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Abstract

Ecological communities of tropical regions respond to habitat configuration, being negatively affected by anthropogenic
habitats. In the tropics, mountainous highland landscapes sustain ecological communities with contrasting responses to
habitat transformation. This study assessed the effect of different habitats under different disturbance regimes on the dung
beetle assemblage that inhabits a mountainous Andean landscape in Colombia. The habitat types surveyed were oak forest
cores (low intervention), forest edges (medium intervention), and pastures (high intervention). A total of 3,810 dung bee-
tles from ten species were collected. Dung beetle diversity was affected by habitat type, and forest cores and forest edges
had higher diversity than pastures. Besides, each habitat type was characterized by a distinct dung beetle assemblage, with
pastures showing the highest heterogeneity in the dung beetle assemblage. In conclusion, our study suggests that the dung
beetles of a portion of Colombian Andean landscapes are sensitive to shifts of habitat quality. The higher dung beetle diver-
sity in forested habitats indicates that pastures comprise limiting environments for their assemblages at this Andean region.
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Introduction

Ecological communities of tropical regions are negatively
affected by anthropogenic habitats (e.g., Gascon et al. 1999;
Pearman 2002; Tylianakis et al. 2006, 2007), which act as
a filter for most species that dwell in native environments.
Due to landscape transformations generated by human
activities, there is a modification in the vegetation structure
complexity and microclimatic conditions (Saunders
et al. 1991; Magnano et al. 2015; Ezcurra 2016). Such
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habitat shifts affect ecological communities, especially in
conserved tropical areas, which often comprise more diverse
communities than disturbed sites (Tabarelli et al. 2012).
Nevertheless, there are ecosystems in which anthropogenic
and native habitats may sustain similar diversity levels
(Gascon et al. 1999; Prevedello and Vieira 2010). In
the tropics, mountainous highland landscapes sustain
ecological communities with contrasting responses to
habitat transformation. For example, Medina et al. (2002)
and Larsen (2012) found that dung beetle assemblages from
higher elevations in the Andean region may tolerate land
cover changes. Conversely, other animal groups (i.e., moths
and birds) are more sensitive to habitat transformation in
these landscapes (Hill et al. 2006; Lloyd and Marsden
2008), presenting impoverished ecological communities.
Such contrasting responses may be related to the climatic
(e.g., sunlight exposure, environmental temperature) and
food source requirements of the biota from such regions
(Carvalho et al. 2020, 2022), which can have different
proportions of eurytopic species. Thus, it is essential
to understand how ecological communities responds to
habitat transformation, which may present new perspectives
regarding anthropogenic effects on tropical diversity.
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Analysing the community structure makes it possible to
understand how diversity is structured in different habitat
types. Species richness, species composition, and abundance
are critical parameters used to describe ecological commu-
nities (Gotelli 2001; Magurran 2004; Begon et al. 2006),
being related to ecosystem functioning and environmental
stability. Higher community parameters values are usually
associated with more diverse and conserved environments
(e.g., Kocher and Williams 2000; Glor et al. 2001; Lira et al.
2019). However, this may vary since some anthropogenic
habitats comprise fauna from both conserved and disturbed
areas, resulting in a high diversity not precisely related to a
conserved environmental condition (e.g., Silva et al. 2008;
Quintero et al. 2010; Souza et al. 2014). In addition, there
are ecosystems in which disturbed habitats may sustain a
high abundance of species tolerant to disturbance (‘win-
ner species’, see McKinney and Lockwood 1999; Tabarelli
et al. 2012), which could mask the effects of anthropogenic
habitat transformation on native communities. Thus, it is
important to consider each species’ identity (Santos et al.
2010; Davis et al. 2012; Villada-Bedoya et al. 2017), which
may be related to the effects that different habitat types have
on ecological communities.

