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Abstract 
Savannahs are often branded by livestock grazing with resulting land degradation. Holistic management of livestock was 
proposed to contribute to biodiversity conservation by simulating native wildlife grazing behaviour. This study attempts the 
comparison of the impact of a holistic management regime to a wildlife grazing management regime on grass and ground-
dwelling beetle species diversity on neighboring farms in Namibian rangeland. Results show that the response of biodiversity 
in species richness and composition to holistic management of livestock differs substantially from wildlife grazing with a 
positive impact. From a total of 39 identified species of ground-dwelling beetles (Coleoptera: Tenebrionidae, Carabidae) 
from 29 genera, eight species were found to be indicators for holistic management of livestock and three were found to 
be indicators for wildlife grazed rangeland. Observations suggest that holistic management of livestock may contribute to 
biodiversity conservation, but the differential effect of grazing management on species assemblages suggests that livestock 
grazing cannot replace native wildlife herbivory.
Implications for insect conservation  An adaptive management strategy such as holistic management used in this study shows 
the potential to support high beetle biodiversity. Holistic management of livestock thus aspects in favour for a sustainable 
form of grazing management for insect conservation even though it does not functionally replace grazing by native wildlife.

Keywords  Beetle conservation · Land use management · Biodiversity · Insect conservation · Wildlife management

Introduction

Savannahs worldwide have been exploited for centuries 
through livestock grazing. Land degradation due to overgraz-
ing has significantly reduced structural and species diversity 
(Jeltsch et al. 1997; Blaum et al. 2009), displaced species 
interactions, triggered cascading effects on trophic groups 
(Wasiolka and Blaum 2011), prevented gene flow (Blaum 
and Wichmann 2007) and had negative impact on pasto-
ral land use, causing a significant reduction in economic 
profitability (Stafford et al. 2017). The negative effects of 

unsustainable grazing management are expected to be exac-
erbated by poverty and high human population growth in 
the future (Eldridge et al. 2011). In Southern Africa, 43% 
of the land is private because governments commercialized 
rangeland in order to prevent further degradation (Kgo-
sikoma et al. 2013). To date the most common management 
practice on commercial farms is a fixed rotational grazing 
scheme. Rotational management varies in grazing time and 
stocking rate, but generally, livestock is split into several 
herds and rangeland is demarcated with inner fences for 
paddocks. Livestock herds are kept in paddocks and left to 
graze. Moving to the next, the grazed paddock is left to rest 
until the next herd reaches the paddock to re-graze. Yet, 
degradation in the form of bush encroachment continues and 
intensive grazing management of livestock needs continuous 
reinvention to sustain rangeland productivity (Eldridge et al. 
2011). Recently, a call for an adaptive grazing management 
strategy has been made in order to completely eliminate 
or prevent the degrading grazing impact on the ecosystem 
(Fynn et al. 2016; Jakoby et al. 2015; Wallgren et al. 2009). 
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Both, holistic management of livestock and native ungulate 
grazing in the form of wildlife management pose manage-
ment options contributing to biodiversity conservation.

Adaptive holistic livestock management was proposed 
to restore degraded grasslands and improve fodder pro-
duction for livestock under the hypothesis where densely 
stocked livestock mimics native ungulate grazing and herd-
ing behaviour (Savory and Parson 1980; Savory and But-
tefield 1998). Wildlife foraging pattern is characterized by 
a high spatial and temporal variability in forage quantity 
and quality. Holistic management endeavours to achieve 
this by rotational management with short-term intensive 
grazing followed by very long rests from grazing. Holistic 
management is recently applied by landowners of savannah 
rangelands in Southern Africa and in the USA even though 
its management scheme has received much criticism (e.g. 
Carter et al. 2014). Details on stocking rates, allowable use 
of livestock and amount of rested recovery is individually set 
and permanently reset by the landowner. Its adaptive nature 
is a reason why the effects on the ecosystem and biodiversity 
are difficult to evaluate in holistic management (Carter et al. 
2014; Farrié et al. 2015; Briske et al. 2014).

