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A higher variety of habitats normally result in higher diversity of species. The granite
catenas near Skukuza, Kruger National Park (KNP), consist of different soil types along the
hillslope, creating different habitats. Objectives were to determine the mammal species
present on a catena and surrounding areas; to indicate their main period of activity; and to
indicate human visibility in each catenal zone to explain landscape of fear principles.
Camera trap surveys were conducted for short periods and repeated over three years.
In total, 31 mammal species were observed on the catena, and its nearest waterholes.
Small to mega-sized mammals were present, but some species were only observed during
one survey period. Small changes were noticed in activity periods between survey periods,
probably due to the drought. A severe drought changed vegetation structure and visibility,
but the study area appeared to act as a drought forage refuge. The lowest visibility
was found at the sodic patch upper-midslope ecotone, and shrub veld. This can possibly
explain the lower number of mammal observations in these areas. Different habitats and
habitat features were described which can affect the presence of mammals, i.e. the mud
wallows that were created and maintained by the mammals. Future studies can focus on
the impact of seasonal changes in mammal presence and on mammal diversity during a
normal rainfall year.

Conservation implications: To understand the mechanisms of herbivores as ecosystem
drivers, aspects such as vegetation, soil and mammals should be combined. Better
understanding of mammals, their habitats and associated processes can lead to better
conservation actions.

Keywords: Animal presence; Ecosystem functioning; Herbivores and predators; Landscape of
fear; Stevenson-Hamilton Supersite.

Introduction

Acceptable habitat conditions are one of the most important requirements for successful
maintenance of animal populations. Resources in the habitat are exploited differently in order for
animals to fulfil their requirements for survival, reproduction and growth (Owen-Smith 2002).
Hall, Krausman and Morrison (1997) define habitat as follows:

[TThe resources and conditions present in an area that produce occupancy - including survival and
reproduction — by a given organism. Habitat is organism-specific; it relates the presence of a species,
population or individual (animal or plant) to an area’s physical and biological characteristics. Habitat
implies more than vegetation or vegetation structure; it is the sum of the specific resources that are needed
by organisms. (p. 175)

Habitat is thus any area where an animal has the necessary resources that allow it to survive,
including migration paths, dispersal corridors and areas occupied during breeding times (Hall
et al. 1997; Krausman & Morrison 2016).

Habitat selection refers to a process where an animal selects a specific set of environmental
factors that can provide all the essential resources it needs to survive and reproduce (Bonyongo
2005; Johnson 1980; Krausman & Morrison 2016). The basic habitat requirements of animals in
general are food, water, cover (i.e. thermal cover, shade, shelter, escape cover and cover for new-
borns) and space to perform normal daily activities (i.e. resting, feeding, rumination, reproduction,
socialising, avoiding competition, etc.) (Hansen et al. 2009; Janecke 2011). Other features that are
included when an animal selects a habitat are the vegetation structure of the area, certain
geomorphological features, topography, seasonal availability of resources, distance from

Note: Special Issue: Connections between abiotic and biotic components of a granite catena ecosystem in Kruger National Park, sub-
edited by Beanelri Janecke and Johan van Tol.
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resources (such as water and grazing), presence of predators
and the landscape of fear principle, to name but a few. The
specific animal species, their social structure, age, sex,
physiological condition (gestation and lactation) and
behavioural aspects play a role in the needs of the animal
when selecting a habitat (Bonyongo 2005; Grant et al. 2011;
Joubert 2016; Owen-Smith 2002). The presence or absence of
an animal species is determined by how well the species’
own special, or general habitat requirements and basic needs
are met in that specific area, amongst other reasons, and
probably also what its niche role is in maintaining ecosystem
processes of the area. A variety of available habitats in an
area will usually result in a variety of animals in that area
(Joubert 2016). It is essential for long-term management and
conservation of species to relate the distribution patterns of
animals to certain characteristics of their chosen habitat
(Ben-Shahar & Skinner 1988; Pieterse 2018).

This study forms part of a larger multidisciplinary study on
the Stevenson-Hamilton Southern Granite Supersite of the
Kruger National Park (KNP), with the main aim of
determining specific abiotic processes and some biotic
diversity that may play a role in the functioning of the
catena ecosystem. Weil and Brady (2016) define a catena
as a soil sequence (soilscape) where each soil type occurs on
the same parent material, but in different arrays from
the crest down to the footslope. This hillslope facilitates
the transfer of solutes, colloids or other particles from
upslope areas downhill along an increasing environmental
gradient, resulting in a variation of soil properties and
associated vegetation in different catenal zones (Khomo
et al. 2011). The focus of this current study was on
whether specific mammal species use certain catenal
zones more frequently than others; the specific objectives
of this study were to:

1. determine the mammal species present in the study area,
at the nearest waterholes and granite outcrops with a
snapshot approach

2. indicate the main period of activity of these mammals
during three different survey periods

3. establish human visibility (based on density of vegetation)
in each catenal zone in order to explain the landscape of
fear principle usually connected to the absence or
presence of mammals in the area.

Methods
Study area

The supersite concept was established formally in 2013 to
try and focus research effort geographically in KNP, and to
allow data integration over long periods and across
different research themes. One of the four research
supersites is located in a specific area on the wetter, southern
granite landscape in the Stevenson-Hamilton area (Smit et
al. 2013).

This study was conducted on a hillslope in the Southern
Granite Supersite, located between 25°06°28.6 S, 31°34°41.9 E
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and 25°06°25.7 S, 31°34°33.7 E, approximately 10 km from
Skukuza, KNP. The study area falls in the Renosterkoppies
land type, described as an ecotonal area between land types
that are associated with the Sabie River catchment (Smit et al.
2013). The average herbivore biomass on the supersite is
2.1 kg grazers/ha, 3.0 kg browsers/ha and 9.9 kg mixed
feeders/ha (Smit et al. 2013).

