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Introduction

The intestinal microbiota acts as an additional “organ” that performs a variety of fu\nctions for the host’s health. However, the composition and role of the intestinal microbiota in Scylla paramamosain cultivated in inland low salinity saline-alkaline water are unknown.





Methods

Accordingly, from the perspective of practical production, we explored the intestinal microbiota communities and the critical bacteria of S. paramamosain in normal salinity seawater (NS), coastal low salinity seawater (CS), acute low salinity seawater (AS) and inland low salinity saline-alkaline water (IS).





Results

Results showed that there were significant differences in the diversity composition of intestinal microbiota and the relative abundance of dominant taxa in each group of cultured crabs. Firmicutes, Proteobacteria, Bacteroidota and Campilobacterota were shown to be the major phyla shared by the four groups, with Bacteroidota having the highest relative abundance (27.10%) in the inland low salinity saline-alkaline water group (IS). Fusobacteriota had the highest proportion in IS group compared with other low salinity groups. A total of 284 indicator bacteria were identified, belonging to eight phyla, and their relative abundances were varied significantly (P < 0.05). Genus Carboxylicivirga, as the indicator bacterium of the IS group, may play a critical role in the adaptation of crab to saline-alkaline water environment. Moreover, salinity may exert considerable selective pressure on the entire microbial community.





Discussion

These findings revealed the features of the intestinal microbiome in S. paramamosain in multiple low salinity patterns, and provided candidate probiotics and basic information for crab farming in saline-alkaline water, which was conducive to the development and perfection of mud crab culturing technology in inland low salinity saline-alkaline water.
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1 Introduction

Over the past few decades, the contemporary aquaculture industry has grown tremendously, becoming one of the fastest growing sectors in world food production, increasing from 25.7% in 2000 to 46.8% in 2018 (FAO, 2020). Blue foods make a great contribution to global food security and nutrition (Tigchelaar et al., 2022). The importance of aquaculture in the food supply is increasing due to the significant decline in wild capture fisheries. The mud crab, Scylla paramamosain has become a vital species in aquaculture along the southeast coast of China because of its rapid growth, delicious meat, strong adaptability, elevated nutritional and economic value (Meng et al., 2017). In 2020, the output of S. paramamosain increased to 159,433 tons, accounting for more than half of the total marine crab farming industry in China (China fishery statistical yearbook, 2021). However, the yield cannot meet the ever-increasing market demand, becoming the bottleneck of the development of the crab industry (Wang et al., 2018a). With the current saturation of aquaculture space along the coast, it is an effective way to break through the bottleneck to expand inland saline-alkaline areas and other low salinity waters (Liang et al., 2022; Niu et al., 2022). However, only metabolic (Niu et al., 2022) and transcriptomic (Liang et al., 2022) analysis have been conducted on the adaptation mechanism of the crab to saline-alkaline water, while studies on intestinal microbiota and its role have not been reported.

The growth, immunity, metabolism, nutrition and development of the host are all affected by the gut microbiota (Fabbiano et al., 2013; Chevalier et al., 2015; Singh et al., 2015; Chen et al., 2017). Studies indicated that changes in environmental parameters such as salinity, temperature, type of diet, pH, and water chemistry lead to rapid and profound changes in the gut microbiota of organisms (Chen et al., 2017; Fan et al., 2018; Martínez-Mota et al., 2019; Sun et al., 2020). Host habitat is the major determinant of fish intestinal microbes (Kim et al., 2021). And salinity is one of the key environmental variables influencing bacterial community composition (Rudi et al., 2017), various microorganisms may grow better at different salinities. More importantly, the host shows a close and complex interaction with the microorganisms in its gastrointestinal tract (McFall-Ngai et al., 2013). The gut microbiota further participates in and maintains host physiological activities by generating a range of different small-molecule metabolites obtained from diet, medications, and host-generated components (Krautkramer et al., 2021). These metabolites, in turn, serve an essential role in maintaining microbial homeostasis by engaging in host energy metabolism and regulation of immune function (Canfora et al., 2019; Garrett, 2019), thereby helping the host to adapt to different habitats. Recent research has revealed that the gut microbiome plays a vital role in local adaptation to environments such as pollution (Henry et al., 2019), drought (Ribeiro et al., 2019) and salinity (Fietz et al., 2018; Rennison et al., 2019). However, relative to vertebrates, the intestinal microbiota function of crustaceans, especially mud crabs, has been poorly studied. It is known that the intestinal microbiota operates as an additional “organ” that performs a variety of functions for the host’s health, such as obtaining nutrients and preventing pathogen invasion (Dai et al., 2018; Xiong et al., 2019b; Huang et al., 2020). Under these circumstances, it is crucial to systematically characterize the gut microbiome composition of mud crabs in inland low salinity saline-alkaline water (ILSW).

