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1. PREFACE

Globally during the last decade the production of 

marine finfish and shellfish has reached the peak and 

aquaculture - "the fish husbandry method to augment finfish 

and shell fish production^ is the only hope for a quantum 

jump in fish production. Aquaculture emerged and 

established as an alternative to meet the requirement of 

seafood consumers. The important factors in the success of 

any culture operation are seed and feed coupled with water 

management. Of these factors feed is the largest single 

item in the running expenditure in aquaculture. It accounts 

for about 50-60% of the total variable cost. Feeds and 

feeding are intricate processes that can increase both 

production and profit. So, it is necessary to have adequate 

knowledge on the feeding habits and preferences of the 

cultured organisms and their nutritional requirements.

In nature crustacean, finfish and other larvae and 

juveniles feed by predation, foraging and scavenging. 

Typically, the larval habitat is a rich, dense and diverse 

biotope with a broad array of microorganisms including 

zooplankton, phytoplankton, diatoms, copepods, ciliates, 

bacteria and others. Thus the natural nursery functions 

efficiently and is a supermarket of microscopic life forms. 

Where as, aquatic husbandry violates the organisms natural 

predisposition as programmed within its genetic code.



When aquatic organisms are bred in captivity, their 

nutrition is totally dependent on the aquaculturist. Larval 

nutrition is one of the most crucial aspects in running a 

commercial hatchery. The current technology allows for the 

inhouse culture of several livefeeds including monoculture 

of live microalgae {eg.:- skeletonema, isochrysis, 

chaetoceros and chlorella), culture of artemia nauplii and 

rotifers. Other livefeed organisms include diverse species 

such as copepods, daphnia and mollusc larvae. The majority 

of hatcheries rely upon live culture of algae, rotifers and 

other microorganisms along with the feeding of artemia 

nauplii. These live feeds are good as they do not pollute 

the environment. But, maintenance of these livefeed 

cultures require specialised technical input, labour and 

time. Further more the livefeed cultured in the hatchery 

may in fact, be nutritionally deficient due to limitations 

on physical and chemical conditions of livefeed culture 

methods. The other method is to provide artificial or 

balanced compounded feed of required particle size so that 

the larvae can feed on them. Different compounded feeds 

have been tried in larviculture with varied success in 

different parts of the world.

Limitations in the knowledge of nutrition 

particularly that of marine shrimp under score the need to 

continually develop, test and apply new nutrition concepts. 

This is particularly true for rapidly expanding shrimp feed



industry where feed formulations are presently based largely 

on intuitions and unknown growth factors rather than 

nutritional science.

The present study aims at determining the food 

preferences and growth performance of the Postlarvae of 

Penaeus monodon fed livefeeds {Chaetoceros and Artemia 

nauplii) and artificial diets in different permutations and 

combinations.



2. INTRODUCTION

The technological developments on the large scale 

culture of shrimps have been significant all over the world 

since the successful rearing of Penaeus japonicus by 

Hudinaga (Fujinaga) in 1942. In the initial phase the 

efforts were mainly directed to develop appropriate breeding 

technologies for cultivable species under controlled 

conditions. Of late, however there is a great awareness in 

the importance of the knowledge on the nutritional 

requirement of these species and the development of an 

appropriate feed technology for their successful culture 

operation. There is also a thinking that the triumph of 

future aquaculture of these animals shall largely depend on 

a sound understanding of all the aspects of the nutritional 

environment of the shrimp. However, information on shrimps 

nutrition is relatively less, compared to those available 

for finfish.

2.1 Live food organisms in the larval and postlarval 

rearing of penaeid shrimp.

Inadequacy of knowledge on the nature of food 

consumed by the larvae in the wild formed a constraint for a 

long time in the successful rearing of shrimps from egg 

through different larval stages. The development of pure



cultures of Skeletonewa costatum by Hudinaga (1942) for 

feeding the protozoea of Penaeus japonicus paved the way for 

the first time to rear the species through different larval 

stages. Besides S. costatum, Hudinaga offered Artemia 

nauplii for the late mysis and early postlarval stages. In 

1962, Hudinaga and Miyamaru found that Chaetoceros ridigus 

is also suitable for the culture of early larvae of P. 

japonicus. Chaetoceros spp. was found to be superior over 

Skeletonema as they could be cultured in high temperatures. 

Moreover, it was also found to be easily digestible by the 

larvae. It is also reported that the shrimp larvae can be 

successfully reared through different stages by feeding 

entirely on a monoculture of the diatom, Chaetoceros at a 

higher concentration of 30,000 - 1,00,000 lakhs cells/ml 

(New, 1979).

Fuginaga and Kittaka (1967) and Fuginaga (1969) used 

mixed cultures of diatoms in outdoor tanks with appreciable 

survival rates of the larvae of P. japonicus^ Since then, 

several diatoms of either a pure culture or in combinations 

were developed and used to feed the larvae by different 

workers. Mock (1972), Brown (1972) and Furukawa (1973) 

prescribed the use of preserved algae and yeast as 

supplemental feed, when live algae were scarce. Villeges 

et al., (1980) reported high survival of P. japonicus larvae 

fed with a mixture of chaetoceros and baker's yeast.



The mysis and the postlarval stages of penaeid 

shrimps are normally fed with artemia nauplii. Though it is 

a nutritious and a convenient food, its availability and 

large scale use are restricted due to high cost and 

variations in quality and food value of different strains. 

In an attempt to find out an economic alternative to 

artemia, investigations were carried out on the use of 

rotifers, Brachinous spp. {Platon 1978; Muthu 1980), free 

living nematodes such as Panagrellus {Samocha and 

Leweinsohn, 1974) and cladocerans like Moina spp. It was 

found that brachionous and moina offered in frozen form 

serve as effective food for advanced larval stages .

Postlarvae of Penaeus merguiensis weighing 34-30 mg 

were reared on mysids at 35% for 30 days, and their food 

intake, growth and conversion efficiency was determined 

(Reddy et al., 1980) . In 30 days, 1 Kg. of initially 

stocked postlarvae in the weight range of 34-30 mg requires 

22.25»Kg. of mysids to produce 10.85 Kg. of new juvenile 

flesh.

Algal diets were used to rear the larvae of 

Metapenaeus ensis. It was found that the larvae could be 

reared from protozoea to PLl on Chaetoceros gracilis, 

Isochrysis galbana or Platymonas spp., but the survival of 

of the larvae fed on platymonas spp. was considerably lower.



In addition C. gracilis could substitute for artemia nauplii 

as a diet for postlarvae during first few days of 

development. There were no difference in the size of PL fed 

on C. gracilis and artemia nauplii (Chu and Lui 1988) .

P. monodon larvae reared to PL-l stage were fed with 

diatom, Biddulphia longicuris. A density of 5000 - 10000 

cells/ml of B. longicuris was maintained in the larval 

rearing tank. The mean survival rate from Zl-Mysis larval 

stage was 88.7% and mysis to postlarvae (PL 1) stage was 

91.6% (Samarasinge et al., 1993)

2.2 Larval and postlarval rearing of fresh water prawn

with live feeds

Sandifer et al., (1976) reported that palaemonid 

prawns like Macrojbrachium rosenbergii can be reared 

successfully on mixed algal cultures which were 

predominantly composed of chlorella at concentrations 

ranging from 5 x 10^ - 2 x 10^ cells/ml. Sick and Beaty 

(1974) showed that phytoplankton was not an essential 

requirement for the culture of M. rosenbergii.

