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ABSTRACT 

This work describes the immobilisation of ammonia using high feed carbon to 

nitrogen (C:N) ratios, supplemented with wheat powder, to juvenile Penaeus 

monodon prawns. The pra\Vns were grown in tanks located in the out door hatchery, 

Charles Darwin University, under zero-water exchange system. It was found that at 

all C:N ratios tested (eg, 6.1, 7.5, 15, 22.5) the levels of ammonia were low, ranging 

from 0.15 to 0.35 mg r1
• However, the levels of nitrite were 73.0, 61.9, 12.6 and 0.7 

mg r 1 at the end of eight weeks of culture in C:N ratios of 6.1, 7.5, 15 and 22.5, 

respectively. The results suggest that at low C:N ratios less than 15, the excess 

ammonia was converted to nitrite by nitrifying bacteria. At C:N ratios greater than 

15 all ammonia produced from the prawn excretion and the breakdown of feed was 

immobilised in the biomass of heterotrophic bacteria, which was formed in response 

to the high feed C:N ratio. C:N ratio of 22.5 was found to be very effective with 

virtually no accumulation of ammonia and nitrite. As a result of low concentrations 

of ammonia and nitrite, growth rates and food conversion ratios of P. monodon were 

much improved when they were grown in high C:N ratio treatments. In addition to 

the immobilisation of ammonia, heterotrophic bacteria also provided extra food for 

the juvenile prawns resulting in high feed conversion ratio. The results agree with 

those in literature and confirm that carbonaceous substrates can be used to augment 

the C:N ratios of feed to a level that stimulates the growth of heterotrophic bacteria 

and immobilise inorganic nitrogen produced during prawn aquaculture. In other 

words, the hannful nutrients produced can be lowered in situ without having to 

exchange them with the environment by dilution method. This means that 

aquaculture activities can become environmental-friendly if this practice is adopted 

by the industry on a broader scale. 
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1. CHAPTERONE 

INTRODUCTION 

Aquaculture is an essential industry providing a crucial part of the world's seafood 

supply, since capture fishery output has reached its maximum potential and demands 

are increasing. The term 'aquaculture' encompasses a great diversity of activities 

and can be define as (F AO, 1993) 

"Aquaculture is the farming of aquatic orgamsms, including fish, molluscs, 

crustaceans and aquatic plants. Farming implies some form of intervention in 

the rearing process to enhance production, such as regular stocking, feeding, 

protection and from predators etc. Fanning also implies individual or corporate 

ownership of the stock being cultivated. For statistical purposes, aquatic 

organisms which are haivested by an individual or corporate body which has 

owned them throughout their rearing period contribute to aquaculture, while 

aquatic organisms which are exploitable by the public as a common property 

resource, with or without appropriate license, are the harvest of fisheries" 

Aquaculture was originally regarded as a benign activity. However, as the industry 

has become increasingly competitive and intensive, concerns have arisen. Major 

concerns are of ecological significance such as habitat destruction, environmental 

pollution, disease spread to wild populations, genetic pollution and reliance of much 

of the industry on feedstock derived from capture fisheries (Davenport et al. 2003). 

This applies to most aquaculture operations, including prawn aquaculture (note: the 

words 'prawn~ and 'shrimp' have the same meaning). The decline in the world 

cultured-prawn productivity (and in some cases - a complete collapse of regional 

industry) in 1999-2000 (Jory, 2001) can be attributed to disease and environmental 

pollution. As a result, there has been a trend within many countries towards 

increased biosecurity, and disease and effluent control, including zero-water

exchange or recirculating culture systems employip.g in situ (A vnimelech 2000) or 

external biofiltration techniques (Van Rijn 1996). 
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2.1 Extensive, Semi-intensive and Intensive Prawn Aquaculture 

There has been a great demand in seafood including shrimps and fish in recent 

decades initiating with the rapid development of shrimp culture particularly in 

tropical regions of the Asia-Pacific and Latin America. To meet this demand, shrimp 

industry had to adopt modern technology for higher production from extensive, 

semi-intensive to intensive systems (Hopkins et al . ., 1999). Several shrimp species 

are used in aquaculture, but the Black Tiger prawns (Penaeus monodon) is widely 

known and commercially recognized worldwide in intensive cultured system such as 

in Australia (Mangire and Allan, 1991 ), Thailand, Indonesia, Philippines, China, 

India Sri Langka and Taiwan (Rosenberry, 1991 ). 

Of the estimated 375,913 shrimp farms reportedly in existence in the world in 1999 

(Rosenberry 1999), 54% used extensive pond-based growout culture systems 

(stocking density below 2.5 m-2
, shrimp production 50-500 kg ha-1year-1

, production 

cost US$1-3 kg-1live shrimp), 28% used semi-intensive pond-based growout culture 

systems (stocking density below 30 m-2
, shrimp production 500-5000 kg ha-1year-t, 

production cost US$2-6 kg-1live shrimp), and 18% used intensive pond-based 

growout culture systems (stocking density above 30 m-2
, shrimp production 5000-

20,000 kg ha-1year-\ production cost US$4-8 kg-1live shrimp). In addition to the 

above information, extensive prawn aquaculture by virtue of its low stocking density 

requires no exogenous food. All the food requirements by the animals are met by the 

natural (endogenous) food within the pond. On the other hand, semi-intensive and 

intensive aquaculture requires exogenous food to supplement the endogenous food. 

The exogenous food is in the form of high protein and high energy formulated feed, 

which often raise concerns. F onnulated feed uses fish meal and fish oil as 

ingredients. Fish meal and fish oil come from captured fisheries (usually thrash 

fish), the high demand of which would affect their supply. Un-eaten feed (about 

10% of the diet) leaches nutrients into the water and is broken down by bacteria, 

forming ammonia (which is toxic to shrimps) and other nitrogenous compounds. As 

a result, an intensive shrimp pond is eutrophic and has high oxygen demand. In 

order to reduce the toxic nutrients and aerated the water, water exchange is a 

common practice. This is done by replacing the whole volume of pond water with 
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the environmental water, which is highly oxygenated and low in nutrients. In other 

word, it is a flow-through system. Such a flow through system may have a 

drawback because it may contaminate recipient water bodies and may therefore 

become limited by environmental constraints. In addition to the nutrient problems, 

intensive system contains water which has high particulate matter (shrimp faeces, 

phytoplankton and bacteria) and may contain pathogens (due to high stocking rates 

and stress animals). The discarded effluent waters may affect other farms which use 

them as intake waters. In sum, the current practice of flow-through intensive 

systems is environmentally unsustainable. Indeed, the decline in the world cultured

prawn productivity (and in some cases - a complete collapse of regional industry) in 

1999-2000 (Jory, 2001) can be attributed to disease and environmental pollution. 

2.2 Zero Exchange Production Systems 

New management practices are required for a sustainable and biosecure shrimp 

aquaculture production. One such practice is to reduce the effluents and sediments 

that would be released into the environment by a typical intensive shrimp farm. 

This zero water exchange/water recycling teclmology results in sustained high yields 

and the reduction of nutrients released into the environment, along with an increase 

in feed and pond utilisation efficiency. 

However, the water of the zero-water discharge in intensive aquaculture systems 

requires treatment and purification of the followings (Gelfand et al. 2003): 

• Oxygen supply due to high respiration 

• Removal of particulate organic matter 

• Removal of arrrmonia (toxic to prawns and other aquatic animals) 

• Removal of C02 

The problems with oxygen supply can be overcome by aerators (paddle wheels or 

forced- air devices). With very high stocking rate, pure oxygen may be required. 

Removal of C02 derived from respiration can be done by facilitating the gaseous 

exchange between the water surface and the atmosphere. However, the removal of 

ammonia is more complex since ammonia is a nutrient that is not volatile. 
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Ammonia in the water column can be removed or transformed into less toxic 

compounds by the following processes: 

. ~ . ~ --------. Algae biomass (1) 

-----~•• N02 ._. N03 (2) 

Ammonia in the water column is assimilated and immobilised by algae (equation 1 ). 

Turn over of algae is rapid and decomposition of algae results in liberation of 

ammonia in the pond sediment. The ammonia accumulated in the sediment under 

anoxic conditions and is oxidised to nitrate by autotrophic nitrifying bacteria under 

oxic conditions (equation 2) after pond drainage. Removal of inorganic nitrogen is 

finally accomplished after refilling the ponds. Renewed anoxic conditions and the 

presence of high nitrate concentrations in the sediment result in the development of a 

denitrifying population. These heterotrophic bacteria, using organic degradation 

products as sources of carbon and energy, and nitrate as an electron acceptor, 

dissimilate nitrate under anoxic conditions, via nitrite, nitrate to gaseous elemental 

nitrogen (equation 3) which is subsequently released into the atmosphere. Thus 

ammonia produced from uneaten food, prawn secretion and decomposition of dead 

algae can be removed from the ponds, but only when the ponds are drained and refill 

(which is not possible with the zero-water discharge concept). Avnimelech eta/. 

(1994), who pioneered with intensive fish culture, used high carbon to nitrogen ratio 

(C:N ratio) to solve the high ammonia concentration in zero-water discharge fish 

ponds. The authors added carbonaceous substances ( eg, wheat flour) to the ponds to 

reduce the C:N ratio of the diet. When the C:N ratio is high, bacteria would take up 

the nitrogen in the water in order to produce cell proteins. The synthesis of 

microbial proteins leads to immobilisation of inorganic nitrogen (eg, anunonia) and 

thus to diminution of the inorganic nitrogen concentration of the water. The 

resultant microbial protein is also a valuable food source for the aquaculture 

animals. 

The zero-water discharge using high C:N ratio seems to work well with fish 

aquaculture. However, there is little work done with prawn culture. 
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2.3 Objectives of the work 

The thesis aims to investigate the role of feed C:N ratio on the survival rate, growth, 

feed conversion ratio, production and water quality (particularly inorganic nitrogen) 

of Penaeus monodon shrimp cultured in a Zero Water Exchange Model (ZWEM) 

using wheat powder as a carbon source. 

In addition to the above aim, a detail literature review on Penaeus monodon and 

shrimp culture in general and its effects to the environment are also included. 

2.4 Site and Length of Study 

The detailed study of shrimp culture with ZWEM was canied out in microcosm 

tanks at the Department of Aquaculture of the Charles Darwin University (CDU) in 

Darwin over a period of two months. 

2.5 Thesis plan 

The thesis has six chapters. Chapter one introduces the environmental problems of 

the current prawn farming practices and introduces the concept of zero-water 

discharge using high C:N ratios to reduce inorganic nitrogen in the water column. 

