
BOTHALIA – African Biodiversity & Conservation
ISSN: (Online) 2311-9284, (Print) 0006-8241

| Open accesshttp://abcjournal.org |

| Original researchPage 1 of 17  

Authors
1Inam Yekwayo   
1Asabonga Mngeni   

Affiliation
1Department of Biological and 

Environmental Sciences, Walter 
Sisulu University, Private Bag X1, 
Mthatha 5117, South Africa.

Corresponding Author
Inam Yekwayo; e-mail:  

iyekwayo@wsu.ac.za

Dates
Submitted:  13 December 2022
Accepted:  2 August 2023
Published:  30 November 2023

How to cite this article:
Yekwayo, I. & Mngeni, A., 2023, 

‘The influence of distance 
from crushed stone mining 
on surface-active arthropods 
and soil chemical properties’, 
Bothalia 54, a1. http://dx.doi.
org/10.38201/btha.abc.v54.1

Copyright: © 2023. The Authors.
Licensee: SANBI. This work is 

licensed under the Creative 
Commons Attribution 4.0 
International License

Background: Mining of crushed stone for use in construction is among the var-
ious anthropogenic activities in the Eastern Cape province in South Africa that 
alter natural landscapes. However, little is known about the impact of these activ-
ities on arthropods and soil chemical properties.

Objectives: We investigated the effect of distance (5, 30, 50 and 70 metres) from 
the mining sites on species richness, abundance and composition of surface- 
active arthropods, as well as composition and concentration of soil chemical 
properties (soil pH, calcium, magnesium, phosphorus and zinc).

Methods: The study was conducted at two mining sites in Nyandeni Local Mu-
nicipality within the O.R. Tambo District Municipality that were commissioned in 
2014. Arthropods were sampled using pitfall traps and thereafter sorted into mor-
phospecies, while an auger was used to collect soil samples. Permutational multi-
variate analysis was used to compare the composition of the arthropods and soil 
chemical properties among distances from the mining activities, while arthropod 
species richness and abundance, as well as concentrations of soil chemical prop-
erties, were analysed using the one-way analysis of variance or Kruskal-Wallis test. 

Results: Arthropod species richness, abundance and composition were not in-
fluenced by distance from mining activities. Although among soil chemical prop-
erties, mining activities altered the concentration of zinc only, we found dissimi-
larities in soil composition between the sampling point at the edge of the mining 
activities and sampling points that were away from the mining sites. 

Conclusion: We found no evidence of the impact of crushed stone mining on 
surface-active arthropods; however, our study revealed a negative impact of 
crushed stone mining on soil chemical properties.

Keywords: ants; beetles; spiders; species richness; Ikwezi mining site; Blue Rock 
mining site.

Introduction
Mining of stone is important because crushed stone is a construction material 
for building houses, roads and pavements (Adeyi et al. 2019). However, crushed 
stone mining has been reported to have a negative impact on the environment 
(Belay et al. 2020; Kalu & Ogbonna 2021; Otaraku et al. 2019; Pal & Mandal 
2017). For example, pollution of water bodies by dust from crushed stone min-
ing activities alters the water quality because of increased sedimentation from 
the suspended dust particles, high pH levels and water colour that looks grey 
(Pal & Mandal 2017). Reduced water quality affects aquatic biodiversity neg-
atively, with polluted water leading to the mortality of invertebrates, which re-
duces the available fish food (Thanigaivel et al. 2023). In addition, heavy metals 
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can pollute the water bodies and negatively impact fish 
(Thanigaivel et al. 2023).

Generally, the negative effects of mining activities on 
biodiversity are both direct and indirect. Land degrada-
tion and vegetation clearing, which lead to biodiversity 
loss, are two examples of the direct impact (Otaraku et 
al. 2019; Sonter et al. 2018). Indirect impact may result 
from the dust produced from crushing stone, affecting 
plant species that are sensitive to stone dust (Pal & Man-
dal 2017). Mining has been shown to negatively impact 
the density and species richness of local woody plant 
species, which were found to be significantly greater in 
unmined sites (Belay et al. 2020). The changes in veg-
etation cover, diversity and richness of plants directly 
impact animal species that are dependent on vegeta-
tion for food and shelter (Elandalew et al. 2018). For 
example, the abundance and species richness of some 
arthropods is positively associated with plant-species 
richness (Blaise et al. 2022; Ebeling et al. 2018). In ad-
dition, mining activities can lead to the establishment of 
invasive alien plant species, which reduce species rich-
ness of arthropods (Litt et al. 2014; Sonter et al. 2018).

Habitat fragmentation may lead to unfavourable living 
conditions for some animals and therefore trigger mi-
gration (Sonter et al. 2018). However, migration is only 
possible for animals with greater dispersal ability but 
limited in animals with poor dispersal abilities (Angelo-
va et al. 2020). For example, ground-living arthropods 
occurring in natural forests did not overlap into the 
adjacent habitats due to their limited dispersal abilities 
(Perry et al. 2017; Yekwayo et al. 2017). In addition, 
mining activities alter habitat structure by decreasing 
the interior habitats, while increasing the edge. Frag-
mentation of habitats may influence arthropods neg-
atively because edges decrease species richness and 
abundance of arthropods and also change assemblages 
unlike the interior habitats (With & Pavuk 2012).

