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INTRODUCTION 
 

The freshwater ornamental fish trade is one of
sectors of global aquaculture, valued at billions of
involving hundreds of fish species that are bred,
marketed worldwide (1–3). India is an important
industry, supplying popular species such as 
auratus), guppies (Poecilia reticulata), mollies 
gouramis (Trichogaster spp.), angelfish (Pterophyllum scalare
rosy barbs (Puntius conchonius) to both domestic
markets (4–6). These fishes are favored not only
appeal but also for their role in livelihoods of small
traders. Yet, disease outbreaks remain a critical
mortality, financial loss, and trade restrictions (7–9
 
Infectious diseases in ornamental fishes: Ornamental
from a wide spectrum of infectious diseases 
parasites, fungi, and viruses (10–12). Among 
Aeromonas hydrophila, Pseudomonas fluorescens
Flavobacterium columnare, and Streptococcus 
implicated in systemic infections and ulcerative
Parasitic infestations are equally significant, with
Ichthyophthirius multifiliis, Trichodina spp., 
irritans, and monogeneans like Dactylogyrus
causing high morbidity in crowded systems (17
oomycete pathogens, particularly Saprolegnia spp.,
secondary invaders under poor husbandry and environmental
(21,22). Viral pathogens such as koi herpesvirus (KHV)
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ABSTRACT  

Seasonality and water quality strongly influence disease outbreaks
study investigated the prevalence of infectious diseases in freshwater
Sambhajinagar (Aurangabad), Maharashtra, India, across three
monsoon, and post-monsoon/winter). A total of 80 fish representing
through clinical observation, parasitology, bacteriology, mycology,

quality analysis. Overall prevalence was 46%: protozoan/monogenean
monsoon, bacterial infections (20%) were highest pre-monsoon,

recurred during cooler months. Logistic regression confirmed 
increase, p=0.01) and low dissolved oxygen (aOR 1.35 per −1 mg/L
predictors of infection. Findings align with global literature: protozoa
months, bacteria proliferate under high ammonia and low DO,
temperatures with handling stress.Management strategies should

 mg/L, DO ≥6 mg/L, and targeted seasonal preventive measures.
approach provides cost-effective guidance for traders, farmers, and
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of the most dynamic 
of dollars annually and 
bred, transported, and 

important player in this 
 goldfish (Carassius 
 (Poecilia sphenops), 

Pterophyllum scalare), and 
domestic and international 

only for their aesthetic 
small-scale farmers and 

critical bottleneck, causing 
9). 

Ornamental fishes suffer 
 caused by bacteria, 
 bacterial pathogens, 

fluorescens, Edwardsiellatarda, 
 iniae are frequently 

ulcerative diseases (13–16). 
with protozoans such as 

 and Cryptocaryon 
Dactylogyrus and Gyrodactylus 

17–20). Fungal and 
spp., often emerge as 

environmental stress 
(KHV) or  

 
 
iridoviruses can cause catastrophic
though their role in small ornamental
reported. 

 
Seasonal drivers of disease: 
aquaculture are not static; they are
changes in temperature, rainfall,
tropical and subtropical regions like
monsoon (hot, dry months), monsoon
monsoon/winter (cooler months) 
host susceptibility (27,28). Higher
can promote bacterial growth and 
(DO) (29). During monsoon, fluctuating
opportunistic pathogens and protozoans
often correlates with higher parasite
and monogeneans, while fungal 
under cooler, low-immunity conditions
India support this seasonality. 
protozoan infestations in ornamental
post-monsoon months. Ahilan et al
septicemia outbreaks in South Indian
when elevated ammonia and low
Similarly, Kumar et al. (37) observed
peaking in cooler months with high
reinforce the idea that disease
environmental seasonality. 
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representing six species were examined 

mycology, haematology, histopathology, and 
protozoan/monogenean infections (28%) peaked 

monsoon, and fungal infections (6%) 
 ammonia (aOR 1.6 per 0.1 mg/L 

mg/L decrease, p=0.045) as significant 
protozoa dominate in cooler, post-rainfall 

DO, and Saprolegnia thrives at lower 
should focus on maintaining ammonia 

measures. This integrated ecological 
and hobbyists. 
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catastrophic mortality in specific hosts (23), 
ornamental systems is less consistently 

