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1. INTRODUCTION

Consumption of fishery products has been

increasing in tandem with the exponential growth of world

population, but the growth of fishery production has been

sluggish, leaving a huge gap between production and demand.

This has compelled the world to explore alternative avenues

for fish production. Growing selected aquatic organisms

under controlled condition or aquaculture has been the

answer. Obviously, the shrimps among the crustaceans which

fetch high unit value requiring only short duration crop,

with persistant demand and fast expanding world market,

have been the best choice. The past decade has been marked

by dramatic increases in the world production of shrimps

that contributed almost entirely by increased productivity

of aquaculture. India is a late entrant to commercial

aquaculture, even though traditional culturing of shrimps

has been practised in Uest Bengal and Kerala from a very

long time. In India^much priority is given at present for

the culture of shrimps in low-lying areas along the

coast.

Fenaeid shrimps are the most important and

extensively cultured crustaceans all over the world . This

is due to their great demand and high market value. They



are also ideal for intensive cultivation because of their

adaptability to different culture systems, rapid growth,

availability of seed through artificial propagation and

positive response to supplemental feeding.

In any large scale culture operation, one of the

foremost requirements is the availability of seed as and

f. when required by the farmers. In this context, the

utilisation of the available natural resources by organised

seed collection from the wild assumes importance. But, the

abundance and distribution of seed in the wild show

fluctuation from season to season and from year to year. It

is in this context that controlled breeding and hatchery

production of seed of cultivable aquatic animals gain

importance. Uhether the seed is produced in the hatchery or

collected from the wild, they are to be transported and

distributed to the farm sites where they are cultured. This

necessitates transportation of seed to shorter or longer

duration depending on the distance from the site of seed

production or collection, to the farm site. Any large scale

mortality of seed during transportation incurs heavy

economic loss to the enterprise. Transportation of large

quantity of seed involving long transit entails several

complex problems, such as maintenance of water quality,

biological and physiological requirements of animals

transported, optimum packing density during transportation.
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conditioning them before transportation and acclimatisation

soon after reaching the destination. It is in this context,

that concerted effort is made through this study to

investigate these vital problems, so as to ensure high

survival rate and to minimise the economic loss.

Rapid growth of aquaculture demands

information regarding the requirements of the cultivable

species at each of their life stages and during culture, so

as to maximise their survival and yield. Penaeus indicus

is one of the most sought after species for farming in the

brackish water and coastal aquaculture systems. The seed of

the species is presently available from different

hatcheries. Several devices have been evolved for the

transportation of the seed to the farm site, primarily

based on empirical knowledge and later on scientific lines.

Although many of these methods/ devices have proved to be

handy and economical, they are not free from the risk of

incurring mortality. So far, only little is known about the

optimum requirements for the transportation of the valuable

shrimp seed. In this context, there is a vital need to

specify the conditions for the shrimp seed transportation,

instead of betaking the empirically based methods presently

used in shrimp seed transportation.

The present study on the transport of indicus

seed is therefore undertaken with a view to elucidating the

T



important environmental and physiological factors that

contribute to mortality in the closed microcosm and to

standardize the procedure.

Main objectives of the study are :

(1) to study the effect of different packing densities,

temperatures and salinities on the oxygen consumption

of P. -indicus seed,

(2) to study the effect of packing density, salinity and

temperature on the survival and safe duration of the

oxygen-packed seed,

(3) to study the effect of introducing inert habitat

material in the packing medium on the survival and safe

duration of the oxygen-packed seed with a view to

solving the problem of cannibalism and.

(4) to streamline the conditions for oxygen-packed

transportation of P. indicus seed.
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2. REVIEU OF LITERATURE

The techniques of shrimp seed transportation

are based on those of fish seed transportation. Over the

years several devices have been evolved for the

transportation of fish seed, initially on the basis of

empirical knowledge and later on scientific lines. Two

methods of packing are in vogue (a) open system* comprising

of open carriers, with or without aeration/ oxygenation/

water circulation and Cb) closed system having sealed air

tight carriers with oxygen. Different types of carriers

used in open system include earthen containers, tar-coated

plaited bamboo baskets, metal containers, glass carboys,

canvas containers, live-fish carrier boats, truck-mounted

tanks and trucks with built-in hydro-tanks. Closed system

include flexible and rigid plastic bags and containers

filled with oxygen. Because of the sealed nature of this

system there exists a unique microcosm with varying

environmental and physiological factors that contribute to

the survival and duration of the oxygen-packed seed. These

factors mainly include temperature, dissolved oxygen,

ammonia, carbon dioxide and pH levels in the packing

medium. The present review mainly covers the closed system

of shrimp seed transportation.



2.1 Shrinp seed transportation techniques.

Published information concernine the

transportation of shrimp seed is limited, eventhough lonfi

distance transport of seed has become relatively common.

Often, transport procedures are based on experience or

"rules of thumb" passed amons culturists- rather than on

hard data. Some of the techniques in the shrimp seed

transportation are the follovin£.

2.1.1. Plastic bafls.

Containers with larfie bottom area were

recommended by Liao and Huanfi (1972). They used plastic

bags with 10-15 1 of seawater and inflated with oxygen to

transport 10,000 to 15,000 seed of japonicus at lowered

temperatures of 15-18*C, packed within hardboard box. They

found the safe duration of transport as 9.5h. In Japan, use

of polythene baes with 6 1 of seawater and 4 1 of oxygen,

packed within temperature-controlled containers for

transporting P_i_ japonicus seed were reported by Shigueno

C1972). De and Subrahmanyam(19 75) conducted experiments on

the transport of P_^ monodon in plastic bags of 4-5 1

capacity, with oxygen packing and could transport 500 post-

larvae (10-40mm) with 67% survival for a duration of 36h.

Korringa (1976) reported the use of 20{ plastic bags, with

6-8 1 low temperature seawater, filled with oxygen and



^ placed in cardboard boxes, for carrying 5,000-10,000 seed

for a trip lasting for 12h in refrigerated truck.

Experiments conducted by De (,197T) on the transport of P.

indicus seed under oxygen packing in polythene bags having

a capacity of 3 1, suggested that 200 seed could be

transported for a duration of 12h and 150 seed/1 for 20h

with 85% survival. Dwivedi (1978) reported high survival

of Pj_ monodon seed when transported in insulated boxes,

-f Hamid and Mardjono (1979) got a low survival rate when a

larger number of shrimp seed were placed in one bag without

changing the density while transporting ^ merguiensis and

P. monodon seed. They used plastic bags with 5 1 of water

and • an equal volume of oxygen. It was also found that

plastic bag with more than 10 1 water was easily damaged

during transportation especially during air-lifting.

Alikunhi e^ al^, (1980) tried long distance transportation

of nauplii and post-larvae of indicus and monodon in

plastic bags, in which the survival was increased by

providing live food organisms to combat cannibalism. Silas

(1980) air-lifted shrimp seed in polythene bags for a

period of 24h without considerable mortality. Polythene

seed transportation jars of 14 1 capacity filled with 10 1

of water and the rest oxygen, were used for an experiment

involving the transport of 500 post-larvae of Pj_ indi cus by

Selvaraj ,et (1980). These jars were transported over

700 Km in 4 days with reoxygenation in every 24 h, with 85%

. survival at the end of the experiment. Franklin et al.



(1982) used transparent polythene bags of 20 1 capacity

filled with 5 1 of oxygenated water for transportation of

P_L indicus, P, monodon and P_^ aemlsulcatua C10-20nun) poet-

larvae at different packine densities. Survival of 100% was

obtained when 200 seed/S 1 was transported for 18h.

Sinfiholka C1982) devised a simple cool "Walk-in" truck,

with shelves for holdine fishes or crustaceans packed in

* inflated plastic bacs. The temperature in the transport

truck was kept at approximately 22*C by ice cubes and

battery-driven fans, Sinflh ^ (1982) used knotless and

knotted polythene bass for the transport of ^ monodon

seed. They noticed that the bacs with folds or knots at the

bottom were not suitable for transportins shrimp seed, as

the post-larvae fiot entanflled within the folds and died.

Krishnakumar and Fillai (1984) in their experiment used 4 1

capacity PVC transportation bafi with a firm base and double

safety internal valve (to stop oxyfien from leakinfl out).

V Tenedero and Villaluz (1985) described the techniques and

procedure to follow for short and long duration transport

! of shrimp seed. They suceested the use of oxyfien-packed

plastic bafis for short duration transport and oxyaen-packed

plastic bafis in styrofoam boxes with ice to lower the

temperature of transport water for lone duration,

Subrahmanyam (1986) observed a hieh survival of 98-100% in

the transport of Hacrobrachium rosenbercii seed in

^ polythene bafls with oxyfien under pressure. He recommended
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the addition of weed or plastic strips and worms to the

medium as shelter and feed respectively during long

distance transport. Simon C1986) suggested the use of thick

eatJge polythene bags of 18 1 capacity, with 5-6 1 of water

and the rest oxygen for long distance transport.

Kungvankij ^ C19S6) reported the use of plastic

containers of 20 1 capacity and plastic bags of 6—8 1 for

the transportation of nauplii. Alias and Siraj (1988)

packed rosenbergii post-larvae in plastic bags with

different habitat materials. They found that the use of

habitat materials had some effect on reducing cannibalism

and increasing survival of post-larvae. Camillo (1990)

described the packing procedure for transporting shrimp

post-larvae in two plastic bags, with tied corners for

inner bag. Chen (1990) reported the use of plastic bag

with 10-15cm water of 25-30ppt salinity, filled with

oxygen, for the shipment of PL25-30 o£ tiger shrimp in

Taiwan. New (1990) recommended inflated plastic bags in

insulated containers for journey of up to 12h at 3G0/1

packing density and for journeys of 24-36h at 100/1 in

inflated plastic bags in insulated containers. Pillai e^

al. (1992) investigated the feasibility of transporting P.

indicus nauplii in polythene packet of 15 1 capacity with

5 1 of water and the rest oxygen packed with 5 lakhs of

larvae. Transportation within 30h showed 100% survival.

Muthuraman (1993) used double lined polythene bags

containing 5-10 1 of oxygenated, chilled water for
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•transpor"ta"tion of P. roonodon nauplii at a packing density

of 50,000-2,01,000 numbers/baft. These bags were kept inside

water proof wax-coated master-cartons with inner thermocole

li'ninfts, with ice bacs in all the four corners.

2.1.2. Other types of containers.

Hohanty and Patra (1972) conducted an

experiment on the transport of post-larvae of shrimps

(penaeids) in open glass jar and galvanized trays with sand

bottom for nine hour journey by boat, Shigueno (1975)

reported the use of small canvas bags placed in a makeshift

metal frame loaded on truck, aerated during riding, for

holding about 5,00,000 post-larvae, CPL20-305/ni^ for »
maximum of 3h of driving and also the use of live fish-

holds in fishing boats for the same. Korringa (1976)

reported the use of 0.5 m transportation tank, filled with

water for transfer of ^ iaponicus seed to outdoor rearing

ponds in the immediate vicinity. An account of short

distance transportation of larvae of monodon in open

container was given by Varghese (1978). Plastic strips

overgrown with periphyton were provided for the seed to

graze during transport which resulted in a better survival.

Mammen ^ (1978) used milk can type container for

transporting P_;_ monodon seed for short distance transport

and for air lifting with an average survival of 53%.
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Fibrefllaos tanks of 2 in capacity, with an openinfi at the

top for putting the shrimps were used by At-Atlar and

Kenow (1979) for P_;_ semisulcatus transportation; these were

loaded on a truck. Alikunhi ^ (1980) recommended open

containers for a duration not exceeding 4h for the

transport of shrimp seed. 300 1 capacity plastic pools and

200 1 capacity barrels were tried by them. Tenedero and

Villaluz (1985) described the procedures and techniques to

follow for short and long duration transport. Rao ^ al.

(1986) transported monodon fry (18-26mm) in clean open

aluminium vessels at 1.5ppt salinity for a period of 3h by

road and obtained 100% survival at a low packing density of

54 fry/1. New (1990) recommended aerated tanks for journeys

upto one hour at 750/1 packing density for rosenbergii

post-larvae. Joshi (1991) used reusable plastic jars on

transportation of ^ monodon post-larvae under oxygen

pressure to study the effect of selected sedatives on the

survival and duration of oxygen-packed seed. Jayasree-

Vadhyar ^ (1992) used reusable hard transparent

plastic jars with air tight screw type lids fitted with

one-way valves for studying the effect of introducing

different types of habitat materials on the survival and

duration of safe transport of the rosenbergii post-

larvae under oxygen packing at different packing densities.

Venkataswamy e^ al,. (1992) conducted trials to standardize

the transport of Ilj, malcomsonii juveniles and broodstock in

galvanized iron tins with lids of 20 1 capacity, with
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double plastic bags tied at both ends. Each plastic bag was

filled with 5 1 of river water and oxygenated to the

saturation level and the results showed that oxygen packing

in hypothermal condition could help in increasing survival.

2«2« Packing density of shrimp seed in transporting

containers.

Packing density is one of the major factors that

govern the survival and safe duration of the oxygen-packed

seed. Shigueno (1975) described the oxygenated polythene

bag transportation adopted for long-distance shipping of P.

japonicus. Here^ the safe duration of 12h is reported at

packing density of 750 seed/l under a lowered temperature

of 18 C. De and Subrahmanyam C1975) during transportation

of P_^ monodon seed tried packing densities ranging from 50

to 3000 seed/1. They concluded that 500 seed/1 could be

transported for a duration of 36h with 87% survival whereas

at higher density of 2500 seed/1, the seed could be

transported only for 12h with similar survival, Korringa

(1976) suggested high packing densities of 5000-10,000

seed/ 6-8 1 in 20 1 plastic bags for trips lasting for 12h

duration inside refrigerated truck. De (1977) conducted an

experiment with packing densities ranging from 50 to 750

seed/1, 85% survival was obtained for 200 seed/1 for a

duration of 12h and 150 seed/1 for 20h. Chakraborthi (1978)
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calculated the oxyfien requirement of P_^ monodon and P.

indicus on the basis of which he recommended the packinfi

densities of shrimp seed without oxysen packin£ as 900,

450, 300, 225 and 160/1 at temperature, 32*C, salinity

19.6ppt, and dissolved oxysen 5.76ppm over a period of 1,

2, 3, 4, and 5h respectively. Mammen e^ al.. (1978) could

obtain 96% survival of ^ monodon seed, at a packing

^ density of 250/tin, whereas at 1500 to 2000/tin, survival

was only 50%. Hamid and Hardjono (1979) obtained hifih

survival rate (95%) for 200 to 300 seed/1 packing density

with oxygen for 8h. They found that the density during

transportation could be increased considerably if the

duration was less than 4h or if the water tempere&re was

brought down to 22*C. Selvaraj ^ (1980) highlighted

' the importance of maintenance of optimum number of seed in

the transporting containers for maximum survival under open

conditions. Packing densities tried by them of 25 to 250

^ seed/1 under similar open conditions indicated that 50 '

seed/1 (20 to 30mm) was the optimum number, with 100%

survival for 24h, and mortalities of 3%, 15%, 75% and 100%

were observed at 36, 48, 60 and 72h respectively. Singh ^

a^. (1982) based on their experiments suggested a packing

density of 500/1 monodon seed anaesthetised, for

transportation, for a period not exceeding 26 h, and a

packing density of 375/1 for duration upto 30h. Singholka

(1982) obtained a survival of more than 95% at a packing

density of 300/1 for a duration of 18 h, while transporting



14

Macrobrachium rosenbergii at lowered temperature. Franklin

et al. (1982) demonstrated that the mortality during

transport of indicus increased with packing density.

They got 100% survival, when 200 seed were transported

for 12h in polythene bags of 20 1 capacity with 5 1 of

water, whereas, mortalities of 3% and 10% respectively were

observed for packing densities of 250 and 500 seed/1 for

the same duration. Thirunavukkarasu (1983) recommended a

packing density of 1000 to 1500 seed/1 at IS^'C for long

distance transport and 51akh/m^, for short distant

transportation for shrimp seed in general. Krishnakumar and

Pillai (1984) transported P_^ indicus seed with 70%

survival for 24h under oxygen packing at a density of 250

seed/1. Uhen the duration was increased to 36 and 48 h, 70%

survival was obtained with 100 seed/1. They also reported

the relationship between the size of the shrimp and packing

density. Uhen 8 day old post-larvae were used, the survival

70% I could be obtained at packing density of 300 and 150

post-larvae/1 for 24 and 36h respectively. Tenedero and

Villaluz (1985) suggested a packing density between 600 and

800 seed/1 (PL15 to PL20) and 400 to 800 seed/l (PL30) for

short distance transport of less than 6h in polythene bags,

and 200 to 300 seed/1 in hydro-tanks for penaeid shrimp

seed. Subrahmanyam (1986) recommended a packing density of

50 seed/1 for long distance transport of 11^ rosenberflii and

short distance of less than 3 to 4 h, a density of 150 to
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800 seed/l even without oxygen packinfi. Simon (1986)

aucfi^sted a packinfl density of 15,000/ bag with 5 to 6 1

of water for 12h and 10,000/ba£ for 48 h, when the size of

the seed was 8 to lOmm. At a size of 18 to 20inin, only 3000

and 5000 could be packed per bag for 12 and 48h of

transport respectively. Kunfivankij ^ (1986) reported

that in polythene bafis with 6 to 8 1 of water 2,00*000

nauplii could be transported with 80 to 90% survival for 4

to 6 h, whereas only 3000 to 5000 post-larvae could be

transported in similar bag for similar duration. Fan and

Dayue (1988) transported ^ orientalis at a packing density

of 5000 PL/1, at water temperature of 15-20*C, and salinity

of 18-23ppt and obtained a survival rate of 95^: for 20h

duration. Alias and Siraj (1988) observed that when M.

rosenbergii seed packed at 100, 200 and 300 post-larvae/1,

the density, 300/1 showed significantly better survival at

12h. However at 24 and 36h, packing density of 100/1 was

signif itantly higher than that of 300/1. New (1990)

suggested a packing density of 750/1 for journeys upto one

hour, 300/1 for journeys upto 12h and reduced packing

density of 100/1 for 24 to 36 h, in the transportation of

n. rosenbergii post-larvae. He also described a

weight/litre classification of packing density for juvenile

and subadult prawns. Camillo (1990) recommended a packing

density of 8,000 to 10,000 post-larvae of 20mm length in

15 1 cooled (20-24*C) oxygenated water for a period upto

30h. Jayasree-Vadhyar ^ (1992) packed rosenbercii
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seed at densities of 100, 200, 250, 300, 400 and 800/1 and

observed that the safe duration of survival (time of

initial mortality) varied as 81, 35, 12, 12, 6 and 4h

respectively. Pillai e^ a^. (1992) carried out nauplii

transportation trials at different packing densities

ranging from 2000/1 to more than 1,00,000/1 for a fixed

period of 24h and obtained 100% survival at 1 lakh/1.

