durability ofdsark burrows are likely to be
heavily dependent on the type and depth of thetsaibsinto which they are dug
(Gordonet al, 1985; Reichman & Smith, 1990; Whitford & Kay,2% Woolnough
& Steele, 2001; Shimmiat al, 2002). Sandy soils for instance are easier ta\eate
but are less likely to provide structural suppbért clay-dominated soils (Woolnough
& Steele, 2001; Shimmiet al, 2002). At Tswalu the roofs of a number of bursow
collapsed within two months after being excavatadfine-grained sandy soils
whereas little evidence of structural collapse wasiced in some burrows dug in the
clayey soil at MZNP, nearly a year after theirialiexcavation (pers. obs.). Burrows
dug in the sandy banks adjacent to the Great Figbr Rt Kwandwe were also more
prone to collapse than those constructed in thgeglaoil at that site. The location of
burrows in close proximity to trees or other vegietawith substantial root systems
may also contribute to strengthening the constractsthus adding to their durability
(Gordonet al, 1985). Since aardvark burrows have a shortespiin in sandy soils,
they may be of greater importance in hard soilsre/fieher animals are less capable

of excavating their own burrows.

Finally, the creation of these burrows has beenatetnated to provide other species
with a range of resources, which would otherwise sbarce in the absence of
aardvarks. These resources include the provisioa thiermally buffered and stable
microhabitat which can be used when foraging, mgisyoung, recovering from

injuries or attempting to escape from predatorsadidition, there is evidence to
suggest that burrows may provide vital nestingssftg birds in areas where such

resources are limited. The data collected durimgdtudy as well as previous studies,
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for example Smithers (1971), demonstrates thatgeland diverse group of animals
use aardvark burrows and the resources they progitteer on a regular or
opportunistic basis. In addition to their effect@ammal communities, the creation of
burrows has been shown to open up patches for plaohisation resulting in an

increase in plant species diversity on a landstaap.

Lawton (1994) and Lawton & Jones (1995) state ¢hatal component of ecosystem
engineering is that the process should alter tladability of resources exploited by
other organisms with regards to quality, quantny distribution. It is clear from the
evidence presented, that the excavation of burdoyvaardvarks fulfils all three of
these requirements. Lawton & Jones (1995) furttmertend that the most notable
engineering feats are performed by species ocguairhigh densities, over a large
area for a prolonged period of time, which createcsures that last for decades,
centuries or millennia and which mediate the awdity of a large number of
resources. However, it has also been acknowledgaidnot all six of the scaling
factors necessarily have to be completely satisfiearder for an engineer to have a
significant effect on an ecosystem (Lawton & Jori&95; Berkenbusch & Rowden,
2003). An ecosystem engineer may therefore makemgmortant contribution to
ecosystem functioning provided various combinatiohthe abovementioned criteria
are fulfilled. Aardvarks occur at low densities wWaver, they are widespread (both
regionally and locally), have a long lifespan, héeen present at the three study sites
for a considerable period of time and create busrtdvat may remain intact for many
years in their absence and which increase theadoiigty of numerous resources for a
large number of plant and animal species. Thus, proposed that aardvarks should
be considered important ecosystem engineers inaaddsemi-arid environments. In

addition, the high density of aardvark burrows latttree sites and the number of
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resources which they influence also complies withdriteria of a keystone species as
the impact this species has is disproportionatigi relative to its abundance (Power

et al, 1996).

Humans have the ability to alter the abundance disttibution of ecosystem
engineers (Machiotet al, 2004) yet, due to the lack of manipulative fistddies, we
possess very little information regarding the egalal consequences of such actions,
for instance, the number of species which will &t in their absence (Lawton, 1994;
Wright et al, 2006). Beavers have been shown to increase espeichness at a
landscape level as a result of their dam-buildiebaviour (Wrightet al, 2002) and
their eradication is thought to have a deleteriefisct on numerous other species.
The reason for this is that no other species parfilile same ecological engineering
on a similar scale as do the beavers. SimilarhgaS«Crivillé & Valera (2005) argue
that the importance of a bioturbator in an aridsgstem increases in the absence of
other species which can perform such a role. Thegefthe potentially significant
impact of aardvarks as ecosystem engineers inaaddsemi-arid environments may
be important to the survival of other organisms aekcies, particularly when
alternative burrowing animals are either absentestricted in their activities. Thus
given their role in ecosystem functioning it isgeanended that aardvark populations

are considered to be a conservation priority id and semi-arid ecosystems.
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Appendix A

APPENDIX A

Appendix A: The covering letter and first page ok tquestionnaire requesting

information regarding the utilisation of aardvaktows by other vertebrate species.

Aardvark Burrow Questionnaire
MSc project introduction

Aardvarks create burrows that are reportedly usea Wwide variety of other animals
including mammals, birds, reptiles, amphibians iswértebrates as refuge from harsh
climatic conditions as well for raising their youagd to avoid predators. Although
lists of species that utilise these burrows hawnl@mmpiled for Botswana and East
Africa, these lists are unlikely to be compreheasind do not incorporate the semi-
arid areas of South Africa. Burrows potentiallyyp&avital role in the maintenance of
biodiversity in semi-arid ecosystems and thus jfaeamount that we understand the
influence they exert over the plant and animal coamities in these areas. Any
information that you could provide in this regarduld be greatly appreciated. |
thank you in advance for your participation in thesearch. Should you wish to know
more about this research or provide more updafediration please do not hesitate
to contact me.

