



SEASONAL VARIATIONS OF CILIATE PROTOZOAN INFECTION IN DIFFERENT STAGES OF BLACK TIGER SHRIMP (Penaeus monodon) 
Abstract:
Aquaculture is sunshine sector and generate huge earnings through exports. Sustainable culture of tiger shrimp (Penaeus monodon) generate huge revenue. Diseases cause severe damage to the culture and resulting in huge losses to the farming community. Among the diseases, ciliate protozoan parasites pose a significant threat to the aquaculture of the Black Tiger Shrimp (P. monodon), often causing mass mortality and reduced yields. In this present research studied the seasonal distribution of ciliate infections across various stages of P. monodon (Nauplii, Zoea, Mysis, Post-Larvae, Juvenile and Adult) and some selected physicochemical parameters of the water. Samples were collected monthly across four hatcheries in the Andhra Pradesh coast of India from 2011 to 2012. The water parameters i.e. temperature, salinity, pH, and dissolved oxygen were recorded, and the parasites were identified. The pattern was distinctly seasonal, with the greatest prevalence occurring in the summer (pre-monsoon) months and ciliate infections evident in all life stages. Infection rates were high in Post-Larvae 23 days samples, with values recorded 66.6% in Pulicat Lake. Low infection rates were observed during autumn and winter. Also, some hatcheries, such as Gudur, demonstrated 55-70% infection rates, which was significantly higher relative to other hatcheries, such as Chirala. The study’s findings emphasize the importance of ecosystem elements such as high summer temperatures affecting the metabolism and moulting cycles of shrimp, as the cause of the outbreaks of ciliate protozoans. These results further emphasize the need for active monitoring and summer management strategies to reduce parasitic losses and improve productivity and sustainability of P. monodon aquaculture.
Introduction

In aquaculture industry shrimp culture is one of the most important sectors that provide large amount of food for growing society. Penaeus mondon the black tiger shrimp production is one of the most important among the shrimp cultures in India. There are different kinds of shrimp species worldwide, P. monodon the gaint tiger shrimp is one of the most important and considered as the leader in aquaculture. Hatchery producers of this tiger shrimp are facing number of difficulties during the production due to disease outbreak and poor growth performance (Arrieta et al., 2014; Rungrassamee et al., 2014; Arbon et al., 2025). Protozoa parasites are single celled eukaryotes that live freely or as symbionts, theses protozoan causes remarkable damage to the Shrimp culture markedly P. monodon under poor farming conditions. Ciliate protozoans are known to lodge and constitute the support over the crustaceans (Abello et al., 1990). P. monodon is the host for different parasites such a protozoan and commensals as ecto and endo-symbionts Acineta, Ephelota gemmipara, Epistylis, Gregarines Microsporidians Vorticella, and Zoothamnium are considered as the major disease causing agents in shrimp culture. Increase in infestation of ectosymbions is hypothesized in cultured shrimp due to greater stocking density and pond environmental conditions (e.g., ammonium, nitrate, and dissolved oxygen levels) (Kautsky et al., 2000; Gualteros-Rodríguez, 2003). 

Cultured shrimp faces different disease conditions naturally by change in environmental conditions. The shrimp farming face unnatural damage due to   microbial attack, that need to be controlled to achieve greater yield. Some of the microbial damages in shrimp are damaged shell that is caused due to the exposure of underlying tissue to opportunistic microbes such as protozoan. Inflammation and melaenization darkens the surface and deeper tissue caused due to exposure of tissue by certain fungi. Muscle necrosis generally occurs due to environmental stress condition like low oxygen levels recovers when shrimp brought to the normal conditions, whereas the shrimps with microbial infection is unable to recover. Microbial attack may also alter the normal physiological activity such as mobility, breathing, reproduction and decrease in survival rate (Overstreet 1973
). 
Some of the protozoans are known to cause disease in weakened larval form in shrimp culture (Parsons & Khan, 1986).  Diseases caused by protozoa in the biology of crustacean was given by Couch John (1983), Kruse (1959) with detailed information about parasites of the commercial shrimps. Enhancing the health and management of the pond are key to understand the basic carrying capacity of the pond. Factors that affect the carrying capacity of the pond are density of farms, water exchange and runoff, soil composition and salinity as well as intensity of farming practices. Environmental changes that affect the shrimp culture rapidly among the microbes are pH, temperature, salinity and dissolved oxygen levels and also due to parasitic infection. For instance, such conditions are induced by heavy rains and change in tides. 

