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1.1 PREFACE 

To the taxonomist prawns belong to the swimming or 

natantian decapod Crustacea. Evolutionally Penaeidea is 

considered to represent the most primitive among the decapod 

crustaceans (Walterman and Chace, 1960). Also, they are the 
only decapod crustaceans to retain a free swimming nauplius 

stage (Omori, 1974). 

Prawns readily fall into the luxury food category because 

of an ever increaasing demand on international and domestic 

markets alike. This great demand has substantially increased 

the fishing efforts for prawns all over the world. The 

recent fishery statistics show that the world crustacean 

production has nearly touched the one million metric ton 

mark. The South China sea, Indonesia, the Arabian Sea and 

the Gulf of Mexico are the major penaeid prawn fishing areas 

of the world. Figure 1 shows the variations in catches of 

penaeid prawns from India during 1971 to 1991. It is 

apparent that there is a natural limit to which one can 

increase the fishing efforts with profitable returns 

(Anonymous, 1969; 1986). This coupled with the ever 

increasing demand has forced people to look for prawn culture 

as an alternative source (LawrenCe et al., 1981). 

Substantial funds have been allocated for research, 

development and perfection of prawn culture techniques 

throughout the world, both in private and public sectors. 
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FIG. I. PENAEID PRAWN PRODUCTION IN INDIA DURING 1971-1991 ( FAO, 1991). 
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Presently, more than 40 countries are involved in prawn 

culture in over one million ha of land. The world 

production of prawns from aquaculture was to the tune of 

663,000 in 1990 tonnes (Laubier and Laubier, 1993) which was 

worth over US $ 6000 million in market value. Over 85% of 

the farmed prawns have come from the Asia region. China, 

Indonesia, Thailand, Taiwan, Philippines, India and Ecuador 

are the top 7 producers of prawns through culture. The 

important species currently cultivated are Penaeus monodon  

(33%), P. chinensis (22%), P. vannamei (18%), P. penicillatus  

(8%), P. japonicus  (3%) and P. stylirostris (2%) (see Table 

I). In addition, many other species like P. indicus, P. 

merguiensis, P. occidentalis, P. aztecus, P. setiferus, P. 

duororum, Metapenaeus dobsoni, M. affinis and M. monoceros  

have been cultured in different geographical regions. It can 

be seen from Table II that Asia region contributes maximum to 

the penaeid .prawn production through aquaculture and 3 

countries viz. China, Indonesia and Thailand account for more 

than 70% of world production (Laubier and Laubier, 1993). 

Prawns form an important component of .the marine 

fisheries of India. Since early 1960s the Indian prawns have 

found a place in the export market and is currently fetching 

foreign exchange worth more than Rs 1000/-crores annually. 
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Table I. Contribution of important species to world 

penaeid aquaculture production in 1991 

(source: World Shrimp Farming, 1991) 

Penaeus monodon 	43% 	Asia (incuding China) 

Penaeus chinensis 	18% 	China 

Penaeus vannamei 	17% 	Ecuador 

• 	 3 



Table 	II. Penaeid 	aquaculture production 	in 

1991 (Source: World Shrimp Farming, 

Asia 	in 

1991) 

Country 	% world 
production 

Production 	Area 
(tonnes) 	(ha) 

Return 
(Kg/ha) 

China 26.1 145,000 140,000 1036 

Indonesia 25.2 140,000 200,000 700 

Thailand 19.7 110,000 80,000 1375 

India 6.3 35,000 65,000 538 

Philippines 5.4 30,000 50,000 600 

Vietnam 5.4 30,000 160,000 188 

Taiwan 5.4 30,000 8,000 3750 

Bangladesh 4.5 25,000 100,000 250 

Others 2.0 11,500 16,500 500 



However, by mid 1980s the capture fishery of the marine 

prawns has more or less reached its peak and is occasionally 

showing a downward trend. To increase the production many 

attempts have been made to grow them in extensive and semi-

intensive culture systems. The opportunities for prawn 

farming in India are abundant. India has an estimated 1.2 

million ha. of cultivable brackishwater areas in the coastal 

region. Out of this, only 65,000 ha lying in the coastal 

belt of Kerala, Karnataka and West Bengal are presently being 

used for prawn and fish farming (Unnithan, 1985; MPEDA, 

1992; Sakthivel, 1993). Thus, it is very clear that most of 

the areas are either underutilised or unutilised. For 

example, in Kerala out of the suitable 60,000 ha 

brackishwater area only 13,000 ha of low lying fields are 

utilized for prawn culture (Unnithan, 1985; MPEDA, 1992). 

The present status of prawn farming in India is given in 

Table III as adapted from MPEDA (1992). 

1.1 Traditional prawn culture 

Natural seeds of commercially important prawns are also 

abundant at select waters along the coast during certain 

periods. An age old and traditional prawn farming system is 

prevalent mostly in the states of Kerala and West Bengal. 
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Table III. Present status of prawn farming in India 

State Estimated 
area 	(ha) 

Area under 
culture (ha) 

Estimated 
production (t) 

West Bengal 4,05,000 33,815 12,500 

Orissa 31,600 7,075 4,500 

Andra Pradesh 1,50,000 6,000 7,350 

Tamil Nadu 56,000 250 450 

Pondicherry 800 10 5 

Kerala 65,000 13,000 8,925 

Karnataka 8,000 2,500 1,000 

Goa 18,500 525 245 

Maharashtra 80,000 1,800 800 

Gujarat 3,76,000 125 125 

Total 11,90,900 65,100 35,500 
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The system in Kerala, better known as the prawn filtration 

system ('Chemmeen kettu' in local language), has been well 

discribed (George, 1983; Unnithan, 1985). For various 

reasons the yield of prawns from Pokkali fields is very low 

and range from 200 to 600 Kg/ ha/season (six months). The 

species caught in this traditional farming are Penaeus  

indicus, P. monodon, Metapenaeus dobsoni, M. monoceros and M. 

affinis. A similar system exists along the "Basha Badha" 

fields of West Bengal (Gopalan and Rao, 1981). Culture 

operations at Kakdwip (West Bengal) using P. monodon have 

resulted in a harvest of 1000 to 1200 Kg/ha/yr by 

incorporating scientific methods (Verghese et al., 1975). 

However, both the systems have inherent draw backs. They are 

entirely dependant on the vagaries of nature including seed 

availability. As the stocking is done by letting in water 

from the wild, other organisms entering along with the seed 

cause serious problems of predation. The uncertainities of 

seed availability, inability of species selection, problems 

of predation, etc. could only be solved by selective stocking 

of seed from the hatcheries. Towards this end, induced 

maturation and spawning in the penaeid prawn is a promising 

alternative. At present the traditional system of prawn 

farming covers an area of about 50,000 ha (MPEDA, 1992). 

In Goa though 18,500 ha of khazan lands are available 

only about 500 ha is presently under prawn culture by 

traditional methods (MPEDA, 1993). 
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Scientific shrimp culture 

Following many Asian countries like China, . Taiwan, 

Philippines, Indonesia and Thailand, India also has caught up 

with the developments in prawn culture technology. Many 

large industrial groups have entered into this venture in a 

big way. The significant boost the prawn culture industry 

in India received was the sustained efforts made by the 

Marine Products Export Development Authority (MPEDA), Cochin 

by providing financial assistance and technical know-how and 

also undertaking tremendous amount of extension work. 

Because of these efforts prawn culture has become a house 

hold word throughout the coastal belt of India. 

With the improvements in prawn culture technology 

thousands of hectares have come under farming along 	the 

Orissa, Andra pradesh and Tamil Nadu coasts. 	In addition, 

states like West Bengal, Kerala, Karnataka, Goa 	and 

Maharashtra are also making good head way in this field. 

Progressive farmers in this region have attained production 

levels of 1500-2000 kg/ha/crop (4-5 months). There are 

reports that the production levels have gone more than 10,000 

Kg/ha/crop along the Tuticorin coast (MPEDA, 1992) and a 

particular farm along this coast has produced around 20,000 

Kg/ha (Sakthivel, 1993). During 1990-92 total annual 

production of prawns through culture is around 35,000 tons 

(MPEDA, 1992). Recently the total area under prawn culture 

has increased to 70,000 ha producing about 47,000 t annually 
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(Anon, 1993). Alongwith improvements made in grow-out ponds, 

a number of hatcheries have come up along both the coasts of 

India. The MPEDA hatcheries like TASPARC at Visakhapatnam, 

OSPARC at Gopalpur, private hatcheries at Honavar, Cochin, 

Madras, Tuticorin and state government hatcheries at Kannur, 

Azhikode, Neelankarai, Badipakharan and Benaulim produce seed 

in large quantities. The total quantity of seed produced 

from these hatcheries is around 200 million, at present 

production levels. As production is not sufficient to meet 

the existing demand more hatcheries are being planned 

(Sakthivel, 1993). Govt. of Maharashtra has proposed 3 

hatcheries and MPEDA has selected about 20 private parties to 

set up hatcheries with a capacity of 30 million seeds per 

annum (MPEDA, 1992). However, there are still problems to 

be sorted. Non-availability of breeders is often creating 

bottle necks for smooth running of hatcheries. Induced 

maturation and reproduction in captivity is a promising 

alternative to circumvent this problem. Any attempt in this 

direction needs to be encouraged as this would considerably 

boost shrimp culture activities in India. 

1.3 Selection of species for the study 

Of about 55 species of penaeid prawns occurring in the 

commercial landings along the Indian coast, nearly 15 species 

are suitable for aquaculture (Gopalan and Rao, 1981). Among 

them' Penaeus monodon,  P. indicus 	and 	P. merguiensis  have 

gained preference over others because of the larger size 
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attained within a relatively short period of time and also 

because of the fairly good survival rates in grow-out ponds. 

Along the coasts of Maharashtra and Goa, Penaeus merguiensis  

is more abundant than P. indicus  in commercial catches. Both 

these species grow almost to same marketable sizes within a 

reasonable time and both are hardy species. Because of the 

above two reasons P. merguiensis  is cultured in the 

traditional and more scientific prawn culture practices in 

Goa. 

Among the marine prawns in this region the tiger prawn 

P. monodon  grows to the largest size and is in great demand 

as a candidate for culture. This forms an important species 

in aquaculture along the coasts of West Bengal, Orissa and 

Andra Pradesh. From the natural seed collection centres 

along West Bengal coast and from the hatcheries currently 

under production seed of this species are being supplied to 

selected prawn farms along west coast. 

For the above reasons P. merguiensis  and P. monodon  are 

going to be two of the most important species along the 

Karnataka, Goa and Maharashtra coasts for-large scale prawn 

culture. As information generated on the reproductivp cycle 

and performance of these species in maturation 

facilities/hatcheries are of vital significance for prawn 

culture, P. merguiensis  and P. monodon  were selected for the 

present study. 
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Fig. 2 The life cycle of a penaeid prawn. 1 Adult female 

spawning. 2. Egg. 3. Larva (nauplius ) 4. Larva 

(protozoea). 5 Larva ( mysls ) 6. Post-larva. 

7 Juvenile. 



1.4 Brief Biology of species studied 

Majority of penaeid prawns are marine in habitat, 

although a few species (eg., Metapenaeus bennettae)  are 

believed to be able to complete their entire life cycle in 

brackishwater. A detailed account of the biology in relation 

to culture of prawns has been reviewed by Wickins (1976). A 

schematic diagram of the typical life cycle of marine prawn 

is presented in Figure 2. 

The banana prawn, P. merguiensis de Man, is one of the 

commercially important species along the central west coast 

of India. Munro (1975) has described the biology of this 

species from the Gulf of Carpentaria, Australia. Among the 

17 species of penaeid prawns recorded from the Goa coast 

(George, 	1980) only 4 are caught on commercial scale 

(Achuthankutty and Parulekar, 1986 a,b). 	Of these P. 

merguiensis  is the third abundant species next 	to 
Metapenaeus dobsoni  Miers and •Parapenaeopsis stylifera  H. 
Milne- Edwards and its larval ecology, growth dynamics and 

biology have been studied by Achuthankutty (1988). Like most 

of the penaeid prawns this species also attains maturity and 

spawns in the sea. In Goa waters, the males of this species 

attain a maximum length of 162 mm in 22 months while the 

females reach 194 mm in 28 months (Achuthankutty, 1988). 

