


Enumeration of Vibrio spp. and Total Heterotrophic Bacteria (THB) in Litopenaeus vannamei (Pacific White Shrimp) culture farm located in Velankanni coast



Abstract
The present study assessed the population of Vibrio spp. and total heterotrophic bacteria (THB) in a semi-intensive Litopenaeus vannamei culture farm located along the Velankanni coast, Tamil Nadu, India. The investigation was carried out in four culture ponds during two consecutive culture periods, from February 2023 to June 2023 and from August 2023 to December 2023. Water, sediment and shrimp samples were collected on the 1st, 25th, 45th, 65th, 90th, 115th and 140th days of culture. Total heterotrophic bacteria were enumerated using Zobell’s marine agar, whereas Vibrio spp. were enumerated using thiosulphate citrate bile salts sucrose agar. Bacterial loads increased with the progression of culture days in both culture periods, and sediment samples generally recorded higher bacterial counts than water and animal samples. The highest THB counts in water, sediment and shrimp samples were 9.5 × 10⁷ CFU/ml, 4.3 × 10⁸ CFU/g and 9.8 × 10⁵ CFU/g, respectively, all in pond C during the first culture period at 140 DOC. Vibrio spp. also increased with culture duration, with the highest counts recorded in pond C during the first culture period. Pond C showed elevated Vibrio counts and was associated with White Feces Syndrome, reduced survival and lower average body weight. The findings indicate that regular monitoring of bacterial load, particularly Vibrio spp., is important for microbial management in L. vannamei culture ponds.
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INTRODUCTION:
	An increased supply of protein is required to meet the steady growth of the human population. Seafood protein plays a major role in meeting the demand for animal protein, as fishery resources are among the cheapest sources of animal protein (FAO, 2009). However, unregulated fishing activities have led to the overexploitation of fishery resources. Aquaculture practices have developed as a response to this issue, and at present the need for aquaculture activities is unavoidable (FAO, 2020). Among aquaculture activities, shrimp farming plays a vital role (Venkateswarlu et al., 2019). India has 1.4 million ha of potential area for brackish-water aquaculture. Among shrimp species, Pacific white shrimp (Litopenaeus vannamei) plays an important role in Indian aquaculture because of its amenability to artificial ecosystems and its good growth and survival even at high stocking densities (Zhang et al., 2019).
	Uncontrolled and unwarranted expansion of culture has led to disease outbreaks and mass mortalities, which are responsible for considerable economic loss (Huang et al., 2016; Kumar & Roy, 2017). Common microbial pathogens causing infectious diseases in L. vannamei culture ponds include bacteria, viruses, fungi and protozoans (Lightner et al., 2012; Maston, 2015). Among these microorganisms, bacteria and viruses are important pathogens that may cause growth retardation and mortalities (Lin et al., 2012). Different species of Vibrio, such as V. parahaemolyticus, V. harveyi, V. vulnificus and V. alginolyticus, are considered to be associated with diseases such as vibriosis, White Spot Syndrome Virus (WSSV) and White Feces Syndrome (WFS). They can act as either primary or secondary pathogens (Jayasree et al., 2006; Sugita & Ito, 2006; Kumar et al., 2021). Recent experimental studies involving L. vannamei and V. parahaemolyticus have used survival, growth, immune response, antibacterial inhibition and toxicity-related endpoints to evaluate shrimp health interventions, indicating the continued relevance of Vibrio-focused assessment in shrimp culture (Hasani et al., 2025; Yahya et al., 2025). Because culture is carried out in a confined ecosystem such as a pond, there is always a possibility of increased organic matter, which in turn may lead to a high bacterial load, especially vibrios. Vibrios multiply rapidly in pond ecosystems (Banerjee & Ray, 2017). Recent pond-based evidence also suggests that Vibrio abundance in L. vannamei culture is shaped by water-quality variation, organic matter and nutrient conditions, reinforcing the need for routine microbial surveillance under farm-specific conditions (Puspitasari et al., 2025). This may lead to diseases such as vibriosis, WSSV and WFS. Recent microbiome-based evidence further indicates that WFS is a multifactorial condition associated with gut microbial imbalance; therefore, culture-system-specific observations remain important when interpreting disease occurrence (Sha et al., 2024). Hence, it is necessary to monitor the bacterial population in general, and pathogens such as vibrios in particular. Research gap: However, site-specific longitudinal information on THB and Vibrio spp. across water, sediment and shrimp samples during complete culture periods along the Velankanni coast remains limited. Therefore, farm-level monitoring is required to document how the bacterial load changes with culture progression and whether elevated Vibrio counts coincide with disease signs and production losses in the studied ponds. Objective: The present study was carried out for periodic observation of the total viable count of heterotrophic bacteria and Vibrio spp. in an L. vannamei culture farm over two culture periods.
MATERIALS AND METHODS:
	The present study was carried out in a semi-intensive Pacific white shrimp (Litopenaeus vannamei) culture farm located at Velankanni (Lat. 10.71°N; Long. 79.84°E), Tamil Nadu. Observations were made in four ponds during two consecutive culture periods, from February 2023 to June 2023 and from August 2023 to December 2023. The water-spread area of the farm was 0.8 ha. The water source was a creek connected to the sea. The water depth was 1.2 m. Proper pond preparation and water culture were performed before stocking. The stocking density was 40/m². Sampling was conducted on the 1st, 25th, 45th, 65th, 90th, 115th and 140th DOC in the morning. Water samples were collected from a depth of 50 cm and at a distance of 2 m from the bund using pre-sterilised McCartney bottles. Proper care was taken to maintain air space to allow uniform mixing. Thorough shaking was performed to prevent clustering of bacterial cells. Sediment samples were taken using a pre-sterilised vertical corer. The central part of each sample was collected with a sterile spatula and stored in a sterile polythene bag. Subsequently, it was transferred into sterile water blanks for serial dilution. Vigorous agitation was performed using a mechanical shaker. Shrimps were collected using a cast net. Their surfaces were cleaned with sterile water and cotton-tipped applicators. Sterile forceps were used to remove the gut, which was homogenised with a pre-sterilised pestle and mortar. It was then mixed with a 99 ml water blank, and further serial dilutions were performed using 9 ml water blanks. Samples were transported to the laboratory in a portable icebox for bacteriological assessment as soon as possible to prevent further contamination.
Total viable count of heterotrophic bacteria:
	The pour plating method was followed. Sterile 9 ml water blanks were used for serial dilution of water samples. For sediment and animal samples, 99 ml water blanks were used. Using a pipette, 1 ml of sample from the desired serial dilution was added to a sterilised Petri plate. Approximately 20 ml of Zobell's marine agar medium was then poured into the plate. The plates were rotated clockwise and anticlockwise to ensure thorough mixing. All processes were carried out in a laminar airflow chamber under sterile conditions. Petri plates were kept in an inverted position in an incubator at 28 ± 2°C for 3 days. Viable colonies (30 to 300) in the Petri dishes were counted, and the results were expressed as CFU/ml for water and CFU/g for sediment and animal samples.
			     Total colonies
Bacterial count =   ------------------------------------------
    			Sample × Dilution factor


