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Savannahs are structurally complex ecosystems consisting of a diverse community of plants and animals such 
as arthropods. Arthropods are essential in many ecosystem processes that help maintain life on Earth. The 
anthropogenic conversion of natural landscapes into croplands, residential and industrial areas has a negative 
impact on surface-active arthropods that have limited dispersal abilities and narrow habitat preferences. 
This study investigated the effect of disturbance on assemblages of ants, beetles and spiders in the 
savannah vegetation in Mpumalanga province, South Africa. We compared species richness, abundance and 
composition of these three taxa between the pristine savannah and the savannah that is exposed to a variety 
of anthropogenic activities (disturbed savannah). Arthropods were collected using pitfall traps in 15 sites in 
pristine savannah and 15 sites in disturbed savannah. We found that disturbance affects species richness and 
abundance of these taxa differently. Disturbance did not affect species richness of spiders and abundance of 
beetles, while greater species richness of ants and beetles, as well as abundance of ants and spiders was in 
disturbed than in pristine savannah. Furthermore, the species compositions of all taxa were different between 
disturbed and pristine savannah. The disturbed savannah had twice more unique indicator species than the 
pristine savannah. Differences in assemblages of arthropods between pristine and disturbed habitats suggest 
that it may be important to consider habitats in and outside protected areas in the conservation of arthropods, 
particularly in areas with greater percentage of natural and semi-natural landscapes occurring outside 
protected areas.

INTRODUCTION

The savannah is one of the most diverse biomes on Earth (Hutley and Setterfield 2018) and is 
characterised primarily 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 understory 
vegetation (Simioni et al. 2003; Marquart et al. 2020).

Surface-active arthropods, which are active mostly in the understorey vegetation, 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). Some of these surface-active arthropods, which 
include ants, beetles, spiders, cockroaches, termites and millipedes have limited dispersal abilities 
(Lavelle et al. 2006) and are sensitive to changes in their environment (Yekwayo and Mwabvu 
2019) because of their dependence on specific microhabitats (Hill et al. 2008). For example, species 
diversity of ants correlates positively with vegetation cover (Pacheco et al. 2012; Silva da Costa 
and Schmidt 2022), while species composition of dung beetles is influenced by soil type (Daniel 
et al. 2022). Furthermore, variation in habitat requirements for arthropods occurs even within 
a taxon. For example, Pacheco et al. (2012) reported that habitats that are different structurally 
(grassland, savannah with scattered trees and savannah with dense tree cover or closed woodland) 
support different species composition of ants, while structurally similar habitats (savannah with 
dense tree cover and closed woodland) support similar assemblages of ants. Therefore, surface-
active arthropods are confined to specific habitats with the resources that they need. The sensitivity 
of surface-active arthropods to changes in their environment can be used to identify aspects of 
the environment that are responsible for changes in their assemblages (see Hoffmann et al. 2021; 
Leonard et al. 2021). Additionally, changes in the assemblages of surface-active arthropods can 
be linked reliably to changes in their local environment because of their dispersal limitations (e.g. 
Høye and Culler 2018; Arribas et al. 2021). As such, surface-active arthropods present a potentially 
effective tool that can assist to monitor changes in an environment which may arise as a result of 
anthropogenic disturbance (Maleque et al. 2009).

In South Africa, many landscapes of natural vegetation have been transformed into 
croplands, industrial and residential areas to support the growing human population (Wigley 
et al. 2010; Jewitt et al. 2015; Hyvärinen et al. 2019). Transformation of natural landscapes due to 
anthropogenic activities is a widespread phenomenon in many parts of the world. For example, 
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a review by Osborne et al. (2018) revealed that vegetation 
structure of the savannah biome may be influenced negatively 
by agricultural activities, construction of roads, increased 
frequency and intensity of fires and replacing wild grazing 
with livestock grazing. The anthropogenic transformation of 
natural landscapes does not only affect the vegetation structure 
but poses a significant risk to organisms such as surface-active 
arthropods which have limited dispersal abilities (Hlongwane et 
al. 2019; Leonard et al. 2021). For example, in Germany, Seibold 
et al. (2019) observed that intensification of land use decreased 
the gamma diversity and biomass of arthropods over a 9-year 
period. Furthermore, anthropogenic activities such as removal 
of trees, fires, harvesting of fuelwood and livestock grazing, 
which lead to the reduction of vegetation cover, were reported 
to reduce abundance of insects and alter species composition of 
insects in a forest in Tanzania (Leweri and Ojija 2018). Similarly, 
burnt and encroached forests in Ghana supported low species 
diversity and abundance of insects (Husseini et al. 2019). 
Fire reduces arthropod diversity due to direct mortality and 
alteration of microhabitats, which become unfavourable for 
specialist species (Vasconcelos et al. 2009). Additionally, in a 
South African grassland, Pryke et al. (2016) showed that grazing 
by livestock not only decreases species richness of insects but 
also changes their composition when compared to grazing by 
wildlife. However, it is important to note that the management 
of fire and grazing are vital in shaping diversity of arthropods in 
the savannah biome (Thoresen et al. 2021).

