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ABSTRACT

Digitonthophagus gazella was deliberately introduced to several American countries to remove bovine
manure and control hematophagous flies and gastrointestinal parasites. This species, typically found
in open habitats, has opportunistic strategies for resource utilization, high reproductive and dispersal
rates, and processes large quantities of cattle dung. As a result, it rapidly colonized the lowlands of the
American continent, achieving a wide distribution; and being currently catalogued as an invasive exotic
species in several tropical and subtropical countries. Based on research completed and samples taken
during six years in three ecological environments (forest, intensive silvopastoral systems, and treeless
pastures) in the Cesar River valley, northern Colombia, an analysis is proposed to evaluate whether
D. gazella behaves as an invasive or a naturalized species. To assess information about its distribu-
tion, food preferences, relationship with native species during temporal succession in resource use,
ecological functions related to removing dung and soil perturbation, and risks or benefits this species
represents to native dung beetle fauna in the valley were weighed. A classification is presented utilizing
conventional criteria. According to our analysis, D. gazella could be considered an introduced, natural-
ized species with minimal impact in the Cesar River valley since it did not enter the forest, did not gen-
erate competition through exclusion with native species, prefers bovine dung, completes ecologically
important functions for cattle systems, and has economic benefits due to the reduction of agrochemical
use. Further research is suggested to corroborate if these results operate nationwide.
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RESUMEN

Digitonthophagus gazella fue introducida deliberadamente en varios paises de América para eliminar
el estiércol bovino y controlar moscas hematoéfagas y parasitos gastrointestinales. Esta especie, nor-
malmente de habitats abiertos, tiene estrategias oportunistas para la utilizacién de recursos, altas tasas
de reproduccién y dispersion, y procesa grandes cantidades de estiércol de ganado. Como resultado,
colonizé rapidamente las tierras bajas del continente americano, logrando una amplia distribucion.
Actualmente es catalogada como una especie exdtica invasora. Con base en investigaciones realizadas
y muestras tomadas durante seis afios en tres ambientes ecologicos (bosque, sistemas silvopastoriles
intensivos y pastizales sin arboles) en el valle del rio Cesar, norte de Colombia, se propone un anéali-
sis para evaluar si D. gazella se comporta como invasora o naturalizada. Se estudiaron las funciones
ecolbgicas relacionadas con la remocion de estiéreol y perturbacién del suelo y los riesgos o beneficios
que esta especie representa para la fauna nativa de escarabajos coprdfagos en el valle, se evalud su
distribucion, preferencias alimentarias y relacion con especies nativas durante la sucesiéon temporal
en el uso de recursos. De acuerdo con nuestro analisis, usando criterios convencionales, D. gazella
podria considerarse una especie introducida, naturalizada y con minimo impacto en la zona, ya que no
ingresa al bosque, no genera competencia por exclusion con especies nativas, tiene preferencia por el
estiércol bovino, completa funciones ecologicas en los sistemas ganaderos, con beneficios econdémicos
debido a la reduccién del uso de agroquimicos. Se sugiere mayor investigaciéon para corroborar si estos
resultados operan a nivel nacional.

Palabras clave: Competencia, Escarabajos estercoleros, Funciones ecolégicas, Interacciones ecol6-