 Improving the use of probiotics could be one possibility to recover the parasitic infection in shrimp. The permanent solution is to find the most appropriate and effective treatment against the parasitic protozoans, and also to enhance the immune system of the shrimp. To overcome such hurdle in the field of aquaculture need the knowledge of microbiology/limnology and maintaining the health of the shrimp by onsite testing. 
The present study is aimed to identify protozoan parasite infection in different stages of the shrimp culture nauplii to adult shrimp during the period from September to June. The physical parameters (such as pH, Temperature, salinity, and stocking density) that affect the larval growth and survival were analyzed.

MATERIALS AND METHODS


The site for the present investigation was restricted to 4 different locations along the coastal region of Andhra Pradesh. The four different hatcheries selected are Tiger shrimp farm - Nizampatnam, Pulicat lake Nellore district, Hariharan shrimp Hatchery – Tupilipalem -Gudur, and also Muthukur and Chirala shrimp hatcheries. The sampling was done Larval and post-larval samples are collected from hatcheries - Tupilipalem village of Gudur, Pulikat Lake, Muthukur, Chirala, Tiger Shrimp farm, Nizampatnam and from Pulicat Lake of Nellore District though out the year with the interval period of 30 days during the years 2012 – 2016. The sampling was made during the mornings between 9.30 am to 11.00 am. 
Method of sampling 

Collection of larval samples 

In the present investigation, Random samples of different larval stages of Penaeus monodon were collected from a commercial hatchery to identify the Protozoan diseases in larvae and post larvae. The larval samples were collected from each tank by means of 250 ml beaker and estimated by random sampling method for different larval populations. Juvenile stage samples were collected from Srikalahasthi and the size and weight were measured with scale as well as weighing machine, Total length (TL, cm) from the tip of the rostrum to the distal telson, total weight (g) and gender, based on the presence of reproductive (female-Thelycum, male-petasma) were recorded. 
Collection of samples were performed throughout the year with an interval of 30 days. The collected samples were studied for the appearance of clinical symptoms of various diseases. Different stages of the larvae samples are observed under a research microscope for abnormalities in the physical appearance of the larvae and post larvae compared to that of the control animals. The physical parameters such as the behaviour changes in the larvae such as their feeding condition, activity, motility, swimming etc., are noted. Observations were made on the seasonal prevalence of ciliate protozoan and in relation to mortality and survival. 
The adult stage samples were collected from different hatcheries are fixed in 95% ethanol and then transferred to 75% ethanol for light microscopy. The samples Post larvae, juvenile adult stage was dissected and each anatomical part was observed under a compound microscope for any infection. The surface of the post-larva, juvenile, adult stage anatomical parts were observed and counted under light microscope (Gregorio Fernandez-Leborans et al., 2006).

Estimation of physicochemical parameters of water

The analysis was made immediately after the water samples were brought so as to get a detailed structure of existing interaction between the ecto-commensal infection and existing conditions of the pond without disturbing the bottom of the pond. Water samples were collected from different hatcheries in one litre polypropylene bottles for analysis of physico–chemical parameters. The water samples were collected to analyse the following parameters such as dissolved oxygen, pH, salinity and temperature. Dissolved Oxygen was estimated by standard Winkler’s method while pH was determined in the field by pH paper. Water temperature was measured in the field using thermometer, Salinity was measured in the field using by refractometer.
Morphological observations