The smallest size at which P. merguiensis  was observed 

to attain sexual maturity in Goa waters was 110 mm 

(Achuthankutty, 1988). Thus, the species attains sexual 



maturity within its first year of life. 	The maximum 

population of breeders was found during the premonsoon season 
(February to May). Larval development of this species was 

studied by Raje and Ranade (1972) and Motoh and Buri (1979). 

The larvae of this species enter the estuaries for initial 

growth and development. Ninenty six percent of the 

postlarvae remain in the lower reaches of the estuaries of 

Goa and their maximum incidence is restricted to the months 

of January to April and November (Achuthankutty, 1988). It 

also has a mangrove phase in its life cycle (Staples, 1980 

a,b). Along Goa the smaller sized individuals (10 - 40 mm) 

are more prevalent in the mangrove areas from October to May 
(Achuthankutty and Parulekar, 1986 b). The food of P. 

merquiensis  is composed of detritus and decomposed food 

(40%). Remains of vegetables origin form the second largest 

component in the gut contents. Thus the species can be 

considered as an omnivore (Munro, 1975). 

The Indian tiger prawn Penaeus monodon  is widely 

distributed throughout the greater part of the Indo-Pacific 

region. It is recorded from seas, estuaries and backwaters 

(Anon., 1969). It is distributed along the east and west 

coasts of India 

fishery by itself along the Goa coast, 

collected in fairly large numbers and 

because of the large size it attains. 

not form a major 

it is occasionally 

is of significance 

The largest size 

Although this species does 

recorded is 337 mm (Anon., 1969). 	Like many other penaeid 
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species P. monodon  also matures and spawns in the sea. 

Specimens over 300 mm in size are caught in trawl catches 

from relatively deeper waters (Mohamed, 1969). Complete 

larval stages of this species have been described by Motoh 

(1979). Along the east coast of India, it is caught year 

round, but the peak fishing season extends from November to 

January. Along Bombay and Goa coasts P. monodon  occurs in 

relatively large numbers from August to October. 

1.5 Study plan 

Although the biology and ecology of commercially 

important Indian penaeid prawns are well studied, (for a 

general reading: Mohamed, 1967; 1969; 1970 a,b; 1973; Kurian 

and Sebastian, 1976; George, 1980; Achuthankutty, 1983), our 

knowledge on physiology and reproduction is inadequate. A 

complete understanding of the processes involved in 

reproduction in Indian prawns is a prerequisite for 

successful development and operation of hatchery. The 

present work was initiated in this direction and information 

generated in ,subsequent chapters would help to understand the 

processes involved in the maturation and reproduction of 

marine prawns. Several attempts have been made to control 

the processes involved in maturation and reproduction in 

penaeid prawns and all these have gained attention with 

Hudinaga's (1942) historic success with P. laponicus.  Much 

time elapsed before further success and standardisation of 

technology., From 1975 onwards reports of successful spawning 
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of a few species of penaeid prawns started coming out. 

However, reports on induced maturation and spawning of Indian 

prawns are scanty and these aspects form a major part of this 

study. 

The male .  and female reproductive organs undergo drastic 

changes in appearence and content during maturation (Crocos, 

1987). This is more pronounced in females because the•male 

reproductive system is more or less stable after attaining 

maturity. On the other hand, in females the ovary enlarges in 

size, changes colouration, in a matter of few days as the 

female passes through different maturity stages. The entire 

body physiology undergoes drastic changes and this requires 

enormous energy. The body biochemistry also undergoes 

changes to facilitate this very important biological 

function. An understanding of these changes are of paramount 

importance in hatchery operations as such changes would need 

specific nutritional requirements to achieve the best 

reproductive performances. It is for this reason that 

changes taking place in the ovary of Penaeus merguiensis  and 

P. monodon  during various reproductive stages were studied. 

The quest to control reproduction in prawns and make 

them spawn at our will have taken this branch of science to 

areas like artificial insemination and in vitro 

fertilization. In addition, fortuitous observations on 

courtship and mating in penaeid prawns have also been made. 

Observations on the above two aspects are also dealt with in 

subsequent chapters. 
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1.6 Objectives of the present study 

Recent studies have emphasized the importance of 
understanding the processes involved in the maturation and 

reproduction in penaeid prawns. 	As mentioned above such 

information•is lacking from Indian species. 	Hence, the 

objectives have been set to study the following aspects in P. 

Monodon  and P. merguiensis:  

1. The organs dirtectly responsible for reproduction; 

2. The physical changes undergoing in the ovary during 
maturation; 

3. The relationship between total gonad weight and body 

wnight; 

4. The ovarian indices; 

5. Biochemical changes undergoing in the ovary during 

matuaration cycle; 

6. The 	maturation 	and spawning processes; 

7. The courtship and mating behaviour and 

8. In vitro 	fertilization. 

The methods employed to fulfill the above mentioned 

objectives have been mentioned at the beginning of each 

Chapter. The results are summarised and discussed in the 

context of available information. 
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2 . REPRODUCTIVE ORGANS 



2.1 pittoduo'41011 

On the basis of thelycum structure and mating patterns 
ponaeids have been divided into two groups (Perez-Farfante, 

1969): those with a closed thelycum in which mating follows 

moulting as in P. merquiensis  and P. monodon  and those with 

open thelycum wherein mating of a hard shelled female 

immmediately precedes spawning, as in P. stylirostris  

Stimpson and P. vannamei  Boone (Tuma, 1967; Aquacop, 

1977a). Fully matured and ripe females of the first group 

will spawn whether they have mated or not. In P. merguiensis 

a female is followed by a male or males only after she has 

moulted. Females of second category were observed to mate 

when not newly moulted (Aquacop, 1977a). 

Penaeid prawns show dimorphism in sexual characters 

(Burkenroad, 1947). Sex can be distinguished externally in P. 

monodon  when the female attains 11 mm carapace length (Motoh 

and Buri, 1979). The thelycal plates appear in P. 

merquiensis  when the carapace length is about 10 mm (Tuma, 

1967). As the present study is mainly on reproduction in 

penaeid prawns it was decided to study the reproductive 

organs of P. monodon  and P. merquiensis  to get a general idea 

on its lay-out and functioning. 

2.1 Materials and methods 

220 shrimps belonging to both sexes of both the species 

studied were selected to understand into the external and 
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Fig. 1 a. Mate reproductive system in P. monodon 



internal reprbductive organs. The information generated out 

of these observations are given below. All specimens were in 

fresh condition obtained from fishing trawlers. 

2.3 Results and discussion 

The male reproductive system in P. monodon  consists of 

paired testes, vas deferens and seminal vesicles (a schematic 

diagram is given in Figure la) in addition to the external 

genital organs, the petasma and the appendix masculina. The 

testes are unpigmented, translucent organs occupying a 

position in the body cavity of the cephalothorax region. 

Each testis has an anterior lobe and five lateral lobes. The 

vas deferens arise from the posterior margin of the main 

axes of the testes and opens to the exterior through genital 

pores located medially on the coxapods of the 5th pereiopods. 

Each vas deferens cosists of three distinct portions: a short 

narrow proximal portion (proximal vas deferens), a thickened 

large medial portion (medial vas deferens) and a relatively 

narrow tube(distal vas deferens). The terminal ampoule is a 

bulging greatly chilated muscular portion situated on the 

coxapod of the 5th pereiopod. The paired testes lie in the 

cephalothorax and the lateral lobes descend over the 

hepatopancreas. Sperm transfer takes place between a hard 

male and a soft female (newly moulted) in this species as it 

belongs to the group of closed thelyca prawns. Once the male 

attains sexual maturity, the testes produce a continuous crop 

of spermatozoa. During passage through the vas deferens, 
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Fig. 1 b. Spermatozoa of P. monodon 
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Fig. 2 P. monodon  , a) Petasma (ventral view) and 

b) Thelycum 



masses of differentiated sporm got collected in a viccous 

secretory fluid and get enclosed in a chitinous sheath called 

spermatophore and remain inside the terminal ampoule till 

transfer (Malek and Bawab, 1974 a, b; Uma and Subramaniam, 

1979). Throughout the year terminal ampoules of adult males 

possess spermatozoa. The spermatozoa is composed of two 

parts: head and 	tail (Figure lb). 	The head portion is 

large and almost round in outline and about 3u in diameter 

while the tail or spike is thick and short. 	The petasma 

(Figuro 2n) her=* dintomodinn proinctions slightly ovnrhnnging 

malqinm fir 1 , #1,1ifir,. 	 psiltrrwt, fir ihri Ihenred 	1, ► 1 ► t1m 

of petasma of this species is generally unarmed while inner 

surface is armed with spinules. 

The female reproductive system in p, apnodon  consists of 
paired ovaries and oviducts and a single thelycum which is 

the external sex differentiating organ and the receptacle for 

spermatophore. The ovaries are partly fused bilaterally, 

symmetrical bodies, extending almost its entire length in 

fully matured females. In the cephalothorax region it bears 

a slender anterior lobe and 6-7 finger-like lateral 

projections. A pair of lobes, one from each ovary, extend 

over the length of the abdomen. The anterior lobes lie close 

to oesophagus and cardiac region. The lateral lobes are 

positioned dorsally in the large mass of hepatopancreas and 

ventrally in the pericardiac chamber. The abdominal 

extension of the ovary lies dorso-lateral to the intestine 

and venro-lateral to the dorsal abdominal artery. The 
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Vas deferens 
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Fig. 3 Male reproductive system of P. merguiensis 



oviducts originate at the tip of the 6th or 7th lateral lobe 

and reach the external aperture hidden in the ear like lobes 

of the coxapods found in the third pair of pereiopods. 

Oogonin nrs contimmunly producnd mitoticrilly from gorminn1 
mpltholium th•omihoul r(Truchictivr ,  I I r of tho fomnlo 

(Adiyodi and Subramaniam, 1983). Oogonia enter meiosis, 

differentiate into oocytes, begin yolk synthesis and become 

sorrounded by follicular cells. Yolk deposition proceeds 

slowly during primary vitallogenesis when yolk material is 

apparently pynocytically drawn from the haemolymph through 

the blanket of follicular cells into the oocyte without any 

major change (Wickins, 1976; Chamberlain et al., 1985). The 

hepatopancreas plays an important role in the transfer of 

essential nutrients in advance for synthesis and transfer to 

the gonad during maturation (Warren, 1973; Clarke, 1979 and 

Kulkarni and Nagabhushanam, 1979). The thelycum of P. 

monodon (Figure 2b) has two large lateral plates and their 

median margin sometimes forms tumid lips. The anterior 

process of thelycum is concave and rounded distally while the 

posterior process is subtriangular, partially inserted 

between the thelycal plates. 

The primary male sexual system of P. merguiensis  

consists of paired testes and vas deferens (Figure 3). Each 

testes is made up of 6-7 finger-like lobes and'is situated in 

the posterior cephalothorax flanking the hepatopancreas. The 

posterior lobe of each testis gives rise to a vas deferns, 

the first half of which is recurved upon itself and the other 
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Fig. 4 P. merguiensis  , a) Petasma and b) Thelycum 



half is directed ventrally to a gonopore located at the 

medial base of the 5th pereiopod. The vas deferns is vastly 

expanded when it nears the gonopore where it forms a pod-like 

structure which houses the spermatophore. When pressure is 

applied on the gonopore by pressing the sides, the gonopore 

membrane breaks and the spermatophore protrudes out. The 

spermatophore is composed of gelatinous material in which the 

spermatozoan§ are embeded in macroscopic columns and a 

hydroscopic substance which upon contact with seawater 

expands to form "plugs" in the thelycum at the time of 

impregnation. Males in this species are sexually mature even 

sometime before their first pair of pleonic endopodites join 

to form the petasma (Tuma, 1967). The petasma (Figure 4a) 

has distomedian projections overhanging distal margins of 

costae. The free border of ventral costae are separate near 

apex and the outer surface of the lateral lobes are with 

several rows of minute tubercles. 

