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Abstract
Altitudinal enclaves of rainforest are fragile and highly disturbed ecosystems located in high-altitude plateaus and mountains  
that are surrounded by Caatinga dry forest. Regardless of its biological importance, few studies regarding dung beetle  
assemblage were performed in an altitudinal enclave of rainforest. The aim of this study was to describe the structure of dung 
beetle assemblage from an altitudinal enclave of rainforest in the municipality of Triunfo, Pernambuco, Northeastern Brazil.  
Dung beetles were surveyed in the beginning of the rainy season using pitfall traps baited with excrement. Beetle diversity 
patterns were subsequently explored using Hill numbers. A total of 217 individuals belonging to 13 species and nine genera 
were recorded, and Dichotomius carbonarius (Mannerheim 1829), Uroxys bahianus Boucomont 1927, and Eurysternus nigro-
virens Génier 2009 were the most abundant species. According to Hill numbers, there were five abundant species and three 
dominant species in the dung beetle assemblage. Also, there were two distinct beetle assemblages in the region of Triunfo, 
being most of the species commonly collected in Caatinga dry forest, as Deltochilum verruciferum Felsche 1911, Deltochi-
lum sp., and U. bahianus. This study contributes to the scarce knowledge regarding diversity of dung beetles that inhabits 
altitudinal enclaves of rainforest of Northeastern Brazil, with a total of 43 species being currently recorded in such forests.
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Introduction

In the Neotropical region, Caatinga highlights as the largest 
of Seasonally Tropical Dry Forest (STDF), which is dis-
tributed mostly in Northeastern Brazil (Silva et al. 2018). 
Embedded at Caatinga, there are altitudinal enclaves of rain-
forest (AER), which are located in high-altitude plateaus and 
mountain ranges up to 1,000 m.a.s.l. (Queiroz et al. 2018). 
These small enclaves harbor distinct climatic conditions (e.g. 

high annual precipitation), which are very contrasting from 
those of the surrounding Caatinga (Andrade et al. 2018; 
Silva et al. 2019). Consequently, AERs harbor a distinct veg-
etation cover, structured as semi-deciduous and evergreen 
forests that can present typical elements of humid forests 
of South America, such as the Coastal Atlantic Forest and 
Amazonian forest (Queiroz et al. 2018).

The plant communities in AERs are assembled mainly 
by species from Amazonian and Atlantic forest ecosystems 
(Queiroz et al. 2018), which may suggest past connections 
between these two humid forests (Santos et al. 2007). Due 
to the contrasting climatic condition between Caatinga and 
AER, species composition from both ecosystems are strik-
ingly distinct (Santos et al. 2007). High levels of species 
diversity and endemism are reported for the AERs scattered 
thought Caatinga domain (Pôrto et al. 2004). This pattern 
of biodiversity is frequently attributed to the mesic climatic 
conditions of AERs and the evolutionary history of ecologi-
cal communities in this ecosystem (Smith et al. 2014; Dantas 
et al. 2015; Cabanne et al. 2016). Thus, AERs can be seen as 
refugia for rainforest taxa (Dantas et al. 2015; Cabanne et al. 
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2016). Unfortunately, the combination of mesic temperatures 
and elevated annual precipitation makes the AERs an attrac-
tive environment for agricultural purposes (Tabarelli and 
Santos 2004; Dantas et al. 2015), and only ca. 15% of their 
original forest are still conserved (Pôrto et al. 2004).

To investigate how habitat quality affects biodiversity, 
dung beetles feature as an effective indicator group, act-
ing as a surrogate of local diversity (Nichols et al. 2007). 
Such beetles have ca. 6,200 species described world-
wide (Tarasov and Dimitrov 2016), and ca. 720 species 
described in Brazil (Vaz-de-Mello 2020). To our knowl-
edge, only three studies of dung beetle assemblage were 
performed in an AER (Silva et al. 2007; Alvarado et al. 
2020; Barretto et al. 2021), which assessed the effect of 
seasonality, bait attractiveness, and habitat disturbance. 
Due to the fragility of this altitudinal ecosystem, it is 
important to understand the diversity patterns of its eco-
logical communities, thus providing information regard-
ing the biological importance of such reservoirs and 
giving basis for planning conservation strategies. In this 
context, the aim of this study was to describe the structure 
of dung beetle assemblage from an AER surrounded by 
Caatinga dry forest.