Besides clearing vegetation, mining activities may con-
taminate the soil by changing the concentration of nu-
trients (Adewole & Adesina 2011; Wang et al. 2022). In 
Nigeria, soil samples in the stone mining area had greater 
concentrations of metals (nickel, chromium, cadmium, 
lead, copper, zinc and iron) compared to soil samples 
outside the mining area (Otaraku et al. 2019). Migliorini 
et al. (2004) recorded a high abundance of the Collem-
bola, Diplura and Protura in soils with high concentra-
tions of lead, while the Symphyla was not recorded in 
soils contaminated with lead. Therefore, arthropods re-
spond differently to concentrations of metals in the soil. 
Furthermore, Lock et al. (2003) reported that an increase 
in zinc concentration in the soil led to a decrease in the 
abundance and species richness of springtails. Addi-
tionally, Reihart et al. (2021) also showed that greater 
concentration of nutrients may encourage the spread of 
invasive ant species, such as Nylanderia fulva, which was 
more abundant in calcium-contaminated soils than in 

soils without calcium. However, a combination of calci-
um and potassium was reported to decrease abundance 
of detritivorous arthropods (Reihart et al. 2021).

Alam et al. (1999) indicated that soil in mining areas tends 
to be acidic, while Anju and Banerjee (2011) reported 
that soil was either neutral or alkaline in metal mining 
areas. In stone mining areas, the soil pH was reported 
to be alkaline compared to areas where no mining took 
place (Belay et al. 2020). In addition, soil pH levels may 
influence the concentration of nutrients available in the 
soil (Alam et al. 1999; Zhao et al. 2011). For instance, 
Zhao et al. (2011) found that an increase in soil pH led to 
an increase in the concentration of calcium, magnesium, 
manganese and zinc, while soil pH correlated negatively 
with the concentration of phosphorus and nitrogen.

The concentration of nutrients available in the soil may 
be influenced by certain arthropod taxa, and that may 
affect plant growth (Almeida et al. 2019; Kaleri et al. 
2020; Smit & Van Aarde 2001; Wagner et al. 1997). For 
example, activity of millipedes led to high concentration 
of calcium, phosphorus, potassium, carbon and nitrogen 
compared to soil that had no millipedes (Smit & Van 
Aarde 2001). However, different nutrients are influenced 
differently by the activity of ants (Almeida et al. 2019; 
Wagner et al. 1997). For instance, in nest soils, there 
were high concentrations of potassium, phosphorus, ni-
trate and ammonium, while the concentration of calci-
um and magnesium did not differ between nest soils and 
soils that are away from ant nests (Wagner et al. 1997). In 
addition, activity patterns of ants can lead to an increase 
in the abundance and species richness of plants, this was 
evident when comparisons were made between soils in 
close proximity to and those further away from ant nests 
(Almeida et al. 2019). Furthermore, high concentrations 
of soil nutrients, such as, calcium, magnesium, phospho-
rus and potassium were recorded in soils that had dung 
beetles compared to soils with no dung beetles (Hanafy 
& El-Sayed 2012; Kaleri et al. 2020).

Understanding how crushed stone mining alters the con-
centration of nutrients in the soil is important, as changes 
in soil nutrients may affect surface-active arthropods di-
rectly and indirectly. For example, abundance of Nylan-
deria fulva correlates positively with the concentration of 
soil calcium (Reihart et al. 2021), while Rosa et al. (2019) 
reported that different families of spiders correlate with 
different soil chemical properties. For example, spider 
families, such as the Gnaphosidae, Lycosidae and Salti-
cidae correlated with calcium, magnesium and potassi-
um, while families, such as the Corinnidae, Theridiidae 
and Zodariidae correlated with aluminium (Rosa et al. 
2019). In addition, as a heavy metal, the concentration 
of zinc has been reported to be higher at the edges of 
the stone-mining sites than further away from the min-
ing sites (Kalu & Ogbonna 2021; Ogbonna et al. 2011). 
Excessively high and/or low concentrations of zinc can 
affect plant growth negatively (Mousavi 2011; Mousavi 
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et al. 2012). Zinc can indicate the availability of other 
nutrients, since its availability to plants can be affected 
by other nutrients, such as phosphorus and potassi-
um (Jiang et al. 2018). For example, an increase in the 
concentration of phosphorus lead to a decrease in the 
concentration of available zinc (Mousavi et al. 2012). In 
addition to soil pH, the current study focused on the 
following soil chemical properties, zinc, phosphorus and 
magnesium, all of which are essential nutrients for plant 
growth (Meng et al. 2021; Mousavi 2011; Yan & Hou 
2018; White & Broadley 2003). Response of arthro-
pods to mining activities, such as limestone quarries in 
Czech Republic (Tropek et al. 2010) and gravel mining 
in Austria (Zulka 2013) has been investigated. However, 
according to our knowledge there are no records of the 
effect of crushed stone mining on arthropods in South 
Africa, in particular the Eastern Cape. Yet crushed stone 
mining is one of the growing anthropogenic activities 
that are taking place in the province (Department of 
Mineral Resources and Energy).

The first objective of this study was to determine if spe-
cies richness, abundance and composition of surface- 
active arthropods change with distance from the 
crushed stone mining activities. We expected greater 
species richness and abundance at sampling points 
further away from the mining sites (where there is less 

disturbance from mining) than in close proximity to the 
mining site. Additionally, we hypothesised that species 
composition of arthropods would vary among the dis-
tances from the crushed stone mining activities. Our 
second objective was to determine if the composition 
and concentration of soil chemical properties (phos-
phorus, calcium, magnesium, zinc and pH) change with 
distance from the mining activities. We expected min-
ing activities to increase the concentration of soil chem-
ical properties at the edge of the mining site compared 
to away from the mining sites. Furthermore, we expect-
ed variation in the composition of soil chemical prop-
erties among sampling points. Lastly, we established 
if any of the soil properties correlated with arthropod 
species richness and abundance. We hypothesise that 
different soil properties will affect species richness and 
abundance of arthropods differently.