The aim of the work is also included in this chapter, which describes the 

immobilisation of ammonia using high feed carbon to nitrogen (C:N) ratios 

supplemented wheat powder to juvenile Penaeus monodon prawns . 

Chapter two reviews the biology and aquaculture of the black tiger prawn Penaeus 

monodon, including the ecological issues. This literature review has three main 

parts. The first part describes the biology of black tiger prawn (Penaeus monodon 

Fabricus ), its life cycle, morphology and nutritional requirement. The second part 

describes the history and development of shrimps farming, the world shrimp 

production and the water quality requirement for shrimps farming. The third part 

reviews the environmental impacts of the effluents from shrimp farming and the 

culture with zero and limited water exchange using carbon resource in reducing 

inorganic nitrogen. 
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Chapter three consists of methods used, including experimental design, methods for 

growth measurements, feed conversion ratio. 

Chapter four describes the results on the effects of C:N ratios on the water quality, 

percentage weight gain, growth rate, survival rate and feed conversion ratio. It was 

found that C:N ratios greater than 15 reduced ammonia concentrations to very low 

levels. C:N ratio of 22.5 was found to be very effective with virtually no 

accumulation of ammonia. As a result of low concentrations of ammonia, growth 

rates and food conversion ratios of P. monodon were much improved. 

Chapter five discusses the results in terms of those in the literature and the current 

thinking of the topic. The results of this work agree with those in literature and 

suggest that high feed C:N ratios stimulated the growth of heterotrophic bacteria 

which imrnobilise ammonia during their growth processes. The heterotrophic 

bacteria also provide food for the juvenile prawn resulting in high feed conversion 

ratio. 

Chapter six summarises the work to date and poses direction for future work. 
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2. CHAPTER TWO 

LITERATURE REVIEW 

This literature review has three main parts. The first part describes the biology of 

black tiger prawn (Penaeus monodon Fabric us), its life cycle, morphology and 

nutritional requirement. The second part describes the history and developn1ent of 

shrimps farming, the world shrimp production and the water quality requirement for 

shrimps farming. The third part reviews the environmental impacts of the effluents 

from slrrimp farming and the culture with zero and limited water exchange using 

carbon resource in reducing inorganic nitrogen. 

2.1 Biology of Penaeus monodon Fabricus 

2.1.1. Taxonomy of Penaeus monodon Fabricus 

The black tiger prawn is well known as commercial species because of its large size 

(reaching 33 em long) and the ease of culture. It is distributed through the Indo-west 

Pacific, East and South-East Africa, Pakistan, Japan, Malay Archipelago and North 

Australia (SEAFDEC, 1988). 

According to Solis (1988) Penaeus monodon Fabricus is classified as follows : 

Phylum: Artlrropoda 

Subphylum: Crustacea 

Class: Malacostraca 

Suborder: Eucarida 

Order: DecapodaSuborder: Natantia 

Infraorder: Penaeidea 

Superfamily: Penaoidea 

Family: Penaeidae Rafinesque, 1815 

Genus: Penaeus Fabricus, 1798 

Subgenus: Penaeus 

Species: monodon 
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2.1.2. Morphology 

The black tiger prawn Penaeus monodon (fig. 1), like other crustaceans, is an 

invertebrate (lack a back 1Jone) and have an external skeleton (exoskeleton). The 

body consists of two main parts, the chepalothorax (carapace) and abdomen (tail). 

Penaeus monodon can be distinguished from other prawn species by having the 

unique characteristic of black bands on the carapace and abdomen giving a striped 

tiger-like appearance (Bailey-Brock and Moss 1992). The carapace, which covers 

the head, protects the internal rostrum. Attached to the carapace is a pair of antennae 

containing sensory organ for food finding and sense predators. Five pairs of 

pereopod or the walking legs are attached on the chephalothorax. For foraging, 

penaeus monodon uses the first three pairs of pereopods with small claws (Bailey

Brock and Moss 1992). 

Rostrum Abdomen 

Carapace 

Telsom 

Uropods 

Pereopods Antenna 

. Pleopods 

Figure 1. The morphology of Penaeus monodon (Bailey-Brock and Moss 1992) 

P. monodon is a heterosexual crustacean in which the female is relatively larger than 

the female (female spawners are about 1 OOg while the males about 80g). Male and 

female can be distinguished by examining the external genital organs. The male 
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gonopores (from which sperms are released) open at the base of the fifth walking 

legs, while the female gonospores (from which eggs are released) can be found at 

the base of the third walking legs. During mating the sperms from the males are 

transferred to the female and stored at the thelycum which can be seen at the fifth 

walking legs of the female (Bailey-Brock and Moss 1992). The male internal 

reproductive system is composed of a pair of testes and paired vasa differentia that 

contains spennatophores at the gonophores, and is located at the base of the fifth 

walking legs. The female has a closed thelycum (external receptable) where the 

sperm is stored. The internal reproductive organ of the female consists of paired 

ovaries and oviducts. The ovaries are bilaterally symmetrical and partly fused, and 

ex-tend almost the entire length of the mature female. The oviducts originated at the 

tips of the sixth lateral lobe and lead to external genital opening of the coxopods of 

the third pair of pereopods (Solis, 1988). 

2.1.3. Life cycle 

The life cycle of P. monodon (fig. 2) is completed in 1-3 years with most of the 

specimens reaching reproductive maturity within one year. Adult P. monodon move 

from estuaries and inlets to offshore deeper oceanic waters with higher salinities to 

complete their maturation process (Bailey-Brock and Moss 1992). Mating and 

spawning occur here and the externally fertilised eggs hatch and pass through the 

larval stages for about 10 days. The larval stages are: nauplius (non feeding larvae), 

zoea (phytoplankton consumers) and mysis (eats both phytoplankton and 

zooplankton). The next stage is the post larvae which migrates to the inlet estuaries 

and become bottom dwelling (benthic) at around PL 5-7 (ie, 5-7 days into the post 

larval phase), and then eventually migrate further upstream and feed on benthic 

invertebrates like aquatic worms and other smaller aquatic crustaceans (Bailey

Brock and Moss 1992). 
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Figure 2. Life cycle ofPenaeid shrimp (Bailey-Brock and Moss 1992). 

2.1.4. Nutritional requirements of Penaeus monodon 

As mentioned in the previous section, in nature Penaeus monodon is omnivorous 

scavengers at the early juvenile stage, and is carnivorous, feeding on benthic 

organisms and detritus at later stage. In aquaculture situations, the nutritional 

requirements of early larval stages (zoea and mysis) of P. monodon can be met by 

offering them live food consisting of phytoplankton ( eg, the diatom Chaetoceros 

sp.) and zooplankton ( eg, Artemia). Live foods are essential for the development 

and metamorphosis of the larvae and cannot, at this stage, be substituted with 

formulated feed. At the postlarval stages, the animals can be weaned to take 

artificial feed such as pellets. 

Since sub-adult and adult P. monodon are benthic dwellers, sinking formulated 

pellets are required. Attractants might be used to increase their feeding activity since 

the shrimps find their foods mainly by chemosensory mechanisms rather than vision. 

It is expected that pellets should also remain stable in water for about 4 hours 

(A vault 1996) because the animals eat slowly (Pascual, 1989). The amount of feed 

offered to the animals is related to their size, the intensity of rearing and the type of 

diet (Fox et al., 1994). The feeding behaviour of shrimps becomes an important 

consideration in terms of the frequency of feeding. The feeding rates and frequency 

for prawns are well documented by Lovell (1989). A recent study of feeding 
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frequency of P. monodon juveniles found that there is no benefit from feeding the 

shrimp more frequently than three times a day (Smith et al., 2002). 

Energy is important for shrimps similar to other crustacean species, especially for 

growth, muscle activity and reproduction (Akiyama et al., 1992). Energy is obtained 

from the food sources either natural foods or artificial diets. Artificial diets should 

provide five major nutrients including, protein 35%, carbohydrate 25%, fats 10%, 

and vitamin and minerals (Pascual, 1989). The nutrient compositions of diet are also 

different between stages of life cycle of the shrimp. Generally, the level is higher in 

the smaller and the younger animal's diets (Fox et al., 1994), particularly the 

composition of protein in shrimp feed. 

2.1.4.1. Protein 

Protein, the most expensive component of shrimp food ingredients (Fox et al., 

1994), provides energy and amino acids for shrimp growth (Pascual, 1989). The 

content of protein in the diet is dependent upon the species, age and size, water 

quality, natural food present in the water system, daily feed allowance, the non 

protein energy and quality of protein (A vault, 1996). For P. monodon culture in the 

Philippines, it is recommended that the minimum protein level of 45% for early 

larval PL stages, 40% for juveniles, 35% for subadults and 30% for growout 

(Pascual, 1993). Similarly, in Singapore the crude protein level in P. monodon (Size 

of2-2.5 mm) is higher (38%) compared to larger animals (size of2.5-10 mm) (36%) 

(Shiau and Lung, 1993). 

2.1.4.2. Lipids 

Lipids provide shrimps with energy and essential polyunsaturated fatty acids 

(PUF A), phospholipids, and act as solvent for fat-soluble vitamins (A, D, E and K) 

(Fox et al., 1994). Phospholipid contains fatty acids that are essential in maintaining 

the flexibility and permeability of biological membranes, in lipid transport, and in 

activation of certain enzymes (Akiyama et al., 1992). There are four essential fatty 

for shrimps including linoleic (18:2n6), linolenic (18:3n3), eicosapentaenoic or EPA 

(20:5n3) and docosahexaenoic or DHA (22:6n3). The first two fatty acids are 
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naturally found in plant oils, while the marine animal oils consist high level of 

22:5n3 and22:6n3 (Akiyama et al., 1992; Fox eta/., 1994). The EPA and DHA have 

been found to significantly promote the growth of P. monodon (Glencross and 

Smith, 2001 ). Cholesterol is also one of the nutritional requirements for Penaeus 

monodon. The optimum content was found to be 1. 7 glkg (Smith et a/., 2001 ). 

According to Akiyama et al., (1992) that the lipid level of commercial shrimp's 

feeds varies from 6% to 7.5%, but not exceeding 15% due to the poor growth and 

increased mortality if exceeding 15%. The quantity of lipid contents is also 

dependent on the size of the prawns (Fox et al., 1994). 

2.1.4.3. Carbohydrate 

Carbohydrate provides energy for the prawns. It also acts as protein-sparing 

function for the reduction of the expensive protein component in formulated feed 

and their binding properties rendering feeds more stable in water (Pascual, 1989). 