The female reproductive system of P. merguiensis  

consists of paired ovaries and oviducts. The ovaries extend 

from the anterior cephalothorax to the telson and vary in 

size, colour and turgidity depending on the maturity stage of 
t1ii romnlo. Within iht ,  •n(lh minry im dompomod 

of an anterior lobe and 6 - 7 lateral lobes. The gonopore is 

usually closed and can be located near the crescent shaped 

coxal projection of the third pereiopod. The abdominal 

portion of the ovary is an elongated lobe lying dorso-lateral 

to the gut. 'Near the fifth abdominal somite it curves down 
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towards the telson. The structure of the thelycum is given 

in Figure 4 b. The posterior process of the thelycum is ill 

calcified and completely inserted between the lateral plates. 

The development of the ovary is indicated by the changes in 

colouration of the ovary also. The ovary which is pale 

yellow in early maturity stages changes into olive green when 

fully matured. 
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3.1 Introduction 

The tiger prawn Penacus monodon  and the banana prawn 

merguiensis  have been cultured for a long time in India 

alongwith other species of shrimps and fish in traditional 

practices. In the past few years these methods were 

supported by addition of seed collected from the natural 

habitats. ' This seed collection is highly flexible and 

dependant on many environmental factors. These had 

handicapped the large scale expansion and implementation of 

the traditional culture practices. However, in recent years, 

efforts are being made to devise new shrimp culture systems 

using "seed" artificially reared under controlled conditions. 

These attempts were initiated in the form of capture of wild 

matured females and making them spawn overnight and rearing 

the larvae to postlarval stages and stocking them in ponds 

for further growth (Hudinaga, 1942; Ewald, 1965; Cook and 

Murphy, 1966; Funada, 1966; Cook, 1967; FAO, 1970; Oka, 1967 

a,b; Liao, et al., 1969 a,b; Shokita, 1970; Gopalakrishnan et 

al., 1985). All that was involved in the above method was 

the development of proper larval rearing techniques. 

Uncertainity still continued to exist because matured females 

are not always available and in many cases they end up in 

regressing the developed ovaries after placement in the 

maturation or spawning tanks. The situation again changed by 

late' 1970s and early 1980s when complete control on the 

reproduction of many species of commercially important 

penaeid prawns was achieved. 
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Several members of tha family Penaeidae were sueessfully 

matured (P. duorarum, Idyll, 1971; Caillouet, 1972; P. 

californiensis, Moore et al., 1974; P. aztecus, Duronslet et 

al.,. 1975; P. setiferus, Conte et al, 1977; Brown et al., 

1979; P. iaponicus, Yano, 1984) and spawned in captivity with 

viable nauplii (P. setiferus, Johnson and Fielding, 1956; P. 

merguiensis, P. iaponicus, P. aztecus, Aquacop, 1975; P. 

monodon, P. merguiensis, Alikunhi et al., 1975; P. japonicus, 

Laubier-Bonichon and Laubier, 1976; P. vannamei, P. 

stylirostris, Hanson et al., 1976; P. aztecus, Neal, 1976; p. 
monodon, Wear, 1976; Wear and Santiago, 1976; P. merguiensis,  

P. japonicus, P. stylirostris, P. vannamei, Aquacop, 1977 

a,b; P. indicus, Muthu et al., 1977; P. japonicus, Laubier-

Bonichon, 1978; P. monodon, Primavera, 1978; Primavera and 

Borlongon, 1978; P. kerathurus, Lumare, 1979; P. 

semisulcatus, Al-Attar and Ikenoue, 1979; P. monodon, P. 

stylirostris, P.vannamei, Aquacop, 1979; P. monodon, Beard 

and Wickins, 1980; P. plebejus, Kelemac and Smith, 1980; P. 

stylirostris, P. vannamei, Chamberlain and Lawrence, 1981 a; 

P. japonicus, Lumare, 1981; P. monodon, Emerson, 1983; P. 

merguiensis Crocos and Kerr, 1983; P. indicus, Muthu et al., 

1986; and P. semisulcatus, Crocos, 1987). The growth and 

sexual maturation of P. kerathurus in salt ponds (Rodriguez, 

1981) and maturation and eventual reproduction of P. 

merguiensis in ponds (Lichatowich et al., 1978) have also 

been reported. 
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Ovarian maturation in decapod crustaceans is regulated 

by a gonad inhibiting hormone (Kulkarni and Nagabhushanam, 

1980). The sources of hormones involved in reproduction are 

the medulla terminalis, X organ of the optic ganglia, sinus 

gland, brain and thoracic ganglion, androgenic gland, ovary' 

and Y organ. The X organ and sinus gland are juxtaposed 

•within the eyestalks of penaeid shrimps. the X organ/sinus 

gland complex is responsible for the hormonal control of 

numerous physiological processes including sugar metabolism, 

respiration, calcium metabolism, moulting, osmoregulation, 

thermal acclimation, retinal pigment migration, colour 

changes and reproduction (Adiyodi and Adiyodi, 1970; 

Kleinholz, 1978; Kulakovskii and Baturin, 1979; Kulkarni et 

al., 1979; 1981). Panouse (1943) was the first to recognise 

that the removal of the X organ/sinus gland complex of 

decapod crustacea by eyestalk ablation usually results in 

precocious and/or non-seasonal gonadal hypertrophy which is 

effected by the removal of the gonad inhibiting hormone. 

However, this information was not made use of in shrimp 

rearing until early 1970s when bilateral eyestalk ablation 

was tried. Initially the females suffered heavy mortality 

and their eggs were resorbed than spawned (Caillouet, 1972; 

Aquacop, 1975; Duronslet, et al., 1975). These problems were 

alleviated by employing unilateral eyestalk ablation which 

results in a moderate stimulus (Aquacop, 1975; Arstein and 

Beard, 1975; Wear and Santiago, 1976). 
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Eyestalk ablation has been performed using a variety of 

methods including severing with scissors (Caillouet, 1972), 

cautery (Duronslet et al., 1975), enucleation (Primavera, 

1978) and ligation (Schade and Shivers, 1980). All these 

methods are effective in removing or destroying the X 

organ/sinus gland complex. However, enucleation (squeezing 

out the contents of the eyestalk through the distal end of 

the eye ball) has an advantage of simplicity and rapid 

clotting of haemolymph within the eyestalk (Chamberlain et 

al., 1985). Considering this the last mentioned method was 

adopted for eyestalk ablation during the present maturation 

attempts. Stress and resultant loss of females were reduced 

by holding the females in cold water for one hour before and 

after ablation. Eye stalk ablation of males has never been 

considered a necessity. Alikunhi et al., (1975) have 

reported that male ablation caused precocious maturation of 

P. monodon and P. merguiensis. Chamberlain and Lawrence 

(1981 b) found that male eyestalk ablation increased gonad 

size and doubled mating frequency of undersized P. vannamei 

in comparison to unablated controls. Ablation was not 

considered necessary for males of P. monodon and P. 

merguiensis and hence none of the males in the present set of 

experiments were ablated. 

Improper nutrition can inhibit gonadal maturation of 

prawns (Aquacop, 1977 a) and perhaps affect larval viability 

also. Maturation diets have consisted entirely or partially 

of natural origin. Some diets were of single organism such 
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as mussels (Laubier-Bonichon, 1978; Primavera et al., 1978; 

Lumare, 1979), mysid shrimp (Alikunhi, et al., 1975; Nurjana 

and Yang, 1976), or fish (Lichatowich et al., 1978). Others 

were combinations of naturally occurring organisms such as 

polychaete worms, bivalves, crustaceans, fish and squid 

(Arstein and Beard, 1975; Beard et al., 1977; Santiago, 1977; 

Brown et al 1979; Kelemac and Smith, 1980; Beard and Wickins, 

1980; Lumare, 1981; Chamberlain and Lawrence, 1981 a) or a 

combination of natural food and formulated dry feed (Aquacop, 

1975, 1979; Brown et al., 1980; Emmerson, 1980, 1983; 

Lawrence et al., 1980). However, diets entirely of 

formulated dried feed have not demonstrated reproductive 

performance comparable to diets supplemented with natuarally 

occurring marine food organisms (Aquacop, 1977 a; Primavera 

et al., 1979 a). Primavera et al., (1979 b) while comparing 

various combinations pellets, frozen mussel and frozen squid 

concluded that the combination of frozen mussel and pellets 

was the best maturation diet for P. monodon.  In a study on 

the reproduCtive performance of P. vannamei  and P. 

stylirostris  fed on clams, shrimps, squids or polychaete 

worms, Chamberlain and Lawrence (1981 a) found that squid was 

the most effective and least expensive of the food items 

tested and a combination of this with other natural food like 

mussels, oysters, prawns and polychaete worms yielded the 

best performance. Considering all above and also considering 

the availability of natural feed, a combination of squid and 

mussel meat was used as the maturation diet in the present 

study. 
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Enviornmental parameters play a vital role in the 

reproduction of penaeid prawns in captivity and many attempts 

to induce maturity have failed because one or more 

unregulated variables blocked the reproductive influence of 

the variable being controlled (Caillouet, 1972; Neal, 1976). 

High exchange of oceanic water is the basic requirement for 

maturation. Seawater temperature and photoperiod are two 

other important variables that could control reproduction of 

these seasonally breeding organisms. However, the effects of 

environmental variables on the reproductive performance of 

penaeid shrimps are still not properly understood. The 

eyestalk ablation procedure would increasingly become 

unnecessary as more and more enviornmental variables are 

optimised. 

3.2 Materials and methods 

3.2.1 Seawater circulation system 

Experiments were carried out in the aquaculture 

laboratory of the National Institute of Oceanography which 

has an open type seawater circulation system (Chatterjee et 

al., 1983). A 15 HP centrifugal pump (Wasp series) fitted 

with stainless steel impeller, pumps seawater from an intake 

situated near the bank of Zuary estuary opening into the sea. 

The delivery pipe (75 mm thick) empties into a reservoir-cum-

settling tank with a storage capacity of 200,000 litres. 

Water from the tank flows through a 63 mm thick HDPE pipe due 
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to gravity gradient to an overhead tank (capacity 55,000 

litres) situated close to the aquaculture laboratory. 

Seawater from the overhead tank flows into the laboratory 

tanks through a 63 mm rigid PVC line. Inside the aquaculture 

laboratory too, contact of seawater with any metal is 

completely avoided by using non-metallic pipes, conduits, 

valves and tanks. Four fibreglass tanks (1.2 m 3  capacity) 

were used for this study. Each of these tanks is fitted with 

an outlet held on a threaded adapter on which bolting silk of 

300 u was fitted. No sand bottom was provided in the tanks 

and the inside of the tanks were cream in colour. Seawater 

pumped directly from the sea flows into the storage tank. 

Water which is allowed to remain in the settling tank for 

over 24 hour's is clear after settling of most of the 

suspended matter and this water is allowed to flow into the 

overhead tank from where supply is regulated to the 

fibreglass experimental tanks inside the aquaculture 

laboratory. The flow of seawater into the fibreglass tanks 

is adjusted through a diaphram valve at a normal flow rate of 

2 litres/minute during maturation trials. By this there is a 

total turn over of water every 12 hours in all maturation 

tanks. 

3.2.2 Environmental conditions 

Seawater was replaced continuously by the flow through 

system except on 3 occasions when pump failure delayed water 

exchange for 2 days on each occasion. The continuous 

exchange of seawater had helped in reducing the accumulation 
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of metabolites, particularly nitrates which can be harmful at 

high concentrations (Wickins, 1976). Salinity ranged from 

30-34 ppt during the course of the maturation trials lasting 

about 4 months. pH was between 7.9 and 8.1. No correction 

of pH was required as the flow of seawater was enough to keep 

the pH within the desired range. Seawater temperature was 

also maintained at ambient level (26.7 to 28.5 °C). The 

natural regime of 13 hours darkness and 11 hours brightness 

explains the light conditions prevalent in the maturation 

tanks. All environmental parameters were monitored every 

morning. 