Materials and methods
Study area and design 

The study was conducted in the Nyandeni Local Mu-
nicipality within the O.R. Tambo District Municipali-
ty in Eastern Cape, South Africa (Figure 1). The area is 

Figure 1. Study sites showing sampling points (5 m, 30 m, 50 m and 70 m) from the mining activities at Blue Rock and Ikwezi mining sites.
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characterised by warm (temperatures ranging from 16°C 
to 28°C) and wet (average monthly precipitation of 
64.1 mm) summers, while winters are cool (temperatures 
ranging from 7°C to 20°C) and dry (Nkamisa et al. 2022). 
Grassland is one of the dominant biomes in the Eastern 
Cape. However, the grassland in our study was exposed 
to various anthropogenic activities, such as conversion 
into agricultural landscapes (croplands and pastures), 
mining sites, human settlements, and invasion by alien 
plant species, such as Lantana camara. We investigated 
two crushed stone mining sites, Ikwezi (-31.529467°, 
28.952350°) and Blue Rock (-31.645033°, 28.900633°), 
which are approximately 13 km apart (Figure 1).

The mining in both sites started in 2014. The active 
mining at the Ikwezi mining site is approximately 
14 ha, while it is approximately 16 ha at the Blue Rock 
mining site. Although the sizes of these mining sites sug-
gest small scale mining, it is worth noting that the two 
sites are not the only crushed stone mining sites in the 
O.R. Tambo District Municipality, thus the importance 
of studying their effects on arthropods and soil chemi-
cal properties. Ikwezi and Blue Rock mining sites occur 
within a matrix of different anthropogenic activities, 
including pastures grazed by different livestock (Fig-
ure S1). The pastures were the immediate vegetation 
surrounding the mining sites and were fragmented by 
roads (footpaths, and gravel and tar roads). In addition 
to the different grass species in the pastures, there were 
other plant species, including, aloes, Berkheya sp., Heli-
chrysum sp., and Lippia sp. Furthermore, these pastures 
were very rocky. Ikwezi mining site was approximately 
1 km away from human settlements, unlike the Blue 
Rock mining site, which was approximately 2 km away 
from human settlements. However, grazing by livestock 
occurred in pastures surrounding both mining sites.

Collection and identification of 
surface-active arthropods

We established nine line transects, five at the Ikwezi and 
four at the Blue Rock mining sites. Each line transect 
started from the edge of the mining site (5 m from min-
ing activities) into the surrounding vegetation (pasture). 
Each transect had four sampling points at 5, 30, 50 and 
70 m from the mining activities, and each sampling 
point was about 1 × 3 m in size. Line transects with-
in the same mining site were ≥ 250 m apart to mini-
mise pseudo-replication. The elevation in the transects 
ranged from 753−910 m above sea level. Two of these 
transects were on fairly flat ground, whereas seven were 
steeper as they got further from the mining sites.

Given that arthropods are known to be active mostly 
during the warmer months (Mavasa et al. 2022) and 
have been reported to correlate positively with pre-
cipitation (Uhey et al. 2020), we sampled in October 
2021. Since the study was focused on surface-active 

arthropods, the pitfall trapping method was used. Pit-
fall traps were plastic cups that were 6 cm in diameter 
and 8 cm deep. According to Samways et al. (2010) 
traps collect arthropods based on the activity patterns, 
of which different species may be active at different 
times of the day and their activity may be influenced 
by weather patterns. As a result, we sampled arthro-
pods over a period of 28 days. According to Jiménez- 
Carmona et al. (2019) digging-in effects can be ac-
counted for by opening pitfall traps for ≥ 48 hours, be-
cause digging-in effects occur within the first 24 hours 
after traps have been set out. Therefore, pitfall traps 
containing 50% of ethylene glycol solution were set out 
and left open for seven days. Samples were collected 
from traps on the 7th day, and new traps were set out 
in the same holes. The process of setting out pitfall traps 
was repeated four times within 28 days. At each sam-
pling point (5, 30, 50 and 70 m) six pitfall traps that 
were approximately a metre apart were set out in the 
shape of a rectangle. Arthropod samples from the six 
pitfall traps, across all four sampling times at each sam-
pling point, were pooled to form a single sample and 
preserved in one jar. Specimens were preserved in 70% 
ethanol before being sorted into morphospecies. Ants 
were sorted to subfamilies and genus where possible, 
spiders and beetles were sorted to family level, while 
cockroaches, millipedes, centipedes, scorpions and 
pseudoscorpions were identified to order level. Differ-
ent identification guides were used when sorting spec-
imens (Bouchard 2014; Dippenaar-Schoeman 2014; 
Dippenaar-Schoeman & Jocqué 1997; Fisher & Bolton 
2016; Holm & Dippenaar-Schoeman 2010; Picker et 
al. 2019; White 1998). The use of morphospecies may 
lead to over-splitting and lumping of species, however, 
we used them because Derraik et al. (2002) showed 
that these limitations only become pronounced when 
there is a lack of experience with sorting specimens. 
In our study, the first author, whom has several years 
of experience, sorted specimens into morphospecies. 
Voucher specimens are currently housed at the Depart-
ment of Biological and Environmental Sciences, Walter 
Sisulu University, however, these voucher specimens 
will later be housed in the KwaZulu-Natal Museum, 
Pietermaritzburg.

Collection of soil samples

A total of five soil samples at each sampling point 
were collected using an auger (8.5 cm in diameter and 
14.5 cm deep). The five soil samples were mixed in a 
bucket to form a sample for each sampling point. We 
collected soil samples once within the 28 days; howev-
er, we acknowledge that it is possible that rainfall, which 
occurred in some days during this period, may have in-
terfered with available nutrients in the soil surface. Soil 
samples were stored in Ziploc bags before being sent 
to the soil analytical laboratory at the Department of 
Agriculture, Land Reform and Rural Development. The 
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soil chemical properties that were analysed included 
pH and concentration of phosphorus, calcium, magne-
sium and zinc.