Dung beetles (Coleoptera: Scarabaeinae) have been
proposed as good bioindicators to analyze, assess and
monitor biodiversity (Halffter and Favila 1993; Gardner
et al. 2008). This group is considered important for
evaluating changes produced by anthropogenic activity
in natural ecosystems, responding to habitat loss and the
effects of fragmentation (Spector 2006; Nichols et al.
2007; Villada-Bedoya et al. 2017; Salomao et al. 2020).
Also, the dung beetles are strongly related to vertebrate
feces, since such a resource constitutes the main food
for its larvae and adults (Halffter and Matthews 1966;
Halffter and Favila 1993). Due to their coprophagous
habit, they play a significant role in nutrient recycling, soil
fertilization, secondary seed dispersal, and the control of
vertebrate parasites (Nichols et al. 2008). Dung beetles are
a well-defined taxon that share morphological, ecological,
functional, and behavioral characteristics (Halffter 1991).
Worldwide, more than 250 genera with around 6,200
species are known (ScarabNet 2009; Vaz-de-Mello et al.
2011; Tarasov and Dimitrov 2016). Approximately 25%
of the dung beetle species are found in South America
(Halffter and Matthews 1966; Hanski and Cambefort 1991;
Vaz-de-Mello 2000). In Colombia, there are approximately
300 registered species, with more than 100 species recorded
in the Andean landscape of this country (Medina et al.
2001; Escobar et al. 2005; Pulido et al. 2007). Although
ecological studies that use this group as a model to establish
the impact of human activities are frequent, there have been
few studies carried out in the highlands of the Andes (Amat
et al. 1997; Escobar et al. 2005).
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The natural ecosystems in Colombia suffers strong
and chronic anthropogenic disturbances, which cause an
impoverishment of the fauna diversity. According to the
demographic dynamics of the country, especially the forested
areas in the Andean region are in the process of accelerated
transformation mainly by timber extraction, replacing the
forested areas with agricultural and livestock systems (Etter
1993; Amat et al. 1997). Among the Andean forests, one
of the most representative in Colombia is the oak forest
dominated by Quercus humboldtii (Andean oak). Oak forests
covered large areas in the three Cordilleras of the Colombian
Andes but are currently regarded as a threatened ecosystem
since the populations of Q. humboldtii have been reduced to
about 42% due to logging (Céardenas and Salinas 2007; Avella
and Rangel 2016). This species is considered Least Concern
(LC) According to IUCN (Gallagher 2018) and vulnerable
(VU) according to the Colombian Red Book (Cardenas and
Salinas 2007), and its main fragments are found in the eastern
Cordillera, where only 10% of forests is protected by state
entities or civil society organizations (Cardenas and Salinas
2007; Avella and Rangel 2016). Therefore, oak forests are an
interesting model system to analyze the impacts of natural
habitats and anthropogenic disturbances on ecological
communities in the montane Andean region.

In the present study, we assessed the effect of different
habitats (i.e., forest cores, forest edges, and pasture) on the
dung beetle assemblage that inhabits a region of the Cordil-
lera Oriental of the Colombian Andes. Since forest edges
represent the ecotone between pastures and forest cores,
it may be an intermediate disturbance habitat. Therefore,
following the intermediate disturbance hypothesis (Connel
1978), we expect that forest edges will encompass a more
diverse dung beetle assemblage than those observed in forest
cores and pastures. In addition, pastures represent a barrier
for many dung beetles in the Neotropics, resulting in low
diversity compared to native forests (Horgan 2008; Alvarado
et al. 2018; Salomao et al. 2020). Thus, we expect pastures
to encompass the most impoverished beetle assemblage of
our study region.