3.2.3 Experimental animals 

All experimental animals were caught by trawling at 20-

30 m depth off Goa. Trawling operations were stopped every 

30 minutes to look for matured prawns in healthy conditions. 

Five to six such trawlings were required to obtain sufficient 

numbers of adult prawns for the experiment. Required number 

of adult males and females of P. monodon and P. merguiensis  

were transferred immediately to round fibreglass tanks 

containing seawater from the same region chilled by the 

addition of ice. They were rushed to the laboratory and 

batches of 12 females and 8 males of P. monodon and 16 

females and 16 males of P. merguiensis were transferred to 4 

maturation tanks kept ready for this purpose. The 2 tanks 

containing P. monodon were stocked with less number of 

animals because of the larger size. All females of E, 
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monodon and the females of P. merguiensis in one tank were 

ablated. For this the left eye of each of them was 

enucleated by making an incision across the eyeball while 

holding the base of the eyestalk between the thumb and the 

fore-finger and then pressing the fingers together so that 

the contents of the eyeball and eyestalk are extruded out 

through the opening. Extreme care was taken while handling 

the animals and the time involved in the whole process was 

limited to the barest minimum. All the animals were fed 

twice a day, ad libitum, once with squids in morning and with 

mussels in the evening. Excess food was removed and the tank 

bottom cleaned every day morning. The animals were watched 

for the first 3 days for initial stress mortalities and the 

experiment was considered to begin from the 4th day of 

ablation. No replacement of animals were made for any 

mortality afterwards. 

In all there were 3 repeat maturation trials using the 

above described set up for P. merguiensis and 2 for P. 

monodon. On an average they ran for 55, 41 and 62 days for 

the 3 experimental groups viz. unablated P. merguiensis, 

ablated P. merguiensis and P. monodon. 

3.2.4 Ovarian maturity staging 

Ovarian development of the females was recorded as one 

of the four stages based on external characters (Rao, 1968; 

Chamberlain et al., 1985). All visual observations were made 
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Table 	I. Average 	percentage 

showing stages of 

of 

ovarian 

unablated 	P. merguiensis 

development 

Days 
ovarian stage 

11 111 IV 

1 38 38 12 12 

8 25 25 25 25 

15 19 29 33 19 

22 16 52 16 16 

29 16 33 35 16 

36 10 20 20 50 

41 25 25 25 25 

48 50 - 25 25 

55 25 25 25 25 
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Table II. Average percentage of ablated P. merguiensis 

showing various stages of ovarian development 

Days 
ovarian stage 

l 11 111 IV 

1 50 38 12 - 

8 25 26 12 37 

15 14 42 44 

22 .  20 30. 50 

29 20 20 60 

36 25 25 25 25 

41 33 34 33 
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in the night by pointing a flash light on to the dorsal side 

of the female. However, Rao (1968) and Chamberlain et al., 

(1985) have considered the spent-recovery as stage V. In the 

present study animals in this condition of maturity have also 

been included in stage I. 

Although staging of females in various maturity 

conditions was easy in P. merguiensis  based on the above 

features, it was not so for P. monodon  due to the presence of 

a thick exoskelton and its characteristic external 

colouration. However, all females were scooped up every 

night using a hand net and a beam of light was focussed at 

the region where the carapace overlaps the first abdominal 

segment for determining the maturity stage. 

3.3 Results 

3.3.1 General 

P. merguiensis  

The average percentage maturation in various stages of 

maturity obtained out of the 3 repeat trials using unablated 

females is given in Table I. On the first day of the 

experiment there were no stage IV females. On an average 24% 

of the unablated females attained stage IV maturity every 

week while 36% of the ablated females reached this stage of 

maturity in the, same period. Similarly 24% of the former 

group reached stage II maturity every week while 26% of the 

latter group reached this stage in the same period. A 

perusal of Table III also shows that in the tanks carrying 
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Table III. 	Average percentage of P. monodon  females 

(ablated) in various stages of maturity 

Days 
Ovarian stage 

1 11 III I V 

1 12 25 38 25 

8 20 13 43 24 

15 30 26 11 33 

22 23 19 20 38 

29 33 20 22 25 

36 17 33 25 25 

41 18 18 36 28 

48 20 20 20 4Q 

55 30 20 10 40 

62 54 11 28 7 
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ablated females percentage of maturity stage I is 

comparatively less indicating that they were quickly going 

through maturity stages II to IV. However, the mortality was 

more among the ablated females (62.5% on 41st day) than the 

unablated females (50% on 55th day). 

All males present in the tanks were matured and at no time 

they were sighted without the presence of healthy 

spermatophores in the terminal ampoules. 

P. monodon:  

The average percentage maturation of ablated P. monodon 

female through the various stages of maturity obtained from 

the two sets of experiments is given in Table III. On the 

first day, 25% of the females were in stage IV. On an 

average, 26% of the females reached stage IV maturity every 

week while 25% reached stage III. A comparison of weekly 

maturation from stage I to IV did not reveal any significant 

reduction in percentage maturation as the experiment 

progressed (p > 0.05). Mortality was not very high in this 

species too. Even on 62nd day, 58.3% of the females were 

alive and healthy. 

All males were mature and at no time males which do not 

possess fully grown spermatophore were sighted. 
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3.3.2 Changes in reproductive organs during maturation 

3.3.2.1 Introduction 

The male and female reproductive organs undergo drastic 

changes in appearance and content during maturation. Of 

course, this is more pronounced in females as the male 

reproductive system is more or less stable after attainment 

of maturity. On the other hand, ovary enlarges in size, 

changes colouration, etc in a matter of few days when the 

female passes through different maturity stages. A majority 

of body functions are tuned to facilitate this important 

biological function. 

The biochemical composition of the gonads changes with 

progress of maturation which would indicate the reproductive 

state of the organism. In some organism storage of organic 

reserves precedes gametogenesis which is important for the 

reproductive process. For example, Giese (1959) noted that 

the increase in size of the gonads of the Ochre star Pisaster  

ochraceus  was out of proportion to the small amount of food 

ingested. Biochemical analysis of carbohydrate, protein and 

lipid levels of various tissues of invertebrates have 

demonstrated an increase in these constituents in the gonad 

and concomitant decrease in the storage organ during 

maturation (Giese et al., 1958, 1964; Tucker and Giese, 1962; 

Nimitz and Giese, 1964; Lawrence et al., 1965 a,b; 1966; 

Allan and Giese, 1966; Towle and Giese, 1966, 1967; Vasu and 

Giese, 1966; Nimitz, 1971 and Moss and Lawrence, 1972). 
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The process of nutrient storage and transport has been 

documented in several crustaceans including crayfish (Rice 

and Armitage, 1974), brachyurans (Adiyodi and Adiyodi, 1971; 

Diwan and Nagabhushanam, 1974), anomuran (Nagabhushanam and 

Kulkarni, 1977) and penaeid prawn (Kulkarni and 

Nagabhushanam, 1979). Biochemical information of this type 

reveals the sequence of events in maturation and spawning and 

suggests probable nutritional requireMents for rapid 

reproduction. As not much information on these lines are 

available for culturable species of Indian penaeid prawns, 

the present studies on P. merguiensis  and P. monodon  became 

imperative. 

3.3.2.2 Materials and methods 

Adult males and females of both the species in different 

stages of maturity were quick frozen. Only those prawns 

which were healthy and active and in the intermoult stage 

were selected for this study. The dissection involved 

removal of gonad, hepatopancreas and body tissue and placing 

them in separately numbered, pre-weighed aluminium foil pans 

after blot drying them. The pans were weighed again to find 

the wet weight of individual organs removed. They were kept 

in hot air oven at temperature of 68 + 2 °C till constant 

weights were obtained. The stages of maturity of prawns were 

recorded after dissection and visual observations of the 
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Table IV . Average percent biochemical composition of 

hepatopancreas and gonad of males of P. 

merguiensis and P. monodon 

Species Proteins Carbohydrates Lipids 

1. P. merguiensis 

Gonad 62.5 5.3 28.0 

Hepatopancreas 30.6 6.0 62.6 

2. P. monodon 

Gonad 61.5 6.2 27.8 

Hepatopancreas 32.0 6.8 60.8 
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state of development and colour of the gonads were made. 

Results described below are based on appearence immediately 

after dissection. At the end of dry weight determinations, 

all samples were pooled within species, sex, maturity stage 

and date of collection. The developmental stages of the 

ovary were correlated with ovarian weight and expressed as 

ovarian index (01) using the formula, 

OI = (weight of ovary x 100)/weight of animal, 

of Farmanfarmaian et al., (1958). 	Total lipids were 

determined by the method described by Folch et al., (1956); 

total carbohydrate by the method of Dubois et al., (1956) and 

total proteins by the method of Raymont et al., (1964). 

3.3.2.3 Results 

Male maturation 

No external differentiation in gonad condition was 

possible in both the species except the appearence of 

spermatophore as a white pad in the terminal ampoule. The 

average percentage values of proteins, carbohydrates and 

lipids of, gonads and hepatopancreas of mature P. merguiensis  

and P. monodon  are given in Table IV. Protein appeared to be 

the major constituent of the male gonad while in the 

hepatopancreas of both species lipids were the major 

fraction. 
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Table V. Organ indices of gonads of mature males 

Species 	 OI ± S.D 

P. merguiensis 	 0.94 + 0.04 

P. monodon 	 0.89 + 0.03 
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The organ indices for males of P. merguiensis and P. 

monodon are given as Table V. 

Female maturation 

Maturation stages: 

Cyclic changes occurred in the size and colour of the 

ovary in both species as the adult female passed through 

different stages of maturity. The following are the 

observations made on appearances of each maturity stage 

before and after the dissection of the ovaries. Average dry 

weight of different lobes of the ovary at each maturity stage 

is given in Table VI. 

P. merguiensis: 

Stage I, (Undeveloped): 	Ovary not discernible 

externally. When dissected it appeared thin, transparent and 

without pigmentation and weighed 0.05 to 0.1 g dry weight. 

Stage II, (Developing): Anterior and posterior lobes of 

the ovary faintly visible externally. When dissected the 

ovary appeared opaque without any distinctive colouration. 

The ovary weighed 0.15 to 0.28 g dry weight. 

Stage III, (nearly developed): Anterior and posterior 

lobes clearly visible externally. When dissected, the 

anterior, middle and posterior lobes appeared as enlarged and 

with green pigmentation throughout the ovarian lobes. It 

weighed between 0.2 and 0.35 g dry weight. 
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Table VI. 	Average weight of ovary of 

maturity stages 

P. merguiensis at various 

remaie ovary 10Des-  (dry weght) ovary 

Total. 
length 
(mm) 

wet 
weight 
(gY 

Maturity 
stage 

Anterior 
lobe 
(g) 

m dale 
lobe 
(g) 

posterior 
lobe 
(g) 

 
Total weight 
wet 
	

dry 

128 15.06 I 0.0081 0.0106 0.0366 0.0553 0.0089 

137 19.26 II 0.0428 0.0361 0.1643 0.2432 0.0699 

139 20.00 III 0.1681 0.3420 0.3835 0.8936 0.2652 

139 20.00 IV 0.3035 0.8409 0.8846 2.0290 0.5314 
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Stage IV, (Fully developed): 	Ovary is clearly seen 

externally as a broad dark green structure extending from 

head to tail. When dissected, it appeared as a dark green 

mass fully covering the dorsal surface of the animal. It 

weighed between 0.44 and 0.59 g dry weight. 

P. monodon:  

Table VII gives details of the maturity condition and 

average weight of different lobes of the ovary. 

Stage I, (Undeveloped): 	Ovary not developed and not 

visible externally. When dissected the ovary was transparent 

and thin. There was no prominent pigmentation. The ovary 

weighed at this stage between 0.1 and 0.25 g dry weight. 

