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MICROBIAL PROFILING OF A FRESH WATER AQUACULTURE POND 

WITH EMPHASIS ON BACTERIA AND FUNGI IN TAMIL NADU, INDIA  

 

ABSTRACT  

 As an agriculture has almost reached its saturation level, the contribution of fish in 

fighting hanger and nutritional security has come to be widely recognized as fish is a low cost 

and high quality animal protein which can be consumed by all cadres of individuals regardless 

of their religious beliefs and nutritional preferences. However, it is now well known that fishes 

and the environment can harbour potential pathogenic microbes including bacteria and fungi 

and hence the present study. During the presummer season 7 species of bacteria were isolated 

from the water and 6 species bacteria in the skin of Catla catla while the summer season 

recorded only 5 bacterial species in water and 4 in the skin of Catla catla. The post summer 

and rainy seasons recorded 6 and 9 bacterial species both in water, and the skin of Catla catla 

respectively. Regarding the fungal species the presummer and rainy season recorded 8 species 

in water while the summer seasons recorded 6 species and the post summer season recorded 

only 5 species in water. The skin of Catla catla recorded 6 fungal species during presummer 

and rainy season whereas only 5 species were recorded in postsummer and 4 species in summer 

season in the skin of Catla catla. All the species recorded in the skin of Catla catla were also 

found in water. The system and the skin of Catla catla recorded both beneficial and harmful 

microbes. The study clearly suggests the need for the constant monitoring of microbes so that 

the health of fishes can be maintain by the use of appropriate therapeutic measures as and when 

necessary. 
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INTRODUCTION 

 With India's fast-developing population, the need for maximizing all possible means of 

food production is a prerequisite. Based on reports by the National Health and Family Survey 

and the World Health Organization, rates of malnutrition among adult women, expectant and 

nursing mothers, and children continue to be alarmingly high in India. Since agriculture has 

almost reached its saturation level, the contribution of fish in fighting hunger and nutritional 

security has come to be widely recognized, as fish is a low-cost and high-quality animal protein 

source. Fish is preferred as a protein source as it can be consumed by all cadres of individuals 

regardless of their religious beliefs and nutritional preferences (Agwaranze et al., 2024). Thus 

has resulted in the preference of fish over other sources of animal proteins such as pork or red 

meat (Njoku et al., 2015). In addition, fish can be processed for commercial purposes or 

preserved so that it can remain unsplit for a long time or can be eaten fresh, dry or smoked 

(Agwaranze et al., 2020).  

 India has an impressive range of inland water bodies ranging from tiny temporary pools 

to large perennial reservoirs and wetlands of varying sizes. These water bodies cover an area 

of about 4.5 × 10⁶ hectares, and these water bodies are providing enormous scope for 

aquaculture development for increased food production. 

 It is now well known that fishes and their environment can harbor pathogenic microbes 

including bacteria and fungi. If not properly treated, this condition can cause extensive loss to 

aquaculturists besides transmitting these pathogens to handlers and consumers. Hence, it is 

pertinent to include microbial analysis in culture systems to monitor and provide suitable 

remedies. 

 With the global population projected to reach 9 billion by the middle of the century and 

challenges such as climate change and environmental degradation threatening food security, 

aquaculture is expected to play a pivotal role in ensuring sustainable food production on a 

global scale (Forsberg, 1982; Bais & Agarwal, 1990; Morris & Mischke, 1999;  Petchey, et al., 

1999; Meerhoff et al., 2007; Suseela, 2009; Ismael, 2019; Ahmed, et al., 2013; Kather, et al., 

2015; FAO, 2016; Annamali, et al., 2023). In this context, the present study was conducted in 

a perennial pond in Swamimalai, located in Thanjavur District, Tamil Nadu, India. 
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MARTIALS AND METHODS 

Location and Sample collection  

 For the present investigation, the samples were collected from the pond at 

Kumbakonam District, Tamil Nadu, during the year 2024 and 2025. The water samples were 

taken in plastic containers kept in an ice box and brought to the laboratory.  

