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A high abundance of Firmicutes 
in the intestine of chinese mitten crabs (Eriocheir 
sinensis) cultured in an alkaline region
Weibing Guan, Kui Li, Shuang Zhao and Kejun Li*   

Abstract 

The Chinese mitten crab (Eriocheir sinensis) is a popular aquaculture product in East Asia, especially in China. In the last 
decade, rice–crab co-culture has rapidly expanded in China. Under this model, crabs are raised in rice fields instead 
of in traditional aquaculture ponds. In this study, we cultured two varieties of Chinese mitten crabs (Changjiang and 
Liaohe) in an alkaline region in northwest China and used Illumina MiSeq sequencing to compare the intestinal 
bacterial alpha diversity and community structure between traditional and co-culture aquaculture models, between 
two crab varieties, and between female and male crabs. Significant variations in intestinal bacterial communities 
were found between crab varieties and between female and male crabs but not between aquaculture models. These 
results show that rice–crab co-culture operations did not obviously impact the crab intestinal bacterial community 
compared with traditional pond aquaculture. Firmicutes was the most abundant bacterial phylum in the crab intes-
tines (78%, relative abundance). Three dominant operational taxonomic units (OTUs) represented 73.2% of Firmicutes 
sequences and 56.8% of all sequences. A dominant OTU assigned as Firmicutes that was negatively correlated with 
crab body length, width, and weight was found in the source water for the experimental area. The results of this study 
suggest that the aquaculture of Chinese mitten crabs in alkaline regions requires more study to improve cultivation 
techniques.
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Introduction
The Chinese mitten crab (Eriocheir sinensis) is a popu-
lar aquaculture product in East Asia. Traditionally, this 
crab is farmed in aquaculture ponds or natural lakes, 
but culture in rice fields has been encouraged in the 
last decade. rice–crab co-culture is an ecological breed-
ing model which is environmentally sustainable and can 
have economic benefits (Zhao et al. 2020). This model is 
an integration of crop farming and crab aquaculture, thus 
researchers have studied the potential negative effects on 
aquaculture animals of fertilizers and pesticides used for 
plants and feed supplements used for animals (Li et  al. 

2021; Song et al. 2019). In alkaline regions in northwest 
China, rice–crab co-culture is being developed, but the 
impacts of alkalinity on Chinese mitten crab aquaculture 
remains unclear.

Intestinal bacteria are important for digestion and 
immunity in host animals. Intestinal bacteria have gained 
increasing attention in recent decades, and their biodi-
versity and community structure in different host species 
and under different conditions have been widely studied. 
A number of studies have shown that many factors affect 
the intestinal bacteria in Chinese mitten crabs (Ding et al. 
2017; Dong et al. 2018). For example, Wang et al. (2019) 
reported that the gut microbiota diversity index in crabs 
decreased continuously with age and the effect of envi-
ronmental microorganisms on the intestinal microbes 
gradually decreased as culture time increased. The 
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microbial assemblages in the same tissues share a greater 
similarity than those from crabs of different sex and those 
that are fed different diets (Ma et al. 2021). Glyphosate, 
one of the most widely used pesticides, significantly 
decreased the diversity of crab gut microbiota while sig-
nificantly increasing the taxonomic richness of Bacteroi-
detes and Proteobacteria (Yang et  al. 2019). Ammonia 
nitrogen significantly decreased the relative abundance of 
Bacteroidetes in the crab gut (Yang et al. 2021).

The three varieties of Chinese mitten crabs in China are 
the Changjiang, Liaohe, and Oujiang, which originated 
from Changjiang, Liaohe, and Oujiang rivers respectively. 
The Changjiang variety is the representative Chinese mit-
ten crab, with fast growth and a shiny carapace, and most 
studies of Chinese mitten crabs have focused on this vari-
ety. The Liaohe variety is mostly cultured in north China, 
and it is characterized by a thick carapace and better 
cold tolerance. The Oujiang variety is relatively small 
and rarely farmed. In addition to crab size, the degree of 
gonad and hepatopancreas development is an important 
factor in determining price, and female crabs are usually 
more popular with consumers.

In this study, we compared the intestinal bacterial pre-
sent in Chinese mitten crabs (Changjiang and Liaohe, 
female and male) farmed in aquaculture ponds and rice 
fields to determine the impact of the co-culture on the 
intestinal bacteria. Results of this study provide a scien-
tific basis for the development of co-culture technology, 
which is rapidly expanding in China.

