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Abstract

While the gut microbiota of pollen-carrying bees (e.g., honeybees and bumblebees) has
been well studied, the gut microbiota of vespine wasps remains poorly understood. Unlike
pollen-carrying bees, which primarily consume pollen and nectar, vespine wasp larvae
mainly feed on insects, suggesting that their gut bacterial communities may be different.
Therefore, this study aimed to reveal the differences in larval gut bacterial communities
between pollen-carrying bees and vespine wasps. Using datasets obtained from our own
samplings and public resources released by other researchers, we compared the diversity
and composition of larval gut bacterial communities between vespine wasps and pollen-
carrying bees. Alpha diversity and beta diversity of bacterial communities were measured.
Results showed that vespine wasp larvae harbored distinct gut bacterial communities
from those of pollen-carrying bees, dominated by Leuconostoc, Hafnia-Obesumbacterium
and Lactobacillus. Significant differences in bacterial composition were observed at both
the community level and the dominant taxa level between pollen-carrying bee larvae and
vespine wasp larvae. Moreover, significant differences were also found among larval gut
bacteria of vespine wasps. These findings provide insights into the bacterial composition
of aculeate wasps with different dietary habits.

Keywords: wasps; larvae; gut bacterial community; dominant bacterial community

1. Introduction

Gut bacterial communities in insect guts play key roles in host health by facilitating
digestion [1], enhancing pathogen defense [2], and improving pesticide resistance [3]. In
ecosystems, honeybees and bumblebees serve as key pollinators, whereas wasps serve as
important predators. Both taxonomic groups are economically important insects that are
commonly managed in Southern China. To date, high-throughput sequencing technology
has significantly advanced our understanding of the gut bacteria of pollen-carrying bees [4].
However, the composition and contribution of gut bacteria of vespine wasps remain
poorly understood.

Honeybees (Apis spp.) are typical herbivorous insects, and their core gut bacterial com-
positions are relatively stable. Studies find that honeybee gut bacteria are mainly composed
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of Bifidobacterium, Lactobacillus, Gilliamella, Snodgrassella and Frischella [5,6]. These bacteria
play important roles in nutrient metabolism, immune regulation, and disease preven-
tion [7,8]. For example, antibiotic-induced gut dysbiosis increases honeybee susceptibility
to opportunistic pathogens and reduces survivorship [9]. In addition, core gut bacteria in
honeybees have been shown to perform specific functions [10]. The bacteria Snodgrassella
alvi and Gilliamella apicola are involved in maintaining honeybee health through specialized
metabolic activities [10].

Bumblebees (Bombus spp.) harbor distinct core gut bacterial compositions. The
gut core bacteria of bumblebee workers are typically dominated by a set of symbiotic
bacteria, such as Gilliamella apicola, Snodgrassella alvi and Lactobacillus, which actively
contribute to host health by metabolizing complex pollen polysaccharides, modulating
gut pH and inhibiting pathogen colonization [11-13]. Their gut microbiota comprises
two enterotypes. One enterotype is dominated by Gilliamella and Snodgrassella, while the
other is mainly composed of bacteria opportunistically acquired from the environment,
including Hafnia and Serratia [14]. Furthermore, gut bacterial composition differs markedly
across castes and develop-mental stages. At the phylum level, the relative abundance of
Cyanobacteria, Proteo-bacteria, and Firmicutes differs significantly between workers and
queens in late-instar larvae (9-day-old) and adults. The gut microbiota diversity of workers
and queens is similar during the early and mid-larval stages (1-day-old and 5-day-old) but
diverges significantly in the late larval stage and adulthood. Additionally, age signifi-cantly
affects microbial alpha diversity across the four developmental stages [15]. These findings
highlight the context-dependent nature of bumblebee gut microbiota.

However, knowledge regarding the larval gut microbiota of vespine wasps remains
limited. Previous studies have shown that Lactobacillus and Sphingomonas are dominant
bacterial genera in the midgut communities of hornet workers, and the gut microbiota of
Vespa species from different geographic populations exhibits significant differences at the
genus level. Furthermore, research has confirmed that Lactobacillus plays a crucial role in
regulating host physiological health [16].

Given that larvae of vespine wasps and pollen-carrying bees feed on different foods,
we hypothesized that their gut bacterial composition would be highly divergent. However,
no study has yet been conducted to compare their differences. To address this knowledge
gap, we performed a comprehensive comparison of larval gut bacterial communities
between vespine wasps and pollen-carrying bees, by integrating our sampled datasets
and public datasets released by other researchers. Two key questions were addressed:
(1) Are there differences in larval gut bacterial communities between vespine wasps and
pollen-carrying bees? (2) Are there differences in larval gut bacterial communities among
different vespine wasp species?