: Infectious disease dynamics in 
are strongly influenced by seasonal 
 and water chemistry (24–26). In 
like India, the annual cycle of pre-

monsoon (rainy season), and post-
 shapes both pathogen ecology and 

Higher temperatures during pre-monsoon 
 stress due to low dissolved oxygen 

fluctuating pH and organic loading favor 
protozoans (30). Post-monsoon cooling 

parasite burdens such as Ichthyophthirius 
 outbreaks like saprolegniosis peak 

conditions (31–34). Several studies from 
 Saha et al. (35) reported higher 

ornamental fish in West Bengal during the 
et al. (36) documented bacterial 

Indian aquaria during pre-monsoon, 
low DO created stressful conditions. 
observed Ichthyophthirius outbreaks 
high stocking density. These patterns 

disease risk cannot be separated from 
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Water quality as a determinant of health: Water quality is widely 
recognized as the most important determinant of fish health in captive 
systems (38–40). Key parameters such as ammonia, nitrite, nitrate, 
pH, temperature, hardness, and alkalinity govern both pathogen 
proliferation and host immunity (41,42). Elevated ammonia (NH₃-N) 
is directly toxic to gills and predisposes fish to bacterial and parasitic 
infections (43). Nitrite interferes with oxygen transport (“brown blood 
disease”) and enhances mortality when combined with pathogens (44). 
Low dissolved oxygen suppresses immune competence and favors 
anaerobic bacterial flora (45).  
 
Meanwhile, hardness and alkalinity buffer pH fluctuations and 
indirectly influence the toxicity of nitrogenous compounds (46,47). 
Poor water quality is often described as the “first disease” of 
aquaculture, since it sets the stage for all others (48,49). Retail aquaria 
and small ornamental farms typically experience fluctuations in these 
parameters due to overstocking, irregular water changes, and limited 
filtration, making them hotspots for disease emergence (50,51). 
 
 

Global and regional evidence linking environment to disease: 
Several global studies confirm that environmental stress is closely tied 
to disease outbreaks. Walczak et al. (52) identified diverse bacterial 
flora in diseased ornamental fishes from Europe, with strong links to 
organic pollution. de Oliveira et al. (53) documented virulence genes 
in Aeromonas strains from Brazilian ornamental fish, with higher 
pathogenicity associated with poor water hygiene. Tedesco et al. (54) 
showed that fungal saprolegniosis in cultured fish was exacerbated by 
low temperature and organic debris.  
 
In African small-scale ponds, Mramba et al. (55) linked high ammonia 
and low DO to reduced yields and higher disease prevalence. These 
patterns mirror Indian observations, suggesting common ecological 
mechanisms. In Indian ornamental fishery contexts, Mahapatra and 
Sahoo (56) reported significant correlations between dissolved oxygen 
fluctuations and mortality in livebearers. Ghosh et al. (57) highlighted 
the role of water hardness and alkalinity in influencing parasite loads 
in guppies and mollies. Studies from ICAR institutes consistently 
emphasize water quality management as the cheapest and most 
effective disease prevention strategy (58–60). 
 
 

Knowledge gaps and rationale: Despite numerous localized reports, 
comprehensive studies that integrate seasonal prevalence of infectious 
diseases with quantitative water-quality data in ornamental fishes are 
limited, especially in Maharashtra. Most prior studies focus on single 
pathogen groups (e.g., parasites or bacteria), lack standardized water-
quality assessments, or are based on farmed food-fishes rather than 
ornamental species (61–63). Considering the economic and cultural 
importance of ornamental fishes in urban centers like Aurangabad, 
there is a need to document disease ecology with attention to 
seasonality and water chemistry. Such evidence is vital not only for 
traders and farmers but also for hobbyists and policy planners seeking 
to improve biosecurity and reduce losses. 
 
 

Objectives of the study 
 
 

The present study was therefore designed to 
 
 

 Estimate the seasonal prevalence of infectious diseases (bacterial, 
parasitic, fungal) in common freshwater ornamental fishes in 
Aurangabad. 

 Measure key water-quality parameters (temperature, pH, DO, 
ammonia, nitrite, nitrate, hardness, alkalinity) across seasons. 

 Assess the correlation between water-quality fluctuations and 
infection prevalence, with emphasis on ammonia and DO. 

 Provide practical management recommendations for small-scale 
ornamental fish systems. 

 By linking seasonal epidemiology with measurable water 
chemistry, this study aims to bridge ecological understanding with 
actionable husbandry practices. 

 

MATERIALS AND METHODS 
 

Study Area and Seasonal Design 
 
The study was conducted in Chhatrapati Sambhajinagar 
(Aurangabad), Maharashtra, India, a semi-arid zone characterized by 
three distinct climatic phases: 
 Pre-monsoon (March–June): hot and dry, average water 

temperature 28–32 °C. 
 Monsoon (July–October): rainy season, cooler water (25–28 

°C), high organic inflow. 
 Post-monsoon/Winter (November–February): mild to cool 

(20–25 °C). 
 
We sampled 10 ornamental fish outlets/farms across the district. 
Seasonal surveys were carried out between March 2024 and February 
2025, ensuring representation of each climatic window (1). 
 