Macrobrachium larvae can be reared with a good 

survival rate on a diet of artemia alone. Ling (1969) 

raised the larvae of M. rosenbergii on live zooplankton such



as rotifers, cyclops, copepods, insect larvae, and chopped 

fish, shellfish and steamed chicken egg. Subrahmanyam 

(1969) successfully reared the M. rosenbergii through all 

the larval stages using different particle sizes of tubifex.

The foregoing reports, and a few more which were not 

discussed, on the use of diatoms in shrimp larviculture and 

postlarval rearing are summarised in table 1 .



Inportant diatoms used in the rearing of Penaeid shrimps

Diatoms Species of prawns References

Skeletonema costatum P. japonicus Hudinaga 1942

Chlamydomonas spp. 
Dunaliella sp.

P . duorarum Dobkin (1961)

S. costatum 
Thalassiosira spp, 
Gyrmodium splendens 
Isochrysis galbana 
Dunaliella 
Cyclotella nana 
Exuviella

Penaeus spp. Cook and Murphy
(1969)

S. costatum P. japonicus Liao and Huang 
(1973)

Coccinodiscus grand! 
C. centralis

p. kerachurue FAO (1974)

Synechosystis 
Tetraselmis gracilis

Metapenaeus 
af finis 
M. dobsoni

Thomas et al., 
(1976a,b)

Cylindrotheca
Tetraselmis

p. merguiensis 
p. japonicus 
P, aztacus 
p. semisulcatus 
M. ensis

Aquacop (1978)

Tetraselmis p. monodon Platon (1978)

Chaetoceros gracilis p. stylirostris 

p. japonicus

Simon (1978) 
Villages and 
Kanazawa (1980)

Skeletonema
Thallasiosira
Nitzzhia
Tetraselmes

Penaeid sp. New (1979)

Chaetoceros spp. P. japonicus

P. indicus 
P . monodon

Kurata and 
Shigueno (1979) 
Muthu (1980)



2.3 Non-conventional feed

In the recent years several nonliving and 

nonconventional feeds were found useful in rearing of the 

larvae of shrimps and prawns. The protozoea stage of 

P. japonicus were successfully ' reared using soyacake 

powdered to a particle size of less than 100 microns (Hirata 

et al., 1962) . Later experiments showed that a combination 

of soyacake and diatoms produced best results. Some of the 

nonconvent ional feeds that are used for rearing the larval 

and postlarval stages include the following.

Non conventional Feed Reference

1 . Powdered fat free rice 
bran

Ishida (1967)

2 . Activated sludge Imamaru and Sugita (1972)

3. Marine yeast Furukawa (1973)

4. Washings of filamentous 
algae Anon (1976)

5. Sargassum juice Anon (1976)

6 , Fermented extracts of 
vegetable refuse Anon (1977)

7. Egg yolk

8 , Estuarine detritus Qasim and Easterson 
(1974)

9. Decomposed mangrove 
leaves

Sumitra and Ramadhas 
(1980)



The above non conventional feeds have been 

experimented with varying results.

Hameed Ali (1980) and Hameed Ali et al. , (1982) 

reported successful rearing of the larvae of Penaeus 

wonodon, Penaeus indicus, Penaeus merguiensis, Penaeus 

semisulcatus, Metapenaeus jnonoceros, Metapenaeus affinis, 

Metapenaeus dobsoni, Metapenaeus brevicornis and

Parapenopsis stylifera from proptozoea to postlarval stages 

by feeding exclusively a diet of crustaceans such as Acetes 

indicus. Alikunhi et al. (1980, 1982) achieved success in 

the large scale rearing of the larvae of penaeid shrimps fed 

with tissue suspension prepared with juveniles of 

Metapenaeus dobsoni and stomatopod crustaceans.

Subramanyan (1969) reared Macrobrachium rosenbergii 

by offering plant products such as soyabeans, maize, 

sorghum, coconut oil cake and cotton seed cake as 

supplementary feeds along with rotifers, brine shrimp 

nauplii and tubifex worms.

2.4 Artificial diets

Commercialisation of shrimp culture has led to an 

increased demand for suitable feeds for different stages in 

their life cycle. Large scale production of microalgae 

requires great amount of manual labour, large quantities of 

culture medium, vessels and equipments, adding considerably



to the running cost. Further more, their production is 

found to be widely fluctuating and often contaminated by 

unwanted species. In an attempt to overcome these 

constraints several attempts have been made to rear shrimps 

on artificial diets.

Shigueno (1975) successfully reared the larvae of 

Penaeus japonicus using a compounded diet with squidmeal, 

squid extract, petroleum yeast, activated gluten, alpha- 

starch, vitamin and mineral mixture.

Postlarvae of P. wonodon (PL.10 - PL.40) were reared 

successfully using formulated feed in the Brackish Water 

Aquaculture Development Center, Jepara, Indonesia (1980) . 

The formulated feed contained squid head meal 10%, fishmeal 

20%, Soyabean cake 34%, shrimp meal 24%, Wheat flour 8 %, Kel 

coalginate 2% and Aqua Mix 2%. Villeges and Kanazawa (1980) 

prepared an artificial diet which was composed of glucose 

(5.5% in dry weight), sucrose (10%), starch (4%), glucosamine 

(.8%), lipid and vitamin free c^s^n (50%), sodium succinate 

(.3%), pollack residual oil (8.1%), cholesterol (.5%), 

mineral mix (8 .6%), vitamin mix (2.7%), cellulose Powder 

(9.3%) and water 130-135 ml. Agar was used as the binder. 

The feeding rate was .16 mg/larvae/day. The result of this 

dietary experiment showed that the larvae metamorphosed into 

mysis stage in 8 days with a survival rate of 53.2%.



At the NPCL of CMFRI, the larvae of P. indicus were 

reared successfully from the protozoea to postlarval stages 

on a microparticulate compounded feed prepared from mantis 

shrimp, prawn waste, ground nut cake, fish meal and tapioca 

with a survival rate of 35%. (Silas et al., 1985)

Growth and survival of P. monodon postlarvae given 

different feeding regimen were determined in earthern 

brackishwater nursery ponds by Tabbu (1985) . The natural 

food consisting of lab-lab and natural food and an 

artificial diet were the two feeding regimes. It was 

observed that shrimps given artificial feed obtained higher 

mean weight gain, survival, metamorphosis and growth. In 

another experimental study the postlarvae (PL.20) of Penaeus 

monodon were reared in a nursery pond at Portonovo 

(Sriraman et al., (1988) . They were reared to a stockable 

size of 30-48 inm from an initial size of 8-12 mm. The main 

feed used was clam meat { Meretrix spp.) and were fed at 100% 

of the body weight. A survival rate of 98% was reported.

In an attempt to ensure all time availability of 

stocking materials of P. monodon experiments were undertaken 

on a large scale in the lower Sunderban areas of West Bengal 

for growing the wild caught postlarvae (1 0>12mm) of the 

species to an advanced juvenile (35-45mm) stage under semi

controlled conditions. Besides encouraging the growth of 

natural food, the postlarvae were fed with well balanced



artificial diet having protein from both animal and plant 

origin. Encouraging results with high survival {upto 73%) 

and faster growth rates were observed in some of the trial 

runs (Hardial Singh (1988) .

