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Abstract
To investigate the differences in gut bacterial community of Parabramis pekinensis at different growth stages, we col-
lected wild P. pekinensis from the Jingjiang region of the Yangtze River, and detected the intestinal microflora structure 
using high-throughput sequencing technology. Results show that during stage I the dominant bacteria were Proteobacteria, 
Actinobacteria, and Firmicutes. During stage II, the proportion of Proteobacteria and Actinobacteria decreased, while the 
proportion of Firmicutes and Fusobacteria increased, especially Clostridium and Cetobacteria increased significantly. Dur-
ing stage III, Cetobacterium had a dominant position, while the proportion of Firmicutes decreased slightly. In stage IV, the 
male and female fish showed obvious differences. In the female gut, the proportion of Proteobacteria increased to the first 
place, while Fusobacteria decreased to the second place. In the male fish, the proportion of Fusobacteria dropped to the fifth, 
especially that of Cetobacterium decreased significantly, and that of Verrucomicrobia increased. In stage V, the proportion 
of Fusobacteria increased again to the first place, while Proteobacteria did not decrease significantly in the female gut. The 
gut bacterial community in males changed into a structure similar to stage I. In stage VI, the gut bacterial community in both 
females and males changed into a structure similar to stage I. There were significant differences in the intestinal microflora 
structure of P. pekinensis at different gonad development stages and sexes. To some extent, the changes in intestinal micro-
flora structure reflect the changes in the nutritional requirements of P. pekinensis.
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Introduction

In recent years, more attention has been paid to the role of 
intestinal flora in the physiological aspects of host feeding 
and nutrition. Owing to the breakthroughs in sequencing 
technology and the development of bioinformatics, research 
on intestinal flora has become very popular in recent years. 
This has greatly improved our understanding of the role of 
intestinal flora in host nutrition, metabolism, immunity, and 
many other physiological and biochemical functions (Parma 
et al. 2016; Ringø et al. 2016; Zarkasi et al. 2014). The intes-
tinal flora plays an important role in fish nutrition (Carla 
et al. 2019). For example, the intestinal flora of Cyprinus 

carpio is involved in the synthesis of vitamin B1, vitamin 
B12, niacin, pantothenic acid, and biotin. There are mul-
tiple chitinolytic bacteria present in the digestive tract of 
fish that feed on crustaceans. There are also multiple xylan-
decomposing bacteria feeding on algae present in the intes-
tinal tract of fish. Additionally, the extracellular enzymes of 
Aeromonas hydrophila promote starch and protein diges-
tion (Kashiwada et al. 1970). Inhibition of antibiotics can 
significantly reduce carboxymethyl cellulase activity in the 
intestinal tract of Ctenopharyngodon idella (Das and Trip-
athi 1991). Interestingly, fish with different diets also have 
different dominant intestinal flora. Clostridium, Citrobacter, 
and Leptothrix are closely related to cellulose digestion and 
are found in high abundance in the gut of herbivorous fish. 
Cetobacterium and Halomonas are related to protease pro-
duction and are common in the intestinal tract of carnivorous 
fish (Liu et al. 2016). Abundance and diversity of intestinal 
flora showed an increasing trend in the order: carnivorous, 
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omnivorous, and herbivorous (Lin et al. 2014; Larsen et al. 
2014; Sou et al. 2015; Ward et al. 2009).

Growth stage is one of the main factors affecting the 
intestinal flora structure of fish. Studies on the relationship 
between fish growth stage and intestinal flora have mainly 
focused on the source and colonization of flora, and the char-
acteristics of flora in the early development stage (Bakke 
et al. 2013). The intestinal flora of fish mainly originates 
from the fertilized eggs and the aquatic environment where 
they hatch, and then is established and gradually stabilized 
in the first feeding stage (Romero and Navarrete 2006). 
The structure of the intestinal flora is different at different 
growth stages, and the diversity of intestinal flora increases 
significantly with the development of fish (Parris et al 2016). 
Gonadal development is an important stage in the fish life 
cycle and is the basis of species reproduction. Gonadal 
development is affected by nutrition, water temperature, 
water flow stimulation, light, and many other conditions. 
Of these, the key condition for ensuring the development 
of gonads to maturity is the intake and accumulation of 
nutrients. In the middle and late stages of gonad develop-
ment, fish need to store a large amount of nutrients in order 
to meet the reproduction requirements. Intestinal flora can 
promote the absorption of nutrients by the host, especially 
in the metabolism and transport of cholesterol (Rawls et al. 
2004), and also stimulate the absorption of fatty acids in the 
intestinal epithelium, promoting the accumulation of lipid 
droplets (Semova et al. 2012). However, so far, there have 
been few studies on the structure of fish intestinal flora dur-
ing gonad development.