Fish Sampling and Species Selection 

 
A total of 80 freshwater ornamental fishes were randomly selected 
across three seasons (Pre-monsoon n=26, Monsoon n=28, Post-
monsoon n=26). Species distribution included: 
 
 Goldfish (Carassius auratus, 25%) 
 Guppy (Poecilia reticulata, 20%) 
 Molly (Poecilia sphenops, 18%) 
 Gourami (Trichogaster spp., 15%) 
 Angelfish (Pterophyllumscalare, 12%) 
 Rosy barb (Puntius conchonius, 10%) 
 
Sampling avoided moribund fish to reduce selection bias. Fish were 
transported in aerated plastic bags and processed within 2–3 h (2). 
 
Clinical and Parasitological Examination 

 
 Gross clinical observation: Fish were screened for external 

lesions, fin erosion, exophthalmia, skin haemorrhage, and 
abnormal behaviour 3. 

 Skin and gill smears: Wet mounts were prepared and 
examined under 10× and 40× objectives for protozoans 
(Ichthyophthirius, Trichodina, Chilodonella) and monogeneans 
(Dactylogyrus, Gyrodactylus). Parasite identification followed 
standard keys 4. 

 Parasite load quantification: Semi-quantitative grading (light, 
moderate, heavy) was applied based on parasite counts per 
microscopic field 5. 

 
Bacteriological Analysis 
 
 Sample collection: Swabs from skin ulcers, gills, and kidney 

were inoculated onto Nutrient Agar (NA), Tryptic Soy Agar 
(TSA), and selective media (e.g., Rimler–Shotts agar for 
Aeromonas) 6. 

 Incubation: Plates incubated at 28 ± 2 °C for 24–48 h. 
 Identification: Standard biochemical tests performed (Gram 

staining, oxidase, catalase, IMViC, TSI, urease, sugar 
fermentation) etc. 7. 

 Reference standards: Bergey’s Manual of Systematic 
Bacteriology (2012 edition) was used for taxonomic 
confirmation 8. 

 
Fungal and Oomycete Examination 
 
 Suspected cotton-like growths were sampled, washed in sterile 

saline, and cultured on Potato Dextrose Agar (PDA) and 
Sabouraud Dextrose Agar (SDA). 

 Colonies were observed for Saprolegnia-like morphology 
(broad aseptate hyphae, zoospore release under cold conditions) 
9. 
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Water-Quality Analysis: For each tank sampled, 500 mL of water 
was collected in sterile containers and analysed following APHA 
Standard Methods, 24th Edition (2023) 10: 
 
 Temperature & pH: Portable multiparameter meter 

(Hanna, USA). 
 Dissolved oxygen (DO): Winkler’s iodometric titration. 
 Ammonia (NH₃-N): Phenate method. 
 Nitrite (NO₂⁻-N): Colourimetric method at 543 nm. 
 Nitrate (NO₃⁻-N): Brucine–sulfanilic acid method. 
 Total hardness & alkalinity: EDTA titration. 
 

Benchmark values were compared with OATA (Ornamental Aquatic 
Trade Association) recommended criteria: DO ≥ 6 mg/L, NH₃-N ≤ 
0.02 mg/L, NO₂⁻-N ≤ 0.2 mg/L 11. 
 

Data Management and Statistical Analysis 
 
 Prevalence calculation: Number of infected fish / total fish 

examined × 100. 
 Infection intensity index: Derived from semi-quantitative 

parasite counts. 
 Regression analysis: Logistic regression models (R v4.3.2) 

tested associations between infection presence (yes/no) and 
water-quality predictors (DO, ammonia, nitrite, temperature). 

 Random effects: Species and site treated as random intercepts 
to account for clustering. 

 Significance threshold: p < 0.05. 
 
Statistical approach aligns with epidemiological standards in fish 
health research 12. 
 

RESULTS 
 

Sampling and Fish Composition: Across three seasons, a total of 80 
ornamental fishes representing six species were examined. Species 
distribution was: goldfish (Carassius auratus) 25%, guppy (Poecilia 
reticulata) 20%, molly (P. sphenops) 18%, gourami (Trichogaster 
spp.) 15%, angelfish (Pterophyllumscalare) 12%, and rosy barb 
(Puntius conchonius) 10%. 
 