While land use pressure in Africa has been increasing due 
to poverty and population growth, the change in land use type 
from domestic livestock towards wildlife farming has led to a 
significant increase in the number of conservancies (Lindsey 
et al. 2013). Wildlife farming has the potential to contribute 
to biodiversity conservation (McGranahan 2008; Blaum et al. 
2009) and regulate long-term wood and grass demography 
(Sankaran et al. 2013; Augustine and Mcnaughton 2004). It 
was identified as being resilient to climate change and better 
adapted to local environmental conditions; not to mention that 
native ungulates are considered to be under threat themselves, 
as the management of livestock is displacing the persistence 
of native wild ungulates in African savannahs (Veblen and 
Young 2010; Fynn et al. 2016; Young et al. 2005). Further-
more, for the mix of grazing behaviour by multiple species 
and their optimal use of vegetation and lower water footprint, 
it was proposed that native ungulates can be kept at high 
stocking density (Muir 1989) in a large area with income 
generated from ecotourism, safari, hunting and meat produc-
tion (Lindsey et al. 2013). Management of wildlife mainly 
encompasses accurate estimates of population sizes and the 
artificial reduction of animal numbers in order to avoid over-
grazing and competition for resources. Wildlife management 
requires comparatively little habitat rearrangement (i.e. build-
ing of inner fences and water reservoirs) to management of 
livestock management (Bothma and du Toit 2010).

Although both, contemporary holistic management of 
livestock and management of native ungulates are prom-
ising management strategies safeguarding arid savannah 
rangelands, studies explicitly analysing the value for insect 
biodiversity conservation on savannahs are scarce. The 

individuality of management regimes employed by private 
landowners often make it difficult to scientifically evaluate 
the impact. This is especially true for the impacts of manage-
ment induced vegetation changes on animal diversity. Inver-
tebrates, in particular, display strong responses to seasonality 
and environmental conditions, often more than vertebrates 
including migratory and/or diapause behaviour (Wolda 
1988) and are thus promising indicators for assessing the 
potential of savannah management strategies. Flightless bee-
tles are sensitive to changes in structural diversity and small 
scale habitat changes, easy to sample and extremely species 
rich in arid systems (Blaum et al. 2009; Wasiolka and Blaum 
2011; Woodcock et al. 2005). Among Coleoptera, darkling 
beetles (Tenebrionidae) are the fifth largest family of bee-
tles with approximately 19,000 described species worldwide 
(Aalbu et al. 2002; Scholtz and Holm 1985) dominating arid 
ecosystem insect faunas. They often are scavengers living 
on or in sandy soils under leaf litter and play the role of 
ecosystem engineers (Megías et al. 2011). Ground beetles 
(Carabidae) were shown to be good ecological indicators 
for biodiversity in many ecosystems ((Yanahan and Taylor 
2014; Rainio and Niemelä 2003; McGeoch et al. 2002).

This is the first study that makes initial observations 
comparing the impact of holistic management of livestock 
to native wildlife management on beetle biodiversity of 
two neighbouring farms with similar edaphic and climatic 
conditions. If holistic management of livestock effectively 
mimics ungulate grazing behaviour under wildlife manage-
ment, the response of biodiversity is expected to be similar 
between the two management options. This study provides 
initial insights into using a cross-fence example to assess 
the impact of holistic livestock and wildlife management 
on grass and ground-dwelling beetle communities in arid 
savannah rangeland in Namibia.

Methods

Study sites

Beetle and grass communities were studied in 2015 on wild-
life grazed rangeland (Kuzikus: S 0232971; E 7427778) and 
domestic grazed rangeland with holistic management of live-
stock (Achab: S 0228022; E 742955) situated at the edge of 
the Kalahari Desert in Namibia.

The total abundance on wildlife reserve Kuzikus is esti-
mated to 4500 animals including 14 species of native ungu-
lates: Antidorcas marsupialis (Springbok), Oryx gazella 
(Gemsbok), Damascus phillipsi (Blessbok), Alcelaphus 
buselaphus (Hartebeest), Equus zebra (Zebra), Connochaetes 
taurinus (blue Wildebeest), Connochaetes gnou (black Wil-
debeest), Aepyceros melampus (Impala), Taurotragus oryx 
(Eland), Giraffa camelopardilis (Giraffe), Strepsiceros cottoni 
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(greater Kudu), Sylvicarpa grimmia (Duiker). Raphicerus 
campestris (Steenbok) and Diceros bicornis (black Rhino). 
Considering the average weights of animal species, excluding 
black rhino, across the year, the stocking rate on Kuzikus was 
equal to 51.46 kg/ha (wet animal weight per hectare); a com-
parable measure to the production of livestock on the neigh-
bouring holistically managed farm. Animals freely roam the 
area of 10,500 hectares which is fenced. Wildlife investigated 
plots were considered to have continuous grazing pressure by 
wild ungulates during February (summer, growing season), 
May (winter) and August (dry season).

