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A B S T R A C T

In order to evaluate the impact of oil palm cultivation on dung beetles in the eastern Brazilian Amazon, comparisons 
were made of communities in oil palm plantations and native forest. Pitfall traps baited with human feces were 
buried to soil level in plantations and surrounding forests. Fifty traps were used in each type of vegetation, 
placed at 50 m intervals along five transects. Dung beetle communities in oil palm plantations have lower species 
richness (18 spp.) than in surrounding tropical rainforest (48 spp.), as well as altered species composition. Total 
abundance of individuals was not significantly different between the two habitats, but species composition was 
greatly different. Species evenness was greater in the forest. Forest corridors for the preservation of dung beetle 
species may need to be much wider than current designs. The erosion of biodiversity in dung beetles due to oil 
palm monoculture parallels what has been seen in other animal taxa in tropical tree plantations.
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Introduction

African oil palm (Elaeis sp.) is a major and rapidly expanding 
crop, responsible for high levels of deforestation and species loss in 
south east Asia (e.g. Fitzherbert et al., 2008). In recent years it has also 
spread across the eastern Amazonian state of Pará, where monoculture 
plantations now occupy more than 200,000 hectares (Butler and 
Laurance, 2009; Butler, 2011; Englund  et  al., 2015). Governmental 
incentives and a steady demand for palm oil for biofuels, industrial 
lubricants, and food products are causing the planted areas to expand 
at the expense of tropical lowland forests that are clear-cut for new 
plantations (Lees et al., 2015).

In order to evaluate the impact of oil palm plantations on one target 
group, the dung beetles (Coleoptera: Scarabaeidae: Scarabaeinae), 
comparisons were made of communities in oil palm plantations and 
in surrounding intact forests. Dung beetles have been recommended 
for studies of biological conservation, especially as a proxy for hard to 
detect mammals (Spector, 2006; Barlow et al., 2007; Gardner et al., 
2007, 2008a; Nichols and Gardner, 2011; Bicknell et al., 2014). They 
are a bio-indicator of soils and microclimate (Halffter and Favila, 1993; 

Nichols  et  al., 2007), and influence important ecosystem functions 
and services such as secondary seed dispersal, nutrient recycling, soil 
aeration, and biological control of pest insects and helminth parasites 
(Halffter and Matthews, 1966; Nichols et al., 2008; Ridsdill-Smith and 
Edwards, 2011). We expected to find a high species turnover between 
the two types of sampled environments. In general, species with a 
more restricted niche, specialized in forested areas, are expected to 
be found only in the remnants of native forest (Halffter and Favila, 
1993; Nichols et al., 2007). The different microclimate and food supply 
conditions found between the Amazon rainforest and palm plantations 
may restrict the maintenance of stable populations in the latter areas. 
In this way, we hypothesize that only species with generalist habits 
or capable of withstanding adverse environmental conditions will be 
found in the palm monoculture. As it is a more simplified ecosystem, 
the palm plantation monoculture should provide a vacant niche for 
generalist species or those typical of open areas such as the cerrado. 
As the remnants of the Amazon rainforest are “disturbed” or replaced by 
palm monoculture, we expect that these new environments will favor 
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colonization by generalist species from open areas that are pre-adapted 
to these new habitats.

Body size in dung beetles has been associated with sensitivity 
to tropical forest modification and fragmentation. In general, it is 
expected to find larger species within undisturbed tropical forests 
(Chown and Klok, 2011). In a severely degraded habitat lower survival 
of larger specimens tends to occur due to thermal intolerance (Larsen 
and Forsyth, 2005; Larsen et al., 2008). In addition, large beetles can 
more effectively allocate feces deposits from large mammals, which 
are rarer in degraded rainforests. As such, key functional groups, such 
as the rollers, tunnelers, and dwellers, coprophages, scavengers or 
generalists, and body size are useful proxies of functional integrity of 
the community.