Bacterial Analysis and Its Identification  

 Water samples for microbiological analysis were aseptically sampled in sterile 500 ml 

bottles and delivered to the laboratory, where they were examined within 1 to 2 hours from 

sampling time. The examination involved the determination of total and fecal coliforms, fecal 

Streptococci, and pathogenic Salmonella using the most probable number (MPN) method as 

described by the American Public Health Association (2005). For determination of the total 

viable count (TVC) of the heterotrophic bacteria, nutrient agar was utilized, and plates were 

incubated at 28°C for a period of 48 hours. 

 For the qualitative identification of bacterial species in both water and fish samples 

(scientific name of studied fish species must be mentioned), we inoculated M-FC agar in 

duplicate and incubated them for 24 hours at 37°C. After the incubation period, we identified 

distinct colored bacterial colonies that appeared on the plates, following the methodologies 

described by Edwards and Ewing (1972), Cowan (1974), Martin and Washington (1980), 

Brenner (1984), Cheesbrough (1989), and Cabral (2010). 

Identification and Colony Counting of Fungi  

 Fungi are known for their relatively slow growth rates, often taking several days to 

weeks to fully develop. They produce spores on vibrant, colorful aerial hyphae and generally 

prefer room temperature (around 25°C) over the warmer 35°C. The PDA medium is used for 

growing fungi. 

 After sterilizing the medium, it was carefully poured into sterile petri dishes under 

aseptic conditions. Each dish was labeled as either a control or a sample plate. To keep bacterial 

contamination at bay, a small amount of streptomycin was mixed into the medium before it 

was poured into the plates. The sample preparation followed the serial dilution method. 
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Inoculation 

 Seven petri plates filled with solidified agar were labeled as control, 10⁻¹, 10⁻², 10⁻³, 

10⁻⁴, 10⁻⁵, and 10⁻⁶ dilutions. Inoculation took place using a micropipette inside an inoculation 

chamber. The diluted sample was carefully transferred onto the culture plates with a 

microculture medium. Each plate was gently rotated to ensure the organisms were evenly 

distributed while avoiding any splashing. This process was repeated for all six dilution plates. 

 Additionally, another set of seven petri plates containing solidified PDA medium was 

labeled as control and sample plates. Diluted samples from the 10⁻⁴ dilution were transferred 

onto these PDA plates using a micropipette. The plates were then placed in the culture chamber 

at room temperature (25°C) for 6–7 days to encourage fungal growth. The same procedure was 

applied to all other samples. 

Colony Counting 

 Once the fungal colonies had fully developed, they were counted directly using a 

counting chamber. The average number of fungal colonies in each sample was recorded for 

further analysis. 

Isolation of Fungi 

 A small portion of fungal growth was carefully transferred from the culture to a 

microscope slide using a dissecting needle, followed by staining to aid in identification.  

Staining of Fungi 

 Lactophenol cotton blue stain was used to stain Fungi and identified by the help of 

available literature (Gerba & Mcleod, 1976). 

RESULTS AND DISCUSSION 

Bacterial Studies 

 Bacterial count in water during the period of study was found to vary from 2103 to 

9.2105 Cfu/ml with the minimal level being recorded in May, with the maximum observed in 

November (Table 1-2). 

 Season wise identification of the different bacterial species disclose that during the 

presummer season, 7 bacterial species could be identified in the water samples (Escherichia 
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coli, Pseudomonas aeruginosa, Enterobacter aerogenes, Salmonella typhi, Staphylococcus 

aureus, Vibrio alginolyticus and Streptococcus faecalis). The skin of Catla recorded the 

presence of 6 bacterial species. All the six bacterial species found in fish were also recorded in 

water. However, S. aureus which was present in water could not be detected in the skin samples 

of Catla (Table 2). 

