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Abstract: Dung beetle activity in the soil is essential for soil health and play a vital role in any eco-
system. Diversity within a dung beetle assemblage in a particular ecosystem can indicate the sus-
tainable functioning of this system. Monitoring the dung beetle assemblage in an area can designate
the ecological status of an area. Using dung beetles can therefore indicate whether the conservation
agriculture systems are beneficial for soil health and as a result will improve the overall biodiversity
in the system. In the case of crop ecosystems, the presence of a diverse dung beetle assemblage can
increase soil health in this system resulting in yield increase of the crop. Dung beetle diversity was
determined on Free State farms in agro-ecosystems across different cultivation practices. The study
areas were the Vrede and Reitz areas in the North-Eastern Free State. Conservation agriculture (CA)
systems were compared with Conventional agriculture (CT) systems in these areas. Seasonal (Octo-
ber, January, May, July) monitoring of dung beetle diversity for the period 2018-2020 was done in
crop ecosystems by using dung baited pitfall traps.
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1. Introduction

Human food production systems have a detrimental impact on the environment that
we rely on for food, with global ecosystems in danger of collapsing. According to the 2019
UN-biodiversity report, global biodiversity is severely impacted by human activities, with
a million species predicted to go extinct within the next few decades [1]. With the disap-
pearance of these organisms, our future survival will be threatened since we rely on them
for food production and a stable climate. Hooper et al. [2] identified biodiversity as a ma-
jor driver of ecosystem structure, dynamics and functioning. We therefore need nature-
based solutions to address these global challenges.

Semi-arid cereal systems are globally faced with challenges to safeguard cropping
system flexibility and productivity in changing water and temperature circumstances,
while at the same time reversing soil degradation and protecting crops against pests, path-
ogens and weeds [3]. South Africa is a semi-arid, water-scarce country with a high degree
of natural variability in its weather systems and extreme events like droughts and flood-
ing. Farmers are already struggling to deal with increasing resource scarcity and limited
direct investment in the agricultural sector. The best way to deal with these challenges is
to change our food production systems to more sustainable systems.

Farming practices include soil tillage, crop residue management, nutrient manage-
ment, and pest management. Each of these practices influences a range of soil functions
and ecosystem services, which include water availability for crops, weed control, insect
and pathogen control, soil quality and functioning, soil erosion control, soil organic
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carbon pool, environmental pollution control, greenhouse gas refuse, and crop yield
productivity. In contrast to agricultural systems, natural ecosystems are resilient and able
to survive extreme climatic changes, thanks to the diversity in these ecosystems. Conser-
vation agriculture (CA) is a systems approach to farming based on three practices, avoid-
ing mechanical soil disturbance, enhancing permanent cover of soil surface and diversifi-
cation of species [4]. Biodiversity in insect populations is important in achieving the goals
of conservation agriculture. Conventional agriculture, characterized by monocultures and
heavy reliance on agrochemicals, has decreased biodiversity on many different levels in-
cluding plant genetic resources, insects and soil organisms. The conflict between agricul-
ture and biodiversity can be overcome by supporting agricultural management practices
that will increase diversity and reestablish ecosystem services. Beneficial insects suffer
under agriculture that involves heavy agrochemical inputs and uniform crops, making
crops more susceptible to pest problems and leading to loss of productivity. CA will not
only benefit commercial farming, but also smallholder agriculture. Smallholder agricul-
ture is often seen as a sector in which low incomes, low productivity and vulnerability
predominate, with the perception of it being a source or rural poverty and food insecurity.
Conservation Agriculture offers a promising option that, over time, can sustainably in-
crease the productivity of smallholder production systems, as well as their profitability
and resilience, without compromising the environment [5].

In terrestrial ecosystems, insects are key role players in diverse ecological processes
such as ecosystem cycling, pollination, predation/parasitism, and decomposition. The de-
composition of organic waste, such as dung and carrion is an important ecosystem pro-
cess, which is largely provided by insects. There are approxamately 4000 documented
dung beetle species, living in a great variety of habitats and exhibiting significant variation
in spatial and temporal characteristics [6]. By using feces for both adult and larval feeding,
dung beetles instigate a series of ecosystem functions from secondary seed dispersal [7]
to increased water infiltration and soil penetration rate [8], as well as nutrient cycling and
parasite suppression [9]. Current agricultural practices, decreases the abundance, species
richness, and total biomass of dung beetles [10], which disturbs the ecological functions
they provide [11]. Across southern Africa dung beetle species are threatened, particularly
those showing specialist ecological associations in areas under pressure from urbaniza-
tion, resource exploitation or conversion to agro-ecosystems [12]. Dung beetles are useful
bioindicators of environmental quality since the assemblage changes and adapts quickly
to the effects of habitat degradation [13,14] and the biodiversity of dung beetles in agri-
cultural and livestock environments is the basis for understanding the contribution of
these organisms to nutrient cycling and ecosystem functions [15]. Information regarding
the relationship of dung beetles with physical-chemical soil properties may be a key factor
in increasing fertility and management of soil conservation in agroecosystems [15].