The larval samples were analysed for percentage prevalence, Clinical sign of ciliate. Photo snaps of the samples were captured using digital camera through research Microscope. The various ecto-commensal ciliates encountered are identified from the standard keys (Kudo, 1966). Calculation of the percentage prevalence, survival percent and percent of infected host are calculated using the formulae.
The prevalence (%) was calculated from the total number of host examined and the number of infested host with protozoan = number of infested host/stocking density in tank × 100 

Survival % = No. of host found at the end of experiment/ no. of host introduced (stocking   density) x 100
Results


The present study was conducted to know the prevalence of protozoan diseases of tiger shrimp. The production of shrimp in hatcheries was greatly decreased by effect of different microbial diseases, ciliate protozoan parasite that affect the larval forms are one of the leading causes for the lower yield in tiger shrimp production. The peritrichous ciliate parasites (Acineta Epistylis, Lagenophrys, Vorticella and Zoothammium) were found on the cuticle of exoskeleton of the larval forms causing mortality.


The study revealed the Peritrichous ciliate parasites affect the respiratory, reproductive and locomotion in larval and post larval forms. The Peritrichous larval forms were noticed on the surface of the larvae and juveniles which serves the major cause for the mortality of the larval and juvenile. Fuzzy appearance has been observed in juvenile stage of P. monodon of Nellore, Gudur and Pulicot Lake. White hind gut has been observed in the mysis stage due to ciliate parasite infection. 

Stage - Nauplii 


The random sampling analysis of the stocking density, physical parameters, ciliate protozoan parasites, percentage prevalence, survival and survival percentage during the different seasons has been shown in the table-I. The greater stocking densities were observed in the month of September, December and March (1.09, 1.04 and 1.10 million respectively). In the nauplii stage the parasite infection is very high in the month of September i.e. 0.35 million (32.11%), where the ideal environmental parameters were also recorded in the same month. After the treatment the highest survival percentage has been recorded in the month of January (89%), February (87.12%) and April (89.32%). Lowest parasite infection has been recorded in the month of June. 
Stage - Zoea:         

 
The random sampling analysis of Zoea larval stage for the stocking density, physical parameters, ciliate protozoan parasites, percentage prevalence, survival and survival percentage during the different seasons has been shown in the table-II.  The stocking density is greater in the month of September the stocking density is recorded as 0.98 millions. The greater parasite infection is observed in the month of September (0.213 million) and April (0.198 million) and is recorded as 21.7% and 22.24%. Lowest parasite infection has been recorded in the month of January 15.05%.

 Stage - Mysis:       

 
The random sampling analysis of Mysis larval stage for the stocking density, physical parameters, ciliate protozoan parasites, percentage prevalence, survival and survival percentage during the different seasons has been shown in the table-III.  The stocking density is greater in the month of November and December the stocking density is recorded as 0.89 million. The greater parasite infection in mysis state larvae is observed in the month of March (0.21 million), June (0.21 million) and November (0.23 million) and is recorded as 25.60%, 26.95% and 25.84% respectively. The highest percentage survival has been achieved on treatment and survival percentage were recorded in the month of January (0.79 million), February (0.79 million) and March (0.76 million) and the results were recorded as 91.86%, 92.94% and 92.68%. Lowest parasite infection has been recorded in the month of October 0.14 million (17.72%).   

Post Larvae (PL): 
The ciliate protozoan infection is recorded in post larval stage, the quick spread of infection in aquatic media from the early stages of larvae to the post larvae stage is observed.  The random sampling of 250ml analysis of post-larval stage for the stocking density, physical parameters, ciliate protozoan parasites, percentage prevalence, survival and survival percentage during the different seasons has been shown in the table-IV.  The analysis result showed the greater stocking density is observed the months of February (0.70 million), March (0.71 million) and September (0.69 million). The greater parasite infection in post larval state is observed in the month of February (0.17 million), March (0.15 million), April (0.18 million) and June (0.19 million) and the percentage prevalence is recorded as 23.94%, 23.43%, 26.86 and 29.23% respectively. During the post larval stage, the treatment showed greater survival rates, the highest survival percent has been recorded in the month of January (0.59 million) and October (0.61million) and the results were recorded as 92.24% and 93.65%. Lowest parasite infection has been recorded in the month of October (0.11 million) and January (0.11 million) the percentage calculations are 17.46% and 16.65.   

