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Abstract
The effects of salinity adaptation on gut microbiota of juvenile Indian white shrimp, Penaeus 
indicus H. Milne Edwards, 1837 was analysed in this experiment. Intestines of shrimps 
adapted to two different salinities were examined using 16S rRNA amplicon sequencing. 
At all salinity levels, the dominant phyla recorded were Proteobacteria followed by 
Bacteroidota and Fusobacteriota. However, as the salinity decreased, abundance of 
Proteobacteria increased while richness of Bacteroidota and Fusobacteriota decreased 
significantly. At genus level, salinity reduction increased the abundance of Vibrio and 
Photobacterium; while it decreased the abundance of Spongiimonas and Hypnocyclicus. 
The survival of animals in both the groups was not affected but the weight gain was less 
in low saline group (5 ppt). The results confirm the influence of salinity in rearing water 
on the intestinal microbiota of shrimp.

Introduction

Salinity is an important factor for the 
growth, development, and reproduction 
of several marine and brackishwater 
species. Penaeid shrimps inhabit 
marine and brackishwater environments 
in various stages of their life and are 
exposed to different salinities (Kumlu 
and Jones, 1995), which they cope up 
with osmoregulatory ability. Salinity 
range of 15 to 25 ppt for Penaeus 
vannamei (Ponce-Palafox et al., 1997) 
and P. monodon (Chen et al., 1995), 
20-30 ppt for P. chinensis (Chen et al., 
1995; Zhang et al., 1999) and 25-50 ppt 
for P. indicus (Kumlu and Jones, 1995) 
have been reported to be well tolerated. 
However, physiological stress due to 
salinity variations may result in poor 
survival and growth (Young et al., 
1989; Laramore et al., 2001) leading to 
significant economic loss in commercial 
farming conditions. Research on salinity 
stress responses is often focused on 
histological changes (Li et al., 2008), 
growth (Gao et al., 2016; Silva et al., 
2010), osmoregulation (Jaffer et al., 

2019; Saraswathy et al., 2020), and 
immune responses (Lin et al., 2012; 
Esparza-Leal et al., 2019).

Intestinal microbiota is an important 
and versatile part of the host, involved 
in numerous physiological functions 
including growth, development, and 
health of several aquatic organisms 
(Holt et al., 2020; Rajeev et al., 2021). 
Very little emphasis is given on the 
effect of salinity on intestinal microbiota 
of aquatic organisms. Recently, the 
effect of salinity on intestinal microbiota 
of P. vannamei (Zhang et al., 2016; Hou 
et al., 2020), P. monodon (Chaiyapechara 
et al., 2022) and several other finfish 
species (Dulski et al., 2020; Tian et al., 
2020; Zhao et al., 2020) were reported. 
However, information is lacking on 
response of intestinal microbiota in 
P. indicus to salinity variations.

P. indicus is endemic to Indo-West 
Pacific and Middle Eastern regions 
(Sajeela et al., 2019). P. indicus is 
farmed in coastal areas of India and 
has been found suitable for farming 
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in low saline conditions (Antony et al., 2019). Knowledge 
on salinity induced changes in the abundance and diversity 
of gut microbiota may provide valuable insight for health 
and production of P. indicus. Previously, we have reported 
the change in abundance and diversity of gut microbiota 
in different environments and developmental stages of 
P. indicus (Patil et al., 2021a, b, Vinay et al., 2022). Present 
study reports the salinity induced abundance and diversity 
of gut microbiome in P. indicus.

Materials and methods

Experimental set-up
Shrimps (n=40, 10.15±1.03 g) were obtained from the 
rearing facility at Muttukadu Experimental Station, ICAR-
Central Institute of Brackishwater Aquaculture (ICAR-CIBA), 
Chennai, India and maintained in fiberglass tanks (500 l) with 
optimal aeration, temperature (28-29°C) and salinity (30 ppt). 
Shrimps were distributed in four tanks with 30 ppt salinity 
and acclimatised for five days and the salinity in two tanks 
were gradually brought down at 2 ppt per day by adding 
freshwater to reach 5 ppt. Shrimps were maintained at 30 
and 5 ppt respectively for further 30 days and fed twice 
daily with formulated feed containing 35% protein at 3% 
of the biomass. Water in the rearing tank was exchanged 
at 20-30% once a week with water of same salinity. Water 
quality parameters in the rearing tanks and growth of the 
shrimps were monitored during the experiment. Sampling 
was done for analysis of the gut microbiota on the 30th day 
of the experiment. Survival and weight gain of shrimps were 
calculated using the following formulae:

