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Fig. 2.25a A poorly managed hatchery 

 
 

 
Fig. 2.25b A poorly managed hatchery 
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2.4.2 Inlet water quality and treatment 

FAO defines water quality for shrimp hatcheries as the sum total of 

the physical, chemical and biological factors of the oceanic waters that 

support healthy larval development. Typical inlet water treatment currently 

followed involves mechanical separation of the suspended solids by 

filtration, chlorination and dechlorination, and storage under hygienic 

conditions. Even though either gravity and/or rapid sand filter are employed,  

majority of the hatcheries pump in seawater directly. One of the major 

problems experienced in Indian shrimp hatcheries is the poor quality of 

intake water resulting in poor larval survival and overall production 

caused by the discharge of effluents by industries in urban areas and the 

clustering of hatchery systems. Since most hatcheries run as open 

systems, regular intake of seawater and release of effluents leads to water 

quality deterioration (FAO 2007; Hossain et al., 2013). 

It is noted from the survey that similar to the observations made              

by Chen et al., 1985 that the seasonal changes in water quality of  

coastal waters are the major problem faced by the Kerala hatcheries. 

Chen JC et al., 1984 report that one of the major factors contributing to 

inconsistent post-larval production is water quality. Studies revealed that 

those hatcheries where seawater is taken directly from sea are likely to 

have some impact on production, either qualitatively or quantitatively.  

Studies show that water taken with sub sand pre-filtration has less 

chemical and heavy metal pollutants compared to waters taken from 

coastal areas (Chen et al., 1985; Marzieh Rezaei et al., 2021). Nearly 40% 

of the hatcheries make use of shore bore wells. However, sand filtration 
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removes only coarse particles up to 10µ in size (Ravichandran, P               

and S.M Pillai, 2004). Further filtration can be done by using fiber  

based cartridge filter, which will remove suspended particles up to 1µ. 

Laxminarayana, 2012 observed that most of the hatcheries in Kerala did 

not properly follow seawater filtration procedures.  This is an important 

aspect to be corrected in most of the hatcheries in Kerala for a better 

performance. 

When coming to the water treatment systems out of the 16 

hatcheries where chlorination is followed, four hatcheries use chlorine 

dosage lower than the minimum required level. i.e., 5-10 ppm according 

to Treece 1985; Wickins 1986; Ravichandran, P. and S.M Pillai, 2004; and 

a higher dose is suggested (10 – 20 ppm) by FAO, 2007. Even though, at 

the typical level of chlorine currently used for disinfecting seawater, 

achieving total elimination of pathogenic organisms is difficult. Many 

disease organisms are able to remain dormant for a short period and 

multiply later on at commencement of larval rearing (FAO 2007).                     

All hatcheries in Kerala fall under this category where luminescent 

bacteria populations are found to raise exponentially from nauplii to PL, 

suggesting that chlorination alone is insufficient to eradicate pathogens 

from the water intake. In many situations chlorination is not suitable due 

to the undesirable residual effects of chloramines that may be toxic to the 

shrimp (particularly at the egg and naupliar stages) with the production 

and precipitates of heavy metals (Zhi-Min Song et al., 2021). Because of 

this, various filtration methods (sand filtration, then microfiltration) 

followed by proper implementation of ozone and/or UV treatment are 

suggested which is being followed by an insignificant fraction of Kerala 
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hatcheries. FAO recommends UV irradiation @ >30 000 mws/cm2 in the 

incoming water flow, while the ozone content in water must be more than 

0.5 µg/ml for 10 min for effective disinfection from viruses (including 

WSSV) bacteria, fungi and protozoa. By incorporating all these a 

standardized programme is highly recommendable and it should be 

incorporated in the hatchery SOPs for monitoring the total bacterial and 

Vibrio counts immediately after the intake water treatment and 72 h later 

to ensure complete disinfection by which the treatment efficiency can be 

monitored and better controlled. 

2.4.3 Nauplii washing  

Several authors suggested various strategies for egg and nauplii 

washing (Mock, 1982; Kungvankij, et al., 1986c; Kannan et al., 2015). 

Still there is considerable confusion and inconsistency in the protocols 

used for disinfection of eggs and nauplii in hatcheries. Eggs and nauplii 

must be washed and disinfected appropriately to prevent the vertical (or 

false vertical) transmission of viral (i.e., MBV, WSSV, BMNV), bacterial 

(Vibrio spp.), fungal, microsporidian and other diseases from lightly 

infected broodstock to eggs and nauplii. The survey revealed that all the 

hatcheries in Kerala are strictly following nauplii washing procedure as a 

tool of biosecurity but not as complete as mentioned in FAO manual 

2007. FAO states that the procedure for nauplii washing works best when it 

includes all the steps: washing, formalin treatment and then iodine 

disinfection and then final washing. However, even if it means only the 

washing stage, the washing alone will help greatly in reducing transmission 

of viruses, bacteria, fungi and debris from the broodstock to the nauplii.  
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2.4.4 Larval rearing  

There are many factors entailed in the successful operation and 

management of larval rearing and health in shrimp hatchery. Even though 

some factors appear to be common, all these factors need to be strictly 

monitored and maintained throughout the larval rearing cycle. In order to 

fine tune the water quality and stress levels for the larvae, stocking the 

tanks with optimum number of nauplii and performing proper water 

exchange hold a key role. FAO recommends an ideal stocking density of 

50 – 150 nauplii/L and all the hatcheries were found to adhere within this 

range. Compared to other penaeid species cultured P. monodon, stocking 

densities are lesser due to its characteristic tenderness during the larval 

development and its susceptibility to pathological problems (Aquacop 

1986). Normal stocking density followed is 100 – 150 N6.L-1 (Aquacop 

1983; Kungvankij et al., 1986a; Ravichandran, P and S. M. Pillai, 2004).  

Silas and Muthu (1985) stocked 75 nauplii /L for F. indicus and 

Maheswarudu et al. (2013) recommended 100/L for P. semisulcatus.  

FAO reports that Indian hatcheries commonly have issues with 

water quality due to inadequate checking, control and treatment of inlet 

water and inappropriate management procedures (FAO 2007). Even 

though daily water exchange was carried out in all the hatcheries (varied 

depending on stocking density, larval stage, feeding regime and water 

quality in the rearing tank), occurrence of luminescent bacteria in 66% 

hatcheries can be an indication of poor water quality leading to stress and 

further mortality. It is reported that shrimp larval mortality is a global 

phenomenon and this is attributed to increased stocking density, 
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inappropriate and insufficient feeding and occurrence of major disease 

problems (Liao IC 1985). 

In addition to water exchange, the tank bottom needs to be siphoned 

from Zoea 3 throughout larval rearing. Aeration was provided by the use 

of air diffuser stones at the rate of 1 no/ft2 and these were in conformity 

with FAO 2007 and some hatcheries used grid type. Addition of the 

disodium salt of EDTA (Ethylene Diamine Tetraacetic Acid) was a 

commonly practiced in to chelate heavy metals as well as enhance 

hatching rates of eggs and larval metamorphosis (Simon 1981; Mock 

1982; McVey and Fox 1983; Sunaryanto 1986; Licop 1988). Water 

treatment prior to stocking may consist of NaEDTA, anti-fungal, and 

Probiotic prophylactic doses. Treflan (at 0.1 to 0.2 ppm) is sufficient to 

deter fungal infection but does not affect egg and nauplius development 

and survival (Lio-Po and Sanvictores 1986). Among the water quality 

parameters, temperature was the only parameter checked on a daily or 

alternate day basis by all hatcheries and other parameters like NH3, NO2 

and pH were found completely ignored by all the hatcheries. These 

aspects are also needed to be improved further in Kerala hatcheries. 

2.4.5 Live feeds 

2.4.5.1 Microalgae  

Proper identification or selection of most adequate microalgae 

propelled the development of hatcheries into successful industrial 

practices. Phytoplankton species which are popularly cultured and used as 

feed in shrimp hatcheries include Chaetoceros sp., Tetraselmis sp., and 
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Skeletonema sp. (Quinitio and Villegas 1982; Aujero et al., 1983; McVey 

and Fox 1983; Liao 1984, 1986; Wilkenfeld et al., 1984. 

One of the most common sources of pathogenic Vibrio spp., fungi 

and protozoa in larval rearing systems is the live algal cultures.               

Thus when culturing live algae it is vital to start from a clean stock 

culture (FAO, 2007). Since most of the hatcheries (94%) in Kerala are 

obtaining inoculums from CMFRI, the possibility of pathogenic Vibrio 

contamination through stock culture inoculums can be ruled out. Out of 

the 18 hatcheries, 62% of hatcheries are functioning without a proper 

stock culture facility in which 33% of the hatcheries were reported 

pathogenic Vibrio episodes and only 28% hatcheries were reported safe. 

Even though 38% of the hatcheries are operating with a stock culture 

facility, they also had reported pathogenic Vibrio infections. Hence the 

occurrence of pathogenic Vibrio cannot be completely attributed to the 

absence of stock cultures. But it is important to have a stock culture 

facility for a steady supply of good quality algae (Ajithkumar et al, 

2019) and this segment needs to be improved further in Kerala 

hatcheries.   

2.4.5.2 Artemia  

Artemia nauplii are the most important food item available to the 

shrimp hatchery (FAO, 1996). They are the main food fed to larval 

shrimp from early mysis all the way through to harvest of PL10-15                

or more. Since Artemia cysts are a potentially serious source of 

contamination, procedures for minimizing the risks for contamination are 

inevitable (FAO, 2007). Even though all hatcheries preferred good quality 
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branded cysts, proper disinfection procedures during pre and post 

hatching were lacking in 94% of the hatcheries.  From the survey it was 

found that only one hatchery is performing decapsulation and all other 

hatcheries use chlorine solution at various concentrations (10 – 50 ppm). 

Although Artemia cysts may not carry major viral pathogens, they are 

certainly a significant source of bacterial, fungal and protozoan diseases. 

Therefore removal of the cysts outer chorion (decapsulation) is highly 

recommended to increase the hatching rate and avoid contamination              

of the Artemia culture water and the larval-rearing tanks with various 

pathogenic microbes and organic matter that can lead to disease outbreak 

and subsequent mortality (FAO, 1996; 2004,). In order to make Artemia 

a whole food for shrimp larvae, enrichment techniques with essential 

amino acids is suggested by (Leger et al., 1985; Kontara, 1986).                  

This can be a better option for improvement of both PL quality and 

survival.   

2.4.6 Feeding 

During the initial days, crustacean tissue suspension was used to 

feed the larvae (Hameed Ali , 1980; Kungvankij et al., 1986b) this practice 

though cheaper later found unhealthy in the light of WSSV and no 

hatcheries in Kerala is using this feed for larval rearing. Among the 

various feeds used, Micro Encapsulated Diets played a minor role, but the 

micro particulate diets dominated the scene. Even though the price factor 

is high, this change in feeding habit from the conventional feeds like egg 

custard will be reflected in the quality of post larvae produced. Many 

workers have reported that PL length and weight are dependent on the 



Studies on status of shrimp hatcheries in Kerala 

49 

diet supplied to them (Wilkenfeld et al., 1984 and Fuze et al., 1985). 

Even though the size of the PL is dependent on the diet given, Imelda 

Joseph et al. (2000) reported that PL size is not much related to quality of 

Post larvae. 

Larval growth, survival and the water quality of the rearing tanks 

depend first and foremost on the quality and quantity of food offered to 

the larvae. Fast growth and high survival of the larvae can be achieved by 

optimization of feeding regimes and good water quality. Some of the 

major biosecurity issues and production problems facing in Kerala shrimp 

hatcheries result from a lack of control over the nutrition and feeding 

strategy used during larval rearing. Particular areas of concern include a 

lack of, or poor algal-culture facilities and protocols and poor feeding 

management.  