Post larval 23 days stage

The post larval 23 days stages samples were collected from different areas where the larval stage samples were transferred i.e. Plicate Lake, Muthukur, Nizampatnam, and Chirala. The juvenile stage samples were analysed for ciliate protozoan infection from these corresponding regions. The analysis results of the 23 days Post larvae of P. monodon from Shrimp Pond culture, Nizampatnam showed greater infection in the month of May in the year 2014 and 2015 (45.45% and 56.14 respectively). Shrimp pond culture, Pulicot lake showed greater infection in the month of May in the year 2014 and 2015 (60.00% and 66.60 respectively).
Juvenile & adult stage 

The juvenile adult stage samples were analysed for parasite infection from different hatcheries i.e. Plicate Lake, Muthukur, Gudur and Chirala. Out of all the overall greater infection rate has been observed in Gudur hatchery. The result showed that the greater infection rate has been observed in the month of September in all the hatcheries. 
Discussion

Every healthy individual animal is not free of microbial infection, the reason behind the health animal is the capability of the animal to overcome infection and injury. In hatchery system, the good practice is to maintain the hatchery free from microbial parasites using disinfectants and drying. In the field of shrimp culture every day there is a hurdle with microbial infection that predominantly decreases the yield of the shrimp. Various research evidences the parasitic infection in the shrimp culture of P. monodon from different geographical regions of India (Bower et al. 1994; Prasadan and Janardan 2001; Johny et al. 2006). 
Protozoan parasites are one of the most important parasites that affect the growth in natural and cultured shrimp (Overstreet, 1973, 1982 and Lightner, 1983, 1985). Good and efficient culture practice makes the pond free from protozoan parasites. The increase in the parasite’s concentration depends on the water exchange and quality of feed.  Timely change of water by flow through mechanism removes the excretory material that helps in the multiplication of ciliate protozoans and also helps to maintain the ideal environmental parameters. Poor quality feed with different types of waste sediment at the bottom of the tank that enables the growth and multiplication of ciliate protozoans. Overstreet (1973) made extensive study on Zoothamnium infection in Penaeid shrimps and found a positive correlation between the stocking density of shrimp and the prevalence of infection (Fulks and Main, 1992; Heyward and Hammond, 1990).       