Muthuraman ^ (1993) transported tiger shrimp nauplii

at a packing density between 50,000 to 2,01,000 numbers per

bag in 5 to 10 1 of oxygenated chilled water. The average

survival rate of 63.91% was obtained for surface lifts.

2.3. Cannibalism

The shrimp post-larvae are cannibalistic in

behaviour and hence do not often reach their destination in

totality. According to Subrahmanyam (1973) Pj_ monodon in

laboratory containers developed cannibalistic tendencies

due to insufficient space. Cannibalism is more pronounced

at higher temperatures (Shigueno, 1975). Varghese ^ al.

(1975) reported that monodon after moulting became soft

and sluggish and fell on easy prey to other active

individuals, larger shrimps often found attacking smaller

ones. Such cannibalistic tendencies associated with

moulting has been reported in many crustaceans. In fl.

rosenbergii this type of cannibalism occurs and the attack
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is made on the animals undergoing moult (Segal and Roe,

1975). Peebles (1978) reported that prawns of equal size

are also susceptible to cannibalism during the pre-moult

and early post-moult, Hammen ^ (1970) got only a

survival of 53.5% after the transport of monodon fry

for 18h which they attributed mainly to cannibalism

especially in higher packing densities. According to Hamid

and Nardjono (1979), higher temperature of the water in the

transporting container* tends to increase cannibalistic

activity of shrimp. Alikunhi ^ (1980) also agreed to

this view and reported that at normal temperature when

shrimp were crowded without food they tended to become more

cannibalistic. They observed that within 24 h, a post-

larva which survived in the transport container consumed

as much as 150% of its body weight. So they recommended the

addition of live food organisms to the packing medium along

with shrimps for avoiding cannibalism during transport.

Franklin e^ a^. (1982) pointed out that one of the reasons

for high mortality during transport of penaeid seed was

cannibalism. Krishnakumar and Pillai (1984) attributed the

low survival rate of small sized P_j. indicus during long

duration transport to cannibalism as small post-larvae

moulted frequently and became prone to cannibalism. New and

Singholka (1985) suggested the use of water from the

holding tank to fill the transporting container to avoid

moulting in "new water" and the consequent losses of seed

by cannibalism. Kungvankij et al. (1986) recommended
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development. Subrahmanyam C1986) reported cannibalism and

injury to the soft seed (moulted) as the cause of

mortality." Alias and Siraj (1988) reported that the use of

habitat material in the transporting container had some

effects on the survival as this provided more surface area

in the bag thereby reducing cannibalism among prawn larvae.

They also reported that the cannibalistic behaviour was

predominant during the early hours of packing. Chen (1990)

suggested that, a temperature shock in new water a few days

prior to transportation of black tiger shrimp seed, induced

moulting before the trip, instead of during or immediately

after the trip, which minimised mortality due to

cannibalism and/or handling. Jayasree-Vadhyar ^ (1992)

highlighted the use of hollow habitat material in reducing

cannibalism of rosenberaii seed under oxygen packing.

2.4. Factors influencing water quality during transportation

2.4.1. Dissolved oxygen.

2.4.1.1. Dissolved oxygen during transportation.

Dissolved oxygen is one of the most important

water quality parameters that affects the survival of
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shrimp seed during transport. The first few hours after

loadinfi or packinfi are particularly critical as the

shrimp seed are excited and require a larc© amount of

oxycen with a short time for adjustment (Johnson, 1979).

De (1977) stated that depletion of dissolved oxygen was

not found to be the main cause of mortality of penaeid seed

under oxygen packing. Hamid and Ilardjono (1979) observed an

oxygen concentration range between 11.6 and 16.2ppm in the

packing medium after 12h of transport of monodon fry.

Selvaraj ^ al• (1980) transported shrimp seed at the rate

of 100/1 with continuous oxygenation with 100% survival

during the initial 24 h. Singh ^ (1982) measured final

oxygen concentration of 6.2, 2.7 and 3ppro in bags with

packing densities of 250, 375 and 500 PL/1 respectively.

But, Franklin ^ (1982) noticed the dissolved oxygen

concentration as low as 0.6—0.9ppm after 12h of transport,

which they attributed to the putrefaction of dead shrimps.

Krishnakumar and Pillai (1984) reported the depletion of

oxygen in containers with packing densities above 200 PL/1,

when the duration of transport was longer (36 to 48 h).

They observed till total mortality occurred in long

duration transport, and made clear that the mortality of

post-larvae was not due to depletion of oxygen. Alias and

Siraj (1988) obtained final oxygen level of 6.0 mg/1 for

' 300 PL/1 packing density even after 36 h. But, according to

New (1990) the survival rate during transportation was more

closely related to dissolved oxygen level than to any other
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water quality parameter. Jayasree-Vadhyar et a^. (1992)

observed a comparatively higher final oxyflen level for

habitat material enclosed packing system than the control,

for ^ rosenbergii post-larvae.

2.4.1.2. ninimum dissolved oxyfien tolerance levels.

Results from the experiment conducted by Hackay

(1974) showed that at 0.9ppm +, O.lppm dissolved oxygen, all

shrimps tested went into a type of lethargy where no

reflexes could be shown. At this point all specimens were

found lying on their sides. At about l,2ppm dissolved

oxygen, the majority of shrimps began swimming to the top

of the water. De and Subrahmanyam (1975) reported that P.

monodon seed could survive in oxygen concentration as low

as 0.6ml/l. Chakraborthi (1978) determined the minimum

dissolved oxygen concentration at which the shrimp seed

could survive as 0.7ppm (for 2h), but for practical

purposes 1.5ppm was taken, to avoid risk. According to

Selvaraj ^ (1980) the level of dissolved oxygen

sufficient for the survival of shrimp in healthy conditions

was found to be above 2.5ml/l. Thirunavukkarasu (1983) also

suggested the same level. Shylaja and Rengarajan (1993)

fixed the medium tolerance limit of indicus juveniles at

20ppt salinity and 28*C as 0.45ml/l dissolved oxygen; 100%

mortality was observed in 0.36ml/l.
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2.4.1.3. OxyflQn conaunption.

Marine orcanisme show varyinfl rates of oxygen

consumption according to their physiological activity and

ecological demand. Information on metabolic rates generally

determined by measuring oxygen consumption (Q02) is of

basic importance in defining the metabolic energy budget of

j an animal.

2.4.1.3.1. Relationship with body weight.

A number of investigators have studied

oxygen consumption of shrimps in relation to body weight

(Uolvekamp and Waterman 1960, Eisusa 1961, Subrahmanyam

1962). Uolvekamp and Uaterman (1960) reported that oxygen

consumption varied from 0.67 to 1 to the power of the body

weight for crustaceans. According to Egusa (1961) the

resting and active oxygen uptake rates per unit weight of

P. japonicus tended to drop with increase in size.

Subrahmanyam (1962) established a linear relationship

between body weight and oxygen consumption for indicus.

According to Kramer (1975) the lethal dissolved oxygen

concentration for brown shrimp P_;_ aztecus varied with size.

Nelson ,et (1977) got a slight negative correlation

between metabolic rate and weight. Stephenson and Knight

(1980) after their experiments with rosenbercii post-

larvae stated that the oxygen consumption increased with
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the weight of the prawn. Bishop .et a^. (1980) found that

3,7fi sized shrimp consumed more oxycen than 6.7c shrimp did

in different salinities. Licop (1984) noticed that the rate

of oxyflen consumption at various salinities were greater in

younesc post-larvae than in older post-larvae of

monodon, Liao and Ilurai (1986) studied the effects of

dissolved oxygen, temperature and salinity on the oxygen

consumption of P. monodon. They found that the oxygen

consumption/unit body weight (mg/g/h) tended to decrease as

the body weight increased. Experiments on oxygen

requirement of shrimp larvae by Pramila and Hohammed (1993)

showed increased oxygen consumption with increase in size

and progress in developmental stage of the larvae. Uith

respect to respiratory rate; they also got similar results

I as Liao and Hurai (1986). Kripa and .Laxminarayana (1993)

' found the asphyxial level of P_^ indicus for smaller shrimps

to be lower than that for larger ones.

r

2.4.1.3.2. Effect of environmental oxygen tension.

The relationship between oxygen consumption and

the environmental oxygen tension has been found to be

highly variable by several workers (Uolvekamp and Waterman,

1960 j Egusa '̂Tl961 ,; Subrahmanyam^ ;1962 ' ; Kutty^ ^1969 .1

Laxminarayana and Kutty, 1982 ). In most of the animals,

^ while an increase in oxygen content is not likely to harm
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the animals, in others, reduction of the same below the

critical oxycen tension produces stressful effects.

Subrahmanyam (1962) found that LndLcMB^ was an oxygen

conforraer and that its oxycen consumption rates depend upon

the partial pressure of oxygen even at saturation levels.

Thus, as the ambient oxyaen concentration in a closed
chamber decreases from respiration, the shrimps respiratory

rate also decreases. Kutty (1969) reported that the

metabolic rate in indicus declined with decrease in

ambient oxyfien concentration. Studies by Liao and Huane

(1975) and Chen (1985) reported that the oxycen consumption

of post-larvae decreased when dissolved oxycen level fell

below 3.8 to 4 mc/1. These results sufigest that the oxygen

regulatory system of P_;_ monodon is well developed at early

post-larval stages and the oxygen consumption is

independent of dissolved oxygen, at higher dissolved oxygen

levels. Studies on the shrimp P.semisulcatus and IK

ma1cornsoni i and crab Parat elphusa hydrodromus by

Laxminarayana and Kutty (1982) supported the view that

oxygen consumption decreased under hypoxic conditions with

decrease in metabolic rate. The decrease in the rate of

oxygen consumption was most significant in P. semisulcatus

and less significant in P_^ hvdrodromus, Liao and Murai

(1986) reported that oxycen consumption in L:_ monodon was

independent of oxycen concentration, at levels above 4ppm,

but it decreased significantly at lower levels. Taylor and

Spicer (1987) also observed that oxygen consumption in
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palaemonid prawns was independent of oxycen levels of a

wide range. Kripa and Laxminarayana (1993) observed a

decrease in oxygen consumption rate with decrease in

ambient oxygen for P_^ indicus.

Z.4.1.3.3. Changes caused by starvation. .

In decapods the effect of starvation on oxygen

consumption is in a way similar, registering an initial

sharp decline and then stabilization. Kutty (1969) studied

the mean rates of oxygen consumption in starved indicus.

By the second day of starvation the metabolic rate declined

sharply and further starvation did not cause any change

from this level during the subsequent 5 to 10 days of

starvation. He reported that Pj_ indicus and P.

semisulcatus starved for two days could be expected to

survive for 1.7 and 2.3 times longer respectively than

those not starved. Kulkarni and Joshi (1980) found that the

oxygen consumption rate decreased with an increase in the

duration of starvation. Beyond tenth day, starvation did

not affect the metabolic rate of adaptation to starvation

in iaponicus. Oxygen consumption in ^ esculentus fell

sharply with starvation from 24 to 29% during the first 5

days and then levelled out (Dall and Smith, 1966).

Surendranath ^ (1987) noticed significant decrease in

the rate of oxygen consumption in P. indicus starved for 15
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days indicatine the minimum utilisation of reserved food

material to withstand lone periods of starvation.

2.4.1.3.4. Routine oxyeen coneuiaption.

Routine oxyfien consumption of P_i. japonicus is

approximately 0.2 to 0,3 mg oxyeen/e/h for juveniles

—^ (Dallavia 1986). Liao and Murai (1986) found a rate of

51{Mmol oxyfien/ke/min at 20*C and Kurmaly ot. al_. C19B9)

reported a respiration rate of 55 ^mol oxyeen/kfi/min at

15*C for monodon.

2.4.1.3.5. Effect of feeding and handling.

Nelson ^ (1977) found that feeding elevates

Q02 in ttj, rosenbergii. Hean increase in Q02 after feeding

was as much as 39.4%, however no significant relationship

was derived between the amount ingested and the increase in

the rate of metabolism. Handling increases the respiration

rate of Crustacea (tinkler, 1987) apparently by increasing

the activity of the animal (walking and swimming). In both

P . \aponicus and P_j_ esculentus . respiration rate changes

with the activity state of the shrimp (Dall* 1986).

2.4.2. Nitrogenous excretions.

>

Though uric acid* urea* amino N fractions have
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been recorded in crustaceans» ammonia forms the major

fraction (Kinne, 1976) and is found to be 9-86% of the

total nitrogen excreted (Parry, 1960). Ammonia contributes

as much as 72.6% of the total nitrogen excretion in P_l-

indicus (Gerhardt, 1980). The accumulation of ammonia

causes mortality of organisms reared in a closed system

(Spotte, 1979). Ammonia is found in both the un-ionized

CWH3) and ionized form (NH4^), Both affect ammonia
accumulation and causet| , death of shrimp (Chen and Kou,

1993). The un-ionized form is usually more toxic (Armstrong

et al. , 1978). The proportion of NH3 to (NH4 ) in water

increases with increase in water temperature and pH and

with decrease in salinity (Uhitfield, 1974). In crustaceans

the haemolymph concentrations of ammonia ranged from 2 to

IBmg/l (Haneum e1^ al,. , 1976 ; Armstrong e^ a^. , 1978).

2.4.2.1. Ammonia.

2.4.2.1.1. Ammonia excretion

Diffusion of ammonia from blood to water,

exchange of (NH4^) for Na^ ' and conversion to non-toxic

compounds are the three routes by which fish and

crustaceans lose metabolic ammonia (Campbell 1976).

Diffusion of ammonia is the principal route of excretion

because blood levels are normally much higher than ambient
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water concentrations CKinno 1976); Ammonia excretion rate

is reported to be hifther (Nelson e^ » 1979) for fed than

for starved prawns and is a function of body weifiht and the

amount of feed insested. Gerhardt, (1980) observed the

ammonia excretion rates by indicus at 24*C to be twice

that of ^ esculentus at the same temperature. Body weifiht

was found to affect ammonia excretion rate in ^

lanchesterii (Anantharaman ^ . 1981) which was maximum

at 828.1 + 61.55mg and decreased for those weifihing above

and below this weifiht. Under anaerobic conditions there is

increase in protein degradation and nitrogen excretion in

crustaceans as reported by Laxminarayana and Kutty (1982).

They observed 2 to 5 fold increase in the ammonia quotient

val-ues in crustaceans under hypoxic conditions. Spaargaren

et al. (1982) obtained ammonia excretion rates for P.

japonicus at 25*C, which were several times higher than

those for ^ esculentus at the same temperature and at 10-

14*C» this was two to four times hifiher. Nelson and Kropp

(1985) reported that once shrimps were exposed to ambient

water in which ammonia-N levels exceeded lOmg/1, after

30min. haemolymph ammonia became a function of ambient

ammonia, suggesting the replacement of NH3 from haemolymph

to water by diffusion of NH3 from water to haemolymph.

They also determined the haemolymph ammonia-N levels of

normal feeding and starved ^ monodon as 12.33^.2.18ma/l and

7.1+0.2mg/l respectively. Wickins (1985) pointed out that

in P. monodon. the rate of ammonia excretion decreased with



28

increase in animal size. Dall and Smith (1986) reported 46-

73% increase in ammonia-N excretion with starvation.

Significant amount of ammonia excretion was observed during

the first 20h after feeding in semisulcatus by Uajsbrot

et al• C1989) with maximum concentration between 4 and 8h.

Ammonia excretion rate was observed to decrease with

increase in size similar to P_^ monodon as reported by

Uickins (1985), Mohanty ^ (1989) also obtained similar

results. narangos ^^.(1990) observed that the daily

specific excretion by post-larvae was about five fold

higher than the excretion by the adults. Allan ^ a.1.

(1990) noticed increased acute toxicity in P_i. monodon

juveniles. Similar result was observed by Uajsbrot ^

^.(1990). They found that the toxicity of ammonia in

juveniles of ^ semisulcatus increases when the dissolved

oxygen level was below 55% saturation. At 27% oxygen

saturation, ammonia toxicity- doubled. Excretion of ammonia

increased as ambient ammonia~N increased upto Img/l in P.

chinensis. but excretion of ammonia was reduced when the

level of ambient ammonia-N exceeded lOmg/1 (Chen and Lin,

1992). Kripa and Laxminarayana (1993) found an increase in

ammonia excretion rate with increase in body weight.