Carbohydrates include simple sugars or monosaccharides, disaccharides and 

polysaccharides (Akiyama, et a/., 1992). They are converted mainly into glucose, 

which is absorbed into blood for metabolising by the animals, producing energy and 

building blocks for the growth process (Helper, 1988). 

2.1.4.4. Vitamin and minerals 

Vitamins and minerals play an important role in the process of body growth, 

metabolism and reproduction. The amount of vitamins and minerals required varies 

from 50 to 100 mg!kg dependent on shrimp size, age, growth rate, environmental 

conditions and nutrient interrelationships (Akiyama et al., 1992). Known essential 

vitamins are vitamin Bl2 (Shiau and Lung, 1993), Vitamin K (Shiau and Liu, 1994), 

Vitamin C (Catacutran and Lavillapitago, 1994; Chen and Chan, 1994; Merchie et 

al., 1997; Hsu and Shiau, 1997 and 1998; Merchie eta/., 1998), Vitamin D (Shiau 

and Hwang 1994), and vitamin A (Chiau and Chen, 2000). 

Minerals are commonly divided into two main groups known as macro-minerals and 

micro-minerals (Akiyama et al., 1992), . Those are required in large quantities such 
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as Phosphorus (P), Calcium (Ca), Potassium (K), magnesium (Mg), sodium (Na), 

Chlorine (Cl) and Sulfur (S). Meanwhile, the micro-minerals are required in small 

amounts, including Zinc (Zn), Copper (Cu), Iron (Fe), Manganese (Mn), Cobalt 

(Co), Salenium and Iodine (I). 

2.3 Supplement requirements for Penaeus monodon 

In addition to the essential components of formulated feed discussed in previous 

section, addition of minute amounts of specific substances to the feed can improve 

shrimp performances such as grov.rth and survival rate, as much as 10 to 25% 

(Akiyama et al., 1992). It have been recognized that pellet binders, antibiotics, 

antioxidants, attractants, vitamins and minerals are the kind of additives being used 

in shrimp foods. In Penaeus monodon its specific dietary requirements of micro

elements are phosphorus, potassium and trace metals, but not calcium, magnesium 

or iron. The reasons for not including the latter elements as additive because they are 

common minerals that are present abundantly in seawater. Iron, however, is not yet 

known of its role in the metabolism; hence it is not specified as an additive (Dall and 

Moriarty, 1983). 

Experiments have shown the effectiveness of feed additive in improving the growth 

performance of shrimps (Trine and Sarroza, 1995; Shiau and Yu 1998; Shiau and 

Hsieh, 2001). Furthermore, Shiau and Yu (1998) stated that chitin supplemented at 

5% enhanced Penaeus monodon growth. The weight gain and protein efficiency 

ratio of Penaeus monodon improved as dietary potassium supplementation level 

increased up to 1.5 g K/100 g diet (Shiau and Hsieh, 2001). 

2.4 The Development of Shrimp Farming 

Shrimp farming was introduced mainly from South-East Asia, starting with the 

raising of wild shrimps in tidal swamps. Initiating with the modem shrimp fanning 

in 1930s, Motosaku Fujiama was successfully raising shrimps (Penaeus japonicus) 

from larvae through to market size on a commercial scale. Since then, there has been 

a rapid development of shrimp culture in tropics, especially in the Asia-Pacific 

region and Latin America, in the 1990s. The most widely recognized species is the 
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Penaeus monodon which is widely cultivated in countries like Australia (Mangire 

and Allan, 1991 ), to further north such as Thailand, Indonesia, Philippines, China, 

India, Sri Lanka and Taiwan (Rosemberry, 1991). 

Three systems of shrimp culture are practised. They are the extensive, semi

intensive and intensive systems (Landesman, 1994; Menasveta, 1997). fu the 

extensive system was used earlier on and characterises by the low stocking density 

and hence lower productivity of about 150 kilograms!halyear or less (Menasveta, 

1997). In this system, artificial feed is not required. However, during the culture 

period fertilizer may be added to the ponds to increase the level of natural food. The 

extensive system still remains in operation today, particularly by the traditional 

culturists in developing countries. 

Due to the increase in shrimp demand, the extensive system was replaced by the 

semi-intensive and intensive systems. The semi-intensive system is characterised by 

having production between 600 kilograms!halyear to 1800 kilogramslhalyear 

(Menasveta, 1997). Because of the higher stocking density, semi-intensive culture 

needs artificial feed supply, greater use of fertilizer, and the use of toxicants in 

controlling predators and diseases (Fast, 1992). This system generally required 

water exchange pump to drain the pond during harvest (Boyd, 1989), aeration by 

means of paddlewheel aerator for maintaining sufficient dissolved oxygen 

(Landesman, 1997). 

The intensive shrimp culture is similar to the semi-intensive culture; however, the 

use of technology is more advanced in this system such as the use of artificial feed, 

higher aeration, pump and toxicants due to higher stocking densities. hitensive 

system is likely to have higher production in shrimp culture with the production 

reached 6,000-10,000 kg/hal year (Landesman, 1994; Menasveta, 1997). The 

characteristics of shrimp cultures at three levels of intensity is shown in Tablel. 

19 



Table 1. Characteristics of shrimp culture at three levels of intensity 

Level of density 
Characteristics Extensive Semi-intensive Intensive 
1. Pond size (ha) >5 1 to 2 1 or less 
2. Aeration Natural Water exchange Continual mechanical 

or mechanical and flushing 
3. Stocking rate <5 5 to 15 20 or more 

Shrimps/m2/croQ 
4.Feed Natural Natural 

(No supplement) and Supplement Formulated 
5. Production rate {kg/ha~year) 100-300 600- 1800 More than 6000 

Source: Menasveta (1997) 

The world's production of farmed shrimps is dominated by the developing countries 

located in tropical latitudes. Seven countries produced about 86 percent of the 

farmed shrimp production in 1995 (Six Asian one Latin American). Regionally, 

Asia produces nearly four-fifths of the world's farmed shrimp output, with Latin 

American countries providing most of the remainder (J ospeit, 1999). Shrimp farms 

throughout Asia harvested 550,000 tons in 1995, accounting for 78 percent of the 

world's farmed shrimp production. By comparison, the shrimp farming industry in 

the western atmosphere, led by Ecuador's annual output of 1 00,000 tons, produced a 

regional total of 154,000 tons (Hagler et al., 1997). 

In total, about 712,000 tons of shrimps were produced in farms in 1995, roughly 

26% of the world's total shrimp production, from by capture fisheries and fanning 

combined, which exceeded 2.6 million tons in 1995 (Hagler et al., 1997). Thailand 

has been the world's leading producer of fanned shrimp for the past few years, 

producing 220,000 tons of farmed shrimp in 1995, twice as much as it produced in 

1990, and nearly one-third of the world's entire 1995 farmed shrimp production 

(Jospeit, 1999). Other countries such as Indonesia, Vietnam and China contributed 

significantly to the farmed shrimp production (Rossenberry, 2001 ). In addition, 

Ecuador and Brazil become the leading producers in Latin America with export 

revenue surpass USA $ 200 million a year. The detailed world shrimp production is 

shown in Table 2. 
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Table 2. World farmed shrimp production 

Heads-on production Hectares number 
Country Percent of production (Metric tons) in R_roduction of farms 

Thailand 31 220,000 90,000 20,000 
Ecuador 14 100,000 125,000 1,900 
Indonesia 11 80,000 300,000 4,000 
China 10 70,000 13,000 6,000 
India 8 60,000 80,000 5,000 
Vietnam 7 50,000 225,000 2,000 
Bangladesh 4 50,000 130,000 9,000 
Mexico 2 30,000 14,000 250 
Columbia 2 12,000 3,000 30 
Honduras 1 11,000 11,000 36 
Other 11 78,000 30,670 2,152 
Total 100 721,000 1,021,670 50,368 

Source: Rosenberry (2001) 

2.4 Water quality requirements for culturing the shrimps Penaeus monodon 
Fabricus 

2.4.1. Inorganic nitrogen 

The accumulation of inorganic nitrogen is an intrinsic problem in highly stocked 

intensive shrimp culture ponds. Firstly, shrimp requires high-proteinous feed and 

also dietary proteins seems to be partially used as a source of energy (Hepher, 1988), 

resulting in a higher percentage of the proteinous nitrogen excreted as ammonia 

(Kaushik, 1980). Secondly, the different routes of the metabolized carbon and 

nitrogen contribute to the nitrogen accumulation in the pond. The organic carbon is 

converted to C02 and is released from the water to atmosphere. Organic nitrogen in 

the feed, on the other hand is mineralized and released to the water as ammonium. 

The volatilisation of ammonium from the ponds is not important, since it is 

proportional to the concentration of the ammonia species, eg, ionised (NH4) and 

unionised ammonia (NH3) (A vnimelech & Lacher 1977). The concentration of the 

unionised ammonia has to be kept low (below 1 ppm), since it is toxic to fish and 

other aquatic animals at high concentrations (Colt & Armstrong 1979; Nemsock et 

al., 1981 ). Ammonia in the water column is eventually converted to nitrite by 
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nitrification bacteria under aerobic conditions. Thus, nitrite builds up at about 20 

days following the start of the ponds operation (Avnimelech et al. 1986). Nitrite is 

then converted to nitrate. 

Since the ammonia and nitrite are toxic to fish and shrimp, they need to be lowered. 

One way of achieving this is by frequent water exchange where the high nutrient 

water of the pond is replaced by non-polluted water (Colt & Armstrong 1979; Huey 

et al., 1980; Lewis and Morris, 1986). Studies have been done by many specialists 

about the toxicity for rearing penaeus shrimps (Wickins, 1976; Jayasankar and 

Muthu, 1983a, 1983b; Huang, 1979; Lai and Ting, 1984; Chin and Lei, 1990; Chin 

and Chen, 1987; Chen and chin, 1988; Chen et al., 1990; and Alcaraz eta/., 1999). 

According to Huang (1979) the 96 hours Lethal Concentration 50 (LC50) of 

ammonia to P. monodon juveniles (0.17 gram) was about 26.67 mg/litre of total 

ammania-N. Meanwhile, Lai and Ting (1984) stated that 24 hours, 48 hours and 72 

hours LCso of ammonia to Penaeus monodon juveniles with weight 0.07 to 0.19 

grams were 15.99, 11.81 and 9.88 mg/litre total ammania-N respectively. 