Across the fence, Achab/Springbokvlei manages domestic 
livestock (4741 animals) in fenced grazing areas (camps) 
of 155 ha in a rotational manner on a total area of 9000 ha 
producing 41.18 kg/ha in total. Following a holistic manage-
ment approach, livestock is herded and kept in camps for 
14 days for short term intensive grazing with a grazing pres-
sure of 1122 kg/ha of sheep weight in February (summer, 
growing season) and 777 kg/ha of cattle weight in August 
(dry season). Camps rested for 6 months from grazing with 
no grazing in May (winter).

Beetle and vegetation surveys

Data were collected for three seasons separately within 
a period of three to four weeks in February 2015 (sum-
mer, growing season), May 2015 (beginning of winter) 
and August 2015 (dry season) on both management types. 
Twelve 5 × 5 m plots were surveyed per study site and sea-
son. Beetles were collected in pitfall traps placed in the mid-
dle of a 5 × 5 m plot and vegetation was sampled within 
each 5 × 5 m plot around the pitfall trap. A pitfall trap was 
a bucket with 33 cm radius and 40 cm depth, dug deep into 
sand without rims, so insects could fall in easily. Rarefaction 
of the beetle data showed that a period of 4 days was suffi-
cient to adequately depict the Coleopteran community. Traps 
were emptied after four days and all Tenebrionidae and Car-
abidae were counted and identified to species. Vegetation 
was surveyed at the time of pitfall collection and comprised 
the estimation of percentage cover of bare ground, total veg-
etation and litter, as well as the number of grass species and 
percentage cover for each species.

Statistical analysis

A linear model (ANOVA) was used for comparing spe-
cies numbers of grasses and beetles between seasons and 
management types. Significant terms were detected using 
stepwise backward elimination. To compare composition 
of species assemblages, k-means clustering and non-met-
ric multidimensional scaling (NMDS) using Bray–Curtis 
dissimilarity matrix (Bray and Curtis 1957). Analysis of 
Similarity (ANOSIM) (Chapman and Underwood 1999) 

and PERMANOVA were used to test for significant dif-
ferences in assemblage composition between management 
types. PERMANOVA ist more robust than ANOSIM und 
useful because it is largely unaffected by heterogeneity in 
distances. Indicator species analysis (function IndVal) was 
used on beetle samples pooled across the year, to eliminate 
seasonal abundance differences and activity patterns. IndVal 
measures the degree of specificity (relationship of a species 
with a specific variable) and the degree of species fidelity 
(every time that some condition was met, the species was 
present) in relation to management type. All statistics were 
performed using R 3.2.5 (R Core Team. 2014).

Results

Species accumulation curves show the differences in spe-
cies numbers for grasses and beetles per management type 
between seasons (Fig. 1).

A total of 16 grass species were identified, of which all 
were found on holistic management sites. Six species were 
found on wildlife grazed rangeland (Table 1).

A total of 563 Coleoptera specimens belonging to 39 
species from 29 genera were collected and identified, out 
of which 28 belong to the family Tenebrionidae and 11 to 
the family Carabidae (Table 2). In total, 20 species were 
found on wildlife grazed rangeland of which six species were 
unique to the treatment. 33 species were found in holistic 
management rangeland with 18 unique species (Table 2).

The grass and beetle communities differed in both, spe-
cies number (Fig. 2) and composition (Fig. 3) between holis-
tic and wildlife management throughout the year. Wildlife 
managed sites were lower in grass species richness than 
holistically managed sites with a significant interaction 
between season and management type (ANOVA, F = 22.5, 
p < 0.001, df = 2, Fig. 2).