Dung beetle assemblages can serve as a useful tool in establishing regenerative agri-
cultural practices in conservation farming and serve as bioindicators of the sustainability
of the agricultural systems [16]. A sustainable, diverse dung beetle assemblage may be
supported in an agricultural system by changing the cultivation practices. These systems
will benefit by the ecosystem services provided by a diverse dung beetle assemblage by
supporting soil health and decreasing the need for chemical fertilizer. The aim of this
study was to describe the structure of dung beetle communities in both conventional and
conservation agro-cosystems over time and to determine whether different production
practices impacts these communities differently.

2. Material and Methods
2.1. Activities

Seasonal (October, January, May, July) monitoring of dung beetle assemblages were
done for the period from 2018 to 2020 in crop ecosystems by using pitfall traps baited with
pig dung. Traps were left for 24 hours before collection of trap samples. Samples were
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preserved in sampling bottles with 98% Ethanol. Collected dung beetle samples were
sorted, identified to species level, and counted. Each dung beetle species was assigned to
a Functional Group (Table 1; [17]). A dung beetle assemblage can be divided into seven
functional groups (FG I-FGVII) based on the size, dung removal and speed of dung re-
moval by a particular species (Table 1) [17]. The functional group structure was deter-
mined for each site in this study to measure the functional diversity in each area.

Table 1. Functional Group (FG) structure within a dung beetle assemblage.

Functional Group Description Duration of Dung Removal

I Large telecoprids ! >400mg dry weight 10min-24h

I Small telecoprids < 400mg dry weight 10min-24h

I Fast-burying paracoprids 2 6-24h

v Larger slow-burying paracoprids >10mg dry weight Up to 6 weeks

\ Smaller slow-burying paracoprids<10mg dry weight Up to several weeks

VI Kleptocoprids ? Not applicable

VII Endocoprids ¢ Many weeks

! Telocoprids roll dung balls formed from the dung pat away and bury it in the soil at a distance away from the dung pat.
2 Paracoprids tunnel into the soil under the dung pat and carry collected dung from the pat down the tunnels to their

brood chambers in the soil.

2.2. Study Area and Sites

The study areas were the Vrede (S27.239360°E 28.915360°) and Reitz
(S27.878960°E28.534990°) areas in the North-Eastern Free State, South Africa. The dung
beetle assemblages were compared across Conservation agriculture (CA) systems and
Conventional agriculture (CT) systems in these areas. CA systems are characterized by
no-till, crop rotation, integration of cover crops and the incorporation of livestock in the
cash crop, and limited use of agrochemicals, while CT systems are characterized by tilling,
monocultures and use of agrochemicals. Within these areas six sites, three CA and three
CT crop systems were monitored for diversity within the dung beetle assemblages, using
dung baited pitfall traps. Each site contained 3 plots, spaced 50m apart, with 4 pitfall traps,
spaced 5m apart, per plot. The samples between traps per plot were pooled and averages
of plots were used per site.

2.3. Data Analysis

Diversity within an ecosystem is dependent on the number of species, the interaction
between the species, as well as the number of individuals within the species. Important
measurements of diversity are dominance, evenness, relative abundance of each species
and species richness. If there is a high abundance of one species with other species repre-
sented by low numbers of individuals, the ecosystem is dominated by one species and the
diversity in this system is therefore low. When species are equally distributed in a system
with relatively similar numbers of individuals the diversity is high. Different diversity
indices measure different aspects of diversity. To cover all these aspects three diversity
indices were used for diversity analysis (Table 2).

Table 2. Diversity indices and their measurement.

Diversity Index Measurement Formula
Berger Parker (1/d) Dominance D = Nmax/S
Simpson (1-C) Relative abundance of each species C=XZn(n-1)/N(N-1)
Margalef (D) Species richness D = (5-1)/InN

Dung beetle diversity across sites and seasons were analyzed using a two-way (site,
season) analysis of variance (ANOVA). Mean diversity with significant (P<0.05) site-by-
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season interactions were separated by Fisher’s protected least significant difference (LSD)
test at the 5% level.