Survival (%) = (No. of shrimps stocked-No. of shrimps 
harvested)/No. of shrimps stocked ×100

Weight gain (%) = (Final weight-Initial weight)/Initial weight ×100

Sampling, DNA extraction and 16S rRNA 
high throughput sequencing

Shrimps from both the salinity groups (5 shrimps per 
group) were sampled and kept on ice to euthanise and 
were thoroughly washed in sterile water and the surface was 
sterilised with 70% alcohol. The shrimps were dissected and 
whole intestine was aseptically removed on a clean bench 
and was used for DNA extraction.

Total DNA from gut samples were extracted using the 
QIAamp DNA stool mini kit (Qiagen, Germany) according 
to the manufacturer's protocol. The DNA concentration 
and purity was determined using NanoDrop ND-1000 
spectrophotometer (Thermo Scientific). High quality DNA 
was subjected for PCR amplification and next generation 
sequencing targeting the 16S rRNA v3-v4 hyper-variable 
region using primers V3F: 5'-CCTACGGGNGGCWGCAG-3' and 

V4R: 5'-GACTACHVGGGTATCTAATCC-3' to profile bacterial 
communities. The amplicons were sequenced using Illumina 
MiSeq platform (Macrogen Inc, South Korea). The sequences 
obtained in this paper are available in the GenBank with the 
BioProject ID: PRJNA718987.

Microbiome data analysis

The raw sequences were processed using MOTHUR pipeline 
(v. 1.42) (Schloss et al., 2009) to filter reads, create contigs; 
reduce noise as per standard MiSeq procedure. Sequences 
were aligned, clustered and identified taxonomically with 
SILVA database (http://arb-silva.de) release 138. Chimera.
vsearch option was used to identify and remove chimeras. 
Sequences with 97% identity threshold were classified into 
operational taxonomic units (OTUs) at genetic distances of 
0.03. Alpha diversity indexes were calculated from rarefied 
samples using calculators for richness and diversity indices of 
the bacterial community (i.e., Observed, Shannon and Chao1). 
Statistically significant correlation with the coordinates 
was tested for the PCoA plot (p<0.05). Venn diagram was 
prepared using a web-based tool, interactiVenn (Heberle et al., 
2015). Non-parametric t-test was carried out using linear 
discriminant analysis (LEfSe) to determine the significantly 
differing genus between the groups. The data output was 
subjected to detailed statistical and meta-analysis using 
MicrobiomeAnalyst (Dhariwal et al., 2017).

Results and discussion

A wide salinity tolerance is been reported in penaeid shrimps 
naturally, but the ideal growth happens in limited salinity 
range. However, in intensive farming system, subjecting 
animals to wide salinity variation may lead to breakdown 
in homeostasis and physiological stress, which results in 
poor survival and growth, leading to huge economic loss 
(Young et al., 1989; Laramore et al., 2001; Li et al., 2007, 
2008). Research on salinity stress responses often focused 
on histological changes (Li et al., 2008), growth (Gao et al., 
2016; Xu et al., 2017), osmoregulation (Roy et al., 2010; 
Shekhar et al., 2014; Jaffer et al., 2019; Antony et al., 2019; 
Saraswathy et al., 2020), and immune responses (Wang 
et al., 2006; Lin et al., 2012; Esparza-Leal et al., 2019). Further, 
intestine is one of the major osmoregulator in addition to 
having digestion-related functions which can express genes 
responsible for salinity acclimation (Giffard-Mena et al., 2006; 
Wong et al., 2014). In the present study, we have reported 
the changes in the gut microbiota of Indian white shrimp 
due to variation in the salinity of rearing water.

There was no significant difference in the mortality of shrimps 
between the groups. Previous studies on P. indicus (Antony 
et al., 2019), P. vannamei (Zhang et al., 2016; Jaffer et al., 
2020), P. monodon (Chaiyapechara et al., 2022), P. chinensis 
(Chen et al., 1995), P. merguiensis (Vinod et al., 1996) and 
P. subtilis (Silva et al., 2010) have shown that penaeid 
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shrimps can survive at various salinities in agreement with 
our observations. The percentage weight gain was less in 
low salinity compared to higher salinity, though it was not 
significantly different (p=0.2). Similar observations were 
made in P. vannamei (Zhang et al., 2016) and P. subtilis 
(Silva et al., 2010) suggesting hypo-salinity stress may lead 
to lesser weight gain. Further, the water quality parameters 
remained balanced in both the groups. However, the mineral 
concentrations (calcium, magnesium, sodium and potassium) 
of water reduced drastically in 5 ppt group (Table 1), which 
could be attributed to reduced salinity.