Materials and methods
Experimental area
One established aquaculture-agriculture farm (106.36222 
E, 38.62176 N) in an alkaline region in northwest China 
was used for the purposes of this study. The inflow water 
for each pond came from the Yellow River via canals. The 
outflow water from each pond was collected and used 
as irrigation for the rice fields. Sometimes the rice fields 
were also irrigated using Yellow River water. The Changji-
ang and Liaohe varieties of the Chinese mitten crab were 
raised in rice fields and also in aquaculture ponds, with 
the latter serving as the control. Water depth was approx-
imately 10 cm for rice fields and 2.0–2.5 m for aquacul-
ture ponds. Along the edge of each rice field, a circular 
groove with depth of approximately 50  cm and width 
of 2  m was excavated to provide shelter for the crabs 
when the water was too shallow in the rice fields. Two 
crab varieties were introduced into separate fields and 
ponds in March and April of 2020 at a stocking density 
of 70  kg per hectare in rice fields and 200  kg in ponds, 
with approximately 11 and 18  g per individual for the 
Liaohe and Changjiang varieties, respectively, according 
to local aquaculture methods. Rice was planted in early 

May. After planting, the crabs were fed with artificial 
compound feed (H201, Shuangyu, Liaoning, China), with 
a pellet size of 1.6 mm, that contained 38% crude protein, 
18% crude ash, 12% crude fiber, 4% crude fat, 18% crude 
ash, 1% total phosphorus, 1.8% lysine, and 13.5% water. 
The crabs were harvested in September.

Environmental analysis of the experimental area
Four aquaculture ponds and five rice–crab fields were 
randomly chosen for analysis of water quality in the 
experimental area from July to September of 2020, once 
a month. From the central site of each pond or field, alka-
linity, phosphate, ammonia nitrogen (ammonia–N), and 
nitrite nitrogen (nitrite–N) content were measured once 
a month following Chinese National Environmental Pro-
tection Standards. Additionally, pH, dissolved oxygen 
content, temperature, and salinity were measured in situ 
using water quality instruments (Pocket Pro+ and HQ40, 
Hach, Loveland, CO, USA).

For the environmental bacteria survey, three aquacul-
ture ponds, three rice fields, and four sites in the canal 
system (between ponds and fields) were sampled twice 
with a 2-week interval and the source water in the water 
inlet for the farm was sampled three times with a one-
week interval in August of 2020. The 500 ml of water col-
lected for each sample were filtered using a 5  μm pore 
filter and then a 0.22  μm pore filter. The 0.22  μm pore 
filters were then enclosed in sterile centrifuge tubes and 
stored at − 80 °C for later analysis.

Soil from the central site of six rice fields with areas 
ranging from 1.9 to 4.3 hm2 was sampled once in August 
of 2020 from 5 cm below the mud surface using a tubu-
lar stainless steel soil sampler. The outer layer of soil from 
each sample was removed using a sterile lancet, and the 
core soil was well mixed. For each sample, a 1 g aliquot 
of the core soil was reserved for subsequent analysis. All 
samples were stored in sterile centrifuge tubes at − 80 °C 
until subsequent analysis. In total, 23 water samples and 
6 soil samples were collected.

Intestinal bacteria sample collection
Crabs from six areas in rice fields and two aquaculture 
ponds were used to assess the intestinal bacteria assem-
blage. In total, 80 intestinal bacteria samples were col-
lected in August of 2020. Additional file  1: Table  S1 
provides details about the study area and the yields of 
crab and rice in 2020. In each pond and field, five female 
crabs and five male crabs were randomly chosen for 
intestinal content sample collection. The length, width, 
weight, and wet weight of the carapace, gonad, and 
hepatopancreas were measured for each crab (n = 80, 
Additional file 2: Table S2). A sterile surgical lancet and 
scissors were used to rapidly kill the crabs and remove 
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the whole intestinal tract. Sterile tweezers were used to 
squeeze the intestinal contents into sterile 1.5-ml cen-
trifuge tubes. The intestinal contents in the centrifuge 
tubes were stored at −  80  °C until subsequent analy-
sis. All experiments involving animals were performed 
in accordance with protocols approved by the Animal 
Care and Use Committee of Shanghai Ocean University 
(Approval ID: SHOU-DW-2020-058).

16 S rRNA gene sequencing
Bacterial community genomic DNA was extracted using 
the E.Z.N.A.® soil DNA Kit (Omega Bio-tek, Norcross, 
GA, USA). Using the primers 338  F and 806R (Srini-
vasan et  al. 2012) with barcodes, the V3–V4 region of 
the bacterial 16  S rRNA gene was amplified using an 
ABI GeneAmp® 9700 PCR thermocycler (ABI, Carlsbad, 
CA, USA). DNA amplification was unsuccessful for one 
sample (X37). PCR reactions were performed in tripli-
cate. The PCR product was extracted from agarose gel, 
purified, and quantified. Purified amplicons from same 
sample were pooled in equal amounts molar and pair-
end sequenced (2 × 300) on an Illumina MiSeq platform 
(Illumina, San Diego, CA, USA). In this study, opera-
tional taxonomic units (OTUs) with a 97% similarity cut-
off were clustered using Uparse v. 7.1. (Edgar 2013). The 
taxonomy of each OTU representative sequence was ana-
lyzed against the Silva v 138 16 S rRNA database (Quast 
et  al. 2013). Shannon and Simpson indexes were used 
to identify bacterial alpha diversity, and Good’s cover-
age was calculated to characterize the sequencing depth 
using Mothur v.1.30.2 (Schloss et al. 2009). Details about 
16  S rRNA sequencing, raw read processing, and OTU 
clustering are provided in a previous paper (Bao et  al. 
2021). Representative sequences of the OTUs from differ-
ent libraries were aligned using the BLAST tool (https://​
blast.​ncbi.​nlm.​nih.​gov/​Blast.​cgi). Sequences from 79 

intestinal samples and 29 environmental samples were 
also pooled and clustered to detect some certain OTUs, 
using Uparse.