Data analyses

Although arthropods were collected over four sampling 
periods, we did not account for repeated sampling in the 
analyses because samples were pooled immediately af-
ter collection from the field and treated as a single sam-
ple. Given that the two mining sites were about 13 km 
apart, we first explored our taxonomic data by testing 
whether there were differences in species composition 
of arthropods between the two mining sites. Permuta-
tional multivariate analysis of variance (PERMANOVA) in 
PRIMER 7 was used to compare arthropod assemblages 
between the mining sites (Anderson 2017). Permutation-
al multivariate analysis of variance showed that the two 
mining sites support significantly different assemblages of 
arthropods (PseudoF = 4.78, df = 1, p = 0.0001), in-
dicating that there may be other factors that are unique 
to each site that are affecting arthropods. As a result, we 
could not treat transects from the two mining sites as 
replicates. Instead, we analysed data from each mining 
site separately. There were five and four line transects at 
Ikwezi and Blue Rock mining sites respectively.

Given that the pitfall trapping method was used to sam-
ple arthropods, we studied incidence data rather than the 
total abundance data of the sites. As such, the non-para-
metric estimators (Chao2 and Jackknife2) that are based 
on incidence data were used to determine whether 
sampling was sufficient (Chao & Chiu 2016; Hortal et al. 
2006). Species richness was estimated in PRIMER 7.

The effect of distance from the mining sites on the com-
position of arthropods and soil nutrients was determined 
using PERMANOVA in PRIMER 7. Arthropod data were 
square-root transformed to reduce the weight of com-
mon species, and Bray-Curtis similarity measures with 
9999 permutations were used (Anderson et al. 2008). 
Soil nutrient data were log transformed, normalised 
and analyses were performed using the Euclidean dis-
tance with 9999 permutations (Anderson et al. 2008). 
Principal coordinates analysis in PRIMER were used to 
visualise the effect of distance from the mining sites on 
the composition of soil chemical properties (Anderson 
et al. 2008).

Species richness and abundance of arthropods, as well 
as concentrations of soil chemical properties were test-
ed for normality using the Shapiro-Wilk test and the 
Quantile-Quantile plots in R version 4.1.2 (R Develop-
ment Core Team 2021). The output of the Shapiro-Wilk 
test can be affected by the sample size; thus we also 
used the Quantile-Quantile plots with ggpubr package 
(Kassambara & Kassambara 2020; Rochon et al. 2012). 
Species richness of arthropods at both mining sites 

were normally distributed, while the arthropod abun-
dance at both sites were not normally distributed. At 
Blue Rock mining site, datasets for magnesium and zinc 
were normally distributed, while datasets for calcium, 
phosphorus and pH were not normally distributed. At 
Ikwezi mining site, datasets for soil chemical proper-
ties (except for phosphorus) were normally distributed. 
One-way analysis of variance (ANOVA) compares the 
means among more than two samples/observations that 
are normally distributed (Bewick et al. 2004). There-
fore, for arthropod and soil nutrient datasets that were 
normally distributed we used the one-way ANOVA. 
However, for datasets of arthropods and soil chemi-
cal properties that were not normally distributed, we 
used the non-parametric Kruskal-Wallis test. The Krus-
kal-Wallis test is a useful statistical tool when examining 
data that defy normality assumptions, and it is used to 
compare means of three or more independent groups 
(Lee 2022). The Tukey multiple comparison post hoc 
test was used to show differences between paired sam-
pling points (5, 30, 50 and 70 m). Analysis of variance 
and the Kruskal-Wallis test were performed in R version 
4.1.2 (R Development Core Team 2021). Spearman’s 
rank correlations in R version 4.1.2 (R Development 
Core Team 2021) were used to determine if soil chem-
ical properties correlated with arthropod species rich-
ness and abundance.

Results
Number of individuals and 
morphospecies sampled at 
Blue Rock mining site

A total of 7 121 individuals in eight arthropod taxa 
(ants, beetles, spiders, cockroaches, millipedes, centi-
pedes, scorpions and pseudoscorpions) were collected 
(Table S1). There were 277 morphospecies, of which 
51% were singletons and doubletons. There were dif-
ferences between the observed and estimated species 
richness (observed = 277, Chao2 = 385.21±26.86, 
Jacknife2 = 433.63). Out of the three dominant taxa, 
ants were the most abundant with 5 600 individuals 
from 46 morphospecies. Collected ants belonged to 
four subfamilies, with the Myrmicinae and Formici-
nae being most abundant and species rich, while few 
individuals and morphospecies were in the Dorylinae, 
Ponerinae and Dolichoderinae (Table S1). Spiders were 
represented by 861 individuals and 109 morphospe-
cies. The highest abundance of spiders was in the Ly-
cosidae, Gnaphosidae, Salticidae and Zodariidae (Table 
S1), whereas the Ammoxenidae, Pholcidae, Pisauridae 
and Selenopidae were represented by a single individ-
ual each (Table S1). The most species-rich families of 
spiders were the Lycosidae and Salticidae, while many 
families had a single morphospecies each (Table S1). 
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Beetles were the least abundant group within the three 
dominant taxa, with 449 individuals in 91 morphospe-
cies. The most abundant families of beetles were the 
Staphylinidae, Curculionidae, Scarabaeidae, Tenebrion-
idae and Carabidae (Table S1). The Histeridae and Niti-
dulidae had two individuals each, while the Hydrophili-
dae and Cleridae were represented by a single individual 
each (Table S1). Beetle families with high numbers of 
morphospecies were the Staphylinidae, Curculionidae, 
Scarabaeidae, Chrysomelidae and Carabidae, while the 
least species-rich families were Hydrophilidae and Cle-
ridae with one morphospecies each (Table S1).