High throughput sequencing provided a total of 854507 
high quality reads from ten samples with an average of 
85450 reads, ranging from 73489 to 103184. A total of 204 
OTU’s were obtained at a sequence similarity of 97%. Good’s 
coverage estimator for all samples were >99%, indicating 
maximum coverage and the samples were represented 
sufficiently. Detected bacteria were classified into 23 phyla, 
41 class leading to 285 genera in 30 ppt shrimp gut. Similarly, 
it was classified into 18 phyla and 30 classes leading to 

190 genera in 5 ppt shrimp gut. To estimate and compare 
the bacterial diversity in each group, bacterial richness and 
diversity indices were calculated based on Observed, Chao1 
and Shannon diversity indices and the results indicate 
that salinity was an important factor affecting the species 
richness, where the diversity was higher in 30 ppt group 
(Table 2).

At phylum level, the salinity seems to have little impact 
on the diversity of bacterial community composition. The 
dominant phyla recorded were, Proteobacteria (54.55% 
and 87.61%) followed by Bacteroidota (27.64% and 8.42%), 
and Fusobacteriota (10.88% and 1.25%) in 30 and 5 ppt 
respectively. However, as the salinity decreased, abundance 
of Proteobacteria increased while richness of Bacteroidota 
and Fusobacteriota decreased significantly (Fig. 1a). At class 
level, Gammaproteobacteria (56.14%, 83.65%), dominated 
the microbiota composition followed by Bacteroidia (22.75%, 
12.29%), Fusobacteriia (9.16%, 1.06%), Alphaproteobacteria 
(5.13%, 1.68%), in 30 and 5 ppt salinity respectively. Like 
phylum distribution, the abundance of Gammaproteobacteria 
increased due to salinity reduction and the abundance 
of Bacteroidia, Fusobacteriia and Alphaproteobacteria 
decreased significantly (Fig. 1b). At genus level, salinity 
reduction increased the abundance of Vibrio (42.97%, 64.87%), 
Photobacterium (1.04%, 18.50%); while it decreased the 
abundance of Spongiimonas (24.47, 8.02%), Hypnocyclicus 
(10.88%, 1.26%) in 30 and 5 ppt salinity respectively (Fig. 1c).

At genus level, 127 genera were shared between both the 
salinity groups, while 158 genera were unique to 30 ppt and 
63 were unique to 5 ppt (Fig. 2a).

Linear discriminant analysis (LDA) is a tool to determine 
the differential abundance of taxon (Segata et al., 2011), 
and a total of 26 genera, varying significantly according 
to salinity were identified with LDA scores >3. Shewanella 
were a feature of 5 ppt and Hypnocyclicus were the feature 
of 30 ppt salinity (Fig. 2b). The effect of salinity on the gut 
microbiota of P. vannamei (Zhang et al. 2016; Hou et al., 
2020) and P. monodon (Chaiyapechara et al., 2022) were 
studied previously and present results agree with previous 
studies. Dominance of Proteobacteria was reported in all 
the studies with slight variation in the diversity of genera. 

Table 1. Characteristics of water at different salinities used for P. indicus 
rearing

Parameters
Salinity (ppt)

30 5

pH 7.73 7.75

TAN (mg l-1) 1.63 1.08

Nitrite (mg l-1) 0.77 0.68

Carbonate (mg l-1) 29 40

Bicarbonate (mg l-1) 338 355

Total alkalinity(mg l-1) 277 290

Total hardness (mg l-1) 5070 740

Calcium (mg l-1) 297 109

Magnesium (mg l-1) 898 106

Na (mg l-1 ) 8235 553

K (mg l-1) 247 35

Table 2. Mean number of reads per sample assigned to OTUs, and alpha diversity metric values of the gut microbial community of P. indicus reared  
at different salinities.

