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Abstract

The gut microbiota of insects usually plays an important role in the development and reproduction of their hosts. The 
fecundity of Henosepilachna vigintioctopunctata (Fabricius) varies greatly when they develop on different host plants. 
Whether and how the gut microbiota regulates the fecundity of H. vigintioctopunctata was unknown. To address this 
question, we used 16S rRNA sequencing to analyze the gut microbiomes of H. vigintioctopunctata adults fed on 
two host plant species (Solanum nigrum and Solanum melongena) and one artificial diet. The development of the 
ovaries and testes was also examined. Our results revealed that the diversity and abundance of gut microorganisms 
varied significantly in insects reared on different diets. The gut microbiota of H. vigintioctopunctata raised on the 
two host plants was similar, with Proteobacteria being the dominant phylum in both groups, whereas Firmicutes 
was the dominant phylum in the group reared on the artificial diet. The predominant microbiota in the S. nigrum 
group were Acinetobacter soli and Acinetobacter ursingii (Acinetobacter, Moraxellaceae); Moraxella osloensis 
(Enhydrobacter, Moraxellaceae); and Empedobacter brevis (Empedobacter, Weeksellaceae). The microbiota in this 
group are associated with high lipid metabolism. In addition, the beetles’ ovaries and testes were more highly 
developed in the S. nigrum group than in the other two groups. These findings provide valuable information for 
elucidating the complex roles the gut microbiota play in the fecundity of H. vigintioctopunctata, and may also 
contribute to developing future novel control strategies involving this economically important pest.
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The insect gut, which is a vital organ for digestion and nutrient 
absorption, is inhabited by a large complex of microorgan-
isms. Insects and their gut microorganisms share symbiotic re-
lationships that have proven crucial in adaptation and evolution 
(Janson et al. 2008). The gut microorganisms in insects directly 
or indirectly influence the adaptability and foraging behavior of 
their host (Akami et al. 2019b), while also providing a vital role 
in their metabolism and reproduction (Behar et al. 2008; Sharon 
et  al. 2011a, b). They play an important role in growth, devel-
opment, resistance to pathogens, and the maintenance of hom-
oeostasis in insects (Shin et al. 2011, Shuai et al. 2020). In recent 
years, the gut microorganisms in insects have attracted increased 
attention owing to their significance from an ecological and eco-
nomic perspective. As a result, research on the relationship be-
tween the gut microbiome and physiological and developmental 
events in the host has become vital for understanding this aspect 
of insect biology.

Microorganisms found in insect guts often have metabolic 
characteristics that the insect lacks and thereby contribute to 
vitamin (Salem et al. 2014) and other nutrient provisions for the 
host (Scully et al. 2014, Hu et al. 2018). These microbes also aid 
in digesting recalcitrant food (Kaufman and Klug 1991, Salem 
et al. 2017) and plant allelochemicals (Mason et al. 2014, Ceja-
Navarro et al. 2015, Welte et al. 2016). As a result of prolonged 
periods of co-evolution, gut microorganisms have formed symbi-
otic relationships with their insect hosts, enabling the insects to 
adapt to different plant species (Medina et al. 2011). Considering 
how susceptible the insect gut microbiota is to change, variations 
in the host plant can cause transformations in gut microbial diver-
sity (Lee et al. 2017), as observed in studies on Hylobius abietis  
(Berasategui et al. 2016), Thaumetopoea pityocampa (Strano et al. 
2018), Spodoptera frugiperda and Helicoverpa zea (Jones et  al. 
2019). Changes in host plants are also known to cause differences in 
reproduction in several insects (Zhou et al. 2006, Liang et al. 2008,  
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Lu et  al. 2016). Therefore, clarifying the ‘host plant–insect gut 
microbiota–insect fecundity’ relationships can lead to a more 
thorough understanding of the variations that occur in insect host 
fecundity.

