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Abstract 
The invasion process involves overcoming certain barriers with negative ef-
fects on the biodiversity and ecosystem function. This is the case of the Afri-
can dung beetle Digitonthophagus gazella, which was introduced in the Unit-
ed States and other countries in Central and South America to help in dung 
removal activity. The distribution of D. gazella has been documented in the 
Americas, but in Venezuela there is little information. Trying to understand 
the process of invasion of the Colombian-Venezuelan savannas and measure 
their potential impact, the information stored in collections and literature was 
collected. Five new state records were reported for Venezuela, as well as four 
scenarios of the process of introduction and establishment of this species in 
the region. Although the amount of records has increased, the number of in-
dividuals sampled is still incipient. The possible areas of invasion and the po-
tential negative effects that the presence of this species exerts in these regions 
are also discussed. In addition, potential areas of invasion and negative effects 
of this species are discussed. Results emphasize the importance of generating 
models of the invasive process in order to design programs that monitor the 
effects incurred by the presence of D. gazella on native species and propose 
control and mitigation mechanisms. 
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1. Introduction 

The invasive process of a foreign species is made up of successive steps that con-
sist in its overcoming environmental, geographical, and demographical barriers 
in a way that it is able to disperse extensively. Thus, invasive species with a stable 
population can generate threats to local species [1] [2] [3]. In ecosystems, inva-
sive species have been under study for over two decades now [4]. It is known 
that some invasive species can alter a community’s species structure (abundance, 
diversity, composition, and biomass) having negative effects on the ecosystem’s 
biodiversity [5] and functionality [6]. 

Since the anthropic introduction of the African dung beetle Digitonthophagus 
gazella (Fabricius, 1787) [7] [8] in 1970 in Texas—USA [9] [10] to assist in the 
removal of cattle feces, its dispersion has been documented in Mexico [11] [12] 
[13], Guatemala [14], Nicaragua [15], the Greater Antilles: Cuba (F. Vaz-de- 
Mello pers. comm.), Jamaica, La Española (Dominican Republic), Puerto Rico, 
the Lesser Antilles: St. Croix, Anguila, St. Kitts, Monserrat, Guadalupe, Ma-
rie-Galante [16], Martinique [17] and Granada [14]. 

Within South America, D. gazella has been recorded due to both dispersion 
and unofficial introduction events in Colombia [18]-[25], Bolivia [26], Paraguay 
[27], Peru [28], and Argentina [29]; and only due to unofficial introduction 
events in Brazil [30] [31] [32], continental Chile, and Easter Island [33]. 

Although there are detailed records of the invasion process in North Ameri-
ca, particularly for Mexico [11] [12] [13] [14] [34] [35] [36] [37] [38] the avail-
able information is still little in South America, especially for Venezuela. In or-
der to fill in this information gap and to understand the possible effect on local 
biodiversity during the species’ process of introduction, establishment, and in-
vasion in the savannas of Venezuela and Colombia, the following study was 
performed. 

2. Materials and Methods 

The information from public and private collections was gathered, field expedi-
tions to specific locations were implemented, and all bibliographic material was 
validated in order to construct a detailed map of the current distribution of D. 
gazella in the savannas of Venezuela and Colombia. With all these information 
we try to understand the biogeographic patterns of the introduction and estab-
lishment of the species’. The zoological collections examined in Venezuela were: 
Entomological Collection of the Andean Entomology Foundation (CEFUNEA), 
Tachira Joffre Blanco Entomology Collection (METJB), and Museo del Instituto 
de Zoología Agrícola “Dr. Francisco Fernández Yépez” (MIZA). Distribution 
maps were generated using ArcView GIS version 3.2. 

3. Results and Discussion 

New records 
Five new state reports have been established for Venezuela from the informa-
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tion gathered in the zoological collections, constituting the first official record 
for this species in the country and expanding its known distribution range 
(Figure 1). For Colombian records we put together all the available information 
of the distribution pattern of this species [18]-[25]. 