Sequence submission and statistical analysis
The raw 16 S rRNA gene sequences obtained in this study 
have been submitted to the NCBI Sequence Read Archive 
database (https://​submit.​ncbi.​nlm.​nih.​gov/​subs/​sra/) 
under the accession number SRP325796. Statistical anal-
ysis was carried out using R version 3.3.1 (The R Founda-
tion, Vienna, Austria) and SPSS 18.0 (IBM, Armonk, NY, 
USA). Inter-group variations were detected using analy-
sis of similarities (R vegan package). Significance levels of 
differences between sample groups were detected using 
Student’s t-test and Wilcox rank-sum test (R stats pack-
age). Venn diagram analysis (R VennDiagram package) 
was used to reveal the numbers of opportunistic and core 
bacterial OTUs. The correlation between intestinal bac-
teria and body parameters was evaluated using Spear-
man correlation heatmap analysis (R pheatmap package). 
Analysis of variance (SPSS) was performed to compare 
the measured parameters of crabs. The independent-
sample t-test (SPSS) was used to detect significant dif-
ferences of water quality parameters between the two 
aquaculture systems.

Results
Comparison of body parameters of Chinese mitten crabs
Additional file  2: Table  S2 lists the measured body 
parameters of the 80 crabs. The average body weight 
of the sampled crabs was 57.9 ± 12.9  g for the Liaohe 
variety and 72.3 ± 23.0  g for the Changjiang variety 
(Fig. 1). The Changjiang variety was 14.4 g heavier than 
the Liaohe variety, whereas the difference in weight was 
approximately 7 g heavier at the beginning of the experi-
ment. Body length (P = 0.018), body width (P = 0.014), 

Fig. 1  Body length, width, and weight and wet weight of the carapace, gonad, and hepatopancreas of the sampled Chinese mitten crabs cultured 
in rice fields and aquaculture ponds. Field and pond, crabs cultured in rice fields and aquaculture ponds; Liaohe and Changjiang, two varieties of 
Chinese mitten crab

https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://submit.ncbi.nlm.nih.gov/subs/sra/
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body weight (P = 0.017), and carapace weight (P = 0.006) 
were significantly higher in the Changjiang variety than 
in the Liaohe variety. Body weight (P = 0.001) and cara-
pace weight (P < 0.001) were significantly higher in male 
crabs, but gonad weight (P < 0.001) and hepatopancreas 
weight (P = 0.024) were higher  in female crabs. Length 
(P = 0.001), width (P = 0.001), body weight (P = 0.006), 
and carapace weight (P = 0.001) of rice field-raised crabs 
was significantly higher than those of pond-raised crabs. 
These results indicate that rice-field culture is beneficial 
to the growth of Chinese mitten crabs in alkaline regions.

Comparison of intestinal bacteria in Chinese mitten crabs
Following Illumina MiSeq sequencing, 4.6 million valid 
sequences were obtained from 79 intestinal samples. 
After sub-sampling, 30,511 sequences from each sam-
ple were used in subsequent analysis. From these sub-
sampled libraries, a total of 5056 OTUs were obtained. 
Good’s coverage values of all samples were greater than 
98%, which means that the sequencing depth was suffi-
cient to analyze the bacterial communities (Additional 
file  2: Table  S2). The rarefaction curves also illustrated 
that more sequences would not substantially increase 
the number of OTUs (Additional file  6: Fig. S1). The 
results of Student’s t-test of Shannon and Simpson 
indexes revealed that there were no significant varia-
tions were found between crab varieties, between female 
and male crabs, and between pond-raised and rice field-
raised crabs. Comparing bacterial communities between 
sample groups, the results of analysis of similarities at 
the OTU level showed that significant variations were 
found between crab varieties (R = 0.054, P = 0.002) and 
between female and male crab (R = 0.026, P = 0.04), 
but not between aquaculture ponds and rice fields (P 
= 0.39). Even with the same variety and sex, the varia-
tions between aquaculture ponds and rice fields were also 
not significant (P > 0.05). The low R values indicate that 
grouping has a low explanation degree for inter-sample 
differences. The results revealed that rice–crab co-culture 
did not obviously impact the intestinal bacteria in crabs.

Intestinal bacteria in Chinese mitten crabs cultured 
in an alkaline region
At the phylum level, Firmicutes represented approxi-
mately 78% of all analyzed sequences (Fig.  2), and 
Proteobacteria, Bacteroidetes, Actinobacteria, Cyano-
bacteria, and Patescibacteria represented more than 1% 
of sequences respectively. Results of the Wilcoxon rank-
sum test revealed that of the 15 dominant phyla in intes-
tinal samples, only Verrucomicrobia varied significantly 
between pond-raised and rice field-raised crabs. Further 
analyses showed that Cyanobacteria, Myxococcota, and 
Fibrobacteres varied significantly between the two crab 

varieties, but there were no differences between female 
and male crabs (Additional file  7: Fig. S2). The Venn 
diagram at the OTU level also revealed that core bacte-
rial OTUs dominated the intestines of crabs, except for 
in the Liaohe variety cultured in rice fields (Fig.  3). Of 
the Liaohe crabs cultured in rice fields, male crabs had 
832 exclusive OTUs and female crabs had 326 exclusive 
OTUs. In contrast, there were not more than 96 exclu-
sive OTUs in any single other sample group. The results 
of Spearman correlation analysis showed that the domi-
nant phylum, Firmicutes, was negatively related to body 
width and weight of crabs and wet weight of crab cara-
paces (Fig. 4).

