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SUMMARY

Savannahs are structurally complex ecosystems rich in biodiversity, and the conversion of
savannahs into human-modified landscapes poses a significant risk to organisms with limited
dispersal abilities. Surface-active arthropods have limited dispersal abilities and are sensitive to
changes in their environment; as a result, they are restricted to specific habitats with the
resources that they need. Surface-active arthropods are essential in ecosystem processes, such
as playing a direct or indirect role in water infiltration into the soil and its storage,
decomposition of plant and animal matter, nutrient cycling, humification and biological pest
control. Many landscapes of natural vegetation in South Africa have been transformed into
croplands, residential and commercial areas. In Mpumalanga province, croplands (including
fruit plantations) dominate the landscape where savannah vegetation occurred previously. This
study investigated the influences of disturbance (transformed savannah vs pristine savannah)
and season on the diversity of four groups of surface-active arthropods (ants, beetles, millipedes
and spiders) in the savannah biome in Mpumalanga province. The objectives of the study were
to determine 1) whether flightless arthropod assemblages differ between disturbed and pristine
savannah, and 2) whether functional guilds of flightless arthropod assemblages differ between
summer and winter. Field sampling using pitfall traps was done to collect the surface-active
arthropods in pristine and disturbed savannah during summer and winter. All samples were
sorted into morphospecies and identified into family or genus where possible and then assigned
into functional guilds. Functional guilds were allocated based on the feeding habits of the
surface-active arthropods, resulting in three distinct functional guilds (detritivores, herbivores
and carnivores) being identified. Surface-active arthropods with diverse feeding habits were
lumped to form a fourth functional guild, the “diverse functional guild”. I found significant
differences in the species composition of ants, beetles and spiders between disturbed and
pristine savannahs. The species richness and abundance of ants was significantly greater in the
disturbed than pristine savannah, while beetles and spiders had similar species richness and
abundance between the two habitat types. The number of unique species of the surface-active
arthropods in the disturbed savannah were two times more than those in the pristine savannah.
The species richness and composition of all functional guilds of the surface-active arthropods
differed between summer and winter, with greater species richness in summer than in winter.
Herbivorous and carnivorous arthropods had significantly higher abundance in summer than in
winter, while the abundance of detritivores and the “diverse functional guild” was similar

between the two seasons. This study shows that different vegetation types support different



compositions of surface-active arthropods and that there may be a positive relationship between
vegetation structure and the assemblages of surface-active arthropods in the savannah.
Furthermore, the study highlights a potentially positive relationship between the assemblages
of herbivorous and carnivorous arthropods. | recommend that it may be essential to consider
both disturbed and pristine habitat types in the conservation of surface-active arthropods,
especially in South Africa where most of the land is outside of formal conservation areas. This
assertion is supported by the greater number of unique species of surface-active arthropods
found in the disturbed than in the pristine savannah. My study provides relevant baseline
information because little is known about the assemblages of surface-active arthropods in
savannah landscapes dominated by croplands. Furthermore, my study gives some insight on

how the assemblages of surface-active arthropods may respond to disturbance in the savannah.
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CHAPTER 1

1. GENERAL INTRODUCTION

1.1. Background

The savannah biome can be described as an area that is covered largely by a grass matrix
and woody plants that are distributed sparsely (Bond, 2008; Wakeling et al., 2012; Hutley and
Setterfield, 2018). Moreover, the savannah is a structurally complex ecosystem and rich in
biodiversity, allowing it to support a variety of life forms (Botha et al., 2016; Hutley and
Setterfield, 2018). The savannah biome is found in all tropical parts of the world and shares
several grass species across different continents (Nix, 1983; Solbrig et al., 1996). For example,
Cymbopogon citratus occurs in Africa, India and South America, while Themeda triandra is
shared amongst Africa, India and Australia (Cole, 1987; Solbrig et al., 1996).

In Southern Africa, the savannah biome is a dominant vegetation type, covering over
45% of the total area (Mucina and Rutherford, 2010). The savannah biome in South Africa
occurs in the northern and eastern parts of the country and covers more than 33% of South
Africa (Sankaran et al., 2005; Mucina and Rutherford, 2010). The altitude of the savannah
biome in South Africa ranges from sea level to 2000 m above sea level (Wakeling et al., 2012).
Altitude is an important component of the savannah and all vegetation types because it
influences the occurrence of vegetation types by confining temperature and rainfall regimes to
a specific range in a particular area (Wakeling et al., 2012; Reisch and Rosbakh, 2021;
Stanbrook et al., 2021; Zhang et al., 2021). For example, areas at high altitudes experience
lower temperatures and high incidences of frost compared with areas at low altitudes, which
experience warmer temperatures and low incidences of frost (Mucina and Rutherford, 2010).

The savannah biome in South Africa can be classified into three types based on the
proportions of woody vegetation and the grassy matrix. Where the woody vegetation is dense,
the savanna is referred to as woodland savannah (Vasconcelos et al., 2009). Where the canopy
of woody plants is very close in height to the grassy matrix, the savannah is referred to as
shrubveld savannah (Bredenkamp, 1987; Ribeiro et al., 2019). Where the woody vegetation
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does not form a distinct layer, usually with no clear distinction between small trees and
shrubs, the savannah is referred to as bushveld savannah (Mucina and Rutherford, 2010). The
present study was conducted in a Legogote Sour Bushveld savannah, with elements of the
Barberton Serpentine Sourveld (Mucina and Rutherford, 2010).

In South Africa, the savannah biome is characterized by the austral summer and winter
seasons (ARC-ISCW, 2019). The biome receives about 235 to 1 000 mm of rain each year,
with most of the rain occurring during the summer season (Mucina and Rutherford, 2010;
ARC-ISCW, 2019). The high rainfall in the summer, coupled with high temperatures, favours
the growth, development and productivity of plants in the savannah (Hutley and Setterfield,
2018; Mishra and Young, 2020). The high productivity of plants in summer generates a wealth
of mesofilters and resources for organisms, including arthropods, which are essential in many
ecosystem processes (Crous et al., 2013; Vaca-Sanchez et al., 2021). Arthropods play a critical
role as ecosystem engineers in several environments. These arthropods are involved in
ecosystem services such as nutrient cycling (Sagi and Hawlena, 2021), control of alien invasive
plants (Shoba and Olckers, 2010), and serve also as a food source for other animals (Kolkert et
al., 2021). Dung beetles, for example, store mammal faecal matter underground for nesting and
feeding, and therefore, aid in nutrient cycling and cleaning of the environment (Hanski and
Cambefort, 2014).

The savanna biome in South Africa is under threat currently due to anthropogenic
activities such as expansion of agricultural activities and urbanisation. The conservation of the
savannah biome in South Africa occurs mainly in formal conservation areas such as nature and
game reserves (Bond and Archibald, 2003). Although South Africa has plenty of nature
reserves, the majority of the savannah biome and other natural vegetation occurs outside of
these formal conservation areas, where the savannah vegetation is converted to croplands,
industrial areas, and residential developments to support the growing human population
(Mucina and Rutherford, 2010; Yekwayo and Mwabvu, 2019). The conversion of landscapes
of natural vegetation into croplands, industrial areas and residential developments poses a
significant risk to arthropods with limited dispersal abilities (Mauda et al., 2018; Eisenhauer et
al., 2019; Seibold et al., 2019).

Surface-active arthropods have limited dispersal abilities and are sensitive to changes
in their environment; as a result, they are restricted to specific habitats that have the resources
they need (Gaigher and Samways, 2010; Samways et al., 2010; Magoba and Samways, 2012;
Hlongwane et al., 2019). The sensitivity of these arthropods to changes in their environment

can be used to identify facets of the environment that are responsible for changes in their
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assemblages (e.g., Purdon et al., 2019; Seibold et al., 2019; Foster et al., 2021). In addition,
changes in the assemblage of surface-active arthropods can be associated with changes in their
local environment because of their dispersal limitations (see Yekwayo et al., 2018; Ferrenberg
et al., 2019). As such, changes in the species composition of surface-active arthropods present
a potentially effective and essential monitoring tool. The changes can be used to measure rapid
environmental change as a result of anthropogenic disturbance (see Narimanov et al., 2021,
Rahman et al., 2021) or to measure changes that are associated with changes in season (as
reported by de Oliveira et al., 2021).

1.2.  Aims and objectives

Many landscapes of natural vegetation in South Africa have been transformed into
croplands, residential and commercial areas (Botha et al., 2015; Jewitt et al., 2015; Hlongwane
et al., 2019; Hyvérinen et al., 2019). In Mpumalanga province, croplands, in the form of
subtropical fruit plantations, dominate the landscape where savannah vegetation previously
occurred. This study investigated the influence of disturbance (transformed savannah vs less
transformed or pristine savannah) and season on the diversity of four groups of surface-active
arthropods (that is, ants, beetles, millipedes and spiders) at sites in the savannah biome of
Mpumalanga province. The objectives of the study were to determine whether or not 1) surface-
active arthropod assemblages differ between disturbed and pristine savannah, and 2)
assemblages of functional guilds of surface-active arthropods differ between summer and
winter seasons. The study may be relevant for providing baseline information because little is
known about surface-active arthropod assemblages in savannah landscapes that are dominated
by various anthropogenic disturbances in Mpumalanga province, South Africa. In addition, data
obtained from this study will contribute towards producing a checklist of surface-active
arthropods occurring in pristine and transformed habitat types within the savannah biome in the
Mpumalanga province.

1.3.  Structure of the thesis

This thesis is made up of a General Introduction (Chapter 1), two research papers
(Chapter 2 and 3), and a General Conclusion (Chapter 4). The two research papers were written
as stand-alone chapters with the purpose of publication in particular journals. As a result, some

repetition in the methods was inevitable. These chapters were formatted accordingly.
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Chapter 1 (this chapter) provides context to the study by providing the background of
the study, aims, objectives and structure of the thesis. In Chapter 2, the focus of the study is
on the composition of surface-active arthropods in a pristine and anthropogenically transformed
(disturbed) savannah. Here | compared the species richness, the abundance of species and
species composition of ants, beetles, millipedes and spiders between pristine and disturbed
savannah in Mpumalanga province, South Africa.

In Chapter 3, the focus of the study is on effect of season on four functional guilds of
surface-active arthropods in the savannah, Mpumalanga province, South Africa. | compared the
abundance of species, and species composition and species richness of functional guilds of
surface-active arthropods between summer and winter in the Barberton Nature Reserve.

