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A B S T R A C T

Land use change is a global threat to biodiversity. Besides converting natural landscapes into monocultures, the
use of genetically modified organisms is increasing, even though their effects on natural assemblages are still
poorly known. The possible effects of transgenic crops on ecosystems can be studied using ecological indicators,
such as dung beetles. We assessed the effect of creole, conventional, and transgenic maize crops on dung beetle
assemblages in a landscape that also contained forest fragments in southern Brazil. We established 15 blocks, five
on each type of maize fields. Each block consisted of a landscape with native forests and maize fields. A total of
2126 dung beetles were captured, belonging to 38 species. The forest-crop landscape associated with creole
maize had a greater richness of dung beetle species. Conversely, an impoverished assemblage was detected in the
transgenic maize crop landscape. The reduction of indicator insect diversity in landscapes influenced by
transgenic crops suggests that the type of maize fields influences biodiversity conservation. In addition, the
negative effects of transgenic crops went beyond maize fields, reaching native forest fragments adjacent to crops.

1. Introduction

Deforestation and conversion of tropical forests to pasture and
agriculture has changed landscapes, causing negative effects on biodi-
versity (Chapin et al., 2000). Such land use changes are associated with
habitat loss (Tilman et al., 2001), and most species are intolerant to the
modifications caused by anthropic action (Turner, 1996), the inability
to maintain viable populations in agricultural areas results in species
extinction (Turner, 1996; Brooks et al., 2002). Maize or corn (Zea mays
L.) cultivation began around 6000 years ago in southern Mexico
(Sluyter and Dominguez, 2006) and now is cultivated worldwide and
represents one of the most important global crops, Brazil is the third
largest producer of maize, harvesting 8% of the global production
(Ranum et al., 2014).

In Brazil, usually, three types of maize are cultivated from different
types of seeds: (1) creole or landrace, (2) conventional and (3) trans-
genic. Creole seeds are selected over generations by the farmers
themselves (Abreu et al., 2007). Creole maize is more resistant to pa-
thogens and pests (Carpentieri-Pípolo et al., 2010), and acts as a source

of genetic variability that can be screened for tolerance to adverse
conditions (Araújo and Nass, 2002). For farmers employing low tech-
nology, creole varieties can perform equally well or even better than
conventional varieties (Carpentieri-Pípolo et al., 2010). On extensive
production systems, conventional maize is normally more productive
because of the use of insecticides with pyrethroids and organopho-
sphates. However, the concentration of these compounds both in food
and the environment are causing adverse effects on human health (Tago
et al., 2014) and showing side effects on insects with key ecosystem
functions (e.g. pollinators and detritivores) (Palmquist et al., 2012).
Advances in genetic engineering to increase production and suppress
the use of insecticides lead to the development of genetically modified
(GM or just transgenic) crops. Transgenic maize expresses toxins from
Bacillus thuringiensis (primarily Cry-toxins) aiming at damage control
caused by insects of economic importance, especially Lepidoptera and
Coleoptera. Cultivation of GM crops has increased worldwide, in 2016
the global area cultivated with GM maize reached 60 million hectares
and continues to grow in many countries, including Brazil (ISAAA,
2016).
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The advantage of using GM crops to decrease the use of insecticides
has been questioned, and several studies have shown the development
of resistance by target insects (Gassmann et al., 2011, 2014). Negative
effects of GM crops on non-target organisms, like butterflies and dung
beetles, have already been found (Losey et al., 1999; Campos and
Hernández, 2015a). In addition, transgenic proteins pass through the
trophic chain and are present in mammalian feces that feed on trans-
genic maize (Campos et al., 2018). Although the mechanistic effects of
the transgenics on non-target species are unclear, morphometric al-
terations have been observed in dung beetles found in transgenic maize
crops (Alves and Hernández, 2017). These morphological changes may
be indicative of a possible impact of transgenic crops on the species
physiology, resulting in long-term mortality (Campos and Hernández,

2015a). Furthermore, alterations in abundance and structure of dung
beetles communities have been described in native forests adjacent to
transgenic crops (Campos and Hernández, 2015a, 2015b).