Salinity (ppt) No. of 
shrimps Reads Observed 

species Shannon Good’s 
coverage Chao1

Taxonomy
Phylum Class Genus

30 5
81248.6± 
6904.55

88.6±29.7 1.98±0.5 0.99±00 91.14±30.42 23 41 285

5 5
89651.8± 
10838.72

65.2±12.73 1.61±0.13 0.99±00 66.47±13.72 18 30 190

Total No. of reads taxonomically classified: 854507

Mean No. of reads per sample: 85450

Total No. of OTU’s: 204
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Fig. 1. Relative abundance of top 10 OTUs at the phylum (a), class (b) 
and genus (c) levels in the gut microbiota of P. indicus reared at 30 and 
5 ppt salinity. The relative abundance was calculated based on taxonomy 
assignment using the Silva database.

Fig. 2. Venn diagram showing (a) the number of OTUs that were unique or 
shared and (b) potential taxonomic biomarkers varying significantly (LDA 
scores >3) between 30 and 5 ppt salinity.

However, Fusobacteriota was almost absent in P. vannamei 
(Zhang et al., 2016) but was observed in the present study 
indicating the role of host phylogeny in shaping the gut 
microbiota. Vibrio and Photobacterium were observed to be 
dominant in all the three species (P. vannamei, P. monodon 
and P. indicus) and were affected due to salinity variation. 
Our observations agree with previous findings that salinity 
influence the selection of microbial populations and act as 
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a major factor in shaping the intestinal microbiota (Cornejo-
Granados et al., 2018). Outbreak of diseases has been the 
major challenge for shrimp farming industry and modulation 
of gut microbiota has shown to be a promising approach 
to enhance shrimp health and resistance to diseases. The 
salinity of the rearing water can affect shrimp gut microbiota 
and host microbiome interactions (Chaiyapechara et al., 
2022). Hence, understanding how environmental factors 
influence the shaping of gut microbiota will aid in using 
gut microbiota as a tool to prevent and control diseases in 
aquaculture. The present study reports the influence of salinity 
on the composition of intestinal microbiota in P. indicus 
for the first time, which might help to devise intervention 
strategies for aquaculture in low saline areas.

Acknowledgements

Authors acknowledge the facilities and support provided by 
the Director, ICAR-CIBA, Chennai, to carry out this work through 
the institute funded project FISHCIBASIL201800200129.

References
APHA 2005. Standard methods for the examination of water and wastewater. 

American Public Health Association, Washington, DC, USA .
Antony, J., Sandeep, K. P., Aravind, R., Panigrahi, A. and Balasubramanian, 

C. P. 2019. Growth, survival, and osmoregulation of Indian white shrimp 
Penaeus indicus juveniles reared in low salinity amended inland saline 
groundwater and seawater. J. Coast. Res., 86: 21-31. https://doi.
org/10.2112/SI86-004.1

Chaiyapechara, S., Uengwetwanit, T., Arayamethakorn, S., Bunphimpapha, P., 
Phromson, M., Jangsutthivorawat, W., Tala, S., Karoonuthaisiri, N. and 
Rungrassamee, W. 2022. Understanding the host-microbe-environment 
interactions: Intestinal microbiota and transcriptomes of black tiger shrimp 
Penaeus monodon at different salinity levels. Aquaculture, 546: 737371. 
https://doi.org/10.1016/j.aquaculture.2021.737371

Chen, J. C., Lin, M. N., Ting, Y. Y. and Lin, J. N. 1995. Survival, haemolymph 
osmolality and tissue water of Penaeus chinensis juvenile acclimated to 
different salinity and temperature levels. Comp. Biochem. Physiol. Part 
A., 110 (3): 253-258. https://doi.org/10.1016/0300-9629(94)00164-O

Cornejo-Granados, F., Gallardo-Becerra, L., Leonardo-Reza, M., Ochoa-Romo, 
J. P. and Ochoa-Leyva, A. 2018. A meta-analysis reveals the environmental 
and host factors shaping the structure and function of the shrimp 
microbiota. Peer J., 10(6): e5382. https://doi.org/10.7717/peerj.5382

Dhariwal, A., Chong, J., Habib, S., King, I., Agellon, L. B. and Xia, J. 2017. 
MicrobiomeAnalyst: A web-based tool for comprehensive statistical, visual 
and meta-analysis of microbiome data. Nucleic Acids Res., 45: 180-188. 
https://doi.org/10.1093/nar/gkx295

Dulski, T., Kujawa, R., Godzieb, M. and Ciesielski, S. 2020. Effect of salinity 
on the gut microbiome of pike fry (Esox lucius). Appl. Sci., 10: 2506. 
https://doi.org/10.3390/app10072506