Henosepilachna vigintioctopunctata (Fabricius) is a widely 
distributed vegetable pest from Asia that feeds on a variety of so-
lanaceous plants, including Solanum nigrum, Solanum melongena, 
Solanum tuberosum, Solanum lycopersicum, Capsicum annuum, 
Cucumis sativus, Benincasa hispida, and Nicotiana tabacum 
(Zhou et al. 2015). Due to the rapid growth of greenhouse vege-
table cultivation in Asia and the year-round presence of its natural 
host (S. nigrum), H. vigintioctopunctata are now known to ac-
tively feed on plants year-round, increasing their economic impact 
throughout the region. Accordingly, there is an urgent need for ef-
fective management and control of this pest. Previous studies have 
shown that H. vigintioctopunctata adults reared on different host 
plants have different fecundities (Zhou et  al. 2015, Wang et  al. 
2017). In addition, using 16S rRNA gene sequencing to identify 
the gut microorganisms in fourth-instar larvae, the composition 
of the gut microbiota was shown to differ in larvae fed on dif-
ferent host plants (Lü et al. 2019a). However, the composition of 
the gut microbial fauna in H. vigintioctopunctata adults fed on 
different host plants was unknown. It is possible that elucidation 
of these food source-dependent variations can provide new strat-
egies for use in their control.

In the present study, we used high-throughput sequencing (16S 
rRNA gene sequencing) to identify the composition and diver-
sity of the gut microbiota of H. vigintioctopunctata adults reared 
on different food sources (S. nigrum, S. melongena, and an artifi-
cial diet [based on our previous study]). The objective was to de-
termine whether diets can influence gut microorganisms in H. 
vigintioctopunctata adults in order to provide a baseline for 
identifying and studying the functions of the gut microorganisms 
in this insect and to aid in developing effective and environmentally 
friendly techniques for controlling this important pest.

Materials and Methods

Insect Food and Sample Preparation
Henosepilachna vigintioctopunctata adults were collected from 
Solanum nigrum at Yangtze University, Jingzhou, Hubei province, 
China in July 2020, and were reared on S. nigrum at 25 ± 1°C, 75% 
± 5% RH, and a photoperiod of 16:8 (L:D) for three generations 
(Lü et al. 2019b). Adults that emerged on the same day were divided 
into three groups. One group was transferred to S. melongena leaves 
(Sm group), one to S. nigrum leaves (Sn group), and one reared on 
artificial diet (Ad group).

Solanum melongena (cv. Heilongchangfeng F1) and S. nigrum 
(transplanted) were cultivated in planting pots (diameter, 20  cm; 
height, 11  cm) under a natural temperature regime (24–30°C). 
During the experimental period, fresh leaves were obtained daily, 
washed with ddH2O, and fed to H. vigintioctopunctata. The artifi-
cial diet used in the study consisted of the following: Leptinotarsa 
decemlineata artificial diet (Frontier Corporation, CT) 14%, agar 
powder 1.5%, yeast extract 3%, sorbic acid 0.1%, methyl para-
hydroxybenzoate 0.1%, locust bean gum 0.2%, α-cellulose 3%, and 
75% KOH 1%. The S. melongena leaves, S. nigrum leaves, and the 
artificial diet were replaced daily.

After H.  vigintioctopunctata adults were allowed to feed for 
10 d, the midguts of the unsexed beetles were extracted by placing 
the adults on ice (freezing anesthesia), disinfecting them with 75% 

ethanol for 90 s, washing 3× with ddH2O, and then dissecting the 
abdomens using a microscope under sterile conditions. The midguts 
were then collected in a 1.5-ml centrifuge tube and cryopreserved at 
−80°C for subsequent DNA extraction. Each complete sample con-
sisted of 30 midguts, with three replicates per group.