In this study, we comparatively characterized the gut bacterial communities of crabs in multiple low salinity aquaculture patterns using Illumina sequencing technology, which further revealed the features of the intestinal microbiome of S. paramamosain in saline-alkaline water environment and provided candidate probiotics and basic information for the crab farming in ILSW. As far as we know, this is the first attempt to systematically characterize the gut bacterial communities of S. paramamosain under multiple low-salinity patterns, revealing the specialization of intestinal microbiota to ILSW.




2 Materials and methods



2.1 Experimental animals and design

The random selection of 600 mud crabs from Sanmen Bay with 30 ± 5 g bodyweight was carried out. Then the crabs were separated into the following three groups: NS, CS and IS groups, with 150 crabs in each group, and placed into the pools (6 m × 3 m × 1.5 m) under the same rearing conditions (three replicates per group). The NS (normal salinity) group was located on Sanmen Bay, the east coast of Zhejiang Province, which is one of the major producing areas of mud crabs in China. The salinity of sea water is around 12‰, which is the optimum salinity for mud crab growth. The CS (coastal low salinity) group was located on Hangzhou Bay, the estuary and bay of Qiantang River in the northeast of Zhejiang Province. The salinity of seawater is low and unstable (3-5‰) because of river infiltration and precipitation, and crabs can grow naturally here. The IS (inland low salinity) group was located on the north bank of the Yellow River, Henan Province, where there are large areas of saline-alkaline land. The groundwater is saline-alkaline water with a salinity of 1.5-2‰, crabs from seawater could grow normally here after gradient desalination. The desalination method was as follows: The juvenile crabs from Sanmen Bay were acclimated to the original salinity for 12 h, the water salinity was decreased to 12, then to 8 at a rate of 2/6 h, and finally to 1 at a rate of 1/6 h. The desalination process was completed after 6 h of stability. After that, place them in the foam box (45 cm × 45 cm × 10 cm) with a density of 150 per box. The foam box has air vents all around it, and a layer of moist sponge cushion was placed at the bottom. The humidity was kept above 90%, and the foam box was flown to the saline-alkaline water pond via air (Figure 1A; Table S1).




Figure 1 | Data overview. (A) Experimental design; (B) Venn diagram of the OTU.



The experiment was conducted during the natural photoperiod at room temperature. And water quality parameters were measured every day. The parameters including: pH 7.8~8.6, water temperature 25°C~30°C, dissolved oxygen > 7.0 mg·L-1, nitrite concentration < 0.15 mg·L-1, ammonia nitrogen concentration < 0.8 mg·L-1 (Table S1). The crabs were fed once a day at 5:00 p.m. Depending on local conditions, low-value and fresh shellfish were selected as food sources, such as clams and river snails, which are commonly used as feed in mud crab farming due to their high nutritional value and palatability. After 90 days, five active, healthy adult crabs with uniform body weight (165 g-297 g) were randomly selected from NS, CS and IS group in October 2020, respectively. Then 30 crabs from NS group were randomly selected and fed in seawater diluted to 3‰ for one week (three replicates), and defined as AS (acute low salinity) group, under the same feeding conditions as above. At the end of the culture, crabs were killed after being anesthetized in ice water, and then the intestine and its contents were quickly taken out and stored in liquid nitrogen for 16S rRNA gene sequencing (n=5).