This study focused on one catena or hillslope from the crest
to third-order watercourse or drainage line. The vegetation
in this area is described as moderately dense bush savanna
on midslopes and as shrub savanna with a dense riverine
forest at the footslope and valley bottom (Smit et al. 2013).
As part of the effort to focus different research fields
together on the supersites, the following research was
conducted on one specific study area: Bouwer, Le Roux and
Van Tol (2020) described the soil types and properties,
Theron, Van Aardt and Du Preez (2020) did a detailed
vegetation classification and Janecke (2020) provided a
description of the vegetation structure. Four catenal zones
were identified along the slope based on their position on
the catena and associated vegetation, namely, crest and
upper-midslope, lower midslope or sodic patch, footslope
shrub veld and a riparian area around the dry drainage
line. A seepline defines the transition between the upper
and lower-midslope. To give an indication of the size of
each zone, a linear measurement was done from crest to
drainage line (but that does not indicate the surface area of
each zone): upper-midslope is 140 m in width, lower
midslope is 220 m, footslope is 70 m (on its shortest end)
and the riparian area is roughly 50 m but more difficult to
indicate because of the winding of the drainage line. The
study area was approximately 1.5 km in length. A visual
illustration of the catena studied is provided by Janecke
et al. (2020).

Camera trapping

The location of each camera trap was determined after a visual
survey of the study area in order to represent the four identified
catenal zones. The three nearest permanent waterholes (De La
Porte, Kwaggaspan and Renosterkoppiesdam) and two rocky
outcrops with granite boulders close to the study area, as well
as two large mud wallows inside the study area (sodic patch
and riparian zone), were also surveyed through cameras. In
total, 30 camera traps were deployed during each of the
three survey periods, which lasted for approximately a
fortnight each during September 2015, March 2016 and
March-April 2017.

Of the 30 cameras used, 23 were Bushnell models, 4 were
Cuddeback, 2 were Scoutguard and 1 was Little Acorn model.
Cameras were selected with similar attributes in terms of
trigger response time (between 0.25 s and 0.9 s) and field of
view ranges, and all utilised infrared flashes. A camera trap
positioned to monitor a game trail was required to have a
faster trigger response time than one monitoring a wide
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clearing. The same locations were used in all three surveys
unless the camera-holding tree had been damaged or
vegetation conditions dictated that a better (nearby) location
was essential to obtain good results. The majority of cameras
were set up to monitor mammals passing at close range,
while four were set up to monitor on a time-lapse basis from
a distance as follows:

1. Passing mammals (26 cameras). Cameras were positioned
between 50 ecm and 170 cm height to give the best
uninterrupted view of the area around a well-used game
trail, termite mound or an open clearing where there
was evidence of the presence of mammals. Where
possible, cameras were orientated in a southerly
direction to optimise the quality of images obtained
(sunlight). Cameras were installed as low as possible,
provided that the camera’s field of view was not
obstructed by vegetation, to also capture small
mammals. Cameras were programmed to take two
photographs per trigger event, with a rest interval of 5 s
between image pairs.

2. Time lapse (four cameras). These cameras were installed
between 1.5 m and 3 m height so as to give a clear view
of the entire waterhole or sodic patch and were
programmed to take one image every 5 min. This was
deemed an appropriate interval to ensure that any
mammal drinking at the waterhole or crossing the sodic
patch would likely be recorded. In addition to the
camera taking timelapseimages, it was also programmed
to record the movement of mammals passing the camera
at close range.

Visibility

During the vegetation sampling of the study area in 2015, a
visibility index was determined. The distance of 20 m was
used after testing different possible distances — in many of
the plant communities, the vegetation was too dense to see
much further than 20 m or 30 m. A 100-m measuring tape
was used as a transect line in the different catenal zones.
Transects were placed on a horizontal plane in each zone (in
other words, not running from top to bottom down the
slope) at approximately 20 m intervals but excluding the
transition areas (Janecke 2020). A 1 m? cloth with a
checkerboard pattern of 10 cm blocks and dowel sticks on
the edges was used. The method was slightly adjusted from
that of Bissett and Bernard (2007). The field assistant held
this apparatus at ground level, 20 m from the observer and
at 90°, 180° and 270° angles, respectively, from the observer
standing on the transect line. The observer then counted the
number of blocks visible at an observing height of 70 cm and
170 cm from the ground level to imitate different sized
animals. These observations were repeated at 20 m intervals
along the 100 m transect line (0 m, 20 m, 40 m, 60 m, 80 m
and 100 m) for each catenal zone. The average in the bar
graph illustrating the results was calculated from all the
values on the 100 m line (20 m intervals) for each angle (90°,
180° and 270°) observed, respectively.
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Data and statistical analyses

Camera trapping images were analysed as follows. For the
purpose of this study, an independent trigger event is defined
as an image or a series of images that record the passing of an
individual or group of individuals at a specific time. For
example, an event could include the movement of a herd of
impala, or a single hyena, passing the camera. The number of
events thus represents the number of observations of an
animal species. No specific interval was used to determine
the independence of consecutive events. However, every
effort was made to determine whether the individual or
individuals were different from those in preceding sequences
of images to prevent double-counting. If an animal species
could not be identified, for example, because of badly blurred
photos usually taken at night, it was indicated as Unknown.
From these, the following data per independent trigger event
were extracted: date and time, animal species, number of
individuals in the view of the camera and the primary activity
of the animals.