2.4.2.1.2. Ammonia tolerance limit.

Catedral et al. (1977) stated that the post-
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larvae of P_^ monodon could tolerate ammonia upto 10mi£/l>

Jayashankar and Muthu C1984) calculated the incipient LC50

values o'f ammonia toxicity for wild and hatchery bred ^

indicus larvae as 1.45ppm and ll,99ppm respectively. They

found that the larvae from wild were more sensitive than

hatchery bred broods to ammonia exposure. The safe levels

of ammonia were fixed at 1.12ppm ammonia-M at pH 8.1. Chin

and Chen (1987) observed LC5Q values for post-larvae of L:_

monodon after 24 h, 48 h, 72h and 96h as 52.11, 27.73,

17.05 and 11.51ma/l ammonia-N respectively. Uajsbrot ^

(1990) showed that ammonia was toxic to Pj^ semisulcatus at

the 1.4mft unionized ammonia-N/1 level. Chen and Kou (1993)

observed that once shrimp had accumulated upto 20mft/l

ammonia-N in "the haemolymph they got weakened and

eventually died. Those exposed to 50mfi/l at pH 9 and

lOOma/1 at pH 8.2 were found to accumulate maximal

concentration of ammonia in 1.5h and 6h respectively.

2.4.2.1.2. Chanftes durinfi transportation.

Ammonia excretion in shrimps is reported to

increase during transportation in closed containers (Smith

and Uannamaker, 1983). Krishnakumar and Pillai (1984) found

significant mortality during the transport of Li. indicus

when the total ammonia level reached above 80ppm. As the pH

of the medium was on the acidic side, they concluded that

ionised form of ammonia was also harmful to shrimp at
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higher concentrations. Alias and Siraj (1988) observed that

the level of ammonia-N increased with increase in packing

density. They stated that the bags without habitat

materials had significantly higher levels of ammonia-N than

those with habitat materials. The interaction between

habitat material and packing density was also significantly

different in ammonia-M levels. Joshi (1991) observed an

increased ammonia excretion by Li_ roonodon during

transportation, under sedation. Jayasree—Vadhyar et a^.

(1992) obtained similar result as that of Alias and Siraj

(1988) with IL. rosenbergii post-larvae in oxygen-packed

jars with and without habitat material.

2.4.2,2. Nitrite

The 48h LC50 of nitrite to seven species of

penaeid post-larvae (0.5-1.5 g) at a pH of 8 and

temperature of 28*C was 170mg/l nitrite-N (Uickins, 1976).

Catedral ejt al. (1977) reported that the toxicity levels

of nitrite to ^ monodon larvae varied with the larval

stage. Armstrong e^ al_. (1981) fixed the 96h LCsq value of

nitrite to shrimps in the range of 8.5-15.5mfi/l nitrite-N.

rievel and Chamroux (1981) observed that ^ iaponicus was

sensitive to nitrite-N concentration higher than 100 ^g/1.

Jayashankar and Huthu (1984) found the incipient LC5Q

values of nitrite for wild and hatchery bred P. indicus
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larvae as 0.78 and 3.29ppin nitrate-N respectively. Chen ^

ai. (1986) observed that the relationship of monodon

survival was more sisnificant with nitrate than with

ammonia. If the nitrate-N increased to 78/ifi/l, a survival

rate greater than 10% could not be expected. Chen and Chin

(1988-^) observed the 24 hp 48 h, 72h and 96h LC5Q values of

nitrite in P. monodon post-larvae as 61.87, 33.17, 20.53

and 13.55mc/l nitrite-N. A "safe level" of nitrite was

estimated at 1.36mc/l nitrite-N on the basis of LC50 for

post-larvae.

2.4.2.3. Nitrate.

Uickins (1976) subjected shrimps (Penaeus

aztecus. P. iaponicus, P. occidentalis. P. orientalis and

p. setiferus) to ^ acute exposure to nitrate and they

survived up to 2000ing/l for 48 h, but above this

concentration mortality increased progressively.

2.4.3. Carbon dioxide.

Like other animals, aquatic animals release

carbon.dioxide as a respiratory waste. The carbon dioxide in

the water medium will be in bound form or free form. The

free form of carbon dioxide is considered as a poisonous

waste product. Carbon dioxide levels reachinfi 20 to 30ppm

in transport tanks with air supply cause severe stress
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(Johnson, 1979). Carbon dioxide accumulates in the packins

medium with time. Uhen dissolved oxyfien concentrations are

lov, the presence of hifih levels of carbon dioxide hinders

oxygen uptake by fish (Boyd, 1982). Production of carbon

dioxide from fish respiration moves water pH towards

acidity with time (Amend, 1982). Even in the presence of

sufficient oxyfien, increased level of carbon dioxide in the

medium is found to cause mortality of the seed

(Thirunavukkarasu, 1983). Krishna Kumar and Pillai (1984)

related mortality of P.indicus seed to reduce pH due to

accumulation of carbon dioxide and increase in ammonia,

durinfi transportation at hifiher packinfi densities. They

observed almost complete mortality due to accumulation of

carbon dioxide in lonfi duration experiments. Robertson et

al. (1987) susfiosted that the containers may be opened once

or twice during shipments to aerate the water, reoxygenate

and reseal in order to reduce carbon dioxide accumulation

durinfi lone shipment. Alias and Siraj (1988); Jayasree-

Vadhyar ^ , (1992) noticed sifinificant reduction in

carbon dioxide accumulation by the incorporation of habitat

material in the packinfi medium.

2.4.4. Salinity.

2.4.4.1. Tolerance limits.

V

P. indicus is a highly euryhaline species
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capable of toleratinc wide ranges of salinities. The post-

larvae could tolerate salinity as low as 7ppt when

subjected to sudden exposure, when acclimated gradually

they could tolerate even freshwater CBhattacharya and

Kewalraniani, 1976), Kuttyamma (1980) noticed the extreme

euryhaline nature of juvenile P• indicus and reported 5 to

35ppt as the best survival limit. Lafcshmikanthan and

Susheelan (1984) observed 5 to 40ppt salinity as the

survival range for post—larvae of P• indicus, but salinity

acclimation experiments revealed that the post larval

stages exhibited considerable tolerance to wide salinity

range on gradual acclimation to lower and upper levels and

indicated that they could adopt to and thrive in a wide

range of salinity, ie 0.33 to 85ppt by this process. A

similar pattern was observed by Shylaja and Rengarajan

(1993) with Pi, indicus juveniles. Their study revealed that

the species can survive well in salinities between 3.9 and

40.7ppt.

2.4.4.2. Effect of salinity on oxygen consumption.

Several authors have reviewed the response of

metabolic rates of a variety of crustaceans with varying

salinity CUolvekamp and IXaterman, 1960; Lockwood, 1967;

Kinne, 1976). Increased metabolic rates at salinities

differing from the iso-osmotic point indicate the increased
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energy cost due to osmoregulation (Beadle, 1931; Lofts»

1956; Rao, 1958; Venkataramiah, et al., 1974; Nelson ^

al. 1977). In shrimps^, effect of salinity changes in

respiratory rates have been shown to depend on temperature,

body size, oxygen concentration as indicated by Rao, (1958)

and Nelson et. - (1977). Rao. (1958) attributed changes

in oxygen consumption of shrimps in changing salinity media

to variations in osmotic pressure between body fluid and

seawater. Comparative data on routine metabolic rates of P_^

indicua at 14ppt salinity (Subrahmanyam, 1962) and at 36ppt

salinity (Kutty, 1969) suggested that salinity did not

influence oxygen consumption rate. Standard oxygen

consumption of young juvenile shrimp (1 to 3 g) subjected

to stepwise changes in ambient salinity from seawater to

low saline waters (2 to 6ppt) and measured after short

term (24h) salinity acclimation at each step, was lowest at

salinities wh©re shrimps^such as indicus usually occur

(10-15ppt). Here^. the metabolic rates did not appear to

have a direct relationship with osmotic gradient (Kutty,

1971). Kramer (1975) found out the lethal dissolved oxygen

concentration for juvenile aztecus. According to him the

lethal dissolved oxygen concentration for juvenile appears

to be affected by sudden salinity changes. Venkataramiah,

et al. (1977) acclimated brown shrimp to 15ppt salinity at

25*C and measured oxygen consumption rates at different

levels of salinities of 2, 5, 10, 15, 25 and 36ppt.

Ketabolic rate increased initially, but generally tended
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towards that of acclimation conditions after a day unless

deviation' from acclimation salinity was substantial ie. 2»

5 and 36ppt. Bishop ^ al. (1980) found that juvenile or

subadult shrimp acclimated to salinities 10, 20, 30ppt

showed no difference in oxygen consumption rates with

salinity change. In P. monodon, a decrease in salinity was

reported to have no effect on oxygen consumption (Gaudy and

Sloane, 1981), but ^ stvlirostris displayed a tendency to

increase respiration at lower salinities. According to

Licop (1984) salinity seemed to affect the oxygen

consumption of young post larvae, more than temperature.

Least oxygen consumption rate was noted at salinities of 20

and 30ppt at low temperature and 20ppt at higher

temperature. Unnikrishnan and Laxminarayana (1984) while

experimenting on Pj. indicus found that the rate of oxygen

consumption increased with decrease in salinity except at

25ppt and the rate of oxygen consumption was highest in

2.1ppt. Ferraris ^ (1986) reported that young P.

monodon showed efficient osmoregulation over a salinity

range of 5-55ppt. In this study^ the oxygen consumption was

also stable over the range. Liao and Ilurai (1986) also

reported that salinity had no measurable effect on oxygen

consumption in ^ monodon within a range of 3 to 45ppt.

Oxygen consumption increased rapidly to 300% of the initial

value and stabilised at 200% after a few hours when the

salinity was changed from 37 to lOppt in P_^ japonicus
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(Dallavia, 1986) and with the return of the salinity to

37ppt oxyfien consumption returned to the orifiinal metabolic

rate after 6h. Janakiram ^ (1989) reported an increase

in oxyfien consumption rate with increase in salinity in

Metapenaeus monoceros.

2.4.4.3. Influence of salinity on ammonia excretion

Armstrong ^ (1981) subjected rosenbergii

to hyperosmotic transfer from 0 to 24ppt salinity.

Follovinfi a rapid reduction in ammonia after transfer,

ammonia concentration in exposure water declined for 24h.

Spaarcaren ^ (1982) measured the excretion of WH4^-N

and total organic-N of japonicus exposed to different

salinities» and found these to be higher at lower

salinities. Stern ^ al. (1984) reported that nitrogen

excretion rates for FK. rosenbercii increases with increase

in salinity. Taylor ^ (1987) studied the relationship

between osmoregulation and nitrogen metabolism in the

intertidal prawn, Palaemon elegans and found that the

animals acclimated to hyposaline condition showed

pronounced increase in the rates of ammonia excretion and

those exposed to hypersaline condition showed negative

values, which indicated that ions were being taken up

by the prawn.
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2.4.5. £H.

Calculations by various authors show that NH3

fraction of ammonia* which is more toxic increases as pH

rises; an increase in one pH unit elevates the NH3

concentration tenfold (see Armstronfl et al. 1978). It is

proposed that sodium influx is a major factor contributing

to ammonia toxicity at low pH and diffusion of NH3 into the

prawn at higher pH. They reported that 144h LC50 values for

H. rosenbergii larvae as 0.27 mg/1 WH3-M in pH 8.34.

Mohanty ^ (1989) stated that with increase in pH» the

toxicity of un^ionised ammonia in P. monodon increased at

any temperature level. Studies by Chen and Chin (1989) and

Chen and Sheu (1990) on P_^ monodon and laponicus post-

larvae respectively, supported the observation of Mohanty

et al. (1989)^Chen and Chin (1989) found that the post-

larvae of P_L monodon exposed to 60 mg/l ammonia-N and a pH

of 9.1 were less tolerant than those exposed to 250 mg/1

ammonia-N and pH 8.31. A decrease in pH of the transport

medium was reported in all experiments on the

transportation of shrimps (Singh ^ 1982; Krishnakumar

and Pillai 1984; Alias and Siraj 1988; Jayasree-Vadhyar ^

al. 1992). According to Thirunavukkarasu (1983), pH less

than 6.83 was found to be not good for shrimp seed

transportation. Krishnakumar and Pillai (1984) attributed

the higher mortality rate in the longer duration
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transportation of 36 and 48h of hifiher packing densities»

* to reduction in pH due to accumulation of carbon dioxide.

Considerable mortality was recorded when pH fell below 6.6.

'"2.4.6. Temperature.

Temperature is one of the most important

-y environmental factors which determines the survival of

shrimp seed during transportation. Higher temperatures

demand higher oxygen consumption and waste release. Carbon

dioxide and ' ammonia are more damaging at higher

temperatures. As the temperature of the water increases,

its capacity for oxygen decreases and, there is a decrease

in affinity for oxygen by blood (Johnson 1979).

2.4.6.1. Temperature tolerance limits.

^ Bhattacharya and Kewalramani (197 6) worked out

the upper and lower lethal temperatures of indicus to be

34®C and 12®C respectively. They found that the survival of

post-larvae was not affected by any change of temperature

"Within 22®C-32*C. On the contrary, they showed excellent

survival in the same range of temperature. A higher upper

tolerance limit of 38'C is suggested by Selvaraj et al.

(1980). According to him the lower limit of the water

^ temperature at which the shrimp seed of ^ indicus were

kept during the experiment in healthy condition was 22.7*C.
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The ranges of temperature tolerated by different species of

penaeids, varied depending on the size of the individuals

and the salinity of the medium, the larger specimen

tolerating more in higher salinities and smaller ones

becoming more suscepetible to death in higher salinities

(Kuttyamma 1981). Sarada and Pillai (1993) found that the

optimum temperature range for P. indicus post-larvae was

between 30'C and 32.5'C.

214.6.2. Effect of temperature on packing density, duration

and survival.

Mohanty and Patra (1972) could transport 200

shrimps/container with 100% survival for 9h at low

temperature, as against 100 shrimps/container . at ambient

temperature. Low temperature during transport of shrimps

results in better survival, because at high temperatures

^ the shrimps undergo moulting frequently, which encourages

cannibalism (Shigueno, 1975). Hamid and Ilardjono (1979)

could increase both packing density and duration of

transport, at low temperatures compared to that at room

temperature, without altering the survival rate. With 200-

300/1 packing density, they were able to transport P.

merauiensis seed only for 8h with 95% survival at 28*C-25*C,

the same survival was obtained even after 12h for

monodon seed at a high packing density of 500-600/1.
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Harrison and Lutz (1980) reported that survival increased

with reduction in temperature durinft transportation of

rosenbergi i post-larvae. The metabolic activity and

cannibalistic nature of the prawns are reduced by low

transport temperatures and hence Sincholka (1982) devised a

simple cool truck for transporting juvenile fish or

crustacea over Ions distances in tropical countries where a

lowered temperature is obtained by using ice cubes and

battery-'driven fans.

2.4.6.3. Effect of temperature on water quality

parameters.

Hetabolic rate is a function of temperature

for a number of crustaceans (Uolvekamp and Uaterman 1960;

Prosser, 1964). Uithin the tolerance limits, the metabolic

rates of poikilothermic invertebrates increase immediately

when animals are transferred from a lower to a higher

temperature and reduce immediately when subjected to a

temperature manipulation in the reverse direction (Kutty et.

al. j 1971 Venkataramiah ^ "1974,^ Catedral ^ al

\1911, y Nelson ej^ ^l.-^ 1977 ^^ Stephenson and Knight , 1980) .

Kutty (1971) observed that the ambient temperature

influenced the routine oxygen consumption of very young

juveniles of P_j_ indicus. Toxicity of ammonia to shrimps

greatly depends on temperature. The concentration of un

ionised ammonia in water increases with increase in
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temperature CBower^l978). Bishop ^ (1980) observed a

linear relationship between temperature and oxycen

consumption rate in P• aztecus. Spaargaren .e;t a^. (1982)

observed that at steady state conditions ammonia-N

excretion rate by iaponicus was stronftly dependent on

temperature. A hiflher oxycen consumption is reported at

hifiher temperature in monodon post larvae by Licop

(1984). The reduction in metabolic rate is expected from

the decrease in temperature alone, but oxygen uptake can

itself be interrupted at low temperature by the failure of

the oxygen transport pigment in the blood to release its

oxygen in the cold (Mauro and Mangum, 1982). Kripa and

Laxminarayana (1993) studied the influence of hypoxia on

metabolism and activity of Li. indicus and highlighted that

the' rate of ammonia excretion and oxygen consumption

increased with increase in temperature^^and decrease with

decrease in ambient oxygen.



MATERIALS AND METHODS

>
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3. MATERIALS AND METHODS

3.1. Experimental animals

y The post-larvae of P.indicus required for the

experiments were obtained from Marine Products Export

Development Authority's Prawn hatchery, Vallarpadom. They

were transported in polythene bafis filled with water of

about azppt and oxyfien, at ambient temperatures. They were

maintained in a 1 ton capacity rectangular tank. The

temperature of the water in the transport bags was

equalised by floatins them in the tank water. The bags were

then opened and the post-larvae were slowly acclimated to

the salinity of the tank water C25ppt) by changine them

gradually to lower salinity. The seeds were then slowly

released into the tank water. Aeration was provided.

Ad libitum feeding of post-larvae was done

using powdered dried clam and minced prawn meat. 50% of the

tank water was exchanged everyday. The remnants and

excretory waste were removed, from the bottom by siphoning,

once daily.
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3.2, Experimental containers

Air-tight transparent plastic jars of 600ml

capacity and screw type lids fitted with valves, similar to

those described by Jayasree-Vadhyar et, (1992) were used

for the oxyften packing of the shrimp seed.

Respirometers used consisted of a cylindrical

flask of 136ml capacity, fitted with a two—holed rubber

stopper throufih which the inlet and outlet tubes were

fitted. The inlet tube was fitted with a resulator for

adjustinfi water flow by means of a latex tubin£. The inlet

was connected to a reservoir. For collectinc final sample,

the inlet was disconnected from the reservoir and formed

the outlet; and the orginal outlet served as the air vent.

