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NOTICE 

 

Dt. 10.12.2020 

This is to inform to all the II B.Sc. Fisheries students that, the Department of 

Fisheries will be organizing a Value-Added Course on "INTEGRATED 

AQUACULTURE” from 17.12.2020 to 07.02.2021 (40Days). Those who are 

interested are here by informed to contact Ms.S.Sirisha the HOD of Fisheries 

immediately. 
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A Brief Report 

 

 

 Department of Fisheries organized a Value-Added course in 

"INTEGRATED AQUACULTURE" to the students of II B.Sc. 

(FZC),  

 The program is conducted after the regular class work is over.  

 The duration of the class is for one hour and conducted for 40 

Days.  

  30 students participated in the program.  

 At the end of the programme, A Grand Test was conducted and it 

was evaluated.  

 Students were supplied with the necessary study material.  

 Certificates were issued to the participants.  

  Ms. S. SIRISHA are the resource persons. 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

VALUE-ADDED COURSE IN 

INTEGRATED AQUA CULTURE 

UNIT- 1 

 

1. History of Aqua Culture, Introduction, Oxbow theory, Catch and old 

theory,  Concentration theory, Trap and crop theory. 

2. Aqua Culture development history: 2000 – 1000 BC, 500 BC- 500 AD, 

618 to  906AD,      

              Developments in other areas, History of Aqua Culture in India. 

UNIT- 2 

 

1. Aqua Culture vs Agriculture: Agriculture, Aqua Culture, Advantages and

 disadvantages. 

2. Site selection and construction of fish farm, Pre- Stocking management, 

pond  preparation, control measures. 

UNIT- 3 

 

1. Selection of candidate species for Aqua Culture, Major Cultivable fresh 

water fishes. 

2. Soil and water quality parameters in aquaculture. 

 

UNIT- 4 

 

1. Rice - Fish integrated farming, Horticulture- Fish integrated farming, 

Mushroom-  Fish integrated farming, Seri- fish- integrated farming. 

2. Livestock integrated fish farming: Cattle- Fish integrated farming, Pig fish 

integrated  farming, Poultry- Fish integrated farming. 

UNIT- 5 

 

1. Physical, Chemical and biological factors affecting productivity of ponds, 

Fish nutrition,  

 Types of feed, Feed formulations and processing feed storage, Feeding 

 and Food conversion Retain. 

2. Health management: Fish diseases, Types of diseases, Aqua culture 

economics,  Reduct in cost of production and marketing. 



  



REFERENCE: 

 

1. A text book of fishery science and Indian fisheries. (English, paperback, Dr. Srivastava 

 C.B.L). 

2. A textbook of fish and fisheries. Dr. B. singha and Dr. A.Dey. 

3. Fisheries development in India. J.V.H. Dixitulu, Eashwardevanand. 

4. A textbook of fish biology and fisheries. S. S. Khanna, H.RSingh. 
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Name of the Unit 10 marks 5 marks 

UNIT-I 01 01 
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VALUE-ADDED COURSE IN INTEGRATED AQUA CULTURE 

The End Exams Model Paper 

Time: 3 hours        Max Marks: 50 M 

 

SECTION-A 

Answer any FOUR of the following and draw a neat labeled diagram wherever its 

necessary.          4x10=40M 

1.Discuss History of Aqua Culture in India. 

2.Write about Site selection and construction of fish farm. 

3.Explain soil and water quality parameters in aquaculture. 

4.Write a detailed note on important Major Cultivable fresh water fishes. 

5. Write about Rice - Fish integrated farming. 

6. Explain Livestock integrated fish farming. 

7. Write about Physical, Chemical and biological factors affecting productivity of ponds. 

8.Write symptoms, causative agents, and prevention methods of viral fish diseases. 

SECTION-B 

Answer any FIVE of the following.  Each question carries 2 marks.  5x2=10M 

9. Oxbow theory 

10. Advantages of Aquaculture 

11.Labeo rohitha 

12.pH 

13. Definition of integrated farming 

14. Definition of poultry -fish farming 

15. Types of feed 

16. Feed storage          

  



 

 

Unit 1 

History of Aqua Culture, Introduction, Oxbow theory, Catch and old 

theory, Concentration theory, Trap and crop theory. 

History of Aqua Culture 

Aquaculture consists in farming aquatic organisms. Around 500 BCE, the Romans farmed 

oysters and fish in Mediterranean lagoons, whereas freshwater aquaculture developed 

empirically some 1000 years earlier in China. Farming carp in ponds led to the complete 

domestication of this species in the Middle Ages, which is also when mussel farming began, 

following a technique that remained largely unchanged until the 20th century. 

 

© RMN-Grand Palais / Martine Beck-Coppola - Louis-Joseph Yperman, La pêche au vivier, 

mural painting at the Palais des Papes, Avignon, France, 1910 (original 1343-1344) 

Farming in ponds through the ages 

The earliest evidence of fish farming dates back to before 1000 BCE in China. The Zhou 

dynasty (1112-221 BCE), then the politician Fan Li, around 500 BCE, were the first to describe 

carp, a symbol of good luck and fortune, as being farmed for food. During the Tang dynasty, 



around 618, the Emperor Li, whose name means „carp‟, forbade farming the fish that bore his 

name. Farmers then turned their attention to similar fish in the Cyprinidae family and developed 

the first form of polyculture. Liquid manure from livestock farming was also used to stimulate 

algae growth in ponds and make it more nutritious. The pond beds were then drained so that 

they in turn were also used as fertiliser. The first integrated agriculture-aquaculture 

systems emerged in China, where they are still implemented today. 

In Europe, aquaculture first began in Ancient Rome. The Romans, who loved sea fish and 

oysters, created oyster farms and adopted the Assyrian vivarium, a kind of „swimming pool‟ 

where fish and crustaceans caught in lagoons were kept alive until it was time to eat them. These 

vivaria were built inside wealthier homes, where guests could choose the fish they wished to eat. 

In the Middle Ages, throughout feudal Europe, the monastic orders and the aristocracy were 

the main users of freshwater fish vivaria, since they had a monopoly over the land, forests and 

water courses. Mussel farming was invented in the 13
th

 century and the technique remained 

largely unchanged until the 1960s. As with hunting, poaching was severely punished and the 

less well-off would have to wait a few centuries before fresh fish was served on their plates. 

Freshwater fish farming was further developed during the Renaissance. Several treatises were 

published, providing details on pond construction and management techniques, the choice of 

species to farm, their diseases and their diet. Carp dominated the artificial ponds of Eastern 

Europe. Emperor Charles IV ordered many such ponds to be built in Bohemia, what is now the 

westernmost region of the Czech Republic. 

Artificial breeding was discovered in Germany during the Enlightenment, but it was not until 

the 19
th

 century, an era of rapid industrialisation, that anyone paid much attention to it. In a 

hundred years, industry changed the European landscape. Pollution caused fish populations to 

diminish and dams and irrigation canals obstructed the migratory paths of some species, such as 

salmon. To combat this dramatic decline, artificial breeding research focused 

on trout farming, and researchers managed to master all stages of the process, from fertilisation 

to egg storage and transportation, pond farming and releasing fish into the 

wild. Hatcheries appeared all over the West and, in the 1860s, trout and other salmonids 

colonised rivers around the world, in the United States, India, New Zealand and even Japan, one 

of the first producers of edible seaweed. 

During the first five decades of the 20
th

 century, colonists introduced and then farmed other 

species of fish in the Anglo-Belgian colonies in Africa, whether forleisure fishing , to prevent 

the spread of malaria (using insect-eating species), or as a food source (tilapia  for example). 

https://www.alimentarium.org/en/node/1303
https://www.alimentarium.org/en/node/1301
https://www.alimentarium.org/en/node/1314


In the kibbutzim of Israel, farmers adapted traditional methods imported from Eastern Europe 

to the arid environment and developed new techniques, enabling them to achieve self-

sufficiency in fish products. 

In the late 1950s, the invention of artificial granulated food  revolutionised fish farming, 

which until then had relied on products from agriculture  and livestock farming  (raw meat, for 

example), to feed the fish. 

During the 1970s, marine species aquaculture enjoyed a revival, thanks to new, lighter, more 

hard-wearing and less expensive building materials (fibre glass, plastic tubes) and the use of 

floating cages rather than expensive glass and cast iron saltwater ponds. However, these new 

facilities turned out to be commercially non-viable and 

the optimisation and stabilisation of marine fish production was a major concern in the 

following decade. The start of the 21
st
 century saw aquaculture take on great 

importance worldwide. According to a report on fishing and aquaculture by the Food and 

Agriculture Organization of the United Nations (FAO) in 2016, “In terms of global production 

volume, that of farmed fish and aquatic plants combined surpassed that of capture fisheries 

in 2013”. 

Introduction 

Man, while he „domesticated‟ many animals and plants, left the fish out - the carps and the 

trouts are relatively very recent attempts. The neglect of fish was perhaps mainly owing to man's 

unfamiliarity with the watery environment; what is under water is not easily seen as well. Man 

could commune with his terrestrial cohabitants and make them his pets and beasts of burden. He 

could watch his land live-stock and easily recognize a sick cow or chicken. Even when an 

attempt is made to learn how the fish performed he could not comprehend it easily. The air he 

breathes is so thin, same as that for the cow and the chicken, whereas the water used for 

breathing by fish is so heavy and contains so little of oxygen, that man could not feel the “pains” 

of the fish to extract the life giving gas, which looms as it were as the perennial risk of the 

denizens of water. Add to it the loose though expansive membrane with many holes and slots, 

spread on the breathing apparatus of the fish. Fish has to fight continuosly against loss and gain 

of some of its body contents through this gill surface, at times pitiably difficult and at times 

fascile and ingenious. 

https://www.alimentarium.org/en/node/2048


The major task for the aquaculturist is to breach this gap in knowledge to know his animal 

before he really succeeds in rearing it to his advantage. He has to know the biological 

characteristics and potentials of the aquatic organism he wants to grow and also the nature of its 

environment i.e. the physics, chemistry and biology of its ambient medium. 

Look at the fish in the wild - try to capture them; it is difficult, but much easier than to rear them 

to adult size and make them reproduce, under controlled conditions. A fish pond, a race way, a 

cage or pen is only an extension of this concept but the problem becomes more complex. How 

does fish respond behaviourally in captivity? How many of what size and species could be put 

together to live and could be induced to produce protein economically? What are the optimal 

requirements for nutrition and growth, which could change with the age and kind of fish? The 

kinds are so diverse that one could say the difference between two fishes, the tilapia and the 

trout, is much more than the difference between the cow and the pig. The mammals and birds 

keep the same body temperature constantly, but that of fish changes with that of the 

environment - an advantage in the tropical environment since all the rate functions including 

growth and production would be high, to make the tropical pond a very effective system for 

mass protein production, as is indeed proven. 

It becomes obvious that the skills needed in aquaculture are multi-disciplinary. Biology of the 

fish is the beginning; biochemistry and water chemistry must be thoroughly known; the 

economic ways of constructting ponds and enclosures should be known; the need for fertilizers 

and feed should be precisely known. The growth processes, as well as those of death - causes 

and prevention, should be known. Harvest methodologies and preservation and marketing needs 

and economics should be known too. 

Propagation of fish in captivity is an elementary necessity in aquaculture for one cannot always 

obtain sufficient fish seeds from the wild to meet the demands. The whole process of breeding 

and nursing fish, according to nutritional requirements, should also be known. To take a lesson 

from the well-trodden path of the agriculturist, the genetics of the fish for production of 

improved strains and hybrids should also be known. 

These are some of the selected areas in aquaculture which need to be studied and understood. 

Let us hope that as time progresses man and fish would come to know each other as intimately 

as man and his domestic animals - the dog and the cat and the cow and the pig. The fish cannot 

wink, but can watch you with its unshut eye and lead you to a world of its own, man can benefit 



by it - that is aquaculture. A cover design made by Christiana de Ryksy for a CERES number 

(112, July - August 1986) on aquaculture, reproduced for our cover herein brings this theme into 

focus. 

Our course for Senior aquaculturists at ARAC deals with several aspects of aquaculture just 

mentioned. 

The 20 odd subjects dealt with in the course and their credit loads are indicated in Appendix I. 

This is shown as a preview to what you would study in the next 12 months and also to let you 

know from the beginning the multi-disciplinary nature of aquaculture. More details including 

the scope and coverage under each subject are given in the “Curriculum” (ADCP/REP/79/7) and 

also in the Syllabus of the Rivers State University of Science and Technology for the degree of 

Master of Technology in aquaculture. 

The scripts of lectures on “Introduction to Aquaculture” which 

follow are based on those prepared by Dr. V.G. Jhingran, the first 

Chief Technical Adviser of ARAC. 

 

  

WHAT IS AQUACULTURE 

An understanding of the principles of operation of capture and culture fisheries helps to throw 

light on the definition of aquaculture. The expressions capture and culture fisheries are self-

explanatory. In the former, one reaps the aquatic harvest without having to sow, whereas, in the 

latter, one has to sow the seed, nurse it, tend it, rear it and harvest it when it grows to marketable 

size. 

Examples of capture fisheries are the natural fisheries of the seas, estuaries, rivers, lagoons, 

large lakes etc. 

Culture fisheries are usually carried out in small water bodies which can be manipulated, pre-

prepared for stocking; which are often manured and/or fertilized before, during and after 

stcking; and/or where fish are fed from extraneous sources. 

Pen culture, cage culture, culture in running waters, in recirculating systems and in 

reconditioned water are special types of aquaculture. 



All shades of intermediate stages between true capture and culture fisheries exist such as in 

man-made-lakes, which are stocked extraneously but where no manuring, fertilizing and feeding 

are generally done. Stocking is often done in large water-bodies such as lagoons and rivers 

where natural stocks have undergone „depletion‟. 

The principles of management of capture and culture fisheries are very different from each 

other. In the case of capture fisheries one has to attempt to harvest maximum sustainable yield 

by regulating fishing effort and mesh after taking into account parameters of population 

dynamics such as rates of recruitment, natural and fishing mortalities, fish growth and size at 

which recruitment occurs. Management of capture fisheries requires knowledge of the dynamics 

of the fish populations under exploitation. The extended exclusive economic zone of 200 miles 

brings into focus the national and international complexities of regulating the capture fisheries 

of the seas and the oceans and apportionment of the marine harvest because fish populations do 

not abide by man-made boundaries. 

In the case of culture fisheries, no detailed knowledge of the population dynamics of the 

cultivated finfish or shell fish is involved. Here, one has to breed, if one technically can, the 

chosen fish under controlled conditions, if it does not breed naturally, and develop fish 

husbandry practices so as to be able to formulate economically viable technologies. For 

effective aquaculture, one has to gain familiarity and control water quality to enhance its 

biological productivity; one has to understand fish nutrition so as to be able to formulate 

nutritionally balanced fish diet; one has to delve deep into fish genetics so as to be able to 

evolve new varieties and strains which bestow commercial advantages to the product in terms of 

superior growth rate, nutritive value, bonelesness, taste, odour etc.; one has to prevent incidence 

of fish infections and diseases through prophylatics and therapeutics. 

With this background information, a definition of aquaculture can be attempted. 

Aquaculture has been defined by the Japanese Resource Council, Science and Technology 

Agency as under: 

“Aquaculture is an industrial process of raising aquatic organisms upto final commercial 

production within properly partitioned aquatic areas, controlling the environmental factors and 

administering the life history of the organism positively and it has to be considered as an 

independent industry from the fisheries hitherto.” 



Aquaculture is organised production of a crop in the aquatic medium. The crop may be that of 

an animal or a plant. Naturally, the organism cultured has to be ordained by nature as aquatic. 

Examples are: 

Finfish: Tilapia, carp, trout, milkfish, bait minnow, yellow tail, mullet, cat fish. 

Shellfish: Shrimps, prawns, oysters, mussels, pearl oyster for cultured pearls (eg. 

Japanese pearl oyster, Pinctada fucata). 

Plants: Water chestnut (Trapa natans). Red alga of Japan, “Norie” (Porphyra). Red 

alga of Philippines & U.S.A. (Eucheuma) Brown alga of Japan, “Wakame” 

(Undaria). 

During the last decade or so there has been noticeable a global upsurge for aquaculture. Some of 

the factors which have contributed to the upsurge are: 

a. Increased and continuously rising cost of fishing operations due to steep rise of the price 

of fuel. 

b. Fear of reduction in marine fish landings by countries that depend on fishing in the 

territorical waters of other countries as a result of the new laws of the sea of 200 miles 

exclusive economic zone. 

c. Need, in some countries, for finding alternative and/or additional employment for large 

numbers of surplus fishermen or under-employed farmers. 

d. A persistent demand in most developed countries for high cost species like shrimps and 

prawns. This has greatly promoted interest in aquaculture in countries that wish to 

increase their foreign exchange earnings. 

The behaviour of one of the world's most productive capture fisheries viz. that of Peruvian 

anchovy has, I believe, given a hard blow to aquaculture on the one hand, in making scarce and 

increasing the cost of fishmeal, which is the ingredient of most fish feeds, and, on the other, 

seeing the helpnessness of man in countrolling natural causes of fluctuations of marine fish 

yields, has created a desire in him to acquire control on processes of production through 

aquaculture. 

Factors which have been unfavourable to the development of aquaculture are: 



a. Shortage of fertilizers in most developing countries and their allocation to agriculture. In 

this respect, there is a measure of conflict between agriculture and aquaculture. 

b. Increasing prices and even the availability of fish meal, which, as stated earlier, is the 

ingredient of most fish-feeds. This is linked with the Peruvian Anchovy crisis, which, 

apart from aquaculture, adversely hit agriculture, through scarcity of guano and fertilizer, 

and poultry industry through scarcity of fish meal. This has led to search for cheaper 

protein substitutes in fish feeds and spurt of research activity in that direction in different 

countries. 

c. While a general global environmental consciousness has ameliorated aquatic pollution 

and has thus helped fish culture, aquaculture itself is considered by some as a polluting 

agent, through release of water containing fish metabolites leading to eutrophication in 

the recipient waters, which may be a stream or a river or another kind of natural water-

body. Discharge regulations which are applicable to aquaculture by authorities in some 

countries. 

The basic fact is that fishes in general help to keep the aquatic environment clean 

through exercising biological control of vectors (eg. of water-borne diseases like malaria, 

filaria etc). Aquaculture water and pond bottom mud often act as fertilizers to 

agricultural fields. Rarely does aquaculture discharge-water cause pollution. 

Authentic proof it required to establish that aquaculture is a polluter. In whichever case, 

if it is proved that aquaculture has polluted the environment, the discharge water from 

aquaculture establishment would need to be treated and rendered innocuous before 

release. 

d. Aquatic pollution, through discharge of agricultural pesticides, domestic wastes, trade 

effluents and oil spills, has very adversely affected aquaculture. In this respect, there is a 

measure of conflict between agriculture, especially cultivation of high yielding varieties 

(HYV) of cereals, and aquaculture. E.g. cases of fish kills in streams and other water-

bodies where pesticides fall or where industrial effluents are discharged and adverse 

effect on oyster beds off Japanese, U.S.A. and French Coasts. The well known cases of 

oil spills are those of the tankers: Tory Canyon (1967) and Amoco Cadiz (1978). 

e. Absence of a constitutional provision for aquaculture as a discreet national activity and 

legal frame-work for governing its development and administration in most of the 



countries of the world are standing in the way of entrepreneurs making investment in 

aquaculture. 

Multi-disciplinary and systems characteristics of modern aquaculture need to be especially 

emphasised in a lecture on definition of aquaculture. Mention has been made earlier of some of 

the essential components of aquaculture such as water quality control, fish breading, fish 

genetics, fish nutrition, fish feed formulation, fish pathology, fish parasites and predator control 

etc. An aquaculturiest has to successfully carry out a whole series of operations before be is able 

to market his produce. 

Complete package of practices have to be developed which involve accomplishment of several 

steps such as fish multiplication, nursing, tending, and rearing the young, all of which require 

special food for the larvae and the young fish; then growing the young to marketable size which 

require special feed again and often intensive feeding for quick growth. The quality of fish feed 

would naturally depend on the species cultivated. All the above mentioned steps in the practice 

of aquaculture require rigid water quality control. The cultivated fish has to be saved from the 

depredations of predators all along its culture. The health of the fish has to be continuously 

monitored and guarded against infections and infestations which have got to be checked. 

The systems approach stands in contrast with disciplinal studies where a scientist take s.up a 

specific problem and goes deep into it to investigate a certain phe no menon or seeks to establish 

cause and effect relationship. Even the latter, depending on the nature of the problem, may be 

multi-disciplinary but it need not always necessarily be. A biochemist, for example, can 

effectively study fish nutrition and feed components of fish required at different stages of its life 

but, for successful aquaculture, the whole system involving scores of aspects, some of which 

have been high-lighted above, have to be worked out. 

OBJECTIVES OF AQUACULTURE 

Having defined aquaculture and mentioned some of the reasons which have contributed to 

imparting a fillip to aquaculture in recent times, it is proper to state the objectives of 

aquaculture. These are: 

i. Production of protein rich, nutritive, palatable and easily digestible human food 

benefiting the whole society through plentiful food supplies at low or reasonable cost. 



ii. Providing new species and strengthening stocks of existing fish in natural and man-made 

water-bodies through artificial recruitment and transplantation. 

iii. Production of sportfish and support to recreational fishing. 

iv. Production of bait-fish for commercial and sport fishery. 

v. Production of ornamental fish for aesthetic appeal. 

vi. Recycling of organic waste of human and livestock origin. 

vii. Land and aquatic resource utilization: this constitutes the macro-economic point of view 

benefiting the whole society. It involves (a) maximum resource allocation to aquaculture 

and its optimal utilization; (b) increasing standard of living by maximising profitability; 

and (c) creation of production surplus for export (earning foreign exchange especially 

important to most developing countries). 

ix. Providing means of sustenance and earning livelihood and monetary profit through 

commercial and industrial aquaculture. This constitutes the micro-economic point of 

view benefiting the producer. In the case of small-scale producer, the objective is to 

maximise income by greatest possible difference between income and production cost 

and, in the case of large scale producer, by maximising return on investment. 

x. Production of industrial fish. 

Fish flesh, on the average, contains: moisture and oil, 80%; protein; 15–25%; mineral matter, 1–

2%; and other constituents, 1%. Water content is known to vary inversely with fat content. 

Need for artificial recruitment has arisen in order to replace or augment stocks decimated by: 

a. decline of water quality and destructive fishing (e.g. pollution, poisoning, dynamiting); 

b. barrier to migration caused by execution of river valley projects (e.g. anadromous fish) 

and 

c. overfishing. 

From the global view point, the fish which have overwhelmingly dominated artificial 

recruitment are: i) Oncorhynchus ii) Acipenser iii) Salmo. Artificial recruitment of carp, 

tilapia and mullet are also important mostly in tropical and subtropical countries. 

Oncorhychus and Salmo transplants have contributed maximum to sport and recreational 

fishing. 



Production of livebait e.g. for skipjack tuna (Katsuwonus pelamis) is an example of bait 

production for commercial fishing. Some potential live-bait species are: Tilapia mossambica, 

Dorosoma petenense, Engraulis japonicus, Sardinella malanure, several species of mullets and 

cyprinids. 

A wide variety of ornamental fish such as sword tail (Xiphophrus helleri); angel fish 

(Pterophyllum scale), siamese fighter (Betta splendens), goldfish, and common carp. The last 

mentioned supports intensive breeding of fancy carps (live jewels) of Japan. 

There has come into being fish-cum-livestock culture, in the form of an integrated system 

especially involving cattle, pigs, ducks and poultry. 

Several by-products are obtained from fish. They include fish meal used for animal feeding (in 

aquaculture an important component of most fish feeds) and as manure; fish flour; fish oil; 

leather; gelatin and glue from fish skins; imitation pearls; isinglass; adhesives; insulin from fish 

pancreas; sex hormones from gonads etc. 

Production of industrial fish includes production for purposes of reduction to fishmeal or 

fertilizers. Seaweeds are cultured for marine colloids and pearl oysters for cultured pearls. 

Characteristics of Aquaculture and its present status 

Despite the fact that fish culture is an age-old practice in some regions of the world, it is 

relatively new as a significant industry in most countries. 

Aquaculture is considered to be a labour-intensive, but a high-risk bio-industry. An important 

characteristic feature of aquaculture is that, depending on its intensification, it can be organised 

as systems which may be termed as: 

a) 

Extensive 

- Adoption of traditional techniques of aquaculture e.g. dependence on 

natural productivity and little control over the stocks. 

b) Intensive - Adoption of full complement of culture techniques including scientific 

pond design, fertilization, supplemental feeding or only feeding without 

fertilization; full measure of stock manipulation, disease control, 

scientific harvesting, high level inputs and high rate of production. 



c) Semi-

intensive 

- Adoption of mid-level technology, partial dependence on natural 

productivity, fertilization, supplementary feeding, with stock 

manipulation, medium level inputs and medium rate of production. 

Another characteristic of aquaculture is that it can be organised on the basis of: 

a. small scale rural aquaculture (even as one-family-unit). 

b. large-scale vertically integrated aquaculture (VIA) which is defined as a centrally 

mamaged comprehensive system such that all components from input of energy to final 

level of produce in the market are coordinated and kept in harmony. 

Aquaculture is estimated to contribute 10.21 million tons in fish production in 1983. 

Group-wise breakdown of the contribution of aquaculture is: 

finfish 4.45 million tons 

mollusc 3.25 million tons 

crustaceans 0.12 million tons 

sea weeds 2.39 million tons 

 

10.21 million tons 

 

 

 

Region-wise aquaculture production (million tons) follows the following pattern: 

Asia  8.41 

Africa  0.05 



Latin America  0.22 

Europe  1.22 

North America  0.31 

Total 10.21 

From the above it comes out, Asia is the largest producer, contributing about 84% of the world's 

total aquaculture production. Total aquaculture production for Africa is low and it appears that 

the reported production has not increased consistently over the past decade. This aspect needs 

some serious study and we shall refer again to the problem during our present course. One 

should refer to studies on critical analysis of factors responsible for aquaculture development to 

understand the problems concerned (see references at the end of this discussion). 

 

Oxbow theory 

In inland areasrivers, in the course of time, develop curves and oxbows which, due to 

naturaltopography and physiography of the area, may further result into long, 

windingoxbows of varying sizes. As time went on, under varying flood levels thatoccurred 

in different years such rivers may have changed their courses, leavingbehind the formed 

oxbows together with the fish and other living organisms inthem. Human population along 

the rivers, who by adaptation are naturalfishermen, discovered a good harvest of fish could 

be derived from thesenaturally formed oxbows. It was also found that seasonal flooding of 

thesewater areas restocked them with fish which again could be harvestable duringthe 

ensuing dry season. Taking full advantage of this occurrence, enterprisingindividuals in the 

surrounding communities would begin to improve theembankments, enclosing such oxbow 

areas. Subsequently, in addition to theseasonal natural stock of fish that enter the modified 

oxbows, additional stockmay be planted, thus starting aquaculture management in them. 