The degree of toxicity is dependent on size of the prawns. For example, the LC50 at 

24, 48, 96 and 120 hours for Penaeus monodon adolescents ( 4.87 grams in weight) 

are 1.76, 1.59. 0.95 and 0.83 mg/litre ammania-N, respectively (Chen et al., 1990). 

Contrarily, the LC5o at 24, 48, 96 and 120 hours for Penaeus monodon juveniles are 

2.68, 1.73, 1.29 and 1.08 mg/litre ammania-N. Higher pH and higher temperature of 

the water result in higher concentrations of unionised ammonia which is more toxic. 

Thus, the LC50of ammania-N to Penaeus monodon juveniles at a water temperature 

of 2 7°C and average pH value of 7. 70 were higher than those of ammonia-N to 

adolescents at a water temperature of 24.5°C and average pH value of 7.57 (Chen et 

al., 1990). 

In terms of nitrite, Huang (1979) found P. monodon juveniles (0.17 grams in weight) 

exposed to 202.9 mg/litre nitrite died after 12 hours of exposure. However, those 

exposed to 66.96 mg/litre nitrite-N had 20% mortality after 96 hours (Huang, 1979). 

Meanwhile, the mortality of adolescent P. monodon (4.87 grams in weight) exposed 

to 200 mg/litre nitrite-N was lOOo/o after 192 hours, and 66.7% when exposed to 120 

mg/litre nitrite-N for 240 hours. Furthermore, Chen et al. (1990) stated that for the 
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24 hours, 72 hours, 96 hours and 120 hours LCso of nitrite-N to Penaeus monodon 

adolescents were 217.64, 192.66, 185.31, 171.09 and 159.38 mg/litre, respectively. 

They also found that larger shrimps tolerate greater concentrations of nitrite than 

smaller shrimps. 

The mechanisms of toxicity due to ammonia and nitrite on larvae penaeid shrimps 

have been studied. The site of toxic action of nitrite on aquatic vertebrates is at the 

oxidation of hemoglobin to methemoglobin, the latter is incapable of transporting 

oxygen (Smith and Russo, 1975). Similarly, Spotte (1979) revealed that the toxic 

m_ode of ammonia in water in fish is the retention of ammonia in blood, which 

interferes with the ability of hemoglobin to transport oxygen. A combination of 

ammonia and nitrite was more toxic to Penaeus monodon larvae than either 

ammonia or nitrite alone (Chin and Chen, 1987; Chen and Chin, 1988). The level of 

ammania-N and nitrite-N at 1.15 mg/litre and 1.36 mgllitre, repectively, was 

considered the safe levels for Penaeus monodon larvae (Chen and Lei, 1990). 

However, Catedral et al. (1977) found that post larvae of Penaeus monodon could 

tolerate level of ammonia up to 10 mgllitre. 

Ammonia and nitrite with certain concentration have direct affect to the growth of 

penaied shrimps and fresh water prawns macrobrachium rosenbergii (Amstrong et 

al., 1978). Similarly, the increase in ammonia excretion has significant effect on the 

daily growth of Penaeus monodon (Wickins, 1976). 

Nitrate is far less toxic than nitrite and ammonia. Thus, Penaeus monodon was not 

affected after 3 - 5 weeks exposure to concentration more than 200 mgllitre N03 -

N. 

2.4.2. Salinity and temperature 

Salinity is another important parameter in P. monodon culture. According to 

Posadas (1986) standard salinity for P. monodon in spawning tanks ranged from 28 

to 35 ppt. However, ablated P. monodon can mature and spawn at 15, 25, and 32 ppt 

but require full seawater salinity for incubation and hatching of eggs. However, care 

must be exercise when rearing females at low salinity ( eg, 15ppt). They could not 
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tolerate a net shift of 17 ppt from maturation salinity of 15 ppt to spawning salinity 

of 32 ppt and therefore eggs did not hatch (Posadas, 1986). The salinity effect on 

survival rate and growth of penaeids shrimps have been conducted (Castille and 

Lowrence, 1981a). Older shrimps of P. monodon were unable to adapt to low 

salinity than young ones. The normal salinity range of P. monodon was 15-30 ppt 

(Chen, 1976), while Wickins et al. (1983) stated that Penaeus monodon seems 

unlikely to be able to survive and grow well in fresh water and low salinity culture. 

A salinity level above 45 ppt is considered lethal for most of aquatic animals 

including shrimps (Boy and Tucker, 1998). 

Temperature has direct effects on gro'Wth, reproduction and larval development of P. 

monodon (Glencross et al., 1999) and also influences osmotic and ionic regulation 

of P. monodon. A temperature range of 26-29°C has been recorded for incubation of 

P. monodon eggs (Hillier, 1984). P. monodon grow optimal in temperature between 

27-33°C. In the larval stage the best condition is the temperature with 27-30°C 

(Smith et al., 1992). Meanwhile, Parado-Estepa (1983) stated that a high 

temperature of 33°C reduced the rate survival of post larvae of Penaeus monodon 

especially at higher salinity levels. 

2.4.3. pH and dissolved oxygen 

The pH of the water is vital for aquatic animals, including P. monodon and other 

shrimp species. pH indicates the degree of which the water is either acidic or basic. 

Aquatic animals can survive in a wide range of pH; however the range between 6.5 

and 8.5 is considered suitable for aquatic animal's growth. Accordingly, P. monodon 

would have the optimal growth at pH range between 7 to 9 (Boyd and Fast, 1992). A 

decrease in pH under 4-5 is lethal for aquatic animals (Wickin 1984). At a pH 

higher than 9, there is a shift from ionised ammonia to unionised ammonia which 

renders the water more toxic to·the animals. 

P. monodon is an aerobic organism and therefore requires certain level of oxygen for 

its metabolic activities. Sixty percent of saturated dissolved oxygen is the best level 

for most aquatic animals for metabolism. Penaeus monodon shows better growth 

performance at a dissolved oxygen level above 3.5 mg!L to saturation or above 5 
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mg/L for broodstock (Boyd and Fast, 1992). A dissolved oxygen level of 0.0 to 1.5 

mg/L can be lethal and high-level supersaturation is also potentially harmful for 

cultured animals (Boyd and Tucker, 1998). Water temperature, salinity and 

barometric pressure cause a substantial variation in dissolved oxygen concentration 

(Boyd, 1998). 

2.5 General Review on the Environment Impacts of the Effluents from Shrimp 
Aquaculture 

Shrimp fanning and aquaculture in general were thought to be completely "clean" 

industries in the early phases of its development (Wetson, 1991). Slowly, this 

perception is changing. Over-development of shrimp fanning industries in localised 

areas around the world begins to create noticeable changes in the natural 

environment, particularly from toxic inorganic nitrogen discarded from shrimp 

farming (Hopkins et al., 1995). 

For centuries, coastlines have been the most important human habitat, and, as a 

result, have been subject to a wide range of development pressures. Shrimp fanning 

represents additional pressure on these areas, at least potentially (Hempel and 

Winther, 2003). Furthermore, Devenport et al. (2003) stated that the common 

potential effect from shrimp culture to the environment is its toxical and chemical 

wastes. The degree of environmental damage caused by these compounds will 

depend on their toxicity and the distribution into environment. 

2.5.1. Estuary euthropication from shrimp farming 

The negative effect of shrimp farming on the estuarine environment is caused by the 

discharge of nutrients-laden pond water which results in eutrophication, or at least 

hypemutrification, of the receiving body. Under this category, interrelated 

environmental impacts can take several forms including dissolved oxygen reduction 

as a result of the high biochemical oxygen demand (BOD) of the effluent, and 

increases in phytoplankton, macrophyte and microbial abundance in response to 

nutrient inputs (Hopkins et al., 1995). 
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Shrimp ponds effluent is high in suspended solids, particulate and dissolved orgaruc 

and inorganic nutrients, and biochemical oxygen demand (Hopkins et a/., 1988, 

1993, 1995; Pruder 1992; Ziemann et al., 1990, 1992). Although the shrimp pond 

may be termed heterotrophic, with respiration exceeding photosynthesis, the actual 

dissolved oxygen concentration will be high as supplemental aeration is used to 

protect the crop. For example, in an intensive shrimp pond where 25% of the pond 

volume was exchanged daily. Hopkins et a/. (1993) reported an average dissolved 

oxygen concentration of 5.4 mg 1·1 at dawn and saturated or supersaturated 

condition in the afternoon. However, BOD in the pond average 8.5 mg 1·1 compared 

to 5.4 mg 1-1 for the adjacent estuary. Therefore, when pond water is discharged to 

adjacent estuary a reduction of oxygen concentration of the receiving water will 

occur. The degree of which oxygen depletion occurs in the receiving body is the 

function of the quality of the effluent, decay rates, and the rate of effluents dilution 

in the receiving streams (Brune, 1990). 

The nutrient content of shrimp pond water is determined by feed and fertilizer inputs 

and water exchange. For example, Hopkins et al. (1993) reported that the Kjeldahl 

nitrogen concentration of estuary water, of an intensive pond with 25% daily water 

exchange, and of an intensive pond with 2.5% daily water exchange were 4.2 mg 1-1, 

6.5 mg 1·1, and 9.2 mg 1·1, respectively. \Vhile the concentration of nitrogen and 

other pollutants was higher in the 2.5% d-1 exchange pond, the total release of 

nutrients was actually lower due to in-pond digestion process. Zietman et al. (1992) 

reported a very low value of 0.7 mg 1-1 total nitrogen in the shrimp pond water but 

did not provide information on the feeding rate, stocking density, or water exchange 

to confirm the idea of in-pond digestion process. 

Shrimp ponds effluents have been shown to elevate the levels of nutrients and 

phytoplankton in adjacent estuaries (Hopkins et al., 1988, 1993, 1995; Zieman eta/., 

1990, 1992; Pruder 1992). In addition, the pond water provides a source of 

phytoplankton inoculum to the estuaries. Since doubling time of phytoplankton 

populations growth is in order of days, the change in phytoplankton population in 

estuaries may not be immediate and the results may only be noted some distance 

away from the source. Thus the effect of aquaculture-pond effluents on the increase 

of phytoplankton of the estuaries is difficult to quantify. Increased abundance of 
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sessile macrophytes, however, is easier to quantify as the effect of effluent water can 

be seen immediately adjacent to the point of discharge (Twilley, 1989). 

