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ABSTRACT 

	The present study investigated the physico-chemical water quality parameters and the prevalence of Vibrio spp. in shrimp (Penaeus vannamei) farms located in the coastal Saurashtra region of Gujarat during the mid to late culture period (80–120 days). Water samples were collected between July and December 2024 from 24 P. vannamei farms across four locations: Veraval, Chorwad, Mangrol, and Bhavnagar. The analyzed physico-chemical parameters included salinity, temperature, pH, dissolved oxygen (DO), total alkalinity, and total hardness, which ranged from 13.33 ± 0.333 to 22.00 ± 0.577 ppt, 29.00 ± 0.000 to 32.33 ± 0.333 °C, 7.43 ± 0.145 to 8.20 ± 0.058, 4.63 ± 0.033 to 5.60 ± 0.208 mg/L, 100.00 ± 4.163 to 191.67 ± 14.814 mg/L, and 2580.00 ± 32.14 to 4340.00 ± 117.189 mg/L, respectively, across all sites. All measured water quality parameters were within the acceptable range for normal shrimp culture. Five Vibrio species, viz., Vibrio parahaemolyticus (VP), V. cholerae (VC), V. vulnificus (VV), V. alginolyticus (VA), and V. harveyi (VH) were identified from the water samples using Gram staining and standard biochemical tests. Species-level analysis revealed that VC (n = 32) and VP (n = 32) were the most frequently detected, followed by VA (n = 16), VH (n = 12), and VV (n = 11).
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1. INTRODUCTION 
Aquaculture accounts for the bulk of shrimp production, making them one of the most popular seafood commodities marketed globally (Igbinosa & Beshiru, 2019; Thornber et al., 2020). Penaeid shrimp aquaculture is ranked second in terms of value and sixth in terms of quantity among all animal cultures worldwide. Two species, the Pacific White Shrimp (Penaeus vannamei) and the Black Tiger Shrimp (Penaeus monodon), account for around 80% of the output (Bajaniya et al., 2019). Penaeus vannamei is the most commonly used species of penaeid shrimp in aquaculture in India. This occurred following a significant policy decision made by the Indian government to allow the import of certain pathogen-free P. vannamei for domestic cultivation in India (Kumaran et al., 2017). P. vannamei is suitable for aquaculture owing to its fast growth, tolerance to a wide range of water salinity conditions and low temperatures, low dietary protein requirements, and high survival rates (Ghosh, 2018; Xu et al., 2018; Cheng et al., 2019). However, the increasing industrialization of large-scale intensive aquaculture systems and fast-growing shrimp culture models has led to poor hygienic conditions (Yu et al., 2016; Jiang et al., 2020).
In addition to feeding, pollution, illnesses, soil quality, nutrients, and the use of several pesticides, water quality is one of the most crucial elements impacting shrimp growth (Kautsky et al., 2000). Stress in the farmed shrimp stock caused by variations in water quality factors might make shrimp more vulnerable to opportunistic infections or worsen other outbreaks (Swathi et al., 2021). Numerous diseases often infect cultivated shrimp worldwide, generating substantial mortality and significant financial losses for the business (Kennedy et al., 2016; Babu et al., 2021). According to estimates, viral pathogens account for 60% followed by bacterial infections account for 20% of shrimp disorders (Flegel, 2012).
Vibrio sp. is part of the normal microflora of aquatic species, but it can also cause human diseases. Vibrio pathogens have been responsible for mass mortalities in shrimp ponds (Gopal et al., 2005; Khan et al., 2022). Some Vibrio strains and species are infectious and harmful, resulting in "vibriosis". Vibriosis is the most prevalent and serious bacterial illness in crustaceans in aquaculture, since opportunistic or pathogenic Vibrio bacteria can be deadly (Kumar et al., 2017). As a result, early detection of both microbial and viral illnesses is critical for maintaining a healthy stock. Hence, in the present study, water quality parameters from 24 semi-intensive shrimp ponds were analyzed to comprehend the interrelationship between pond management practices, water quality, and shrimp health.