This continued ontill complete aquaculture management was attained. 

Catch and old theory 

Fish and other aquatic products have always been held in high esteem by the early rulers of 

big empires. At the same time, it was a practice to build water areas as source of water, 

recreation, ora means of defense around castles. Such water areas were not really intended 



for rearing fish but some of the rulers demanded fish, regardless of the season so that the 

responsible officers around these rulers had to provide means to obtain fish even during 

winter. Due to this necessity, the practice has developed to stock fish caught from natural 

waters into the water are as constructed around castles or communities. As it turned out, 

some of the fish stocked in these artificial waters were able to survive and grow. In the 

course of time, the species that survived and grow such as the common carp were selected 

for this catch-and-hold system of providing fish. As a further development,stocking of the 

right amount and kind of fish and feeding them when necessary also developed resulting in 

actual aquaculture practice. The monasteries of Europe and the palaces of emperors and 

other rulers exemplified this type of venue for aquaculture development. 

 

Concentration theory 

Manytropical areas of the world are affected by monsoons, one bringing strong rainswith 

some floods and the other the dry season. During the rainy system, therivers which provided 

the waterways get swollen and if the watershed wasextensive, wide-level lowland places 

were likewise flooded. Extensivemarshlands rich in vegetation and aquatic organisms, 

including fish, providedwide and favorable habitat for growth and reproduction during the 

flood seasonof the year. When the rainy season decreases until it finally stops, the waterin 

these floodlands also gradually receded. As the dry season progressed, thewater further 

receded, draining almost all the flood plains but leaving onlyspots of deep areas and the 

rivers with water. These resulted in theconcentration of the fish that have grown and 

reproduced during the wet seasoninto the watered depressions or back into the rivers. 

Fishermen from thesurrounding communities catch fish from these concentrated 

depressions. At thebeginning, most of the fish were caught without regard to size or kind. 

Lateron, the small ones were left behind or gathered and transferred to otherrearing areas. If 

suitable, some of these depressions would be provided withembankments in which culture 

of suitable fish stock in them was conducted, thusstarting aquaculture management which 

began through the concentration version. 

Trap and crop theory. 

While the first three theories have been observed as developments from inland freshwater 

areas, this fourth development is characteristic of brackish and marine areas affected by tidal 

fluctuations. Coastal areas usually abound with coves, lagoons, permanent ponds, enclosed 

swamps or even depressions which were periodically watered and fully or partially drained 



during ordinary or extreme low tides. The coastal communities in these types of water areas 

have long realized that these areas were regularly stocked with fin-fish, crustaceans, molluscs 

and other aquatic economic resources naturally found in these waters. With this knowledge, 

they started to install traps that would block the exit of these fish and crustaceans that may 

have entered the water area during a flood tide.A fisherman realized that by this 

management, he could be regularly be provided with fish for his table and some extra for the 

market. As time developed,however, and as more fishermen fish in the surrounding waters, 

the amount trapped in these water areas declined. Therefore, instead of harvesting at each 

periodic tide fluctuations, the barricade to the watered area was kept in place for sometime, 

say, one to three months before the fish that have entered have grown to good size. This 

chronology of development was what actually happened in the development of brackish 

water aquaculture which probably began in Indonesia and spread to the Philippines, and later 

into Thailand, Malaysia,India and other areas in the world. 

 

 

Aqua Culture development history: 2000 – 1000 BC, 500 BC- 500 AD, 618 to

 906AD, Developments in other areas, History of Aqua Culture in India. 

 

Aquaculture is the process of growing/raising fish, shellfish, or other aquatic animals or 

plants in a controlled environment. 

 

It is an important part of the global food and seafood supplies. The Food and Agriculture 

Organization of the United Nations (FAO) recognizes farm-raised seafood as a key 

source to grow the global food supply to feed the increasing world population. 

 

However, aquaculture is not new. While large-scale, commercial aquaculture started in 

the mid-20th century, aquaculture itself goes back thousands of years. Evidence for 

aquaculture has been found around the world. While many cite China as the home of 

aquaculture, evidence indicates aquaculture started in many areas at various times that 

makes deciding on one specific time and place for the birth of aquaculture futile at best. 

For example, archaeological evidence points to the some level of aquaculture being 

practiced by the Maya and some North American native communities. 

 

c.6000 BC 



Australia 

Gunditjmara people farmed eels in artificial ponds connected by canals near Lake 

Condah, possibly since as early as 6000 BCE 

 

c.4000 BC 

Europe Neolithic Age 

Evidence of trapping wild aquatic animals in lagoons, ponds or small shallow lakes 

 

c.3500 BC 

China 

Evidence of aquaculture practices such as using silkworm feces and nymphs to feed carp 

raised in ponds on silkworm farms and the integration of raising carp in ponds and rice 

culture. Some date the fish and rice culture integration back even further, up to 6000 BC. 

 

c.2000 BC 

Japan 

Oyster farming 

 

c.1400 BC 

China 

Records of criminal prosecutions of fish thieves 

 

475 BC 

China 

Earliest known monograph, Fan Li‟s “Yang Yu Ching”, on fish culture published. 

 

 

c.300 BC 

India 

First description of fish held in reservoirs in that area 

 

c.200 BC 

Etruscans 

Early coastal aquaculture, a system called “vallicoltura” involving the creation of 



permanent or semi-permanent embankments to enclose lagoons and trap fish, on the 

Adriatic and Tyrrhenian coasts. Shellfish farming established in the Adriatic (likely 

started hundreds of years earlier). 

 

c.100 BC 

Romans 

Built coastal aquaculture ponds and raise carp in fish ponds. Aristotle recommended the 

culture of carp. Romans also cultivated oysters. Elite Romans living outside of Rome 

added fish ponds, called “stews,” to their plantations and are credited with the first fish 

ponds in England. 

 

c.1 AD 

Bolivia 

Evidence of raised agricultural fields being integrated with irrigation canals serving dual 

purpose of holding fish in the region of Beni. 

 

c.300 or 800 

Hawaii 

Marine aquaculture starts and continued up to the European colonization of the islands. 

Early Hawaiians farmed multiple species (milkfish, mullet, prawns, crabs…) with a 

variety of farming techniques including freshwater ponds (either in conjunction with taro 

or separate from taro), brackish water ponds, seawater ponds and shoreline fish traps. 

 

c.400-1400 

Europe Middle Ages 

Stew ponds of Romans adapted by early Christian monasteries, wealthy landowners, and 

royalty. Castle moats also used to hold fish. Evidence of fishponds found throughout 

Europe during this time, including in Hungary, Czech Republic, Switzerland, France and 

Italy. 

Southern Europe 

Fish farming occurs in brackish water in structures built in lagoons and ponds to retain 

fish (seabass, seabream, mullet, etc) brought in by the tide. 

 

618-906 



China Tang Dynasty 

Multispecies carp polyculture developed as a result of unfortunate wording. The Tang 

emperor family name, Li, was the same as or sounded similar to the name for common 

carp (the fish most predominantly grown at the time). An imperial decree was issued that 

prohibited farming and other activities involving the common carp. This forced the focus 

to turn to other fish species, specifically using 4 other species of carp that have 

complimentary life histories and needs. 

 

746 

China 

First known reference to clam culture in Chinese literature 

 

768-814 

Europe Reign of Charlemagne 

Charlemagne issued edicts to tenant farmers about maintaining and managing ponds 

along with protection against poaching among other important issues. 

 

c.1000 

Mexico 

Chinampas (built floating garden islands in lakes) were separated by channels which may 

have also been used to grow fish. This technique may date back as far as 4000 BCE. 

 

c.1200 

Cambodia 

Use of integrated agriculture/aquaculture systems 

France 

Intertidal pole culture of mussels and oysters 

 

1216-1272 

England 

Henry III gave well-documented gifts of live fish to the nobles, encouraging development 

of fish raising ponds on the estates of the nobles. 

 

c.1200-1400 



Java 

Marine aquaculture is practiced starting with trapping milkfish in coastal ponds during 

the high tide. The law code, Kutara Menawa, included punishments for those who stole 

fish from ponds. 

 

1400s-1800s 

1639 

China 

Complete Book of Agriculture, which included discussions on pond fish culture, released. 

 

c.1670 

Japan 

Fishermen cultivate seaweed 

 

1733 

Germany 

Farmer is first known to successfully gather trout eggs, fertilize them and rear the hatched 

fish to maturity 

1741 

Germany – Westphalia 

1st known trout hatchery built by Stephan Ludwig Jacobi, a German scientist 

 

1800s 

France 

Oyster larvae collected on strings on tiles placed into the water and then larvae 

transplanted to protected beds to grown out. 

US 

Oyster farming on the Atlantic coast 

 

1812 

US 

Curriculum in aquaculture established for undergrads at Cornell 

 

1853 



US – Ohio 

Trout farm run by Theodatus Garlic and H.A. Ackley is the first in the US to artificially 

fertilize its fish eggs 

 

1870 

US 

The American Fish Culturists‟ Association formed in New York (name changed in 1878 

to the American Fish Culture Association and again in 1884 to the American Fisheries 

Society) 

 

1872 

US – California 

Salmon culture starts as hatcheries to supplement wild fish stocks 

 

1897 

US 

A Manual of Fish Culture published by the US Commission of Fish and Fisheries. 

Manual deals mainly with hatcheries for the production of fish to stock game waters but 

includes a little on food species of fish, oysters and clams. 

 

1900s 

1909 

US – Idaho 

1st commercial trout farm in US established 

 

1910 

US 

Channel catfish farming techniques developed 

1919 

US – Washington 

Pacific oysters from Japan placed in coastal waters starting the oyster farming industry in 

Washington. 

 

1930s 



Asia 

Tilapia introduced to Asia 

US 

Federal subsidies for building and stocking fish ponds on farms provided by FDR‟s Farm 

Pond Program 

 

1940s 

Tilapia introduced to Caribbean, Latin America and US 

 

1950s 

Following the end of WWII, demand for fish in developed nations increases, making the 

idea of largescale aquaculture possible 

US 

Catfish culture developed as an industry 

Japan 

Start of netpen aquculture for yellowtail 

 

1960s 

Asia 

Aquaculture begins to develop on a commercial scale 

Denmark 

Intensive commercial rainbow trout farming developed and starts to spread throughout 

Europe 

Japan 

Floating cages developed 

Europe 

1st commercial salmon farms in Norway and Scotland 

1970s 

North America 

Commercial salmon farming expands to US and Canada 

 

1976 

New Zealand 

1st commercial salmon farm in New Zealand 



 

1980 

US 

National Aquaculture Act of 1980 passed to provide for development of aquaculture 

industry 

1980s 

US 

Sturgeon farming begins in California. Commercial hard clam (quahog) farming begins 

in New England. Manila Clam farming begins in Washington and California. 

 

1999 

Production of farmed salmon exceeds amount of salmon caught in the wild for first time 

 

1990s-2000s 

Early development of land-based tank and recirculating aquaculture 

 

2011 

Production of farmed fish surpasses that of beef for the first time in the modern era (60 

million tons of farmed food fish versus 57 million tons of beef according to the UN Food 

and Agriculture Organization (FAO)) 

 

2012 

About 600 species are used in aquaculture in about 190 countries according to the FAO 

 

2013 

Consumption of farm-raised fish surpasses that of wild fish (including shellfish) for the 

first time 

 

The cultivation of marine species is an ancient practice. Ancient Chinese manuscripts 

from the 5th century B.C. indicate the Chinese practiced fish culture. Although not as 

implicit, Egyptian hieroglyphics indicate the Egyptians of the Middle Kingdom (2052- 

1786 B.C.) attempted intensive fish culturing. Following in the footsteps of the 

Egyptians, the Romans also developed aquaculture practices as they are known to have 

cultivated oysters.The culture of oysters established by the Romans is the first known 



form of aquaculture that has continued in some form or another to the modern day. 

 

All of the early forms of aquaculture differed greatly from much of the aquaculture 

practiced today. The major difference is that aquaculture in ancient times involved 

harvesting immature fish or shellfish and transferring them to an artificially created 

environment that is favorable to their growth. Carp, in China, thousands of years ago 

were collected as youngsters and transferred to special ponds where they were grown. As 

the Egyptians and Romans proved this practice was not limited to carp but was used with 

many other species such as oysters and other hardy creatures capable of surviving the 

transfer to the culture ponds. 

 

Fish farming in its modern form was first introduced in 1733 when a German farmer 

successfully gathered fish eggs, fertilized them, and then grew and raised the fish that 

hatched. To do this, male and female trout were collected when they were ready for 

spawning. The eggs and sperm were pressed from their bodies and mixed under favorable 

conditions. After hatching, the fishlings were taken to tanks or ponds in which they were 

cultivated. Initially this "fish farming" was limited to freshwater fish. In the 20th century 

new techniques were developed to successfully breed saltwater species. 

 

As scientists have learned more about the life cycles of the harvested fish and the stimuli 

that encourage development, fish farmers are adapting their techniques to gain more 

control over the fish's development. Such factors that are important to commercial fish 

farmers are the stimuli that encourage growth, sexual maturation, and reproduction. Other 

recent advances include disease control and immunology. 

 

For most of the history of modern aquaculture, only luxury items such as salmon and 

shrimp were harvested. That trend is changing, as new technologies allow for efficient 

and cost effective cultivation of non-luxury cheap food fish. 

 

 Gunditimara people - Australia 8,000 BC developed 100 km
2
 (39 mi

2
) of 

volcanic floodplain near Lake Condah into channels and dams - used these 

to culture eels year round. 

 Chinese Aquaculture ~ River Flooding 3,500 BC waters subsiding after 

annual river floods carp left behind. Farmers fed them nymphs and 



silkworm feces (stimulate plant biomass?) 

 475 BC Treatise on Fish Culture by Fan Lei. 

 Japanese Farming Intertidal Oysters 3,000 BC 

 Unlikely to Recover Real Origins of Aquaculture 

 14,000 - 8,000 YBP – Oceans Rose 100 meters. 

 Original Marine Sites Now under Water 

 FW Sites: Decay of Organic Materials 

 Aristotle Recommends Europeans Culture Carp 

 Roman Lucinus Murena Digs Fish Ponds at Grotta Ferraia, 1st century BC 

 Romans Grow Carp 30 BC - 400 AD 

 Tang Dynasty (618 - 907) Polyculture Developed with Co-Culture of 4 

Species of Carp 

 Middle Ages - Growth of Local Carp Aquaculture in Europe – Heavy 

Penalties for Fish Theft. 

 Native Hawaiian marine fish ponds, dates uncertain perhaps 800 YBP   

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 



           

 



Unit 2 

Aqua Culture vs Agriculture: Agriculture, Aqua Culture, 

Advantages and disadvantages. 

 

As our population continues to grow, farming (agriculture) and fish farming (aquaculture) are going 

to be more in demand. While the two industries may seem at odds with each other, they can in fact 

work in tandem to produce sustainable, healthy food. 

Effects on the Natural Environment 

Due to the nature of agriculture and aquaculture, there‟s no denying each industry has a significant 

impact on the environment. Factory farms concentrate a large number of animals in a relatively 

small piece of land, resulting in an unmanageable amount of animal waste; just 1,000 pigs produce 

over six million pounds of waste per year. While smaller, sustainable farms are able to dispose of 

animal waste productively by using it as manure, large amounts of waste from larger farms can 

become a pollutant due to their effects on air quality. 

 

It‟s not just livestock farming that causes agriculture to affect the environment; feed crop farming 

often has a negative impact on the environment as well. American crops are pushed to grow a very 

large volume of grain in order to feed the country‟s livestock, resulting in the adoption of farming 

methods that yield a higher crop but also often damage the soil and wreak havoc on natural systems. 

http://www.sustainabletable.org/265/environment
http://www.sustainabletable.org/265/environment


 

Aquaculture‟s status as the fastest growing food production system in the world has resulted in 

some negative environmental impacts. Coastal ecosystems are sometimes destroyed to make way 

for new fish farms. And escaped farmed fish can have a negative impact on an environment‟s fish 

population, especially if they are not native to the area. 

The Future of Sustainable Production 

Although aquaculture and agriculture can affect the environment in different ways, the two 

industries can reduce their negative impact by working together. A project in Europe known 

as BIFFiO is currently working with agriculture and aquaculture producers to mix waste that is 

readily available from fish and livestock in a reactor, and turn it into renewable energy. 

Different agriculture producers, aquaculture producers and regional organizations in Asia are 

also working together to create an integrated aquaculture-agriculture system. The system is guided 

by sustainability indicators to ensure that the practices are ecologically sustainable. 

How Agriculture and Aquaculture Work Together Today 

Some producers already have a long-standing relationship based around helping each other help the 

environment. Regal Springs, the world‟s largest Tilapia producer who farm in pristine lakes in 

Mexico, Honduras and Indonesia transforms unneeded fish innards, bones and trimmings into a 

nutrient-rich compost that is given out for free to local farmers to grow coffee, rice and fruits. 

Additionally, Regal Springs separates fish oils and solids in the production process to 

become animal feed for salmon and catfish. The fish oil is converted into bio diesel to run their 

trucks and machinery. This Zero-Waste policy helps lessen the demand for feed crops and fossil 

fuels. 

http://wwf.panda.org/what_we_do/how_we_work/businesses/transforming_markets/mti_solutions/certification/seafood/aquaculture/
http://slowfood.com/slowfish/pagine/eng/pagina.lasso?-id_pg=44
https://phys.org/news/2013-12-agriculture-aquaculture-renewable-energy.html
http://www.fao.org/docrep/004/AB980E/ab980e08.htm
http://www.regalsprings.com/
http://www.regalsprings.com/our-difference/#our-farms
http://www.regalsprings.com/our-difference/#our-farms
http://www.regalsprings.com/our-difference/#our-environment


The agriculture and aquaculture industries can sometimes be seen as rivals, but they are working to 

achieve the same goals: to feed the world‟s growing population, and to do it in a sustainable way. 

By working together they can reduce any negative impacts their production has on the environment 

and focus on producing sustainable, healthy food. 

Benefits of aquaculture 

Aquaculture sustainability 

Aquacultureoffers alternatives to marine fisheries. Increased demand for food products and 

globalization have led to an increase in fishing. 

However, this has led to fishermen becoming selfish and overfishing on desirable or high demand 

species. With aquaculture, they offer both an alternative and an opportunity for wild stocks to 

replenish their overtime. 

 

Aquaculture Efficiency 

Fish convert nutrients into body protein more efficiently than cattle or chickens. This means that 

fish companies are producing more feed for less feed. Such efficiency means that less food and 

energy are used to produce food. Moreover, the manufacturing process is also less expensive. It 

saves resources and even produces more food. This allows to secure the reserves and minimize the 

environmental constraints. 

Economic impact 

Dependence on aquaculture 

https://www.1h2o3.com/en/learn/aquaculture/


Fishand other seafood are good sources of protein. They also have a higher nutritional value, such 

as the addition of natural oils in the diet, such as omega-3 fatty acids. Also, since it provides white 

meat, it is better for cholesterol reduction in the blood than red beef. Fish are also easier to keep 

than other meat-producing animals because they are able to convert more nutrients into protein. 

Therefore, his overall conversion of pounds of feed to pounds of protein makes it less expensive to 

raise fish because they use it more efficiently. 

Seaweedsare progressively transformed into alternative fuel sources by making them produce fuels 

that can replace contemporary fossil fuels. Algae produce lipids that, if harvested, can be burned as 

an alternative fuel source, the only byproduct of which would be water when burned. 

Such a progresscould mitigate the world’s dependence on drilled fossil fuels as well as reduce 

the price of energy by growing it instead of drilling for oil. In addition, seaweed-based fuel is 

a cleaner, workable energy source, which means it can help revolutionize the energy sector and 

create a more stable economy that avoids the explosive nature of oil and replaces it with a more 

abundant fuel source. 

Avantage liée à l'aquaculture 

Aquaculture increases the number of potential jobs in the marketplace because it both provides 

new products for a market and creates employment opportunities because of the labor required to 

maintain the pools and harvest the cultured organisms. 

Employment increases are mostly realized in third world countries, as aquaculture provides both a 

source of food and an additional source of income to supplement those living in these areas. 

Aquaculture also saves fishermen time because they do not have to spend their days fishing at sea. 

This gives them free time to pursue other economic activities, such as engaging in alternative 

businesses. This growth in entrepreneurship provides more opportunities for hiring and 

employment. 

The seafood business in America is mainly based on trade from Asia and Europe, with the majority 

being imported. This results in a trade deficit for the nation. Aquaculture is one way to reduce this 

deficit at a lower opportunity cost, as local production would mean fresher seafood. It would be less 

expensive because of the reduced transportation costs. 

Biosecurity 

Aquaculture farms also protect biodiversity by reducing fishing activities on wild stocks in their 

ecosystems. By giving alternatives to fishing, attacks on wild populations of different species at 

sea are reduced. Reduced fishing action saves aquatic ecosystem diversity from extinction due to 

overfishing. 

https://www.1h2o3.com/en/learn/aquaculture/


Disadvantages of aquaculture 

Environmental impact of aquaculture 

They can have an unfavorable effect on the local environment. For example, antibiotics and 

chemicals that are used to treat fish. Fish farms can also produce large amounts of effluent, which 

can affect the immediate location. Diseased fish may escape from the facility and transmit their 

conditions to wild stocks. 

Problems in aquaculture 

Some farmed fish, such as salmon, sea bass and cod, are carnivorous. In order to ensure that they 

grow quickly their energy needs, they must obtain large amounts of protein. This protein is often 

extracted from smaller baitfish, ground into pellets. This means that wild stocks of bait fish such as 

sardines, mackerel, anchovies and other small fish are targeted, which impacts wild stocks. 

Diseases 

If aquaculture presents advantages, one should not neglect the disadvantages related to this practice. 

Indeed, keeping fish in close proximity increases the risk of disease. If a fish gets sick from a 

contagious virus, it is likely to be transferred to other fish in the farm. Fish are also vulnerable to 

parasite infestations. There is also a risk. 

Site selection and construction of fish farm, Pre-Stocking management pond preparation, control 

measures. 

 

 

Site selection and construction of fish farm 

Site selection 

Appropriate site selection is one of the most important factors that determine the success of the fish 

farm. Before construction of the pond, the water retention capacity of the soil and the soil fertility 

has to be taken care of because these factors influence the response to the organic and inorganic 

fertilization in the farm pond. The selected site should have adequate water supply round the year 

for pond filling and other uses. The pond construction has to be based on the topographic area. In 

swampy and marshy areas, bunds should have a greater accumulation of soil to build the pond of a 

preferable size. Self-draining ponds are ideal for higher elevation areas. The site should be easily 

accessible by road or any form of transport to reach the market for easy fish disposal. In addition to 

this, the accessibility of inputs such as feed, seed, fertilizer and the construction material should 

https://www.1h2o3.com/apprendre/aquaculture/aquaculture-et-pisculture/


also be available nearby the site. The site should be free from pollution, industrial waste, domestic 

waste and any other harmful activities. 

For, site selection the following ecological, biological and social factors need to be considered. 

Ecological factors 

In site selection for a pond, the ecological factors to be considered include soil, water, topography 

and climate. 

Soil 

The soil quality influences the pond productivity and water quality and determines the dyke 

construction. The properties of soil texture and soil permeability are determined to decide the 

suitability of a site. Pond bottom should have the ability to hold the water. Loamy, clay loamy and 

silt clay soil types are most suitable for pond construction. A good quality gravel should not exceed 

10 percent. Thus the rocky, sandy, gravel and limestone soil types are to be avoided. 

Evaluation of soil suitability 

Soil suitability can be evaluated by three methods. 

 In squeeze method, take the soil in wet hand and squeeze the soil by closing your hand 

firmly. If it holds its shape even after opening the palm of your hand, soil is suitable for 

pond construction. 

 The ground water test is the best method to evaluate the soil suitability. Dig a pit of one-

meter depth and cover it with leaves for a night. If the pit is filled with ground water in the 

next day morning then a pond could be built. However, in such soils, drainage may require 

more time due to the availability of sufficient groundwater. If the pit is empty the next 

morning, the site is suitable for pond construction, but the water permeability has to be 

tested. 

 The third method is the water permeability test. Pour the water into the pit and cover with 

leaves. If no water is found in the pit on the next day morning then there is seepage. To 

confirm this, once again pour the water into the pit and cover it with leaves. If the water 

availability is high then the site is suitable for construction. But if the water is drained, the 

site is not suitable for pond construction. However,  the site can be used through use of 

plastic or heavy clay to cover pond bottom. 

Water 

An adequate amount of water is required to build the fish farm because water depth needs to be 

adjusted at regular intervals. Natural water bodies such as reservoir, river, and lakes have stable 

water quality parameters (Water temperature, dissolved oxygen, pH, alkalinity and water hardness) 

when compared to borewell and well water. The site should be away from the flood area. Water 



should not be acidic or alkaline and if found to be so, suitable correction is to be done by applying 

lime or organic manure respectively. 

The ideal water temperature is 20 – 30
0
C for a fish farm. Water Salinity is the amount of salt 

dissolved in water. A few freshwater fishes such as tilapia and catfishes grow even in salt water, but 

the carps can withstand only in freshwater. 

Topography 

Type of pond construction is determined by the land topography. Normally, flood prone areas and 

poor rainfall areas need to be avoided. Areas such as industrial zones, fields with underground oil 

pipelines, irregular land area, fields with high electricity poles and radio masts and highly rooted 

vegetation area are also not recommended for pond construction. 

Biological factors 

Biological factors include the species to be cultured, seed source and culture type and they need to 

be considered before site selection of farm. 

Social and economic factors 

The ecological and biological factors are a prerequisite for good practices in aquaculture site 

selection and site management. It is also important to get to know the social and economic 

background of the area and understand the culture and traditions, particularly ideas and beliefs 

locally associated with aquaculture practices. The social fabric, market, and its structure, services 

directly or indirectly linked with aquaculture sector such as transportation, storage, wholesale 

market aspects etc are to be considered. The land identified for farm should be without legal issues 

and fish farming should be accepted by the local people. Other factors include availability of labour, 

electricity, medical facilities, and transportation. 

Pond Construction 

An intelligent design and layout is a prerequisite for an efficient pond construction. The excavated 

earth should be used to construct the dyke and with a plodding slope towards the outlet for the 

proper draining facility. Preferably construction of pond has to be completed during summer so that 

the pond can be used for stocking. 

Steps in pond construction 

Normally, the pond construction includes the following steps. 