3. Results
3.1. Functional Group (FG) Distribution

A total of 29 dung beetle species were collected in the Reitz and Vrede study areas
from October 2018 to July 2020 (Table 3). The dung beetle assemblages at Reitz and Vrede
represented three out of the seven functional groups: FGIV, FGV and FGVII (Table 3).
Dung beetles belonging to FGII and VI also occurred in these areas but in low numbers
that were negligible (Table 3). At both Reitz and Vrede at the CA sites FGVII represented
the largest portion, 71.61% (Reitz) and 72.9% (Vrede), of the assemblage (Fig. 1). FGIV
represented 59.68% (Reitz CA) and 60.41% (Vrede CA) of the assemblage, while FGV rep-
resented only 3.91 (Reitz CA) and 2.93% (Vrede CA) of the assemblage. In the CT fields at
Reitz and Vrede FGV represented a larger portion, 47.8% (Reitz CT) and 40.03% (Vrede
CT) of the assemblage than FGIV (Fig. 1). Although not all the FG were represented in the
Reitz and Vrede areas, CA practices in these areas facilitated a shift from FGV to FGIV.
EG IV are larger dung beetles that are more efficient at removing dung than FGV (Table
1). According to Kadiri, Lumaret and Floate [18] the relationship of the quantity of dung
used by dung beetles to their size identifies the functional significance of these species,
with smaller species having to compensate for their size by increased individuals to
achieve the same level of functional efficiency. CA practices therefore support a gradual
shift to more efficient ecosystem functions by larger species.

Table 3. Dung beetle species collected in study area in Reitz and Vrede from October 2018 to May

2020.
Species FG Reitz Vrede
Gymnopleurus fulgidus II 1
Sisyphus macroruber II 3
Onitis alexis v 10
Onitis caffer v 4
Onthophagus binodis v 83 12
Onthophagus obtusicornis v 27 214
Onthophagus aeroginosus v 1 2
Onthophagus fimentarius v 281 11
Onthophagus ferruginus v 1
Onthophagus flavimargo v 2
Onthophagus depressus v 13
Onthophagus ovatus v 49
Euniticellus africanus v 12 8
Euniticellus intermedius v 14 26
Liatongus militarus v 10 22
Onthophagus variegatus \Y 69
Onthophagus suggillatus \Y 57 5
Caccobius seminulum VI 3 3
Aphodius pseudolividus VII 182 324
Aphodius calcaratus VII 17
Aphodius dubiosus VII 3
Aphodius teter sensu lato VII 40 1
Aphodius impurus VII 2 10
Aphodius discoidalis VII 3
Aphodius laterosetosus VII 8
Aphodius nigrita VII 1
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Species FG Reitz Vrede
Drepanocanthus rubescens VII 4
Drepanocanthus eximius VII 14
Rhysemus africanus VII 6 2

*A reference collection of dung beetle specimens is available at ARC-Small Grain, South Africa.

Figure 1. Functional Group (FG) structure of dung beetle assemblage in Conservation agriculture
practices (CA) and conventional agriculture practices in the Reitz (a) and Vrede (b) areas.

3.2. Seasonal Distribution

Dung beetle activity is strongly influenced by soil type [19] and by both short-term
and long-term weather effects [20]. Dung beetles are essentially a tropical group and tem-
peratures in the Free State, summer rainfall area of South Africa are suitable for extensive
dung beetle activity only in spring, summer, and autumn. During these warmer months
of the year, activity will be further influenced by rainfall [20], with dung beetle species
richness, abundance and dung burial being higher during wet periods and wet years, than
in dry periods and drought years. Hot, dry conditions are probably unsuitable for dung
beetle activity because soil surface temperatures increase above the preferred level. If con-
ditions are unsuitable for activity, dung beetles remain dormant in the soil. During the
present study dung beetle abundance varied significantly between seasons (F = 0.01; d.f.
=2; p <0.0005). In the Reitz and Vrede areas, abundance in the dung beetle assemblages
was highest during spring and summer (Fig 2). Dung beetle activity was low during the
winter months with only one species collected in the Vrede area during this time. The
highest functional diversity as well as species diversity was recorded during summer, fol-
lowed by spring, with lower diversity during autumn and winter (Fig. 3; FG: F < 0.001;
d.f.=2; p<0.0005; S: F <0.001; d.f. =2; p <0.0005; 1/d: F <0.001; d.f. =2; p <0.0005; 1-C: F <
0.001; d.f. = 2; p < 0.0005; D: F < 0.001; d.f. =2; p < 0.0005).
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Figure 2. Seasonal distribution (2018 to 2020) in abundance of a dung beetle assemblage in the
Reitz and Vrede areas (bars with different lowercase letters indicate significant differences; LSD =
12.02).
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Figure 3. Seasonal distribution from 2018 to 2020 in diversity of a dung beetle assemblage in the