In tenns of the effect of suspended solids, there are no clear-cut results. Hopkins et 

al. (1993) found that the suspended solids averaged in excess of 180 mg 1-1 in an 

intensive pond where 25% of the water was being exchanged daily, although this 

concentration was only slightly higher than the adjacent estuary, which had high 

natural sediment turbidity. However, suspended solids in a low exchange pond were 

about twice as high as that of the adjacent estuary (Hopkins et al. 1995) and this 

may have environmental consequences if the effluents are discharged into the 

environment. An example of the latter was in Hawaii where coastal waters are 

oligotrophic and the suspended solids load of shrimp pond effluent was 50 to 80 

times higher than the receiving waters (Zieman et al., 1992). 

It can be assumed that shrimp farms effluent has some effect on microbial activity in 

the surrounding estuary. The ultimate decomposition of pollutants from shrimp pond 

water is likely driven by microbial processes. Unfortunately, the only data available 

related to microorganisms of human health concern. The Vibrio vulnificus, a human 

pathogen was monitored in oysters held in both shrimp ponds and estuary. The 

bacteria disappeared from the infected oysters within 30 days of being placed in the 

shrimp pond, while the bacteria concentration increased in the infected oysters held 

in the estuary (Burrel et al., 1991). The work also reported that faecal coliform 

bacteria, an indicator species used to monitor molluscan shellfish sanitation are 

typically no higher in shrimp ponds than estuary. 

In recent years, there have been reports of declining shrimp growth and increased 

shrimp mortality in ponds as the density of shrimp farms increases (Csavas, 1990); 

examples include Taiwan (Liao, 1992) and northern Thailand (Boy and Musig 1992; 

Rosenberry, 1992). Degradation in water quality in adjacent estuaries has been cited 

as the probable cause. This could be true since in heavily developed shrimp farming 

areas such as Thailand, Taiwan and Ecuador, much of the water being pumped into 

ponds for water exchange was only recently discharged from other ponds. In the 

Guayas River area of Ecuador, the combined pumping rate of shrimp farms exceeds 

water availability during the period of low flow (Twilley, 1989). Thus, if farms with 
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diseased animals discharge effluents into the environment, the pathogens would 

spread to other farms. The presence of pathogens in intensive fanning systems 

would cause diseases since the aquacultured animals are under stress, hence are 

more susceptible to the diseases. 

The spread of diseases from one farm to another is also implicated in the decline of 

shrimp production over broad areas. It is possible the disease problems are 

associated with a general degradation of the surrounding estuarine environment due 

to the higher content in effluent from the related shrimp ponds (Csavas, 1990; Pillay, 

1992). The production of fanned shrimp in Central Java has decreased by 18% from 

36,291 tonnes in 1995 to 29,726 tonnes in 1996. The decline was linked to the 

degradation of the environment around shrimp ponds, which was caused by water 

pollution from cultured extensive ponds (Kartono and Sartono, 1997). 

2.5.2. Environmental effects of chemicals used in shrimp farming 

A wide range of chemicals are being used in certain type of fish and shrimp culture. 

This includes therapeutics, vaccines, hormones, flesh pigments, anesthetics, 

disinfectants and water treatment compounds (Beveridge et al., 1991). The authors 

noted that chemicals used in system fabrications (pipes, tanks, etc.) might also find 

their way into the water. The impacts of these chemicals are related to concern for 

human health and/or the estuarine environment. Bell (1992) noted that researchers 

and the pharmaceutical industry have not kept pace with the expanding shrimp 

farming industry and, as a result, there are few safe, effective and approved 

therapeutic agents to manage shrimp diseases. 

The use of therapeutic in shrimp hatcheries differs dramatically from that of shrimp 

grow-out ponds. Boonyaratpalin (1990) listed various chemotherapeutic agents used 

tn Asian shrimp hatcheries, including chloramphenicol, copper sulfate, oxy

tetracycline, treflan and zeolite. Copper sulfate, EDTA, and zeolite are chemicals 

used to treat the culture water rather than the shrimp themselves. Carpenter (1992) 

provides the results of worldwide survey shrimps fanns concerning their use of 

chemotherapeutics. Shrimps hatcheries reported the most serious disease problems 

were viruses. In the Far East, P. monodon-type baculovirus (MBV) was the primary 
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concern while western world hatcheries were preoccupied with Baculovirus penaei 

(BP). 

In the Pacific, industry problems are the diseases caused by luminescent bacteria. In 

Asia, the bacteria are treated with antibiotics such as oxytetracycline, furazolidone 

and sulfa-trimethoprim (Carpenter, 1992). In the West, the bacteria are eliminated 

by dipping nauplii in a dilute iodine solution before stocking, treating the water with 

ozone or ultraviolet radiation, increasing the water exchange and if necessary and 

treating with antibiotics based on sensitivity (Hopkins et al., 1995). They further 

stated that a symptomatic breakdown of the cells linning the hepatopancreas is 

treated with antibiotics in the east and west. Many shrimp hatcheries discharge 

effluent directly into the ocean (Carpenter, 1992), which brings with it all the 

chemicals and antibiotics mentioning above. 

Referring to the Asian shrimp fanning, Csavas (1990) warned that antibiotics are 

widely used and misused to combat opportunistic pathogens such as Vibrio species. 

Indiscriminate use of antibiotics is a human health concern as it may lead to 

development and spread of antibiotic resistance. Unfortunately, there are 

unscrupulous commercial agents throughout Asia who persuade uneducated shrimp 

fanners to use unwarranted and excessive amounts of antibiotics and other 

phannaceutical products (Csavas, 1990). However, in an industry survey of diseases 

afflicting shrimp grow-out ponds in Asia and the Americas (Carpenter, 1992), there 

was little mention of the use of antibiotics. 

In ponds, disease control typically involves prevention by thoroughly drying the 

pond between the crops, maintaining adequate water quality and stocking only high 

quality post-larvae (Hopkins et al., 1995). 

In sum, the most commonly used chemicals in shrimp culture are chlorine for 

disinfecting tanks, ponds and the water supply; quick lime, saponin for soil 

disinfection. Formalin is generally used for disinfecting broodstock, larvae, and as a 

general disinfectant and disease treatment (GESA11P, 1997). Several bacterial and 

viral diseases have plagued the shrimp fanning industry in recent years and large 

quantities of antibiotics and other drugs have been used to reduce shrimp mortality 
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(Helper and Winther, 2003). They further argued that some of that medicine would 

eventually end up in the environment, exposing other organisms. One report notes 

that approximately 70 to 80o/o of the administered antibiotics will ultimately end up 

in the environment as a result of uneaten food and contaminated excrement 

(Greenpeace 1995, and Clay 1996). In order to combat this problem, biosecure 

procedures such as zero water discharge systems and the use of disease-free 

broodstock and larvae are recommended. 

2.5.3. Effects of shrimp farming effluents on mangroves environments 

Few studies have investigated eutrophication effects in mangroves environments 

caused by shrimp farming and the literature on long-term changes in habitat 

function, species shifts or biodiversity loss due to shrimp farming activity are 

virtually non existent. However, the impact of marine aquaculture wastes with 

regard to their potential cause of eutrophication (Folke et al., 1997) discussed 

previously is also relevant to the mangroves ecosystems. The findings from these 

studies revealed that the seriousness of the impacts is actually dependent on the 

waste load and characteristics of the mangrove systems: the mangrove forest either 

function as nutrient sink with no visible accumulation pattern (Tam and Wong, 

1993), or as a slow build-up of nutrients in sediment and biota with a long-term 

effect (Wong et al., 1995). 

Trott et al. (1996) studied how effluents from 5.3-11.4 ha shrimp pond fanns 

influenced a surrounding mangrove ecosystems. During this work, water quality, 

forest growth and litter fall; mangrove soil nutrient status and crab feeding activity 

were monitored over a two years period. It was found that dissolved inorganic and 

organic nutrients, both in creek waters and in sediment pore-water, together with 

litter fall from Rhizophora and Ceriops forests, were similar to undistributed 

controls. However, during periods of shrimp farm discharge, chlorophyll a was 

significantly higher than during non-discharge periods and controls. The moderate 

effects of aquaculture effluents on surrounding mangrove forest was explained by 

the fact that concentration of suspended sediments, and dissolved organic and 

inorganic nutrients in the discharge waters were not significantly elevated compared 

to adjacent tidally flushed mangrove creeks (Trott et al., 1996). 
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In a study in 1999 from South Australia, the long-term discharge of effluents into 

A vicennia forest killed the offshore sea grasses, and as a consequence 

unconsolidated sediment from the seagrass beds washed into mangroves and 

prevented new propagules from establishing (Troell et al., 1999). Furthermore, the 

deposition of sediments in the seaward fringe of trees created land accretion, which 

prevented drainage of landward trees facing stagnant pools at low tide. During 

summer, these pools occasionally become fetid and anerobic, with sulphur-reducing 

bacteria moving into the water column, resulting in mass mortality of trees overnight 

(Troell et al., 1999). Due to nutrient loading from shrimp farm wastes, it is possible 

that the capacity of mangroves in stabilizing coastal water quality is lowered. This, 

in turn, might lead to threshold effects which is detrimental to other coastal 

ecosystems like coral reefs, which requires oligotrophic waters for vigorous growth 

(Troell et al., 1999). It is therefore important to monitor the effects of aquaculture 

effluents on the ecology of the mangroves in order to better management of the 

ecosystems. 

2.6 Review of Shrimp Culture with Zero- and Limited-Water Exchange 
Models Using Added Carbon Resource 

2.6.1. Ecology concepts of shrimp culture with zero- and limited-water 

exchange models 

In intensive aquaculture offish and prawns, the animals were often retarded 

following about 50 days of culture (Avimelech et al. 1994, Tacon et al. 2002). This 

correlates with progressively deteriorating of water quality (elevated ammonia, 

nitrite and reduced pH). In earthen ponds, the reduced growth is attributed to the 

change in the properties of pond bottom and is related to the accumulation of 

reduced compounds in the sediments (Avimelech et al. 1994). The growth 

retardation could be relieved by draining the pond and expose the sediment to the air 

for a few days and restock. Alternatively, the accumulation of reduced compounds 

could be alleviated if the water of the pond is vigorously aerated in such a way to 

prevent anaerobic pockets being formed in the pond, which would be very difficult 

to achieve. Another way of solving the accumulation of toxic inorganic nitrogen 
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(ammonia and nitrite) and the deterioration of pond bottom is by frequent water 

exchange or by continuous flow through system. However, water exchange rates 

have to be minimised for biosecure and environmental-friendly reasons (see 

previous section for details). This is done by zero- or limited-water exchange 

systems. 