In this study, we examine the value of palm oil plantations for 
Amazonian dung beetle communities in a large plantation in the state 
of Pará. We compare between native forest and palm oil, assessing the 
difference in (1) species richness, (2) abundance, (3) species composition, 
(4) patterns of dominance (rank abundance), and (5) the abundance of 
key functional groups. Finally, we (6) assess whether there is there any 
evidence that spillover from forest to nearby plantation is occurring 
such that forest, rather than oil palm plantation, is the main source of 
dung beetle species (Lucey et al., 2014).

Materials and Methods

Study area

−	 The study was conducted in Tailândia municipality in northeastern 
Pará state, Brazil, in plantations belonging to Agropalma S.A. that 
has about 39,000 hectares of oil palm plantations (Elaeis sp.) and 
64,000 hectares of forests (Fig. 1). The matrix vegetation is dense 
Amazonian broadleaf lowland rainforest (Hueck, 1972). According to 
the Köppen-Geiger classification (Köppen and Geiger, 1928), climate 
is type Afi, or humid tropical, with a rainy season from December 
to May and a dry season from June to November. Average yearly 
rainfall recorded is 2,038 mm, and average daily temperature is 
26.5° C, with air relative humidity near 87%. Mendes-Oliveira et al. 
(2017) presented an historical background to the ecology of the 
study area, including a list of mammal species in both plantation 
and forests as detected by camara trapping and line transect surveys.

Collection methods

–	 We selected five oil palm plantation sites of comparable ages in 
relation to overall habitat structure (7–15 years-old), which were 
paired with five neighboring primary forest sites. Pitfall traps baited 
with human feces and containing salt solution were buried to soil 

Figure 1 Location of the study area in the Brazilian Amazon, in the state of Pará. The right map represents the study area and the spatial distribution of 10 transects (red lines) 
in forest and oil palm habitats. Green and orange areas indicate primary forest and oil palm plantations, respectively (modified from Mendes-Oliveira et al., 2017). This figure is 
in color in the electronic version.
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level in plantations and surrounding forests (Marsh et al., 2013). Trap 
diameter was 14 cm and depth was 9 cm. Fifty traps were used in 
each type of vegetation, placed at 50 m intervals along 5 transects 
with their origin at the forest-plantation border (Larsen and Forsyth, 
2005; Andrade et al., 2014; Silva and Hernández, 2015) Although 
Silva and Hernández (2015) suggested using a minimum distance of 
200 m between traps within Amazonian forest environments to avoid 
pseudo-replication, in this study we used a distance of 50 meters 
to make our results comparable with other multitaxon studies that 
were being carried out in the sampled area. To avoid border effects, 
forest traps were located at least 100 m from the plantations (Feer, 
2008). The experiment took place from 9 to 16 July 2016 and was 
carried out only in the dry season due to the need for integrated field 
logistics with other teams that worked on the same site. The use of 
dung beetles for the rapid diagnosis of areas along a gradient of land 
use has been frequently performed at least since the 1990s in tropical 
forest areas (Halffter and Favila, 1993; Spector and Forsyth, 1998; 
Nichols et al., 2007; Hayes et al., 2009). Thus, since our objective 
was to carry out a quick assessment of the conservation value of 
the analyzed areas and not an exhaustive inventory of the regional 
species, nor a seasonal analysis, the sampling protocol employed 
here has achieved the objective proposed for the study. Each trap 
was open for 48 hours, and all captured dung beetles were identified 
to species or morphospecies. Specimens were collected under 
IBAMA/SISBio permit nr. 35898-1. Voucher material was deposited 
in the Universidade Federal do Pará, Universidade Federal de Mato 
Grosso, and Museu Paraense Emílio Goeldi. Locations of the forest 
and plantation transects are shown in Table 1. Each transect had 
10 traps, totaling 50 forest traps and 50 plantation traps.

Data analysis

−	 Comparisons of species richness and rank abundance were made with 
the non-parametric Mann-Whitney U test. Dominance was verified 
through abundance curves of each species in each vegetation type. 
Statistica version 6.0 (StatSoft Inc., 1996) was used for calculations, 
and probability for significance was p<0.05 (Zar, 2010). Estimates 
of species richness were made with the program EstimateS version 
9.2 using 100 randomizations without replacement (Colwell, 2013). 
Non-parametric estimates of species richness were chosen: Chao 
1 and 2, and Jackknife 1 and 2. Cluster analysis using Bray-Curtis 
index of similarity was employed to construct a dendrogram of 
similarity among transects with the program Primer version 5 
(Clarke and Gorley, 2006). Extrapolation of species richness was 
made using the R package iNext (Hsieh et al., 2016).