The study of ecological indicators is a straightforward way to assess
the effects of crops on ecosystems, showing measurable characteristics
of structure, composition and ecological functions. Among such or-
ganisms, insects stand out because of their high species richness,
abundance, biomass, and key ecosystem functions (Niemi and
Mcdonald, 2004). Dung beetles are widely used as ecological indicators
because of both easy and cheap sampling (Gardner et al., 2008a) and
are responsive to land use change (Halffter and Favila, 1993; review in
Nichols et al., 2007; Gardner et al., 2008b). Dung beetles provide
ecosystems functions by burying organic material in the soil,

Table 1
Dung beetle species sampled in 30 landscape units (15 maize fields and 15 nearby forest fragments) and where three types of maize are grown (CO: Conventional; CR:
Creole; TR: Transgenic) in the region of São Miguel do Oeste, state of Santa Catarina, Brazil.

Forest fragments Maize fields

Species CO CR TR Total CO CR TR Total

Anomiopus sp. 0 0 0 0 0 0 1 1
Canthidium cavifrons Balthasar,1939 0 3 1 4 0 0 0 0
Canthidium dispar Harold, 1867 4 8 1 13 3 0 8 11
Canthidium moestum Harold, 1867 0 0 0 0 3 11 3 17
Canthidium aff. trinodosum (Boheman, 1858) 29 33 0 62 20 55 46 121
Canthidium sp. 1 3 0 0 3 16 0 0 16
Canthidium sp. 2 2 0 1 3 0 0 0 0
Canthidium sp. 3 0 0 0 0 0 0 1 1
Canthon angularis Harold, 1868 35 56 0 91 1 0 0 1
Canthon chalybaeus Blanchard, 1846 13 8 0 21 114 67 27 208
Canthon laminatus Balthasar, 1939 0 1 0 1 0 0 0 0
Canthon lividus lividus Blanchard, 1845 14 4 0 18 0 0 0 0
Canthon podagricus Harold, 1868 0 0 0 0 2 3 0 5
Canthon quinquemaculatus Castelnau, 1840 72 35 67 174 12 17 28 57
Canthon tetraodon Blanchard, 1845 0 0 0 0 0 9 0 9
Canthon aff. lituratus (Germar, 1824) 0 0 0 0 0 1 0 1
Canthon aff. luctuosus Harold, 1868 24 16 59 99 0 0 0 0
Canthon aff. mutabilis Lucas, 1859 1 0 0 1 0 0 7 7
Canthonella catharinensis (Pereira & Martínez, 1956) 9 5 1 15 0 0 0 0
Canthonella aff. instriata (Boucomont, 1928) 0 0 3 3 0 0 0 0
Coprophanaeus saphirinus (Sturm, 1826) 48 85 38 171 1 3 6 10
Deltochilum brasiliense (Castelnau, 1840) 76 69 41 186 0 0 0 0
Deltochilum morbillosum Burmeister, 1848 37 49 49 135 0 0 0 0
Deltochilum rubripenne (Gory, 1831) 4 1 0 5 0 0 0 0
Dichotomius bicuspis (German, 1824) 0 0 0 0 1 0 0 1
Dichotomius nisus (Olivier, 1789) 2 0 0 2 13 30 0 43
Dichotomius sericeus (Harold, 1867) 63 184 143 390 2 2 10 14
Dichotomius sp. 0 1 0 1 0 0 0 0
Eurysternus aeneus Génier, 2009 0 0 0 0 8 0 0 8
Eurysternus caribaeus (Herbst,1789) 10 1 9 20 0 0 0 0
Eurysternus parallelus Castelnau,1840 25 4 49 78 3 0 4 7
Ontherus sulcator (Fabricius, 1775) 0 1 0 1 0 2 0 2
Onthophagus aff. hirculus Mannerheim, 1829 2 0 0 2 14 11 14 39
Pseudocanthon sp. 0 0 0 0 19 9 3 31
Scybalocanthon nigriceps (Harold, 1868) 0 3 0 3 0 0 0 0
Sulcophanaeus menelas (Castelnau, 1840) 0 0 0 0 1 1 0 2
Trichillum externepunctatum Preudhomme de Borre, 1886 0 0 0 0 1 8 0 9
Uroxys dilaticollis (Blanchard, 1845) 0 3 0 3 0 0 0 0
Total abundance 473 570 462 1505 234 229 158 621