Table 1. Seasonal variation in water quality parameters 
 

Parameter Pre-monsoon Monsoon Post-monsoon 
OATA 
Benchmark 

Temperature (°C) 29.5 ± 1.2 27.0 ± 0.9 24.0 ± 1.1 22–28 

pH 7.6 ± 0.2 7.4 ± 0.2 7.5 ± 0.2 7.0–8.0 

DO (mg/L) 5.8 ± 0.6 6.2 ± 0.5 6.5 ± 0.5 ≥6 

NH₃-N (mg/L) 0.10 ± 0.05 0.06 ± 0.04 0.04 ± 0.03 ≤0.02 

NO₂⁻-N (mg/L) 0.15 ± 0.08 0.10 ± 0.06 0.06 ± 0.04 ≤0.20 

NO₃⁻-N (mg/L) 20 ± 6 18 ± 5 15 ± 5 <50 

Hardness (mg/L) 160 ± 35 140 ± 30 150 ± 28 100–250 

Alkalinity (mg/L) 120 ± 20 110 ± 18 115 ± 15 80–200 

 
Table 2. Prevalence of infectious diseases by season 

 
Pathogen 
group 

Pre-monsoon 
(%) 

Monsoon 
(%) 

Post-monsoon 
(%) 

Overall 
(%) 

Any infection 50 (13/26) 39 (11/28) 50 (13/26) 46 (37/80) 

Bacterial 27 (7/26) 21 (6/28) 12 (3/26) 20 (16/80) 

Protozoa/Mon
ogeneans 

31 (8/26) 18 (5/28) 35 (9/26) 28 (22/80) 

Fungal/Oomyc
ete 

8 (2/26) 4 (1/28) 8 (2/26) 6 (5/80) 

 
Table 3. Mixed-effects logistic regression  

(outcome = any infection) 
 

Predictor 
Adjusted OR 
(95% CI) 

p-value 

Season: Pre-monsoon vs Monsoon 1.45 (0.64–3.29) 0.37 

Season: Post-monsoon vs Monsoon 1.70 (0.76–3.83) 0.20 

NH₃-N (per 0.1 mg/L ↑) 1.60 (1.12–2.28) 0.01* 

DO (per −1 mg/L ↓) 1.35 (1.01–1.89) 0.045* 

Temperature (per 1 °C ↑) 0.95 (0.87–1.04) 0.27 

pH (per 0.1 ↑) 0.98 (0.90–1.06) 0.59 
Key finding: Elevated ammonia and reduced DO significantly increased odds 
of infection. 
Seasonal sampling: pre-monsoon (n=26), monsoon (n=28), post-
monsoon (n=26). 
 
Water-Quality Parameters: Mean (±SD) tank water parameters by 
season are shown in Table 1. 

 
Notably, ammonia exceeded safe thresholds (0.10 mg/L) during pre-
monsoon, and DO dipped below 6 mg/L in some tanks. 
 
Overall and Group-Wise Prevalence 

 
 Protozoan/monogenean infections peaked post-monsoon 

(35%). 
 Bacterial infections highest pre-monsoon (27%). 
 Fungal infections occurred at low levels (6%) but were 

recurrent in cooler months. 

 
Logistic Regression Results 

 

DISCUSSION 
 
Seasonal Influence: The study highlights clear seasonal disease 
patterns in ornamental fishes. Protozoan and monogenean parasites 
peaked post-monsoon (35%), consistent with West Bengal studies 
showing higher ectoparasite loads in cooler months after rainfall 
(Saha et al., 2016; Saha et al., 2017). Increased organic debris and 
fluctuating temperatures may have favored protozoan proliferation. 

 
Bacterial infections were highest pre-monsoon (27%), correlating 
with elevated ammonia (0.10 mg/L) and DO depression (<6 mg/L). 
Similar associations between ammonia spikes and Aeromonas-
associated septicemia have been reported in Tamil Nadu 
(Chidambaram et al., 2013) and in Brazilian ornamental fish systems 
(de Oliveira et al., 2024). 
 
Fungal infections (6%), mostly Saprolegnia, clustered in post-
monsoon/winter when water temperatures were cooler (24 °C). This 
aligns with saprolegniosis outbreaks reported under low temperature 
and handling stress (Tedesco et al., 2022; Au-Yeung, 2025). 
 
Water Quality as a Risk Factor 
 
Ammonia emerged as the strongest predictor of infection (aOR 1.6 
per 0.1 mg/L). This is consistent with toxicological evidence that 
unionized NH₃ damages gills and predisposes fish to pathogens 
(IFAS/FAO, 2023). Likewise, reduced DO significantly increased 
infection risk (aOR 1.35 per −1 mg/L), echoing findings from African 
pond systems where oxygen depletion correlated with high disease 
prevalence (Mramba et al., 2023). Nitrite and nitrate were within 
tolerable limits, but cumulative organic load during monsoon likely 
enhanced parasite transmission. Stable pH buffered against acute 
toxicity, as seen in other Indian aquarium studies (Ghosh et al., 2018). 
 

