


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, while Vibrio spp. were enumerated using thiosulphate citrate bile salts sucrose agar. The bacterial load showed an increasing trend with the progression of culture days in both culture periods. Sediment samples generally recorded higher bacterial counts than water and animal samples. The highest THB count in water was 9.5 × 10⁷ CFU/ml in pond C during the first culture period at 140 DOC, while the highest THB count in sediment was 4.3 × 10⁸ CFU/g in the same pond and culture period. In shrimp samples, the highest THB count was 9.8 × 10⁵ CFU/g 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:
	More protein is required to meet out the steady increase in human population. Seafood protein plays a major role in fulfilling the demand of animal protein as fishery resources are the cheapest animal protein sources (FAO, 2009). However, the unregulated fishing activities have led to over exploitation of fishery products. Aquaculture practices came into existence to overcome the issue. At this circumstance, the need of aquaculture activities is unavoidable (FAO, 2020). Shrimp farming plays a vital role among all other aquaculture activities (Venkateswarlu et.al., 2019). India has 1.4-million-hectare potential area for brackish water aquaculture. Among various species of shrimp, Pacific white shrimp (Litopenaeus vannamei) is playing a crucial role in Indian aquaculture because of its amenability to artificial ecosystem and good growth and survival rate even at high stock density (Zhang et.al., 2019). 
	Uncontrolled and unwarranted expansion of the culture has led to disease out breaks and mass mortalities, which is responsible for huge economic loss (Huang et.al., 2016; Kumar and Roy, 2017). Common microbial pathogens causing infectious diseases in L. vannamei culture ponds are bacteria, virus, fungi and protozoans (Lightner et.al., 2012; Maston, 2015). Among these microorganisms, bacteria and virus are dangerous pathogens causing growth retardation and mortalities (Lin et.al., 2019). Different species of Vibrio such as V. parahaemolyticus, V. harveyi, V. vulnificus and V. alginolyticus are considered to be the causative agents of various diseases like vibriosis, White Sport Syndrome Virus (WSSV) and White Feces Syndrome (WFS). They can act as either primary or secondary pathogen (Jayasree et.al., 2006; Sugita and Ito, 2006; Kumar et.al., 2021). As the culture is carried out in a confined ecosystem like pond, always there is a chance of more organic matter, which in turn leads to high bacterial load, especially vibrios. Vibrios multiply rapidly in pond ecosystem (Banerjee and Ray, 2017). This might lead to dangerous diseases like vibriosis, WSSV and WFS. Hence, it is mandatory to monitor bacterial population in general, and pathogens like vibrios in particular. The present study was carried out for the periodical observation of total viable count of heterotrophic bacteria and Vibrio spp. in L. vannamei culture farm for two culture periods.
MATERIALS AND METHODS:
	The present study was carried out in semi-intensive Pacific white shrimp (Litopenaeus vannamei) culture farm located at Velankanni (Lat 10.71N; Long 79.84E), Tamil Nadu. The observations were made in four ponds during two consecutive culture periods covering a period of February 2023 to June 2023 and August 2023 to December 2023. Water spread area of the farm is 0.8 ha. The water source is from creek which has connection with sea. The depth of the water was 1.2 m. Proper pond preparation and water culture were executed before stocking. The stocking density was 40/m2. Sampling was made on 1st, 25th, 45th, 65th, 90th, 115th and 140th DOC. It was made during morning time. Water sample was collected from 50cm depth and 2m distance from the bund with the help of pre-sterilized MaCartney bottles. Proper care was taken to have air space to allow uniform mixing. To prevent clustering of bacterial cells, thorough shaking was done. Sediment sample was taken by pre-sterilized vertical corer. Central part of the sample was collected with the help of a sterile spatula and stored in a sterile polythene bag. Afterwards, it was put into sterile water blanks for serial dilution. Vigorous agitation was made by mechanical shaker. Shrimps were collected with the help of cast net. Surface of them was cleaned by sterile water and cotton tipped applicators. Sterile forceps was used to remove the gut and it was homogenized with pre-sterilized pestle and mortar. Then it was mixed with 99 ml water blank and further serial dilutions were performed with 9 ml water blanks. Samples were transported to the laboratory by using portable icebox for bacteriological assessment as soon as possible to prevent further contamination. 
Total viable count of heterotrophic bacteria:
	Pour plating method was followed. Sterile 9ml water blanks were used for serial dilution purpose in water sample. For sediment and animal samples, 99ml water blanks were utilized. With the help of pipette, one ml sample derived from desired serial dilution was added to sterilized petriplate. Then approximately, 20ml Zobell's marine agar medium was poured. The plates were rotated clockwise and anti-clockwise directions to enhance thorough mixing. Laminar air flow chamber was used to do all the processes in sterile atmosphere. Petriplates were kept inverted position in incubator at 28±2°C for 3 days. Viable colonies (30 to 300) in the petridishes 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.