Vibrio spp.
	The spread plating technique was adopted. Thiosulphate citrate bile salts sucrose (TCBS) agar medium was used for the estimation of vibrios. Samples enriched with alkaline peptone water (0.1 ml) were spread on TCBS agar medium plates using an L-shaped rod. Afterwards, the Petri dishes were placed in an inverted position in an incubator for 24 hours at 35°C. After 24 hours, bacterial colonies in the Petri plates were counted, and the results were expressed as CFU/ml for water and CFU/g for animal and sediment samples.
	Statistical analyses, including ANOVA and Student's t-test, were performed.
RESULTS AND DISCUSSION:
THB load in water, sediment and animal samples
	The population of THB in water samples was high (9.5 × 10⁷ CFU/ml) in pond C during the first culture at 140th DOC and low (1.9 × 10⁴ CFU/ml) in pond A at 1st DOC during the second culture (Table 1). The THB load in sediment samples ranged from 1.2 × 10⁶ CFU/g (during the second culture in pond C at 1st DOC) to 4.3 × 10⁸ CFU/g (during the first culture in pond C at 140th DOC) (Table 2). In animal samples, the maximum THB load (9.8 × 10⁵ CFU/g) was recorded in pond C during the first culture at 140th DOC, whereas the minimum load (1.1 × 10² CFU/g) was observed in pond B during the first culture at 1st DOC (Table 3). Student's t-test revealed significant variation (P ≥ 0.02) during the days of culture at various phases.
Population of vibrios in water, sediment and animal samples
	The maximum population of Vibrio spp. in water samples (1.2 × 10⁴ CFU/ml) was reported in pond C at 140th DOC during the first culture, whereas the minimum (1.0 × 10² CFU/ml) was observed at 115th DOC in pond A during the first culture (Table 4). In sediment samples, the maximum load of vibrios was 6.6 × 10⁴ CFU/g in pond C during the first culture at 140th DOC, and the minimum (9.4 × 10² CFU/g) was recorded in pond D during the second culture at 1st DOC (Table 5). In animal samples, it varied between 1.7 × 10¹ CFU/g (in pond B during the first culture at 1st DOC) and 9.4 × 10² CFU/g (in pond C during the first culture at 140th DOC) (Table 6). Statistical analysis showed significance (P ≥ 0.02) during different stages of culture.
	The results of the present investigation illustrate an increasing trend in bacterial load (both THB and vibrios) with the progression of days of culture (DOC) in the two culture periods. This might be due to the steady increase in organic matter in the pond bottom during the later stages of culture because of leftover feed, accumulation of faecal matter and other inputs. This finding is in agreement with the earlier findings of Dalmin et al. (2002) and Lemonnier et al. (2010). Generally, physicochemical factors play a crucial role in the bacterial population of aquatic ecosystems (Xiong et al., 2015). However, in a semi-intensive shrimp culture pond ecosystem, most environmental parameters can be maintained at optimum levels through proper water-quality management (Sharmila et al., 1996). Previous studies by Chen (1992) and Aldunate et al. (2018) are consistent with the present study, indicating that increased organic matter in the later part of the culture system was responsible for a high bacterial population. It is evident that sediments had a high population of bacteria (Yongquan et al., 1994; Dalmin et al., 2001). The present findings also agree with earlier reports (Lemonnier et al., 2010). Higher bacterial load in animal samples during the later stages of culture might be due to the high number of bacteria in the pond ecosystem, as cultured shrimps are always in contact with water and sediment.
	If the bacterial population increases in a confined ecosystem such as a shrimp culture pond, it may lead to growth retardation, stress, disease incidence and mortality. A higher number of bacteria, especially Vibrio spp., may lead to infectious disease outbreaks in semi-intensive shrimp culture ponds (Karunasagar et al., 1996). The high population of vibrios observed in the later stages of culture due to increased organic load is supported by the earlier report of Takemura et al. (2014). A notable increase in the population of Vibrio spp. may cause disease outbreaks directly and make the animals susceptible to stress and mortality (Dalmin, 2002). Zhang et al. (2014) and Kurniawinata et al. (2021) reported that a high load of vibrios causes stress and disease outbreaks in Litopenaeus vannamei culture ponds. The results of the present study agree with these findings, as a higher population of Vibrio spp. was reported along with the occurrence of White Feces Syndrome (WFS) in pond C during the first culture operation. It is apparent that vibrios are opportunistic pathogens in L. vannamei farming (Rungrassame et al., 2016; Sotomayor et al., 2019).
	The present study indicates that WFS occurred when there was a marked increase in bacterial load, especially Vibrio spp., at 65th DOC in pond C during the first culture period. This is in agreement with the statement that WFS is caused by vibrios along with poor environmental parameters (Durai et al., 2015). A heavy load of THB, particularly vibrios, is responsible for WFS disease (Somboon et al., 2012). The higher number of vibrios in the gut might have contributed to WFS, which is consistent with previous reports (Kurniawinata et al., 2021). In the WFS-affected pond (pond C), the dissolved oxygen level and transparency were below the optimum level. The survival rate of the disease-affected pond was 42%, and the average body weight was 16 g, whereas the remaining ponds exhibited a survival rate above 85% and an average body weight of around 28 g without any drastic increase in Vibrio load or WFS outbreak. This indicates the necessity of maintaining bacterial load in general, and Vibrio spp. in particular, at an optimum level to support disease-free culture operation with good production and profit.

