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Abstract. Carrion beetle (Coleoptera: Silphidae) is one of the scavengers which obtain nutrition from
carcass decomposition which supported by the microbial symbionts through the mutual symbiosis. In this
study, we characterized and compared the gut microbial community from the species of Nicrophorinae
(Nicrophorus distinctus Grouvelle, 1885) and Silphinae (Necrophila renatae Portevin, 1920) from Dako
Mountain, Central Sulawesi using 16S metagenomic approach. A total of 661 bacterial Operational
Taxonomic Units (OTUs) at the species level were obtained from the guts of Ni. distinctus and Ne. renatae.
Those numbers were predominated by Firmicutes and Proteobacteria, followed by Bacteriodetes in both
species. Interestingly, a high number of Lactobacillales was observed in Ni. distinctus and lower number in
Clostridiales and Cardiobacteriales compared to Ne. renatae, which showed higher abundance of those
classes. Both of these insect species have nearly the same microbial diversity values, even though there
some lower taxa levels were found different abundance. These results suggest that the patterns of the gut
microbial structure depicted their roles in certain behavior and habitat on decomposing carcasses and could
be correlated to the specific level of taxa roles in nutrient processing.

1 Introduction

Beetles from family Silphidae is one of the most
important scavengers in the nutrient cycling on terrestrial
environment. They provide ecosystem services by
recycling the nutrients from decomposing carcasses.
Silphidae family consists of two subfamilies which are
Silphinae (carrion beetles) and Nicrophorinae (burying
beetles). Those groups have different behaviour on
treating carcass. The carrion beetles feed and rear their
offspring inside the carcass while the burying beetles
rear their offspring around the buried carcass to hide it
from other scavengers [1]. In decomposing process, they
are also supported by microbes to digest the substrates.
The carrion and burying beetles possess inter-specific
relations with microorganism. The population of
microbes inside their beetle body might play important
role to control metabolism process of decaying carcass.
For example, microorganisms could use carrion as a
source of carbohydrates, lipids and proteins as toxin
production to reduce carrion quality so that carcasses can
be easily digested. This immune system and
antimicrobial characteristics provided by microorganism
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could help them to survive in particular habitat and the
immune system of Silphidae beetles particularly from
Nicrophorus vespilloides have been well studied [2-9].
Therefore, this study was essential to reveal the
microbial community structure that illustrating their
microbial support in decaying carcass in their body.

The microbial community in insect gut has crucial
roles on their digestion process. Gut microbiome drives
multiple aspects of an insect’s ecology, such as nutrients
acquisition, antimicrobial production, and the protection
of the gut from invading pathogens, and systemic
changes in immune capacity [10-14]. For instance,
insects could have assistance from their antibiotic-
producing bacteria to defend their body from pathogen
fungus [15, 16]. However, the structure of insect gut
microbiome depends on their habitat, environment
condition, and diet [17, 18] which can support their life
in different ways. Nowadays, study in gut microbiome
receives wide attention. It is because the insect-
associated microbiome could result in practical
applications, such as insect pest management, insect
vector to control the carried pathogens, waste water
treatments, prebiotic, and beneficial insects conservation

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).



BIO Web of Conferences 19, 00015 (2020)
ISIF 2019

https://doi.org/10.1051/bioconf/20201900015

[19]. Also, it could be applied for health and drug
development [20].

Fig. 1. Nicrophorus distinctus (A), Necrophila renatae (B) and
Ni.distinctus after dissected (C)

Study gut microbiome of carrion and burying beetles
with advance technology such as 16S metagenomic
could be beneficial for completing the previous research.
This study aimed at comparing the microbial community
structure of two subfamilies of Shilpidae which has
different behaviour on treating carcass which are
Nicrophorus distinctus Grouvelle, 1885 and Necrophila
renatae Portevin, 1920. Those species samples were
collected form Dako Mountain, Sulawesi. By using
metagenomic analysis, we expect that the whole
community could be explained and compared. Then, we
could obtain the comprehensive insight about inter-
relationship of each species in decaying carcass.