The respirometers were placed inside a troufih containinfi

water to avoid temperature variations.

3.3. Experiment 1. Determination of oxyfien consumption rate

by P_j_ indicus seed at different salinities, temperatures

and packinfi densities.

The experiment was carried out to study the

oxyfien consumption rate by P_j, indicus seed at different

salinities, temperatures and packinc densities, by finding

out the difference in the oxycen levels of the

respirometers initially and finally.
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The factors under study consisted of three

different levels of salinities, 20, 25 and 30ppt; four

different packing densities, 200, 300, 400 and 500 PL/1 at

ambient temperature C30 + 1)®C and at lowered temperature

C23 + 2)'C.

Twenty four hours prior to starting the

experiment, the post-larvae wt. O.Olg) which

were maintained in the 1 ton tank, were conditioned in the

following manner. They were counted and divided into three

lots of roughly 800 each. The post-larvae in each lot were

acclimatised to one of the three salinities mentioned above

at the rate of Ippt/h. They were then transferred to

cylindro-conical tanks of 100 1 capacity filled with 50 1

of aerated water of the respective salinity. Feeding was

not carried out in these tanks. Half the number of seed

from each cylindro-conical tank were separated into two

lots. Pre-cooled isosaline water was slowly added to one of

these lots, until the water temperature was lowered to 23 ±

2-0.

Six reservoirs were filled with water of

salinity 20, 25 and 30ppt of which three were kept at

ambient temperature. The other three were maintained at

lowered temperature by keeping them inside a trough filled

with ice cooled water. The experimental units with uniform

salinity and temperature were connected to the
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corresponding reservoirs.

The shrimps were transferred to the

respirometer flasks at different densities. The

respirometers were stoppered using the rubber stopper and

were placed inside a trough containing water of the

required temperature. The water was allowed to flow through

the respirometers from the corresponding reservoirs for 20

minutes. At the start of the • experiment, initial water

samples were collected and the circulation of water through

the respirometers was cut off. After an interval of 10

minutes, final samples were collected. The size of each

sample collected was 25ml. The sample was fixed immediately

using Uinkler solutions for analysis of dissolved oxygen.

The weight of the shrimp was found at the end. A control

was kept without any animals in the respirometers and the

initial and final water samples were taken after the same

interval, for analysis of oxygen.

3.4. Experiment II. Determination of the effect of

salinity, temperature and packing density on the duration

and survival of oxygen-packed indicus seed during

transportation.

The experiment was done to find out the effect

of salinity, temperature and packing density on the

duration and survival of oxygen-packed P. indicus seed at
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uniform oxygen pressure under three different salinities of

20, 25 and 30ppt, each at four different packinfi densities

of 200, 300, 400 and 500 PL/1. The experiment was conducted

at ambient temperature (30 +. Z*C) and at lowered

temperature C23 ± 1*C) seperately.

Factorial experiment with completely randomised

design was used for planning the experiment and analysis of

results.

Conditioning of the seed was done as in the

previous experiment. Thereafter, the post-larvae were

counted and transferred into the oxygen packing jars with

100ml of water. Immediately after the transfer, the jars

were closed tightly and filled with oxygen from an oxygen

2
cylinder under a uniform pressure of 0.2Kg/cm which was

measured through a precision pressure g3,uge (Bourdon type).

Uhile filling oxygen, care was taken to displace the air

initially present inside the jar with oxygen. To effect

this, after filling oxygen initially, it was completely

released by pressing the val\;re. This was repeated three

times to ensure complete displacement of air with oxygen

(see Jayasree-Vadhyar et al.. 1992). Precooled water was

filled in those oxygen-packed jars which were observed at

lowered temperatures by placing them in a trough containing

ice cooled water.
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Plastic jars which were filled with lOOml water
2

for each of the salinities and with oxyfien at 0.2Kfi/cin at

ambient and lowered temperatures were opened immediately

after fillinfi oxyfien* to collect water samples initially.

Time of initial mortality of the oxyeen-packed

seed was recorded by making hourly observations.

Thereafter, the number of survivors was counted at two

hourly intervals until 70-80% survival occurred. The jars

were periodically shaken to simulate the transport

conditions. At the end of 20-30% mortality^the jars were

opened, samples of packinfi medium were collected for water

quality analysis. Initial and final quality of the packing

medium was analysed using standard procedures. The

parameters analysed were dissolved oxygen, free carbon

dioxide, ammonia-N and pH. Of the replicates of each

combination one was used for analysing dissolved oxygen and

the other for free carbon dioxide, because the

determination of both parameters from the same might have

yielded erroneous values for the second-measured

parameters. At the same time, ammonia and pH were noted

from all the replicate jars.

3.5. Experiment III. Determination of the effect of habitat

material onf^duration and percentage survival of oxygen-

packed P. indicus seed.
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The conditioninfis of tho post-larvae was done in

the afore-mentioned manner to a single salinity of 25ppt.

The effect of habitat material on cannibalism of the post-

larvae was studied usinfi transluscent plastic straw, at

different packine densities of 200, 300, 400 and 500 PL/1,

The experiment was carried out at ambient temperature 30 +

1®C. 10-15 mm bits of transluscent plastic straw (floating)

were introduced in the jars in the ratio of 1:2 (bit :

post-larvae). The oxygen-packing procedure, observations on

the time of initial mortality, the percentage survival with

time and determination of water quality were done as

described.

3.6. Determination of water quality

The following standard methods were used for

analysing water quality parameters.

Dissolved oxygen : Uinkler^s ^ tsethod

(Strickland and Parsons, 1972)

Carbon dioxide

Ammonia

pH

Alkalimetric titration method

(Strickland and Parsons, 1972)

Phenol-hypochlorite spectrophotometric

method (Strickland and Parsons,

1972)

Using Universal indicator



49

solution CQualigens Fine

chemicals) and potentiometric

method.

Temperature ; Using mercury bulb thermometer

having a precision of O-l^C.

Salinty : Using Salino refractometer

periodically verified by

riohr's titration.

3.7. Statistical analysis

Data obtained from all the experiments were

analysed statistically by analysis of variance. Data on

oxygen consumption and carbon dioxide could not be analysed

by analysis of variance but explained by tabular and

graphical methods. ,

/

Pair-wise comparisons using critical difference

values were made for those treatments which were found

statistically significant.
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4. RESULTS

4.1. Experiment I. Oxygen consumption rate by P.indicus

seed at different salinities, temperatures and packing

densities.

The oxygen consumption by the shrimp seed under

various combinations of salinities, temperatures and

packing densities are shown in table 1 and figures 1, 2 and

3. It was found to be the lowest at 25ppt salinity in all

the treatment combinations except at 400PL/1. Uith increase

in packing density, there was a decrease in oxygen

consumption. Lowering of temperature from 30 +, 1*C to 23 +

2®C reduced the oxygen consumption.

Analysis of variance showed significant

difference in the oxygen consumption among the different

salinities, temperatures, packing densities and for their

interactions (table 2). Pair-wise comparison by critical

difference analysis revealed that all the four levels of

packing density, three levels of salinity and two levels of

temperature differed significantly. Significant difference

was shown by their interactions. Pair-wise comparisons of

density and salinity (ds) interaction means showed the



Table 1. Oxygen consumption by -pandicus seed under different
salinitieSf te?niperatures and packing densities.

Oxygen consumption (mg/g body weic^t/h)*
Salinity Temperature at four different packing densities

(ppt) («C)

200/1 300/1 400/1 500/1

20 30 + 1 2.684 2.553 1.4655 1.324

23 + 2 1.955 1.5984 1,221 0.9808

25 30 + 1 2-082 1.6198 1.523 1.1429

23 + 2 1.466 1.458 1.269 0.9524

30 30 + 1 2,7948 2,5585 1,601 1.356

23 + 2 2,2866 1.6803 1.294 1.146

* Each value is a nean of duplicates.
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Fig. 1 Oxygen consumption (mg/g body wt./h) by P. Indlcus
seed at 20 ppt (A), 25 ppt (B) and 30 ppt (C) under

different temperatures and packing densities.
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Fig. 2 Oxygen consumption (mg/g body wt./h) by P. Indlcus
seed at 200 (A). 300 (B), 400 (O) and 600 (D) PL/I packing

densities under different salinities and temperatures.
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Table 2. Analysis of variance in the rate of oxygen
consumption by P. indicus seed under different
salinities, packing densities and temperatures.

55

Source Degrees of
freedom

Sum of

squares

Hean sum

of squares

F value

Computed

d 3 8.362 2.787 315.99*

s 2 1.357 0.678 76.90*

t 1 2.426 2.426 274.97*

ds 6 0.827 0.138 15.63*

dt 3 0.445 0.148 16 .80*

st 2 0.141 0.071 8.02*

dst 6 0.282 0.047 5.32*

Error 24 0.212 0.009

Total 47 14.051

* Significantly different at 5 % level.

Treatment means of Density

dl d2 d3 d4

2.21175 1.911383 1.395675 1.150492

Calculated C.D, value (t 0.05) = 0,0791

Treatment means of Salinity -

s3 si s2

1.839031 1.722769 1.439375

Calculated C.D. value (t 0.05) = 0.0685825

contd



Treatment means o£ Temperature

tl t2

1.092121 1.442529

Calculated C.D. value (t 0.05) = 0.05599

Treatment means of DS

1. dl a3 - 2.5407 7. d3 s3 - 1.4475

2. dl si - 2.3195 8. d3 s2 - 1.396

3. d2 s3 - 2.1194 9. d3 si - 1.343

4. d2 si - 2.0757 10. d4 s3 - 1.251

5. dl s2 - 1.774 11. d4 si - 1.1524

6. d2 s2 - 1.5389 12. d4 s2 - 1.04765

Calculated C.D. value Ct 0.05) = 0.1384

Treatment means of DT

1. dl tl - 2.520 5. d3 tl - 1.5298

2. d2 tl - 2,2437 6. d4 tl - 1.2743

3. dl t2 - 1.9025 7. d3 t2 - 1.2613

4. d2 t2 - 1.5789 8. d4 t2 - 1.0264

Calculated C.D. value Ct 0.05) = 0.1130498

Treatment means of ST
t

1. s3 tl - 2.0775 4. s2 tl - 1.5919

2. si tl - 2.006 5. si t2 - 1.4388

3. s3 t2 - 1.6017 6. e2 t2 - 1.2863

Calculated C.D. value Ct 0.05) = 0.0979

contd
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Treatment means of DST

1. dl s3 tl - 2 .7948 13. dl s2 t2 - 1. 466

2. dl si tl - 2 . 684 14. d3 si tl - 1. 4655

3 . d2 s3 tl - 2.5585 15. d2 s2 t2 - 1 . 458

4. d2 si tl - 2.553 16. d4 s3 tl - 1. 356

5 . dl s3 t2 - 2 . 2866 17 . d4 al tl - 1. 324

6. dl s2 tl - 2.082 18. d3 s3 t2 - 1,.294

7 . dl si t2 - 1.955 19. d3 s2 t2 - 1 ,.269

8. d2 s3 t2 - 1.6803 20. d3 si t2 - 1 .221

9 . d2 s2 tl - 1.6198 21. d4 s3 t2 - 1 .146

10. d3 s3 tl - 1.601 22. d4 s2 tl - 1 .1429

11. d2 el t2 - 1.5984 23 . d4- si t2 - 0 . 9808

12. d3 s2 tl - 1.523 24. d4 s2 t2 - 0 . 9524

Calculated C.D. value (t 0.05) = 0.

d Packing density

8 Salinity

t Temperature

dl - 200 PL/1

dZ - 300 PL/1

d3 - 400 PL/1

d4 - 500 PL/1

si 20 ppt Salinity

02 - 25 ppt Salinity

's3 - 30 ppt Salinity

tl - 30 + I'C

t2 - 23 + 2° C

concl.
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presence of different groups. Similarly, pair-vise

comparison for density and temperature Cdt) showed no

significant difference between d2 t2 (300PL/1-23 +_ 2*'C) &

d3 tl C400PL/1 - 30 + and also between d4 tl (SOOPL/

- 30 + 1®C3 & d3 t2 C400PL/1 - 23 + 2*C). Critical

difference analysis of dst interaction means showed the

presence of eight different groups.

4.2. Experiment II. Effect of various factors on the

duration and survival of oxygen-packed P_^ indicus seed

during transportation

The observations on the different durationCh) of

survival at 100%, 90%» 80% down to 70% levels were taken.

The analysis of variance at each of these survival levels

were carried out.

4.2.1. Duration.

The duration of 100% survival referred to as

safe duration of transport of oxygen-packed post-larvae at

four different packing densities viz.,200PL/1, 300PL/1,

400PL/1 and 500PL/1 under three levels of salinity ie 20,

25 and 30ppt and temperatures of 30 + 1*C & 23 + 2'C are

presented in table 3, figures 4, 5 and 6. The safe duration

of transport of the shrimp seed showed an inverse

relationship with packing density. It was shown to be the



Table 3. tXration of 100/^ survival* of oj<ygen-pew:ked P.indicus seed
under different levels of salinitiesr tefliperatures and packing
densities.

Salinity Temperature
(ppt> (®C>

IXiration <h)**

at four different packing densities

20

25

30

30 + 1

23 + 2

30 + 1

23 + 2

30 + 1

23 + 2

200/1

8.0

42.5

6.5

23.0

8.5

22.0

* Tine of initial ncrtality

Each value is a luean of dijplicates.

300/1

3.25

8.25

3.5

8.75

5.0

9.0

400/1

2.0

6.25

2.0

6.5

2.25

6.75

500/1

1.25

4.0

1.25

4.25

1.5

4.75
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longest at the 200PL/1 packing density combination. With

the change in salinities there was not much obvious change

in the safe duration of transportation, except at 200PL/1.

However, it could be increased by lowering the temperature

from 30 +. I'C to 23 +, 2'C. Analysis of variance showed

significant difference in the safe duration of transport of

oxygen-packed seed among the different packing densities,

salinities and temperatures (Table 4). Pair-wise comparison

revealed that the four levels of packing densities and two

levels of temperature differed significantly, but salinity

means of 20ppt and 30ppt belonged to the same group.

Significant difference was shown by all interactions. Pair-

wise comparison of density and salinity interaction Cds) as

well as density and temperature interaction (dt) showed the

presence of five different groups each. Critical difference

analysis of salinity and temperature interaction (st),

showed the presence of three different groups.

The duration of 90% survival of the oxygen-

packed seed is presented in table 5, figures 7, 8 and 9. It

showed a decreasing trend with increase in packing density.

Uith change in salinities from 20 to 30ppt, no clear

pattern of change could be observed. Lowering of

temperature showed increase in the duration. The analysis

of variance showed significant difference in the duration
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Table 4. Analysis of variance in the duration of 100 % survival of
oxygen—packed P. indicua seed under different levels
of packing densities, salinities and temperatures.

Source Degrees of Sum of Mean sum F value
freedom squares of squares

d 3 1817.266 605. 755 467. 09*

s 2 53.531 26. 766 20. 64*

t 1 845.880 845 . 880 652 . 24*

ds 6 231.219 38. 536 29 . 71*

dt 3 * 692 .599 230. 866 178. 02*

st 2 64.323 32. 161 24. 80*

dst 6 194.760 32 . 460 25. 03*

Error 24 31.125 1. 297

Total 47 3930 . 703

* Significan'tly different at 5 % level.
•

Treatment means of Density

dl d2 d3 d4

18.41667 6., 291667 4 . 291667 2 . 875

Calculated C.D. value Ct 0. 05) = 0.9596

Treatment means of Salinity

si s3 s2

9.4375 7.46875 7.0

Calculated C.D. value (t 0.05) = 0.8310

contd



Trdatnient means of Temperature

tl t2

12.16667 3.770833

Calculated C.D. value Ct 0.05) = 0.6785

Treatment means of DS

1. dl al - 25,25 7. d3 s3 - 4.5

2. dl s3 - 15.25 8. d3 s2 - 4.25

3. dl s2 - 14.75 9. d3 si - 4.125

4. d2 s3 - 7 10. d4 s3 - 3.125

5. d2 s2 - 6.125 11. d4 a2 - 2.75

6. d2 si - 5.75 12. d4 si - 2,625

Calculated C.D. value Ct 0.05) = 1.662

Treatment means of DT

1. dl t2 - 29.166 5. d4 t2 - 4.333

2. d2 t2 - 8.666 6. d2 tl - 3.916

3. dl tl - 7.666 7. d3 tl - 2.083

4. d3 t2 - 6.5 8, d4 tl - 1,333

Calculated C.D, value Ct 0.05) = 1.3571

Treatment means of ST

1, si t2 - 15,25 4. s3 tl - 4,3125

2, s2 t2 - 10,625 5, si tl - 3,625

3, s3 t2 - 10.625 6, s2 tl - 3,31

Calculated C.d, value Ct 0.05 ) = 1.1753-

contd
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Treatment means of DST

1. dl si tZ - 42.5 13. d2 s3 tl - 5.0

2. dl s2 t2 - 23.0 14. d4 s3 t2 - 4.75

3. dl s3 t2 - 22.0 15, d4 s3 t2 - 4.25

4. d2 S3 t2 - 9.0 16. d4 si t2 - 4.0

5. dl s2 t2 - 8.75 17. d2 s2 tl - 3.5

6. dl s3 tl - 8.5 18. dZ si tl - 3.25

7. dZ si tZ - 8.Z5 19. d3 s3 tl - 2.25

8. d3 s3 t2 - 8.0 20. d3 si tl - 2.0

9. d3 S3 t2 - 6.75 21. d3 s2 tl - 2.0

10. d3 s2 t2 - 6.5 22. d4 s3 tl - 1.5

11. dl s2 tl - 6.5 23. d4 si tl - 1.25

12. d3 si t2 - 6.25 24. d4 s2 tl - 1.25

Calculated C.D. value (t 0.05 ) = 2.3506049

concl.