Table 2
Abundance, observed Richness (with confidence intervals of 95%), estimated Richness Chao-1 and Sample coverage of dung beetle assemblages in forest fragments
and cultivation areas with three different maize types: Conventional (CO), Creole (CR), and Transgenic (TR), collected in the region of São Miguel do Oeste, State of
Santa Catarina, Brazil.

Measurements of dung beetle assemblages Forest Fragments Maize fields

CO CR TR CO CR TR

Abundance 473 570 462 234 229 158
Richness (C.I. 95%) 20 (17.26–22.74) 21 (17.41–24.6) 13 (8.69–17.31) 18 (14.25–21.55 15 (13.46–16.54) 13 (10.4–15.5)
Richness estimator

Chao-1 (sample coverage)
20.0 (87%) 31.0 (89%) 19.0 (92%) 21.3 (76%) 15.3 (85%) 14.0 (74%)
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contributing to nutrient recycling (Halffter and Matthews, 1966).
Therefore, dung beetles increase soil fertility enhancing soil nutrients
and improving plant growth (Halffter and Edmonds, 1982).

Across agricultural landscapes, dung beetle assemblages can be seen
as a metacommunity (Leibold et al., 2004). Forest fragments are in-
terspersed within the agricultural matrix, creating mosaics in the
landscape, with permeability of the agricultural matrix allowing in-
terpopulation gene flow (Vandermeer, 2011). Moreover, the type of
crop in a landscape can influence the survival and dispersal ability of
species. Consequently, changes in dung beetle richness and abundance
may be either a direct product of the type of crop they live in, or an
indirect product, when it affects forest assemblages adjacent to crops.
Dung beetle assemblages living in areas of maize cultivation may con-
sist of species adapted to open areas and species coming from forest
areas adjacent to crops, which show up in crops as transitory. There-
fore, vegetation structure and conservation status of forest fragments
may be an important driver of dung beetle assemblages, although the
type of maize cultivated may also affect the dung beetle community.

We expected that landscapes in which creole corn was cultivated
would show a greater diversity and abundance of dung beetles than the
areas under the influence of transgenic and conventional crops.
Specifically, we expected that landscapes with transgenic and conven-
tional crops result in the loss of dung beetle species because of the
sensitivity to the treatment itself or to the environmental changes that it
causes. We also expected that the effects mentioned above are not
limited to the extent of fields areas, resulting in distinct side effects on

the dung beetle assemblages found in forests adjacent to different maize
crop types. In this context, we aimed to assess the effect of the type of
cultivated maize (conventional, creole, or transgenic) on the structure
of dung beetle assemblages, considering both the assemblages estab-
lished in the crops, as well as those within forest fragments adjacent to
crops.

2. Materials and methods

2.1. Study area and description of the vegetation structure of forest
fragments

The study was carried out in the region of São Miguel do Oeste, state
of Santa Catarina, Brazil (26°43′31″S, 53°31′05″W). Altitude ranges
from 440 up to 760 m. The region has a humid subtropical climate (Cfa)
under the Köppen climate classification. Annual mean temperature is
between 16.3 °C and 17.9 °C and annual precipitation between
1790 mm and 2280 mm (Thomé et al., 1999). The landscape is a mosaic
of corn crops and Atlantic Forest fragments (Seasonal Forests) with high
tree diversity and dense canopy cover. These fragments cover a small
percentage of original forest that must be maintained on farms because
their protection is now enforced by the law (Silva and Ranieri, 2014).
However, throughout the recent history of land use change, these
fragments helped to maintain around 16% of the original landscape
(Vibrans et al., 2013).