The response of arthropods to anthropogenic activities 
sometimes varies among taxa because of variation in the 
environmental requirements for each arthropod group. For 
example, Ste-Marie et al. (2018) reported that different arthropod 
taxa respond differently to the proximity to the road. Abundance 
of collembolans that require a specific soil type decreased with 
proximity to the road, while the opposite was true for dipterans 
(associated with high plant biomass and increased moisture) and 
hymenopterans (associated with increased dipterans) (Ste-Marie 
et al. 2018). On the other hand, abundance of predatory spiders 
was not influenced by the proximity to the road (Ste-Marie et al. 
2018). Furthermore, the effect of habitat fragmentation by roads 
is likely to be pronounced on surface-active arthropods that have 
limited dispersal ability. In this regard, Andersson et al. (2017) 
recorded different species composition of bees and wasps in 
two habitats separated by a road. Despite the negative impact of 
roads on arthropods, the presence of road verges can play a vital 
role in the conservation of ants and spiders (Kaur et al. 2019). 

In a southern African savannah, Mauda et al. (2018) observed 
significantly lower species diversity of ants in croplands and 
villages than in rangelands distant from residential areas. In 
parts of the Mpumalanga province in South Africa, croplands in 
the form of subtropical fruit plantations dominate the landscape 
where savannah vegetation occurred previously. In addition, 
savannah vegetation in some areas of the province occurs 
outside protected areas. As a result, the vegetation is exposed to 
a variety of anthropogenic activities. For example, unplanned 
fires, fragmentation, establishment of croplands, introduction 
of alien plant species, harvesting of plants and plant products, 
grazing by livestock and being in close proximity to residential 
and/or industrial areas are some of the perturbations to the 
vegetation and the landscape (Osborne et al. 2018; Yekwayo 
and Mwabvu 2019). In our study savannah vegetation that is 
experiencing or is in close proximity to these anthropogenic 
activities is considered ‘disturbed’ savannah. 

Given that plantations of subtropical fruits dominate the 
Mpumalanga province, many studies on arthropods have 
focused on taxa that are economically important (for example, 
pollinators, pests and natural enemies) to the agricultural 
industry (Van den Berg et al. 1999; Bruwer et al. 2021; Smith 

et al. 2022). However, other surface-active arthropods are 
equally important to agricultural and natural landscapes 
because they provide several key ecological services which 
help to maintain ecosystem sustainability (Roy et al. 2018). We 
investigated the influence of disturbance on the species richness, 
abundance and composition of three groups of surface-active 
arthropods in the savannah biome of Mpumalanga province. 
Following the approach used in the study by Uehara-Prado 
et al. (2009), this study is focused on ants, beetles and spiders 
because these taxa are known to have adequate samples in terms 
of abundance and species richness. The study may be relevant 
for providing baseline information as little is known about 
surface-active arthropod assemblages in savannah landscapes 
that are dominated by various anthropogenic disturbances in 
Mpumalanga. In addition, data obtained from this study will 
contribute towards producing a checklist of ants, beetles and 
spiders occurring in the savannah biome in Mpumalanga.

MATERIALS AND METHODS

Study sites

The study was conducted at two locations, on the outskirts of 
the Mbombela City (OMC) and in Barberton Nature Reserve 
(BNR), which is approximately 20 km from the Mbombela 
City, in the lowveld of the Mpumalanga province, South Africa 
(Figure 1). Study sites on the outskirts (approximately 9 km 
from the city centre) of Mbombela City were categorised as 
‘disturbed’, while those in BNR were considered ‘pristine’. Sites 
in OMC were located on fallow land which is exposed to a variety 
of anthropogenic activities such as being in close proximity 
(±1 km) to ongoing residential, industrial and agricultural 
development. As such, unplanned fires, livestock grazing, 
collection of plant products and habitat fragmentation by roads 
were inevitable. In addition, there were observations of invasive 
alien plants such as Psidium guajava L. and Lantana camara L. in 
the disturbed sites. The vegetation on the outskirts of Mbombela 
City is dominated mainly by bushveld savannah with patches of 
shrubveld savannah (Mucina and Rutherford 2010). The grass 
layer on OMC is dominated by species in the genera Aristida, 
Hyparrhenia and Cymbopogon, while the woody layer is 
dominated by Vachellia tortilis (Forssk.) Galasso and Banfi and 
Sclerocarya birrea (A. Rich.) Hochst. 

Unlike sites on OMC, sites in Barberton Nature Reserve 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 vegetation in BNR can be 
described as sour bushveld of the savannah biome (Mucina and 

Figure 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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Rutherford 2010). Some of the woody plant species observed in 
BNR are Grewia occidentalis L., Olea europaea subsp. africana 
Mill., Ruttya ovata Harv., Vachellia nilotica (L.) P. Hurter and 
Mabb, Diospyros sp., Euclea sp. and Ximenia sp. The grass 
layer was composed mainly of Heteropogon contortus (L.) P. 
Beauv. ex Roem. and Schult., Panicum maximum Jacq. and 
Hyparrhenia hirta (L.) Stapf.