Beetle species richness differed significantly between 
management types (ANOVA, F = 14.81, p < 0001, df = 2, 
Fig. 2). Under holistic management, beetles species rich-
ness peaked slightly in May and on wildlife managed range-
land, the number of grass species was greatest in February 
(Fig. 2). In wildlife managed sites, beetle species were most 
numerous in August (Fig. 2). Management has a signifi-
cant influence species composition of both grasses (PER-
MANOVA, F = 9.96, p < 0.001, df = 5) as well as of beetles 
(PERMANOVA, F = 6.09, p < 0001, df = 5), where clear 
clusters of species assemblages can be visualised between 
management types in all seasons (Fig. 3).

Three beetle indicator species characteristic for wildlife 
grazed rangelands were identified with IndVal (all belong to 
the genus Zophosis, Table 2). In total, eight beetle species were 
identified as indicators for holistic management of livestock, 
of which five belong to the tribe Eurychoriini with described 
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Stips dohrni, Renatiella scrobipennis, Eurychora nitida, 
Gonopus deplanatus and three Carabidae, including described 
Cypholoba gracilis and Attractonotus mulsanti (Table 2).

Discussion

The current study is the first attempt to assess the poten-
tial of holistic livestock management for biodiversity con-
servation in arid savannah rangelands in comparison to 

cross-fence wildlife grazing. The concept of mimicking 
grazing behaviour of native wildlife in the holistic man-
agement approach is clearly rejected by this study: grass 
and ground-dwelling beetle species and assemblages dif-
fered significantly between holistic livestock and wildlife 
management.

Morris (2000) highlighted the complexity of the interac-
tions of arthropods with different types of grazing manage-
ment. He showed that there is a requirement to determine the 
effects on arthropods of different grazing types, but broken 

Fig. 1   Species accumulation curves of the total nummer of beetle and grass species captured indicating the adequacy of the fauna and flora sur-
vey in the study sites

Table 1   Grass species list and their mean percentage cover per plot (Mean ± Standard Error (SE), n = 36) from each management type (Holistic 
versus Wildlife) across the year, sorted by the most abundant species from holistic management sites

a Roodt (2015)

Species Holistic (Mean ± SE) Wildlife (Mean ± SE) Palatability. nutritional value. successional statusa

Stipagrostis uniplumis 24.56 ± 2.89 0.56 ± 0.42 Palatable. good. sub-climax
Aristida stipitata 14.14 ± 1.78 15.61 ± 3.42 Unpalatable. low. pioneer or sub-climax
Aristida congesta 5.86 ± 1.07 3.17 ± 0.52 Intermediate. poor in dry season. Pioneer
Pogonothria fleckii 2.86 ± 1.71 0.47 ± 0.12 Very low. very poor. Pioneer
Schmidtia kalahariensis 1.75 ± 0.20 2.08 ± 0.31 Unpalatable. high. Pioneer
Eragrostis lehmanniana 1.03 ± 0.42 – –
Eragrostis cylindriflora 1.03 ± 0.18 0.94 ± 0.39 Palatable. good. sub-climax
Aristida meridionalis 0.67 ± 0.08 – Palatable when young. low. Climax
Stipagrostis ciliata 0.61 ± 0.11 – Very palatable. high. sub-climax
Eragrostis triphora 0.50 ± 0.10 – Very palatable. very high. Climax
Digitaria vulgaris 0.47 ± 0.12 – –
Eragrostis annulata 0.28 ± 0.11 – Low palatability. low. Pioneer
Eragrostis biflora 0.25 ± 0.11 – –
Eragrostis rotifer 0.22 ± 0.12 – Intermediate. intermediate. sub-climax
Eragrostis porosa 0.19 ± 0.07 – Intermediate. intermediate. sub-climax
Cenchrus ciliaris 0.08 ± 0.08 – Palatable. high. Climax
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down into basic components of grazing species, grazing 
intensities, and the temporal aspects of grazing. Consequent 
research showed that management regimes do not directly 
affect arthropod abundance and richness but that grazing 
induced plant diversity influences arthropod communities 
(Woodcock et al. 2005). In this study, the higher species 
richness and abundance of beetles found under holistic 
management is likely to be the result of increased species 
richness of grazing induced vegetation. Altered grass tuft 
sizes, root biomass, soil quality and seed availability are all 
resources that are likely to provide shelter, hide and food to 
ground dwelling beetles and cause cascading changes in bee-
tle fauna. Vegetation structure induced by grazing manage-
ment can thus explain the coleopteran community richness, 
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Fig. 2   Box plot of the impact of management type and  season on 
species richness of 1) grasses and 2) beetles on holistic livestock and 
wildlife management. Mean count values of species number ± stand-
ard deviation are shown in February (light grey), May (grey) and 
August (dark grey)
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Fig. 3   Seasonal changes in 
species composition of grasses 
and beetles for two management 
types. Non-metric multidimen-
sional scaling (NMDS) showing 
species compositional clusters 
in seasons of 1) grasses and 
2) beetles collected from a) 
February, b) May and c) August 
and d) across all seasons in 
holistic (open circles) and wild-
life (closed circles) management
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under the aspect that greater resources are available for the 
coexistence of more species (Hart and Horwitz 1991).