For zoea, micopraticulate diets or liquid emulsion diets of 10 – 80 µm 

particle size can be provided, in addition to live algae up to six times a 

day. For Mysis similar diets of 50 – 150 µm can be fed in the same 

manner. For PL, a variety of similar dry liquid and crumbled flake diets of 

200 – 300 µm sized pellets for PL 1 – 8 and 300 – 500 µm from PL 9 – 15 

can be fed once every four hours alternating with six feeding per day of 

newly hatched Artemia (FAO 2007).  All the hatcheries in Kerala follow 

more or less same strategy for feeding. A general guide in feeding the 

larval stages is given in table 2.5. 
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Table 2.5 General feeding regime for zoea and mysis 

Day Stage 
Time 

0 2 4 6 8 10 12 14 16 18 20 22 
1 N/Z1         A   A F1 A F1 A F1 

2 Z1 A F1 A F1 A F1 A F1 A F1 A F1 

3 Z1/Z2 A F1 A F1 A F1 A F1 A A F1   
4 Z2 A F1 A F1 A F1 A F1 A F1 A F1 

5 Z3 A F1 A F1 A F1 A F1 A F1 A F1 

6 M1 A/D F2 A F2 A F2 A/D F2 A F2/D A F2 

7 M2 A/D F2 A F2 A F2 A/D F2 A F2/D A F2 
8 M3 A/D F2 A F2 A F2 A/D F2 A F2/D A F2 

9 M4/PL A/D F2 A F2 A F2 A/D F2 A F2/D A F2 
 

Note:  A - Algae, F1 - Artificial feed (10-80µ), F2 - Artificial feed (50-150µ),                 
D - Dead well frozen Artemia(if required) 

 
2.4.7 Health management 

Routine health assessments are an essential part of high-quality 

hatchery management. The health assessment techniques used in shrimp 

hatcheries can be divided into three categories (levels) and these 

techniques are commonly employed in shrimp hatcheries. The details                

of the different levels of assessment techniques are given in FAO  

(2000, 2001a, 2001b). First level comprises observation of animals and 

environment, mostly examination based on gross features like water 

color, activity of the larvae, presence of fecal threads etc. In second level 

more detailed examination using light microscopy (larval observation for 

fouling, fullness of gut etc.) squash mounts (detection of MBV) and basic 

bacteriology are carried out. Use of more complex methods such as 
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molecular techniques and immunodiagnostics like PCR, dot blots etc. are 

employed in the third level. 

First and second level techniques were commonly used in all the 

hatcheries surveyed. Even though the second level was frequently used in 

the decision making process, only a few hatcheries (11%) were found to 

use basic bacteriology to gain an understanding of the bacterial flora of 

the tanks and this area needs to be given more emphasis. Even though 

only 33% of the hatcheries have a PCR lab installed, the use of PCR 

technique by 61% hatcheries is an indication that level 3 techniques are 

becoming more commonly employed in shrimp hatcheries of Kerala for 

the screening of nauplii and PL for viral diseases. 

2.4.7.1 Larval diseases 

Disease outbreak cause major problems in hatcheries. It is reported 

that shrimp larval mortality is a global phenomenon and this is attributed 

to increased stocking density, inappropriate and insufficient feeding               

and occurrence of major disease problems (Liao 1985). According to 

Baticados et al. (1991) and Subramaniyan et al. (2002); White Spot 

Syndrome Virus (WSSV), Monodon Bucculo Virus (MBV), Luminescent 

bacteria (LB), Hammer head disease and stage conversion problems, 

filamentous bacterial infections and larval mycosis were the most 

seriously affected problems observed in the shrimp hatcheries.  But the 

absence of viral diseases in Kerala hatcheries can be an indication of 

proper monitoring and appropriate corrective measures that are applied at 

critical control points, especially on nauplii brought from external 

sources, either at the destination or at the point of origin. 
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Austin and Zhang (2006) reported that, Vibrio harveyi and closely 

related species such as Vibrio campbellii and Vibrio parahaemolyticus are 

amongst the most important bacterial pathogens in shrimp. Pathogenic 

Vibrio outbreaks were common throughout the hatcheries along Kerala 

that emphasize the need for a more all-inclusive move towards the overall 

hatchery management. This involves simple mending and monitoring 

strict biosecurity protocols aimed at preventing the entry and proliferation 

of the pathogenic microbes in the hatchery and reducing various stress 

levels (Wyban, 2013). Vibrio are opportunists that only cause disease when 

the host organisms are immune-suppressed or otherwise physiologically 

stressed, with the frequency of infection often being attributable to 

adverse culture conditions (Alderman and Hastings, 1998). With this 

background the various stress factors need to be identified and remedial 

actions are to be taken at the correct points. Antibiotics must not be used 

since serious problems with the use of antibiotics including increased 

drug resistance of pathogenic bacteria (Schar et al., 2020), limits of the 

export potential for Indian shrimp and negative health consequences for 

consumers of contaminated shrimp (FAO, 2007). Karunasagar et al. 

(1994), for instance, reported mass mortality of tiger shrimp (Penaeus 

monodon) larvae caused by V. harveyi strains with multiple antibiotic 

resistance that was linked to the use of antibiotics in hatcheries. Shafiqur, 

and Khan, (2009) reported that losses of shrimp larval production in 

hatcheries due to luminous vibriosis were found to be catastrophic and 

could not be controlled even after the use of antibiotics. Hence, the quest 

for alternative methods to control infections caused by antibiotic-resistant 

bacteria is an important challenge today for the smooth operation of 
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hatcheries. The use of probiotics is suggested, that will reduce the 

incidents and/or reduce the intensity. One of the new strategies that have 

been proposed to control infections in aquaculture is disruption of quorum 

sensing, bacterial cell-to-cell communication by means of small signal 

molecules (Defoirdt et al., 2004). This bacterial communication can be 

interrupted by a mechanism known as quorum quenching which can be 

achieved by inhibiting the production of auto-inducers, their detection by 

receptors, or their degradation (Natrah et al., 2011). This technique is 

found to have better control over pathogenic Vibrio in many hatcheries in 

Tamil Nadu. 

2.4.8 Packing and transport 

PL harvest in hatcheries, transportation of PL to farms, their 

acclimation to farm conditions etc. are important aspects of shrimp 

farming (Olin and Fast. 1992; Gao et al., 2017; Suchismita Nath and 

Chandan Haldar. 2020). Most of the farmers are reluctant to stock at PL 

12 – 15 and packing mostly happens at PL 18 – 24 at the same price. This 

affects the post larval survival in hatcheries that ultimately affect their 

profit.  According to the hatchery personnel, farmers prefer low price 

other than quality and in most cases mediators decide the price. This 

attitude of the farmers ultimately affect the hatchery economics and 

eventually the farming practice since PL imported from Bangladesh and 

Kolkata is also entering the scene due to the low market price. Those 

seeds are mostly not tested for WSSV and other pathogens and are 

possible sources of WSSV outbreaks in Kerala. Charmantier et al. (1988) 

found that age influences the acclimation capacity of penaeid post larvae 
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and also they are more tolerant to salinity variations up to PL20 stage. 

According to Imelda Joseph et al. (2000), among the many factors, age is 

one factor that determines the grow-out performance of PL and concludes 

that PL18 to PL20 will be the best for stocking in ponds.  

2.4.9 Shut down operations 

Periodic shut-down operations and disinfection should be a routine 

in all the hatcheries and is inevitable for successful running of hatcheries. 

Tanks should be dried at least a day before and after stocking each run, 

tanks, materials as well as the pipelines used in the hatchery are 

disinfected with 12% sodium hypochlorite at 200 ppm for 24 hours 

(Kungvankij et al., 1986a,c). More than 50% of the hatcheries are not able 

to perform this most crucial step on a regular basis is crucial shortcoming 

in the hatcheries surveyed. Whereas it is observed that one hatchery make 

use of alternate sections; one is operational while the other going for 

disinfection. This is comparatively a better practice as more time can be 

utilized for final drying etc., but chances of cross contamination is high 

which can be prevented by isolating manpower. With disease causing 

organisms already inherent in the surrounding waters, disinfection rates 

remain at 200 ppm with sodium hypochlorite for the sand filters, drainers, 

filters, etc.; Calcium hypochlorite for reservoirs, as well as rearing tanks 

in most of the hatcheries. This definitely will have an impact on both 

quantity and quality of the post larvae produced (Ravichandran, P and 

S.M Pillai, 2004).  
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2.5  Conclusion 

2.5.1 Problems identified 

A distressing fact with the commercial production of shrimp 

larvae is the unreliability or unpredictability of post-larval survival. 

Nuriyeh Mirzaei et al. (2021) recognized several variables affecting a 

successful hatchery operation: (a) nauplii quality, (b) algal quality and 

quantity, (c) Artemia, and (d) water quality. Present studies also revealed 

that these variables determine the success of the prawn hatchery. In this 

study it is observed that in almost all the hatcheries of Kerala there are 

convincing evidences of deviations in the standard protocols from one 

aspect to another accepted worldwide. The major problems identified are 

as follows. 

1) First and major concern is regarding the quality of seawater 

from the intake point to final use; 77.78% hatcheries pump 

direct seawater. There are seasonal changes in quality of 

coastal waters in Kerala and this water is the major one that 

contributes to inconsistent post-larval production.  

2) Almost 90% of the hatcheries still rely on chlorination as a tool 

for seawater disinfection.  Usage and dose of Chlorine for 

water treatment is the second factor as 22.22% hatcheries use 

either under doze or over doze of chlorine, which would result 

in compromising quality and wastage of resources.  

3) Micro algal production system is the backbone of any shrimp 

hatchery which requires good stock culture facility and proper 

maintenance of algal production systems, however; only seven 
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hatcheries perform stock culture maintenance. The algal culture 

facilities are not proper in many hatcheries.  Frequent collapse 

of micro algal mass cultures is a major problem in many 

shrimp hatcheries leading to severe and heavy loss in the 

production cycles. Absence of stock culture facility, inferior 

maintenance systems and low water quality are the major 

reasons attributed to this sudden collapse.  

4) Artemia nauplii are the most important live food item available 

to the shrimp hatchery for the advanced larval stages. Another 

factor noticed is that no hatcheries perform proper de-

capsulation of the Artemia cysts. Since Artemia cysts are 

potential source of contamination, decapsulation of the cyst is 

advisable to optimize cost-efficiency and risk of disease 

introduction.  

5) Artemia enrichment techniques with essential amino acids and 

different algae can be a better option for improving PL quality 

and survival, with minimal additional inputs. 

6) Another important problem faced by all hatcheries in India is 

the Vibrio bacteria populations which are found increased 

exponentially from nauplii to PL. Chlorination alone is 

insufficient to eradicate pathogens from the water source and 

the typical level of chlorine (10–20 ppm) used currently for 

disinfecting seawater, is not enough for the total elimination of 

pathogenic organisms.  
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7) No hatchery use active carbon filters. It is a very useful method 

to pass all water through an activated carbon filter before used 

in hatchery to ensure that no chlorine byproducts or other 

dissolved organics are present in the water supplied. 

8) Periodic shut down operations and disinfection is an inevitable 

protocol for successful running of hatcheries. Shut down 

operations after each cycle is performed by 38% of the 

hatcheries. Hatcheries have to shut down and dry out their 

operations periodically due to supposed chronic microbial 

infections. 

9) Most hatchery operators complain that farmers are more 

concerned about the seed price and not quality. This situation 

caters the entry of low quality seeds from other states which 

ultimately affect the whole farming sector. 

10) Regardless of the size of the hatcheries in Kerala, it is 

advisable to adopt/implement Hazard Analysis Critical Control 

Point (HACCP) approach. It is easy to develop and implement 

biosecurity protocols with this preventive risk management 

system. Critical limits are set at critical control points (CCPs) 

in the system where controls must be applied to prevent, 

eliminate or reduce a hazard. Monitoring and corrective actions 

are then to be implemented.   

11) Lastly it is noted that no hatcheries in Kerala perform 

maturation and spawning. Most of the hatcheries procure 

nauplii from Tamil Nadu and few hatcheries from Andhra 
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Pradesh. According to some hatchery entrepreneurs, non-

availability of quality nauplii is the major problem faced by 

hatcheries in Kerala.  
 