Extraction of Gut Microbial DNA and 16S rRNA 
Sequencing
The CTAB method was used to extract total genomic DNA, 
with the solution diluted to 1  ng/µl using sterile water. Using 
the diluted DNA as a template, universal primers (515F: 
5′-GTGCCAGCMGCCGCGGTAA-3′; 806R: 5′-GGACTACHVGGG 
TWTCTAAT-3′; Sampson et  al. 2016, Snijders et  al. 2016) were 
selected to target the V4 hypervariable region of 16S rRNA. Each 
sample was subjected to PCR in 30  µl of the reaction mixture, 
including 15 µl of Master Mix (New England Biolabs, MA), 0.2 µM 
of forward and reverse primers, and ca. 10 ng template DNA. The 
PCR conditions were as follows: initial denaturation at 98°C for 
1 min followed by 30 cycles of 98°C (10 s), 50°C (30 s), and 72°C 
(30 s), and a post-PCR incubation at 72°C for 5 min. Samples con-
taining bright main bands between 400 and 450 bp were retained 
for further experiments. The sequencing library was generated using 
the Truseq DNA PCR-Free kit (Illumina, CA), with an index code 
added. Library quality was evaluated using a Qubit 2.0 Fluorometer 
(Thermo Scientific, MA). Finally, the library was sequenced on the 
Illumina NovaSeq platform and 250-bp paired-end read segments 
were generated.

Bioinformatics and Data Analysis
If the similarity between sequences was more than 97%, they were 
assigned to the same operational taxonomic units (OTUs). The 
alpha diversity (within samples) of OTUs was analyzed through 
abundance-based coverage estimator (ACE) and Chao1, Shannon, 
and Simpson indices to obtain the species richness and uniformity 
information in the samples, as well as to identify common and 
unique OTUs among different samples. In the beta diversity analysis, 
weighted UniFrac-based Principal Coordinates Analysis (PCoA) was 
used to analyze the clustering of microbial communities in different 
samples through complex and multidimensional data. We also used 
unweighted pair-group method with arithmetic mean (UPGMA), 
which is based on average links, to interpret the distance matrix. The 
linear discriminant analysis effect size (LefSe) function was used to 
explore the differences in clusters among samples in a group, and the 
significance of differences in species composition and clustering was 
examined. Subsequently, the function of gut microorganisms was 
demonstrated using Tax4Fun.

Comparison of Reproductive System Development 
According to Diet
To observe the developmental progress in H.  vigintioctopunctata 
adults reared on different diets, 20 4-d-old and 20 7-d-old female 
and male adults were randomly selected for dissection. Phenotypes 
were judged visually, and images were obtained using a Leica 
M205A stereomicroscope with motorized zoom and focus con-
trol. The length (mm) and width (mm) of the ovary and testis were 
measured, and the index (length × width) was calculated using LAS 
(Version 4.3) software. SPSS software (Version 22) was used to ana-
lyze the different development parameters. The parameters were ex-
pressed as mean ± standard error. The paired Tukey test was used for 
multiple comparisons of mean values, with P ≤ 0.05 considered to 
be statistically significant.
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Results

Diversity and Abundance of the Gut Microbiota in  
H. vigintioctopunctata Adults Reared on Different Diets
We examined the gut microbiota of H. vigintioctopunctata adults 
reared on different diets and identified the V4 hypervariable region of 
the 16S rRNA gene using high-throughput sequencing. The coverage 
was over 99%, indicating that the number of clones was sufficient 
to adequately sample the microbial diversity in the adult beetles  
(Table 1). Rarefaction analysis showed that the number of species 
increased rapidly before plateauing (Fig. 1A), indicating that the data 
covered most of the microbial information in the sample and was 
therefore valid and had research value. UniFrac-based PCoA showed 
that the Sm, Sn, and Ad groups were separated along the first two axes 
(a measure of the phylogenetic differences among gut microbial com-
munities of the three groups), accounting for 75.76% and 16.8% of the 
data changes, respectively. There was some distance among the three 
groups, but the within-group distance was relatively short, indicating 
that H. vigintioctopunctata reared on different food sources showed 
differences in their gut microbial communities (Fig. 1B).