Examined material: Venezuela. Apure: 1 ♀ , 1 ♂ , Municipio Rómulo 
Gallegos, Hato La Yeguera, Caño Guaritico, Jun 2006, A. Orellana, leg., METJB. 
2♂, Fundo La Florida cr. Quitaparo, 42 m, 7˚05'N - 68˚36'W, Jun 1999, E. 
Osuna & A. Chacón, leg., MIZA. Bolívar: 4♀, 1♂, Guri, 200 m, Jun-Jul 1998, 
L.J. Joly, J.L. García & Y. Zavala, leg., light trap, MIZA. Cojedes: 6♀, 6♂, 
Hacienda El Palmar, Sep 2005, MIZA. Gúarico: 12♀ , 22♂ , Nicolasito, 
08˚08'20"N - 66˚24'32"W, Jan 2000, J. Clavijo, M. Gaiani, R. Briceño, Q. Arias & 
A. Chacón, leg., MIZA. Táchira: 1♀, 1♂, Municipio García de Hevia, La fría, 
Feb 2007, J. Blanco, leg., METJB. 2♀, 2♂, Municipio Jáuregui, La Quinta, road 
la grita, Mar 2008, 1400 m, J. Blanco, leg., METJB. 

Records of the dispersal process of D. gazella in Venezuela 
The following reports constitute the records of the processes of introduction, 

establishment, and invasion of D. gazella in Venezuela. 
 

 
Figure 1. Distribution map of the actual records of Digitonthophagus gazella in Colombia and Venezuela. 
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1) Maracaibo Lake—Zulia (1990’s-1996) 
In Venezuela at the start of the 90’s, there is information to suppose that a 

group of Englishmen unofficially liberated D. gazella individuals in cattle 
ranches to increase the recycling rate of dung (J. Blanco unpub. data). This libe-
ration coincides in time with the liberations in Brazil and Chile. The first sam-
pling of D. gazella in Venezuelan territory was carried out in 1996 within the 
State of Zulia, municipality of Colon, in the Santa Ana Ranch on introduced 
pastures [39]. At this locality, eight different species were surveyed and D. gazella 
(initially identified as Onthophagus sp. 1) was the most abundant (38.41%; n = 
2112 ind.) showing an established population and corroborating that the species 
was introduced before the completion of the survey [39]. In this locality and 
surrounding areas (El Recreo, Bancada de Limones, Colon—Zulia) D. gazella 
has been collected throughout the year in cattle dung and pitfall traps with hu-
man excrements, appearing only in grasslands away from the banana fields 
(secondary vegetation in regeneration) and not as abundantly as in the initial 
records (J. Gámez unpub. data). 

2) Bolívar, Apure, and Guárico—Venezuela midland (1998-2000) 
The following records in Venezuela correspond to the States of Bolívar in 

1998 (n = 5 ind.), Apure in 1999 (n = 2 ind.), and Guárico in 2000 (n = 34 ind.). 
Although these records indicate low population densities, this is because the 
surveys carried out were not of systematic character nor were intended to calcu-
late the species’ population densities in the area. The survey carried out in the 
State of Bolivar is of special interest because this region is located in the south 
portion of the Orinoco River, a potential geographical barrier for the dispersal of 
the species that may be related to the growing livestock industries. 

3) Cojedes and Táchira (2005-2008) 
Between the years 2005 and 2008 new records were obtained for D. gazella in 

Venezuela. New individuals were captured in the State of Cojedes in 2005 (n = 
12 ind.) and in the State of Tachira in 2007 (n = 2 ind.) and in 2008 (n = 4 ind.), 
however still obtaining low population densities. In addition, new localities were 
registered for the State of Apure. 

Increase in the records and establishment of D. gazella 
A general trend of increase is observed in the records and presence of D. ga-

zella for the new localities. In this study the presence of D. gazella is reported for 
the first time in five States of Venezuela: Apure, Bolivar, Cojedes, Guárico and 
Táchira. The analysis of these records demonstrates an increase in the distribu-
tion range and establishment of this species in Venezuelan territory. The num-
ber of individuals detected in these new records is still low when compared to 
other dominant native species such as Canthidium euchalceum Balthasar, Can-
thon acutus Harold, Onthophagus landolti Harold and Onthophagus margini-
collis Harold. It’s demonstrating that D. gazella is still in a stage of establishment 
in various localities and hasn’t yet become an invasive species at a regional scale. 
However, the reversal of this relationship is possible within a short timespan ac-
cording to the records in the State of Zulia where show that D. gazella is a com-
petitive species, with high dispersal, and ability to exploit the local resources of 
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domestic and native animals ([14] [36] [38] [40], C. Flechtmann pers. comm., 
J.A. Noriega unpub. data). This suggests that D. gazella has the potential to be 
considered an invasive species. 