Data from the camera traps were grouped according to the
catenal zone that the camera was located in, with all three
waterholes combined together as one zone. There were five
cameras per catenal zone, five at waterholes and surrounds
(the two larger waterholes had two cameras each pointing
in different directions), and five at special locations (granite
outcrops and mud wallows). The number of trigger events
(or observations of each species) was totalled for each
mammal species per catenal zone and graphically presented
as a grayscale gradient of increasing number of events for
each survey period (year) of research. A Pareto graph was
used to indicate the total number of events of that species
in the study area in descending order of frequency and its
percentage of the total as a cumulative line. Only mammal
species were indicated in the results, but all information on
the two rhinoceros species was excluded (for security
reasons).

The minimum to maximum range in general group size of
individuals visible in the cameras’ view and the median
value of typical group sizes observed were tabulated per
survey period. The Excel median function was used to
determine a median value of those records of group sizes
greater than 1. This was verified by a visual observation of
the data to ensure that the median value looked reasonable.
The sum total of all mammals observed per species in each
survey period was also indicated in a table (this is the total
number of all individuals captured on the cameras and not
the number of times/events that they were observed). Other
information calculated from photographs included the
percentage of the total number of events that a species was
observed on the cameras to be active (grouped into day, night
and civil twilight) and species that utilised the catena was
also indicated.

Utilisation of the catena was described as mammals captured
on the cameras doing one or more of these activities:
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e Feeding: obvious feeding activity, or a species moving
slowly across the camera’s field of view in a feeding
position, for example, head down for grazers and head
near vegetation for browsers.

e Socialising: chasing each other, making body contact,
locking horns.

* Resting: lying down for long periods, usually at night for
diurnal animals.

e Wallowing: lying in the mud holes on the catena and a
mammal next to the wallow that showed mud on its body
were included.

¢ Drinking: some animals were drinking from the mud
wallows, but mostly mammals standing at the edge of
a waterhole were presumed to be drinking. If
mammals were just in the vicinity, although it can be
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mammals are not listed in Table 3 (but are indicated
in Figure 1).

The normal distribution of data was determined by the
Shapiro-Wilk test. As it was not normally distributed, the
Kruskal-Wallis test (https://www.socscistatistics.com/) for
non-parametric data was used to determine significant
differences in number of animal species observations per
catenal zone between the three different survey periods. A 5%
level of significance was used. Variability in sample means of
the number of blocks visible on the checkerboard was
measured through standard errors. Error bars were included
for standard error of the mean (SEM) in the visibility graph
and were calculated by Excel using the following formula:
SEM = standard deviation/square root of total number of

assumed that they might have been drinking, these samples.
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2015

Crest and upper-midslope

Upper and lower sodic site

Shrub veld

Riparian area

Mudwallows in study area

Three waterholes and surrounds

Granite hills close to study area

2016

Crest and upper-midslope

Upper and lower sodic site

Shrub veld

Riparian area

Mudwallows in study area

Three waterholes and surrounds

Granite hills close to study area

2017

Crest and upper-midslope

Upper and lower sodic site

Shrub veld

Riparian area

Mudwallows in study area

Three waterholes and surrounds

Granite hills close to study area

No. of observations

FIGURE 1: Number of events (observations) of each mammal species through camera trapping in the Southern Granite Supersite of Kruger National Park. Cameras were
set up to represent each catenal zone from crest to drainage line, while waterholes and granite hills in the immediate vicinity of the catena were also covered. Results are
indicated in class ranges in each catenal zone during the different survey periods. Species are grouped in the figure based on their feeding habits: other, herbivores,
carnivores and the last seven species only occurred in surrounding areas but not on the catena itself.
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Ethical considerations

Ethical approval for the multidisciplinary project as a whole,
with specific mention to the camera trapping, was obtained
from the Interfaculty Animal Ethics Committee at the
University of the Free State (UFS-AED2019/0121).

Results

A snapshot approach was followed to give an idea of the
mammal species that frequent the study area — in other
words, the cameras were only left in the veld for short periods
during each survey period. A total of 31 mammal species
were observed during the study (Table 1). Tortoises, terrapins,
(large) millipedes and several bird species (including ground
birds and smaller birds) were also observed on the cameras
but are not included in the species list which focuses only on
mammals. All data on the black and white rhinoceroses have
been removed from the figures because of the sensitive nature
of this data (i.e. poaching concerns). Although exclusion of
these two threatened species affects the results, we decided
to remove such data as a precaution.

Figure 1 indicates the events (or in other words, the number
of independent observations) of each mammal species

TABLE 1: Common and scientific names of all mammals observed in the study
area by means of camera trapping.

Page 5 of 12 . Original Research

Common name

Scientific name

Aardvark

African wild dog
Banded mongoose
Black rhinoceros
Blue wildebeest
Buffalo

Bushbuck

Chacma baboon
Civet

Dwarf mongoose
Elephant

Genet

Giraffe (South African)
Grey duiker
Hippopotamus
Impala

Kudu (Greater)
Leopard

Lion

Porcupine

Scrub hare

Serval

Side-striped jackal
Slender mongoose
Spotted hyena
Steenbok

Tree squirrel
Vervet monkey
Warthog
Waterbuck

White rhinoceros
White-tailed mongoose
Zebra (Plains)

Orycteropus afer

Lycaon pictus

Mungos mungo

Diceros bicornis
Connochaetes taurinus
Syncerus caffer
Tragelaphus scriptus
Papio ursinus

Civettictis civetta
Helogale parvula
Loxodonta africana
Genetta species

Giraffa giraffa / G. camelopardalis
Sylvicapra grimmia
Hippopotamus amphibius
Aepyceros melampus
Tragelaphus strepsiceros
Panthera pardus
Panthera leo

Hystrix africaeaustralis
Lepus saxatilis
Leptailurus serval

Canis adustus

Galerella sanguinea
Crocuta crocuta
Raphicerus campestris
Paraxerus cepapi
Chlorocebus pygerythrus
Phacochoerus africanus
Kobus ellipsiprymnus
Ceratotherium simum
Ichneumia albicauda