Research findings states that frequent occurrence of protozoan parasite infection in summer. These Protozoan parasites are highly pathogenic that causes the loss of function, Fizzy appearance, Frequent jumping, circular swimming, slow growth, reproductive infertility, poor locomotion etc., that finally leads to the death of the organism (Lightner 1993, Johnson et al., 1973, Chang and Su 1992). The present research results states that the stocking density in larval stages decreases from Nauplii to post larval stage. The decline in stocking density is due to increase in the size of the shrimp which is a natural phenomenon. The greater stocking density has been observed in the month of September, Parasite infection are also greatly increases in the month of September. Increase in parasitic infection is due in increased rain fall in the month of September that disturbs the pH, oxygen levels and other parameters. Fundamental aspects of the present study findings states that the parasite infection in Nauplii III is more in the winter and rainy season compared to that of autumn and summer. The results evidences that the stocking density is greater in rainy season in all the larval and post larval forms. The previous research results evidence the dissolved oxygen is greater in rainy season compared to that of summer and other seasons, this would be one of the most important and possible reason for increased socking density (Sosamma and Mathew, 1989). The treatment results revealed that the greater survival rate has been achieved in the all the seasons, whereas the January and April showed greatest percent of survival. The appreciable survival rate has been achieved in Nauplii during the month of May where there is greater infection rate. 
The results showed greater parasite infection in larval forms Zoea and Mysis and also in post larval stage in summer, as the transmission rate of ciliate parasite elevates during summer in both subtropical and tropical climates. During summer molting process is favoured that facilitates the increased incidence of infection (Rhode 1992; Jayasree et al. 2001). The increase in parasitic infection is due to increased metabolism and molting of decapods shrimps due to large amount of solar energy.  Whereas the survival percentage is grater in the summer even the metabolic rate may be greater in summer. The previous research findings also show that great infection in summer due to increased heat energy and moulting that supports the present research results (Rhode 1992; Jayasree et al. 2001). 
The results evidenced the greater survival rate during winter season in different larval stages and post larval stage. During winter the ciliate parasite infection to larval and post larval forms is comparatively less, when compared to that of other seasons. Lower parasite infection is observed in the autumn. Protozoan infection to the gills of the larval forms do not directly affects the growth, whereas infection to the mouth parts causing immobility of the mouth parts leading to starvation and death. The present research results corelates with the previous results published data by Rameshbabu (2013). 
Post larval 23 days shrimp culture sample analysed from Nizampatnam and Pulicot lake showed greater infection rate in summer (May), as we discussed above the ciliate protozoan infection will be more in the summer. The present research findings correlate with the previous research evidences. The Post larval 23 days shrimp culture from Pulicot lake show greater infection of 60% which is comparatively more than that of Nizampatnam. From the results we conclude that there was more that 10% less protozoan infection in the Nizampatnam culture. The results clearly evidences the lower dissolved oxygen in Pulicot Lake, Lower dissolved oxygen also implies the greater amount of pathogen in the pond that enables the greater infection rate of the shrimp culture.

From the results it was clear that the infection rate has been greatly increased in the month may due to increased infection may be due to molting, salinity, pH and most important of all is the dissolved oxygen levels. The environmental factors are most important aspects for the healthy growth of the shrimp culture. The treatment results showed the lowest infection rate in adults in Chirala hatchery, the over infection rate is very low in Chirala hatchery compared to that of all. The Gudur hatchery has highest of 70% percent infection rate that causes greater damage to the production rate. The Gudur hatchery has an average of 55% infection in all the seasons the intensive care should be taken to overcome the infection rate.
Conclusion: From the present study, conclude that the ciliate parasite infection are greater during summer due to increase metabolic activity, molting and other environmental conditions. Intensive measures should be taken in summer to avoid ciliate protozoan infection to increase the yield in hatcheries.
Disclosure: Authors did not use any Large Language Models (LLMs) and Artificial Intelligence (AI) for any part of the work carried out in this study. 
Table 1: Seasonal variations of Ciliate Protozoan infection in Penaeus monodon and survival percentage of Nauplii III in September  2011 to June 2012. 

	S. No
	Date
	Season
	Stocking density
	Physical parameters
	Protozoan Parasites
	Survival
	% survival 

	
	
	
	
	Temp.
	salinity
	pH
	DO
	Million
	% prevalence
	
	