Step 1: Prepare the site by removing unwanted things such as the trees, bushes, and rock 

Step 2 : Construction of seepage-free and secure dyke by using the clay core 

Step 3 : Digging the pond and construction of dyke over the clay core 

Step 4 : Inlet and outlet construction 

Step 5 : Pond dyke covered with soil and plant grass species (avoid long rooted plants such as 

Rhodes grass and star grass) 

Step 6 : Pond should be fenced to avoid theft and entry of predatory animals 

Site preparation 



The place is cleared of ropes, cables and other items. Trees and bushes and other obstacles that 

hinder movement of heavy equipment around the site are to be removed - manually / animal power 

/using machinery. All vegetation including wood are to be cleared in the area (inclusive of 2 to 3 m 

beyond the dyke for workspace). Trees within 10 meters surrounding,  tree slumps, large stones, are 

also to be removed. The surface soil which has the highest concentration of roots and organic 

material is not suitable for pond construction. Hence, about 30 cm of surface soil has to be 

removed. 

 

 

Construction of dyke 

Dykes should be compact, solid and leak free. A desirable dyke is constructed using 15 - 30 percent 

of silt, 45 - 55 percent of sand and 30 - 35 percent of clay. A sufficient width of the berm (not less 

than 1 m) is required to stabilize slope. The embankment slope in horizontal to vertical should be 

2:1 in good quality clay soil and 3:1 for loamy silt or sandy soils. To raise the dyke, the clay buddle 

(1:2 sand and clay) is deposited as 10 - 15 cm thick layer and it can be formed at centre or inside the 

waterside of the pond. The crest of the dyke should be sufficient to help allied farm activities and 

the top of embankment should be above 1 m. Extra outlet is essential on the embankment as a 

safety measure to avoid damage due to excess raise in the water level. 

Digging the pond and construction of dyke 

Types of pond 

Specific kinds of ponds are required for specific life stage development of fishes - such as nursery, 

rearing, stocking, treatment  and broodstock pond. The rectangular pond is preferred than round 

shaped corners as it prevents the fish escape during harvest. An ideal length and breadth ratio of the 

pond is 3:1 is ideal, with breadth not more than 30 - 50 m. The total farm area can be divided as - 

nursery - 5 % of total farm area, rearing pond - 20 %, stocking pond - 70 %, and bio pond or 

treatment pond - 5 % of the total farm area. 

 Nursery pond - The size of the nursery pond is about 0.01 to 0.05 ha with a depth of  1.0 – 

1.5 m. The spawn (3 days old) are stocked in nursery pond, reared for a maximum of 30 

days (to attain 2 – 3 cm length). 

 Rearing tank -  a tank where the fry are reared into fingerlings (to attain a size of 10 – 15 

cm) and the culture duration is 2 – 3 months. The size of pond varies from 0.05 – 0.1 ha 

with water depth of 1.5 – 2.0 m. 

 Stocking pond - In stocking pond, the fingerlings (TL 10 – 15 cm) are reared into 

marketable size. The culture duration varies from 8 – 10 months. The stocking density 

varies according to the target fish production. The stocking pond is used as broodstock pond 

and breeding pond as per the requirement. However, the pond area ranges from 1 – 2 ha 



with a greater water depth of 2.5 – 3.0 m. There are no hard rules regarding the size of the 

ponds. 

 Bio pond or treatment ponds - these are large settling tanks, where the water used for 

fishponds is purified biologically. They may also be used as stocking pond. However, an 

even flat bottom is recommended for easy netting operation. 

A productive farm should use its higher altitude area for construction of nursery pond followed by 

the rearing pond. The lowest area of the farm should be used to build the stocking pond, which will 

help in reducing the cost of construction and increase ease of farm management. 

Pond construction types 

The ponds are constructed by two types namely, dug out and embankment pond. 

The dug out pond is constructed by digging the soil and is most suitable to construct ponds in plain 

areas. It is to be scientifically constructed maintaining shape, size, depth and other factors. 

Embankment pond is more appropriate for hilly areas. Dykes may be erected on 1 or 2 sides based 

on need. This pond is economically viable but not ideal for fish culture because the size, shape and 

depth of pond cannot be fixed as per scientific fish culture specifications. 

Inlet and outlet construction 

Feeder canals are constructed to provide sufficient amount of quality water to the ponds except in 

ponds which are filled by rainwater. Inlets are provided at top of the pond and screens are used to 

filter the pumped water to avoid entry of unwanted particles to the culture system. The inlet pipe 

size has to be designed is such a way that it should not take more than 1 or 2 days to fill the pond. 

The outlet pipe is set up at bottom of the pond. It is used to dewater the pond during harvest and 

partial draining for pond water exchange to maintain the water quality of the pond during the 

culture period. The outlet is constructed prior to pond dyke construction. 

Soil and vegetation coverage of Dyke 

To reduce the soil erosion, creeping grass can be grown on the top and sides of dyke. The banana 

and coconut trees can be planted in the embankment. The slope of the embankment can be planted 

with grasses such as Hybrid Napier, gunny grass and elephant grass to supply feed to the grass 

carps reared in the ponds. 

Pond fencing 

The ponds are fenced to protect from theft. Live fences also serve as windbreak, increase farm 

diversity, provide privacy to farm and improve the appearance of the fish farm. There are several 

ways to make fences. These include live fence, piled fence, woven fence, post and rail fence, wire 

fence, wire netting fence and stone wall. Each type of fence has its own advantages and 

disadvantages. Wired net fence is primarily used in fish farms to stop intruders and protect the fish 

stock. 



 

                                              Pre-stocking management 

Pre-stocking management aims at proper preparation of ponds to remove the causes of poor 

survival, unsatisfactory growth, etc., and also to ensure ready availability of natural food in 

sufficient quantity and quality for the spawn/ fry/fingerlings to be stocked. Pre-stocking part of the 

management involves the following sequential measures. 

 Eradication and control of aquatic weeds and algae 

Aquatic weeds are unwanted plants that grow within the water body and along the margins. Unlike 

in temperate climate, the pond fish culture in tropics face serious problems due to weed infestation 

and frequent appearance of algal blooms. They remove a large quantity of nutrients from the water, 

which otherwise would go into the production of planktonic growth. Even the poor fish crop that is 

produced in weed chocked water is difficult to harvest. The fishes are subjected to stress due to 

dissolved oxygen depletion and wide fluctuation between the dissolved oxygen values of the day 

and night. Decomposition of the dead aquatic weeds further creates the oxygen problem. Dense 

growth of the submerged weeds restrict fish movement and interfere with fishing operations. 

Filamentous algae often get entangled in the gills of the fish and suffocate them to death. Floating 

weeds such as water hyacinth, pistia, etc., very often cover the entire water surface cutting off light 

drastically, thus resulting in critical reduction in primary productivity of the pond. Common aquatic 

weeds creating problems in fish culture ponds (Fig. 34) are broadly classified according to their 

nature of occurrence, into four major groups. They are floating, emergent, submerged and marginal. 

In addition, algal blooms and mats also create serious problems in terms of dissolved oxygen and 

production of certain toxic materials in some cases. Aquatic weeds of common occurrence in 

undrainable ponds are grouped in the following  



 

. Common Aquatic Weeds in Underainable Ponds 

 

Groups Scientific name Common name 

Floating 

  

  

Eichhornia crassipes Water hyacinth 

Pistia stratiotes Water lettuce 

Salvinia cucullata Water fern 

Spirodela polyrrhiza Duck weed 

Lemna minor Duck weed 

Emergent Nymphea mexicana Banana water lily 

Nymphea tuberosa Fragrant water lily 

Nelumbo spp. Lotus 

Nymphoides spp. Floating heart 

Submerged Hydrilla verticillata Hydrilla 

Najas marina/minor Najas 

Potamogeton crispus Curly leaf pondweed 



Vallisneria spiralis Eel grass 

Ottelia spp.   

Marginal Ipomea aquatica Ipomea 

Jussiaea spp. Water primrose 

Typha anqustata Cat-tails 

Cyperus spp. Cyperus 

Algal blooms Microcystis aeruqinosa Microcystis 

Anabaena Blue green algae 

Algal mats Pithophora Horse hair clump 

Spiroqyra Filamentous algae 

Control measures for all the above mentioned classes of weeds and blooms fall into four major 

categories, viz. preventive, manual and mechanical, chemical and biological. Any of these methods 

or at times a combination of methods may be taken up depending on the nature of infestation, pond 

condition, cost involvement and availability of required inputs. 

 Preventive control 

Taking into consideration the high cost of controlling aquatic weeds, certain preventive measures 

are to be followed to reduce the chances of their infestation. 

The preventive measures have to be taken well in advance. The measures include trimming of pond 

margins, dewatering and desilting of old ponds, uprooting or burning of dried marginal weeds 

during the summer and providing barriers to prevent the entry of floating weeds. 

 Manual and mechanical control 

Manual removal of aquatic weeds is an age-old practice and holds good even today in rural areas. 

The free floating groups of weeds are either hand picked or dragged by wire or strong coir rope 

nets. In bigger ponds they should be removed part by part from the marginal areas and finally the 

centrally located weed mass is dragged towards the banks and lifted out. Certain small and light 

floating weeds such as spirodela, lemna, azolla, wolffia, etc., are easily skimmed out by twisted 



straw ropes or fine meshed nets. The manual removal of submerged weeds from a heavily infested 

water body is relatively much more difficult. They are either pulled by hand or hand-drawn bottom 

rakes or uprooted with bamboo poles having a cross piece tied strongly at the terminal end. 

Repeated cutting of the aerial shoots and leaves of rooted emergent plants are also useful. 

Implements used for manual control are mostly hand scythes for cutting, and hand forks, strong nets 

and bamboo poles with terminal cross piece for twisting and uprooting (Fig. 35). 

Mechanical devices used for clearance of rooted submerged weeds are steel cables, cutting chains 

and diesel operated winches (Mitra, 1956). 

 Chemical control 

The manual removal of weeds from heavily infested large water bodies is difficult and time 

consuming. Under such conditions certain commercially available chemicals (herbicides) can 

provide an efficient means of eradication of undesirable aquatic plants. Total kill and disintegration 

of weeds can be achieved by this method ensuring full return of the nutrients back to pond soil and 

water for production of natural fish food. As a matter of fact there is not a single chemical known so 

far which can eradicate all types of weed infestation. Therefore, one must know the weeds and its 

species, appropriate herbicide and its rate and time of treatment. In larger ponds where dense 

infestation covers a substantial portion of the water, the herbicide should be applied part by part if 

the pond is already stocked with fish. As discussed earlier most herbicides are selective in nature 

and when applied to a mixed population of weeds, growth of some tolerant weeds may be 

encouraged at the cost of susceptible ones; likewise, when surface or floating weeds are destroyed, 

the submerged weeds develop. Under such conditions subsequent application of appropriate 

herbicide should be taken up. 

Floating weeds: Water hyacinth is one of the most important weeds of this group. Depending on its 

degree of infestation, they are categorized in three groups, viz. small, medium and big, based on 

their wet weight per unit area. The recommended doses of the herbicide 2–4-D are 2,7 and 12 kg/ha 

for small (13 kg/m
2
), medium (23 kg/m

2
) and big (35 kg/m

2
) (Ramchandran, 1969; Patnaik and 

Das, 1983). Addition of a detergent (0.2 % concentration) to the aqueous solution gives better 

results. The dilution for better coverage has been estimated at 400 l/ha. The foliar spray (spraying 

over the leaves) is undertaken with the help of a foot pump/hand pump sprayer with a three-action 

nozzle. Field application of herbicide, especially towards the interior of thick water hyacinth 

infestation, is a difficult task. In such cases a pair of stout bamboo poles should be laid on the top of 

the infestations so that the operators can walk over them. Normally, the complete kill of plants takes 

around 25 days. This chemical is available in two suitable forms as sodium and amine salt. 



. 

Hand tools Used for Manual Control of Aquatic Weeds 

Water lettuce which often causes a serious problem in fish ponds can be controlled with 0.1–0.2 kg 

of paraquat/ha. This infestation could also be controlled by foliar spray of aquous ammonia (1%) at 

the rate of 50–75 kg/ha along with 0.2 % of any commercially available detergent as a wetting 

agent. 

The aquous ammonia is broadcast as foliar spray over the infestation with a foot pump sprayer and 

a small funnel–shaped sprinkler 3–4 cm in diameter, provided with 10 pin-sized holes pierced on 

the diaphragm covering the mouth of the funnel. The stem of the sprinkler is connected to the 

sprayer through a 30 m long polyethene tube, so that the sprayer is kept on the shore and only the 

sprinkler is taken inside the infested area in a boat. 

The area to be treated inthe field is divided into small plots (20–30 m
2
size) and solution is sprayed 

at the rate of 5 000 1/ha. 

Salvinia forms a thick surface mat in ponds and can be conveniently controlled by the application of 

foliar spray of paraquat at the rate of 1 kg/ha. Usually it takes 30–40 days for the weeds to be killed 

and settled in the pond. 

Smaller floating weeds, e.g. Spirodela, Lemna and Azolla can also be cleared with 0.1 kg/ha of 

paraquat. 

Emergent weeds: Water lily, lotus, and floating heart can be cleared by spraying the herbicide 2–4-

D at the rate of 8–10 kg/ha with detergent (0.25%). The chemical is diluted at the rate of 300 l/ha 

and sprayed through a footpump sprayer. 

Submerged weeds: Ottelia, Vallisneria, Hydrilla, Najas, Potamogeton and Ceratophyllum can be 

controlled by paraquat at the rate of 3–4 ppm within two weeks. It can also be controlled by 

application of anhydrous ammonia at the rate of 15–20 ppm. 



Marginal weeds: Ipomea, Jussiaea, etc., could be controlled by spraying the herbicide 2–4-D at the 

rate of 8 kg/ha. 

Algal blooms and mats: Due to overdose of fertilizers or enrichment of the water through treated 

sewage or agricultural fertilizer, the minute algal cells multiply fast turning the pond water bright 

green or sometimes brickred. Some of the more harmful blooming algae are microcystis, anabaena 

and euglena. A number of chemicals have been employed to control these algal blooms. Copper 

sulphate is perhaps the oldest and a very widely used algicide. The recommended doses are 0.2 to 

1.0 ppm, but it is not very effective in ponds having high pH (pH above 8.6), Microcystis bloom is 

cleared with 0.3 to 0.5 ppm of Diuron. Simazine also clears the bloom in 16–20 days and the rate of 

application is 0.3–0.5 ppm. Both the chemicals do not have harmful effect on fish. It has been 

observed that the sudden kill of blooms is likely to cause oxygen depletion which might cause 

mortality of fish. In order to avoid this a prophylactic dose of diuron (0.1 ppm) should be applied in 

the very early stage of bloom development. Usually the chemical is sprayed over the affected 

portions of the ponds. The common mat forming algae which occur in fish ponds 

are Spirogyra, Pithophora, Oedogonium and Cladophora. Although repeated netting can reduce the 

infestation to a considerable extent in nursery and rearing ponds, application of Diuron at the rate of 

0.3–0.5 ppm is recommended. Various chemicals and the dose of application is summerised in the 

ready reckoner given below . 

 

 Biological control of aquatic weeds 

Another important controlling method is by introduction of weed-eating fishes. Common carp, 

gourami, tilapia, pearl spot, the grass carp and a species of puntius are the fishes of known weed-

eating habits (Table 22). 

Grass carp is the most effective biological control agent against most of the submerged and floating 

weeds except the water ferns. Grass carp normally consumes choiced aquatic weeds, at least 50% of 

their body weight in a day. About 300–400 fish, each of about 0.5 kg weight, are enough to clear 1 

ha of Hydrilla infested water body in about a month. Normally Hydrilla infestation density ranges 

from 5–25 kg/m
2
 (Alikunhi and Sukumaran, 1964). 

 Eradication of unwanted fish 

Predatory fish prey upon the spawn, fry and fingerlings of carps and the weed fish compete with 

carp for food, space and oxygen. Therefore predatory and weed fish should be completely 



eradicated from nursery, rearing and stocking ponds before these ponds are stocked. The commonly 

encountered predatory and weed fish in undrainable ponds are listed below (Table 23). 

Absolute removal of these unwanted fish by thorough and repeated netting is not possible and 

hence dewatering and poisoning the pond are the only alternative methods. If situation permits, 

dewatering should be the preference as it ensures complete eradication of unwanted fishes and 

disinfects the pond bottom. Dewatering also offers the opportunity to desilt the pond bottom. 

However, where it is not possible, which is true in most situations, the pond should be treated with 

fish poison. From an economic point of view the poisoning should be done during pre-monsoon 

season when the water level is usually low, requiring the minimum quantity of poison material. The 

date of poisoning, however, should be fixed about three weeks before the anticipated date of 

stocking. Seasonal ponds which dry up during summer months need not be treated with fish 

toxicants. 

 

Ready reckoner for chemical control of aquatic weeds 

  Weeds Herbicide Brand name Dose Additives 

1. 
Water hyacinth pistia and other 

floating weed 

2–4–D (sodium 

salt/amine salt) 

Taficide 

Hexamar 

Fernoxone 

2–12 kg/ha 
0.1–0.2% 

detergents 

2. Lotus, water lily trapa, etc. -do- -do- 8–10 kg/ha 
0.25% 

detergent 

3. Marginal weeds -do- -do- 8 kg/ha 
0.25% 

detergent 

4. Salvinia Paraquat Gramoxone 1.0 kg/ha - 

5. 
Pistia,spirodela lemna, azolla, 

etc. 
-do- -do- 0.1–0.2 kg/ha 

0.1% 

detergent 

6. 

Submerged weeds (Ottelia, 

vallisneria, hydrilla, najas, 

potamogeton, ceretophyllum, 

etc.) 

-do- -do- 4 ppm - 



7. Pistia 
Aquous 

ammonia 

Dry ammonia 

gas 
50–70 kg/ha 

0.2% 

detergent 

8.  Submerged weeds 
Anhydrous 

ammonia 

Dry amomia 

gas 
15–20 ppm - 

9. Rooted submerged weeds 
Copper 

sulphate 
- 35 kg/ha - 

10. Algal blooms/mats 
Copper 

sulphate 
– 

0.2–1.0 ppm 

(not very 

affective at high 

pH 

- 

  

Simazine - 0.3–0.5 ppm - 

Diuron Karmex 0.3–0.5 ppm – 

Common weed eating fish and the weeds of their preference 

Fishes Names Feed upon 

Common 

carp 
Cyprinus carpio Tender shoots 

Gaurami Osphronemus goramy Tender shoots of submerged weeds and filamentous algae 

Pearl spot Etroplus suratensis Filamentous algae 

Grass 

carp 
Ctenopharyngodon idella 

Submerged weeds e.g Hydrilla 

Najas, Ceratophyllum, Potamogeton, Ottelia and duck 

weeds 

Silver 

carp 
Hypophthalmichthys molitrix Algal bloom 

 

Common predatory and weed fish of undrainable ponds 

Predatory fish Weed fish 



Channa spp. Puntius spp. 

Clarias batrachus Oxygaster spp. 

Heteropneustes fossilis Gudusia chapra 

Pangasius pangasius Amblypharyngodon mola 

Mystus spp. Laubuca spp. 

Ompok spp. Esomus danricus 

Wallago attu Osteobrama cotio 

Glossogobius giuris 

Mastocembelus spp. 

Amphipnous cuchia 

Fish toxicants 

Although a number of chemicals and plant derivatives are available in the market which are 

poisonous for fish, only a limited number of such toxicants are safe and suitable for fish culture 

purposes. Based upon the following criteria a suitable fish poison is selected. 

 Poisoned fish should be safe for human consumption 

 Least adverse effect on the pond biota 

 Toxicity period should be of short duration 

 Should not have residual effect 

 Easy commercial availability 

 Simplicity of application 

 Cost considerations. 

Mohua oil cake, bleachng powder and ammonia are considered suitable. 

 Application of toxicants in ponds 

Mohua oilcake: Of all the fish poisons of plant origin, the most extensively used fish toxicant in 

undrainable ponds is oil cake of Mohua (Basia latifolia). It kills all the fish species within a few 

hours when applied at the rate of 250 ppm (CIFRI, 1968). It contains about 4–6% of active 



ingredient, the saponia, which on dissolving in water haemolyses the red blood cells and thus kills 

the fish (Bhatia, 1970). The required quantity of mohua oilcake should be soaked in water and 

uniformly broadcast over the entire pond surface. Following this operation, repeated netting should 

be done to ensure proper mixing of the poison and removing the affected fishes which are suitable 

for human consumption. The toxicity of doses up to 250 ppm lasts for about 96 hours (Jhingran and 

Pullin, 1985) and subsequently it serves as organic manure in the pond. It should be applied at least 

two weeks before stocking the ponds. 

Bleaching powder: Bleaching powder or Calcium hypochlorite (CaOCl
2
) is another practical and 

safe fish toxicant. It kills all the predatory and weed fish of the pond when applied at the rate of 25–

30 ppm (Tripathy et al., 1980). However, during storage, significant chlorine content is lost and 

hence it is always safer to use the commercially available bleaching powder at the rate of 35–50 

ppm or 350–500 kg/ha/m of water. Fish kill occurs within 1–3 hours and the toxicity lasts for 3–5 

days. Plankton and benthic fauna start developing from the 7th or 8th day after treatment. Chlorine 

content of the bleaching powder thoroughly disinfects the pond which is essential in undrainable 

ponds where disinfection by sun drying is not at all possible. Disinfection of the pond is one of the 

essential measures for maintaining proper health condition of the fish. Besides, it also satisfies the 

lime requirement of the pond soil. 

The method of application is also relatively simple. The powder is mixed with water and uniformly 

spread over the entire water surface. Distressed and dead fish are removed by netting. Chlorine 

killed fish are safe for human consumption. 

Ammonia: Anhydrous ammonia when applied at the rate of 20–25 ppm kills the predatory and 

weed fishes. Besides, it also controls the aquatic weeds and later acts as nitrogenous fertilizer. 

Toxicity of ammonia lasts for 4–6 weeks. 

Details of doses for commonly used fish toxicants are summerised in the following table (Table 24). 

 

Recommended doses of fish poison 

Poison Dose (kg/ha/m) 

Bleaching powder 350 – 500 

Mohua oil cake 2 500 

Anhydrous ammonia 20 – 30 



Powdered seed of Croton tiqlium 30 – 50 

Root powder of Milletia pachycarpa 40 – 50 

Seed powder of Milletia piecidia 40 – 50 

Seed powder of Barrinqtonia acutanqula 150 

Seed meal of tamarind (Tamarindus indica) 1 750 –2 000 

Tea seed cake (Camellia sinensis)
*
 750 

* Requires additional dose of lime at the rate of 150 kg/ha 

The nursery ponds require subsequent poisoning for selective killing of the larger planktonic 

copepods. These copepods are predatory in nature and instead of serving as food for the delicate 

spawn and early fry, they attack and prey upon them resulting in poor survival. For this reason 4–5 

days prior to stocking of spawn, the pond should be treated with malathion at the rate of 0.25 ppm 

(active ingredient) for selective killing of the planktonic copepods. This treatment significantly 

increases the survival in nursery ponds (Kumar et al., 1986). Such treatment is not required in 

rearing and stocking ponds. 

Calculation of dose 

The required quantity of poison can be calculated using the following formulae. 

For rectangular ponds: 

 

= Required amount of poison in kg. 

For circular ponds: 

 

= Required amount of poison in kg. 

Eradication of predatory insects 

https://www.fao.org/3/T0555E/T0555E09.htm#note24*


Many aquatic insects in their larval and/or adult stages, prey upon fish hatchlings and fry and also 

compete with them for food. The common insect predators are beetles, bugs and dragonfly nymphs 

(Fig. 36). Among beetles, diving beetle (Cybister), water scavenger beetle (Sternolophus) and 

whirling beetle (Gyrinus) are more dangerous forms. Back swimmers (Anisops) appear in swarms 

in manured ponds during rainy season and cause heavy damage. Other predatory members of this 

group are water scorpion (Laccotrephes), giant water bug (Belostoma) and water stick insect 

(Ranatra). Dragonfly nymphs are highly predatory on carp spawn. 

Proper prepration of nursery ponds for stocking with spawn thus also aims at total eradication of 

such predatory insects. The basic method is to apply a thin oily film over the pond surface which 

chokes the respiratory tubes of aquatic insects. The spawn and fish food organisms remain 

unaffected. Some of the common treatment methods are presented in the following table (Table 25). 

 

Pond treatment methods for eradication of predatory aquatic insects 

Treatment method Dose/ha 

Soap oil emulsion 56 kg vegetable oil + 18 kg soap 

Diesel oil 50 – 60 1 

Kerosene oil 80 – 100 1 

Turpentine oil 75 1 

Diesel emulsifier Diesel 50 1 * emulsifier 37.5 ml + water 2 1. 

 



ADVERSE ENVIRONMENT FAVOURS 

PATHOGEN PROLIFERATION AND CUASE 

STRESS TO FISH 

BETTER ENVIRONMENT FAVOURS FISH 

PREVENT QUICK PROLIFERATION 

 

 

HOST PATHOGEN ENVIRONMENT-

INTERACTIONS 

RESULTING DISEASE-OUTBREAK 

HOST PATHOGEN ENVIRONMENT 

INTERACION 

RESULTING IN ‟NO DISEASE„ 

CONDITION 

  H-SUSCEPTIBLE HOST   

  AE-ADVERSE HOST   

  P - VIRULENT PATHOGEN   

 Common Insect Predators in Nursery Pond 

Except for soap-oil emulsion other mixtures or emulsion are easily prepared by simple mixing. For 

making soap-oil emulsion, the soap is mixed with oil and gently heated for some time with vigorous 

stirring. These emulsions are applied by spraying over the pond surface about 12–24 hours prior to 

stocking of spawn. It is the film of the emulsion which is important and hence care is taken not to 

disturb the film for a few hours. Windy days should be avoided as it will break the film. 

Malathion application in nursery ponds also controls the predatory insects population and hence 

subsequent treatment for control of insect is not required. However, if swarms of these predatory 

insects are seen in the nursery pond, treatment should be applied immediately. Fertilization of 

ponds 



Fertilization schedule involving both organic and inorganic fertilizers starts 10–15 days prior to 

stocking and is prepared on the basis of nutrient status and chemical environment of the pond soil 

and water. 

 Basis of fertilization 

In undrainable ponds where the frequent change of water is a remote possibility, the physico-

chemical properties of pond water governing the biological production cycle are more or less a 

reflection of the bottom soil. The organic and mineral constituents of the soil play their part in 

releasing the required nutrients into water for pond productivity through chemical/biological 

processes. Pond bottom soil also provides suitable substrates and necessary environment for the 

microbial decomposers - the living fertilizer factory of the pond. Thus it is the soil condition and its 

nutrient status that forms the basis of pond fertilization by using either organic manure or inorganic 

fertilizer or a combination of both. Important characteristics of pond soil which influence fertilizer 

use is briefly described here. 