Parabramis pekinensis is a species of Cyprinidae that is 
widely distributed throughout many major water systems in 
China. In recent years, human factors such as overfishing, 
habitat destruction, and construction of wading projects have 
led to a sharp decline in the population's resources. However, 
there are still few studies on the biological characteristics 
of P. pekinensis, such as its nutritional requirements and 
feeding characteristics, and its artificial propagation tech-
nology is still immature. Unlike other common herbivorous 
fishes, P. pekinensis does not stop feeding during reproduc-
tion; rather it tends to increase its food intake, which is of 
positive significance for the study of reinforcement breeding 
techniques for its parents. In this study, we analyzed the 
differences in the intestinal microbiota of P. pekinensis at 
different stages of gonad development by high-throughput 
sequencing and explored the nutritional requirements of P. 
pekinensis at different stages.

Materials and methods

Sampling and experimental design

Samples were collected from the wild in the Jingjiang sec-
tion of the Yangtze River. The central sampling location 
is labeled with a "W" in Fig. 1. Samples were collected at 
three different sampling sites, all within 1 km of the central 
site. The average pH value of the water is 7.7 ± 0.16, and the 
average dissolved oxygen is 10.27 ± 0.35 mg/l. Based on the 
gonad development of P. pekinensis in natural environment, 

Fig. 1   The sampling point (★), 
Taizhou, Jiangsu Province, 
China
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the gonad stages I and VI of P. pekinensis were mainly col-
lected during August, and the remaining stages were mainly 
collected from April to June. See Table 1 for the specific 
water temperature during sample collection. The samples 
were stored on ice and sent to the laboratory.

The 1- to 2-year-old fish without lesions or disease were 
selected as experimental subjects, and more than three 
batches of fish at the same gonad development stage were 
retained. The age of fish is judged by their scales (Lv et al. 
2018). After measuring the body length, total length, and 
body weight of the experimental fish, the gonadal develop-
ment stage was identified based on anatomy. The stages of 
gonadal development are divided into I-VI (Liu Y., 1993). 
The inclusions of the same sex and stage of development 
were mixed into the sample to be tested. The experiment 
was set up in three parallel directions, each containing 15 
fish. See Table 1 for specific sample information. Intestinal 
flora was collected in an aseptic environment. The fish were 
placed on ice, the abdomen was sterilized using 75% ethanol 
and then cut, the intestines were straightened, and the intes-
tinal contents were rinsed with sterile physiological saline 
and washed into sterile tubes. Intestinal inclusions collected 
from the same group of fish body samples were mixed into 
a sample for testing. Finally, the samples were labeled and 
stored at - 80 °C until DNA extraction.

DNA extraction, amplicon library preparation, 
and sequencing

Total DNA content was extracted from the intestinal sam-
ples using the QIAamp DNA Stool Mini Kit (Qiagen, 
Germantown, MD, USA) following the manufacturer’s 
protocol. Next, a NanoDrop 2000 Spectrophotometer 
(Thermo Fisher Scientific, Wilmington, DE, USA) was 
used to determine the concentration and purity of the 
extracted DNA. Polymerase chain reaction (PCR) was 
performed to amplify the V3-V4 region of bacterial 16S 
rRNA genes using the following primers: 341F, 5′-CCT​
AYG​GGRBGCASCAG-3′; 806R, 5′-GGA​CTA​CNNGGG​
TAT​CTAAT-3′ (Hjort et al. 2014). The PCR products were 
visualized, purified (AxyPrep DNA Gel Extraction Kit, 
Axygen Biosciences, Union City, CA, USA), quantified 
(QuantiFluor™-ST, Promega, USA), and homogenized 
to form a DNA pool. Finally, the pooled products were 
sent to Novogene Co., Ltd. (Beijing, China) for paired-
end sequencing using an Illumina HiSeq 2500 platform, 
following standard protocols. The sequencing data was 
deposited in the NCBI short read archive with the acces-
sion number PRJNA706781.

