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Ants

Corpses in Brazil are commonly hidden in sugarcane plantations in the attempt to delay their finding and hinder
the solution of the crime. On the other hand, these plantations are regularly sprayed with insecticides for pest
control. Until now no study has reported the effects of insecticides on ant fauna. This study aimed to test the
hypothesis that if a body hidden in a monoculture is accidentally contaminated by an insecticide, both the carcass
decomposition pattern and the Formicidae fauna will be affected. To accomplish this, pig carcasses contaminated
and non-contaminated were placed in a sugarcane monoculture environment and subsequently examined for
data collection every 24 hours. The concentration used to contaminate the carcasses was 20 grams per liter
of thiamethoxam. The decomposition patterns of contaminated carcasses were changed, in turn affecting the
behavior of Formicidae fauna. A total of 5318 ants were collected, 3397 in contaminated carcasses and 1919 in
non-contaminated carcasses, and 30 species of 11 genera were identified. According to the analysis, there are no
differences between the composition of species between contaminated and non-contaminated carcasses, however,
a significant difference was observed in the composition of species along the stages of decomposition between the
two types of carcasses. Therefore, our hypothesis has been confirmed, contaminated carcasses undergo changes
in their normal pattern of decomposition and the fauna of ants that act on them. As this group of insects has great
importance for forensic sciences, the analysis of the experts should take these results into account.

Introduction

Diptera is the most abundant order of insects found in a decomposing
carcass and, hence, the most frequently used for minimum postmortem
interval (PMImin) estimation because these insects are the first to locate
and lay eggs on the carcass (Smith, 1986). The second most abundant
order in carcasses is Coleoptera; this group is present in all phases
of decomposition, especially in the final phases (Mise et al., 2007).
The third most numerous order of insects in carcasses is Hymenoptera,
especially ants (Oliveira-Costa, 2011), generally occurring during all
decomposition phases (Paula et al., 2016). For Early and Goff (1986),
vertebrate carcasses are an additional source of food for insects, and ants
are particularly abundant in this type of resource, acting as predators
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of the eggs, larvae, and pupae of Diptera and Coleoptera, and/or acting
as necrophagous feeders on decomposing tissues and exudates.

Ants directly influence the decomposition process, and studies, such
as Singh et al. (2020), show that ants can use carcasses as a resource and
also disrupt the activity of other insects of forensic importance, such as
flies and beetles. It can act in different ways on carcasses. Necrophagous
ants, such as the species Camponotus sericeiventris (Guérin-Méneville,
1838) rip out pieces of the corpse and carry them to their nest, thereby
accelerating the decomposition process and causing injuries to the body
in a way that ends up being a doorway for Diptera larvae to get access
to wet areas, facilitating their feeding. Predator ant species such as
Camponotus( Tanaemyrmex) sp. can delay the decomposition process
because they carry a great number of eggs of flies to their nest for
later feeding, thus interfering with decomposition (Paula et al., 2016).

© 2022 Sociedade Brasileira de Entomologia Published by SciELO.. This is an open-access article distributed under the terms of the Creative Commons Attribution License (type
CC-BY), which permits unrestricted use, distribution and reproduction in any medium, provided the original article is properly cited.
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Some species, such as ants of the genus Pheidole exhibit omnivorous
behavior preying on part of the cadaverous fauna and additionally
removing small pieces of superficial skin (Paula et al., 2016). In all
cases, ants are keystone species for forensic experts because they can
accelerate or delay decomposition and cause injuries that can resemble
artifacts caused before death and thus lead to erroneous inferences (Patel,
1994). Park and Moon (2020a) observed the presence of some species of
ants, especially Tetramorium tsushimae Emery, 1925, making scars on
the skin in a way that interferes with the succession process of larvae.
The ants occur in the carcass soon after death and during all phases
of decomposition, even after fly larvae leave the body, often being the
dominant group in abundance on the corpse (Campobasso et al., 2009)
since they have a large number of individuals per colony (Hélldobler
and Wilson, 1990).