Texture of the soil: The texture of pond soil, i.e. mechanical composition of the soil comprising 

sand, silt and clay and organic matter content, basically influences the economy of both inherent 

and added nutrients. Sandy and very clayey soil are not desirable as in the former the nutrients are 

lost due to heavy leaching; while in the latter, due to high adsorption capacity, the nutrients from 

the water are trapped. Clay minerals and organic matter of the bottom mud are both colloidal in 

nature and thus exhibit colloidal properties like adsorption and cation exchange phenomenon. 

Sandy soils, on the other hand are low in colloidal substances and also deficient in organic humus. 

These are important considerations for deciding the application of fertilizers and manures. 

Soil pH: As in water, pH of soil is also one of the critical factors affecting pond productivity. Under 

anaerobic condition the decomposition of organic matter is slow and the products of 

decompositions are mainly reduced compounds and short chain fatty acids thus making the soil 

strongly acidic. Soil pH also influences transformation of phosphorus into available forms and 

controls the adsorption and release of essential nutrients at the soil-water interface. Both for soil and 

water a slightly alkaline pH is considered favourable for fish ponds. 

Availability of essential mineral nutrients such as phosphate, nitrogen, potassium, carbon and 

calcium is a consideration which determines the quality and quantity of fertilizers to be applied. 

Nitrogen is required in large quantities as it is the basic and primary constituent of protein and 

chlorophyll. Although, phosphorus is required in a small quantity compared to nitrogen, it is 

considered as the single critical element for maintaining aquatic productivity. Banerjee (1967) 



classified the undrainable ponds into low, medium and highly productive groups, on the basis of 

their nutrient status considering mainly nitrogen, phosphate and organic carbon (Table 26). 

 Fertilization schedule 

Proper analysis of soil and water is essential before deciding on the fertilization schedule. Detailed 

recommendations have been made in the chapter on pond environmental monitoring  

Nutrient status of high, medium and low productive ponds 

  Available nutrients   

Productivity level pH N(mg/1000 g soil) P2O5 (mg/1000 g soil Organic carbon (%) 

High 6.6 – 7.5 50 or more 6 – 12 1.5 or more 

Medium 5.5 – 6.5 25 – 49 3 – 5 0.5 – 1.4 

Low Below 5.5 Less than 25 Less than 3 Less than 0.5 

Liming: Diurnal changes in pH values ranging from pH 5 during the night and pH 11 during the 

day due to community respiration and photo-synthesis is a common experience but such wide 

variations impose stressful conditions for the fish. An adequate level of calcium in the pond 

provides a buffering system as shown in Figure 37. 

Liming helps to raise the total alkalinity level and consequently the reserve CO2 will increase the 

availability of carbon for photosynthesis by raising the bicarbonate concentration in water. This 

raised level of reserve CO2 will also prevent biological decalcification. 

 



. Mechanism of Buffering Action of Line 

Depending on the pH of the soil, the dose of the liming should be Adjusted as per the following 

table (Table 27). Alkalinity can also be used as an indicator of the need for lime in fish ponds. 

The total dose of lime calculated as per the table, need not be applied at one time. It may be divided 

into 3–4 doses and the first dose may be applied about a week prior to the manuring of the pond. It 

helps in faster mineralisation of organic matter in the pond sediment and acts as a prophylactic 

agent as well. The same dose is applicable for nursery, rearing and stocking ponds. However, as and 

when needed during the culture period, additional doses of lime can also be applied. 

Requirement of lime for different types of pond soils 

Soil pH Soil type Requirement of lime(kg/ha) 

4.0 – 4.9 Highly acidic 2 000 

5.0 – 6.4 Moderately acidic 1 000 

6.5 – 7.4 Near neutral 500 

7.5 – 8.4 Mildly alkaline 200 

8.5 – 9.5 Highly alkaline Nil 

Manuring: Organic manuring besides being important as means of adding the nutrients, is also 

equally important for improving the soil texture. A combination of organic manures and inorganic 

fertilizers is considered more effective than using either of these alone. However, in nursery ponds, 

use of mineral fertilizers is not recommended as the application may cause blooms of algae which 

may persist and may harm the young fry. Cow dung at an initial dose of 10 000 kg/ha may be 

applied in the nursery ponds about two weeks prior to anticipated stocking. If the pond is poisoned 

by mahua oil cake, then the dose should be restricted to 5 000 kg/ha. If two or more crops of fry are 

to be produced during the season from the same nursery ponds, then the pond should be fertilized 

with 2 000 kg/ha of cattle dung about a week before each subsequent stocking. In case of poultry 

manure the dose should be only 33% of the cattle dung. Rearing ponds are initially manured with 

the raw cattle dung about two weeks prior to stocking. The rate of application is between 5 000 – 7 

000 kg/ha in 5 instalments. If the pond is treated with mohua oil cake then the dose of organic 

manuring is reduced to half. Dose of inorganic fertilizers may be regulated as per pond soil 

productivity determined by detailed analyses. In the absence of soil testing facilities a general 



recommendation should be followed. In such cases inorganic fertilizers are applied at the rate of 

urea 140 kg/ha and triple superphosphate 60 kg/ha in 4–5 instalments. 

In stocking ponds a combination of organic and inorganic fertilizers is considered more effective. 

Initial manuring with organic manure at the rate of 20% of the total requirement is done 15 days 

prior to stocking and the remaining 80% of the organic manure is applied in 11 equál monthly 

instalments during the rearing period. However, if mohua oil cake is applied earlier, the initial 

manuring is not essential. 

The total quantity of inorganic fertilizers to be applied is decided according to soil type (Table 28) 

and applied in equal monthly instalments. The monthly instalments of organic and inorganic 

fertilizers are applied alternately allowing a gap of a fortnight between the two applications. 

Nitrogenous fertilizers are selected on the basis of soil pH. 

 

Amount of fertilizers required for ponds having 

high, medium and low levels of productivity 

Pond productivity levels 

  High Medium Low 

Rate of application of fertilizer (kg/hg/y) 

Cattle dung 5 000–8 000 8 000–10 000 10 000–25 000 

Urea (43–45%) 112–155 156–225 226–260 

Ammonium sulphate (20.5%) 225–330 - - 

Calcium ammonium nitrate (20.5%) - 350–500 501–650 

Single super phosphate (16–20%) 156–219 220–315 316–405 

Triple super phosphate (40–45%) 54–75 76–110 111–145 

In the absence of proper soil testing facilities fertilization schedule in stocking ponds may be 

followed as per the following table (Table 29). 

 



Generalized fertilization schedule for stocking ponds (CIFRI, 1985) 

Item 
Quantity 

(kg/ha) 
Periodicity of application 

A. Cattle dung 2 000 Initial dose 

  Cattle dung 1 000 Monthly 

B. Urea (pH 6.5–7.5) or 25 Monthly 

  Ammonium sulphate (pH above 7.5) or 30 Monthly 

  Calcium ammonium nitrate (pH 5.5–6.5) 30 Monthly 

C. Single super phosphate or 20 Monthly 

  Triple super phosphate 8 Monthly 

 Stocking 

Complete detoxification of the piscicide applied earlier should be ensured before stocking the 

nursery, rearing and stocking ponds. One or two days prior to stocking, a hapa should be fixed in 

the pond and some stocking materials should be put inside the hapa. Absence of distress and 

mortality after 24 hours confirm complete detoxification and the pond should be regarded as ready 

for stocking. 

Stocking of nursery ponds 

Carp spawn requires natural feed immediately after stocking and hence it is essential to have a 

minimum plankton value of 30–40 ml/m
3
 in case of stocking at a moderate rate (1.5–2.5 

million/ha). When a higher stocking rate is to be adopted, plankton population is also required to be 

increased accordingly. In case the stocking density is over 5 million/ha, the plankton volume should 

be around 100 ml/m
3
. 

Self-produced or procured 3–4 days old spawn should be stocked in the morning at the rate of 4–6 

million/ha. The stocking density must be according to the condition of the pond and the amount of 

fish food organisms available. The rate of stocking in a well prepared nursery pond with adequate 

fish food organisms can be as high as 10 million/ha. However, the survival level decreases with the 

increase in stocking density (Sen, 1976), (Table 30). 



 

Survival of carp fry at various stocking densities 

Survival level (%) Stocking density (million/ha) 

87.3 2.5 

74.6 3.75 

62.0 6.25 

66.2 10.00 

Combined rearing of two or more species of spawn should not be done in nursery ponds. The pond 

should be stocked after three days of hatching when their sizes range from 0.6–0.75 cm and counts 

on an average about 500 numbers/ml. The required number of spawn are measured with the help of 

metallic or plastic sieve cups of known volume. Spawn are reared in nursery ponds up to fry stage 

for about 2–3 weeks when they usually attain 2–3.5 cm in length and 0.15–0.75 g in weight. At 

higher stocking density the growth is relatively slow. It is possible to raise 3–4 crops of fry from the 

same pond during the same breeding season and in addition, the pond can also be utilized for 

rearing of common carp seed during January to March. 

Stocking of rearing ponds 

Rearing of fry to fingerling stage is done in rearing ponds where fry are stocked at the rate of 0.25–

0.30 million/ha with a survival level of 60–80% under proper pond conditions. Either monoculture 

or polyculture methods can be adopted for this rearing. 

In the case of polyculture the species combination and their ratio should be decided on the basis of 

their habit, feeding, availability of feed, etc. Some of the possible combinations are - catla, rohu, 

mrigal, common carp (3:4:1:3); silver carp, grass carp (1:1); silver carp, grass carp, common carp 

(4:3:3); catla, rohu, mrigal, grass carp (4:3:1.5); silver carp, grass carp, common carp, rohu 

(3:1.5:2.5:3), etc. Combination of too many species should be avoided as it invites excessive 

handling at the time of harvesting for species segregation. Fry are reared in ponds for about 3 

months when they usually attain 100–150 mm in length and 15–40 g in weight. For healthy fry 

rearing it is recommended that the size of the fry at the time of stocking in the rearing pond should 

be as uniform as possible. This can be done by size grading at the time of fry harvesting from 

nursery ponds. Prior to stocking the rearing ponds the pond waters must have a plankton level of 

about 30–50 ml/m
3
. 



 Stocking of grow-out/stocking ponds 

After proper preparation, the pond should be stocked with 100–150 mm long fingerlings of desired 

carp species. In case the fingerlings are not available, the pond can also be stocked with advanced 

fry or early fingerlings in absolutely predator-free ponds. The stocking rate depends primarily upon 

the volume of water and on the oxygen balance of the pond. Quality of available natural fish food in 

the pond and the capacity of the farmer to provide supplementary feed, are also matters for 

consideration. Usually a pond having average water depth of 1.5–2.5 m should be stocked at the 

rate of 5 000 fingerlings/ha. The volume of water available for fish in an undrainable pond should 

not be less than 2 m
3
/fish if there is no provision of artificial aeration. In composite fish culture, 

rearing of six species of carps, viz. catla (Catla catla), rohu (Labeo rohita), 

mrigal(Cirrhinus mrigala), silver carp (Hypophthalmichthys molitrix), grass carp 

(Ctenopharyngodon idella) and common carp (Cyprinus carpio) is considered to be the ideal 

combination. However, depending on the availability of quality fingerlings of these carp species, 

three or four species combinations can also be taken up. Ratio of different species in the 

combination is also equally important. However, there are certain general guidelines for selecting 

species combinations. 

 

Different species combinations and their 

stocking ratios for composite fish culture 

Species 

combination 
Surface feeder 

Column 

feeder 
Bottom feeder 

Macrophyte 

feeder 

  Catla 
Silver 

carp 
Rohu Mrigal 

Common 

carp 
Grass carp 

3 40 - 30 30 - - 

4 
30–

40 
- 20–30

*
 15–20 20–25 - 

6 
10–

15 
20–30 15–30

*
 15–20 20–25 5–15 

* Lower units in shallow ponds 

https://www.fao.org/3/T0555E/T0555E09.htm#note31*
https://www.fao.org/3/T0555E/T0555E09.htm#note31*


Availability of weed in the pond or in the vicinity decides the stocking density of grass carp. In 

older ponds where the soft sediment layer of the pond bottom is usually very thick and anaerobic in 

nature, the ratio of bottom feeder and especially the common carp should be kept at a higher level. 

Likewise, the relative density of column feeder-rohu should be kept on the high side in deeper 

ponds than in shallower ponds, whereas ponds showing consistently higher zooplankton population 

should have a higher ratio of surface feeders. Based on the performance of individual species in the 

combination and availability of seed, combinations can be modified in subsequent years. Silver 

carp, however, should be stocked 1 or 2 months later. Interspecies competition for food between 

catla and silver carp to some extent is the key point for such differential stocking. The stocking 

pond also should have a desired level of plankton population of about 30–50 ml/m
3
. 

Method of stocking 

Stocking of spawn, fry and fingerlings should be done very carefully to avoid any post-stocking 

mortality due to shock or infections. To minimize post-stocking mortality the fry/fingerlings should 

be slowly and gradually acclimatized to the temperature and quality of the water in the stocking 

pond. To do so, open the mouth of the seed transport bag/container and gradually add the pond 

water in phases and after 15–20 minutes slowly dip and tilt the bag/container in the pond so that the 

spawn/fry/fingerlings are free to swim out. Stocking should preferably be done in the cool evening 

hours. Apply prophylactic treatment to seed prior to their release so as to avoid any post-stocking 

infections (Section 9.3.4). 

 Post-stocking management 

Post-stocking management involves harnessing the pond productivity in the form of natural fish 

food, maintenance of pond environment congenial to the cultivated fish and fish husandry, mainly 

feeding and health care. 

 Feeding 

Soon after stocking, the fish start grazing natural food available in the pond irrespective of their 

stage of life cycle. Spawn feeds voraciously on plankton. Therefore, immediate steps must be taken 

for providing supplementary feed. In the case of nursery ponds where spawn are reared for about a 

fortnight up to fry stage, supplementary feed is broadcoast on the pond surface in the form of fine 

powder daily in the morning hours at prescribed rates (Table 32). 

Table 32 

Rates of daily supplementary feeding at various stages of culture 



Stage Daily feeding rate 

Spawn to fry 4–8 times of the initial body weight 

Fry to fingerlings 50–100% of the initial body weight 

Growers 1 – 2% 

Brood fish 1 – 3% 

The following schedule of feeding should be followed for nursery ponds (Table 33). 

Table 33 

Feeding schedule for nursery ponds 

Period (Day from the date of 

stocking) 
Rate of feeding 

Amount of feed for 0.1 million of 

spawn 

1 – 5 
4 times the total initial 

weight 
560 g/day 

6 – 12 
8 times the total initial 

weight 
1 120 g/day 

13 No feed - 

14 Harvesting   

At the time of stocking, the spawn of 0.65–0.75 cm average length weigh about 0.0014 g each, and 

a mixed collection of 0.1 million weigh about 140 g. 

Grass carp is fed its preferred aquatic vegetation or green animal fodder as per the following table 

(Table 34). See Fig. 38. 

Table 34 

Feed for grass carp during various stages of life cycle 

Stage Feed 

Fry (1.7 – 3.9 cm) Soft macrophytes such as Azolla, Wolffia, Lemna and Spirodella, etc. 



Fingerlings (4.0 – 

15.0 cm) 

Hydrilla, Ceratophyllum, Vallisneria, Najas, Chara, etc., in addition to those 

mentioned above. 

Juveniles/Adults 

(above 15.0 cm) 

In addition to above, green animal fodder such as barseem, napier, hybrid 

napier, elephant grass, tender leaves of vegetables and trees such as soobabul, 

drumstick, etc. 

 

 

 

Feeding Enclosure for Grass Carp 

The form in which the supplementary feed is given is also important. In the nursery ponds the feed 

should be provided in finely powdered form and may be broadcast over the pond surface. In the 

case of rearing, stocking and brood stock ponds, the supplementary feed mixture should be mixed 

with enough water to make a dough and applied into feeding trays fixed in the ponds. Better results 

can be obtained if the feed mixture is pelletized and fed to fish (Fig. 33B). The pellets may be of the 

sinking or floating type, but both types should be water stable. The sinking type of pellets are put in 

feeding trays fixed in the pond. 

The standing crop of fish is estimated every month on the basis of sample netting for growth and 

health check and feeding schedule is adjusted accordingly. Periodical netting should be done strictly 

on a monthly basis and with the help of hand nets and spring balance (Fig. 39), the average weight 

of each species should be recorded (Table 35). The average weight of individual species, monthly 



increment in weight, total standing crop and amount of feed to be given should be estimated on the 

basis of data thus available. 

The feeding tray should be cleaned daily before the application of fresh feed. Fish normally stop 

feeding if they are sick or the temperature is far below normal. In such situations a proper health 

check is required and the feeding rate is adjusted. Grass carp should be fed until they stop eating. 

Usually they consume aquatic vegetation, about 50% of their body weight on a daily basis. 

Table 35 

Data sheet for monthly netting 

Species 

stocked 

Av. wt. of 10 fish (g) Av. wt. of 

this 

month(g) 

Av. wt. of 

last 

month(g) 

Monthly 

growth 

(g) 

No. of 

fish 

stocked 

Total 

estimated 

crop (kg) 
1 2 3 4 5 

(Samples) 

Catla 11000 11000 11500 11250 11750 1 110 1 025 85 150 166.500 

Rohu 6000 7000 7500 7000 7500 700 650 50 200 140.000 

Mrigal 9000 9500 9000 9500 9100 922 850 72 200 184.400 

Silver 

carp 
22000 22750 22500 22500 22250 2 240 2 000 240 150 336.000 

Grass 

carp 
50000 50500 50000 45500 48000 4 880 4 300 580 100 458.000 

Common 

carp 
12000 12600 12000 12500 12500 1 232 1 150 82 200 246.400 

  Estimated total standing crop 1531.300 

Amount of feed to be applied daily at the rate of 2% body weight 30.6 kg 

Av. wt. - Average weight 

Periodic fertilization 

The next step in post-stocking management is the periodic fertilization which ensures replenishment 

of nutrients and consolidation of the energy base for microbial decomposition activities. The 



desired total quantity of fertilizers are best applied in small equal doses at periodical instalments 

throughout the rearing period so as to ensure maximum utilization of these fertilizers. The mode, 

sequence and timing of application of fertilizers are important or achieving best results. Lime 

should be applied first followed by the organic manure and finally the inorganic fertilizers an the 

same order is followed subsequently. These fertilizers should be applied only when the physical 

conditions of the water are most suitable such as plenty of sunlight, adequate oxygen, optimum 

temperature, adequate water level and low wind velocity. Turbid water with a high content of 

suspended solids are not preferred. Fertilizer should be sprayed or distributed properly over the 

water surface during the day time when the top layer of water is warmer and lighter. Inorganic 

fertilizer application must be stopped temporarily when the nitrate and phosphate content of water 

show a level of 0.5 ppm or above at any stage during the periodic pond environment monitoring. 

Similarly, organic manuring may also be stopped if the soil organic carbon level goes beyond 2%. 

However, normal application may be resumed after the specific nutrient level goes down. Care 

should be taken to see that the phosphatic fertilizers dissolve properly in the water since powdered 

orgranular fertilizer may often solidify after coming in contact with water. It is more effective if 

doses are divided further so that application is more frequent. The results are encouraging when 

organic manures are applied in daily doses in pons. The desired amount of cattle dung is mixed with 

water and uniformly spread over the entire pond surface. In nursery ponds the first manuring is 

done two weeks prior to stocking and if more than one crop is nursed, fresh manuring should be 

done a week prior to every subsequent stocking. 

 

Figure 39. Hand Net and Spring Balance 

A periodical fertilization schedule is summarized in Table 36. The rate of fertilization by organic 

and inorganic manures has already been discussed (para 9.1.3.2). 



 

 

 

Ponds Manure Periodicity 

Nursery ponds Organic manure 3 weeks 

Rearing ponds Organic manure and Inorganic fertilizer 3 weeks - daily 

Stocking ponds Organic manure and Inorganic fertilizer Monthly 

Pond environmental monitoring 

General considerations 

Proper pond management involves a regular and steady supply of nutrient for sustained production 

of fish food organisms. The supply of nutrients could be from within the pond itself or from 

outside. It is also required to regulate the physico-chemical parameters of the pond ecosystem 

within the safe tolerance limits of the cultured fish species. This necessitates periodical monitoring 

of pond environment and taking corrective measures in time. Olah and Sinha (1984) have 

developed a practical monitoring system of perennial undrainable ponds which offer the monitoring 

of basic architecture and production processes of such pond ecosystems in tropical monsoon lands. 

The system needs simple instrumentation, little working time and labour and reveals sufficient 

information about the actual nutrient level of pond sediment and water. Most of these parameters 

can be easily measured at the pond site while some require laboratory facilities. The monitoring 

system gives reliable guidelines for fish farmers to optimize fish production. 

 Parameters to be monitored 

It is essential for extension workers to name and code-number the ponds in their area. Such coding 

may be based either on postal district/unit/village farmer's name, etc. The fish farmer should record 

the following information on his fish farm: 

Nature of pond: Perennial or seasonal; nursery pond, rearing pond or stocking pond. 

Water area: Measurement of the water area is essential in order to know the size of the pond for 

proper fish stocking and quantifying the production processes. This can be done easily with the help 

of a bamboo pole of known length. 



Age: Age is one of the most important parameters, since it has direct relevance with the 

productivity of the pond which usually varies from one year to several hundred years. 

Management: Management status should record the existing management techniques and its level 

(intensive or extensive). The species of fish present, details of culture activities, stocking structure 

and density, fertilization, feeding, harvesting, marketing, etc, need to be recorded. To obtain 

qualified data on the organic carbon and biogenic nutrient load it is necessary to know the number 

of livestock and human population associated with the particular pond. 

The fish farmer should also monitor the following parameters on a routine basis. 

Water colour: The visual colour of the pond water is a simple but important reflection of the basic 

production processes. 

Water transparency: Water transparency measured with a Secchi disc is intended to quantify the 

result of those processes which determine and modify the visual colour. However, a low 

transparency may result either from high turbidity alone or from dense algal population and thus 

cannot reflect the correct trophic or production level of the water. However, the Secchi transparency 

readings together with the visual colour provide valuable information on the productivity of the 

water. 

Water depth: The primary water source is usually the rainfall during the monsoon. After the rainy 

season the water level gradually decreases which results in a very shallow water column by the end 

of the dry season. The water depth can be measured with a 4–5 m long bamboo pole fitted at its 

base with a wooden disc of 25 cm dia. 

Soft sediment depth: A soft sediment layer is usually present in the pond bottom. The depth of this 

layer can be measured with a 6–8 m long bamboo pole having a wooden disc of 10 cm dia at its 

base. 

Solid sediment depth: In older ponds, in addition to the soft sediment layer, a solid sediment layer 

with a low water content is also present. The thickness of the layer can be measured with a 6–8 m 

long bamboo pole with a sharp end. The total thickness of the soft plus solid sediment layers has a 

direct relation to the age of the fish pond, at times the sediment layer measures more than 2 m. Such 

thick sediment, having a rich nutrient content, is anaerobic in nature with slow bacterial 

decomposition and mineral cycling rates. This should be properly utilized for fish culture. 

Chemical environment in the water column: The water is chemically characterized by pH, 

alkalinity, NH4-N, NO3N and PO4-P measurements following standard methods. Normally the pH 



and alkalinity do not change from pond to pond on the same types of maternal soil. The 

measurements of NH4-N, NCO3-N and PO4-P indicate the basic inorganic nutrient status of the 

pond.' Simple chemical parameters such as dissolved oxygen and pH may be measured using field 

kits. Slightly alkaline water (pH 7.0–8.5) and oxygen levels of 6–9 ppm indicate optimum 

condition. 

Dawn oxygen: Fish ponds usually exhibit wide fluctuations in the dissolved oxygen content from 

day to night. This diurnal oxygen fluctuation is normally measured to calculate the community 

metabolism of the whole pond while quantifying the production and respiration processes in the 

ecosystem. A single measurement just before sunrise would be an important indicator of the risk of 

fish kill due to oxygen depletion. Desirable ranges of various pond environment parameters are 

presented in Table 37. 

Table 37 

Desirable ranges of pond water quality parameters 

Parameters Desirable range 

Water colour Greenish brown 

Transparency 25 – 50 cm 

pH 7.0 – 8.5 

Dissolved oxygen 5.0 ppm 

Free carbon dioxide 15.0 ppm 

Inorganic nitrogen 0.2 ppm 

Inorganic phosphorus 0.2 ppm 

A simple schedule for monitoring the important parameters is presented in Table 38. 

Table 38 

Environmental monitoring schedule 

    Periodicity 

  Parameters Daily Weekly Fortnightly Monthly Quarterly 



A. Water 

  Water colour x - - - - 

  Transparency - x - - - 

  Temperature x - - - - 

  Depth - - - x - 

  pH - x - - - 

  Free CO2 - x - - - 

  Alkalinity: Total - - x - - 

  Bicarbonate - - x - - 

  Dawn Dissolved O2 x - -   - 

  NH4-N - - - x - 

  NO3-N - - - x - 

  PO4-P - - - x - 

B. Soil 

  Sediment depth - - - - x 

  pH - - - x - 

  Organic carbon - - - - x 

  Total nitrogen - - - - x 

  Total PO4-P - - - - x 

Fish health monitoring 

In most of the situations, cultured fish are healthy even in the continuous presence of pathogens. 

However, when environmental stresses occur and the balance shifts in favour of the disease, the 

characteristic pathogens flourish. Under such circumstances if the fish fail to adjust adequately or if 



corrective measures are not taken timely, outbreak of diseases may occur. By resolving 

environmental problems and applying effective therapeutics, the original balance between the host 

and the pathogen may be restored. Thus a disease outbreak may often be a symptom of 

environmental imbalance and it gives a distress signal so that the adverse environmental conditions 

may immediately be corrected to prevent fish losses. The approach to health care in composite fish 

culture in undrainable ponds is essentially one of management of ecosystem and fish husbandry. 

 Host-pathogen-environment linkage 

Susceptible fish, the virulent pathogen and the aquatic environment in which they encounter each 

other are the three contributing factors in fish disease outbreaks (Snieszko, 1974). The fish itself 

possess a varied and complex defense system, the immune system, the potency of which determines 

the susceptibility or resistance to the particular pathogen under a particular circumstance. Several 

environmental components effectively influence the normal immune mechansim of the fish when 

their value exceeds the normal tolerance limits. A virulent pathogen, when present in the 

surrounding, is usually capable of causing an infectious disease to fish under stress. The causative 

agents of the disease and their fish hosts carry on their struggle in the aquatic environment and the 

environmental parameters which influence this encounter may shift the balance from one side to the 

other and often determine whether the host will overcome the infection or the pathogen will flourish 

(Fig. 40). 

Some of the infectious and parasitic agents can survive only in live fish, and in such cases the 

disease transmission is from fish to fish. Such disease-producing agents are true pathogens. Others 

are extremely adaptable organisms which can survive outside the fish and cause infections 

whenever fish are weakened or otherwise predisposed to disease due to environmental stress. Most 

of the fish disease agents belong to this category. 