Functional groups

‒	 Dung beetle species can be diurnal or nocturnal, tunnellers, dwellers 
or rollers, and coprophages, necrophages or generalists (Hanski and 
Cambefort, 1991). In addition, their body sizes can vary over at least 

one order of magnitude. Data used for most species are from the 
studies of Beiroz et al. (2017), Griffiths et al. (2015, 2016), Silva et al. 
(2014), and observations of author FABS. Body length and pronotal 
width were measured from representative individuals of each species. 
Coloration was observed in dried specimens. Biomass estimates of 
dung beetle assemblages could not be obtained, although these could 
have been useful measures (Cultid-Medina and Escobar, 2016).

Results

Richness and abundance

‒	 In total, 1863 dung beetles were collected, representing 54 species 
in 16 genera. Forest yielded more species (48) than oil palm 
plantation (18), with 12 species present in both habitats (Table 2). 
Species richness in plantation was significantly lower than in 
forest (Mann-Whitney U, Z= 2.62; p= 0.009). Estimates of total 
species richness (S) are around 70 species in forest and 27 in oil 
palm plantation (Table 3, Jackknife 2). With the iNext package for 
R (Hsieh et al., 2016), extrapolated species richness estimates for 
the two environments show that the forest dung beetle community 
is more speciose at all levels of collection effort (Fig. 2).

Dung beetle abundance was not significantly different between 
forest and plantation (Mann-Whitney U, Z = 0.731; p= 0.464). The most 
abundant species in palm plantations was Canthon conformis (Harold, 
1868) (431 individuals) but with much lower presence in the forest (4 ind.). 
This widespread species is a generalist and found in disturbed areas 
throughout Amazonia. Other abundant species in plantation were: 
Onthophagus sp. (148 ind.), Canthidium sp. 3 (90 ind.), and Canthidium 
aff. barbacenicum Preudhomme de Borre, 1886 (28 ind.) (Table  2). 
In forest, the most abundant species was Canthidium aff. deyrollei Harold, 
1867 (252 ind., but absent from plantation), followed by Dichotomius 
aff. lucasi (Harold, 1869) (133 ind.), and Canthon proseni (Harold, 
1869) (123 ind.) (Table 2). These species are known to predominate 
in primary and secondary Amazonian forests (Braga  et  al., 2013). 
Other forest species, such as Eurysternus caribaeus (Herbst, 1789) and 
Ontherus sulcator (Fabricius, 1775), have widespread geographical 
distributions in Brazil (Génier 1996, 2009). Rare species with 3 or 
fewer individuals (21 spp.) were found mostly in forest (18 vs 5 spp.). 
However, we are aware that the number of rare species recorded in 
this study may be biased by the type of experimental design adopted 
in this study. Rapid assessments of a site’s biodiversity status do not 
allow exhaustive specimen collections, being a momentary portrait of 
the local community (Beiroz et al., 2017).

Table 1 
Coordinates of forest and plantation transects used for the collection of dung beetles 
in Tailândia, Pará, Brazil.

Transect Forest Oil Palm Plantation

1 02°22’50.1”S;48°48’08.4”W 02°40’07.0”S;48°54’40.8”W

2 02°36’36.9”S;48°46’10.1‘’W 02°37’03.0”S;48°52’17.8”W

3 02°34’41.1”S;48°52’51.0”W 02°34’45.1”S;48°49’00.8”W

4 02°29’08.9”S;48°56’06.9”W 02°36’35.9”S;48°51’09.3”W

5 02°31’44.9”S;48°52’58.5‘’W 02°32’26.0”S;48°47’56.2”W

Figure 2 Extrapolation and rarefaction of species richness in forest and oil palm 
plantation dung beetle communities. Shaded area represents 95% confidence limits. 
This figure is in color in the electronic version.
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Table 2 
Dung beetles collected in forest or oil palm plantation, by habitat and transect.