2. Materials and Methods 
2.1 Sample Collection 
The present study was conducted at four commercial shrimp farms located in different areas, namely Veraval, Chorwad, Mangrol, and Bhavnagar. A total of 24 Penaeus vannamei farms were selected from four locations (Table 1). Samples were collected after 80 to 120 days of culture (DOC) from July to December 2024. The sample was collected in an aseptic manner, without any cross-contamination. Each selected shrimp farm water sample was collected in a 50 ml sterilized tube (Eppendorf, India). Water samples were collected at three different locations at each sampling farm site. The physicochemical water parameters were measured at the respective farm sites. Each water sample tube was properly labelled with the farm location, date of collection, DOC, and sample type for clear identification. Water samples were packed in an insulated sample box (Aristo, India) with a gel ice pack to maintain the temperature at 4°C.

Table 1: Sample collection: Farm ID, location, sampling date, and day of culture

	Farm ID
	Location
	District
	Farm Location (Village/Area)
	Sample Collection Date
	Day of Culture (DOC)

	S1
	Veraval

	Gir Somnath

	Dari- 1
	22-10-2024
	80

	S2
	
	
	Navapara- 1
	22-10-2024
	120

	S3
	
	
	Dari- 2
	22-10-2024
	120

	S4
	
	
	Dari- 3
	22-10-2024
	94

	S5
	
	
	Navapara- 2
	22-10-2024
	90

	S6
	
	
	Navapara- 3
	22-10-2024
	95

	S7
	
	
	Navapara- 4
	22-10-2024
	93

	S8
	Chorwad
	Junagadh
	Jhunjharpur- 1
	23-10-2024
	81

	S9
	
	
	Jhunjharpur - 2
	23-10-2024
	83

	S10
	
	
	Jhunjharpur - 3
	23-10-2024
	80

	S11
	
	
	Sasar, Khodada
	23-10-2024
	85

	S12
	
	
	Chorwad- 1
	23-10-2024
	83

	S13
	
	
	Chorwad- 2
	23-10-2024
	80

	S14
	Mangrol

	Junagadh

	Mangrol- 1
	23-10-2024
	82

	S15
	
	
	Mangrol- 2
	23-10-2024
	83

	S16
	
	
	Mangrol- 3
	23-10-2024
	83

	S17
	
	
	Mangrol- 4
	23-10-2024
	85

	S18
	Bhavnagar

	Bhavnagar

	Kotada- 1
	15-11-2024
	120

	S19
	
	
	Kotada- 2
	15-11-2024
	114

	S20
	
	
	Kotada- 3
	15-11-2024
	116

	S21
	
	
	Kotada- 4
	15-11-2024
	102

	S22
	
	
	Kotada- 5
	15-11-2024
	117

	S23
	
	
	Jashavantpar- 1
	15-11-2024
	114

	S24
	
	
	Jashavantpar - 2
	15-11-2024
	99



2.2 Physico-chemical Water Quality Parameters of Shrimp Farm Water
Physico-chemical water parameters were assessed on-site, including pH using a pH meter, temperature with a thermometer, salinity with a refractometer, and DO, hardness, and alkalinity using AquaCheck (India) kits. The analytical procedures followed the standard methods described by Abioye et al. (2021).
2.3 Isolation of Vibrio spp. from Shrimp Farm Water
All collected samples were transported to the laboratory at the College of Fisheries Science, Kamdhenu University, Veraval. Samples were collected and processed under extremely sterile procedures. Before the procedure began, the materials such as sample tubes, forceps, glasses, and scissors were sterilized in an autoclave. Then, 70% alcohol was also used to disinfect the platform, hands, and other necessary items used for sample preparation. Shrimp farm water sample in which 1 ml of water was directly transferred into 9 ml of ASPW. For proper enrichment of bacteria, all prepared samples were incubated for 24 hours at 37°C in the incubator (WHO, 1999). After 24 hours of incubation, the samples were removed from the incubator and streaked using the quadrant technique in sterile 90 mm Petri plates (Tarson, India) containing pre-prepared Thiosulfate Citrate Bile Salts Sucrose (TCBS) medium (HiMedia, India) under an aseptic environment within a laminar airflow cabinet. TCBS plates were placed in an incubator at 37°C for 24 hours. After incubation, the plates are removed, and the colony growth, colony color, size, and shape are noted. Then, a single colony was picked and streaked on nutrient agar (HiMedia, India), and the plates were labeled with which Sample ID, colony number, colony color, and date. The plates were incubated at 37 °C for 24 hours, and then stored at 4 °C in a refrigerator to preserve the colonies for further analysis.
2.4 Identification of Vibrio spp.
Different Vibrio species were identified by first examining their Gram staining characteristics. 
2.4.1 Gram staining
Gram staining is a simple and widely used method to differentiate two main types of bacteria apart- Gram-positive and Gram-negative, based on how their cell walls are built and how they react to certain dyes. To perform Gram staining, a thin smear of the bacterial sample was prepared on a clean, sterile glass slide and gently heat-fixed after letting it air dry. The slide was then stained with crystal violet for about a minute and rinsed with tap water. To aid in fixing the dye, Gram’s iodine was then added and allowed to sit for an additional minute. After that, the slide was gently washed with a decolorizer until no more blue dye was released, followed by another rinse with tap water. The slide was counterstained with 0.5% w/v safranin for 20 seconds, rinsed once more, and allowed to air dry. The stained sample was observed under a microscope using oil immersion. The difference in cell wall thickness is what causes Gram-positive bacteria to stay violet while Gram-negative ones turn red.
2.4.2 Biochemical tests 
Further confirmation was done using biochemical tests such as indole, methyl red, Voges–Proskauer, Simmons citrate, oxidase, and catalase tests, which helped clearly distinguish and identify the different Vibrio species. All the above-listed biochemical tests were performed following the method described by Anupama (2020), and the different Vibrio species were identified based on the characteristics listed in Table 2.