When the effects of the diet on species diversity were examined, 
significant differences in gut microbial diversity were observed in 
the Sm group, as shown by ACE and Chao1 indices (Fig. 1C and D, 
Table 1). According to the Shannon index, the microbial diversity 
was higher in the Sm and Sn groups than in the Ad group, and the 
species distribution was more uniform (Fig. 1E; Table 1).

Composition and Structure of Gut Microbial 
Communities in H. vigintioctopunctata Reared on 
Different Food Sources
The diet of H.  vigintioctopunctata affected the composition and 
structure of the gut microbial community at six taxonomic levels 
(Supp Fig. S1 [online only]). We observed similarity between dif-
ferent samples, and a cluster tree could be constructed through 
UPGMA. The composition of the Sm group was similar to that of 
the Sn group but differed from the Ad group (Fig. 2).

LefSe was used to recognize key phylotypes responsible for diet-
related microbial differences. The Sn group had a preponderance 
of Acinetobacter soli and Acinetobacter ursingii (Acinetobacter, 
Moraxellaceae, Pseudomonadales, Gammaproteobacteria, 
Proteobacteria, Bacteria); Moraxella osloensis (Enhydrobacter, 
Moraxellaceae); and Empedobacter brevis (Empedobacter, 
Weeksellaceae, Flavobacteriales). The Sm group showed 
Enterobacteriaceae (Enterobacterales); Cercis gigantea (unidentified 
Chloroplast, unidentified Chloropla, Chloroplast, Cyanobacteria, 
Cyanobacteria); Erysipelotrichaceae (Erysipelotrichales); 
Dysgonomonadaceae; Pseudomonas (Pseudomonadaceae); 
and Clostridia. However, Aerococcus urinaeequi (Aerococcus, 

Aerococcaceae, Lactobacillales, Bacilli, Firmicutes); Enterococcus 
faecium (Enterococcus, Enterococcaceae); Lactococcus lactis 
(Lactococcus, Streptococcaceae); and Ralstonia pickettii (Ralstonia, 
Burkholderiaceae) were more consistently present in the Ad group 
than in the other groups (Fig. 3).

Effects of Different Diets on Gut Microbial Function 
in H. vigintioctopunctata
The Tax4Fun function predicted that at the KEGG level 2, the Sm 
group was similar to the Ad group, but different from the Sn group 
(Supp Fig. S2 [online only]). Using Tax4Fun and correlating the iden-
tified microbial communities from the LEfSe analysis with biological 
pathway analysis (KEGG) to examine the key phylotypes causing 
changes in gut microbial function (Fig. 4), we did observe relation-
ships between gut microbes and functions, although there were cer-
tain differences in the functions of different gut microorganisms. Of 
note, the gut microbes in the Sn group were associated with high lipid 
metabolism (red circles, Fig. 4). In contrast, the gut microbes in the 
Ad group showed a negative correlation with lipid metabolism levels 
(Fig. 4, black circles). The Erysipelotrichaceae, Erysipelotrichales, 
Dysgonomonadaceae, and Clostridia observed in the Sm group had 
a similar negative effect on lipid metabolism (Fig. 4, black circles). 
However, the relationship of the other gut microorganisms in the Sm 
group with lipid metabolism was not obvious.

Effect of Different Diets on Reproductive 
Development
As shown in Table 2, there were significant differences in the de-
velopmental parameters in H. vigintioctopunctata fed on different 
diets. Ovary and testis development were the most rapid in the Sn 
group, followed by the Sm group, with the Ad group having the 
slowest rate of development. On day 7 postemergence, the ovaries 
of female adults were enlarged in both the Sn and Sm groups, with 
yellowish egg cells appearing in the middle ovarioles, single ovarioles 
were plainly visible, and the entire ovary was obviously yellow. 
The ovaries were slightly larger in females from the Sn group than 
they were in the Sm group, while in the Ad group, the individual 
ovarioles did not separate and were difficult to distinguish. On day 7 
postemergence, males from the Sn group had completely developed 
testes that were distinctly yellow in color, whereas the testes from the 
Sm group were yellowish and those from the Ad group white (Fig. 5).