Natural food in combination with either SEAFDC 

formulated or other commercial larval diets were tested for 

large scale production of P. monodon postlarvae. The shrimps 

were reared from nauplii to PL and dietary treatments 

included (a) Natural food alone (b) Natural food and 

Commercial phytoplankton substitute (c) Natural food and 

SEAFDC diet. Larval survival was significant in treatments 

containing SEAFDC diets than in treatments receiving natural 

food alone or natural food in combination Bautista et al.,

(1991)

Godfred (1991) conducted a study to formulate a 

pellet feed for penaeid shrimps using different ingredients. 

An evaluation was made of the growth parameters of 

P. monodon, P. indicus, P. semisulcatus and M. monoceros. 

Shrimp head meal was the chief ingredient and fish meal, 

bajra flour, rice bran, GNOC, millet flour, alpha meal and 

dried cane molasses were added. The proximate composition of 

the feed was 39% protein, 23% carbohydrate, 6.2% lipid and 

16.4% ash. Good growth results were obtained indicating that 

this pellet feed is suitable for all species tested.



Postlarvae and subadults of Penaeus monodon were 

reared in plastic bowls and tanks ted on dillerent natural 

diets such as mussels, chopped shrimp and beef liver and 

compounded dry and moist diets in order to investigate the 

relationship of moulting to growth. Moulting frequency 

varied with diets and smaller shrimps had greater frequency 

of moults than larger ones (Kibria 1993) .

Levay (1993) reared P. japonius larvae using live 

food and artificial diet or artificial diet plus C. 

gracilis Larvae from all the treatments were equivalent in 

weight and length at third protozoeal stage but mysis and 

postlarvae from both the live food and artificial diet plus 

C. gracilis treatments were significantly larger and reached 

metamorphosis earlier than those fed with artificial diet 

alone. There were significant increase in percentage 

nitrogen and carbon contents during the development in

larvae fed ̂ the live food or artificial diet plus C. gracilis
A

but not of larvae fed an artificial diet alone. It is
A

suggested that the algal complement contributes either extra 

digestible nutrients or some other specific growth enhancing 

factors.

2.5 Microdiets

The pioneering work of Jones et al., 1974 led to the 

development of microcapsules as artificial food particles 

for aquatic filter feeders.



Microparticulated feeds have been well accepted in 

many penaeid shrimp hatcheries (Kurumaly et al., 1989, Liao 

and Liv 1989) . Kuo (1986) reported a doubled survival rate 

(40% Vs. 20%) of P. monodon larvae fed',micro particulated 

diet than those fed^^natural foods {Skeletonema • costatujn ) and 

Artemia nauplii . A Kappa - Carrageenan: i.’.i Micro bounddiet 

alone or in combination with natural food in yielding high 

survival of the larval P. monodon was as good as the all 

natural food group (Bautista et al., 1989) and was suggested 

to be a potential diet for partial or complete replacement 

of traditional algal food.

Kumulu and Jones (1995) conducted larval culture of 

Penaeus indicus using microencapsulated diet. The study was 

conducted for partial or total replacement of live feeds. 

Slower growth and lower survival rate of the larvae fed 

experimental MED were significantly improved by a supplement 

of 15 cells/ml frozen mixed algae (1-2 Tetraselmis and 

S k e l e t o n e m a ;  during PZ stages (PZl - PZ3). The low level of 

algal supplement to MED resulted in high rate of survival 

(85-92%) . These significant improvement in larval growth and 

survival are due to higher larval enzyme activities and 

hence more efficient digestion of artificial diet.

Sudersanan and Sukumaran (1996) conducted experiments 

using chicken microencapsulated diet fortified with vitamin 

premix and was fed to the postlarvae of Penaeus monodon.



The diet was highly acceptable to the prawn larvae resulting 

in high rate of survival (91%) and growth (2.1 mg/day) in a 

45 day feeding trial in water recirculating system.

2.6 Bioenrichment

During the last decade much research has been devoted 

to a better understanding of the role and importance of 

lipids, particularly, the fatty acids. The most important 

essential fatty acids for brackishwater marine crustaceans, 

fish and molluscs are the W3 - highly unsaturated 

eicosapentaenoic acid (20i5W3)and docosahexaenoic acid (22:6 

W3) . These are essential compounds required for membrane 

formation, osmoregulation, synthesis of prostaglandins and .y ^ 

also play an activating role in the immune system. Since 

marine fish and shrimp larvae cannot synthesise these W3 - 

HUFA's to fulfil their physiological requirements these 

vital components should be acquired through the diet,. 

Analysis of essential fatty acids in the live food organisms 

used in shrimp larviculture revealed that 20:5 W3 is low in 

all, except chaetoceros, and that in no case is 22:6 W3 

present in significant amounts. It has also been 

demonstrated that the W3 HUFA content for both algae and 

a r te m ia  vary much within the same species or strain 

depending on their culture condition. (Leger and Sorgeloos,

1992) .



The variation in HUFA content in the traditional 

live feeds used in shrimp larviculture has led to the 

development of W3 HUFA enriched algal substitutes/ 

supplements, (eg: microcapsules, W3 - enriched yeast 

products, microparticulate diets). The W3 HUFA enriched 

products for zooplanktonic organisms include tnicrocapsules, 

emulsions, microparticulate diets etc. Significant 

improvement in the growth rates and survival has been 

demonstrated when W3 HUFA supplementation is applied in Zoea 

Stages. Further improvements in the mysis and postlarval 

stages were noted when extra W3 HUFA enrichment was 

provided. Hatchery operators feeding W3 HUFA fortified 

diets observed more consistent results and production of 

more robust PL. {Sorgeloos 1988; Chamberlain 1988).

PL-5 Comparable to PL-10 in terms of size was reported by 

Sorgeloos (1988) and Chamberlain (1988) by feeding W:3 HUFA 

enriched artemia..

From the foregoing account of relevant literature 

collected, it is evident that exhaustive efforts have been 

made the world over in establishing the food preferences of 

the different larval stages in shrimp. This was obviously 

due to the necessity of upscaling the hatchery technology. 

Natural predisposition of the larvae very drastically shifts 

from a phytoplankton feeding protozoea to a zooplanktivorous 

mysis. However, artificial plankton, hatchery encapsulon,



microparticulate diets and microcoated diets are available 

today off-the-shelf to tide over crisis sit-aations in 

hatcheries. Further more, bioencapsulation and bioenrichment 

is a very nascent area of research in establishing certain 

macronutrient requirements of shrimps in their larval as 

well as postlarval phases.

Postlarval rearing of shrimps appears to be a 

neglected area of research. Except in extensive and super 

intensive systems of culture as well as in hatcheries with a 

nursery rearing facility, feeding does not appear to be a 

cause of concern. Mortality and cannibalism at this stage is 

very high and an appropriate dietary environment may be a 

right path which needs to be investigated. It was after the
' ? 9- ‘

scanning of peripheral and primary literature,^ the present 

study was undertaken with the following objectives:

(1 ) To study the growth and survival of Penaeus monodon 

postlarvae (PL22) with a particulate compounded feed, 

with and without vitamin and mineral supplements.