Chapter 4 provides a conclusion to the thesis by summing up important findings of the
study from the two research papers and making concluding remarks about the implications of
the results of this study for the conservation of surface-active arthropods. Additionally, the
limitations of the study were also discussed in this chapter.
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CHAPTER 2

2. Composition of surface-active arthropods in pristine and disturbed savannah

Abstract

Savannah vegetation is a structurally complex ecosystem consisting of a diverse community of
plants such as grasses, shrubs and trees and animals such as arthropods. Surface-active
arthropods form a significant component of the total arthropods described to date and are
essential in many ecosystem processes that help maintain life on Earth for all organisms,
including humans. The anthropogenic conversion of natural landscapes into cropland,
residential and industrial areas has a negative impact on surface-active arthropods that have
limited dispersal abilities and narrow habitat preference. This study was conducted to
investigate the effect of disturbance on assemblages of four groups of surface-active arthropods
(ants, beetles, millipedes and spiders) in pristine and disturbed savannah in Mpumalanga
province, South Africa. Two habitats, disturbed and undisturbed savannahs, with 15 sites each,
were selected for the study. The disturbed savannah was a fallow land close to ongoing
industrial and residential developments, while the pristine savannah was a protected area with
little human interference. Pitfall traps were used to sample the surface-active arthropods. All
the samples collected were sorted into family and morphospecies and then identified to genus
where possible. The species richness, abundance, and composition of the surface-active
arthropods were analysed in R using generalised linear mixed models and linear mixed models.
In addition, indicator species analysis of the disturbed and pristine savannahs was also
conducted in R to determine which surface-active arthropods were strongly associated with a
particular habitat. We found that species richness and abundance of ants was higher in disturbed
than in pristine savannah. In contrast, species richness and abundance of beetles and spiders
were similar in disturbed and pristine savannahs. Moreover, the species composition of ants,
beetles, and spiders was different between disturbed and pristine savannahs. The disturbed
savannah had two times more unique indicator species of the surface-active arthropods than the
pristine savannah. Results from our study highlight the role of anthropogenic disturbance in
negatively driving assemblages of surface-active arthropods in natural landscapes. | show that
it may be important to consider disturbed and pristine habitat types in conservation because

different habitats support different assemblages of surface-active arthropods.

Keywords: Arthropods, assemblages, disturbance, savannah
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2.1. Introduction

The savannah is one of the most diverse biomes on Earth (Hutley and Setterfield, 2018).
Savannah is primarily characterised by a layer of grasses interrupted by sparsely distributed
woody vegetation (Wakeling et al., 2012; Lehmann et al., 2014). The woody plants of the
savannah biome have open canopies, which allow direct sunlight to filter through to the
understorey vegetation (Mucina and Rutherford, 2010). The structure of the savannah biome
allows several biological activities to occur both in the canopy and understorey vegetation
(Simioni et al., 2003). For example, arthropods, which play an integral part in several
ecosystems, are active in the canopy and understorey vegetation (Simioni et al., 2003; Marquart
et al., 2020).

The positive effects of arthropods help maintain biological activities in an ecosystem
(Menta and Remelli, 2020). For example, surface-active arthropods are involved either directly
or indirectly in water supply, nutrient cycling, primary production, soil formation and climate
regulation (Lavelle et al., 2006). Moreover, some surface-active arthropods, such as mites,
springtails, millipedes, many larval and adult insects, play a significant role as indicators of soil
function and quality (Stork and Eggleton, 1992; Paoletti, 1999; Lavelle et al., 2006). These
functions are essential in maintaining life on Earth for all organisms, including humans.

Surface-active arthropods form a significantly high component of the total arthropod
species that have been described to date (Stork, 2018; Eisenhauer et al., 2019; Seibold et al.,
2019). These arthropods have limited dispersal abilities (Lavelle et al., 2006) and are sensitive
to changes in the environment (Yekwayo and Mwabvu, 2019). The limited dispersal ability,
coupled with a high sensitivity to changes in the environment, make surface-active arthropods
vulnerable to disturbance (Kwon et al., 2013; Eisenhauer et al., 2019). Common forms of
ecological disturbance that are known to influence the distribution of surface-active arthropods
include unsustainable fire regimes, the introduction of invasive alien plant and animal species,
global climate change and land-use change (Vergnes et al., 2014; Haye and Culler, 2018;
Eisenhauer et al., 2019; Menta and Remelli, 2020).

Substantial evidence indicates that the increase in the severity and frequency of fires in
natural ecosystems has a negative impact on surface-active arthropods (Kwon et al., 2013; Puga
et al., 2017; Yekwayo et al., 2018). The changes in natural fire regimes have been linked with
pressure imposed by global climate change (Koltz et al., 2018). Fires affect surface-active
arthropod biomass through direct mortality and the modification of understorey characteristics

(Parr et al., 2004; Kwon et al., 2013). Furthermore, fires affect the dispersal and colonisation
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rates of surface-active arthropods (Koltz et al., 2018; Yekwayo et al., 2018). For example,
Ferrenberg et al. (2019) found that the quality of decaying matter, understorey litter, coarse
wood debris, tree basal area, amount of exposed rock and the amount of bare ground had
significant effects on the community structure of surface-active arthropods in conifer forests
that had variable fire regimes in northern New Mexico. The type of fire regime in an ecosystem
affects all these understorey characteristics strongly, thus, indicating that disturbance by fire
has an important influence on the community structure of surface-active arthropods.

The introduction of alien invasive plants has far more effects on surface-active
arthropod community structure than the intensification of agricultural activities (Magoba and
Samways, 2012). The limited dispersal abilities, coupled with host specificity, make certain
arthropods, particularly herbivores, vulnerable to changes in vegetation structure (Mclntyre et
al., 2001; Kwon et al., 2013). Alien invasive plants often homogenise vegetation structure,
leaving the area unsuitable for arthropod species that feed only on natural vegetation (Magoba
and Samways, 2012). The results of homogenising vegetation structure by an introduction of
alien invasive plants could lead to local extinction of certain surface-active arthropods,
particularly herbivores. For example, Proches et al. (2008) found that herbivorous arthropods
were less abundant and less diverse on alien plants than on native vegetation in the Western
Cape, South Africa.

Over the years, there has been an increase in the general loss of arthropod biodiversity
due to arise in the demand for land (Hendrickx et al., 2007; Hagye and Culler, 2018; Eisenhauer
et al., 2019). Clearing of natural vegetation for farming, urban development and residential
areas are some of the significant land-use practices threatening arthropod biodiversity currently
(Vergnes et al., 2014; Eisenhauer et al., 2019). For example, in Germany, Seibold et al. (2019)
observed over nine years, an overall decline in the gamma diversity and biomass of arthropods
due to increasing intensification of land use and growing demand for land. Furthermore, in a
southern African savannah, Mauda et al. (2018) observed significantly lower species diversity
of ants in croplands and villages than in rangelands that are distant from homes.

Savannahs are structurally complex ecosystems that are rich in arthropod biodiversity
(Hlongwane et al., 2019; Yekwayo and Mwabvu, 2019). Conversion of savannahs into
croplands (Mauda et al., 2018) and residential areas (Yekwayo and Mwabvu, 2019) poses a
significant risk to arthropods with limited dispersal abilities. Disturbance through residential
and other infrastructural developments results in fragmentation, isolation of habitats and a
reduction in habitat size, making it unsuitable for specialised arthropod groups (Kwon et al.,
2013).
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Despite the dominance of arthropods, the response of several groups of arthropods in
pristine and disturbed environments is not yet fully understood (Hlongwane et al., 2019; Seibold
etal., 2019; Yekwayo and Mwabvu, 2019). In addition, there are not enough baseline data and
long-term data that will enable monitoring of arthropods and enable engagements in well-
informed conservation efforts (Mauda et al., 2018; Seibold et al., 2019; Yekwayo and Mwabwvu,
2019). To gather baseline data and to understand the effects of disturbance on several groups
of arthropods, I investigated the effects of disturbance on surface-active arthropod assemblages
in pristine and disturbed savannah in Mpumalanga province, South Africa. The pristine location
selected for the study had more structurally complex vegetation and diverse topography than
the disturbed location. Therefore, | expected the pristine location to have a higher species

diversity of surface-active arthropods than the disturbed location.

2.2.  Materials and methods

2.2.1. Study sites

The study was conducted at two locations, the first approximately 9.15 km from the city
centre (measured using Google Maps, 2020) on the outskirts of Mbombela City (OMC)
(25°23'44.5"S, 30°57'18.4"E) and the second at Barberton Nature Reserve (BNR)
(25°36'17.5"S, 30°58'10.7"E), both in the lowveld of Mpumalanga province of South Africa
(Fig. 2.1). At each location, 15 sites were selected. Sites at the OMC were categorised as
disturbed, and sites at BNR were categorised as pristine. The pristine sites were in a protected
area with little human interference. Barberton Nature Reserve covers about 27 541 ha of land
(Mpumalanga Tourism and Parks Agency, 2019). The disturbed sites were on fallow land
(864.2 ha) (measured using Daft Logic, 2020) that is approximately 1 km (measured using
Google Maps, 2020) from ongoing residential (Msholozi township) and industrial
developments (Rocky Drift).

The selected study sites have an elevation ranging from 613 to 827 m above sea level,
occur in a moderate rainfall area, and experience wet summers and dry winters with a mean
annual rainfall between 600 and 700 mm (Mucina and Rutherford, 2010; ARC-ISCW, 2019).
In summer, temperatures range from 13 —40°C in Barberton and 14 —43°C in Mbombela (ARC-
ISCW, 2019). Winter temperatures range from 2 — 35°C in Barberton and -9 — 35°C in
Mbombela (ARC-ISCW, 2019). Barberton and Mbombela are located in the north-eastern part
of South Africa, which falls within the savannah biome (Mucina and Rutherford, 2010).
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The geology of the area is composed mainly of the Kaapvaal Craton, a very stable rock
of the ancient continental crust (Poujol et al., 2003). Barberton Nature Reserve is part of the
Barberton Makhonjwa Mountains UNESCO World Heritage Site (Shah et al.,, 2018;
Oosthuizen, 2020), and falls within the Barberton Centre of Plant Endemism (Williamson and
Balkwill, 2015; Oosthuizen, 2020). The area includes outcrops of serpentine rocks of the
Barberton Greenstone Belt and surrounding non-serpentine areas (Mucina and Rutherford,
2010; Williamson and Balkwill, 2015). Soils derived from the outcrops of the serpentine rocks
are known to contain low levels of calcium to magnesium ratio, low overall nutrient content
compared with surrounding non-serpentine soils, high nickel and chromium toxicity and low
water retention capacity (Roberts and Proctor, 1992; Williamson and Balkwill, 2006). The
Barberton Centre of Plant Endemism has rich floral diversity (Mucina and Rutherford, 2010;
Williamson and Balkwill, 2015). The area supports over 2 176 plant species recorded to date,
80 of which are endemics (Oosthuizen, 2020).