Comparisons with Global Studies 
 
 Europe: Walczak et al. (2017) found Aeromonas and 

Pseudomonas dominating bacterial infections in ornamental 
fish, often linked to poor water hygiene (Walczak et al., 2017). 

 Brazil: Virulence gene carriage in Aeromonas from aquarium 
fishes showed strong links to pathogenic outbreaks (de Oliveira 
et al., 2024). 

 Africa: Ammonia and DO fluctuations in ponds shaped yield 
and disease dynamics (Mramba et al., 2023). 
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 India: Seasonal protozoan peaks post-monsoon have been 
consistently reported (Saha et al., 2016; Saha et al., 2017). 

 

Thus, Aurangabad patterns are globally consistent yet locally 
nuanced. 
 

Management Implications 
 

 Water quality monitoring: Daily checks of ammonia and DO 
can prevent most bacterial outbreaks. 

 Seasonal adjustments: Increase water changes and aeration in 
pre-monsoon; strengthen quarantine and temperature 
stabilisation post-monsoon. 

 Preventive care: Probiotics and herbal treatments (neem, 
fenugreek) could supplement management, as reported in 
phytotherapy trials (Kumar et al., 2022). 

 

Limitations: The study’s sample size (80 fish) limits statistical 
power. Longitudinal monitoring and molecular diagnostics would 
refine the identification of pathogens. Still, integration of clinical, 
microbiological, parasitological, and water-quality data makes the 
findings robust. 
 

CONCLUSION 
 
This study presents the first comprehensive analysis of the seasonal 
prevalence of infectious diseases in freshwater ornamental fish in 
Aurangabad, Maharashtra, with direct correlations to water-quality 
parameters. Across 80 fish representing six popular species, the 
overall infection prevalence was 46%, with protozoan/monogenean 
parasites dominating post-monsoon, bacterial infections peaking pre-
monsoon, and fungal infections recurring at low levels during cooler 
months. Statistical analysis confirmed that elevated ammonia and 
reduced dissolved oxygen (DO) were the most significant predictors 
of infection.  
These findings echo patterns observed globally, underscoring water 
quality as the primary determinant of fish health. 
Management implications are clear: 
 
 Maintain ammonia ≤ 0.02 mg/L and DO ≥ 6 mg/L through 

routine aeration and biofiltration. 
 Anticipate parasite peaks post-monsoon and adopt preventive 

measures (quarantine, water changes). 
 Recognize pre-monsoon bacterial risk linked to organic load, 

requiring strict hygiene and appropriate therapeutic 
interventions. 

 Integrate herbal phytotherapy (e.g., neem, fenugreek) as 
adjuncts to antibiotics to reduce antimicrobial resistance. 

 

By documenting seasonal epidemiology and environmental drivers, 
this work contributes actionable insights for retailers, farmers, and 
hobbyists, bridging ecological understanding with low-cost husbandry 
solutions. Future studies with larger sample sizes and molecular 
pathogen confirmation will strengthen these conclusions. 
 

ACKNOWLEDGEMENTS 
 

The authors acknowledge the support of the Department of Zoology, 
Maulana Azad College, and the participating fish outlets/farms in 
Aurangabad. 
 

Funding Sources: This research received no specific grant from any 
funding agency in the public, commercial, or not-for-profit sectors. 
 

REFERENCES 
 

1. Chapman FA. Ornamental pond fish culture. Gainesville: 
University of Florida Cooperative Extension Service, Institute of 
Food and Agriculture Sciences, EDIS; 2000. 

2. FAO. The State of World Fisheries and Aquaculture 2020. 
Sustainability in action. Rome: FAO; 2020. 

3. Dey VK. The global trade in ornamental fish. INFOFISH Int. 
2016;4:52-55. 

4. Swain SK, Sarangi N, Ayyappan S. Ornamental fish farming - 
status, constraints and potentials. Fish Chim. 2013;33(2):31-38. 

5. Raja S, Babu MM, Sivakumar N, Samraj T. Development of 
ornamental aquaculture in India: prospects and challenges. J. Exp. 
Zool. India. 2019;22(1):1-10. 

6. Ghosh A, Mahapatra BK, Datta NC. Ornamental fish farming - 
successful small scale aqua business in India. Aquacult. Asia. 
2003;8(3):14-16. 

7. Roberts HE. Fundamentals of ornamental fish health. Ames: 
Wiley-Blackwell; 2010. 

8. Noga EJ. Fish disease: diagnosis and treatment. 2nd ed. Ames: 
Wiley-Blackwell; 2010. 

9. Lewbart GA. Ornamental fish. In: Carpenter JW, editor. Exotic 
animal formulary. 5th ed. St. Louis: Elsevier; 2018. p. 68-89. 