2 Material and methods
2.1 Sample collection and preparation

We collected adults stage of carrion and burying beetles
using carrion-baited pitfall traps in Dako Mountain, Toli-
Toli regency, Central Sulawesi Province, Indonesia (N
1°3'46.89"; E 120°53'56.01"). Samples were preserved in
70% ethanol and two beetles were identified as Ni.
distinctus and Ne. renatae. As for bacterial DNA
profiling, we dissected beetle specimens by rinsing prior
in sterile water to remove surface contaminants and then
sterilized in absolute ethanol for several times. Two
representative samples of those species were dissected to
collect the whole gut and then stored in absolute ethanol
for further analysis.

2.2 Bacterial community profiling

The two bacterial DNA samples from guts of N
distinctus and Ne. renatae were extracted using
ZymoBIOMICS DNA Miniprep Kit according to
manufacturer’s instructions. About 5 ng of extracted
DNA were subjected to PCR to amplify V3-V4 region of
16S rDNA using primer V3-f (5°-
CTACGGGNGGCWGCAG-3) and  V4r (5-
GACTACHVGGGTATCTAATCC-3") [21].
Amplification were carried out using MyTaq HS DNA
Polymerase (BIO-25049, Bioline, UK). The PCR
products were sent to sequencing service provider
(Macrogen, Korea) for indexing and library preparation
were conducted according to [llumina 16S Metagenomic
Sequencing Library Preparation.

The obtained sequences were analyzed using
QIIME2-2019.4  pipeline [22]. Denoising and
dereplicating were carried out using DADA2 plugin
[23]. All amplicon sequence variants (ASVs) were
filtered using q2-feature-table plugin and the ASVs were
less than 10 sequence reads omitted. Furthermore, the
q2-phylogeny plugin was used to align the filtered ASVs
using mafft [24] and construct phylogeny using Fasttree
2 [25]. As a result, phylogenetic tree reconstruction was
carried out from 20 most abundant OTU from each
Silphidae species and 10 most shared OTU and analyzed
according to Kaltenpoth and Steiger (2013) followed by
minimal ancestor deviation (MAD) method (Tria et al.
2017) and visualized using iTOL v4 (Letunic and Bork
2019) [26]. Subsequently, the taxonomy profiles were
assigned using q2-feature-classify classify-sklearn naive
Bayes taxonomy [27] against SILVA 132 reference
sequences at 99% similarity. Meanwhile, the diversity
values were calculated using vegan package [28] and
shared OTUs through Venn diagram using VennDiagram
package [29].

Ni.distinctus

Ne.renatae

Fig. 2. Number of OTUs and shared OTUs from Silphidae gut
microbiome

3 Results and discussion

About 260,611 sequences were obtained after
metagenomic sequencing of bacterial 16S rRNA gene.
After quality filtering, trimming, merging and chimera
removal using DADA?2 pipeline in QIIME2, a total of
146,112 sequences binned into 661 OTUs, 101 OTUs
were omitted because the abundance was below the
threshold of 10 sequence reads per OTU. The total 661
OTUs classified into 4 Phyla, 9 Class, 17 Order, 23
Family, 38 Genus, 56 Species. Overall, the diversity
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Fig. 3. Relative abundance of Silphidae gut microbiome in Phylum level (A), Class level (B), Order level (C) and Family level (D)

value of the Shannon index from Ni. distinctus and Ne.
renatae were 3.81 and 3.96 whereas the Pielou’s
Evenness values were 0.671 and 0.697, respectively.
This result shows the diversity and the abundance of
both samples were nearly the same. Shukla et al (2018)
also reported the number of Shannon index and evenness
value from Ni. Vespilloides were 3.7 and 0.6,
respectively [30]. This diversity value could be as
adaptation of these species with their decomposing
activities since they come from the same family. On the
other hand, the number of shared OTUs from each
sample were very low, about 3.9% from total OTUs
(Figure 1), showing these insects have different gut
microbiome composition with almost the same number
of OTUs 269 and 265 for Ni. distinctus and Ne. renatae,
respectively.