2. Materials and Methods

Two dataset sources were used to characterize larval gut bacteria: (1) high-throughput
sequencing (HTS) of larval gut bacteria of vespine wasps collected in Yunnan Province,
China, and (2) public data generated by other researchers who sequenced larval gut bacteria
of either pollen-carrying bees or vespine wasps (Table 1). Vespine wasps primarily predate
on insects, whereas pollen-carrying bees mainly consume pollen and nectar. These differ-
ences in dietary composition suggest a potential divergence in gut bacterial communities
in aculeate wasps.

2.1. Gut Bacteria of Vespine Wasps

The larvae of vespine wasps, Provespa barthelemyi du Buysson (hereafter “bar”, cell
number n = 5), Vespa binghami du Buysson (hereafter “bin”, cell number n = 6), Vespa
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velutina Lepeletier (hereafter “vel”, cell number n = 5), Vespa vivax Smith (hereafter “viv”,
cell number n = 6) and Vespa bicolor Fabricius (hereafter “bic”, cell number n = 4), were
collected from the Daxueshan Scenic Area (24.02° N, 99.73° E) in Lincang, Yunnan Province,
China from July to August 2023. Due to the difficulty of finding or accessing vespine
wasps’ nests under nature conditions, only one colony was collected for each vespine
wasp species in Lincang. Larvae were dissected under sterile conditions on a clean bench.
Guts were excised, placed into sterile tubes, and stored at —80 °C for DNA extraction.
Meanwhile, combs of two hornet species Vespa crabro (hereafter “cra”, sample replication
n = 2) and V. velutina (sample replication n = 3) were collected in Ventimiglia, Liguria, Italy
(approximately 43.85° N, 7.83° E) and their larval gut bacteria were sequenced via HTS
(Table 1). We also included the two hornet species in our study. However, we were not able
to determine their detailed sampling methodologies based on their report; therefore, we
arbitrarily suggested each raw datum derived from a single gut. Accordingly, 8 V. crabro gut
bacteria (assigned to two replications with 2 guts and 6 guts respectively) and 8 V. velutina
gut bacteria (assigned to three replications with 2 guts, 3 guts and 3 guts respectively) were
sequenced. For each vespine species, we combined original data of replications together,
achieving a new sample using in downstream comparison; nevertheless, since V. velutina
was sampled at two countries (China and Italy), we treated them as two separated samples.
As a result, a total of six vespine wasp species were examined for their larval gut bacteria
in our study.

The full-length 16S rRNA gene was targeted for sequencing the gut bacteria of the five
vespine wasp species in Lincang. However, amplification of the full-length 16S rRNA gene
failed for P. barthelemyi and V. bicolor, likely due to extremely low bacterial DNA concentra-
tions. Alternatively, the V3-V4 hypervariable region was sequenced for these two species.
Total genomic DNA of the gut microbiota was extracted following the manufacturer’s
instructions for the ALFA-SEQ Stool DNA Kit. For full-length amplification, the primers
27F (5'-AGRGTTYGATYMTGGCTCAG-3') and 1492R (5-RGYTACCTTGTTACGACTT-3')
were used. The PCR thermal cycling conditions were as follows: initial denaturation at
98 °C for 30 s; 30 cycles of denaturation at 98 °C for 10 s, annealing at 62 °C for 30 s, and
extension at 72 °C for 60 s; followed by a final extension at 72 °C for 5 min and a hold at
4 °C. PCR products were verified by 1% agarose gel electrophoresis. Libraries for HTS
were constructed, and quality control was performed using a Qubit 4.0 fluorometer and a
Qsep400 bioanalyzer. Finally, sequencing was performed on the PacBio Sequel II platform
by Guangdong Magigene Biotechnology Co., Ltd., Guangzhou, China.