gicas, Especie invasora

] INTRODUCTION

Human activities modify species’ geographic distribution.
In many cases, the species’ movement beyond their geo-
graphic ranges of distribution is favored deliberately or is
accidental; but under other circumstances, facilitates the
colonization of regions in which they did not previously
exist (Levine and D’Antonio 1999, Didham et al. 2005,
Banks et al. 2015). It is known that species introduction
drives changes in receptor ecosystems (Blackburn et al.
2014). Besides, it has been correlated with the extinction
of native species (Kohimann 1994, Byers 2002, Gurevitch
and Padilla 2004, Clavero and Garcia-Berthou 2005, Mat-
avelli and Louzada 2008) and ecosystem functional dis-
ruption, for example, energy flow modifications, changes
in nutrient redistribution, and poor pollination, among
others (Spencer et al. 1991, Lodge 1993, Sanders et al.
2003, Torchin et al. 2003, Tallamy 2004). Although many
studies have been conducted on this topic, determining
the invasive potential of a species and its impact on eco-
systems continues to be a challenging task (Andersen et al.
2004a, 2004b, MacLeod et al. 2010).
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In recent decades, a debate has arisen regarding the use of
imprecise, incorrect, or contradictory terms such as “in-
troduced”, “naturalized”, “exotic”, and “invasive” species
(Richardson et al. 2000, Blackburn et al. 2014, Russell and
Blackburn 2017, Crowley et al. 2017). A group of individu-
als of an exotic or introduced species that can establish vi-
able populations in a new locale is considered established
or naturalized (Richardson et al. 2000, GISD ¢2005). In-
stead, if the population of a species is established without
human assistance and, consequently, poses a threat to the
ecosystem and drives socioeconomic impacts, it is an inva-
sive species (GISD c2005, CDB c2011).

Blackburn et al. (2011, 2014) propose a simple standard-
ized system for classifying alien species in terms of the
magnitude of their impacts. The classification, in addition
to considering environmental impacts, allows us to iden-
tify species that have deleterious biotic and abiotic effects
and can be applied to different taxa, using unified criteria
based on invasive species evaluation mechanisms of the
International Union for Conservation of Nature (IUCN)
Global Invasive Species Database ([GISD], http://www.


http://www.issg.org/database

issg.org/database). This classification considers the con-
sequences of the impacts of biological invasions based on
the best available evidence and applied at different spatial
scales, from regions, countries, or globally. In this sys-
tem, Blackburn et al. (2014) identified a set of six impacts
(herbivory, competition, predation, disease transmission,
hybridization, and ecosystem) as a set of mechanical im-
pacts. Following the unified framework proposed by these
authors, there are different barriers for species (geograph-
ic, survival, reproduction, dispersal, and environmental).
These determine the failure or success of the biological
invasion and allow us to distinguish between Causal / In-
troduced, Naturalized / Established, or Invasive species.
In this context, there is an urgent need for a multi-crite-
ria method to facilitate the evaluation, comparison, and
prediction of the effects of invasive species on ecosystems,
such as those that occur in species that are deliberately
introduced in cattle systems in different Latin American
countries (e.g., the Indo-African dung beetle Digitonthop-
hagus gazella (Fabricius, 1787).

In this study, we investigated whether D. gazella behaves
as an invasive species based on the classification system
proposed by Blackburn et al. (2014). In many countries,
D. gazella was deliberately introduced as a solution for
the excrement accumulation problem (see Blume and Aga,
1978, Fincher et al. 1983, Ripa and Rodriguez 1990, Zu-
nino and Barbero 1993, Kohimann 1994, Noriega et al.
2006, Vidaurre et al. 2008, Alvarez-Bohle et al. 2009,
Noriega et al. 2010, Isaza-Lopez et al. 2015, Noriega et al.
2017, Pablo-Cea et al. 2017, Gamez et al. 2021).

Digitonthophagus gazella is well adapted to the utili-
zation of the dung of large herbivores, including cattle
(Rougon and Rougon 1980, Cambefort 1984, Brito et al.
2007, Rivera and Wolff 2007, Alvarez-Bohle et al. 2009,
Pokhrel et al. 2020). It shows opportunistic strategies for
the utilization of the resources (Barbero and Lopez-Guer-
rero 1992, Alvarez-Bohle et al. 2009). Also, it displays a
high reproductive rate (Blume and Aga 19778, Barbero and
Lopez-Guerrero 1992), high dispersion capacity (Hanski
and Cambefort 1991), and a high potential for processing
large quantities of cattle dung (Behling-Miranda et al.
2000, Alvarez-Bohle et al. 2009). Additionally, it is eas-
ily established in areas sparsely vegetated, with high tem-
peratures and rainy periods throughout the year (Rivera
and Wolff 2007). These attributes have contributed to the
perception that D. gazella is an invasive species (Noriega
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2002, Amat-Garcia et al. 2011, Noriega et al. 2017) which
threatens native dung beetle populations (Noriega et al.
2011, Filho et al. 2018).