66



Table 5. EXiratico of Sirvival of 05<ygen-packed P.indicus seed
under different levels of salinitiesr teoperatures and packing
densities.

Salinity
(ppt)

Tenperature
(^C)

Dtjration <h)*
at four different packing densities

200/1 300/1 400/1 500/1

20 30 + 1 •13,0 • 6.0 5.0 3,0

23 + 2 44.0 .18.0 9.0 7.0

25 30 + 1 14,5 6.5 4,0 2,5

23 + 2 40.5 23.0 10.25 8.0

30 30 + 1 13-5 7,5 4.5 3,0

23 + 2 27.0 15.5 9.0 8,0

* Each value is a nean of duplicates.
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among the different packing densities, salinities and

temperatures (table 6). Pair-wise comparison revealed that

all four levels of packing densities and two levels of

temperatures differed significantly* but there was no

difference between the salinity means of 20 and 25ppt.

Significant difference was shown by all interactions. Pair-

wise comparison of density and salinity interaction (ds)

showed the presence of five different groups. The density

and temperature (dt) interaction showed no difference

between d2 tl C300PL/1 - 30 + I'C) & d4 tZ C500PL/1 - 23 +

2®C) and also between d3 tl (400PL/1 - 30 + I'C) & d4 tl

(500PL/1 - 30 + I'C). But, salinity and temperature (st)

interaction showed significant difference.

The duration of 80% survival of oxygen-packed

seed is shown in table 7, figures 10, 11 and 12, The result

is similar to 90% survival rate, showing a falling trend

with increase in packing density and temperatures. Analysis

of variance of the data is shown in table 8. The main

effects of packing densities, salinities, temperatures and

their interactions showed significant difference. Pair-wise

comparison of the main effects also showed a trend similar

to 90% survival rate. The interaction between density and

salinity Cds) formed five different groups. Similarly,

salinity and temperature (st) interaction formed three

different groups.



72

Table 6. Analysis of variance in the duration of 90 % survival of
oxygen-packed P_^ indicus seed under different levels
of packing densities, salinities and temperatures.

Source Degrees of Sum of
freedom squares

Mean sum

of squares
F value

d 3 3001.682 1000.561 406.15*

s 2 63.219 31.609 12.83*

t 1 1547.005 1547.005 627.96*

ds 6 124.240 20.707 8.41*

dt 3 696.432 232.144. 94.23*

st 2 79.260 39.630 16.09*

dst 6 123.365 20.561 8 . 35*

Error 24 59.125 2.464

Total 47 5694.328

* Significantly different at 5 % level
•

Treatment means of salinity

s2 si s3

13.65625 13.125 11

Calculated C.D. value Ct 0.05) = 1.1454

Treatment means of density

dl d2 d3 d4

25.41667 12.75 6.958333 5 . 25

Calculat ed C.D. value (t 0.05) = 1.3226



Treatment means of temperature

t2 tl

10.27083 6.916667

Calculated C.D. value (t 0.05) = 0.9352

Treatment means of DS

1. dl si - 28.5 7. d3 s2 - 7.125

2. dl s2 - 27.5 8. d3 si - 7.0

3. dl s3 - 20.25 9. d3 s3 - 6.75

4. d2 s2 - 14.75 10. d4 s3 - 5.5

5. d2 si - 12.0 11. d4 s2 - 5.25

6. d2 s3 - 11.5 12. d4 si - 5.0

Calculated C.D. value (t 0.05) = 2.2909

Treatment means of DT

1. dl t2 - 37.166 5. d4 t2 - 7.666

2. d2 t2 - 18.83 6. d2 tl - 6.66

3. dl tl - 13.666 7. d3 tl - 4.5

4. d3 t2 - 9.416 8. d4 tl - 2.833

Calculated C.D. value Ct 0.05) = 1.87055

Treatment means of ST

1. s2 t2 - 20.43 4. s3 tl - 7.125

2. si t2 - 19.5 5. s2 tl - 6.875

3. s3 t2 - 14.87 6. si tl - 6.75

Calculated C.D. value (t 0.05) = 1.6199

contd
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Treatioent means of DST

1. dl si t2 - 44.0

2. dl s2 tZ - 40.5

3. dl S3 t2 - 27.0

4. d2 s2 t2 - 23.0

5. d2 si tZ - 18.0

6. d2 s3 tZ - 15.5

7. dl s2 t2 - 14.5

8. dl s3 tl - 13.5

9. dl si tl - 13.0

10. d3 s2 t2 - 10.25

11. d3 s3 t2 - 9.0

12. d3 si t2 - 9.0

Calculated C.D. value (t 0

13. d4 s2 t2

14. d4 S3 t2

15. d2 s3 tl

16. d4 si t2

17. d2 s2 t

18. d2 si t

19. d3 si t

20. d3 s3 t

21. d3 s2 t

22. d4 si t

23. d4 s3 t

24. d4 s2 t

05) = 3.23988

8.0

8.0

7.5

7.0

6.5

6.0

5 . 0

4.5

4.0

3.0

3.0

2.5
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Table 7. Duration of 8W survival of o5<ygen-pacl<ed P.indicus seed
under different levels of salinitiesr tenperatures and packing
densities.

Salinity
(ppt)

Teniperature
(^C)

IXiration (h)*
at ft3ur different packing densities

200/1 300/1 400/1 500/1

20 30 + 1 18-5 12,0 8,0 5.0

23 + 2 49.5 34,5 16,0 12,0

25 30 + 1 ?1-5 11.5 7.25 6.0

23 + 2 46.5 33,0 20.0 18.0

30 30 + -1 18.5 15.0 8.5 5,0

23 + 2 36.5 27.0 16.5 13.0

* Each value is a nean of duplicates.
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Table 8. Analysis of variance in the duration of 80 % survival of
oxysen-packed indicus seed under different levels
of packing densities, salinities and temperatures.

Source Degrees of
freedom

Sum of

squares

Hean sum

of squares
F value

d 3 3579.140 1193 .047 240.36*

s 2 72 . 697 36.349 7.32*

t 1 2875.255 2875.255 579.27*

ds 6 84 .344 14.057 2 . 83*

dt 3 513.933 171.311 34.51*

st 2 95.948 47.974 . 9.67*

dst 6 84.926 14.154 2 .85*

Error 24 119.125 4 .964

Total 47 7425.369

* Significantly different at 5 % 1evel.

Treatment means of Salinity

s2 si s3

20.46875 19.4375 17.5

Calculated C. D, -value (t 0 .05) = 1.6258

Treatment means of Density

dl d2 d3 d4

31.83333 22 .16667 12 . 70833 9.833333

Calculated C. D. value (t 0 .05) = 1.8773

contd....



Treatment means of Temperature

t2 tl

11.39583 26.875

Calculated C.D. (t 0,05) = 1.3274

Treatment means of DS

1. dl si - 34 7. d3 a2 - 13.625

2. dl s2 - 34 8. d3 s3 - 12.5

3. dl s3 - 27.5 9. d3 si - 12

4. d2 si - 23.25 10. d4 s2 - 12

5. d2 s2 - 22.25 11. d4 s3 - 9

6. d2 s3 - 21 12. d4 si - 8.5

Calculated C.D. value (t 0.05) = 3.2517

Treatment means of DT

1. dl t2 - 44.16 5. d4 t2 - 14.33

2. d2 t2 - 31.5 6. d2 tl - 12.8

3. dl tl - 19.5 7. d3 tl - 7

4. d3 tZ - 17.5 8. d4 tl - 5.33

Calculated C.D. value (t 0.05) = 2.655

Treatment means of ST

1. s2 t2 - 29.375 4. s3 tl - 11.75

2. si t2 - 28 5. s2 tl - 11.56

3. s3 t2 - 23.25 6. si tl - 10.875

Calculated C.D. value (t 0.05) = 2,922

contd
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Treatment means of DST

1. dl si t2 - 49.5 13. d3 si t2 - 16

2. dl s2 t2 - 46.5 14, d2 s3 tl - 15

3. dl s3 t2 - 36.5 15. d4 s3 t2 - 13

4. d2 si t2 - 34.5 16. d2 si tl - 12

5. d2 s2 t2 - 33 17. d2 s2 tl - 11.5

6. d2 s3 t2 - 27 18. d2 s2 tl - 11.5

7. dl s2 tl - 21.5 19. d3 s3 tl - 8.5

8. d3 s2 t2 - 20 20. d3 si tl - 8.0

9. dl si tl - 18.5 21. d3 s2 tl - 7.25

10. dl s3 tl - 18.5 22. d4 02 tl - 6.0

11. d4 s2 t2 - 18 23. d4 si tl - 5.0

12. d3 s3 t2 - 16.5 24. d4 s3 tl - 5.0

Calculated C.D. value (t 0.05) = 4.5985

concl.
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Table 9. figures 13, 14 and 15 shows the

duration of 70% survival of the oxygen-packed shrimp seed.

Analysis of variance is shown in table 10. The results

showed a similarity with 90% and 80% survival rates. The

analysis of variance showed significant difference for the

main effects and interactions of packing density, salinity

and temperature. The pair-wise comparison of the main

effects showed trends similar to 90% and 80-< survival

rates. Critical difference analysis of density and salinity

Cds) interaction means showed no significant difference

between dl s3 (200PL/1 - 30ppt), dl si (300PL/1 - 20ppt).

d2 s2 (300PL/1 - 25ppt) & d2 s3 C300PL/1 - 30ppt5 and also

between d3 s3 C400PL/1 - 30ppt) & d3 s2 C400PL/1 - 25ppt).

Density and temperature (dt) interaction means showed the

presence of two homogenous groups (1) dl tl C200PL/1 - 30 +

I'C) & d2 tl C300PL/1 - 30 + l^C) and (2) d3 tl C400PL/1 -

30 + I'C) & d4 t2 C500PL/1 - 23 + 2"C). But, salinity and

temperature (st) interactions means showed the presence of

only a single group ie., s2 tl C25ppt - 30 + I'C), s3 tl

C30ppt - 30 + I'C) fit si tl C20ppt - 30 i 1"C).

The three factor interaction (dst) was also

found to be significant in all these levels of survival.



Tsble 9. [Xirafcion of 70Z siorvival of oj<ygBn-packed P.indicus seed
under different levels of salinitiesr temperatures and packing
densities.

Salinity
(ppt)

Teflperature
(X)

Ojration Ch)*

at four different packing densities

200/1 300/1 400/1 500/1

20 30 + 1 23.5 22.6 18-0 14-0

23 + 2 56.5 46.5 24.0 22.5

25 30 + 1 25.5 24.0 19,5 13.0

23 + 2 51.5 43.5 27.0 20.5

30 30 + 1 24.5 23.0 19.0 11-5

23 + 2 45.5 43.0 28.0 15.5

^ Each value is a ntean of duplicates.
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Table 10. Analysis of variance in the. duration of 70 h survival of
oxygen-packed P. indicus seed under different levels
of packing densities, salinities and temperatures.

Source Degrees of Sum of Mean sum F value
freedom squares of squares

d 3 3568.896 1189.632 641.60*

8 2 42 .125 21.063 11.36*

t 1 2898.521 2898.521 1563 . 25*

de 6 76 . 042 12.674 6 . 84*

dt 3 902 .229 300 . 743 162 . 20*

at 2 41.542 20.771 11.20*

dst 6 61. 958 10.326 5.57*

Error 24 44.500 1. 854

Total 47 7635.813

* Significantly different at 5 % 1evel.

Treatment means of Salinity

si s2 s3

20.375 28.0625 26.25

Calculated C.D. value (t 0 . 05) = 0.9937

Treatment means of Density

dl d2 d3 d4

37.83333 33.66667 22 . 58333 16 .16667

Calculated C.D. value (t 0 .05) = i:i474

contd



Treatment means of Temperature

t2 tl

35.33333 19.79167

Calculated C.D. (t 0.05) = 0.8113

Treatment means of DS

1. dl si 40 7. d3 s3 23.5

2. dl s2 - 38. 5 8. d3 s2 - 23.25

3. dl S3 - 35 9 . d3 si 21

4. d2 si - 34. 25 10. d4 si - 18.25

5. d2 s2 - 33. 75 11. d4 s2 - 16.75

6. d2 s3 - 33 12. d4 s3 13.5

Calculated C .D. value Ct 0.05) = 1. 9872363

Treatment means of DT

1. dl t2 - 51.16

2. d2 t2 - 44.3

3. d3 t2 - 26.33

4. dl tl - 24.5

Calculated C.D. value Ct 0.05) = 1.6225

Treatment means of ST

1. si t2 - 37.375 4. s2 tl - 20.5

2. s2 t2 - 35.625 5. s3 tl - 19.5

3. S3 t2 - 33.0 6. si tl - 19.375

Calculated C.D. value (t 0.05) = 1.4051

5. d2 tl - 23.0

6. d3 tl - 18.83

7 . d4 t2 - 19.5

8. d4 tl -

CD

= 1.6225

contd
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Treatment means of DST

1. dl si t2 - 56.5

2. dl s2 t2 - 51.5

3. dl si t2 - 46.5

4. dl s3 t2 - 45.5

5. d2 s2 t2 - 43.5

6. d2 s3 t2 - 43

7. d3 S3 t2 - 28

8. d3 s2 t2 - 27

9. dl s2 tl - 25.5

10. dl S3 tl - 24.5

11. d2 s2 tl - 24

12. d3 si t2 - 24

Calculated C.D. value (t

13. dl si tl - 23.5

14. d2 s3 tl - 23

15. d4 si t2 - 22.5

16. d2 si tl - 22

17. d4 s2 t2 - 20.5

18. d3 s2 tl - 19.5

19. d3 s3 tl - 19.0

20. d3 si tl - 18.0

21. d4 s3 t2 - 15.5

22. d4 si tl - 14.0

23. d4 s2 tl - 13.0

24. d4 s3 tl - 11.5

0.05) = 2.810

concl.
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4.2.2. Cumulative percentage eurvival.

The cumulative percentace survival of the

oxygen-packed seed under different salinities, temperatures

and packing densities at set duration is summarised in

table 11. The packing density showed inverse relationship

with time of initial mortality and subsequent percentages

of survival. The packing density of 200PL/1 gave the

longest duration of transport. At 12h the percentage

survival was reduced to 70% in the highest packing density

of 500PL/1, whereas, this was as high as 90 - 95^: in the

lowest packing density. At ambient temperatures, the

longest duration of transport with 70% survival was

observed in 25ppt salinity combinations. The safe duration

of transport was observed to be 6-8h for 200FL/1, at

ambient temperatures, but by lowering the temperatures

from 30 ± 1*C to 23 +. 2'C, the corresponding duration was

more than 20h in all salinities. At 20ppt salinity, 500PL/1

showed 80% survival for 12h at lowered temperatures,

whereas for the same survival and duration only 300PL/1

could be packed at ambient temperatures. Similar trends

were shown in other salinities.

4.2.3. Dissolved oxygen.

Analysis of variance could not be done for this



Table 11. Cumulative percentage s»jrvival of oxygen-packed P. indicus seed under different salinities^ tenperatures and
pad<ing densities.

Salinity Packing Teop.
(ppt)

Duration (h)*

20

25

30

(PUD
2 4 6 8 10 12 14 16 18 20 22 24 26 28 42 46

200 30 + 1 100 100 100 100 95 95 85 80 80 75 75 70

23 + 2 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 85

300 30 +1 100 95 90 85 85 80 75 75 75 70 70

23 + 2 100 100 100 100 95 95 90 90 90 85 85 85 85 85 75 70

400 30 + 1 100 90 85 80 75 75 75 70 70

23 + 2 100 100 100 95 85 80 80 80 75 75 70 70

500 30 + 1 90 80 75 75 70 70 70

23 + 2 100 100 95 85 85 80 75 75 75 70 70

200 30 + 1 100 100 100 95 95 95 90 85 85 80 75 75 70

23 + 2 100 100 100 100 100 100 100 100 100 100 100 95 95 95 85 80

300 30 +1 100 90 85 85 80 75 75 75 75 75 70 70

23 + 2 100 100 100 100 95 95 90 90 90 90 90 85 85 85 70

400 30+1 100 90 85 80 75 75 75 75 70 70

23 + 2 100 100 100 95 90 85 85 85 85 80 75 75 70

500 30+1 95 85 80 75 75 70

23 + 2 100 100 95 90 85 85 85 80 80 70

200 30 + 'l 100 100 100 100 9S 90 85 80 80 75 75 70

23+2 100 100 100 100 100 100 100 100 100 100 100 95 90 85 70

300 30 + 1 100 100 95 90 85 85 80 75 75 75 70

23+2 100 100 100 100 95 90 90 85 85 85 85 80 80 75 70

400 30+1 100 90 • 85 80 75 75 70 70 70

23 + 2 100 100 100 95 85 85 80 80 75 75 70 70 70 70

500 30+1 95 85 75 75 70 70

23 + 2 100 100 95 90 85 80 75 70

* Each value is a ntean of duplicates.

52 56

75 70

70
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data, as the replicate values were not available. Table 12

gives the reduction in the dissolved oxyfien levels in the

oxygen—packed jars under different levels of salinities,

temperatures and packing densities at yO'S survival.

Salinity-wise, the reduction in oxygen level was the

maximum in the lowest salinity, except at 400FL/1 (figure

16). It is clear from the data that the fall in the

dissolved oxygen is directly related to the increase in

packing density (figure 17). At higher temperature

considerable reduction in oxygen levels was observed

(figure 18).