The V3-V4 region of the 165 rRNA gene was amplified for both V. bicolor and
P. barthelemyi in Lincang and V. crabro and V. velutina in Ventimiglia. For V. bicolor and
P. barthelemyi, the forward and reverse primers were 5'-ACTCCTACGGGAGGCAGCA-3’
and 5'-GGACTACHVGGGTWTCTAAT-3, respectively. The PCR thermal cycling conditions
were as follows: initial denaturation at 94 °C for 5 min; followed by 30 cycles of denaturation
at 94 °C for 30 s, annealing at 52 °C for 30 s, and extension at 72 °C for 30 s; followed by a
final extension at 72 °C for 10 min and a hold at 4 °C. After rigorous quality control during
library preparation, the libraries from different samples were pooled in equimolar ratios based
on their effective concentrations and target data yield, and then loaded onto the flow cell.
Clustering was performed using the cBOT system, followed by sequencing on an Illumina
NovaSeq 6000 or MiSeq platform (2 x 250 bp). For V. crabro and V. velutina in Ventimiglia, the
authors described in detail the DNA extractions and HTS procedures.

2.2. Gut Bacteria of Pollen-Carrying Bees

We conducted literature searches on Google Scholar and Web of Science using the

V/a7i

keywords “bee larvae microbiota”, “honey bee gut microbiome”, and “bumblebee gut
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microbes” to identify publications on the gut microbiota of bees, particularly honey bees
and bumblebees. Upon identifying relevant articles, we downloaded their raw data from
the repositories specified in their Data Availability Statements. Additionally, we directly
performed searches in the GenBank and European Nucleotide Archive (ENA) databases
using the same keywords and downloaded their raw datasets. To date, most studies have
sequenced adult gut bacteria, while only a few studies have examined larval gut bacteria.
We excluded raw data derived from adult bees. Notably, although we did not exhaustively
cover all available public resources, we considered that the selected datasets adequately
represented the gut bacterial compositions of pollen-carrying bees. The selected resources
are listed below (Table 1):

Table 1. Studies and aculeata wasp species selected from public datasets to compare larval bacterial
compositions between pollen-carrying bees and vespine wasps.

Author

Article Title Species Reference

Kueneman et al.

Solitary bee larvae modify bacterial diversity of
pollen provisions in the stem-nesting bee, Osmia

Frontiers in

Osmia cornifrons Microbiology, 2023 [17]

cornifrons (Megachilidae)

Composition and diversity of gut bacterial

Wang et al. community in different life stages of Osmia Osmia excavata Mlc;%gzgﬁ;]sms’
excavata Alfken (Hymenoptera Megachilidae)
Strain-level analysis reveals the vertical
Su et al. microbial transmission during the life cycle Bombus terrestris Microbiome, 2021 [19]
of bumblebee
Microbial ecology of European foul brood
Floyd et al. disease in the honey bee (Apis mellifera) towards Apis mellifera Insects, 2020 [20]

a microbiome understanding of
disease susceptibility

Arredondo et al.

colonies with a native beneficial microbe mixture

Beneficial Microbes,
2023 [21]

Supplementation of honey bee production A. mellifera

Cini et al.

Gut microbial composition in different castes
and developmental stages of the invasive hornet

Science of the Total
Environment, 2020 [22]

Vespa crabro,

Vespa velutina nigrithorax Vespa velutina

2.3. Bioinformatic Analysis

The raw datasets targeting the V3-V4 region first underwent quality control using
fastp (v0.23.4), during which barcodes and primer sequences were trimmed, and paired-
end reads were merged. Subsequently, low-quality sequences with expected errors greater
than 0.01 were discarded using VSEARCH (v2.30.0). Sequences with lengths less than
350 bp were filtered out, ensuring sufficient length for taxonomic classification. Addi-
tionally, sequences with an abundance of less than 8 were discarded to reduce potential
sequencing errors. The remaining high-quality sequences (clean reads) were clustered into
operational taxonomic units (OTUs) at a 97% similarity threshold [23,24]. An OTU table
was next generated by mapping the clean reads back to the OTU representative sequences.
Taxonomic annotation was performed using the SILVA database (v138.2).

The full-length 165 rRNA subread BAM files were processed using SMRT Link (v3.4.1) to
generate circular consensus sequence (CCS) reads. Samples were demultiplexed based on their
barcodes, and the resulting sequences were exported to FASTQ format. Quality filtering and
chimera removal were applied to exclude low-quality and chimeric reads, yielding high-fidelity,
non-chimeric sequences (effective sequences). High-quality sequences from all samples were
clustered at 100% sequence similarity to generate amplicon sequence variants (ASVs). ASV
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sequences were aligned against the SILVA database (v138.2). Taxonomic annotation of the ASVs
was performed using the same classification pipeline as described above.