Table 1: THB Population (CFU/ml) in water sample during first and second culture periods

	


DOC
	
Pond A

	
Pond B
	
Pond C
	
Pond D

	
	1st Culture

	2nd
Culture
	1st
Culture
	2nd
Culture
	1st
Culture
	2nd
Culture
	1st
Culture
	2nd
Culture

	
1

	
2.1x104
	
1.9x104
	
2.0x104
	
3.6x104
	
5.1x105
	
2.9x104
	
3.1x104
	
3.6x104

	
25

	
3.6x104
	
2.4x104
	
2.9x104
	
6.5x104
	
1.1x105
	
3.1x104
	
4.4x104
	
4.1x104

	
45
	
1.5x105

	
9.4x104
	
9.1x104
	
1.1x105
	
3.9x105
	
5.9x104
	
1.1x105
	
5.9x104

	
65

	
6.9x105
	
7.5x105
	
9.9x104
	
3.2x105
	
1.9x106
	
6.1x105
	
6.9x105
	
1.1x105

	
90

	
9.2x105
	
9.4x105
	
4.6x105
	
9.1x105
	
9.8x106
	
6.7x105
	
7.7x105
	
2.9x105

	
115

	
1.2x106
	
3.0x106
	
6.5x105
	
1.9x106
	
5.7x107
	
9.5x105
	
9.5x105
	
8.5x105

	
140

	
3.9x106
	
4.2x106
	
1.9x106
	
5.0x106
	
9.5x107
	
1.0x106
	
2.6x106
	
9.7x105







Table 2: THB Population (CFU/g) in sediment sample during first and second culture periods.

	


DOC
	
Pond A

	
Pond B
	
Pond C
	
Pond D

	
	1st Culture

	2nd
Culture
	1st
Culture
	2nd
Culture
	1st
Culture
	2nd
Culture
	1st
Culture
	2nd
Culture

	
1

	
8.5x106
	
2.6x106
	
1.3x106
	
2.1x106
	
4.1x106
	
1.2x106
	
4.9x106
	
1.3x106

	
25

	
9.1x106
	
5.1x106
	
1.9x106
	
6.6x106
	
8.9x106
	
1.4x106
	
5.1x106
	
4.1x106

	
45

	
2.9x107
	
6.9x106
	
4.5x106
	
7.3x106
	
6.9x107
	
4.9x106
	
6.7x106
	
4.5x106

	
65

	
6.5x107
	
9.4x106
	
6.9x106
	
7.9x106
	
1.1x108
	
5.2x106
	
7.9x106
	
9.5x106

	
90

	
9x107
	
1.0x107
	
9.4x106
	
9.1x106
	
2.0x108
	
7.5x106
	
2.1x107
	
9.9x106

	
115

	
9.2x107
	
1.9x107
	
1.6x107
	
9.9x106
	
4.2x108
	
8.4x106
	
4.1x107
	
1.5x107

	
140

	
9.9x107
	
2.4x107
	
1.9x107
	
1.6x107
	
4.3x108
	
9.9x106
	
7.8x107
	
2.1x107










Table 3: THB Population (CFU/g) in animal sample during first and second culture periods