Equus quagga

http://www.koedoe.co.za . Open Access

observed during the three survey periods, divided into
catenal zones (determined from its position on the catena
and associated vegetation). Herbivores (16 species),
carnivores (11 species), insectivores (2 species: aardvark
and civet) and primates (2 species) were recorded. Of these,
seven species are small mammals, such as the mongoose
species, genet, scrub hare and tree squirrel. Figure 2
presents the total number of events that each species was
observed and its percentage of the total number of events
(including all species). This graph clearly shows the species
that were observed more frequently than others, in contrast
to species that were recorded the least or were completely
absent during all the survey periods. The order of species
also changes through the survey periods (Figure 2). The
more common species during all three survey periods were
impala (603 events in total), elephant (289), spotted hyena
(74), kudu (76), giraffe (72), buffalo (54), zebra (51), warthog
(48) and grey duiker (43). Blue wildebeest (28 events in
total), lion and steenbok (approximately 20 events each)
were also observed more than the remainder of the species.

The general group sizes of each species observed are shown
in Table 2. It is noted that some individuals may have passed
outside the view of the cameras; thus, the totals are just an
indication and not the true possible numbers of herds or
groups in the area. The sum total of all animals of each species
that were observed during a survey period (Table 2) clearly
shows the following: the rise and fall of total elephant
numbers observed during the three surveys, the increasing
total number of impalas observed and the declining total
number of kudu recorded over the three periods, to mention
buta few. These totals are not herd sizes but all the individuals
in total observed during the survey period, which can be the
same individuals seen repeatedly. If these totals are compared
to herd sizes and the number of events (Table 2), it may be
interpreted that individuals of these specific species are
probably resident in the study area and will therefore
utilise the area more than other species just passing
through the area and are not observed so frequently.

The total number of mammal species observed during each
survey period (24, 25 and 24 species, respectively) seem very
similar, but they include some species that were only
observed during one survey period but were absent from
other periods (Figure 1). This was confirmed by significant
statistical differences between the number of observations of
each animal species in a catenal zone between the three
different survey periods (n = 122 per survey period; H=7.295;
p =0.026 < 0.05). The total number of mammal species in each
catenal zone was as follows: crest and upper-midslope (19);
sodic patch on lower midslope (17); shrub veld on footslope
(14); riparian area close to the drainage line (15); permanent
waterholes (22); rocky hills (16); and mud wallows,
temporarily filled with water (13). Many of these mammal
species were present in more than one catenal zone. The
highest species diversity was found on the upper-midslope
and sodic patch, and as was expected, at the waterholes
(Figure 1).



http://www.koedoe.co.za�

Original Research

Page 6 of 12

"0ZY8T 19suns ‘00Y90 Aj9rewixosdde sem asiIUNS Y sNp pue umep sapnjoul

1‘(yseyy esawed ayy Suipaau InoyiIm sjewiue 33s 03 31| ySnoua) 1yS11Mm] [IAID 03 SI9jRJ 1Y

mLf

*(S[1y oyueIs AYo01 ‘SO[OYId)eM "9°T) SEAIR SUIPUNOLINS U INq ‘BUAJLD UO POAIOS]O JOU S[EWIUY ‘L

66¥ €09 80¥ SJUdAJ |eJ0L
1T 1T 8L 6 = = = = = 0 = = = s 0 (€) LT 0 0 jonguarem
- - - - 0 - - 00T € € - - 00T T 12 0 T ¥ LAoyuow 1onIaA
- - - - 0 o o 001 T T = - - - 0 0 T 0 L|aaunbs aau)
ST 0S 4 ¥ S - - - - 0 - - - - 0 (1) et 0 0 Llexoel padiis-apis
0s 4 z - 67 - L L - 8T 8 1T 1T T 1 T Ppngysng
- - - - 0 - - - - 0 - 00T T 1 0 0 T Lasoo3uow Japuals
= - = = 0 = - 00T T € - = - - 0 0 € 0 1asoosuow papueg
- - - - 0 - - - - 0 - 00T T T 0 0 T 95005uUoW pa|iel-alym
= = = = 0 00T 1 0 = = 00T T 4 0 T 4 9so05uow jiema
€ 18 9T 1€ 3% €1 88 [43 SE 8 €8 8 42 41 (@) vt (@ et T euaAy papods
= = = = 0 = = = = 0 = 00T = T T 0 0 T |eAas
9€ 6 SS 8 1T 129 LS 6C L LT - 00T - € € Q) et (@) v-1 T uorn
= = 00T 1 1 00T € € 8¢ €T 0S 8 8 T T T piedoa
- 00T - T T - - - - 0 - - - - 0 T 0 0 18U
= 00T = € € 19 €€ € € = 00T = 9 9 T 1 T 1AD
- - 00T 14 T - - - - 0 - 00T - T T 6-S 0 T Sop p|im uedLy
¥ 1as 9s LT 59 1T 44 47 8T 8t = 20 98 L LT (€) o1 (€) €T (S) g1 eiqaz
- - 00T 9T 9z - - 00T 174 184 - - 00T L 6 Q) et (€) v-T (@) et Soynem
= 8€ €9 8 8 = V4 €L 1T 1T = = = = 0 T T 0 yoquasis
- 00T - T T 00T S S 44 8L 6 49 T T (@) et aJiey gnuas
= 00T = 1 1 = = = = 0 = 00T = € € T 0 T aurdnaiod
v [43 SS [44 14 - - 00T 6T 15 S (0)8 S8 184 YL (@) et (2)ot-T (v) o1 npny
0t 6T L (044 9/8T T 6€ LY 44 €8€ET 17 49 78 8ST 6CL (9) 06-T (9) oz (S) og-T ejeduw|
- - - - 0 ST 0S 14 12 6 - - - - 0 0 (@) sT 0 snwejododdiy
€T €T SL 8 8 = 65 184 LT 8T = 13 St 8T 6T T (1) z-1 (t)z-t Jayjinp Aaup
L ov €5 (3% 95 - 1€ 69 €1 €T - LT €L ST LT (@) vt () T1-1T (1) €1 ayjeln
6 44 Ly 9% 143 € 1€ 99 ¥ST €S € (o) L8 v6 8LE (S) 8T-T (v) 12T (5) oe-1T ueyda|3
- S€ 59 LT 65 1T €2 99 S€ L0T - - - - 0 (€) ezt (€) oe-T 0 oleyng
= = 00T 1% ¥ 9 6€ 95 8T 9z = LT €8 9 ot T (€) et (2) €1 1599gap|Im an|g
- - 00T € 12 - ST SL 12 [0)8 - - 00T v 9z (A et (@) v-1 (e) 1zt uoogeg
= 00T = € € = = = = 0 = = = = 0 T 0 0 Yienp.iey