Materials and methods
Study site

The study was carried out in a high Andean landscape
located in the eastern mountain range, adjacent to the Pefias
Blancas town, in the municipality of Arcabuco, department
of Boyac4, Colombia (5°46°N, 73°26’W; Fig. 1), with eleva-
tions ranging between 2,483 and 2,729 m.a.s.1. The climate
is classified as oceanic (Cfb) according to Koppen clas-
sification, with annual mean temperature ranges between
6 and 14.6 °C, and the annual rainfall ranges between 600



International Journal of Tropical Insect Science (2023) 43:793-803

795

Fig.1 Study area showing pastures (P), forest edges (FE), and forest cores (FC) sampled in Arcabuco, Boyaca, Colombia. Forest fragments size:

FC1=15 ha; FC2=44 ha; FC3=129 ha

and 1,800 mm/year. Annual rainfall presents a bimodal
regime, with two precipitation periods between April-May
and between October-November (IDEAM : Instituto de
Hidrologia, Meteorologia y Estudios Ambientales 2010).
The landscape is a mosaic of cattle ranching pastures and
highly fragmented Andean cloud forests, restricted to the
steepest portions of this landscape. The vegetation is domi-
nated by Q. humboldtii (Andean oak), accompanied by spe-
cies of Rubiaceae, Melastomataceae, Myrsinaceae, Clusi-
aceae, among others (Galindo 2005). The study area is part
of the buffer zone of the “Corredor biol6gico Guantiva-La
Rusia-Iguaque”, where the most important fragments of
oak forests in Colombia are found. In this region, the main
anthropic processes are livestock and agriculture (Cardenas
and Salinas 2007). High mammal diversity is associated with
these oak forests. Nearly 55 species from 10 orders and 14
families have been recorded, where the most representative
species are from the orders Chiroptera and Rodentia (Otélora
2003; Vargas-Ramirez et al. 2018). In addition, in the study
area, it was possible to observe or have traces of Red Squir-
rel (Sciurus granatensis), White-tailed deer (Odocoileus
goudotii), and common opossum (Didelphis marsupialis).
Three main habitat types in the study area (forest cores,
forest edges, and pastures) were selected for this study
(Fig. 1). The forest edges represent the extension of forest
surrounding the main forest patch, approximately 50-meter-
wide, bordering with the cattle pastures. The pastures are
close to the forest edges, in which cattle-rearing activities are
maintained. Pastures had different sizes (i.e., 21 ha, 36 ha,

and 410 ha), had a low density of cattle (2.1, 3.6, and 0.04
cattle/ha), which were active during different periods of the
experiment (P1=during all the experiment; P2 =only dur-
ing June 2007; P3 =only during March 2007, Fig. 1). The
pastures were composed of exotic grasses (e.g., Paspalum
sp., Axonopus sp., and Danthonia sp.) introduced and cul-
tivated in the Andean landscapes. Pastures of this region
are used for consumption by cattle in rotational systems,
in which cattle consume one sector of the pasture and are
moved to another sector, allowing the grass to grow. Three
sampling sites were established, each comprising a forest
fragment with different sizes (i.e., 15 ha, 44 ha, and 129 ha,
see Fig. 1), which were ca. 1 km apart from each one. Except
for one additional forest patch on an inaccessible steep slope,
the three studied remnants were the only ones in an 8 km
radius, limiting the number of forest remnants available for
this study.

Data collection

In each sampling site, six surveys were carried out monthly
from January to June 2007. In each survey, a 450 m lin-
ear transect was defined. In each transect, we installed ten
baited pitfall traps (Escobar and Chacén-Ulloa 2001) distant
50 m each other (Larsen and Forsyth 2005; but see Silva and
Hernandez 2015). We had a total of 18 samples per habitat
type (6 months * three sampling sites), totalling 54 samples
in the study (following Iannuzzi et al. 2016; Ribeiro et al.
2022). Pitfall traps consisted of 500 ml plastic containers
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with perforations in the base to avoid flooding due to the
rain. A plastic funnel was adapted to each recipient, allowing
the individuals to enter the trap but reducing the probabil-
ity of its exit. The traps were baited with human excrement
(ca. 30 g) placed in a 25 ml plastic cup suspended with an
inverted L-shaped wire. The dung beetles were collected
and stored 48 h after deploying the traps for subsequent
identification.