Based on the facts that D. gazella is a species of great im-
portance in cattle systems, that rapidly colonize the Amer-
ican continent, it is essential to have diagnostic elements
that allow us to adequately assess its invasive potential of
ecosystems and its real impacts on the associated scarab
native populations. Information about spatial distribu-
tion, food preferences, relationship to native species, and
temporal succession associated with D. gazella, over six
years in remnants of Tropical Dry Forest at the Cesar River
valley, was gathered and analysed. The use of the resource,
ecological functions related to dung removal and soil per-
turbation, and the risks or benefits this species represents
to native dung beetle fauna inhabiting were also included.
Based on this information, a solid and arguable assess-
ment is made for the first time on D. gazella. Further, the
implications of its distribution in cattle ranches in the Ce-
sar River valley are also discussed.

l MATERIALS AND METHODS

This study took place between August 2012 and December
2018 on eight cattle ranches located in the Cesar River val-
ley in northern Colombia (Supplement fig. 1, Supplement
table 1) covering four land uses, Treeless Pastures (TP),
Intensive Silvopastoral Systems (ISPS), Scattered Trees
in pastures (ST), and Forest Fragments (F). The region is
classified as a Tropical Dry Forest (bs-T) (Holdridge 1978)
and has clayey/sandy soil formations with low permeabil-
ity. Average annual rainfall and temperature are 1100 mm
and 25 °C, respectively. Rainfall presents a bimodal pat-
tern with the highest precipitations in April-June and Au-
gust-November. The driest periods are December-March
and July-August (Medina-Rangel 2011, Arcila et al. 2012,
Delgado-Goémez et al. 2012).

Dung beetle diversity in cattle ranches

To determine the distribution of D. gazella in the livestock
landscape and establish its habitat preferences, dung bee-
tles were sampled between August 2012 and December
2018 under three land uses, Forest (as reference habitat),
ISPS or ST (sustainable cattle ranching system) and TP.
In each ranch, 15 pitfall traps were installed. Details of the
procedure are described in Montoya-Molina et al. (2016).
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A total of eight repetitions were done. Diversity sampling
was only completed once in each ranch.

Species determination was done using taxonomic keys
(Vaz-de-Mello et al. 2011) and corroborated by experts
from the Instituto Alexander von Humboldt (IAvVH), Vil-
la de Leyva, Colombia. The specimens were deposited
in the Entomological collections of the Universidad del
Valle (MUSENUYV) (Cali) and at IAvH (Villa de Leyva)
in Colombia.

Diversity analyses

To visualize the changes in the dung beetle community
composition under different land uses and the D. gazel-
la distribution, a triangular Q—mode matrix of similarity
using the Bray-Curtis index was constructed. The index
ranged from 0 (no species in common between sam-
ples) to 1 (identical species composition and abundance).
Non-metric multidimensional scaling (NMDS) was used
to define the overall differences in species composition be-
tween land uses. NMDS was chosen because neither nor-
mality nor linearity of data is assumed (Kruskal and Wish
1978). To evaluate how many dimensions are needed to
reproduce similarity between sites, a stress value was cal-
culated. The smaller the stress value, the better the fit of
the reproduced similarity matrix observed. In this analy-
sis, the distance between environmental variables was cal-
culated using the use of a matrix of locations and species,
utilizing the metaMDS and envfit functions in the vegan
package of the R statistical program (R Development Core
Team c2008).