4.2.4. Ammonia-N .

Increase in ammonia-N levels in oxygen-packed

jars under different levels of packing densities,

salinities and temperatures at 70% survival is given in

table 13, figures 19, 20 and 21. The analysis of variance

of the data is shown in table 14. The increase in ammonia-N

levels was significantly different for packing densities,

salinities, and temperatures. Pair-wise comparison showed

significant difference at each of the four levels of

packing density, two levels of temperatures. Increase in

ammonia-N levels for 25ppt and 30ppt was almost similar and

formed uniform group. The pair-wise comparison of

interactions of packing density and salinity (ds) showed

four different groups ie, (1) dS s2 (400PL/1 - 25ppt) & d3



Table 12. Reduction in the dissolved o:<ygen levels in o:<ygen-packed Jars
under different levels of salinitiesr tenperatures and packing
densities at 70 X survival.

Oxygen (ppm)
Salinity Temperature at four different packing densities

(ppt) CO

•200/1 300/1 400/1 500/1

20 30 + 1 9.38 13.25 11.8. 14.4

23 + 2 8,27 11.6 8.6 11.03

25 30 + 1 6.9 11.18 12.6 13.2

23 + 2 4.09 9.4 9.5 12.9

30 30 + 1 5.9 8.5 11-85 14.18

23 + 2 3.1 9.4 10.3 8.55
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Fig. 16 Reduction In the dissolved oxygen (ppm) levels In
oxygen-packed jars at 20 (A), 25 (B) & 30 (C) ppt salinities

under different temperatures and packing densities.
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Fig. 17 Reduction in the dissolved oxygen (ppm) levels
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Table 13. Increase in An^cnia - N levels in the oxygen-packed jars under
different levels of salinitlesr temperatures and packing
densities at 70% siarvlval.

Amrionia - N (ppm)*
Salinity Teflperature at four different packing densities

<ppt) (X)

200/1 300/1 400/1 500/1

20 30 + 1 22.16 26.96 . 45.04 34.28

23 + 2 4.57 9,41 12.13 27.16

K 30 + 1 16.08 50,16 60.38 50.67

23 + 2 4.57 9,41 19.90 2.96

30 30 + 1 13.36 46.79 60.38 56.43

23 + 2 2.96 9.416 14.25 6.19

* Each value is a nean of duplicates.
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Table 14. Analysis of variance in the increase in ammonia-N levels
in the oxygen-packed jars under different levels of
packing densities, salinities and temperatures at 70 \
survival.

Source Degrees of
freedom

Sum of

squares

Mean sum

of squares
F value

d 3 4017.756 1339.252 77 . 23*

s 2 153.674 76.837 4.43*

t 1 10795.892 10795.892 622 . 60*

ds 6 555.443 92 . 574 5.34*

dt 3 1228.525 409.508 23 .62*

St 2 754.382 377.191 21.75*

dst 6 852.780 142.130 8.20*

Error 24 416.160 17.340

Total 47 18774.611

* Significantly different at 5 % level.

Treatment means of Salinity

s2 s3 si

26.74866 26.22419 22.71794

Calculated C.D. value (t 0.05) = 3.0387

Treatment means of Density

d3 d4 dZ dl

35.34967 29.588 25.36133 10.62191

Calculated C.D. value Ct 0.05) =-3.5088

contd



Treatment means of Temperature

tl t2

40.22737 10.23308

Calculated C.D. Ct 0.05) = 2.4811

Treatment means of DS

1. d3 s2 - 40.144 7. d2 s3 - 28.105

2. d3 s3 - 37.32 8. d4 s2 - 26.816

3. d4 s3 - 31.31 9. d2 si - 18.19

4. d4 si - 30.726 10. dl si - 13.37

5. d2 s2 - 29.788 11. dl s2 - 10.331

6. d3 si - 28.585 12. dl s3 - 8.1635

Calculated C.D. value (t 0.05) = 6.0774

Treatment means of DT

1. d3 tl - 55.269 5. d3 t2 - 15.43

2. d4 tl - 47.129 6. d4 t2 - 12.105

3. d2 tl - 41.366 7, dZ t2 - 9,416

4. dl tl - 17.205 8. dl t2 - 4.038

Calculated C.D. value (t 0.05) = 4.962

Treatment means of ST

1. s2 tl - 44.325 4. si t2 - 13.321

2. s3 tl - 44.288 5. s2 t2 - 9.214

3. si tl - 32.114 6, s3 t2 - 8.206

Calculated C.D. value (t 0.05) = 4.297

contd
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Treatment means of DST

1. d3 s2 tl

2. d4 s2 tl

3. d4 s3 tl

4. d4 s2 tl

5. d2 sZ tl

6. d2 eS tl

7. d3 si tl

8. d4 si tl

9. d4 si t2

10. d2 si tl

11. dl si tl

12. d3 s2 t2

60.384

50.67

56.43

50.67

50.16

46.7955

45.04

34.288

27.164

26 . 9645

22.165

19.904

Calculated C.D. value (t 0

13. dl s2 tl

14. d3 s3 t2

15. dl s3 tl

16. d3 si t2

17. d2 s3 t2

18. d2 si t2

19. d2 s2 t2

20. d4 s3 t2

21. dl si t2

22. dl s2 t2

23. d4 s2 t2

24. dl s3 t2

05) = 8.5947

- 16.0875

- 14.256

• 13.365

• 12.13

9.416

9.416

9.416

6.19

4.576

4.576

2.962

2.962

concl.
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s3 C400PL/1 - 30ppt) (2) d4 s3 C 500PL/1 - 30ppt). d4 si

C500PL/1 - 20pptD. dZ s2 C300PL/1 - 25ppt), d3 si C400PL/1

- 20ppt) d2 s3 (300PL/1 - 30ppt) & d4 s2 C400PL - 25ppt)

(3) d2 si (300PL/1 - 20ppt) & dl si C200PL/1 - 20ppt) C4)

dl s2 C200PL/1 - 25ppt) & dl s3 ( 200PL/1 - 30ppt).

Similarly for packing density and temperature (dt)

interaction dl tl C200PL/1 - 30 + I'C) & d3 t2 C400PL/1 -

23 i formed one group and d4 t2 C500PL/1 - 23 +, 2®C3 &

d2 t2 C300PL/1 - 23 ^ Z^O, the other. Salinity and

temperature interaction Cst) also showed four different

groups. The three factor interaction (dst) was also found

to be significant.

4.2.5. Carbon dioxide.

Increase in the free carbon dioxide levels in

the oxygen-packed jars under different levels of

salinities* temperatures and packing densities at 70%

survival rate is presented in table 15, figures 22, 23 and

24. The analysis of variance could not be done as the

replicate values were not available. Carbon dioxide levels

increased with increase in packing density except for

500PL/1 combinations. With reduction in temperature there

was a reduction in carbon dioxide level except for 200PL/1

- 25ppt combination.
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Table 15. Increase in free carbon dioxide levels in oxygen-packed . jars
under different levels of salinitiesr temperatures and packing
densities at 70% survival.

Salinity
(ppt)

Tefliperature
(®C)

Free carbon dioxide (ppni)
at four different packing densities

200/1 300/1 400/1 500/1

20 30+1 53.224 59.13 72.93 85.73

23 + 2 49.28 55-19 59.13 78.84

25 30 + 1 49.28 59.13 74.90 83.77

23 + 2 49,28 53.23 68,99 39.42

30 30 + 1 55.19 68.99 76.87 82.79

23 + 2 49-28 59.13 59.13 39,42
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Fig. 22 Increase in the free carbon dioxide (ppm) levels
In the oxygen-paoked jars at 20 (A), 25 (B) and 30 (C)
ppt salinities under different temperatures and packing
densities at 70 % survival.
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Fig. 23 Increase in the free carbon dioxide (ppm) levels
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and 500 (D) PL/I packing densities under different
levels of salinities and temperatures at 70 % survival
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4.2.6. £H.

The pH of the packing medium was lowered from

an initial value of 8.0 to 7.5-7.0 in the various treatment

combinations at the end of 70% survival.

4.3. Experiment III. Effect of habitat material on the

duration and survival of oxy£en-packed P_i, indicus seed

4.3.1. Duration.

Duration of four different survival rates of the

oxygen—packed P. indicus seed, with and without habitat

material under different packing densities is shown in

table 16. The safe duration of transport ie. 100 % survival

was not altered by the introduction of the habitat material

at the lower packing densities (figure 25) of 200PL/1 and

300PL/1, whereas, slight increase in the safe duration was

noticed at the higher packing densities by its

introduction. The analysis of variance of the data showed

Ctable 17) significant difference for the packing

densities. Pair-wise comparison by critical difference

analysis showed that all packing density levels wer

different. Table 16 and 18, figure 26 for 90% survival

show similar trend as that obtained for 100% survival.

e



Table 16. Duration at far different survival rates ,rf th=
E. indicua seedr with (A) and 0'<ygen-packedunder different ZZ densitL '

Packing
density

(Piyi)

[>jration. (h)*

200

300

400

500

100X m

A B

14-0 14.17 26.8 27.
16

6.0 6.5 15.0 15.
34

4-5 3.66 7.5 7_^7.

2.33 2.0 5,5 4^
33

*Each value is a rtean of triplicates.

80X

A B

70X

33.34 33.5 40.5 40.
66

^1.67 23,0 33.16 32.
16

13-33 12.33 24.66 22.5

12.33 10.83 15.83 13.
33
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Fig. 26 DuTBtlon (h) of 100 % survival of the oxygsn-packed
P. Indlcas seed, with and without habitat material (HM),

under different packing densities.
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Table 17. Analysis of variance in the duration of 100 % survival of
oxygen-packed indicus seed with and without
habitat material under different packing densities.

Source Degrees of Sum of Mean sum F value
freedom squares of squares

d 3 492.61 164.20 525.46 *

h 1 0.09 0.09 0.30

dh 3 1.53 0.51 1.63

Error 16 5.00 0.31

Total 23 499.24

* Significantly different at 5 % level.

Treatment means of density

dl d2 d3 d4

14.085 6..25 4.0a 2.165

Calculated C,D. value (t 0.05) = 0.68148
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Table 18. Analysis of variance in the duration of 90 ^ survival of
seed with and without

habitat material under different packing densities.

Source Degrees of
freedom

Sum o f

squares

Mean sum
of squares

F value

d 3 1780.11 593.37 876.35 *

h 1 0.26 0.26 0 . 39

dh 3 2.28 0.76 1.12

Error 16 10.83 0. 68

Total 23 1793.49

* Significantly different at 5 % level.

Treatment means of density

dl d2 •d3 d4

26. 98 15.17 7.335 4 .915

Calculated C.D. value (t 0. 05) = 1.00932
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Fig. 26 Duration (h) of 90 %survival of the oxygen-packed
P. indlcus seed, with and without habitat material (HM),

under different packing deneltlee.
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Similar trend could be observed at 80%

survival also (see tables 16 and 19, fifiure 27). However,

the interaction between packing density and habitat

material at this level was significant. Pair-wise

comparison showed that the interactions dl h2 C200PL/1 -

without HH) and dl hi C200PL/1 - with HH) formed one croup

and d3 hi (400PL/1 - with HM); d3 h2 C400PL/1 - without HH)

& d4 hi (500PL/1 - with HM) formed another group.

The duration of 70% survival rate

given in table 16, figure 28 showed some difference in the

higher packing density combination with the introduction of

habitat material. But, the duration of 70% survival at the

200PL/1 was not considerably altered with the introduction

of habitat material. Analysis of variance (table 20) showed

significant difference for packing density and habitat

material. Pair-wise comparison of both these showed that

the combinations of the levels of packing density and

-Y habitat material differed significantly.

4.3.2. Cumulative percentage survival.

The cumulative percentage survival of oxygen-

packed P_^ indicus seed with and without habitat material

under different packing densities at set duration is

summarised in table 21. At 400PL/1 and 500PL/1, the

duration of 80% and 70% survival rates was comparatively
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Table 19. Analysis of variance in the duration of 80 h survival of
oxygen-packed P_^ indicus seed with and without
habitat material under different packing densities.

Source Degrees of
freedom

Sum of

squares

Mean sum

of squares

F value

d 3 1839.28 613.09 1226.19 *

h 1 0 .09 0.09 0.19

dh 3 9.86 3.29 6.58 *

Error 16 8 . 00 0 . 50

Total 23 1857.24

* Significantly different at 5 % level
•

Treatment means of density

dl d2 d3 d4

33.42 22.335 12.83 11. 58

Calculated C.D. value (t 0..05) = 0.86548

Treatment means of DH

1. dl h2 - 33. 5

2. dl hi - 33. 34

3 . d2 h2 - 23

4 . d2 hi - 21. 67

5 . d3 hi - 13 . 33

6 . d3 h2 - 12 . 33

7 . d4 hi - 12 . 33

8. d4 h2

0

1

83

Calculated C.D. value (t 0.05) = 1.22398
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Fla 27 Duration (h) of 80 %survival of the oxygen-packed
Pf /Wfetfg seed, with and without habitat material (HM),

under different packing densities.
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Table 20. Analysis of variance in the duration of 70 % survival of
oxygen-packed ^ indicus seed with and without
habitat material under different packing densities.

Source

d

h

dh

Error

Total

Degrees of
freedom

3

1

3

16

23

Sum of

squares

2292.00

9.38

7.46

13.00

2321.83

riean sum

of squares

764.00

9.38

2 . 49

0 , 81

* Significantly different at 5 % level.

Treatment means of density

dl d2 d3 d4

40.58 32.88 23.58 14.58

Calculated C.D. value (t 0.05) = 1.10158

Treatment means of h

hi h2

28.5375 27.2725

Calculated C.D. value Ct 0.05) = 0.77893

F value

940.31 *

11.54 *

3.06
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Table 21. Cunulafcive percentage sfjrvival of oxygen-packed ^^ indicus seed with (A) and withcxit (B)
habitat tiiaterialr under different packing densities.-- - -

Packing Treatment [Xiration <h>
density

(PIVl) 2 A 6 8 10 12 14 16 22 24 32 34 40

200 A 100 100 100 100 100 100 100 95 90 90 80 75 70

B 100 100 100 100 100 100 100 95 90 90 85 80 70

300 A 100 100 100 95 95 90 90 85 75 75 70 70

B 100 100 100 95 95 90 90 90 80 75 70

400 A 100 100 95 90 85 80 80 75 75 70

B 100 100 95 90 85 80 75 75 70

500 A 100 95 90 85 85 80 75 70

B 100 90 00 80 80 75 70

* Each value is a mean of triplicates. o
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higher in the jars with habitat material than in the

control.

4.3.3. Dissolved oxygen.

The reduction in dissolved oxygen given in table

22, figure 29 showed a lower oxygen requirement in the

oxygen-packed jars with habitat material than in the

control. Uith increase in packing density there was a

corresponding increase in dissolved oxygen requirement in

most of the cases, irrespective of the treatment.

4.3.4. Aromonia-N.

Increase in the ammonia-N levels in the oxygen-

packed jars is given in table 22, figure 30. The ammonia-N

level at 70% survival was slightly Vld^er in the jars with

habitat material. The ammonia-M levels showed only a

slight increase with increase in packing density except at

the lowest packing density C200PL/1). The analysis of

variance showed significant difference for the packing

densities (table 23). Pair-wise comparison by critical

difference revealed that all the packing densities, other

than 200PL/1 formed the same homogenous group.



Table 22. Decrease in o:<ygen levels and increase in Anrcnia-N & free
carbon dioxide levels in 0!<ygen-packed Jars with (A) and
uithoiit (B) habitat ntaterialr under different packing
densities at 70 X survival.

Packing Habitat

density ntaterial 0!<ygen ^in)Gnla--N

(PL/1) treatment (ppni) (ppni>*

200

300

400

500

6.46

8.66

10.50

11.0

9.77

14.18

14.8

18.12

M Each value is a nie^n of triplicates.

5.069

5.86

lo.o:^

10.457

10.276

11.08

10.557

10.557

Carbon dioxide

(ppni)

51.25

A9.28

57,16

55.19

70.9

72.9

61.1

63.07
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Fig. 30 Increase In the ammonla-N (ppm) levels In the
oxygen-packed Jars, with end without habitat material (HM),

: under different packing densities at 70 % survival.
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Table 23. Analysis of variance in the increase in ammonia-N levels
in the oxygen-packed jars with and without habitat
material under different packing densities.

Source Degrees of
freedom

Sum of

squares

Ilean sum

of squares

F value

d 3 113.64 37 . 88 19.47 *

h 1 1.26 1.26 0 . 65

dh 3 0.70 0.23 0.12

Error 16 31 .12 1 . 95

Total 23 146.72

* Significantly different at 5 % level
•

Treatment means of density

d3 d4 d2 dl

10.608 10.557 10 .246 5 . 4645

Calculated C .D. value (t 0 .05) = 1.70919

Underscored means are not signi f icantly di f f erent
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Fig. 31 Increase In the free carbon dioxide (ppm) levels In
ibs pAKOSfTPacked Jars, with and without habitat material
(HM) under different packing densities at 70 % survival.
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4.3.5. Carbon dioxide .

Increase in the carbon dioxide levels in the

oxygen-packed jars at the end of 70% survival is given in

table 22, figure 31. The carbon dioxide levels in the

habitat material-treated jars were lower than in those

without treatment at the higher packing densities of

400PL/1 and 500PL/1. Correspondingly reversed trend was

observed at the lower packing densities of 200PL/1 and

300PL/1.

4.3.6. £H.

The pH of the transporting medium was lowered

from an initial value of 8.0 to 7.0 at the end of 70%

survival rate in the various treatment combinations. The

change in pH between the treatment and control was similar.
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5. DISCUSSION

5.1. Experiment I. Oxygen consumption rate by P_^ indicus

seed at different packinc densities, salinities and

temperatures.

A number of factors influence the oxygen

consumption rate in the crustaceans. From the practical

point of view, the most important purpose of measuring the

oxygen uptake rate of a given species of aquatic animals is

to determine its ability to take up oxygen under the

influence of various external factors including gradations

of oxygen itself.