Esparza-Leal, H. M., Ponce-Palafox, J. T., Cervantes-Cervantes, C. M., 
Valenzuela-Qui˜nonez, W., Luna-Gonzalez, A., Lopez-Alvarez, E. S. and 
Gomez-Peraza, R. L. 2019. Effects of low salinity exposure on immunological, 
physiological and growth performance in Litopenaeus vannamei,  
50: 944-950. https://doi.org/10.1111/are.13969

Gao, W., Luo, Tinghu, T., Yao, H. M., Hua, W. and Xu, Q. 2016. Effect of salinity 
on the growth performance, osmolarity and metabolism-related gene 
expression in white shrimp Litopenaeus vannamei. Aquac. Rep., 4: 125-
129. https://doi.org/10.1016/j.aqrep.2016.09.001

Heberle, H., Meirelles, G. V., da-Silva, F. R., Telles, G. P. and Minghim, R. 2015. 
InteractiVenn: A web-based tool for the analysis of sets through Venn 

diagrams. BMC Bioinfo., 16: 169. https://doi.org/10.1186/s12859-015-
0611-3

Holt, C. C., Bass, D., Stentiford, G. D. and Giezen, M. V. D. 2020. Understanding 
the role of the shrimp gut microbiome in health and disease. J. Invert. 
Pathol., 21: 107387. doi: 10.1016/j.jip.2020.107387

Hou, D., Zhou, R., Zeng, S., Wei, D., Deng, X., Xing, C., Yu, L., Deng, Z., 
Wang, H., Weng, S., He, J. and Huang, Z. 2020. Intestine bacterial 
community composition of shrimp varies under low-and high-salinity 
culture conditions. Front. Microbiol., 11: 589164. https://doi.org/10.3389/
fmicb.2020.589164

Jaffer, Y. D., Saraswathy, R.., Ishfaq, M., Antony, J., Bundela, D. S. and Sharma, 
P. C. 2020. Effect of low salinity on the growth and survival of juvenile 
pacific white shrimp, Penaeus vannamei: A revival. Aquaculture, 515: 
734561. https://doi.org/10.1016/j.aquaculture.2019.734561

Kumlu, M. and Jones, D. A. 1995. Salinity tolerance of hatchery-reared post-
larvae of Penaeus indicus H. Milne Edwards originating from India. 
Aquaculture, 130 (2-3): 287-296. https://doi.org/10.1016/0044-
8486(94)00319-J

Laramore, S., Laramore, C. R. and Scarpa, J. 2001. Effect of low salinity on 
growth and survival of post-larvae and Juvenile Litopenaeus vannamei. 
J. World Aquac. Soc., 32 (4): 385-392. DOI: 10.1111/j.1749-7345.2001.
tb00464.x

Li, E. C., Chen, L. Q., Zeng, C., Yu, N., Xiong, Z. Q., Chen, X. F. and Qin, 
J. G. 2008. Comparison of digestive and antioxidant enzymes 
activities, haemolymph x hemocyanin contents and hepatopancreas 
histological of white shrimp, Litopenaeus vannamei, at various 
salinities. Aquaculture, 274: 80-86. https://doi.org/10.1016/j.
aquaculture.2007.11.001

Lin, Y. C., Chen, J. C., Li, C. C., Morni, W. Z. W., Suhaili, A. S. N. A., Kuo, Y. H., 
Chang, Y. H., Chen, L. L., Tsui, W. C., Chen, Y. Y. and Huang, C. L. 2012. 
Modulation of the innate immune system in white shrimp Litopenaeus 
vannamei following long-term low salinity exposure. Fish Shellfish Immunol., 
33: 324-331. https://doi.org/10.1016/j.fsi.2012.05.006

Patil, P. K., Vinay, T. N., Ghate, S. D., Baskaran, V. and Avunje, S. 2021a. 16S 
rRNA gene diversity and gut microbial composition of the Indian white 
shrimp (Penaeus indicus). Antonie van Leeuwenhoek, 114: 2019-2031. 
doi: 10.1007/s10482-021-01658-9

Patil, P. K., Vinay, T. N., Aravind, R., Avunje, S. and Vijayan, K. K. 2021b. Effect 
of Bacillus spp. on the composition of gut microbiota in early life stages 
of Indian white shrimp, Penaeus indicus. J. Appl. Aquac., https://doi.org
/10.1080/10454438.2021.2011527.