The vegetation in BNR can be described as sour bushveld of the savannah biome
(Mucina and Rutherford, 2010). Some of the woody plant species observed at BNR are Grewia
occidentalis (Malvaceae), Olea europaea subsp. africana (Oleaceae), Ruttya ovata
(Acanthaceae), Vachellia nilotica (Fabaceae), Diospyros sp. (Ebenaceae), Euclea sp.
(Ebenaceae) and Ximenia sp. (Olacaceae). The grass layer is composed mostly of Heteropogon
contortus (Poaceae), Panicum maximum (Poaceae) and Hyparrhenia hirta (Poaceae). The
OMC area is dominated mainly by bushveld savannah with patches of shrubveld savannah
(Mucina and Rutherford, 2010). The grasses, Aristida sp., Hyparrhenia sp. and Cymbopogon
sp., among others, characterise the grass layer, while the woody layer is dominated by Vachellia
tortilis (Fabaceae) in the OMC area. Sclerocarya birrea (Anacardiaceae), which is native to the
area, and two invasive alien plant species, Psidium guajava (Myrtaceae) and Lantana camara

(Verbenaceae), were observed also in the disturbed sites.

2.2.2. Data collection procedure

The study was conducted in austral summer (December 2018 — February 2019) when
the activity of flightless arthropods was high. Several studies have indicated that the activity
and abundance of flightless arthropods are affected significantly by changes in temperature
such that they are more active in summer than in winter (Niemeld et al., 1992; Botes et al.,
2006; Barahona-Segovia et al., 2019; Suheriyanto et al., 2019). Therefore, sampling flightless
arthropods in summer increases the chances of making observations that are representative of

these taxa in the disturbed and pristine savannah.
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The unbaited pitfall trapping method was used because pitfalls are quick to install and
sample continually, requiring periodic emptying only and, therefore, are a cost-effective
method (Leather, 2005; Samways et al., 2010). Furthermore, the pitfall trapping method allows
large numbers of surface-active arthropods to be caught with minimal effort compared to other
methods such as suction sampling and foliage bagging (Leather, 2005). A pitfall trap in this
study was an open-top cylindrical plastic jar of 6 cm diameter and 13.5 cm depth. Pitfall traps
were quarter filled with 50% ethylene glycol and inserted into the soil with the rim of the jar
level with the soil surface. The flushing of the rim with the soil was done so that there was no
vertical barrier encountered by the surface-active arthropods. The disturbed and pristine
locations had 15 replicate sites each, with sites at each location being at a distance of at least
300 m apart to avoid pseudo-replication. Each site was a 10 m x 10 m plot with six pitfall traps
installed in each corner for a sum of 24 traps per site.

At each site, traps were set and emptied after six days. The procedure was carried out
continually without rest between the sampling efforts for four times during the sampling period.
After emptying each trap, contents from all the pitfall traps were washed with tap water to
remove ethylene glycol, after which the samples were preserved in absolute alcohol. Contents
of all the 24 pitfall traps in each site were amalgamated to form one sample. The amalgamation
of pitfall trap contents from each site was done to reduce digging-in effects (Samways et al.,
2010) and remove catch differences resulting from the spatial arrangement of each pitfall trap
in each site (Brennan et al., 2005; Leather, 2005). Arthropods were then sorted into morpho-

species and later identified to family and genus where possible.

2.2.3. Data analysis

Species richness, abundance, and composition of ants, beetles, and spiders were
determined in R (R Core Team, 2021) using generalised linear mixed models (GLMMs) and
linear mixed models (LMMs). Millipedes were excluded from the species richness, abundance,
and composition analyses due to a low number of species (11 morphospecies). The package
Ime4 (Bates et al., 2015) was used to fit GLMMs and LMMs, while the package multcomp
(Hothorn et al., 2008) was used to generate post hoc results of the GLMMs and LMMs. Two
independent variables, the status of savannah habitat (disturbed and pristine) and the elevation
of sites, were included in the GLMMs and LMMs, where the status of the savannah (disturbed
and pristine) was used as a fixed factor, while the elevation of sites was used as a random factor.

Tests for normality of the data were carried out using the Shapiro-Wilk test and visually

by looking at quantile-quantile plots. Generalised linear mixed models were used when
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analysing the species abundance of ants, beetles and spiders because these data were not
normally distributed. Poisson distribution was used when analysing the species abundance of
spiders. However, the species abundance of ants and beetles was over-dispersed; as such, the
negative binomial distribution was used. Linear mixed models were used when analysing the
species richness of ants, beetles, and spiders because these data were normally distributed.

Species composition was determined using the manyglm function in the package
mvabund (Wang et al., 2012). Negative binomial distribution was used for the generalised linear
models (GLMs) to determine the species composition of ants, beetles and spiders. Two
variables (status of the savannah and total abundance of each species per habitat type) were
used in the GLMs.

The indicator species analysis included all four taxa (ants, beetles, millipedes, and
spiders). The indicator species analysis of the two habitats (disturbed and pristine savannah)
was also conducted in R using the function multipatt found in the indicspecies package (De
Caceres and Legendre, 2009). Multipatt groups species according to their association with a
particular site. Only species that are significantly associated with specific habitat types (p <

0.05) were listed in the results of the multilevel pattern analysis.

2.3. Results

2.3.1. Species richness, abundance and composition of ants

In total, 308 741 specimens from five subfamilies and 15 genera with 138
morphospecies of ants were identified in this study. Subfamilies with the highest species
richness were Myrmicinae (74 morphospecies), followed by Formicinae (38 morphospecies).
Dolichoderinae and Dorylinae had the lowest species richness, with one morphospecies each.
The most abundant subfamily was Formicinae (250 199 specimens), followed by Myrmicinae
(51 928 specimens). A single morphospecies belonging to the genus Camponotus contributed
240 790 individuals to the total number of Formicinae specimens, with 240 789 individuals in
the disturbed and one individual in the pristine savannah. The least abundant subfamilies were
Dolichoderinae with one individual and Ponerinae with 1 811 individuals.

Species richness and abundance of ants were significantly higher in disturbed than in
pristine savannah (Table 2.1; Figs 2.2a, 2.3a). There were significant differences in the

composition of ants between disturbed and pristine savannah (Table 2.1).
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2.3.2. Species richness, abundance and composition of beetles

A total of 5 013 specimens belonging to 23 families with 186 morphospecies of beetles
were collected in this study. The family with the highest species richness was Scarabaeidae (56
morphospecies), followed by Chrysomelidae (32 morphospecies), Carabidae (20
morphospecies) and Curculionidae (20 morphospecies). Anthicidae, Cantharidae,
Coccinellidae, Discolomatidae, Elmidae, Erotylidae and Trogidae had the lowest species
richness with a single morphospecies each. The most abundant family was the Scarabaeidae
(2 150 specimens), followed by Carabidae (564 specimens) and Elateridae (478 specimens).
Coccinellidae and Elmidae were the least abundant families, with a single specimen each.

Species richness and abundance of beetles was similar between disturbed and pristine
savannah (Table 2.1; Figs 2.2b, 2.3b). The species composition of beetles in disturbed and

pristine savannahs was significantly different (Table 2.1).

2.3.3. Species richness, abundance and composition of spiders

A total of 8 847 specimens of spiders belonging to 32 families with 302 morphospecies
were collected and identified. The families with the highest species richness of spiders was
Salticidae (77 morphospecies), followed by Gnaphosidae and Lycosidae with 28
morphospecies each. Tetragnathidae, Selenopidae, Scytodidae, Miturgidae, Agelenidae,
Microstigmatidae, Segestriidae, Prodidomidae, and Hahniidae had the lowest species richness
with a single morphospecies each. The most abundant family was Zodariidae (2 872
specimens), followed by Gnaphosidae (1 685 specimens) and Salticidae (1 518 specimens).
Tetragnathidae, Selenopidae, Scytodidae, Miturgidae and Agelenidae were the least abundant
families with a single specimen each.

Species richness and abundance of spiders were similar in disturbed and pristine
savannah (Table 2.1; Figs 2.2c, 2.3c). However, there was a significant difference in the

composition of spiders collected from disturbed and pristine savannah (Table 2.1).

2.3.4. Species richness and abundance of millipedes

In total, 248 specimens belonging to eight families with 11 morphospecies of millipedes
were collected. The Harpagophoridae, Odontopygidae, and Spirostreptidae had the highest
species richness, with two morphospecies each. Arthrosphaeridae, Nemasomatidae,
Polydesmidae, Procyliosomatidae, and Sphaerotheriidae had the lowest species richness with a

single morphospecies each. The most abundant families were the Harpagophoridae (102
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specimens), followed by the Spirostreptidae (43 specimens). The least abundant families were

the Nemasomatidae (one specimen) and the Sphaerotheriidae (ten specimens).

2.3.5. Indicator species analysis

Multilevel pattern analysis of morphospecies found no shared indicator species between
disturbed and pristine savannah (Tables 2.2 and 2.3). In total, 100 indicator species were
identified out of 637 morphospecies from four taxa (ants, beetles, millipedes and spiders).
Sixty-eight indicator species were significantly associated with disturbed savannah (Table 2.2),
while 32 were indicator species of the pristine savannah (Table 2.3).

2.4. Discussion

2.4.1. Species richness and abundance

| expected the species richness of ants, beetles and spiders to be greater in pristine than
in disturbed savannah. However, | found that the species richness of ants in disturbed savannah
was significantly greater than in pristine savannah. Moreover, the species richness of beetles
and spiders was similar between disturbed and pristine savannahs. The pristine savannah was
in a protected area with little human interference, while the disturbed savannah was fallow land
close to ongoing residential and industrial development. As such, conditions in the pristine
savannah were more stable than in disturbed savannah where there was a high human
population, which disturbed the vegetation through anthropogenic activities (cultivation, plant
harvesting, overgrazing by livestock, etc) and therefore disturbed environmental conditions and
microhabitats for the surface-active arthropods. Pristine savannahs are more structurally
complex and provide a more diverse community of plants and microhabitats for arthropods than
the disturbed savannahs (Alves Da Mata and Tidon, 2013; de Visser et al., 2015); as such,
results from this study were not expected.