 The summer season recorded the presence of 5 species. Of these, 4 species (E. coli, S. 

aureus, P. aeruginosa and S.faecalis) were also recorded in the presummer season. The new 

species that was recorded in the summer season, Proteus vulgaris was not found during the 

presummer season. The skin of Catla showed the presence of 4 bacterial species; in which 3 

were recorded in the water sample (E. coli, P. vulgaris and P. aeruginosa). The 4th species,            

E. aerogenes that was recorded in fish skin was not recorded in the water samples (Table 1-2). 

 The post summer season, recorded the presence of six bacterial species in the water 

samples.  Of these, 4 species (S. aureus, E. coli, P. aeruginosa and S. faecalis) were recorded 

during the presummer and summer seasons also in the water samples.  E. aerogenes which was 

recorded in the post summer and presummer seasons was not recorded in the water sample of 

the summer season. Similarly, P. vulgaris which was recorded in the post summer and summer 

seasons was not observed during the presummer season. The skin of Catla recorded 5 bacterial 

species. Of these, all the species except for P. vulgaris that were recorded in water were also 

found in the skin of the fish (Table 2). 

 The rainy/winter season recorded the presence of 9 bacterial species in water. Of these, 

only 4 species (S. aureus, E. coli, P. aeruginosa, and S.faecalis) were recorded during all the 

four seasons. The remaining species (E.aerogenes) was recorded during the presummer and 

post summer season while P.vulgaris was recorded during the summer and post summer season 

and S. typhi along with V.alginolyticus was recorded only in the presummer season along with 

the rainy/ winter season. However, Klebsiella pneumoniae was recorded in the water samples 

only during the rainy/winter season and was absent in all other seasons in the water samples. 

The skin of Catla was represented by 7 species.  All the species that were recorded in the water 

samples except for two species (E. aerogenes and K.pneumoniae) were recorded in the skin of 

the fish (Table 2). 

 Variability in bacterial density seen in the present study concurs with the evidence 

reported by Antony and Renuga (2012), who determined that bacterial contamination sources 

include surface run-off, animal waste-contaminated pasture areas, leakage from septic tanks, 
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and naturally occurring plant and soil bacteria. Further, Gerba and McLeod (1976) 

hypothesized that organic matter in the presence of aquatic bacteria will facilitate the survival 

of aquatic bacteria, which would contribute to increased bacterial concentration (Sugita, et al., 

1985; Surendraraj, et al., 2009). 

 Apun et al. (1999) obtained a positive correlation between fish and pond water Total 

Plate Count (TPC), whereas other workers have also observed both positive and negative 

correlations with temperature, salinity, and the overall quality of the pond microbial population. 

Bacterial count in this study had a positive correlation with temperature (r = 0.68; r = 0.72) 

 Various investigators (Sharma & Hobson, 1985; Eva et al., 2014; Barker & Brown, 

1994; Baldy et al., 2002; Chauhan et al., 2009; Pawar et al., 2023) have also documented a 

direct correlation between bacterial counts and the trophic status of an environment. When 

resources are plentiful, competitive species will prevail, pushing less competitive species aside, 

which has a subsequent impact on the total bacterial community structure. In this research, the 

maximum bacterial load was noticed during the rainy season. Literature suggests that similar 

reports have also been reported by others (Kistemann et al., 2002; Rajkumar & Sharma, 2013). 

According to Kistemann et al. (2002) during rainfall, microbial loads would increase in the 

system as a result of the entry of runoff water which would have brought microbes from afar.  

This would be the reason in the present study also resulting in increased load during the rainy 

season. 

 In this work, a total of a 9 bacterial species could be identified. An deep analysis of 

literature disclose that the species recorded in the system are common as they have been 

observed in many other acquatic systems also. According to Madigan et al. (1997) and Michaud 

et al. (2012) the members of the genus Pseudomonas are most adaptive in nature with 

exceptional metabolic activity and hence are able to colonise a variety of niches while 

Rajkumar and Sharma (2013) attributed the presence of Pseudomonas in all seasons in aquatic 

systems to human activities and sewage discharge. Turner et al. (2009) reported variations in 

Vibrio populations with seasons and planktonic composition. The presence of Klebsiella 

pneumoniae can probably be attributed to its entry into the system as a result of runoff water 

as it was noticed only during the rainy season and was not recorded in other seasons. 