Hypothetical scenarios for the processes of arrival and dispersion of D. 
gazella 

Using the new records for Venezuela in this paper and all the available records 
for Colombia, we propose four hypothetical scenarios for the arrival and disper-
sal of D. gazella in the Venezuelan and Colombian savannas. The first two (A 
and B) consider that the species arrived through natural dispersion processes, 
and the last two (C and D) consider their arrival to be a consequence of anth-
ropic liberation processes (Figure 2): 

A) In this first scenario D. gazella initially comes from the colonization 
through Central America, despite the fact that the nearest country where the 
species has been recorded is in Nicaragua [15] since there are no available 
records for either Costa Rica or Panama (B. Kohlmann and A. Solis pers. comm.).  
 

 
Figure 2. Hypothetical scenarios ((a), (b), (c) and (d)) of the arrival or introduction, and dispersal of Digitonthophagus  
gazella in Colombia and Venezuela according to the records. ★ = point of origin for the arrival or introduction of D. 
gazella.  
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The species would have initially entered through the Caribbean region of Co-
lombia, constituting two dispersion fronts: the first front towards the in-
ter-Andean valleys of the Magdalena and Cauca Rivers in Colombia, and the 
second front towards the vicinities of Lake Maracaibo in Venezuela. In this sce-
nario, the Andes mountain range would have constituted a strong geographical 
barrier [41]. Subsequently, the species would have proceeded along two addi-
tional new fronts: the first towards the States of Bolivar, Apure, and Guarico in 
the Venezuelan midland, and the second towards the Venezuelan and Colom-
bian savannas. 

B) In this second scenario D. gazella would arrive through the Antilles, origin 
that is strongly supported by records both in the Greater Antilles ([14], F. 
Vaz-de-Mello pers. comm.) as in the Lesser Antilles [14] [16] [17]. The nearest 
record to the continent is the one in the Island of Granada [14], which is situated 
at 135 km from the coast. The species would have entered first through Venezu-
ela, presenting two dispersion fronts: the first front goes through the Caribbean 
region towards Lake Maracaibo, and the second front towards the midland 
States of Bolivar, Apure, and Guarico. Also, in this scenario, the Andes moun-
tain range would have constituted a strong geographical barrier [41]. Subse-
quently, from Lake Maracaibo it would have entered Colombia towards the Ca-
ribbean region and in a second phase preceded towards the inter-Andean valleys 
of the Magdalena and Cauca Rivers. In parallel, the species would have advanced 
towards the Venezuelan and Colombian savannas. 

C) In this third scenario the arrival of D. gazella would have been by means of 
an unofficial anthropic introduction in Venezuelan territory (J. Blanco unpub. 
data). It would establish two dispersion fronts from the location of its introduc-
tion: the first front going towards the Caribbean region of Colombia, and the 
second front towards the Venezuelan midland States of Bolivar, Apure, and 
Guárico. Similarly, in this scenario, the Andes mountain range would have con-
stituted a strong geographical barrier [41]. Subsequently, the species would have 
proceeded along two additional new fronts: the first towards the Venezuelan and 
Colombian savannas, and the second towards the inter-Andean valleys of the 
Magdalena and Cauca Rivers. 

D) In this fourth scenario the arrival of D. gazella would have been by means 
of two unofficial anthropic introductions occurring in a parallel way in Venezu-
ela and Colombia, although for Colombia there is no record of an anthropic in-
troduction of the species before the one carried out in the state of Antioquia by 
the Wyeth Laboratories Inc. in 2007 [42]. Subsequently, the species would have 
proceeded along two fronts: the first front towards the inter-Andean valleys of 
the Magdalena and Cauca Rivers in Colombia, and the second front towards the 
Venezuelan midland States of Bolivar, Apure, and Guárico. In a final phase the 
species would have dispersed towards the Venezuelan and Colombian savannas. 

Potential invasion areas of D. gazella 
Digitonthophagus gazella possess a broad distribution range within the Co-

lombian and Venezuelan territories, occupying mainly open habitats, savannas, 
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pastures, and altered landscapes, especially those for livestock use that are si-
tuated under 1500 m. Although the species hasn’t been registered in any regions 
of high endemicity yet, the existence of a steady flow of livestock could facilitate 
their entry to more susceptible areas [22] [23] [24]. Similarly, the invasion of 
Venezuelan and Colombian savannas can come to be very fast and could have 
negative effects on local species populations given that no natural barriers exist 
for their dispersion and invasion. 