Samples were collected in 15 blocks that were placed at least 1 km
apart. Each block was a landscape with two components – native forest
and maize fields, totaling 30 samples (see Fig.S1, S2 and S3 for land-
scape details). Blocks were replicated five times on every one of con-
ventional, creole, and transgenic maize fields. To assess the different
types of management, we asked farmers about farming practices in all
15 properties. The questions were about the maize variety, and the use
of insecticide, herbicide, and fungicide. We used the responses to cal-
culate the intensity of inputs regarding the maize variety, and the use of
insecticides, herbicides, and fungicides (Table S1).

To assess the vegetation structure on native forests, two 100 m2

plots were established in every block and placed 10 m apart from each
other. In each plot, all the trees with a diameter at breast height > 5 cm
were identified, and their diameter and height were measured. All tree
species were identified and classified into either pioneer, light depen-
dent, or shade tolerant, following specific literature (e.g. Ferreira et al.,
2013, Scipioni et al., 2013). Ground cover was measured in four 1 m2

sub-plots, which were placed to the northeast, southeast, southwest,
and northwest and 1 m away from plot corners. For ground cover,
percentages of litter coverage, green cover (soil covered with either
grass, bushes, or tree seedlings and saplings) and bare ground (no ve-
getation or litter) were visually estimated in sub-plots. Canopy cover
was visually estimated in each the four above mentioned directions,
with the aid of 10 × 10 cm squared paperboard at 40 cm from the
observer, at a 20° angle to the zenith.

2.2. Dung beetle sampling in maize fields and adjacent forest fragments

Dung beetles were collected during the summer, from December
2014 to February 2015. At that time, maize fields were between 60 and
90 days of development. Dung beetle samples were taken in both forest
fragments and maize fields using pitfall traps, because such traps are
the most efficient in sampling soil insects (Lobo et al., 1988). Pitfall
traps were made with 15 cm × 20 cm (diam. x depth) plastic containers
and buried in the ground. Each pitfall was protected by a plastic lid
with a bait hung in a package made of voile fabric. A water-detergent
solution was added to pitfall traps to catch insects.

Five sampling points were established within each landscape unit
(forest and maize fields) and spaced by 10 m. Each sampling point
consisted of a pair of traps placed 5 m away from each other. Out of
each pair of traps, one was baited with 10 g of human feces, and the

Table 3
Scores of the first two axes of the principal component analysis (PC1 and PC2)
of the variables describing vegetation structure of the forest fragments nearby
maize fields in the region of São Miguel do Oeste, state of Santa Catarina, Brazil.
Tree functional groups area as follow: pioneer (P), secondary light-demanding
(SL), and secondary shade tolerant tree species (SS).

Variable PC1 PC2

Soil green cover 1.244 1.718
Soil litter cover 4.150 −1.546
Bare ground cover −4.187 0.032
Canopy cover 1.700 −1.368
Canopy height 0.168 0.178
Tree basal area 0.001 0.004
Number of SL species −1.668 −3.991
Number of P species 0.244 0.313
Number of SS species 0.182 −0.105

Fig. 1. Non-metric multidimensional scaling (NMDS) ordination plot for dung
beetle assemblages sampled in 30 landscape units (15 maize fields and 15
nearby forest fragments) and where three types of maize are grown in the re-
gion São Miguel do Oeste, state of Santa Catarina, Brazil.
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other baited with 10 g of pork carrion, totaling ten traps per landscape
unit (Fig. S4). Thus, the sampling design spanned over 15 landscapes,
each with two landscape units (one of forest and one of maize) and ten
traps, totaling 300 traps. All traps were open for 48 h and the captured
insects were fixed in 70% alcohol.