	1
	25-09-2011
	Rainy
	1.09
	29
	30.0
	8.0
	3.5
	0.35
	32.11
	0.89
	81.65

	2
	22-10-2011
	Autumn
	1.03
	30
	29.5
	7.9
	4.0
	0.15
	14.56
	0.84
	81.55

	3
	20-11-2011
	Autumn
	1.04
	29.5
	26.7
	7.6
	3.2
	0.17
	16.34
	0.90
	86.53

	4
	19-12-2011
	Winter
	1.10
	29.8
	28.5
	7.7
	3.6
	0.34
	30.9
	0.91
	82.72

	5
	15-01-2012
	Winter
	1.00
	30.2
	27.8
	8.1
	2.5
	0.23
	23.0
	0,89
	89

	6
	14-02-2012
	Winter
	1.01
	29
	29.4
	8.5
	2.9
	0.21
	20.7.
	0.88
	87.12

	7
	15-03-2012
	Summer
	1.06
	31
	29.8
	8.0
	2.7
	0.17
	16.03
	0.87
	82.07

	8
	18-04-2012
	Summer
	1.03
	30.5
	28.9
	7.5
	2.8
	0.18
	17.47
	0.92
	89.32

	9
	19-05-2012
	Summer
	1.02
	30.2
	28.8
	7.7
	3.9
	0.12
	11.76
	0.86
	84.31

	10
	20-06-2012     
	Rainy
	1.02
	29.5
	28.6
	7.8
	3.2
	0.10
	9.80
	0.84
	82.35


Table II: Seasonal variations of   Ciliate Protozoan infection in Penaeus monodon and survival of zoea larvae percentage in September  2011-2012. 

	S. No
	Date
	Season
	Stocking density
	Physical parameters
	Protozoan Parasites
	Survival
	% survival 

	
	
	
	
	Tem
	salinity
	pH
	DO
	Million
	% prevalence
	
	

	1
	25-09-2011
	Rainy 
	0.98
	29
	30.0
	8.0
	3.5
	0.213
	21.7
	0.87
	88.7

	2
	22-10-2011
	Autumn
	0.87
	30
	29.5
	7.9
	4.0
	0.167
	19.19
	0.83
	95.40

	3
	20-11-2011
	Autumn
	0.86
	29.5
	26.7
	7.6
	3.2
	0.138
	16.04
	0.78
	90.69

	4
	19-12-2011
	Winter
	0.95
	29.8
	28.5
	7.7
	3.6
	0.153
	16.10
	0.87
	91.57

	5
	15-01-2012
	Winter
	0.93
	30.2
	27.8
	8.1
	2.5
	0.140
	15.05
	0.78
	83.87

	6
	14-02-2012
	Winter
	0.92
	29
	29.4
	8.5
	2.9
	0.179
	19.45
	0.89
	96.73

	7
	15-03-012
	Summer
	0.87
	31
	29.8
	8.0
	2.7
	0.181
	20.80
	0.76
	87.35

	8
	18-04-012
	Summer
	0.89
	30.5
	28.9
	7.5
	2.8
	0.198
	22.24
	0.80
	89.88

	9
	19-05-012
	Summer
	0.92
	30.2
	28.8
	7.7
	3.9
	0.171
	18.58
	0.85
	2.39

	10
	20-06- 012     
	Rainy 
	0.97
	29.5
	28.6
	7.8
	3.2
	0.156
	16.08
	0.82
	84.53


Table III - Seasonal variations of Ciliate Protozoan infection in Penaeus monodon and survival of Mysis larvae percentage in September 2011-2012. 

	S. No
	Date
	Season
	Stocking density
	Physical parameters
	Protozoan parasites
	Survival
	% survival

	
	
	
	
	Temp
	Salinity
	pH
	DO
	Million
	% prevalence
	
	