(2) To find out the growth and survival of the same 

animals with phytoplankton (chaecoceros calcitrans) 

and zooplankton (Artemia nauplli) as sole source of 

feed.



(3) To find out the growth and survival of postlarval 

Penaeus monodon fed with compounded feeds and live 

feeds in combination.

(4) To compare and contrast the dietary regimen provided 

and to arrive at the appropriate feeding regimen.



3. MATERIALS AND METHODS

In this chapter, the preparation of diets {artificial 

diets and live diets) , collection and rearing of Penaeus 

monodon Postlarvae, their feeding r-egimes and other 

experimental details followed for determining the gain in 

weight and survival are presented sequentially.

3.1 Selection of feeds

Artificial and live diets were selected for 

conducting the experiment. The artificial diets selected 

for the experiment were,

1. Compounded diet including vitamins and minerals,

2 . Compounded diet without vitamins.

3 . Compounded diet without minerals.

4 . Compounded diet without vitamins and minerals.

The live feeds selected were

1 . Chaetoceros calcitrans

2. Artemia nauplii

3.2 Preparation of Artificial diet

For the preparation of the artificial diet the 

ingredients selected were 1) Fishmeal 2) Prawn meal 3) 

Clam meal 4) Ground nut oil cake and 5) Tapioca flour. 

These ingredients were purchased from the local market.



Prior to the preparation of the feeds their proximate 

chemical composition was analysed and ascertained. {Table 4)

3.3 Procedure for chemical evaluation of feed ingredients 

and feeds.

The chemical evaluation of the feed and feed 

ingredients were performed by the following method (AOAC, 

1984) .

3.3.1 Dry Matter

Dry matter content present in the feeds were

determined gravimetrically by oven drying the samples at

80°C till concurrent dry weights were obtained.

Weight of fresh sample - Weight of dry
sample

Moisture % = --------------------------------------- x 100
Weight of fresh sample

3.3.2 Crude protein

Total nitrogen in the feed samples and feed 

ingredients were determined by kjeldhal method. This was 

multiplied by a conversion factor of 6.25 to arrive at the 

crude protein content.

3.3.3 Crude fat

Lipid content of the feed samples as well as the feed 

ingredients were determined by soxhlet extraction method 

using petroleum ether as the solvent.



3.3.4 Crude fiber

Crude fiber was determined by successive refluxing of 

feed samples with 1.25% H2SO4 and 1.25% NaOH under carefully 

controlled conditions.

3.3.5 Ash content

Ash content of the feeds were determined by 

incinnerating preweighed feed samples in a muffle furnace at 

600 degree Celsius for 8 hours.

After analysing the proximate composition of the feed 

stuffs, four feeds were formulated containing approximately 

47% protein and 450 Kcal/100 grams gross energy 

(Isocalorific and Isonitrogenous) .



Table - 2

Percentage ingredient composition of the 
experimental feeds

Ingredients Level of incorporation(grams/100gms)

Feed 1 Feed 2 Feed 3 Feed 4

Fish meal 20 20 20 20

Prawn meal 20 2 0 20 20

Clam meal 20 20 20 20

GNOC 20 20 20 20

Tapioca flour 8 10 11 13

Oil 6 6 6 6

*Vitamin mix 3 - 3 -

**Mineral mix 2 2 - -

Cholesterol 0.5 0.5 0.5 0.5

Lecithin 0.5 0.5 0.5 0.5

* Contains Vitamin - lOmg Calcium pantothenate- lOmg

Vitamin B2 - lOmg Folic acid - ISOOmcg

Vitamin B. 3mg Vitamin B^2 - 15mcg

- 150mgNicotinamide-lOOmg Vitamin C 

** USP Salt mixture XIV from M/s.Sisco Research Laboratories



Wherever the vitamin mixture and mineral mixture was 

deleted in the formulation tapioca flour levels were 

adjusted to make up the percentage composition.

3.4 Feed Preparation

All the dry ingredients except tapioca flour were 

thoroughly mixed. Tapioca flour was gelatinised, cooled and 

added to the dry mixture to make a dough of uniform 

consistency. The dough so made was extruded through a 

kitchen noodle maker with a die of 2 mm pore size. The feed 

strands were oven dried, crumbled and seived through 200 

microns mesh and stored in air tight containers and used 

(Rani and Ali, 1991) . The proximate composition of the 

pelleted feeds were also determined. (Table 5)

3.5 Live feeds

3.5.1 Zooplankton diet 

Artemia nauplii

In the present study, Artemia cyst belonging to the 

strain Great Salt lake (utah) was used.

Procedure for cyst hatching

About 0.5 gm of the cysts to be hatched were taken in 

a 2 litre measuring cylinder. About 1. litre of clean 

filtered seawater was added. Vigorous aeration was provided 

from the bottom of the measuring cylinder. Artificial light



was also provided by placing a bulb of 100 W. The breaking 

of the cyst could be observed after 12-24 hrs and all the 

nauplii hatched out within 48-72 hours. The hatched nauplii 

were separated from the unhatched cysts using a siphoning 

tube. The count of the hatched artemia nauplii were 

determined by counting the number of nauplii/ 1 0 0 tnl and were 

used for feeding the experimental animals.

3.5.2 Phytoplankton diet 

C haetoceros c a l c i t r a n s

Chaetoceros calcitrans was selected to feed the 

experimental animals. In this . study, the algal cultures 

were maintained in three 5 liter tanks.

3.5.3 Maintenance of algal cultures

To fresh filtered seawater Walne's medium (Walne, 

1974) of the following composition was added.

Con?>osition of Walne’s medium

A. Potassium nitrate 1 0 0 gm

Sodium orthophosphate 20 gm

EDTA (Na) 45 gm

Boric acid 33 .4 gm

Ferric Chloride 1,3 gm

Manganese chloride 36 gm

Distilled water 1 liter



B

D

Zinc chloride 

Cobalt chloride 

Copper sulphate 

Ammonium molybdate 

Distilled water

Vitamin (Thiamin)

Vitamin B^2 (Cyanocobalamin)

Sodium silicate 

Distilled water

4.2 gm

4.0 gm

4 .0 gm

1 . 8  gm 

1 liter

200 mg in 1 0 0 ml 
distilled water

100 mg in 1 0 0 ml 
distilled water

1 . 0  gm (only for 
diatom 

1 liter culture)

A, B, C and D were prepared separately. 1 ml of A,

0.5 ml of B, 0.1 ml of C and 1 ml of D were added to 1 

litre of filtered and sterilised seawater. To the seawater 

fertilised with Walne's medium, chaetoceros innoculum was 

added. Sufficient aeration and artificial light vas 

provided. The blooms developed within 2-3 days. The algal 

counts were determined using a haemocytometer. The culture 

was maintained at a cell concentration of 2 million 

cells/ml.

3.5.4 Determination of algal cell densities

Regular counts of the algal cells were taken in order 

to schedule innoculation of the culture tanks, to monitor 

the growth of the algal cultures and to determine tae 

quantity of algae to be fed to the experimental animals.



Since most of the nanoplankters measure less than 10 

microns a haemocytometer was used for counting the cells. 