Sjewiue Ssjewiue Sjewiue

i SIUaA] paniasqo A SIUaA] paniasqo i SIU3A] paniasqo

wsmmL - % SIN % Aeg #leloL  |lejowns  wysimL % WSIN % Aeq  #elol  |ejowns  wySimL % WYBIN % Aeq #|eloL lle jo wng L102 9102 ST0Z

L102 9102 ST0C a3ueu azis dnoug saads

‘pajedipul si poliad aALBOE OU |

‘Aanins uiddesy esawed s,4eaA 1ey3 Ul PaAIISCO 10U Sem [BWIUE Y}
‘PasBWIWNS 3JB ‘PAAIDSCO S9109dSs [ewWEW LoD JO S|ENPIAIPUL ||B JO S|EJ0) WNS Y] SE [|]9M SE ‘(UOLIB|ND|ed WOoJ) S|enplAlpul AJeyijos Sulpn|oxa) sazis dnoug Jo anjeA ueipaw ay} pue (sjuans ayl Suunp

papJ02aI SIAQUINU WNWIXEW pue wnwiuiw) agues azis dnou Aep Y-y e Suinp poriad oydads e 1e aande aiam Adyl 18y} SJUaAd Jo agejuadtad ay) pue polsad AsAins yoea SulNp PaAIaS|o S|EWWEW JO SIaINU JUdJIaYIJ g 319VL

Open Access

//www.koedoe.co.za

http



http://www.koedoe.co.za�

Page 7 of 12 . Original Research

2015

Juad49d
o
© O 9 O O 0 9 9 © O
- ®d 0 KN © Ih ¥ ®m® A A O
L 1 1 1 1 1 1 1 1 1
0
<
-
T T T T T T T T T T T
© O 9 O O 0 © O © O ©°
S & ® N ©w,m I O A

(suonenlasgo) SJUaAS JO Jagquinu [e30)

|2441nbs 234
3JonqgJa1em

|exoel paduis-apis
9sooguow papueg
oddiH

soquasis

SENET)

oleyng

senpiey
9s008uow Japuals
Asxuow 19n19/
ZSEN

asoo3uow piemg
S0p p|im uesnjy
9s008uowW pa|Ie3-alym
auidnaiod

uon

uoogeg
umouxun

RAD

psedoaq
1s93qg3p|im anig
eiqaz

Soyuem

aJey gnuas
Jonqysng

euaAy panods
ayjeln

JjInp Aaug

npny|

ueyds|3

ejedw

Mammal species

2016

juadIad

~ 100
0

- 90
- 80
- 70
- 60
- 50
- 40
- 30
- 20
- 10

9s003uow Japud|s

yongJazem

|exoel paduis-apis

|ensas

auidnaiod

Sop pjim uedlyy

9s003uow pa|ie1-a1ymm

19U99

sdenpiey

|9441nbs 3.

9so08uow papueg

9soo3uow jiemq

I /=juow 3aniap

| piedoaq

| RELN

oddiH

uooqeq
aley gnuos

Pngysng

uon

umouun
30quadls
ayjelln

J|Inp Aaug
eiqaz
1599q9p|Im an|g
npny
Soyuem
euaAy panods
oleyng

eyds|3

223 154

ejedw|

04

T T T T T T T T T
o O O O O O O ©o O
A 0~ O N < MmN -

100

(suonensasco) syuane Jo Jagquinu [e3oL

Mammal species

2017

Juadiad
o
o O O O O o o o O O
— 3 0 ~N O N & M N = O
L 1 1 1 1 1 1 1 1 1
~
[ag)
o~
T T T T T T T T T T T
© O O O 0o O o O o o o
m A 0 ™~ O N S M N -

(suonensasqo) sjuans Jo Jaquunu [e3o

|2441nbs 234
9soo3uow Japua|s
Aaxuow 19nI19
9soosuow papueg
oddiH

|eAJas

9s008uow yiemq
9soo3uow pajiel-auym
auidnaiod

aJey gnuas
piedoa

SETEL)

Xangysng

S0p pjim uedlyy
uoogeg

umouyun

18A1D

Senpiey

|ex0el padiis-apis
159909p|IM an|g
Joquasis

uory

JInp Aaug
3onqgua1em
Soypem

oleyng

npny|

eEY4

euady panods
|jelo

jueyda|3

ejedw|

Mammal species

Pareto chart indicating the decreasing frequency of occurrence (number of observation events) of mammal species during each survey period ([a] 2015,

[b] 2016 and [c] 2017) on the left axis (bars) and the cumulative percentage of the total number of occurrences on the right axis (line).