Number of individuals and 
morphospecies sampled 
at Ikwezi mining site

There were 9 808 individuals in 292 morphospecies 
(47% were singletons and doubletons) of ants, beetles, 
spiders, cockroaches and centipedes collected (Table 
S1). There were differences between the observed and 
the estimated species richness (observed = 292, Chao2 
= 424.25±33.02, Jacknife2 = 462.12). Out of the 
three dominant taxa, ants had 5 596 individuals in 40 
morphospecies, spiders had 2 132 individuals in 110 
morphospecies, while beetles had 1 950 individuals in 
109 morphospecies. Ants followed the same patterns as 
the one at the Blue Rock site, with the Myrmicinae and 
Formicinae being greater contributors in abundance 
and species richness, while the opposite was true for 
the Dorylinae, Ponerinae and Dolichoderinae (Table 
S1). When it comes to spiders, the Lycosidae, Gnapho-
sidae and Zodariidae were the most abundant families 
(Table S1). The highest number of morphospecies were 

in the Lycosidae and Salticidae, while many families 
had a single morphospecies (Table S1). The Staphylin-
idae, Scarabaeidae, Elateridae, Carabidae, Curculioni-
dae, Chrysomelidae and Scydmaenidae had the highest 
number of individuals of beetles (Table S1). The most 
species-rich families of beetles were the Staphylinidae, 
Scarabaeidae, Curculionidae and Carabidae, while 
other families were represented by six, three, two or 
one morphospecies (Table S1).

Effect of distance from mining 
sites on surface-active arthropods 
and soil chemical properties

Species composition of arthropods was not significantly 
influenced by distance from the mining sites (both Blue 
Rock and Ikwezi) (Table 1). Species richness (df = 3, 
SS = 112.2, MS = 37.40, F = 0.43, p = 0.74) and 
abundance (χ2 = 2.63, df = 3, p = 0.45) at Blue Rock 
did not differ among the sampling points from the min-
ing site. Similarly, distance from Ikwezi mining site did 
not affect species richness (df = 3, SS = 23, MS = 7.65, 
F = 0.08, p = 0.97) and abundance (χ2 = 1.81, df = 3, 
p = 0.61). 

Permutational multivariate analysis of variance showed 
that the composition of soil chemical properties is sig-
nificantly influenced by the distance from the mining 
sites (Table 1). At Blue Rock mining site, the first axis 
contributed 44.9% of the total variation in composi-
tion of soil chemical properties when compared to the 
second axis, which contributed 25.3% (Figure 2A). The 
first and second axes contributed 38.2% and 30.8%, 
respectively, towards variations in the composition of 

Table 1. Effect of distance from the mining sites (DMS) on species composition of arthropods and composition of soil chemical properties 
determined using the permutational multivariate analysis of variance. Significant p-values (p < 0.05) are in bold

Arthropods Soil chemical properties

PseudoF p-value PseudoF p-value

DMS (Blue Rock) 0.71 0.98 2.56 0.005

DMS (Ikwezi) 0.93 0.67 2.11 0.009

Pairwise comparisons for soil properties at Blue 
Rock

Pairwise comparisons for soil properties at 
Ikwezi

t-value p-value t-value p-value

5 m and 30 m 0.87 0.51 0.85 0.71

5 m and 50 m 1.91 0.03 1.28 0.09

5 m and 70 m 2.04 0.03 1.91 0.008

30 m and 50 m 1.17 0.26 0.94 0.54

30 m and 70 m 1.61 0.03 2.22 0.008

50 m and 70 m 1.47 0.06 1.34 0.19
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soil chemical properties among distances from the Ik-
wezi mining site (Figure 2B). At Blue Rock mining site, 
significant differences in soil nutrient composition were 
detected between the 5 and 50 m sampling points, 5 
and 70 m sampling points, as well as between 30 and 
70 m sampling points (Table 1, Figure 2A). Sampling 
points that were in close proximity to each other (5 and 
30 m, 30 and 50 m, as well as 50 and 70 m) at Blue 
Rock mining site did not differ in soil nutrient compo-
sition (Table 1, Figure 2A). However, at Ikwezi mining 

site the soil nutrient composition at the 70 m sampling 
point was significantly different from the composition 
at 5 and 30 m sampling points (Table 1, Figure 2B). In 
contrast, no other pairs showed differences at Ikwezi 
mining site (Table 1, Figure 2B).

Distance from the mining sites (Blue Rock and Ikwezi) 
significantly affected the zinc concentration, while oth-
er soil chemical properties were not significantly affect-
ed (Table 2). The concentration of zinc at Blue Rock 

A B

Figure 2. Principal coordinates analyses (PCO) of the composition of soil chemical properties across sampling points from A, Blue Rock and 
B, Ikwezi mining sites. Grey triangles = 5 m, circles = 30 m, squares = 50 m, and open triangles = 70 m from the mining activities.

Table 2. Effect of distance from the mining sites (DSM) on concentrations of soil chemical properties that were determined by one-way 
analysis of variance (ANOVA) and Kruskal-Wallis test. P-values of significant variables (p < 0.05) are in bold