Forensic entomology also studies the application of necrophagous
insects in toxicological analysis to identify drugs and toxins present
in tissue (Introna et al., 2001), or their effects on the rate of insect
development (Yan-Wei et al., 2010; Al-Galil et al., 2021a, 2021b),
which would have direct implication in this forensic analysis, termed
Entomotoxicology. The increase of death related to the use of drugs,
mainly heroin and cocaine, or deaths related to accidental or purposeful
consumption of poisons or other toxic substances, justifies the great
interest in this new area (Oliveira-Costa, 2011). In addition to illicit
drugs, entomotoxicologists also consider the effects of contamination
on corpses and carcasses by other substances, such as insecticides,
since there are documented cases of poisoning by ingesting this type
of substance (Wolff et al., 2004; Yan-Wei et al., 2010; Zhou et al., 2011).
Wolff et al. (2004) investigated and qualitatively detected the presence
of the insecticide parathion in necrophagous insects collected in rabbit
carcasses, it was determined that this insecticide attracted insects to
the carcass.

In addition, Yan-Wei et al. (2010) studied the effect of malathion
on rabbit carcasses under natural conditions and discovered that
the insecticide alters decomposition rates and the diversity of insect
species in the carcass. They also found differences in the development
rates, enough to alter PMI estimates, based on the development of fly
larvae. These data show the importance of studying toxic substances,
such as insecticides, because it is necessary to consider their effects on
decomposing corpses when estimating PMI based on entomological
evidence (Yan-Wei et al., 2010).

In Brazil, the number of corpses concealed in monoculture, such
as sugarcane plantations, has been increasing to evade detection by
authorities (Campo Grande News, 2018; G1 Piracicaba e Regido, 2018;
G1 Triangulo Mineiro, 2018). Since such monocultures are routinely
sprayed with insecticides, it is important to determine their effects on
insect activity in the context of forensic examination. Therefore, this
study first assumed a model in which a body is hidden in a sugarcane
field and then accidentally contaminated by insecticide application.
Under these conditions, this study hypothesized that both the pattern of
decomposition of the carcass and the ant fauna would be significantly
affected, changing its patterns of activity on corpses, which would, in
turn, skew forensic results.

Material and Methods

Experiments were carried out to simulate the contamination of
a corpse in a sugarcane plantation, using pig carcasses (Sus scrofa
Linnaeus, 1758) as a model. To accomplish this, experiments were
performed in a sugarcane plantation in the municipality of Dourados,
Mato Grosso do Sul, Brazil (22214'08"S; 54°59'13”"W), altitude of 434 m.
These experiments began as soon as sugarcane plants reached more
than 1.50 m in height to simulate the concealment of a corpse.

Six pig carcasses were used (S. scrofa) weighing approximately
7.95 + 0.19 kg each, as a model for comparison with human corpses
(Payne, 1965). Three experiments were carried out (N= 3), all in the
“hot and humid” season, from December to May 2018/2019. According
to Marcuzzo (2014) the southern region of Mato Grosso do Sul has a
humid subtropical climate with two well-defined seasons, the “hot
and humid” period, which comprises the months from September to
May, and “cold and dry”, which lasts from June to August. Higher insect
activity was expected since warmer and more humid periods stimulate
their activity and consequently intensify the action of decomposition
(Catts and Haskell, 1990).

The pigs were euthanized with a blow to the occipital region of
the head to avoid undue animal suffering and exposure of injury that
causes external bleeding; as it can increase attractiveness and alter the
colonization of insects (Oliveira-Costa, 2011). Proposal #13/2017 was
approved by the Comissdo de Etica no Uso de Animais - CEUA- of the
Universidade Federal da Grande Dourados, always respecting biosafety
standards during sacrifice.

The locations where carcasses were placed were defined to avoid
edge effect, always installing them 30 m from the edge of the plantation.
In each collection, two carcasses were exposed 50 m distant from each
other. The carcasses were deposited in places where there were no ant
nests to avoid overestimating the occurrence of some species, potentially
skewing the results of this study. Each carcass was placed in a plastic tray
(53x37x9 cm), following the methodology of Moretti (2006), the base
of which was replaced by a mesh, allowing water flow and accessibility
to terrestrial and/or underground insects. The plastic trays allowed the
carcasses to be lifted more easily, for the collection of individuals who
were under them in the soil. An iron frame (1x1x1 m) covered with one-
inch wire mesh was fixed to the ground on the plastic packaging using
four iron hooks, one on each side of the base of the cage, allowing access
by arthropods, but preventing access to large carnivores.