Species
Forest Oil palm plantation

Total
F1 F2 F3 F4 F5 P1 P2 P3 P4 P5

Agamopus sp. 0 0 2 0 0 0 0 0 0 0 2

Ateuchus aff. substriatus (Harold, 1868) 0 1 0 1 0 0 0 0 0 0 2

Ateuchus sp. 1 6 2 9 8 1 0 0 0 0 0 26

Ateuchus sp. 2 2 2 5 0 0 0 0 0 0 0 9

Canthidium aff. barbacenicum Preudhomme de Borre, 1886 0 0 0 1 0 14 0 4 9 1 29

Canthidium aff. deyrollei Harold, 1867 151 13 19 65 4 0 0 0 0 0 252

Canthidium aff. gerstaeckeri Harold, 1867 25 0 6 1 2 0 0 0 0 0 34

Canthidium sp. 1 0 0 2 1 0 5 10 0 11 0 29

Canthidium sp. 2 0 0 0 1 0 0 0 0 0 0 1

Canthidium sp. 3 21 33 0 0 1 5 9 26 27 23 145

Canthidium sp. 4 0 0 0 0 1 0 0 1 0 0 2

Canthon conformis (Harold, 1868) 2 0 0 2 0 72 36 21 32 270 435

Canthon aff. xanthopus Blanchard, 1846 0 0 0 0 1 0 0 0 0 0 1

Canthon aff. simulans (Martínez, 1950) 0 0 0 0 0 0 20 0 9 0 29

Canthon histrio (Serville, 1828) 0 0 0 0 0 8 0 0 0 0 8

Canthon lituratus (Germar, 1813) 0 0 0 2 0 0 1 0 0 0 3

Canthon proseni (Martínez, 1949) 4 5 45 16 53 0 0 0 0 0 123

Canthon quadriguttatus (Olivier, 1789) 0 0 2 0 0 0 0 0 0 0 2

Coprophanaeus cyanescens d’ Olsoufieff, 1924 9 3 0 2 0 1 0 0 1 1 17

Coprophanaeus dardanus (MacLeay, 1819) 9 2 5 1 0 1 0 2 1 0 21

Coprophanaeus jasius (Olivier, 1789) 4 0 0 0 0 0 0 0 0 0 4

Coprophanaeus lancifer (Linnaeus, 1767) 4 6 4 0 0 2 0 0 2 3 21

Cryptocanthon campbellorum Howden, 1973 0 0 1 1 0 0 0 0 0 0 2

Deltochilum aff. guyanense Paulian, 1933 0 0 1 0 1 0 0 0 0 0 2

Deltochilum sp. 6 2 5 12 10 0 0 0 0 0 35

Deltochilum aff. peruanum Paulian, 1938 0 2 0 0 0 0 0 0 0 0 2

Deltochilum carinatum (Westwood, 1837) 0 0 0 0 1 0 0 0 0 0 1

Deltochilum icarus (Olivier, 1789) 0 1 5 2 2 0 0 0 0 0 10

Deltochilum sextuberculatum Bates, 1870 0 0 4 18 4 0 0 0 0 0 26

Dichotomius aff. globulus (Felsche, 1901) 3 0 0 0 2 0 0 0 0 0 5

Dichotomius aff. lucasi (Harold, 1869) 35 30 25 38 5 0 0 0 0 0 133

Dichotomius robustus (Luederwaldt, 1935) 0 1 0 0 0 0 0 0 0 0 1

Dichotomius aff. worontzowi (Pereira, 1942) 0 0 2 0 0 0 0 0 0 0 2

Dichotomius carinatus (Luederwaldt, 1925) 22 10 8 3 5 0 0 0 2 0 50

Dichotomius bos (Blanchard, 1843) 0 0 0 0 0 2 0 0 0 0 2

Eurysternus atrosericus Génier, 2009 2 2 3 8 0 0 0 0 0 0 15

Eurysternus caribaeus (Herbst, 1789) 14 6 7 2 7 0 0 0 0 0 36

Eurysternus cavatus Génier, 2009 0 0 2 1 0 0 0 0 0 0 3

Eurysternus hamaticollis Balthasar, 1939 0 0 2 0 0 0 0 0 0 0 2

Eurysternus wittmerorum Martínez, 1988 2 0 2 1 0 0 0 0 0 0 5

Hansreia oxygona (Perty, 1830) 0 0 0 0 3 0 0 0 0 0 3

Ontherus sulcator (Fabricius, 1775) 0 0 0 0 0 2 1 1 0 0 4

Onthophagus aff. bidentatus Drapiez, 1819 0 0 0 0 0 2 0 0 0 0 2

Onthophagus aff. rubrescens Blanchard, 1843 5 3 26 18 6 3 0 0 1 0 62

Onthophagus sp. 34 0 0 0 0 11 4 0 130 3 182