 Health monitoring programme 

Health protection of cultured fish is considered to be one of the most important aspects of modern 

aquaculture systems including the composite fish culture which requires a programme basically to 

check the health status of the fish quite frequently and employment of fish health management 

measures. This enables timely detection of any disease outbreak and taking up proper treatment 

measures at the initial stage. Otherwise, in advanced stages of the disease, control and treatment 

measures do not provide economical and effective. 

A fish health monitoring programme should consist of the following components: 

i. Daily observation of fish in each pond. 



ii. Sampling and examination of fish at regular intervals for health check and diagnosis of the 

disease if any. 

iii. Monitoring of pond quality and sanitation. 

iv. Sampling and examination of fish at the onset of distress, disease outbreak or mortality. 

 

Figure 40. Effects of Environmental Changes on Fish-Pathogen Relationship 

The sampling for health check of fry and fingerlings should be done at weekly and fortnightly 

intervals respectively, while in composite fish culture ponds it should be at least once a month. A 

thorough health check of fry/fingerlings is required 1 or 2 weeks before netting out for stocking in 

grow-out ponds or before transfer to another pond. Such an examination will provide sufficient info 

rmation for planning. 

Diseased fish may exhibit either or both physical and behavioural signs, the most common of those 

are listed below: 

Behavioural signs: 

 slowing down or a complete stoppage of feeding; 

 loss of equilibrium, swimming erratically or in spirals; 

 surfacing for gulping air and scraping against the floor and sides of the pond. 

Clinical symptoms: 



 excess mucous secretion; 

 change in normal colouration; 

 erosion of scales, part of fins, skin, etc.; 

 decolouration or paling of gills; 

 abdominal swelling; 

 bulging of eyes; 

 presence of cysts, spots or patches over the body and gills, etc.; 

 appearance of lesions, haemorrhagic spots and greyish or brownish areas over the body. 

Laboratory examinations: 

Thorough visual examination for external signs of the disease should be followed by detialed but 

quick laboratory examination by pathomorphologica, pathoanatomical and microscopical studies of 

squash and smear preparation from different organs/tissues. Diagnostic procedures in brief are 

presented below (Table 39). 

In situations where a disease problem is suspected, only those specimens exhibiting symptoms of 

distress or disease should be selected. Live moribund speciments are preferred, but if necessary, 

freshly dead specimens may also be collected for laboratory examination. 

Table 39 

Methods for diagnosis of commonly occurring diseases of Asiatic carps in undrainable ponds 

  Disease agent 
Method of 

examination 
Positive indications 

A. Parasites 

1. Protozoa 

  

Ichthyophthirius Microscopy Pin-head size white spots on the skin, fins 

and gills. Presence of ciliated trophozoites 

with relatively large horseshoe shaped 

nucleus. 

  
Trichodina Microscopy Presence of saucer-shaped actively moving 

ciliate parasites on body surface and gills. 

  Myxozoans Microscopy Presence of cysts, spores on gills, body 

surface and/or in the squash preparations of 



kidney. spleen, air-bladder, etc. 

2. Crustaceans 

  

Arqulus Visual examinations/ 

microscopy 

Haemorrhagic spots, lesions over the body 

and presence of parasites attached to fish 

body by means of suckers and hooks. 

3. Flukes 

  Gyrodactylus/ Dactyloqyrus Microscopy Presence of parasites in gills and skin. 

  
Diplostomum Visual examination/ 

microscopy 

Small pigmented black nodules over the 

body surface 

B. Fungi 

1. Saproleqnia Microscopy /visual 

examination 

Body lesions associated with small white 

tufts of hyphae on fins and skin. Infected fish 

eggs fail to hatch and show presence of 

fungus mycelium protruding from the egg 

surface. 

2. Branchiomyces Microscopy Decolouration of gills, erosion of lamellae 

and presence of fungal hyphae in blood 

vessels. 

3. Achlya Microscopy Cottony outgrowths of fungal mycelium over 

the infected area. 

C. Bacteria 

1. Aeromonas hydro- phila Culture/microscopy Dropsy condition and haemorrhages over the 

body. 

2. Pseudomonas fluodrescens Culture/microscopy Clinical condition is usually 

indistinguishable from that 

of aeromonas. Haemorrhages over the body. 

3. Flexibacter columnaris Culture/microscopy Appearance of external lesions on the body, 

head region and gill. Lesions initially begin 



as whitish or brownish patches with reddish 

zone around the periphery. 

D. Virus 

1. Rhabdovirus of common 

carp 

Cell culture/serum 

neutralization test 

Common carp is prone to this disease 

showing dropsy condition. 

2. Rhabdovirus of grass carp Cell culture/serum 

neutralization test 

Only grass carp is prone to this disease 

exhibiting similar dropsy symptoms. 

Smear preparation of selected tissues and organs may be made on the spot by smearing the material 

on a slide. Slides can then be dired, stained and examined immediately. Bacteriological media can 

be inoculated with materials from various organs, especially kidney, heart, etc., employing aseptic 

techniques. On-site disease diagnosis permits the immediate application of chemotherapy or 

remedial measures to control or eradicate the disease. However, accurate diagnosis of disease is of 

utmost importance if proper treatment is to be applied and this is possible only through experience 

and training. At times, may disease conditions occur which cannot be properly diagnosed without 

specialized laboratory facilities and in such conditions samples should be sent to such laboratories 

under proper preservation, packing and shipment (Dey, et al., 1982). As far as possible the 

specimen for examination to reference laboratories should be always sent live but when 

circumstances prohibit live delivery, specimens may be forwarded packed in ice. Specimens for 

parasitology examinations may be preserved in 5–10% formalin solution. In case of larger 

specimens incision may be made to facilitate effective penetration of the fixative. The volume of 

fixative should be at least five times the volume of materials to be preserved. 

 Health management measures 

Understanding and managing the undrainable pond environment is the key to successful fish health 

management and profitable fish culture, and to ensure this the knowledge of the role of various 

environmental components in the occurrence of disease outbreak is essential. The main thrust of 

such measures is directed toward: 

 minimizing the stress on cultured fish; 

 prevention of the introduction of serious disease agents; 

 confinement of disease outbreaks to affected areas; 

 minimizing losses from disease outbreaks. 



The following important measures are the key components of successful fish health managements 

(Figure 41). 

Surveillance and maintenance of water quality: Abrupt and wider fluctuations in some of the 

environmental parameters such as dissolved oxygen content, pH, turbidity, temperature, additions 

of some chemicals, detergents, pesticides and naturlaly produced toxic substances such as hydrogen 

sulfide, ammonia, dinoflagellate toxins, etc., often cause stress in fish and predispose them to 

infectious diseases. Anything that alters the environment of the fish is a potential stressor and 

efforts should be made to identify and avoid them. Undrainable ponds offer great protection against 

spreading of disease outbreaks by confining the outbreaks only to the affected ponds. However, the 

recent trends of intensification in aquaculture involve high stocking rates, increased feeding and 

fertilization programmes resulting in nutrient accumulation leading to appearance of algal blooms 

that lead to dissolved oxygen and other water quality problems. In older ponds, cases of excessive 

accumulation of organic matter have been observed, resulting in the appearance of bacterial bloom 

and related oxygen depletion (Radheyshyam et al.,). For health and optimum growth, the dissolved 

oxygen level should not drop below 5 mg/1. Carbon dioxide concentration up to 20–30 mg/l may be 

tolerated by fish provided oxygen is near saturation. At lower levels of dissolved oxygen, toxicity 

of carbon dioxide increases. When pH values remain above 9.5 or below 6.0 for extended periods, 

fish will be under stress and may not grow well. Liming agents may be used for low pH corrections. 

Ammonia concentration above 1.0 mg/1 indicates organic pollution. Hydrogen sulfide toxicity 

increases with decreasing pH and it is harmful even at 1.0 mg/l concentration level. Making the 

pond environment more congenial and hygienic, eliminates the risk of stress and provides safety to 

fish. Proper and timely management of soil and water qualities by manipulating feeding, 

fertilization, liming, addition of clean water, bottom raking, aeration of water by recirculation or 

splahsing, etc., reduces most of the environmental problems and provides congenial conditions for 

the health growth of fish. An interval of about 15 days between the pond poisoning and the stocking 

eliminates most of the pathogens from the environment. 



 

Figure 41. A Model for Integrated Fish Health Management System 

It is always advisable to stock the pond only with healthy and genetically vigorous fry and 

fingerlings so that they may have better growth rate and resistance towards diseases. Prior to 

stocking, samples of the stocking material should be examined to check their health status. This 

avoids any risk of introducing infected stock in the pond. However, the stocking materials should 

also be prophylactically treated before releasing into the pond (detailed under Chemoprophylaxis). 

Overstocking may lead to biological crowding resulting in waste build up, decreased availability of 

natural food, depletion of dissolved oxygen, deterioration of water quality, etc., and hence it is 

advisable to follow the recommended stocking density for nursery, rearing and stocking ponds. 

Minimizing handling stress: The rougher the handling, the greater is the stress and the risk of 

disease (Kumar et al., 1986). Care should be taken not to break the protective mucous coating of the 

skin. During summer months netting should always be done early in the morning and it is better to 

have minimum possible handling during hauling. High temperature during hot water causes 

increased metabolic activity and induces more stress upon them. 

Measures in pond management: 



Poisoning of pond - Wild fish population is one of the most potential sources of disease-producing 

organisms. Use of chlorinated lime (bleaching powder) is the most suitable material for this 

purpose, since it kills all the wild fish species, molluscs, tadpoles, frogs, crabs, etc., and also 

disinfects the pond water and soil. It is applied at the rate of 40–50 ppm (Tripathy et al., 1978). 

Mahua oilcake is also a widely used piscicide, but it fails to disinfect the pond. In nursery and 

rearing ponds it is desirable to have second poisoning with malathion at the rate of 0.25 ppm 4 or 5 

days prior to stocking. It eliminates the larger copepods which do appear in large numbers after 

organic fertilization. These copepods prey upon young fish larvae and also serve as vectors or 

carriers of many infectious pathogenic organisms. Some of the common crustacean fish parasites 

also get killed. Malathion application has significantly increased the survival level in nursery ponds 

(Kumar et al., 1986). 

Disinfection of appliances - All required appliances such as fry carriers, hapas, utensils, buckets, 

nets and gears, etc., require thorough cleaning and disinfection before being put to use. Some of the 

pathogenic organisms are found adhering to them and may cause disease if they are allowed to 

come in contact with the host fish species. Disinfection can be done by washing or immersing in a 

concentrated solution of disinfectant. Some of the most effective and easily available disinfectants 

for such use are chlorine, sodium hydroxide, sodium chloride potassium permanganate, etc. 

Chlorine is probably the most widely used disinfectant in fishery management and is easily 

available as a solution of sodium hypochlorite and powder of calcium hypochlorite (bleaching 

powder). Solution of 1–2% chlorine is active against bacteria, viruses and fungi but is extremely 

toxic to fish and hence their residues must be thoroughly rinsed from the disinfected items before 

being brought into contact with fish. Sun drying of nets, hapas, etc., is also a practical method of 

disinfection. 

Proper feeding - In addition to the natural fish food which is made available by fertilization, an 

adequate amount of good quality supplementary feed is essential for maintaining healthy growth of 

fish. Any deficiency in quantity and quality of feed may cause various diseases by increasing 

susceptibility to many infections. 

Prevention of entry of unwanted fish: Most undrainable ponds lack proper embankments. Most of 

these ponds have channels in the embankments connecting them with outside waters during the 

rainy season. Most of the ponds lack even proper embankments. These channels are the vulnerable 

sites through which some of the wild unwanted fish species or other animals get entry to the pond. 

Fixing fine meshed screen into these channels may eliminate the risk of entry of unwanted fish 

species into the pond. Pond embankments may also be raised to prevent risk of inundation and entry 

of undesirable animals and fish species. Some fish eating birds, molluscs, etc., serve as intermediate 

hosts for many parasites that infect fish. Tadpoles and frogs may also act as carriers of certain 



parasites and bacteria which ultimately may infect carp species and hence such animals should not 

be allowed in the pond. 

Separation of young and brood fish: Brood fish may serve as carriers of disease causing 

organisms without exhibiting any clinical symptoms. They sometimes become survivors of 

previous epizootics due to built up immunity but retain some of the pathogens. To avoid such risk, 

the best course is to separate the young ones from the adults. 

Removal of dead fish from the pond: Dead and apparently sick fish should be removed. A daily 

log of losses must be kept. Such records will provide valuable insight into the problems and may 

lead to their solution. 

Holding the fish in a hand net and dipping it into a concentrated solution of the drug for one minute 

or less is used as prophylactic treatment in case of mild diseases. A short bath is useful when 

facilities for a rapid flow of water are available. Water flow is stopped and relatively high 

concentration of the drug is added. Exposure time should not be longer than one hour. A long bath 

is a very effective method for prophylactic treatment of pond fish for external parasites. The oral 

route is used in prophylactic treatment to prevent certain infections. It is generally conceded that 

feeding medicated feed to fish is a prophylactic rather than a curative measure. 

Prophylactic use of streptomycin and penicillin at the rate of 25 mg of streptomycin sulphate and 20 

000 I.U. of penicillin has been found to be very effective in preventing outbreak of columnaris 

disease in rohu in a field-oriented experiment (Kumar et al., 1986). Feeding antibiotics with feed 

has successfully prevented the occurrece of CE (Carp Erythrodermatics) in European carp culture. 

Prophylactic treatment of pond with locally available organophosphorous insecticide (malathion) at 

the rate of 0.25 ppm of active ingredient successfully prevents occurrence of trematode and 

copepod infections. 

Occasional application of potassium permanganate at the rate of 2 or 3 ppm is recommended for 

increasing dissolved oxygen concentration and hauling prophylaxis. Dip treatment in 500–1 000 

ppm solution of potassium permanganate for a few seconds before releasing adult fishin ponds is 

also a very effective and practical prophylactic measure. Short bath for a few minutes in 2 or 3% 

common salt solution is also a safe and inexpensive prophylactic measure against a wide range of 

parasitic an microbial pathogens. 

Immunoprophylaxis 

Immunization is becoming one of the most important ways of preventing communicable diseases in 

animals, including fish. Several commercial vaccines are now available and being used in many 



developed countries. Vaccines for some of the bacterial diseases of carps which do occur in 

undrainable pond culture systems are also available. These vaccines are 

against Aeromonas hydrophila and Flexibacter columnaris. Viral vaccine against Spring Viremia of 

Carp (SVC) is also being used on a commercial scale very successfully. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Unit 3: 

Selection of candidate species for aquaculture 

Criteria for selection of species 

Profitable fish culture aims at the production of maximum quantity of edible fish flesh form a 

given quantity of organic matter in the shortest possible time. Therefore, the species selected 

for culture should have certain essential qualities like. 

 

1. Rate of growth 

Fishes which grow to big size in a short period of time are the most suitable for cultivation. Eg. 

Indian major Carps. 

 

2. Short food chain 

Fishes with short feeding chain are ideal. This will help to reduce the loss of energy from the 

passage of one link of production to the next. Because at every tropic level, there is loss of 

90% of the energy. Fishes feeding on detritus, plankton or vegetation have additional 

advantage (of being tolerant of other species in a pond) Raising carnivores in expansive – 

trout, salmons, snake heads. 

 

3. Adaptation to climate 

This is an essential condition which limits the use of both cold and warm water species. 

Salmonids which are cold water species cannot tolerate warm water. Similarly warm water 

species like Tilapia spp, Indian major carps etc., can‟t tolerate the cold climates of temperate 

countries. 

4. Consumer liking 

It is absolutely essential to bear in mind the consumers liking, when a species is selected for 

culture. Eg. Silver carp (not liked because of spines, low keeping quality etc. 

 

Aptitude for artificial food 

In order to obtain a high production rate, it is necessary to rear the fishes, which accept artificial 

feed. 

Tolerance to fluctuations in physic – chemical conditions of water 

This is highly desirable quality of a species selected for culture. Such fishes with stand handling and 

transportation stress. 

Resistance to common fish diseases and parasites 



Catla is more susceptible for Lernea infection, rainbow trout (RBT) is better resistant than Brown 

trout (BT) to IPN virus. 

Easy reproduction under controlled conditions 

In order to ensure an easy and constant supply of fish seed for rearing purposes, it is ideal of the 

fishes cultured reproduce in captivity. However if the reproduction is too prolific it will create 

population density problem. 

Easy reproduction under controlled conditions 

In order to ensure an easy and constant supply of fish seed for rearing purposes, it is ideal of the 

fishes cultured reproduce in captivity. However if the reproduction is too prolific it will create 

population density problem. 

Amiability to live together 

The quality to live together without troubling other species is especially required in fishes used in 

poly culture. In this respect, carnivores fishes should be cultured separately. 

More edible flesh per unit weight 

Species which gives more flesh per unit weight is more economical. 

 

 

Major Cultivable fresh water fishes. 

The following points highlight the seventeen main types of fresh water edible fishes found in India. 

The types are: 1. Labeo Rohita 2. Labeo gonius 3. Catla Catla 4. Cirrhinus mrigala 5. Wallago attu 

6. Mystus seenghala 7. Heteropneustes fossilis 8. Clarias Batrachus 9. Channa punctatus 10. 

Channa Striatus 11. Channa marulius 12. Channa gachua 13. Anabas testudineus 14. Notopterus 

chitala and Others. 

Fresh Water Edible Fishes Found in India: 

1. Labeo Rohita (Rohu)  

2. Labeo gonius (Rohu)  

3. Catla Catla (Bhakur)  

4. Cirrhinus mrigala (Nain)  

5. Wallago attu (Parhin)  

6. Mystus seenghala (Dariai Tengra)  



7. Heteropneustes fossilis (Singhi)  

8. Clarias Batrachus (Mangur)  

9. Channa punctatus (Gurrie)  

10. Channa Striatus (Sowra)  

11. Channa marulius (saul)  

12. Channa gachua (Sauri)  

13. Anabas testudineus (Anabas)  

14. Notopterus chitala (Chital)  

15. Mugil cursula (Mullet)  

16. Mastacembelus armatus (Baam)  

17. Xenantodon cancila 

 

Type # 1. Labeo Rohita (Rohu): 

Classification:  

Phylum: Chordata Dorsal tubular nerve cord, notochord and gill-sits.  

Group: Craniata Definite head, cranium and brain.  

Subphylum: Vertebrata Vertebrate column present.  

Division: Gnathostomata jaws and parried appendages.  

Superclass: Pisces Paired fins, gills and skin with scales.  

Class: Osteichthyes Bony fishes.  

Subclass: Actinopterygi Ray-finned fishes.  

Superorder: Teleostei.  

Order: Cypriniformes Anterior vertebrae fused. Weberian ossicles present between air bladder and 

ear.  

Family: Cyprinidae Air bladder communicates to pharynx.  

Type: Labeo Rohita  

Distribution:  



Labeo rohita is widely distributed in tropical and temperate regions specially found in India 

(Punjab, Assam) and Burma, Eocene to Recent.  

Habit and habitat:  

Labeo rohita is abundantly found in ponds and rivers. Carps are vegetarian and bottom feeders. 

They can occasionally feed on animal diet. Because of its feeding habit, it is cultivated with two 

other carps, Catla catla and Cirrhina mrigala. Rohu breeds only in the river and bund type of tanks 

but not in confined waters.  

Comments:  

1. Labeo rohita is commonly known as carp and Rohu in Hindi.  

2. Head is depressed and is produced into a short, obtuse and blunt snout. It bears a sub terminal 

fringe-lipped mouth bounded by fleshy upper and lower lips. It also contains paired nostrils and 

paired eyes.  

3. A pair of filamentous barbels arises from upper lip. Small tubercles cover the snout, which is 

oblong, depressed, swollen and projecting beyond the jaws.  

4. Large operculum hangs on either side enclosing gills and branchial chamber.  

5. Lateral line is distinct. Scales overlying the lateral line are perforated by tubes of the lateral line 

system. Scales are of taxonomic value. Scales are flat, bony with rounded edges and are called as 

cycloid scales. These overlap and form a complete covering.  

 

Economic importance:  
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Labeo has great food value. Its flesh is rich in proteins & minerals & very delicious. It consists of 

common man‟s food especially in West Bengal it is considered very auspicious. For culture purpose 

it is very preferable fish. It attains about 1 meter length and weighs about 4 kg within two years.  

 

Type # 2. Labeo gonius (Rohu): 

Classification:  

Phylum: Chordata  

Subphylum: Vertebrata  

Superclass: Pisces  

Class: Osteichthyes  

Order: Cypriniformes  

Family: Cyprinidae  

Genus: Labeo  

Species: Gonius  

Distribution:  

It is found in India, Pakistan and Burma. In North India it is very common in Orissa, West Bengal, 

Bihar, Assam, Uttar Pradesh and Punjab.  

Habit & habitat:  

It inhabits generally in rivers and ponds & very much friendly with culture. It is usually bottom 

dweller & feeds on submerged vegetation & debris. Breeding takes place in monsoon & in flowing 

rivers.  

Comments:  

1. Pigmentation greenish black on the dorsal side, slightly less green laterally while rest of the body 

silvery white. Black longitudinal bands extend from anterior to the posterior end.  

2. Head has eyes, mouth, nostril and is protruded into snout.  



3. Mouth is narrow having thick lips and fringeal with an inner fold.  

4. Two pairs of minute rostrials and maxillary barbels are present.  

5. Dorsal, pectoral, ventral and pelvic fins are of variable size and origin. Caudal fin is deeply 

forked.  

6. Scales small in 12-13 rows between lateral line and base of ventral line.  

 

Identification:  

Since the fish contains black bands, minute barbels and above features and it is Labeo gonius.  

Economic Importance:  

It is very popular food fish & can be caught naturally from the ponds & rivers. Usually it is 

measuring up to 16 cm in length.  

 

Type # 3. Catla Catla (Bhakur): 

Classification:  

Phylum: Chordata  

Subphylum: Vertebrata  

Superclass: Pisces  

Class: Osteichthyes  

Order: Cypriniformes  
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Family: Cyprinidae  

Genus: Catla  

Species: Catla  

Distribution:  

It is found in Pakistan, India, Bangladesh, Nepal and Myanmar. It has been introduced recently into 

Sri Lanka & China. Within India, the species is native to North India & now recently introduced in 

Peninsular India especially in the river Cauvery.  

Habitat:  

This species mainly inhabits rivers & can be easily cultured in ponds and lakes. The catla is non-

predatory and its feeding is restricted to the surface & mid-waters. This characteristic enables this 

fish to culture with Rohu & main in the same pond. It breeds in rivers during monsoon. In South 

India, however, the breeding season is variable.  

 

Comments:  

1. Pigmentation greyish on dorsal side and silvery on side and abdomen. Fins dark black. Dorsal 

profile convex.  

2. Scales moderate with six and half rows between lateral line and the base of ventral fin.  

3. Body divided into head, trunk and tail.  

4. Head contains mouth and eyes.  

5. Eyes found in the anterior half of the head. Mouth wide with prominent lower jaw.  
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6. Barbels absent.  

7. Dorsal fin slightly more advanced than ventral fin. Pectoral fin located behind ventral fin which 

does not extend up to the anal fin. Anal fin extending up to the base of caudal fin.  

8. Lateral line is complete originating from the upper margin of the gill cover.  

Economic importance:  

The catla is one of the well-known and fastest growing of the Indian major carps. It is considered an 

excellent table fish when it is of moderate size. In experimental farms the yield can be as much as 

ten tonnes per hectare per year.  

 

Type # 4. Cirrhinus mrigala (Nain): 

Classification:  

Phylum: Chordata  

Subphylum: Vertebrata  

Superclass: Pisces  

Class: Osteichthyes  

Order: Cypriniformes  

Family: Cyprinidae  

Genus: Cirrhinus  

Species: mrigala  

Distribution:  

It is found in Pakistan, Bangladesh, Myanmar and India. In Northern India its natural habitat is in 

the stretch from the Punjab to West Bengal and Assam. It is widely distributed in India due to its 

introduction all over the country for fishery purposes.  

Habit & habitat:  



It usually prefers to inhabit rivers and tanks. In thrives best at altitudes less than 600 m and in 

places where the minimum water temperature does not drop below 14°C. It has been widely 

introduced into reservoirs and river systems and it can tolerate high levels of salinity. Breeding 

usually takes place during the monsoon in the shallow margins of rivers, tanks and also in canals.  

Comments:  

1. Commonly called as Nain.  

2. Fish measures 16 to 26 cm in length.  

3. Colouration silvery dark grey on dorsal side and whitish on abdomen.  

4. Golden coloured eyes located in anterior half of the head in inter orbital width.  

5. Various fins are dorsal, ventral, pectoral, pelvic and caudal. Dorsal fin slightly concave.  

6. Pectoral fin contains 18 rays.  

7. Caudal fin deeply forked.  

 

Economic importance:  

Owing to its large size Mrigal is popular as a food fish & hence has been introduced all over India. 

One of the main centres of breeding & hybridization of the species is the Central Inland Fisheries 

Research Institute, Barrack pore. Its trade name is “Red tailed Grass Carp”.  

 

Type # 5. Wallago attu (Parhin): 

Classification:  
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Phylum: Chordata  

Subphylum: Vertebrata  

Superclass: Pisces  

Class: Teleostomi  

Order: Cypriniformes  

Family: Siluridae  

Genus: Wallago  

Species: attu  

Distribution:  

The killer shark is found in fresh water bodies in India, Pakistan, Ceylon, Burma to Java, Sumatra, 

Siam and Indo-China.  

Habit & habitat:  

It is usually found in rivers, including tidal lakes, reservoirs, tanks and channels, it prefers deep, 

still or slow flowing water with a mud or silt substrate. The adult fish is predatory, aggressive and 

voracious feeder, preying on other fishes.  

It stays at the bottom of water in search of food. It is known to inflict painful bites when handled 

and it does not allow other species to survive under cultured conditions. Breeding occurs in the 

summer mounts before monsoon. In South India, the breeding occurs with rains.  

Comments:  

1. This is one of the largest fresh water cat fishes & attains usual length of 61-91 cm.  

2. They are provided with large mouth & sharp teeth helpful for predatory action.  

3. Lower jaw is slightly longer than the upper jaw.  

4. Barbels are of two pairs.  

5. Anal fin is long & not confluent with the caudal fin.  



6. Caudal fin is deeply forked with longer upper lobe.  

 

Economic importance:  

This species is good for eating and also a game fish. This is one of large naturally harvested fish.  

 

Type # 6. Mystus seenghala (Dariai Tengra): 

Classification:  

Phylum: Chordata  

Subphylum: Vertebrata  

Superclass: Pisces  

Class: Teleostomi  

Order: Cypriniformes  

Family: Bagridae  

Genus: Mystus  

Species: Seentghala  

Distribution:  

The giant river catfish is found in Afghanistan, Pakistan, India, Nepal & Bangladesh. It is 

distributed throughout India. It South India it extends to river Krishna only.  

