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Ecological indication metrics on 
dung beetles metacommunities 
in native forests and Pinus 
monocultures
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Beetles of the subfamily Scarabaeinae are commonly used as ecological 

indicators in studies about the effects of environmental changes. We analyzed 

the influence of the type of habitat, vegetation, mammals (as food resource), 

and temperature on dung beetle metacommunities in subtropical native forests 

and Pinus monocultures to evaluate the factors driving these assemblages. In 

the summer of 2018/2019, we sampled 12 areas in Southern Brazil, six Pinus 

monocultures and six native forests. We performed a dispersal test, applying 

a marking-recapture method. Some recaptures occurred in different habitats, 

showing low dispersal between habitats. We  recorded behavioral activities 

confirming the use of both native forest and Pinus areas. The metrics did 

not reflect the difference in the environmental quality of the areas regarding 

species richness and diversity in different habitats. This shows that these 

metrics are not the best when using dung beetle assemblages as ecological 

indicators of biodiversity loss resulting from land-use changes, requiring 

complementing the analysis with composition analysis methods. When 

we  partitioned beta diversity between habitats, we  observed a dissimilarity 

between Pinus monocultures and native forest assemblages due to species 

substitution, with many species contributing to the dissimilarity between 

habitats. In our structural equation models, the influence of environmental 

factors on metacommunities showed no predictor related to dung beetle 

richness, but several variables influenced their abundance.
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Introduction

Beetles of the subfamily Scarabaeinae, commonly called dung beetles, have been used 
in several studies as ecological indicators of habitat disturbance since their first proposal 
by Halffter and Favila 1993 (Davis and Sutton 1998; Davis et al. 2001; Gardner et al. 2008; 
Audino et al. 2014; Sarmiento-Garcés and Hernández 2021). The advantages of using this 
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taxon are many since they are abundant in a wide range of 
terrestrial ecosystems (Mcgeoch et al., 2002; Davis et al., 2004; 
Hernández et al., 2014), are easy to sample, have a quick response 
to environmental disturbance (Gardner et  al., 2008), and, 
especially, because of their species specificity to different habitats 
(Hanski and Cambefort, 1991; Scholtz et al., 2009). They can also 
be used to explore species-functioning relationships (Sarmiento-
Garcés and Hernández, 2021), as they provide ecosystem 
functions by actively participating in nutrient cycling, promoting 
soil aeration, and removal of decaying organic matter (Halffter 
and Matthews, 1966; Nichols et al., 2008).

We can interpret habitat fidelity of dung beetles as an 
evolutionary response to the high interspecific competition for 
resources, which are often limited and ephemeral (Hanski and 
Cambefort, 1991). These beetles use dung or other organic debris, 
such as carcasses and some decaying fruits, as food resources. 
High competition greatly influences their assemblage structure 
(Simmons and Ridsdill-Smith, 2011). Furthermore, there is also a 
correlation between dung beetles’ richness and mammals 
abundance and richness because of the amount and diversity of 
available resources (Halffter and Matthews, 1966; Estrada et al., 
1999; Davis et al., 2002; Andresen and Laurance, 2007; Nichols 
et al., 2009; Barlow et al., 2010; Bogoni et al., 2016). Dung beetles 
have developed foraging techniques by using their olfactory cues 
to rapidly locate and choose resources, depending on each 
resource’s type, distance, and nutritional quality (Hanski and 
Cambefort, 1991). Nevertheless, most species of this group are 
generalist in feeding strategies (Larsen et al., 2008; Frank et al., 
2018; Giménez Gómez et al., 2018).

In local assemblages, the high diversity of dung beetles is 
related to niche differentiation due to evolutionary pressures of 
interspecific competition, which led to behavior variation 
according to resource allocation, time of activity, body size, and 
other intraspecific differences such as sex and age (Hanski and 
Cambefort, 1991). The adaptive evolution inside the group allows 
the occupation and preference of many species for a specific type 
of habitat, with some exclusive to forest areas and others typical of 
open areas, like savannas and meadows (Hanski and Cambefort, 
1991). These features of habitat partition allow dung beetles to 
occupy many types of environments, having a high degree of 
fidelity for a biotope or phytophysiognomy (Klein, 1989; Driscoll 
and Weir, 2005). Some studies show that some forest specialist 
species do not leave their habitat even with the supply of food 
resources in open areas nearby (Klein, 1989; Larsen et al., 2008).