Material and methods

Study area

Surveys were conducted in January 2020 in Triunfo municipality, 
state of Pernambuco, Northeastern Brazil (38°05′W, 07°50′S; 
Fig. 1). This area can be characterized as a mosaic of native veg-
etation and crops (e.g. banana, mango and manioc). More spe-
cifically, the canopy height of the native vegetation reaches up to 
17 m (Potapov et al. 2020), and the area of the sampling remnant 
was estimated in ca. 27 km2 (Foerster et al. 2019). Such native 
vegetation remnants are scattered throughout the geographical 
extent of the municipality of Triunfo, being often disposed in 
patches interspersed by a matrix of modified landscapes com-
posed by both natural (e.g. large rock outcrops) and human-
induced elements (e.g. croplands). Relief is mainly undulating 
and marked by expressive slopes, with soil types compounded 
by cambisols, latosols and litosols (Jacomine et al. 1973), being 
mostly shallow and blended with rocky conglomerates. The aver-
age annual temperature is 25 ± 13.7° C (mean ± standard devia-
tion) and mean annual rainfall ranges from 634 to 1,190 mm 
(Karger et al. 2017). Vegetation structure of natural areas are 

Fig. 1   Location of study area 
located in Triunfo municipality, 
Pernambuco, Brazil
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classified as ‘brejo de altitude’ (see Andrade-Lima 1966) – a rel-
ictual AER immersed in Caatinga dry forest (Pôrto et al. 2004).

Dung beetle sampling

Surveys were performed at the beginning of the rainy season. 
To capture dung beetles, pitfall traps baited with ca. 50 g of 
human excrement were used. The pitfall trap consisted of a 
cylindric plastic jar (15 cm diameter × 13 cm height) with a 
bait-holding recipient installed ca. 3 cm above it. Besides, a 
solution of ca. 250 ml of a liquid mixture of water, detergent, 
and salt (ca. 1000 mL: 10 mL: 10 g) was placed inside the 
plastic container to conserve the captured dung beetles. We 
used exclusively human excrement since it attracts most of the 
dung beetle species in the Neotropics (e.g. Larsen et al. 2006), 
being therefore considered an efficient method to sample dung 
beetles. Furthermore, a study performed in AERs showed no 
clear difference on the dung beetle diversity between traps 
using excrement and other bait types (i.e. carrion) (Silva et al. 
2007). Dung beetles were recovered 48 h after trap installa-
tion. Each sample consisted in a pair of pitfall traps, which 
were installed 5 m apart (each pair were displaced 50 m 
apart). A total of 14 traps were used in this study, comprising 
an area of ca. 5,500 m2 considering a radius of 25 m2 as the 
attractive area comprised by each trap set (see Larsen and 
Forsyth 2005, but see Silva and Hernández 2015). Specimens 
were stored at the Entomological Section of the Zoological 
Collection of the Federal University of Mato Grosso (CEMT, 
Brazil). Information regarding dung beetle diet type and dial 
activity period were obtained from literature (Aidar et al. 
2000; Hernández 2007; Edmonds and Zidek 2010; Gillet et al. 
2010; Lopes et al. 2011; Vieira and Silva 2012; Dinghi et al. 
2013; Matavelli et al. 2013; Iannuzzi et al. 2016).

Data analysis

We assessed sampling coverage of the entire sampling extent, 
which was estimated according to Chao and Jost (2012). Sam-
pling coverage was obtained using the iNEXT online soft-
ware (Chao et al. 2016). Patterns of dung beetle diversity were 
explored by using Hill numbers (Jost 2006), which allowed us 
to quantify the alpha, beta, and gamma diversities. We used the 
diversity components (qD) of orders q = 0 (species richness), 
q = 1 (exponential of Shannon entropy), and q = 2 (inverse of 
Simpson diversity) (Hill 1973; Jost 2006). 0D is insensitive to 
species abundance, thus assigning a higher weight to rare species 
when compared to 1D, which considers the relative abundance 
of species (i.e. abundant species of the assemblages). 2D assigns 
a higher weight to abundant species than 0D and 1D, therefore 
indicating the number of dominant species of the assemblages 
(Jost 2006). We calculated diversity numbers using the entropart 
library in R software version 3.2.0 (Marcon and Hérault 2015; R 
Core Development Team 2015).

Results

A total of 217 individuals belonging to 13 species and nine 
genera were recorded (Table 1). Dichotomius carbonarius 
(Mannerheim 1829), Uroxys bahianus Boucomont 1927, and 
Eurysternus nigrovirens Génier 2009 were the most abundant 
species, accounting for 80.18% of the total abundance of dung 
beetles recorded in this study (Fig. 2). Six species were single-
ton: Canthon sp. 1, Canthon sp. 2, Deltochilum verruciferum 
Felsche 1911, Dichotomius nisus (Olivier 1789), Ontherus 
appendiculatus (Mannerheim 1829), and Onthophagus sp; 
Coprophanaeus cyanescens (d’Olsoufieff 1924) was doubleton. 