2.3. Data analysis

To compare the richness found across landscape types, the con-
fidence interval (95%) of the observed richness was calculated using the
software EstimateS v.9 (Colwell, 2013). To assess sufficiency of the
sampling effort, species richness was estimated using the Chao1 index
in EstimateS v.9 (Colwell, 2013) and the sample coverage was calcu-
lated using the entropart (Marcon and Herault, 2015) package in R
software (R Core Team, 2015). A dissimilarity matrix was constructed
using the Bray-Curtis index. Before that, species abundance data were
fourth-root transformed to reduce the influence of abundant and
common species. The dissimilarity matrix was analyzed by non-metric
multidimensional scaling analysis (n-MDS). In addition, similarity
percentages analyses (SIMPER) between landscape units types were
calculated with Bray-Curtis dissimilarities. This set of analyses was
calculated using the vegan (Oksanen et al., 2014) package in R (R Core
Team, 2015).

The environmental structure and vegetation complexity of forest
fragments was first assessed visually with a principal component ana-
lysis (PCA). Several variables describing tree structure and soil cover
(Table 3) were included in the PCA to search for patterns across distinct
landscapes. Next, a multivariate analysis of variance (MANOVA) was

applied to test for significant differences among landscapes. To describe
the effect of spatial location of sites, a matrix of spatial vectors was
calculated using the method of principal coordinates of the truncated
geographic distance (PCNM) between sites. The PCA, MANOVA, and
PCNM were calculated in R (R Core Team, 2015), PCA and PCNM
utilized the vegan package.

To test which explanatory variables are affecting the structure of
dung beetle assemblages, a nested generalized linear model for multi-
variate data (GLMmv) was carried out, with negative binomial dis-
tribution with a log link. In this analysis, the dung beetle abundance
data were used as dependent variables and the maize abundance data
was nested in the forest areas. Six explanatory variables were used: 1)
landscape unit (maize crops or native forest); 2) maize type; 3) agri-
cultural input use; 4) location (PCNM1); 5 and 6) vegetation structure
(PC1 and PC2: the first and second principal components of the PCA on
vegetation structure data). The GLMmv was calculated with the mva-
bund package (Wang et al., 2012) in R (R Core Team, 2015). Model
residuals were checked for homoscedasticity.

3. Results

3.1. Dung beetle diversity

A total of 2126 dung beetles were collected, belonging to fifteen
genera and 38 species (Table 1). Out of those species, 14 were found
exclusively in forest fragments: Canthidium cavifrons, Canthidium sp.2,
Canthon laminatus, Canthon lividus lividus, Canthon aff. luctuosus, Can-
thonella catharinensis, Canthonella aff. instriata, Deltochilum brasiliense,

Fig. 2. Dissimilarity of dung beetle assemblages occurring in forest fragments nearby maize fields where three types of maize are grown (conventional, creole and
transgenic) in the region of São Miguel do Oeste, state of Santa Catarina, Brazil. Species drawn are the most representative in each landscape unit and account for
~60% of the differences between them.
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Deltochilum morbillosum, Deltochilum rubripenne, Dichotomius sp., Eur-
ysternus caribaeus, Scybalocanthon nigriceps and Uroxys dilaticollis, and
11 were exclusive for maize fields: Anomiopus sp., Canthidium moestum,
Canthidium sp.3, Canthon podagricus, Canthon tetraodon, Canthon aff.
lituratus, Dichotomius bicuspis, Eurysternus aeneus, Pseudocanthon sp.,
Sulcophanaeus menelas and Trichillum externepunctatum. Regarding total
abundance, 1505 dung beetles were collected in forest fragments, more
than twice that found in maize fields, with 621 individuals (Table 2).

Analyzing the dung beetles richness of forests, a poorer assemblage
was found in forests adjacent to transgenic maize fields (Table 2).
Richness difference was significant between the forests adjacent to the
creole (21 species) and transgenic (only 13 species) maize crops, with a
small overlap between conventional (20 species) and transgenic maize
crops (Table 2). Although similar results were observed within maize
fields (13 species in transgenic maize fields, 18 and 15 species in con-
ventional and creole maize fields respectively), the difference was not
significant because of overlapping confidence intervals (Table 2). The
richness estimator Chao 1 reveals the richness difference between the
assemblages from forests adjacent to creole (31 species) and transgenic
crops (19 species). This diversity loss is reliable based on high sample
coverage, around 90% for both. For all treatments sample coverage was
high, between 74 and 92% of the richness estimated by Chao-1, in-
dicating sample adequacy, mainly in forest areas (Table 2).