Most of the issues can be addressed on site and can be resolved or 

better managed by making some alterations in the routine operations. The 

problem with seawater can be managed by implementing more sophisticated 

water quality improvement systems like Ultra Violet irradiation or Ozone. 

Shore bores can be used wherever possible and more effective filtration 

systems can be incorporated, in combination with pressure sand filters 

and active carbon filtration units. Addition of serially connected micro 

filters or cartridge modules can be a better option. Adopting proper and 

timely shut down operations, and strictly implementing HACCP principle 

will have a positive shift to improve the quality of PL produced and to 

avoid production problems. HACCP principles are already applied as a 

risk management tool to control viral pathogens at shrimp research and 

production facilities world over. Since maturation is not feasible in Kerala 

hatcheries, quality of nauplii can be assured by establishing a central 

nauplii production facility that can be better managed by either private 

sector or by those hatcheries operated in public sector and this requires 

strategic involvements from the Government. The concerns related to 

micro algae were found to require more research interventions and hence 

this part will be focused further in the study. 

It is obvious that proven technology is available in India for 

hatchery production of Tiger shrimp. However it is evident that hatcheries 

in Kerala are still seasonal and majority of them are of backyard type. 
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Adopting the technologies as such may not work well; but it has to be 

suitably modified in a low cost way that is suited for Kerala conditions as 

it can be adopted even by small entrepreneurs. These areas need to be 

improved further in order to have a more refined technology. 

 

….. ….. 
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3.1  Introduction 

Microalgae play an important role in the aquatic ecosystems as they 

are the primary producers which contribute to maintain the biological 

production eventually to enhance the fishery production. They form the 

diet for a pretty good number of zoo planktons and even they form the 

direct diet for the larval fishes which in final support growth and 

existence of fishery. In the nutrients richness scenario also microalgae 

gather wide acceptance as it form the richest source of all staple nutrients. 

They are known to be the energy capsules of important nutrients essential 

for larval development of many commercially important animals like 

mollusks, penaeid shrimps and fishes (Loosanoff and Davis 1963, Ryther 

and Goldman 1975; Brown MR., 2002; Hemaiswarya, 2011; Sirakov, 2015). 
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It is already acclaimed fact that the microalgae are the real stepping stone 

for existence of fishery as well as aquaculture. Micro algae are the key 

factor in any of the hatchery systems; primarily as the first feed for the 

larvae.    

After the introduction of Litopenaeus vannamei there is a booming 

growth in the shrimp hatchery sector in India. The total number of shrimp 

hatcheries has grown to 500 compared to 270 hatcheries during 2010 

(Laxminarayana and Ajithkumar, 2014). One of the major reasons for 

success behind these hatcheries is the feed and the feeding pattern followed 

by these hatcheries. Feed determines the survival and existence of penaeid 

shrimps which in turn determines the existence of hatcheries, thus forming 

micro algal culture, an inevitable segment of shrimp hatcheries. 

However in Kerala, this boom has not reached the national level, 

due to many reasons including some operational problems mainly 

observed in the broodstock production and micro algal production systems. 

Microalgal stock culture forms a crucial, but difficult task and more than 

50% of the hatcheries in Kerala do not have one (based on survey) fully 

developed micro algal facility; as it is expensive technologically as well as 

technically. Microalgae can be cultured from closely controlled laboratory 

scales to methods like huge capacity outdoor tanks with thousands of 

liters where the success is less predictable (Lambade and Mohammed, 

2002). It is the major requirement factor which determines the mode of 

culture and its ultimate success; if the system demands more, it would not 

be wise to choose a mass culture and vice versa. Mass cultured unicellular 

algae are used as a sole food source in intensive larviculture of shrimps, 
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mollusks and fish larvae in its early stages of life even today as it is found 

superior to anything else. Thus to meet the demand of a highly productive 

hatchery which is meant to produce millions of larvae as output per year, 

the strategy chosen must be mass culture of the micro algae. The batch 

culture can be adopted as a technique to ensure a steady supply of algae for 

mass culture of marine phytoplankton (Gopinathan, 1982) for shell fish 

hatchery. Batch culture provides a possibility of utilization of the entire 

stock produced without wastage of manpower. The batch culture technique 

is widely adopted in various Indian hatcheries and laboratories for the 

production of microalgae (Lambade and Mohammed, 2002). It has got 

many virtues, and the most counted benefit is the low risk of maintenance, 

even if contaminated it could be simply discarded, the contaminated 

stock rather than the entire stock. Though beneficial this also has possible 

drawbacks which result in collapse of culture, which could be over-ruled 

only if there is a well-managed stock culture facility in the hatcheries. 

There are several factors which affect the extended survival of 

microalgae in cultures. The physiology of microalgae is easily affected by 

many physicochemical factors such as water temperature, atmospheric 

temperature, salinity, light intensity, nutrient concentration and pH 

(Thomas, 1966). A small decline or hike in these factors may result in the 

total collapse of the culture maintained. Temperature stress in particular 

has a major influence on the growth rate and chemical composition of 

microalgae and it may also limit nutrient interactions (Chen et al., 2012). 

It is however, very difficult to identify the influence of environmental 

factors on the microalgae (Lee, 2002). Though we thoroughly monitored 

the physicochemical standards, it is just a matter of time which determines 
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the chances of success of algal culture in control. Therefore researchers 

like Park et al., 1958; Chang et al., 1998, and Cho et al., 1998, were studied 

the mechanism of environmental impacts on micro algal populations with 

the help of normal physiological experiments.  

Stock culture of microalgae in the research laboratories and 

sophisticated hatcheries are done in controlled temperature conditions in 

air conditioned rooms. This is mainly due to the fact that the temperature 

is a crucial factor which determines the growth pattern and survival in a 

controlled set up of algal culture system. However, the survey revealed 

that in many seasonal hatcheries proper culture facilities are not available 

for micro algal stock cultures and subsequently it results in quality 

deterioration and usually end up in total collapse of the algal cultures 

followed by the entire operation. So what the hatcheries practice is despite 

of maintaining a continuous culture, they collect stocks from research 

laboratories and run a short duration culture set up, which is instant with 

short life span. Once it is done either as completely fed or ultimately 

collapsed they have to again go for further procurement from research lab 

to start new cultures. This severely affects the production cycles and 

finally lead to heavy losses. Therefore the present study aims at a detailed 

study of the present conditions of the shrimp hatcheries in Kerala and 

develop a protocol, which helps to overcome their major bottlenecks by 

proper understanding of the culture conditions and growth pattern. Thus 

an alternate culture method that is technically feasible and economically 

viable is being developed through laboratory studies introduced to the 

farmers. Thus the present study was conducted mainly to investigate the 

growth responses, cell densities and growth phases of five economically 
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important microalgae at two different temperatures, namely 23 oC (indoor) 

and 28 – 30 oC (normal outdoor) conditions.  The study will thus provide 

a possibility to those hatcheries which lack an air conditioning facility to 

maintain the algal stock cultures, and subcultures as per requirement. 

Apart from the growth response, variations in the pH and ammonia were 

also analyzed during the culture period to study its levels and its impact 

on the growth patterns.  

3.2  Materials and methods  

Five microalgal species were selected for the present study. The 

algae were selected based on the priority of algae as feed in the hatchery 

industry.  The species selected include, Bacillariophyceae (Chaetoceros 

calcitrans {CC}), Chlorophyceae (Dunaliella sp. {Dun}), Haptophyceae 

(Isochrysis galbana {Iso}), Pracinophyceae (Tetraselmis tetrahele {TT}) 

and Eustigmatophyceae (Nanochloropsis salina {Nano}). (Fig. 3.1) The 

pure culture for the present study was collected from the stock culture 

laboratory of CMFRI, Kochi. Haufkin flasks were set, in which triplicates 

of these five algae were introduced for both the experimental conditions. 

 

Fig. 3.1 Indoor stock culture 
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Indoor culture temperature was set at 23 oC, in Air conditioned lab, 

which could be considered as the control temperature which is ideal for 

their growth as well as maintenance. The other condition selected was 

normal room temperature where temperature was considered on the basis of 

providing a wide margin aiming for farmers and hatchery owners in order to 

culture the alga without any controlled conditions of air conditioner. So 

considering the outdoor possibility the temperature was set at a range of          

28 oC – 30 oC (29.5±1.4) (Table 3.1). The algal cultures were developed in 

Haufkin flasks (3 L capacity). The flasks were filled. The flasks were 

filled 50% (1.5 L) with filtered sea water of 35 ppt; so as to remove any 

sort of contaminants the sea water filled flasks were boiled at 100 oC for 

twenty minutes and cooled and cotton plugs were put on the mouth of         

the flasks. Once the water was cooled, after 24 hours, the flasks were 

enriched with f/2 media (Guillard and Ryther, 1962). 10% inoculums of 

each algal variant were added irrespective of cell density. For laboratory 

based stock culture preparation no aeration was provided and instead the 

flasks were shaken twice a day to enhance culture and to avoid algal 

settling. Indoor labs flasks were exposed to fluorescent light of 2700 Lux 

out put on flask surface, which was set in wooden racks, at 12:12, L:D 

photo cycle.  Outdoor flasks were kept at room temperature with subdued 

sunlight that ranged from 2490 to 2860 Lux at normal photoperiod. Light 

intensity was measured using a lux meter. (Fisher Scientific, Envirometer 

4 in 1).  In order to finalize the finding statistically the cultures were done 

in triplicates for both in indoor and outdoor systems. The study was 

conducted for a period of three months. 
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Fig. 3.2 Outdoor stock culture 

 

Standing crop was estimated at alternate days for the entire culture 

period of three months for documentation and understanding the growth 

resulted in the culture systems. For estimation, 1ml sample was collected 

from both indoor and outdoor culture flasks. To immobilize the flagellates 

in the collected sample 4% formalin was introduced and the fixed samples 

were then subjected to cell counting using a Haemocytometer (0.1 mm 

deep Neubauer). The mean values so estimated were plotted for growth 

curve. Specific growth rate was considered (µ) to calculate the growth 

rate and it is evaluated based on the increase in cell density per unit time. 

The formula proposed by Pirt, (1975), for specific growth rate calculation 

was used for this purpose.  

ଵሻିݕሺ݀ܽ	ߤ 	ൌ 1݊	ሺܺ1/ܺ0ሻ1ݐ െ 0ݐ  

 

where, the X0 and X1 are the quantitative expressions of the cell density, 

at the start time (t1) between the selected time intervals during the 

incubation. To determine ammonia, in the culture flasks, samples were 

centrifuged at 3000 rpm for 15 minutes. 10 ml clear supernatant was 
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collected, and was used to determine the NH3 concentration. For the 

estimation of ammonia, water samples were treated in alkaline citrate 

medium with sodium hypochlorite and phenol in the presence of sodium 

nitroprusside and the absorbance was measured in the spectrophotometer 

(UV visible, Genesis – 5, Thermo spectronic) at 640 nm (CMFRI Manual, 

2001). Digital pH meter (Oakton water proof pH tester 30) was used for 

pH estimation in the culture flasks. Both the parameters viz, ammonia and 

pH were estimated on a weekly basis throughout the study period.  

After collecting all the scientific data for the study, one way ANOVA 

was performed to analyze the growth result using SPSS (version 2.1). 