We retrieved the OTUs assigned as Firmicutes from 
the 79 libraries and found that the most dominant OTUs 
were OTU4365, OTU3923, and OTU2976, which repre-
sented 32.4%, 21.4%, and 19.4% of Firmicutes sequences, 
respectively (Additional file  8: Fig. S3). Additionally, 
56.8% of all analyzed sequences were assigned to these 
three Firmicutes OTUs. Additional file  3:  Table  S3 pro-
vides details about the representative sequences. Results 
of Spearman correlation analysis showed that OTU2976 
was negatively related to body length, width, and weight 
of crabs and wet weight of crab carapaces (Additional 
file 9: Fig. S4).

Water quality and environmental bacteria in the alkaline 
experimental area
The results of the independent-sample t-test showed that 
dissolved oxygen content differed significantly between 
the two aquaculture systems. The dissolved oxygen con-
tent was significantly higher (13.86 ± 0.83 mg l−1) in rice 
fields than in ponds (4.7 ± 3.12 mg l−1). The salinity and 
nitrite–N content in ponds were higher than that in rice 
fields, although the values in both settings were relatively 
low. In rice fields and ponds, the salinity content was 0.52 
± 0.13 ppt and 0.6 ± 0.03 ppt; the nitrite–N content was 
0.001 ± 0.002 mg l−1 and 0.173 ± 0.105 mg l−1, respec-
tively. The alkalinity was considerably high, 318 ± 45 mg 
l−1 and 307 ± 116 mg l−1 respectively (Additional file 4: 
Table S4).

After subsampling, 38,296 sequences for each col-
lected environmental sample (23 water samples and 6 
soil samples) were used for analysis. From the 29 sub-
sampled libraries, 6618 OTUs were obtained. Good’s 
coverage values of all samples were > 97.6%, which 
showed that the sequencing depth was sufficient to 
analyze the bacterial communities (Additional file  5: 
Table  S5). At the phylum level, Actinobacteria, Pro-
teobacteria, and Patescibacteria dominated the water 
samples collected in the water inlet for the farm; 
Actinobacteria and Proteobacteria dominated the 
water samples collected in the farm; and Chloroflexi, 
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Actinobacteria, Proteobacteria, and Firmicutes domi-
nated the soil in the rice fields. Firmicutes represented 
approximately 2.5% and 9.9% of sequences from all 29 
samples and from the soil samples respectively (Fig. 5).

Aligning representative sequences of the three domi-
nant Firmicutes OTUs from the crab intestines with the 
OTU representative sequences found in the environ-
ment revealed one OTU from environmental samples 
with similarity of 97.2% with OTU2976. This environ-
mental OTU represented five sequences from the water 
inlet and two sequences from soil and water in the farm. 
After sub-sampling and OTU clustering of Sequences 
from 79 intestinal samples and 29 environmental sam-
ples, 30,458 sequences from each sample were used in 
subsequent analysis and a total of 10,058 OTUs were 
obtained. Comparing the representative sequences, 
one OTU with a 100% similarity with OTU2976 rep-
resented more than 0.36 million of sequences in the 
intestinal samples and two sequences in water samples 
from the canal and inlet. This result suggests that the 

high abundance OTU2976 in crab intestines could have 
originated from the environment, especially the source 
water.

Discussion
Many factors impact the growth of Chinese mitten crabs. 
Compared with aquaculture ponds, rice fields are shallow, 
and shallow water can lead to supersaturated dissolved 
oxygen via photosynthesis by algae (Long et al. 2020). In 
oxygen minimum zones, Seibel et al. (2018) found meta-
bolic suppression in the pelagic crab, Pleuroncodes plan-
ipes. Jia et al. (2018) reported that reactive oxygen species 
sensitized hematopoietic progenitors in Chinese mitten 
crabs to differentiation and played a signaling role in the 
regulation of hematopoietic cell fate. Ambient salinity is 
another critical factor that affects crab culture. Salinity 
can change the lipid composition of adult Chinese mit-
ten crabs after long-term salinity adaptation (Long et al. 
2019), and Qi et  al. (2020) described novel modulation 
of the physiological regulation mechanism in cultured 

Fig. 2  Bacterial community structure of the intestinal sample groups at the phylum level. Field and pond, intestinal bacteria in Chinese mitten 
crabs raised in the rice–crab co-culture system (n = 59) and aquaculture ponds (n = 20); female and male, female and male crabs (n = 40 and 39); 
Liaohe and Changjiang, two varieties of Chinese mitten crab (n = 39 and 40)
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Fig. 3  Venn diagram showing that core bacterial OTUs dominated the intestines of crabs, except for the Liaohe variety cultured in rice fields. The 
latter had more exclusive OTUs than crabs in the other sample groups. Field and pond, intestinal bacteria in Chinese mitten crabs raised in rice fields 
and aquaculture ponds; Liaohe and Changjiang, two varieties of Chinese mitten crab