FIGURE 2
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TABLE 3: These mammals were observed on the cameras to utilise the study area and surrounds in the day, night or civil twilight (Twi’t) during each survey period by
feeding, resting, socialising, wallowing or drinking. It was uncertain if hippopotamus and aardvark utilised the area. Many animals just seemed to be passing through the
granite catena, not utilising the area, and therefore their activity is not indicated in the table.

Species Catena sites

Non-catena sites

2015 2016

2017

2015 2016 2017

Day Night Twi’t Day Night Twi’t Day

Night

Twi't Day Night Twi't Day  Night Twi’t Day  Night Twi't

Impala X X
Elephant
Zebra

Grey duiker
Buffalo - -
Giraffe
Warthog
Kudu

xX X X X
'
'
X X X X X
xX X X X
>
xX X X

<X X X
o
[
'
'

xX X X

Blue wildebeest - o -

X X X X

Steenbok - - -
Scrub hare B X X -
Civet - X

Lion - = o -
Hippopotamus - - - - X? - -
Aardvark - - - > - - -
Bushbuck - - - - - - R
Waterbuckf - - - o - - -
Baboon - - - - - - -
African wild dog - - - o - - -
Leopard - - - - - - -
Dwarf mongoose - - - o - - -
Banded mongoosef - - - - - - -

Vervet monkeyf - - - o - - -

X = = X X X X X X
- X X X X X X X X
X

- - X - - X - - - -

x X X
'
'
'
'
'

T, Animals only observed to drink at waterholes, or feeding at rocky granite hills in the vicinity and not observed on catena.

The period of a 24-h day when the mammals were observed
on the cameras is indicated in Table 2. The obvious
assumption was made that animals engaging in activities
such as feeding, resting, wallowing, drinking and socialising
were spending more time in the study area than animals
just passing the cameras. These results may differ seasonally,
but there is insufficient data from this study to confirm that,
and it is possible that more mammal species may utilise the
area than that found from the short duration of camera
surveys (Table 3). The duiker was included, as they are
territorial and not water-dependent animals (meaning that
their presence indicates utilisation of the area and not just
moving through the area to perhaps reach waterholes), and
the civet was included because of the presence of active
civetories (i.e. locations of frequent civet defecation) on the
catena.

Figure 3 indicates the human visibility (average of six
distances in one direction) in the different directions (or
angles from the transect line) in each catenal zone surveyed.
Because of the vegetation structure, the sodic patch had the
highest average visibility, while the transition zone between
the upper-midslope and sodic patch had the lowest average
visibility, followed by the shrub veld on the footslope. There
were differences observed in Figure 3 between the 70 cm and
170 cm observation heights, especially in the riparian zone
(T7). Tall, dense grasses, clumps of shrubs, large trees and the
presence of the drainage line (with its relatively higher banks
than the surrounding area) contributed to lowered visibility
in this zone.

http://www.koedoe.co.za . Open Access

During the initial vegetation sampling as part of the large
multidisciplinary project, the veld was still in relatively good
condition and the vegetation was dense with long grass,
especially in the shrub veld and the riparian areas. This
changed during 2016, with the extreme drought, not only for
the study area, but many other areas in the southern and
central KNP were also similarly affected (Malherbe et al.
2020). The visibility changed to an estimated 80% — 100% in
different zones of the study area (pers. obs. October 2016) —
the grasses that were present were only small tufts grazed
down to stubble height. The trees were mostly bare or
sparsely leafed and many trees died or were uprooted and
damaged by elephants. After the drought in 2016, many of
the tall grasses died and were lying flat on the ground
(covering the soil — see Janecke 2020). All of this greatly
increased the visibility in that area during the last two years
of camera data collection.

Discussion

Mammals are usually present in a habitat if their needs and
requirements are met or if they move between preferred
habitats. With regards to the usual terrestrial mammal
habitat requirements, the assumption can be made that the
basic needs are most probably accounted for in the study
area and surrounds, based on the presence of the listed
mammals (Figure 2) as indicated by the definition of habitat
(Hall et al. 1997; Krausman & Morrison 2016). There are
various reasons why mammal species will be present in or
absent from a specific area or catenal zone (see Introduction)
and some of these reasons will be focussed on in this section.



http://www.koedoe.co.za�

Page 9 of 12 . Original Research

100

90

80

70 A

Number of blocks

Upper-midslope Above sodic site

T4-90

Upper sodic site

Catenal zone

T4-180
T4-270

T5-90
T5-180

Shrub veld

Lower sodic site Riparian zone

FIGURE 3: Average number of blocks visible on a 1 m? checkerboard in each transect at three angles to the transect line (90°, 180° and 270°). Standard error bars are also
indicated. Observations were performed at 20 m intervals with a line distance of 100 m and the average number of blocks visible per line is indicated. Two observation
heights were used — the observer sitting on the ground (eye level at 70 cm) and the observer standing (eye level at 170 cm).

Food, water, cover (shade, shelter, etc.), space and certain
geomorphological characteristics (soil types, topography,
geological formations, etc.) are considered to be the basic
habitat requirements of most mammals. The medium- to
large-sized individual trees (with canopy cover ranging
from 10.5% to 33.6%) present on the upper-midslope and in
the lower-lying riparian area (Janecke 2020), together with
scattered clumps of shrubs and trees, should provide food
for herbivores and sufficient shade and shelter from the
extreme temperatures associated with savannas. The
characteristic granite boulders on small hills or outcrops
(geomorphology) in the surrounding area had their own
mammal species associated with that habitat which mostly
differed from that of the catena (Figure 1).