	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 (0.1ml) were spread on TCBS agar medium poured plates with the help of "L" shaped rod. Afterwards, the petridishes were placed in an incubator at inverted position for 24 hours at 35°C. After 24 hours, the bacterial colonies in the petriplates were counted and the results were expressed as CFU/ml for water and CFU/g for animal and sediment samples.
	Statistical analyses such as ANOVA and student “T” test were made.
RESULTS AND DISCUSSION:
THB load in water, sediment and animal samples
	The population of THB in water sample was high (9.4X107 CFU/ml) in pond C during first culture at 140th DOC and low (1.9x104 CFU/ml) in pond A at 1st DOC during second culture (Table 1). The THB load in sediment sample ranged from 1.2x106 CFU/g (during second culture in pond C at 1st DOC) to 4.3x108 CFU/g (during first culture in pond C at 140th DOC) (Table 2,). In animal sample, the maximum of THB load (9.8X105 CFU/g) was recorded in pond C during first culture at 140th DOC, whereas, the minimum load (1.1x102 CFU/g) was observed in pond A during second culture at 1st DOC (Table 3). The student “T” test revealed significant variation (P≥0.02) during days of culture at various phases.
Population of vibrios in water, sediment and animal samples
	The maximum population of Vibrio spp. in water sample (1.2x104 CFU/ml) was reported in pond C at 140th DOC during first culture, whereas, the minimum of 1.6X102 CFU/ml was observed at 1st DOC in pond B during second culture (Table 4). In sediment sample, the maximum load of vibrios was observed as 6.6x104 CFU/g in pond C during first culture at 140th DOC and the minimum (9.4x102 CFU/g) was recorded in pond A during second culture at 1st DOC (Table 5). In animal sample, it varied between 1.7x101 CFU /g (in pond B during first culture at 1st DOC) and 9.4x102 CFU/g (in pond C during first culture at 140th DOC) (Table 6). Statistical analysis showed some significance (P≥0.02) during different stages of culture.
	 The results of the present investigation clearly illustrate an increasing trend of bacterial load (both THB and vibrios) towards days of culture (DOC) in two culture periods. It might be due to the steady increase of organic matter in pond bottom at the later stages of culture because of the left-over feed, accumulation of fecal matter and other inputs. This is in agreement with the earlier findings of Dalmin et al., (2002) and Lemonnier et al., (2010). Generally, physico-chemical factors play a crucial role in the bacterial population of aquatic ecosystem (SongQingyuan et al.,1991). However, in semi-intensive shrimp culture pond ecosystem, it is always possible to keep most of the environmental parameters at optimum level through proper water quality management (Sharmila et al.,1996).	Previous studies made by Chen (1992) and Aldunate et al., (2018) reconcile with the present study as more organic matter in the later part of the culture system was responsible for the heavy bacterial population. It is obvious that sediments had high population of bacteria (Youngquan et al.,1994: Dalmin et al.,2001). The present findings also stand with earlier reports. More bacterial load in animal samples in the end stages of culture might be due to high number of bacteria in pond ecosystem as the cultured shrimps always have contact with water and sediment.
	If the bacterial population increases in confined ecosystem like shrimp culture pond, it will lead to growth retardation, stress, disease incidences and mortality. More number of bacteria, especially Vibrio spp. may lead to infectious disease out breaks in semi-intensive shrimp culture ponds (Karunasagar et al.,1996). High population of vibrios observed in the end stages of culture due to more organic population is supported by earlier researcher, Takemura et al., (2014). A notable increase in the population of Vibrio spp. may cause direct disease outbreaks and make the animals susceptible to stress and mortality (Ping and Meimei, 1994). The findings of Zhang et al., (2016) and Kuniawinata et al., (2021) postulated that high load of vibrios cause stress and disease out breaks in Litopenaeus Vannamei culture ponds. The results of the present study stand with these findings as more population of Vibrio spp. was reported along with White Feces Syndrome (WFS) disease occurrence in pond ‘C’ during first culture operation. It is apparent that vibrios are opportunistic pathogens in L. Vannamei farming (Rungrassame et.al., 2016, Sotomayor et al., 2019) 
	From the present study, it is evident that WFS disease occurred when there was a drastic increase in bacterial load especially Vibrio spp. at 65th DOC in pond ‘C’ during first culture period. It is in agreement with the statement, “WFS is caused by vibrios along with poor environmental parameters” made by Durai et al., (2015). Heavy load of THB particularly vibrios is responsible for WFS disease (Samboon et al., 2012). More number of vibrios in the gut might have caused WFS disease. It reconciles with the previous reports of Kuniawinata et al.,2021). In WFS affected pond (C), the dissolved oxygen level and transparency were below 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 the survival rate above 85% and average body weight around 28 g without any drastic hike in vibrios load and WFS disease outbreak. This clearly indicates the necessity of maintaining bacterial load in general, and Vibrio spp. in particular at optimum level to be attain disease free successful 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 toward the later stages of culture. This pond was also associated with White Feces Syndrome, 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 located at Velankanni, and therefore the findings may not represent all shrimp farming systems or coastal regions. The investigation was based on two culture periods and selected sampling days, which may not capture all temporal variations in microbial load. The study enumerated total heterotrophic bacteria and Vibrio spp., but individual Vibrio species were not identified by biochemical or molecular methods. Pathogenicity testing was not performed, and therefore the role of Vibrio spp. in White Feces Syndrome can only be interpreted as an association. Environmental parameters were mentioned in relation to pond conditions, but detailed water and sediment quality data were not presented. Further studies with wider sampling, species-level bacterial identification, molecular confirmation, and integrated environmental analysis are required to strengthen the conclusions.