One drop of a well stirred sample was taken with a 

sterilised pipette. A coverslip was placed on the 

haemocytometer and the pipette was brought to the edge of 

the haemocytometer to touch it. The sample runs inside the 

coverslip and thus a thin film of the culture is obtained 

and the cells are equally distributed. Since the 

haemocytometer has got nine chambers and four sides having 

sixteen divisions, it is restricted the counting for atleast 

four chambers. The average number of cells in 1 ml is 

calculated as

Average count per chamber x lO'̂  = Total Number of cells/ml 

3 . 6 Collection of Experimental Animals

The postlarvae of Penaeus monodon (PL 22) was 

procured from the MPEDA Hatchery Vallarpadam. For 

transportation to the lab the postlarvae were packed in 5 

litre capacity oxygen packed polythene bags containing 2 

litres of seawater. In the hatchery the animals were 

maintained at a salinity of 25 + 2 ppt and a temperature of 

28^C. In the laboratory the animals were transferred to a 

30 litre fibreglass tank containing seawater at a salinity 

of 27+ 2 ppt and temperature of 28°C for acclimatisation. 

The acclimatisation was done by floating the bags containing



the postlarvae in the tank and adding small volumes of water 

periodically until both temperature and salinity within the 

bag and outside became same. After acclimatisation the next 

day the animals were seggregated according to their size and 

were transferred to 2 litre plastic jars.

3 . 7 Experimental Set up

The experiment consisted of 12 treatments and was 

carried out in 2 litre plastic jars. Duplicates were 

maintained for each treatment. The stocking density was 15 

animals/jar. The animals were maintained in 27+ 2 ppt 

seawater and the seawater temperature was 28®C. The 

dissolved oxygen concentration of the seawater was 

maintained at 4.5±0*5 mg/litre with constant aeration 

provided through one air stone in each jar. (Plate - 1)

Prior to starting the feeding experiment the wet 

weight of 10 samples of animals; each sample containing 15 

animals were taken. After taking the wet weight they were 

kept in the oven for drying overnight. The dry weight was 

taken the next day.



The animals were given 12 different types of diets

Table - 3

Treatments
No.

Feeding regimes

Ti Compounded feed containing vitamins 
and minerals.

T2 Compounded feed without vitamins.

T3 Compounded feed without minerals.

T4 Compounded feed without vitamins and 
minerals.

T5 Only phytoplankton 
(Chaetoceros calcitrans)

Tg Only zooplankton (Artema nauplii)

T7 Phytoplankton and zooplankton

Ts Compounded feed containing vitamins and 
minerals + phytoplankton + zooplankton.

Tg Compounded feed without vitamins + 
phytoplankton.

TlO Compounded feed without minerals + 
phytoplankton

Til Compounded feed without vitamins + 
zooplankton.

■̂12 Compounded feed without minerals 
+ zooplankton.



The artificial diets were fed to the animals at the 

rate of 15% of the body weight. The algal feed was provided 

at a concentration of 25000 cells/animal/day. The artemia 

nauplii were added at a density of 8-12 nauplii/day/animal. 

All the feeds were provided once a day in the morning. Daily 

survival was noted and feeding was regulated based on it. 

50% water was exchanged daily. The feeding was conducted 

for a period of 21 days. After the experimental period of 

21 days the wet weight of animals in each treatment was 

noted. Their dry weights were also recorded after oven 

drying for 12 hours to a constant weight.

The data thus obtained were subjected to statistical 

analysis. The parameters studied during the experimental 

period were,

3.7.1 Survival percentage = Nq - X 100

No

Where,

NQ^Initial number of animals and N^=Final Number of animals.

3.7.2 Relative growth rate = Wj. - X 100 

Where,

W(- = Final wet weight/animal and w^ = Initial wet
weight/animal.



3.7.3 Specific growth rate (SGR) = [Iĵ  (Wj. - ] X 100

t

Where,

= Natural logarithm t = experimental duration

The afore mentioned parameters were choosen from Hopkins

(1992) .

3.8 One way analysis of variance was carried out for wet 

weight gain, dry weight gain, survival %, RGR and SGR. When 

treatment F is found significant the treatments were grouped 

into homogenous groups by applying SNK test (Snedcor and 

Cochran 1967) . The statistical analysis was done with the 

SPSS/PC program at the computer center of C.M.F.R.I.



PLATE - 1



4. RESULTS

The composition of the artificial diets are 

presented in Table-2. The live feeds selected were 

C haetoceros c a lc i t r a n s and Artemia n a u p l i i (Treatments T5 

and T6 respectively) .

The compounded feeds had a moisture content of 1.8% 

(Tl) , 2.6%(T2), 2.6%(T3) and 6.70(T4) respectively. The 

crude protein in the four diets were estimated to be 

between 45.5% and 47.25% i.e., The crude protein content of 

Tl, T2, T3 and T4 were 45.5%, 47.25%, 45.5% and 46.43% 

respectively. The crude fat in the experimental feeds were 

8 %, 10.5%, 10.5% and 9.02% and the crude fiber content was 

found to be 1.8%, 1.94%, 1.75% and 1.89%. The total ash 

content of the feeds were estimated to be 15, 13.8, 13.4 

and 21.41% respectively. The nitrogen free extract 

(soluble carbohydrates) was calculated by difference and 

was found to be 27.9% for Tl, 23.9% for T2, 26.25% for T3 

and 21.41% for T4. The proximate chemical composition of 

the four feeds are presented in Table-5.

The nutritive value of C haetoceros c a l c i t r a n s was 

estimated by Kaladharan et a l . , (1996). It had a protein 

content of 56.37± 5.7, lipid content of 16.7+3.3 and its 

soluble sugar content was 33.62+5.2 as percentage of dry



matter. The proximate chemical composition of artemia 

nauplii is reported to be 60.12% protein, 2 0 .2 0 % total 

lipids, 8.06% carbohydrates and 9.81% total ash. (Uday Ram 

Jothy, 1983) .

The feeding regimen chosen for conducting the 

experiment is presented in Table-3, Throughout the 

experimental period the dissolved oxygen content of the 

water was 4.5+0.5mg/liter. The salinity of the water was 

maintained at 27+2 ppt and the temperature of the water 

was 28°C.

After feeding and maintaining the animals for a 

period of 2 1 days the following parameters were determined

1. Wet weight/animal/treatment.

2. Dry weight/animal/treatment.

3 . Survival Percentage.

4 . Relative Growth Rate (RGR).

5 . Specify Growth Rate (RSGR).

The results obtained indicate that variations in 

final wet weight, final dry weight, relative growth rate and 

specific growth rate are not statistically significant (P > 

0.05), Tables 6 , 7, 8 , 10, and 1 1 . Survival percentage was 

found to be statistically significant (P < 0.05) Tables 6 

and 9. Those treatments with similar survival percentage



and differing significantly from other treatments were 

classified into three groups according to Student-Newman- 

Keuls procedure and means with significant differences were 

assigned different superscripts (Table 6 ) .

The average survival percentage was found to be 

fluctuating in different treatments. The average wet weight/ 

animal/treatments was also compared. It was observed that 

in the treatments provided with artificial diet {T1-T4) , the 

average survival percentage was found to be highest for T4 

(83.3%) and the lowest was observed for Tl and T3 (70%). 

The average survival percentage observed in T2 was 73.35%. 