The nearest drinking water is available to animals at the Sabie
River and some of its smaller tributaries, and at three nearby
permanent waterholes located in different directions from the
study area. The rationale with placing camera traps at the
three permanent waterholes was that mammals that were not
observed in the study area but were caught at the waterholes
are actually present in the local area and might also use the
study area from time to time as habitat. Waterbuck, side-
striped jackal and banded mongoose were only found at the
waterholes and not on the catena or granite hills (Figure 1).
There were three large mud wallows in the study area that
might have been created by mammals looking for water. It
might fill up with rain water, surface run-off, and there is a
possibility that water seepage from underground may also
play a role (depending on the position of the mud wallow on
the catena). Many animals were also observed to drink at
these temporary holes when water was present. Water sources
are generally crucial components in habitat selection by many
water-dependent herbivores, and also for predators like lions.
Habitat selection of most herbivores is also influenced by

http://www.koedoe.co.za . Open Access

distance to water; hence, predators will have a greater chance
of encountering prey in the areas closer to water (Davidson et
al. 2012; Gaylard et al. 2003).

The temporary mud wallows contained rain water during
the 2015 and 2016 survey periods, but during 2017 no water
was present. This might have affected the presence of species
on the catena and the number of individuals present during
the 2017 observation period. The group numbers of elephant,
buffalo, warthog and blue wildebeest were lower in this
period (Table 2), possibly as a result of the absence of water
in the temporary holes, and also possibly because of obvious
food shortages caused by the drought (2015-2017). Mongoose
was not observed during 2017, while other smaller-sized
mammals like scrub hare, vervet monkey, duiker and
steenbok had the lowest number of events (observations).
This can be because of various reasons, such as food
limitations, the absence of cover (higher visibility to
predators) and high temperatures, to name but a few (see
Seydack et al. 2012). The number of observations of kudu
and giraffe did not change drastically over the survey
periods, although it was only a few individuals observed at
a time (Table 2).

During the extreme El Nifio event of 2015-2017, the study
area appeared to be a refuge island of green vegetation
surrounded by the desert-like areas around Skukuza and
Lower Sabie where mainly bare soil, leafless trees and dead
trees were present during the drought (Janecke et al. 2020;
Van Aardt et al. 2020). The long-term (76 years) average
annual rainfall total for Skukuza is 550.4 mm. During the
drought, the cumulative total of rainfall measured at the end
of the climatic year (June 2015-July 2016) for the Skukuza
area was 194 mm (Skukuza Scientific Services Weather Data).
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This is lower than the lowest annual rainfall on record
(251 mm during 1990-1991 — Zambatis & Biggs 1995) for that
area. Staver, Wigley-Coetsee and Botha (2019) concluded that
the droughts of 1991-1992 and 2015-2017 were exceptionally
severe and that it probably exceeded the tolerance of the
grasses. The impact of browsing or grazing across a landscape
is differentially affected by the dispersion of herbivores as an
agent of heterogeneity, while further controls include the
social structure of these animals and their density. Dispersion
(and thus the presence or absence in the study area) may also
be controlled by the degree of the drought (Pickett et al.
2003). There was still grass available on the catena (although
it was grazed to stubble height on most of the sodic patch,
but not on the upper-hillslope) and the trees on the catena
were alive and full of leaves (pers. obs. April 2016 and visible
on the cameras). This can provide an explanation for the
presence of the herbivores in the study area at the peak of the
drought (Figure 1), where they appeared to be mostly absent
from surrounding areas closer to Skukuza.

Hippos were captured on the cameras at the De La Porte and
Renosterkoppies waterholes and in the dry drainage line of
the study area during 2016, but not during other survey
periods (Figure 1). As expected, they seemed to have moved
further away from the river in search of food (and possibly
other large waterbodies for cooling their body temperature)
during the drought period (Table 3). Elephants were observed
during the day in 87% of events in 2015, 66% in 2016 and 52%
in 2017 (Table 2); giraffe were observed during the day for
73%, 69% and 53% of each of the three survey periods; kudu
for 85%, 100% and 55%; and zebra for 86%, 44% and 56% of
the survey periods. These changes in their active period
might be a way to deal with intensifying heat during the day
as the drought progressed, by being more active in cooler
periods of the night, or it might be that as more rains were
experienced from 2017, the food resources were less scarce
and animals could spend less time on feeding and moving in
the hot period of the day; however, more long-term research
is needed to confirm any of these statements for the catena.
White rhino and hippo grazing, together with continuous
grazing from other species, and the trampling effect on the
soil are important contributors to maintaining the short grass
state on grazing lawns. Active dung middens also contribute
to the nutrient value of a local area. High-quality forage that
is seasonally available on sodic sites may have important
consequences for population dynamics and the behaviour of
grazers (Grant & Scholes 2006; Jacobs & Naiman 2008;
Khomo & Rogers 2005).

Du Toit (2003) stated that grazers concentrate on zones that
shift up and down a catenary drainage gradient on a seasonal
basis, and they move progressively down the hillslope in the
dry season as green grass declines, while they switch back to
nutritional swards on the uplands as rains commence. The
same pattern is described for browsers, usually resulting in
the higher herbivory in riparian areas during the dry season
(Du Toit 2003). In the current study, the riparian areas had
lower average visibility, and these areas were not frequented
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by mammals more than other catenal zones at the end of the
growing season when the surveys were conducted.

Visibility might affect the presence of herbivores in some of
the catenal zones, or parts thereof, because of predation risk
and the landscape of fear principles. The presence of carnivores
is also affected by visibility in the area because smaller
carnivores, as possible prey for larger carnivores, might also
experience a landscape of fear in certain areas. Terrain
heterogeneity differs over landscapes and a predator is not
adapted to hunt skilfully in all types of landscapes. A system
can be conceived where the lethality of a predator and
predation risk will vary with spatial changes in different
habitats. This is described as the landscape of fear: ‘a three
dimensional landscape whose peaks and valleys are defined
by the level of predation risk related to changes in habitat as
they affect the lethality of the predator’ (Laundre, Hernandez
& Ripple 2010:2). The landscape of fear thus reflects the level
of fear of predation that a prey will experience in various parts
of the area it uses as habitat (Laundre et al. 2010).