2.2 DNA extraction, PCR amplification and Illumina MiSeq sequencing

The bacterial genomic DNA of the gut samples was extracted by DNeasy PowerLyzer PowerSoil Kit (QIAGEN) in accordance with the manufacturer’s protocol. The quality of extracted DNA was assessed with a NanoDrop 2000 instrument (Thermo Fisher Scientific, Wilmington, MA, USA) based on absorption ratios at 260/280 nm and 260/230 nm (Lin et al., 2022). The 16S rRNA genes were partially amplified with the bacterial universal V3-V4 primer 343F (5′-TACGGRAGGCAGCAG-3′) and 798R (5′- AGGGTATCTAATCCT-3′). A 30 μL polymerase chain reaction (PCR) system, including 11 µL ddH2O, 1.0 μL of each primer (10 mmol/L), 15 μL 2 × SYBR Prime-Script™ Master Mix (TaKaRa Biotech, Japan), and 2 μL of template DNA. The PCR reaction procedure was performed as described by Wei et al. (Wei et al., 2019). Agencourt Ampure XP beads (Beckman Coulter Co., USA) were used to purify PCR products. Following assessment of fragment size and quantification, and then these amplicons were sequenced in equimolar and paired-end (2 × 250) using the Illumina MiSeq platform (Illumina, San Diego, CA, USA).




2.3 Processing of Illumina sequencing data

PE readings were preprocessed using Trimmomatic software (Bolger et al., 2014). After trimming, FLASH software was used to compile paired-end reads (Reyon et al., 2012). The Vsearch program was used to eliminate the primer sequences and cluster sequences into generated operational taxa taxonomic units (OTUs) with a 97% similarity cut-off value (Rognes et al., 2016). The QIIME software suite was used to pick representative contigs for each OTU. The Silva database (version 138) was annotated and parsed using the RDP classifier (70% confidence threshold) (Wang, 2007).




2.4 Statistical analyses

Mothur software (version 1.32.1) was used to analyze Alpha diversity indexes, including Chao 1, observed species, Simpson, Shannon diversity and Good’s coverage estimate using an OTU specified at the 97% identity level (Schloss et al., 2009). Based on Bray-Curtis distance metrics, principal co-ordinates analysis (PCoA) and analysis of variance (ANOVA) were performed to examine the overall differences in the bacterial community of the crab guts (Clarke, 1993). The linear discriminant analysis (LDA) coupled with effect size measurements (LEfSe) were used to distinguish the differences of dominant bacterial communities. The indicator values (IndVal) of OTU in each group were calculated, and then the indicators were screened based on the relative abundance of OTU in any group exceeded than 1% and IndVal was significant between groups (P < 0.05) (Dufrêne and Legendre, 1997). Additionally, heat map analysis was applied to analyze the differences in microorganisms in four groups. To explore the variations in intestinal bacteria composition among the three low salinity groups, the ternary plot was generated using package ggtern in R. In order to explore the correlation between bacterial abundance and salinity, logistic regression curve analysis was performed in R.




2.5 Prediction of functional potentials

The Phylogenetic Investigation of Communities by Reconstruction of Unobserved States (PICRUSt2) (Douglas et al., 2020) was performed to predict the functional composition of known microbial genes based on 16S sequencing data annotated in the Greengenes database (Desantis et al., 2006), to count the functional differences between different groups. The KEGG pathways were retrieved according to the KEGG database (http://www.kegg.jp/). Multiple comparisons were performed using the Kruskal-Wallis test and ggplots2 in R was used to construct the plots.