Fig. 4  Spearman correlation heatmap showing the correlation between 20 dominant phyla and body parameters of sampled crabs. Length, width, 
and weight represent the body length, width, and weight of crabs; carapace, gonad, and hepatopancreas represent the wet weight of the carapace, 
gonad, and hepatopancreas. Firmicutes, the most dominant phylum, was negatively correlated with body width and weight of sampled crabs. 
Positive correlations are shown in red and negative correlations are shown in blue. * P < 0.05; ** P < 0.01
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Chinese mitten crabs in response to consistent salinity 
changes. Dietary structure and composition also signifi-
cantly impact the growth, body composition, immunity, 
and gene expression of Chinese mitten crab (Wei et  al. 
2019a; Lu et al. 2019). However, little is known about the 
effect of alkalinity on intestinal bacteria in Chinese mit-
ten crabs. Because aquaculture of Chinese mitten crabs 
in alkaline regions can improve land utilization efficiency 
and provide a local supply of this aquatic product, it is 
crucial to improve our understanding of the impacts of 
alkalinity on the growth of this species.

Intestinal bacteria in Chinese mitten crabs are influ-
enced by many factors, including drugs and feed addi-
tives (Yang et al. 2019) and pesticides (Hong et al. 2020). 
Studies have shown that the gut microbiome community 
is significantly affected by habitat (Chen et al. 2021) and 
developmental stage (Wang et al. 2019). In this study, we 
found that rice–crab co-culture did not obviously impact 
the intestinal bacteria in crabs relative to traditional pond 
culture. In contrast, Cheng et  al. (2017) found obvious 
differences in the intestinal bacteria community in Chi-
nese mitten crabs (Changjiang) between small rice–crab 
co-culture simulative systems with and without rice 
planting. It is possible that the difference was due to the 
use of aquaculture water with high alkalinity in the pre-
sent study. Some bacteria have strategies to adapt to the 
acidity or alkalinity of the cytoplasm (Nyanga-Koumou 
et  al. 2012). For example, Zhao et  al. (2010) found that 
different functional microbial populations responded 

well to the alkalinity changes in a sulfidogenic bioreac-
tor. In several crater lakes along an alkalinity gradient, 
microbial community structure was correlated with lake 
physicochemical parameters, notably alkalinity (Iniesto 
et al. 2021). Changes in the intestinal bacteria community 
structure reflect the overall health status of host animals, 
and community structure stability is very important 
(Xiong et al. 2015). In the current study, we found no sig-
nificant impacts of rice–crab co-culture operations on 
the intestinal bacteria.

Firmicutes represented 78% of analyzed sequences in 
the current study. Previous studies reported that other 
phyla, such as Proteobacteria, Acidobacteria, and Bacte-
roidetes, dominated the intestinal assemblage of Chinese 
mitten crabs (Shi et al. 2019; Su et al. 2020), fiddler crabs 
(Cuellar-Gempeler and Leibold 2018, 2019), mud crabs 
(Wei et al. 2019b; Lin et al. 2020), and vent crabs (Zhang 
et al. 2017). We also found that Proteobacteria and Bacte-
roidetes dominated wild and pond-raised Chinese mitten 
crabs (Li et al. 2007). In other studies, Tenericutes was the 
most dominant phylum in Chinese mitten crabs (Chen 
et al. 2015; Zhang et al. 2016, Yang et al. 2019). Ding et al. 
(2017) reported a high relative abundance of Firmicutes 
(34.9–35.3%) in Chinese mitten crabs during various 
stages of white spot syndrome virus infection. To the best 
of our knowledge, the high proportion of Firmicutes in 
Chinese mitten crab intestines found in the present study 
has not been previously reported. Most studies of intes-
tinal bacteria in Chinese mitten crabs have focused on 

Fig. 5  Bacterial community structure of five environmental sample groups at the phylum level. Soil, soil bacteria samples from six areas in rice 
fields; source, pond, and field, planktonic bacteria samples collected from the water inlet for the experimental area, from three aquaculture ponds, 
and from three areas in rice fields; canal, planktonic bacteria samples collected from the canal system between aquaculture and rice fields. A higher 
relative abundance of Firmicutes was found in the soil bacteria samples than in the water samples
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crabs cultured in low-alkaline regions such as in eastern 
China, whereas the crabs involved in this study were cul-
tured in an alkaline region in the northwest China.

The normal human gut microbiome consists of two 
major phyla, Bacteroidetes and Firmicutes (Jandhyala 
et al. 2015). Obesity has been associated with an altered 
gut microbiome characterized by elevated levels of Fir-
micutes and depleted levels of Bacteroidetes (Koliada 
et  al. 2017; Riva et  al. 2017). Data also indicate that the 
composition of human intestinal microbiota at the level 
of major microbial phyla significantly differs across age 
groups, and in both sexes the Firmicutes/Bacteroidetes 
ratio tends to increase with age (Vaiserman et al. 2020). 
However, we found that Firmicutes abundance was nega-
tively related to Chinese mitten crab weight in the pre-
sent study. In particular, OTU 2976 dominated the crab 
intestine microbiome and was negatively correlated with 
crab weight. The high proportion of Firmicutes in the 
crab intestine and the effect of Firmicutes on crabs in 
alkaline regions merit further study.