The high competition and ephemeral nature of food resources 
suggest that dung beetles are probably good dispersers (Roslin and 
Viljanen, 2011). However, according to some studies, Scarabaeinae 
species with different sets of ecological traits differ in mean 
movement rate (Howden and Nealis, 1975; Peck and Forsyth, 
1982), with only a few species traveling longer distances in the 
same habitat (Arellano et  al., 2008; Da Silva and Hernández, 
2015). This dispersion ability in searching for resources through 
poorly suited habitats and the tolerance to remain in sub-optimal 
environments can be  an important factor in their species 

reproduction. Some species from open areas may even have a 
higher tolerance to microclimatic changes, being able to enter and 
inhabit degraded forests and vice versa, changing the assemblage 
composition of these areas. As a result, forested areas adjacent to 
open habitats can present a high turnover of species composition, 
where open habitat specialists increase the alpha diversity of these 
disturbed places (Arellano and Halffter, 2003; Gardner et  al., 
2008). Although remnants of native forests allow forest-associated 
dung beetles and other animals to survive in patchy landscapes 
(Halffter and Arellano, 2002; Arellano and Halffter, 2003; 
Andresen, 2005; Campos and Hernández, 2015), habitat 
modification is often related to species loss, especially the ones 
with larger body size (Gardner et al., 2008; Batilani-Filho and 
Hernández, 2017; Sarmiento-Garcés and Hernández, 2021).

When using dung beetles as ecological indicators, we hope to 
obtain reliable measurements and interpretations regarding 
changes in environmental conditions by their presence and 
abundances in a particular area (Nichols and Gardner, 2011). For 
that, richness and diversity indexes are often used as measures to 
assess assemblage changes, considering different species as equal 
in their contribution to ecosystem functioning (Barragán et al., 
2011). However, when we  try to understand how dung beetle 
assemblages vary between habitats (such as natural and 
anthropogenic), including species compositon, it is possible to 
better understand how human actions can transform its dynamics, 
structure, and behavior.

We also point here to the importance of considering the 
spatial scale when using dung beetles as ecological indicators since 
they can disperse between different areas. In this study, we try to 
look beyond the diversity of each location, seeking a better 
understanding of the dynamics of these assemblages and the 
metacommunities formed between them. In metacommunity 
ecology, the local scale and a combination of local and regional 
processes matter to understand patterns of species abundance, 
occurrence, composition, and diversity in different scales of space 
and time (Chase et  al., 2020). The formation of dung beetle 
metacommunities is strongly marked by the habitat (model 
known as species sorting). Still, it can also follow the mass effect 
model, where the rescue of species from competitive exclusion is 
marked by dispersal of individuals between areas with different 
environmental qualities (Leibold et  al., 2004). In this case, 
individuals depart from sites considered to be of better quality to 
areas of worse resource quality, resulting in some environments 
working as sources and others as sinks. The mass effect can 
be  more significant in species with high dispersal capacity or 
smaller spatial extensions due to habitat proximity, regardless of 
environmental quality (Heino et al., 2015).

Many studies indicate the exotic trees from the genus Pinus as 
invaders and their potential to inhibit the growth of other plant 
species, negatively affecting local and regional biodiversity 
(Rejmánek and Richardson, 1996; Brewer, 1998; Ledgard, 2001; 
Buckley et al., 2005; Richardson, 2006; Essl et al., 2011; Gundale 
et al., 2014). Studies regarding the composition and dynamics of 
dung beetle assemblages in Pinus monocultures shows that some 
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species can inhabit mature Pine plantation areas (Peyras et al., 
2013; Pryke et al., 2013). Furthermore, when forestry plantations 
are connected to natural forest, a negative effect may not 
be registered (López-Bedoya et al., 2021). It is possible that certain 
aspects of the environmental characteristics of Pinus 
monocultures, such as temperature and canopy cover, may not 
show such discrepant microclimatic changes when compared to 
native forest areas, as occurs in open fields. There are studies that 
showed high diversity and abundance of dung beetles in land-uses 
that preserve tree canopy (Bustamante-Sánchez et al., 2004; Braga 
et al., 2012; Gómez-Cifuentes et al., 2017; Giménez Gómez et al., 
2018). Therefore, in cases where habitats modified for forestry use 
present similar microclimatic conditions to native habitats, it 
would be important to understand under which conditions dung 
beetles can be used as ecological indicators.

This paper hypothesizes that the local assemblages of dung 
beetles in Pinus monocultures and the native forest remnants are 
connected by dispersion constituting metacommunities. The 
factors that allow dung beetles to inhabit both Pinus monocultures 
and native forest areas would be the presence of food resources, as 
a product of the transit of mammals and attendance of domestic 
animals, and similar microclimatic conditions suitable for their 
occurrence. Therefore, we aim to understand if the structuring of 
local dung beetle assemblages in Pinus monocultures resembles 
the nearby native forest dung beetle assemblages. We first verified 
the species’ dispersal and fidelity to the different habitats. Then 
we looked for the factors that may drive them, relating dung beetle 
assemblages to factors known to influence their ecology, such as 
food resources availability, microclimate conditions, and 
vegetation structure variables (Halffter and Arellano, 2002).