Table 1   Sample information

The group names are presented as sex + stage of gonad development + number. “F” refers to female, “M” refers to male; The middle numbers 
1–6 represent stages I–VI gonads; Numbers “1,” “2,” “3” at the back refer to the parallel groups of experiments. Water temperature refers to the 
water temperature when the sample is collected. If the lower case letters behind the temperature are not the same, it means that the temperature 
difference is significant

Group name Total length/
mm

Weight/g Number Water tem-
perature/℃

Group name Total length/
mm

Weight/g Number Water 
tempera-
ture/℃

F11 17.88 ± 0.93 62.02 ± 2.01 15 30 ± 0.4a M11 17.56 ± 0.69 55.85 ± 1.47 15 30 ± 0.4a
F12 17.69 ± 0.78 61.13 ± 1.97 15 M12 17.83 ± 0.81 56.65 ± 1.36 15
F13 17.67 ± 0.82 60.78 ± 2.13 15 M13 17.74 ± 0.72 56.43 ± 1.43 15
F21 30.63 ± 2.21 319.55 ± 9.46 15 27 ± 0.7b M21 32.65 ± 2.13 221.30 ± 7.95 15 27 ± 0.7b
F22 30.93 ± 2.32 320.76 ± 9.65 15 M22 33.02 ± 2.62 222.05 ± 8.13 15
F23 30.02 ± 2.97 320.06 ± 9.14 15 M23 32.96 ± 2.32 221.64 ± 7.55 15
F31 41.15 ± 2.98 763.49 ± 35.04 15 20 ± 1.1c M31 36.48 ± 2.46 501.62 ± 27.72 15 19 ± 0.9c
F32 41.52 ± 2.75 764.39 ± 36.42 15 M32 36.25 ± 2.37 504.40 ± 28.57 15
F33 41.05 ± 3.03 761.04 ± 37.18 15 M33 36.62 ± 2.55 505.66 ± 28.53 15
F41 42.24 ± 3.33 850.08 ± 34.25 15 22 ± 0.8c M41 37.78 ± 3.02 523.33 ± 30.71 15 20 ± 1.3c
F42 42.18 ± 3.56 829.85 ± 33.67 15 M42 37.45 ± 3.27 520.67 ± 30.59 15
F43 42.25 ± 3.41 849.55 ± 33.85 15 M43 37.63 ± 3.54 522.68 ± 31.12 15
F51 42.96 ± 3.62 910.34 ± 34.77 15 26 ± 1.6b M51 40.03 ± 2.94 556.26 ± 30.18 15 26 ± 1.6b
F52 42.37 ± 3.73 903.64 ± 34.76 15 M52 39.96 ± 2.98 553.48 ± 31.26 15
F53 42.65 ± 3.55 911.32 ± 33.88 15 M53 40.10 ± 2.60 555.35 ± 31.28 15
F61 42.98 ± 3.87 932.62 ± 32.58 15 30 ± 0.5a M61 40.11 ± 3.04 566.80 ± 32.62 15 30 ± 0.5a
F62 43.07 ± 3.46 947.24 ± 32.74 15 M62 40.03 ± 3.11 567.57 ± 33.75 15
F63 43.02 ± 3.56 938.65 ± 33.25 15 M63 40.12 ± 2.99 565.79 ± 32.82 15
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16S rRNA gene sequence and statistical analysis