ANOVA Kruskal-Wallis

SS MS F-value p-value χ2 p-value

Blue Rock Blue Rock

Magnesium DSM 478693 159564 2.66 0.09 Calcium DSM 3.45 0.33

Residuals 720541 60045 Phosphorus DSM 1.56 0.67

Zinc DSM 31.79 10.59 29.23 < 0.001 pH DSM 6.73 0.08

Residuals 4.35 0.36

Ikwezi Ikwezi

Calcium DSM 757682 252561 0.14 0.93 Phosphorus DSM 3.95 0.27

Residuals 28229040 1764315

Magnesium DSM 35013 11671 1.19 0.35

Residuals 157244 9828

Ph DSM 0.06 0.02 0.40 0.75

Residuals 0.76 0.05

Zinc DSM 38.02 12.68 55.65 < 0.001

Residuals 3.64 0.23
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mining site differed between 5 and 30 m (p = 0.02), 5 
and 50 m (p < 0.001), 5 and 70 m (p < 0.001), 30 and 
50 m (p = 0.03), as well as 30 and 70 m (p = 0.001) 
(Figure 3A). However, the concentration of zinc at Blue 
Rock mining site did not differ (p = 0.29) between 50 
and 70 m sampling points (Figure 3A). At Ikwezi mining 
site the pairwise comparisons showed significant differ-
ences in the concentration of zinc between all paired 
sampling points, 5 and 30 m (p = 0.002), 5 and 50 m 
(p < 0.001), 5 and 70 m (p < 0.001), 30 and 50 m 
(p = 0.003), 30 and 70m (p < 0.001), 50 and 70 m 
(p = 0.01) (Figure 3B). In both mining sites, greater 
concentrations of zinc were recorded at 5 m from the 
mining sites, while the lowest were at 70 m from the 
mining sites (Figure 3).

Species richness and abundance of arthropods did not 
correlate with most soil chemical properties (except for 
calcium and pH) (Table 3). At Blue Rock mining site, a 
negative correlation (rho = -0.57, p = 0.03) between 

calcium and arthropod abundance was recorded (Ta-
ble 3). A positive correlation (rho = 0.54, p = 0.03) 
between arthropod species richness and soil pH was 
recorded at Blue Rock mining site (Table 3). Arthro-
pod abundance was negatively correlated with soil pH 
(rho =-0.48, p = 0.03) at Ikwezi mining site (Table 3).

Discussion
Effect of distance from the 
crushed stone mining sites on 
surface-active arthropods

In this study, we expected species richness and abun-
dance of surface-active arthropods to increase with 
increasing distance from the mining activities, and spe-
cies composition to change with distance from the min-
ing activities. However, the distance from the mining 
activities did not affect species richness, abundance or 
composition. This was surprising considering the fact 
that crushed stone mining is an anthropogenic activity, 
of which some anthropogenic activities affect some ar-
thropods negatively. For example, when compared to 
conserved sites Rivas-Arancibia et al. (2014) reported 
a decrease in abundance of Pheidole skwarrae, P. tepi-
cana, Pogonomyrmex barbatus and Dorymyrmex pyra-
micus in sites disturbed by livestock grazing, human 
activities and land degradation. However, abundance 
of Brachymymex musculus increased in disturbed sites 
compared to undisturbed sites (Rivas-Arancibia et al. 
2014). Similarities in species richness, abundance, and 
composition of surface-active arthropods among the 
different distances from the mining sites may be be-
cause the mining sites that we sampled are like ‘islands’ 
that occur within a matrix of other anthropogenic activ-
ities. This matrix included pastures that are fragmented 
by roads and residential areas.

Savage et al. (2018) used the disturbance tolerance hy-
pothesis and reported that arthropods, which occur in 
disturbed habitats, tend not to be affected by drastic or 
severe disturbance compared to those occurring in less 

A B

Figure 3. Effect of distance from the mining sites on the mean values of zinc. A, Blue Rock and B, Ikwezi mining site.

Table 3. Spearman’s rank correlation coefficients (rho) between 
soil chemical properties, as well as arthropod species richness 
(SR) and abundance (A). Correlation coefficients and p-values 
are in bold when significant (p < 0.05)

Blue Rock 
mining site

Ikwezi mining 
site

Soil properties rho p-value rho p-value

Zinc (SR) 0.25 0.35 -0.15 0.52

Zinc (A) 0.15 0.58 -0.22 0.36

Phosphorus (SR) 0.29 0.28 0.11 0.65

Phosphorus (A) 0.49 0.06 -0.12 0.62

Calcium (SR) -0.47 0.07 -0.14 0.55

Calcium (A) -0.57 0.03 -0.42 0.06

Magnesium (SR) -0.25 0.34 -0.31 0.19

Magnesium (A) -0.26 0.32 -0.05 0.84

pH (SR) 0.54 0.03 -0.04 0.86

pH (A) 0.40 0.12 -0.48 0.03
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disturbed habitats. As such, arthropods in our study are 
probably not affected by crushed stone mining activi-
ties because they exist in disturbed areas, and they may 
have become tolerant of the disturbance. Furthermore, 
in Denmark, disturbance-adapted species of arthro-
pods led to greater species richness in disturbed habi-
tats compared to undisturbed habitats (Brunbjerg et al. 
2015). High arthropod diversity in disturbed habitats 
may be due to species that are early colonisers of dis-
turbed sites and species that can tolerate disturbance 
(McCluney & Sabo 2014). McCluney and Sabo (2014) 
also found greater diversity of carabids (early colonisers) 
near artificial pools, and greater diversity of wolf spi-
ders in sites that were temporarily dry, indicating their 
tolerance to habitat changes. The resilience of spiders 
to habitat change was also evident when Lowe et al. 
(2017) recorded similarities in abundance among three 
habitat types (urban parks, remnant vegetation and 
bushland sites). Therefore, similarities in species rich-
ness, abundance and composition of spiders among 
the four sampling points in our study may be linked to 
resilience of spiders to habitat change.

Of the arthropods that we collected, the abundant and 
speciose taxa were ants, spiders and beetles. Given 
that spiders, some ants and some beetles are preda-
tors, they occupy a variety of habitats because they are 
influenced by the availability of prey. Some ant spe-
cies are generalist foragers that occupy different habi-
tats (Rivas-Arancibia et al. 2014), this may explain the 
similarities in species richness, abundance and compo-
sition among our sampling points. In addition, two of 
the most abundant and species-rich families of beetles 
(ground and rove beetles) are predators, which can oc-
cupy diverse habitats. Microhabitats for rove beetles in-
clude leaf litter, dung, decaying matter and underneath 
stones (Picker et al. 2019). In our study, dung from graz-
ing livestock was readily available in the pasture areas. 
The availability of dung in the pastures that serves as 
food for dung beetles may have led to their high species 
richness and abundance in our sampling points (Picker 
et al. 2019).