Oxysternon conspicilattum (Weber, 1801) 12 0 0 0 0 0 0 0 0 0 12

Oxysternon macleayi (Nevinson, 1892) 2 1 9 16 2 0 0 0 0 0 30

Phanaeus chalcomelas (Perty, 1830) 2 2 11 0 0 0 0 0 0 0 15

Phanaeus sororibispinus Edmonds & Zídek, 2010 0 0 0 0 0 2 0 0 0 0 2

Trichillum pauliani (Balthasar, 1939) 4 0 0 2 0 0 0 0 0 0 6

Uroxys sp. 1 3 2 0 2 0 0 0 0 0 0 7

Uroxys sp. 2 7 0 0 1 0 0 0 0 0 0 8

Uroxys sp. 3 1 0 0 0 0 0 0 0 0 0 1

Uroxys sp. 4 2 0 0 0 0 0 0 0 0 0 2

Individuals per transect 393 129 212 226 111 130 81 55 225 301 1863

Species per transect 28 21 26 27 19 14 7 6 11 6 54
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Species composition and dominance

‒	 Bray-Curtis cluster analysis of transects shows two large groups, one 
formed by plantation transects and the other by forest transects (Fig. 3). 
Similarity between the two groups is less than 0.15. For example, of the 
54 species recorded, 40 had more than 80% of individuals collected in 
forest (forest species), while 10 had more than 80% of individuals from 
the plantation (plantation species). The rank abundance assessment 
showed that both communities have hyper-abundant species, but these 
are more predominant in the oil palm plantation. The forest community, 
in addition to including more species, shows greater evenness (Fig. 4).

Functional groups

‒	 Activity periods of forest species showed two species without 
information, 19 nocturnal species, and 19 diurnal species. 
Dietary preferences of forest species showed one species without 
information, 25 coprophage species, eight generalist species, 
and six necrophage species. Nesting behavior of forest species 
showed one species without information, 22 tunneler species, 
11 roller species, and six dweller species. 14 forest species had 
bright colors against a dark background of black, gray or brown 
(Table 4).

Figure 3 Dendrogram of Bray-Curtis similarity among transects from oil palm plantation (P) and forest (F).

Figure 4 Rank-abundance for dung beetle communities from forest (Δ) and oil palm plantation (•).

Table 3 
Estimates of total dung beetle species richness (S) in forest and oil palm plantation (calculated in EstimateS).

Estimate
Forest Oil palm plantation Total

S sd S Sd S sd

Chao 1 50.45 2.54 18.5 1.03 54.96 1.33

Chao 2 62.4 9.14 27.8 10.62 68.58 9.11

Jackknife 1 62.4 2.04 23.6 2.71 70.2 5.16

Jackknife 2 69.15 0 26.9 0 77.49 0

Species recorded 48 3.33 18 2.52 54 3.39
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Table 4 
Dung beetle species and their functional group characteristics. (Noc = nocturnal, Diu = diurnal, Cop = coprophagous, Nec = necrophagous, Gen = generalist, Tun = tunnelers, 
Rol = rollers; Dwe = dwellers. Body length is the average species body length.)