Materials and methods

Study area

We developed this study in the microregion of Tabuleiro in the 
State of Santa Catarina, southern Brazil, which includes the 
counties of Anitápolis, Rancho Queimado, Alfredo Wagner, Águas 
Mornas, and São Bonifácio (27°54′25.25″ S, 49°10′48.3″ W). This 
region has rugged topography, with elevation ranging between 440 
and 1,000 m a.s.l., and native vegetation mainly composed of a 
dense ombrophilous forest. The landscape is a heterogeneous 
mosaic of forest patches that vary in size, density, and connectivity, 
immersed in a matrix of forestry, pastures, and small crop fields. 
The climate is Cfa according to the Köppen-Geiger classification, 
with rainfall well distributed in average annual rainfall of 1,700 mm.

We selected six sample sites that presented two landscape 
components in this region, Pinus monocultures and a native forest 
area (Figure 1). Thus, sampling was performed in six areas with 
Pinus monocultures (P1, P2, P3, P4, P5, P6) paired with six native 
forest areas (F1, F2, F3, F4, F5, F6), totaling 12 sampling areas. 
We selected the sites based on their accessibility and degree of 
isolation of the Pinus monocultures in relation to the forest 

fragments. Thereby, three of the Pinus monocultures areas (P1, P2, 
and P3) were connected to the native forest and the other three 
monocultures (P4, P5, P6) were at least 60 meters away from the 
native forest areas. There were open fields with small bushes 
between the three areas apart. All six areas were at least 1 km apart 
from each other. We conducted the fieldwork during November–
December of 2018 and January–February 2019.

Habitat use and dung beetle dispersal: 
Sampling and analysis

We placed 10 attraction traps in each area to test if dung 
beetles build nests for reproduction in both habitats and the 
dispersion between different habitats (Pinus monocultures and 
native forest). Those traps, named “nesting houses,” consist of PVC 
pipes buried vertically on the ground, with an opening on top for 
free access of the dung beetles. The traps were filled with soil and 
dog feces as a food resource. The nesting houses were placed 10 
meters from each other at 10 meters from the edge of the habitat 
(Supplementary Figure S1). We applied the following marking and 
release protocol after 48 h of exposure: first, we  cleaned and 
identified the collected Scarabaeinae, then marked them with 
scarification on the pronotum using a dental drill added to a small 
battery, subsequently releasing them near the trap in the same 
areas where they were captured. The species were identified by 
comparison using a reference collection of regional species from 
the Entomological Collection Mítia Heusi-Silveira of the 
Universidade Federal de Santa Catarina (Hernández et al., 2019). 
The scarification marking technique used is considered 
noninvasive and does not risk being lost by the insect as some 
paints (Wuerges and Hernández, 2020). The mark had the shape 
of a line and allowed us to identify the habitat where the beetle was 
first found, Pinus monocultures on the left side of the pronotum, 
and native forest on the right. We marked only species with body 
lengths of 4 mm or higher. We  replicated the marking-release 
protocol once after a month from the first sampling. After 3 weeks 
from that second sampling, we conducted one last attempt to 
recapture marked individuals.

With the nesting house data, we first confirmed the use of the 
different habitats (Pinus monocultures and native forest) by the 
dung beetle species found there. Afterward, we  calculated 
recapture rates for each species with one or more recaptured 
individuals. We then analyzed the recaptures that occurred outside 
the original marking habitats to observe the dispersion of the 
dung beetles between the different habitats (Pinus monocultures 
and native forests).

Dung beetle metacommunities: 
Sampling and analysis

Parallel to the first experiment of the nesting houses, 
we installed 10 pitfall traps in the same 12 areas to capture dung 
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beetles (Supplementary Figure S1). We placed those pitfall traps 
40 meters away from the nesting houses, remaining 50 meters 
from the edge of sampled areas. The sampling design consisted of 
10 pitfall traps distributed in pairs into two parallel transects, one 
pair trap spaced 100 meters apart from the other to avoid 
pseudoreplication. Paired traps were spaced 10 m apart and had 
different types of bait, one with human feces (20 g) and the other 
with two-day rotten meat (20 g), for the attraction of both 
coprophagous and necrophagous species, respectively. The pitfall 
traps consisted of plastic containers (15 cm diameter × 20 cm 
depth), buried with the top edge leveled to the ground, allowing 
insects to fall in. All traps contained water (300 ml) and neutral 
detergent, with a plastic lid supported by wooden sticks placed 
approximately 10 cm above their opening for rain protection. The 
lid prevented overflow and supported the bait. We  replicated 
sampling three times, once a month, during 3 months (December 
2018 and January–February 2019) on all 12 areas. All traps 
remained in the field for 48 h, after which we took the collected 
material to the Laboratório de Ecologia Terrestre Animal 
(LECOTA/UFSC). There, we mounted dung beetle individuals on 
entomological pins, dried in an oven (40°C for 48 h), identified, 
and included them in the Coleção Entomológica Mítia 

Heusi-Silveira from the Centro de Ciências Biológicas of the 
Universidade Federal de Santa Catarina. The expert Dr. Fernando 
Vaz-de-Mello, from the Universidade Federal de Mato Grosso, 
Brazil, confirmed the identifications.