Habit & habitat:  
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It prefers large rivers, reservoirs, canals, flooded fields and ponds. Mystus is a predatory fish, feeds 

on other fishes. It is considered to a graceful swimmer for its size. It is fond of dead flesh which 

enables it to be a good sports fish. Breeding occurs before the onset of the monsoons, in the months 

of April & May in South India and in March in the North (Ganga),  

Comments:  

1. Commonly called as Dariai Tenager.  

2. Colouration varies according to habitat. Generally brownish colour along the back and silvery 

white along the sides and beneath.  

3. Barbels four fins namely maxillary barbels, nasal barbels, mandibular barbels and internal 

mandibular barbels.  

4. Teeth on the palate in the form of continuous crescent.  

5. Dorsal fin with weak dorsal spine, pectoral fin denticulated, ventral fin near anus and caudal fin 

deeply forked.  

6. A rounded black spot present on the base of adipose fin.  

Economic importance:  

It is one of the largest edible fishes. It grows to a maximum length of 150 cm & usually up to 40 

cm. It is considered to be a very important food fish & fetches a good price in the market.  

 

 

Type # 7. Heteropneustes fossilis (Singhi): 

Classification:  
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Phylum: Chordata  

Subphylum: Vertebrata  

Superclass: Pisces  

Class: Teleostomi  

Order: Cypriniformes  

Family: Heteropneustidae  

Genus: Heteropneustes  

Species: fossilis  

Distribution:  

It occurs in Pakistan, India, Bangladesh, Nepal, Myanmar, Sri Lanka, Thailand and Laos. It is found 

throughout in India.  

Habit & habitat:  

It is found preferably in rivers, estuaries, lakes, ponds flood waters and ditches. It can tolerate even 

turbid and muddy water due to its ability to breathe air directly. It is able to survive in waters with 

temperature as high as 39.8°C. Usually they move in shoals close to bottom but when alone stay in 

services & debris, hidden in mud. When caught, they become active & inflict the most painful sting 

from their pectoral fins.  

Comments:  

I. It attains usually the length of 17-23 cm.  

II. Barbels are of four pairs.  

III. Anal find is long but separated with caudal fin by a distinct notch.  

IV. The pectoral spine is capable of inflicting wounds.  

V. They are predatory in nature, but not piscivorous.  



 

Economic importance:  

It is very popular as a food fish and for its supposed medicinal properties. The flesh of this catfish is 

also considered to be stimulant. It is very popular in Calcutta where large quantities are caught 

especially when other species are scarce. The juveniles are kept as aquarium fish. Its trade name is 

stinging fish.  

 

Type # 8. Clarias Batrachus (Mangur): 

Classification:  

Phylum: Chordata  

Subphylum: Vertebrata  

Superclass: Pisces  

Class: Teleostomi  

Order: Cypriniformes  

Family: Claridae  

Genus: Clarias  

Species: Batrachus  

Distribution:  

It is distributed through Pakistan, India, Nepal, Sri Lanka, Bangladesh, Myanmar, Indonesia, 

Kalimantan and the Philippines. It is widespread within India, both naturally and due to culturing. 

Its occurrence in South India is largely due to culturing.  
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Habit & habitat:  

It is usually found in streams including tidal ponds, channels and flooded rice fields. Due to its 

ability to breathe in air directly, it can live in muddy water. It is found in hills also. They are 

voracious feedes & mostly stay buried in the muddy bottom. They are quite aggressive &inflict 

stings by their pectoral fins. Breeding occurs during the months of July to August in flooded rice 

fields. It attains maturity at the end of one year.  

Comments:  

1. The body is elongated with laterally compressed head.  

2. Body colour is either uniformly reddish-brown or greyish black.  

3. It may attain a maximum length of 45 cm.  

4. Upper jaw is longer than the lower.  

5. Head is sharpened superiorly and is covered with fin granules.  

6. Barbles are of four pairs.  

7. Dorsal fin is very long commences a little behind the occipital process and ends a bit anterior to 

the base of the caudal fin.  

8. All the fins are covered with thick skin.  

 

Economic importance:  

It is very popular food fish and very economic in culture. Hence it is cultured extensively 

throughout India. The maximum yield can be obtained in experimental farms up to 50 tons. It 

fetches a good price. It is used as a laboratory animal for biological studies.  
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Type # 9. Channa punctatus (Gurrie):  

Classification:  

Phylum: Chordata  

Subphylum: Vertebrata  

Superclass: Pisces  

Class: Teleostomi  

Order: Ophiocephaliformes  

Family: Ophiocephalidae  

Genus: Channa  

Species: punctatus  

Distribution:  

It is found in Afghanistan, Pakistan, India, Nepal, Sri Lanka, Bangladesh and Myanmar up to 

China. It is widespread in India occurring largely in the plains.  

Habit and habitat:  

It lives in ponds, ditches and lakes. It also inhabits rivers & estuaries. It is predaceous & feeds 

mainly on insects & other microorganisms and small fishes. They can stay out of water for long 

periods of time. They are also capable of leaping high and jumps out of the water when confined. 

The spotted snakehead breeds throughout the year. The adults attain a maximum length of 30 cm.  

Comments:  

1. Dorsally its body is mostly black or dark grey, becoming light grey on the abdomen.  

2. Several bands pass from the dorsum of the body downwards to the middle of body, a some cases 

these markings appear as irregular spots.  

3. Dorsal and anal fins extend up to tail fin.  



4. Fins are spotted.  

5. Lateral line usually straight with a slight curve over the fourth anal ray.  

Economic importance:  

This fish is poor man‟s popular food. The larger individuals are collected as food during the 

summer when ponds & lakes dry up. It is one of commonly available live fish & is priced a good 

amount.  

 

 

Type # 10. Channa Striatus (Sowra):  

Classification:  

Phylum: Chordata  

Subphylum: Vertebrata  

Superclass: Pisces  

Class: Teleostomi  

Order: Ophiocephaliformes  

Family: Ophiocephalidae  

Genus: Channa  

Species: Striatus  

Distribution:  

It occurs in Pakistan, India, Nepal, Bangladesh, Myanmar up to China and Sri Lanka. In India it is 

found throughout the country. In South India also it is wide spread.  
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Habit & habitat:  

It prefers to live in stagnant waters i. e., tanks, lakes and large ditches. It is also found in rivers. It 

favours deep and still waters. This striped snakehead fish is solitary and aggressive by nature. This 

is predatory and feeds on other fishes. They breed during the rains. The nesting pairs are known to 

attack humans when encountered.  

Comments:  

1. Fish measures 17-19 cm in length.  

2. Colour of the fish varies in different regions. Dark grey or black colour on dorsal side, under 

surface yellowish and grey or black transverse bands on sides.  

3. Body divisible into head, trunk and tail. Head contains rounded eyes, jaws and mouth.  

4. Body scales of irregular shape.  

5. Lateral ray curves down after 12th dorsal ray.  

6. Dorsal and anal fins reaching up to fan like caudal fin. Pectoral and pelvic fins well developed.  

Economic importance:  

This is the most popular of the snakeheads as a food fish due to its fine flesh. It is popular as a sport 

fish also. It is widely cultured in India especially in South India. The adults grow up to a maximum 

length 75 cm.  

 

 

Type # 11. Channa marulius (saul): 

Classification:  
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Phylum: Chordata  

Subphylum: Vertebrata  

Superclass: Pisces  

Class: Teleostomi  

Order: Ophiocephaliformes  

Family: Ophiocephalidae  

Genus: Channa  

Species: marulius  

 

Distribution:  

It is distributed over Pakistan, India, Sri Lanka, Nepal,Bangladesh & Myanmar through Southeast 

Asia up to China. It is widespread in India, occurring in almost all the states.  

Habit & habitat:  

It lives in large lakes and rivers, preferring deep water with rocky or sandy bottom. This giant 

snakehead is known to be territorial and aggressive. They are predatory in nature, feeding on the 

fishes, water birds, snakes and rodents. It breeds from April till June in specially built, floating nests 

of weeds & leaves.  

Comments:  

1. They may attain a length up to 122 cm but are usually of 46 cm.  

2. Pectoral fin and anal fins are long but not confluent with candal fin.  

3. The colour of body varies with age & locality.  
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4. Juneniles (measuring 10 to 12 cm) with a brilliant orange band passing from the tip of snout over 

the eyes to the tip of the caudal fin.  

5. Adults bear 4 to 5 round black blotches located below the lateral line in between the pectoral fin 

& base of the caudal fin.  

6. A black ocellus with orasnge boundary is found at the upper part of the base of caudal fin.  

Economic importance:  

It is popular as a food dish due to its very tasty and boneless flesh. It is considered an excellent 

sport fish. When it is small, it can be kept in aquaria, although not with smaller fishes.  

 

Type # 12. Channa gachua (Sauri):  

Classification:  

Phylum: Chordata  

Subphylum: Vertebrata  

Superclass: Pisces  

Class: Teleostomi  

Order: Ophiocephaliformes  

Family: Ophiocephalidae  

Genus: Channa  

Species: gachua  

Distribution:  

It is widely distributed in freshwater bodies of India, Pakistan, Ceylon, Burma and the Andaman‟s.  

Habit & habitat:  



It is usually found in ponds, lakes, ditches & shallow banks of rivers & marshes. It is also very 

active & aggressive like other snakehead fishes, it feeds on aquatic insects, shrimps and small 

fishes. Breeding occurs during rainy season.  

Comments:  

1. Body colour varies according to the habitat.  

2. Pectoral fin with a deep blue base, with orange & blue strips, the margin being orange coloured.  

3. Scales on the head are broad and irregular.  

4. Lateral line curves downwards after 12th scale.  

 

 

Economic importance:  

Economically it is considered good poor man‟s food. It is sold as aquaria fish.  

 

Type # 13. Anabas testudineus (Anabas): 

Classification:  

Phylum: Chordata  

Subphylum: Vertebrata  

Superclass: Pisces  

Class: Teleostomi  

Order: Perciformes  
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Family: Anabantidae  

Genus: Anabas  

Species: Testudineus  

Distribution:  

They are found in Pakistan, India, Sri Lanka, Bangladesh and all the way southeast up to the 

Philippines. In India it occurs throughout the country, especially in the plains.  

Habit & habitat:  

It normally prefers tanks ponds, ditches, estuaries and swamps. They are associated mainly with 

turbid and stagnant waters overgrown with aquatic plants. The adults are solitary and aggressive. 

This species is capable of breathing air directly and can thus survive for many hours outside water.  

Using the spines on the gill cover the adults can climb up cervices and even into hollow tree-trunks 

that are found close to the water, thus earning the title “Climbing Perch”. It feeds mostly on insects. 

Breeding occurs on the onset of monsoon.  

Comments:  

1. Climbing perches grow up to a maximum length of 25 cm. but they are normally much smaller.  

2. The body is very firm with large hard scales that are easily felt while handling the fish.  

3. A black spot at the posterior end of the opercle and another black blotch on the side of the base of 

the tail are present.  

4. Lateral line is interrupted at 18th scale, the 19th scale is a perforated one and is found just below 

the 10th one.  
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Economic importance:  

Moderate sized fish is very popular as a food fish. Small fish have a great value for Aquarists as 

they are very fancy and hardy fish. They are sold as live fish.  

 

Type # 14. Notopterus chitala (Chital): 

Classification:  

Phylum: Chordata  

Subphylum: Vertebrata  

Superclass: Pisces  

Class: Teleostomi  

Order: Clupiformes  

Family: Notopteridae  

Genus: Notopterus  

Species: chitala  

Distribution:  

It is widely spread in fresh water bodies of India, Pakistan, Burma, Siam Malaya, Archipelago, 

Philippines. In India, it is very much abundant in U.P., Punjab, Bihar, Orissa & other states of North 

India. In Uttar Pradesh it is declared as state fish for promotion of fish & fishery.  

Habit & habitat:  

Notopterus commonly inhabits marshy meadows, lakes, freshwater or brackish water. In rivers it is 

found in Ganges, Brahmaputra & Mahanadi. It is bottom feeder, carnivorous, predaceous and 

feeding on small organisms, insects and crustaceans.  

Comments:  

1. Notoptenus is commonly known as cat-fish or chital.  



2. Body is very strongly compressed with a short pre-caudal region, measuring about 1.5 meter in 

length.  

3. Colour is silvery dark or greenish or glossy yellow on the back.  

4. Head contains large and oblique mouth, whitish-eyes and nostrils. The musciferous channels are 

well developed on the head.  

5. Dorsal fin is short and ventral fin very much reduced or absent. Very much elongated anal fin 

confluent with reduced caudal fin. Number of combined rays of anal and caudal fin varies from 85-

100. Pelvic fin has 3-6, sub-opercular absent.  

6. Air bladder is very large and is divided into several compartments.  

7. Teeth are homodont.  

8. Gill covers are scaly. Lateral line scales 120-180, ventral scutes 25-45.  

 

Economic importance:  

This fish has high grade of food value as the flesh is very rich in nutrition and well flavoured. It is a 

very selective food fish & fetches good price in the market. It has a great scope of cultivation if the 

fish seed is available.  

 

Type # 15. Mugil cursula (Mullet): 

Classification:  

Phylum: Chordata  

Subphylum: Vertebrata  
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Superclass: Pisces  

Class: Teleostomi  

Order: Mugiliformes  

Family: Mugilidae  

Genus: Mugil  

Species: corsula  

Distribution:  

It is distributed in fresh & esturine waters of Uttar Pradesh, Bihar & Bengal in India and in other 

countries e.g., Burma & Bangladesh.  

Habit & habitat:  

It is commonly found in ponds, rivers & is usually called as grey mullet. It swims on the surface in 

shallow winters keeping the eyes above the surface. The eye sight is very sharp. They prefer to feed 

on mud, algae and sand but young ones are voracious feeders and feed on planktonic crustacean 

eggs etc. They can make good long jump and die rapidly. Breeding occurs with the onset of 

monsoons.  

Comments:  

1. The maximum length is 46 cm but usually it attains the length of 31 cm.  

2. Upper jaw overhung by the suout is longer than the lower. Upper lip thick and notched for 

receiving the tubercle of the lower lip when the mouth is shut.  

3. Scales are fine & small.  

4. Lateral line is straight & runs  
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Economic importance:  

The flesh of this fish is known to be an excellent food. It has good demand in the market as a food 

fish.  

 

Type # 16. Mastacembelus armatus (Baam): 

Classification:  

Phylum: Chordata  

Subphylum: Vertebrata  

Superclass: Pisces  

Class: Teleostomi  

Order: Symabranchiformes  

Family: Mastacembelidae  

Genus: Mastacembelus  

Species: armatus  

Distribution:  

It is distributed over Pakistan, India, Nepal, Sri Lanka and Bangladesh through Southeast Asia up to 

China. It is found throughout India like the states of U.P., Assam, Bihar, West Bengal, Punjab, 

Orissa, Andhra Pradesh, Tamil Nadu, Kerala etc.  

Habit & habitat:  

It dwells in rivers, including tidal ones, both in the hills and plains. It prefers water bodies with 

sand, boulder or pebble substrate. It swims in the mid waters. The adults tend to hide within cavities 

or burrow into the bottom while at rest. They feed along the bottom and sides on detritus but are 

fond of live food especially worms buried in the bottom. Little is known about its breeding habits.  

Comments:  

1. Maximum length, the fish can attain is 61 cm.  



2. Scales are minute with 30 rows between the lateral line and the base of the first dorsal ray.  

3. Dorsal and anal fins are confluent with anal fin, the caudal fin is rounded.  

4. There is a row of rounded black spots along the base of the dorsal fin.  

 

 

Economic importance:  

It is very popular as a food fish throughout India. It is also exported small number as an aquarium 

species.  

 

Type # 17. Xenantodon cancila: 

Classification:  

Phylum: Chordata  

Subphylum: Vertebrata  

Superclass:Pisces  

Class:Teleostomi  

Order: Beloniformes  

Family: Beloneidae  

Genus: Xenantadon  

Species: Camcila  

Distribution:  
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It is found in the Persian Gulf, Pakistan, India, Sri Lanka, Myanmar, Thailand and China. It is 

widespread in India especially in the Ganges, the Chilika lake and Kerala.  

Habit & habitat:  

It prefers to live in estuaries, tidal rivers and fresh water streams. The adults swim close to the 

surface shores, When disturbed the group scatters rather erratically and comes together after a little 

while in another spot. They keep the front half of the body straight while moving wagging only the 

rear. Breeding occurs twice in the year in the Chilika lake.  

Comments:  

1. It attains a length of 21-24 cm.  

2. Both the jaws are elongated into a beak which may be longer than the head, lower jaw is slightly 

longer.  

3. A deep longitudinal groove runs along the upper surface of the head.  

4. Scales are small & irregularly arranged.  

5. Dorsal fin commences opposite the anal.  

6. The entire upper 2/3 of the body is marked with closely set fin black dots.  

 

Economic importance:  

It has less food value but good as a game fish.  

Soil and water quality parameters in aquaculture 

Introduction  

Maintenance of a healthy aquatic environment and production of sufficient fish food organisms 

(plankton) in ponds are two factors of primary importance for successful aquaculture culture 

operation. The nutrient status of water and soil play the most important role in governing the 

production of plankton organisms or primary production in fish ponds. The bottom soil governs the 

https://www.notesonzoology.com/wp-content/uploads/2016/07/clip_image034-6.jpg


storage and release of nutrients to the overlying water through various chemical and biochemical 

processes for biological production in the environment.  

1. Water quality parameters  

 

The Physical condition of water is greatly influenced with depth, temperature, turbidity and light. 

These constitute the more important physical parameters on which the productivity of a pond 

depends.  

Physical parameter  

Depth of a pond has an important bearing on the physical and chemical qualities of water. Depth 

determines the temperature, the circulation pattern of water and the extent of photosynthetic 

activity. In shallow ponds, sunlight penetrates up to the bottom, warms up the water and facilitates 

increase in productivity. Ponds shallower than 1 m get overheated in tropical summers inhibiting 

the survival of fish and other organisms. Generally a depth of about 2 meter is considered ideal 

from the point of view of biological productivity of a pond.  

 

Water temperature generally depends upon climate, sunlight and depth. That too, the intensity 

and seasonal variations in temperature of a water body have a great bearing upon it productivity. 

The temperature in fish ponds is generally less during the early hours of morning and reaches the 

maximum value in the afternoon showing diurnal fluctuations. Compared to the yields of fish in 

ponds in temperate zones, the natural water in tropical areas generally show a higher production due 

to more heat budget in the ponds system. A part from these, temperature plays very important role 

in physiological processes for breeding in fish both under natural and artificial conditions. The 

chemical changes in both soil and water are greatly influenced by temperature. Decrease in DO2 is 

directly related to increase in temperature. Fish display great variability in their tolerance to 

temperature. Indian major carps usually tolerate wide range of temperature and are called 

eurythermal.  

 

The turbidity of water bodies may be either due to suspended inorganic substances like silt, 

clay and planktonic organisms. Turbidity of water varies greatly with the nature of basin and 

inflowing sediments. Ponds with clay bottom are likely to have high turbidity  

 

that restricts the penetration of light, therefore reduces the photosynthetic activity hence acts as a 

limiting factor for productivity.  

 

Light is another physical factor of importance. Availability of light energy to a fish pond greatly 

influences its productivity. Penetration of light is determined by turbidity which is measured 



optically and represents the resultant effect of several factors such as suspended clay and silt and 

dispersion of planktonic masses.  

 

Chemical parameter  

o The pH of water is defined as the logarithm of the reciprocal of hydrogen ion concentration. It 

may be expressed mathematically as pH=Log 1(H)+. The pH of neutral water is 7, below 7 is acidic 

and above 7 is alkaline. The pH of pond water undergoes a diurnal change; it is being alkaline in 

mid-afternoon and acidic just before day break. High yield of fish crops are usually produced in 

water which is just on the alkaline side of between 7.0 and 8.0. The limit above or below which pH 

has a harmful effect is given as 4.8 and 10.8.  

o Alkalinity or acid combining capacity of natural freshwater ponds is generally caused by 

carbonate (CO3) and Bicarbonate (HCO3) or hydroxides of calcium, Magnesium, Na, K, NH4 and 

Fe, calcium being from the major constituent. Bicarbonate and carbonate are the major constituent 

of pond water and their concentrations are expressed as total alkalinity. In general, calcareous water 

with alkalinities more than 50ppm are most productive. Waters with an alkalinity less than 10ppm 

rarely produce large crops, water intermediate between these 10-50ppm may produce useful results.  

o Dissolved oxygen: Among the chemical substances in natural water, O2 is of primary importance 

both as a regulator of metabolic processes of plant and animal community and as an indicator of 

water condition. The pond water receives oxygen mainly through (1) interaction of atmospheric air 

on the surface water (2) by photosynthesis. Photosynthesis, respiration and slow rate of diffusion 

cause a fluctuation of dissolved oxygen in water and accordingly remain optimum during morning 

and gradually increase to attain maximum in the afternoon and declines thereafter during night to 

reach minimum before dawn. It is possible that below 3.0 ppm of DO2, asphyxia from low O2 can 

be expected and to maintain a favorable condition for a varied warm water fish fauna, 5.5 ppm of 

DO2 is required. Sometimes fishes congregate near the surface for respiration in such low DO2 

ponds. For average or good production ponds should have DO2 concentration above 5.5 ppm.  

o Hardness is defined as the total of soluble Calcium and Magnesium salts present in the water 

medium. In most natural water, usually HCO3 anions are associated with Ca, Mg, Na and K 

cations. Usually bicarbonates of Ca and Mg cause temporary hardness. Permanent hardness of 

water is due to soluble Ca and Mg carbonates and salts of inorganic acids (CaSo4). The pond water 

having a hardness of 15 ppm or above are  

 

satisfactory for growth of fish and do not require addition of lime, but water having hardness, less 

than 1.1ppm require liming for higher production of fish. Water having, hardness less than 5 ppm, 

cause slow growth, distress and eventual death of fish.  

 



o Dissolved Nitrogen and its compounds: The importance of dissolved nutrients especially 

nitrogen is well recognized. It is an important element influencing the growth of phytoplankton in 

aquatic environment. As constituent of protein, Nitrogen occupies a highly important place in 

aquatic ecosystem. Pond having dissolved nitrogen below 0.1ppm does not indicate productive 

condition, while the range of 0.1-0.2 ppm an average production is expected but above 0.2ppm is 

considered favorable. However optimal limit of nitrogen can be in the range of 0.3-1.3ppm.  

 

o The phosphorus fertility less then 0.02ppm is low productive, 0.02-0.05 ppm is fairly productive, 

0.05-0.10 ppm is good productive and above 0.20 ppm excessive. Besides the absolute 

concentration, the ratio of nitrogen and phosphorus concentration is likely to influence aquatic 

productivity. Nitrogen and phosphorus are utilized for plankton growth at a ratio of 3:1 to 6:1.  

 

Soil quality parameters  

Soil plays an important role in regard to the fertility of fish ponds. Types, characteristics and 

chemical conditions of soil influences the pond productivity. The physico-chemical properties of 

pond water are more or less a reflection of the properties of the bottom soil. In this respect the 

major chemical factors of importance are pH, total nitrogen, total phosphorus, organic carbon, 

available N2 and available P.  

Hydrogen ion concentration (pH)  

The pH of soil depends on various factors. The release of essential nutrients at soil water interface 

is greatly hampered due to low pH. pH range of 5.5 is (highly acidic) 5.5-6.5 (moderately acidic), 

6.5-7.5 (nearly neutral) and 7.5-8.5 (moderately alkaline) has been considered favorable for fish 

ponds, whereas above 8.5 is considerable highly alkaline.  

Phosphorus  

The importance of available phosphorus in soil for increasing productivity is well recognized. The 

phosphorus in soil is in both inorganic and organic forms. The organic form constitutes about 35-

40% of the total phosphorus content of the soil. The available soil phosphorus (P2O5) below 3 

mg/100gm (30ppm) as poor productivity, 3-6mg/100gm (30-60ppm) as average, above 6-

12mg/100gm (60-120ppm) as high productivity and above 12mg/100gm (120ppm) as excess.  

Nitrogen  

Nitrogen in soil is present mostly in organic forms as amino acids, peptides and easily 

decomposable proteins. The conversion of complex organic forms of nitrogen to simple inorganic 

forms is carried out by anaerobic microbes. Hence, it is important to know available nitrogen than 

the total nitrogen in soil. The range of available nitrogen is 50-75mg/100gm of soil relatively more 

favorable for pond productivity.  

Organic carbon  



Compared to the mineral constituents of the soil, organic compounds are more varied and complex. 

Very high organic content is also not desirable for a pond soil. However, organic carbon less than 

0.5% may be considered poor, 0.5-1.5% as average while 1.5-2.5% appeared to be optimal for good 

production. 

 

 

 

Physical, Chemical and biological factors affecting productivity of 

ponds, 

 INTRODUCTION 

The quantum of natural food produced in a pond is the result of interplay of various factors viz., 

climate and fertility status of pond soil and water. Phytoplankton being the primary producers in 

aquatic environment depends upon all these factors. Increase in primary production means an 

increase in pond productivity. With the adoption of suitable management measures through 

fertilization, the fertility status of pond soil and water could be maintained which will help in an 

increased primary production. Satomi (1967) observed that the composition of C:N:P in 

phytoplankton is approximately 50:7:1 by weight. Seymour (1980) from his data indicated that 1:4 

ratio of P:N was advantageous to phytoplankton production in pond. It is obvious that lack of these 

elements in the environment would affect the productivity to a great extent. Various workers have 

observed that addition of these elements in the form of fertilizers or manures resulted in an increase 

in natural food and also fish production (Rabanal, 1967, Saha & Chatterjee, 1975 and Dobie, 1967). 

 FACTORS AFFECTING POND PRODUCTIVITY 

The importance of bottom soil in influencing the pond water for productivity has been recognized 

by various workers (Golterman, 1967, Matida, 1967 and Banerjee, 1967). In ponds, not influenced 

by external factors, the physico-chemical properties of water which govern the biological 

production are more or less a reflection of the bottom soil. 

Pond soils are formed on primary soils where the pond has been constructed and consists of two 

biologically significant layer. The upper layer is loose aerated and is a mixture of colloidal mineral 

and organic matter formed by precipitation of decomposed minute plant and animal organisms and 

through sedimentation of suspensions carried into the pond by rain and from different profiles. The 



lower layer is anaerobic and contains mineral matter of varying composition, depending on the 

parent rock from which the soil has been formed. The proportion of these two layers regulate 

various physical, chemical and biological processes in soil like, release of nutrients, adsorption of 

ions on colloids and decomposition of organic matter by micro-organisms. Thus the productive 

potential of a particular soil is guided by its physical and chemical conditions. Soil texture is one of 

the important physical factor while soil reaction (pH) and nutrient status are the chemical factors 

which determine water holding capacity and productivity of a pond to a great extent. 