Table 1   Dung beetles sampled in a mixed landscape located at the rural region of Triunfo municipality, Pernambuco, Brazil

Species Functional group Diet Dial activity Abundance

Canthon sp. 1 Roller - - 1
Canthon sp. 2 Roller - - 1
Coprophanaeus cyanescens (d’Olsoufieff 1924) Tunneller Generalist - 2
Deltochilum sp. Roller - - 17
Deltochilum verruciferum Felsche 1911 Roller Generalist Nocturnal 1
Dichotmius nisus (Olivier 1789) Tunneller Coprophagous Nocturnal 1
Dichotomius carbonarius (Mannerheim 1829) Tunneller Generalist Nocturnal 108
Eurysternus nigrovirens Génier 2009 Dweller Coprophagous - 30
Ontherus appendiculatus (Mannerheim 1829) Tunneller Coprophagous - 1
Onthophagus sp. Tunneller - - 1
Onthophagus ranunculus Arrow 1913 Tunneller Generalist - 9
Trichilum externepunctatum Preudhomme de Borre 1880 Tunneller Generalist - 9
Uroxys bahianus Boucomont 1927 Tunneller Generalist - 36
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According to the sampling coverage estimator, 97.2% of the 
total expected number of species were obtained.

Diversity patterns at landscape level (gamma diversity) 
indicated approximately five abundant species (1Dγ = 4.82) 
and three dominant species (2Dγ = 3.28) in Triunfo region. 
According to diversity patterns per sample (alpha diver-
sity), there were approximately five species per sample 
(0Dα = 5.55), two abundant species (1Dα = 2.58), and two 
dominant species (2Dα = 1.79). According to species turno-
ver (beta diversity), there were two distinct communities 
based on species richness (0Dβ = 2.34), and nearly two 
distinct communities based on the exponential of Shannon 
(1Dβ = 1.86) and the inverse of Simpson (2Dβ = 1.83).

Discussion

Acting like a prominent biodiversity reservoir (Pôrto et al. 
2014), the AERs scattered throughout Caatinga play a piv-
otal role on the maintenance of local biodiversity, since these 
remnants harbor several taxa adapted to both rainforests 
and dry environments. However, there are almost no stud-
ies encompassing dung beetle diversity in such altitudinal 
enclaves of tropical rainforests (except Silva et al. 2007; 
Alvarado et al. 2020; Barretto et al. 2021). Here we provide 
new data highlighting dung beetles species distribution and 
diversity patterns in the AER of Triunfo.

A total of 13 species were recorded in the municipal-
ity of Triunfo. From those, D. carbonarius was the most 
abundant species, encompassing more than half of the 

collected dung beetles. The AER of Triunfo was origi-
nally a closed-canopy forest, and currently it has been 
turned into a mosaic composed mostly by anthropogenic 
land-use, as pastures, agricultural crops, and urban set-
tlements. Apparently, D. carbonarius thrives under open 
habitat conditions, as grasslands and native open canopy 
areas (see Louzada and Silva 2009; Tissiani et al. 2017). 
Therefore, we believe that the open-canopy structure that 
exists in Triunfo promote the widespread distribution of 
D. carbonarius in this region. In addition, it is important 
to note that the genus Dichotomius Hope, 1838 often com-
prises the dominant species in rainforests of Northeastern 
Brazil (i.e. Atlantic rainforest, see Filgueiras et al. 2015; 
Salomão et al. 2019). Since morphological, behavioral and 
physiological traits are related to the spatial distribution of 
dung beetles in tropical ecosystems (Nichols et al. 2007; 
França et al. 2016; Salomão et al. 2019), we suggest that 
further studies assess the relation between these traits and 
the dominance of Dichotomius species in tropical rainfor-
ests of Northeastern Brazil. By shedding light in this ques-
tion, it is possible to reinforce the paradigm of traits related 
to dominant species in ecological communities.