The beetles were identified at species-level using the spe-
cialized keys of Cook (2002); Génier (1996, 2009); Medina
and Lopera (2000); Vaz-de-Mello et al. (2011), and corrobo-
rated by experts. The specimens were deposited in the fol-
lowing entomological collections: Universidad Pedagdgica
y Tecnolégica de Colombia (UPTC-E) (Tunja, Colombia),
Instituto de Investigacién de Recursos Bioldgicos Alexan-
der Von Humboldt (IAVH) (Villa de Leyva, Colombia),
Instituto de Ciencias Naturales-Museo de Historia Natural,
Universidad Nacional de Colombia (ICN-MHN) (Bogota,
Colombia), Escarabajos coprofagos de Colombia (CALT-
ECC) (Bogota, Colombia) and Se¢do de Entomologia da
Colecdo Zooldgica da Universidade Federal de Mato Grosso
(CEMT) (Cuiab4, Brazil).

Data analysis

To assess sampling efficiency in each habitat (i.e., forest
cores, forest edges, pastures), we used the method developed
by Chao and Jost (2012). Such estimations were conducted
based on the number of collected individuals. Sampling effi-
ciency was performed using iNEXT online software (Chao
et al. 2016).

We compared the patterns of dung beetle diversity among
each habitat using Hill numbers (Jost 2006). We used the
diversity components (qD) of orders OD (species richness,
which is insensitive to species abundance and assigns high
weight to rare species), 1D (exponential of Shannon entropy,
which considers the relative abundance of species), and 2D
(inverse of Simpson diversity, assigns a higher weight to
abundant species than 0D and 1D) (Hill 1973; Jost 2006).
We calculated diversity numbers by using the entire species-
abundance data of the dung beetles obtained in each habitat
type and compared their diversities according to their con-
fidence intervals. We calculated diversity numbers using the
iNEXT online software (Chao et al. 2016).

We performed non-metric multidimensional scaling
(NMDS) for a visual and explorative evaluation of the spa-
tial effects on dung beetle assemblage. In addition, we per-
formed Permutation Analysis of Variance (PERMANOVA)
to assess statistical differences in the dung beetle assem-
blages across the habitats. To analyze the heterogeneity of
multivariate dispersions among habitat types, we ran the
Permutational Multivariate Analysis of Dispersion (PER-
MDISP) with 999 permutations (Anderson 2006). Habitat
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type was used as a factor, and the dung beetle abundances
and species composition, as the attribute. We calculated
Bray-Curtis indices for the samples (n= 18 for each habi-
tat type), and NMDS ordination was performed with 2,500
repetitions. One of the samples of pastures had no dung
beetles collected, and was excluded from NMDS, PER-
MANOVA, and PERMDISP to avoid bias in the analyses.
PERMANOVA and PERMDISP were performed using the
vegan and lattice libraries, respectively, in R software ver-
sion 3.2.0 (R Core Development Team 2015; Oksanen et al.
2016; Sarkar 2018; Simpson et al. 2018), and NMDS were
performed using Primer software version 6.0 (Clarke and
Gorley 2006).

Results

We collected 3,810 dung beetles from ten species at the for-
est cores, forest edges, and pastures in Arcabuco. From the
collected species, Uroxys coarcatus Harold, 1867, Ontherus
brevicollis Kirsch, 1870, and Canthidium sp. Were the dom-
inant species, which together comprised 89% of the total
beetles collected (Table 1). Five species (Canthon arcabug-
uensis (Molano and Medina 2010), Cryptocanthon foveatus
Cook 2002, Dichotomius aff. satanas, Dichotomius protec-
tus (Harold, 1867), and Eurysternus marmoreus Castelnau,
1840 were rare in this study, representing less than 1% of the
total dung beetle abundance. Still, only one species, D. pro-
tectus, was a singleton. Eight species were collected at forest
cores and forest edges, and only four species were recorded
at pasture. The sampling coverage in the three habitats was
high (forest cores —100% of the expected number of species;
forest edges —99%; pastures —99%).