In zero- and limited-water exchange, the accumulated ammonia and nitrite can be 

immobilised in microbial proteins. In other words, microbes incorporate inorganic 

nitrogen (ammonia) in their protein for growth and reproduction, resulting in 

lowering the concentration of ammonia in the water. This in tum reduces the 

amount of nitrite, since nitrite is the product of nitrifying of ammonia. 

Phytoplankton and zooplankton in autotrophic pond water can fulfil this role, but 

they crash very easily. Dead phytoplankton and zooplankton are in turn being 

decomposed by bacteria forming ammonia in the sediment. In the sediment, the 

ammonia is converted into nitrite and nitrate by nitrifying bacteria under aerobic 

conditions. Under anaerobic conditions (ie, deeper in the sediment layer), nitrate is 

converted into molecular nitrogen (gaseous), which can escape into the atmosphere 

(see review by van Rijn 1996). 

Another way of immobilise inorganic nitrogen is through protein synthesis and 

growth of heterotrophic bacteria in the water column. The population of these 

bacteria need to be stimulated since they are generally at low level. In addition to 

the immobilisation of inorganic nitrogen, these bacteria can form flocks which can 

be used as food for the prawns and fish (Avnimelech 1994, 1998; Mcintosh, 2000; 

Harris and Mitchell, 1973; Avnimelech et al., 1982 ). 

In sum, under intensive and zero- (or limited-) water exchange the water quality of 

the water can be maintained by proper aeration and stimulation of the growth of 

heterotrophic bacteria. 

2.6.2. The role of. feed carbon/nitrogen ratio in controlling water inorganic 

nitrogen 
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Many experts have been trying with experimental system us1ng carbonaceous 

substrates in controlling the inorganic nitrogen in the water. This is based on the 

concept that carbonaceous substrates that will support microbial metabolism. 

Bacteria feeding on carbonaceous substrates that is poor in nitrogen (C:N ratio 

higher than 15) will take up nitrogen from the water for the production of cellular 

proteins. The biosynthesis of bacterial proteins immobilise the inorganic nitrogen 

leading to the decline in its concentration in the water. Those studies were carried 

out in aquaculture systems by Avnimelech et al. (1992, 1994); Kochba eta!. (1994); 

Avnimelech (1999), in experiments of Limnology and Oceanography (Goldman, 

1997); Kirchman and Keil (1990); Tezuka (1990); Findlay (1991); Hoch and 

Kirchman, (1995); Norman et al. (1995); Butturini eta!. (2000) and Kirchman et al. 

(2000); in marine ecology by Kirchman (1990; Keil and Kirchman (1991); 

Jorgensen et al. (1993); Middleboe et al. (1995) and Boetius and Lochte (1996). 

It has been argued that the uptake and regeneration of ammonia by heterotrophic 

marine bacteria may partly control the supply of NH4+- N to primary production. 

Goldman et al. (1997) revealed that uptake and regeneration of NH4+ by 

heterotrophic bacteria is restrained by the elemental balance of carbon and nitrogen. 

Similarly, Hoch and Kirchman (1995) stated that carbon and nitrogen ratio 

obviously impacts rates of NH4+ rates uptake by bacteria. The addition of 

monosaccharides such as glucose can stimulate NH4+ in marine waters (Kirchman et 

a!., 1990; Keil and Kirchman, 1991; Hoch et al., 1994). 

The carbon and nitrogen balance is very important for the stimulation of NH4+ 

uptake (Billeu, 1984; Goldman et al., 1987). Assimilation of NH4+ by heterotropic 

bacteria is limited by the supply of dissolved organic carbon because heterotropic 

bacteria need to take up at least four atoms of organic carbon for every atom of 

NH4+ - N (Gottschalk, 1986). Kirchman et al. (1990) found that the supply of 

organic carbon can limit the rate of NH4+ uptake by heterotrophic bacteria. Further 

findings have shown that glucose specially stimulated NH4+ uptake by heterotrophic 

bacteria. Glucose did not inhibit NH4+ regeneration directly, but stimulated its 

uptake and prevented its accumulation by heterotrophic bacteria (Kirchman eta!., 

1990). It implies that glucose can prevent net NH4+ uptake. 
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Goldman et al. (1987) studied the relationship between substrate C:N ratio of 

organic substrates and the proportion of nitrogen regenerated. Further they found no 

net release of inorganic nitrogen at substrate C:N ratio higher than 1 0.1. Similarly, 

Tezuka (1990) and Goldman et al. (1990) found that the relative amount of nitrogen 

regenerated increased with decrease in substrate C:N ratio and there was no 

regenerated ammonia at substrate C:N ratio more than 15.1. 

To control the inorganic nitrogen by manipulating the carbon/nitrogen ratio is a 

potential control method for aquaculture systems (A vnimelech, 1999). The addition 

of carbonaceous material effectively removed inorganic nitrogen and produced 

single cell protein in aquaculture system if available carbon sources having a 

carbon/nitrogen ratio is higher than 15 (Avnimelech, 1999). Similarly, Mcintosh 

(2000) gro'Wll up well white shrimp in ponds with zero water exchange model using 

grain-based pellet (18% protein) with C:N ratio of20:1. 
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3 CHAPTER THREE 

MATERIALS AND METHODS 

The experiments presented in this thesis were conducted over a period of eight 

weeks (from 24 May to 19 July 2003) at the outdoor hatchery in the Aquaculture 

Complex, Charles Darv.rin University. The outdoor hatchery is a shade house with 

shade cloth (screening out 70% of the natural sunlight) and plastic sheeting on the 

roof(to stop rain water from falling in). The sides of the shade house are not 

covered, allowing cross ventilation. 

Juvenile Penaeus monodon prawns were reared in 20 tonnes tanks in the CDU 

Aquaculture complex were randomly selected for the experiments. Four prawns 

(6.31 + 1.25 g) were placed in each experimental plastic container containing 80 

litres of treated bore water at 29 ppt. Aeration was provided by air stones. Two 

weeks prior to the addition of the prawns, Phosphoric Acid (H3P04) 85% was added 

to the water to stimulate the growth of phytoplankton. 

Key water quality parameters such as temperature, oxygen, salinity and pH were 

measured daily by means of a Horiba (U20 Water Quality Checker) fitted with a 

multi-probe sender, whereas ammonia and nitrite concentrations were measured 

weekly using a Palintest. 

Throughout the experimental period, the prawns were fed with the commercial feed 

twice a day at 4o/o of total prawn weight. 

3.1 Experimental design 

The experimental design consisted of four treatments with three replicates for each 

treatment, the location of which was chosen at random. The four treatments were: 

• Treatment I: this was the control without the addition of the wheat powder. 

The C/N ratio ofthe feed alone was 6.1; 
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• Treatment II: Wheat powder was added to make C/N ratio of feed equal 7.5; 

and 

• Treatment III: Wheat powder was added to make C/N ratio of the feed equal 

to 15. 

• Treatment IV: Wheat powder was added to make C/N ratio of the feed equal 

to 22.5. 

3.2 Determination of feed C/N ratio, amount of average daily feed and wheat 

powder 

The amount of feed and wheat powder was recorded daily in order to determine the 

level of average daily feed and wheat powder, subsequently feed C/N ratio level. 

The level of feed C:N ratio was calculated by dividing the total input carbon by total 

input nitrogen used in shrimp culture (A vnimelech, 1999). The main carbon source 

for shrimps was from the feed and wheat powder, while the main nitrogen was from 

the feed alone (ie, wheat powder has negligent amount of nitrogen). Furthermore, 

the nitrogen content of the feed was determined by assumption that there was 30 % 

protein in the feed, containing 4.65% nitrogen (Avnimelech, 1999). 

3.3 Shrimp growth and survival rate and feed conversion ratio 

Every two weeks, the survival Rate(%), growth rate of shrimps (gram/day), average 

Individual gains (% ), and feed conversion ratio (FCR) were determined by the 

following equation as used in common aquaculture studies (Tseng et al., 1998). 

(Nt-No) 

a. Survival Rate (0/o) - X 100% 

No 

( lnWat -lnWao) 

b. Specific Growth Rate (gram! day) -

t - to 
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(Wat- Wao) 

c. Average Individual Gain (o/o) = -----X 100% 

Wao 

d. Feed Conversion Ration (FCR) = (l:Wf)/ !J. W 

Where No and Nt are the number of shrimps cultured in each tank at initial time (to) 

at time t, respectively; Wat and Wao are the average body weight of shrimps at 

initial time (to) and at timet, respectively. 

tis the period of raising shrimps, L:Wfis the total amount of feed used in each tank, 

and 6 W is the increment of the total weight of shrimps in each tank fort. 

3.4 Stastistical analysis 

Data was analysed using Statistical version 6.1 software. Results were analysed by 

One-way ANOV A (Steel and Torrie, 1980) to evaluate the effects of each treatment. 

The homogeneity of variance and normality of all data sets were tested using 

Cochran's C test. Tukey test was used to differentiate between means of each 

experiment after ANOVA analysis (Steel and Torrie, 1980). Regression analysis was 

also used for the correlation establishment between parameter 
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4 CHAPTER FOUR 

RESULTS 

4.1 Effect of C:N ratio on ammonia and nitrite concentrations 

At the end of the eight week period, the levels of ammonia were lower in treatments 

I (C!N = 6.1) and II (C/N = 7.5) than those of treatment Ill (C/N = 15) and treatment 

IV (C!N = 22.5). The levels of ammonia were not significant different between 

treatment I and treatment II. Likewise, the levels of ammonia were not significant 

between treatment III and treatment IV (table 3). The levels of ammonia remained 

constant over the first seven weeks of culture and started to rise during week eight 

(fig. 3). 

In contrast to ammonia, the levels of nitrite decreased sharply with increasing C!N 

ratio (table 3). Treatment IV shows a x 100 lower in nitrite concentration than 

treatment I (control). For treatment I and treatment II, the nitrite concentrations 

were low during the first two weeks, after which they increased sharply. Nitrite 

concentrations of treatment III shows the same trend as those of treatment I and 

treatment II, but the magnitude is much less (fig. 4). The concentration of nitrite 

remained very low in treatment IV for the whole culture period (fig.4). 
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Table 3. Multiple comparisons of means using Tukey test water inorganic nitrogen 
in experiment on the effect wheat powder through controlling feed C:N ratio on 
reducing ammonia and nitrite level. All values are mean and standard deviation of 
treatments with three replications. 