5.1.1. Packing density.

This study was carried out at different packing

densities to find out the differences, if any, in oxygen

consumption rates under different degrees of crowding, in a

closed system, where the dissolved oxygen in the test

chamber decreases along with the oxygen consumption of the

animals. Pertinent circumstances relating to the test

conditions in the study, perhaps have not been reported

previously. The increase in the number of shrimp/ unit
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volume was found to have decreased the oxygen consumption

rate significantly. The rate of oxygen consumption by the

shrimp post-larvae decreased to half» with increase in

packing density from 200 to 500PL/1. The final ambient

oxygen level, after the same interval of time, for the

lowest packing density was above 5ppm; whereas this was

below 4ppm for the highest packing density. This shows that

the falling rate of the ambient oxygen concentration

increases with increase in packing density. Uith the fall

in ambient oxygen level due to respiration, there is a

corresponding decrease in the rate of oxygen consumption by

the shrimp seed. This is in agreement with Uolvekamp and

Waterman (I960), Subrahmanyam (1962), Kutty (1969), Bishop

et al. (1980), Laxminarayana & Kutty (1982), Martinez et

al. (1985) and Liao & Murai (1986) for studies carried out

using one or two animals/ respirometer chamber.

Uolvekamp and Uaterman (1960) stated that oxygen

consumption in Crustacea is constant at higher oxygen

levels down to critical pressure characteristic of the

specimens and conditions of experiment; below this pressure

a rapid linear fall proportional to external amounts of

oxygen occurs to very low levels. Subrahmanyam (1962) has

shown that ^ indicus is an oxygen conformer and that its

oxygen consumption rate depends upon the partial pressure

of oxygen, even at saturation levels. Thus, as the ambient

oxygen concentration in a closed chamber, which is the case
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in the present work, decreases by respiration, the shrimps

respiratory rate also decreases. Kutty (1969) also reported

that metabolic rate in P. indicus declined with decrease

in ambient oxygen concentration. Studies on the shrimp P.

s eroisulcatus and in the prawn H. malcomsoni i by

Laxminarayana and Kutty (1982) and on P^ schmitti by

riartinez ^t al. (1985) supported the view that oxygen

consumption decreased under hypoxic condition.

Uith increase in packing density there is

decrease in the space availability within the

respirometers. This crowding could cause some disturbance

to the shrimp. Bishop ^ al. (1980) observed that the

disturbed shrimp consumed oxygen nearly four times faster

than those at rest. This increase in the rate of

consumption in a closed chamber hastens the fall in ambient

oxygen and subsequent oxygen consumption rate. Liao and

nurai (1986) reported that oxygen consumption in P.

monodon was independent of oxygen concentrations at levels

above 4ppm» but was reduced by 7.4 to 11.9%, 22.2 to 35.3%

and 63 to 71.4% respectively when dissolved oxygen was 3, 2

and Ippm. However, according to Egusa (1961) the resting

oxygen uptake level increases with decrease in ambient

oxygen content, reaching a maximum at a certain low oxygen

level, below which the rate falls rapidly. Dallavia (1986)

observed a linear increase in oxygen consumption rate with
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the number of animals in the respirometer chamber or per

bottom area.

5-1.2. Salinity.

Harine organisms show varying rates of oxygen

consumption according to their physiological activity and

ecological demand. Adaptations to low salinities is highly

developed in young penaeids as they are more widely

distributed in estuaries than are adults. Since oxygen

consumption can be expected to change with the change in

demand for various activities (Kutty ^ al.. 1971), one can

expect a change in salinity of the surrounding medium

reflecting on the oxygen consumption of an animal. There

is growing evidence to indicate that the energy spent for

osmotic regulation can be precisely judged from the oxygen

consumption of an animal (Rao, 1968). Uith increase in the

osmotic difference between the shrimp's haemolymph and its

-y environment, oxygen consumption would be expected to

increase for osmoregulators as the metabolism would

increase to maintain a constant haemolymph concentration.

The oxygen consumption rates by indicus

post-larvae at three salinities of 20, 25 and 30ppt in the

present study were significantly different. Generally the

least oxygen consumption rate was noted at 25ppt at lower

-r.- temperatures and ambient temperatures. Studies by Kutty et
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al• <1971) an ^ indi cus showed that salinity did not have

pronounced effects on oxygen consumption if the

experimental animals were acclimatised to the test

salinities, which were not too extreme, wherein the 0.1 g

individuals acclimatised Cover 10 days) to 7, 21, or 31ppt

had a metabolism independent of salinity at the concerned

acclimatisation salinities. However studies by Unnikrishnan

^ and Laxminarayana (1984) showed that the rate of oxygen

consumption increased with the decrease in salinity from

34ppt to Z.lppt, except in 25.5ppt for P_^ indicus seed.

The present results are also in accordance with the above,

information indicating that P_^ indicus spends least energy

in 25ppt salinity.

5.1.3. Temperature.

Oxygen consumption rate is a function of

*>• temperature for a number of crustaceans. Higher

temperatures promote a higher oxygen consumption. A

reduction in metabolic rate is expected from the decrease

in temperature alone, but oxygen uptake can itself be

interrupted at low temperature by the failure of the oxygen

transport pigment in the blood to release its oxygen in the

cold (Kauro and Hangum, 1982). Added to these physiological

effects, at low temperature, nerve and muscle functions in

—F' crustaceans become physically blocked CBlundon, 1982). In
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the present study the shrimps were not totally inactive in

the respirometer, for ambient and lowered temperature

conditions. The respiration rate of shrimp was however

significantly reduced with the lowering of temperature

from 30 + 1®C to 23 +. 2*C. The oxygen consumption at

ambient temperature was 1.2 to 1.4 times that at the

lowered temperature. Kutty ^t al. (1971) and Kripa and

Laxminarayana (1993) observed an increase in rate of

consumption of oxygen with increase in temperature for P.

indicus. Studies by Bishop ^ al. (1980) in ^ aztecus.

Licop (1984) in monodon and Liao and Murai (1986) in P.

monodon also observed the same pattern for oxygen

consumption with variation in temperature.

Interaction of temperature with packing density

(dt) and salinity (st) also influenced the rate of oxygen

consumption significantly. The effect of lowered

temperature became less important and fall in ambient

oxygen level appeared to become increasingly important at

higher packing densities. The reduction in oxygen

consumption at 25ppt salinity at ambient temperature was

similar to the lowered oxygen consumption at 30ppt

salinity with lowering of temperature. The salinity-

temperature interaction was thus found to be more

influenced by temperature effect.
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5.2. Experiment II. Effects of various factors on the

duration and survival of oxyften-packed P_j_ indicus seed

during transportation.

5.2.1. Safe duration of transport.

The factors under study, ie.» packing density,

temperature and salinity significantly influenced the safe

duration of transport.

Packing density showed an inverse relationship

with the survival rate during transportation. This is in

agreement with several authors Cl^e and Subrahmanyam, 1975;

Do, 1977 ; Hammen, 1978; Selvaraj _et al. . 1980; Singh et

al. . 1982; Krishnakumar and Pillai, 1964; Tenedero and

Villaluz, 1985; Simon, 1986; Alias and Siraj, 1968; New,

1990 ; Joshi, 1991; Jayasree-Vadhyar e;t al. . 1992 ).

The safe duration of transport for P_i. indicus

seed was 6.5-8.5 h, 3.2-5 h, 2-2.5 h and 1.25-1.5 h at

ambient temperature for 200PL/1(2g/l), 300PL/1C3e/1),

400PL/l(4fi/l) and 500PL/1(5g/1) respectively. The range in

the safe duration is due to the difference in salinity.

Uhen the temperature was lowered to 23 + 2®C, this duration

was 22-42.5 h. 8.25-9 h, 6.25-6.75 h and 4-4.75 h. This

shows that by lowering the temperature from 30 + 1*C to 23
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+ 2®C, the safe duration of transport can be 1.8 to 5 times

longer in the latter case depending on the packing density

and salinity.

The cumulative percentage survival of the

oxygen-packed seed as given in table 11 shows that the

longest safe duration was obtained at 200PL/1 packing

density at the lowered temperature of 23 + 2®C. For the

different salinities, this ranged from 22h to 42.5h. At the

remaining packing densities, the data showed more or less

similar trend with respect to salinity.

Hamid and Mardjono (1979) obtained 95% survival

for P_^ mereuiensis seed with oxygen-packing at 28-29''C for

8 h at 200-300PL/1 packing density. They found that the

density during transportation could be increased

considerably if the duration was less than 4 h or if the

water temperature was brought down to 22®C. In the present

study by lowering the temperature to 23 + 2''C the safe

duration of transport of 200PL/1 could be increased to more

than 20h in the different salinities. Franklin ^ al.

(1982) demonstrated that the mortality during transport of

P_:_ indicus increased with packing density; 100^ survival

was obtained when 200 seed/s^were transported for 12 h in

polythene bags at a slightly lowered temperature (27,2*C)

and at 24.5ppt salinity.
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5.2.2. Percentage survival.

Present study of shrimp seed transportation was

carried out till the survival rate reached 70% in the

oxygen-packed Jars. The longest duration of 52-56 h for

this survival was obtained at 200PL/1 at 23 ± 2®C

temperature at 20 and 25ppt salinities.

5.2.2.1. Packing density

Several authors have reported a decrease in

percentage survival with increase in packing density for a

fixed duration of transport (De and Subrahmanyam, 1975; De,

1977 ; Chakraborti, 1978; Hammen, 1978; Hamid and Ilardjono,

1979; Selvaraj et al.. 1980; Singh et al.. 1982; Franklin

^ al. 1982; Krishnakumar and Pillai, 1984; Tenedero and

Villaluz, 1985; Simon, 1986; Subrahmanyam, 1986; Alias and

Siraj, 1988; New, 1990; Joshi, 1991; Jayasree-Vadhyar et

al•. 1992). In the present study, 70% survival was reached

within 12 h for the highest packing density of 500PL/1,

whereas for the same duration 95% survival was observed for

the lowest packing density of 200PL/1 at ambient

temperature of 30 ± 1*C, The major cause of mortality was

cannibalism. According to Subrahmanyam (1973) P_^ monodon in

the laboratory containers developed cannibalistic

tendencies due to insufficient space. Mammen ^ al.C1976)

obtained a survival of only 53.5% after transport of P.
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monodon post-larvae for 18h, which they attributed mainly

to cannibalism, especially in higher packina densities.

Alikunhi ^t al. (1980) observed that within 24h, post-

larvae which survived in the transport container consumed

as much as ISO-s of its body weight. So they recommended the

addition of live food organisms to the packing medium along

with shrimp for avoiding cannibalism during transport. In

y the present study, no feeding was done during

transportation, for avoiding pollution of the transport

media. For the lower packing densities, however, towards

the later period of transportation, the mortality observed

was not due to cannibalism. This is in agreement with the

findings of Alias and Siraj (1988) for roaenberaii post-

larvae .

The analysis of variance of the data showed

that the packing densities significantly affected the

1^ ^^^^'vival of the shrimp seed during transportation. The

interaction of packing density with temperatures and

salinities also affected the survival of the shrimp seed

significantly.

The critical difference analysis of the packing

density and salinity (ds) interaction means, revealed that

packing density apparently affected the survival more than

salinity during the earlier period of transportation.
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Towards the later period, the packinfi density - salinity

interaction means differed significantly, showing that the

interaction effect of these factors are significant, at

this stage. The direct relationship between cannibalism and

packing density has more influence on the survival soon

after packing, than the interaction effect of density and

salinity Cds). During the later period, the post-larvae

were quite stressed, reducing their cannibalistic

behaviour; at this stage, survival could be a function of

other environmental and physiological factors.

The interaction between packing density and

temperature (dt) showed significant difference at different

percentages of survival. The analysis of data shows that

at lowered temperatur© of 23 + 2''C, it is possible to

safely transport 300PL/1 for the same duration as what is

possible with 200PL/1 at ambient temperature. Similarly,

instead of 300PL/1 at ambient temperature, 500PL/1 could be

transported at lowered temperature with 100% survival for

the same duration. Similar trend was shown in the different

percentage survival with reduction of temperature. By

lowering of temperature, the number of post-larvae per unit

volume for transportation can be increased as it enhances

the survival, Shigueno (1975) reported a more pronounced

cannibalism at higher temperatures. The higher temperature

of water in transporting containers has been reported to

increase cannibalistic activity of the post-larvae CHamid &
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Mardjono, 1979) because at higher temperatures the shrimps

underfto moultine frequently which encourages cannibalism.

Further, there is increase in metabolic activity with

• increase in temperature. Alikunhi (1900) also agreed to

this view and reported that at normal temperature when

shrimps were crowded without food they tended to become

more cannibalistic.

W

4

5.2.2.2. Salinity

The main effect of salinity and its interaction

with packing density (ds) and temperature (st) were found

to affect the different percentages of survival of the

oxygen-packed shrimp seed significantly. The critical

difference analysis of the means showed that the salinities

of the 20 and 25ppt formed the same homogenous group in the

majority of the percentage survival rates except for the

safe duration (100% survival). These salinity levels showed

longest duration of transport, suggesting that salinity

between 20 and 25ppt could yield better survival rates in

P• indicus seed transportation. However, the salinity

effect might have been modified by other factors in the

transportation media. The salinity-temperature (st)

interaction was also found to influence the survival of the

shrimp seed during transportation. This is discussed below.
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5.2.2.3. Temperature

Temperature is one of the most important

environmental factors which determines the survival of

shrimp seed during transportation. Higher the temperature,

higher the cannibalistic tendencies, oxygen consumption,

ammonia and carbon dioxide excretion. Uithin the

temperature tolerance limits, the metabolic rates of

poikilothermic invertebrates increase immediately when

transferred from a lower to a higher temperature and reduce

immediately in reverse direction (Kutty e^ al.. 1971;

Venkataramiah ^ al. . 1974; Catedral ,et al. . 1977 ; Nelson

et al.. 1977; Stephenson and Knight, 1980). All these

factors together influence the survival rate of shrimp

during transportation. So the reduction of temperature

yielded higher percentage of survival and longer duration

of transport.

The lowering of temperature from ambient levels

(30 + I'C ) to 23 +_ 2®C significantly altered the survival

of the shrimp seed during transportation. The duration

could be increased from two to four times in the various

packing densities with lowering of temperature.

The interaction of temperature and salinity was

significant. However, the critical difference analysis

showed homogenous grouping amongst same level of
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temperature showine that the different salinity levels

within each group, had similar effect. In general, the

temperature seemed to affect the percentage of survival

more than • salinity, but for 70% survival the salinity-

temperature interaction effect was significant at lowered

temperature. Towards the later period of transportation,

the reduction in cannibalism due to stress may be the cause

of the shift from temperature to other factors as the

causative factor for survival.

5.2.3. Uater Quality Parameters.

The water quality parameters studied were

dissolved oxygen, ammonia-N, carbon dioxide and pH at the

end of 70% survival.

5.2.3.1. Dissolved oxygen.

Dissolved oxygen is one of the most important

water quality parameters that affect the survival of shrimp

seed during transportation. The initial dissolved oxygen in

the oxygen-packed jars ranged between 29.9 and 31ppm for

ambient temperature, at the different salinities. This was

slightly higher for the lowered temperature, ie., 33.1ppm.

The final dissolved oxygen values at the end of
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70% survival in the various treatment combinations were

22.85-23.95; 18.2-21.43; 17.33-19.7 and 15,76-17.02 ppm at

ambient temperatures and 24.8-29.94; 21.43-23.64; 22.77-

24.43 and 20.17-24.5ppm at lowered temperatures for 200,

300, 400 and 500PL/1 for the different salinities. Usually,

in the transport of shrimp under oxygen packing, the

dissolved oxygen does not become a limiting factor (De,

1977), unless remarkable mortality and decay of dead

shrimps occur in the container (Franklin ^ al.. 1982) or

the duration of transport is extended considerably

CKrishnakumar and Pillai, 1984).

Chakraborti (1978) determined the minimum

dissolved oxygen at which the shrimp seed could survive, as

0.7ppm (for 24 h), but for practical purpose he recommended

1.5ppm to avoid risk. Selvaraj _et al. (1980) however,

suggested that the concentration of dissolved oxygen should

be above 2.5ppm for the healthy survival of shrimp seed. In

the present study, the dissolved oxygen levels in the

containers were well above these limits, even at the

highest packing density of 600PL/1.

The reduction in dissolved oxygen (ppm) or the

requirement of dissolved oxygen in the various treatment

combinations, was found to vary with temperature, packing

density and salinity. The dissolved oxygen requirement

generally increased with increase in packing densities.
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However, in those packing densities (20ppt - 400PL/1 at

ambient and lowered temperatures & 30ppt - 500PL/1 at

lowered temperature) in which the 70% survival rate

occurred in a short duration of time, the corresponding

oxygen requirement was lowered.

Uith the lowering of temperature, the oxygen

^ requirement was remarkably reduced in most cases. In

general, it was observed that the lowered temperature

ensured a higher initial and final oxygen levels than the

ambient temperature. As already discussed oxygen

consumption rate is a function of temperature for a number

of crustaceans and several authors have reported a

reduction in oxygen consumption rate with lowering of

temperature in crustaceans.