There were marked differences in beetle diversity regarding
habitat type among forest cores, forest edges, and pastures. In
total, we collected eight species (n=1,463 beetles) in forest
cores, eight (n=1,355) in forest edges, and four (n=992) in
pastures (Table 1), and there was a statistically higher spe-
cies richness in forest cores and forest edges than in pastures
(Fig. 2A). Regarding the number of abundant species and the
number of dominant species, there was a gradient of diversity,
ranging from forest cores (highest diversity) to the pastures
(lowest diversity), with forest edges being the intermediate
habitat in terms of diversity (Fig. 2B, C).

Among the dung beetles collected, three species co-occurred at
the three habitats. Two of them (O. brevicollis and Onthophagus
curvicornis Latreille, 1811) had markedly distinct abundances
in each habitat (Table 1). Two species were recorded exclusively
at forest cores (C. arcabuquensis and C. foveatus), one at for-
est edges (D. protectus), and none at pastures. Dominant species
were distinct in each habitat. At the forest cores, O. brevicollis,
Canthidium sp., and Deltochilum hypponum (Buquet, 1844) were
dominant, accounting for 97% of the dung beetles in this habitat.
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Table 1 Species abundance of dung beetles collected in forest cores, forest edges, and pastures in Arcabuco, Boyacé, Colombia

Species Resource removal Forest cores Forest edges Pastures Total

strategy

Canthidium sp. Tun 419 30 0 449
Canthon arcabuquensis (Molano and Medina 2010) Rol 23 0 0 23
Cryptocanthon foveatus Cook 2002 Rol 4 0 0 4
Deltochilum hypponum (Buquet, 1844) Rol 126 37 0 163
Dichotomius aff. satanas Tun 5 9 0 14
Dichotomius protectus (Harold, 1867) Tun 0 0 1
Eurysternus marmoreus Castelnau, 1840 Dwe 3 1 1 5
Ontherus brevicollis Kirsch, 1870 Tun 877 291 11 1179
Onthophagus curvicornis Latreille, 1811 Tun 6 28 180 214
Uroxys coarctatus Harold, 1867 Tun 0 958 800 1758
Total 1463 1355 992 3810

Resource removal strategies: Tun tunneller, Dwe dweller, Rolroller

At the forest edges, U. coarcatus, O. brevicollis, and D. hypponum
were the dominant ones (95% of the total beetle abundance). At
pastures, U. coarcatus, O. curvicornis, and O. brevicollis were
the dominant species (99% of the total abundance). The dung
beetle assemblage was statistically different among the habitat
types (F,=24.61, p<0.01, Fig. 3). Besides, habitat types showed
statistically distinct dispersion of the variance of assemblage data
(PERMDISP, F,=3.50, p=0.03). Pastures had a statistically
higher dispersion than forest edges (p=0.04) and had a margin-
ally higher dispersion than forest cores (p=0.09) (Fig. 4).

Discussion

Understanding how habitat change affects biodiversity
in the tropics remains an important goal for establish-
ing conservation strategies. The effects of habitat type
have been extensively studied in ecological communities
from the tropics (e.g., Tylianakis et al. 2005; Tscharntke
et al. 2008; Kiatoko et al. 2017); however, such studies on

dung beetles are rare in the Colombian Andes. Herein, we
assessed how habitat type affects dung beetle assemblages
from a region of the Andean landscape in Colombia. As
expected, habitat type features as an important parameter
that drives ecological communities in the tropics, even
under the temperate climatic conditions of the Andean
landscapes. Also following our predictions, pastures
comprised the most impoverished habitat. Nonetheless,
contrary to our predictions, forest edges were not the most
diverse habitat; instead of that, we found a gradient forest-
edge-pasture regarding dung beetle diversity.