In Venezuela, it is probable that the species has already colonized the com-
plete vicinities of Lake Maracaibo and entered the States of Anzoátegui, Barinas 
and Portuguesa, as well as occupied the introduced pastures in the Southern re-
gions of the Lake corresponding to the States of Mérida and Trujillo. Similarly, it 
is probable that it will disperse throughout the plains region, which covers 
200,000 km2 of Venezuelan territory [43]. The main geographic barriers in Ve-
nezuela, other than the Andes [41], are the rainforests in the States of Amazonas 
and Bolivar, and the xerophytic shrubs, marshes, and mangroves of the Carib-
bean region. 

The limited records in Venezuelan territory may be the result of a lack of sur-
veys in more relevant regions or because of low population densities. Addition-
ally, it should be noted that until recently in Venezuela the species had been in-
accurately identified as Onthophagus sp. [39]. If the dispersal rate of 200 
km/year recorded in other localities is maintained [14], this species could end up 
occupying most part of the Venezuelan and Colombian territory (lowlands, in-
ter-Andean valleys, savannas, and pasture corridors at intermediate altitudes) in 
less than three years. 

On top of all this, the added effect of anthropic activity could potentiate its 
dispersal capacities. This is especially true when considering liberations by the 
hands of institutions such as the EMBRAPA in Brazil [30] [31], who have pro-
moted the introduction and rearing of the species in certain Latin-American 
countries without conducting previous population studies and with no control 
whatsoever. Another negligent case is that of the state of Antioquia in Colombia, 
where the presence of D. gazella can be attributed to the implementation of a 
seed stock of the species in 2008 by Wyeth Laboratories Inc. [42] in the munici-
pality of Barbosa that was authorized by the Ministry of Environment, Housing, 
and Territorial Development without carrying out appropriate studies of its po-
tential environmental impact. In this sense, there are few studies that have tried 
to quantify the functional role of this species concerning excrement recycling 
and fly-control within Neotropical regions, because of which the available in-
formation is not only incomplete, but also insufficient to decree mass introduc-
tion of the species. 

Potential negative effects of D. gazella invasion 
Given that D. gazella presents a high dispersal capacity [13] [35], high indi-

vidual mobility [44], high reproductive rate [45] [46], and opportunistic beha-
vioral strategies in relation to trophic resources [47], it is a species with an ele-
vated potential to cause negative effects upon native species [48]. In areas where 
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D. gazella’s habitat requirements overlap with those of species possessing narrow 
niches; these may become strongly compromised, resulting in local extinctions 
especially in the case of low-density populations. 

In one of the localities in Texas where D. gazella was originally introduced, 
tracking of its population numbers has registered an increase in the species’ ab-
undance to values constituting up to 30% of the beetle species composition in 
the ecosystem (n = 11,709 of 40,079 ind.; 21 spp.) [49]. In other regions, the 
negative effects of D. gazella upon the population structure of dominant native 
species, such as Ateuchus histeroides (Weber) and Copris minutus (Drury) in 
Georgia—USA, has been observed in the drastic reduction of their population 
numbers in response to competition with D. gazella for trophic resources [40]. 

In Colombia (J.A. Noriega unpub. data) and Brazil (C. Flechtmann pers. 
comm.) similar negative effects have been observed in native ecosystems’ species 
composition, resulting in sharp declines in their population numbers and pre-
sumed local extinctions of native species that have not been recorded again since 
D. gazella’s establishment. On the other hand, in other localities these effects are 
not as apparent, making it seem as though their native species assemblages are 
less susceptible to invasive species negative effects [50] [51]. However, this may 
be due to the fact that D. gazella is still in the initial moments of its establish-
ment in these areas. In addition, Anduaga [37] says that despite the virtues at-
tributed to D. gazella, this species does not fulfill its role as a mediator efficiently 
since it recycles excrement at a small scale due to its small size. This results in a 
small amount of relocated excrement and at a shallow depth, not being sufficient 
to control fly and parasite activity. 

It’s imperative to generate biogeographical models using the available infor-
mation on the natural history and barriers of this species to clearly understand 
the process of introduction, establishment, and invasion in areas with endemic 
species [52]. Also, it is important to implement programs that monitor D. gazel-
la populations on native species and recommend control and mitigation me-
chanisms of its negative effects. 
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