We classified species into generalists and specialists of the two 
habitats using a multinomial classification model based on an 
iterative program (CLAM). The program estimated the species’ 
relative abundance in the two types of habitats (Pinus 
monocultures and native forest), allowing a robust statistical 
classification of habitat specialists and generalists without 
excluding rare species (Chazdon et  al., 2011). We  used the R 
package “vegan” for this analysis (Oksanen et al., 2020).

We used rarefaction and extrapolation curves with the 
effective number of species to compare and estimate species 
richness, diversity, and sample sufficiency between different 
habitats of each site. This method is based on Hill numbers and 
sets up intervals of confidence around species richness (q = 0), 
Shannon entropy (q = 1), and Simpson dominance (q = 2; Chao 
et al., 2014; Hsieh et al., 2016). The baseline sample size was the 
highest or double of the smallest sample size, the interval of 
confidence was 95%, and the analysis was performed using the R 
package “iNEXT.”

FIGURE 1

General view of the landscape and the six sample sites, each with two areas of different habitat (one of Pinus monocultures and one of native 
forest), in Santa Catarina, southern Brazil.
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To verify differences in composition among assemblages of 
native forest and Pinus monocultures, we used the Bray-Curtis 
index of dissimilarity, partitioned into two components: balanced 
variation in abundance and abundance gradients. The balanced 
variation in abundance is related to individuals of some species in 
one site substituted by the same number of individuals of different 
species in another site. The second component of the partition 
concerns the loss of individuals from one site to another (Baselga, 
2013). We  used the R package “betapart” for this analysis. 
Subsequently, we compared the dissimilarities between the sites 
with adjacent habitats and the ones with habitats apart using a 
t-test to see if there were major differences among the areas.

Finally, we  partitioned total beta diversity into species 
contributions to beta diversity (SCBD), which is the degree of 
variation of individual species across the study area, to test the 
relative importance of each species affecting beta-diversity 
patterns per site. The analysis was based on abundance data 
(Legendre and De Cáceres, 2013). All analyses were performed in 
the R 3.6.3 program (R Core Team, 2020).

Environmental influence on the 
metacommunities

We used camera traps to record mammalian presence inside 
the areas for dung beetle resource availability. We  placed one 
camera trap in the central point of each area during dung beetle 
sampling and checked the batteries every 20 days. The cameras 
were active for a minimum of 30 days and a maximum of 60 days. 
We  only considered the records made during 1 month for all 
locations. After that period, we identified the mammals from the 
photographs. The mammalogist Dr. Mauricio E. Graipel from the 
Universidade Federal de Santa Catarina, Brazil, confirmed the 
species identification. After the mammals identification, 
we calculated an approximation on the abundance of mammals as 
a way of checking the resources available in each area. For that, 
we considered only records of mammals from the same species 
that had at least one-hour difference each and the number of 
individuals of the same species in each record when in groups.

We measured environmental variables on each area related to 
vegetation using an adapted point-centered quarter method 
(Cottam and Curtis, 1956). We placed a plastic pipe cross in the 
center of every two sampling points in each study area, dividing 
them into four quadrants: northwest, southwest, southeast, and 
northeast. Then, we measured the distance from the nearest tree, 
from the nearest shrub, and their height for each quadrant. 
Additionally, we visually estimated the percentage of vegetation 
cover and bare ground in 1m2 plots in each quadrant. 
We considered the shrubs with a minimum height of 1 m and, for 
trees, the height over 1 m and the diameter at breast height over 
five centimeters. We measured the circumferences and distances 
with a tape measure.

Temperatures (in oC) were measured throughout the 
experiment using an environmental thermometer (datalogger) 

installed in the central point of each sampling site, buried in the 
ground. Geographical coordinate data (UTM) of each site and the 
sampled points were obtained using a manual GPS. We used the 
Google Earth Path software to measure the altitude and size of the 
sites and the distance between the isolated sites of Pinus 
monocultures and native forest.

We used structural equation models (SEM) to evaluate the 
relationships of environmental factors on dung beetle assemblages 
(Grace, 2006; Shipley, 2016). Thus, we built a conceptual model 
employing dung beetle richness and abundance as response 
variables. For the explanatory variables, we  had temperature, 
vegetation structure (trees for tall vegetation structure, shrubs for 
middle vegetation structure, and herb cover for the ground level), 
and the number of times mammals were recorded (as a form to 
measure the amount of food resources available to dung beetles). 
This model could determine which explanatory variables would 
influence other variables, with hierarchical submodels influencing 
the final result. The regressions between variables were performed 
using Piecewise SEM in the R 3.6.3 program (R Core Team, 2020). 
All variables with a probability below 0.05 were included in a 
structural frame, where we  estimated the coefficient for each 
equation in the model. Then, we  highlighted the positive and 
negative relationships using arrows, with sizes according to the 
coefficient value of each variable relationship.