Caatinga and AERs are contrasting ecosystems in which 
species from each region apparently does not move across 
them (Monteiro et al. 2016; Foerster et al. 2019). Accord-
ing to the rationale, in the AER studied herein we expected 
to record species that did not occur in Caatinga. However, 
we found two distinct assemblages with taxa from both 
Caatinga and Atlantic rainforest, and most of the species 
are commonly collected in Caatinga region. The species 

Fig. 2   Species abundance rank of 
dung beetles collected at the rural 
region of Triunfo municipality, 
Pernambuco, Brazil
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D. verruciferum, Deltochilum sp. (related to D. irroratum 
(Castelnau, 1840)), Onthophagus ranunculus Arrow, 1913, 
and U. bahianus have been recorded in some areas of Caat-
inga (Hernández 2007; Vieira and Silva 2012; Salomão 
and Iannuzzi 2017). It is important to note that dung beetle 
assemblages from open-canopy forests are highly distinct 

from those of closed-canopy forests (Andresen 2008;  
Filgueiras et al. 2015). Therefore, the conversion of closed 
forests (e.g. native rainforest) into open forests at Triunfo 
may have led to a replacement of dung beetle species that 
benefits from drier conditions promoted by the open vegeta-
tion. Accordingly, D. verruciferum, a dominant species in 

Table 2   Dung beetle species 
recorded at altitudinal 
rainforests (AER) surrounded 
by Caatinga dry forests in 
Northeastern Brazil. 1  Silva 
et al. 2007; 2  Silva 2011; 
3  Valois et al. 2017; 4  Alvarado 
et al. 2020; 5  Barretto 
et al. 2021; 6  current study

Species Number of AERs Reference

Ateuchus aff. murrayi (Harold 1868) 1 4
Ateuchus volxemi (Preudhomme de Borre 1886) 2 5
Canthidium aff. collare (Castelnau 1840) 1 4
Canthidium humerale (Germar 1813) 1 1
Canthidium aff. manni Arrow 1913 1 1
Canthon aff. carbonarius Harold 1868 2 1, 5
Canthon chalybaeus Blanchard 1845 2 1, 4
Canthon lituratus (Germar 1813) 1 1
Canthon aff. maldonadoi Martínez 1951 1 1
Canthon mutabilis Harold 1857 1 1
Canthon nigripennis Lansberge 1874 3 5
Canthon staigi (Pereira 1953) 3 5
Coprophanaeus bellicosus (Olivier 1789) 2 2, 5
Coprophanaeus cyanescens (d’Olsoufieff 1924) 5 4, 5, 6
Coprophanaeus dardanus (MacLeay 1819) 1 5
Coprophanaeus pertyi (d’Olsoufieff 1924) 1 1
Deltochilum brasiliense (Castelnau, 1840) 1 5
Deltochilum irroratum (Laporte 1840) 1 4
Deltochilum verruciferum Felsch 1911 2 1, 6
Diabroctis mimas (Linnaeus 1758) 2 1, 4
Dichotomius bos (Blanchard 1846) 2 1, 4
Dichotomius carbonarius (Mannerheim 1829) 5 5, 6
Dichotomius fernandosilvai Nunes and Vaz-de-Mello 2019 1 5
Dichotomius geminatus (Arrow 1913) 1 4
Dichotomius gilletti Valois, Silva and Vaz-de-Mello 2017 6 3, 4, 5
Dichotomius guaribensis Valois, Silva and Vaz-de-Mello 2017 2 1, 3
Dichotomius iannuzziae Valois, Silva and Vaz-de-Mello 2017 7 3, 5
Dichotomius mormon (Ljungh 1799) 2 5
Dichotomius nisus (Olivier 1789) 3 1, 4, 6
Dichotomius semisquamosus (Curtis 1844) 5 1, 5
Digitonthophagus gazella (Fabricius 1787) 2 1, 4
Eurysternus caribaeus (Herbst 1789) 3 4, 5
Eurysternus hirtellus Dalman 1824 5 1, 5
Eurysternus nigrovirens Génier 2009 2 4, 6
Malagoniella astyanax (Olivier 1789) 1 1
Ontherus appendiculatus (Mannerheim 1829) 1 6
Ontherus digitatus Harold 1868 1 1
Onthophagus aff. hircus Billberg 1815 1 4
Onthophagus hirculus Mannerheim 1829 1 6
Onthophagus ranunculus Arrow 1913 2 1, 5
Phanaeus splendidulus (Fabricius 1781) 4 5
Trichilum externepunctatum Preudhomme de Borre 1880 2 4, 6
Uroxys bahianus Boucomont 1927 1 6
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different regions of Caatinga (Hernández 2007; Salomão 
and Iannuzzi 2017), was rare in this study. Ecological com-
munities from Caatinga are highly adapted to the dry condi-
tions of this STDF ecosystem (Silva et al. 2018). Thus, the 
higher moisture and lower temperatures in AERs compared 
to Caatinga (Pôrto et al. 2004) may limit dung beetle spe-
cies occupation to move across both ecosystems. Further-
more, the alarming deforestation levels observed in Triunfo 
region (Santos and Tabarelli 2004) may be an important 
factor leading to the high number of dung beetle species 
from Caatinga ecosystem.