3 Results



3.1 Data summary

We analyzed the intestinal microbiota community composition of 20 crabs inhabiting in four different salinity environments (Figure 1A). A total of 1,463,579 raw 16S rRNA gene sequence tags were generated from the 20 samples, and obtained 1,340,133 high-quality sequence tags, with 59,675-71,365 sequences per sample after the removal of low-quality and chimeric sequences. High-quality sequences were clustered into 3165 OTUs, applying a threshold of 97% sequence identity (Supplementary Table S2). These OTUs were classified into 33 phyla and 682 genera. The characterization of bacterial community richness, diversity and sequencing depth were compared between four groups (Supplementary Figure S1, Table S3). According to the Shannon, Simpson, Chao1 and Observed species index, there was no significant difference in the diversity of the crabs’ intestinal microbial in four groups, suggesting that geographical location and salinity had no influence on the diversity and richness of the intestinal microbiota in S. paramamosain. The Goods coverage index > 99% in all samples, demonstrating that the sequencing was efficient (Supplementary Table S3). There were 712 OTUs shared among the four groups, with 120 OTUs shared by the three low salinity groups, and just 58 shared by the IS and NS groups. Each group has 171 (NS), 340 (CS), 335 (IS) and 460 (AS) unique OTUs, respectively (Figure 1B).




3.2 Composition of the microbial communities

At phylum level, the four groups of crab gut microbiomes were similar in composition, but had significant differences in relative abundance. The predominant phyla (relative abundance >5% at least in one group) shared by the four groups of crabs’ intestinal bacteria were Firmicutes, Proteobacteria, Bacteroidota and Campilobacterota (Figures 2A, S2). In the NS and IS groups, Fusobacteriota also accounted for a large proportion, accounting for 11.35% and 7.25%, respectively, whereas only 0.74% and 0.47% in the CS and AS groups. Bacteroidota had the highest percentage in the IS group, accounting for 27.10% (Figures 2A, S2A, C). Dependentiae was found exclusively in the CS group, and in extremely low abundance. Interestingly, the relative abundances of most phyla in the AS group were higher than that of the other three groups (Figure S3A). There were 682 genera identified in all, but only 20 genera had an abundance of more than 1%. At genus level, the four groups showed distinct bacterial community structure (Figure 2B). The relative abundance of Candidatus_Hepatoplasma was higher in NS (31.11%), CS (12.89%) and AS (18.02%), but very low in IS group (0.16%). The results indicated that Candidatus_Hepatoplasma may be an important gut bacterium in mariculture crabs. Photobacterium was abundant in the NS and CS groups, occupying approximately 17.39% and 15.96%, respectively, but lower in the IS and AS groups, accounting for just 0.04% and 0.47%. Carboxylicivirga (21.12%) and Candidatus Hepatoplasma (31.22%) were the most abundant in the IS and NS groups, respectively. In particular, Psychrilyobacter, accounting for the second-largest proportion in the NS group, which was essentially non-existent in the other groups (Figure 2B).




Figure 2 | Composition and abundance of the intestinal microbiota. (A) Compositions and abundances of the gut microbiome communities at the top15 phylum level; (B) Compositions and abundances of the microbiome communities at the top 15 genus level; (C) Circos plot of the proportion of gut microbiome in the four groups at phylum level; (D) Principal coordinates analysis (PCoA) of the bacterial communities based on the Bray-Curtis distances.






3.3 Differential intestinal microbiota of S. paramamosain in response to multiple low salinity modes

We found significant differences in gut bacterial community composition between IS and other groups (Figure 2C). In the PCoA, principal coordinate 1(PCo1) explained 23.76% of the variance (Figure 2D), indicating that the bacterial communities clustered according to the salinity, aside from CS and AS groups, and the IS group was separated clearly from the other groups. These finding suggested that saline-alkaline water may be the most important driver of variance in crab gut microbiota. ANOVA analysis was used to examine species that differed significantly across groups. There were 129 differential OTUs, belonging to 37 differential genera (Figure S4). Of the top 10 differential genera, Carboxylicivirga, Hypnocyclicus, Spongiimona and Clostridium_sensu_stricto_13 were significantly elevated in the IS group, while Desulfovibrio and Draconibacterium were significantly less abundant. In the NS group, the relative abundance of Psychrilyobacter was significantly increased. When compared to the other three groups, the relative abundance of Halarcobacter was significantly lower in the CS group, while the relative abundance of Candidatus Bacilloplasma was greatest in the CS group. In the AS group, the relative abundance of Draconibaterium was significantly increased (Figure 3).