The species richness of the ants, beetles and spiders can be explained in terms of the
intermediate disturbance hypothesis, which suggests that species richness will increase if the
disturbance is not significant enough to remove all the species in a particular site, but significant
enough to allow r and K-selected species to coexist (Grime, 1973; Horn, 1975; Connell, 1978).
If disturbance results in the loss of species, perhaps through extirpation, species adapted to
disturbance (disturbance specialists) may colonise the newly disturbed site rapidly (King and

Tschinkel, 2008). Greater colonisation by disturbance specialist species results in species
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turnover but no difference in the species richness of the area before and after disturbance (Swart
et al.,, 2019). In my study, the disturbed habitat type may have undergone intermediate
disturbance. This assertion is supported by the high number of unique species (two times more)
in the disturbed than pristine savannah (Table 2.1; 2.3). However, this is not a gradient study,
and the assertion is solely based on the putative occurrence of type of magnitude of the
disturbance in the disturbed savannah.

| also found that ants may be more responsive to disturbance than beetles and spiders.
This was shown by greater species richness and abundance of ants in disturbed than pristine
savannahs. My results are supported by observations of Savitha et al. (2008), who found greater
species richness and abundance of ants in disturbed (city parks and suburbs with dry forests and
a few orchards) than less disturbed sites (natural dry thorny and deciduous forests on the
outskirts of the city) in Bangalore, India. The extremely high abundance (> 240 000 individuals)
of a single morphospecies belonging to the genus Camponotus in the disturbed savannah
compared to the pristine savannah (one individual) highlights the role of human-induced
disturbance in driving the assemblage composition of surface-active arthropods. The large
number of individuals of a single ant species in disturbed versus pristine savannah is supported
by experimental evidence indicating that human-induced activities drive species invasions and
ecological change (King and Tschinkel, 2008). In a large-scale experiment of ecological
invasion by ants in the state of Florida, USA, King and Tschinkel (2008) found that Solenopsis
invicta (fire ants), a disturbance specialist, reduced the abundance and diversity of native ants
in forest habitats after the human-induced disturbance had occurred. However, in the absence
of human-induced disturbance, the fire ants could not invade the forests and affect the
abundance of native ants negatively (King and Tschinkel, 2008). In addition, Berman et al.
(2013) found that the invasion of Anoplolepis gracilipes (yellow crazy ants) and Wasmannia
auropunctata (electric ants) in the main island of the New Caledonian archipelago is facilitated
by disturbance.

I found similar species richness and abundance of spiders in disturbed and pristine
savannahs. Similarly, Moorhead and Philpott (2013) examined spider communities in vacant
lots, community gardens, and fragments of natural forests in the United States, and found no
significant differences in the species richness of spiders among the three habitats. The observed
similarity of species richness and abundance of spiders in the present study is not unusual
because several studies found similarities in species richness and abundance of spiders between
disturbed and undisturbed habitats (Copley and Winchester, 2010; Stenchly et al., 2012;

Melliger et al., 2018). The similarity in species richness and abundance of spiders in pristine



Chapter 2 18 Disturbed and Pristine Savannah

and disturbed savannah may have resulted from species turnover. My study revealed that the
overall species richness and abundance of spiders might not provide enough information on the
effect of disturbance. However, investigating the species richness and abundance of a few
families or focusing on functional group response may provide more information about the
impact of disturbance on surface-active arthropods. This is borne out in Switzerland by
Narimanov et al. (2021), who found that the invasive Mermessus trilobatus (Linyphiidae) is
more sensitive to soil disturbance in grasslands than native species of spiders. Furthermore,
Narimanov et al. (2021) found that the abundance of Oedothorax apicatus (Linyphiidae)
increases after superficial soil tillage has occurred. These studies suggest that it is possible to
determine the effects of disturbance on species richness and abundance of spiders using
singleton groups.

There were similar abundances and species richness of beetles between disturbed and
pristine savannahs. Unlike this study which investigated the overall taxa of beetles in disturbed
and pristine savannah, much of the research on beetle assemblages has focused on ground
beetles (Carabidae) and dung beetles (Scarabaeidae) (Hanski and Cambefort, 2014; Gallé et al.,
2018; Correa et al., 2019; Rahman et al., 2021), and not much is available on overall species
richness and abundance of beetles. As such, it is challenging to make comparisons with these
studies because of the differences in the levels of resolution, which differ from that of the
present study. The present study included 23 families of beetles, which is many more taxa than
in many other studies of the composition of beetles. For example, Rahman et al. (2021), who
investigated the effect of disturbance on the trophic niche of six species of ground beetles in 20
tallgrass prairies, found that the response of ground beetles to disturbance varies. In particular,
Rahman et al. (2021) argued that morphological traits and microhabitat preferences are
important and affect how ground beetles respond to disturbance. The results from the present
study suggest that overall species richness and abundance of beetles may not be an appropriate
indicator of disturbance, which is most likely because of species turnover at the disturbed sites.
However, reducing the taxa, for example, focusing on one or two families (Carabidae or
Scarabaeidae), could provide more information on the possible changes in species richness and

abundance resulting from habitat disturbance.

2.4.2. Species composition
I found that the species composition of ants, beetles, and spiders differed between the
disturbed and pristine savannah. Moreover, the multilevel pattern analysis of morphospecies in

the present study found that the disturbed savannah had 68% unique species compared with
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32% in the pristine savannah. These results are consistent with the observations of Yekwayo
and Mwabvu (2019), who reported dissimilarities in species composition of surface-active
arthropods, with a greater number of unique species in disturbed than in pristine savannah.
According to the intermediate disturbance hypothesis, moderate levels of disturbance create an
environment where competitively superior species can coexist with those that are competitively
inferior, resulting in high species richness (Grime, 1973; Horn, 1975; Connell, 1978; Osman,
2015). As such, the high number of indicator species in the disturbed savannah that were
observed in this study may have been due to moderate levels of disturbance.

In my study, the disturbed and pristine savannah did not have any shared indicator
species. The lack of shared indicator species can be explained by differences between the
vegetation of disturbed and pristine savannahs. The relationship between vegetation
characteristics or type of vegetation and surface-active arthropods is well documented, and
several studies have reported that species composition of surface-active arthropods varies with
vegetation type or structure (Whitmore et al., 2002; Copley and Winchester, 2010; Moorhead
and Philpott, 2013; Hlongwane et al., 2019; Rahman et al., 2021). For example, Hlongwane et
al. (2019) found that the diversity of ants in the sandstone sourveld of KwaZulu-Natal is
influenced by the type of vegetation. Moreover, other studies reported also that different
vegetation types support different compositions of surface-active arthropods (Mauda et
al.,2018; Leonard et al., 2021; Hoffmann et al., 2021). The present study highlights further the
role that disturbance plays in altering the assemblage composition of surface-active arthropods.
My study shows that changes in vegetation structure, as a result of human-induced disturbance,
result in significant changes in the species composition of surface-active arthropods.

Other factors that affect the species composition of surface-active arthropods include
the size of the regional species pool, dispersal distance, ability to disperse, competition with
other species of surface-active arthropods, facilitation by related species, predation, resource
availability and environmental heterogeneity (Brown et al., 2007; Arribas et al., 2021,
Woodcock et al., 2021). Human-induced disturbance affects these factors by altering habitat
structure and reducing the biomass of vegetation and surface-active arthropods in a habitat
(King and Tschinkel, 2008; Swart et al., 2019. The different composition of surface-active
arthropods observed in the present study between disturbed and pristine savannah illustrate
further that human-induced disturbance drives the species composition and assemblages of

surface-active arthropods in natural habitats.
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2.5. Conclusion

Human-induced disturbance affects the assemblages of surface-active arthropods in
various ways. My study demonstrates that disturbance, because of anthropogenic activity,
results in significant changes in the species composition of surface-active arthropods, which
can be related to changes in vegetation structure. In addition, | show that biodiversity
parameters such as species richness and abundance may not be appropriate indicators of
disturbance because of species turnover in disturbed habitats. | show that certain species of
surface-active arthropods, the disturbance specialists, become highly abundant in habitats
where there is human-induced disturbance. However, in the absence of human-induced
disturbance, the disturbance specialists occur in low abundances.

Furthermore, the present study shows that ants may be more sensitive to disturbance at
a community level than beetles and spiders, indicating that different arthropod groups respond
differently to disturbance. The present study shows that disturbed and pristine savannahs have
unique species composition of surface-active arthropods. As such, it is essential to consider all
habitat types when making efforts to conserve the biodiversity of surface-active arthropods,
particularly because a greater percentage of semi-natural habitats in South Africa occur outside

protected areas.
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2.7. Tables

Table 2.1. Species richness, abundance and composition of ants, beetles, and spiders collected from disturbed and pristine savannah. Significant

p-values are shown in bold.

Ants Beetles Spiders
x2 df p x2 df p %2 df p
Species richness 34.855 1 <0.001 0.596 1 0.440 3.328 1 0.068
Species abundance 17.049 1 0.036 0.004 1 0.951 3.823 1 0.051
Deviance  Error df p Deviance  Error df p Deviance  Error df p

Species composition 484.5 28 <0.001 579.9 28 <0.001 981.2 28 <0.001
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Table 2.2. Multilevel pattern analysis of morphospecies associated with disturbed savannah.

Data are arranged in descending order of taxon and morphospecies.

Taxon Morphospecies Association value  p-value
Formicidae Bothroponera sp.1 0.683 0.008
Camponotus sp.1 0.730 0.002
Camponotus sp.2 0.816 0.008
Camponotus sp.3 0.577 0.044
Camponotus sp.4 0.677 0.017
Camponotus sp.5 0.714 0.035
Camponotus sp.6 0.931 0.001
Camponotus sp.7 0.854 0.001
Crematogaster sp.1  0.813 0.014
Crematogaster sp.2  0.905 0.001
Formicinae 4 0.759 0.002
Formicinae 9 0.599 0.046
Lepisiota sp.1 0.928 0.001
Monomorium sp.1 0.988 0.001
Myrmicinae 1 0.730 0.004
Myrmicinae 2 0.577 0.044
Myrmicinae 3 0.858 0.001
Myrmicinae 4 0.632 0.014
Myrmicinae 5 0.632 0.022
Myrmicinae 6 0.577 0.040
Myrmicinae 7 0.766 0.020
Myrmicinae 8 0.730 0.001
Pheidole sp.1 0.944 0.001
Pheidole sp.2 0.779 0.028
Ponerinae 1 0.632 0.021
Ponerinae 2 0.730 0.003
Ponerinae 3 0.731 0.030
Ponerinae 4 0.893 0.001
Ponerinae 5 0.648 0.044
Tetramorium sp.1 0.923 0.001
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Tetramorium sp.2 0.847 0.001
Coleoptera Carabidae 1 0.632 0.017
Carabidae 2 0.730 0.003
Carabidae 3 0.730 0.002
Carabidae 4 0.683 0.008
Carabidae 5 0.844 0.001
Carabidae 6 0.853 0.001
Curculionidae 1 0.927 0.001
Elateridae 1 0.876 0.001
Scarabaeidae 1 0.627 0.048
Scarabaeidae 2 0.732 0.013
Staphylinidae 1 0.730 0.002
Tenebrionidae 1 0.632 0.014
Tenebrionidae 2 0.816 0.001
Tenebrionidae 3 0.829 0.001
Tenebrionidae 4 0.877 0.001
Diplopoda Odontopigidae 1 0.683 0.032
Araneae Araneae 1 0.577 0.037
Araneae 2 0.577 0.045
Gnaphosidae 1 0.632 0.016
Gnaphosidae 2 0.730 0.003
Gnaphosidae 3 0.577 0.050
Gnaphosidae 4 0.775 0.002
Gnaphosidae 5 0.800 0.001
Hahniidae 1 0.577 0.045
Lycosidae 1 0.809 0.002
Lycosidae 2 0.842 0.001
Lycosidae 3 0.931 0.001
Oxyopidae 1 0.856 0.001
Oxyopidae 2 0.632 0.016
Philodromidae 1 0.775 0.002
Salticidae 1 0.775 0.001

Spider 1 0.658 0.014
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Theridiidae 1 0.683 0.010
Zodariidae 1 0.968 0.001
Zodariidae 2 0.757 0.018
Zodariidae 3 0.996 0.001

Zodariidae 4 0.927 0.001
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Table 2.3. Multilevel pattern analysis of morphospecies associated with pristine savannah. Data
are arranged in descending order of taxon and morphospecies.