	1
	25-09-011
	Rainy
	0.87
	29
	30.0
	8.0
	3.5
	0.20
	22.98
	0.79
	90.80

	2
	22-10-2011
	Autumn
	0.79
	30
	29.5
	7.9
	4.0
	0.14
	17.72
	0.68
	80.07

	3
	20-11-2011
	Autumn
	0.89
	29.5
	26.7
	7.6
	3.2
	0.23
	25.84
	0.72
	80.89

	4
	19-12-2011
	Winter
	0.89
	29.8
	28.5
	7.7
	3.6
	0.16
	17.97
	0.80
	89.88

	5
	15-01-2012
	Winter
	0.86
	30.2
	27.8
	8.1
	2.5
	0.19
	22.09
	0.79
	91.86

	6
	14-02-2012
	Winter
	0.85
	29
	29.4
	8.5
	2.9
	0.20
	23.5
	0.79
	92.94

	7
	15-03-2012
	Summer
	0.82
	31
	29.8
	8.0
	2.7
	0.21
	25.60
	0.76
	92.68

	8
	18-04-2012
	Summer
	0.79
	30.5
	28.9
	7.5
	2.8
	0.15
	18. 98
	0.69
	87.34

	9
	19-05-2012
	Summer
	0.80
	30.2
	28.8
	7.7
	3.9
	0.18
	22.5
	0.72
	90.0

	10
	20-06-2012     
	Rainy
	0.78
	29.5
	28.6
	7.8
	3.2
	0.21
	26.9
	0.70
	89.74


Table IV: Seasonal variations of Ciliate Protozoan infection in Penaeus monodon and survival of Post larvae percentage in September 2011-2012. 

	S. No
	Date
	Season
	Stocking density
	Physical parameters
	Protozoan parasites
	Survival
	% survival

	
	
	
	
	Temp
	Salinity
	pH
	DO
	Million
	% prevalence
	
	

	1
	25-09-2011
	Rainy
	0.69
	29
	30.0
	8.0
	3.5
	0.16
	23.1
	0.62
	89.85

	2
	22-10-2011
	Autumn
	0.66
	30
	29.5
	7.9
	4.0
	0.11
	16.6
	0.61
	92.24

	3
	20-11-2011
	Autumn
	0.67
	29.5
	26.7
	7.6
	3.2
	0.13
	19.4
	0.59
	88.05

	4
	19-12-2011
	Winter
	0.68
	29.8
	28.5
	7.7
	3.6
	0.12
	19.04
	0.54
	79.41

	5
	15-01-2012
	Winter
	0.63
	30.2
	27.8
	8.1
	2.5
	0.11
	17.46
	0.59
	93.65

	6
	14-02-2012
	Winter
	0.70
	29
	29.4
	8.5
	2.9
	0.12
	17.14
	0.62
	88.57

	7
	15-03-2012
	Summer
	0.71
	31
	29.8
	8.0
	2.7
	0.17
	23.94
	0.61
	85.91

	8
	18-04-2012
	Summer
	0.64
	30.5
	28.9
	7.5
	2.8
	0.15
	23.43
	0.58
	90.62

	9
	19-05-2012
	Summer
	0.67
	30.2
	28.8
	7.7
	3.9
	0.18
	26.86
	0.59
	88.05

	10
	20-06-2012     
	Rainy
	0.65
	29.5
	28.6
	7.8
	3.2
	0.19
	29.23
	0.59
	90.76


Table-5
: Collected Postlarva 23 days of Penaeus monodon from Shrimp pond culture, Nizampatnam 

	S.No
	Date 
	Season
	Number
	Physical parameters
	Infected
	%  Infected

	
	
	
	
	Size (mm)
	temp
	salinity
	pH
	DO
	
	

	1
	12.01.2014
	Winter
	98
	11.2±0,4
	29.5
	30
	7.5
	4.5
	35
	35.71

	2
	14.04.2014
	Premonsoon
	100
	12.1±0,2
	26.7
	29.5
	7.8
	3.9
	25
	25

	3
	15.05.2014
	Premonsoon
	99
	10.7 ±0.3
	29.6
	31.5
	7.9
	3.7
	45
	45.45

	4
	26.06.2014
	Premonsoon
	75
	13 ±0.1
	30.2
	32.5
	8.0
	4.5
	30
	40

	5
	12.10.2014
	Premonsoon
	39
	12 ±0.2
	29.4
	28.5
	7.4
	5.6
	22
	56.4

	6
	07.01.2015
	Winter
	45
	11.4 ±0.5
	28.6
	29.2
	7.5
	4.5
	20
	44.4

	7
	05.05.2015
	Premonsoon
	57
	14 ±0.3
	29.0
	30
	8.1
	5.6
	32
	56.14

	8
	04.06.2015
	Premonsoon
	78
	12.6 ± 0.6
	31.2
	31.6
	7.7
	4.4
	36
	46.15

	9
	12.07.2015
	Monsoon
	74
	12 ±0.7
	29.9
	31.5
	7.4
	3.5
	24
	32.43

	10
	10.10.2015
	Postmonsoon
	64
	11.7 ± 0.6
	28.9
	32.5
	7.6
	3.7
	23
	35.9


Table-6: Collected Post larvae 23 days of Penaeus monodon from Shrimp pond culture, Pulicot 