 Microbial analysis of the skin of Catla revealed the presence of 8 bacteria. A 

comparison of the water and skin microbes disclose that the skin recorded all the bacteria that 

were observed in water except for the presence of K. pneumoniae. This clearly suggests that 
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the bacterial content in the skin of fish is a reflection of what is found in water. Similar 

observations were also recorded by others (Liston, 1980). 

 A perusal of literature discloses that Sinha et al. (1991) recorded the presence of 

Salmonella, Staphylococcus, Aeromonos, Pseudomonas, Proteus, and Klebsiella was observed 

in rohu. Several workers have reported the bacterial load in L. rohita / freshly harvested fish to 

range between 103-195/g (Nair et al., 1971; Bandyopadhyay et al., 1985; Surendran et al., 1989; 

Ali et al., 1992; Jeyasekaran & Ayyappan, 2003) reported that the initial flora of Tilapia consisted 

of Psendomonas, Vibrio, Acinetobacter Moraxella, Micrococcus, Alcaligenes, Entero 

bacteriaceae, Flavobacteria, Bacillus, Streptococcus and others while Ali et al. (1992) 

reported freshly harvested L.rohita to consist of Staphylococcus, Acineto bacter, Micrococcus, 

Enterobacteriaceae, Aeromonas, Moraxella and Pseudomonas while Lilabati and Vishwanath 

(1998) detected coliforms, Staphylococcus, Streptococcus, Pseudomonas Moraxela, 

Acinetobacter, Lactobacillus, Bacillus, Aeromonas, Flavobacterium and Micrococcus from 

fresh water fish. Jeyasekaran and Ayyappan (2003) reported the presence of Staphylococcus, 

Lactobacillus, Micrococcus and Bacillus in L.rohita. Thus, the presence of various bacterial 

species recorded in the skin of fish is in line with those reported by others. 

 Variability in bacterial concentration noted in this research is consistent with 

observations by Antony and Renuga (2012), who attributed origin of bacterial contamination 

to include surface runoff, pasture area animal waste, leakage from septic tanks, sewage 

treatment facilities, and naturally occurring soil and plant bacteria. Gerba and McLeod (1976) 

further mentioned that the presence of organic matter facilitates the survival of aquatic bacteria, 

leading to higher concentration of bacteria (Sugita, et al., 1985; Surendraraj, et al., 2009). 

 Apun et al. (1999) found a positive correlation between fish and total plate count (TPC) 

of pond water, whereas other workers have observed positive and negative correlations with 

temperature, salinity, and general pond microbial quality. In the current study, bacterial count 

was positively correlated with temperature (r = 0.94, r = 0.72). 

 A number of researchers (Sharma & Hobson, 1985; Eva et al., 2014; Barker & Brown, 

1994; Baldy et al., 2002; Chauhan et al., 2009; Pawar et al., 2023) have also identified a direct 

correlation between bacterial abundance and the trophic level of an environment. In a rich 

resource environment, more competitive species will predominate over less tolerant species, 

ultimately shaping the overall bacterial community structure. 
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Fungal Studies  

 Fungal count in the water samples of the system was found to range between 1.7 to 3.4 

 102 Cfu/ml. The minimum count was recorded in May and the maximum during November 

(Table 2). 

 During the period of study, 8 species of fungi could be isolated in the system during the 

different seasons of the year. The presummer season recorded the presence of all the 8 species 

(Aspergillus niger,Fusarium oxysporum, Aspergillus flavus, Pencillium notatum, Aspergillus 

terreus, Achlya apiculata, Trichoderma viride and Saprolegnia diclina). The skin of Catla also 

showed the presence of all the 8 species of fungi that were found in the water samples (Table 2). 

 The summer season on the other hand, recorded only 6 species of fungi. All the species 

of fungi that were recorded in the water samples during the presummer season was also 

recorded in this season except for the presence of two species (A. flavus and T.viride) that were 

not recorded.  The skin of Catla also recorded all the six species of fungi that were observed in 

water during this season (Table 2). 

 The post summer season recorded the presence of only 5 species in the water sample.  