Among the treatments provided with artificial diets (T1-T4) 

the final wet weight/animal/treatment was found, to be 

highest in T3 (03515g) and the lowest average weight was 

observed in T4 (0 .03075g). The average wet weight/ 

animal/treatment observed for Tl and T2 are 0.0349g and 

0.03175g respectively.

In the treatments provided with live diets 

(Phytoplankton and Zooplankton) Solely and in combination 

(T5, T6 and T7) the highest average survival percentage was 

observed in T7 (36.65%). 6.7% and 26.65% are the average 

survival percentages obtained for T5 and T6 . 0.0224g was 

the highest average wet weight/animal/treatment. This was 

observed in T7. Lowest weight gain was observed for T6



(0.0145g) . The weight gain observed for T5 was 0.0205g.

The survival percentage in treatments fed with live 

and artificial diets in combinations (T8-T12) were also 

observed. The highest survival percentage was observed for 

T12 (63.3%) and lowest was for Til (20%). 46.65%, 53.35% and 

56.65% were the survival percentages observed for T 8 , T9 and 

T10« Til showed a highest average wet weight of 0.0496g. 

The lowest average wet weight was observed for T9 0.263g. 

The average wet weight observed for T8 , TlO and T12 were 

0.0269, 0.0297 and 0.0275g respectively.

From the wet weight's observed the relative growth 

rate and specific growth rates were calculated (Table 6) .

In treatments provided with artificial diets (T1-T4) 

relative growth rate was found to be highest in T3 (266.1) 

and the lowest RGR was observed in T4 (220.3) . Relative 

growth rates observed in T1 and T2 are 263.5 and 230.72. 

The highest specific growth rate was observed in T3 (6.17) 

and the lowest was observed in T4 (5.54). 6.14 and 5.68 are 

the specific growth rates observed in T1 and T2 .

It was observed that in the treatments provided with 

live diets (solely and in combination) highest relative 

growth rate was observed in T7. The relative growth rates 

observed in T5 and T6 are 113.5 and 112.5 respectively. The 

highest specific growth rate observed was 3.89. This was



obi
served in T6 . The specific growth rates observed in T5

anc
i T7 were 3.6 and 3.54.

In the treatments provided with artificial and live

in different combinations the highest specific growth

rat •
;e was observed in Til and the lowest was observed in T8

6 6 ) .4.79, 5.17 and 4.95 were the specific growth rates

°^^erved in T9, TIO and T12 respectively. 416.65 was the

highest relative growth rate observed. This was observed in

Til. The lowest relative growth rate 165.65 was observed in

T9. 179.69, 209.4 and 185.95 were the relative growth rates

in TS, TlO and T12 .

The overall picture evident from table 6 and figures

1 and 2 are that in terms of nutritional performance Til

ĵ̂ ich is a feeding regimen consisting of an artificial feed

^j^yoid of vitamins along with a live zooplankton viz.

nauplii performed the best. The next best dietary

7imens were T3 which is an artificial diet with vitamins 
ref

i devoid of minerals followed by Tl which is an artificial
anc

2t fortifed with vitamins and minerals. 
di(
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Table - 4

Proximate Chemical Cotr^osition of feed ingredients 
(% on dry matter basis)

Ingredi
ents

Mois
ture

0

Dry
matter

Crude
prot
ein

Ether
extra
ct

Nitro
gen
free
extr
act

crude
fiber

Ash

Fishmeal 5.40 94 .60 61.25 3.20 2.95 2 . 0 0 25.20

Shrimp
Meal

13.40 86.60 64.75 4.00 1.30 2 .95 16.20

Clam Meal 5,40 94.60 57.75 1 0 . 8 17.15 3.7 5.20

Gnocmeal 4.00 96 .00 47.25 10.50 30.92 .83 6.60

Tapioca
flour

8 . 2 0 91.80 1.75 3 .20 84.26 .84 2 . 0 0

Table - 5

Proximate Chemical Composition of Experimental Feeds 
{% on dry matter basis)

Proximate
composition

Feed - 1 Feed - 2 Feed - 3 Feed - 4

Moisture 1 . 8 2 . 6 2 . 6 6.70

Dry Matter 98.2 97.4 97.4 92 .82

Crude Protein 45.5 47.25 45.5 46.43

Ether Extract 8 10.5 10.5 9 .02

Crude Fiber 1 . 8 1.94 1.75 1.89

Nitrogen free 
extract*

27.9 23.9 26.25 14 .07

Ash 15 13.8 13.4 21.41

Calculated 
Gross Energy 
(Kcal/lOOg)** 437.44 453.42 453.43 425 .33

k- NFS = 100 - Moisture + CP + EE + C:F + Ash
** Calculated assuming that 4.1, 5.5 and 9.1 Kcal/g for 

Carbohydrate, Protein and fat respectively. (a OCP
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Table - 7

One Way Analysis of Variance 
(Wet Weight Gain)

Source D.F Sum of 
Squares

Mean
Squares

F
Ratio

F
Prob

Between Groups 11 .0017 . 0 0 0 2 .5545 .8310

Within Groups 12 .0033 .0003 .5545 .8310

Total 23 .0050

Table - 8

One Way Analysis of Variance 
(Dry Weight Gain)

Source D.F Sum of 
Squares

Mean
Squares

F
Ratio

F
Prob

Between Groups 11 . 0 0 0 1 . 0 0 0 0 .6263 .7766

Within Groups 12 . 0 0 0 2 . 0 0 0 0 .5545 .8310

Total 23 .0003



One Way Analysis of Variance 
(Survival Percentage)

Source D.F Sum of 
Squares

Mean
Squares

F
Ratio

F
Prob

Between Groups 1 1 12384.7500 1125.8864 .5331 .0037

Within Groups 12 2533.3500 211.1125

Total 23 14918.1000

Homogenous Subsets (Subsets of groups, while highest 
and lowest means do not differ by more than shortest 

significant range for a siibset of that size) .

SUBSET 1

Group
Mean
Group
Mean

SUBSET 2

Group
Mean
Group
Mean

SUBSET 2

Group
Mean
Group
Mean

Grp 5 
6,7000 
Grp 9 
53,3500

Grp 11 
2 0 , 0 0 0 0  
Grp 10 
56,6500

Grp 6 
26,6500

Girp 7 
36,6500

Grp 8 
46,6500

Grp 11 
2 0 , 0 0 0  
Grp 10 
56,6500

Grp 6 
26,6500 
Grp 12 
63,3000

Grp 7 
36,6500 
Grp 1 
70,0000

Grp 8 
46,6500 
Grp 3 
70,0000

Grp 9
53.3500 
Grp 2
73.3500

Grp 7 
36,6500 
Grp 1 
70,0000

Grp 8 
46,6500 
Grp 3 
70,0000

Grp 9
53.3500 
Grp 2
73.3500

Grp 10 
56,6500 
Grp 4 
83,3000

Grp 12 
63,3000



Table -■ 10

One Way Analysis of Variance 
(Relative growth rate)

Source D.F Sum of 
Squares

Mean
Squares

F
Ratio

F,
Ratio

Between Groups IX 184937.4423 16812.4948 .5585 .8280

Within Groups 12 361212,9124 30101.0760 .5545 .8310

Total 23 546150.3548

Table - :LI

One Way Analysis of Variance 
{Specific growth rate)

Source D.F Sum of 
Squares

Mean
Squares

F
Ratio

F
Prob

Between Groups 11 37.7475 3.4316 .5986 .7980

Within Groups 12 68.7945 5.7329

Total 23 106.5420
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5. DISCUSSION

In this section the results of the present 

investigation are discussed in the light of available 

reports.