Ponce-Palafox, J., Martinez-Palacios, C. A. and Ross, L. G. 1997. The effects 
of salinity and temperature on the growth and survival rates of juvenile 
white shrimp, Penaeus vannamei, Boone, 1931. Aquaculture, 157: 107-115. 
https://doi.org/10.1016/S0044-8486(97)00148-8

Rajeev, R., Adithya, K. K., Kiran, G. S. and Selvin, J. 2021. Healthy microbiome: 
A key to successful and sustainable shrimp aquaculture. Rev. Aquac., 13: 
238-258. https://doi.org/10.1111/raq.12471

Sajeela, K. A., Gopalakrishnan, A., Basheer, V. S., Mandal, A., Bineesh, K. K., 
Grinson, G. and Gopakumar, S. D. 2019. New insights from nuclear and 
mitochondrial markers on the genetic diversity and structure of the Indian 
white shrimp Fenneropenaeus indicus among the marginal seas in the 
Indian Ocean. Mol. Phylogenet. Evol., 136: 53-64. https://doi.org/10.1016/j.
ympev.2019.04.007

Saraswathy, R., Muralidhar, M., Balasubramanian, C. P., Rajesh, R., Sukumaran, S., 
Kumararaja, P., Dayal, J. S., Avunje, S., Nagavel, A. and Vijayan, K. K. 2020. 
Osmo-ionic regulation in whiteleg shrimp, Penaeus vannamei, exposed 
to climate change-induced low salinities. Aquac. Res., 50(2): 771-782. 
https://doi.org/10.1111/are.14933

Segata, N., Izard, J., Waldron, L., Gevers, D., Miropolsky, L., Garrett, W. S. and 
Huttenhower, C. 2011. Metagenomic biomarker discovery and explanation. 
Genome Biol., 12(6): R60. https://doi.org/10.1186/gb-2011-12-6-r60

Schloss, P. D., Westcott, S. L., Raybin, T., Hall, J. R. and Hartmann, M. 2009. 
Introducing Mothur: Open source. platform-independent, community-
supported software for describing and comparing microbial communities. 
Appl Environ. Microbiol., 75: 7537-7541. https://doi.org/10.1128/
AEM.01541-09



© 2023 Indian Council of Agricultural Research | Indian J. Fish., 70 (2),  April-June 2023� 85

Effect of salinity variation on intestinal microbiota in Penaeus indicus

Silva, E., Calazans, N., Soares, M., Soares, R. and Peixoto, S. 2010. Effect 
of salinity on survival, growth, food consumption and haemolymph 
osmolality of the pink shrimp Farfantepenaeus subtilis (Pérez-Farfante, 
1967). Aquaculture, 306: 352-356. https://doi.org/10.1016/j.
aquaculture.2010.04.025

Tian, L., Tan, P., Yang, L., Zhu, W. and Xu, D. 2020. Effects of salinity on the 
growth, plasma ion concentrations, osmoregulation, non-specific 
immunity, and intestinal microbiota of the yellow drum (Nibea albiflora). 
Aquaculture, 528: 735470. https://doi.org/10.1016/j.aquaculture. 
2020.735470

Vinod, K., Bhat, U. G. and Neelakantan, B. 1996. Effect of salinity on food 
intake, growth and conversion efficiencies of juvenile Penaeus merguiensis 
(Man). Environ. Ecol., 14 (1): 74-75.

Young, B. A., Walker, B., Dixon, A. E. andWalker, V. A. 1989. Physiological 
adaptation to the environment. J. Animal Sci., 67: 2426-2432. https://doi.
org/10.2527/jas1989.6792426x.

Zhang, M., Sun, Y., Liu, Y., Qiao, F., Chen, L., Liu, W. T., Du, Z. and Li, E. 2016. 
Response of gut microbiota to salinity change in two euryhaline aquatic 
animals with reverse salinity preference. Aquaculture, 454: 72-80. https://
doi.org/10.1016/j.aquaculture.2015.12.014

Zhang, S., Dong, S. and Wang, F. 1999. The effects of salinity and food on 
carbon budget of Penaeus chinensis. J. Fish. China, 23 (2): 144-149.

Zhao, R., Symonds, J. E., Walker, S. P., Steiner, K., Carter, C. G., Bowman, J. 
P. and Nowak, B. F. 2020. Salinity and fish age affect the gut microbiota 
of farmed Chinook salmon (Oncorhynchus tshawytscha). Aquaculture, 
528: 735539. https://doi.org/10.1016/j.aquaculture.2020.735539