As expected, habitat type modulated dung beetle assem-
blage, with a higher diversity in forest cores and forest edges
than in pastures. In the Neotropics, dung beetle species
differ in their habitat specificity, with some species being
more generalist and some species being more specific in
their distribution (Hanski and Cambefort 1991; Larsen et al.
2006; Nichols et al. 2007; Scholtz et al. 2009). Such differ-
ences in distribution patterns are possibly related to their
microclimatic requirements (Larsen et al. 2006; Larsen
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Fig. 3 Effect of habitat type on diversity numbers of the dung beetle
assemblages, according to species richness (0D — A) and the expo-
nential of Shannon entropy (1D — B) and the inverse of Simpson (2D

— C) in Arcabuco, Boyaca, Colombia. Different letters indicate statis-
tically different treatments
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2012; Barretto et al. 2020), and that forest-specific species
apparently cannot cross open canopy sites. Likewise, native
vegetation structure is mainly related to higher levels of
dung beetle diversity (e.g., Korasaki et al. 2010; Louzada
et al. 2010; Filgueiras et al. 2015). Besides, the vegetation

Fig.4 Paired Tukey test values

®  Forest core
O Forest edge
v  Pasture

dissimilarity between disturbed and conserved habitats may
negatively influence the dung beetle assemblage structure
inhabiting disturbed areas (Nichols et al. 2007). The reason
for this may be that dung beetle assemblages are adapted to
the microclimatic conditions of native habitats.
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Usually, ecological studies of dung beetle assemblages
are focused on general data and statistical trends, but it
is also important to consider the role of species natural
and evolutive history. In this sense, we call the attention
for distribution of the most abundant species recorded in
this study. Among them, we could draw four distinct spa-
tial distribution patterns: (1) there were species distributed
exclusively in forested habitats (forest cores and edges) that
were absent in pastures (Canthidium sp. and D. hypponum);
some species occurred in all habitats, but (2) represented
a gradual decrease of in the direction forest cores — forest
edges — pastures (O. brevicollis), or (3) the opposite (O.
curvicornis); also, (4) there was one abundant species (U.
coarcatus) being recorded at pastures and forest edges but
being absent in forest cores. The different patterns observed
by those species can be related to the strategies presented
among the species of those genera. For example, Canth-
idium Erichson, 1847 and Deltochilum Eschscholtz, 1822 are
Neotropical genera and most of their species have special-
ized in forested ecosystems (Hanski and Cambefort 1991).
Regarding the higher abundances of O. curvicornis and U.
coarctatus in pastures compared to forest cores, the body
traits and the evolutive history of these species may explain
our findings. It is well known that the conversion of native
forests to pastures in Neotropical region filters large-bodied
species, favoring the smaller ones (Hanski and Cambefort
1991; Amat et al. 1997). Most of Uroxys Westwood, 1842
and Onthophagus Latreille, 1802 species are small bodied,
which could favor their distribution in pastures compared to
forest cores, explaining our findings. Besides, Onthophagus
species are highly diverse in Neotropical highlands, with
eurytopic species that are adapted to both closed-canopy and
open-canopy ecosystems (Moctezuma 2021). The distribu-
tion of the most abundant species throughout the different
habitats of this reinforces the importance of analyzing spe-
cies natural history traits in order to present a finer scenario
regarding species spatial distribution in the Anthropocene.

In our study, pastures comprise the most heterogeneous
habitat, which was confirmed by the higher dispersion in the
variances of the data when compared to forest edges. Such
high dispersion may be explained by the heterogeneous dis-
tribution of dung beetle species among samples. Although
there are marked differences between the dung beetle fauna
from native forests when compared to anthropogenic matri-
ces (Escobar 2004; Nichols et al. 2007; Davis et al. 2012),
the environmental instability in anthropogenic habitats may
explain the high variation in species distribution per sample
found in pastures of the current study. Dung beetle species
in the tropics may cross pastures when moving between the
main habitats, which are usually the forested sites (Cultid-
Medina et al. 2015; Barretto et al. 2021), resulting in more
unstable and unpredictable species distribution in pastures
(Salomao et al. 2020). Our results reinforce the idea that the

use of pastures as secondary habitats may establish assem-
blages that change abruptly through space and time.