Figure 3 | Boxplots of differential species based on relative abundances of the top 10 genus.



The ternary plot demonstrated that the dominating species at phylum level were distinct between three low salinity groups (Figure S5). Fusobacteriota had the largest proportion and relative abundance in the IS group, while Spirochaetota have the highest proportion in the AS group, indicating that Fusobacteriota may play an important role in IS group. Firmicutes, Proteobacteria, Bacteroidota and Campilobacterota were the dominant phyla shared by the three groups, which was the same as the above results. Meanwhile, the proportion of nine phyla were higher in the AS group, but the relative abundance was lower, indicating that the intestinal microbial of the AS group was disordered. LEfSe analyses was performed to identify differentially represented OTUs across four groups (Figure 4). The analysis revealed that there were 3, 15, 13, and 6 biomarkers (LDA score >3) in the CS, NS, IS and AS groups, respectively. The family Marinilabiliaceae and genus Carboxylicivirga made a significant contribution to the IS group. The top featured microbes in the NS and AS groups were genus Photobacterium and class Alphaproteobacteria, respectively. Logistic regression curve analysis indicated that the phylum Fusobacteriota and genus Carboxylicivirga were shown to be significantly positively correlated with salinity (P < 0.05, Figure S6).




Figure 4 | Differential bacterial composition of the four groups based on LEfSe Analysis. (A) Histogram of LDA analysis. Different colors represent different groups, different colored bars indicate species with relatively high abundance in different groups; (B) The cladograms of differential bacterial. Different colors represent different groups, color dots corresponding to groups indicate species with relatively high abundance and significant differences in that group, the yellow dots represent species that were not significantly different between the four groups, node diameter size is proportional to relative abundance size.



Indicator mainly refer to species, genera, or communities that can have a great impact on the growing environment. We analyzed indicator bacteria that significantly contributed to the differentiation of intestinal samples from multiple low salinity modes at the OTU level using FDR > 0.50. A total of 284 indicator bacteria were identified, belonging to eight phyla, and their relative abundances were varied significantly (P < 0.05). The relative abundance of 64 indicator bacteria detected in the IS group samples was higher than that of the NS, CS and AS groups, with Carboxylicivirga (OTU_38) being the highest. However, the relative abundance of 15 indicator bacteria detected in the NS group was higher than that of the IS, CS and AS groups, with Psychrilyobacte (OTU_809) being the most abundant (Figure 5). Meanwhile, Carboxylicivirga (OTU_38) and Psychrilyobacte (OTU_809) showed high indicator values, indicating that the two OTUs may be the representative bacterium of IS and NS groups, respectively.




Figure 5 | Gut bacterial indicators in response to multiple low salinity modes. The bar graph represents the relative abundance of each OTU, and the bubble size represents the indicator value of each species in the sample group, that is, the indicative size of the species in the group.






3.4 Predicted function of intestinal microbiota community

The function was predicted by PICRUSt2 to compare the functional potentials of crabs’ intestinal microbiota community under multiple low-salinity environments (Figure 6). A total of 41 functional pathways were predicted, and most of the pathways enriched in the AS group were significantly increased than those in other groups, especially amino acid metabolism, lipid metabolism, energy metabolism and environmental adaptation, while CS group was the next (Figure 6). The KEGG pathways in the IS group were significantly enriched in comparison to the NS group. For instance, the KEGG pathways involved in immune system, transport and catabolism, metabolism of terpenoids and polyketides, amino acid metabolism, and biosynthesis of other secondary metabolites increased in IS group compared with NS group, while the pathways involved in signaling molecules and interaction, and immune system diseases exhibited an opposite trend (Figure S7).




Figure 6 | Heat map of KEGG function prediction of the four groups. Red indicates a higher relative abundance of species and blue indicates a lower relative abundance.







