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Abstract

Anthropogenic disturbances can change environmental characteristics at different scales. Beetles are good indicators of various
kinds of disturbances such as habitat fragmentation, edge of habitat, urbanization, climate change and pollution and also show
fluctuation in their diversity according to the disturbance. Mainly dung beetle species are used for the study of forest edge.
Due to their comparative facility of collection and identification, ground beetles are studied for urbanization effect. Many
studies suggest an increasing beetle abundance with an increasing degree of disturbance, while the species richness, species
evenness, and the diversity were found to decrease. Throughout fragmentation researches, habitat fragmentation effect was
mainly observed in forests. Plummeted species richness, abundance and evenness of beetles was observed in isolated and
smaller forest fragments. Small forest fragments house generalist species abundantly while large forest fragments are favoured
by forest specialist species. Some species are very sensitive to edge and pollution, and also have threat to extinction, so
conservation of such species is also necessary. The present study is based upon more than 40 worldwide publications from
2005 to 2021. In this study, we review the anthropogenic effects only on dung and ground beetles, as there is no sufficient
study on other beetles (coleoptera). In India very limited research has been done on anthropogenic effect on beetles’ diversity.

Finally, we propose further research to help us better understand the effect of anthropogenic impact on beetle diversity.
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Introduction

Insects are found in every type of habitat on land, in water
and air, from equator to the arctic and from sea level to the
snowfield of mountains (Belamkar & Jadesh, 2012)  and
also show a big difference in their trophic level status, size,
life history, seasonality, movement and requirements for
habitats (Nazir et al., 2014) B9 Insects with other
invertebrates make up more than 75% of all described
species diversity worldwide (Adjaloo at. al, 2012) [, Most
successful insect order Coleoptera alone shows about 38%
(3,87,100 species) of insect species of the world (Zhang,
2011). The insect fauna of India is vast. In India, Coleoptera
is most dominant insect order comprising of about 15,500
species (Varshney, 1988) 1 The essential biological
parameters of an ecosystem are the diversity, dimensions
and population size of the species. The vegetation, climate
and the interactions among them determine the diversity,
distribution abundance and richness of insect species
(Torres & Madi-Ravazzi, 2006) 14,

Various  anthropogenic  disturbances  like  habitat
fragmentation, habitat loss, habitat destruction, edge effect,
pollution, climate change and others, directly or indirectly
affect the beetle’s diversity. Habitat edge (transitional zones
between adjoining ecosystems) increase by worldwide
fragmentation and loss of natural habitats (Ewers &
Didham, 2008) [9.  Fragmentation, a landscape level
occurrence, reduces quality and size of the habitat, and
increases isolation by creating significantly different
ecological limits. (Fahrig, 2003) [, Probably, habitat
fragmentation contributes to dwindling number of species in
the terrain and might lead to threat of local extinctions.
Urbanization also affects beetles’ diversity. Works on
urban-rural gradients illuminate the effects of urbanisation
on biotic communities (Niemela et al., 2000) U, Gradients

along populated cities to rural environments are observed
globally, reflecting almost identical anthropogenic
composition and processes. (Niemela, 2000) B4, On other
hand, increased pollutant or pollution (by human activity)
also affect the animal diversity. Habitat pollution puts
organisms to a big threat as the organisms are exposed to
direct or indirect association with polluted environment
(Touceda-Gonzalez et al., 2017) 431,

Anthropogenic effects on ground and dung beetles

A. Effect of habitat fragmentation on beetle diversity
Habitat fragmentation effect was mainly observed in forests
indicating that large forest fragments are favoured by forest
specialist species, while smaller forest fragments are
preferred by generalist species due to ease of crossing the
edge. Fragmentation studies show that dung beetle
abundance, evenness and species richness declined in
smaller forest fragments, because small fragments have
smaller habitat area so species do not show longer
connectivity to adjacent habitat.