Specific areas of the riparian zone proved to have the lowest
overall visibility of all the catenal zones, especially for
smaller-sized mammals (everything smaller than, and
including, a dwarf antelope), because of tall grasses and
dense shrubs. Although camera traps were specifically placed
on footpaths and open areas where more mammal activity
was expected, the lower recorded visibility score (Figure 3)
might explain why relatively few observations of mammals
were made in the shrub veld and riparian zones (Figure 1).
The percentage of the total number of events (observations)
in each catenal zone was recorded as follows: 13.3% on the
crest and upper-midslope, 19.1% on the sodic patch, 9.0% in
the shrub veld on the footslope, 10.7% in the riparian area,
10.5% at mud wallows and the remainder at waterholes
(25.2%) and surrounding areas (12.2%). However, these
percentages are slightly biased because of different capturing
techniques used by the cameras and because of impala that
‘camped out” in vicinity of some cameras while feeding and
ruminating — increasing the number of events on a single day
but spaced out with longer time periods in between (see the
definition of ‘event’ under ‘Methods’ section).

Lions and leopards are stalk and ambush predators and are
expected to be more successful where they can use dense
vegetation as concealment for hunting. Lions in Hwange
National Park, Zimbabwe, preferred to be located in denser
vegetation, next to more open, bushed grassland areas, from
where they can observe prey inside the bushed grasslands
(Davidson et al. 2012). Trees and bushes are also used by
predators when they approach prey, which to a certain extent
might counteract a tree’s attractiveness to herbivores for
feeding and/or resting. Furthermore, areas with high
densities in trees, especially trees with low branching heights,
are known to be less attractive because of impeded predator
visibility (Riginos & Grace 2008; Treydte, Riginos & Jeltsch
2010). In the study area, leopards were observed on the
upper-midslope and in the riparian area, while lions were
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observed on the upper-midslope, sodic patch and riparian
area of the catena (Figure 1). They may have similar tendencies
in using the denser areas around the sodic patch to observe
potential prey, as recorded in the literature, but this
assumption has not been researched in the current study and
these predators were also observed in other catenal zones.

The vegetation structure and density, together with other
factors such as the presence of termite mounds and the higher
banks of the drainage line, made visibility poor in certain
zones on the catena. This can create a top-down regulation by
predators (or their possible presence anticipated by prey) on
herbivore numbers and species in these areas, based on
landscape of fear principles (see Laundre et al. 2010), especially
in riparian areas known to usually have higher grazing value
(Du Toit 2003; Naiman & Rogers 1997). Lower observations
than expected were made of herbivores in the riparian zone
(Figure 1) and only the more open areas were used by animals
that were present. Bottom-up controls (vegetation structure,
cover and food availability) can also play an equally important
role in the presence of mammals. There may be feedbacks
present between mammals and vegetation heterogeneity, for
example, herbivores selecting open areas in order to reduce
exposure to predation risk, which results in them maintaining
these areas as open through their grazing and trampling
effects (i.e. a positive feedback loop).

Factors that play an important role in controlling species
richness onsodicareas specifically are biomass consumption,
trampling or hoof action and other activities. To quantify
these relationships will enhance the understanding of the
mechanistics of herbivores as ecosystem drivers, and also of
riparian areas at the bottom of a catena as refuges for
biodiversity and as nutrient sinks (Jacobs & Naiman 2008).
Localised patches known to have higher nutrient value
(sub-canopy habitats, termite mounds and sodic patch), as
well as permanent (waterholes) and ephemeral (mud
wallows) water sources, were used by herbivores and can
also explain their presence in the study area. This article
aimed to provide a basic list of mammals present on the
catena that might have a role in the functioning and
interactions of this heterogeneous ecosystem. A general
description was also provided of habitat and habitat features
that determine the presence of mammals on the catena.
There is scope for future studies on the Southern Granite
Supersite to expand on this knowledge and information.

Conclusion

There is nothing obvious that can prohibit movement of
animals through the study area, and considering the park
has a large surface area catering for various species, the
possibility is high that some mammal species, especially the
smaller mammals, were not listed. Some species might be
present for short periods, or during specific seasons,
increasing the heterogeneity of the larger supersite even
more than what was found. Furthermore, camera traps do
not monitor the entire site, which will further contribute
towards under-reporting or entirely missing lower density
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and transient species. This study at least provided a basic
list of 31 mammal species present in the Southern Granite
Supersite, and some measure of relative abundance. The
more common species were found in almost all catenal
zones; thus, the question about certain mammal species that
might use specific zones more often could not be answered
with this study. Distances between the different catenal
zones were relatively short, which made it more difficult to
differentiate between utilisation of zones separately. Large
and small predators, as well as herbivores of all sizes, were
present in the study area, while poor visibility in some areas
might explain the absence or lower presence of mammals
based on the landscape of fear principles and/or poor
detectability. Small changes were also observed in activity
periods of specific species between different years of
surveys, probably in reaction to the drought.

Differences in species presence between seasons might be
because of animals’ migration, or localised movement
patterns. The extreme drought has changed the vegetation
structure and availability of food, which had a pronounced
effect on the presence and movement of animals (e.g. hippo
appearing at the site during the drought as it grazed further
from perennial rivers), but this aspect was not studied
specifically. Animals move to areas where their needs are
best met, some will move locally in search of food or water,
but others might be bound to strict territorial boundaries
that restrict their movement to local areas. Future studies
can focus on longer periods of data collection and exploring
the possible differences in the presence of mammals between
seasons. It would also be interesting to study any possible
changes in the presence of mammal species in a normal
rainfall year after the veld recovered from the impact of the
severe 2015-2016 drought.
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