In Triunfo we also recorded dung beetle species that are more 
commonly recorded in mesic than dry ecosystems, which is the 
case of E. nigrovirens (Genier 2009). Caatinga environments 
apparently act as an ecological barrier for Eurysternus Dalman, 
1824 distribution. Dung beetles of this genus has an uncommon 
resource relocation strategy (i.e. dwellers) that consists in feeding 
and breeding in the resource patch, different from the other taxa 
(i.e. rollers and tunnellers), which relocate food material (Halffter 
and Edmonds 1982). We believe that the resource removal strat-
egy presented by dwellers result on a higher exposure to climatic 
conditions when compared to roller and tunneller dung beetles, 
thus restraining Eurysternus distribution in harsh habitats. In Los 
Tuxtlas, Mexico, Eurysternus individuals were almost absent in 
the dung beetle assemblages analyzed right after the decrease of 
intense deforestation activities of this conservation unit (Salomão 
et al. 2020). Such result supports the idea of dweller sensitivity to 
harsh conditions. According to the assemblage structure observed 
herein, we may suggest that the anthropogenic disturbance regimes 
established in Triunfo led to an assemblage dominated mostly by 
Caatinga species. Considering the biological and biogeographic 
importance of altitudinal forests, future studies should focus on 
understanding the consequences concerning the conversion of for-
est into open areas for the ecological communities from AERs.

The AER of Triunfo showed the one of the lowest species 
richness when compared to the other two AERs that had their 
dung beetle diversity surveyed. Silva et al. (2007) recorded 
28 species and 1,540 beetles at the AER of Brejo dos Cava-
los, while Alvarado et al. (2020) recorded 22 species and 
696 beetles at the AER of Areia. In a recent study, Barretto 
et al. (2021) studied the dung beetle diversity from six AERs, 
and diversity ranged widely among each AER (from 7 spe-
cies and 27 beetles to 14 species and 492 beetles). There is 
a clear difference of sampling effort among the four studies: 
Silva et al. (2007) set a total of 240 traps at pasturelands near 
forest edges, distributed throughout 10 months; Alvarado 
et al. (2020) set a total of 60 traps (in a single month) at pas-
turelands, forest edge and forest core; Barretto et al. (2021) 
set 10 traps per AER (single sampling event), which were 
installed in forested sites. In this study, we set a total of 14 
traps in a heterogeneous mosaic of habitats, installed during 
a one-month period. It is clear that with a higher sampling 
effort (p.e. a higher number of traps, bait types, sampling 

months, and area covered) we would attain a higher number 
of dung beetle species. However, due to logistic limitations, 
we were unable to expand the sampling effort used herein. 
Regarding the differences in species richness, it is important 
to consider the distances from each AER towards the near-
est continuum of tropical rainforest (i.e. Atlantic rainforest). 
While our study area is in the middle of Caatinga dry for-
est, the AERs studied by Silva et al. (2007), Alvarado et al. 
(2020), and most of AERs studied by Barretto et al. (2021) 
are in the ecotone between Caatinga and Atlantic rainforest. 
According to theory of island biogeography (MacArthur and 
Wilson 1967) we could expect that AERs that are nearer from 
the ‘mainland’ (Atlantic rainforest) could sustain a higher 
species diversity than AERs that are more isolated. Future 
studies could focus on disentangling whether species rich-
ness in AERs follow the rules proposed by biogeography 
island theory.

In summary, we found that dung beetle diversity in Tri-
unfo is comprised mostly by Caatinga species, with a few 
elements commonly found at rainforests, as E. nigrovirens. 
Although the dung beetle records from AER of Triunfo are 
far from complete, they are of significantly importance, as 
they reduce the large gap in AER knowledge regarding dung 
beetle fauna. This study contributes to the poorly known 
diversity of dung beetles that inhabits AERs of Northeastern 
Brazil, and a total of 43 species are currently recorded in 
such forests (Table 2). Altitudinal enclaves located in Caat-
inga are some of the relictual forests that previously repre-
sented a continuum from the tropical Atlantic and Amazo-
nian rainforests (Pôrto et al. 2004; Santos et al. 2007). Due 
to the colonization history of AERs, which could be con-
sidered as an ‘oasis’ in the middle of a dry region, currently 
there are few well-preserved remnants. We encourage future 
studies to aim exploring the biodiversity of AERs, thus pro-
moting a rational anthropogenic use of these ecosystems.
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