Taxon Morphospecies Association value  p-value
Formicidae Camponotus sp.8 0.931 0.001
Camponotus sp.9 0.577 0.049
Odontomachus sp.1  0.886 0.001
Tetramorium sp.3 0.718 0.009
Coleoptera Anobiidae 1 0.749 0.016
Chrysomelidae 1 0.830 0.012
Chrysomelidae 2 0.777 0.033
Scarabaeidae 3 0.632 0.016
Scarabaeidae 4 0.632 0.019
Scarabaeidae 5 0.632 0.024
Scarabaeidae 6 0.632 0.018
Scarabaeidae 7 0.874 0.001
Scarabaeidae 8 0.818 0.046
Scarabaeidae 9 0.577 0.037
Scarabaeidae 10 0.577 0.039
Scarabaeidae 11 0.683 0.006
Tenebrionidae 5 0.837 0.002
Diplopoda Harpagophoridae 1 0.722 0.012
Procyliosomatidae 1 0.577 0.042
Araneae Caponia sp.1 0.790 0.027
Ctenidae 1 0.632 0.019
Gnaphosidae 5 0.776 0.023
Gnaphosidae 6 0.577 0.046
Lycosidae 4 0.612 0.040
Lycosidae 5 0.768 0.005
Nemesiidae 1 0.711 0.005
Nemesiidae 2 0.627 0.030
Salticidae 2 0.577 0.042
Salticidae 3 0.628 0.042

Salticidae 4 0.577 0.046
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Spider 2 0.810 0.001
Zodariidae 5 0.683 0.016
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2.8.  Figures

Fig. 2.1. Location of the study sites in Barberton Nature Reserve (pristine sites) and the outskirts
of Mbombela City (disturbed sites) in Mpumalanga province of South Africa.
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Fig. 2.2. Species richness of (a) ants, (b) beetles, and (c) spiders in pristine and disturbed
savannah. There were significant differences (<0.001) in the species richness of ants between
disturbed and pristine savannah (a). Species richness of beetles and spiders was similar between
disturbed and pristine savannah (b and c). Boxplots indicate medians (black horizontal lines)
with 25" and 75" percentiles (whiskers), quartiles (interquartile range box and the median) and

outliers (asterisks).
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Fig. 2.3. Species abundance of (a) ants, (b) beetles, and (c) spiders in pristine and disturbed
savannah. There were significant differences (0.036) in the species abundance of ants between
disturbed and pristine savannah (a). Species abundance of beetles and spiders was similar in
pristine and disturbed savannah (b and c). Boxplots indicate medians (black horizontal lines)
with 25th and 75th percentiles (whiskers), quartiles (interquartile range box and the median)

and outliers (asterisks).



CHAPTER 3

3. Effect of season on the functional guilds of surface-active arthropods in the

savannah, Mpumalanga province

Abstract

Surface-active arthropods have limited dispersal abilities and are sensitive to changes in their
environment. Their sensitivity allows for the identification of aspects of environmental change
that are responsible for changes in the assemblages of these arthropods. Limited dispersal
abilities allow for changes in the populations of the surface-active arthropods to be linked
reliably to changes in their local environment. This study was conducted to investigate the effect
of season on the assemblages of functional guilds of four groups of surface-active arthropods
(ants, beetles, millipedes, and spiders). Ten study sites were selected, where sampling was
carried out during the wet season (December 2018 — February 2019) and then repeated at the
same sites in the dry season (June 2019 — August 2019), in a savannah of Mpumalanga province,
South Africa. Pitfall trapping was used to sample the surface-active arthropods, which were
sorted and identified to family and genus where possible, and then allocated to functional guilds.
Functional guilds of the surface-active arthropods were categorised based on their feeding
habits into detritivores, herbivores and carnivores. Surface-active arthropods that have diverse
feeding habits were assigned to a functional guild called the “diverse functional guild”. There
was a greater species richness of all functional guilds in summer (wet season) than in winter
(dry season). The abundances of herbivorous and carnivorous arthropods were higher in
summer than in winter, while the abundances of detritivores and the diverse functional guild
were similar between summer and winter. In addition, the species composition of all the
functional guilds was significantly different between summer and winter. These findings
highlight a potentially positive relationship between the assemblages of herbivorous and
carnivorous surface-active arthropods in the savannah, which may be driven by differences in
both species richness and the abundance of these functional guilds. Moreover, the present study
shows that winter and summer have different species compositions of functional guilds of
surface-active arthropods in the savannah. This study shows that changes in temperature that

are associated with changes in season may not be significant in driving assemblages of surface-
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active arthropods during summer and winter in the savannah, which suggests that seasonal
changes in temperature affects surface-active arthropods minimally. | argue that other factors,
for example, vegetation characteristics that are shaped by season and life history characteristics
of the surface-active arthropods, play a primary role in driving assemblages of the functional

guilds of surface-active arthropods in the savannah.

Keywords: Arthropods, functional guilds, savannah, season.

3.1. Introduction

Arthropods are the most abundant and diverse group of animals on earth (Stork, 2018),
and their diversity and abundance of allow them to drive several vital ecological processes
(Pizzolotto et al., 2018; Menta and Remelli, 2020). For example, arthropods have direct and
indirect involvement in infiltration and storage of water in the soil, decomposition of dead plant
and animal tissues, nutrient cycling, humification, and pest control through biological
interactions (Lavelle et al., 2006; Menta and Remelli, 2020). These ecological processes result
from arthropods exploiting resources in an ecosystem (Mclintyre et al., 2001; Haye and Culler,
2018).

There are two concepts (functional guild and functional group) that help strengthen our
understanding of how organisms share and exploit resources to drive ecological processes in an
ecosystem (Blondel, 2003). The functional guild concept focuses on the competitive
relationships within groups of species, whilst the functional group concept focuses on
ecological processes and functions of species in an ecosystem (Fox and Brown, 1995; Blondel,
2003). The two concepts group individuals based on the exploitation of resources and ecological
processes or function regardless of the phylogenetic relationships of species (Wilson, 1999).

The type of resources that are shared and exploited similarly define functional guilds
(Brussaard, 1998). For example, locusts and leaf-cutter ants use plant foliage and can be placed
within the same guild regardless of how they process the resource. Locusts consume leaves
directly as food (Shrestha et al., 2021), whilst leaf-cutter ants use the leaves to cultivate a
Lepiotaceae fungus, which is food for the ants (Khadempour et al., 2021). The two taxa (locusts
and leaf-cutter ants) are in the same guild because they compete for the same resource (leaves)
even though they process the resource differently.

On the other hand, functional groups are defined by the ecological process or function
and do not consider competition for resources (Fox and Brown, 1995; Wilson, 1999; Blondel,

2003). Some arthropods (for example, bees and butterflies) pollinate plants but do not compete
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for the same resources. Bees are primary pollinators of fruit crops (Elzay and Baum, 2021),
whilst butterflies are primary pollinators of several vegetables and herbs (Andersson et al.,
2002). In this example, bees and butterflies can be in one functional group because they perform
the same ecological function of pollination, although they do not compete for the same resource.

The use of these functional guilds and groups depends largely on the questions that are
being addressed. The present study uses the functional guild approach because it is easy to
demonstrate sharing and competition for resources in animal taxa. For example, in arthropods,
exploitation of resources by members of the same guild can be demonstrated by using
morphological traits that are fundamental for resource acquisition (Wilson, 1999; Blondel,
2003; Cardoso et al., 2011). The arrangement of mouthparts (such as, biting and chewing) is
one of the morphological traits used to demonstrate resource sharing in arthropods. The
functional guild approach is a starting point for understanding how organisms adapted to a
particular set of resources interact with their environment and with each other, making
functional guilds fundamental units of any ecosystem (Wilson, 1999; Blondel, 2003).

This study focuses on four groups of surface-active arthropods (that is, ants, beetles,
millipedes, and spiders) because they have limited dispersal abilities and are sensitive to
changes in their environment (Yekwayo et al., 2018; Mwabvu and Yekwayo, 2020). Therefore,
changes in their populations can be linked reliably to changes in their local environment. The
sensitivity of surface-active arthropods to modifications in their environment allows for the
application of biological knowledge to identify aspects of environmental change responsible
for changes in the composition or diversity of these arthropods.

The interaction of these surface-active arthropods with their environment is influenced
by the availability of resources (Wolda, 1978; Pinheiro et al., 2002) and climatic conditions in
their ecosystem (Logan et al., 1976; Klok and Harrison, 2013; Barahona-Segovia et al., 2019;
Tembe and Mukaratirwa, 2020). For example, the seasonality of weather patterns can affect the
emergence, growth, dispersal, and reproduction of surface-active arthropods (Pinheiro et al.,
2002; Bowie et al., 2014). In southern Africa, millipedes in the Order Spirostreptida are active
during the spring — summer months and stay in burrows during the winter period when the
climatic conditions are inhospitable (Dangerfield and Telford, 1991; Dangerfield et al., 1992;
Minelli, 2011).

In the savannah biome, environmental conditions vary depending on the season (Mucina
and Rutherford, 2010; Hutley and Setterfield, 2018). The wet season occurs in summer when
temperatures are warm to hot (Lehmann et al., 2014; Hutley and Setterfield, 2018). The dry

season is in winter when temperatures are cooler than in summer but relatively warmer than in



Chapter 3 39 Summer and Winter

other biomes such as thicket, grasslands or forests (Mucina and Rutherford, 2010; Lehmann et
al., 2014). These seasonal patterns of temperature and precipitation in the savannah modify the
physical environment, which causes variation in the availability of resources for plants and
animals (Pinheiro et al., 2002; Hutley and Setterfield, 2018). Plants in the savannah biome are
more productive in the wet season than in the dry season because the high rainfall and warm
temperatures favour their growth (Govender et al., 2006; Beckage et al., 2019). During the wet
season, the increased productivity of plants in the savannah increases the availability of
resources for surface-active arthropods in lower trophic levels such as detritivores and
herbivores (Kwon et al., 2013). As such, the increase in resources may result in the increase in
population densities of these arthropods. Moreover, the increased plant productivity has indirect
positive effects on carnivorous arthropods because of the increases in prey abundance.