Discussion

Diets play an important role in shaping the composition and func-
tional contribution of the gut microbiota. It has been reported that 
Leptinotarsa decemlineata, which has a host range similar to that 
of H. vigintioctopunctata, developed a different gut microbiota 

Table 1. Diversity and abundance of gut microbial communities in H. vigintioctopunctata

Sample Good’s coverage Observed species Shannon Simpson Chao1 Ace PD whole tree index

Sm01 0.999 507 5.002 0.930 538.897 549.840 43.763
Sm02 0.999 478 4.382 0.842 507.583 524.701 33.197
Sm03 0.999 689 4.861 0.905 724.442 736.163 52.058 
Sn01 0.999 284 4.603 0.925 333.763 334.947 26.100
Sn02 1.000 235 3.420 0.793 241.591 252.358 22.353
Sn03 0.999 239 3.676 0.828 302.370 289.106 19.486
Ad01 0.999 265 2.489 0.733 308.571 312.190 25.922
Ad02 0.999 257 2.332 0.700 286.057 295.366 32.528
Ad03 0.999 290 2.381 0.650 337.838 332.425 32.286

http://academic.oup.com/jinsectscience/article-lookup/doi/10.1093/jisesa/ieab061#supplementary-data
http://academic.oup.com/jinsectscience/article-lookup/doi/10.1093/jisesa/ieab061#supplementary-data
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when reared on different plants. It has also been shown that sym-
biotic microorganisms can decrease plant defenses in all Solanum 
hosts (Chung et al. 2017). Previous study on gut microorganisms in 
H. vigintioctopunctata, which focused on fourth instar larvae, re-
ported that Proteobacteria and Gammaproteobacteria were the most 

abundant and dominant microorganisms in the guts of larvae reared 
on S. nigrum and S. melongena (Lü et al. 2019a). Proteobacteria are 
the predominant gut microorganisms found in insects when fed on 
natural foods or plants (e.g., Bactrocera minax [Wang et al. 2014], 
Ectropis obliqua [Jin et al. 2013], Musca domestica [Gupta et al. 2011],  

Fig. 2. Weighted UniFrac UPGMA tree of the gut microorganisms in H. vigintioctopunctata.

Fig. 1. Diversity and abundance of the gut microbial communities in H. vigintioctopunctata examined via Rarefaction analysis (A), PcoA (B), ACE analysis (C), 
the Chao1 index (D), and the Shannon index (E).



Journal of Insect Science, 2021, Vol. 21, No. 4 5

and Nilaparvata lugens [Wang et  al. 2019]), indicating that 
Proteobacteria are widely present in the gut in insects that feed on 
natural food sources. Several differences were noted between our 
current results and previous findings. For example, Cyanobacteria 
was found in both the Sn and Sm groups in the present study, but 
were only found in H. vigintioctopunctata reared on S. nigrum in 
the previous study. Moreover, the differences in microbial clusters 
were mainly concentrated at three taxonomic levels: family, genus, 
and species. In the previous study involving H. vigintioctopunctata 
fourth instar larvae, the predominant microorganisms were unclassi-
fied Enterobacteriaceae (Enterobacteriaceae), whereas in this study, 
Acinetobacter (Moraxellaceae) was predominant in both groups. 
These differences may reflect differences in geographic popu-
lations (Wang et  al. 2020), life stages (Yang et  al. 2020), growth 
environments, or nutrient accumulation in the host plant. Studies 
have shown that although host plants are the primary driving fac-
tors of gut microbial composition (Jones et  al. 2019), other fac-
tors, including habitat (Paniagua et  al. 2018) and developmental 
stage (Yun et al. 2014), can also affect gut microbial composition 
in insects.