Parameters Treatments Mean Std.Dev 

Ammonia (mg/litre) 1. No wheat C:N Ratio= 6.11 0.148 ± 0.0277a 

2. Wheat with C:N Ratio= 7.5 0.196 ± 0.1321b 

3. Wheat with C:N Ratio = 15 0.348 ± 0.1587c 

4. Wheat with C:N Ratio= 22.5 0.228 ± 0.0840c 

Nitrite (mgllitre) 1. Without wheat powder 73.0383 ± 0.8113a 

2. Wheat with C:N Ratio = 7.5 61.9300 ± 1.6862b 

3. Wheat with C:N Ratio= 15 12.6300 ± 1.1343c 

4. Wheat with C:N Ratio = 22.5 0.6709 ± 0.5354c 

Values in every sampling date that are followed by different superscript are 
significantly different (p<0.05). Equality of variance and normality were checked by 
Cochrans test. 

4.2 Effects of C/N ratios on pH and dissolved oxygen 

At the end of the eight-week culture period, the pH of the water of treatment IV was 

significantly lower than those of other treatments (table 4). There was no significant 

different in pH values of treatment I and treatment II. The pH of treatment III was 

significantly different (p <0.05) from all other treatments (table 4). When examined 

over the culture period, pH values of all treatments declined linearly with time (fig. 

5), except for that of treatment IV, where the pH level dropped sharply after week 7. 

Dissolved oxygen concentrations at the end of the culture period were significantly 

different (p <0.05) in all treatments, with treatment I shows the highest and 

treatment IV lowest (table 4). As for pH, the level of dissolved oxygen declined 

linearly in all treatments (fig. 6). 
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Table 4. Multiple comparisons of means using Tukey test water quality parameters 
in experiment on the effect of wheat powder through controlling feed C:N ratio on 
reducing inorganic nitrogen level. All values are mean and standard deviation of 
three replications at the end of the experiment. 

Parameters Treatments Mean Std.Dev 

pH 1. No wheat C:N Ratio = 6.11 7.7266 ± 0.0041 8 

2. Wheat with C:N Ratio = 7.5 7.7333 ± 0.01573 

3. Wheat with C:N Ratio = 15 7.6666 ± 0.0334b 

4. Wheat with C:N Ratio = 22.5 7.6066 ± 0.0427c 

Dissolved Oxygen 1. Without wheat powder 5.4966 ± 0.0033a 

(mg/litre) 2. Wheat with C:N Ratio = 7.5 5.4733 ± 0.0121 b 

3. Wheat with C:N Ratio = 15 5.2666 ± 0.0525c 

4. Wheat with C:N Ratio = 22.5 5.3733 ± 0.0933d 

Values in every sampling date that are followed by different superscript are 
significantly different (p<0.05). Equality of variance and normality were checked by 
Cochran's test. 

4.3. Temperature and Salinity 

The temperature and salinity fluctuations during the culture period are displayed in 

figures 6 and 7. The mean temperature was 26°C daily at 1500h, with maximum 

temperature of 28°C and mini urn of 24°C during the period of study which coincided 

with the coldest months of the year (Table 5). Thus, In all treatments, temperatures 

declined steadily, with a warmer period during weeks 5 and 6 (fig. 7). There were no 

significant differences (p>0.05) between treatments. 

Salinity increased steadily during the study period, from 29 ppt to 36 ppt for all 

treatments (fig 8). The level of salinity in this present study indicates that 

evaporation was the reason for the increase in salinity during the experiment, but the 

levels were within the tolerance of the animals (see literature review section). 
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Table 5. Water quality parameters (Temperature and Salinity) overall culture during 

the period of study. 

Parameters Water _guality variab I es 

Tem_I?erature ec) Salinity (ppt) 

Mean 26 32.49 

Standard Deviation 1.217 1.749 
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4.4. Effects of C/N ratios on weight gain, growth rate, FCR and survival rate 
of Penaeus monodon 

At the end of the culture period, there were no significant differences in percentage 

weight gains in prawns grown in treatment I (C/N = 6.1) and treatment II (C/N = 

7 .5), and treatment III (C/N = 15) and treatment IV (C/N = 22.5). However, prawns 

in treatments Til and IV show nearly twice as heavy as those in treatments I and II 

(table 6). The reasons for the differences were that prawns in treatment I and 

treatment II stopped putting on weight after week 4 and six, respectively (fig. 9). 

The same pattern was found with respect to growth rates (table 6, fig. 1 0). 

High C/N ratio had a good effect on the food conversion ratio (FCR). With C/N 

ratio of either 6.1 or 7.5, the FCRs were very high in order of6-7 (table 6). The 

FCR was reduced by half when C/N ratio was increased from 7.5 to 15. The FCR 

reached an acceptable level of2 at C/N ratio of22.5 (table 6). However, the FCRs 

were similar for all treatments during the first three and six weeks (fig. 11). After 

the third week and the sixth week, the FCRs of treatment I and treatment II started to 
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increase, respectively. For treatments III and IV, the FCRs remained constant for 

the whole period (fig. 11 ). 
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Regression analyses reveal that the growth rate (P=0.8908 and R2 
= 0.0019), weight 

gain (P = 0.1180 and R2 = 0.2262) and feed conversion ratio (FCR) (P = 0.2282 and 

R2 
= 0.1414) were not significantly correlated to the concentration of ammonia. By 

contrast, the concentration of the nitrite is significantly correlated to the shrimp 

growth (P = 0.038 and R2 
= 0.3619). Both FCR and weight gain are also positively 

correlated to the nitrite concentration over the period of experiment where (P = 
0.0006 and R2 = 0. 7008; P = 0.0000 and R2 = 0.9132) respectively to FCR and 

weight gain. 
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Table 6. Multiple comparisons of means using Tukey HSD for the effect of wheat 

powder through controlling feed C:N ratio on survival rate, growth rate, percentage 

weight gain and feed conversion ratio in shrimp culture with zero water exchange 

over the eight-week experimental period. All values are mean and standard deviation 

of three replications. 

Variable Treatments Mean lstd. Dev. 

Survival rate 1. No wheat C:N Ratio= 6.11 83.33. ± 14.43 a 
2. Wheat with C:N Ratio= 7.5 75.00 ± 0.00 a 
3. Wheat with C:N Ratio= 15 91.66 ± 14.43 a 
4. Wheat with C:N Ratio = 22.5 91.66 ± 14.43 a 

Growth rate 1. No wheat C:N Ratio= 6.11 0.099 ± 0.020 a 
2. Wheat with C:N Ratio= 7.5 0.107 ± 0.005 a 
3. Wheat with C:N Ratio= 15 0.137 ± 0.039 b 
4. Wheat with C:N Ratio = 22.5 0.140 ± 0.038 b 

%Weight gain 1. No wheat C:N Ratio = 6.11 41.539 ± 15.085 a 
2. Wheat with C:N Ratio = 7.5 45.557 ± 4.013 a 
3. Wheat with C:N Ratio = 15 92.536 ± 4.024 b 
4. Wheat with C:N Ratio = 22.5 97.090 ± 7.398 b 

FCR 1. No wheat C:N Ratio= 6.11 7.596 ± 3.397 a 
2. Wheat with C:N Ratio = 7.5 6.116 ± 0.475 a 
3. Wheat with C:N Ratio = 15 3.155 ± 0.084 b 

4. Wheat with C:N Ratio = 22.5 2.034 ± 0.159 c 

Values in every production variable within the same column that are followed by 
different superscript are significantly different (p<0.05). Equality of variance and 
normality were checked by Cochran's test. 
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5 CHAPTER FIVE 

DISCUSSION 

Although temperature and salinity of the treatments could not be kept constant due 

to the nature of outdoor experiments, they nevertheless followed the same trends for 

all treatments. Moreover, the temperature and salinity were within the range of 

tolerance for P. monodon. It is believed that the difference in the treatments could 

be attributed to the different in C:N ratios of the feed, which will be used as a basis 

for further studies. 

5.1. The effects of C:N ratios on ammonia and nitrite concentrations 

The results show clearly that C/N ratio from 15 to 22.5 had a profound effect on the 

inorganic nitrogen accumulation in a zero water exchange system. In the control 

treatment (C/N = 6.1), nitrite concentration in the water started to rise steeply after 

two weeks of culture while the ammonia concentration remained constant over the 

same period. This suggests that the ammonia formed by excretion and bacterial 

break down of uneaten food was being converted by nitrifying bacteria under 

aerobic conditions (Troell and Berg, 1997, Avnimelech 1999). This observation and 

suggestion are in line with the work done by Tacon et al. (2003) who found that 

prawn fed normal diet under zero water exchange performed well until week 6 when 

the build-up of inorganic nitrogen became toxic to the animals. The addition of 

wheat powder to the culture medium to increase the C/N ratio would only control 

the accumulation of inorganic nitrogen when the ratio exceeded 15. This is due to 

the fact that only when the ratio of C/N exceeds 15 that heterotrophic bacteria are 

formed at a concentration that ammonia can be immobilised sufficiently 

(avnimelech et al. 1994, Avnimelech 1999). The result of this work shows a 

complete irnmobilisation of inorganic nitrogen was achieved at C/N ratio of 22.5, 

which is in agreement with the work done by Avnimelech (1999). 

Although the level of inorganic nitrogen in the treatments with low C/N ratios (eg, 

6.1 and 7.5) were high, they had not reached dangerous levels because the survival 

rates were not significant differences between all treatments. 
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5.2. Effects of C!N ratios on pH and dissolved oxygen 

The effects of C/N ratios on pH and dissolved oxygen seemed to concur with the 

suggestion that higher C!N ratios stimulated the increase in heterotrophic bacteria. 

The addition of carbonaceous material (wheat powder) increased the biological 

oxygen demand resulting in higher respiration which consumed oxygen from the 

water. Respiration releases carbon dioxide into the water which resulted in 

reduction in pH. This is in agreement with previous work done by A vnimelech 

(1994). 

5.3. Effects of C!N ratios on growth rate, percentage of weight gain, FCR and 
survival rate of Penaeus monodon 

The results show clearly that P. monodon grew faster in treatments with C/N ratios 

of 15 and 22.5. This is in agreement with the work done by Avnimelech (1994), 

Avnimelech (1999), and Mcintosh (2001). Correlation analyses show that there was 

a negative correlation between weight gains (and thus growth rate) and the 

concentrations of inorganic nitrogen (nitrite) in the water. This suggests that under 

zero water exchange, P. monodon 's performance was affected by the water quality, 

especially the accumulation of toxic inorganic nitrogen (nitrite). This is in agreement 

with Avnimelech (1994) who experimented with fish and Tacon et al. (2003) who 

experimented with P. vannami . 