10. Lewbart GA. Bacterial diseases of fish. In: Sykes JM, editor. 
Exotic animal medicine for the veterinary technician. 3rd ed. 
Ames: Wiley-Blackwell; 2016. p. 369-376. 

11. Wildgoose WH. BSAVA manual of ornamental fish. 2nd ed. 
Gloucester: British Small Animal Veterinary Association; 2001. 

12. Francis-Floyd R, Yanong RPE. Mycobacteriosis in fish. 
Gainesville: University of Florida IFAS Extension; 2013. VM104. 

13. Noga EJ. Aeromonas infections. In: Noga EJ, editor. Fish disease: 
diagnosis and treatment. 2nd ed. Ames: Wiley-Blackwell; 2010. p. 
205-208. 

14. Cipriano RC. Aeromonas hydrophila and motile aeromonad 
septicemias of fish. Washington, DC: U.S. Fish and Wildlife 
Service; 2001. Fish Disease Leaflet 68. 

15. Shotts EB, Rimler R. Medium for the isolation of Aeromonas 
hydrophila. Appl Microbiol. 1973;26:550-553. 

16. Huizinga HW, Esch GW, Hazen TC. Histopathology of red-sore 
disease (Aeromonas hydrophila) in naturally and experimentally 
infected largemouth bass Micropterus salmoides (Lacépède). J 
Fish Dis. 1979;2:263-277. 

17. Dickerson HW. Ichthyophthiriusmultifiliis and Cryptocaryon 
irritans (phylum Ciliophora). In: Woo PTK, Buchmann K, editors. 
Fish parasites: pathobiology and protection. Wallingford: CABI; 
2012. p. 136-148. 

18. Matthews RA. Ichthyophthiriusmultifiliis: life cycle, 
immunology, and molecular biology. In: Woo PTK, Buchmann K, 
editors. Fish parasites: pathobiology and protection. Wallingford: 
CABI; 2012. p. 114-135. 

19. Lom J, Dyková I. Protozoan parasites of fishes. Amsterdam: 
Elsevier; 1992. 

20. Dickerson HW. Ichthyophthiriusmultifiliis infections. In: Woo 
PTK, Bruno DW, editors. Fish diseases and disorders, vol. 3: 
viral, bacterial and fungal infections. 2nd ed. Wallingford: CABI; 
2011. p. 185-203. 

21. Willoughby LG. Fungi isolated from lake fish and from fungal 
infections in hatchery-reared rainbow trout (Salmo gairdneri) in 
fresh water. J Gen Microbiol. 1978;105:139-142. 

22. Hussein MM, Hatai K. Pathogenicity of Saprolegnia species 
associated with outbreaks of salmonid saprolegniosis in Japan. 
Fish Sci. 2002;68:1067-1072. 

23. Hedrick RP, McDowell TS, Mukkatira K, MacConnell E, Petri B. 
Susceptibility of selected inland fishes to experimentally induced 
infections with ichthyophthiriusmultifiliisfouquet, 1876. J Aquat 
Anim Health. 2008;20:167-172. 

24. Dickerson HW, Dawe DL. Ichthyophthiriusmultifiliis and 
Cryptocaryon irritans (phylum ciliophora). In: Woo PTK, editor. 
Fish diseases and disorders, vol. 1: protozoan and metazoan 
infections. 2nd ed. Wallingford: CABI; 2006. p. 116-153. 

25. Valtonen SJ, Keränen J. Ichthyophthiriasis of Atlantic salmon, 
Salmo salar L., at the Montta hatchery in northern Finland in 
1992-93. J Fish Dis. 2001;24:531-536. 

26. Wahli T, Schmitt M. Seasonal variation in the incidence of 
Saprolegnia infestations on wild brown trout, Salmo trutta L., in 
an upland Welsh lake. J Fish Dis. 1999;22:399-402. 

27. Bly JE, Lawson LA, Szalai AJ, Clem LW. Environmental factors 
affecting outbreaks of winter saprolegniosis in channel catfish, 
Ictalurus punctatus (Rafinesque). J Fish Dis. 1993;16:541-549. 

28. Beakes GW, Wood SE, Burr AW. Features which characterize 
Saprolegnia isolates from salmonid lesions - a review. In: Mueller 

35306                   Amreen Khan et al. Seasonal prevalence of infectious diseases in freshwater ornamental fishes and their correlation with  
water-quality parameters 



GJ, editor. Salmon Saprolegniasis. Portland: U.S. Department of 
Energy, Bonneville Power Administration; 1994. p. 33-66. 

29. Hatai K, Hoshiai G. Characteristics of two Saprolegnia species 
isolated from coho salmon with saprolegniosis. Nippon Suisan 
Gakkaishi. 1993;59:689-693. 