Artificial diets are a poorer microbial source for insects than 
natural plant diets (Priya et al. 2012). The gut microbial compos-
ition of H.  vigintioctopunctata fed on artificial diets (Ad group) 
was significantly different from that of H. vigintioctopunctata fed 
on host plants (Sm and Sn groups). The dominant phylum was 
Proteobacteria in the Sm and Sn groups, and Firmicutes in the 
Ad group. Firmicutes are involved in energy absorption, which is 

associated with high fiber diets (Jandhyala et al. 2015), and thereby 
modulate the ability of insects to obtain energy from their diet (Chen 
et al. 2016). Previous studies, including those on Ostrinia nubilalis 
(Eugeni et al. 2011) and Helicoverpa armigera (Xiang et al. 2006), 
found that Firmicutes become the dominant gut microorganism 
after rearing on artificial diets. These results indicate that Firmicutes 
play an important role in the gut of insects reared on artificial diets, 
and their roles in carbohydrate and nucleotide metabolism may fa-
cilitate the digestion and absorption of artificial foods and nutrients. 
It is worth noting that the number of Cyanobacteria was extremely 
low in the Ad group. This has also been observed in a variety of 
animals, including Bombyx mori (Dong et al. 2018), chickens (Ding 
et al. 2016), pigs (Niu et al. 2015), and horses (Zhao et al. 2016) 
reared on artificial diets. This phenomenon may be related to the 
fact that there are abundant components for nutrition in the leaves 
of the host plant that are lacking in artificial diets.

It is important to note that the Enterobacteriaceae were found 
in the Sm and Sn groups, whereas Enterococcaceae were found in 
the Ad group. Enterobacteriaceae can help their hosts fix nitrogen 
from plants and hydrolyze pectin (Behar et al. 2005, 2008). They 
also affect pheromone synthesis (Wada-Katsumata et al. 2015), re-
duce the effect of trichlorfon, increase insecticide resistance (Cheng 
et al. 2017), and play an important functional role in host fitness. 
A study showed that a reduction in Enterobacteriaceae, which were 
the most abundant microbes in the gut of Bactrocera dorsalis, may 
cause a decrease in nitrogen fixation, obstruct pheromone synthesis, 
and contribute to a decrease in fertility, reducing the ecological 

Fig. 3. Abundance of different gut microbial taxa observed in the three groups using linear discriminant analysis effect size (LEfSe analysis).
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fitness of sterile males (Cai et al. 2018). Studies on B. dorsalis and 
Zeugodacus tau have also confirmed that Enterobacter have a posi-
tive effect on reproduction, while Enterococcus have a negative ef-
fect (Akami et al. 2019a, Noman et al. 2020). This is consistent with 
our finding that ovipositing did not occur in the Ad group when 
Enterococcaceae were observed in the gut, whereas ovipositing was 
successful in the Sn and Sm groups, when Enterobacteriaceae were 
present in the gut.

Lipid biosynthesis pathways and lipophorin are linked to re-
productive fitness in insects (Ziegler and Antwerpen 2006, Fruttero 
et al. 2011). Lipids are needed for the synthesis of vitellogenin (Vg; 

Tufail and Takeda 2008), which affects the number and quality of 
eggs (Liu et al. 2015), provides nutrition for embryo development, 
and serves as an energy reserve (Tiu et al. 2009), directly or indir-
ectly affecting insect fecundity (Tian et  al. 2004, Xu et  al. 2010, 
Zhai et  al. 2015). Decreasing lipid accumulation may then result 
in an inhibition of Vg protein synthesis leading to a reduction of 
fecundity in insects. In addition, lipids are an important component 
of insect oocytes, not only accounting for a significant proportion 
of oocyte dry weight (30–40%; Kawooya and Law 1988, Hans 
1990) but also providing energy to the embryos (Beenakkers et al. 
1981). It can be concluded from the above that lipids do play an 