Table 2: Characteristics of different Vibrio spp. for TCBS, Gram staining, and biochemical tests

	Colony morphology
	Vibrio spp.

	
	V. parahaemolyticus
	V. cholerae
	V. alginolyticus
	V. vulnificus
	V. harveyi

	
	Green
	Yellow
	Yellow
	Green
	Green/Yellow

	Gram staining
	˗
Curved-rod (comma)
	˗
Curved-rod (comma)
	˗
Curved-rod (comma)
	˗
Curved-rod (comma)
	˗
Curved-rod (comma)

	Catalase
	+
	+
	v
	+
	+

	Oxidase
	+
	+
	+
	+
	+

	Indole
	+
	+
	+
	v
	+

	MR
	+
	˗
	+
	+
	+

	VP
	˗
	v
	+
	˗
	˗

	Citrate
	˗
	v
	+
	˗
	v


+ (positive), - (negative), v (variable)

2.4.2.1 Catalase test 
The catalase test aids in determining whether a microbe is capable of producing the catalase enzyme, which is required to safeguard cells from the damaging effects of hydrogen peroxide (H2O2). This enzyme converts hydrogen peroxide to safe oxygen and water. 3% hydrogen peroxide is used in the test. A tiny portion of a fresh bacterial colony on a sterile, spotless glass slide, and then multiple drops of hydrogen peroxide. The test is positive if bubbles form, indicating that the bacteria are capable of producing catalase.
2.4.2.2 Oxidase test 
The oxidase test can assess whether a microorganism is using oxygen as a metabolic substrate by looking for the enzyme cytochrome C oxidase, which is part of the electron transport chain. For this test, we prepared a filter paper saturated with Kovac’s oxidase reagent, and using a loop, a tiny portion of the bacterial colony was placed on the filter paper. If the bacterial colony turned blue within 30 to 60 seconds, it was considered positive.
2.4.2.3 Indole test
The indole test identifies whether a microorganism can metabolize tryptophan into indole and subsequently possesses the enzyme tryptophanase. For the test, a colony was placed into tryptone broth and incubated at 37 ± 0.5 °C for 24 hours. After the incubation period, 0.2 to 0.3 ml of Kovac’s reagent was carefully added to the broth. The appearance of a red color ring at the top is a positive result for indole.
2.4.2.4 Methyl red test
The Methyl Red test is used to determine whether a bacterium is able to ferment glucose and form stable acid byproducts. Methyl red dye, as an indicator, turns red in acidic conditions and is therefore useful in spotting these changes. Bacterial samples were added to MR-VP broth and were incubated at 37°C for 24 to 48 hours. Five drops of methyl red reagent were added after incubation. Red coloration of the broth indicated positivity, whereas yellow indicated negativity.