Digitonthophagus gazella distribution,

interactions, and ecological functions

Two temporal successional experiments were carried out
during rainy periods (October 2013) aimed to determine
any interaction of D. gazella with native dung beetle spe-
cies. The experiment was designed to establish whether
there is competition for exclusion during the first 96 h
of cattle dung on the soil surface. Both experiments took
place under three land uses, Forest, ISPS, and TP on a
ranch (Salsipuedes) (Supplement Table 1). Fresh cattle
dung was collected during milking and carefully examined
to guarantee that it did not contain beetles. Later, it was
placed in a 50 L vessel and homogenized to produce lots
of 100 dung piles of 432 cm3 each. These were distributed
in each land use within a 2500 m? rectangle in which they
were evenly separated by 5 m. Every six hours, for four
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consecutive days, three dung piles were randomly select-
ed. In each case, all beetles encountered within the dung
pile or in recently constructed tunnels immediately below
the dung piles were collected and identified.

In each round of dung pile revision, the following varia-
bles, related to the dung beetle ecological functions were
quantified: Species interaction: The temporal interaction
between D. gazella and native species was evaluated and
recorded during the manure exposure time. Soil removed:
Soil from the upper and outer parts of the dung was care-
fully removed and weighed with a precision scale (Ozeri™,
0.1-500 g) to the quantity of soil that dung beetles removed
during the process of incorporation of excrement into the
soil. Number of tunnels: as the dung was lifted, the num-
ber of visible tunnels attributable to the dung beetles was
quantified. Tunnel depth: visible tunnels were carefully
followed with the help of a spatula to the places where nest
balls were found. The distances of the balls at an angle of
90° to the surface of the soil were then recorded. Number
of nest balls: the number of nest balls buried below each
dung pile was registered. Mass of nest balls: the fresh in-
dividual mass (g) of each nest ball was measured using a
precision scale.

Digitonthophagus gazella interaction and

ecological function analyses

Interaction diagrams were developed to determine rela-
tionships between D. gazella and native species during
the 96 hours that the bovine manure was exposed. Data
were analyzed using the bipartite package in the R statis-
tical program (R Development Core Team c2008). Later,
a C-score was obtained, representing the average number
of units; checkerboard equivalents for each species with
singular interactions were determined. The higher the
C-score, the less co-occurrence, on average, between all
the species’ pairs in the matrix. A relatively large C-score
indicates a more segregated matrix and a relatively small
C-score indicates a more aggregated matrix (Gotelli and
Ulrich 2010).

A frequency histogram graph was constructed based on
the occurrence of beetles and the abundance of dung piles
found in the land uses. The purpose of this was to deter-
mine whether cattle dung is a limited resource for beetle
fauna and if this situation represents the possibility of
competition within the beetle community. Density corre-



sponded to the percentage of the total population captured
in each interval in which the histogram was divided.

Digitonthophagus gazella environmental

impact classification

To evaluate whether D. gazella behaves as an invasive
species, data on species composition, the geographical
distribution in the livestock landscape, food preferences,
interactions with other dung beetle species, and ecologi-
cal function of D. gazella and native dung beetle species
were collected for six years and analysed based on the
standardized classification proposed by Blackburn et al.
(2014). The scheme also categorizes species that are data
deficient or have data that are assumed according to the
scientific literature. The classification scheme proposes six
impact scenarios that are scored from 0-5. These scores
correspond to, (0) No discernible impact; (1) Impact dis-
cernible, but with no effect on the aptitude of individuals;
(2) Effect on the aptitude of individuals, but not on pop-
ulations; (3) Changes in populations, but not in the com-
position of the community; (4) Reversible changes in the
community; (5) Irreversible changes in the community,
extinction of species (Blackburn et al. 2014).
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Environmental variables

To determine the environmental factors that influence
D. gazella distribution patterns, the following variables
were measured: temperature (°C) and relative humidity
(%) with a digital thermohygrometer (Fisher Scientific™
Traceable™ Jumbo Thermo-Humidity Meter (Accuracy
+2 to +4 %); canopy cover (%) with a spherical densitom-
eter (Forestry Suppliers); and the percentage of soil cover
(bare soil, leaf litter, and vegetation) was estimated within
a 50 m linear transect, sampling stations every 0.5 m.