Stage II, (Developing): 	Ovary is still not visible 

externally to any great degree. When dissected the ovary was 

seen as an opaque body with the anterior and posterior ends 

showing signs of widening. It weighed between 0.2 and 0.39 g 

dry weight per female. 

Stage III, (Nearly developed): Anterior and posterior 

lobes of the ovary were visible externally, although the 

external colouration mar a clear view. When dissected the 

ovaries appear thick with dark green colouration and more or 

less filling the entire length of ovary. It weighed 0.32 -

0.49 g dry weight. 
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Table VII. 	Average weight of ovary 

maturity stages 

of P. monodon at various 

Female Ovary lobe (dry weight) Ovary 

Total Total Maturity Anterior Middle Posterior Total weight 
length weight stage lobe lobe lobe wet dry 
(mm) (g) (g) (g) (g) (g) (g) 

242 43 I 0.1024 0.0981 0.1624 0.3629 0.0860 

241 43 II 0.4241 1.0555 1.4424 2.9220 0.8468 

254 49 III 1.4092 2.2837 3.9332 7.6261 3.4770 

258 50 IV 2.1862 3.1263 5.6384 10.9509 4.8920 
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Table VIII. Ovarian indices in relation to maturity stages 

in P. merguiensis  

Stage Ovarian index ± S.D 

I 0.24 ± 0.003 

II 1.26 ± 0.08 

III 4.18 ± 0.14 

IV 10.04 ± 0.64 
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. Table IX. Average changes in percent biochemical composition of 

ovary and hepatopancreas of P. merquiensis  in 

differnt maturity stages (on dry weight basis) 

Maturity 
stage 

Ovary Hepatopancreas 

Proteins Larbo- 
hydrates 

Lipids proteins 	Larbo- 
hydrates 

Lipidg 

I 60.5 3.8 36.1 30.2 6.4 63.4 

II 55.5 4.0 40.0 44.5 5.0 50.5 

III 51.8 4.2 43.6 62.5 6.5 31.0 

IV 50.6 3.5 45.8 63.5 6.0 30.5 
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Stage IV, (Fully developed): Ovary visible externally 

as fully developed lobes extending to most of the entire 

length and breadth of the dorsal side of the body. At the 

point of union of cephalothorax and abdomen 	it is more 

visible and easy to distinguish the maturity. 	When 

dissected, it apears as a dark green mass entirely filling 

the dorsal surface. It weighed 0.45-0.65 g dry weight. 

Organ weight and biochemical composition: 

Male maturation:  

Male gonad weight remained more or less the same for P. 

merquiensis.  In the case of P. monodon,  depending on the 

size of the male the total weight of the gonad varied. 

Female maturation:  

P. merguiensis:  

The average wet weight of ovaries of females in various 

stages of maturity ranged from 0.0553 to 2.0284 g (Table 6). 

There was a direct relationship between ovarian index (0I) 

and stage of development. OI increased significantly from 

stage I to stage IV (Table VIII). 

The dry weight of hepatopancreas did not increase 

significantly from stage II to III or from stage III to IV 

(p >0.05). There was however, a significant reduction in 

weight of hepatopancreas from stage IV to I (P<0.05). 
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The changes in percentage 	composition of proteins, 

carbohydrates and lipids in the ovary and hepatopancreas 

during various stages of maturity are given in Table VIII. 

Lipid was the major component of the hepatopancreas at stage 

I but it progressively decresed as the females advanced from 

stage II to IV. On the other hand, hepatopancreatic protein 

content increased significantly from stage-II to III. 

Average percent protein in ovary was 60.5 in stage I 

females while carbohydrates in the same stage of maturity was 

3.8 and lipid, 36.1. Average percent protein of 

hepatopancreas of females of same maturity stage was 30.2 and 

the corresponding carbohydrate and lipid values were 6.4 and 

63.4 respectively. At stage IV maturity, percent proteins in 

the ovary was 50.6 while the same in hepatopancreas was 63.5. 

The percent carbohydrates and lipids in stage IV ovary were 

3.5 and 45.8 and corresponding values in hepatopancreas were 

6 and 30.5% respectively. The carbohydrate content in the 

ovary showed a gradual increase from stage I to III. The 

increase in the lipid levels and decrease in the protein 

levels in ovary and vice versa in the hepatopancreas were 

statitistically significant (p <0.01). 
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Table X. 	Ovarian indices in relation to maturity stages in 

female P. monodon  

Stage 	 Ovarian index + S.D 

	

y I 	 0.84 + 0.09 

	

II 	 6.80 ± 0.12 

	

III 	 15.50 + 0.46 

	

IV 	 21.90 + 0.93 
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Table XI. Average changes in percent biochemical composition of 

ovary and hepatopancreas of females of P. monodon  in 

different maturity stages (on dry weight basis) 

Maturity 
stage 

ovary mepatopancreas 

Protein Carbo- 	Lipids 
hydrates 

Protein 	Carbo- 	Lipids 
hydrates 

I 61.5 4.2 35.0 34.2 6.0 60.2 

II 59.2 4.0 37.5 45.6 6.8 49.8 

III 50.6 4.8 45.2 60.0 6.9 32.4 

IV 49.0 3.6 47.8 66.4 5.0 29.0 
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P. monodon:  

The average wet weight of ovary in various stages of 

maturity ranged from 0.36 to 10.95 g (Table VI). There was a 

direct relationship between ovarian index and stage of 

maturity. OI increased significantly (p < 0.01) from stage I 

to IV (Table X). 

The changes in percent composition of proteins, 

carbohydrates and lipids in ovary and hepatopancreas of 

females in various maturity stages are given in Table XI. 

Protein content in the hepatopancreas and the lipid content 

in the ovary increased gradually from stage I to IV. Average 

protein content in the ovary of stage I females was 61.6% 

while carbohydrates and lipids were 4.2 and 35.0% 

respectively. Average protein in hepatopancreas of the same 

maturity stage was 34.2% and the corresponding carbohydrate 

and lipid values were 6.0 and 60.2% respectively. At stage 

IV maturity, percent proteins in ovary was 49.0 and the 

corresponding value in the hepatopancreas was 66.4. The 

percent carbohydrates and lipids in the ovary at this stage 

were 3.6 and 47.8 and in the hepatopancreas were 5.0 and 29.0 

respectively. The carbohydrate content of the ovary showed a 

gradual increase from stage I to III while it declined from 

stage III to IV. The variations of protein and lipid levels 

in ovary and hepatopancreas were statistically significant (p 

< 0.01). 
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3.4 Discussion 

The results of the present maturation studies show that 

P. merguiensis can be induced to mature even without 

resorting to unilateral eyestalk ablation. Similar results 

have been obtained for P. merguiensis earlier (Beard et al., 

1977). Both P. monodon and P. merquiensis undergo ostensible 

variations in colour of ovary while passing through maturity 

stages I to IV. In P. merquiensis the ovary is orange in 

colour during stage II and turns to green and dark green in 

stages III and IV. In the case of P. monodon the early 

stages of maturity are difficult to be determined through 
external colour visualisations as the body is heavily 

pigmented and brightly coloured. However, at advanced stages 

of maturity (stage. III and IV), the ovary is dark green in 

colour. The general colouration of ovary varies from species 

to species. Brown and Patlan (1974) have studied the colour 

changes in the ovaries of Penaeus duororum, P. aztecus and P. 

setiferus as a determinant factor for their maturity and 

identified 3 stages (Undeveloped, developing and early ripe 

to ripe). The colour of ovary in stage IV females of P. 

aztecus varies from blue-green to yellow-green, while in P. 

setiferus it may change from dark yellow to yellow-orange 

(Chamberlain and Lawrence, 1981 c). 

In the case of unablated P. merguiensis, an average of 

25% of the females attained stage IV every week as against 

36% of the ablated females. This indicates that ablation 

accelerates the process of maturation in this species 
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although advanced stages of maturation occurred even without 

ablation. 

In P. indicus,  a clOsely allied species of P. 

merguiensis  maturation and spawning occurred without eyestalk 

ablation (Muthu et al., 1986). Arnstein and Beard (1975) 

induced maturity in Penaeus  orientalis  Kishinouye by means of 
eyestalk ablation. Of the prawns they used one died without 

any signs of ovarian development while the other 3 matured 

after a lapse of varying times after ablation. Compared to 

this, the present induction of maturity in P. merguiensis  was 

much quicker after ablation. Alikunhi et al., (1975) opined 

that unilateral eyestalk ablation does not produce the 

desired effect in P. merguiensis  and went ahead with 

bilateral ablation. Although they obtained some maturation 

the survival rate was very low. 

Primavera (1978) obtained advanced maturation by 

ablating one eye of pond reared P. monodon  which were 5 

months old and observed that this was the minimum age at 

which this species could be induced to maturity. She was 

also of the opinion that besides size, age also matters (her 

females weighed around 100 g). She also stated that P. 

monodon  have been induced to maturity without resorting to 

eyetsalk ablation although no other details are given. 

However, our earlier trials (not included in this 

compilation) without ablation did not produce encouraging 

levels of maturation and it is felt that unilateral eyestalk 
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ablation is required for P. monodon to obtain consistant and 

advanced stages of maturation. 

Although organ indices were not estimated for immature 

males, the oragn weights and organ indices of mature males 

showed that they were of lesser magnitude when compared to 

that of mature females of the same species. Also, the 

biochemical composition of gonads of mature males did not 

show much variations. 

During maturation, the ovary weight of both species 

significantly increased from stage II to stage IV. A similar 

trend was reported for Parapenaeopsis hardwickii (kulkarni 

and Nagabhushanam, 1979) and for Penaeus setiferus and P. 

aztecus (Chamberlain and Lawrence, 1981 c). The mean ovarian 

index (wet weight) in P. hardwickii was 5.9 at stage IV while 

in P. setiferus and P. aztecus it was 15.1 and 10.1 

respectively. In the present study the ovarian indices at 

stage IV were 10.04 and 21.9 for P. merquiensis and P. 

monodon respectively. Thus it appears that P. monodon has a 

larger sized ovary in relation to body size when compared to 

some other penaeid prawns. 

The composition of ovarian carbohydrate, lipid and 

protein varied more or less the same way during different 

maturation stages of both species. The percent protein 

levels in the ovary showed a slight decline in both species 

when they passed from stage I to IV while the percent lipid 

showed an increasing trend. Lipid in the hepatopancreas 
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demonstrated a declining trend from stage I to IV. Kulkarni 

and Nagabhushanam (1979) and Chamberlain and Lawrence (1981 

c) also observed more or less the same trend in different 

species of penaeid prawns. 

It was observed that the relative composition of protein 

and lipid in the ovary of both species remained more or less 

the same. The mean percent ovarian protein ranged from 50.6 

to 60.5 in P. merguiensis while that in P. monodon varied 

between 49.0 and 61.6. The percent ovarian lipid varied 

between 36.1 and 45.8 in P. merguiensis from stage I to IV 

while the corresponding values for P. monodon were 20.5 and 

35.3. However, Chamberlain and Lawrence (1981 C) found that 

relative composition of protein and lipid in the ovary was 

different between P. setiferus and P. aztecus. They found 

that in the ovary the mean percent protein was more in the 

former species while the mean percent lipid was more in the 

latter. In the present study no such difference was observed 

between P. merquiensis and P. monodon (p >0.05). 

The weight of hepatopancreas did not change 

significantly from stage I to IV in both P. merquiensis and 

P. monodon, although there was a marginal increase in 

hepatopancreas weight from stage II to III and III to IV. In 

the present study the consistant increase in lipid content of 

ovary from stage I to IV occurred concomitant with rapid 

decrease of this component in the hepatopancreas. The 

importance of the hepatopancreas as a reserve for ovarian 

nutrients is also indicated by the larger weight of 
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hepatopancreas in females than the males of similar size. 

However, the magnitude of decrease of lipid in the 

hepatopancreas from stage III to IV was much greater than the 

magnitude of increase in the ovary. This suggests that the 

ovaries continue to receive these components from 

hepatopancreas till final stages of maturity and that the 

lipid reserves are used for several associated changes 

alongwith the actual ova production. 	While making almost 

similar observations in P. setiferus and 	P. aztecus, 

Chamberlain and Lawrence (1981 C) hypothesised that lipid is 

the. most important hepatopancreas constituent used by P. 

aztecus during ovarian maturation while carbohydrate, protein 

and lipid functioned as organic reserves in P. setiferus. 