Thus A. flavus, F. oxysporum and S. diclina were not recorded in this season while all the other 

species that were noticed in the post summer season were observed in this season also. The 

skin of Catla also recorded all the 5 species of fungi that were recorded in water in this season. 

 The rainy/winter season again recorded all the 8 species that were noticed in the water 

samples during the presummer season. The skin of Catla also recorded all the 8 species of 

fungi that were recorded in this season (Table 2). 

 Thus an overall comparison of all the four seasons discloses that 4 out of the 8 species 

(A.niger, A. terreus, P.notatum and A.apiculata) were perennial as they were noticed in all the 

four seasons (Table 2). 

 The fluctuation in fungal species seen in this research seems to be consistent with results 

from other studies. Temperature has been recognized as a critical environmental parameter that 

affects microbial metabolism, growth, and survival by Madigan et al. (2009). Likewise, 

temperature variations can greatly influence patterns of abundance at seasonal and regional 

scales and fungal community composition by Barlocher (1992). In addition, Barlocher (1992) 

also indicated that aquatic hyphomycete richness is found to be increased within a range of 

moderately wide pH of 5 to 7, but richness decreases if outside this. In addition to that, 
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environmental conditions with low pH, alkalinity, and calcium content augment the sensitivity 

of aquatic hyphomycetes towards heavy metal toxicity (Abel & Barlochert, 1984). Several 

other studies have also established that human-acidification of aquatic ecosystems can result 

in a significant decline in fungal diversity and activity (Chamier, 1985; Chamier & Tipping 

1997; Baudoin et al., 2008) Sridhar (2009) observed a positive relationship between fungal 

diversity and nitrates and phosphates while Krauss et al. (2011) reported that stress factors like 

nitrate, heavy metal, sulfate and low oxygen concentrations are connected to reduced fungal 

diversity and biomass.  In the present study, there was a positive correlation between pH., 

alkalinity, Ca, NO3 SO4 PO4 thus revealing their inter relationship (r = 0.64; r = 0.72). This 

could be the reason why maximum fungal count was recorded in November in the present 

study. 

 Analysis of literature regarding fungi identified in this study disclose that many workers 

have reported the presence of these fungi in various aquatic systems in India (Sudheep & 

Sridhar, 2011; Nizamydeen et al., 2014; Hestrin et al., 2019, Mehboob et al., 2021). 

 In this study, there was a relative abundance of the Family Trichocomaceae which 

includes Aspergillus and Penicillium. In this study, 3 species of Aspergillus were recorded 

along with a species of Penicillium. Potekhina et al. (2020) suggested that water hardness and 

increased NO2 and NO3 content in water contribute to the growth of Aspergillus sp. In this 

study also, there was a positive correlation between fungi and NO2 and NO3 (r = 0.42; r = 0.94). 

Houbraken and Samson (2011) have reported members of this family have a diverse metabolic 

potential and secrete several pharmacologically important secondary metabolites. Ramya Urs et 

al. (2012) suggested that members of this group have a significant correlation with faecal 

pollution. Khallil et al. (2020) reported that Achlya sp is one of the most common genera in 

aquatic systems while Kiziewicz (2004) opined that Aspergillus and Achlya sp are dominant 

colonisers on aquatic submerged plants. 

 A perusal of the fungal flora in the skin of Catla revealed that it was the same as that 

was recorded in water samples. Literature disclose that fungi are known to attack all the life 

stages of fish right from egg to adults (Bangyeekhum & Sylvie, 2001) in both wild and 

commercial fish farms. Werren and Neil (1997) opined that every fresh water fish is exposed 

to atleast one species of fungi during the life time. 

 According to Kalaria et al. (2024), most fungal infections noticed in carp culture are those 

caused by Saprolegnia, Achlya and Aphanomyces species. In this study also, species belonging 
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to Saprolegnia and Achlya were identified, thus complementing the observations made by 

Kalaria et al. (2024). According to Mukherjee (2022) the oomycetes fungi are commonly 

acknowledged as saprophytic entities. Kalaria et al. (2024) also suggested that saprolegniasis 

is more prevalent in cage culture systems and typically lower in pond culture systems except 

in cases of significant mismanagement.  