After revealing the overlapping relationship between 
paired-end reads (Gregory et al. 2010), FLASH v1.2.7, 
Trimmomatic v0.33, and UCHIME v4.2 software were 
used to conduct quality filtering of the reads and the 
stitching effect, and finally, effective tags were obtained. 
The deblur (Amnon et al. 2017) method recommended by 
Qiime2 (Evan et al. 2019) was used for denoising analy-
sis of sequences and generating feature tables. Species 
annotation was performed using the Silva 132 database 
(Release132, http://​www.​arb-​silva.​de) (Christian et al. 
2013; Pelin et al. 2014). Alpha diversity index analysis 
(http://​www.​mothur.​org/) included Chao1 (considering 
only the number of species) and Shannon (considering 
both the number of species and the abundance of each 
species), and t test in R language was used for significant 
difference analysis. β-diversity analysis was performed 
the sample principal coordinate analysis (PCoA). Spe-
cies with significant differences in the abundance changes 
between groups and determined the significance of dif-
ferences in community structure among different groups 
were analyzed by Linear discriminant analysis Effect Size 
(LEfSe) (Nicola et al. 2011).

Results

Amplicon sequence variants (ASV) analysis results

A total of 3,260,835 effective reads were detected in all 
samples, including 1,832,185 reads in the female intesti-
nal flora and 1,428,650 reads in the male intestinal flora. A 
total of 2,023,868 high-quality reads were obtained through 
quality control and filtration, including 1,134,994 from the 
female intestinal flora and 888,874 from the male intesti-
nal flora. After denoising and chimerization of tags, 753 
ASVs were obtained in the female intestinal flora and 1156 
ASVs in the male intestinal flora. After filtering the ASVs 
with abundance < 1‰ in the characteristic table, the com-
mon number of ASVs in the same sex at different stages 
of gonad development was analyzed (Fig. 2). A total of 85 
ASVs were obtained from females, among which 59 ASVs 
were obtained from females at all stages, and the residual 
ASVs are unique to each gonadal development stage. A 
total of 119 ASVs were obtained from males, among which 
32 ASVs were obtained at all stages, and 34 ASVs were 
obtained at stage I to V, while the stage VI own four unique 
ASVs. The rarefaction and Shannon curves indicated that 
the sequencing depth was sufficient (Online Resource 1), 
and the cumulative species curve indicated that the sample 
size was sufficient (Online Resource 2).

Fig. 2   The common number of ASVs at different stages of gonadal 
development. The values on the picture are the number of ASVs 
contained in the sample. The number of common and unique ASVs 

between samples was displayed, and the coincidence of ASVs 
between samples was intuitively shown

http://www.arb-silva.de
http://www.mothur.org/
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General characteristics of intestinal microbiota

A total of 23 phyla and 348 genera were identified in all 
samples. The dominant flora were Proteobacteria (45.68%), 
Fusobacteria (20.75%), Firmicutes (13.86%), Actinobacteria 
(6.1%), and Chloroflexi (6.07%), accounting for 92.46% of 
the total bacteria. At the genus level, the dominant bacteria 
were Cetobacterium (20.72%), Klebsiella (20.02%), Rhizo-
biales, (4.65%), Rhodobacteraceae, (3.2%), and Clostridium 
(2.77%), which accounted for 51.36% of the total flora.

A total of 17 phyla were identified in the female samples, 
and 22 phyla were identified in the male samples (Fig. 3). 
At each gonadal development stage, the dominant bacterial 
species did not change significantly, and included Proteobac-
teria, Firmicutes, Actinobacteria, Fusobacteria, Chloroflexi, 
Verrucomicrobia, and Bacteroidetes. The lower level was 
primarily composed of several groups under Cetobacterium 
and Gammaproteobacteria (Online Resource 3).

Difference of intestinal microflora in different 
gonadal development stages of P. pekinensis