In the studied region, three of the ten species co-occurred
in all studied habitats (E. marmoreus, O. brevicollis, and
O. curvicornis), suggesting a certain level of species per-
meability among forest cores, forest edges, and pastures.
As canopy height decreases and canopy openness increases
with altitude in Andean vegetation (Asner et al. 2014), we
suggest that the landscape conditions observed in the cur-
rent study area present conditions that favor open-habitat
species such as U. coarctatus. According to previous studies
in the Andean region, high elevation species (as observed in
this study) may be more tolerant of land-use changes than
lowland species (Medina et al. 2002; Larsen 2012) suggests
that the broad environmental tolerance of highland species
may be related to a wide range of physiological tolerance
or a broad availability of ecological niche due to the spe-
cies’ poor assemblages of highlands. However, the patterns
of species diversity observed herein may indicate that at
2,500 m a.s.l. the dung beetle assemblage is still composed
of species with different degrees of permeability across dif-
ferent habitat types. This idea is supported by the dominant
species of each habitat, which had similar abundances (from
800 to 958 individuals) but comprised distinct species (O.
brevicollis was dominant in forest cores, and U. coarctatus
was dominant in forest edges and pastures). Such a result is
interesting, considering that dung beetle ecosystem services
(e.g., secondary seed dispersion, dung burial, soil aeration)
are related to their abundances (Larsen et al. 2005; Nichols
et al. 2008). According to our results, we may suggest that
the studied region of Andean highlands comprise impov-
erished dung beetle assemblages at human-made habitats.

Ten species were recorded in this study, and three of them
(U. coarcatus, O. brevicollis, and Canthidium sp.) represented
almost 90% of the collected beetles. The Andean landscape of
Colombia comprises a considerable rich dung beetle diversity,
with more than 100 species dwelling in this mountain range
(Escobar et al. 2005). It is important to note that altitude is one
of the critical factors that determine dung beetle assemblages
in the Andes (Escobar 2000; Escobar et al. 2005; Larsen
2012) and in other mountain ranges of the Neotropical region
(Alvarado et al. 2014; Dominguez et al. 2015; Nunes et al.
2016). According to Escobar et al. (2005), the low species
richness in Andean highlands is due to the adaptation of dung
beetles from this region to warm temperatures; therefore, the
highlands of this region represent a barrier for most dung
beetle species. Compared to other studies in the Andean
mountains, we observed a relatively low species richness of
dung beetles (e.g., s=22 in Medina et al. (2002); s=20 in
Escobar (2004); s=52 in Horgan (2005)). However, when
comparing dung beetle diversity from similar altitudinal ranges
of the Andes, dung beetle species richness was close to our
findings (e.g., s=from 3 to 10 in Amat et al. (1997); s=8 in
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Medina et al. (2002); s=from 2 to 9 in Escobar et al. (2005);
s=12 in Lopera-Toro and Cardenas-Bautista (2019)). Thus,
we conclude that dung beetle species dwelling in this region
of Andean highlands are part of species-poor assemblages
conformed by Neotropical species that tolerate the temperate
climatic conditions of such regions.

In conclusion, our study indicates that habitat type affects
dung beetle assemblages at a portion of Andean highlands in
Colombia. Dung beetle assemblages in tropical ecosystems
are often sensitive to habitat transformation (Hanski and
Cambefort 1991; Nichols et al. 2007; Scholtz et al. 2009).
Here we present cues that introduced pastures in Andean
landscapes maintain impoverished dung beetle diversity
— also, this anthropogenic habitat is characterized by a dis-
tinct assemblage compared to forested area and its edges.
Our results reinforce the importance to maintain native for-
est patches in the Andean region, in order to maintain the
native species diversity and consequently by the ecosystem
services they provide. Based on the results of this study, we
believe that it is important to analyze patterns of ecological
communities in each different habitat carefully.

Supplementary Information The online version contains supplemen-
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