The surrounding matrix can potentially influence the 
density and composition of arthropods in a habitat oc-
curring within that matrix; for example, arthropod den-
sity in a grassland surrounded by crop fields (Madeira et 
al. 2016), and arthropod composition in natural forests 
surrounded by pine plantations or grassland (Yekwayo 
et al. 2016). In our study, the influence of the surround-
ing matrix can be used to explain our results because 
the crushed stone mining sites are a disturbance occur-
ring in a matrix of pastures. As such, microhabitats with-
in the pastures may have led to high arthropod richness 
and abundance in our sampling points.

Similarities in species composition of arthropods across 
our sampling points may also have been due to the 
short distance among points and the uniformity of 

vegetation type around the mining sites. Swart et al. 
(2018) found that assemblages of arthropods in the 
interior of the natural forest (100 m from the edge) 
overlapped into the adjacent habitats. However, the 
extent of overlap was dependant on the type of the ad-
jacent habitat and arthropod taxa (Swart et al. 2018). 
For example, natural forest assemblages of arachnids 
overlapped up to 10 m from the edge into the plan-
tation blocks that had been cleared for rehabilitation, 
while significant differences were observed at 50 m 
into pine plantations (Swart et al. 2018). These re-
sults agree with those of Yekwayo et al. (2017), which 
reported that contrasting habitats (natural forest and 
grassland) showed no overlap of arthropod assemblag-
es, while overlaps were detected between structurally 
similar habitats (natural forest and pine). As such, sim-
ilarities in assemblages across sampling points in our 
study may be linked to the fact that the mining sites 
were surrounded by grassland (pasture). On the other 
hand, Swart et al. (2018) showed that beetles are more 
sensitive to habitat changes than the other taxa with 
natural forest assemblages not overlapping into the ad-
jacent habitats, while differences in ant assemblages 
were observed at 20 m into pine and plantation blocks 
cleared for rehabilitation. Therefore, the argument of 
shorter distances among our sampling points may not 
have been the case for all the taxa, given that most of 
these taxa have limited dispersal abilities.

Effect of distance from the 
crushed stone mining sites on 
soil chemical properties

Given that crushed stone mining activities increase the 
amount of dust produced (Opondo et al. 2022; Pal & 
Mandal 2017), it is possible that this dust interfered 
with the soil nutrient composition. The impact of dust 
on soil chemical properties might have been more se-
vere in close proximity to the mining sites than further 
away. Thus, we found differences in the composition 
of soil chemical properties between the sampling point 
at the edge of the mining sites compared to those fur-
ther away from the mining activities (50 and 70 m). Al-
though dolerite stone was mined in our sites, Tonello 
et al. (2021) found that dust from mining agate stone 
led to changes in soil chemical properties. According 
to Alloway (2008) weathering of rocks is one of the 
factors that determine the concentration of zinc in the 
soil. Therefore, it was not surprising that we recorded 
greater concentration of zinc at sampling points that 
are closer to the crushed stone mining sites than those 
further away. Our results agree with those of a study by 
Otaraku et al. (2019) in Nigeria, which recorded great-
er concentration of metals (including zinc) near the 
rock-crushing area compared to further away. We show 
that the concentration of zinc in the soil can be used as 
an indicator of disturbance by crushed stone mining, 
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since the concentrations of other soil chemical proper-
ties (calcium, magnesium, phosphorus and pH) did not 
differ among sampling points. Pal and Mandal (2021) 
showed that wind can facilitate the spread of stone dust 
into the surrounding areas, which may increase the size 
of the areas affected. Therefore, similarities in concen-
trations of calcium, magnesium, phosphorus and pH 
among our sampling points may have resulted from 
crushed stone pollution that affected soils adjacent to 
the mining sites. Pollution may have been facilitated be-
cause the gradients of seven out of the nine transects 
were steeper with the distance from the mining sites. 
Our results support previous studies that reported that 
different soil chemical properties are influenced by 
crushed stone mining activities differently. For example, 
in India, Pal and Mandal (2021) recorded alkaline soil 
pH, low concentration of nitrogen, phosphorous, cop-
per and manganese, while there was higher concentra-
tion of zinc near crushed stone activities compared to 
further away from mining sites. Furthermore, in Nigeria, 
Adewole and Adesina (2011) found reduced concentra-
tion of phosphorus near the mining sites compared to 
further away from the marble-mining sites. 

Surface-active arthropods and 
soil chemical properties

According to Ashford et al. (2013) the concentration 
of soil chemical properties (calcium, magnesium, ni-
trate, carbon, nitrogen and pH) can be influenced by 
leaf litter depth, with greater concentrations of these 
properties in plots with deeper leaf litter. Furthermore, 
abundance of Acari, Araneae, Coleoptera, Diplura and 
Formicidae increase with an increase in leaf litter depth 
(Ashford et al. 2013; Silveira et al. 2010). However, in 
our study, positive correlation was recorded between 
soil pH and species richness at Blue Rock mining site. 
In contrast, no other positive correlation was observed 
between the measured soil properties, and arthropod 
species richness or abundance. Compared to the study 
by Ashford et al. (2013), there was no deeper layer of 
leaf litter in our sites, but the leaf litter was sparsely 
distributed in our sampling points, and this was not sur-
prising, considering that grass was the dominant vege-
tation type. Furthermore, Melliger et al. (2018) found 
a negative correlation between species richness of ants 
and litter pH. In our study a negative correlation was 
recorded between arthropod abundance and soil pH at 
Ikwezi mining site. Although at Blue Rock mining site, a 
significant moderate positive correlation was recorded 
between soil pH and species richness, we also observed 
a non-significant positive correlation between soil pH 
and arthropod abundance. These results support Zhao 
et al. (2017) who found a weak positive correlation be-
tween arthropod abundance and soil pH.