The α-diversity and β-diversity indices of the intestinal 
inclusions of females and males were analyzed, respec-
tively. The results showed that there were differences in the 
intestinal microflora structure between males and females at 
different stages of gonad development. There was a signifi-
cant difference in the number of bacterial species between 
stages II and III in the microflora of the female intestinal 
tract (Fig. 4a, P = 0.023). There were significant differences 
in bacterial diversity between stage I and II, and between 
stage II and stage III (Fig. 4b, P = 0.015; P = 0.014), and the 
differences of bacterial diversity between stage II and VI 
were significant (Fig. 4b, P = 0.009). In terms of the micro-
flora of the P. pekinensis intestinal tract, the species numbers 
of stage I and stage IV were significantly different (Fig. 4c, 
P = 0.023), and the species numbers of stage IV and stage VI 

were significantly different (Fig. 4c, P = 0.002). The diver-
sity of bacteria in stage IV and VI was significantly different 
(Fig. 4d, P = 0.0003). PCoA also showed significant sepa-
ration between the groups (Fig. 5a, female; Fig. 5b, male), 
which indicated that there were differences in the microbiota 
of P. pekinensis intestines between males and females at dif-
ferent gonad development stages.

LEfSe (log10 ≥ 2.0) analysis showed that the specific 
microflora of stage I gonad development in female P. peki-
nensis were mainly Lactobacillales and Acidobacteriota 
(Fig. 6). The specific flora of stage II were Desulfobulbales, 
Acidimicrobiia, Gammaproteobacteria, and Acidobacteria. 
The specific flora of stage IV were Bdellovibrionota, Gam-
maproteobacteria, and Synechococcales. The specific flora 
of stage VI were Bacillales, Pseudomonadales. There was no 
significant difference in flora between stage III and V. The 
intestinal specific microflora of the stage I gonads in male 
P. pekinensis were Pseudomonadales, Proteobacteria, and 
Cyanobacteria (Fig. 7). The specific flora of stage II were 
Clostridia, α-proteobacteria, and Erysipelotrichales. The 
specific flora of stage III were Gammaproteobacteria and 
Fusobacteriales. The specific flora of stage IV were Plancto-
mycetes, Verrucomicrobiae, and α-proteobacteria. The spe-
cific flora of stage V were Cytophagales, α-proteobacteria, 
Micrococcales, Acidimicrobiia, Acidobacteriota, and Ver-
rucomicrobiae. The specific flora of stage VI were Nitros-
pirales, Clostridia, Gammaproteobacteria, Actinomycetales, 
Chloroflexales and Lactobacillales.

Discussion

The intestinal microbiota structure of P. pekinensis

Our study showed that Proteobacteria, Fusobacteria, Fir-
micutes, and Actinobacteria were the dominant microflora 
in P. pekinensis, which is typical of herbivorous fishes 

Fig. 3   Intestinal microflora analysis results of female (bar chart on the left) and male (bar chart the right) P. pekinensis (top 15 bacteria at the 
phylum level)
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(Wu et al 2012; Ni et al 2014). However, typical bacterial 
species in the intestinal tract of omnivorous fishes (Kes-
sel et al. 2011; Wang et al 2018), such as Chloroflexi, 
Verrucomicrobia, and Bacteroidetes were second only to 
the four microflora mentioned above, and the combined 
proportion of these three microflora was 10.86%, simi-
lar to the tendency of omnivores. In addition, the highest 
abundance (20.72%) of Cetobacterium, a typical bacte-
rial species in the intestinal tract of carnivorous fish, also 

indicates a tendency to demand protein and fat (Yukgeh-
naish et al. 2020).

Hailong et al. (2021) studied the differences in the intes-
tinal microflora of P. pekinensis among the Jingjiang section 
of the Yangtze River, the suburban rivers of Jingjiang, and 
circulating aquaculture. The results showed that 13 phyla 
and 201 genera were identified from the specimens of P. 
pekinensis intestines, which were dominated by Fusobac-
teria (39%), Firmicutes (29.79%), Proteobacteria (13.68%), 

Fig. 4   Difference box chart; According to Chao1 and Shannon index analysis, a and b were female, while c and d were male (three mixed sam-
ples, statistically significant differences are indicated, P < 0.05)
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Actinobacteria (12.05%), and Cyanobacteria (3.13%), 
accounting for 97.65% of the total bacteria. This is essen-
tially the same as the results of this study. The reason for the 
difference in the dominant bacteria proportion in the two 

experiments may be the individual differences in age, size, 
and sex (Carla et al. 2019; Jiang et al. 2020). The experimen-
tal fish selected in the present study included female fish and 
male fish from 1 to 2 years old, while only the 2-year-old 