- 	The present observations indicate that although 

carbohydrates are used for yolk synthesis and other energy 

requirements, this does not show any significant variations 

in levels except a decline from stage III to IV indicating 

that most of the carbohydrate requirements are met before 

attaining final stages of maturity. The carbohydrate content 

in the ovary of P. merguiensis and P. monodon was low 

although it demonstrated a cyclic pattern of a gradual 

increase upto stage III and a drop back to normal levels. 

This is in agreement with the finding that crustaceans 

generally have low levels of carbohydrates (Armitage et al., 

1972; Pandian, 1967, 1970, 1972; Lawrence et al., 1979). 
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4. SPAWNING 



4.1 Introduction 

Several species of the genus Penaeus have been 

successfully spawned in captivity with viable nauplii (P. 

duorarum, Caillouet, 1972; P. californiensis, Moore et al,  

1974; P. merquiensis.„. P. japonicus, P. aztecus, Aquacop, 

1975; P.monodon and P. merguiensis, Alikunhi et al, 1975; P. 

japonicus, Laubier-Bonichon and Laubier; 1976; P. 

merguiensis, P. aztecus, P. monodon, P. japonicus, P. 

stylirostris, P. vannamei, Aquacop, 1977 a; P. monodon, 

Santiago, 1977; P. merguiensis, Beard et al, 1977; P. 

indicus, Muthu et al, 1977; P. japonicus, Laubier-Bonichon, 

1978; P. monodon, Primavera and Borlongan, 1978, Primavera, 

1978; P. kerathurus, Lumare, 1979; P. semisulcatus, Al-Attar 

and Ikenoue, 1979; P. monodon, P. stylirostris, P. vannamei, 

Aquacop, 1979, P. monodon, Beard and Wickins, 1980; P. 

plebejus, Kelemac and Smith, 1980; P. indicus, Emmerson, 

1980; P. setiferus, Lawrence et al, 1980; P. monodon,  

Emerson, 1983 and P. indicus, Muthu et al., 1986). The 

natural reproduction of P. merguiensis in an earthern pond 

has also been reported from Fiji (Lichatowich et al., 1978). 

It is clear from the above that more and more attempts are 

being made on various potential species and the same species 

is being repeated from different countries to improve on 

hatchery performance and to devise better technology. Any 

new trial resulting in new information or acquiring existing 

technology is a welcome addition to this growing field. As a 

sequel to the maturation experiments described in Chapter II, 
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many spawnings were monitored in the laboratory. The results 

are presented in this Chapter. 

4.2 Materials and methods 

All animals used for this study were caught off the Goa 

coast by undertaking stern trawling of 15 minutes duration 

around 20 - 30 m isobar. All mature animals were immediately 

removed to fibreglass tanks carrying seawater from the same 

area and temperature of water reduced by 4-5*C than the 

ambient by the addition of ice. They were transferred to the 

maturation tanks in the aquaculture laboratory (Chatterji, 

et al., '1983) and made to mature under conditions described 

in Chapter II. Several spawns occurred during these trials 

and results are presented in this chapter. As mentioned in 

the earlier Chapter, all P. monodon  females used have 

undergone unilateral eyestalk ablation while only half the 

numbers of P. merguiensis  females were ablated. 

Ripe (Stage IV, Chamberlain et al., 1985) females which 

were expected to spawn the same night were isolated to 

spawning tanks. Spawning tanks were rectangular fibreglass 

troughs of 80 x 45 x 29 cm size. Only one female was kept in 

each tank containing filtered and well aerated seawater. 

There was no flow through connections to the spawning tanks 

or any other water exchange during the time, spawners were in 

the spawning tanks. A chelating agent EDTA was added to the 

spawning tanks at the rate of 0.01 g/l. The tanks were 
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covered overnight. 	In all the 27 cases described here, 

spawning took place on the same night of isolation and next 

day morning egg counts were made to assess the spawn size by 

drawing 10 samples from different areas of the tank after 

mixing the water thoroughly. In two spawnings of P. monodon,  

eggs were collected every one hour. For that 50 ml of water 

was pipetted out after thorough mixing. These eggs were used 

for studying their quality and changes taking place inside 

the eggs before hatching. Just like the egg counts the 

nauplii counts were also made approximately 12 hours after 

spawning by drawing 10 samples after thoroughly mixing the 

spawning tank water using a 50 ml beaker. Females which did 

not spawn the same night were removed to the maturation tanks 

the next morning for rematuration. 

4.3 Results 

4.3.1 P.merguiensis  

The females which spawned, weighed 9.7 - 18.5 g with 

total lengths of 130-160 mm. In all, there were 17 spawnings 

of which 10 were from ablated females. Of these 10 spawns 4 

were from rematured females. All females spawned completely. 

A summary of the water charec teristics in spawning tanks at 
the time of spawning is given in Table I. 
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Table I. Water charecteristics of tanks in which 

P. merguiensis  spawned 

Parameter Range 

Temperature ( °C) 27 - 28.5 

Salinity •(ppt) 30 - 33 

pH 7.8 - 8.1 

Dissolved 	e 
 

oxygn 4.0 - 5.5 
(m  1/1) 

Light conditions 	 Total darkness 
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Fig. I 	Total length and spawn size relationship in 

P. merguiensis 



Spawn Size: 

The relationship between total length and fecundity is 

presented in Fig.l. Fecundity - size relationship was 

observed as: 

n/1000 = 4.0518 L - 390.32, 

where n = number of eggs spawned and L = total length of 

female. The total number of eggs produced per spawn varied 

from 31,000 to 140,600. 

The percentage hatch ranged between 21.6 and 84.6. 	In 

all the four cases when the females spawned after 

rematuration the hatch rate was very low (21.6 - 35.2 %). 

The period between two cosecutive spawns lasted 11-22 days in 

the case of unablated females while it was only 8-14 for 

ablated females. In two cases the females moulted in between 

and fresh impregnation took place immediately after moulting. 

4.3.2 P. monodon 

In all there were 10 spawnings of which 5 were of 

rematured females. All were complete spawns. A summary of 

the water charecteristics prevailing in the tanks at the time 

of spawning is given in Table II. 

Spawn Size:  

Fecundity did not show significant increase with the 

increase in size of the female ,'(r=0.16). When the total 

weight of the female ranged from 45.5 g to 82.7 g, the number 

of eggs produced per spawn varied from 95,000 to 395,600. 
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Table II. Water charecteristics of tanks in which P. monodon 

spawned 

Parameter 	 Range 

Temperature ( 0C) 	 27 - 29 

Salinity (ppt) 	 30 - 34 

pH 	 8 - 8.1 

Dissolved oxygen 	 4.5 - 5.5 
(m1/1) 

Light conditions 	 Total darkness 
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Table III. 	Average percent occurrence and hatch rate of 

different types of eggs of P. monodon  

Egg type Occurrence Hatch rate 

A 74 56 

B 12 14 

C 8 0 

6 0 
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Eggs:  

The eggs of P. monodon  were differentiated into 4 

categories on the basis of their initial development. They 

were: 

1. Eggs that were fertilized and undergoing normal 

development (type A) 

2. Eggs with abnormal or delayed development (type B) 

3. Eggs which were unfertilized with no major changes 

for several hours (type C) 

4. Eggs that have extensive growth of microorganisms on 

them (type D) 

Figure 2 depicts the different types of eggs, observed 

in P. monodon  and their progressive development. Normal eggs 

had symmetrical embryos and registered good hatch rates as in 

the case of type A eggs. It was observed that abnormal or 

asymmetrical embryos either do not develop or develop into 

weak nauplii. In C and D types, eggs were asymmetrical, 

elongate to irregular in shape and the cytoplasm inside the 

eggs do not differentiate much. 

Hatch Rate:  

The percentage of hatch varied from 44.3 to 67.8 in 

spawns carrying mostly type A eggs. In two out of the 5 

cases where the females spawned after rematuration the 

fecundity was low (95,000 - 246,000). Out of the 10 

spawnings only one spawn contained substantial percentage of 
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type C and D eggs. •  The percent hatch rate in relation to 

various types of eggs encountered is given in Table III. The 

time gap between two spawns lasted between 18 - 24 days. In 

one case the female moulted in between and fresh impregnation 

took place immediately afterwards and the details of this 

are included in a subsequent Chapter. 

4.4 Discussion 

Repeatabilty of spawning and higher fecundity are very 

important to use the technology at commercial levels and make 

the operation of prawn hatcheries a viable proposition. 

The water charecteristics in the spawning tanks were 

well within acceptable levels for prawns (Wickins, 1976). 

In the case of P. merquiensis the spawning females were 

nlmont within the wimo nize ranyo which Aquacop (1975) used 

in one of the pioneering studies in induced maturation and 

spawning. However, in subsequent studies by Alikunhi et al 

(1975) and Nurjana and Young (1976) the females that spawned 

were higher in weight range, 30-50 g in the case of the 

former and 20-28 g in the case of the latter. Aquacop (1975), 

however, got much smaller spawns (3,000 to 20,000) while in 

the present study 31,000 to 140,000 eggs were released per 

spawn. Nurjana and Young (1976) observed that the fecundity 

of spawns obtained from females that were ablated, was much 

less than the unablated ones. The present study shows that 

eyestalk ablation is not essential for spawning P. 
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merguiensis  and that this is one of the species which can be 

easily spawned under captivity. The time taken for a female 

to remature was 11-22 days in unablated females while in 

ablated ones it was 4-8 days only, after one spawn. This 

also shows that ablation still serves some useful purpose in 

this species. 

In the case of P. indicus,  a closely allied species of 

P. merguiensis,  Muthu et al (1977) obtained 17 successful 

spawnings. The average number of eggs produced per female in 

this case was 119,614 and average hatch rate was 82.15 

percent. The respective values (70,155 eggs and 58.8 % 

hatch) were comparatively low in the present study. It could 

be because in the former study, the spawnings occurred within 

3-12 days after introduction of females into the maturation 

pools while in the present experiment, the animals were 

acclimatised in the laboratory for a longer period before 

being induced to maturity and spawning. However, Muthu et al 

(1977) have also mentioned that with eyestalk ablation in P. 

indicus  the percentage of sucessful female spawners and the 

average hatch rate (91.9 %) could be improved. They also 

observed that unablated females of P. indicus  produced more 

number of eggs than the ablated ones. In a similar study, 

Emmerson (1980) obtained best fecundity for recently captured 

wild females using low aeration, and inferred that ablation 

would marginally improve the fecundity of domestic stock. 

Contrary to the observations of Muthu et al (1977) a higher 

hatch success with unablated females was reported by Emmerson 
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(1980). 	He cites greater number of poor spawns and aborts 

among ablated females as reasons for the above. 

The P. monodon females that spawned were almost of the 

same size range as used by Santiago (1977) although Aquacop 

(1977 a) has used females ranging in body weight from 45-140 

g. Wear (1976), Wear and Santiago (1976) and Santiago (1977) 

applied unilateral eyestalk ablation to 100 females of P.  

monodon of which only 7 reproduced, spawning on an average 

202,000 eggs with hatch rate of about 53 % and a latency 

period of about 2 months. 	Aquacop 

spawn size for smaller females (45 g 

spawns for larger females (140 g 

-observed that low fecundity is often 

percentage of abnormal nauplii which 

(1977 a) got smaller 

- 75,000) and bigger 

300,000). They also 

accompanied by a high 

was not true in the 

present study. 	Lumare (1979) suceeded in spawning P. 

kerathurus with an average egg production of 78,400. Santiago 

(1977) got a hatch rate of 25.9 to 81 % while in the present 

study it varied between 44.3 and 67.8 percent. In another 

study, Emmerson (1983), the number of eggs produced varied 

from 0 (aborts) to over 500, 000 with hatch rates varying 

from 0 to 82 percent. In the present study rematured females 

took 18-24 days to spawn while Emmerson (1983) observed that 

in ablated females this happened in 22 - 33 days. Also 

during these successive spawns there was no moulting and 

fresh mating. In the present study one of the rematured 

spawn was after moulting and fresh mating (observations 

included in a subsequent chapter on mating). Primavera 
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(1978) conducted unilateral eyestalk ablation in 47 females 

and after 3 weeks obtained four spawnings with an average of 

100,000 eggs per spawn and a hatch rate of >89 %, but 

'Primavera et al (1978) recorded a large proportion of hatch 

which either failed to hatch or showed poor viability. 