2.4.2.5 Voges-proskauer (VP) test
The sample of the suspected bacteria was inoculated into the MR-VP broth and incubated at 37 ± 0.5 °C for 48 ± 2 hours. In the next stage of the experiment, 3 mL of Barritt reagent A and 1 mL of Barritt reagent B were added to the test tubes, which contained the treated bacteria. After that, the test tubes were shaken, and the mixture was exposed to the air. A positive result was recorded after 15-30 minutes if a red color developed.
2.4.2.5 Simon citrate test
A citrate test can be used to determine whether certain bacteria may grow using citrate as their primary carbon source. A Simmons citrate agar slant is prepared for the test, and a sterile needle tip with a colony is carefully touched to the slant to inoculate it. After that, the tube is incubated for 18 to 24 hours at 37 °C. The medium turns from green to blue, signifying a successful outcome if the bacteria can use citrate.
2.4 Statistical Analysis
The experiment was carried out using a completely randomized sampling method. Bacterial identification data were processed using Microsoft Excel. The physicochemical water parameter data were analyzed using one-way ANOVA in SPSS software. To compare differences between groups, Duncan’s multiple range test was applied, with different superscripts indicating statistically significant differences. The level of statistical significance was set at p< 0.05.

3. results and discussion
3.1 The Physico-chemical Water Parameters of Selected Shrimp (Litopenaeus vannamei) Farms of the Coastal Saurashtra Region
The physico-chemical water parameters of Veraval location had been analyzed at three different ponds in Dari and four ponds in Navapara, taken on the 22nd October, 2024. The physico-chemical water parameters of Chorwad location had been analyzed at three different ponds in Jhunjharpur, one pond in Sasar Khodada, and two ponds in Chorwad, taken on the 23rd October, 2024. The physico-chemical water parameters of Mangrol location had been analyzed at four different ponds in Mangrol, taken on the 23rd October, 2024. The physico-chemical water parameters of the Bhavnagar location had been analyzed at five different ponds in Kotada and two ponds in Jashavantpar, taken on the 15th November, 2024. The physicochemical water parameters data are presented in Tables 3 to 6 and Fig. 1 to Fig. 4. 

Table 3. Physico-chemical water parameters of selected shrimp (P. vannamei) farms of Veraval 
	[bookmark: _Hlk217081791]Farm Location
	Salinity
(ppt)
	Temperature
(°C)
	pH
	DO
(mg/l)
	Alkalinity
(mg/l)
	Hardness
(mg/l)

	Dari- 1
	16.00±1.000ab
	29.00±0.000c
	7.53±0.120b
	5.27±0.273ab
	100.00±4.163c
	3200.00±176.163ab

	Navapara- 1
	13.67±0.333cd
	31.00±0.000ab
	7.87±0.033a
	5.10±0.058b
	110.00±1.155bc
	2750.00±62.450cd

	Dari- 2
	15.33±0.333abc
	29.67±0.333c
	7.43±0.145b
	5.60±0.208a
	107.67±2.028bc
	3130.00±70.946b

	Dari- 3
	17.00±0.577a
	30.00±0.577bc
	7.83±0.033a
	5.27±0.033ab
	107.33±4.842bc
	3470.00±55.076a

	Navapara- 2
	15.00±0.577bc
	32.00±0.577a
	7.93±0.088a
	4.97±0.120b
	121.67±6.009ab
	2940.00±66.583bc

	Navapara- 3
	14.00±0.577cd
	31.67±0.333a
	7.83±0.033a
	5.20±0.058ab
	135.00±2.887a
	2770.00±124.900cd

	Navapara- 4
	13.00±0.577d
	32.00±0.000a
	7.83±0.033a
	5.07±0.088b
	128.33±7.265a
	2610.00±80.829d


Note: all the values are presented in (mean ± SE). Mean values with different superscripts in the same column differ significantly 
Table 4. Physico-chemical water parameters of selected shrimp (P. vannamei) farms of Chorwad
Note: all the values are presented in (mean ± SE). Mean values with different superscripts in the same column differ significantly 
	Farm Location
	Salinity
(ppt)
	Temperature
(°C)
	pH
	DO
(mg/l)
	Alkalinity
(mg/l)
	Hardness
(mg/l)

	Jhunjharpur- 1
	13.67±0.333a
	30.33±0.333a
	7.87±0.033b
	5.00±0.058ab
	171.67±7.265ab
	2730.00±45.826a