3.3  Results 

3.3.1 Growth 

The study was conducted for a period 90 days. The cultures, both 

indoor and outdoor had shown several variations in its growth pattern, 

growth performance, cell density etc. The detailed observations are 

described. During the 90 day’s culture duration the pattern of growth of 

five algal species were found significantly different (p<0.05) (Fig. 1a-e) at 

different temperature conditions. This was observed due to the variation 

in the culture environment and also the species cultured. Significant 

variation was observed between culture systems and also between species 

cultured. Lag phase was not prominent in almost all the cultures (indoor 

and outdoor) except T. tetrahele (indoor) and N. salina (outdoor). The 

former remained in lag phase for 5 days and later for 3 days.  Results of 

the present experiments revealed that growth phases ranged from 15 – 57 

days in indoor and 14 – 35 days in outdoor. 
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Fig. 3.3 (a) Growth of C. calcitrans: indoor and outdoor 

 

 
Fig. 3.3 (b) Growth of Dunaliella sp.: indoor and outdoor 
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Fig. 3.3 (c) Growth of T. tetrahele : indoor and outdoor 

 

 
Fig. 3.3 (d) Growth of I. galbana in indoor and outdoor 
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Fig. 3.3 (e) Growth of N. salina indoor and outdoor 

 

C. calcitrans reached maximum cell density (cell max) of                 

2.33 × 106 cells / ml on 27th day in the indoor culture system and for outdoor 

it was 2.53 × 106 cells/ml, which was observed on 26th day (Fig 3.1a). 

Growth rate was slightly higher in indoor (µ 0.07) compared to 

outdoor (µ 0.05) (Fig. 3.2). In the outdoor culture a sudden decline from 

2.53 × 106 cells / ml, compared to the gradual phase of decline in indoor 

cultures (Fig. 3.1a).  

  For the culture of Dunaliella sp. The trend was totally opposite to 

that of the others. The culture duration of Dunaliella sp. was conspicuously 

shorter in outdoor (28 days) with a cell max of 2.64 × 106 cells /ml in day 
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(2.85 × 106 cells / ml) than outdoor cultures (Fig. 3.1b). However, the 

growth rate (Fig. 3.2) of Dunaliella were similar in both conditions of 

indoor and outdoor.  Dunaliella species was found highly intolerant to 

high temperatures. Dunaliella showed the best growth rate in indoor             

(µ 0.12) which was found almost double compared to the other four algae 

during this study. Considering the culture of Isochrysis galbana, it stood 

as a good representative for outdoor culture practice. I. galbana attained a 

peak of 3.7 × 106 cells /ml in 43rd day in indoor conditions where as in 

outdoor it took only 31 days to reach the cell max of 3.36 × 106 cells/ml 

(Fig. 3.1c). The culture of this algae remained in very good conditions for 

the entire duration of the experiment in both indoor and outdoor with a 

slow growth rate of µ 0.05 and µ 0.04 respectively (Fig. 3.2). T. tetrahele 

showed a remarkably slow growth rate (µ 0.07) in indoor reaching a cell max 

of 0.96 x 106 cells /ml in 55 days (Fig. 3.1d, Fig. 3.2).  The culture not 

showed much variation in cell densities throughout the culture period of 90 

days after the initial lag phase. An average cell density of 0.62 × 106 cells/ml 

maintained even at the termination of the experiments. The effect of 

elevated temperature on T. tetrahele was notable in outdoor as it showed a 

sudden peak in 14 - 17 days with a growth rate of 0.26. The cell max was 

2.21 × 106 cells /ml but it stood only for a short duration of 3 days. Then cell 

densities reduced and reached an average of 0.57 × 106 cells /ml and culture 

remained in a good condition up to 2.5 months.  Two short peaks of 0.88 × 

106 cells /ml & 0.98 × 106 cells/ml were also observed on the 41st day and 

64th days respectively. In the case of T. tetrahele it is noted that stock 

culture in the indoor conditions, the growth pattern was stable even 
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though the growth rate is slow; however, the growth pattern in outdoor 

temperatures was surprisingly found fluctuating with three peaks.                

The peak density of N. salina was observed on 35th day in indoor - 35.5 × 

106 cells /ml with a growth rate of µ 0.07, compared to a 22.58 × 106 cells 

/ml with a growth rate of µ 0.037 in 34 days in outdoor (Fig. 3.1e). The 

time taken to attain the peak density was almost same in both conditions; 

however cell density was higher in indoor cultures with two fold growth 

rate than the outdoor cultures (Fig. 3.2). In outdoor cultures, temperatures 

did not affect the growth phase though the cell density was found 

reduced. A delayed lag phase and an early onset of declining phase 

observed in this species and the cultures found completely crashed after 

two months.  

 
Fig. 3.4.  Growth rate indoor and outdoor 
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Duration of growth phase in the five species ranged from 15 – 57 

days in indoor; where as it reduced to 14 – 35 days in outdoor cultures 

indicated a noticeably shorter growth phase in the higher temperatures in 

all the cases except Nanochloropsis. The shortest growth phases in 

outdoor (14 days) was observed in Tetraselmis and Dunaliella.  In the 

indoor cultures also shortest growth phase (15 days) was noticed in 

Dunaliella. However; prolonged growth duration of 57 days observed in 

Tetraselmis was the longest growth phase. The duration of growth phases 

of Chaetoceros, Nannochloropsis and Dunaliella were found almost 

similar in both the growing conditions (27, 35 and 43 days respectively).  

Apart from these it is observed that all the outdoor cultures crashed before 

the end of the experiment. Outdoor cultures of C. calcitrans and Dunaliella 

sp. completely crashed on days 21 and 29 respectively. T. tetrahele,                         

I. galbana and N. salina had crashed completely on 76th day in outdoor.  

Whereas in indoor conditions all the stock cultures except Dunaliella sp. 

remained in good condition till the end of the experiments. The highest 

cell density was observed in N. salina (35.5 × 106 cells/ml in indoor 

and 22.5 × 106 cells/ml in outdoor) and the lowest was in  T. tetrahele            

(0.9 × 106 cells/ml in indoor and 2.21 × 106 cells/ml in outdoor). The cell 

densities were generally found more in indoor conditions but in T. tetrahele 

the density was found significantly high in outdoor cultures. Besides this, 

a slight increase in cell density was observed in the outdoor cultures of           

C. calcitrans.   
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3.3.2 Ammonia and pH   

In both the conditions the initial pH ranged from 7.9 – 8.1 (Table 

3.1).  An increasing trend of ammonia and pH content observed, in all the 

cultures, up to around 30 days in both the conditions. The rate of pH and 

ammonia change will be low in indoor compared to outdoor culture 

system. Ammonia and pH levels were found higher in outdoor cultures 

compared to indoor cultures. In both the conditions, the highest value of 

ammonia was noticed in Dunaliella with 28.02 µg and 15.28 µg in indoor 

and outdoor respectively (Fig. 3.3a & b). This may be a reason for the 

comparatively short culture duration of this species both in outdoor and 

indoor conditions. The cumulative effects of high ammonia level and 

elevated temperature may be the reason for the early collapse of the 

outdoor cultures of Dunaliella. The lowest ammonia levels were noticed 

in Nannochloropsis (4.56 µg) in indoor and Isochrysis (5.79 µg) in 

outdoor. The highest pH was reached in Nannochloropsis in both the 

conditions – 9.2 in indoor and 9.4 in outdoor. After 30 – 35 days pH tend 

to decrease and were in the range of 8.2 – 8.6 in indoor and 7.9 – 8.9 in 

outdoor.  
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Fig. 3.5 (a) Ammonia, indoor 

 

 
Fig. 3.5 (b) Ammonia, outdoor  
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Fig. 3.6 (a) pH, indoor  

 

 
Fig. 3.6 (b) pH, outdoor  
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3.4  Discussion 

Algae are subjected to change its growth performance on the basis 

of several external and internal factors.  Growth of marine micro algae is 

influenced by water temperature, salinity, light intensity and nutrient 

concentrations (Thomas, 1996; Thomas and Sommerfeld, 1998) in which 

temperature is the major factor controlling the algal growth (Cassidy, 

2011; Lurling et al., 2013). Temperature is a determinant factor which 

decides the growth and survival of many algal cells. Normally very high 

and low temperature is not suitable for algal growth. The optimum 

temperature of each algae must be identified before an algal culture plan is 

made for some specific purposes. Sorokin and Krauss (1962) found            

that algal growth is slow at lower temperatures, reaches maximum 

growth at optimum temperature and slows down or doesn't grow at hotter 

temperatures. Chen et al. (2012) reported that the micro algal growth rate 

is expected to increase with temperature, and rapidly decline above the 

optimal temperature. He reported the maximum growth was at 25 oC and 

minimum growth at 15 oC in all the four micro algal species studied. So it 

is of importance that the optimum temperature for each species have to 

be identified before its culture for some specific works. For the present 

study the temperature was at 23 oC in the indoor system and the outdoor 

system the temperature was at 29 ± 1.4. According to Davison, (1991) 

low temperatures usually reduce enzymatic activity, which causes a 

decrease in the growth rate. Thus the growth performance of enzyme is 

dependent which in turn is determined by proper temperature. Results of 

the present study also showed that temperature plays the prime role in 

phytoplankton stock cultures. Here in the indoor system 23 oC was 
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favorable for most of the algae worked out. Whereas the increased 

temperature of 29.5 ± 1.4 oC in the outdoor, was not favourable to few algal 

species. Based on these results it can be determined the best species to be 

cultured in an outdoor hatchery units. Thompson et al. (1992) claimed 

that the micro algal growth response to temperature is species specific as 

observed in the present study. Even though there is not much remarkable 

variation in growth rates among these species, in general, growth rates 

were higher in indoor cultures in the present study. A very clear low 

temperature preference was observed in the four out of the five species 

studied. 

Increased growth rate in the indoor conditions combined with the 

sudden decline in the outdoor cultures just after the peak cell density (cell 

max) suggests the low temperature preference of C. calcitrans. In contrast 

Lai (2012) finds that C. calcitrans could quickly adapt to the new 

temperature without prior acclimatization and this microalgae was able to 

tolerate temperature range of 24 – 36 °C. Renaud et al. (2002) demonstrated 

that Chaetoceros sp. grew best at 30 °C but also showed that tolerance to 

high temperatures of 33 and 35 °C and growth rate was moderate. This 

finding was further supported by Araujo and Garcia (2005) and Banerjee 

et al. (2011) who reported that C. calcitrans grow best at temperature 

ranging from 25-36 °C. Even though, from the results it is obvious that 

the stock culture of C. calcitrans can be maintained in the outdoor room 

temperatures but only for a short period up to 26 days; whereas in the 

controlled low temperatures the algal growth was steady and could be 

extended even after the experimental period of three months. This gives a 

clear cut idea of the possibility of selecting C. calcitrans as a candidate 
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species for outdoor system, for a shorter culture period of one month. In 

outdoor stock cultures, sub cultures should be done on every two weeks 

for a steady and healthy maintenance of stock cultures. Even though the 

growth rate and the maximum cell densities were almost same in both the 

culture conditions sudden decline in the outdoor conditions is a sign of 

elevated metabolism.  

Sudden decline after the cell max in the outdoor conditions suggests 

the low temperature preference of Dunaliella and for maintaining the 

stock cultures for a long duration it is preferable. Hamed et al. (2017) also 

reported that the lowest temperature for maximum growth for Dunaliella 

was 18 oC and the lowest growth was reported at 26 oC. If the stock 

culture of Dunaliella sp. is needed to be developed in outdoor conditions 

of normal temperatures it is possible but has to take utmost care as it is 

not consistent due to its very short culture duration and abrupt collapse 

after attaining its cell max on 13th day.  Then it is suggested to do the sub 

cultures on every week in outdoor conditions. The stock culture under 

controlled conditions of low temperature is good as it can be maintained 

up to 62 days in good condition though its highest peak obtained on 15th 

day. The growth rate, growth pattern as well as cell max of I. galbana was 

almost similar in both the conditions suggest its wide temperature 

tolerance. Renaud et al. (2002) and Chen et al. (2012) reported that 

growth rate of I. galbana is higher at 25 oC.  However, the present results 

revealed that temperature is not a crucial factor in the stock culture of                  

I. galbana. It can be cultured up to 3 months in both conditions; but it is 

advisable to do the sub culture after one month duration for a pure and 

healthy stock as the growth rate as well as quality lowered after one 
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month. Thus among all the study groups the algae which best suits the 

outdoor culture systems is I. galbana, subcultures always promote growth, 

so even this species is sustainable, it is better to perform subculture on a 

monthly basis for the production of quality products. The culture of                     

T. tetrahele remained in good conditions in both the temperatures up to a 

period of two months suggests its hardiness to a wide range of temperature 

tolerance. It is reported that T. tetrahele is a eurythermal species that can 

very well tolerate a wide range of temperature (Martias et al., 1997). 