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Fig. 5: Population  of  vibrios (CFU/g) in sediment during first and second culture
Pond A 1st Culture	1	25	45	65	90	115	140	2.9899999999999998	3	3.27	3.27	3.3899999999999997	3.74	3.8299999999999996	Pond A 2nd Culture	1	25	45	65	90	115	140	3	3.8499999999999996	3.9	3.9299999999999997	3.9499999999999997	3.9499999999999997	3.96	Pond B 1st Culture	1	25	45	65	90	115	140	2.98	3	3.11	3.54	3.66	3.71	3.8299999999999996	Pond B 2nd Culture	1	25	45	65	90	115	140	2.9699999999999998	2.9899999999999998	3	3.46	3.74	3.8699999999999997	3.94	Pond C 1st Culture	1	25	45	65	90	115	140	3.2	3.9699999999999998	3.9899999999999998	4.38	4.7439999999999998	4.7699999999999996	4.8199999999999994	Pond C 2nd Culture	1	25	45	65	90	115	140	2.98	2.9899999999999998	2.9899999999999998	3.04	3.46	3.65	3.7600000000000002	Pond D 1st Culture	1	25	45	65	90	115	140	3	3	3.27	3.36	3.7800000000000002	3.8499999999999996	3.8899999999999997	Pond D 2nd Culture	1	25	45	65	90	115	140	2.9699999999999998	2.98	2.9899999999999998	3.17	3.27	3.61	3.69	DOC
Mean Log Bacterial Number

Fig.6: Population of  vibrios (CFU/g) in animal sample during first and second culture 
Pond A 1st Culture	1	25	45	65	90	115	140	1.25	1.27	1.51	1.55	1.6600000000000001	1.6900000000000002	1.83	Pond A 2nd Culture	1	25	45	65	90	115	140	1.27	1.34	1.36	1.9500000000000002	1.9400000000000002	1.9900000000000002	1.9900000000000002	Pond B 1st Culture	1	25	45	65	90	115	140	1.23	1.25	1.3	1.6900000000000002	1.83	1.9000000000000001	1.9500000000000002	Pond B 2nd Culture	1	25	45	65	90	115	140	1.25	1.32	1.46	1.85	1.9200000000000002	1.9400000000000002	1.9600000000000002	Pond C 1st Culture	1	25	45	65	90	115	140	1.55	1.81	1.9900000000000002	2.25	1.8900000000000001	1.9500000000000002	1.9700000000000002	Pond C 2nd Culture	1	25	45	65	90	115	140	1.27	1.27	1.3900000000000001	1.78	1.8800000000000001	1.8900000000000001	1.9000000000000001	Pond D 1st Culture	1	25	45	65	90	115	140	1.3	1.32	1.72	1.77	1.9300000000000002	1.9500000000000002	1.9700000000000002	Pond D 2nd Culture	1	25	45	65	90	115	140	1.34	1.49	1.59	1.6800000000000002	1.8900000000000001	1.9200000000000002	1.9400000000000002	DOC
Mean Log Bacterial Number

Fig.1: THB  population (CFU/ml) in water during first and second culture
Pond A 1st Culture	1	25	45	65	90	115	140	4.3199999999999994	4.5599999999999996	5.18	5.84	5.96	6.08	6.59	Pond A 2nd Culture	1	25	45	65	90	115	140	4.2699999999999996	4.38	4.9700000000000006	5.88	5.9700000000000006	6.48	6.6199999999999992	Pond B 1st Culture	1	25	45	65	90	115	140	4.3	4.46	4.96	4.99	5.6599999999999993	5.81	6.28	Pond B 2nd Culture	1	25	45	65	90	115	140	4.5599999999999996	4.8099999999999996	5.04	5.51	5.96	6.28	6.71	Pond C 1st Culture	1	25	45	65	90	115	140	5.71	5.04	5.59	6.28	6.99	7.76	7.98	Pond C 2nd Culture	1	25	45	65	90	115	140	4.46	4.49	4.7699999999999996	5.79	5.83	5.98	6	Pond D 1st Culture	1	25	45	65	90	115	140	4.49	4.6399999999999997	5.04	5.84	5.89	5.98	6.42	Pond D 2nd Culture	1	25	45	65	90	115	140	4.55	4.6099999999999994	4.7699999999999996	5.04	5.46	5.9300000000000006	5.99	DOC