Habitat fragmentation is the one of the major anthropogenic
disturbances that influences the size and quality of habitat.
Forest specialist species of ground beetles were favoured by
the large forest fragments, while generalist species and
species frequently associated with forest (forest generalists)
dominated the smaller forests (Gaublomme et al., 2008) 4,
Lesser number of beetle species were present in smaller and
isolated fragments, but forest fragments with less diverse
tree species and lower number of shade-tolerant species
presented considerably diminished dung beetle species.
Large fragment in the Atlantic Forest appears to consist of a
sort of unique habitat for particular group of dung beetle
species, as well as integrity of their communities (Filgueiras
etal., 2011) (31,
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Barragan et al., (2011) [ studied habitat alteration and
recorded decline in dung beetle diversity in two of the three
Mexican biosphere reserves. Spatial effects appear as
factors shaping communities at larger extent, while
environmental heterogeneity is significant at smaller scales.
Large scale rise in dung beetle diversity might result from
presence of geographical barriers and habitat fragmentation
which limits the dispersal ability of beetle species.

Four dominant beetle families responded differently to
forest fragmentation and forest types. Staphylinidae and
Curculionidae were influenced by forest types, while
Carabidae was impacted by forest fragmentation.
Chrysomelidae was not influenced (Kwon et al., 2021) 2,
Highest abundance values were observed in the forest
fragments, but dung and carrion beetle biomass was highest
in the meadows. Highest number of species were prevalent
in the forest fragments and forest meadow edges. (Diaz et
al., 2010) ¢,

Beiroz et al. (2018) P! demonstrated that dung beetles’
responses to disturbance may not provide similar
information on similar indices. They highlighted that
taxonomic and functional diversity both consistently
reduced in plantations compared to undisturbed native
forests. Amongst anthropogenically disrupted landscapes,
natural habitats, apparently, serve for the conservation of
vulnerable species and also as refuge for the lost and
depleted dung beetle fauna (Jain & Mittal, 2012) 1. Due to
considerable loss of habitat and fragmentation, one-fifth of
the beetle fauna might diminish. The species dependent on
the largest patches of habitat and those that specialize in
using disturbed habitat in linear-remnants are vulnerable to
extinction after habitat fragmentation (Driscoll & Weir,
2005) [,

Major natural disturbance agents were Bark beetles in
western North American forests. However, recent bark
beetle population outbreaks have exceeded the frequencies,
impacts, and ranges documented during the previous 125
years. Fundamental regime shifts may take place if key
thresholds are exceeded due to reduced habitat
heterogeneity and increase in climate change. (Raffa et al.,
2008) 81,

B. Edge effect on beetle diversity

Dung beetles species of the forest were distinctly vulnerable
to edge effects. Number of species (richness) was higher in
the forest than the edge because dung beetles prefer forest
interior as compared to edge and food availability is also
higher in interior for a particular dung beetle species.

Forest edges formed by natural or anthropogenic processes,
affect the abundance and dispersal power of ground beetles
of different habitat. Open-habitat species could not penetrate
into natural forest edges which prevent their movement into
the forest interiors, while forest specialist species infiltrated
and attained abundances corresponding to forest interiors
(Magura & Lovei, 2020) 2°1, There seem to be very few
edge-specialist carabids, and open land edges of forests act
as effective barriers for forest or open habitat species.
Although, generalist species cross the edge easily, and
species from the surrounding open habitat invade the edges
of forest fragments. (Niemela et al., 2006) [, Forest edges
predominantly harbour generalist ground beetle species In
large forest patches, forest specialist species were common,
or else they vanished due to habitat depletion (Gaublomme
et al. 2008) (41,
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The edge effect patterns cannot be generalized on carabid
beetle communities. Phillips et al., (2006) ©7 found that
boreal forest edges created by salvage logging had no
carabid species restricted to this area. The diversity of
carabid and staphylinid beetles is maintained by the forest
edges. (Tothmeresz et al., 2014) 4. The number and
species richness of Staphylinidae were remarkably lesser in
the grassland area than in the interior of the forest and forest
edge. Ground beetle species from both neighbouring
habitats are maintained by natural forest edges, which also
conserve species characteristic of and those restricted to the
edge. Diverse functional traits are found in species living at
natural edges. The functional and phylogenetic diversity is
enhanced as these species belong to heterogeneous lineages.
(Magura, 2017) 4, Carabid beetle abundance and richness
registered greatest near the forest edge and meadow. Forest
edge functions as a barrier for the species that occur only in
the forest or in meadow as these species did not cross forest
edge to enter into the other habitat (Ohwaki el al., 2015) [°1,
Across forest-meadow ecotones, the age and structure of
vegetation determines the spatial distribution pattern of
carabid beetles (Brigic et al., 2014) B,