Pigs were euthanized at 1:00 pm in all experiments, and data
collection started at 1:30 pm, right after the first insects appeared,
extending until 3:00 pm. The collections continued in the following days
at the same time until the carcasses went through all decomposition
phases, as described by Goff (2000), including (1) fresh, (2) swelling, (3)
deterioration, (4) post-deterioration, and (5) skeletonization of the body.

Insecticide was applied with the aid of a Manual Coastal Sprayer
Poison Pump with a flat fan nozzle that produces average drops from
201 to 400 microns immediately after exposure of the carcasses in the
cane field. The application was standardized in all experiments, making
longitudinal movement to a pig’s body, always starting from the head to
the final portion of the carcass, with the spray nozzle 50 cm away. This
process was repeated twice. The commercial product used was from
the neonicotinoid chemical group. Its main reagent is thiamethoxam
(C,;H,,CIF,NO,), a compound that is commonly used in sugarcane fields,
containing a 25% concentration of this active ingredient (Di Ilio et al.,
2018). The proportion used was 20 g of thiamethoxam (25%) to 1 L of
water, and 1000 g/ha (0,1 g/m?) was applied, as recommended by
the manufacturer. As a control group, another carcass was exposed
under the same conditions without the application of the insecticide.

To capture the ant fauna that acted on the carcasses, manual
collections were performed using tweezers and Eppendorf tubes with
ethanol 70%. Eight pitfall traps were also installed, using 200 mL plastic
containers around the iron frame at a distance of 50 cm from carcasses,
two at each end of the cage. The containers were filled with a solution
of water and detergent (Almeida et al., 2003; Sutherland, 2006) and
were changed daily. Before collecting each ant, it was recorded how it
acted on the carcass, along with other visitors.

The Formicidae fauna was identified at species level when possible
with the aid of identification keys of Bolton (2003). Also, to confirm the
identification of the species, specialists were consulted and comparisons
were made with the standards of the Entomological Reference Collection
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of the Masters and Doctoral Program in Entomology and Biodiversity
Conservation of the Universidade Federal da Grande Dourados (UFGD).

Air temperature and relative humidity for all collection days were
obtained from the Instituto Nacional de Meteorologia (INMET), Measuring
Station #86858 (Dourados, MS), located at latitude 22°11'38.11” Sand
longitude 54° 54’40.88” W, about 9 Km from the collection locations.

Statistical analysis

To assess the significant difference between the decomposition
time of the contaminated group and the control, a Student’s -test
was performed. To assess whether climatic factors varied significantly
over the period in which the experiment was carried out, we applied
temperature and relative humidity measurements using an Analysis of
Variance (ANOVA). To assess whether contamination could affect the
species richness of ants during the decomposition phases, a Wilcoxon
matched pairs test was performed, considering the mean richness at
each phase as a separated sample. To compare the species richness along
the stages of decomposition, a Kruskal-Wallis test was used for each
treatment (non-contaminated and contaminated). All analyses were
performed using the Statistica 13.3 software (TIBCO Software Inc., 2017).

Detrended Correspondence Analysis was also performed (DCA)
and applied to the species abundance data so that the graph obtained
from this analysis would show the distribution of the species according
to their abundance in the contaminated and control groups, in which
the most representative species of each treatment are closer to their

points on the graph. The intermediate numbers represent the species
composition that occurred in the two types of carcasses. These analyses
were carried out with Past 3.20 software (Hammer et al., 2001).

Finally, to complement this analysis and visualize the species
ordering according to the treatment and the decomposition phases,
a non-metric multidimensional scaling (nMDS) was performed, using
the Bray-Curtis coefficient (R Core Team, 2017).