Although rice–crab co-culture is rapidly expanding in 
China, additional research is required to further develop 
this technology. In the current study, we analyzed intes-
tinal bacteria in Chinese mitten crabs raised in an alka-
line region and found a high abundance of Firmicutes. In 
addition, a dominant Firmicutes OTU that was negatively 
correlated with crab weight was also found in the source 
water for the experimental area. These results suggest 
that more studies of intestinal bacteria in Chinese mitten 
crabs cultured in different regions are needed to improve 
cultivation techniques.
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female and male crabs.

Additional file 7: Figure S2. Of the 15 dominant phyla in intestinal sam-
ples, just one phylum varied significantly between the two aquaculture 
models (A), no differences between female and male crabs were detected 
(B), and 3 phyla varied significantly between the two crab varieties (C).

Additional file 8: Figure S3. The community heatmap shows 50 domi-
nant Firmicutes OTUs and their relative abundances. The most dominant 
OTUs were OTU2976, OTU3923, and OTU4365. High relative abundances 
are shown in red and low relative abundances are shown in blue.

Additional file 9: Figure S4. The Spearman correlation heatmap shows 
the correlation between the 50 dominant Firmicutes OTUs and body 
parameters of sampled crabs. OTU2976 was negatively related to body 
length, width, and weight of sampled crabs. Positive correlations are 
shown in red and negative correlations are shown in blue. * P < 0.05; ** P 
< 0.01; *** P < 0.001.

Acknowledgements
We thank Yinchuan Helan Kehai Biotech Co., Ltd. for providing the crabs.

Author’s contribution
KL and WG supported the research and completed the study design. WG, KL, 
and SZ performed the field investigation and sample collection. KL wrote the 
manuscript. All authors read and approved the final manuscript.

Funding
This study was supported by the Shanghai Ocean University Scientific 
Research Project (D-8006-20-0083) and the Key Research and Development 
Project of Ningxia Hui Autonomous Region (2020ZDYF0860).

Availability of data and materials
The data that support the findings of this study are available in the sup-
plementary material of this article. The raw gene sequences obtained in this 
study were submitted to the NCBI Sequence Read Archive database (https://​
submit.​ncbi.​nlm.​nih.​gov/​subs/​sra/) under the accession number SRP325796.

Declarations

Ethics approval and consent to participate
All experiments involving animals were performed in accordance with proto-
cols approved by the Animal Ethics Committee of Shanghai Ocean University 
(Approval ID: SHOU-DW-2020-058).

Consent for publication
The authors agree to publication in the journal.

Competing interests
The authors declare that they have no conflicts of interest.

Received: 24 July 2021   Accepted: 12 October 2021

References
Bao Y, He W, Zhao S, Liu Q, Li K, He P, Li K (2021) Planktonic and sediment 

bacterial communities in an integrated mariculture system. Lett Appl 
Microbiol 72:341–350

Chen X, Di P, Wang H, Li B, Pan Y, Yan S, Wang Y (2015) Bacterial community 
associated with the intestinal tract of Chinese mitten crab (Eriocheir 
sinensis) farmed in Lake Tai, China. PLoS One 10:e0123990

Chen X, Chen H, Liu Q, Ni K, Ding R, Wang J, Wang C (2021) High plasticity 
of the gut microbiome and muscle metabolome of Chinese mitten 
crab (Eriocheir sinensis) in diverse environments. J Microbiol Biotechnol 
31:240–249

Cheng Y, Liu H, Chang D, Zeng Q, Sun Z, Li J (2017) A comparative study of 
microbiota from the intestine of Chinese mitten crab (Eriocheir sinensis) 
and their culture environment, between rice–crab cocultureand crab 
monoculture models. J Shanghai Ocean U 26:682–690

Cuellar-Gempeler C, Leibold MA (2018) Multiple colonist pools shape fiddler 
crab-associated bacterial communities. ISME J 12:825–837

Cuellar-Gempeler C, Leibold MA (2019) Key colonist pools and habitat filters 
mediate the composition of fiddler crab-associated bacterial communi-
ties. Ecology 100:e02628

https://doi.org/10.1186/s13568-021-01301-w
https://doi.org/10.1186/s13568-021-01301-w
https://submit.ncbi.nlm.nih.gov/subs/sra/
https://submit.ncbi.nlm.nih.gov/subs/sra/


Page 9 of 9Guan et al. AMB Expr          (2021) 11:141 	

Ding ZF, Cao MJ, Zhu XS, Xu GH, Wang RL (2017) Changes in the gut microbi-
ome of the Chinese mitten crab (Eriocheir sinensis) in response to White 
spot syndrome virus (WSSV) infection. J Fish Dis 40:1561–1571

Dong J, Li X, Zhang R, Zhao Y, Wu G, Liu J, Zhu X, Li L (2018) Comparative analy-
sis of the intestinal bacterial community and expression of gut immunity 
genes in the Chinese Mitten Crab (Eriocheir sinensis). AMB Express 8:192