Particulate compounded feed consisted of locally 

available ingredients like shrimp meal, fish meal (serving 

as animal protein sources as well as attractants) , solvent 

extracted ground nut oil cake (a vegetable protein source) , 

tapioca flour {an energy source and a binder) and vitamin 

and mineral supplements.

This formulation is different from the particulate 

feed reported by Silas e t  a l . , (1985) in which mantis shrimp 

(Oratosguilla nepa) powder formed an ingredient. Moreover, 

the aforesaid authors reported only 36.8% protein, 10.1% 

lipids, 29.8% carbohydrates and 18.9% ash on an as fed 

basis.

Feeds formulated and used in this study 

contained 47% protein on an average, and a gross energy 

content of 425 Kcal/lOOg to 453 Kcal/lOOg. These high 

levels of protein and energy were chosen because, using 

similar feed ingredients it was observed by Vijayagopal 

(unpublished) that the dietary requirement of protein under 

controlled conditions of culture of the early juveniles 

(0.38 - 0.48g) of P enaeus in d ic u s was 47%.



Cholesterol and lecithin were also incorporated in 

these feeds according to the findings of Teshima and 

Kanazawa (1971) and Peidad - Pascual (1986) indicating the 

dietary essentiality of cholesterol and phospholipids in 

penaeid nutrition.

Variability in the artificial diets prepared were 

brought about by deleting supplementary vitamin and mineral 

premixes. This was because there exists a lack of sound 

knowledge regarding their requirements for shrimps Trino and 

Sarroza (1995) . Eventhough, establishing their requirements 

does not form a part of the present investigation this study 

aims at finding out whether costly micronutrient 

supplementation is required during postlarval and nursery 

phases of rearing of Peneaus monodon. Moreover, this study 

was also expected to indicate whether the presence of live 

feeds, both phytoplankton and zooplankton could make up the 

micronutrient deficiencies in the culture environment. One 

report on this aspect in Penaeus monodon is by Trino and 

Sarroza (1995) who opined that growth, survival, apparent 

food conversion ratio (AFCR), net production and net cost 

of production were not significantly different between the 

two diets i.e., a diet lacking in vitamin and mineral 

supplements and a diet incorporating vitamins and minerals, 

in a modified extensive culture system. However, the cost 

of production of a diet lacking vitamins and minerals was 

favourably lower. It is important to note in this context



that Pascual and Catacutan, (1990) and Trino et a l . ,

(1992) reported that vitamin and mineral supplements can 

account for 20 to 23% of the total cost of the feed.

It is with this over view the dietary treatments 

were designed, wherein, treatments contained only

compounded feeds and treatments - T j contained

phytoplankton (Chaetoceros) and zooplankton {Artemia 

n a u p l i i ) solely and in combination. Treatments * 8̂ ■ '^12 

were the different permuntations and combinations of 

compounded feeds and live feeds.

5.1 Growth under different dietary conditions

Growth in terms of wet weight gain and dry weight 

gain were not significant statistically (P> 0.05) . However, 

the trends visible in figure 1 are self-explanatory. The 

weight gain in the treatments with artificial feed with 

vitamins, minerals and without vitamins and minerals do 

not vary significantly. These results are similar to that 

of Trino (1995); eventhough, rearing of P. monodon was under 

controlled conditions in the present study. Whereas, Trino 

(1995) reported from experiments on-farm with a duration of 

120 days. This lack of any statistical variability reflects 

the sufficiency of vitamins present in the feed stuffs 

themselves for smaller sizes of Penaeus monodon. Trino and 

Sarroza (1995) has also opined that natural food organisms



could have also contributed to the growth as well as 

micronutrient supplementation. In the present

investigation, this possibility is checked with the use of 

filtered sea water. Thus, vitamin and mineral

supplementation in the feeds meant for rearing of shrimps in 

postlarval and nursery phases under different systems of 

culture requires revalidation before advocating abstinence 

from vitamin and mineral premix incorporation in artificial 

diets.

Haiqui et al., (1992) while evaluating the dietary 

essentiality of fat soluble vitamins in the Penaeus V^annamei 

had reported that growth of shrimps was not affected by a 

vitamin K3 (Menadione) deficient diet. However, they had 

reported that vitamins A, D and E are essential nutrients in 

shrimp diets. Such reports are relevant here because, 

vitamin requirements for shrimps being fully unknown 

supplementation based on intution appears wasteful.

In the treatments where phytoplankton and 

zooplankton were fed the lowest growth was recorded in the 

zooplankton treatment, followed by a better growth with 

phytoplankton alone. When phytoplankton and zooplankton 

were fed in combination there was still better growth and 

when artificial feed was also included in the dietary 

regimen best growth was recorded. This phenomenon can be 

explained in the light of the fact that, highly unsaturated



fatty acids (HUFA's) have been demonstrated to be essential 

compounds required for an array of functions like membrane 

formation, osmoregulation and synthesis of prostaglandins 

etc., in most of the marine crustaceans. HUFA's also appear 

to have an activating role in the immune systems of 

invertebrates. Among the microalgae used as live food 

C h a c to c e ro s spp. in general is reported to contain the 

highest concentration of 20:5 W3 fatty acid viz., 

eicosapentaenoic acid (Leger and Sorgeloos, 1992) . This 

could have been the reason for a comparatively better growth 

of shrimps receiving a diet of phytoplankton compared to 

zooplankton. Moreover, artemia nauplii used in the present 

investigation could have had an incompatible fatty acid 

profile in terms of HUFA. Further more, it is reported by 

Leger and Sorgeloos (1992) that dietary protein requirements 

are met by most live feeds used for Penaeus spp. But, in 

terms of amino acid composition major deficiencies have not 

been reported to retard growth. However, low sulphur amino 

acid levels do exist in all zooplankton prey species 

including artemia and rotifers. Such nutrient imbalances 

could be attributed to the results obtained in the present 

investigation, where, phytoplankton treatment was better 

compared to zooplankton and when artificial feed 

supplementation was done best growth resulted due to the 

complementary effect of an artificial feed in terms of 

amino acids.



In the treatments where the compounded feeds were 

fed in combination with phytoplankton and zooplankton no 

specific trends were observed. An artificial feed devoid of 

vitamin supplements and combined with artemia indicated 

highest growth. This was followed by the treatment with 

artificial feed without minerals plus phytoplankton. 

Presence of phytoplankton and zooplankton along with 

compounded feeds does not seem to favour growth of shrimps 

to a statistically significant level in general. However, 

artemia supplementation to an artificial feed did have its 

own beneficial effect. This was reflected in terms of 

highest overall growth recorded in that treatment .

These results are similar to that of Stahl (1979) who from 

his work on Macrobra.ch.ium r o s e n b e r g e i i opined that an 

applied feed to supplement the natural foods produced 

significant growth than that obtained by natural foods 

alone, although this increase was not dramatic.

5.2 Survival under different dietary conditions

Survival cannot be directly correlated to the 

feeding regimen, it indirectly indicates the fact that 

improper and imbalanced nutrition leads to autolysis of 

cells, eventually leading to death. Moreover, in studies 

with organisms in the larval, postlarval and nursery phases 

survival percentage is chosen as a key index of its 

nutritional status.