The bacterial communities analyzed in this study targeted different hypervariable
regions (e.g., V1-V2, V3-V4, or V5-V7) and varied in length (partial vs. full-length 16S
rRNA gene), posing a challenge for direct comparison. Therefore, we first annotated all
sequences to the genus level and then merged the data into a single, genus-level taxonomic
table according to taxonomic consistency. For example, the genus Leuconostoc was detected
in seven samples, its original read counts were retained; for samples where this genus was
not detected, the read count was assigned as zero. In this way, we integrated sequence
counts from all datasets into a single table, regardless of variations in sequencing methods
and depths (Figure 1).

We analyzed bacterial communities at the genus level rather than at lower taxonomic
levels (e.g., species level) to minimize potential biases derived from inaccurate annotation.
Notably, despite differences in the amplified regions of the 165 rRNA gene among studies,
all datasets were processed using identical bioinformatic pipelines for quality control,
OTU clustering, and taxonomic annotation. Therefore, we assumed that the impact of
misannotation was minimal. Moreover, since most bacteria within a genus share similar
functions, our analysis of bacterial diversity at the genus level should not obscure their
functional profiles. The pipeline used to analyze the datasets is outlined below (Figure 1):

Field sampling
[

Full-length 16S rDNA 16S rDNA V3-V4 ‘
amplification amplification

I—’—[

Sequencing Public database
[ ]

Raw data

<5

Quality control, filtering,
clustering
I
\ { \
ASV table OTU table OTU tables
1 [ ]

Annotation

<

Merging replications

within sample

<5

Combining different ASVs or

OTUs of the same genus

<5

merge the multiple ASV table and OTU
tables into one table based on genus

<L

downstream analysis

Figure 1. Dataset processing flowchart.
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2.4. Statistical Analysis

All statistical analyses were conducted using R (version 4.4.2) (R Core Team, 2025).
Rarefaction curves indicated sufficient sequencing depth for each sample. To reduce bias
arising from variations in sequencing depth, read counts were first rarefied to the same
depth (i.e., the minimum library size) using the rrarefy() function in vegan package (v2.6.10).
All downstream analyses were conducted on the rarefied dataset. Dominant bacteria
were defined as taxa accounting for over 1% of the total relative abundance [25]. Alpha
diversity was assessed for both the entire bacterial community and the dominant bacterial
subset using observed richness (Sobs) and the Shannon diversity index. Overlaps in
bacterial composition between the entire and dominant communities were visualized using
VennDiagram package (v1.7.3), ggVennDiagram package (v1.5.2) and UpSetR packages
(v1.4.0). To show the taxonomic composition, we constructed stacked bar plots to show the
relative abundance of bacterial genera. Furthermore, to assess beta diversity, nonmetric
multidimensional scaling (NMDS) was conducted based on Bray—Curtis dissimilarity
matrices calculated using the vegdist() function in vegan package. Analysis of Similarity
(ANOSIM) was employed to test for statistical differences in bacterial community by
comparing the ranks of dissimilarity.

3. Results
3.1. Gut Bacterial Communities of Six Vespine Wasp Species

We annotated 376 genera across the six vespine wasp species. P. barthelemyi harbored
the highest number of genera (231), followed by V. bicolor (205), V. binghami (106), V. crabro
(101), V. vivax (88), V. velutina (IT) (82) and V. velutina (CN) (68). Leuconostoc was the
dominant genus across the six vespine wasp species, followed by Hafnia-Obesumbacterium,
Lactobacillus and Bifidobacterium. Notably, V. binghami harbored the highest number of
unique genera (33), followed by P. barthelemyi (24) (Figure 2A).

B cra2

count

Figure 2. Venn diagrams illustrating shared bacteria of total gut bacterial community (A) and
dominant gut bacterial community (B) of the six vespine wasps. Abbreviations: barl: P. barthelemyi;
bicl: V. bicolor; binl: V. binghami; cra2: V. crabro; vell: V. velutina (CN); vel2: V. velutina (IT); viv1:
V. vivax. IT: Italy; CN: China. The same applies to the figures below.