Species Activity period Diet preference Nesting behavior Body length 
(mm)

Pronotum width 
(mm) Color

Agamopus sp. ? ? ? 4.76 1.67 Colored

Ateuchus aff. substriatus (Harold, 1868) Noc Cop Tun 7.50 3.00 Black

Ateuchus sp. 1 Diu Gen Tun 6.14 3.45 Black

Ateuchus sp. 2 Diu Gen Tun 7.20 3.21 Colored

Canthidium aff. barbacenicum Preudhomme de Borre, 1886 Diu Cop Tun 6.10 3.04 Colored

Canthidium aff. deyrollei Harold, 1867 Noc Cop Tun 6.21 3.22 Colored

Canthidium aff. gerstaeckeri Harold, 1867 Diu Cop Tun 6.85 3.38 Colored

Canthidium sp. 1 Noc Cop Tun 4.22 1.71 Colored

Canthidium sp. 2 Noc Cop Tun 7.95 3.62 Black

Canthidium sp. 3 Noc Cop Tun 4.39 1.64 Colored

Canthidium sp. 4 Noc Cop Tun 6.76 3.02 Colored

Canthon conformis (Harold, 1868) Diu Gen Rol 8.19 4.84 Colored

Canthon aff. xanthopus Blanchard, 1846 Diu Cop Rol 6.45 3.47 Black

Canthon aff. simulans (Martínez, 1950) Diu Cop Rol 4.36 2.84 Black

Canthon histrio (Serville, 1828) Diu Cop Rol 9.88 5.98 Colored

Canthon lituratus (Germar, 1813) Diu Cop Rol 5.03 2.90 Colored

Canthon proseni (Martínez, 1949) Diu Cop Rol 11.60 6.80 Colored

Canthon quadriguttatus (Olivier, 1789) Diu Nec Rol 6.89 4.25 Colored

Coprophanaeus cyanescens d’ Olsoufieff, 1924 Diu Nec Tun 23.03 16.29 Black

Coprophanaeus dardanus (MacLeay, 1819) Diu Nec Tun 21.87 13.94 Black

Coprophanaeus jasius (Olivier, 1789) Diu Nec Tun 22.61 15.11 Black

Coprophanaeus lancifer (Linnaeus, 1767) Noc Gen Tun 4.86 3.35 Colored

Cryptocanthon campbellorum Howden, 1973 ? Gen Rol 3.24 1.79 Brown

Deltochilum sp. Noc Gen Rol 12.74 6.97 Colored

Deltochilum aff. guyanense Paulian, 1933 Noc Gen Rol 14.16 7.72 Brown

Deltochilum aff. peruanum Paulian, 1938 Noc Gen Rol 11.61 6.05 Brown

Deltochilum carinatum (Westwood, 1837) Noc Nec Rol 18.06 10.32 Gray

Deltochilum icarus (Olivier, 1789) Noc Cop Rol 13.62 8.34 Colored

Deltochilum sextuberculatum Bates, 1870 Diu Nec Rol 11.75 6.35 Black

Dichotomius aff. globulus (Felsche, 1901) Noc Gen Tun 11.88 7.69 Gray

Dichotomius aff. lucasi (Harold, 1869) Noc Gen Tun 12.26 7.38 Black

Dichotomius robustus (Luederwaldt, 1935) Noc Cop Tun 13.83 9.67 Black

Dichotomius aff. worontzowi (Pereira, 1942) Noc Cop Tun 16.57 11.01 Black

Dichotomius carinatus (Luederwaldt, 1925) Noc Cop Tun 24.17 15.87 Black

Dichotomius bos (Blanchard, 1843) Noc Cop Tun 22.13 14.58 Black

Eurysternus atrosericus Génier, 2009 Diu Cop Dwe 6.46 2.50 Brown

Eurysternus caribaeus (Herbst, 1789) Diu Cop Dwe 14.98 6.86 Brown

Eurysternus cavatus Génier, 2009 Diu Cop Dwe 5.78 2.44 Colored

Eurysternus hamaticollis Balthasar, 1939 Noc Cop Dwe 8.53 3.98 Brown

Eurysternus wittmerorum Martínez, 1988 Diu Cop Dwe 9.60 4.42 Brown

Hansreia oxygona (Perty, 1830) Diu Cop Rol 9.03 5.01 Colored

Ontherus sulcator (Fabricius, 1775) Noc Cop Tun 6.59 3.39 Black

Onthophagus aff. bidentatus Drapiez, 1819 Diu Cop Tun 6.36 3.19 Colored

Onthophagus aff. rubrescens Blanchard, 1843 Diu Cop Tun 5.41 3.24 Colored

Onthophagus sp. Diu Cop Tun 7.16 3.21 Colored

Oxysternon conspicilattum (Weber, 1801) Diu Cop Tun 23.75 14.95 Black

Oxysternon macleayi (Nevinson, 1892) Diu Cop Tun 17.57 11.96 Black

Phanaeus chalcomelas (Perty, 1830) Diu Cop Tun 36.15 22.46 Colored

Phanaeus sororibispinus Edmonds & Zídek, 2010 Diu Cop Tun 12.71 6.87 Black

Trichillum pauliani (Balthasar, 1939) Noc Cop Dwe 4.21 2.37 Black