The key changes in species composition occur from forest fragments
to maize fields, represented in the first axis of the NMDS ordination of
the species abundance matrix (Fig. 1). Assemblages within maize fields
differed along the second ordination axis and indicated larger differ-
ences from conventional to transgenic and creole maize fields. Com-
position of assemblages within forest fragments overlapped more, yet
with some lower similarity of fragments in conventional maize land-
scapes towards the other landscape types (Fig. 1).

Changes in dung beetle species distribution and abundance across
landscapes were large: the average dissimilarity between assemblages
found in forests was 61% and 73% between assemblages found within

Fig. 3. Dissimilarity of dung beetle assemblages occurring in fields where three types of maize are grown (conventional, creole and transgenic) in the region of São
Miguel do Oeste, state of Santa Catarina, Brazil. Species drawn are the most representative in each landscape unit and account for ~60% of the differences between
them.

Table 4
Explanatory variables used in the generalized linear model for multivariate
responses (GLMmv) to explain differences in composition and abundance pat-
terns of dung beetle assemblages in the region of São Miguel do Oeste, state of
Santa Catarina, Brazil.

Variables Wald score P

Intercept 7.52 0.001
Landscape: Creole (Compared to Conventional) 5.77 0.005
Landscape: Transgenic (Compared to Conventional) 5.01 0.020
Maize: Conventional (Compared to the corresponding

Forest)
10.26 0.001

Maize: Creole (Compared to the corresponding Forest) 9.57 0.001
Maize: Transgenic (Compared to the corresponding Forest) 8.55 0.001
Agricultural inputs 8.36 0.003
PC1 (representing mostly soil coverage) 7.41 0.001
PC2 (representing mostly vegetation structure) 10.58 0.001
PCNM1 (geographical location) 6.31 0.001
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crops (SIMPER tests). The most representative species for each area (up
to 60% contribution to dissimilarities) are shown in Fig. 2 for forest
fragments and Fig. 3 for maize fields.

3.2. Variables affecting the structure of dung beetle assemblages

The descriptions of the vegetation structure of forest fragments
nearby maize fields included a total of 492 trees belonging to 81 species
(Table S2). The environmental variables of fragments, including vege-
tation structure and canopy and soil cover, were unrelated to the type
of cultivated maize (MANOVA, Pillai's Trace = 1.45, F = 1.49,
P = 0.29). In the PCA, the first axis (PC1) explained 46% of the ob-
served variation and was associated with sites with greater litter cover
and small amounts of exposed soil (Table 3). The second axis (PC2)
explained 25% of changes in vegetation structure and was associated to
light-dependent tree species and soil green cover (Table 3).

The results of the GLMmv, including both PCA axis and geographic
location, showed a strong effect of land use, since the dung beetles
assemblages in maize crops are different from those in the forest
(Table 4). Moreover, the analysis revealed that the type of corn grown
in the landscape (conventional, creole, or transgenic) and the use of
agricultural inputs also influences the structure of dung beetle assem-
blages. This effect occurs within maize fields and reaches adjacent
forest areas (Table 4).

4. Discussion

Our results show that richness, abundance, and composition of dung
beetle assemblages changed as result of differences across landscapes.
Such changes are either drastic in the case of native forest fragment
conversion to monocultures, or more subtle, when contrasting distinct
types of maize fields. There was an effect of anthropic filters, because
the compositional differences found in the NMDS were consistent even
after considering environmental variables and geographic location of
sites. These results points to the importance of forest fragments in the
maintenance of regional species pools, which ensures local biodiversity
with forest fragments mostly acting as sources for cultivation fields.