Edgar RC (2013) UPARSE: highly accurate OTU sequences from microbial 
amplicon reads. Nat Methods 10:996–998

Hong Y, Huang Y, Wu S, Yang X, Dong Y, Xu D, Huang Z (2020) Effects of 
imidacloprid on the oxidative stress, detoxification and gut microbiota of 
Chinese mitten crab, Eriocheir sinensis. Sci Total Environ 729:138276

Iniesto M, Moreira D, Reboul G, Deschamps P, Benzerara K, Bertolino P, Saghaï 
A, Tavera R, López-García P (2021) Core microbial communities of 
lacustrine microbialites sampled along an alkalinity gradient. Environ 
Microbiol 23:51–68

Jandhyala SM, Talukdar R, Subramanyam C, Vuyyuru H, Sasikala M, Nageshwar 
Reddy D (2015) Role of the normal gut microbiota. World J Gastroenterol 
21:8787–8803

Jia Z, Wang M, Wang X, Wang L, Qiu L, Song L (2018) Transcriptome sequenc-
ing reveals the involvement of reactive oxygen species in the hemat-
opoiesis from Chinese mitten crab Eriocheir sinensis. Dev Comp Immunol 
82:94–103

Koliada A, Syzenko G, Moseiko V, Budovska L, Puchkov K, Perederiy V, 
Gavalko Y, Dorofeyev A, Romanenko M, Tkach S, Sineok L, Lushchak 
O, Vaiserman A (2017) Association between body mass index and 
Firmicutes/Bacteroidetes ratio in an adult Ukrainian population. BMC 
Microbiol 17:120

Li K, Guan W, Wei G, Liu B, Xu J, Zhao L, Zhang Y (2007) Phylogenetic analysis 
of intestinal bacteria in the Chinese mitten crab (Eriocheir sinensis). J Appl 
Microbiol 103:675–682

Li Y, Li L, Yu Y, Hu Q, Li X (2021) Impact of dietary protein content on soil 
bacterial and fungal communities in a rice–crab co-culture system. Front 
Microbiol 12:696427

Lin S, Kong T, Ren X, Li S, Gong Y (2020) Elucidation of gut microbiota in 
mud crab Scylla paramamosain challenged to WSSV and Aeromonas 
hydrophila. Mar Biotechnol 22:661–672

Long MH, Sutherland K, Wankel SD, Burdige DJ, Zimmerman RC (2020) Ebulli-
tion of oxygen from seagrasses under supersaturated conditions. Limnol 
Oceanogr 65:314–324

Long X, Wu X, Zhu S, Ye H, Cheng Y, Zeng C (2019) Salinity can change the lipid 
composition of adult Chinese mitten crab after long-term salinity adapta-
tion. PLoS One 14:e0219260

Lu J, Bu X, Xiao S, Lin Z, Wang X, Jia Y, Wang X, Qin JG, Chen L (2019) Effect of 
single and combined immunostimulants on growth, anti-oxidation activ-
ity, non-specific immunity and resistance to Aeromonas hydrophila in Chi-
nese mitten crab (Eriocheir sinensis). Fish Shellfish Immunol 93:732–742

Ma R, Wang Y, Zhao S, Ma Q, Yin M, Li X, Fang W (2021) Bacterial flora in the 
gill tissues and intestinal tracts of male and female Chinese mitten crabs 
(Eriocheir sinensis) with different diets in a mud pond. Curr Microbiol 
78:2291–2297

Nyanga-Koumou AP, Ouoba LI, Kobawila SC, Louembe D (2012) Response 
mechanisms of lactic acid bacteria to alkaline environments: a review. Crit 
Rev Microbiol 38:185–190

Qi T, Liu J, Zhao P, Ge B, Liu Q, Jiang S, Wang Z, Zhang H, Tang B, Ding G, Zhang 
D (2020) A novel modulation of physiological regulation in cultured 
Chinese mitten crab (Eriocheir japonica sinensis) in response to consistent 
salinity changes. Gene 756:144914

Quast C, Pruesse E, Yilmaz P, Gerken J, Schweer T, Yarza P, Peplies J, Glöckner FO 
(2013) The SILVA ribosomal RNA gene database project: improved data 
processing and web-based tools. Nucleic Acids Res 41:D590–D596

Riva A, Borgo F, Lassandro C, Verduci E, Morace G, Borghi E, Berry D (2017) Pedi-
atric obesity is associated with an altered gut microbiota and discordant 
shifts in Firmicutes populations. Environ Microbiol 19:95–105

Schloss PD, Westcott SL, Ryabin T, Hall JR, Hartmann M, Hollister EB, Lesniewski 
RA, Oakley BB, Parks DH, Robinson CJ, Sahl JW, Stres B, Thallinger GG, 
Van Horn DJ, Weber CF (2009) Introducing mothur: open-source, 

platform-independent, community-supported software for describ-
ing and comparing microbial communities. Appl Environ Microbiol 
75:7537–7541

Seibel BA, Luu BE, Tessier SN, Towanda T, Storey KB (2018) Metabolic sup-
pression in the pelagic crab, Pleuroncodes planipes, in oxygen minimum 
zones. Comp Biochem Physiol B 224:88–97