Results

Habitat use and dung beetle dispersal

We marked and released 883 live individuals belonging to 19 
species, all captured in the nesting houses (Supplementary Table S1). 
We  recorded feeding balls from telecoprids and tunnels with 
paracoprids inside the traps, indicating that dung beetles use both 
native forests and Pinus monocultures to feed and bury resources 
for nesting. The species with the highest number of marked and 
released individuals were Dichotomius sericeus (Harold, 1867)
(236), Canthon rutilans cyanescens Harold, 1868 (133), 
Coprophanaeus saphirinus (Stürm, 1828) (122), and Dichotomius 
assifer (Eschscholtz, 1822) (102). During 20 to 76  days, 
we recaptured 18 individuals from three species only: Canthon 
rutilans cyanescens, Dichotomius sericeus, and Dichotomius assifer, 
with an overall recapture rate of 3.82 (Table 1).

Of those individuals, 15 were recaptured in the same marking 
areas, 12 in Pinus monocultures and three inside native forests. 
Three individuals from two species were found in different areas 
from where they were marked, showing their ability to move 
between habitats, marked on Pinus monocultures and found in 
native forests (Table 1). One hundred and thirty-three individuals 
of the species Canthon rutilans cyanescens were marked five were 
recaptured. Among these, three were recaptured in the same 
marking area (Pinus monocultures P1) and one was found in a 
different habitat, being marked in the Pinus monocultures area 
and recaptured 2 months later 180 meters into native forest area 
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(from P4 to F4). For D. assifer, 102 individuals were marked and 
four were recaptured, all in the same marking areas: inside Pinus 
monocultures (three in P1 and one in P5), of which one was 
recaptured in 20 days, another in 36, and the last two in 58 days. 
Dichotomius sericeus presented the highest number of individuals 
marked (236) and recaptured (9). Seven of these were found in the 
same marking areas, both in Pinus monocultures and native 
forests (four in P6, one in P3, and two in F3). The other two 
individuals were found in areas different from where they were 
first captured and marked, going from Pinus monocultures to 
native forest and vice-versa (from F3 to P3 at a distance of 180 
meters, and from P5 to F5, at 130 m). One of the recaptures 
happened in a pitfall trap (from F3 to P3). These results show the 
species dispersion capacity inside and between both habitats.

Dung beetle metacommunities

We collected 3,222 dung beetles belonging to 41 species 
(Supplementary Table S2). The three most abundant species were 
Dichotomius sericeus (19.11%), Eurysternus inflexus (Germar, 
1824) (14.83%), and Deltochilum morbillosum Burmeister, 1848 
(13.22%), which together represented 47.16% of the total 
individuals captured. The rare species, with only one individual 
collected, were Canthidium aff. taurinum (Harold, 1867), 
Canthidium femoratum Boucomont, 1935 and Canthon oliverioi 
(Pereira and Martínez, 1956). Scatonomus fasciculatus Erichson, 
1835 and Sulcophanaeus radamanthus (Harold, 1875) had two 
individuals captured each.

Seven of the collected species were found in all sampled 
areas: Deltochilum morbillosum, Dichotomius assifer, 
Dichotomius sericeus, Canthidium aff. trinodosum (Boheman, 
1858), Coprophanaeus saphirinus, Eurysternus inflexus, and 

Phanaeus splendidulus (Fabricius, 1781). In contrast, 
we collected six species in only one of the 12 areas: Dichotomius 
opalescens (Felsche, 1910) (P4), Canthidium aff. taurinum (F3), 
Canthidium dispar (Harold, 1867; F2), Canthidium femorale 
(F2), Canthon oliverioi (F2), and Sulcophanaeus 
radamanthus (F2).

According to the multinomial classification analyses, only 
four species were native forest specialists: Canthidium aff. 
trinodosum, Canthon angularis Harold 1868, Paracanthon aff. 
rosinae Balthasar, 1942, and Uroxys terminalis Waterhouse, 
1891, and seven were Pinus monocultures specialists: 
Canthidium sp.1, Canthon lividus seminitens Harold 1868, 
Canthon rutilans cyanescens, Deltochilum multicolor Balthasar, 
1939, Deltochilum rubripenne (Gory, 1831), Eurysternus 
inflexus, and Onthophagus tristis Harold, 1873. This analysis 
showed 16 habitat generalist species inhabiting both Pinus 
monocultures and native forest habitats, reaffirming that 
many species occupy both habitats. Fourteen species were 
considered too rare to be confidently classified (Figure 2).

The abundance of dung beetles found per type of habitat was 
1,351 individuals from 32 species in the Pinus monocultures and 
1,844 dung beetles from 38 species in the native forest areas 
(Supplementary Figure S1). The extrapolated species accumulation 
curves for each area showed sampling sufficiency since all curves 
reached the asymptote (sample coverage over 95% for all the 
sampling areas). Species richness (q = 0) was similar between 
Pinus monocultures and native forests in all six sites, with 
overlapping intervals of confidence (Figure 3).