Regardless of the different growth patterns in the indoor and outdoor 

conditions, stock culture of this species could be possible in both the 

conditions. In outdoor conditions, sub cultures should be done at least 

once in 30 days for a healthy stock whereas it is needed only once in two 

or three months in indoor conditions. Following I. galbana it is 

Tetraselmis, the most promising culture species under outdoor facility 

regardless of temperature fluctuations. The present study revealed that the 

culture stays for a period of two months without fail. The sub culture 

protocol is applicable here also on a monthly sequence for quality stocks. 

Thus the second possible species is Tetraselmis for outdoor culture. The 

low temperature preference of N. salina was apparent as the indoor 

cultures remained in viable conditions for a long period (more than 3 

months), even after the experimental periods. The optimum temperature 

for Nannochloropsis sp. has been reported as 24–26 °C. Tawfiq et al. 

(1999), Yamasaki S and Hirata H (1995). Therefore the indoor culture is 

very easy; sub cultures are needed only after a period of two to three 

months.  Outdoor stock cultures are possible in these species; but sub 

culture is needed on a monthly basis for a healthy stock. Though the 
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culture is possible for one month in outdoor system the cell density 

observed was comparatively low with that of the indoor system. In the 

possibility of outdoor culture scenario, N. salina ranked third among the 5 

species studies with an outdoor culture period beyond one month.  

 The condition of the inoculums has a strong bearing on the duration 

of the lag phase. An inoculum taken from a healthy exponentially 

growing culture is unlikely to have any lag phase when transferred to 

fresh medium under similar growth conditions of light, temperature and 

salinity (Spencer, 1954). In the present investigations it is observed that 

lag phase was not prominent in almost all the cultures except T. tetrahele 

(indoor) and N. salina (outdoor). The former remained in lag phase for 5 

days and later for 3 days which is negligible. The absence of lag phase in 

cultures could be due to the very good condition of the inoculums. So as 

per the present study, it is suggested that strong fresh and good quality 

inoculums are essential for a good outdoor culture.  

Many studies have demonstrated that pH changes significantly in 

marine systems despite the strong buffering capacity of the carbonate 

system in seawater (Marshal and Orr 1948; Park et al., 1958; Frithsen                 

et al., 1985; Pegler & Kempe 1988). In general, changes in pH levels in 

marine systems appear to correlate with changes in temperature, dissolved 

oxygen, and phytoplankton production. In this study pH was comparatively 

higher in higher temperatures (outdoor). As the pH increases, carbonate 

increases and bicarbonate and molecular CO2 decrease. Carbon availability 

alters the availability of trace metals and essential nutrients, and at 

extreme pH levels potentially cause direct physiological effects. The 
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removal of CO2 by photosynthetic uptake leads to an increase in pH (Paul 

J. Harrison and John A. Berges, 2005). This could be one of the reasons 

for increase in pH during the first month when cultures are in growth 

phase. As the culture enters in stationery phase, removal of CO2 is 

reduced due to slow rate of photosynthesis and thus causes subsequent 

reduction in pH. Chen and Durbin (1994) observed consistent declines of 

growth and photosynthesis at pH levels >8.8. Pruder & Bolton (1979) 

provided evidence for an interaction of pH and CO2 causing decreased 

growth of Thalassiosira pseudonana.  

The increase in pH of the medium by photosynthetic uptake, of CO2 

has a direct link with the increasing NH3. Ammonia is formed as the 

principal product of protein metabolism in aquatic organisms. Ammonia 

exists in two forms in water, NH3 and NH4+, the sum of which is called 

Total Ammonia Nitrogen (TAN). At the typical pH of sea water (8.2) 

there is about 90% NH4 and 10% NH3. Ammonia toxicity to marine 

phytoplankton has not been well established. In the present studies also 

ammonia tends to increase with pH which is always more in higher 

temperatures (outdoor cultures). Admiraal (1977) showed that toxicity to 

phytoplankton is due to ammonia (NH3) rather than ammonium (NH4+), 

and concentrations of 0.247 mg l−1 ammonia retarded growth of seven 

species of benthic diatoms. In contrast, micro algae are able to assimilate 

various types of nitrogen. Ammonia is regarded as one of the main 

nitrogen sources for micro algae (Abe et al., 2002; Soletto et al., 2005; 

Converti et al., 2006). This study also did not give well-established role 

of ammonia in the phytoplankton culture however; it is observed that 

ammonia level is increasing along with increase in pH and temperature. 
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Studies also indicate that preferential uptake by individual plankton 

species sometimes leads to blooms (Admiraal and Peltier, 1980; Flemer 

et al., 1998; Livingston, 2000; US Environmental Protection Agency, 

1989; Hii et al., 2011) finds that Nanochloropsis sp. grew faster in 

treatment containing ammonia. Thus the potential effects of ammonia on 

phytoplankton can be both stimulatory and inhibitory with species 

specific responses to ranges of ammonia concentrations (Livingston et al., 

2002). In this study, even though ammonia levels were found to rise with 

the increase in pH, it can be assumed that up to this level it is not a threat 

to micro algal stock cultures. 

3.5  Conclusion 

Algal stock culture possibility in room temperature and outdoor 

systems open a new way forward to the possibility of enhancing the 

hatchery production of cultured shrimp species by providing it with better 

nutrients. In the present study, five species of algae namely, Chaetoceros 

calcitrans, Dunaliella sp, Isochrysis galbana, Tetraselmis tetrahele and 

Nanochloropsis salina were worked out. The aim was to examine the 

possibility of culture of these species in outdoor culture facility, which in 

turn could be adopted by the hatchery practitioners with low infrastructure 

facility. Once after the study was performed it was observed that all the five 

species suits best for outdoor culture if proper subculture maintenance was 

performed. As per the ranking from one to five it was I. galbana which 

ranked first, followed by T. tetrahele in the second position, N. salina the 

third, C. calcitrans the forth and Dunaliella sp the fifth. So we could 

conclude that with proper culture management and timely stock culture 
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maintenance it is possible to culture all the five species studied.  The 

maintenance of a healthy stock culture for further mass culture will 

definitely provide positive results in the hatcheries. The hatcheries have to 

take utmost care in the selection of algae, it's development and keep a 

healthy stock culture for further works. 

Thus we could conclude it by pronouncing that stock cultures         

of different algae can be done in room temperatures by taking the 

precautionary actions of doing sub cultures according to physiological 

and growth characteristics of individual algal species. 
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5.1  Introduction  

The shrimp culture industry is blooming with a wide variety of 

species of demand which are being reared and cultured under captivity. The 

greatest challenge here is the rearing of larvae which is the core of shrimp 

farming and the rearing of shrimp larvae under controlled condition gathers 

wide importance. Along with this, providing a suitable water quality 

standard which recreates its natural system is also a challenge. The 

challenge is to find out the most appropriate feed that is needed during the 

growth phases of different larval stages. It takes years to standardize the 

feeding and for the same to get acclimatized to the controlled condition. A 

detailed knowledge regarding the changes connected with the feeding, 

digestion and assimilation during its development is essential for 

understanding the nutritional physiology of larvae. A thorough knowledge 
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on the enzyme profile will help a culturist to understand the enzyme 

activity and this will help him to choose the proper diet for the larvae 

which support to enhance the growth and survival rate of the same. 

Investigation on enzyme response related to feeding and nutrition has 

mostly been targeted at shrimp larval stages and adults (Ribeiro and 

Jones, 2000; Abubakr, 1991; Le Vay et al; 1993; Rodriguez et al., 1994; 

Kumlu & Jones 1995; Van Wormhoudt et al., 1980; Lee et al., 1984). 

Since crustaceans, especially shrimps are now being extensively used for 

commercial culture, the changes in enzyme activities during the life cycle 

and adaptation to new diets are being examined quantitatively (Trellu and 

Ceccaldi, 1977; Laubier-Bonichon et al., 1977; Hood and Meyers, 1977; 

Cuzon et al., 1980; Fair et al., 1980; Lee et al., 1980). 

Enzymes play a key role in the growth, development and survival of 

any life forms as it determines the nutrient assimilation and further 

development of any individual. Enzymes act on the feed consumed and 

will degrade as per the property of enzyme. It forms a prime important 

factor to choose the right feed which promotes growth and thereafter the 

survival. In general, study of digestive enzymes constitutes a key aspect 

in understanding the digestive system and the nutritional requirements of 

specific stages of development (Lee et al., 1984; Le Moullac et al., 1996). 

The enzyme action is feed specific. A specific enzyme is coded to digest 

and absorb a specific nutrient, thus if the feed provided consist of that 

specific nutrient it will be digested and absorbed to the maximum. The 

effects of feeding different microalgal species will be different as the 

nutritional profile of each alga varies.  
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The present work is focused to study the enzyme efficiency on 

different microalgal species. It was evaluated in terms of enzyme activity 

to determine whether this physiological response is reflected in growth of 

shrimp larvae. Live algae have been the traditional food for many larval 

and juvenile animals in aquaculture. They are widely used in hatcheries 

worldwide (Jones et al., 1979) as one of the most inevitable component in 

larval production. These algae provide excellent nutritional value and are 

essential feedstock for commercial rearing of many aquatic animals 

mainly the juveniles of bivalve molluscs, penaeid shrimps and zooplankton 

such as rotifers (Enright et al., 1986; Brown et al., 1997; Heasman et al., 

2000). Bivalve hatcheries used microalgae as food for the first time in 

history in 1940, (Bruce Knight and Parke, 1940), followed by commercial 

shrimp hatcheries in 1960 (Hudinaga and Kittaka, 1967). It was the use of 

microalgae which promoted the hatchery rearing set ups to flourish 

worldwide. Aquaculture is solely dependent on the hatchery produced 

young ones and the successful production of young ones in hatcheries is 

based on the availability of quality live feeds at ad libitum. A successful 

hatchery must hold an algal culture unit with a strong stock culture unit 

and mass culture units. In the case of fish larvae zooplankton culture unit 

must also be added to these for the successful seed production. After six 

non-feeding nauplius stages, penaeid larvae develop through three 

herbivorous filter feeding protozoeal stages (Z1-Z3), three mysis stages 

(M1-M3) prior to its metamorphosis to post larvae (PL). Though the 

development of effective artificial diets for penaeid larvae (Jones et al., 

1979) paved the way for complete replacement of algae in some 

commercial hatcheries, but still for the perfect growth, survival and 
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potency of the larvae, the algal feeds play an inevitable role (Avale and 

Rothius, 1991; Ottogalli, 1991; 1993). In general the study of digestive 

enzymes constitutes a key aspect in understanding the digestive system 

and the nutritional requirements of specific stages of development (Lee            

et al., 1984; Le Moullac et al., 1996). The digestive system is designed in 

such a way that to produce essential enzymes or different stages for its 

growth and developments. Thus by understanding the enzyme profile it is 

easy to understand the system. Once we could understand the system and 

enzyme produced it would be easy to provide the most suitable nutrient 

which is demanded by the digestive system for the complete digestion 

and absorption for the specific species. Many authors suggested that the 

variations of digestive enzymes during development as processes can be 

attributed to food requirements (Van Wormhoudt, 1973; Laubier-Bonichon 

et al., 1977). Nutritionists take into account observations of the digestive 

equipment for the determination of food requirements (Cuzon, 1970). In 

some cases there are possibilities to modification by individuals on the 

basis of feed availability. Changes in larval enzyme response to diet have 

been explained as a physiological adaptation to availability of nutrients, in 

addition to ontogenetic changes (Le Vay et al., 1993). Many Investigations 

on enzyme response related to feeding and nutrition have done at shrimp 

larval stages (Rodreguez et al., 1994; Kumlu & Jones, 1995) and adults 

(Lee et al., 1984). This provides the clear idea of the importance of 

feeding the hatchery reared young ones on the basis of the diet of their 

preference. Among the live algae, Chaetoceros is the most widely used 

microalgae in penaeid shrimp hatcheries throughout the world. Even 

though it is a proven feed for penaeid shrimp, finding an alternative for 
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this species would be helpful in many ways. Based on this, the present 

study was performed to examine the growth and digestive enzyme activity 

in Penaeus monodon in three larval stages, viz., Protozoea – I, Mysis – I 

and Post larva – I with 5 different algae. The effects of feeding algae were 

evaluated in terms of enzyme activity to determine whether this 

physiological response is reflected in growth during larval development. 