Hatch rate is ► known to be affected by progressive 

spawning within one moult cycle (Beard and Wickins, 1980). 

They list reasons for this inconsistancy in hatch rate, 

obtained from ablated females of P. monodon,  as rapid cycle 

of egg production and spawning and scarcity of high quality 

sperm resulting in poor fertilization rates. Although the 

present study could not prove or disprove this it could be 

true because in closed thelyca shrimps the sperms available 

for fertilizing the eggs would progressively diminish 

resulting in unfertile eggs and wastage of reproductive 

effort. Ablation of females normally render this situation 

but compensates other way by inducing quicker moults 

(Alikunhi, et al., 1975) and improving chances of fresh 

impregnation. 

In P. semisulcatus,  a species close to P. monodon,  Al-

Attar and Ikenoue (1979) obtained an average production of 

233,570 eggs per spawn for wild spawners. In the presently 

described spawnings of P. monodon  the average fecundity 

(251,640) was very much comparable to this although the size 

of P. semisulcatus  used by Al-Attar and Ikenoue (1979) is not 

known. In another study on the maturation and spawning of P. 
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semisulcatus based on observations on the natural 

populations, Badawi (1975) found that the minimum number of 

eggs extruded by a female of 140 mm was 68,000 and that by a 

female of 200 mm was 731,000. 

Thus, the results obtained from the present study are 

comparable to those obtained for related Penaeus species from 

the tropics and subtropics. 
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5 . MATINO 



5.1 Introduction 

Although there are several studies conducted on 

induced maturation and spawning in penaeid prawns and the 

techniques. involved are perfected to some degree of 

predictability. and economic viability, there are very few 

studies on the behavioral patterns during reproductive 

processes in penaeid prawns (Hudinaga, 1942; Aquacop, 1977 a; 

Primavera, 1979; Brisson, 1985, 1986; Yano, et al., 1988). 

Earlier, hypotheses have been put forth on how spermatophore 

transfer is effected (King, 1948; Tuma, 1967). Events  

occurring during mating of decapod shrimps have been studied 

for several families (Needier, 3931; Carlisle, 1959; Hoffman, 

1973; in Pandalidae: Nouvel and Nouvel, 1937; Burkenroad, 

1939, 1947; Forster, 1951; Ling, 1967; in Alphidae and 

Palaemonidae: Nouvel, 1939; in Crangonidae: Hoglund, 1943; in 

Palaemonidae: Wickler and Seibt, 1970: in Gnathophyllidae: 

Bauer, 1976; in Hippolytidae). The species under study being 

closed thelyca prawns, mating occurs just after moulting of 

adult female when the body is soft. An adult hard male after 

exhibiting prolonged courtship mates with a female and 

copulates resulting in the deposition of spermatophore inside 

the soft thelyca of the female. This aspect assumes 

significance as mating success directly decides the number of 

successful spawns from a maturation tank during hatchery 

runs. 	Apart from the economical significance it has 

biological curiosity also involved in it. 	Information on 

mating behaviour is of practical use in aquaculture to 
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determine the area and dimensioris of the broodstock tanks 

too. To supplement whatever information is available 

attempts were made -to record the mating behaviour of P. 

monodon  during the course of this series of investigations. 

5.2 Methods 

The experimental set up described in the Chapters on 

maturation and spawning were used for this study also. Most 

part of this observation was running concurrently with other 

experiments. Studies on induced maturation and spawning 

necessitate that one has to visit the laboratory at night for 

maturity staging and isolation of matured females. During 

several such visits many females were sighted in the process 

of moulting. Based on available information that females 

mate after moulting in closed thelyca prawns attempts were 

made to study the series of incidents which conclude in 

mating. In a tank holding 4 females and 2 males of P. 

monodon  and in another tank 5 females and 3 males of the same 

species, 6 matings were observed within a period of 4 months 

starting from November, 1984. The females weighed between 70 

-80 g while the males weighed around 50 g. The prawns were 

fed with squids, prawns and mussel meat ad libitum. 	All 
females were ablated and males were unablated. 	All 

observations described below were after sunset and before 

midnight. 
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5.3 Results 

All males were in hard shelled condition at the time of 

courtship and eventual mating. All the 6 matings 

demonstrated the same sequence of incidents and same patterns 

of movements. 

5.3.1 Moulting 

Since all these matings have been preceeded by 

moultings, observations on the behaviour of prawns during 

moulting have also been made on 3 of them. The females which 

were about to moult were seen sitting quietly at some part of 

the tank and vigourously beating her pleopods. This 

continued for a while and was followed by continued flexing 

of the body. This eventually lead to the breaking of the 

exoskelton at the joint of carapace with the abdominal 

segment. The pleopods continued to beat vigorously and 

intermittantly. Suddenly the female started to make darting 

movements backwards. This resulted in shedding the anterior 

part of the exoskelton. In one quick jerk the animal came 

out of the remaining part of the old exoskelton. In two out 

of the three observations the anterior part of the exoskelton 

came out first and then the female wriggled out of the 

posterior part which was like a loose jacket. In the third 

case, during the course of its quick backward darts it got 

completely free from the old exoskelton in one step. In this 

case the moult remained as one piece while in the other two 

cases the carapace remained separate from the main part of 

72 



Fig. I. P. monodon, female above male ( parallel swimming ) 



Fig. 2 P. monodon, mate facing ventral side to that 

of female 



Fig. 3. P. monodon , male turns perpendicular to female 



Fig. 4. P. monodon,  mate curves the body around female 



the moult. All freshly moulted females came to rest at the 

floor of the tank atleast for 10 - 15 minutes immediately 

after moulting. All these exibition of swimming behaviour 

probably is to draw the attention of eligible males. 

5.3.2 Mating 

Out of the 6 females that mated, 5 started swimming 

around the tank 20 - 30 minutes after moulting. The 6th 

female started swimming only after'an hour. In about 10 - 

15 minutes of swimming, many males started following the 

females for a brief period and then went back to rest or 

continue normal activities. It was observed that one 

particular male elects itself and continue to swim with the 

female. Soon the male gets under the female and both exibit 

parallel swimming. This was about 50 - 60 cms above the tank 

bottom and was continued for 4-6 minutes. Suddenly the male 

turned its ventral side towards the ventral side of the 

female and without waiting any furthur turned perpendicular 

to the female and arched its body around the female. The 

male quickly flicked its head and tail at final moment and 

then swam away. The spermatophore was already deposited 

inside the thelycum of the female. The last two acts of the 

sequence lasted about 10 seconds, although from moulting to 

mating it took more than 3 hours for completion of the whole 

series of events. A schematic diagram of these events are 

presented in figures 1,2,3 and 4. 
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Table I. Summary of observations on mating in P. monodon 

Observations 

Female weight (gm) 

Results 

90 - 107 

Male weight (gm) 75 - 	80 

Female total length (mm) 200 - 230 

Male total length (mm) 180 - 190 

Moulting time (hours) 18. 	00 	- 	22. 00 

Total moult duration 3 hours 

Mating time (hours) 21. 	00 	- 	23. 00 

Total mating duration > 1 minute 
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At the end of the observations all the six females were 

captured and length and weight measured and individually 

verified for impregnation. cases, a small portion of 

the spermatophore was seen jetting outside the thelyca of 

the females confirming that mating did take place in all 

cases. A summary of observations is presented as Table I. 

The sequence of incidents resulting in mating could be 

phased into four sets of activities. 

1. The parallel swimming of male under the female at 

a height of about 50 cm from the bottom of the tank. 

2. The male turns ventral side to the female's ventral 

side . 

3. The male turns perpendicular to the female. 

4. The male arches 	the body around the female and 

flicks its head and tail. 

5.4 Discussion 

Mating among closed thelyca shrimps occurs between newly 

moulted females and hard shelled males (Burkenroad, 1939; 

Hudinaga, 1942; Perez-Farfante, 1969; Primavera, 1979). 

Primavera (1979) succeeded in making some observations on 

mating behaviour of P. monodon  while Brisson (1985) described 

the mating behaviour of P. paulensis  and Brisson (1986) had 

made fortuitous observations on courtship in P. brasiliensis 

which eventually did not progress further. 
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The present observations made on P. monodon  are the 

first of its kind for Indian prawns and a comparison with 

available information suggest that there is a closely linked 

pattern of behaviour among closed thelyca shrimps during 

mating. Although mating did not become a limiting factor in 

any of the maturation trials during the present series of 

observations, the author had earlier witnessed the total 

absence of mating in P. aztecus  during maturation trials in 

Texas A & M University Mariculture Facility. The exact 

reasons for such absence of mating are not known. However, 

in that event all matured males in the tanks had fully 

developed spermatophores. In such situations studies on 

courtship and mating become all the more important. 

In Heptacarpus pictus,  a hippolytid shrimp, courtship 

and mating behaviour was more prolonged and mating occurred 

in seven identifiable stages (Bauer, 1976). They were 

contact, climb, straddle, mount, dip, pleopod beat and 

disengage. Compared to this, the male mating behaviour of 

monodon  is brief and unlike in H. pictus,  once a male makes a 

definite move towards a receptive female mating takes place 

without much difficulty. Mating behaviour has also been 

reported recently for the open thelyca shrimp P. vannamei  

(Yano, et al.,' 1988). Here also the shrimps swim in parallel 

position but unlike in P. monodon,  mating occurs when the 

male turns upside down. In the case of P. vannamei  the 

perpendicular posture and arching of the body may not be 

necessary as the spermatophore need be deposited outside the 
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thelycal plate. It stays in position as if adhered with a 

glue. The whole process in open thelyca prawns is shorter 

and quicker than in P. monodon. Considering Hudinaga's 

(1942) observations on mating in P. japonicus, which is also 

a closed thelycum prawn, mating in P. monodon is quicker. 

Spermatophores deposited in the thelycum are cast off 

with the exoskelton when female P. mondon moults. Seventy 

one percent of the freshly moulted thelyca observed were 

positive for sperms. This is in agreement with the 

observations of (Hudinaga, 1942; Liao and Chen, 1969) for P. 

jApgyalcUrl and Lino and Chen, 1969) for other penaeids. 

Further studies are needed to ascertain the causes of 

attraction (biochemical or otherwise) that makes a male 

undergo the particular courtship behaviour and mate the 

female in closed and open thelyca prawns. 

The exact mechanism of insertion of spermatophores into 

the thelyca of P. monodon females could not be observed. 

However, it is reported that petasma plays an important role 

in this process (Hudinaga, 1942; Tuma, 1967). It is 

hypothesized that in P. monodon, the spermatophores are 

released from the terminal ampoules into the groves of the 

petasma and through this the transfer is effected to the slit 

between the lateral plates of the thelycum. 
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6. IN VITRO ,  FERTILIZATION IN P. MERGUIENSIS 

+f, 



6.1 Introduction 

Most of the animals possess flagellated sperm with 

notable exceptions ocurring among Nematoda and Arthropoda 

(Clark et al., 1973). 	Reports of sucessful in vitro 

fertilization using flagellated 	sperm have been made for 

numerous invertebrates (Costello et al., 1957) and 

vertebrates (Austin, 1972). However, there are only very few 

reports of sucessful in vitro  fertilization using non-motile 

spermatozoa (Clark et al., 1973). Induced maturation and 

spawning has been achieved for select species of commercially 

important penaeid prawns as reviewed in earlier Chapters and 

artificial insemination has been tried with some degree of 

success (Laubier - Bonichon and Ponticelli, 1981; Lumare, 

1981; Muthu and Lakshminarayana, 1984). Interspecific 

breeding has been achieved in some species of freshwater 

prawns (Dobkin & Bailey, 1979; Sandifer and Smith, 1979). 