	Jhunjharpur- 2
	13.33±0.333a
	30.33±0.333a
	7.77±0.067b
	5.13±0.033a
	165.33±7.881ab
	2580.00±32.146a

	Jhunjharpur- 3
	14.00±0.000a
	30.67±0.333a
	7.90±0.115b
	5.00±0.058ab
	161.67±4.631b
	2770.00±15.275a

	Sasar Khodada
	13.33±0.667a
	32.33±0.333a
	8.20±0.058a
	4.63±0.033d
	191.67±14.814a
	2700.00±102.632a

	Chorwad- 1
	13.67±0.333a
	30.67±0.333a
	7.80±0.058b
	4.80±0.058c
	146.67±9.615b
	2770.00±60.277a

	Chorwad- 2
	13.33±0.333a
	30.67±0.333a
	7.83±0.088b
	4.87±0.067bc
	158.33±4.410b
	2680.00±50.332a



Table 5. Physico-chemical water parameters of selected shrimp (P. vannamei) farms of Mangrol

	Farm Location
	Salinity
(ppt)
	Temperature
(°C)
	pH
	DO
(mg/l)
	Alkalinity
(mg/l)
	Hardness
(mg/l)

	Mangrol- 1
	18.00±0.000b
	31.33±0.333a
	7.97±0.067a
	5.03±0.067a
	168.33±4.410b
	3630.00±28.868b

	Mangrol- 2
	18.33±0.333b
	30.33±0.333a
	7.93±0.088a
	5.13±0.033a
	164.67±3.712b
	3660.00±61.101ab

	Mangrol- 3
	19.00±0.000a
	30.33±0.333a
	7.90±0.058a
	5.17±0.033a
	180.67±2.333a
	3790.00±36.056a

	Mangrol- 4
	19.00±0.000a
	30.67±0.333a
	7.93±0.088a
	5.13±0.033a
	180.67±2.963a
	3780.00±35.119a


Note: all the values are presented in (mean ± SE). Mean values with different superscripts in the same column differ significantly 
Table 6. Physico-chemical water parameters of selected shrimp (P. vannamei) farms of Bhavnagar

	Farm Location
	Salinity
	Temperature
	pH
	Dissolved Oxygen
	Alkalinity
	Hardness

	Kotada- 1
	22.00±0.577a
	29.67±0.667a
	8.03±0.067a
	4.90±0.058a
	138.33±2.028b
	4340.00±117.189a

	Kotada- 2
	20.67±0.333ab
	30.33±0.333a
	8.00±0.100a
	4.93±0.088a
	134.33±1.764b
	4140.00±36.056ab

	Kotada- 3
	20.67±0.333ab
	30.67±0.882a
	8.10±0.058a
	5.07±0.145a
	136.33±5.207b
	4150.00±95.044ab

	Kotada- 4
	20.67±0.333ab
	30.33±0.333a
	7.97±0.088a
	4.80±0.100a
	138.33±4.410b
	4120.00±72.111ab

	Kotada- 5
	21.00±0.577ab
	29.67±0.333a
	8.00±0.000a
	4.97±0.067a
	134.00±0.577b
	4250.00±92.916a

	Jashavantpar-  1
	19.67±0.333b
	29.67±0.333a
	8.13±0.033a
	5.00±0.058a
	149.00±1.528a
	3930.00±56.862b

	Jashavantpar-  2
	19.67±0.333b
	29.00±0.577a
	8.10±0.058a
	5.00±0.058a
	154.00±1.155a
	3946.67±44.845b


Note: all the values are presented in (mean ± SE). Mean values with different superscripts in the same column differ significantly 


Fig. 1. Physico-chemical water parameters of selected shrimp (P. vannamei) farms of Veraval 



Fig. 2. Physico-chemical water parameters of selected shrimp (P. vannamei) farms of Chorwad

Fig. 3. Physico-chemical water parameters of selected shrimp (P. vannamei) farms of Mangrol

[bookmark: _Hlk217084134]Fig. 4. Physico-chemical water parameters of selected shrimp (P. vannamei) farms of Bhavnagar