Including abundance data in the analyses (Shannon entropy 
exponential, q = 1), we can see that the number of typical species 
was the same in four of the six sites, with the same diversity 
measure between Pinus monocultures and native forest. Only Sites 
2 and 3 presented opposite patterns, with the first having higher 
diversity in the forest (F2 with 15.12 typical species and P2 with 
6.24) and the second in Pinus monocultures (P3 with 10.45 typical 
species and F3 with 5.51; Figure 4).

The areas of Pinus monocultures and native forest statistically 
presented the same number of dominant species in four of the six 
sites from this study (Site 1, 4, 5, and 6) based on the Simpson’s 
dominance analyses (q = 2; abundant species). Site 2 presented 
more dominant species in the native forest habitat (F2 with 9.82 
and P2 with 3.15), and Site 3 had more dominant species in the 
Pinus monocultures (F3 with 3.28 dominant species and P3 with 
7.93; Figure 5).

Unlike the diversity analysis, which shows the two habitats 
with similar richness, beta diversity was very high between them. 
The Bray–Curtis dissimilarity index indicated a greater difference 
between the assemblages that inhabit Pinus monocultures and 
native forests, varying between 47% and 72% of dissimilarity 
(Supplementary Table S3). The partitioning of beta diversity 
showed that the dissimilarity due to balanced variation in 
abundance is higher in all areas (except in Site 3), showing that 
species composition and relative abundance of the assemblages in 
native forest areas differ from Pinus monocultures.

TABLE 1 Number of marked (Mk) and recaptured (Rc) individuals and 
total recapture rate (% Rc) per species.

Species Mk Rc % 
Rc

Sm Rc 
areas

Time Diff Disp Time

Canthon 

rutilans 

cyanescens

133 5 3.76 4 3 in P1 

and 

1 in F4

20 to 

58 days

1 P4–F4 65 days

Dichotomius 

assifer

102 4 3.92 4 3 in P1 

and 

1 in P5

20 to 

39 days

0 - -

Dichotomius 

sericeus

236 9 3.81 7 4 in 

P6, 

2 in F3 

and 

1 in P3

37 to 

76 days

2 P5–F5 

F3–P3

29 to 

76 days

Total 471 18 3.82 15 3

Number of individuals recaptured in the same marking area (Sm) and recapture area (Rc 
Area). Number of individuals recaptured in different areas (Diff) and areas from where 
the individuals dispersed and were recaptured (Disp), P, Pinus Monocultures, and 
F, Native Forest.
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The dissimilarity did not vary according to the proximity of 
native forest and Pinus monocultures since both adjacent areas 
(Mean: 0.563, Sites 1, 2, and 3) and areas apart (Mean: 0.574, Sites 
4, 5, and 6) had the same dissimilarity values when compared 
using a t-test (t = 0.104, df = 3.99, value of p = 0.92).

The analysis of species contribution to beta diversity (SCBD) 
indicated that 24 species are important contributors to beta 
diversity, whether for just one site or more (Supplementary  
Table S4). All SCBD values ranged from 0.035 to 0.299, and 14 
species contributed to beta diversity above the overall mean 
(0.102). The species that most contributed to beta diversity were 
Eurysternus inflexus and Onthophagus tristis, more abundant in 
Pinus monocultures than in native forests, and Canthidium aff. 
trinodosum and Paracanthon aff. rosinae, more abundant in the 
native forest habitat (Supplementary Table S4). All 11 species 
classified as specialists are present in the SCBD results, reinforcing 
the multinomial classification analysis previously carried out 
(Figure  4). However, the SCBD analysis had 13 more species 
contributing to overall beta diversity, identified as generalists or 
too rare in the multinomial classification analysis.

Environmental influence in the 
metacommunities

As a result of camera trap records, we obtained 92 records 
of mammals belonging to 13 species (Supplementary Table S5). 
Nine species were native, with few records, occurring mainly 
in native forests. Three exotic species showed a large 
occurrence in Pinus areas, demonstrating the large supply of 

food resources that these habitats offer to dung beetles. These 
are: Bos taurus Linnaeus 1758, Equus caballus Linnaeus 1758, 
and Canis lupus familiaris Linnaeus 1758, the first two 
considered large.

The result obtained in measuring environmental variables, 
temperature, altitude, and tree density assessment (calculated as 
the average distance between trees) were very similar between 
Pinus monoculture and native forests (Supplementary Table S6). 
In the shrubs density assessment, we got lower values of distance 
between shrubs in the native forests when compared to Pinus 
monocultures, showing greater density of shrubs in those areas 
(understory). Lastly, the green cover percentage of the soil varied 
widely between areas, without following any apparent pattern.

The overall SEM model showed that none of the environmental 
factors significantly affected dung beetle richness, but several 
influenced dung beetle abundances (Figure  6). The variables 
temperature, vegetation structure (trees and herbs), and mammal 
abundance positively influenced the abundance of dung beetles. 
Temperature, with the most significant relationship with dung 
beetle abundance. Vegetation structure (shrubs) and mammal 
richness also influenced dung beetle abundance but in a negative 
way. Trees, shrubs and mammal richness had positive effect on the 
amount of resources.