	


DOC
	
Pond A

	
Pond B
	
Pond C
	
Pond D

	
	1st Culture

	2nd
Culture
	1st
Culture
	2nd
Culture
	1st
Culture
	2nd
Culture
	1st
Culture
	2nd
Culture

	
1

	
1.3x102
	
1.3x102
	
1.1x102
	
1.6x102
	
2.4x102
	
1.4x102
	
1.9x102
	
1.4x102

	
25

	
1.9x102
	
1.4x102
	
1.9x102
	
5.1x102
	
3.6x102
	
1.9x102
	
2.0x102
	
1.9x102

	
45

	
2.1x102
	
1.9x102
	
2.0x103
	
5.9x102
	
1.9x103
	
5.6x102
	
6.5x102
	
5.2x102

	
65

	
6.5x102
	
2.1x102
	
2.9x103
	
6.9x102
	
8.9x104
	
7.9x102
	
6.9x102
	
6.1x102

	
90

	
1.6x103
	
9.5x102
	
3.1x103
	
7.9x102
	
1.6x105
	
9.4x102
	
8.1x102
	
7.9x102

	
115

	
4.2x103
	
1.0x103
	
3.2x103
	
9.5x102
	
7.8x105
	
1.0x103
	
9.5x102
	
8.5x102

	
140

	
5.1x103
	
1.2x103
	
4.9x103
	
1.0x103
	
9.8x105
	
1.1x103
	
1.0x103
	
9.4x102












Table 4: Population of vibrios (CFU/ml) in water sample during first and second culture periods

	


DOC
	
Pond A

	
Pond B
	
Pond C
	
Pond D

	
	1st Culture

	2nd
Culture
	1st
Culture
	2nd
Culture
	1st
Culture
	2nd
Culture
	1st
Culture
	2nd
Culture

	
1

	
1.9x102
	
2.0x102
	
1.7x102
	
1.6x102
	
5.1x102
	
1.9x102
	
2.9x102
	
1.8x102

	
25

	
2.4x102
	
2.9x102
	
4.5x102
	
2.5x102
	
1.0x103
	
2.0x102
	
5.1x102
	
2.2x102

	
45

	
2.7x102
	
5.6x102
	
5.9x102
	
2.9x102
	
6.5x103
	
5.1x102
	
6.9x102
	
5.6x102

	
65

	
6.5x102
	
7.9x102
	
6.8x102
	
6.9x102
	
9x103
	
6.9x102
	
8.5x102
	
5.9x102

	
90

	
9.5x102
	
8.5x102
	
9.5x102
	
7.1x102
	
9.9x103
	
7.4x102
	
9.2x102
	
7.8x102

	
115

	
1.0x102
	
9.1x102
	
9.9x102
	
8.9x102
	
1.0x104
	
9.6x102
	
1.1x103
	
9.1x102

	
140

	
1.9x103
	
9.9x102
	
1.7x103
	
9.8x102
	
1.2x104
	
9.7x102
	
1.4x103
	
9.5x102










Table 5: Population of vibrios (CFU/g) in sediment sample during first and second culture periods

	


DOC
	
Pond A

	
Pond B
	
Pond C
	
Pond D

	
	1st Culture

	2nd
Culture
	1st
Culture
	2nd
Culture
	1st
Culture
	2nd
Culture
	1st
Culture
	2nd
Culture