	S. No
	Date
	Season
	Number
	Physical parameters
	Infected
	% Infected

	
	
	
	
	Size (mm)
	temp
	salinity
	PH
	DO
	
	

	1
	16.01.2014
	Winter
	22
	7.2 ±0.4
	30
	32
	7.9
	2.76
	08
	36.36

	2
	26.04.2014
	Summer
	23
	10.4  ±0.5
	28.6
	33
	8.0
	2.8
	10
	43.47

	3
	24.05.2014
	Summer
	20
	9.1 ±0.7
	31
	33
	7.8
	2.34
	12
	60

	4
	29.06.2014
	Premonsoon
	18
	9.2 ±0,3
	31.5
	30
	8.0
	2.45
	10
	55.5

	5
	18.10.2014
	Premonsoon
	21
	9.6 ±0.2
	29.5
	29
	7.5
	2.5
	09
	42.87

	6
	12.01.2015
	Winter
	23
	9.3  ±0.4
	30
	30.5
	8.5
	2.89
	12
	52.17

	7
	18.05.2015
	Summer
	12
	10 ±0.6
	30.5
	32
	8.5
	2.39
	08
	66.6

	8
	23 .06.2015
	Premonsoon
	24
	9.8  ±0.2
	31.5
	32.5
	8.7
	2.49
	10
	41.6

	9
	02.07.2015
	Monsoon
	36
	10.2 ±0,2
	30.5
	29.5
	8.5
	2.78
	13
	36.11

	10
	18.10.2015
	Postmonsoon
	35
	10.5 ±0.5
	31
	32
	7.5
	2.76
	14
	40


Table-7: Juvenile stage of Penaeus monodon collected from different areas i.e Pulikate Lake, Muthukur, Nizampatnam, and Chirala. 
	Month
	     Pulicot Lake
	    Muthukur
	Nizampatnam
	Chirala

	
	Juvenile Stage
	Juvenile  Stage
	
	Juvenile Stage
	Juvenile Stage

	
	Collected
	Infected
	%
	Collected
	infected
	%
	collected
	infected
	%
	collected
	infected
	%

	Oct 2015
	10
	3
	30
	12
	4
	33.3
	12
	6
	50
	14
	6
	42.85

	Nov 2015
	12
	4
	33.3
	10
	6
	60
	9
	5
	55.5
	13
	7
	53.84

	Dec 2015
	10
	5
	50
	12
	8
	66.6
	12
	7
	58.3
	14
	8
	57.14


Table 8- Adult stage of Penaeus monodon collected from different areas i.e Pulikate Lake, Muthukur, Gudur, and Chirala
	S. No
	Month
	Pulicot lake
	
	Gudur
	
	Chirala
	
	Muthukur
	

	
	
	samples
	INF
	% infected
	samples
	INF
	% infected 
	samples
	INF
	% infected 
	samples
	INF
	% infected 

	1
	Apr-13
	7
	3
	42.86
	6
	3
	50.00
	16
	4
	25.00
	17
	5
	29.41

	2
	May-13
	9
	4
	44.44
	7
	5
	71.43
	16
	5
	31.25
	13
	5
	38.46

	3
	Apr-15
	7
	3
	42.86
	6
	3
	50.00
	16
	4
	25.00
	17
	5
	29.41

	4
	May-15
	9
	4
	44.44
	7
	4
	57.14
	16
	5
	31.25
	13
	4
	30.77

	5
	Jun-15
	15
	5
	33.33
	15
	4
	26.67
	20
	3
	15.00
	15
	4
	26.67
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