 Thus the system under study had both beneficial and harmful microbes. As disease 

prevention and mitigation in aquculture is crucial for increasing productivity and diminishing 

economic losses (Kalaria et al., 2024; Thanga Kiruba, 2025) the present study clearly shows 

the need to take ideal and immediate steps by suggesting constant monitoring of the physio 

chemical characteristics of the water and health of fishes and the immediate use of therapeutics 

as and when the need arises.   

 

Table 1 

Monthly Occurrence of Microbilogical studies  

of a Freshwater Pond at Swamimalai, Tamil Nadu 

S.No Month 

Bacterial Count 

(Cfu/ml) 

Fungal Count 

(Cfu/ml) 

2024 2025 2024 2025 

1. January 6.6  104 6.2  103 2.8 102 2.2  102 

2. February 5.1  104 5.4  103 3.0  102 2.6  102 

3. March 4.4 104 4.6  103 2.1  102 2.4  102 

4. April 3.7  104 3.1  103 1.9  102 2.0  102 

5. May 2.2 104 2.0  103 1.8  102 1.7  102 

6. June 2.9  104 3.1  103 2.2  102 2.1  102 

7. July 4.4  104 4.3  103 2.5  102 2.4  102 

8. August 6.1  104 5.5  103 2.7  102 2.6  102 

9. September 7.2  105 6.7  104 2.8  102 2.9  102 

10. October 8.4  105 7.2  104 2.9  102 3.1  102 

11. November 9.2  105 8.3  104 3.1  102 3.4  102 

12. December 7.9  104 7.1  103 2.9  102 3.1  102 
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Table 2 

Bacterial and Fungal Species isolated during the  

Different Seasaons from the Pond at Swamimalai, Tamil Nadu 

 Seasons  Pre-Summer 

Season 

January – 

March 

Summer Season 

April – June 

Post Summer Season 

July – September 

Rainy/Winter Season 

October – December Species Details 

Bacterial 

Species 

Water  Fish Water  Fish Water  Fish Water  Fish 

1 Escherichia 

coli 

+ + + + + + + + 

2. Enterobacter 

aerogenes  

+ + - + + + + - 

3. Proteus 

vulgaris 

- - + + + - + + 

4. Salmonella 

typhi 

+ + - - - - + + 

5. Pseudomonas 

aeruginosa 

+ + + + + + + + 

6. Staphylococcus 

aureus 

+ - + - + + + + 

7. Klebsiella 

pneumoniae 

- - - - - - - - 

8. Vibrio 

alginolyticus 

+ + - - - - + + 

9. Streptococcus 

faecalis 

+ + + - + + + + 

 Total Count 7 6 5 4 6 5 9 7 

 Fungal Species         

1. Aspergillus 

niger 

+ + + + + + + + 

2. Aspergillus 

flavus 

+ + - - - - + + 

3. Aspergillus 

terreus 

+ + + + + + + + 

4. Fusarium 

oxysporum 

+ + + + - - + + 

5. Penicillium 

notatum 

+ + + + + + + + 

6. Achlya 

apiculata 

+ + + + + + + + 

7. Trichoderma 

viride 

+ + - - + + + + 

8. Saprolegnia 

diclina 

+ + + + - - + + 

 Total Count 8 8 6 6 5 5 8 8 

Fish: Catla catla skin, I Year 2024, II Year 2025; - Not Found 

CONCLUSION  

 The study showed that the freshwater aquaculture pond at Swamimalai contained 

culturable bacterial and fungal communities that varied across seasons. Higher bacterial and 

fungal counts were recorded during the rainy/winter period, while lower counts were 

observed during summer. Several bacterial and fungal species detected in pond water were 

also found on the skin of Catla catla, suggesting a close relationship between pond-water 

microbial occurrence and fish-surface microbiota. The presence of potential opportunistic or 

pathogenic microorganisms indicates the need for regular microbial monitoring in 
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aquaculture ponds. Improved pond hygiene, water-quality management and periodic 

microbial assessment may help support fish health and reduce possible risks during culture. 
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