Stocking rate plays an important role in the formation of 
vegetation structure and its associated cascading effects on 
fauna (McGranahan and Kirkman 2013). In this study, how-
ever, cascading effects on composition and species richness 
were visible despite similar stocking rates of wildlife and 
livestock. This can be attributed to differences in herbivore 
grazing behaviour between sheep, cattle and wildlife. Here, 
single species grazing under holistic management of live-
stock had a positive impact on grass richness and promoted 
palatable and nutritious grassland (i.e. Stipagrostis uniplu-
mis) compared to wildlife grazing, which stands in contrast 
to a positive influence on ecosystem functioning by her-
bivory consisting of native wild ungulates (Prins and Fritz 
2008). It is well recognised, that mono-specific herbivory, 
such as grazing by cattle or sheep, having replaced former 
wildlife communities, has led to an imbalance of grass/tree 
vegetation through large-scale overgrazing and therefore 
bush encroachment (van Langevelde et al. 2003; Ritchie and 
Olff 1999). Seasonal adaptation of management to livestock 
herbivore behaviour in the holistic management scheme, as 
practiced in this study, however, benefits biodiversity. It 
implements intensive sheep grazing (2 weeks) during grow-
ing season in the summer (February), includes a long rest 
from grazing (6 months) and continues with intensive cat-
tle grazing (2 weeks) in winter (August). Small-bodied and 
narrow-mouthed herbivores constrain forage to selection for 
rarer high-quality grasses as they are better able to select 
higher quality green leaves and avoid low quality stems and 
dead leaves on taller grasses. They (i.e. goats, sheep, impala, 
springbok) have low absolute food requirements and a pref-
erence for short grasslands (Vallentine 2000). After intense 
grazing in the growing season, saplings had time to re-sprout 
for six months due to grazing rest. Grazing rest also raised 
the opportunity for grass species that are highly palatable 
and nutritious for livestock to recover and grow evenly. It 
was shown previously that long term rest from livestock 
grazing can lead to overall grass biodiversity increase 
(Carter et al. 2014 and references therein). A resulting spe-
cies-rich and tall grassland was surveyed at the end of the 
growing season (May) at holistic managed sites. Cattle were 
left to graze after recovery when grassland was tall. Cattle 
have relatively wide mouths, but their large body size and 
the use of their tongue sweep strategy to increase bite size 
constrain them to optimal foraging in intermediate to tall 
grasslands (Fynn et al. 2016). In comparison, native ungu-
late guilds under wildlife management consisted of a variety 
of small-bodied and narrow-mouthed selective grazers like 
springbok, blessbok, hartebeest and gemsbok with a pref-
erence for short grass and broad mouthed herbivores, like 
zebra and wildebeest which are more efficient at foraging on 
short, dense swards and have a preference for intermediate 

grasslands. Wildlife forages all year round and seasonal 
grazing was shown to have a considerable impact on Carabid 
beetles (Reinhard et al. 2018). Contrary to holistic manage-
ment of livestock, continuous grazing of native ungulates 
resulted in only a few grass species (i.e. Aristida stipitata) 
that are resistant to grazing but unpalatable and of low nutri-
tious value to livestock (refer to Table 1). However, wildlife 
is able to persist on this low nutritious grassland, owing to 
their respective mouth anatomy and body size. Most native 
ungulates are able to maximise their energy intake on grass 
swards of less than 100 gm−2 (Fynn 2012). Previously it was 
shown that under livestock management, rotational grazing 
schemes and intense management neither increased animal 
production nor protected rangeland from degradation any 
more than continuous grazing without rotation (Kgosikoma 
et al. 2013). Upon this, even though domestic and wild her-
bivores compete for the same resources (Prins 2000), their 
different feeding strategy and mouth anatomy influence the 
response in biodiversity.