Uroxys sp. 1 Noc Cop Tun 2.38 1.30 Colored

Uroxys sp. 2 Noc Cop Tun 3.18 1.89 Colored

Uroxys sp. 3 Noc Cop Tun 3.09 1.88 Brown

Uroxys sp. 4 Noc Cop Tun Brown
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Activity periods of plantation species showed three nocturnal species 
and seven diurnal species. Dietary preferences of plantation species 
showed nine coprophage species and one generalist species. Nesting 
behavior of plantation species showed seven tunneler species and three 
roller species. Six plantation species had bright colors against a dark 
background, and four were black. Lack of necrophage dung beetles in 
the more open plantation probably indicates that the scavenger niche 
is filled by other taxa, possibly vultures. However, as only fecal baits 
were used during sampling, the register of scavenger species in the 
forest and in the plantation may be an underestimate.

Body sizes and proportions of dung beetles can vary considerably 
(Hernández et al., 2011), but in this study forest and plantation species 
were not significantly different (forest body length average = 11.62 mm, 
standard deviation = 7.425, pronotum width average = 6.82 ±5.082; 
plantation body length average = 8.77 ±5.333, pronotum width 
average = 4.97 ±3.722). Body proportions between forest and plantation 
species did not differ significantly (pronotal width / body length = 0.56 
for forest species and 0.54 for plantation species).

Spillover

‒	 Although the greatest number of species (30 spp.) was collected 
at 550 m from the forest border (Fig. 5), there were no significant 
differences in dung beetle abundances or species richness with 
traps further within the forest. The results of Silva et al. (2017) also 
show that the addition of traps, rather than their placement in the 
forest, probably explains species richness in deep-forest trapping. 
The width of forest corridors for dung beetle conservation should 
take into consideration the necessities of vertebrate symbionts 
(Viegas  et  al., 2014; Van Schalkwyk  et  al., 2017 for savannah 
corridors), but in this case, no forest edge effects can be seen at 
increasing depths of forest penetration.

DISCUSSION

Oil palm plantations support fewer dung beetle species than forests 
and show a higher dominance of the most abundant species. In this 
human-modified habitat, the three most abundant species constitute 
approximately 95% of all individuals. A greater species richness is 
expected with an increase in environmental heterogeneity and level 
of habitat conservation (Gardner et al., 2008b; Gibson et al., 2011). 
Thus, the forest habitat offers the beetles appropriate conditions to 

maintain a more diverse community. This is probably due to the altered 
vegetation cover and associated environmental variables, rendering 
the oil palm plantation habitat less suitable for forest-dwelling species 
(Filgueiras et al., 2015, 2016).

Similar results were found in other studies on land use in the Amazon, 
in which the intense use and modification of the soil caused a change 
in the richness and abundance of scarabaeine species (Gardner et al., 
2008b; Braga et al., 2013; Cajaiba et al., 2017) as has been shown in 
studies comparing preserved areas with those modified for agriculture 
(Halffter and Matthews, 1966; Braga et al., 2013; Silva et al., 2016).