Mean Log Bacterial Number

Fig. 2: THB population (CFU/g) in sediment during first and second culture 
Pond A 1st Culture	1	25	45	65	90	115	140	6.9300000000000006	6.96	7.46	7.81	7.96	7.96	8	Pond A 2nd Culture	1	25	45	65	90	115	140	6.42	6.71	6.84	6.9700000000000006	7	7.28	7.38	Pond B 1st Culture	1	25	45	65	90	115	140	6.1099999999999994	6.28	6.6499999999999995	6.84	6.9700000000000006	7.21	7.28	Pond B 2nd Culture	1	25	45	65	90	115	140	6.3199999999999994	6.8199999999999994	6.8599999999999994	6.89	6.96	8	7.21	Pond C 1st Culture	1	25	45	65	90	115	140	6.6099999999999994	6.95	7.84	8.0400000000000009	8.3000000000000007	8.620000000000001	8.629999999999999	Pond C 2nd Culture	1	25	45	65	90	115	140	6.08	6.1499999999999995	6.6899999999999995	6.72	6.88	6.92	7	Pond D 1st Culture	1	25	45	65	90	115	140	6.6099999999999994	6.71	6.83	6.89	7.3199999999999994	7.6099999999999994	7.89	Pond D 2nd Culture	1	25	45	65	90	115	140	6.1099999999999994	6.6099999999999994	6.6499999999999995	6.98	8	7.18	7.3199999999999994	DOC
Mean Log Bacterial Number

Fig.3: THB  population (CFU/g) in Animal sample during first and second culture 
Pond A 1st Culture	1	25	45	65	90	115	140	2.11	2.2799999999999998	2.3199999999999994	2.8099999999999996	3.21	3.62	3.71	Pond A 2nd Culture	1	25	45	65	90	115	140	2.11	2.15	2.2799999999999998	2.3199999999999994	2.98	3	3.08	Pond B 1st Culture	1	25	45	65	90	115	140	2.04	2.2799999999999998	3.3	3.46	3.4899999999999998	3.51	3.69	Pond B 2nd Culture	1	25	45	65	90	115	140	2.21	2.71	2.77	2.84	2.9	2.98	3	Pond C 1st Culture	1	25	45	65	90	115	140	2.38	2.56	3.2800000000000002	4.95	5.2	5.89	5.99	Pond C 2nd Culture	1	25	45	65	90	115	140	2.15	2.2799999999999998	2.75	2.9	2.9699999999999998	3	3.04	Pond D 1st Culture	1	25	45	65	90	115	140	2.2799999999999998	2.2999999999999998	2.8099999999999996	2.84	2.9099999999999997	2.98	3	Pond D 2nd Culture	1	25	45	65	90	115	140	2.15	2.2799999999999998	2.72	2.79	2.9	2.9299999999999997	2.9699999999999998	DOC
Mean Log Bacterial Number

Fig.4: Population of vibrios (CFU/ml) in water sample during first and second culture  
Pond A 1st Culture	1	25	45	65	90	115	140	2.2799999999999998	2.38	2.4299999999999997	2.8099999999999996	2.98	2	3.2800000000000002	Pond A 2nd Culture	1	25	45	65	90	115	140	2.2999999999999998	2.46	2.75	2.9	2.9299999999999997	2.96	3	Pond B 1st Culture	1	25	45	65	90	115	140	2.23	2.65	2.77	2.8299999999999996	2.98	3	3.23	Pond B 2nd Culture	1	25	45	65	90	115	140	2.2000000000000002	2.4	2.46	2.84	2.8499999999999996	2.9499999999999997	2.9899999999999998	Pond C 1st Culture	1	25	45	65	90	115	140	2.71	3	3.8099999999999996	3.96	3.4	4	4.08	Pond C 2nd Culture	1	25	45	65	90	115	140	2.2799999999999998	2.2999999999999998	2.71	2.84	2.8699999999999997	2.98	2.9899999999999998	Pond D 1st Culture	1	25	45	65	90	115	140	2.46	2.71	2.84	2.9299999999999997	2.96	3.04	3.15	Pond D 2nd Culture	1	25	45	65	90	115	140	2.2599999999999998	2.34	2.75	2.77	2.8899999999999997	2.96	2.98	DOC
Mean Log Bacterial Number