A closer look at indicator species shows that under wild-
life grazing, endemic Zophosini predominate and are highly 
specific to the habitat. It was shown previously that Zophosini 
prefer low shrub cover (Hering et al. 2019) and are highly 
sensitive to grazing, fire and their interaction (Reinhard et al. 
2018). All Zophosini are morphological extremely similar 
to each other; their ecology in arid environments is hardly 
described, but their small size and fast-moving behaviour 
implies their adaptation to heat and poor vegetation with 
little cover characteristic for continuously wildlife grazed 
sites. Furthermore, a thorough hebacous layer may provide 
a nutritional and diverse litter layer, that a diversity of Ten-
ebrionidae decompose in dry season (Hering et al. 2019). 
For example, Zophosis (Halogenosis) burkei rufipennis is a 
species absent in holistic management sites, reddish in col-
our and hardly visible on bare ground; it is diurnal and fast-
moving (Reinhard pers. Obs.) and closely related to Zophosis 
(Halogenosis) burkei burkei. Both species were found to be 
indicators for wildlife management in this study. Zophosis 
(Halogenosis) burkei burkei (TE003 in Hering et al. 2019) 
was described to be a niche specialist for high shrub cover 
on conventional cattle managed farm, where areas in high 
shrub cover are usually low in grass cover and food short-
age (Hering et al. 2019). Zophosis (Hologenosis) burkei sub-
species have increased body weights in grazed conditions 
after fire, which refelcts their preference for simple niches 
(Reinhard et al. 2018), supporting the idea of being indicators 
for conitnous wildlife grazed rangeland. Eurychora nitida 
and Stips dohrni, indicators for holistic management, have 
a flattened body shape and are slow-moving. They belong 
to the Old World tribe Eurychorini which is also described, 
together with Zophosini and Adesmiini, as adapted to extreme 
conditions to the sandy areas (Penrith 1984). Eurychora 
and Stips are genera widely distributed in Southern Africa 
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(Louw 1979). Species specific information is scarce, how-
ever, a study by Louw (1979) compared species composi-
tion between the Namib and Kalahari Desert and described 
ecological equivalents in the ground-living Tenebrionidae 
between the deserts, demonstrating adaptational differ-
ences to habitats even within tribes. Renatiella scrobipen-
nis, endemic to the Kalahari Desert, is active during winter 
and diurnal with a preference for vegetated, rhigozum plains 
(Louw 1979, 1983). Caraboid species found in this study 
live under decaying plant material such as logs or leaf litter, 
and some prefer open sandy patches among tufts of grasses 
(Reinhard pers. obs.). Nearly all species of Carabidae are 
predators. Cypholoba gracilis and Attractonotus mulsanti, 
indicators found for holistic management, belong to the tribe 
Anthiini, which are especially numerous in the Karoo and 
Kalahari (Mawdsley et al. 2012). The potential of Anthiini 
to be incorporated into environmental monitoring programs 
has been recognised previously due to their close association 
with vegetation communities and their activity patterns being 
closely linked to temperature, season and rainfall (Schmidt 
2001). In a previous study, we have identified the detrimental 
effect grazing can have on Carabidae in dry season (Reinhard 
et al. 2018). However, information on the biology of single 
species is scarce and warrants greater attention.

In conclusion, this study exemplified that holistic man-
agement of livestock exerts a considerable different effect 
on species richness and composition of plant and cascad-
ing beetle communities compared to wildlife grazing in 
arid savannah. Beetles were shown to be promising bio 
indicators for rangeland management, as the assemblages 
of beetle indicator species clearly showed that neither holis-
tic management of livestock nor management of wildlife is 
functionally replaceable or comparable in an arid savannah 
ecosystem. Food requirements, feeding strategy and mouth 
anatomy of ungulate grazers might influence the grazing 
impact on biodiversity. Adapted accordingly (i.e. to sea-
sons), holistic management of livestock, with a reference 
to the management applied in this particular study, has the 
potential to support a high biodiversity. Holistic manage-
ment of livestock thus aspects in favour for a sustainable 
form of grazing management though not functionally replac-
ing grazing by native wildlife.
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