30. Bly JE, Lawson LA, Abdel-Aziz ES, Clem LW. Channel catfish, 
Ictalurus punctatus, immunity to Saprolegnia sp. J Appl Aquacult. 
1994;3:35-50. 

31. Bly JE, Lawson LA, Dale DJ, Szalai AJ, Durborow RM, Clem 
LW. Winter saprolegniosis in channel catfish. Dis Aquat Org. 
1992;13:155-164. 

32. Howe GE, Gingerich WH, Dawson VK, Olson JJ. Efficacy of 
hydrogen peroxide for treating saprolegniasis in channel catfish. J 
Aquat Anim Health. 1999;11:222-230. 

33. Marking LL, Rach JJ, Schreier TM. Evaluation of antifungal 
agents for fish culture. Prog Fish Cult. 1994;56:225-231. 

34. Rach JJ, Gaikowski MP, Ramsay RT. Efficacy of hydrogen 
peroxide to control saprolegniasis on channel catfish Ictalurus 
punctatus eggs. N Am J Aquacult. 2005;67:312-316. 

35. Saha M, Bandyopadhyay PK. Seasonal incidence of protozoan 
parasitic infestation in ornamental fishes of West Bengal, India. J 
Parasit Dis. 2017;41(2):523-526. 

36. Chidambaram P, Jawahar P, Srinivasan A, Ahilan A. Influence of 
water quality on the incidence of diseases in ornamental fishes in 
Tamilnadu (India). SKUAST J Res. 2013;15(1):17-22. 

37. Kumar V, Das BK, Swain HS, Chowdhury H, Roy S, Bera AK, 
Das R, Parida SN, Dhar S, Jana AK, Behera BK. Outbreak of 
Ichthyophthiriusmultifiliis associated with Aeromonas hydrophila 
in Pangasianodonhypophthalmus: the role of turmeric oil in 
enhancing immunity and inducing resistance against co-infection. 
Front Immunol. 2022;13:956478. 

38. Boyd CE. Water quality: an introduction. 2nd ed. Cham: Springer; 
2015. 

39. Hargreaves JA, Tucker CS. Managing ammonia in fish ponds. 
Stoneville: Southern Regional Aquaculture Center; 2004. 
Publication No. 4603. 

40. Hargreaves JA. Nitrite toxicity to fish. Stoneville: Southern 
Regional Aquaculture Center; 1998. Publication No. 462. 

41. Hargreaves JA, Tucker CS. Measuring dissolved oxygen 
concentration in aquaculture. Stoneville: Southern Regional 
Aquaculture Center; 2002. Publication No. 4601. 

42. Boyd CE, Torrans EL, Tucker CS. Dissolved oxygen and aeration 
in ictalurid catfish aquaculture. J World Aquacult Soc. 
2018;49(1):7-70. 

43. Hargreaves JA. Ammonia toxicity to fish. Stoneville: Southern 
Regional Aquaculture Center; 1998. Publication No. 463. 

44. Hargreaves JA. Nitrite toxicity to fish. Stoneville: Southern 
Regional Aquaculture Center; 1998. Publication No. 462. 

45. Torrans EL. Importance of dissolved oxygen in catfish culture. 
Catfish J. 2007;21(7):12-13. 

46. Boyd CE. Water quality management for pond fish culture. 
Amsterdam: Elsevier; 1982. 

47. Boyd CE, Tucker CS. Pond aquaculture water quality 
management. New York: Springer; 1998. 

48. Noga EJ. Fish disease: diagnosis and treatment. 2nd ed. Ames: 
Wiley-Blackwell; 2010. 

49. Francis-Floyd R. Stress - its role in fish disease. Gainesville: 
University of Florida IFAS Extension; 2011. CIR919. 

50. Lewbart GA. Self-assessment color review of ornamental fish. 
Ames: Iowa State University Press; 1998. 

51. Untergasser D. Handbook of fish diseases. Neptune City: TFH 
Publications; 1989. 

52. Walczak N, Puk K, Guz L. Bacterial flora associated with 
diseased freshwater ornamental fish. J Vet Res. 2017;61(4):445-
449. 

53. de Oliveira CH, Moreno LZ, Cardoso PHM, Silva APS, Gomes 
VTM, Barbosa MRF, Balian SC, Moreno AM. Characterization of 
Aeromonas isolates from ornamental fish: species, virulence 
genes, and antimicrobial susceptibility. Microorganisms. 
2024;12(1):176. 

54. Tedesco P, Saraiva M, Sandoval-Sierra JV, Alves MT, Galuppi R, 
Dieguez-Uribeondo J, van West P, Cook A, Posen P, Oidtmann B, 

Fioravanti ML. Impact of abiotic factors and husbandry on 
saprolegniosis in salmonid farms. Aquaculture. 2022;549:737790. 