Thus the present work is programmed in such a way that the shrimp 

larvae were provided with five different micro algal diets. The 

performance in terms of growth was monitored and documented for 

further analysis, so that a better feed for P. monodon can be identified for 

rearing in hatcheries. 

5.2  Materials and methods 

5.2.1 Micro algal culture 

The five algal species used for the present study included 

Chaetoceros calcitrans (CC, control), Tetraselmis sp (TT, Treatment – 1), 

Thalassiosira sp. (Thal, Treatment – 2), Dunaliella sp. (Dun, Treatment – 

3), and Nannochloropsis salina (Nano, Treatment – 4). The mass cultures 

of all the foresaid algal species were maintained outdoor in 60 L FRP 

tanks (Fig. 5.1 to 5.3). The tanks were filled up to 50 L with disinfected 

and filtered seawater and enriched with Guillard and Ryther’s modified 

f/2 medium (Guillard and Ryther, 1962). The tanks were inoculated with 

10 – 20% of stock cultures and aerated. The cultures reached its desired 

cell density in 4 to 5 days. 
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5.2.2 Feeding experiments using different microalgae  

P. monodon nauplii were reared in 50 L conical bottom FRP tanks 

to perform the present study. The tanks were set up in triplicates for each 

algal variety (Fig. 5.5). The feeding experiments were conducted with five 

different algae in triplicates in which C. calcitrans was treated as control. 

The nauplii were stocked in natural seawater at the rate of 100 larva per 

liter (salinity 33 ± 1 PSU, temperature 30 ± 1 oC, pH 8.0 ± 0.2, dissolved 

oxygen >5 mg L-1). The seawater used for the present study was 

disinfected with chlorine (10 ppm). De-chlorination, was done 24 hours 

after the treatment using sodium thiosulphate (Na2S2O3) at the rate of 0.    

75 ppm. This water was passed through a cartridge filter (pore size 10µ) 

prior to filling to experimental tanks. The water in the rearing tank was 

partially changed daily @30 – 50% depending on the water quality. The 

feeding density of algae in the larval tanks was maintained at the rate of 

one lakh cells ml-1. The residual cell density was monitored every 2 hours 

and adjusted if necessary.  

Fig. 5.1 Outdoor culture of C. calcitrans Fig. 5.2 N. salina and Tetraselmis sp. 
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Fig. 5.3 Larvae culture 

 

For this, water samples were collected from each tank and algal cell 

density estimation was done using a haemocytometer (0.1 mm deep 

Neubauer). Growth was measured in terms of total length, using a 

microscope (Model: 520804. Leica- wetzlar, Germany). 

5.2.3 Enzymatic assay 

Samples for enzyme assay (protease and amylase) were taken at 

Zoea – 1 (Z1), Mysis – 1 (M1) and Post larva – 1(PL-1) stages. Assays were 

done based on Bernfeld (1955) for amylase and Folin and Ciocalteau 

(1929) for protease.  

5.2.4 Enzymatic assay of protease using casein as a substrate 
(spectrophotometric stop rate assay method)  

5 ml of casein solution (0.65%) was pipetted into vials marked Test 

1, Test 2, Test 3 and Blank. The vials were equilibrated in a suitable 
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thermostatic water bath at 37 °C for about 5 minutes and then added 1 ml 

protease enzyme solution in Test 1, 0.70 into Test 2 and 0.50 into Test 3. 

Mixed by swirling and incubated at 37 °C for exactly 10 minutes. Then 

added 5 ml of trichloro acetic acid (TCA) reagent into all vials (Test 1, 2, 

3 and Blank). 0.30 ml of protease enzyme solution was then added in Test 

2, 0.50 into Test 3 and 1 ml in Blank. Mixed by swirling and incubated at 

37 °C for exactly 30 minutes. Then each solution was filtered using a 

0.45µm syringe filter and the filtrate was used. The Test filtrate and blank 

filtrate were pipetted into 4 dram vials at the rate of 2 ml of test filtrate in 

each Test vials and 2 ml of Blank filtrate in Blank vial and 5 ml of 

sodium carbonate (Na2CO3) was added in each vial. One ml of 0.5 M 

Folin & Ciocalteu’s Phenol Reagent was added in each vial immediately 

following the addition of Na2CO3. 

5.2.5 Standard preparation  

The standard solution (1.1 mM L-tyrosine standard) 0.05 in standard 1, 

0.10 in standard 2, 0.20 in standard 3, 0.40 in standard 4, 0.50 in standard 5 

and 0.00 in standard blank was pipetted out. Distilled water was then added 

as 1.95 in standard 1, 1.90 in standard 2, 1.80 in standard 3, 1.60 in standard 

4, 1.50 in standard 5 and 2.00 in standard blank. 5 ml of Na2CO3 in each vial 

was then added. One ml of 0.5 M Folin & Ciocalteu’s Phenol Reagent was 

added in each vial immediately following the addition of Na2CO3. 

Solutions were mixed by swirling and incubated the Blanks, 

Standards and Tests at 37 oC for 30 minutes. Then the vials were removed 

and allowed to cool to room temperature. Filter each blank, standard and 

test using a 0.45 µm syringe filter into suitable cuvettes. The absorbance 
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was recorded (UV visible, Genesis-5, Thermo Spectronic) at 660 nm of 

each Test, Standard and Blank solution. 

5.2.6 Enzymatic Assay of α – Amylase 

1 ml of starch solution was pipetted out into three sample vials and 

Sample Blank. It was mixed by swirling and equilibrated to 200 C. 0.50 

ml of α-Amylase was added into sample 1, 0.70 ml into sample 2 and 1 

ml into sample 3. These samples were mixed by swirling and incubated 

for exactly 30 minutes at 37 oC. 1 ml of color reagent was then added 

(prepared by mixing 12.0 mL of warm (50 – 70 °C) ultrapure water to an 

appropriate size amber bottle. With mixing, slowly added 8.0 mL of warm 

5.3 M potassium sodium tartrate, tetrahydrate solution, 20 mL of warm  

96 mM 3,5-Dinitrosalicylic acid solution) in each container. These containers 

were covered with a vented cap and placed in a boiling water bath for 

exactly 15 minutes. 

After 15 minutes, containers were removed from boiling water bath 

and 0.50 ml of sample was added into sample vial 1, 0.30 ml into sample vial 

2 and 1 ml into sample blank. Then the solutions were cooled on ice to room 

temperature and 9 ml of ultrapure water was added in each sample was 

mixed by inversion. Blanked a spectrophotometer against air at 540 nm and 

recorded the absorbance at 540 nm for the samples and sample blank. 

5.2.7 Standard Preparation 

0.05 ml of 2% maltose was pipette out into standard 1, 0.20 ml into 

standard 2, 0.40 ml into standard 3, 0.60 ml into standard 4, 0.80 ml into 

standard 5, 1 ml standard 6 and 2 ml in standard 7. Ultrapure water was 

the added as 1.95 ml into standard 1, 1.80 ml into standard 2, 1.60 ml into 
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standard 3, 1.40 ml into standard 4, 1.20 ml into standard 5, 1 ml standard 

6 and 2 ml in standard Blank. 1 ml of color reagent was added into each 

standards and standard blank. The containers were covered with a vented 

cap and placed in a boiling water bath for 15 minutes. After removing the 

containers from boiling water bath, the solutions were cooled on ice to 

room temperature. 9 ml of ultrapure water was added into each standards 

and standard blank. It was mixed by inversion and the absorbance was 

recorded as done in the sample. 

5.2.8 Statistical analysis 
GLM univariate analysis and Tukey’s post hoc test for result 

comparison was performed using the data assimilated. Possible relationships 

between the activities and growth were analyzed statistically using 

multiple regression and correlation analysis. SPSS (version 2.1) software 

was used for the analysis.  

5.3  Results  

As per the observations and analysis, the following are the results of 

the present study. 

5.3.1 Growth  

In Zoea stage growth was highest when fed with Thalassiosira sp. 

(1.217 mm) followed by C. calcitrans (1.152 mm), Tetraselmis sp. (1.11 mm) 

and those fed with N. salina recorded the lowest growth (0.9 mm). In 

Mysis, the highest growth was observed when fed with Thalassiosira sp. 

(2.08 mm) followed by C. calcitrans (1.983 mm) and Tetraselmis sp. 

(1.784 mm). Those larvae fed with Dunaliella sp. recorded the lowest 
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growth. At PL stage also the same pattern was observed as found in Zoea and 

Mysis stages, where the highest growth was observed in Thalassiosira sp. 

(4.185 mm) followed by C. calcitrans (4.145 mm) and Tetraselmis sp. 

(4.011mm). The growth was lowest when PL was fed with Dunaliella Sp. 

(0.29 mm) and N. salina stood just above Dunaliella sp (Fig. 5.4).  

 

 
Fig. 5.4 Growth v/s Algae 

 
Fig. 5.5 Estimated marginal means of growth 



Chapter 5 

128 

Univariate analysis shows that growth was highly significantly 

different (F 2.231, df 4, P <0.05) in different experimental treatments (Fig 

5.5). Though a highly significant difference was observed for Dunaliella 

sp. and N. salina, when compared to that of control and other treatments, 

there were no mutually significant difference between them (p >0.05). Post 

hoc analysis shows that growth was totally different in all the treatments. 

Though a highly significant difference was observed between different 

algal treatments, there was only a least significant difference in growth 

rate between Dunaliella sp. and Nanochloropsis salina treatments                      

(p >0.01). It could be thus inferred from homogenous subset results and 

graphical representations that growth was found best in Thalassiosira sp. 

followed by control and Tetraselmis sp. respectively. The use of multiple 

regression and correlation analysis to measure the relationships between 

enzyme activities and growth produced no statistically significant 

relationships.  

Stage wise comparison also shows a highly significant difference 

in all the three stages. Among the homogenous subsets displayed, third 

stage showed a higher mean value rather than second and first stage. 

Growth was significantly higher for the third stage for all the algal 

treatments.  

5.3.2 Amylase  

The amylase activity of different stages of P. monodon larvae fed 

with five algal treatments revealed that in Zoea stage, highest activity for 

amylase was observed in Tetraselmis sp. (0.26 U/mL) followed by 

Thalassiosira sp. (0.17 U/mL) and C. calcitrans (0.14 U/mL) and the 
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lowest activity was observed in N. salina (0.08 U/mL). At Mysis stage the 

activity levels almost doubled when compared to Zoea, with Tetraselmis sp. 

showed the highest value (0.45 U/mL) followed by Thalassiosira sp. and 

C. calcitrans (0.25 U/mL). Dunaliella sp. observed a value (0.18 U/mL) 

next to C. calcitrans and N. salina showed the lowest. At PL stage the 

enzyme activity shows a reduced/lowered activity compared to the 

previous stage (M). At this stage also the pattern of expression was same 

as observed in the previous larval stages. Tetraselmis sp. showed the highest 

value (0.3 U/mL) followed by C. calcitrans (0.26 U/mL), Thalassiosira sp. 

(0.25 U/mL), Dunaliella sp. (0.12 U/mL) and N. salina (Fig. 5.6). 