Discussion

The results from the marking-recapture experiment show a 
species sorting effect in dung beetle metacommunities, in which 
niche has more influence than dispersal, with low movement rates. 

FIGURE 2

Species classification with data collected in habitats of native forest and Pinus monocultures in the State of Santa Catarina, southern Brazil. 
Specialist_F, native forest specialist; Specialist_P, Pinus monocultures specialist.
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We observed some movement of individuals between the habitats. 
Still, most dispersions were inside the same habitat, showing that 
dung beetle dispersal was insufficient to highly expand their 
distributions but was enough for the individuals to track the 
alternative resources present in the Pinus monocultures. Although 
we have a low rate of individuals recaptured, the recapture rate was 
similar to results presented in other studies (Arellano et al., 2008; 
Noriega and Acosta, 2011; Da Silva and Hernández, 2015). In 
addition to the dispersal between areas, the species found inside 
the nesting houses were effectively using the habitats since 
we registered the presence of feeding balls and tunnels within 
those traps in both habitats (Pinus monocultures and native forest).

The transit of dung beetles between one habitat and the other 
shows that they move through areas of Pinus monocultures and 
native forests, interacting and connecting with those assemblages. 
We can state that the coexistence of species within a regional level 
occurred due to the niche differentiation between them, causing 
high beta diversity (Leibold et al., 2004), differences that were not 
pointed out by richness and diversity indices. The species richness 
and diversity of dung beetles had close values in both Pinus 
monocultures and native forest habitats. A study in areas close to 
those of the present work, related to dung beetle taxonomic and 

functional diversity among native forests and altered subtropical 
habitats, also showed that forests and Pinus monocultures have 
similar richness values, different from open habitats (fields), 
which presented a great decrease of species richness and individual 
abundance (Sarmiento-Garcés and Hernández, 2021). These 
results contrast with the severe decline in biodiversity observed in 
other studied areas that suffered higher alteration levels (Nichols 
et al., 2007; López-Bedoya et al., 2022).

Then, considering species abundance and richness, as shown in 
the extrapolation curve analysis, it is impossible to observe significant 
differences between assemblages of different habitats, not being a 
reliable and sufficient approach. Moreover, even in cases where these 
measures serve to assess changing patterns of diversity, they remain 
limited in describing which species are lost and how this loss can alter 
ecosystem dynamics (Nichols et al., 2007). That’s because ecological 
indicators should provide reliable and interpretable information on 
the ecological consequences of human activities for a measured 
component of biodiversity (Nichols and Gardner, 2011). In the 
diversity partitioning analysis, we can see that there are differences in 
both assemblages, which are mainly due to the species variation in 
abundance. The Bray-Curtis index analysis shows that part of the 
dissimilarity between the areas of Pinus monocultures and native 

FIGURE 3

Individual-based rarefaction (solid lines) and extrapolation (dashed lines, up to double the smallest sample size) of dung beetle species richness for 
Hill number (q = 0) for each site, where F represents native forests and P represents Pinus monocultures.
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forests is due to the abundance of some species that prefer one or 
another habitat. This occurs because of the balance or shift of species 
between the areas. The composition of the assemblages is similar to a 
certain point, where some species become more specific to forest 
areas and others more linked to Pinus monocultures sites. These 
species, presented in the multinominal classification analyses as 
habitat-specific, are few compared to those considered generalists or 
too rare to be classified.

Furthermore, the structural equation models showed no 
influence of environmental factors or resource availability on dung 
beetle richness, with very close averages among habitats. On the other 
hand, many factors like habitat type, temperature, vegetation structure 
(trees and herbs), and mammal abundance positively influenced 
dung beetle abundance, with more emphasis on temperature. Thus, 
we  can see important features for the maintenance of the dung 
beetles, such as proper temperature and the presence of resources. It 
is interesting to reflect on the presence of exotic animals, such as 
cattle, horses, and dogs, which greatly contributed to the occurrence 
and mammal richness, especially in the Pinus monocultures. These 
domestic animals can have a major effect on dung beetles assemblages, 
being an alternative as a potential source of resources, reflecting the 
mammal abundance in altered habitats. In this way, the dung beetle 

assemblage in the Pinus monocultures areas is affected by mammal 
composition, habitat structure, and spatial distance (Barlow et al., 
2010; Bogoni et al., 2016).