At each location category (disturbed and pristine), 15 sites were 
selected, with an elevation ranging from 613 to 827 m above sea 
level. The lowveld of the Mpumalanga province experiences wet 
summers and dry winters with a mean annual rainfall between 
600 and 700 mm (Mucina and Rutherford 2010; ARC-ISCW 
unpubl.). In summer, temperatures range from 13 to 40 ⁰C in 
Barberton and 14 to 43 ⁰C in Mbombela (ARC-ISCW unpubl.).

Data collection procedure

The study was conducted in austral summer (December 2018 to 
February 2019) when the activity of surface-active arthropods 
was high. Several studies have indicated that the activity 
and abundance of surface-active arthropods are affected 
significantly by changes in temperature such that they are more 
active in summer than in winter (Niemelä et al. 1992; Botes et 
al. 2006; Barahona-Segovia et al. 2019; Suheriyanto et al. 2019). 
Therefore, sampling surface-active arthropods in summer 
increased the chances of making observations that are inclusive 
of a wide variety of species.

The pitfall trapping method was used as pitfalls are quick to 
install, sample continually, require periodic emptying only, and 
therefore, are a cost-effective method (Woodcock 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 beating (Woodcock 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 so that the surface-active arthropods encountered 
no vertical barrier. We selected 15 replicate sites for each site 
category of disturbed and pristine savannah, which creates 
potential problems of pseudo-replication because the sites are 
nested within a site category (Hurlbert 2004). Nonetheless, 
in studies where interspersion of treatments is impractical 
(see Rutherford et al. 2014; Mwambilwa et al. 2021), pseudo-
replication is unavoidable. In this study, replicates were at least 
300 m apart, which is adequate to allow for segregated sample 
dispersion (sensu Krebs 1999) and avoid pseudo-replication as 
reported in many studies of arthropods (e.g. Hlongwane et al. 
2019, but see Schmidt et al. 2008 for spiders that are passively 
dispersed in air for up to 3 km). 

Each site was a 10 × 10 m plot with six pitfall traps installed 
in each corner for a sum of 24 traps per site. Adjacent pitfalls in 
each corner were 2 m apart. Surface-active arthropods collected 
using pitfall traps indicate the activity patterns rather than 
the population density (Samways et al. 2010). Traps from the 
four corners of a site were pooled to form a single sample. In 
addition, pooling samples from all 24 traps per site reduces catch 
differences that may have resulted from the spatial arrangement 
of each pitfall trap in a site (Brennan et al. 2005; Woodcock 
2005). Moreover, the pitfall trapping method may be influenced 
by weather conditions (Samways et al. 2010). As such, for each 
site we sampled over a period of 28 days, which is expected to 
have varying weather patterns. The sampling over 28 days was 
divided into four intervals, where after 7 days pitfall traps were 
emptied, and new sets of traps were inserted. Samples from all 
four intervals in the disturbed and pristine savannah were pooled 
to form a single sample for each site. Samples were preserved 
in 70% ethanol and then sorted into morpho-species and later 

identified to family, subfamily and genus where possible. Ants 
were identified using a guide by Fisher and Bolton (2016), while 
guides by Bouchard (2014), Picker et al. (2019), and White (1998) 
were used for beetles. Spiders were also identified using many 
guides, including Dippenaar-Schoeman (2014), Dippenaar-
Schoeman and Jocqué (1997), Filmer (2011) and Holm and 
Dippenaar-Schoeman (2010). 

Vegetation cover was measured using a modification of Botes 
et al. (2006). In each corner of a 10 m × 10 m plot, three 1-m2 

quadrats were placed between the two rows of the 3 × 2 m grid. 
Percentage ground cover of each quadrat was estimated for 
vegetation cover and litter cover.

Data analysis

A previous study has reported that analysis that is inclusive of all 
arthropods showed no effect of habitat change on species richness 
of arthropods, while variation in arthropod response was 
apparent when analyses were conducted for each taxon (Yekwayo 
et al. 2018). As such, to reduce the impact of the most dominant 
arthropod taxa on the overall dataset, we compared species 
richness, abundance and composition between disturbed and 
pristine savannah vegetation for each of the three arthropod taxa 
(ants, beetles and spiders). Our datasets had a high percentage 
of singletons and doubletons, and for spiders these contributed 
almost half (47%) of the total morpho-species, while beetles and 
ants had 28% and 27%, respectively. Barlow et al. (2010) reported 
that inclusion of singletons and doubletons in the analyses may 
not provide a true reflection of how species respond to habitat 
change. As such, prior to analysing our data we removed 
singletons and doubletons. In addition, we also removed from 
the analyses a single morpho-species belonging to the genus 
Camponotus, which contributed 78% of individuals and of which 
91% of those individuals were collected from one site. This high 
abundance in one site may have been derived from a nest in close 
proximity to this site. When we compared results of analyses with 
inclusion and exclusion of this dominant ant species, results were 
similar statistically for all diversity measures (species richness, 
abundance and composition). In this manuscript, we present 
results that exclude this dominant ant species. 