B RESULTS AND DISCUSSION

Our results provided strong evidence to consider D. gazel-
la as an introduced but naturalized species with minimal
impact on the Cesar River valley, which is one of the most
important livestock regions in Colombia. The data show
that the distribution of D. gazella is exclusively within cat-
tle systems and that this species prefers cattle dung, which
is not a limited resource in the Cesar Valley region. Fur-
thermore, it can coexist with native dung beetle species
for more than 96 hours in the same dung pile, thus par-
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ticipating in the ecological function of soil removal under
cattle land use. This assessment is backed by the following
results which are discussed in the light of the scientific lit-
erature available.

Digitonthophagus gazella and dung

beetle diversity in cattle systems

In the dung beetle diversity survey, 6,239 individuals were
collected belonging to 32 species and 18 genera. D. gazella
was absent in forested areas and was only found within
the evaluated cattle systems (ISPS, PSA, ST; Supplement

Pseudocanthon sp. 0TH
Canthon sp. 10H
Onthophagus marginicollis

Onthophagus sp. 01TH
Onthophagus lebasi

Onthophagus marginicollis
Canthon sp. 10H

Onthophagus lebasi
Onthophagus sp.0TH

E. impressicollis

E. impressicollis

table 2). After six years of research on the distribution of
dung beetles in the Cesar River Valley, it was found that D.
gazella prefers cattle grazing areas. Thus, the forest that
lacks cattle dung is an unattractive habitat for this species.

Non-metric multidimensional scaling (NMDS) showed
that species are distributed in three groups according to
land use (Fig. 1). In this ordination, D. gazella was located
between ISPS and TP in a different ordination group than
forest species. This result confirms that D. gazella does
not use native forests. Moreover, we corroborated that

D. gazella D.cadmus Canthidium sp. 04H

D. cadmus

D. gazella

Canthidium sp. 04H

Pseudocanthon sp. 01H

Onthophagus marginicollis

D. gazella

E. impressicollis

Onthophagus marginicollis

D. gazella

E.impressicollis

Figure 2. Interaction webs of coprophagous dung beetles. A. Intensive Silvopastoral Systems (ISPS), C- Score: 0.24. B. Treeless Pastures, C. Score: 0.0.
Black horizontal bars represent the total abundance of each species in the system, while grey longitudinal bars represent the abundance of individuals

that coexist between two related species.
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D. gazella does not directly contend with native species de-
pendent on the small patches of endemic forest and mam-
mals’ dung for food and nidification resources (Favila 2012).

Several studies refer that D. gazella is restricted to open
areas in the Neotropics (Noriega et al. 2006, Rivera and
Wolff 2007, Noriega et al. 2010, 2011) but none of them
have reliably shown its presence in areas of native vegeta-
tion. Its occurrence in open spaces is not surprising given
the habitat origin of D. gazella, a stenotopic species pre-
dominantly linked to the savannas with large herbivores of
the Indo-African region (Blume and Aga 1978). In Verac-
ruz, Mexico, Lobo and Montes de Oca (1994) document-
ed that D. gazella did not penetrate shaded zones. Still,
it was detected in transects lacking vegetal coverage with
high temperature and low relative humidity. These authors
concluded that D. gazella is a species adapted to open en-
vironments without arboreal vegetation. Some vegetation
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Figure 3. Box-whisker plots comparing two ecological functions: A. Re-
moved soil parameters (g) and B. Maximum depth of tunnels (cm) in
ISPS and TP. In plots median (bold line), 25% quartiles (boxes), extremes
(whiskers), and outliers (peripheral dots).
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coverage represents a barrier to its dispersion (Lobo and
Montes de Oca 1994, Montes de Oca and Halffter 1998).
According to these authors, D. gazella has penetrated
Mexico along cattle ranching areas avoiding forested areas.
Therefore, the most accurate classification of the dung bee-
tle D. gazella at the Cesar River valley should be as an “in-
troduced and naturalized species” vis a vis Richardson et
al. (2000). By not crossing the barrier imposed by natural
ecosystems, the species cannot be considered invasive.