In terms of food conversion ratio (FCR), carbon/nitrogen ratios showed better results 

in treatments three and four (C/:N ratios of 15 and 22.5). However, FCR did not 

reach the acceptable level until the C!N ratio was 22.5. This suggests that the 

heterotrophic bacteria could be the source of extra food for the shrimps, as was the 

case for fish aquaculture (Avnimelech 1994). In the recent investigation by 

Avnimelech (1999) who found that the extra food source provided by heterotrophic 

bacteria could reduce the price of feed from US$0.85/kg fish to about US$0.55/kg. 

The reasons for the reduction in cost are due to the better food conversion ratio and 

that carbonaceous materials (eg, wheat powder) are less expensive than fish meal. 
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6 CHAPTER SIX 

CONCLUSION 

Intensive shrimp aquaculture using flow through and water exchange practices are 

unsustainable due to the discharge of high nutrient loads, mainly the toxic inorganic 

nitrogen (ammonia and nitrite), into the environment causing eutrophication. In 

addition, such practices are not biosecure because of the spread of diseases among 

farms, causing death of the animals. One of the solutions is the use of zero- (or 

limited-) water exchange systems. The drawback of the zero- (or limited-) water 

exchange systems is the accumulation of inorganic nitrogen in the water, leading to 

retardation of growth and death of the animals. In order to immobilise the inorganic 

nitrogen, a recirculating system with biofilters must be included in the zero- (or 

limited-) water exchange systems. Biofilters convert ammonia to nitrite, nitrate and 

subsequently gaseous molecular nitrogen (see introduction section). However, 

recirculating systems with biofilters are complex and expensive to build and run (see 

van Rijn 1998). Avnimelech (1994) pioneered the concept of using heterotrophic 

bacteria (instead of phytoplankton) in immobilised inorganic nitrogen. These 

heterotrophic bacteria can be stimulated to grow by providing carbonaceous 

substrates to increase the C/N ratio of the system. 

This preliminary investigation shows that wheat powder can be used as the 

carbonaceous substrate to increase C/N ratio of P. monodon culture systems. It was 

found that C!N ratio above 15 reduced the concentration of inorganic nitrogen to a 

low level, allowing the prawns to grow. However, the C/N ratio of 22.5 was found 

to be better than that of 15. Analysis of the food conversion ratio revealed that the 

prawns may be able to use the heterotrophic bacteria as an extra food somce. 

It would be of interest to establish the extend to which heterotrophic bacteria 

contribute to the nutrition of the prawns. This is important to the industry since the 

cost of production can be lowered. It would also be of interest to isolate and identify 

members of the heterotrophic bacteria community. Pure cultures of these species 

could be used in the synthesis of a commercial product for use in the intensive zero

water exchange systems. 
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8 APPENDICES 

Appendix 1. Calculation of prawn biomass (fortnightly) for four 
treatments during the study period. 

Date (Week) Replicate Biomass {gram) 
_(Control) C:N Ratio 7.5 C:N Ratio 15 C:N Ratio 22.5 

Initial 1 24.69 25.942 25.972 
2 24.785 24.949 25.201 
3 25.805 25.643 26.168 

II 1 28.948 30.548 30.725 
07/06/03 2 29.497 29.706 30.487 

3 29.747 29.772 30.598 
IV 1 34.685 36.695 36.829 

21/06/03 2 36.673 36.978 37.178 
3 35.424 36.136 35.136 

VI 1 41.401 43.557 43.939 
05/07/03 2 41.858 42.842 42.949 

3 40.709 41.111 42.544 
VIII 1 47.955 49.986 50.238-

19/07/03 2 47.209 48.23 49.108 
3 46.213 48.497 50.418 

Appendix 2. Number of prawns in experimental containers over 
the period of study using zero water exchange model. 

Date (Week} Replicate Number of prawns 

26.665 
27.05 
25.934 
30.899 
31.96 
30.641 
36.958 
37.271 
36.267 
44.748 
43.018 
42.658 
50.583 
51.297 
50.218 

(Control) C:N Ratio 7.5 C:N Ratio 15 C:N Ratio 22.5 
Initial 1 4 4 4 4 

2 4 4 4 . 4 
3 4 4 4 4 

II 1 4 4 4 4 
07/06/03 2 3 3 3 3 

3 4 3 4 4 
IV 1 4 3 4 4 

21/06/03 2 3 3 3 3 
3 4 3 4 4 

VI 1 3 3 4 4 
05/07/03 2 3 3 3 3 

3 4 3 4 4 
VIII 1 3 3 4 4 

19/07/03 2 3 3 3 3 
3 4 3 4 4 
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Appendix 3. Average weigh gain of prawns 
experimental containers over the eight weeks period of study. 

Date {Week) Replicate Average weight (gram) 
Control C:N Ratio 7.5 C:N Ratio 15 

Initial 1 6.173 6.485 6.493 
2 6.196 6.237 6.3 
3 6.451 6.41 6.542 

II 1 7.237 7.637 7.681 
07/06/03 2 9.832 9.902 10.162 

3 7.436 9.924 7.649 
IV 1 8.671 12.231 9.207 

21/06/03 2 12.224 12.326 12.392 
3 8.856 11.712 8.784 

VI 1 13.8 14.519 10.984 
05/07/03 2 13.952 10.71 14.316 

3 10.177 13.703 10.636 
VIII 1 15.985 16.662 12.599 

19/07/03 2 15.736 16.076 16.369 
3 11.533 16.165 12.604 

. 
In 

C: N Ratio 22.5 
6.666 
6.762 
6.483 
7.724 

10.653 
7.66 

9.239 
12.423 
9.066 

11.187 
14.339 
10.664 
12.645 
17.099 
12.554 

Appendix 4. Percentage weigh gain of prawns in experimental 
containers over eight weeks period of study 

Date {Week) Replicate %Gain 
Control C: N Ratio 7.5 C:N Ratio 15 C:N Ratio 22.5 

Jl 1 0.076 0.082 0.084 0.075 
07/06/03 2 0.259 0.261 0.275 0.277 

3 0.07 0.25 0.079 0.084 
IV 1 0.089 0.205 0.096 0.091 -

21/06/03 2 0.215 0.217 0.217 0.202 
3 0.085 0.201 0.08 0.092 

VI 1 0.181 0.191 0.106 0.107 
05/07/03 2 0.184 0.106 0.19 0.18 

3 0.088 0.173 0.097 0.099 
VIII 1 0.175 0.181 0.108 0.106 

19/07/03 . 2 0.17 0.175 0.179 0.184 
3 0.091 0.174 0.108 0.108 
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Appendix 5. Survival rate of prawns in experimental containers 
over eight weeks period of study 

Date {Week) Replicate Survival rate(%) 
Control C:N Ratio 7.5 C:N Ratio 15 C:N Ratio 22.5 

II 1 100 100 100 
07/06/03 2 75 75 75 

3 75 75 100 
IV 1 100 75 100 

21/06/03 2 75 75 75 
3 100 75 100 

VI 1 75 75 100 
05/07/03 2 75 75 75 

3 100 75 100 
VIII 1 75 75 100 

19/07/03 2 75 75 75 
3 100 75 100 

Appendix 6. Feed conversion ratio (FCR) of prav.rns In 
experimental containers over eight weeks period of study 

Date {Week) Replicate Feed Convesion Ratio {FCR) 

100 
75 

100 
100 
75 

100 
100 
75 
100 
100 
75 

100 

Control C:N Ratio 7.5 C:N Ratio 15 C: N Ratio 22.5 
II 1 3.321 3.15 2.98 2.416 

07/06/03 2 2.945 2.907 2.487 2.087 
3 3.665 3.408 3.337 2.035 

IV 1 3 3.938 2.848 2.147 
21/06/03 2 2.557 2.518 2.425 2.187 

3 3.234 3.203 3.184 2.022 
VI 1 2.959 2.959 2.839 2.007 

05/07/03 2 2.983 2.839 2.729 2.824 
3 3.418 3.212 3.209 2.051 

VIII 1 3.122 3.181 3.089 2.236 
19/07/03 2 3.316 3.202 2.963 2.176 

3 3.613 3.161 3.158 2.061 
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Appendix 7. Regression summary for relationship between feed 
conversion ratio (as dependent variable) and ammonia 
concentration (as independent variable) with R2 = 0.14145818 

Beta Std. Err. B Std.Err. t(10) p-Ie vel 
N=12 of Beta ofB 
Intercept 6.66042 1.693427 3.9331 0.002806 
Ammonia -0.376109 0.293009 -8.41232 6.553637 -1.28361 0.228224 

Appendix 8. Regression summary for relationship between 
percentage weight gain (as dependent variable) and ammonia 
concentration (as independent variable) with R2 

= 0.22628844 

Beta Std. Err. B Std. Err. t(10) p-I eve/ 
N=12 of Beta ofB 
Intercept 44.3535 16.30953 2.71948 0.021579 
Ammonia 0.475698 0.278157 107.9441 63.11859 1.71018 0.118023 

Appendix 9. Regression summary for relationship between 
growth rate (as dependent variable) and ammonia concentration 
(as independent variable) with R2 

= 0.22628844 

Beta Std.Err. B Std.Err. t(10) p-Ie vel 
N=12 of Beta ofB 
Intercept 44.3535 16.30953 2.71948 0.021579 
Ammonia 0.044453 0.315915 0.011373 0.080826 0.14071 0.890891 

Appendix 10. Regression summary for relationship between feed 
conversion ratio (as dependent variable) and nitrite concentration 
(as independent variable) with R2 = 0.70089775 

Beta Std.Err. B Std.Err. t(10) p-Ie vel 
N=12 of Beta ofB 
Intercept 2.086569 0.710429 2.937054 0.014860 
Nitrite 0.837196 0.172946 0.071195 0.014707 40840804 0.000681 
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Appendix 11. Regression summary for relationship between 
percentage weight gain (as dependent variable) and nitrite 
concentration (as independent variable) with R2 

= 0.91321599 

Beta Std. Err. B Std.Err. t(10) p~leve/ 

N=12 of Beta ofB 
Intercept 99.74167 3.882370 25.6909 0.000000 
Nitrite -0.955623 0.093158 -0.82447 0.080373 -10.2581 0.000001 

Appendix 12. Regression summary for relationship between 
growth rate (as dependent variable) and nitrite concentration (as 
independent variable) with R2 = 0.36196994 

Beta Std. Err. B Std. Err. t(10) p-leve/ 
N=12 of Beta ofB 
Intercept 0.142665 0.011869 12.02016 0.000000 
Nitrate -0.601639 0.252593 -0.000585 0.000246 -2.38186 0.038490 
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