All analyses were conducted in R. Species richness and 
abundance datasets were tested for normality using the Shapiro–
Wilk test. We tested our data for spatial autocorrelation using the 
Moran’s I (Gittleman and Kot 1990; Dormann et al. 2007) and the 
ape package (Paradis and Schliep 2019). Moran’s I results showed 
spatial autocorrelation for species richness of ants (p < 0.001) and 
beetles (p < 0.05). Similarly, spatial autocorrelations were revealed 
for abundance of ants (p < 0.001) and spiders (p < 0.001). 

For normally distributed datasets (species richness of ants and 
beetles) that were spatially autocorrelated, we used the generalised 
least squares (GLS) regression (Dormann et al. 2007) to compare 
the dependent variables between disturbed and pristine savannah. 
To account for spatial autocorrelation on datasets that were not 
normally distributed (abundance of ants and spiders), we used 
the generalised linear mixed models (GLMM) with the penalised 
quasilikelihood estimation method (Dormann et al. 2007). When 
calculating GLMM the MASS package (Venables and Ripley 2002) 
and Poisson distribution (Bolker et al. 2009) were used. In our 
models (GLS and GLMM) we included the location (longitude 
and latitude) of each site as a dummy variable with an exponential 
correlation (Dormann et al. 2007), which was the random factor. 
However, the status of disturbance, percentage of leaf litter cover 
and percentage of vegetation cover were included as fixed factors 
in both GLS and GLMM. 

Neither species richness of spiders (p > 0.05) nor abundance 
of beetles (p > 0.05) showed spatial autocorrelation. As a result, 
the linear model was used to determine the effect of disturbance 
on species richness of spiders because the data were normally 
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distributed. However, the generalised linear model (GLM) with 
the negative binomial distribution in the MASS package (Venables 
and Ripley 2002) was used to analyse the abundance of beetles 
with a dataset that was not normally distributed. Boxplots were 
used to visualise the significant differences in species richness and 
abundance between disturbed and pristine savannah.

The effect of status of the savannah, percentage of leaf litter 
cover and vegetation cover on species composition of each taxon 
was determined using the manyglm function in the package 
mvabund (Wang et al. 2012). The negative binomial distribution 
was used for the GLMs for all taxa. Additionally, the Hellinger 
transformation from the vegan package (Oksanen et al. 2020) in 
R was used to create a non-metric multidimensional scaling plot 
for the visualisation of the species composition of ants, beetles 
and spiders in disturbed and pristine sites.

The indicator value analysis of the two habitats (disturbed 
and pristine savannah) was conducted using the function 
multipatt found in the indicspecies package (De Caceres and 
Legendre 2009). Multipatt groups species according to their 
association with a particular habitat, which is driven by the 
frequent occurrence of species and their abundance in a 
particular habitat type (Samways et al. 2010). Only species that 
are associated significantly (p < 0.05) with disturbed or pristine 
savannah vegetation are listed in the results of the multilevel 
pattern analysis.

RESULTS  

In total, 308 741 specimens and 130 morpho-species of ants were 
identified in this study. A total of 240 790 individuals of the total 
abundance was from a single morpho-species (Camponotus 
sp.) with 219 140 individuals in this species collected from one 
site. Out of the total of 130 morpho-species of ants, 26 were 
singletons and nine were doubletons. A total of 5 013 individuals 
of beetles in 177 morpho-species were collected in our study. 
There were singletons (29) and doubletons (20) in the sample of 
beetles. We collected a total of 8 847 individuals in 302 morpho-
species of spiders. Almost 50% (143 morpho-species) of the total 
morpho-species of spiders were singletons (102) and doubletons 
(41). The description of the results below excluded singletons and 
doubletons in all three taxa, as well as the dominant morpho-
species in the genus Camponotus.

Out of the four subfamilies of ants collected, the Myrmicinae 
was the most abundant (51 900) and species rich (48) subfamily, 
followed by the Formicinae (9 400 individuals and 27 morpho-
species). Both the Myrmicinae and Formicinae had the highest 
number of morpho-species and individuals in the disturbed 
savannah than the pristine savannah (Table S1). Although 
the subfamily Dorylinae had higher number of individuals 

(4 844) compared to the Ponerinae (1 762), the Dorylinae was 
the least species rich subfamily (3 morpho-species) compared 
to the Ponerinae (16 morpho-species). The disturbed savannah 
vegetation had the highest number (16) of unique morpho-
species compared to the pristine savannah, which had four 
unique morpho-species of ants. 

The most abundant families of beetles were the Scarabaeidae 
(3 719 individuals), Chrysomelidae (730 individuals), Carabidae 
(617 individuals), Elateridae (538 individuals), Curculionidae 
(414 individuals) and Tenebrionidae (411 individuals). Families 
of beetles that were represented by less than ten individuals were 
Anthicidae, Cantharidae, Erotylidae, Melandryidae, Meloidae, 
Silvanidae and Trogidae (Table S1). The most species-rich 
families of beetles were the Scarabaeidae (39 morpho-species), 
Chrysomelidae (22 morpho-species), Carabidae (13 morpho-
species) and Tenebrionidae (11 morpho-species). Families 
of beetles that had a single morpho-species were Anobiidae, 
Anthicidae, Cantharidae, Erotylidae, Melandryidae, Meloidae 
and Trogidae (Table S1). The disturbed savannah had 16 unique 
morpho-species of beetles, while no unique species was recorded 
in the pristine savannah. 