Digitonthophagus gazella distribution,

interactions, and ecological functions

During the temporal succession sampling, 141 individu-
als belonging to 16 species and 12 genera were associated
with cattle dung (Supplement Table 3). This means that
only half of the total species of the Cesar River valley can
process cattle dung, even if the resource is introduced ex-
perimentally into the forest in a controlled manner. These
results abide with the notion that D. gazella is a species
well adapted to exploit bovine manure and corroborate
that the forest represents an unsuitable habitat to be used
by this species. In this way, spatial segregation that limits
competition with native species may have occurred.

Digitonthophagus gazella interactions with local fauna

The interaction webs (Fig. 2) show the species that colo-
nize the same dung patties in cattle ranches of the Cesar
River valley. At the ISPS can be observed that D. gazella
shares the resource and coexists with several native spe-
cies such as Onthophagus marginicollis Harold, 1880, O.
lebasi Boucomont, 1932, Onthophagus sp.01H, Canthon
sp.10H, Pseudocanthon sp.01H, Eurysternus impressi-
collis Laporte, 1840, Diabroctis cadmus (Harold, 1868),
and Canthidium sp.o4H (Fig. 2a). Meanwhile, in TP, the
abundance of D. gazella and O. marginicollis was similar,
and both species shared the resource (Fig. 2b). Only one
individual of E. impressicollis was caught sharing the ma-
nure with the mentioned two species in this cattle system.

Onthophagus marginicollis was found both in the interior
of forest remnants and in TP (Fig. 2), exhibiting behavior
like D. gazella: a high preference for cattle dung patties
and high plasticity in habitat usage. This is the only native
species in the Cesar River valley that uses bovine manure
in TP. Lozano (2010) documented that this species out-
numbered D. gazella under secondary forest conditions
and an abundance of bovine dung.

609



Giraldo-Echeverri et al, 2024. Caldasia 46(3):603-615

Table 1. Criteria for assigning categories of classification of impacts for the introduced scarab Digitonthophagus gazella in the Cesar river valley.
Classification and values were assigned according to Blackburn et al. (2014) and justification was based on the results obtained during six years of

observations.

Impact Type Classification Justification

Competition Minimal
Depredation Minimal
e . Deficient
Hybridization data
Transmission of diseases Deficient
to native species data
Parasitism Minimal
Poisoning/toxicity Minimal
Biocontamination Minimal
Pasturage, herbivory Minimal
Physical, chemical, or
structural impact on the Minimal
ecosystem
Interaction with other Minimal

introduced species

Total Score

Does not generate compehtlon with native species. Reduction of native
species cannot be attributed to D. gazella.

D. gazella is not a predator; thus, native species are not in risk for this
factor.

Hybridization and crossing processes have not been registered between
D. gazella and native scarabs.

Information for determining if D. gazella is a carrier of transmissible disea-
ses to native species does not exist.

D. gazella is not a parasite; thus, it does not affect native species through
parasitism.

D. gazella is not poisonous, toxic, allergenic, or allelopathic; thus, it does
not reduce the aptitude of native species by these means. Nor does it
seem to be toxic to its predators.

D. gazella is not a biocontaminant for native species.
The species is not an herbivore, nor does it affect native plants.

There are no chemical, physical, and/or structural changes to the ecosys-
tem due to D. gazella. Changes in the nutrient cycle (removal of manure
and soil) are beneficial for cattle systems. There are no detectable changes
in succession and the aptitude of natives is not reduced.

D. gazella interacts indirectly with other species including Bos taurus, Bos
indicus and their crosses. However, these interactions are positive because
they favour the relocation of manure. None of the species, per se, nor their

interactions, generate reduction in the aptitude of natives. Other effects
related to cattle system management may be responsible for reduction the

reduction of native species.

D. gazella can be considered an introduced scarab with minimal

environmental impact in the study area.