In the present investigation, survival percentage 

is the only parameter which showed statistically significant 

(P< 0.05) variations which confirms the aforementioned fact. 

Highest survival of 83.3% was obtained in the treatment 

receiving a compounded feed devoid of vitamins and mineral 

supplements and the lowest survival was recorded in the 

treatment receiving only phytoplankton. Eventhough the 

result of the present study is similar to the report of Trino 

and Sarroza (1995) where higher survival was observed by 

feeding a compounded diet devoid of vitamin and mineral 

premixes, definite conclusions could not be drawn based on 

survival percentage with reference to the performance of a 

dietary regimen in this study.

However, certain trends observed in figure 2 where 

survival percentage is juxtaposed with the relative growth 

rate are that a well prepared compounded feed can result in 

consistent survival percentages and relative growth rates, 

when fed in appropriate quantities, which was 15% of the 

body weight in this study. Inconsistencies do occur when 

the feeding regimen has live feeds where the rate of 

feeding can be low or surplus. In either case the cultured 

organism reveals it and calls for accurate counts and 

culturing skills.

It is also interesting to note that the compounded 

feed without vitamin and mineral supplements performed



equally well as of that of a feed with both vitamins and 

minerals incorporated (T^ and T2 ) in terms of survival 

percentage in this study. Moreover, a feed without vitamins 

and with minerals showed a slightly higher survival 

percentage eventhough not statistically significant (P < 

0.05). These results do not corroborate with the findings 

of Catacutan and de la Cruz (1989) and Sedgwick (1984), 

where the former reported that exclusion of water soluble 

vitamins resulted in poor growth of Penaeus monodon and the 

latter reported high mortality in Penaeus rn e rg u ien s is . When 

fed a diet of freeze dried M y ti lu s  e d u l is meal. This may 

be because these two studies were made with semi-purified 

diets where the vitamin and mineral complements derivable 

from the feed as such is less. The animals may be solely 

dependent upon the supplementary vitamins and minerals 

provided.

The results of this short experiment also shows 

that a diet of phytoplankton alone (T̂ ) or zooplankton alone 

(Tg) is insufficient- Exogenous nutrition through natural 

feed ingredients improves survival dramatically. However, 

higher concentrations of live feed organisms with varying 

stocking densities needs long terms experimentation in the 

light of the fact that Anderson et a l ., (1987) with pond 

reared Penaeus Vannamei stocked at 20 m"^ showed that the 

natural food organisms accounted for 53 to 77% of the growth 

of the cultured shrimp.



5.3 Relative growth rate (RGR) and specific growth rate (SGR)

Relative growth rate indicates the percentage 

growth in body weight over the initial body weight of 

shrimps within the experimental duration, which in this 

study was 2 1 days. The trends observed in figure 2 and table

6 are that artificial feeds with and without vitamin 

supplements recorded a uniform growth rate of > 2 0 0 % whereas 

a combination, the compounded diet without minerals and in 

comibination with artemia recorded a relative growth rate of 

> 400% . These results eventhough not significant 

statistically (P > 0.05) reveals the propensity of artemia 

nauplii in growth enhancement.

Specific growth rate which indicates percentage 

weight gain per day also follows the pattern of relative 

growth rate. However transformation of the actual weights 

into natural logarithms lends clarity to the data presented. 

Compounded feed treatments (T^-T^) were at par with that of 

combined feeding regimen (Tq-T^2  ̂• Live feeds as sole 

sources of feed (T^-T^) under controlled conditions of 

experimentation in this study performed the least in terms 

of daily body weight gain. However, these results were not 

significant statistically (P > 0.05) . Thus, this short

term investigation, in general# shows that vitamin and 

mineral supplementation in compounded feeds for early stages 

of growth (PL 22 - 43) in Penaeus monodon based on intution



can be avoided. Provided, the compounded feed contains 

protein and energy above 45% and 4.5 Kcal/g respectively 

derived from good quality feed ingredients like fish meal, 

shrimp meal and deoiled ground nut oil cake. These natural 

feed ingredients could have had sufficient quantities of 

vitamins and minerals required for the optimum growth of 

shrimps in their early phases of growth. Among the live 

feeds artemia nauplii establishes itself to be an apt 

zooplankton for the postlarval and nursery phases of shrimp 

rearing and phytoplankton alone as feed appears insufficient 

to shrimps. Survival percentage reflects the nutritional 

status with statistical significance in this short 

investigation also. Moreover, knowledge of HUFA and amino 

acid requirements appears imperative, but remains to be an 

unexplored area in shrimp nutrition.



This study entitled "Growth and survival of the 

post larvae of Penaeus monodon under different dietary 

conditions" was carried out at CMFRI, Cochin during June to 

July 1997.

Hatchery bred postlarval shrimps of Penaeus 

monodon (PL-22) were procured and stocked in 2 liters of 

filtered seawater o f  25 ppt salinity at the rate of 15 

animals per treatment. The animals were given 12 different 

types of diets (artificial diets and live diets solely and 

in combination (Table 3) . The feeding was conducted for a 

period of 21 days. After a period of 21 days the wet weight 

and dry weight of the animals were recorded. The parameters 

studied during the experimental period were 1) Survival 

percentage 2) Relative growth rate 3) Specific growth rate.

One way analysis of variance was carried out for 

wet weight gain, dry weight gain, survival percentage, RGR 

and SGR. The results obtained indicate that final wet 

weight, final dry weight, relative growth rate and specific 

growth rate are not statistically significant (Tables 6 , 

7,8,10 and 11). Where as, the survival percentage was found 

to be statistically significant (P < 0.05) (Table 6 and 9).



The salient findings of this study are

6.1 A well prepared compounded diet of the requiste 

particle size ( 2 0 0  microns) without vitamin and mineral 

supplements performed equally well in terms of growth 

and survival, when compared to the same compounded feed 

including supplementary vitamins and minerals.

6.2 Phytoplankton (Chaetoceros calcitrans) was found to be 

inadequate as a sole source of feed for the postlarvae 

of {PL 22-43) P enaeus monodon at a concentration of 

25000 cells/animal/day. However feeding of 

phytoplankton at higher concentrations at different 

stocking densities requires long term investigation.

6.3 Phytoplankton as sole source of feed performed 

comparatively better than zooplankton {Artemla nauplli ■ ) 

as a sole source of feed in this study.

6.4 Neither phytoplankton nor zooplankton supplementation 

with compounded feeds devoid of either supplementary 

vitamins or minerals indicated any significant growth

promotion.

6.5 However Artcwia nauplli supplementation (T^) resulted 

in a dramatic growth increment confirming the 

propensity of this live feed in the postlarval rearing

of penaeids.



6 . 6  This short-term experiment confirms the validity of 

survival percentage as an index in postlarval rearing 

of shrimps with different diets, both natural as well 

as artificial.

6.7 From this study it appears that micronutrient 

deficiencies are not a cause of concern in designing 

the dietary regimen for post larval/nursery shrimp 

rearing. Hence, HUFA requirements and amino acid 

requirements can also be the areas requiring indepth 

investigations to enhance growth and survival during 

postlarval and nursery phases of shrimps.
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