 

 
Fig. 5.6 Amylase activity 

 

Statistical analysis on enzymatic studies show that different algal 

treatments had significant role on amylase activity in different larval 

stages of P. monodon (F 41.1, df 4, p <0.05) than those observed in 

control treatment (Fig. 5.7). Amylase activity was significantly lower in 
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treatments Dunaliella sp. and N. salina than C. calcitrans, Tetraselmis sp. 

and Thalassiosira sp. When compared to that of control no significant 

difference was observed for amylase activity between Thalassiosira sp. 

(P>0.05). Likewise there was no significant difference in amylase activity 

between treatments Tetraselmis sp. and Thalassiosira sp. (P>0.05) which 

suggest that both algae induce similar effective amylase activity. Though 

a highly significant difference was noted for Dunaliella sp. and Nano, 

when compared to that of control and other treatments, there was no 

mutually significant difference in amylase activity between them 

(P>0.05). Least significant difference was observed for treatment 2, TT 

when compared to the control (P >0.336).  

 
Fig. 5.7 Estimated marginal means of amylase 
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Posthoc test showed that the first homogenous group (Dunaliella sp. 

and N. salina) was totally different from the other groups. Among the other 

three treatments (C. calcitrans, Tetraselmis sp. and Thalassiosira sp.) 

from the other homogenous subsets, not much difference was found 

among Tetraselmis sp. and Thalassiosira sp. Thus from ANOVA and 

graphical representations suggests that algal treatments Tetraselmis sp. 

and Thalassiosira sp. induce effective amylase activity than other algal 

treatments.  

Stage wise analysis shows that, amylase activity was highly 

significant in all three larval stages. Among the two homogenous subsets 

displayed, mysis stage was found completely different from the other 

stages. Amylase activity was found highest in mysis stage. No significant 

difference was observed between amylase activity in zoea and PL stage 

(p>0.05).  

5.3.4 Protease 

In zoea, the larvae fed with C. calcitrans recorded the highest enzyme 

activity (1.95 U/mL) and next was Tetraselmis sp. (1.3 U/mL). Effect of 

feeding Thalassiosira Sp. and Dunaliella sp. was found almost similar             

(1.1 U/mL) values and N. salina recorded the lowest value (0.9 U/mL). In 

Mysis the highest enzyme activity was observed in Tetraselmis sp, but with a 

slight difference with C. calcitrans (2.54 U/mL) followed by Dunaliella sp. 

(1.99 U/mL). Thalassiosira Sp. and N. salina were in the lower side              

(1.67 U/mL and 1.56 U/mL respectively) with a slight difference. More or 

less same pattern observed at PL stage as seen in Mysis. The highest 
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activity observed in Tetraselmis sp. (3.1 U/mL), followed by C. calcitrans 

(2.3 U/mL) and Dunaliella sp. (2.0 U/mL). Thalassiosira sp and N. salina 

showed almost similar values as 1.8 U/mL and 1.7 U/mL respectively. Even 

though the activity levels were almost doubled at M1, only a slight increase 

was noticed from Mysis to PL (Fig. 5.8). 

 

 

Fig. 5.8 Protease activity  

 

Statistical analysis on enzymatic studies showed that different algal 

treatments had significant role on protease activity in three larval stages 

of P. monodon (F 2.152, df-4, P<0.001), than those observed in control 

(Fig. 5.9). Among the homogenous subsets displayed, all the treatments 

were found totally different in which Tetraselmis sp. showed highest 

activity followed by control (CC). Stage wise comparison shows highly 

significant difference (P< 0.001) in all the three stages.  
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Fig. 5.9 Estimated marginal means of protease 

 

5.4  Discussion 

The relationship between the digestive enzyme activity and growth 

performance of shrimp is unclear. Earlier studies with PL in P. monodon 

indicated that growth could not be related directly to digestive enzyme 

activities in shrimp (Madhumathi & Rengasamy, 2011). Here it is 

reported that when multiple regression and correlation analysis done, to 

measure the relationships between enzyme activities and growth; no 

statistically significant relationships were observed. Again Maugle et al. 

(1982) examined the enzyme activities and growth rate of Penaeus 

japonicus fed various diets found that the increased protease activity 
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provided no benefits in terms of growth rate of shrimp. In the present study it 

was obvious that better growth was found when fed with Thalassiosira sp. 

followed by C. calcitrans and Tetraselmis sp. respectively though much 

relationship between enzyme activity and growth was found. 

Amylase activity at mysis stage was found higher than the other 

stages. Similarly Pedroza-Islas, et al. (2004) recorded high amylase 

activity in all mysis stages of penaeid species when fed with different live 

diets. Le Mullac et al. (1996) and Madhumathi & Rengasamy (2011) 

reported that a maximum peak in digestive enzyme production was 

observed from Z3 to M3 stages of penaeid stages. In contrast, Lovett & 

Felder (1990) reported that enzyme activities were found increased during 

early larval development and amylase activity increased during post larval 

development in Penaeus setiferus, Penaeus japonicus, Palaemon serratus 

and Homarus americanus. In the present study highest level of amylase 

activity was observed when the larvae were fed with Tetraselmis sp. in all the 

stages followed by Thalassiosira sp. Madhumathi and Rengasamy (2011) 

reported a higher amylase activity in P. monodon fed with C. calcitrans but 

there was only one feed and any comparison with other algae was not found. 

Samain et al. (1980) studied amylase activity during the development of 

Artemia sp. at different concentrations of Tetraselmis suecica and found 

that the enzyme varied throughout the development and concludes that 

activity levels are controlled by food levels as well as by food composition. 

But Lovett & Felder (1990) opined that diet is not the only factor 

influencing enzyme activity, but enzyme variations seem to be closely 

related to developmental events rather than changes in diet.  
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Statistical analysis in the present study showed that different algal 

treatments had significant role on protease activity. Tetraselmis sp. 

showed highest activity followed by the control. On studying the 

ontogenetic changes, Madhumathi & Rengasamy (2011) found that 

protease at Z3 stage fed with natural diet C. calcitrans showed high 

activity, thereafter from M3/PL I stages the activity was found decreased. 

But from PL2 to PL5 stages they found a gradual increase in the activity. 

Similar pattern was observed by Le Vay et al., 1993 and it is reported that 

the protein source (animal and plant protein) as well as size of the shrimp 

influences the level of protease activities. The size of the shrimp and the 

source and level of protein in the diet, all affect to some degree the 

proteolytic activity in Penaeus vannamei (Lee et al., 1984). Here it again 

reported that animal protein induces high levels of enzyme activity than 

plant protein. Van Wormhoudt et al. (1980), studied in Palaemon 

serratus, and reported some effects of source of protein on general 

protease activities.  

Many authors have suggested that crustaceans such as Artemia 

(Bellini, 1957a,b), the shrimp Palaemon serratus (Van Wormhoudt, 

1973) and Penaeus japonicus (Laubier-Bonichon et al., 1977) shows wide 

variations in protease and amylase activity during the larval development. 

Samain et al. (1980) describes that enzyme activity levels are controlled 

by food levels as well as by food composition. In the present study 

different algae were fed to different larval stages and enzyme activity 

studies were conducted to find the difference in different stages and its 

influence on growth. The results revealed that each alga has a definite role 

in the enzyme activity but it is not growth related.  
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5.5  Conclusion 

Digestive enzyme studies can be better used for a detailed 

assessment of the changes connected with the feeding, digestion and 

assimilation during development and is essential for understanding the 

nutritional physiology of larvae. However, the changes in enzyme activity 

are not always directly related to growth rate, suggesting that enzyme 

activity may be affected by some nutritional variables which are not 

directly related to the growth. The protein level has an effect on the 

enzyme activities of shrimp of all sizes whereas the protein source is of 

greater importance in small shrimp. As such, regulation of digestive 

enzymes during development would optimize the use of the food available, 

as a function of food requirements. Even though the establishment of a 

relationship between enzyme activity and growth is not possible in the 

present study, it is evident from the results that Tetraselmis sp. and 

Thalassiosira sp. can be very well used as a promising live feed for P. 

monodon larvae next to Chaetoceros calcitrans. 

 
….. ….. 
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6.1  Introduction 

In order to assess the results of the laboratory studies and its 

credibility, the studies were evaluated in three commercial hatcheries of 

Kerala. Stock culture facility was not present in all the three hatcheries 

selected for study. Since Chaetoceros calcitrans and Thalassiosira sp. 

were used in most of the shrimp hatcheries, these species were reared as 

stock cultures in these hatcheries. The stock cultures were sub cultured 

and thus a stock culture series was developed and further used for mass 

cultures for feeding and preparations of algal pastes for later uses. Once 

the cultures reached exponential phase, C. calcitrans was further scaled 

up in outdoor conditions for the preparation of micro algal concentrate on 

site for feeding larvae. Considering the performance of shrimp larvae fed 
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with different algal diets, Tetraselmis sp. and Thalassiosira sp. were also 

mass cultured and used for commercial larval rearing purposes in these 

hatcheries.  

6.2  Selection of hatcheries 

Two commercial hatcheries located in Thrissur district and one in 

Kannur district were selected for performing the evaluation of the 

findings from this study. The selection was based on the need and 

acceptance by the hatcheries for the new ideas. The observations made 

in previous chapters were demonstrated, trained the technicians and 

evaluated for validating the findings and to assess that, the results are 

found in agreement with the studies conducted in laboratory conditions, 

and they are suitable for adapting to commercial hatcheries. The 

following trials were conducted in all the three selected hatcheries. 

Trial I:  Since the microalgae algal stock culture facility was not available 

in more than 50% of the hatcheries, and also in the three selected 

hatcheries stock culture facility was developed and performed in 

room temperature in normal rooms without air conditioning but 

with enough light and other facilities. 

Trial II: Flocculated micro algal concentrate was provided as a complete 

replacement for live algae to feed shrimp larvae from Zoea 

onwards. Algal flocculation was taught and done in the three 

hatcheries selected aiming the production of algal paste for the 

use of feeding purposes.  
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Trial III: Considering the performance of shrimp larvae fed with 

different algal diets, apart from C. calcitrans, Tetraselmis sp. 

and Thalassiosira sp. were also mass cultured and used for 

commercial larval rearing.   
 

6.3  Trial I: Maintenance of micro algal stock cultures in room 
temperature 

The feeding pattern followed by the hatcheries determines the 

success of the hatchery, in which good quality live feed forms the 

backbone that determine the survival and existence of penaeid shrimp 

hatcheries. Since batch culture technique is followed in most of the 

hatcheries for the production of microalgae possible setbacks could be 

overruled if a stock culture facility could be maintain in the hatchery. 

Micro algal stock culture forms a crucial, but difficult task and more than 

50% of the hatcheries in Kerala are lacking this. With this background an 

effort was made to develop a protocol for maintaining stock cultures in 

room temperature. The same protocol used in the algal stock culture 

methods were used in the hatcheries.  The different culture stages viz. the 

lag phase, exponential phase, stationary phase and the declining phases 

were clearly explained and demonstrated in each hatcheries and the 

time of subculture were also shown and done in each hatcheries. The 

technicians were trained for the maintenance of stock cultures in the room 

temperature and further mass culture using these stock cultures. The 

studies thus provide a possibility to hatcheries to maintain algal stock 

culture in normal room conditions where a temperature controlled indoor 

stock culture facility is not available. 
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6.3.1 Materials and methods 

Though five micro algal species were selected for the present study, 

the algae selected for the hatchery demonstration was based on the priority 

of algae given as feed in the shrimp hatchery sectors. C. calcitrans and 

Thalassiosira sp. were cultured in laboratory conditions at a temperature of 

23 oC was successfully cultured in outdoor hatchery conditions at a 

temperature of 30 ± 2 oC. It was evident from the survey that over 72% of 

the hatcheries culture C. calcitrans as the live feed for larval stages. The 

pure culture of C. calcitrans for the present study was collected from the 

stock culture laboratory of CMFRI, Kochi.  