Results

The total time of decomposition of the carcasses showed significant
differences between contaminated and non-contaminated carcasses
(p=0.024), with an average decomposition time of 23.33 (+ 4.15) days
for contaminated carcasses and 12.67 (+ 2.5) days for non-contaminated
carcasses. However, when the decomposition time of each phase was
compared between the two treatments, only the deterioration phase
(p=0.037) and post-deterioration phase (p=0.018) showed significant
differences with an average duration in the deterioration and post-
deterioration of 4.33 (£0.58) days and 2.33 (+ 0.57) days for the non-
contaminated group, respectively.

The ANOVA results show that temperature averages (p= 0.366)
and humidity (p= 0.591) did not vary significantly over the entire
experimental period.

During the experiments, 5318 ants were collected, 3397 in the
contaminated carcasses and 1919 in the non-contaminated carcasses
(Table 1). Thirty-two species of the genus Acromyrmex, Anochetus, Atta,

Table 1 Absolute number of occurrences of different species of ants in contaminated and noncontaminated carcasses.

Representation in the Fig. 2

Genus Species and Fig, 3 Non-contaminated carcass Contaminated carcass
Acromyrmex Acromyrmex sp. 1 0 1
Anochetus Anochetus mayri Emery, 1884 2 0 1
Anochetus sp. 3 1 0
Atta Atta sexdens (Linnaeus, 1758) 4 606 35
Brachymyrmex Brachymyrmex sp. 1 5 100 13
Brachymyrmex sp. 2 6 0 1
Camponotus Camponotus fastigatus Roger, 1863 7 13 22
Camponotus renggeri Emery, 1894 8 34 8
Camponotus crassus Mayr, 1862 9 1 0
Camponotus melanoticus Emery,1894 10 4 0
Camponotus punctulatus Mayr, 1868 11 0 1
Camponotus rufipes (Fabricius, 1775) 12 3 0
Camponotus sp. 1 13 7 5
Camponotus sp. 2 14 1 2
Camponotus sp. 3 15 1 3
Camponotus termitarius Emery, 1902 16 5 1
Dorymyrmex Dorymyrmex amazonicus Cuezzo and 17 177 1
Guerrero, 2012
Dorymyrmex brunneus Forel, 1908 18 563 2781
Odontomachus Odontomachus brunneus (Patton, 1894) 19 0 2
Odontomachus meinerti Forel, 1905 20 3 3
Pachycondyla Pachycondyla sp. 21 0 2
Pheidole Pheidole sp. 1 22 377 433
Pheidole sp. 2 23 1 19
Pheidole sp. 3 24 10 44
Pheidole sp. 4 25 0 2
Pheidole sp. 5 26 2 5
Pheidole sp. 6 27 10 4
Pheidole sp.7 28 1 3
Pseudomyrmex Pseudomyrmex gracilis (Fabricius, 1804) 29 1 0
Solenopsis Solenopsis sp. 1 30 0 2
Solenopsis sp. 2 31 0 1
Total abundance - - 1021 3395

Total richness
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Brachymyrmex, Camponotus, Dorymyrmex, Odontomachus, Pachycondyla,
Pheidole, Pseudomyrmex and Solenopsis were identified (Table 1).

According to the results, we can notice that some species like,
Dorymyrmex brunneusForel, 1908, Pheidolesp. 1, were more abundant,
both in contaminated and non-contaminated carcasses (Table 1).
On the other hand, species such as Brachymyrmex sp. 1, Camponotus
fastigatus Roger, 1863 occurred even though in low abundance in all
phases of decomposition, except in the first. Some species occurred only
once, in both carcass types, such as Anochetus mayri Emery, 1884 and
Brachymyrmex sp. 2 (Table 1).

The richness and abundance of the species changed according to the
decomposition phases, both in contaminated and non-contaminated
carcasses. In contaminated carcasses, the phase in which the greatest
number of species occurred was the deterioration with 16 species.
In non-contaminated carcasses, the phase in which the greatest number
of species occurred was the last phase of skeletonization, with 13 species.
The greatest abundance in contaminated carcasses was found in the
swelling phase, with 2513 ants, while in non-contaminated carcasses
the greatest abundance was found in the post-deterioration phase with
809 ants. The greatest abundance of ants was found in contaminated
carcasses, mainly by the occurrence of D. brunneus.