Temperature strongly influences how well shrimp grow (Das, 2001). They usually show faster growth when the water temperature ranges between 24-34°C in culture systems (Fast, 1992). A similar pattern was also observed by Bajaniya et al. (2019), who reported that key water quality factors like temperature, pH, dissolved oxygen, alkalinity, and hardness all play an important role in shrimp farming. For shrimp, cooler water slows down their metabolism, which also reduces the amount of ammonia they produce (Kir et al., 2004). Wyban et al. (1995) found that the best growth of P. vannamei happens at about 27°C. In our study, the average temperature was 30°C, which still fits well within the recommended range of 26 33°C reported by Wickins and Lee (2008) for this species. Another key factor in shrimp farming is maintaining the right pH. Pond water with a pH between 6.5 and 9.0is considered healthy and supportive for aquaculture (Carbajal-Hernandez et al., 2012). 
High pH levels are also common in shrimp ponds, usually because phytoplankton use up carbon dioxide during photosynthesis (Penmetsa et al., 2013). Shrimps can live in a wide range of salinities, but they grow best when the salinity is between 15 and 25% (Baliao, 2000). If the salinity drops too low, it often causes negative changes in the pond environment (Wahab et al., 2003). Another key factor for good water quality is hardness, which mainly comes from calcium and magnesium ions (Boyd et al., 2016; Wurts and Durborow, 1992). Less productivity is typically found in waters with total alkalinities of less than 15 or 20 mg/liter. Aquaculture production is best served by a total alkalinity of 20 to 150 mg/L. According to Boyd and Pillai (1985), a total alkalinity range of 200 to 250 mg/L is likewise appropriate. Parmar et al. (2023) found that total alkalinity ranged from 122.60 to 359.72 mg/L. Hardness values of 1990 to 12100 mg/L and 265 and 5945 mg/L were reported by Bajaniya et al. (2019) and Saksena et al. (2006), respectively, which were similarly higher than anticipated. Darwin et al. (2017) also noted that the water's hardness varied between 2640 and 6722 mg/L. All the physico-chemical water parameters stayed comfortably within the ideal culturable range, providing a healthy and supportive environment for the successful growth of Penaeus vannamei.
3.2 Identification of Vibrio spp. through Gram staining and biochemical tests
A total of 211 bacterial isolates were obtained, of which 187 were identified as Gram-negative bacteria. Biochemical characterization confirmed 148 isolates as Vibrio spp. Among the identified Vibrio species, Vibrio parahaemolyticus (VP) was the most dominant, accounting for 48 isolates (32.4%), followed by Vibrio cholerae (VC) with 41 isolates (27.7%). Vibrio harveyi (VH) contributed 24 isolates (16.2%), Vibrio alginolyticus (VA) accounted for 22 isolates (14.9%), and Vibrio vulnificus (VV) was the least prevalent with 13 isolates (8.8%). The distribution highlights presented in Table 7 and Fig. 5 showed the predominance of VP and VC among the Vibrio species identified through biochemical tests.
Table 7: Biochemically confirmed Vibrio spp. isolates

	Vibrio Species
	Biochemical confirmed Vibrio spp. isolates

	V. parahaemolyticus
	48

	V. cholerae
	41

	V. alginolyticus
	22

	V. harveyi
	24

	V. vulnificus
	13

	Total
	148




Fig. 5. Distribution of biochemically identified Vibrio spp.[image: D:\Ram\Research Work\Thesis\Ram\Graph\Veraval pH.png] (%)

According to Dhayanath et al. (2019), biochemical characterization of isolates from shrimp farms in Gujarat and Maharashtra revealed that V. parahaemolyticus and V. cholerae were the most dominant species, each representing 31.14% of the total. This was followed by V. vulnificus (19.67%), while V. harveyi and V. alginolyticus. Chowdhury et al. (2024) determined the presence of three Vibrio spp., i.e., V. parahaemolyticus, V. cholerae, and V. vulnificus, by a series of biochemical tests, including catalase, oxidase, indole, methyl red, Voges-Proskauer (VP), and citrate tests. Both Babu et al. (2021) and Wei et al. (2014) categorized Vibrio species based on Gram staining and conventional biochemical tests.
Babu et al. (2021) reported the possible presence of V. alginolyticus, V. vulnificus, and V. parahaemolyticus, whereas Wei et al. (2014) identified V. parahaemolyticus, V. alginolyticus, and V. harveyi. Reyhanath and Kutty (2014) performed biochemical tests for the identification of V. parahaemolyticus using tests such as oxidase, Gram staining, indole, and Voges-Proskauer. In the present study, V. parahaemolyticus was the most prevalent species, followed by V. cholerae, V. alginolyticus, V. harveyi, and V. vulnificus. Similar results were also observed by Barad et al. (2025), where they observed the highest prevalence of V. parahaemolyticus and V. cholerae from the P. monodon farms of Gujarat, India. These studies go on to show how conventional microbiological methods are still important in the precise identification of different Vibrio species from aquaculture and environmental samples.
4. Conclusion