Dung beetle species found in Savanna also preferred edge
habitat rather than being edge specialists, signifying benefits
of advantages in edges. Road edge displayed diverse
aggregation but did not show any universal species (Feer,
2008) (121,

Roller dung beetle abundance was high in the forest and low
in ecotone, showing no marked difference. A representative
of forest assemblage was the ecotone dung beetle
assemblage. The roller guild of dung beetles did not prefer
the ecotone habitat even though it was close to the forest
and also the agriculture field. (Latha & Thomas, 2020) %31,
Dung beetle diversity and abundance decreases from forest
to sun-grown coffee and an intense turnover of species was
observed at the forest-coffee edge. Sun grown coffee matrix
forms a barrier against forest species suggesting a
complicated forest-coffee ecotone (Villada-Bedoya et al.,
2017) L8,

C. Effect of urbanization on beetle diversity

Beetle diversity and species richness (Dung and Ground)
increase along a gradient from urban to rural area, as
urbanisation leads to change in environment and habitat
characteristics. Urbanisation also reduces the habitat
availability, so generally there is lower species diversity and
richness in this area.

Anthropogenic disturbance in urban habitat fragments is
indicated by many carabid beetles, which act as potent
biological indicators (McGregor & Wahl, 2020). More
urbanized sites were reported to have few forest specialist
species and increased generalist ground beetle species
(Gaublomme et al., 2008) 4. Habitat and environmental
characteristics alteration followed by urbanization result in
cluster of randomly colonized ground beetle species from
the surrounding matrix, forbidding appropriate functioning
of the ecosystem (Magura et al., 2018) [?7],

Abundance and species diversity of carabid beetles
decreased along an urbanization gradient. Additionally, the
highly disturbed urban sites characteristically had some
dominant species, in contrast to the suburban and rural
areas. Besides, large sized carabid beetles decreased
proportionately towards the city centres (Niemela & Kotze,
2009) 21,
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Salomao et al., (2019) M@ provided evidence that dung
beetles (specific functional groups) were affected by
urbanization. Urbanization had varied effects for each group
as different functional groups utilize different strategies to
use habitats and resources. They noticed that dung beetles
were prone to urbanization and urban areas play a
significant role in conserving biodiversity and maintenance
of ecosystem.

Density and diversity of beetles, particularly of unique
species, decreases from city centres to rural environs.
Ladybird beetle population increased with urbanization in
California but decreased in Michigan as urbanization
increased. Thus, urban context may be considered a major
contributor to biodiversity in habitats and is significant in
urban ecosystems for perpetuating agricultural methods
(Egerer et al., 2018) ©1,

Vegetated or Green roofs harbour diverse beetle
communities despite their emplacement in urban
topography. Wingless species are absent in such places
suggesting the requirement to bridge the association of
green roofs and ground level habitats (Kyro et al., 2018) 22,
Ground beetles in urban green spaces are affected
considerably by urbanization at all levels of biological
organization (Magura & Lovei, 2021) 2],