The most dominant families of spiders were the Zodariidae 
(2 858 individuals), Gnaphosidae (1 672 individuals), Salticidae 
(1 470 individuals) and Lycosidae (1 183 individuals). The least 
abundant families of spiders included the Microstigmatidae, 
Segestriidae and Sparassidae, each represented by less than 
ten individuals (Table S1). The Salticidae was the most species 
rich (38 morpho-species) family of spiders, followed by the 
Lycosidae (21 morpho-species), Gnaphosidae (20 morpho-
species) and Zodariidae (12 morpho-species). Families of spiders 
with the lowest number of morpho-species (one morpho-species 
each) included the Caponiidae, Hahniidae, Microstigmatidae, 
Segestriidae and Sparassidae (Table S1). Slightly more unique 
morpho-species of spiders were recorded in the pristine 
savannah (30) compared to disturbed savannah (24). 

The effect of disturbance on species richness, and abundance 
varied among taxa. Species richness of ants and beetles was 
significantly greater in the disturbed savannah compared to 
the pristine savannah (Table 1, Figures 2a, b). Similarly, the 
disturbed savannah supported greater abundance of ants 
and spiders (Table 1, Figures 2c, d). However, species richness 
of spiders and abundance of beetles were not influenced by 
disturbance (Table 1). Species richness of beetles and spiders, 
as well as abundance of ants and beetles were significantly 
influenced by the percentage of leaf litter cover (Table 1). 
However, the percentage of vegetation cover did not affect 
species richness nor abundance of any of the taxa (Table 1).

Species composition of all three taxa were significantly 

Arthropod taxa Intercept/Predictors
Species richness Abundance

Value t p Value/Estimate t p
Ants Intercept 48.55 5.43 < 0.001 11.01 17.00 < 0.001

Status of the savannah –17.68 –6.59 < 0.001 –1.89 –8.27 < 0.001
% of leaf litter cover –0.19 –1.45 0.16 –0.04 –3.41 0.002
% of vegetation of cover 0.02 0.34 0.74 0.003 0.60 0.55

Beetles Intercept 54.37 6.34 < 0.001 7.34 7.67 < 0.001
Status of the savannah –10.42 –2.46 0.02 –0.62 –1.81 0.08
% of leaf litter cover –0.62 –2.99 0.006 –0.04 –1.26 0.03
% of vegetation of cover –0.02 -0.21 0.83 –0.01 –1.26 0.22

Spiders Intercept 52.07 9.91 < 0.001 6.34 9.58 < 0.001
Status of the savannah –5.45 –2.09 0.05 –0.53 –2.36 0.03
% of leaf litter cover –0.28 –2.17 0.04 –0.01 –0.83 0.41
% of vegetation of cover 0.05 0.75 0.46 0.01 1.29 0.21

Table 1. Effect of disturbance and percentage of leaf litter cover and vegetation cover on species richness and abundance of three taxa. Species 
richness of ants and beetles was determined using the generalised least squares, while species richness of spiders was determined using a linear model. 
Generalised linear mixed models with the penalised quasi-likelihood were used to determine abundance of ants and spiders, while the generalised 
linear model was used for abundance of beetles. Significant p-values are indicated in bold
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influenced by the status of the savannah (Table 2, Figure 3). 
Percentage of leaf litter cover significantly affected species 
composition of beetles and spiders only (Table 2, Figure 3). 
However, the percentage of vegetation cover did not affect 
species composition for all three taxa (Table 2).

Disturbed savannah vegetation had the highest number 
(61) of indicator species compared to the pristine savannah, 
which had 25 indicator species (Table 3). Out of the three 
taxa, we identified a greater number (28) of ant species 
that were associated with the disturbed savannah, while 
the pristine savannah vegetation had one indicator species 
(Odontomachus sp. 1) (Table 3). Even though the indicator 
value analysis did not identify shared indicator species between 
pristine and disturbed savannah, a total of 74 morpho-species 
of ants was recorded in both habitat types.

The disturbed and pristine savannah had 14 and 13 indicator 
species of beetles, respectively (Table 3). There were differences 
in families of beetles that dominated as indicators of each type 

of the savannah. For example, most indicator species in the 
disturbed savannah came from the Carabidae, Curculionidae, 
Elateriade, Staphylinidae, Scarabaeidae (which was represented 
by a single morpho-species) and Tenebrionidae (Table 3). 
However, different families were identified as indicator species in 
pristine savannah, with the Scarabaeidae dominating (with nine 
morpho-species). Other families (Anobiidae, Chrysomelidae 
and Tenebrionidae) had a single morpho-species each (Table 3). 
Indicator value analysis may not have identified shared indicator 
species of beetles between the two habitat types because of 

Figure 2. Boxplots displaying significant differences between disturbed 
and pristine savannah, for species richness of (a) ants and (b) beetles, 
abundance of (c) ants and (d) spiders. Boxplots indicate medians (black 
horizontal lines) with 25th and 75th percentiles (whiskers), quartiles 
(interquartile range box and the median) and outliers (asterisks) 