Regards
Gareth Whittington-Jones

Contact details

Gareth Whittington-Jones

Wildlife and Reserve Management Research Group
Department of Zoology and Entomology
Rhodes University

PO Box 94

Grahamstown

6140

Phone: 046 603 8525

Fax: 046 622 8959

Email: gwjesquire@hotmail.com
http://www.ru.ac.za/WRMRG
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N =01 P
@ o o] 1 ] 0= 11 o o 10
RESEIVE NAIME. ..o e e e e
Length of time you have been working atthe reserve................ccoiiiin.
Have you seen any animals (including mammals, lesptbirds, amphibians &
invertebrates) other than aardvarks using aardyamows? ..............ccvvvevevnnnnn.

If yes, please complete the relevant sections helow

Observation #1

Type of animal seen using the BUITOW............coo it e e e e
How many animals did you observe (i.e. group SPZe)..........coovvveerivvreiiiiiiieeieeeeeenen
Were there juveniles present, if yes hOW Many2...........ccoeveeiiiiieeiie e,
Was the animal(s) exiting or entering the burrovgtationary ?.........cccccceeeeeeeeiiieneneee.
What was the purpose (if known) of using the burrewy. hunting, refuge or

0] 1= 11 T

Approximately what time of day (e.g. dusk, dawngday, night etc) did this
observation take Place?.........cccuuiiiiiiiiiiee e

Any additional information that may be relevanthe study...............................
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APPENDIX B

Appendix B: Common and species names of vertebnaesrded using burrows
during this study. Data were obtained from persaigthtings, records of tracks and

signs and from the questionnaires.

Common name Species hame
Multimammate mouse  Praomys natalensis
Striped field mouse Rhabdomys pumilio
Pouched mouse Saccostomus campestris
Pygmy mouse Mus minutoides

Desert pygmy mouse Mus indutus
Namaqua rock mouse  Aethomys namaquensis

Forest shrew Myosorex varius
Hairy-footed gerbil Gerbillurus paeba
Highveld gerbil Tatera brantsii

Bushveld gerbil Tatera leucogaster
Short-tailed gerbil Desmodillus auricularis
White-tailed mouse Mystromys albicaudatus
Brants’s whistling rat Parotomys brantsii

Cape porcupine Hystrix africaeaustralis
Scrub hare Lepus saxatilis

Ground squirrel Xerus inauris
Black-backed jackal Canis mesomelas
Bat-eared fox Otocyon megalotis

Cape fox Vulpes chama

Honey Badger Mellivora capensis

Yellow mongoose Cynictis penicillata
Aardwolf Proteles cristatus

African wild cat Felis lybica

Warthog Phacochoerus aethiopicus
Steenbok Rhapicerus campetris
Ant-eating chat Myrmecocichla formicivora
Mocking chat Thamnolaea cinnamomeiventris

Pearl-breasted swallow Hirundo dimidiata
Red-breasted swallow  Hirundo semirufa
African pygmy-kingfisher Ispidina picta
Grey-hooded kingfisher Halcyon leucocephala

Little bee-eater Merops pusillus
Karoo toad Bufo gariepensis
Cape skink Mabuya capensis
Ground agama Agama aculeata
Puff adder Bitis arietans
Southern African python Python natalensis
Cape Cobra Naja nivea

Monitor lizard Varanus albigularis
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APPENDIX C

Appendix C: List of birds recorded using aardvaukrbws (Hockeyet al, 2005).

Common name Species hame
Egyptian goose Alopochen aegyptiacus
South African shelduck Tadorna cana
Spur-winged goose Plectropterus gambensis
Malachite kingfisher Alcedo cristata

African pygmy kingfisher Ispidina picta
Grey-hooded kingfisher Halcyon leucocephala
Brown-hooded kingfisher Halcyon albiventris

Little bee-eater Merops pusillus
Swallow-tailed bee-eater Merops hirundineus
Bohm’s bee-eater Merops boehmi
Banded martin Riparia cincta

Blue swallow Hirundo atrocaerulea

Pearl breasted swallow Hirundo dimidiata
Red-breasted swallow  Hirundo semirufa

Black saw-wing swallow Psalidoprocne holomelas
Ant-eating chat Myrmecocichla formicivora
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APPENDIX D

Appendix D: List of mammals recorded using aardvarkows (Skinner & Smithers,

1990).

Common name

Species hame

Hairy slit-faced bat

Nycteris hispida

Hildebrandt's horseshoe baRhinolophus hildebrandtii

Pangolin

Cape hare

Cape porcupine
Pouched mouse
Aardwolf

Brown hyaena
Spotted hyaena
Leopard

Caracal

African wild cat
Small spotted cat
Bat-eared fox

Wild dog
Side-striped jackal
Black-backed jackal
Small spotted genet
Slender mongoose
Banded mongoose
Warthog

Manis temminckii

Lepus capensis

Hystrix africaeaustralis
Saccostomus campestris
Proteles cristatus
Hyaena brunnea
Crocuta crocuta
Panthera pardus

Felis caracal

Felis lybica

Felis nigripes

Otocyon megalotis
Lycaon pictus

Canis adustus

Canis mesomelas
Genetta genetta
Galerella sanguinea
Mungos mungo
Phacochoerus aethiopicus
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