Fig. 5   PCoA of intestinal flora at every stage of gonadal development; a is the female, b is the male (analysis based on bray Curtis algorithm, the 
closer the samples were, the more similar the species composition was)

Fig. 6   Analysis of different 
species of intestinal flora at 
different stages of gonadal 
development (for female), 
significantly discriminative taxa 
with absolute LDA score ≥ 2.0
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Fig. 7   Analysis of different 
species of intestinal flora at 
different stages of gonadal 
development (for male), signifi-
cantly discriminative taxa with 
absolute LDA score ≥ 2.0
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female fish were selected by Hailong et al. (2021), including 
the cultured population. In addition, it is possible that the 
analysis methods were different. In this study, the Amplicon 
Sequence Variants (ASV) method, rather than the opera-
tional taxonomic units (OTU) method, was used to analyze 
and annotate the sequences. ASVs are also commonly used 
for the analysis of microbial communities (Evan et al. 2019; 
Knight et al. 2018). Compared with OTU clustering, they 
both have advantages and disadvantages. The OTU cluster-
ing method can effectively overcome sequencing errors (i.e., 
discarding some sequencing errors by selecting representa-
tive sequences), but this method reduces the accuracy of 
classification, and some sequences below the set threshold 
cannot be accurately distinguished. ASV does not cluster 
sequences based on the distance threshold, which is equiva-
lent to clustering at the level of 100% similarity, but at the 
same time increases the risk of single genomes splitting into 
separate clusters (Schloss 2021). Overall, compared with the 
OTU method, tags are merged and divided at a 97% similar-
ity level, and the ASV method has a more comprehensive 
analysis, so more categories are identified.

It is worth noting that although all the fish collected in 
this experiment come from the water within 1 km and their 
living environment is basically the same, there are signifi-
cant differences in water temperature due to different col-
lection periods. This cannot be completely avoided in this 
experiment. We must follow the natural development of the 
P. pekinensis in the wild. However, temperature may also be 
a factor in the structural changes of P. pekinensis intestinal 
microflora, but this does not affect the purpose of this study. 
Many experiments have shown that water will not change 
the structure of the inherent intestinal flora of healthy fish, 
let alone the feeding characteristics of fish (Nayak 2010; 
Wang et al. 2018; Yukgehnaish et al. 2020). We have con-
centrated the collection period as much as possible to reduce 
the temperature difference. At the same time, we mixed the 
samples to eliminate individual differences. The objective 
of our experiment was to understand the structural changes 
of intestinal microflora of fish at different gonad develop-
ment stages, and to infer the characteristics of the nutritional 
requirements of P. pekinensis.

Characteristics of intestinal flora at different 
stages of P. pekinensis gonadal development 
and speculation of their nutritional needs

The nutritional requirements of fish are closely related to 
their developmental stage, and the requirement for nutrients 
in late gonad development is much higher than that in the 
growth stage (Huang et al. 2009). The fertility and quality 
of sperm and ovum of parent fish can be directly affected 
by the nutritional storage of the parent fish. For example, 
feeding on a low-protein and high-fat diet can reduce the 

reproductive performance of Oncorhynchus mykiss (Wata-
nabe et al. 1984). Dietary balance of essential amino acids 
can promote the synthesis of vitelloprotein in Sparus aurata 
(Tandler, et al. 1995). The egg viability of parent sea bass 
decreases with a decrease in dietary protein level (Joan, et al. 
1994). The fecundity of Xiphophorus helleri parents also 
decreases with a decrease in dietary protein level (Chong, 
et al. 2004). Conversely, fish nutrient storage is related 
to the food they eat along with depending on the size of 
their digestive capacity. Many studies have confirmed the 
important function of intestinal flora in food digestion and 
nutrient absorption in fish. It is generally believed that the 
impact of fish intestinal flora on the host nutrition is via 
flora metabolism, which works in cooperation with the host 
itself. When the host cannot effectively digest substances 
itself, such as cellulose, aliens, biomass, etc., this material 
can instead become the energy source of intestinal flora, as 
it can effectively break down these substances. The resulting 
metabolites happen to be a digestible energy source for the 
host fish. The ability of herbivorous fish to digest cellulose is 
highly dependent on the help of intestinal flora (Kessel et al. 
2011), and Pseudomonas fluorescens and Pseudomonas 
putida are the main decomposition forces of heteromorphic 
biomass (Austin et al., 1995). Therefore, it is very important 
to analyze the structure of intestinal flora in the study of fish 
nutrition, especially the feeding characteristics of herbivo-
rous and omnivorous fish.