The presence of exotic domestic mammal species mainly 
in monoculture areas reaffirms the anthropization of these 
areas. In addition, among all species recorded, two are large 
(Bos taurus and Equus caballus), contributing even more to 
the supply of resources. Many studies have shown that there 
is a positive relationship between dung beetles and  
the richness of omnivorous mammals, where the majority of 
the individuals being attracted by the feces of mammals from 
this trophic group (Estrada et al., 1993; Filgueiras et al., 2009; 
Bogoni et al., 2016). We took the opportunity to reflect on t 
he limitations we found when analyzing mammal abundance 
as the amount of resources available because we know that the 
size of the identified mammals is not standard, with  
species of large, medium, and small size. Other points  
not included are the different trophic groups of mammals  
present in the areas (herbivores, carnivores, and  
omnivores) and necrophagous dung beetle preference for  
arthropod carcasses (Bogoni et  al., 2016; Gimenéz Gómez 
et al., 2021).

FIGURE 4

Individual-based rarefaction (solid lines) and extrapolation (dashed lines, up to double the sample size) of Dung beetle diversity for Hill numbers 
(q = 1) for each site, where F represents native forests and P represents Pinus monocultures.
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Some studies suggest that very few forest dung beetles can 
extend their activity into strongly altered forests or natural open 
habitats (Nummelin and Hanski, 1989; Halffter and Arellano, 
2002; Gardner et al., 2008; Gries et al., 2011). However, our results 
suggest that Pinus monocultures provide habitat for forest dung 
beetles. Canopy openness is an influential variable that structures 
dung beetle assemblages across all habitats and types of plantation 
(Hernández and Vaz-De-Mello, 2009; Barlow et al., 2010; Da Silva 
et al., 2018). Canopy cover can influence both soil humidity and 
surface temperature, which might affect the survival and 
reproduction of dung beetles and food availability and 
attractiveness (Gries et al., 2011). Thus, the conservation of either 
native or exotic canopy can determinate whether highly diverse 
dung beetle assemblages and their ecological functions are 
preserved or not (Giménez Gómez et al., 2018).

We remember the risk that Pinus monocultures pose to 
biodiversity in Brazil, which has more than 7 million hectares in 
homogeneous reforestation, with Pinus being one of the most 
representative in the southern region of the country (Anuário 
estatístico de base florestal para o estado de Santa Catarina, 2019). 
In addition to being exotic, the species has a high invasive 

potential and is well documented worldwide (Richardson, 2006). 
Additionally, some of its features, such as short juvenile period 
and numerous small, winged seeds that characterize them as 
pioneers in their native range, are responsible for their invasiveness 
(Rejmánek, 1996; Richardson, 2006). This way, Pinus trees can 
severely impact the local biota and ecosystem processes, such as 
changes in water and fire regimes (Simberloff et al., 2010).

In conclusion, through this work, we observed the lack of 
indication of the approach of dung beetle richness and diversity 
in Pinus monocultures and native forest, and to reflect on the need 
to complement the method with other composition analysis when 
using dung beetles as ecological indicators. This is due to the 
differences in the composition of the assemblages (species that 
prefer different types of habitats) being demonstrated only when 
we calculate beta diversity. We must consider this when using 
dung beetles as ecological indicators since we  found similar 
indices in very different areas in terms of biodiversity. Thus, our 
results demonstrate that the use of species richness and diversity 
indices alone may not show real differences between assemblages 
in areas with distinct habitats, not reflecting the real environmental 
quality of the sites. Therefore, we must consider the differences in 

FIGURE 5

Individual-based rarefaction (solid lines) and extrapolation (dashed lines, up to double the sample size) of Dung beetle diversity for Hill numbers 
(q = 2) for each site, where F represents native forests and P represents Pinus monocultures.
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species composition of the assemblages between habitats. In this 
case, analyses like the ones of dissimilarity, SCBD, and multinomial 
classification complement each other, contributing to better 
understanding the dung beetle metacommunities. Still, according 
to these results, our structural model overall SEM shows that dung 
beetle richness in both types of habitats is not influenced by 
environmental factors, although dung beetle abundance is. 
We  also conclude that there was no relationship between the 
composition and abundance of dung beetle assemblages in 
monocultures to the distance of the native forest areas in this 
study. However, the presence of native forests and other habitats 
very likely provides individuals to the Pinus monocultures. On the 
other hand, these monocultures have characteristics similar to the 
native forests, such as temperature, humidity, canopy cover, and 
alternative food resources, which allow the permanence of the 
beetles. We  also emphasize that even though the Pinus 
monocultures allow the permanence of dung beetle assemblages 
with a richness similar to those found in areas of native forests, 
we should consider the invasive potential of this exotic species and 
the inhibitory effect on native plants, as well as other possible 
negative impacts on animal species in the region. Also, the high 
availability of food resources in Pinus monoculture areas with 
domestic animals is not an exclusive feature of all monocultures. 
The monoculture areas in this study belong to small farmers, with 
some presence of shrubs of other plant species (understory) and 
are used for purposes other than logging (such as resin extraction 
and cattle raising). Thus, we  can consider that other Pinus 

monoculture areas, which are larger, more isolated, and aimed 
only at logging, with high plantation turnover, can provide a much 
less suitable environment for dung beetles. In this case, the 
richness and diversity indexes would most likely be more effective.
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