55. Mramba RP, Kahindi EJ. Pond water quality and its relation to 
fish yield and disease occurrence in small-scale aquaculture in 
arid areas. Heliyon. 2023;9(6):e16753. 

56. Abdel-Tawwab M, Hagras AE, Elbaghdady HA, Monier MN. 
Effects of dissolved oxygen and fish size on Nile tilapia, 
Oreochromis niloticus (L.): growth performance, whole-body 
composition, and innate immunity. Aquac Res. 2015;46(9):2303-
2313. 

57. Saha M, Bandyopadhyay PK. Impact of seasons, host age, size 
and sex on the prevalence of protozoan parasites in ornamental 
fish. Int J Fish Aquat Stud. 2016;4(6):375-378. 

58. ICAR-CIFA. Annual Report 2020-21. Bhubaneswar: ICAR-
Central Institute of Freshwater Aquaculture; 2021. 

59. ICAR-CIFA. Guidelines for seed production of freshwater 
ornamental fishes. Bhubaneswar: ICAR-Central Institute of 
Freshwater Aquaculture; 2018. 

60. Swain P, Nayak SK, Sasmal A, Nanda PK. Antimicrobial activity 
of metal based nanoparticles against microbes associated with 
diseases in aquaculture. World J Microbiol Biotechnol. 
2014;30(9):2491-2502. 

61. Roberts HE, Palmeiro BS. Toxicology of aquarium fish. Vet Clin 
North Am Exot Anim Pract. 2008;11(2):359-374. 

62. Yanong RPE. Fish health management considerations in 
recirculating aquaculture systems: part 2. Pathogens and health 
management. Gainesville: University of Florida IFAS Extension; 
2012. CIR121. 

63. Yanong RPE. Use of antibiotics in ornamental fish aquaculture. 
Gainesville: University of Florida IFAS Extension; 2003. CIR84. 

64. APHA, AWWA, WEF. Standard methods for the examination of 
water and wastewater. 24th ed. Washington, DC: American Public 
Health Association; 2023. 

65. Yanong RPE. Fish health management considerations in 
recirculating aquaculture systems: part 1. Introduction and general 
principles. Gainesville: University of Florida IFAS Extension; 
2009. CIR120. 

66. Noga EJ. Problem list approach to abnormal fish. In: Noga EJ, 
editor. Fish disease: diagnosis and treatment. 2nd ed. Ames: 
Wiley-Blackwell; 2010. p. 3-32. 

67. Lom J, Dyková I. Protozoan parasites of fishes. Developments in 
aquaculture and fisheries science, vol. 26. Amsterdam: Elsevier; 
1992. 

68. Thilakaratne ID, Rajakaruna RS, Walker P, McNoe LA. 
Quantifying parasites in samples of hosts. J Parasitol. 
2003;89(4):704-708. 

69. Shotts EB, Rimler R. Medium for the isolation of Aeromonas 
hydrophila. Appl Microbiol. 1973;26(4):550-553. 

70. MacFaddin JF. Biochemical tests for identification of medical 
bacteria. 3rd ed. Philadelphia: Lippincott Williams & Wilkins; 
2000. 

71. Whitman KA, editor. Bergey’s manual of systematic bacteriology. 
Vol. 5: the actinobacteria. 2nd ed. New York: Springer; 2012. 

72. Seymour RL. The genus Saprolegnia. Nova Hedwigia. 1970;19:1-
124. 

73. APHA, AWWA, WEF. Standard methods for the examination of 
water and wastewater. 24th ed. Washington, DC: American Public 
Health Association; 2023. 

74. OATA. Water quality criteria. Westbury: Ornamental Aquatic 
Trade Association; 2018. 

75. Thrusfield M. Veterinary epidemiology. 4th ed. Chichester: 
Wiley-Blackwell; 2018. 

76. Chidambaram P, Jawahar P, Srinivasan A, Ahilan A. Influence of 
water quality on the incidence of diseases in ornamental fishes in 
Tamilnadu (India). SKUAST J Res. 2013;15(1):17-22. 

77. FAO. Ammonia in aquatic systems. Rome: Food and Agriculture 
Organization of the United Nations; 2023. 

78. Kumar A, Sharma S, Shrivastav AB, Devi NM, Kamunde C. 
Immunostimulatory effect of Azadirachta indica and Trigonella 
foenum-graecum on immunity and survivability of Labeorohita 
challenged with Aeromonas hydrophila. J Immunoassay 
Immunochem. 2020;41(5):804-821. 

35307                                           International Journal of Current Research, Vol. 17, Issue, 11, pp.35303-35307, November, 2025 
 

******* 