Reitz and Vrede areas (bars with different lowercase letters indicate significant differences; FG
LSD =12.02; SLSD =0.791; 1/d LSD = 0.3802; 1-C LSD = 0.1384; D LSD = 0.552).

3.3. Habitat Distribution

Dung beetles show clear associations with particular soil or vegetation types. There-
fore, species, species abundance, and composition vary between habitats. Floate and
Kadiri [21] found that dung beetle assemblages are influenced by the soil, physiognomic
differences between habitats and altitude constraints, while Lumaret et al [22] found that
the abundance of a species depends more on the quantity of trophic resources. The func-
tional diversity in the dung beetle assemblages was similar in the Reitz and Vrede areas
(Fig. 5; F=1. d.f. = 1; p <0.0005). Species number was higher in the Reitz than Vrede area
(F=0.002, d.f. =1, p <0.0005), while evenness (F = 0.002; d.f. = 1; p < 0.0005), relative abun-
dance of species (F = 0.006; d.f. = 1; p <0.0005) and species diversity (F =0.002; d.f.=1; p <
0.0005) were higher in the Vrede than the Reitz area (Fig. 4). This indicates that the Vrede
area supports a more even distribution of dung beetles species and a higher overall dung
beetle diversity than the Reitz area.
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Figure 4. Difference in functional diversity and measurements of diversity in the Reitz and Vrede
areas (bars with different lowercase letters indicate significant differences; FG LSD = 0.3624; S LSD

=0.696; 1\d LSD = 0.2637; 1-C LSD = 0.1073; D LSD = 0.437).

3.4. Distribution in Different Agricultural Practices

Within the Reitz and Vrede areas CA practices supported higher Functional diversity
(F=0.329; d.f. = 1; p <0.0005), species numbers (F = 0.007; d.f. = 1; p < 0.0005), evenness (F
=0.002; d.f. =1; p <0.0005), relative abundance of species (F = 0.006; d.f. =1; p <0.0005) and

species diversity (F = 0.002; d.f. = 1; p < 0.0005) (Fig. 5).
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Figure 5. Difference in functional diversity and measurements of diversity between conservation
agricultural practices (CA) and conventional agricultural practices (CT) in the Reitz and Vrede
areas (bars with different lowercase letters indicate significant differences; FG LSD = 0.3624; S LSD

=0.696; 1/d LSD = 0.2637, 1-C LSD = 0.1073, D LSD = 0.437).

The difference in abundance of dung beetles between CA and CT practices was
higher in the Vrede area than in the Reitz area (F = 0.329; d.f. = 1; p < 0.0005) (fig. 6). The
functional diversity (F = 0.329; d.f. = 1; p < 0.0005), species numbers (F = 0.266; d.f. =1; p <
0.0005), evenness (F = 0.589; d.f. = 1; p < 0.0005), relative abundance of species (F = 0.271;
d.f. =1; p <0.0005) and species diversity (F = 0.138; d.f. = 1; p < 0.0005) was highest in the
CA practices in both the Reitz and Vrede areas. The differences in diversity between CA
and CT practices were higher in the Vrede than Reitz area (Fig. 7).
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Figure 6. Differences in dung beetle abundance in different agricultural practices in the Reitz and
Vrede areas (bars with different lowercase letters indicate significant differences; LSD = 10.36).
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Figure 7. Differences in dung beetle diversity in different agricultural practices in the Reitz and
Vrede areas (bars with different lowercase letters indicate significant differences; FG LSD = 0.5124;
SLSD =0.984; 1/d LSD = 0.3730, 1-C LSD = 0.1517, D LSD = 0.619).