Sayer et al. (2010) reported that phosphorus, calcium 
and sodium concentrations are vital in shaping the 

diversity of arthropods, while the concentrations of 
sodium and magnesium are vital for arthropod abun-
dance. Even though the soil concentration of calcium 
in our study did not differ among our sampling points, 
at Blue Rock mining site, there was a significant strong 
negative correlation between calcium and arthropod 
abundance and a non-significant moderate negative 
correlation between calcium and arthropod species 
richness. Furthermore, Van der Wal et al. (2009) found 
a positive correlation between the soil concentration 
of calcium and the diversity and evenness of plant 
species, of which herbivorous arthropods increase 
with plant diversity (Barnes et al. 2020). Therefore, 
we did not expect a negative correlation between soil 
concentration of calcium and arthropod species rich-
ness and abundance, especially because of the high 
contents of calcium that Graveland and Van Gijzen 
(1994) recorded in different arthropod taxa. Howev-
er, crushed stone mining activities in our study may 
have increased calcium concentration beyond what 
arthropods can tolerate. In our study, the zinc con-
centration in the soil varied across sampling points, 
with more concentration at 5 m than at 70 m from 
the mining sites. However, arthropod species richness 
and abundance did not differ among sampling points. 
Variations in correlations between soil properties and 
arthropod species richness and abundance from the 
two mining sites indicate that other factors (other than 
crushed stone mining) influence arthropods and soil 
properties.

Conclusion
Our results found no evidence that crushed stone-min-
ing activities affected assemblages of surface-active ar-
thropods in adjacent vegetation. Crushed stone mining 
activities did, however, seem to result in an increased 
concentration of zinc. Although concentrations of oth-
er soil chemical properties (calcium, magnesium, phos-
phorus and pH) did not vary among distances from the 
mining activities, we found that composition of soil nu-
trients varied among distances, with greater dissimilar-
ities between the edge (5 m from the mining sites) and 
sampling points further away from the mining sites. 
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Supplementary Material

Figure S1. Ikwezi mining site occurring within a matrix of different anthropogenic activities.

Table S1. Abundance and numbers of morphospecies of surface-active arthropods sampled from the two mining sites (Blue Rock and 
Ikwezi). Abundance and morphospecies of ants are grouped according to subfamilies, while beetles and spiders are grouped accord-
ing to families, and the other five small taxa according to orders. Morphospecies in beetles and spiders that we could not identify to 
family are grouped as ‘Other’. Subfamilies and/or families of ants, beetles and spiders that had a single morphospecies are listed at the 
end of that taxon with abundance in parentheses

Blue Rock Ikwezi

Abundance Number. of 
morphospecies

Abundance Number of 
morphospecies

Ants Myrmicinae 4 545 27 4 153 21

Formicinae 979 13 1 292 13

Dorylinae 30 2 95 1

Ponerinae 13 3 33 4

Dolichoderinae (33) Dolichoderinae (23)

Beetles Staphylinidae 82 16 607 23

Curculionidae 77 15 56 16

Scarabaeidae 73 12 131 20

Tenebrionidae 54 4 32 3

Carabidae 46 10 197 13

Chrysomelidae 33 11 53 6
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Blue Rock Ikwezi

Abundance Number. of 
morphospecies

Abundance Number of 
morphospecies

Beetles 
(continued)

Anthicidae 26 4 29 3

Scydmaenidae 21 2 42 2

Buprestidae 7 2 7 2

Pselaphidae 5 2 22 3

Nitidulidae 4 3

Coccinellidae 4 2 4 3

Elateridae 3 3 728 2

Histeridae 2 2

Other 4 2 22 3

Erotylidae (8), Nitidulidae (2), 
Hydrophilidae (1) and Cleridae (1)

Cleridae (3), Hydrophilidae (3), 
Meloidae (3), Trigidae (3),Cicindelidae 
(2), Scaphidiidae (1) and 
Cerambycidae (1)

Spiders Lycosidae 452 20 1 570 21

Gnaphosidae 77 8 105 4

Salticidae 47 21 33 21

Zodariidae 53 6 86 8

Araneidae 34 7 38 9

Corinnidae 34 7 54 4

Theridiosomatidae 31 3 39 2

Nemesiidae 33 2

Hahniidae 28 2 13 2

Theridiidae 9 6 36 4

Thomisidae 9 3 7 4

Cyrtaucheniidae 6 2 5 2

Palpimanidae 6 3

Clubionidae 6 2

Pisauridae 3 2

Scytodidae 3 2

Other 23 11 36 12

Miturgidae (4), Oxyopidae (4), 
Oonopidae (3), Orsolobidae (3), 
Philodromidae (3), Palpimanidae 
(2), Idiopidae (2), Ammoxenidae 
(1), Pholcidae (1), Pisauridae (1) and 
Selenopidae (1)

Nemesiidae (69), Philodromidae 
(7), Oxyopidae (6), Oonopidae 
(4), Orsolobidae (3), Idiopidae (1), 
Ammoxenidae (1) and Theraphosidae 
(1)

Cockroaches Blattodea 26 12 29 8

Millipedes Odontopygida 41 8 42 12

Spirostreptida 8 3 11 4
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Blue Rock Ikwezi

Abundance Number. of 
morphospecies

Abundance Number of 
morphospecies

Millipedes 
(continued)

Sphaerotheriida 3 2

Polydesmida (118), Sphaerotheriida (1) Polydesmida (19)

Centipedes Lithobiomorpha 10 2 24 5

Geophilomorpha (2) Geophilomorpha (2)

Scorpions Scorpiones 3 2

Pseudoscorpions Pseudoscorpiones (2)
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