A total of 20 dominant bacterial genera were selected from the six vespine wasp species.
Leuconostoc and Hafnia-Obesumbacterium were the top dominant taxa. Specifically, the
dominant genera included Hafnia-Obesumbacterium and Rickettsiella for V. binghami, Rickettsia
and Lactobacillus for V. vivax, Leuconostoc and Ralstonia for P. barthelemyi, Lonsdalea and
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Leuconostoc for V. bicolor, Lactobacillus, Bifidobacterium and Leuconostoc for V. velutina (CN),
Hafnia-Obesumbacterium and Lactiplantibacillus for V. velutina (IT), and Lactiplantibacillus and
Lactococcus for V.crabro. The dominant Leuconostoc, Hafnia-Obesumbacterium and Lactobacillus
were present in the seven specimens. Interestingly, no vespine wasp harbored a unique
dominant genus, suggesting high conservation of the dominant gut bacteria (Figure 2B).
The relative read abundance of gut bacteria revealed substantial variations in bacterial
communities among the six vespine wasps (Figure 3A). Significant differences in bacterial
communities were observed among the six vespine wasps (ANOSIM, p < 0.05). Non-
metric multidimensional scaling (NMDS) revealed distinct separation of the gut bacterial
communities among the six vespine wasp specimens (Figure 3B). ANOSIM confirmed
that between-group dissimilarity was significantly higher than within-group dissimilarity
(R=0.68, p =0.001) (Figure 3C), further confirming the differences in bacterial communities
among the six vespine wasps. A similar pattern was observed for the dominant bacterial
communities. NMDS ordination again showed distinct clustering of dominant bacterial
communities (Figure 3D). ANOSIM analysis further confirmed significant differences in
dominant bacterial communities (R = 0.655, p = 0.001), indicating that between-group
dissimilarity was significantly greater than within-group dissimilarity (Figure 3E).

A
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B Ricketisia [ Rickettsiella
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~
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g
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Figure 3. Beta diversity of larval gut bacterial communities of the six vespine wasps. (A) Stacked
bar chart showing relative read abundance of dominant gut bacteria measured at the genus level.
(B) NMDS ordination of the total gut bacterial community. (C) Comparison of ranks of dissimilarities
between groups and within groups for the total gut bacterial community. (D) NMDS ordination of
the dominant gut bacterial community. (E) Comparison of ranks of dissimilarities between groups
and within groups for the dominant gut bacterial community.
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3.2. Larval Gut Bacterial Community Differences Between Pollen-Carrying Bees and
Vespine Wasps

The gut bacterial communities of the four taxonomic groups of aculeate wasps
comprised 593 bacterial genera. Specifically, mason bees harbored 228 genera, bum-
blebees 119 genera, honey bees 98 genera and vespine wasps 378 genera. Lactobacillus
was the predominant taxon across the four groups, followed by Hafnia-Obesumbacterium,
Leuconostoc and Lactiplantibacillus. Notably, Leuconostoc was detected exclusively in
vespine wasps. Each aculeate group exhibited distinct top bacterial compositions.
The gut bacterial communities of mason bees were primarily composed of Ralstonia,
Sodalis and Lachnospiraceae UCG-010. The gut bacterial communities of bumblebees
were dominated by Lactobacillus, Arsenophonus and Snodgrassella, with Lactobacillus be-
ing the most abundant genus. The gut bacterial communities of honey bees were char-
acterized by Lactobacillus, Apilactobacillus and Gilliamella. Meanwhile, the gut bacte-
rial communities of vespine wasps were characterized by high abundances of Hafnia-
Obesumbacterium, Leuconostoc and Lactiplantibacillus. Notably, Lactobacillus was detected in
all 16 samples, while Bombilactobacillus was present in 15 samples, absent in only one
mason bee sample. At the individual level, the sample exavate_Wang 01 (a mason
bee) harbored the highest number of unique genera (61), followed by terrestris_Su_01
(a bumblebee) (58) (Figure 4A).

When all samples were pooled together, 110, 26, 239 and 58 unique genera were
detected in mason bees, bumblebees, honey bees and vespine wasps, respectively, while
only 19 genera were shared across the four aculeate groups (Figure 4B). This suggested
distinct gut bacterial compositions among the four taxa.

A total of 22 dominant bacteria were identified across the four taxa. Among them,
Lactobacillus, Gilliamella, Lactococcus, Bifidobacterium, Bombilactobacillus, Pseudomonas and
Snodgrassella were found in all four groups. Mason bees and honey bees each pos-
sessed one unique dominant bacterial genus, whereas bumblebees lacked any unique
dominant genus. In contrast, vespine wasps harbored four unique dominant bacterial
genera (Figure 4C).