In stage I, Proteobacteria, Actinobacteria, Firmicutes, 
etc., were the dominant bacteria in the intestinal tracts of 
both female and male P. pekinensis, suggesting that the 
early stage of development of P. pekinensis may be mainly 
herbivorous. During stage II, the proportion of Proteo-
bacteria decreased significantly, from 73.09 to 38.85% in 
females and from 52.09 to 20.73% in males. The propor-
tion of Actinobacteria decreased while that of Firmicutes 
and Fusobacteria increased, especially Clostridium and 
Cetobacterium, indicating that P. pekinensis maybe no 
longer a typical herbivorous fish. They initially showed 
the need for fat and protein. Clostridium is also a com-
mon flora in fish intestines, and plays an important role in 
the synthesis of propionate, short-chain fatty acids, and 
butyrate (Eichmiller et al. 2016). In stage III, the highest 
proportion of the intestinal tract changed into Fusobacteria 
Cetobacterium (in females, this accounted for 68.32% and 
in males it accounted for 56.39%). Proteobacteria once 
again became the second-most dominant community, 
which may indicate that the need for protein and fiber of P. 
pekinensis are equally important during the rapid growth 
phase, while the decrease in Firmicutes indicates a slight 
decrease in the need for fat. At stage IV, Proteobacteria 
again became the most dominant flora, with Fusobacteria 
Cetobacterium ranking second in the female intestine and 
significantly decreasing in the male intestine (from 56.39 
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to 2.74%). This indicates that there are differences between 
male and female feeding habits at this stage. To ensure a 
reserve of nutrients, as well as reproductive performance, 
female fish require a high protein intake. Meanwhile the 
male fish turn from herbivores towards omnivores (Ver-
rucomicrobia significantly increased). During stage V, 
Fusobacteria in female P. pekinensis again ranked first 
(43.45%), followed by Proteobacteria (37.9%), followed by 
Firmicutes (12.88%). This period was the breeding period 
for female fish, we found that their stomachs and intestines 
were always full through dissection. So, we hypothesized 
that female fish do not stop eating during reproduction, 
and their diet is still dominated by high-protein, cellulose, 
and fat-rich feed. The intestinal flora distribution of male 
fish was uniform at this stage; Proteobacteria accounted 
for the highest proportion, followed by Firmicutes, Chloro-
flexi, etc. Their stomachs and intestines were also mostly 
empty, indicating that there is no specific demand for food, 
which may also indicate a reduction in food intake dur-
ing reproduction. In stage VI, the largest proportion of 
intestinal bacteria in male and female fishes changed into 
Proteobacteria again (78.55 and 67.94%, respectively), fol-
lowed by Firmicutes and Actinobacteria, indicating that P. 
pekinensis at this stage had gradually changed into typical 
herbivorous fish.

In addition, LEfSe analysis found that Gammaproteo-
bacteria appeared frequently as a specific strain in the mid-
dle and late gonad development, which may be caused by 
high chemical oil pollution in water. Scholars also found 
this phenomenon in the intestinal flora of southern flatfish 
(Yukgehnaish et al. 2020). Our sampling site is home to 
several shipyards, chemical plants, and a large gas station 
for ships, resulting in a certain amount of oil pollution in 
the water.

Admittedly, there are hundreds of species of bacteria in 
each phylum, and not all of them perform a single physi-
ological function in the host. Therefore, the present study 
only discussed the nutritional preferences or general trends 
in the development of P. pekinensis at each stage from a 
macroscopic perspective, and provided a reference for the 
development of feeds for P. pekinensis. Their specific dietary 
requirements need to be verified further.
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