Ants Beetles Spiders
df dev p df dev p df dev p

Status of disturbance 28 481.3 0.001 28 518.3 0.001 28 721.7 0.001
% leaf litter cover 27 102.2 0.47 27 251.4 0.006 27 262.4 0.02
% vegetation cover 26 126.0 0.24 26 153.6 0.46 26 225.7 0.15

Table 2. Effect of disturbance and percentage of leaf litter cover and vegetation cover on species composition of ants, beetles and spiders determined 
using the manyglm function. Significant p-values are indicated in bold. Dev refers to deviance

Figure 3. Non-metric Multidimensional Scaling (NMDS) ordination 
plot of the species composition of ants, beetles and spiders between 
disturbed (grey asterisks) and pristine (black asterisks) savannah. The 
highly abundant morpho-species are represented by abbreviated 
morpho-species, while less abundant morpho-species are represented 
by grey triangles, and environmental variables are represented by arrows 
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insignificant numbers of individuals per species in each habitat 
type. However, 112 morpho-species of beetles were represented 
in both habitat types. 

A total of 19 morpho-species of spiders were identified as 
indicators of the disturbed savannah while 11 species were 
associated with the pristine savannah only (Table 3). Even 

Taxa
Disturbed savannah

Taxa
Pristine savannah

Association value p-value Association value p-value
Ants Ants
Camponotus sp. 1 0.82 0.01 Odontomachus sp. 1 0.89 0.001
Camponotus sp. 2 0.63 0.02 Beetles
Camponotus sp. 3 0.68 0.01 Anobiidae 1 0.75 0.01
Camponotus sp.4 0.71 0.03 Chrysomelidae 1 0.83 0.009
Crematogaster sp. 1 0.81 0.01 Chrysomelidae 2   0.78 0.03
Crematogaster sp. 2 0.91 0.001 Scarabaeidae 1 0.87 0.001
Formicinae sp. 1 0.76 0.009 Scarabaeidae 2    0.82 0.04
Formicinae sp. 2 0.59 0.04 Scarabaeidae 3   0.68 0.009
Lepisiota sp. 1 0.93 0.001 Scarabaeidae 4 0.63 0.02
Leptogenys sp. 1 0.73 0.03 Scarabaeidae 5   0.63 0.02
Mesoponera sp. 1 0.65 0.03 Scarabaeidae 6 0.63 0.02
Mesoponera sp. 2 0.63 0.02 Scarabaeidae 7 0.63 0.02
Mesoponera sp. 3 0.73 0.002 Scarabaeidae 8   0.58 0.04
Monomorium sp. 1 0.99 0.001 Scarabaeidae 9 0.58 0.04
Myrmicinae 1 0.73 0.006 Tenebrionidae 1   0.84 0.002
Myrmicinae 2 0.77 0.01 Spiders
Myrmicinae 3 0.86 0.002 Araneae 3 0.81 0.002
Myrmicinae 4 0.73 0.003 Caponia sp. 1         0.79 0.02
Myrmicinae 5 0.63 0.02 Ctenidae 1 0.63 0.02
Myrmicinae 6 0.63 0.02 Gnaphosidae 5   0.78 0.02
Myrmicinae 7 0.58 0.04 Gnaphosidae 6 0.58 0.04
Myrmicinae 8 0.58 0.04 Lycosidae 4 0.61 0.04
Parasysia sp. 1 0.68 0.01 Lycosidae 5 0.77 0.006
Pheidole sp. 1 0.94 0.001 Nemesidae 1 0.71 0.01
Pheidole sp. 2 0.78 0.03 Nemesidae 2 0.63 0.04
Psalidomyrmex sp. 1 0.89 0.001 Salticidae 2 0.58 0.04
Tetramorium sp. 1 0.93 0.001 Zodariidae 5 0.68 0.01
Tetramorium sp. 2 0.85 0.001

Beetles
Carabidae 1 0.85 0.001
Carabidae 2 0.73 0.004
Carabidae 3 0.84 0.001
Carabidae 4 0.73 0.006
Carabidae 5 0.68 0.01
Carabidae 6 0.63 0.02
Curculionidae 1 0.93 0.001
Elateridae 1 0.88 0.003
Scarabaeidae 1 0.73 0.03
Staphylinidae 1 0.73 0.003
Tenebrionidae 1 0.88 0.002
Tenebrionidae 2 0.83 0.003
Tenebrionidae 3 0.82 0.002
Tenebrionidae 4 0.63 0.008

Spiders
Araneae 1 0.66 0.03
Araneae 2 0.58 0.04
Gnaphosidae 1 0.80 0.002
Gnaphosidae 2 0.78 0.001
Gnaphosidae 3 0.63 0.02
Gnaphosidae 4 0.73 0.003
Hahniidae 1 0.58 0.04
Lycosidae 1 0.93 0.001
Lycosidae 2 0.84 0.001
Lycosidae 3 0.81 0.001
Oxyopidae 1 0.86 0.001
Oxyopidae 2 0.63 0.02
Philodromidae 1 0.78 0.001
Salticidae 1 0.78 0.003
Theridiidae 1 0.68 0.008
Zodariidae 1 0.99 0.001
Zodariidae 2 0.97 0.001
Zodariidae 3 0.93 0.001
Zodariidae 4 0.76 0.02

Table 3. Results of indicator value analysis showing species associated significantly (p < 0.05) with disturbed and pristine savannah
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though some families of spiders were identified as indicators 
of both disturbed and pristine savannah, there were families 
which were unique to each type of the savannah (Table 3). There 
were no shared indicator species of spiders between pristine and 
disturbed savannah, however, 105 morpho-species were present 
in both habitat types. 