The gut microbiome from Ni. distinctus and Ne.
renatae was predominated by Firmicutes about 66% and
68% and Proteobacteria about 31% and 26% (Figure 3).
The separation was seen from the Class level, the Bacilli
was predominantly in Ni. distinctus around 41% while
Clostridia was in Ne. renatae almost 56%. In Ni.
distinctus, Order of Lactobacillales mainly consists of
Enterococcaceae about 39% whereas Lachnospiraceae
rich in Ne. renatae gut around 36%. Degenkolb, Diiring,
and Vilcinskas (2011) explained that the high abundance
of Lactobacillales in Ni. distinctus might play a role in
the carcass preservation since its behavior is tend to
monopolize the carcass. Wohlfahrtiimonadaceae was
found in both Ni. distinctus and Ne. Renatae as the
second largest family of gut microbiome about 25% and
24%, respectively [31].

The composition of gut microbiome of Ni. distinctus
and Ne. renatae shows that the differences between

those species which refer to the behavior of carrion and
burying beetles. We assumed that their way rears carcass
is related to their differences of gut microbial community
structure. Since each species has its certain microbial
community pattern, it might release different substances
treating the carcass. For instance, gut microbiome of
Silphidae species could nurture their offspring by
maintaining the putrefaction rate of carcass [30]. Their
gut microbiome provides nutrient and modify the natural
decaying microbes by secreting any substances for larva
development whether they are nurtured inside or outside
of the carcass.

Although the predominant phyla were in the same
groups, their lower taxa levels were vary in abundance
and taxa composition. The composition of Ni. distinctus
and Ne. Renatae genera can be seen on the phylogenetic
tree (Figure 4). Their guts consisted of Vagococcus,
Bacillus, Tissierella, Sporanarobacter, Clostridium,
Corynebacterium, Brevundimonas, Sutterella, Cedecea,
Wohlfahrtiimonas,  Ignatzschineria, —Myroides and
Anaerorhabdus. Furthermore, Vagococcus was the most
abundant genera in Ni. distinctus whereas Clostridium
was predominant in Ne. renatae. Some genera might be
not cultured yet and by this advance technology, we can
view in deeper way to explore those uncultured species
for further study.

The comprehensive number of genera that explained
by 16S metagenomic analysis are able to create a holistic
view about their roles from several previous studies.
Kaltenpoth and Steiger (2013) studied about the
microbial communities of Silphidae in hindgut [18].
They reported that high abundance of Enterococcaceae
and Clostridiales in the Nicrophorus and Necrophila
hindgut, respectively. The Enterococcaceae and
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Fig. 4. Phylogenetic tree of the selected OTU from Silphidae. The bar chart outside the tree shows the abundance of the
representative OTUs

Clostridiales group possses roles while some species of
Clostridiales such as Tissierella can degrade the creatine,
and provide nutrition for the host [32]. Meanwhile, the
Enterococcaceae that was highly abundant in N
distinctus and also found in Ne. renatae were known to
produce bacteriocins or other antimicrobials [33]. The

genera of Ignatzschineria and Wohlfahrtiimonas from instead of almost the same diversity values. These
the Xanthomonadaceae have several enzymatic activities

structures could be as patterns from their particular
such as urease, esterase and lipase that could promote the behavior and roles in decomposing carcass leading to
carcass digestion [34-36]. When the creatine of carcass different abundance in lower taxa level, such as
in carcass could not degraded by insect, the insects could Lactobacillales, Clostridiales, and Cardiobacteriales.
utilize the bacterial enzymes for degradation process.

4 Conclusion

This is the first study using an advance method to
delineate the microbial community in carrion and
burying beetles (Coleoptera: Silphidae) which result in
unique patterns of microbial community structures
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