D. Effect of climate change and pollution on beetle
diversity
Mainly beetle diversity and richness were higher in cooler
area and lower in warmer area. Within an area, diversity
was lower in summer as compared to winter. So, climate
and temperature also affect the beetles’ diversity. It is also
seen that the beetle diversity is higher in moderate polluted
habitat and lower in high and low polluted habitat
(according to moderate habitat disturbance hypothesis).
Abundance and diversity of beetles living on the forest floor
declined in warmer climate (Harris et al., 2019) [*7],
The uncontaminated areas showed varying body-size of
carabid beetles. Carabid assemblages in massive polluted
locales show community disassembly. Worsening pollution
is the major cause of extinction of vulnerable large sized
beetles having greater competitive potential. Smaller sized
and generalist species that are less sensitive replace the
sensitive large sized species of beetles. The unstable
interface amongst species in communities lead to co-
occurrence of species on heavily polluted sites (Kedzior et
al., 2018) [201,
Ground beetles were significantly higher in extremely
polluted habitat than in lesser polluted ones. These findings
may suggest that ground beetles in heavily polluted environs
have the potential for entomoremediation of the habitat
(Tozser, 2019) (441,

E. Other anthropogenic effects on beetle diversity

Dung beetles’ habitat preference depends on biotic factors
such as forest cover and mammalian diversity as well as
abiotic factors like temperature (Goh et al., 2019) [*%1. To
provide rich diversity of beetles in agricultural land, it is
paramount to manage biodiversity with moderate intensity.
The entire agricultural landscape should be managed to
support abundance of carabids besides management of
isolated fields. (Mayr et al. 2007) [?8],

Edwards et al., (2017) 8 found tunnelling and larger species
to respond more than other functional groups impacted by
the micro-habitat variation.
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Noriega et al., (2021) B studies strengthen the evidence
that human activities have negative impacts on the diversity
and structure of dung beetle assemblages.

Dung beetle response to management of livestock is
different for varied biomes. Presumably, dung beetles were
preadapted to the environmental conditions in dry
ecosystem inflicted by cattle ranching while this effect was
significantly greater in the wet ecosystems (Guerra Alonso
et al., 2020) 28],

Lower alpha diversity in parks and campus than in
residential plots and remnant forest patches represents
differential responses of beetles to habitat disruption
(Ramalingam & Rajan, 2017) %9,

Disturbed vegetation sites had higher diversity and species
richness than most of the undisturbed sites. The species of
family Elateridae were consistent with disturbance, though
the correlations were weak (Heusi-Silveira et al., 2012) 1281,

Conclusion

We can conclude that ground beetle abundance increases
with an increasing degree of disturbance, while the species
evenness, richness and the diversity declined. Habitat
fragmentation effect is observed mainly in forest and it is
seen that forest specialist species are favoured by large
forest fragments and smaller forest fragments have
generalist species (because generalist species easily cross
the edge). Fragmentation studies show that smaller forest
fragments have reduced dung beetle abundance, evenness
and species richness. Isolated fragments had reduced
abundance and richness, though this reaction is dependent
on matrix quality. Studies suggest that significantly higher
species richness was present in the forest edges maintained
by natural processes as compared to the forest interiors,
while forest edges with persistent anthropogenic disturbance
had low species count. Forest species of dung beetles were
clearly vulnerable to edge effects. Beetle abundance and
biomass declined markedly from forest to edge. Edges
harbour less species richness than the forest. In some cases,
beetle diversity also fluctuates according to environmental
heterogenicity and moderate habitat disturbance hypothesis.
There is a rise in density and richness of carabid beetles
from urban to the rural environment. Moreover, a few
dominant species are characteristic of urban environments,
and more species are from the suburban and rural sites.
Increased pollution may lead to extinction of sensitive forest
specialist species by generalist species with more
competitive ability, and therefore, conservation of these type
of species is also necessary. Climatic warming reduces the
abundance and diversity of beetles. Some studies also
correlate this effect by change of beetle diversity (decline)
from winter to summer. So, various anthropogenic
disturbances cause decrease in beetle diversity by different
gradient, some cause more and some less, and some effects
cause extinction of species.
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