DISCUSSION

Our results support previous studies on the importance of 
using a multi-taxon approach to understand the response 
of arthropods to changes in their environments (Gerlach 
et al. 2013; Yekwayo et al. 2018). Although disturbance affected 
species composition of all three taxa, we showed that the 
effect on species richness and abundance varies among taxa. 
Variation in species composition of ants between disturbed 
and pristine savannah is an indication that in our samples 
we may have collected different functional groups of ants, 
and each type of the savannah probably offered different 
microhabitats, thus leading to arthropod heterogeneity. For 
example, variation in leaf litter can affect ants differently, as 
Silva et al. (2011) reported that an increase in the number of 
leaves lead to an increase in the density of ants. However, in our 
study in the two environmental variables (percentage of leaf 
litter cover and vegetation cover) that we measured, percentage 
of leaf litter cover was the only variable that affected abundance 
of ants, while species richness and composition were not 
affected. Despite the fact that we did not record significant 
effects of the measured environmental variables, we recorded 
different assemblages of ants in the two types of the savannah. 
Previously, changes in habitat type have been reported to affect 
functional groups of ants differently, highlighting the different 
levels of specialisation (Hill et al. 2008; Santos et al. 2021). 
For example, more specialised ant species were negatively 
affected by the conversion of natural habitats to anthropogenic 
environments, while the opposite was true when it came to 
generalist and opportunistic ant species (Santos et al. 2021). 

Although the level of disturbance was not categorized across 
sites in our study, we are of the view that the level of exposure 
to disturbance might not have been uniform among the sites, 
as such; there may have been patches of semi-natural to natural 
savannah within disturbed sites. Therefore, sites of the savannah 
that were less exposed to disturbance may have supported 
specialist ant species, while sites that had great exposure to 
disturbance could have supported generalist and opportunistic 
ant species. The occurrence of generalist, opportunistic and 
specialist ant species in the disturbed savannah could have 
resulted in greater species richness and abundance compared 
to the pristine savannah, which was probably suitable to more 
specialist species. Furthermore, our assumption of having 
sampled a greater number of generalist species and individuals 
than specialists is in line with Hill et al. (2008), who reported 
generalist and opportunistic ants as more abundant and species 
rich compared with specialist ants. 

Our results are supported by observations of Savitha et al. 
(2008), who found greater species richness and abundance 
of ants in disturbed areas (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. Furthermore, high abundance of ants in 
disturbed compared to pristine savannahs in our study may 
indicate 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, United States, King and Tschinkel (2008) found that 
the fire ant (Solenopsis invicta), a disturbance specialist, reduced 
the abundance and diversity of native ants in forest habitats 
after human-induced disturbance had occurred. However, in 

the absence of human-induced disturbance, the fire ants could 
not invade the forests and reduce the abundance of native ants 
(King and Tschinkel 2008). In addition, Berman et al. (2013) 
found that the invasion of yellow crazy ants (Anoplolepis 
gracilipes) and electric ants (Wasmannia auropunctata) in the 
main island of the New Caledonian archipelago was facilitated 
by disturbance.

Out of the 29 indicator species of ants that we identified, a 
morpho-species of Odontomachus was the only indicator 
species associated with pristine savannah, while the rest were 
sampled frequently in the disturbed savannah. We assume that 
the ground surface in the pristine savannah was less disturbed 
compared to the disturbed savannah. As such, the pristine 
savannah may have provided conducive foraging and nesting 
sites for Odontomachus. Odontomachus species forage and nest 
in leaf litter, rotten wood, as well as at the base of the trees (Fisher 
and Bolton 2016; Macgown et al. 2014).

The percentage of leaf litter cover significantly affected 
species richness, abundance and composition of beetles, 
even though abundance did not differ between pristine and 
disturbed savannah. The two types of the savannah may 
have provided different microhabitats, which would lead to 
differences in species richness and composition. Variation in 
species composition was evident in the results of the indicator 
value analysis, as 50% of the indicator species of the disturbed 
savannah are predators (ground and rove beetles), while 69% 
of the indicator species in the pristine savannah were scarabs. 
Species richness of predatory ground beetles may have increased 
in the disturbed savannah due to the association of these species 
with prey availability rather than specific microhabitats. That 
the Tenebrionidae had the highest (29%) contribution towards 
indicator species in the disturbed savannah could have been 
due to the fact that darkling beetles are scavengers that feed 
on a variety of food sources (Picker et al. 2019). On the other 
hand, frequent occurrence of scarabs in pristine savannah may 
be linked to greater abundance of wild grazers, which would 
increase dung availability. Wagner et al. (2021) reported that 
grazing increases species richness and abundance of dung 
beetles, while it alters species composition of dung beetles. Even 
though cattle passed through our disturbed sites infrequently, 
their abundance was lower than that of wild mammal grazers, 
such as, wildebeests in the nature reserve (pristine savannah). 
Pryke et al. (2016) reported that the type of grazing affects 
species composition and richness of dung beetles, with areas that 
had had wild grazers supporting greater species richness than 
areas that had domestic grazers. As such, the pristine savannah 
in our study probably had greater availability of dung, thus we 
recorded greater species richness of dung beetles. 