However, there. are many uncertainities still to be overcome 

for complete control on the entire reproductive cycle of 

penaeid prawns. Uncertainities in spawnings, drop in spawn 

size, drop in hatching rate during susequent spawns, presence 

of large numbers of unfertilized eggs which multiply 

indifferently and do not develop further, are some of them. 

There is still no way to predict with full confidence that 

one particular female would spawn on a particular night. 

Preparations therefore made for a hatchery run could not 

proceed many times. Uncertainity of the night of spawn could 

be overcome by the application of in vitro  fertilization 
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techniques. Hence an experiment was designed to attempt the 

same in P. merguiensis. 

6.2 Materials and methods 

	

6.2.1 	Adult animals 

Mature specimens of P. merguiensis, were collected 

from the sea off Goa by trawl fishing at 25 m depth. Each 

trawling was restricted to a short duration of 30 minutes. 

The mature females and males were separated out and kept in 

fibreglass tanks containing seawater from the same location. 

All selected animals were transported to the aquaculture 

laboratory. The experiment was conducted in seawater of 33 x 

10 -3  salinity and pH of 8.1. 

	

6.2.2 	Extrusion of spermatophores 

Sperm ampoules (seminal vesicles) were removed from four 

sexually mature males (105 - 122 mm total length). 

Spermatophores were squeezed out of genital pore by applying 

a gentle pressure around the coxae of the 5th pereiopods of 

two of them (squeezing method). A foreceps was inserted 

through the gonopore into the seminal vesicle and directed 

posteriorly in the other two males. The spermatophores were 

then picked up easily without any damage to the seminal 

vesicles (extraction method). Regeneration of spermatophore 

occurred in both the cases. The spermatophores obtained from 
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Table I. Average eggs and nauplii counts 

Female 
Length 
(mm) 

Male 
Length 
(mm) 

Egg 
counts 

Nauplii 
counts 

Percentage 
hatching 

145  120 2040 195 9.5 

130 122 2080 220 10.6 

136 109 2120 200 9.4 

139 105 2000 185 9.3 

144 116 2010 0 (control) 
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each male were macerated separately in filtered seawater to 

form a thick sperm suspension (50,000 sperm/ml seawater). 

6.2.3 Ova suspension 

Five ripe (stage IV) females of total length 130 - 145 

mm were dissected and their ovaries removed and placed in 

seawater. The teased ovary portion were agitated in seawater 

to release ova. About 2000 eggs from each ovary were removed 

into 4 pairs one litre Ehrlenmeyer flasks containing about 

150 ml of sperm suspension from 4 males, prepared as 

described earlier. Thus from each male, 2 flasks were 

inoculated and each ovary had two replicates. The flasks 

were moved rapidly in a gyratory path for nearly 5 minutes. 

The sperm-egg suspension thus obtained was transferred into 

round fibreglass tanks carrying 25 1 clean aerated seawater. 

The seawater temperature was mantained at 29.5 ' C. The tanks 

were left undisturbed overnight. Two control flasks were 

also kept under the same conditions without sperm 

suspensions. 

6.3 Results 

Active nauplii of normal appearence were observed 

swimming in the tanks next morning (16 hours later) after 

treatment. Eight tanks carried actively swimming nauplii. 

The number of eggs, nauplii and percentage hatching are given 

in Table I. 

81 



There was no significant difference on the viability and 

virility of sperms obtained by the two methods. Size of male 

and female also did not have any effect on the success of in 

vitro  fertilization. Control containing only egg did not show 

any development. 

6.4 Discussion 

In the context of tremendous research going on to 

improve the technology on induced maturation, reproduction 

and hatchery trials with penaeid prawns and for better and 

assured spawnings, better larval survival, the results 

obtained out of the in vitro  fertilization trials are 

encouraging. The hatching rate obtained is not very high and 

further trials are required to perfect the techniques. Clark 

et al (1973), in their experiments with P. aztecus,  observed 

that about 10 % of the eggs passed through nauplii, protozoea 

and mysis stages to reach the postlarval stage. In vitro  

fertilization would find greater application in open thelyca 

shrimps where spermathecal deposition takes place only just 

before spawning resulting in, many a times, poor spawning 

success. This technique would also find wide application in 

intraspecific breeding trials and genetic improvement of 

broodstock. 
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7 . SUMMARY 



Prawn culture is considered as a viable alternative to 

increase production and nullify the effects of 

stagnation/decline observed in capture fishery resources. 

Presently, more than 40 countries are involved in marine 

prawn culture and world production from aquaculture was 

estimated to be 450,000 tonnes in 1988. India occupies 6th 

position among the leading world producers of prawns through 

culture fishery. Penaeus monodon,  P. chinensis,  P. vannamei  

and P. penicillatus  are some of the most valuable species of 

prawns cultured. India receives about Rs 700 crores worth of 

foreign exchange through prawn export every year and the 

prawn industry has come to stay in this country. Traditional 

prawn culture has been practiced for a long time in the 

states of Kerala and West Bengal. Semi-intensive scientific 

farming of prawns is now initiated in the states of Kerala, 

Karnataka, West Bengal, Orissa, Andra Pradesh and Tamil Nadu. 

Uncertainities on the availability of choice seed, inability 

of species selection, problems of predation, etc. are some of 

the bottle necks in traditional culture. To make prawn 

culture technologically feasible, hatcheries producing seeds 

of the choicest varieties of Indian marine prawns is a 

prerequisite. For this, an understanding of the basic 

mechanisms of reproduction of prawns is imperative. 

Although, such studies have been done with many species they 

are very limited when Indian species are considered. It is 

with this idea that the present series of investigations were 

planned and executed. 
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Of the 55 species of prawns occurring along the Indian 

coast, P. monodon,  P. indicus  and P. merguiensis  are the 

preferred species for culture. Along the Goa coast P. 

merguiensis  outnumbers P. indicus  in abundance. As P. 

monodon  is the most sought after prawn for culture because 

of its larger attainable size and P. merauiensis  is the next 

best available species along the Goa coast, these two were 

selected for the study. 

Studies were conducted on the reproductive system, of 

both P. monodon  and P. merguiensis.  and are included as 
part of the introduction. Attempts were made to induce both 

species to maturity and make them spawn, by controlling 

certain variables which directly affect the reproductive 

processes. Hormonal balance, diet, water quality, 

enviornmental regimes were some such variables that were 

controlled resulting in successful maturation and spawning. 

Observations were made on the courtship and mating in P. 

mondon  occurring along Indian coast for the first time. Also 

successfully .undertaken was in vitro  fertilization in P. 

merauiensis  for the first time in India. Salient results of 

the present studies are summed up as follows: 

1. 	Maturity stages I to IV were observed in P. 

monodon  with single eyestalk ablation. 	On an 

average 28% of the females of this species 

attained stage IV maturity every week. Reduction 

of attainment to stage IV with progress of time 
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was not significant (p >0.05). 	P. merquiensis 

reached stage IV maturity with and without 

eyestalk ablation. Among unablated females of 

this species 24% were in stage IV every week while 

in ablated females it was 36 percent. Mortality 

of P. merquiensis was more among ablated females. 

2. Among males of both species, no external 

differentiation in gonad condition was possible 

except for the presence of spermatophores in the 

terminal ampoules of matured males. However, the 

weights of gonads remained more or less stable 

after attainment of maturity in males of P. 

merguiensis while in P. monodon it varied 

depending on the size of the male. 

3. Consistent changes occurred in the size and colour 

of the ovary in both the species as the adult 

females passed through various stages of maturity. 

While the undeveloped ovary of P. merguiensis is 

cream in colour, thin and veiny, stage IV females 

have dark green ovary occupying the entire dorsal 

surface of the visceral space. The average dry 

weight of ovary ranged from 0.01 g (stage I) to 

0.53 g (stage IV). While the undeveloped ovary of 

P. monodon  is also creamy and thin, stage IV 

female has olive green ovary extending from the 
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anterior to the posterior end of the body filling 

the entire dorsal surface of the female. The 

average dry weight of ovary ranged from 0.1 g 

(stage I) to 4.89 g (stage IV). 

4. The dry weight of hepatopancreas of P. merguiensis 

did not increase significantly from stage II to 

III or from stage III to IV. 

5. The average percent protein levels in ovary of 

stage I P. merguiensis  was 60.5 and 30.2 in 

hepatopancreas, while at stage IV the respective 

values were 50.6 and 63.5. 	The average lipid 

values in hepatopancreas in stage III was 62.5 

percent. It is thus evident that lipid stored in 

hepatopancreas is utilized to a large extent in 

maturation and spawning. Average percent protein 

levels in ovary of P. monodon  in stage I was 61.5 

and 34.2 in hepatopancreas, whereas in stage IV 

the respective values were 49.0 and 66.4. 

6. In P. merguiensis,  fecundity increased with the 

size of the female according to the equation: 

n/1000 = 4.0518 L - 390.32 

where n is the number of eggs spawned and L is the 

total length of female spawned. In this species 

the total number of eggs released in one spawn 

varied from 31,000 to 140,000 with an average of 

41,500. On the contrary, fecundity did not show 
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any significant variation with size of female in 

P. monodon.  The number of eggs released varied 

from 95,000 to 395,600 in this species. 

	

7. 	Four types of eggs were spawned by P. monodon.  

a) Type A - eggs that were fertilized and 

undergoing normal development 

b) Type B - eggs with abnormal or delayed 

development 

c) Type C - eggs which are unfertilized with no 

changes in appearence for several hours 

d) Type D - eggs that have extensive microbial 

growth on them 

On an average, 74 % of the eggs released by P, 

monodon  belonged to type A while type C and D were 

8 and 6 % respectively. 

	

8. 	The percentage hatch rate in P. merguiensis  varied 

between 21.6 and 84.6 while in P. monodon  it 

ranged from 44.3 to 67.8 % . Out of the 10 spawns 

occurred in P. monodon,  only one spawn contained 

substantial percentage of type C and D eggs. 

	

9. 	The time taken for ablated P. monodon  females to 

remature and spawn varied from 18 to 24 days. 

Ablated females of P. merguiensis  took 8 to 14 

days to remature and spawn. For unablated females 
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of P. merguiensis the time for the second spawn 

varied from 11 to 22 days. 

10. 	In vitro  fertilization was successfully 

accomplished in P. merguiensis. The average hatch 

rate obtained was only 9.7 percent. However, as 

this was the first such attempt in Indian species, 

the results obtained are encouraging. Further 

improvisation of the technique for commercial 

application is suggested. 

11. Courtship and mating in behaviour were recorded 

for the first time in P. monodon of Indian waters. 

As they belonged to closed thelyca prawns mating 

occurred between a hard adult male and a freshly 

moulted soft female. The female at the end of 

moulting circleed around the tank luring the 

males. Of the several males that showed 

interest, only one is accepted as a partner. 

Furthur courtship was brief. There were four 

stages. The male and female did parallel 

swimming for a while. The male turns its ventral 

side towards that of the female. Later it turned 

perpendicular to the female and flicked its 

head and tail for few seconds and swam away. 

Spermatophore transfer took place. 
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Although a number of species of penaeid prawns including 

major Indian species such as Penaeus indicus, P.monodon and 

P. merquiensis, have been domesticated, detailed work on the 

processes involved in reproduction have not been reported 

from India. Successes described in the chapters on maturation 

and .  spawning and also the knowledge obtained on the 

biological and biochemical changes taking place during 

reproduction would help in a long way to understand some of 

the above mentioned processes. Also, success recorded for 

the first time from India regarding in vitro fertilization 

and observations on courtship and mating add to the library 

of knowledge on reproduction in marine prawns. Further, all 

information generated in the course of present study are of 

direct application to prawn farming industry, in addition to 

its contribution to science itself. 
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