According to the Wilcoxon matched pairs test, no significant
differences occurred in the richness of species between the contaminated
and non-contaminated carcasses (p=0.8927). However, a significant
difference was noted in the richness of species along the stages of
decomposition between the two types of carcasses (p<0.05) (Fig. 1).

On the other hand, Fig. 2 shows a characteristic composition of species
in each of the carcass types. Some species, as indicated in Fig. 2, were
found in an intermediate position in both types of carcasses. In addition,
the nMDS ordering analysis (Fig. 3) shows that some species appear
more often in some stages of decomposition, both in non-contaminated
and contaminated carcasses.

Discussion

To the best of our knowledge, this is the first study of its kind to
investigate the effects on ant fauna from carcasses contaminated by
insecticides and the resultant forensic implications. Previous work also
carried out on sugarcane plantations presented only Formicidae fauna
associated with non-contaminated carcasses (Gomes et al., 2007). On the
other hand, Yan-Wei et al. (2010) evaluated the effects of contamination
of malathion on cadaveric entomofauna, including Formicidae, but this
was carried out in rabbit carcasses contaminated by enema.

Carcass decomposition time differed significantly between the
two experimental groups, mostly in the contaminated group, the
decomposition time of which was considerably extended, explaining
the highest relative abundance and richness of ant species in those
carcasses, since these carcasses were exposed longer to the action of
these insects. In the study of Paula et al. (2016), the authors did not
analyze carcasses under the effect of any contamination, however, they
discovered that pig carcasses exposed longer also attracted a greater
variety of species. It is worth highlighting that the non-contaminated
decomposition time of the carcasses was similar to that described by
Paula et al. (2016), a hot and humid station in the same region where
our study was conducted.

The changes observed in the decomposition time between the two
types of carcasses may be explained by the fact that the insecticide
may have affected the action of the cadaveric entomofauna in general,
mainly flies and beetles. The activity of insects occurs mainly after the
rupture of the skin and the opening of the natural orifices caused by
pioneer insects, such as flies that allow easier access to soft tissues in

10 - .
A Non-contaminated carcasses
b H=19.40; p=0.0007
8
ab a
6
a
&
@
i
s
F 4
N
2 ab
)| il [
1 2 3 4 5
Stage of decomposition
10
B Contaminated carcasses
be H=27 78; p<0.0001
8
ac a
5 b g

Richness
o

| |
2 abc . l
i
: B L
1 2 54 4 5

Stage of decomposition

Figure 1 Median (square), quartile range (box) and total range (vertical line) of the
species richness in each stage of decomposition in non-contaminated carcasses (A) and
in contaminated carcasses (B). Different lowercase letters (a, b, ¢) indicate significant
differences between stages in each treatment (p < 0.05). The stages are 1= Fresh;
2= bloated; 3= deterioration; 4= post-deterioration; 5= skeletonization.

200
Noncontaminated
160 7
4 49
120 wo e
7 3
13

~ 80 2 *
.; 14 2.2
< o

40 2 105.26

K] 28
31 18
0, ¢2
0 25 426
21 19 11
Contaminated
-40
-40 0 40 80 120 160 200
Axis 1

Figure 2 Detrended Correspondence Analysis (DCA) using species occurrence to assess
the change in the composition of ant species that occurs in both types of carcasses.
The numbers correspond to the species appear in Table 1. On the right are those that
occur more effectively in noncontaminated carcasses, and on the left are those that
occurred in contaminated carcasses.



G. S.Viana et al. / Revista Brasileira de Entomologia 66(1):e20210085, 2022 5-8

15
+'28
1.0 Cont. I
30e 11
0.5 + = .1
Cont.1IV. o

« Cont. V

)

i~ 18 22

: 2 ¢ (13 °%

0.0 Noncont. V 4= 3 o5y 7Cont. 11
Noncont. IT + 5 '.+ o2
: Ao 2 1955
Noncont. IV o Cont. Ill+ *
05 . 14 .631
-U. 16 17
+ . Noncont. III+.. °,
10 9
Noncont. I
-1.0
-1.6 -0.8 0.0 0.8 1.6