The adaptations of guild members to changing climatic conditions in the savannah
depend largely on the physiology and life histories of species (Wolda, 1988; Pinheiro et al.,
2002). The mechanisms may include mode of overwintering, rate of development of immature
life stages, adult longevity, and the number of broods that guild members produce per year
(Pinheiro et al., 2002; Suheriyanto et al., 2019). For example, several species of surface-active
arthropods have a period of suspended development when food is scarce and when climatic
conditions (such as photoperiod, humidity and precipitation) are inhospitable (Lees, 2016;
Saunders, 2020). Thus, surface-active arthropods save energy by reducing their metabolic
activity, allowing them to go through seasons with harsh climatic conditions (Kipyatkov, 2001).
In the savannah, several spider families, including the Linyphiidae, Araneidae, Lycosidae,
Thomisidae and Salticidae, reproduce during the wet season when climatic conditions are
favourable to their development and hibernate as eggs or as spiderlings in different instars
during the dry season (Schaefer, 1977). These mechanisms create variability in the composition
of surface-active arthropods during the wet and dry seasons.

Another major factor contributing to variability in the composition of surface-active
arthropods in different seasons is temperature (Logan et al., 1976; Klok and Harrison, 2013).
Arthropods are ectothermic and are active within specific temperature ranges depending on the
species (Klok and Harrison, 2013). Not only does temperature affect the metabolism of
arthropods, but it also influences their daily and seasonal cycles and physiology (Briere et al.,
1999). For example, the survival of the forest-dwelling wood ant (Formica aquilonia) during
diapause is dependant largely on overwintering temperatures (Sorvari et al., 2011). High
overwintering temperatures increase metabolic costs by increasing the rate at which the ants

consume energy reserves (Sorvari et al., 2011). Lower overwintering temperatures ensure that
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the ants can go through winter without depleting the body fat content necessary for survival
(Sorvari et al., 2011; Berman and Zhigulskaya, 2012). Moreover, leaf beetles (Chrysomelidae)
and ground beetles (Carabidae) find shelter under debris, rocks and leaf litter where they
overwinter to escape the cold and harsh climatic conditions that come with the dry season
(Bjoérkman and Eklund, 2006; Gallé et al., 2018; Pizzolotto et al., 2018; Hoffmann et al., 2021).

Availability of resources and variation in temperature are among significant factors that
influence the activity of surface-active arthropods (Pinheiro et al., 2002; Suheriyanto et al.,
2019). Other factors that may affect the activity of surface-active arthropods include soil
moisture and vegetation structure, rate of parasitism, rate of predation and the number of
pathogens present in the environment (Briere et al., 1999; Pinheiro et al., 2002; Silveira et al.,
2010; Bowie et al., 2014). These factors differ during the wet and dry seasons (Pinheiro et al.,
2002; Tembe and Mukaratirwa, 2020). The seasonality of these factors can affect how
arthropods are distributed in their ecosystem and how abundant these arthropods are during a
particular season. For example, Gonimbrasia belina, a species of emperor moth native to low-
lying areas in the savannah of southern Africa, is active in a larval form (mopane worm) during
summer months and burrows into the ground where it overwinters as a pupa during the dry
season (Klok and Chown, 1999; Stack et al., 2003). Burrowing assists G. belina in escaping
pathogens, predators and hiding from different fly and parasitic wasp species (Gaston et al.,
1997; Frears et al., 1999; Klok and Chown, 1999).

Factors that influence the activity of surface-active arthropods in different seasons are
complex and interconnected (Pinheiro et al., 2002; Anjos et al., 2016; Tembe and Mukaratirwa,
2020), making it difficult to separate and test these factors independently. Several studies have
investigated the effect of season on arthropod activity and abundance (Pinheiro et al., 2002;
Suheriyanto et al., 2019; Marquart et al., 2020; Hoffmann et al., 2021). However, not much
work has been carried out on how different seasons affect functional guilds of arthropods.
Therefore, more research is needed to deepen our understanding of the impact that climatic and
environmental variables have on the activity and spatiotemporal distribution of functional
guilds of arthropods. This study investigated the effect of season on the species richness,
abundance of species and species composition of functional guilds of four groups of surface-
active arthropods (ants, beetles, millipedes, and spiders) in the savannah biome of the
Mpumalanga province, South Africa.
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3.2.  Materials and Methods

3.2.1. Study sites

The study was conducted in Barberton Nature Reserve in the lowveld of Mpumalanga
province of South Africa (Fig. 3.1). Ten study sites, at least 300 m apart, were selected
randomly in the 27 541-ha nature reserve. These study sites have an elevation ranging from 693
— 788 m above sea level. Barberton Nature Reserve (BNR) occurs in an area that experiences
moderate rainfall (600 — 700 mm), wet summer (December — February) and dry winter (June —
August) periods (Mucina and Rutherford, 2010; ARC-ISCW, 2019). In summer, temperatures
in Barberton range from 13 — 40°C, while in winter, they range from 2 — 35°C (ARC-ISCW,
2019).

The Kaapvaal Craton, one of the oldest and most intensely studied Archean rocks in the
world, is the primary underlying rock of the Barberton area (Poujol et al., 2003). The Barberton
Nature Reserve is part of the Barberton Makhonjwa Mountains UNESCO World Heritage Site,
which contains 40% of the Barberton Greenstone Belt (Shah et al., 2018; Oosthuizen, 2020),
and falls within the Barberton Centre of Plant Endemism where 80 of the 2 200 plant species
are endemic (Williamson and Balkwill, 2015; Oosthuizen, 2020). The area includes outcrops
of serpentine rocks of the Barberton Greenstone Belt and surrounding non-serpentine areas
(Mucina and Rutherford, 2010; Williamson and Balkwill, 2015). Soils derived from the
serpentine rock outcrops are characterised by low calcium to magnesium ratio, low overall
nutrient content compared with surrounding non-serpentine soils, high nickel and chromium
toxicity and low water retention capacity (Roberts and Proctor, 1992; Williamson and Balkwill,
2006).

The vegetation in BNR can be described as Legogote Sour Bushveld, with elements of the
Barberton Serpentine Sourveld (Mucina and Rutherford, 2010). Some of the woody plant
species that | observed at BNR include Grewia occidentalis L. (Malvaceae), Olea europaea
subsp. africana Mill. (Oleaceae), Ruttya ovata Harv. (Acanthaceae), Vachellia nilotica (L.) P.
Hurter & Mabb (Fabaceae), Diospyros spp. (Ebenaceae), Euclea spp. (Ebenaceae) and Ximenia
spp. (Olacaceae). The grass layer was composed mainly of Heteropogon contortus (L.) P.

Beauv. ex Roem. & Schult., Panicum maximum Jacqg., and Hyparrhenia hirta (L.) Stapf.
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3.2.2. Data collection procedure

The study was conducted during the wet (December 2018 — February 2019) and dry
seasons (June 2019 — August 2019). The pitfall trapping method (Samways et al., 2010) was
used because pitfalls are quick to install and sample continually, requiring periodic emptying
only and thus cost-effective (Leather, 2005; Samways et al., 2010). Moreover, the pitfall traps
allow large numbers of surface-active arthropods to be caught with minimal effort (Leather,
2005). Pitfall traps in this study were open-top cylindrical plastic jars of 6 cm in diameter and
13.5 cm in depth.

Pitfall traps were quarter filled with 50% ethylene glycol and inserted into the soil with
the rim of the jar level with the soil surface to ensure that the surface-active arthropods do not
encounter a vertical barrier before potentially falling into the trap. Each site was a 10 x 10 m
plot with six pitfall traps installed at each corner, giving a sum of 24 traps per site. The pitfall
traps installed at each corner were approximately 2 m apart in a 3 x 2 grid pattern.

At each site, traps were set and emptied after six days (sampling time). The procedure
was carried out four times at each site during each of the sampling periods (wet and dry
seasons). There was no rest between each sampling time and the next, pitfall trapping was
conducted continually. After emptying each trap, contents from the pitfall traps were washed
with tap water to remove ethylene glycol, after which the samples were preserved in absolute
alcohol. Contents of all the 24 pitfall traps from each site were amalgamated to form one
sample, which reduces digging-in effects (Samways et al., 2010) and also removes catch
differences resulting from the spatial arrangement of pitfall traps in each site.

Arthropods were sorted into morpho-species and later identified into family or genus
where possible and then assigned into functional guilds. The method of resource acquisition by
the surface-active arthropods was used to allocate the surface-active arthropods into different
functional guilds. The functional guilds to which the surface-active arthropods were assigned
included carnivores, detritivores and herbivores. In addition, because all the surface-active
arthropods were identified to either family or genus, it was not feasible to allocate guilds to
some morpho-species that belonged to taxonomic units (that is, family or genus) that have
diverse modes of resource acquisition. As such, I erected a fourth functional guild, the “diverse

functional guild”, which had arthropods that have diverse diets.

3.2.3. Data analysis
Samples from the four sampling intervals during each season of sampling were pooled

for each site before analysis to obtain a more precise estimate of the assemblage indices. Species
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abundance and richness of carnivores, herbivores, detritivores, and diverse functional guilds of
arthropods were determined in R (R Core Team, 2021) using the generalised linear mixed
models (GLMMs) and linear mixed models (LMMs). The Ime4 package (Bates et al., 2015)
was used for the GLMMs and LMMs. The Shapiro-Wilk test and quantile-quantile plots were
used to test for the normality of the data. The data on species richness and abundance of
carnivores, detritivores, and herbivores were not normally distributed; as such, GLMMs with a
Poisson distribution were used. Season was used as a fixed factor, and site was used as a random
factor in the species richness and abundance models of carnivores, herbivores, and detritivores.
Data sets of species richness and abundance of diverse functional guilds were normally
distributed. As such, LMMs were used to determine species richness and abundance of diverse
functional guilds and in both the models (species richness and abundance); season was used as
a fixed factor while elevation was a random factor. The log-link function was used for the
GLMMs with Poisson distribution, and the identity link function was used for the LMMs.

The mvabund package (Wang et al.,, 2012) was used to determine the species
composition of carnivores, herbivores, detritivores, and diverse functional guilds. The mvabund
package contains functions for analysing ecological multivariate data. The function manyglm
found in the mvabund package was used to fit generalised linear models (GLMSs) with negative
binomial distribution to determine the species composition of carnivores, herbivores,
detritivores, and diverse functional guilds. The log-link function was used for the GLMs with
the negative binomial distribution. Season was used as a fixed factor, and the total abundance
of arthropods by species in each site per season was used as a random factor. The distribution
specified for each dependent variable investigated is the one that provided the best goodness of

fit model.

3.3.  Results

3.3.1. Species richness, abundance and composition of carnivores

A total of 9 983 carnivores belonging to spiders, beetles, and ants from 36 families with
320 morpho-species were recorded in the study. Spiders (262 morpho-species) had the highest
species richness, followed by beetles (30 morpho-species), while ants (28 morpho-species) had
the lowest species richness. Ants (6 082 specimens) were the most abundant taxon, followed
by spiders (3460 specimens), while beetles (441 specimens) were the least abundant. There was

a significant difference in species richness, abundance, and composition of carnivores between
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summer and winter, with higher species richness and abundance in summer than in winter
(Table 3.1; Figs 3.2a and 3.3a).