4. Discussion

Bioindicators are widely accepted as tools for monitoring and detecting changes in
the habitat condition. A bioindicator is a species or group of species that reflects the abiotic
or biotic state of the environment, represents the impact of environmental change on a
habitat, community or ecosystems, or indicates the diversity of other species [23]. Dung
beetle assemblages are recognized as one of the best bioindicator groups [24, 14] and are
suitable to assess effects of human habitat change [25, 26], because of their occurrence in
most habitats and rapid responses to environmental change [27, 28, 29] There are approx-
imately 650 different species of dung-burying beetles in South Africa [30] that show clear
variances as to where and what time of year they are found. Their regional occurrence is
influenced by climate type and their local occurrence by soil, vegetation and dung type.
Each local community contains one or several abundant species, with the remainder pre-
sent in lower numbers in a declining order of abundance. The activity of these species are
influenced by daily, seasonal and year-to-year differences in weather patterns. Despite
these different influences, similar assemblages of dung beetles should occur on farms
where regional and local conditions are similar whereas dissimilar assemblages will occur
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on farms where regional and local conditions are dissimilar. Habitat fragmentation or
modification remains an increasing threat to some dung beetle species that are vegetation
and /or food specialists with even soil type specificity important if it coincides with loss
of preferred vegetation [31]. In the Reitz and Vrede areas highest dung beetle abundance
and diversity were recorded during summer. Regional scarabaeid beetle assemblages in
South Africa show a wide range in size, variety of dung-use and reproductive strategies.
There is a clear hierarchy of functional groups in the ability of dung beetles to compete
for dung [17]. FGL II and III are competitively dominant groups, which rapidly remove
dung, while FGIV, V and VII are subordinate groups, which bury dung slowly over many
days [17]. It was only these subordinate groups (FGIV, V, VII) that were present in the
Reitz and Vrede areas. In ecosystems where CA agriculture was practiced there was how-
ever a shift where FG IV was more dominant than FGV in the CA fields than the CT fields.
FGIV dung beetles dig tunnels in which they bury dung removed from the dung pad. In
the absence of competition from other groups, they will remove dung from the body of
the pad for many days and will bury the majority of the dung, leaving a hollow crust of
dry dung [17]. At higher densities, the activity of FGIV beetles can completely disrupt a
dung pad in several days. FGV are very small dung beetles that make superficial nests
beneath the pad [17]. Because of their small size and shallow tunnels, this group is vul-
nerable to disruption by the larger tunnelling species of FGIV. Functional diversity in a
dung beetle assemblage is important for the successful decomposition of dung. Menendez
et al. [32] showed that dung beetles and their functional behaviour differently contribute
to C transfer from the dung into the soil, affecting dung decomposition, carbon cycling
and soil microbial respiration. In the Reitz and Vrede areas, the functional diversity in the
dung beetle assemblages was higher in the CA fields than in the CT fields. Menendez et
al. [32] suggest that complementarity between dung beetle species with contrasting func-
tional behaviour is needed to stimulate the soil microbial community and achieve higher
levels of soil microbial respiration. The higher functional diversity in CA fields at Reitz
and Vrede will therefore facilitate an increase in soil microbial respiration. Slade et al. [33]
also concluded that dung and seed removal increased with dung beetle functional group
richness and a full complement of functional groups is required to maximize ecosystem
functioning.

In natural ecosystems, dung beetles play an important role in maintaining ecosystem
integrity through secondary seed dispersal, nutrient cycling, bioturbation, plant growth
enhancement, parasite and fly suppression. Evidence from temperate and tropical sys-
tems indicate that local and regional-scale changes in land-use can severely alter patterns
of dung beetle species diversity and abundance [9]. Piccini et al 2017) believe that because
dung beetle species contribute differently to dung removal and different species may per-
form differently under different conditions, that to safeguarding ecological functioning it
will be essential to conserve diverse dung beetle communities. Piccini et al [35] found farm
specific differences in species richness, abundance and total biomass, which reflected sig-
nificantly different provisioning of ecological functions among farms. The specific farm
level production practices will therefore have the greatest influence on abundance and
diversity within a local dung beetle community. In the areas at Reitz and Vrede where CA
is practiced there is an increase in abundance and all the components of diversity in dung
beetle assemblages compared to CT practices. CA practices at farm level can therefore be
a tool to increase dung beetle diversity locally.

5. Conclusion

These results highlights the importance of both functional group identity and species
composition in determining the ecosystem consequences of altered patterns in the relative
abundance of species. Different habitats support different levels of dung beetle abundance
and diversity, but within similar habitats introduction of CA practices can increase local
dung beetle abundance and diversity as well as functional diversity.
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