The texture of a soil i.e., the mechanical composition of various components (sand, silt and clay) 

along with the organic matter, influence the chemical and biological properties to a great extent. 

Claye and silty soils owing to their large surface areas possesses high adsorptive and retention 

capacitios for moisture, gasses and nutrients, while sandy soils are well drained and aerated. 

Therefore, sandy bottom and very claye bottom soils are not desirable as in the former nutrients are 

lost due to heavy leaching while in the later, high adsorption capacity impoversh the water of all its 

nutrients. Both clay (inorganic) and humus (organic) are colloidal in nature and exhibit colloidal 

properties like absorption and cation exchange phenomenon in soil. Sandy and sandy loam soils are 

low in colloidal clay and are very likely to be deficient in humus while havier soils contain more 

clay and generally more organic matter. These factors are of significance for deciding the use of 

fertilizers and manures alone or in combination for pond productivity. 

 Soil Reaction (pH 

pH of the soil is considered one of the single important factors affecting pond productivity. It not 

only influence the soil microbial activity but also affect the availability of nutrients to pond water - 

either native or when applied externally. The availability of native or added phosphorus greatly 

influenced by soil reaction. In aoid soil phosphorus fixed or rendered unavailable as iron and 

aluminium phosphate and in alkaline soil as calcium phsophate (Banerjee & Ghosh, 1970). 

Banerjee and Mondal (1965) have shown that the concentration of added phosphate decline rapidly 

in acidic, neutral and alkaline soils and the rate of decline in phosphate concentration had shown a 

significant relationship with the composition of the soil. Like phosphorus the response of different 

nitrogenous fertilizers depend on soil reaction. Saha (1969) observed that loss of added nitrogen is 

minimum with ammonium form in acid and neutral soils and with nitrate form in alkaline soils. 

Calcium ammonium nitrate, urea and ammonium sulphate were found to be more effective in 

enhancing primary production, survival and growth of carp fry for moderately acidic, slightly acidic 

to neutral and alkaline soils respectively (Saha et al., 1975). In general slightly acidic to slightly 

alkaline soil pH is considered favourable for productivity. 

 Nutrients 



The various basic elements (carbon, hydrogen, oxygen, nitrogen, phosphorus, potassium, calcium, 

magnesium, iron, sulphur etc.) needed for the existance and nutrition of biologically productive 

organisms in aquatic environment are obtained from the soil and atmosphere for the enrichment of 

pond water. Among these elements nitrogen, phosphorus carbon and potassium are of importance 

compared to calcium, magnesium, iron sulphur etc. Nitrogen, being a basic and primary constituent 

of protein and chlorophyle, is necessary for the formation of living matter in a large quantity. But 

though, phosphorus is required in smaller quantity compared to nitrogen, it is considered as the 

single critical element for maintaining aquatic productivity. Phosphorus takes part in all aspects of 

cellulose metabolism, synthesis of protein and growth. Potassium helps in the formation of protein, 

chlorophyll and also stimulates the growth of aquatic flora. The atmosphere is the main source of 

inorganic carbon required for photosynthesis, thus converting the inorganic carbon to organic, while 

the decomposition of soil organic matter by microbial activity converts organic carbon to inorganic 

carbon and acts as a source of energy for microbial action. 

Nitrogen in soils is present mostly in organic forms which are broken down into simpler inorganic 

compounds through bacterial action. Due to unlimited supply of this element from the atmosphere 

through fixation by azotobacter, blue green algae and atmospheric electric discharge, the deficiency 

of this element is less acute compared to phosphorus defficiency, usually encountered in most soils. 

Potassium due to its easy availability in pond soil and water is not found to be limiting productivity. 

Banerjee (1967) from the study of large number of fish ponds under different agro-climatic 

conditions in the country observed that pond productivity depends on soil qualities such as its 

reaction, status of available nutrients (nitrogen and phosphorus) and organic carbon and classified 

these ponds into low, medium and high productive on the basis of these nutrient status as given 

below: 

Available N mg/100 

gms 

Available P2O5 mg/100 

gms 

Organic carbon 

% 

Low <25 <3 <0.5 

Medium 25–50 3–6 0.5–1.5 

High >50 >6 >1.5 

Tang and Cheng (1967) also classified milk fish ponds according the level of organic matter, total 

nitrogen, available phosphorus, potassium calcium and magnesium. 

 FERTILIZATION 



Fertilization as a means of increasing fish production is well accepted (Hickling, 1971, Lin & Chen, 

1967, Wolney, 1967). The natural productivity of a pond can be greatly enhanced by the use of 

fertilizers. It stimulates the growth of natural food by providing some essential elements. which 

found to be deficient in pond. Elements added as fertilizers or manures are utilized by 

phytoplankton which are the primary producers in aquatic environment. Once the primary 

production is increased, the whole of the food chain is activated resulting finally in increased 

productivity. Nitrogen, phosphorus and carbon are the major important elements added to ponds 

either as inorganic fertilizers or organic manures. Fertilizing ponds with organic manures was an 

old practice, but with the introduction of inorganic fertilizers the practice, has been changed from 

purely organic to inorganic or a combination of both. 

Besides the use of major elements like N,P,K and carbon, use of micronutrients in enhancing 

productivity have also gained importance in recent years. Srenivasan et al., (1975) indicated the 

significance of micronutrients like sinc, molybdenom, cobalt, born, venadium and manganese in 

plankton production. Banerjee and Benerjee (1967) recorded an increase in plankton weight by 

about 14 per cent due to manganese alone. Das (1967) showed significant increase in survival of 

carp fry with micro-nutrient elements. Sen and Chatterjee (1967) obtained significant response in 

survival and growth of fry of Indian major carps in ponds using cobalt chloride, bron, manganese 

and molybdenom along with the supplementary feed. Saha et al. (1979) also recorded enhanced 

survival and growth of Labeo rohita spawn in the laboratory and mrigal fry in yard experiments 

using zinc, cobalt, born and molybdenum in near neutral soil. 

To obtain an economic return of added fertilizers or manures, suitable forms and their optimal 

dosages are decided on the basis of soil texture, reaction and nutrient status of individual elements 

present in the soil so as to have a balanced aquatic environment for production. In order to achieve 

better results of fertilization inorganic fertilizers are preferred for highly claye soils rich with 

organic matter, while a combination of inorganic and organic are suitable for loamy soils with 

moderate organic matter. Organic manures with a limited quantity of inorganic fertilizers are 

desirable for sandy or sandy loam soils. 

The mode and frequency of application of fertilizers and manures are of significance for proper 

maintenance of nutrient levels for production of aquatic organisms. The total quantity of fertilizers 

or manures are usually applied in split doses at periodic intervals during the entire growing period. 

While fortnightly application of inorganic fertilizers are resorted, monthly application of organic 

manures are prefered and alternately when both are used, since the chemical, biological and 

economic factors restrict the dose of added fertilizers. 

 Liming 



The first step in fertilization is the application of lime. Liming raise the soil pH to a desirable level 

(near noutral) for establishing a strong buffer system, stimulates microbial decomposition of 

organic matter which favours mineralization of nitrogen and other nutrients from organic matter. It 

reduces toxicity of harmful compounds including disinfecting the environment. Sills (1974) stated 

that treatment of the damp bottom of ponds that have been drained with CaO or Ca(OH)2 will 

destroy parasites and other undesirable organisms. Concentration of calcium sometimes calcium 

and magnessium (dolomite application) increases following liming which favours the precipitation 

of collodial matter. Hasler et al. (1951) found that lime application reduced concentration of 

collodial organic matter and increased the depth of adequate light penetration for photosynthesis in 

bog lakes in Wisconsin. Removal of turbidity increases the depth to which there is adequate 

dissolved oxygen for habitance by fish. A wide fluctuation of pH which is undesirable for aquatic 

organisims, is prevented by liming which reacts with carbon dioxide and soil colloids for stabilizing 

both the soil and water pH. Bowling (1962) observed that liming enhanced the response of plankton 

to fertilization in Georgia ponds and it increased the production of benthic food organisms. Arce & 

Boyd, (1975) observed that limed ponds had higher rate of phytoplankton productivity and yielded 

25% greater weight of fish than control ponds. 

The pH, texture and organic content of the soil are considered in deciding the amount of lime to be 

applied. The lime requirement of ponds is the estimated amount of liming material needed to 

neutralize the acidity of bottom muds and increase the total hardness and total alkalinity of the 

water to atleast 2) mg/l (Boyd, 1974). Boyd (1974) modified a lime requirement procedure for 

agricultural soils (Adams and Evans, 1962) for use with pond muds. He found that the base 

saturation and pH of muds were highly and positively correlated with the total hardness of pond 

water and in increasing the mud pH. 

Generally ground limestone (CaCo3) is extensively used and applied either to the pond soil while 

dry or broadcast over the water surface in a single application or in several equal instalments. 

Acccording to the soil pH lime at the following rates are usually applied to ponds. 

pH Dose of lime (CaCo3 kg/ha) 

4.0 – 4.5 1000 

4.5 – 5.5   700 

5.5 – 6.5   500 

6.5 – 7.5   200 



These may be modified depending on the mechanical composition of soil. The dose may be 

increased or reduced by 50% for claye and sandy soil respectively. Liming is unnecesary when the 

soil is either neutral or slightly alkaline. But when acidic fertilizers are used it necessiates a 

pretreatment with lime before fertilizers are applied. 

 Organic manures 

A varicty of agricultural wastes, dung of various farm animals (Cow, pig, buffalo, sheep, horse, 

poultry and duck) and also domestic sewage are used as organic manures for fertilizing fish ponds. 

These manures serve as direct source. of food for invertebrate fish food organisms and fish. 

Hickling (1971) stated that organic manures are especially efficient in increasing the abundance of 

zooplankton and benthic organisms. It also improves the cation exchanges capacity and buffering 

action of soil. The nutrients contained in organic manures are generally low compared to inorganic 

fertilizers and remain mostly in complex forms. These are made available only after their 

breakdown to simple inorganic compounds through microbial action. Thus, the release of nutrients 

from organic manures are slow and their availability remain for a longer period depending on the 

rate of decomposition which in turn is dependent on the C/N ratio of the added organic manures. 

Plant materials in general have a wide C/N ratio compared to animal manures. When such materials 

are used on initial depression of mineral nitrogen occurs due to their appropriation by soil microbes, 

while with narrow C/N ratio mineralization of nitrogen occurs during the process of decomposition. 

So, to avoid such immobilization of mineral nitrogen, ammonium compounds are sometimes added 

to organic manures having high C/N ratio. 

A wide variation in the quantity of organic manures applied to ponds are adapted according to the 

nature of organic manure, its availability and also the duration of culture period. In composite fish 

culture, the normal dose, of cowdung varies from 5000–10,000 kg/ha/yr. depending on the organic 

carbon content of the soil. In absence of supplementary feeding, this is raised to 10,000–20,000 

kg/ha/yr depending the productivity of ponds. 

Though organic manures are useful in enhancing fish production, it has some disadvantages such as 

low and variable nutrient contents, their availability due to other alternate uses and ecological 

problems. Being composite in nature the results of their use are often unpredictable. They offend 

cesthetic value of a pond and are liable to transmit parasites and diseases. To avoid the chances of 

pollution and depletion of oxygen, organic manures are applied in heaps under water in split doses 

at monthly intervals during the culture period. 

 Inorganic fertilizers 



Inorganic fertilizers have a definite and constant chemical composition of nutrient elements. 

Fertilizers certain these elements in the form of soulble or readily available chemical composition. 

They are sometimes called „chemical‟ or „artificial‟ manures. The fertilizers are usually classified 

according to the particular nutrient element which forms their principal constituent. They may thus 

be grouped as nitrogenous fertilizers, phosphate fertilizers, potassic fertilizers and sonon. Some 

fertilizers with specific grades are made by mixing appropriate quantities of two or more groups of 

fertilizers. These are known as mixed fertilizers, while fertilizers containing more than one of the 

three principal elements in a single compound are called compound fertilizers. Inorganic fertilizers 

are usually contain a high and fixed percentage of one or the other element as compared to organic 

manures and are customarilly expressed as percentage of available nutrient elements like nitrogen 

(N), phosphosic acid (P2O5) potash (K2O). Liquid inorganic fertilizers have also been used and offer 

several advantages over the conventional granular or powdered NPK fertilizers (Geiger, 1983). 

Due to high solubility of these fertilizers, the nutrients are readily available soon after their 

application to the pond and are rapidly utilized thus necessiates their application frequently. The 

dose of nitrogen, phsophorus and potassium usually varies from 100–200 kg N, 50–100 kg P2O5 

and 25–50 kg K2O/ha/yr on the basis of low, medium or high productive ponds. 

 

 

 

 

 

 

 

 

 

 
 

 



UNIT- 4 

INTEGRATED FISH FARMING 

Integrated fish farming systems refer to the production, integrated management and 

comprehensive  use  of  aquaculture,  agriculture  and  livestock,  with  an  

emphasis  on 

aquaculture. Asia has a long and rich history of integrated fish farming. Written 

records from the first and second centuries B.C. documented the integration of 

aquatic plant cultivation and fish farming. From the ninth century, records showed 

fish farming in the paddy field. From the fourteenth to sixteenth centuries, there were 

records of rotation of fish and grass culture; and by the 1620s, the mulberry-dike 

fishpond, the integration of fish and livestock farming and complex systems of 

multiple enterprises integrated with fish farming were developed. Integrated fish 

farming is the methods by which fish is cultured along with paddy, piggery, poultry or 

any livestock, or flower culture. 

Fish- Cum-Paddy Culture 

In areas where paddy fields remain water for 3 to 8 months in a year, paddy cum fish 

culture can provide an additional supply of fish crop. The culture of fish in fields, which 

remain flooded even after the paddy is harvested, might also serve as an off-shore 

occupation for farmers. In recent years, however, with the advent of high yielding verities 

of paddy, the use of insecticide, pesticide,weedicide and fungicide, many of which 

even in minute quantities are highly toxic to aquatic life, has become widely prevalent. 

Fish culture,   therefore, is no more compatible with paddy farming wherever the latest 

high yielding    verities    of    paddy   are cultivated. Paddy-cum-fish culture is an old

practice in several 
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countries as Japan, Malaysia, Italy, China and India. In some north eastern states of India 

it is practiced to an appreciable extent. As paddy fields remain flooded with water for 

several months, fish can be grown there at low cost in addition to rice. Over 80 million ha 

of land produce the world supply of rice, and in favorable situations at the end ofthe 

season, paddy-cum fish culture yields 300 Kg. or more of fish per ha for an inundation 

period of 3 to 8 months. The species of fish commonly reared in the paddy cum fish 

culture are carps (Cyprinus carpio IMC). 

Methodology for rice field preparation 

Site selection: The site selection for paddy cum fish culture is low lying area where 

water flows easily and available at any time in needs. The soil of the paddy field is 

fertile organic manure and has highly water retaining capacity (Table 8.1). 

 

Table 8.1: Physicochemical characteristics of soil 

S.No. Parameters Range 

1. Sand 85.71- 96.62(%) 

2 Silt 3.12- 11.69(%) 

3. Clay 0.26-2.86(%) 

4. pH 5.00-5.70 

5. Organic carbon (%) 1.15-2.54(%) 

6. Organic matter 8.24 

7. Soil colour Light brown, blackish 

8. Total nitrogen 0.22- 2.54(%) 

9. Texture class Loamy soil, sandy 

10. Available phosphorous 2.90-4.50 mg/100 gm 

 
Preparation of paddy plots 

Bundh construction: The plots selected for paddy cum fish culture are normally 

prepared in the month of February by raising their embankment all along the plots. 

The paddy fields are suitable for fish culture at the areas because of strong bundh, 

which prevent leakage of water to retain water upto desired depth and also guarded 

the escape of cultivated fishes during the floods. The dykes should be built strong 

enough to make up the height due to geographical and topographic location of the 

paddy field. The bamboo screen mating done  at the base of the bundh for its 

support 

Dressing of paddy field: After the completion of bundh construction the base of 

paddy fields are leveled with the help of spade and local made wooden plates. 

Manual weeding is done during the month of February followed by construction of 

irrigation channel for easy passage, storage and draining of water. There are 2-3 

channels constructed at the middle of paddy field for water management. That 

channel divides the paddy fieldperpendicular and horizontally bisect at a point 



2  

(Fig.8.2). It is important to note that almost all paddy field have one ortwo inlets and 

more outlets. The former serve as entry of water required for the field and the later 

as outlets, one which remains at the bottom side of the dykes is meant for draining 

out the water for harvesting paddy crops and fishes. The remaining outlet 

constructed at the middle height of the dykes is meant for maintaining desirable 

water depth. Once the dressing work is over, the paddy field is ready for 

transplantation of rice seedling and fish seed stocking. However, the stocking of fish 

seed is done after 10-15 days of transplantation of rice seedling from its nursery bed. 

Management of water supply 
 

The farmers of the areas have sound knowledge of trapping water for paddy field. 

They construct barricades using wooden/bamboo poles across the stream, rivulets 

etc. to divert water to irrigational channel for the paddy fields. The irrigational channel 

varies from 0.5 to 2 meters in wide. 
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Source of fish seed 

The main source of seed is from progressive fish farmers who normally produce 

adequate size of fish seeds by rearing in small size ponds for a period of about 1-2 

months and sell it to the farmers who grow them directly in paddy fields and farms 

ponds. 

Organic fertilization of paddy fields 
 

The plots utilized for rice-cum-fish culture is mainly based on organic fertilization with 

a verities of animal excreta such as poultry dropping, pig excreta, cow dung and 

waste of plants such as rice husks, waste product of local beer and ashes from 

household brunt and remains of burnt straws after 

the harvest is over and 

compost fertilizer like 

decomposed straws, weeds 

and rice stalks etc. 

Stocking of fish seeds 

 
Before releasing of fish 

seed to paddy field the 

paddy transplantation from 

rice seed beds to main 

paddy fields is done in the 

month of April, and there 

after paddy is  left for        

two        weeks        for 

strengthening of paddy 

roots, the fish seed @ 2500 

nos. /ha area   is   released.   

The   fish 

rearing period varied from 3-6 months and the paddy rearing period is 5-7 

months. Harvesting 

Gears use for harvesting fishes is simple bamboo made basket called cane/bamboo. 

The fish culture for the period of 3-4 months in rice field, a production of 200-300 

Kgs/ha achieved and while fish grown for the period of 5-6 months; 400-500Kgs/ha 

yield has been reported in the same season. Methodology used for harvesting used 

for harvesting, first the water is drained through outlet pipe, and thus allowing fishes 

and water accumulated in mid channel of paddy field, thereby the fishes are caught 

with the help of tasting puda, hand picking etc. and then stocking in large plastic 
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bucket in live condition. After completion of fish harvesting the paddy harvesting 

followed. Normally paddy harvesting is made last part of Sept. & Oct. The paddy 

production range from 3500-4500 Kg/ha from the same plot of land. 

Marketing 

Fish harvested from the paddy field are marketed at the local market a live or fresh 

condition because of high market demand, live fish sold @ Rs. 120/- per Kg and 

fresh fish @ 100/- per Kg. during the lean season, the market price fluctuates. 

Marginal fish farmer sell their produce in fish market or in the paddy field itself. 

During the peak season, the  fish production from these paddy fields also reaches in 

the capital markets. 
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Horticulture-cum-fish farming 
 
The horticulture-cum-fish farming system includes the culture of fruits, vegetables and 

flowers on the embankment of the pond. The fruits and vegetables contain various 

nutritive elements and the Indian Council of Medical Research has recommended 85g of 

fruits and 300g of vegetables to consumedaily. For horticulture crop production the inner 

and outer dykes of the pond and adjoining areas are used. The selection of plant is the 

main criteria for the success of this system. The plant should be dwarf, seasonal, 

evergreen, remunerative and less shady. The fruit crops which can be used are Mango, 

Banana, Papaya, Coconut, Lime etc. and the vegetables like Brinjal, Tomato

Cucumber, Gourds, Chilli, Turnip. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                         

 

         

 

Cabbage, Cauliflower, Ladies finger can be grown according to their season throughout 

the year. The flower plantation on the embankment is also useful. We can use the plants 

like Rose, Jasmine, Gladiolus, Marigold and Chrysanthemum etc. which provides 

additional income to the farmer and beauty to the farm. This system provides 20-25% 

more return in comparison to aquaculture alone. 

The Agri-based fish farming 
 
It includes the mushroom fish system, sericulture-fish system, fodder crop integration 

etc. Pond bundhs may also be used for growing pulses and oil seed crops. Aquatic cash 

crop like Makhana (Euryale ferox) and Singhara (Trapa spp) integration can also be 

done along with air-breathing or carnivorous fishes. 
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Fish farming along with Duckery or Poultry 
 
 

 

Fish-cum duck farming unit 
 

Fish can be cultured along with livestock. The system is advantageous because 

duck feeds miscellaneous items from water like insects, crustaceans, molluscs 

which are not economical. The duck droplling is used as foods as well as 

fertilizers of ponds. The dabbling of duck in pond water in search of feeds 

release the nutrients from soil as well as it mixes the oxygen to the water which 

enhances the biological productivity and consequeny . 

 

increase of fish growth. The duck does not need any elaborate house and most of 

the time they prefer to live in water. Improve stocks of ducks like– India Runners, 

are used in poly culture system. 200 – 300 ducks are culture along with fish which 

can make sufficient amount of fertilizer to the pond water. The culture can yield 

from one ha area – 3,500- 4000kg of fish, 18,000 eggs and 500kg of duck meat in 

one year.
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Fish cum Pig Farming 

Fish farming with pig rearing is also cost effective and extra source of income to the 

fish farmers. Four types of pigs are used in that case in India of which Hampshire and 

Land Race are mostly cultured. They are prolific breeders and attain slaughter house 

maturity (60- 70kg) within 6 months and give 6-8 piglets. Fishattains marketable size 

in a year during which two crops of pigs can be reared. Pig manure is also rich  

 

 

 

 

 

 

 

 

 

 

Fish –cum pig farming unit 
 

with all nutrients found in cow dung. Fully grown pigs can void 500-600kg 

manure in a year. For one ha farm, 30 – 40 pigs are sufficient to for 

adequate fertilisation. The yield is about 6000 – 7000kg fish/ha/yr. with 

3,600 – 5000kg of pig meat from poly-culture system



 

 

UNIT- 5 

 

INTRODUCTION 

There is global need for food and nutritional security especially amongst developing and under-

developed counties [1]. Fisheries in India, is a progressively growing sector with varied 

resources. It has been estimated that more than 14.50 million people at the primary level are 

directly or indirectly dependant on this sector for their livelihood security. The sector has shown 

significant growth from traditional culture practices to commercial methods of culture, 

enhancing fish production from a mere 7.5 lakh tonne in 1950-51 to 107.95 lakh tonne during 

2015-2016, while earnings has of Rupees 33,441 crore in 2014-2015 (US $ 5.51 billion) through 

export of fish to different countries [2-4]. Fisheries and aquaculture sector has achieved a 

significant overall annual growth rate of about 4% during the 11th Five Year Plan period. As 

such fisheries and aquaculture has made contribution of about 0.91% to the National Gross 

Domestic Production (GDP) and 5.23% to the agricultural GDP (2014-2015), which is very 

significant [2,5]. At present India contributes about 6.30% to the global fish basket and 5% of 

global fish trade [6]. India is the second largest fish producing country and hold second largest 

aquaculture producing nation in the world [2]. While, Asia contributes more than 90% to the 

world‟s aquaculture production, India now takes the second position with regard to annual 

fisheries and aquaculture production, only after China [5]. As per FAO data, aquaculture has 

been the fastest growing food producing sector in the world, with an average annual growth rate 

of 8.9% since 1970, compared to only 1.2% for capture fisheries and 2.8% for terrestrial farmed 

meat production systems over the same period [7]. During the year 2015-2016, the country has 

produced about Indian Rupees 1.0 lakh crore value fish for local consumption and export [8]. 

This resulted in an unparalleled average annual growth rate of over 4.5 percent over the years 

which has placed the country on the forefront of global fish production [3,8]. The country has 

plans to increase the fish production and productivity by 8 per cent annual growth rate and to 

reach 15 million tonnes mark by 2020 [9]. This sector is also a principal source of livelihood for 

a large section of economically underprivileged population of the country and more than 14.5 

million people depend on fisheries activities [10]. However, progress of aquaculture has caused 



 

some unwarranted activities both for the species and environment. At the same time, over-

exploitation of fisheries and anthropogenic stress on aquatic ecosystems has placed pressure on 

wild fish populations. The consequence has been the emergence and spread of an increasing 

array of new diseases change. As has been noticed in other food producing sector, aquaculture 

has been adversely affected due to frequent occurrence of disease outbreaks mostly due to 

intensive culture practices for higher economic gain [11]. This review examines the development 

and characteristics of freshwater aquaculture practices in India, major fish diseases, principle of 

disease diagnosis and control programme and future scope of development of freshwater 

aquaculture in India. It also considers the potential challenges for heath management issues in 

aquaculture for sustainable development. 

AQUACULTURE PRODUCTION STATUS IN INDIA 

By virtue of its geographical situation in the monsoon belt, India is endowed with good rainfall. 

As a consequence, it has extensive potential aquaculture area in the form of ponds and tanks. 

These water bodies are distributed throughout almost all the states of India. In India the aquatic 

resources are vast and diversified. As per the record of Department of Animal Husbandry, 

Dairying and Fisheries, Government of India records, the country has varied potential aquatic 

which includes 1.95 km of rivers and canals, 7.95 lakh hectare (ha) of floodplain wetlands, 24.33 

lakh ha of freshwater ponds and tanks, 29.26 lakh ha of reservoirs and 11.55 lakh ha of brackish 

water ponds [2]. Besides, the country has 19134 small reservoirs, 180 medium and 56 large 

reservoirs, with a total water surface area of 1485557 ha, 527541 and 1140268 ha, respectively 

[12-13]. Cage culture is practised in open water resources especially in reservoirs and lakes. The 

major aquatic resources, aquaculture practices being followed in India and their management 

modes are given in table 1. Freshwater aquaculture contributes to over 95 percent of the total 

aquaculture production [3-4]. It accounts for nearly 55% of the total fish production in India 

(Figure 1). The sector has benchmarked from a domestic activity in Eastern Indian states of West 

Bengal and Odisha to an enterprise in the states like Andhra Pradesh, Punjab, Haryana, 

Maharashtra, etc. taking up fish culture as a trade and enterprise. The largest area under 

aquaculture being in the state of Andhra Pradesh (0.52 mha), followed by Karnataka (0.41mha) 

and West Bengal (0.276 mha). These three states account for about 50.5% of India‟s aquaculture 

areas [14]. The fish production status during 2012-2013 in different states table 2 indicates that 

out of total 90,19,148 tonnes total fish production, inland fisheries contributed to 57,44,057 



 

tonnes with maximum contribution by Andhra Pradesh (13,93728 tonnes), followed by West 

Bengal (13,37,664 tonnes) [8]. Besides these other states like Karnataka, Maharashtra, Odisha, 

Chhattisgarh, Jharkhand and Gujarat also contributed significantly to freshwater fish basket in 

India (Table 2). The freshwater aquaculture comprises of the culture of mainly three species of 

Indian Major Carps (IMC) viz . Catla catla (Catla), Labeo rohita (Rohu), and Cirrhinus 

mrigala (Mrigal) with three exotic species Hypophthalmichthys molitrix (Silver 

carp), Ctenopharyngodon idella (Grass carp), and Cyprinus carpio (Common carp) through 

polyculture of either only Indian Major Carps (IMC) or combination of Indian and exotic carps 

Kathia et al., [14]. Culture of catfishes (air breathing and non-air breathing), Giant freshwater 

prawn Macrobrachium rosenbergii (Scampi), pangasius (Pangasiandon hypophthalamus) and 

culture of tilapia (Oreochromis niloticus; Oreochromis mossambicus) are also practised in 

freshwater aquaculture. Production of IMCs contribute between 70% and 75% of the total 

freshwater fish production, while silver carp, grass carp, common carp and catfish make up 25% 

to 30% of the production. 