The present investigation provides a comprehensive assessment of physico-chemical water quality and Vibrio spp. prevalence in Penaeus vannamei farms of the coastal Saurashtra region of Gujarat during the mid to late culture period. All monitored water quality parameters, including salinity, temperature, pH, dissolved oxygen, total alkalinity, and total hardness, remained within the acceptable limits for shrimp culture, indicating generally suitable environmental conditions across the studied farms. Despite these favorable water quality conditions, the consistent detection of multiple Vibrio species highlights the persistent presence of potentially pathogenic bacteria in culture waters. The predominance of V. cholerae and V. parahaemolyticus, followed by V. alginolyticus, V. harveyi, and V. vulnificus, underscores the need for continuous microbial surveillance, particularly during the critical mid to late culture stages. These findings emphasize that optimal physico-chemical conditions alone may not be sufficient to prevent Vibrio occurrence and associated disease risks. Therefore, the integration of routine water quality monitoring with targeted microbial management strategies is essential to ensure shrimp health, minimize disease outbreaks, and enhance the sustainability of shrimp farming in the Saurashtra coastal region.
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Temperature (°C)
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Temperature (°C)
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Temperature (°C)

Alkalinity (mg/L)
4.4095855184409842	3.711842908553348	2.3333333333333335	2.9627314724385294	4.4095855184409842	3.711842908553348	2.3333333333333335	2.9627314724385294	S14	S15	S16	S17	168.33333333333334	164.66666666666666	180.66666666666666	180.66666666666666	Farm Location
Alkalinity (mg/L)

Hardness (mg/L)
28.867513459481287	61.101009266077867	36.055512754639892	35.118845842842461	28.867513459481287	61.101009266077867	36.055512754639892	35.118845842842461	S14	S15	S16	S17	3630	3660	3790	3780	Farm Location
Hardness (mg/L)

Potential of Hydrogen (pH)
6.666666666666643E-2	8.8191710368819731E-2	5.7735026918962755E-2	8.8191710368819731E-2	6.666666666666643E-2	8.8191710368819731E-2	5.7735026918962755E-2	8.8191710368819731E-2	S14	S15	S16	S17	7.9666666666666659	7.9333333333333327	7.8999999999999995	7.9333333333333327	Farm Location
Potential of Hydrogen (pH)

Dissolved oxygen (DO) (mg/L)
6.666666666666643E-2	3.3333333333333583E-2	3.3333333333333437E-2	3.3333333333333506E-2	6.666666666666643E-2	3.3333333333333583E-2	3.3333333333333437E-2	3.3333333333333506E-2	S14	S15	S16	S17	5.0333333333333332	5.1333333333333337	5.166666666666667	5.1333333333333329	Farm Location
Dissolved oxygen (DO) (mg/L)

Hardness (mg/L)
117.18930554164631	36.055512754639892	95.043849529221688	72.111025509279784	92.915732431775695	56.862407030773269	44.845413490245697	117.18930554164631	36.055512754639892	95.043849529221688	72.111025509279784	92.915732431775695	56.862407030773269	44.845413490245697	S18	S19	S20	S21	S22	S23	S24	4340	4140	4150	4120	4250	3930	3946.6666666666665	Farm Location
Hardness (mg/L)

Alkalinity (mg/L)
2.0275875100994067	1.7638342073763937	5.2068331172711027	4.4095855184409842	0.57735026918962573	1.5275252316519468	1.1547005383792515	2.0275875100994067	1.7638342073763937	5.2068331172711027	4.4095855184409842	0.57735026918962573	1.5275252316519468	1.1547005383792515	S18	S19	S20	S21	S22	S23	S24	138.33333333333334	134.33333333333334	136.33333333333334	138.33333333333334	134	149	154	Farm Location
Alkalinity (mg/L)

Biochemically identified Vibrio spp.
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