The decrease in richness and abundance due to the conversion of
tropical forests into agricultural landscapes or monocultures is well
documented for dung beetles, and may even decrease the species
richness by half when comparing either pastures (Horgan, 2008) or
eucalyptus plantations to nearby forests (Gardner et al., 2008b).
Smaller decreases in species richness have been reported from con-
verted landscapes to open vegetation (Estrada et al., 1998). Even
though land conversion to agriculture negatively impacts dung beetle
assemblages (review in Nichols et al., 2007), some types of crops (e.g.
creole crop) can mitigate biodiversity loss.

Here, landscapes with creole maize fields showed at least slightly
higher dung beetle species richness. Therefore, landscapes with creole
or conventional maize fields can maintain higher biodiversity than
landscapes with transgenic type maize fields. Simper analysis showed
that the largest species are in creole maize (e.g. Dichotomius nisus).
Large nocturnal tunnelers are important in ecosystem services, because
they may account for up to 75% of the organic matter removal (Slade
et al., 2007). The tunneler D.nisus is one of the main species that con-
tribute to organic matter removal in agricultural systems in Southern
Brazil (Farias and Hernández, 2016). The same analysis showed that
larger species also are more prevalent in forest fragments adjacent to
creole maize crops. Therefore, the largest species presence in creole
maize landscape (crop and adjacent forest), shows the importance of
this type of maize in the maintenance of the biodiversity and ecosystem
services performed by these insects.

Dung beetle assemblages in the transgenic crop landscape had the
lowest richness and abundance, which corroborates previous concerns
that transgenic crops can affect the whole arthropod community
(Marvier et al., 2007). The effect of transgenic maize on insect species

that inhabit crops may increase mortality through the food chain, such
as the case of the predatory lacewing, Chrysoperla carnea: individuals of
C. carneae showed an increased mortality when fed Lepidoptera reared
on Bt-maize (Dutton et al., 2002). Moreover, transgenic crops can be a
risk to the health of immature stages of non-target Lepidoptera
(Loseyet al., 1999). For dung beetles, Campos and Hernández (2015b)
observed changes in assemblages found in forests nearby transgenic
maize fields. Furthermore, they found that these areas had greater
abundances of two species of the Eurysternus genus than areas where
maize fields were the conventional type. Eurysternus spp. are considered
inferior competitors because of their feeding and reproductive behavior
(Scholtz et al., 2009). Therefore, its increased abundance in forest
fragments nearby transgenic maize fields points to a decrease in
stronger competitors within the assemblage. Here, we corroborate this
pattern, finding a higher abundance of Eurysternus parallelus in forests
within landscapes with transgenic maize fields.

In addition, a reduction in dung beetle abundance from forest
fragments nearby conventional to transgenic maize fields has been re-
ported by Campos and Hernández (2015a). The authors attributed the
reduction to the combination of transgenic seeds and maize manage-
ment, accelerating the loss of diversity. Here, we extended the frame-
work and assessed dung beetle assemblages in maize fields and nearby
forests and corroborated the pattern, with loss of diversity in landscapes
with transgenic fields. In relation to management we observed a high
use of agricultural inputs in conventional and in transgenic crops (Table
S1). Therefore, the mechanistic links that underpin the loss of diversity
may be an association between transgenic proteins and agricultural
inputs. In this context creole maize stands out due to its low input
utilization, consequently with less impact on the environment and in-
sect diversity.

5. Conclusions

This study demonstrates changes in diversity in forest-agriculture
landscapes depending on crop type, with lower diversity in landscapes
with transgenic maize fields. The influence of crop type on nearby
forest fragments points to direct threats to biodiversity, and additional
side effects coming from adjacent crops, as those from compounds
produced by transgenic organisms. Although it is still unclear how
transgenic compounds affect the different components of food webs,
our results indicate that transgenic negatively affects the structure of
dung beetle assemblages, especially when compared to creole crops,
leading to a loss of species and individuals. Therefore, even though
forest fragments have helped to maintain regional diversity, changes in
agricultural systems seem to affect the conservation of a group of in-
sects with key ecosystem roles. In addition, we suggest that growing
creole maize, which unfortunately is increasingly rare, is associated
with communities with more species and more abundant dung beetles,
promoting the conservation of these insects and their ecosystem func-
tions.
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