The beta diversity of the larval bacterial community of the four taxonomic groups
was significantly different. The relative abundance of the top 22 bacterial genera var-
ied among these groups (Figure 5A). Since only a single bumblebee sample was se-
lected, an ellipse could not be drawn for this group on the first two axes of the
NMDS plot. Therefore, bumblebees and honey bees were combined into a single
group to facilitate ellipse calculation. The NMDS ordination revealed distinct com-
positional separations among the three resulting groups, although a narrow overlap
was observed between the combined honey bee and bumblebee group and vespine
wasps (Figure 5B). ANOSIM confirmed significant differences in bacterial composi-
tion among the four groups (R =0.700, p = 0.001), characterized by greater dissimilar-
ity between groups than within groups (Figure 5C). The dominant gut bacterial com-
munities exhibited a similar pattern, showing taxon-specific clustering (Figure 5D).
Furthermore, ANOSIM of the dominant gut bacteria supported these compositional
differences (R = 0.708, p = 0.001) (Figure 5E).
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Figure 5. Beta diversity of larval gut bacterial communities in four taxonomic groups of aculeate
wasps. (A) Stacked bar chart showing the relative read abundance of dominant bacterial genera
across the four groups. Samples are labeled as follows: M1-M2, mason bees; B1, bumblebee; H1-H3,
honey bees; V1-V10, vespine wasps. (B) Non-metric multidimensional scaling (NMDS) ordination
of the full bacterial communities for the four groups. Note: The bumblebee group contained only a
single sample; therefore, it was combined with the honey bee group to allow for calculating ellipses
in the NMDS ordination. (C) Boxplots showing rank dissimilarities of the full bacterial community.
The bumblebee group is not shown due to its small sample size (n = 1). (D) NMDS ordination of the
dominant bacterial communities for the four groups. Note: The bumblebee group and the honey bee
group were combined as a group as well. (E) Boxplots showing rank dissimilarities of the dominant
bacterial communities. The bumblebee group is excluded here as well.
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4. Discussion

This study revealed significant differences in larval gut bacterial communities among
the four groups of aculeate wasps. We attribute these variations to several key factors.
First, evolutionary consequences drive the divergences and differences in gut bacterial
assemblages. Numerous studies have shown that host evolutionary history (i.e., phy-
logenetic relatedness and coalescence time) significantly shapes the composition of gut
bacterial communities [26-28]. Second, gut bacterial composition is strongly influenced
by dietary composition [29,30]. Pollen-carrying bees and vespine wasps exhibit distinct
dietary differences. Pollen-carrying bees primarily feed on pollen and nectar, whereas
vespine wasps are omnivorous predators, feeding mainly on protein-rich insects and plant-
derived carbohydrates. These divergent diets likely exert strong selective pressures on gut
microbial composition. Finally, host physiology, behavior, living habitats, and life-history
traits may also contribute to the observed differences. For instance, factors such as sus-
ceptibility to viral infections or varying immune responses can alter the structure of gut
bacterial communities [31].

The differences in gut bacterial communities among these seven vespine wasp species
may be explained by their distinct dietary habits. Our previous investigations demonstrated
that four vespine wasps (P. barthelemyi, V. binghami, V. velutina, and V. vivax) consumed
different diets [32], which likely drove the divergence of their larval gut bacteria. Interest-
ingly, however, the dominant bacterial taxa of these seven vespine wasp specimens were
highly conserved. This suggests that the core bacteria is primarily shaped by evolutionary
constraints, given that these species are closely related on the phylogenetic tree.

Leuconostoc, a group of heterofermentative lactic acid bacteria, was the dominant
bacterial genus across the seven vespine wasp specimens, but was absent from the bacterial
community of pollen-carrying bees. Leuconostoc metabolizes carbohydrates to produce lactic
acid, acetic acid, ethanol, and mannitol. These metabolites create an acidic environment
that inhibits pathogen colonization and promotes gut homeostasis. Commonly used in
fermented foods such as sauerkraut and cheese, the occurrence of Leuconostoc in vespine
wasps implies significant evolutionary and adaptive value. Alongside Leuconostoc, we
identified other fermentation-associated bacteria, such as Lactobacillus [33]. These bacterial
components suggest specialized metabolic functions. Notably, vespine larvae consume
large amounts of prey, such as insects, but do not defecate. All ingested food is excreted
only once at the end of the larval stage. This trait requires that their food be thoroughly
decomposed and retained within the gut for a long time. These bacteria, such as Leuconostoc
and other fermentative bacteria, likely help to metabolize their prey under such conditions.

In summary, our study revealed that the larval gut bacterial compositions of vespine
wasps differed from those of pollen-carrying bees, likely shaped by both evolutionary
history and dietary composition. Given that shifts in dominant bacterial communities in
insect guts can lead to dysbiosis or disease, such replacements could negatively impact
host health and survival. Therefore, it is particularly important to manage the larval gut
bacterial compositions of reared hornets, since hornet keeping has become a regular practice
in southern China.
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