3.3.2. Species richness, abundance and composition of detritivores

In total, 5 071 detritivores belonging to ants, beetles, and millipedes from 11 families
with 71 morpho-species were collected. Beetles (55 morpho-species) had the highest species
richness, while ants and millipedes had the lowest species richness with eight morpho-species
each. The most abundant taxon was ants (3 588 specimens), followed by beetles (1 381
specimens), and the least abundant were millipedes (102 specimens). The species richness and
composition of detritivores differed significantly between summer and winter; however, the
species abundance was similar (Table 3.1; Fig. 3.3b). Species richness of detritivores was

higher in summer than in winter (Fig. 3.2b).

3.3.3.  Species richness, abundance and composition of herbivores

A total of 389 specimens of herbivores belonging to six families with 47 morpho-species
of beetles were collected in this study. Chrysomelidae (21 morpho-species) and Curculionidae
(14 morpho-species) had the highest species richness. Families with the lowest species richness
were Meloidae (two morpho-species), followed by Mordellidae (three morpho-species),
Buprestidae (three morpho-species), and Elateridae (four morpho-species). Chrysomelidae
(236 specimens) and Curculionidae (54 specimens) were the most abundant families, while
Meloidae (three specimens) and Mordellidae (13 specimens) were the least abundant. Species
richness, abundance, and composition of herbivores were significantly different between
summer and winter, with higher species richness and abundance in summer than in winter
(Table 3.1; Figs 3.2c and 3.3c).

3.3.4. Species richness, abundance and composition of diverse functional guilds

In total, 7 121 specimens belonging to ants and beetles from nine families with 87
morpho-species were allocated to the diverse functional guilds. The Formicidae (59 morpho-
species) and Tenebrionidae (12 morpho-species) had the highest species richness, while the
Silvanidae, Anthribidae, Discolomatidae, and Lampyridae had the lowest species richness with
one morpho-species each. The Formicidae (6 935 specimens) and Tenebrionidae (136
specimens) were the most abundant families. The least abundant families were the Anthribidae

(one specimen), followed by the Lampyridae and Melandryidae, with two specimens each.
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There were significant differences in the species richness and composition of diverse functional
guilds between summer and winter, with higher species richness in summer than in winter
(Table 3.1; Fig. 3.2d). Species abundance of the diverse functional guilds was similar between

summer and winter (Table 3.1; Fig. 3.3d).

3.4. Discussion

The present study found that the species richness and composition of all the functional
guilds of arthropods differed between summer and winter, with high species richness in
summer. These results may be explained by the resource-ratio hypothesis, which suggests that
species with low resource requirements will outcompete other species when the resources are
limited, resulting in a reduction of the number of species in a community (Tilman, 1985).
During winter in the savannah, plants become less productive than in summer (Hutley and
Setterfield, 2018), which reduces resources available to arthropods at lower trophic levels, such
as herbivores (Pinheiro et al., 2002; Anjos et al., 2016; de Oliveira et al., 2021). The reduction
of the abundance of arthropods at lower trophic levels due to a reduction in their resources may
have a negative effect on other arthropods such as carnivores. These bottom-up effects of plants
on arthropod communities have been shown to influence assemblages of arthropods positively
(for example, Sobek et al., 2009; Haddad et al., 2011; de Aradjo, 2013). In particular, Forkner
and Hunter (2000) found that the bottom-up effects of plants on arthropods have a positive
relationship with arthropod assemblages in vegetation dominated by oak trees in Whitehall
Forest, United States. Moreover, Vaca-Sanchez et al. (2021) found that canopy arthropods are
more diverse and abundant in diverse Quercus forests (which provide greater resources, niches,
and microenvironments for the arthropods) than in less diverse Quercus forests; suggesting that
the availability of resources is a significant factor in shaping the assemblages of functional
guilds of arthropods.

Additionally, the results from the present study may be explained partly by the life
history strategies that arthropods use to cope with changing climatic conditions that are
associated with changes in seasons. For example, some species of arthropods have a period of
suspended development when climatic conditions are inhospitable (Sorvari et al., 2011; Berman
and Zhigulskaya, 2012; Saunders, 2020). Furthermore, some arthropods overwinter as different
instars when environmental conditions are unfavourable (Schaefer, 1977; Lees, 2016). In
particular, Pardosa agrestis (Lycosidae) and Pardosa hortensis (Lycosidae) reach high

densities and reproduce in the spring — summer months, with their spiderlings overwintering as
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different instars during the dry season (autumn — winter) (Kiss and Samu, 2002). Moreover,
Jaskuta and Soszynska-Ma (2011) noted that the activity of ground beetles in central and
northern Europe decreases towards the end of autumn, is lowest in the middle of winter, and
increases in spring. These life-history characteristics could contribute to fluctuations in species
richness, the abundance of species and species composition of arthropods in different seasons.
In the present study, | sampled the surface-active arthropods in one summer and one winter.
Therefore, the results of this study should be interpreted with caution due to the lack of
replication of the seasons.

The fluctuation of arthropod assemblages associated with changes in seasons has been
well studied (for example, Pinheiro et al., 2002; Silveira et al., 2012; Anjos et al., 2016; Tembe
and Mukaratirwa, 2020; de Oliveira et al., 2021). However, most research has focused on a few
functional guilds without studying the response of arthropod functional guilds to season at a
community level. Moreover, there are potential problems associated with definitions in the field
of functional ecology. For example, some consider a functional guild to be a group of organisms
with similar growth, reproductive and metabolic characteristics, and perform the same
ecological function (for example, Bongers and Bongers, 1998; Ferris et al., 2001), while some
use the method of resource acquisition to categorise organisms into functional guilds (for
example, Blondel, 2003; Melliger et al., 2018). In particular, Cardoso et al. (2011) categorised
spiders into different guilds, including sensing, sheet, space, orb-web weavers, ambush, and
ground hunters; while Schmitz and Suttle (2001) used mechanistic details about the effects of
each species on the food web, resulting in functional guilds made up of “‘sit-and-wait”, “sit-and-
pursue” and “actively-hunting” spiders.

| found a higher abundance of herbivores and carnivores in summer than in winter. The
fluctuation in the abundance of herbivorous and carnivorous arthropods between seasons may
be related to the fluctuation in resources associated with the changes in seasons (Bowie et al.,
2014; de Oliveira et al., 2021). The savannah has an austral summer when plants are productive
and resources become abundant for herbivores, while the winter occurs in the dry season when
plants are not as productive as in summer and resources are less abundant (Mucina and
Rutherford, 2010; Hutley and Setterfield, 2018). The higher abundance of herbivorous
arthropods in summer than in winter in this study may be supported by some previous
experimental evidence, which indicates that vegetation has profound effects on the assemblages
of arthropods at lower trophic levels. For example, Ebeling et al. (2018) found that vegetation-
associated arthropods (such as herbivores) respond more strongly to changes in vegetation than

other arthropod functional guilds at the Jena biodiversity experimental plots in Germany. As
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such, I argue that in the present study, the changes in the abundance of herbivorous arthropods
between summer and winter are associated strongly with changes in vegetation that are linked
to changes in season.

Detritivores and arthropods with diverse feeding habits (“diverse functional guild”) had
similar abundances in winter and summer. | suspect that the similarities in the abundance of
detritivorous arthropods may have been due to little fluctuations in their resources, as suggested
by the resource-ratio hypothesis (Tilman, 1985). Detritivorous arthropods feed on detritus (for
example, bodies or fragments of bodies of dead organisms and faecal material) which is
available throughout the year under different environmental conditions (Davidson and Groner,
2021; Sagi and Hawlena, 2021), and therefore, the resources were not a limiting factor for the
detritivorous arthropods because they were available throughout the two sampling periods
(summer and winter). Similarities in the “diverse functional guild” may have been due to the
lumping of some taxa to form one functional guild. For example, the inclusion of flexible
feeders in the guild, which can change the mode of resource acquisition (predation or
scavenging) depending on the availability of food, which is also influenced by season (Marquart
et al., 2020). These flexible feeders may essentially respond like detritivores because just like
detritivorous arthropods, the flexible feeders may not be limited by the availability of food.

Moreover, the similarities in the abundance of species coupled with differences in
species composition of detritivorous arthropods and the “diverse functional guild” may have
been driven by seasonal shifts in the abundance of constituent groups. As environmental
conditions change because of changes in season, some arthropods might decrease in abundance
in summer while others decrease in abundance during winter, resulting in a seasonal niche
differentiation with the overall effect being neutral for their abundance of species (Pinheiro et
al., 2002). For example, within the guild of detritivorous arthropods in the present study, the
Spirostreptidae, Harpagophoridae and Odontopygidae were recorded in summer only, while the
Pheidole spp. doubled in abundance during winter. The change in the abundance of the
Spirostreptidae, Harpagophoridae and Odontopygidae may have been influenced by soil
moisture (Dangerfield et al., 1992; Minelli, 2011; Joly et al., 2021) associated with variation in
rainfall between the dry and wet season (ARC-ISCW, 2019). The greater abundance of the
Pheidole spp. in summer than in winter may have been due to variation in their colony sizes
associated with variation in their brood sizes in different seasons (Murdock and Tschinkel,
2015). In particular, Shukla and Rastogi (2012) found that the colony sizes of Pheidole spp.
was significantly greater in winter than in summer and was positively associated with brood

size, in their study in India.
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Changes in seasons are often coupled with significant changes in temperature (Elsen et
al., 2021). However, the area where sites for the present study were located had little variation
in temperature during summer and winter (ARC-ISCW, 2019). As such, the present study is
pointing towards the significance of other environmental factors, for example, vegetation
characteristics that are shaped by changes in season (Hutley and Setterfield, 2018), variation in
soil moisture (Dangerfield and Telford, 1991), and variation in photoperiod (Saunders, 2020)
during different seasons. These environmental factors may be responsible for the observed
variations in the species richness, the abundance of species, and species composition of some
functional guilds of surface-active arthropods between winter and summer. In particular, short-
day length, which characterises the end of summer and beginning of autumn triggers diapause
in arthropods such as mosquitoes (Peffers et al., 2021), suggesting that arthropod assemblages
could be affected by other environmental factors that are associated with changes in season,
even when resources are not limited.

Moreover, the idea that photoperiod may have significant effects on arthropods is
supported by some previous experimental evidence. For example, Lone et al. (2011) found that
Camponotus paria (Formicidae), develops faster from larval to adult stage under long days in
an experimental trial with varying photo-phases in Bangalore, India. Therefore, C. paria is
likely to reach greater abundances in summer when days are longer because of long-day lengths,
which favour their faster development, which will likely affect guild composition positively.
As such, | argue that variation in photoperiod because of change in seasons, combined with
other environmental factors, excluding temperature variation, could have played a significant
role in the variation of assemblages of the functional guilds of surface-active arthropods

between summer and winter in this study.