Axis 1

Figure 3 Nonmetric multidimensional scaling analysis (nMDS), using species occurrence
to assess the change in the composition of ant species that act on different types of
carcasses, along the different stages of decomposition. The numbers correspond to the
species appear in Table 1. On the right are those that occur in contaminated carcasses,
and on the left are those that occurred more effectively in non-contaminated carcasses.
Noncont. = Non-contaminated and Cont. = Contaminated, I= Fresh; II= bloated;
[lI= deterioration; IV= post-deterioration; V= skeletonization.

the deterioration and post-deterioration phase (Goff, 2000; Oliveira-
Costa, 2011).

In particular, the change in ant activity may have also contributed
to the changes found between carcass decomposition times since
ants were considered as one of the most active groups on this type of
resource (Paula et al., 2016). In general, we observed that the ants did
not use the contaminated carcass tissues, but preyed on both living
and dead visitors, such as flies and beetles. Therefore, the absence of
necrophagous activity by ants and other insects in the contaminated
carcasses may have contributed to the delay in decomposition. In fact,
Paula et al. (2016) and Meyer et al. (2020) reported that the behavior of
necrophagous ants can accelerate the decomposition process in carcasses.

The richness of species found in this study, both in contaminated
and non-contaminated carcasses, was relatively smaller than that found
in studies done with the same type of carcasses in a forest environment
(Paula et al.,, 2016). The Monoculture environment shows a smaller
diversityof species as mentioned in the work of Gomes et al. (2009)
who found only three ant genera. The range of species is directly related
to vegetation complexity because greater complexity correlates with
a greater diversity of resources used by ant colonies (Morrison, 1998).

The ants species generally occurred in contaminated and non-
contaminated carcasses in the 2nd or 3rd decomposition phase. This
is possibly because in these phases there is a greater release of gases
by the putrefaction process, attracting a larger insect fauna (Anderson,
2020). In addition, species of predatory and omnivorous ants occur in
the carcass when there is greater availability of food, however, in the
1st phase, there is oviposition of various species of dipterans, and in
subsequent phases, there is a large larval mass that serves as food for
ants (Oliveira-Costa, 2011). These results agree with those of Paula et al.
(2016) and Park and Moon (2020b) who reported an increase in the
richness of ant species after the fresh phase in exposed carcasses
during the hotter season of the year. These results seems to indicate
the preference of Formicidae for initial phases of decomposition, even
in different environments: forest in Paula et al. (2016), anthropized
areas in Park and Moon (2020b) or in monoculture plantations in
this study. It can also be related to the capacity of ants to detect the
presence of carcasses in the first moments after exposure, as described
by Paula et al. (2016).

In the last phase of decomposition of contaminated carcasses,
there was a decrease in the richness of ant species (Fig. 1). An aspect
that may have contributed to the reduction in the number of species,
at least in contaminated carcasses, is the lack and/or impracticality
of the resource.

The composition of ant species differed between contaminated and
non-contaminated carcasses (Fig. 2) and stage of decomposition (Fig. 3). In
fact, in the same carcass throughout the stages of decomposition, species
composition tended to differ, most likely because of the characteristics,
activity and resources available at each stage (Paula et al., 2016;
Meyer et al., 2020). Therefore, the cadaveric stages of the process of
decomposition also affect the composition of ant species attracted to
the contaminated, as well as the non-contaminated, resource.

Between the two types of carcasses (contaminated and non-
contaminated), the difference in the composition of the species can
be explained by the presence of the contaminant that affected the
action of the necrophagous species and also by the greater carcass
decomposition time that must have altered the pattern of occurrence of
species. In this sense, although ants with omnivorous and necrophagous
habits were found in both types of carcasses, they were more frequent
in non-contaminated carcasses, probably because they did not consume
contaminated carcass tissue, which made them less attractive to ants
with this type of habit.