5.2.3.2. Ammonia-N

The packing density, salinity and temperature

significantly influenced the increase in ammonia-N levels

in the oxygen-packed jars at 70% survival. The ammonia-N

levels increased with increase in packing densities. The

final values of ammonia-N in the various packing densities

increased from the lowest packing density of 200PL/1 to

400PL/1. At the highest packing density of 500PL/1 the

ammonia-N levels were very low. This can be attributed to
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the short duration of survival at this density. However,

the ammonia-N level of 60.36ppin was recorded at 400PL/1 at

the end of 19h. Krishnakuiuar and Pillai (1984) observed a

hifih mortality of indicus post-larvae when the ammonia

CWH3 + NH4^) level exceeded 80ppm. They also observed that

when the duration exceeded 24h, the ammonia excretion

increased suddenly to a high level at packing densities

over 200PL/1. Alias and Siraj (1988) reported that ammonia

level in the transport containers increased from O.lppm to

as high as 63.7ppm ammonia-N at a packing density of

300PL/1, at the end of 36h. Jayasree-Vadhyar et al. (1992)

observed ammonia-N values of 72.8ppm at the end of 12h in

the transportation of M_j_ rosenbergii post-larvae under

oxygen packing at a density of 800PL/1.

The critical difference analysis of the salinity

means showed that the increase in ammonia-N for 25ppt and

30ppt salinity combinations was not significantly

different. In the higher salinities, the levels of ammonia-

N were generally higher.

The ammonia-N levels in the oxygen-packed jars

were significantly influenced by temperature. The

temperature reduction from 30 ± I'C to 23 + 2'C, lowered

the. accumulation of ammonia-N levels by 1.2-17.11 times in

the various treatment combinations at 70% survival.
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The interaction of packing density, salinity and

temperature significantly influenced the rise in ammonia-N

levels, statistically. However, it was observed that the

effects of the interactions were apparently more influenced

by temperature than by the other factors.

5.2.3.3. Carbon dioxide

Increase in the free carbon dioxide levels in

oxygen-packed jars at 70% survival showed direct positive

relationship with packing density at ambient temperatures.

The initial free carbon dioxide values were nil, whereas

the final values reached as high as 86 ppm at the highest

packing density of 500FL/1. Krishnakumar and Fillai C1984),

Alias and Siraj (1988) and Jayasree-Vadhyar e;^ al. (1992)

reported a direct relation for carbon dioxide with packing

density. Krishnakumar and Fillai (1984) attributed the

cause of mortality of P_^ indicus seed to low pH due to

accumulation of carbon dioxide. Alias and Siraj (1988)

recorded carbon dioxide values as high as 67ppm at the end

of 36 h at 300FL/1 in 11_^ rosenbergii transport. Jayasree-

Vadhyar al. (1992) recorded a value of 68.5 ppm for the

transport of rosenberaii seed at the end of 12 h.

At ambient temperatures, the increase in free

carbon dioxide was only slightly higher than that at

lowered temperatures for the lower packing densities of
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200PL/1 and 300PL/1. In the higher packing densities, there

was remarkable difference in free carbon dioxide

production, with change in temperature. The lowest final

level of free carbon dioxide was observed for the highest

packing density of 500PL/1 at lowered temperatures C39.4

ppm) for 25 and 30ppt salinities. The reduction in

temperature might not have favoured the production of free

carbon dioxide. However, the pH was not below 7. As long as

the accumulation of free carbon dioxide does not bring down

the pH of the water to acidic side, mortality due to

accumulation of carbon dioxide may not take place. Further,

the high levels of dissolved oxygen help in reducing the

harmful effects of carbon dioxide accumulation to some

level. At BOppt salinity combination, the increase in free

carbon dioxide levels were the highest among the majority

of treatment combinations at 70% survival rate. For the

lowered packing densities, the minimum values were observed

at 25ppt.

5.2.3.4. pH

pH of the transport medium was reduced from 8 to

7.5-7.0 in the various treatment combinations. A decrease

in the pH of the transport medium was reported in all

experiments on the transportation of shrimps (Singh ^et al.

1982, Krishnakumar and Fillai 1984, Alias and Siraj 1988,
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Jayasree-Vadhyar ^ al. 1992). Krishnakumar and Pillai

(1984) attributed the cause of higher mortality rate in the

longer duration transportation of 36 and 48 h at hifiher

packinfi densities* to reduction in pH due to accumulation

of carbon dioxide. Considerable mortality was recorded when

pH fell below 6.6. In the present study the pH was not

lower than 7.0.

5.3. Experiment III. Effect of habitat material on the

duration and survival of oxyfien-packed indicue seed.

The major cause of mortality observed in the

experiment II was cannibalism. Hamid and Ilardjono (1979)

reported that higher temperature of the water in the

transporting container, tended to increase cannibalistic

activity of shrimp. Alikunhi _et al. (1980) also agreed to

this view and reported that at normal temperature when

shrimps were crowded without food, they tended to become

more cannibalistic. Franklin al. (1982) and Krishnakumar

and Pillai (1984) attributed the cause of low survival of

P• indicus during long duration transport to cannibalism,

as small post-larvae moulted frequently and became prone to

cannibalism. Alias and Siraj (1988) and Jayasree-Vadhyar et

al• (1992) introduced habitat material in the transporting

container to reduce cannibalism in rosenberaii seed

transportation.



>•

148

The introduction of habitat material did not

significantly influence the survival rates at 100<; and

90%. However, packing density, as discussed in experiment

II was found to influence at these two survival rates. The

safe duration and duration of 90% survival decreased with

increase in packing density.

Analysis of variance of the duration at 80%

survival showed that the interaction between packing

density and habitat material, significantly influenced the

survival rate. However, the critical difference analysis of

the interaction means showed the presence of two different

groups, ie., the first group formed of 400PL/1 with and

without habitat material and the second formed of 200FL/1

with and without habitat material & 500PL/1 with habitat

material combinations, showing that at 200PL/1 and 400PL/1,

the habitat material treatments and control had the same

ef f ect.

The introduction of habitat material resulted

in significantly better survival of the shrimp seed than

without habitat material, at high packing densities of 400

and 500PL/1 at 70% survival duration.

The cumulative percentage survival of the

post-larvae packed with and without habitat material showed

that, by 14h all the post-larvae at 400PL/1 in the control
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reached 75% survival, whereas 5% more survival was observed

in those with habitat material. At 500PL/1 with habitat

material, 80% survival occurred only at 12h whereas,

without habitat material the corresponding duration was

only 6h. Further, the 70% survival duration also was

extended in the higher packing densities of 400PL/1 and

500PL/1 with the introduction of habitat material.

In the lower packing densities, due to the

availability of sufficient space, cannibalism was less

pronounced. This is in accordance with the reports by

Subrahmanyam (1973). However, even at the lower packing

densities, cannibalism could not be ruled out. It was

observed during the early hours of packing, when the post-

larvae were seen over-excited and hyperactive, but its

intensity was less than that at higher packing densities.

But statistical analysis showed that habitat material had

little influence on the survival rates at 100% and 90%. The

duration of 40h was observed at the lowest packing density

both in the control and treatment. At 300PL/1, a similar

trend, with slightly lower duration of 32h was observed at

70% survival.

It may be concluded that at the higher packing

densities of 400 and 500PL/1, cannibalism cannot be

checked with the introduction of habitat material during
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early hours of packing. However, during the later period of

transportation, the hollow habitat material may form a

shelter especially for the over-stressed weaklings thereby

increasing the duration at the higher packing densities.

5.3.1. Water quality parameters.

5.3.1.1. Dissolved oxygen

The initial value of dissolved oxygen was

28.3ppin. The final values were 21. 19 , 17 . 65 , 18.44 and

13.39ppm with habitat material and 19.7, 17.33, 14.18 and

11.82ppm in the control at 200. 300. 400 and 500PL/1

packing densities. The corresponding reduction in dissolved

oxygen were 6.46, 10.5, 9.77 and 14.8ppm and 8.66, 11,

14.18 and 18.12 ppm with the habitat material and control

respectively at 200, 300, 400 and 500PL/1 packing

densities. A lower final dissolved oxygen level was

observed in the control, showing that the introduction of

habitat material could reduce the consumption of dissolved

oxygen. The final dissolved oxygen values were far above

the minimum level recommended by several authors for the

species, of 1.5-2.5ppm. Thus, dissolved oxygen levels as

such were not found as a limiting factor; with the increase

in packing density, there was a proportionate reduction in

the final dissolved oxygen.
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5.3.1.2. Aromonia-N levels

The ammonia-N levels in the medium were 5.069,

10.035, 10.296 and 10.557ppm in the treatments with habitat

materials and 5.86, 10.457, 11.080 and 10.557ppm for the

control at 200, 300, 400 and 500PL/1 packing densities

respectively. Uith the incorporation of habitat material,

the accumulation of ammonia-N levels in the medium was not

significantly reduced, eventhough a slight increase in the

ammonia-M levels was observed in the control. The packing

densities when compared by critical difference analysis

revealed that the accumulation of ammonia-M was

insignificant at 300, 400 and 500PL/1. But, the lowest

packing density of 200PL/1 formed a separate group. In this

experiment, the final values were well above the limits

tolerated by the species.

5.3.1.3. Carbon dioxide.

The carbon dioxide levels reached a value as

high as 72.9ppm in the control. The initial carbon dioxide

content in the transport medium was nil. The final levels

were 51.25, 57.16, 70.9 and 61.1ppm for 200, 300, 400 and

500PL/1 packing densities, in the containers with habitat

material. In the control, the levels were slightly lower,

being 49.28 and 55.19ppm, for 200 and 300PL/1 packing

densities. But in the higher packing densities the carbon
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dioxide levels were higher in the control, ie, 72.9ppin and

63.07ppin for 400FL/1 and 500PL/1 respectively. This

reduction in carbon dioxide accumulation for the higher

packing density may be due to the incorporation of habitat

material and its utilization by the shrimps. Alias and

Siraj C1988) and Jayasree-Vadhyar e^ al. (1992) noticed

significant reduction in carbon dioxide accumulation by the

incorporation of habitat material in the packing medium. At

500PL/1, the final levels of carbon dioxide were slightly

lower than that at 400PL/1 at the end of 705 survival.

Carbon dioxide accumulates in the packing medium with time

(Johnson, 1979). The duration of 70% survival for the

highest packing density was only 16h in the experiment and

14h for the control, whereas this was 24h and 22h

respectively at 400PL/1 packing density. This shorter

duration for the higher packing density might have reduced

the carbon dioxide accumulation in the oxygen-packed jars,

5.3.1.4. pH

The pH of the transporting medium was lowered

from 8 to 7 at the end of 70% survival irrespective of the

treatment. The slight decrease in pH in the present study

may be due to dissociation of carbonic acid to release

bicarbonate which may have further dissociated to give

carbonate and hydrogen ions, thus causing a reduction in pH

(Alias and Siraj, 1988).
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SUMMARY

1. The study was aimed at streamlining the

conditions for oxygen-packed transportation of Penaeus

indicus seed. The experiments conducted were (1) to

determine the oxygen consumption by the shrimp seed at

different packing densities, temperatures and salinities.

C2) to determine the effect of these factors on the

duration and survival of shrimp seed under oxygen-packing

and, (3) to the study the effect of introducing inert

habitat material on their duration and survival of shrimp

seed under oxygen-packing.

2. In the first experiment, the effect of

packing densities (200, 300, 400 and 500PL/1), salinities

C20, 25 and 30ppt) and temperatures (30 ± I'C and 23 +. 2*C)

on the oxygen consumption rate of ^ indicus seed was

studied in closed type respirometers. It was an

asymmetrical factorial experiment, with two replications,

in completely randomised design.

3. The second experiment to study the effect of

different packing densities (200, 300, 400 and 500PL/1)

salinities (20, 25 and 30 ppt) and temperatures (30 +_ 1®C

and 23 ± 2®C) on the duration and survival of oxygen-packed
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P. indicus seed during transportation was conducted in

specially designed hard plastic containers of 600ml

capacity, fitted with one way valves for packing oxygen

under uniform pressure. It was also an assymetrical

factorial experiment, in completely randomised design. The

experiment was closely observed to record duration of 100%,

90%, 00% and 70% survival. The initial and final water

quality parameters were analysed.

4. In the final experiment the effect of

introducing inert habitat material in the packing medium on

the duration and survival of the oxygen-packed seed was

studied in the afore-mentioned containers. It was conducted

at ambient temperatures (30 + I'C) and at a salinity of

25ppt selected from the previous two experiments.

5. The energy spent for osmotic regulation could

be precisely judged from the oxygen consumption of the

shrimp seed. The studies in respirometers showed that the

least oxygen consumption rate was at 25ppt salinity in the

various treatment combinations, indicating that indicus

spends least energy at this salinity. The lowering of

temperature resulted in reduced oxygen consumption rate.

6. Uith increase in packing density, there was a

decrease in oxygen consumption rate. The rate of oxygen

consumption decreased to half, with increase in packing
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density from 200 to 500PL/1. The falling rate of ambient

oxygen concentration increased with the number of

shrimps/unit volume. Crowding increased the rate of oxygen

consumption in the respirometers and thus hastened the fall

in ambient oxygen resulting in lowered oxygen consumption

rate subsequently.

7. Packing density showed inverse relationship

with the safe duration of transport with lOQh survival,

and also with subsequent durations (90, 80 and 70%

survival). The study showed that at packing densities of

200, 300, 400 and 500PL/1, the post-larvae could be

transported with 100% survival upto 6.5-8.5h, 3.2-5h, 2-

2. 5h and 1.25-1.5h at ambient temperature of 30 I'C

respectively. The percentage survival at the end of 12h,

was reduced to 70%, at 500PL/1 whereas, this was 95% at

200PL/1, at ambient temperature. Analysis of variance

showed that packing density significantly affected the

percentage of survival. The major cause of mortality with

increase in packing density was cannibalism.

8. The lowering of temperature from the ambient

levels of 30 +. 1®C to 23 +. 2'C significantly increased the

safe duration and subsequent durations of transport. The

safe duration of transport with 100% survival was increased

to 22-42.5h, 8.25-9h, 6.26-6.75h and 4-4.75h for packing
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densities of 200, 300, 400 and 500PL/1 respectively at the

lowered temperatures. The percentage survival at 12h, was

80-85% for the highest packing density of 500FL/1 and 100%

for 200FL/1 at the lowered temperatures. By lowering the

temperature it was possible to transport 200PL/1 over 20h»

with 100% survival, whereas the same could be transported

only for 6-8h at ambient temperatures. The lowering of

temperature reduced cannibalism and physical activity of

the oxygen-packed seed.

9. Among the salinity levels of 20, 25 and

30ppt, the longest duration of transport was observed for

the former two salinities in the majority of the survival

rates. The statistical analysis showed no significant

difference between 20 and 25ppt levels. So a salinity range

of 20-25ppt apparently yields better survival rates in P.

indicus seed transportation.

10. The study showed that in addition to the

main effects, the interaction effects of the factors

analysed had significant effect on the survival of the

shrimp seed. The interaction effect of lowered temperature

with packing density and/or salinity reduced the negative

effect of the latter two factors.

11. The reduction in dissolved oxygen levels in

the oxygen-packed jars was well above the lethal limits
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even at the highest packing density of 500PL/1 at 70%

survival. The decrease in dissolved oxygen levels, increase

in ammonia-N & free carbon dioxide and change in pH,

differed with the duration of packing, temperature and

packing density.

12. The incorporation of habitat material did

not significantly alter the safe duration of transport in

the various packing densities of 200, 300, 400 and 500PL/1.

However, this incorporation resulted in longer duration at

the later period of transportation (at 70% survival) only

at the higher packing densities of 400 and 500PL/1.

13. The reduction in dissolved oxygen levels was

slightly higher in the jars without habitat material. The

increase in ammonia-N was not significantly reduced with

the incorporation of habitat material. The accumulation of

free carbon dioxide was slightly lowered with the

introduction of habitat material at 400PL/1 and 500PL/1.
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ABSTRACT

The effect of four levels of packing density,

C200PL/1. 300PL/1, 400PL/1 and 500PL/1). three levels of

salinity C20ppt, 25ppt and 30ppt) and two levels of

temperature (30 +;1'C and 23 ±_ Z'C) on the oxyflen

consumption rate of Penaeus indicus post-larvae (PL20) was

investigated in a closed type respirometer. The dissolved

oxygen in the test chamber decreased with the "-oxygen

consumption of the animals. Oxygen consumption was found to

vary with ambient oxygen levels at the different packing

densities. Among the three salinities, and two

temperatures, the lowest rate of oxygen consumption was

recorded at 25ppt and 23 ^ 2®C.

The effect of these factors on the duration and

survival of transportation of the shrimp seed in specially

designed hard plastic containers fitted with facilities for

2
oxygen packing under uniform pressure CO.2 Kg/cm ) showed

that oxygen packing in hypothermal conditions could help in

increasing duration and survival. Salinity of 20-25ppt was

found to give longer duration of survival. With increase in

packing density, there was considerable reduction in the

duration and survival of transportation of the seed.

Cannibalism was observed as the major cause of



mortality and it could be reduced by lowering of

temperature. 200PL/1 could be transported with 100%

survival within 6.5-0.5h at ambient temperature of 30 ±

1®C under the afore-mentioned type of oxygen-packing. By

lowering the temperature to 23 +_ 2* C it was possible to

safely transport with 100% survival the same numbers for

more than 20h. Corresponding duration at 500PL/1 with 100%

survival was 1-1.5h at ambient temperature and 4-5h at

lowered temperature.

To reduce cannibalism at ambient temperatures,

hollow plastic transluscent habitat material was

incorporated into the oxygen-packed jars. This experiment

was conducted at 25ppt salinity at different packing

densities of 200PL/1, 300PL/1, 400PL/1 and 500PL/1.

Relatively longer duration and higher survival was observed

only at higher packing densities of 400PL/1 and 500PL/1

with the introduction of the habitat material.

Uater quality parameters in the experimental

jars were analysed initially and finally at 70% survival

rate. The reduction in dissolved oxygen levels in the

oxygen-packed jars was well above the lethal limits even at

the highest packing density of 500PL/1 at 70% survival. The

decrease in dissolved oxygen levels and increase in

ammonia-N and free carbon dioxide, differed with the

duration of packing, temperature and packing density.
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