4 Discussion

Given the significant role of the microbiota in aquatic crustacean health, a thorough understanding of the intestinal microbiota is the first step in regulating bacteria for use in crab farming (Anita et al., 2016; Deng et al., 2019). Despite recent progress, we do not yet have a fundamental understanding of the role of the invertebrate gut microbiota in environmental adaptation. Additionally, few studies have been done on the composition and function of the gut microbial of mud crabs in ILSW. In this study, the bacterial community in the gut of S. paramamosain was explored for the first time under variable low salinity patterns.

A large number of studies have demonstrated that changes in habitat can alter the gut microbiota rapidly and profoundly, which in turn affects the growth and development of the host (Alberdi et al., 2016; Rudi et al., 2017; Rothman et al., 2019). The gut microbiota inhabits the intestinal tract of the host, forming a relatively stable gut ecological environment to adapt to the diversified environment (Smith et al., 2015). In this study, there were some similarities in intestinal microbes of crabs from four different environments at the phylum level. Firmicutes, Proteobacteria, Bacteroidota and Campilobacterota were the dominant phyla shared by the four groups, and the first three phyla are common dominant phyla in crustaceans (Chen et al., 2022), Campilobacterota is also a common phylum of intestinal bacteria (Hassan et al., 2021; Qi et al., 2022; Xiao et al., 2022). Previous studies have indicated that the gut microbes of Litopenaeus vannamei were high consistency despite distinct species pool (Xiong et al., 2019), and S. paramamosain in different coastal regions of southern China shared the same core gut microbiota (Wei et al., 2019). Meanwhile, the relative abundances of most phyla and functional pathways enriched in the AS group were higher than that of other groups, the reason is that under the condition of acute low salinity stress condition, the intestinal microbial of crabs in AS group were in a dynamic change process to adapt to the environment, while crabs in NS, CS and IS groups have adapted to the environment respectively, with more stable intestinal microbiota. Research showed that the balance of the gut ecosystem can be disrupted under the disturbance of external factors, from steady state to transient non-steady state, and finally either returns to the original state or enters another steady state (Fassarella et al., 2021). Amino acid and energy metabolism are the main factors for S. paramamosain to adapt to acute salinity decline, and lipid metabolites play an auxiliary role (Yao et al., 2021; Niu et al., 2022).

Bacteroidota showed the highest relative abundance in IS group, indicating its high richness in the crab intestine, as well as its notable adaptation potential to saline-alkaline water. Meanwhile, members of Bacteroidota are significant heterotrophic bacteria involved in the cycling of organic carbons and protein (Heike et al., 2010; Regueiro et al., 2012). For instance, in the human colon, Bacteroides can manufacture various capsular polysaccharides and vary their surface antigenicity (Krinos et al., 2001). Additionally, it can regulate the environment by interacting with the immune system of the host to restrict the proliferation of other bacteria (Wexler, 2007). Species of Bacteroides contain vitamins, glycans, and coenzymes that are crucial to digestion, as well as rich in enzymes involved in carbohydrate transport and protein metabolism (Karlsson et al., 2011). Thus, the enrichment of this phylum can facilitate digestion and absorption for the host, and indicated the adaptation of crabs to the saline-alkaline water environment. Fusobacteriota can produce a large amount of butyrate, which can regulate transepithelial transport, strengthen mucosal barrier, improving intestinal mucosal oxidation and inflammatory state (Sossai, 2012). Thereby their enrichment may enhance the disease resistance of crab in low salinity saline-alkaline water environment. As a symbiotic bacterium, Candidatus_Hepatoplasma is a relatively stable intestinal member in marine invertebrates, such as isopods (Cheng et al., 2019), shrimp (Parlapani et al., 2020) and sea urchins (Li et al., 2018). It is crucial in promoting the growth and survival rate of the host under poor nutrition conditions (Fraune and Zimmer, 2010; Horváthová et al., 2015). However, in this study, its abundance was lower in IS group, the reason may be that it needs some substance in seawater to grow, or that the saline-alkaline water environment cannot provide the conditions for its symbiosis.