6.3.1.1 Maintenance of stock cultures in outdoor conditions 

The stock culture methods used in the Chapter 3 was followed as 

such in the hatcheries. Three flasks (1000 ml) were filled 70% with the 

filtered sea water (700 ml) of 35 ppt. These flasks were cotton plugged 

and autoclaved for the sterilization. The flasks were allowed to cool for 

24 hours in the room temperature. The sea water present in the flasks was 

enriched with f/2 media (Guillard and Ryther 1962). 10% inoculums were 

added irrespective of cell density. Since no aeration was provided, the 

flaks were shaken daily in the morning and evening to avoid algal 

settling. Flasks were kept without air conditioning (outdoor) at room 

temperature with subdued sunlight and natural photoperiod (Fig. 6.1). 

Subcultures were done on 14th day in order to ensure that the culture is in 

exponential phase. During subculture, the cell density was found to be  

1.9 × 106. Cell densities were estimated using Haemocytometer (0.1 mm 

deep Neubauer). 
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Fig. 6.1 Stock cultures maintained in outdoor conditions 
 

6.3.1.2 Development of mass cultures from outdoor stock cultures. 

The subcultures were scaled up step by step to 20 L, 100 L, and 500 L 

and finally inoculated to 1000 L volumes. The culture vessels (20 L 

bucket, 100 L bucket, 500 L FRP tanks, 1000 L FRP tanks) were washed 

with detergent and mild HCL and sundried. Three numbers of 20 L and 

100 L buckets were filled with 15 liters and 70 liters of previously 

disinfected and filtered seawater respectively and enriched with f/2 media 

and aerated using air stones. In 20 L buckets, inoculation was done with 

10% of the inoculums from the left over after doing subcultures.  

6.3.2 Results 

The results of the study are summarized in figure. 6.2. Outdoor 

cultures were successfully developed using the stock cultures maintained 

in the hatchery itself at normal temperature conditions. The algae left after 
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doing subcultures were scaled up to a 20 L bucket and in four days an 

average cell count of 2.75 × 106 was reached. This was again scaled up to 

a 100 L buckets. After four more days (cell count 3.20 × 106) this culture 

was scaled up to 500 L and finally reached to one tone tank. This                    

was used for feeding the larvae after three more days at a cell density of 

1.53 × 106. From 20 L bucket onwards, aeration was provided. All the 

cultures were done using filtered seawater using Guillard’s f/2 medium.  

 

 

Fig. 6.2  Development of mass cultures from outdoor stock cultures 
C. calcitrans 

 

6.4  Trial II: Feeding of flocculated micro algal paste to shrimp 
larvae 
Fresh algal culture on site is expensive in terms of both labour and 

infrastructure, especially in shrimp hatcheries this creates a demand for 

ready to use diets (Dsouza et al., 2002). Substitutes that are cost-effective, 
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such as algae concentrates need to be evaluated. Moist algal concentrates 

can potentially provide a more cost-effective alternative to fresh algae as 

well as simplify hatchery procedures. The diatom Chaetoceros calcitrans 

was found to be the most widely used algae in shrimp hatcheries (72%) in 

Kerala, and therefore it was assessed for its ability to be fed using 

flocculated algal concentrate prepared on site.  

6.4.1 Materials and methods 

6.4.1.1 Outdoor mass culture of C. calcitrans   

Outdoor mass cultures were developed in 60 L FRP tanks. Tanks 

were filled with 40L of filtered sea water and enriched with F/2 media. 

Finally the tanks were inoculated with 10% of stock cultures and aeration 

was provided. The cultures were grown until the cell density reached        

≥ 1x 106 in three to five days. After five days, the cultures containing 

high cell density, shiny appearance and thick colour were taken for the 

experiments. 

6.4.1.2 Flocculation of mass culture 

Based on the experiments conducted, the lowest level of flocculant 

that gave the highest efficiency (40 ppm) was used for flocculation of 

mass cultures. Flocculation in mass cultures was conducted using 250 L 

cultures for ease of handling (Fig. 6.3). 20 g of chitosan was dissolved in 

4L of 1% acetic acid (0.5%), and kept aside for about one day to dissolve 

completely (Divakaran & Pillai 2002). After the addition of flocculant, 

pH was adjusted to the desired level using NaOH. The cultures were 

vigorously mixed with air until the formation of algal flocs. After 



Chapter 6 

144 

removing aeration, the algal flocs were allowed to settle for two hours 

and supernatant was removed. The pH of the flocculant was adjusted to 

7.5 – 8.0 with HCl. This concentrate was refrigerated for 24 – 48 h and 

the supernatant was removed once again. With this protocol, the cells were 

concentrated around 100 times. Due to non-availability of centrifuge, this 

concentrate was used as such instead of preparing paste. 

 

 
Fig. 6.3 Flocculation in mass cultures 

 

6.4.1.3 Feeding Trials 

Larvae and feeding management 

A five ton capacity larval rearing tank was selected for feeding with 

the microalgae algal concentrate (Fig. 6.4). The nauplii were stocked at 

the rate of 100 L-1 the normal stocking density was followed in this 

hatchery. Feeding was commenced on the second day when almost 75% 

of the nauplii were metamorphosed to zoea. The algal concentrates were 
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re-suspended by agitating in a 100µ meshed net and diluted in buckets by 

adding filtered seawater. Algal concentrate was fed ad libitum to the 

larvae in the culture tank. Feeding was carried out as and when required 

in accordance with the feeding schedule of the other larval tanks of the 

hatchery where a non-flocculated live alga is fed. The demonstration 

continued until 10th day post nauplii stocking when 100% of the larvae in 

the tank had metamorphosed to Post larvae. The tank biomass was 

estimated by volumetric sampling and counting the number of larvae 

present in the tank. Five representative samples were taken from the tank 

using a 500 ml beaker and the larvae were counted and the average was 

used to estimate the total number of larvae present in the tank and the 

percentage survival was compared with tank fed with non-flocculated                

C. calcitrans. 

 

 

Fig. 6.4 Tank fed with micro algal concentrate 
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6.4.2  Results of feeding experiments with flocculated Chaetoceros 
calcitrans for P. monodon  

Results were obtained in terms of percentage survival at post larvae-

1. Survival didn’t show any comparable difference from that fed with 

fresh live algae. Survival at PL-1in tank fed with algal concentrate was 

65% whereas in the corresponding live algae fed tank observed 69%. 

Since there was no remarkable variation in the survival, it can be 

inferred that the flocculated algal concentrates can very well be used as 

an alternative for live algae. More studies are needed to improve the 

shelf life of prepared concentrates, so that the concentrates can be 

prepared and stored well in advance anticipating the problem periods. 

6.5  Trial III: Mass culture of Tetraselmis sp. and Thalassiosira 
sp. for commercial larval rearing.   
Microalgae are widely used in aquaculture as live feeds for several 

aquaculture species such as molluscs, fish, penaeid prawn larvae and 

rotifers (Brown, 2002; Brown & Robert, 2002) in which Chaetoceros 

calcitrans is one of the most frequently utilized microalgae worldwide 

in bivalve hatcheries (Tredici et al., 2009). In addition to this, it is also 

used as an important feedstuff for brood stock, juveniles and larvae of 

commercially important shellfishes (Enright et al., 1986; Rico Villa et al., 

2006; Pronker et al., 2008) and other commercially significant taxonomic 

groups such as Echinoderm larvae and brine shrimp (Carcamo et al., 

2005; Asha and Muthiah, 2006; Méndez-Martínez, 2018).  

An attempt was made to find an alternate live feed to shrimp larvae 

other than Chaetoceros. Based on the enzyme studies performed by 
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feeding shrimp larvae with different algal diets, Tetraselmis sp. and 

Thalassiosira sp. were found to induce growth close to C. calcitrans and 

these algae were mass cultured and used for commercial larval rearing. 

6.5.1 Materials and methods 

6.5.1.1 Indoor / outdoor batch culture 

Cultures of different volumes were grown indoor in air conditioned 

algae culture lab at 24 0C. 1L Erlenmeyer flask, 4L Haufkin flask and 20L 

buckets were used for the culture. The culture vessels were filled 3/4th 

with pre filtered and boiled sea water (33ppt salinity) and kept for one day 

in advance to correct temperature. The following day the cultures were 

enriched with nutrients - F/2 media; (Guillard and Ryther, 1962). Inoculated 

with 2% to 10% of pure cultures of Tetraselmis sp. and Thalassiosira sp. 

and covered with aluminium foil and kept on racks with continuous 

fluorescent illumination (2500 – 3000 Lux) and aeration. When the 

cultures reach desired cell density (in three days), they were scaled up 

from lower volumes to the subsequent higher volumes. Apart from the 

indoor stock cultures outdoor stock cultures were also developed in the 

hatcheries where A/c rooms were not available and mass cultures were 

done using these stock cultures. Inoculums for the stock cultures were 

procured from algal stock culture facility of CMFRI Kochi.  

6.5.1.2 Outdoor mass culture 

20 L buckets from indoor were scaled up in the outdoor to 500 L FRP 

(Fig. 6.5) and further to 6000 L tanks (Fig. 6.6). Prewashed and sun-dried 

culture tanks were filled with 4500 L of filtered sea water and enriched 
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with F/2 media. Finally, the tanks were inoculated using the algae and 

aerated. After three to four days, the cultures were used for feeding. 

 

   

 

6.5.1.3 Feeding trials with cultured algae on site 

Hatchery larval tanks of five ton capacity were chosen for conducting 

feeding trials with mass cultured Tetraselmis sp. and Thalassiosira sp. 

Separate tanks were selected for each algae and compared with the results 

from larvae fed with the control diet Chaetoceros sp. The experiment was 

planned in such a way that all the three tanks were stocked with nauplii 

in the same day. Tanks were filled with seawater with 40% of the tank 

capacity and one ton of each alga was pumped in to the tanks prior                 

to stocking with nauplii. The initial cell densities were recorded as  

0.110 × 106 (Thalassiosira sp.), 0.070 × 106 (Tetraselmis sp.) and 0.105 × 106 

(C. calcitrans).  

 
 

Fig. 6.5 Buckets scaled up to 500 L Fig. 6.6 Outdoor culture of Tetraselmis sp. 
and Thalassiosira sp. 
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Nauplii were stocked at the normal rate of 100 L-1. Feeding activity 

was observed by collecting samples in a 500 ml glass beaker and 10 numbers 

of larvae from each tank were observed under a stereo microscope for 

feeding activity (Fig 6.7). Algae were fed ad libitum by pumping to the 

larvae in the culture tank. Feeding was carried out as and when required 

in accordance with the feeding schedule of the other larval tanks of the 

hatchery (8 am and 3 pm). The study continued until 10th day post nauplii 

stocking when 100% of the larvae in the tank had metamorphosed to Post 

larvae. The tank biomass was estimated by volumetric sampling and 

counting the number of larvae present in the tank. Five representative 

samples were taken randomly from the tank using a 500 ml beaker and 

the larvae were counted and the average was used to estimate the total 

number of larvae present in the tank. 

 

   

Fig. 6.7 Zoea fed with Thalassiosira sp. (A) and Tetraselmis sp. (B) 
 

 

(A) (B)
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6.5.2 Results of feeding experiments with Tetraselmis sp. and 
Thalassiosira sp. for P. monodon larvae 

The results of Tetraselmis sp. and Thalassiosira sp. didn’t show 

notable variation when compared to control. Survival at PL-1 in tank fed 

with Tetraselmis sp. was 72% and Thalassiosira sp. was 69%, whereas in 

the C. calcitrans fed tank observed 71%. This point out that Tetraselmis 

sp. and Thalassiosira sp. can very well be used as an alternative to                

C. calcitrans.  

6.6  Conclusion 

From the observations made from the field trials, it can be 

concluded that no need of complete dependence on C. calcitrans for the 

larval development. Other two algae can also be used for the hatchery 

works based on the availability. Again the stock cultures of these three 

suggested algae can be maintained and mass cultured in the hatcheries. 

Other suggested techniques of algal past can also be very well adapted to 

the field conditions. These techniques can be adopted based on the 

production scenarios of each hatchery and infrastructure available.  

  

….. ….. 
 

 