On the other hand, ants with omnivorous and predatory habits
occurred in both types of carcasses, and since they can prey on
necrophagous insects like flies, they can slow down the decomposition
process (Early and Goff, 1986; Wells and Greenberg, 1994; Lindgren et al.,
2011; Paula et al., 2016), increasing the differences in the decomposition
times between the two types of carcasses. This fact, then, should not be
ignored by forensic experts since hidden corpses can be contaminated by
insecticides in sugarcane plantations, and this can alter the decomposition
pattern by the changing behavior of ants, impacting all cadaveric fauna
causing, in turn, PMI mistakes.

Ants of the genus Dorymyrmex, especially D. brunneus, was the
most abundant, both in contaminated and non-contaminated carcasses.
These ants are considered generalist predators (Baccaro et al., 2015),
but they acted differently according to the resource available. On non-
contaminated carcasses, they feed themselves with extracorporeal
liquids, especially from the eyes, removing the cornea. In contaminated
carcasses, they feed on entomofauna attracted to the resource (Fig. 4A).
Horenstein et al. (2012) classified Dorymyrmexas omnivorous because
those ants were observed feeding on various resources found in the
carcass like eggs and larvae of dipteran and other ants. Andrade-
Silva et al. (2015) and Pereira et al. (2017) also found this genus in
vertebrate carcasses in Brazil. The abundance can be related to the
type of environment where the carcasses were exposed since ants
of this genus build nests in environments with rare or non-existent
vegetation cover; therefore, they are generally collected in anthropized
environments exposed to the soil, such as monoculture areas (Ribas, 2018).
Dorymyrmex and Pheidole are often found co-occurring in carcasses
(Horenstein et al., 2012; Andrade-Silva et al., 2015; Eubanks et al., 2019;
Sharif and Kamar, 2021). In this study, ants of the genus Pheidole were
also frequently observed in the carcasses of the two types. These ants
present omnivorous behavior in carcasses, both feeding of de carcass
(Fig. 4B), but also preying on immature and/or adults of dipterans
(Fig. 4C) and coleopterans. However, in contaminated carcasses, they
only prey on other living or dead insects. According to Rossi and Fowler
(2004), ants of this genus were observed preying and feeding on protein
bait, so they can be considered as opportunistic omnivores and also
often found in monocultures.

Ants of the Attagenus were abundant in non-contaminated carcasses
in the final phases of “post-deterioration”. However, specimens were
not observed foraging or performing any behavior on the carcasses at
any time. This is because some species can adjust the foraging period



6-8 G. S. Viana et al. | Revista Brasileira de Entomologia 66(1):e20210085, 2022

Figure 4 Ant Dorymyrmex brunneus feeding of the entomofauna attracted to the carcass (A); Pheidoleants feeding of the carcass (B); Pheidole ants preying immature of dipterans (C).

from day to night in order to prevent parasites like forids (Holldobler
and Wilson, 2010). According to the literature, these ants can perform
necrophagous habits on carcasses because they cut pieces of tissue
from the carcasses and take them to their nests (Paula et al., 2016 ), even
though they are leaf-cutting ants. Although the numbers indicate that
they occur in greater abundance in non-contaminated carcasses, we
cannot discard the hypothesis that the place where the carcasses were
installed could be close to the ants nesting area, even though it was
verified before the carcass installations, and no nest could be found.
The least common genera were Acromyrmex and Pseudomyrmex,
with only one specimen of each genus, probably because of their lifestyle
habits, the first being that of a leaf cutter and considered an insect pest
of monocultures controlled through the use of neonicotinoids, changing
the diversity of Acromyrmexin monocultures (Camargo et al.,2006) and
also possibly, because their colonies are much less numerous than the
ants of the genus Atta, making it more difficult for these ants to occur
in the carcasses. Pseudomyrmex is an arboreal species that nests in
branches and pre-existing cavities in the tree trunk. Since anthropized
environments are inappropriate to shelter these ants (Ribas, 2018), the

low number of specimens can be explained by the distance between
the nests and the locations of carcasses.

Conclusion

According to the results, it is possible to conclude that if the carcasses
were contaminated by insecticide, their decomposition pattern can
be changed, affecting the habit and feeding behavior of Formicidae
fauna, as well as the composition of species in the different stages of
decomposition. Another important fact is ants do not seem to occur
in the early stages of decomposition. Therefore, these results have
important forensic implications.
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