3.5. Conclusion

In this study, |1 demonstrate that the factors affecting the changes in abundance, species
richness, and species composition of assemblages of functional guilds of surface-active
arthropods during summer and winter in the savannah are complex and interconnected and may
be explained by multiple hypotheses. The present study highlights a potential link between the
assemblages of herbivorous and carnivorous functional guilds of arthropods in the savannah,
which is supported by several studies in other ecosystems (for example, Haddad et al., 2011;
Ebeling et al., 2018; Koricheva and Hayes, 2018; Vaca-Sanchez et al., 2021). | show that

changes in season are associated with changes in the species richness, abundance of species and
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species composition of some surface-active arthropod functional guilds in the savannah. In
addition, this study suggests that temperature might not play a significant role in the fluctuation
of the assemblages of functional guilds of surface-active arthropods during summer and winter.
As such, other environmental factors that are associated with changes in seasons may be the
significant driving forces of the fluctuation of assemblages of the functional guilds of surface-
active arthropods in the savannah. However, results from the present study should be interpreted

with caution due to the lack of replication of seasons.
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Table 3.1. Species richness, abundance, and composition of arthropod groups categorised as carnivores, detritivores, herbivores, and diverse

functional guild in summer and winter in the savannah at Barberton Nature Reserve. Significant p-values are shown in bold.

Carnivores Detritivores Herbivores Diverse functional guild
1 df P r df P 1 df P v df P
Species richness 28.819 1 <0.001  27.966 1 <0.001  34.529 1 <0.001 6.852 1 0.009
Species abundance 25.614 1 <0.001 0.031 1 0.861 33.652 1 <0.001  0.819 1 0.366
Deviance Error df P Deviance  Error df P Deviance  Error df P Deviance  Error df P
Species composition 994.5 18 <0.001 327.8 18 <0.001 99.05 18 <0.001 463 18 <0.001
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3.8.  Figures

Fig. 3.1. Location of the study sites in Barberton Nature Reserve in Mpumalanga province of
South Africa.
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Fig. 3.2. Species richness of a) carnivores, b) detritivores, c) herbivores and d) diverse
functional guild of arthropods in summer and winter in the savannah. There were significant
differences in species richness of carnivores (< 0.001), detritivores (< 0.001), herbivores (<
0.001) and diverse functional guilds (0.009) of surface-active arthropods between summer and
winter (a, b, ¢ and d). Boxplots indicate medians (black horizontal lines) with 25" and 75™

percentiles (whiskers), quartiles (interquartile range box and the median) and outliers (circles).
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Fig. 3.3. Species abundance of a) carnivores, b) detritivores, ¢) herbivores and d) diverse
functional guild of arthropods in summer and winter in the savannah. There were significant
differences in the species abundance of carnivores (<0.001) and herbivores (<0.001) between
winter and summer (a and c). Species abundance of detritivores and diverse functional guilds
of surface-active arthropods were similar between summer and winter (b and d). Boxplots
indicate medians (black horizontal lines) with 25" and 75" percentiles (whiskers), quartiles

(interquartile range box and the median) and outliers (circles).
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4. GENERAL CONCLUSION

4.1. Revisiting the aims and hypotheses of the study

This study had two aims that | dealt with in the two research papers. The aim of the first
research paper (Chapter 2) was to compare the assemblages of surface-active arthropods (ants,
beetles, millipedes and spiders) between pristine and disturbed savannah. The pristine savannah
was a natural landscape or protected area with little human interference; while the disturbed
savannah was a fallow land (> 15 years) close to an industrial area, croplands and ongoing
residential development. As such, I expected the pristine area to have greater species richness
and abundance of species, as well as more unique species of surface-active arthropods than the
disturbed savannah.

In the second research paper (Chapter 3), | compared the assemblages of functional
guilds of surface-active arthropods between the wet (summer) and the dry (winter) seasons. The
South African savannah is characterised by an austral summer and winter (Mucina and
Rutherford, 2010), with most of the rain occurring during the summer months (Mucina and
Rutherford, 2010; ARC-ISCW, 2019). As such, I expected the functional guilds of the surface-
active arthropods to have greater species richness and abundance in summer when plants are
more productive leading to a greater abundance of resources for the surface-active arthropods
than in winter when climatic conditions are inhospitable to some groups of arthropods (see
Lees, 2016), and resources are limiting. During winter, some arthropods hibernate or aestivate
(see Kipyatkov, 2001; Saunders, 2020; Peffers et al., 2021). For example, in southern Africa,
millipedes are inactive in the dry season, they burrow in the ground to avoid the harsh climatic
conditions that are associated with changes in season (Dangerfield et al., 1992).

4.2.  Summary of the main findings discussed in Chapter 2

In comparing the assemblages of surface-active arthropods between the disturbed and

pristine savannah, | found a significant difference in the species composition of all the surface-
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active arthropods between the disturbed and pristine savannah. In addition, the disturbed
savannah had twice the number of indicator species than the pristine savannah. These results
demonstrate that different habitat types may support different assemblages of surface-active
arthropods, an idea that is supported strongly by several studies (e.g., Mauda et al., 2018;
Melliger et al., 2018; Yekwayo and Mwabvu, 2019; Foster et al., 2021; Leonard et al., 2021;
Vaca-Sanchez et al., 2021).

Furthermore, | found significant differences in the species richness and the abundance
of ants, whilst the species richness and abundance of beetles and spiders were similar between
disturbed and pristine savannahs. | argue that ants may be more responsive to disturbance than
beetles and spiders because of their greater species richness and abundance between the
disturbed and pristine savannahs. The greater species richness and abundance of ants between
disturbed and pristine savannah is supported by Savitha et al. (2008) in their study in India.

However, the greater sensitivity of ants to disturbance compared to beetles and spiders
does not imply that beetles and spiders are resilient or unaffected by disturbance. When | looked
at all the assemblage indices collectively, | found a significant difference in species composition
of all taxa but similarities in species richness and abundance of beetles and spiders between the
disturbed and pristine savannah. The significant differences in their species composition
suggest that disturbance altered negatively the composition of beetles and spiders in the
savannah. | argue that the similarities in the species richness and abundance of beetles and
spiders between these habitat types may have been due to species turnover at the disturbed sites.
This idea of species turnover of surface-active arthropods in disturbed habitats is supported by
Swart et al. (2019), who found that there is a replacement of species of arthropods by different
species of surface-active arthropods at sites associated with anthropogenic disturbance, for

example, edges of the roads and hiking trails, in an Afrotemperate forest complex, South Africa.

4.3.  Summary of the main findings discussed in Chapter 3

When | compared the functional guilds of surface-active arthropods between summer
and winter, | found that all the functional guilds of the surface-active arthropods had different
species compositions between summer and winter. | found greater species richness of all the
functional guilds of the surface-active arthropods in summer than in winter. In addition, the
abundance of species of carnivorous and herbivorous surface-active arthropods was greater in
summer than in winter; whilst that of the “diverse functional guild” and detritivorous surface-

active arthropods was similar between summer and winter.
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The species richness of all the functional guilds of the surface-active arthropods can be
explained by the resource-ratio hypothesis (Tilman, 1985), which suggests that species with
lower resource requirements will outcompete species with higher resource requirements when
resources become limited. The similarities in the abundance of species between summer and
winter of the “diverse functional guild” may have been due to the lumping of some arthropods
into one functional guild. Moreover, the similarities in the abundance of detritivores between
summer and winter may have been due to little fluctuation or changes in the availability of
resources (for example, mesofilters and food sources) between seasons. Additionally, the
similarities in the abundance of detritivorous arthropods may have been due to seasonal shifts
in the abundance of constituent groups, resulting in a seasonal niche differentiation (Pinheiro
et al., 2002), with the overall effect being neutral for their abundance of species. In this study,
there were no significant changes in temperature of the selected study sites between summer
and winter. As such, | argue that other environmental variables may be responsible for changes
in the assemblage of the functional guilds of the surface-active arthropods in summer and
winter. For example, variation in vegetation characteristics that are shaped by changes in season
(Hutley and Setterfield, 2018), variation in soil moisture (Dangerfield and Telford, 1991), and
variation of photoperiod (Saunders, 2020) between summer and winter may affect the
assemblages of surface-active arthropods. In particular, short day length induces diapause in
the ant Lepisiota semenovi (Formicidae), indicating that variation in photoperiod associated

with a change in season can cause changes in the activity of some arthropods.

4.4.  Limitations of the study

In this study, | compared assemblages of surface-active arthropods at a community
level, which may not be ideal for studying the effects of disturbance on surface-active
arthropods because of species turnover at disturbed sites. Majority of the studies in ecology
focus on a single group or taxon of arthropods, such as ants (see Hlongwane et al., 2019 and
Muluvhahothe et al., 2021) or beetles (see Correa et al., 2019 and Rahman et al., 2021). In
addition, surface-active arthropods were identified to family and genus where possible. As such,
it was challenging to observe taxon-specific responses of the surface-active arthropods to
disturbance. Moreover, vegetation variables (e.g., herbaceous plant height, grass biomass, plant
density) were used in exploratory data analysis but did not explain patterns of arthropod
abundance, species composition and species richness, which may have been due to variation in

responses by each individual species, and so were excluded from the confirmatory data analysis
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presented in the thesis. In chapter 3, the study focused on the effect of season on functional
guilds of surface-active arthropods. However, there was no replication of seasons. This study
was done in a single summer and winter season due to time constraints. Therefore, the results

of this study that are discussed in Chapter 3 should be interpreted with caution.

45. Conclusion and recommendations

My study showed that disturbed and pristine savannah vegetation types support different
compositions of surface-active arthropods. In addition, the different composition of the
functional guilds of surface-active arthropods between summer and winter in the savannah can
be linked to changes in vegetation characteristics that are associated with changes in season. As
such, 1 recommend that it may be essential to consider all habitat types for the conservation of
surface-active arthropods, especially in South Africa where the majority of the land falls outside
of the formal conservation areas (Yekwayo et al., 2016; Mauda et al., 2018). The large number
of unique species that | recorded in the disturbed savannah supports this assertion. Furthermore,
it may be essential to involve communities in conservation initiatives because community
participation is an effective measure in biodiversity conservation (Zhang et al., 2020) and has
the potential to improve the lives of people living within such communities (Nzama, 2009).
This can be achieved in several ways, including the creation of “multispecies livelihoods”
(Thomsen and Thomsen, 2021) to promote biodiversity conservation in South Africa. The fact
that previous studies focused on singleton arthropod groups suggests that there is a knowledge
gap with respect to the collective response of different arthropod groups in a single ecosystem.
As such, more studies conducted at a community level are required to deepen our understanding

on the collective response of different arthropod groups within ecosystems.
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