Based on these results we propose two types of competitive
interactions between D. gazella and native species: Firstly,
an interspecific competition (sensu Begon et al. 1996, cit-
ed by Zhou et al. 2010, Shurin and Greenfest-Allen 2001,
Lang and Benbow 2013) might occur to native species due
to the D. gazella capacity to rapidly colonize bovine ma-
nure. This represents an adaptive advantage that allows
it to monopolize the resource rapidly and generate com-
petitive exclusion. However, as the data show, D. gazella
coexists without interspecific competition. Therefore, this
introduced species does not seem to represent a risk to lo-
cal populations in the Cesar River valley.

The second type of competition that might occur is ex-
ploitation (Gause 1932). This occurs when individuals
interact indirectly by competing for communal resources
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such as territory, prey, or food (Lang and Benbow 2013).
According to this type of competition, the use of the re-
source by one species diminishes the quantity available for
other organisms that utilize the same resource. Depending
on the competitor’s degree of competition and adaptive
advantages, this may exclude the less adapted species in

this area or region (Gause1932, Lang and Benbow 2013).

The interaction of D. gazella with native species can favor
ecological functions. As depicted in (Fig. 3), assemblies
shaped by native species and D. gazella favor the comple-
tion of soil removal and tunneling. Both latter are impor-

tant ecological functions for the dynamics of ISPS.

Despite the presence of D. gazella in TP, the ecological
function of soil removal and tunnel construction is not



performed adequately in this cattle system, possibly be-
cause this species is unable to penetrate the compacted
soil on its own. D. gazella deposits nest balls inside the
patty 0-2 cm from the surface of the soil, behaving like
D. cadmus as a resident species. On the contrary, in the
ISPS, the presence of D. gazella, together with large native
species, favours the removal of soil and the construction
of tunnels, which improves the ecological function of the
dung beetles in these grazing systems. D. gazella builds
numerous tunnels below the patties that reach up to 20
cm in depth. We hypothesize that the activity of D. gazella
could be potentiated by the improved soil conditions and
the interaction with native species in cattle systems, and
their combined action could favour the reestablishment of
ecological processes in systems undergoing restoration.

In that direction, the conversion of conventional livestock
systems to systems that generate more favourable en-
vironmental conditions, such as ISPS, for native scarab
fauna not only guarantees the functional integrity of the
ecological processes in which the scarabs participate (e.g.,
excrement removal) but also contributes to increased con-
nectivity on the landscape scale that supports the native
species dispersal (Giraldo et al. 2011, Montoya-Molina et
al. 2016).

In the cattle systems of the Cesar River valley, each cow
produces, on average, twelve patties per day exceeding the
removal capacity of native species and even that of D. ga-
zella. Hence, dung beetles associated with bovine patties,
depending on the species abundance that initially coloniz-
es the resource, may eventually show exploitative compe-
tition on the part of the dominant species. Cattle manure
was permanently found in the lots designated as animal
pastures. Indeed, in ISPS and TP more than 60 % of the
patties did not have dung beetles associated with them
during the first 96 hours after deposition. This suggests
that bovine manure is an abundant, rather than a limiting
food resource, which, by definition, contributes to a reduc-
tion of interspecific competitive exclusion.

Some researchers have hypothesized that the coloniza-
tion of new territories by D. gazella has contributed to a
decline in populations of native dung beetles (Filho et al.
2018). However, to date, few studies have evaluated pop-
ulations of native dung beetles before and after the arriv-
al of D. gazella in a territory (Mesquita-Filho et al. 2018,
Filho et al. 2018). This type of study is challenging and
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requires the inclusion of multifactorial ecological varia-
bles to discard other external such as deforestation, tem-
perature increase, and use of agrochemicals or veterinary
drugs, which might also explain the decline in native bee-
tle populations. Matavelli and Louzada (2008) did not find
a relationship between the introduction of D. gazella and
the population size of Canthon sp.1, a scarab native to the
Brazilian savanna, which by the contrary kept its impor-
tance as the most abundant species. Their results suggest
that D. gazella in these areas was negatively influenced
by the abundance of the native species, indicating a certain
natural resistance of the native Scarabaeinae community

to D. gazella presence.