	
1

	
9.9x102
	
1.0x103
	
9.6x102
	
9.5x102
	
1.6x103
	
9.7x102
	
9.9x102
	
9.4x102

	
25

	
1.0x103
	
7.1x103
	
1.0x103
	
9.9x102
	
9.5x103
	
9.8x102
	
1.0x103
	
9.6x102

	
45

	
1.9x103
	
8.1x103
	
1.3x103
	
1.0x103
	
9.9x103
	
9.8x102
	
1.9x103
	
9.9x102

	
65

	
1.9x103
	
8.7x103
	
3.5x103
	
2.9x103
	
2.4x104
	
1.1x103
	
2.3x103
	
1.5x103

	
90

	
2.5x103
	
9.0x103
	
4.6x103
	
5.6x103
	
5.6x104
	
2.9x103
	
6.1x103
	
1.9x103

	
115

	
5.6x103
	
9.1x103
	
5.1x103
	
7.5x103
	
5.9x104
	
4.5x103
	
7.1x103
	
4.1x103

	
140

	
6.9x103
	
9.2x103
	
6.8x103
	
8.9x103
	
6.6x104
	
5.8x103
	
7.8x103
	
5.0x103












Table 6:  Population of Vibrios (CFU/g) in animal sample during first and second culture periods
	


DOC
	
Pond A

	
Pond B
	
Pond C
	
Pond D

	
	1st Culture

	2nd
Culture
	1st
Culture
	2nd
Culture
	1st
Culture
	2nd
Culture
	1st
Culture
	2nd
Culture

	
1

	
1.8x101
	
1.9x101
	
1.7x101
	
1.8x101
	
3.6x101
	
1.9x101
	
2.0x101
	
2.2x101

	
25

	
1.9x101
	
2.2x101
	
1.8x101
	
2.1x101
	
6.5x101
	
1.9x101
	
2.1x101
	
3.1x101

	
45

	
3.2x101
	
2.3x101
	
2.0x101
	
2.9x101
	
9.9x101
	
2.5x101
	
5.3x101
	
3.9x101

	
65

	
3.6x101
	
9.1x101
	
4.9x101
	
7.1x101
	
1.8x102
	
6.1x101
	
5.9x101
	
4.8x101

	
90

	
4.6x101
	
8.8x101
	
6.8x101
	
8.5x101
	
7.9x102
	
7.6x101
	
8.7x101
	
7.9x101

	
115

	
4.9x101
	
9.8x101
	
8.1x101
	
8.9x101
	
9.0x102
	
7.9x101
	
9.0x101
	
8.5x101

	
140

	
6.9x101
	
9.9x101
	
9.0x101
	
9.3x101
	
9.4x102
	
8.0x101
	
9.4x101
	
8.9x101
















Conclusion
The present study recorded the occurrence and progression of total heterotrophic bacteria and Vibrio spp. in water, sediment and shrimp samples from a semi-intensive Litopenaeus vannamei culture farm at Velankanni. Bacterial counts increased with the advancement of culture days in both culture periods. Among the sample types, sediment generally supported higher bacterial loads than water and animal samples, indicating the importance of pond bottom conditions in microbial accumulation. Pond C during the first culture period recorded comparatively higher THB and Vibrio counts, particularly towards the later stages of culture. This pond was also associated with White Feces Syndrome, a lower survival rate and reduced average body weight compared with the remaining ponds. Although the observations suggest an association between increased Vibrio load and disease occurrence, further confirmatory studies are required to establish a direct causal relationship. The study highlights the importance of periodic bacterial monitoring in shrimp culture systems. Maintaining microbial load within manageable levels through pond hygiene, water-quality management and routine surveillance may help reduce disease risk and support better culture performance in L. vannamei farming.
Limitations
The present study was limited to four ponds from a single semi-intensive Litopenaeus vannamei culture farm at Velankanni; therefore, the findings may not represent all shrimp farming systems or coastal regions. The investigation covered two culture periods and selected sampling days, which may not capture all temporal variations in microbial load. Total heterotrophic bacteria and Vibrio spp. were enumerated, but individual Vibrio species were not identified by biochemical or molecular methods. Pathogenicity testing was not performed; therefore, the role of Vibrio spp. in White Feces Syndrome should be interpreted as an association.
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