As for the faunal similarity between the areas sampled, the large 
difference between the two habitats may occur due to the loss of 
the original vegetation, changing the structural complexity of the 
environment and rendering it impossible to maintain some species 
in the area, mainly associated mammals (Halffter and Matthews, 
1966; Halffter and Favila, 1993). Scarabaeinae beetles are bioindicator 
organisms whose community structure reflects the patterns of the 
vertebrate community on which they are dependent (Halffter and 
Matthews, 1966; Estrada et al., 1999).

The oil palm plantation alters and reduces the structure of vertebrate 
communities (Lima, 2013; Mendes-Oliveira et al., 2017; Pardo et al., 2018) 
and consequently changes that of other taxa, such as the Scarabaeinae 
in this case. Lees et al. (2015) and Almeida et al. (2016) in the same area 
found that oil palm plantations supported only impoverished avian 
communities and did not provide habitat for most forest-associated 
species, including those with restricted ranges and those of conservation 
concern. Knowlton et al. (2017) found that oil palm plantations disrupt 
mixed flocks. The functional diversity of bird communities in oil palm was 
greatly reduced, in spite of evidence that birds protect oil palms against 
herbivorous insects (Koh, 2008). Other groups affected in the same way 
include anurans (Corrêa et al., 2015), aquatic Hemiptera (Cunha and Juen, 
2017), bees (Brito et al., 2017), and aquatic insects (Juen et al., 2016).

In the oil palm plantation, forest habitat loss results in an open 
niche for generalist species. These areas may be colonized by Brazilian 
cerrado or disturbance-adapted species such as Dichotomius bos 
(Blanchard, 1843), Ontherus sulcator (Fabricius, 1775), and Canthon 
histrio (Serville, 1828). Undisturbed forest patches are occupied by a 
dung beetle community constituted mainly by Amazonian species such 
as Canthon proseni (Martínez, 1949), Coprophanaeus lancifer (Linnaeus, 
1767), Deltochilum carinatum (Westwood, 1837), Dichotomius carinatus 
(Luederwaldt, 1925), Eurysternus hamaticollis Balthasar, 1939, Hansreia 
oxygona (Perty, 1830), and Oxysternon conspicilatum (Weber, 1801).

To compensate for reduced biological diversity in oil palm plantations, 
the maintenance of forest buffers, corridors, and reserves is a partial 
solution, but one that requires additional experimental evidence as to its 
usefulness (Barlow et al., 2010; Gilroy et al., 2015). Our results indicate 
that the greatest number of dung beetle species was encountered at traps 
distant from the forest-plantation interface, at 550 m into the forest. 
This may well reflect the reaction of mammals to forest margins that 
their dung beetles faithfully mirror. A forest corridor or buffer of less 
than a kilometer in width or depth may not be suitable for all mammals 
and dung beetles, even though this is much larger than current designs.

Habitat destruction, particularly forest loss and modification 
to agriculture, has significant negative impacts on tropical forests 
(Scheffler, 2005; Gibbs  et  al., 2010; Sánchez-de-Jesús  et  al., 2016; 
Silva  et  al., 2016; Giam, 2017), and their dung beetle communities 
(Nichols et al., 2007, 2013; Barlow et al., 2016). Few forest-adapted 
dung beetle species are able to extend their activities into strongly 
altered forests or anthropogenic ecosystems. Our results indicate that 
changes in vegetation structure and complexity in oil palm plantations 
can lead to dramatic faunal turnover and loss of regional dung beetle 
richness in the eastern Amazon.

Figure 5 Number of dung beetle species collected in forest at different distances from 
the forest-oil palm plantation border.
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Conclusions

Dung beetle community composition was markedly different 
between forest and oil palm plantation habitats in the eastern Amazon. 
Monoculture of oil palms showed reduced ability to maintain the higher 
species richness found in adjacent intact forests. Oil palm plantations held 
fewer species and showed a higher dominance of few hyper-abundant 
species. This suggests that the modified and simplified habitat of 
the oil palm plantation adversely affects many dung beetle species 
while favoring generalist species. Through asymmetrical competition 
between native specialist species and widespread generalists, the loss 
of biodiversity could be exacerbated. Forests near oil palm plantations 
harbor more species and more rare species, some of which are found 
at 550 m in the forest. This indicates that forest buffers or corridors 
may need to have a greater width than has been generally proposed.
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