Fig. 4. Correlation between the microbes identified in the LEfSe analyses with Tax4Fun functional predictions.
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important role in insect reproduction. In the present study, LEfSe 
and Tax4Fun analyses demonstrated a corresponding relationship 
between the gut microbes present in H. vigintioctopunctata reared 
on different food sources and their functions. We found that the 
major microorganisms involved in lipid metabolism (which is likely 
related to insect fecundity) were associated with the high fecundity 
of H. vigintioctopunctata reared on S. nigrum (Fig. 4). Furthermore, 
the advanced development of the testes and ovaries seen in adults 
that fed on S. nigrum (Table 2; Fig. 5) further supports this conclu-
sion. Therefore, gut microorganisms involved in lipid metabolism 
may affect insect fecundity through the regulation of lipid metab-
olism. The diversity of insect gut microorganisms varies with vari-
ations in food intake; hence, gut microbial diversity may be a major 
factor contributing to diet-related insect fecundity.

Supplementary Data

Supplementary data are available at Journal of Insect Science online.
Supp Fig. S1. Relative abundance of the gut microorganism in H. 

vigintioctopunctata at the phylum (A), class (B), order (C), family 
(D), genus (E), and species (F) levels

Supp Fig. S1. Relative abundance of predicted gut microbial func-
tions in three groups, as predicted by Tax4fun using KEGG Orthologs
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Table 2. Comparison of developmental parameters (mean ± SE, n = 20) in H. vigintioctopunctata fed on different diets

Treatment Sn Sm Ad Sn vs Sm vs Ad

df F P

4d Ovary Ovary length (mm) 1.64 ± 0.00a 1.44 ± 0.00b 1.22 ± 0.00c 2, 57 11,723.890 <0.001
Ovary width (mm) 1.47 ± 0.00a 1.23 ± 0.00b 1.00 ± 0.00c 2, 57 16,029.252 <0.001
Ovarian index (mm2) 2.40 ± 0.01a 1.77 ± 0.00b 1.22 ± 0.00c 2, 57 19,403.858 <0.001

7d Ovary Ovary length (mm) 2.36 ± 0.00a 1.90 ± 0.00b 1.28 ± 0.00c 2, 57 128,473.303 <0.001
Ovary width (mm) 1.91 ± 0.00a 1.89 ± 0.00b 1.03 ± 0.00c 2, 57 196,517.716 <0.001
Ovarian index (mm2) 4.50 ± 0.00a 3.59 ± 0.00b 1.32 ± 0.00c 2, 57 153,176.065 <0.001

4d Testis Testis length (mm) 1.85 ± 0.01a 1.75 ± 0.01b 1.74 ± 0.01b 2, 57 119.842 <0.001
Testis width (mm) 1.70 ± 0.00a 1.44 ± 0.00b 1.40 ± 0.01c 2, 57 1,391.714 <0.001
Testis index (mm2) 3.15 ± 0.01a 2.53 ± 0.01b 2.44 ± 0.00c 2, 57 3,794.193 <0.001

7d Testis Testis length (mm) 2.50 ± 0.00a 1.87 ± 0.00b 1.77 ± 0.00c 2, 57 11,553.412 <0.001
Testis width (mm) 1.92 ± 0.00a 1.59 ± 0.00b 1.48 ± 0.00c 2, 57 4,244.647 <0.001
Testis index (mm2) 4.80 ± 0.00a 2.98 ± 0.01b 2.62 ± 0.01c 2, 57 24,177.694 <0.001

Data indicated by the different letters in the same line showed significant differences at a level of 5% (P ≤ 0.05).

Fig. 5. Ovary and testis development in H. vigintioctopunctata adults reared on different diets (white bars indicate a scale of 1 mm).
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