Shi L, Jin M, Shen M, Lu C, Wang H, Zhou X, Mei L, Yin S (2019) Using Ipomoea 
aquatic as an environmental-friendly alternative to Elodea nuttallii for the 
aquaculture of Chinese mitten crab. PeerJ 7

Song C, Zhang J, Hu G, Meng S, Fan L, Zheng Y, Chen J, Zhang X (2019) Risk 
assessment of chlorantraniliprole pesticide use in rice–crab coculture 
systems in the basin of the lower reaches of the Yangtze River in China. 
Chemosphere 230:440–448

Srinivasan S, Hoffman NG, Morgan MT, Matsen FA, Fiedler TL, Hall RW, Ross FJ, 
McCoy CO, Bumgarner R, Marrazzo JM, Fredricks DN (2012) Bacterial com-
munities in women with bacterial vaginosis: high resolution phylogenetic 
analyses reveal relationships of microbiota to clinical criteria. PLoS One 7

Su S, Munganga BP, Du F, Yu J, Li J, Yu F, Wang M, He X, Li X, Bouzoualegh R, 
Xu P, Tang Y (2020) Relationship between the fatty acid profiles and gut 
bacterial communities of the Chinese mitten crab (Eriocheir sinensis) from 
ecologically different habitats. Front Microbiol 11:565267

Vaiserman A, Romanenko M, Piven L, Moseiko V, Lushchak O, Kryzhanovska 
N, Guryanov V, Koliada A (2020) Differences in the gut Firmicutes to Bac-
teroidetes ratio across age groups in healthy Ukrainian population. BMC 
Microbiol 20(1):221

Wang C, Zhou Y, Lv D, Ge Y, Li H, You Y (2019) Change in the intestinal bacterial 
community structure associated with environmental microorganisms 
during the growth of Eriocheir sinensis. Microbiologyopen 8:e00727

Wei B, Yang Z, Cheng Y, Wang J, Zhou J (2019a) Effects of the complete 
replacement of fish oil with linseed oil on growth, fatty acid composition, 
and protein expression in the Chinese mitten crab (Eriocheir sinensis). 
Proteome Sci 16:6

Wei H, Wang H, Tang L, Mu C, Ye C, Chen L, Wang C (2019b) High-throughput 
sequencing reveals the core gut microbiota of the mud crab (Scylla 
paramamosain) in different coastal regions of southern China. BMC 
Genom 20:829

Xiong J, Wang K, Wu J, Qiuqian L, Yang K, Qian Y, Zhang D (2015) Changes 
in intestinal bacterial communities are closely associated with shrimp 
disease severity. Appl Microbiol Biotechnol 99:6911–6919

Yang X, Song Y, Zhang C, Pang Y, Song X, Wu M, Cheng Y (2019) Effects of the 
glyphosate-based herbicide roundup on the survival, immune response, 
digestive activities and gut microbiota of the Chinese mitten crab, 
Eriocheir sinensis. Aquat Toxicol 214:105243

Yang X, Shi A, Song Y, Niu C, Yu X, Shi X, Pang Y, Ma X, Cheng Y (2021) The 
effects of ammonia-N stress on immune parameters, antioxidant capac-
ity, digestive function, and intestinal microflora of Chinese mitten crab, 
Eriocheir sinensis, and the protective effect of dietary supplement of 
melatonin. Comp Biochem Physiol C 250:109127

Zhang M, Sun Y, Chen L, Cai C, Qiao F, Du Z, Li E (2016) Symbiotic bacteria in 
gills and guts of Chinese mitten crab (Eriocheir sinensis) differ from the 
free-living bacteria in water. PLoS One 11:e0148135

Zhang N, Song C, Wang M, Liu Y, Hui M, Cui Z (2017) Diversity and characteri-
zation of bacteria associated with the deep-sea hydrothermal vent crab 
Austinograea sp. comparing with those of two shallow-water crabs by 
16S ribosomal DNA analysis. PLoS One 12:e0187842

Zhao W, Liang H, Fu Y, Liu Y, Yang C, Zhang T, Wang T, Rong L, Zhang S, Wu Z, 
Sun W (2020) Effects of different fertilization modes on rice yield and 
quality under a rice–crab culture system. PLoS One 15:e0230600

Zhao YG, Li XW, Wang JC, Bai J, Tian WJ (2010) Performance of a sulfidogenic 
bioreactor and bacterial community shifts under different alkalinity levels. 
Bioresour Technol 101:9190–9196

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	A high abundance of Firmicutes in the intestine of chinese mitten crabs (Eriocheir sinensis) cultured in an alkaline region
	Abstract 
	Introduction
	Materials and methods
	Experimental area
	Environmental analysis of the experimental area
	Intestinal bacteria sample collection
	16 S rRNA gene sequencing
	Sequence submission and statistical analysis

	Results
	Comparison of body parameters of Chinese mitten crabs
	Comparison of intestinal bacteria in Chinese mitten crabs
	Intestinal bacteria in Chinese mitten crabs cultured in an alkaline region
	Water quality and environmental bacteria in the alkaline experimental area

	Discussion
	Acknowledgements
	References