Indicator refers to species that are used as ecological indicators of community or habitat type, environmental conditions, or environmental changes (Cáceres et al., 2010). Indicator analysis showed a strong association between the IS and NS group and putative bacteria. In the current study, the abundance of Carboxylicivirga significantly increased in the IS group, which contributed the most to this group, and was also the indicator species for IS group. Hence, Carboxylicivirga may play a critical role in the adaptation of crabs to saline-alkaline water environment. The genus Carboxylicivirga, a member of the family Marinilabiliaceae in the phylum Bacteroidota, which was first proposed by Yang et al. (Yang et al., 2014), includes, at the time of writing, five species with validly published names. Interestingly, these five species were all isolated from marine environments. Cells are strictly aerobic or facultatively anaerobic, NaCl is required for active growth (optimum 2.0-3.0%) (Yang et al., 2014; Wang et al., 2016). And Carboxylicivirga probably consumed carbohydrate, protein and organic acids in sludge for growth (Cai et al., 2021). The role of Carboxylicivirga in the intestine has not been reported so far. Thus, the mechanism of its function in the adaptation of crabs to low salinity saline-alkaline water environment needs further study.

Adaptation is a prerequisite for survival when a species moves to a different environment. Studies have shown that the habitat environment has a significant impact on the intestinal microbial community of Eriocheir sinensis (Chen et al., 2021). The gut microbiota of the four groups showed significantly different diversity, thus reflecting their adaptation to the environment. Multiple of the biotic and abiotic variables of the four habitat types considered in this study may potentially affect intestinal microflora. Significant differences in abiotic variables are, salinity, ionic components in water, and the biotic features was type of diet. Instead of temperature, pH, or other physical and chemical parameters, research has shown that salinity is the key environmental determinant of microbial community composition (Lozupone and Knight, 2007). Consistently, differences in salt concentration may affect the energy costs and metabolic pathways of microorganisms, potentially affecting the distribution and evolution of taxa (Oren, 2001). The change of salinity will lead to the increase of oxygen consumption rate, energy demand, metabolism and physiological function disorder of crustaceans (Tu et al., 2017; Wang et al., 2018b). Although S. paramamosain is a euryhaline species, acute low salinity often leads to its rapid death, resulting in economic loss (Romano and Zeng, 2012; Wang et al., 2019). Collectively, these studies suggest that salinity may exert considerable selective pressure on the entire microbial community.

Diversity and stability of the gut microbiome, as well as microbial interactions and host-microbe symbiotic relationships, appear to be key factors in restoring health. From a production perspective, being able to predict the resilience of the crab gut microbiome before stress, or in a stressed environment, would have significant benefits. The next step is to further understand the microbial interactions and the function of the microbiome, as well as the mechanisms associated with health and disease. These results offer hope for new strategies for culturing crabs in ILSW, that is, the characteristics of individual gut microbiome and personalized treatments, whether targeting key bacteria or involving specific combinations of prebiotics and probiotics, to restore the stability and functionality of intestinal ecosystem.




5 Conclusion

In summary, the present study systematically characterized the intestinal microbiota communities of S. paramamosain under multiple low salinity modes, which revealed the significant differences in the gut microflora structure among four groups. Firmicutes, Proteobacteria, Bacteroidota and Campilobacterota were the dominant phyla shared by the four groups, and Bacteroidota was the highest in the IS group. Additionally, Fusobacteriota had the highest proportion in IS group compared with other low salinity groups. Genus Carboxylicivirga, as an indicator bacterium for the IS group, may play a critical role in the adaptation of crabs to saline-alkaline water environment, and more attention should be paid for screening candidate probiotics from Carboxylicivirga species.

Collectively, this study revealed the features of the intestinal microbiome of S. paramamosain under multiple low salinity modes, and provided candidate probiotics and basic information for the crab farming in saline-alkaline water, which is conducive to the development and perfection of mud crab breeding technology in ILSW.
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