Noteworthy, a study in the tropical lowlands of Veracruz,
Mexico, before and after the arrival of D. gazella, showed
a significant reduction in the abundance of the native
species Onthophagus batesi Howden & Cartwright, 1963
(Montes de Oca and Halffter 1998). Despite the results,
the authors did not attribute this reduction to the intro-
duced species, since the study site had suffered a large
anthropic transformation during the previous 20 years,
which may have affected the native species. Additionally,
they found that both species showed spatial segregation:
D. gazella occupied open areas and was able to colonize
patties completely exposed to sunlight, while O. batesi was
found in sites partially covered with vegetation. Hence, al-
though the accelerated transformation of natural ecosys-
tems into pastures may have favored the rapid distribution
of D. gazella across the American continent (Montes de
Oca and Halffter 1998, Noriega et al. 2017, 2020), there is
no strong evidence confirming it as the main cause of the
decline of the scarab native populations.

It should be important to identify the factors that benefit
the rapid expansion of D. gazella in non-native areas. Af-
ter a study of niche modulation, Matos Medina (2016) sug-
gested that the rapid expansion of D. gazella in non-native
areas is due in part to the accidental transport of indi-
viduals present during livestock transport, as cattle dung
presents a virtually exclusive and unlimited food resource.
In the cattle areas of the Cesar River valley as well as in
other Colombian areas, the expansion of D. gazella may
be attributable to the loss of vegetation cover related to
the accelerated deforestation of the Tropical Dry Forest,
the most threatened ecosystem in Latin America (Castella-
nos-Castro and Newton 2015, DRYFLOR et al. 2016).
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Digitonthophagus gazella environmental

impact classification

(Table 1) shows the revised, classified, and scored impacts
of D. gazella using the new system of Generic Impact Scor-
ing (GISS) proposed by the Commission for the Survival of
Species (CSE), an IUCN group of Specialists on Invasive
Species (Blackburn et al. 2014).

As far as we know, no information for D. gazella is report-
ed in the GISD database (GISD c2015). Therefore, this is
the first effort to understand the behaviour of this species
in new distribution areas, as well as its potential impact on
native species. In a niche modelling study, Matos Medi-
na (2016), found that D. gazella has similar climate niche
occupancy in native and invasive ranges (98.5 %) with a
small number of niche expansions into invasive ranges
(1.5 %) and a small number of unfilled niches (2.1 %).

Final remarks and recommendations

The dominance of D. gazella in conventional cattle sys-
tems is consistent with its high specificity for bovine re-
sources and the impossibility of the establishment of most
native species in these systems. The conversion of pastures
without trees to ISPS might favor the coexistence of native
species and D. gazella as well as potentiate the ecologi-
cal functions of the assemblies of species for the benefit of
producers and the tranquillity of conservationists. From
the conservation point of view, the greatest threat to the
diversity of native scarabs may not be the presence of
D. gazella (Noriega et al. 2011), but rather the destruction
and transformation of natural habitats that restrict their
distribution and access to resources.

Overall, the results of this study suggest that D. gazella
could be considered an introduced species that has been
naturalized in cattle systems of the Cesar River valley in
Colombia, rather than an invasive species that puts the
stability of populations of native scarabs at risk. According
to the classification scheme proposed by Blackburn et al.
(2014), this species can be considered to have minimal im-
pact (MI), considering that its presence is not related to a
decrease in the density of native scarab populations. How-
ever, a cautionary principle is mandatory in this case given
the relatively early introduction of the species to Colombia
and the limited scale of our study.

Finally, it is important to emphasize that the authors of the
present investigation are not suggesting or promoting the
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introduction of foreign species to new territories. The data
utilized in this study were gleaned from the analysis of a
species that was already dispersed throughout much of the
Colombian territory at the time of the study.
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