Unlike the current 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). Not much data are available on overall species 
richness and abundance of beetles. As such, it is challenging 
to make comparisons among studies because of the differences 
in the levels of resolution, which differ from that of the present 
study. We identified 20 families of beetles in our study, which 
was much more taxa recorded than in many other studies on 
the composition of beetles. For example, Rahman et al. (2021) 
investigated the effect of disturbance on the trophic niche of 
six species of ground beetles in 20 tallgrass prairies and found 
that the response of ground beetles to disturbance varied. 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 
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of beetles may not be an appropriate indicator of disturbance. 
However, reducing the number of 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.

Spiders have been reported to have greater aerial dispersal 
because some can balloon over long distances (> 500 m; see 
Bishop and Riechert 1990; Schmidt et al. 2008). However, it is 
not possible that the similarities in species richness of spiders 
that we observed between pristine and disturbed savannah 
could be linked to their dispersal ability, as the distance between 
pristine and disturbed savannah was approximately ≥ 30 km. 
Our study supports Moorhead and Philpott (2013), who found 
no significant differences in the species richness of spiders 
among vacant plots, community gardens and fragments of 
natural forests in the United States. The similarity in species 
richness of spiders in our study is not unusual because other 
studies also reported similar observations between disturbed 
and undisturbed habitat types (Copley and Winchester 2010; 
Stenchly et al. 2012; Melliger et al. 2018). The similarity in species 
richness of spiders in pristine and disturbed savannah may have 
resulted from variation in types of species (see Bell et al. 2013; 
Martínez et al. 2015; Swart et al. 2019;  Uhey et al. 2021), which 
may have been due to new species colonising the disturbed 
habitat, thus the observed differences in species composition in 
our study. However, it is possible that some species of spiders in 
the disturbed savannah may have been represented by a greater 
number of individuals, thus we recorded higher abundance in 
disturbed than pristine savannah. 

The species richness and composition 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, disturbance specialists, or those 
with high colonising ability, may colonise the newly disturbed 
site rapidly (King and Tschinkel 2008). Greater colonisation by 
disturbance specialists results in changes in species composition 
but there will be no difference in the species richness of the area 
before and after the disturbance (Swart et al. 2019).

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 
percentage (71%) of indicator species that we recorded in the 
disturbed savannah compared to pristine savannah (29%) may 
have been due to moderate levels of disturbance. However, we 
did not quantify or characterise the levels of disturbance besides 
inferring it from observations. Previous studies have documented 
that species composition of surface-active arthropods is 
influenced by vegetation characteristics or type of vegetation 
(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 2021; 
Hoffmann et al. 2021). However, in our study none of the three 
taxa were significantly affected by the percentage of vegetation 
cover, indicating that there may be other habitat characteristics 
that determine assemblages of surface-active arthropods. 

CONCLUSIONS

Similarities in species richness of spiders between the two 
types of the savannah, and greater richness of ants and beetles 
in disturbed than in pristine savannah was unexpected 
considering that pristine savannahs are structurally more 
complex and are assumed to provide a more diverse community 
of plants and microhabitats for arthropods than disturbed 
savannahs (Alves Da Mata and Tidon 2013; de Visser et al. 
2015). However, we show that anthropogenic disturbance 
results in significant changes in the species composition of 
surface-active arthropods, and to some extent that can be 
related to the percentage of leaf litter cover. We show that some 
species of surface-active arthropods 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.

The present study shows that disturbed and pristine savannahs 
have unique species composition of surface-active arthropods. 
As such, it may be essential to consider all habitat types when 
making efforts to conserve the biodiversity of surface-active 
arthropods, especially in South Africa, where a greater percentage 
of semi-natural habitats occur outside protected areas. This 
assertion is supported by the greater number of indicator species 
that we recorded in the disturbed than in the pristine savannah. 
Our results suggest strongly that disturbed habitats, where 
tilling no longer occurs, may be key local arthropod biodiversity 
hotspots in the savannah. In our study we did not quantify the 
levels of disturbance because of the many different types of the 
disturbance that we observed. Among the disturbances were the 
fetching of firewood and grass for thatching, hunting of birds, 
collecting plants for traditional medicine, fires and grazing 
cattle. Furthermore, there was variability in the intensity of each 
human activity at a particular time and area in the disturbed 
savannah. In future studies, characterising and examining the 
different disturbances individually may provide clarity on their 
effect on arthropods, particularly where disturbance is relatively 
more homogeneous than was the case at our study site.
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