 

Figure 1: Showing growth total aquaculture production status in India [4]. 

  

S. no Resource Size Management Mode 

1. Rivers 54,000 km Capture fisheries 

 2. Medium and large reservoirs 16.86 lakh ha Capture fisheries 

 3. Small reservoirs 14.86 lakh ha Culture based fisheries 

 4. Flood plain wetlands 5.42 lakh ha Culture based fisheries 

5. Freshwater ponds/tanks 23.8 lakh ha Aquaculture 

Table 1: The major freshwater aquatic resources, aquaculture practices being followed in India 

and their management modes [13].  



 

  

S. No. State Marine Inland Total 

1 Andhra Pradesh 414349 1393728 1808077 

2 Bihar 0 400140 400140 

3 Gujarat 6933500 92586 786086 

4 Karnataka 373167 202216 575383 

5 Kerala 484392 149098 633490 

6 Madhya Pradesh 0 85165 85165 

7 Maharashtra 433684 145110 578794 

8 Odisha 118311 291832 410143 

9 Tamilnadu 428441 191956 620397 

10 Uttar Pradesh 0 449750 449750 

11 West Bengal 152352 1337664 1490016 

12 Chhattisgarh 0 255611 255611 

13 Jharkhand 0 96600 96600 

14 All States together in India, total 3275091 5744057 9019148 

Table 2: State-wise production of fish in India during 2012-2013 (In tonnes) [8]. 

  



 

However, currently, only an estimated 40% of the available resources in India, is in use for 

aquaculture because of technical and market access issues and there is lot of scope of 

development of aquaculture [5]. With technological inputs, productivity has gone up from 500-

600 kg/ha to 3000 kg/ha, with several farmers and entrepreneurs achieving higher production 

levels of 6-8 t/ha/yr. The national average productivity has increased from 50 kg/hectare/year in 

1974-1975 to about 2,135 kg/hectare/year in 1994-1995 and 2,270 kg/hectar/year in 2003-2004 

[15-16]. However, as indicated by Siddick et al., [17], the most common constraints of 

aquaculture production in India include, i) Lack of perennial rivers, tanks and ponds with year 

the round availability of water ii) Frequent erratic and inadequate rain fall iii) Mismatch of 

monsoon rain and breeding season (May-August) of IMC iv) Lack of awareness among the 

farmers on improved methods of fish cultivation and better Management Practices (BMPs) in 

aquaculture, v) Improper coordination with production, demand and supply of fish and fish-seed 

vi) Non availability of quality fish-seed for stocking vii)Under-utilization and poor management 

of water bodies by local authority or cooperatives and viii) Lack of suitable public policies on 

long-term lease of water bodies or giving ownership, in some states [17]. 

DISEASE PROBLEMS IN INDIAN AQUACULTURE 

Disease is one of the major constrains to aquaculture and limiting factor for economic and socio-

economic development in India and as in many other countries of the world [18-20]. Some 

diseases have caused serious damage, not only the livelihood of fish farmers, but also, to the 

future development of the industry. Many diseases affecting present day aquaculture is resultant 

of intensification of culture practices without the basic perception of intricate balance between 

host, pathogen and environment [7,21]. In India, the increase in aquaculture production 

particularly in expansion into intensive and semi-intensive methods of production has been 

coupled by increase in fish and shellfish resulting from high stocking densities and stress 

conditions that favours the occurrence and spread of infectious diseases [22]. A total loss of one 

billion US $ was reported due to diseases in shrimp culture [23]. The vertical expansion of fish 

culture with diversified species and higher stocking density has resulted more frequent 

occurrence of bacterial, parasitic and viral pathogens, often leading to higher morbidity or mass 

mortalities and lowered production. Rural resource poor farmers with little or no knowledge of 

fish health management and skill to prevent and control disease outbreaks are the most sufferers, 

incurring huge economic loss [18]. It is understood that occurrence of disease is a result of the 



 

complex interaction between the host, the pathogen and the environment [24]. In aquatic 

systems, disease management is a difficult proposition due to the unique ecosystem, where the 

pathogen is always looking for an opportunity when the health status of the host is compromised 

[25]. In many cases, disease outbreaks are closely related to environmental deterioration, leading 

to stress to the cultured animals. Different stress factors such as non-optimal water quality, 

higher microbial load, poor nutritional status, high stocking density can trigger the chances of 

infection by opportunistic pathogens in aquatic environment [26]. Most bacterial, parasitic and 

fungal pathogens are not strictly parasitic micro-organisms. These pathogens have a high 

adaptability to environmental changes. If the conditions for parasitism are unsuitable, 

saprophytic relationship will develop. Environmental stress factors can result in increased 

occurrence of fungal infections. High organic loadings were also identified as a cause of 

increased infection of Saprolegnia parasitica [27]. 

 

COMMON DISEASES REPORTED IN FRESHWATER AQUACULTURE 

India is basically a carp country and indigenous Indian Major Caps (IMC) which include rohu 

(Labeo rohita), Catla (Catla catla), mrigal (Cirrhinus mrigal), exotic carps like common carp 

(Cyprinus carpio), grass carp (Ctenopharyngodon idella) silver carp (Hypophthalmicthys 

molitrix) along with catfishes (Clarius batrachus, Heteropneuestes fossilis, Pangassius spp.) and 

freshwater prawn Macrobrachium rosenbergii also being widely cultured account for bulk of 

aquaculture production. In last few years, the exotic catfish Pangasiandon hypophthalamus, and 

pacu, Piaractus brachypomus, culture are also increasing. Also Tilapia and Pangasius offer 

opportunities, for cage culture freshwater lakes and reservoirs. Instead of 10 ton per ha, in pond 

culture system, now a fish production of 3.0 ton in a cage of 6ft × 4ft × 4ft can be achieved. The 

focus has been on the production of genetically improved tilapia for market of cheap source of 

proteins [5]. However, carp production contributes to bulk of the fish production in Indian 

freshwater aquaculture, with production over 3.25 million tonnes. As there is limited scope for 

horizontal expansion, the current trend in aquaculture development is towards intensification of 

culture practices. However, frequent occurrence of diseases and epizootics are considered to be 

major bottlenecks for increasing production. It is estimated that disease account for 10-5% 



 

towards the production cost [28]. The diseases are mostly of bacterial and parasitic origin and 

involvement of fungal pathogens and viruses are rarely reported in Indian aquaculture practices. 

Bacterial diseases 

Bacterial fish diseases are very common and are one of the most difficult health problems to deal 

with. These bacteria are generally saprophytic in nature and only become pathogenic when fishes 

are physiologically unbalanced, nutritionally deficient, or there are other stressors, i.e., poor 

water quality, overstocking, which allow opportunistic bacterial infections to proceed [29]. 

Bacterial diseases have been frequently encountered in eggs, fry, fingerlings of fish, causing 

heavy mortality. These microorganisms are essentially opportunistic pathogens which invade the 

tissues of a fish host rendered susceptible to infection by stress factors [12]. Occurrence of 

bacterial diseases was not considered to be a serious problem in our country, as economic losses 

in fish culture was not known. The incidences of Ulcerative disease (EUS) in various Southeast 

Asian countries as well as in India, focused tremendous attention on the threat the disease 

epidemics hold for the farmers. Economic losses of the order of US $ 10 million in Thailand and 

over 3 $ million in Bangladesh were lessons enough to realize their importance [30]. Some of the 

important bacterial diseases like motile aeromonads septicaemia caused 

by Aeromonas hydrophila, edwardsiellosis caused by Edwardsiella tarda, Pseudomonas 

septicaemia by Pseudomonas fluorescens and Pseudomonas putrefaciens, flexibacteriosis by 

Flexibacter columnar, Vibriosis by Vibrio alginolyticus and V. parahaemolyticus bacterial gill 

disease, streptococcal septicaemia, mycobacteriosis, disease, and enteric septicaemia, are often 

being reported in carp culture in India [30-31]. In general there are four types of bacterial 

infections i) Fin rot - usually resulting from environmental stress, ii) Bacterial body ulcers-open, 

shallow to deep, lesions on the fish‟s body iii) Bacterial gill disease - in which the gills are the 

primary target iv) Systemic bacterial disease, in which bacteria invade and cause damage to 

internal organs [29,32]. The details of common bacterial diseases reported in aquaculture have 

been presented in table 3. 

Sl 

No 
Disease Condition Symptoms Involvement of Pathogens   



 

A. Bacterial Diseases   

1 Columnaris Disease 

Haemorrhagic and 

ulcerative lesions 

on fins, head, back, 

which may look 

yellow to orange 

due to bacterial 

growth and 

pigmentation. 

Flavobacterium 

columnare (Flexibacter/Cytophaga 

columnaris) 

  

2 Tail rot and Fin rot 

Erosions, 

discoloration and 

disintegration of 

fins and tails. 

A.hydrophila, Pseudomonas 

spp. Cytophaga spp., Haemophilus 

Haemophilus 

  

3 
Bacterial gill disease or Gill 

rot or Environmental disease 

Gasping, lethargic, 

gills look 

discoloured with 

trapped materials, 

secondary fungal 

infection 

Flavobacterium branchiophilum, 

Cytophaga spp., Flexibacter spp. 
  

4 
Aeromoniasis or 

Motile Aeromonas septicaemia 

Haemorrhagic and 

ulcerative lesions 

on skin fins, head, 

exopthalmia 

Aeromonas hydrophila, A veronii bv. 

Sobria, A. sobria 
  

5 
Edwardsiellosis or 

Edwardsiella septicaemia 

Ulcerative 

abscesses in 

internal organs, 

haemorrahic ulcers 

Edwardsiella tarda   



 

on skin, fins and 

body, rectal 

protrusion 

6 Vibriosis 

Ulcerative 

abscesses in 

internal organs, 

haemorrahic ulcers 

on skin, fins and 

body 

Vibrio anguillarum, V. 

parahaemolyticusV.alginolyitucs 
  

7 Eye disease 

Cataract of eyes, 

affect cornea, 

eyeball gets 

putrefied 

Aeromonasliquefaciens,Staphylococcus 

aureus, various other bacteria 

  

  

  

8 
Pseudomoniasis/Psedomonas 

septicaemia 

Haemorgaic lesions 

on skin, fins, tail 

Pseudomonas sp. Pseudomonas 

fluorescens 

  

  

  

9 
Enteric Red Mouth Disease 

(ERM) 

Haemorgaic lesions 

on skin around 

mouth, fins, tail. 

Internal 

haemorrhages 

Yersinia ruckeri   

B. Fungal diseases   

1 Saprolegniasis 

Fungi usually grow 

on dead organic 

matter of pond 

Saprolegnia parasitica,   



 

bottom. Fish 

become weak, 

ulceration of skin 

with haemorrhages, 

cotton wool growth 

on ulcers with grey 

patches 

2 
Branchiomycosis (Gill rot 

disease) 

Fungi usually grow 

on heavily 

deposited decaying 

organic matter of 

pond bottom. Fish 

become lethargic, 

redness of gills, 

which later become 

grayish-white, 

necrosis of gill 

filaments 

Branchiomyces demigrans   

3 
Epzootic Ulcerative Syndrome 

(EUS) 

Fish become lethargic, redness of skin, ulcerative patches, 

high mortality 

Aphanomyces invadans 

sp. (Fungs), Aeromonashydrophila, A. 

sobria 

  

C. Parasitic diseases   

  
Ichthyophthiriasis (Ich/White 

spot disease) 

Most fish are 

susceptible. 

Whitish cysts of 

around 1 mm 

diameter, mostly 

observed on skin, 

Ichthyophthirius multifiliis   



 

fins and gills. 

2 Trichodiniasis 

Most fish are 

susceptible. 

Whitish cysts 

observed on skin, 

fins and gills. Disc 

shaped, spherical 

cysts can be 

observed in whitish 

material under 

microscope. 

Trichodina sp.   

3 Dactylogyrusis (Gill fluke) 

Mostly affects 

gills, destroying the 

gill filaments, gills 

with clumps of 

white masses. 

Parasites can be 

observed under 

microscope in 

sample from gills 

Dactylogyrus   

4 Gyrodactylosis(Skin fluke) 

These parasites 

which grow on and 

destroy the skin, 

gills with clumps 

of white masses, 

frequently 

associated with 

secondary 

Gyrodactylus spp.   



 

infections. 

6 Argulosis (Carp lice) 

Wide spread in 

most cultured & 

ornamental fish 

species in India. 

Parasite is seen 

moving on the skin 

surface, causing 

skin lesions with 

secondary bacterial 

infections, 

haemorrhagic spots 

and ulcers. 

Argulus spp. 

  

  

7 Myxosporidiasis 

Parasite produces 

cysts on different 

parts of body, 

internal organs and 

gill filaments. Fish 

becomes weak, 

falling of scales. 

On microscopic 

observation, typical 

cysts can be 

observed in gill 

squash. 

Myxosporidium spp.   

Table 3: Common diseases recorded from cultivable species of fish in India. 

 

Another bacterial disease commonly reported in fish culture is bacterial skin disease or red 

disease. It is a systematic bacterial infection. There are red areas on body, depression with 



 

swollen eyes and abdomen. A wide variety of bacteria mainly belonging to Gram-negative rods 

are involved. Many pathogens are present only at skin lesions, especially Flexibacteria, 

Aeromonads, Vibrios etc. There may be necrotic lesions on fins (fin rot). The disease may 

become systematic, more severe form causing mortality. Another important bacterial disease 

often confused with red disease in carp culture in Motile AeromonasSepticaemia (MAS). This is 

probably the most common bacterial disease causing severe production loss to freshwater fish 

culture. This disease has been associated with several members of the genus Aeromonas, 

including A. hydrophila, A. sobria, A. caviae, A. schuberti, and A.veronii [31]. The clinical signs 

of motile Aeromonas septicaemia include high morbidity often with superficial to deep skin 

lesions and sometimes sudden death with or without any clinical symptoms. Skin lesions are 

often noticed at base of the fins, with variously sized areas of haemorrhage and necrosis. There 

are red areas on body, skin ulcers, swollen body, abdomen and eyes and musculature, hence 

often called as “red-disease”. These lesions may progress to reddish to grey ulcerations with 

necrosis of the underlying. Unless immediate action not taken, the mortality rate often reached to 

100%.  

 

Other bacterial diseases of less importance are Edwardsiellosis, caused by Edwardsiella 

tarda and Enteric Red mouth Disease, caused by the pathogen Yersinia ruckeri. There are some 

reports of occurrence of Columnaris bacterial disease that affects the skin or gills of freshwater 

fish and is caused most commonly by Flexibacter columnaris. This is primarily an epithelial 

disease and necrosis and erosions of the skin and gills are often observed which may become 

systemic. Whitish plaques with reddish peripheral zone are observed mostly on the head or back, 

hence the disease also called saddleback disease. Lesions on fins arte also often observed, hence 

it is also called as fin rot disease. 

Parasitic diseases of fish 

The production from culture system is hampered by the infestation of various fish parasites. 

Compared to other diseases, occurrence of parasitic disease has been the major cause of concern 

and caused significant setback to freshwater aquaculture in India [20]. Fish parasites multiply 

rapidly under favourable conditions, there by affecting the health of fishes, often leading to high 

mortality. Parasites interfere with nutrition of hosts, disrupts metabolism and secretary functions 

of alimentary canal and damage nervous system [29,33]. During survey of different carp and 



 

Pangasius farms in Andhra Pradesh, Odisha, Karnataka and Gujarat, fish were observed to be 

affected by fish parasites, mostly, the protozoan ciliates (Ichthyophthirius sp., Trichodina sp.), 

monogenetic trematodes (Dactylogyrus sp., Gyrodactylus sp.) and larger crustacean ectoparasites 

viz. Lernae spp., Argulus spp., (the freshwater louse,) Ergasilus, which cause substantial 

economic loss in fish culture system in India [20,22,26]. Disease and mortality due to 

monogenian trematodes Gyrodactylus spp., (commonly known as skin flukes), and Dactylogyrus 

spp., (known as gill flukes) have also been commonly reported in carp culture and cage culture. 

These monogenetic trematodes are considered as one of the most prevalent parasitic agents 

affecting skin and gills, causing irritation and destruction of gill tissues leading to impairment of 

breathing. The Ichthyopthirius, cause “white spot” or “Ich” in most freshwater fishes. Another 

fish parasite, Trichodina browse over gills and skin, damaging the host tissue and consuming the 

resulting dead tissues. Repeated chemical treatments are necessary to eliminate the parasites 

[26]. Another important and most prevalent parasitic disease causing severe economic loss in 

carp culture is “Argulosis” caused by crustacean ectoparasites of the genus Argulus also called 

“freshwater fish lice” [20]. Acute infestation of Argulusinfestations often cause dermal 

ulceration, osmotic imbalance, physiological stress and immunosuppression, leading to high 

morbidity and lowered growth rate of carps [30,33], but the incidence of mass mortality due to 

this disease has been very low [34]. Reported that Indian major carps are more susceptible 

to Argulus parasites, in comparison to Chinese and European carps. The intensity of infestation is 

greatly influenced by seasonality, which affects host physiology and ecology [30,34]. Intense 

parasite infestation can cause ulceration and upset the normal course of reproduction [33]. 

Besides, indirect effects of infestation such as reduced fish growth, reduced feed conversion 

ratio, secondary infections with other bacterial and parasitic infestations and fish mortality as 

well as farmers perception about safe aquaculture, too contribute substantially to the loss 

incurred [30].  

 

Among all fish parasitic infestations, disease with Argulous is most common (29%), followed by 

infestation with Dactylogyrous (25%) and Myxobolous (9%) (Figure 2). However, in some cases 

infestation with multiple parasites have also been reported in fish culture. It has been observed 

that incidence of Argulosis in the wild fish populations is of very low in intensity compared to 

that reported in pond culture conditions [35]. Loss due to parasitic disease Argulosis was been 



 

estimated to be to the tune of Rupees 30,000 (US$ 615) per hectare per year in carp culture in 

India [28]. However, [34] estimated loss of BDT 35,552.50 ha-1 yr-1 due to parasitic diseases in 

carp cultures in Bangladesh. Overall loss due to parasitic diseases was found 11% for mortality, 

11% for chemicals cost and 65% for reduction of growth of carps in the study areas. 

 

 

Occurrence of single and/ multiple parasitic infestations in freshwater aquaculture. 

Fungal diseases of fish 

Contrary to bacterial and parasitic diseases, only a few number of fungal species are known to be 

pathogenic to fish. Mostly these are present in water and under unfavourable conditions, they 

attack the fish causing skin lesions. Most fungal infections recorded in carp culture are those 

caused by species belonging to the oomycete fungi, Saprolegnia, Achlya and Aphanomyces. 

Diseases caused by these fungi are collectively called “saprolegniasis” [22]. These oomycete 

fungi, are commonly present in aquatic environments, are rarely considered to be primary 

pathogens. These are often recognized as saprophytic, opportunistic secondary pathogens that 

readily colonise the damaged tissues infected by bacteria or parasites [30]. Fungal growths on 

skin or fins look like patches of white to whitish-grey cotton-wool like growths. These are 

mostly composed of numerous fungal hyphae, which can be visualized under microscopic 

observation Saprolegniasis is particularly prevalent in over-wintering ponds with a high stocking 



 

density, like in cage culture or intensive aquaculture. Although there are several reports of 

saprolegniasis mostly is cage culture systems, the incidences are normally less in pond culture 

system, unless there is gross mismanagement. Besides Saprolegnia, Branciomyces 

and Aphanomyces causesdiseaseinpondaquaculture.  

 

Another important fungal induced disease in fish culture of high economic importance is 

Epizootic Ulcerative Syndrome (EUS). It is widely occurred in freshwater aquaculture causing a 

great loss in South East Asia including India. It is a severe and economically important disease 

affecting farmed freshwater fish and listed as a notifiable disease. Haemorrhages and ulcers are 

the clinical manifestation of the disease symptoms on the body surfaces. It is an important 

bacterial-fungal mixed infection responsible for high mortality in freshwater fishes. Fish species 

commonly affected are Catla catla, L. rohita, C.mrigala, C. carpio, Channa sp., Puntus sp., and 

G. chapra [22]. Affected fishes become weak, off-fed and float on the surface of the water. 

Initially, red coloured lesions often with haemorrhages are seen on skin, which gradually 

becoming deeper and assuming the form of ulcers. In some cases tissues patches fall off, causing 

secondary infection and high mortality [36]. Although a wide variety of organisms have been 

isolated from the body surfaces and internal organs of the fish, Aphanomyces invadrans is 

believed to be the primary causative organism [18]. A range of both biotic and abiotic factors 

may predispose fish to infection by EUS [18], reported EUS to be the most common disease in 

Bangladesh that has a significant impact on carp culture they indicated that ponds receiving 

water from rice field and river/ditch had high relative risk of EUS [18]. The details of fungal 

disease in fish culture has been presented in table 3.  

 

Farmers in the region are in practice of using various probiotic formulations, aqua drugs and 

chemicals, various antimicrobials, sanitizers, anti-parasitic drugs and even antibiotics in fish 

culture system, as preventive and control measures to protect the crops. Some drugs and 

preparations, which are used in animal medicine and agriculture practices are also being used in 

fish culture [37]. CIFAX, a chemical formulation developed by the scientists of ICAR-CIFA, has 

been found quite useful in controlling EUS and other bacterial infections, besides have some 

other useful actions in pond culture [38]. 



 

Viral diseases for fish 

There are more than 125 different viruses have been identified in fish around the globe and new 

viruses are being discovered every new date. However, there are only few reports of viral 

diseases affecting finfish in India. Viral diseases like Cyprinid Herpesvius-2 (CyHV-2), Koi 

Rana Virus (KIRV), Carp Edema Virus (CEV), Megalocytiviris and Goldfish haematopoietic 

virus necrosis herpes have been reported in ornamental fish culture [28]. KIRV causing huge 

mortality of koi Cyprinus carpio was reported in ornamental fishery. In addition, koi sleepy 

disease caused by CEV was reported in Cyprinus carpio [39]. Report of Viral Encephalopathy 

and Retinopathy (VER) or Betanoda virus was also reported for a period in seabass farming, 

although there were no subsequent reports of such disease occurrence in India. There are some 

reports of occurrence of Tilapia Lake Virus (TILV) in some pockets of tilapia culture in cages 

and tanks. However, Indian Native Species of Carps (IMC), which is the predominant species is 

not affected by any of above describes viruses, which is a good sign for Indian aquaculture 

sector. Overall the freshwater aquaculture sector is free from adverse impact of fish viral 

epidemics as has been reported in marine or brackish water shrimp culture and in other parts of 

the world. 

 

The pattern of disease occurrence and mortality is typical in Indian aquaculture system. While 

occurrence of viral disease especially White spot disease, has caused havoc in shrimp 

aquaculture, viral disease outbreaks has not been the cause of concern in fish culture. The 

significant observation is that so far not a single case of viral disease outbreak has been reported 

in freshwater aquaculture in India, causing huge mortality. May be that India is blessed with 

Indigenous Variety of Indian Major Carps (IMCS) which are not susceptible to fish viral 

pathogens as prevalent in other Asian countries or the culture environment is not conducive for 

the viral pathogens to multiply and cause disease. However, frequent occurrence of parasitic 

infestations in fish culture has been an area of concern, which is responsible for high morbidity 

and production loss, compared to other pathogens. As has been presented in figure 3, incidences 

of occurrence of parasitic infestations in freshwater aquaculture are maximum (46%), followed 

by loss due to alternation in water quality parameters (24%) leading to production loss. Infection 

of fish with bacterial pathogens are in the range of 22% and in only 8% cases the mortality are 

due to other factors (Figure 3). 



 

 

 

Figure 3: Different causative factors responsible for mortality and production loss in freshwater 

aquaculture. 

 

Another significant observation in Indian aquaculture has been seasonal variation in occurrence 

and severity of fish diseases in freshwater aquaculture (Table 4). Whereas incidences of red 

disease or Aeromoniasis are common during all seasons, the incidences of Black-gill disease are 

more during winter periods. Among parasitic diseases, occurrence of Argulousis and gill fluke 

disease are comparatively more during winter and post-rainy season. Hence, the farmers are 

advised to take due preventive and control measures during post-rain and winter seasons in 

grow-out culture system. 

 

Diseases Species affected Stage of fish Seasonal distribution 

A. Bacterial diseases Summer Rainy Winter 

Aeromoniasis Freshwater fishes All stages Yes Yes Yes 

Red disease Freshwater fishes 
Grow out and 

Adult 
Yes Yes Yes 



 

Edwardsellosis 
All freshwater and some 

brackish water fishes 

Mostly fry and 

fingerlings 
No Yes Yes 

Bacterial gill disease All freshwater fishes 
Grow out and 

Adult 
No No Yes 

Columnaris disease All freshwater fishes All stages Yes No No 

Vibriosis 
Freshwater prawn and 

shrimps 
All stages Yes Yes No 

B. Viral diseases 

Whites pot disease 
Penaeus monodon, P. 

vennamei 
All stages Yes Yes Yes 

White tail disease 
Macrobrachium 

rosenbergii 

Post larvae and 

juvenile 
Yes Yes Yes 

C. Fungal diseases 

Saprolegniasis All freshwater fishes All stages No No Yes 

D. Parasitic diseases 

Argulosis 

All freshwater fishes with 

scales are affected. Labeo 

rohita more susceptible 

Adult No Yes Yes 

Lernaeasis All freshwater fishes 
Adult and 

Juveniles 
No Yes Yes 

Myxosporidiasis All freshwater fishes All stages Yes Yes Yes 



 

Dactylogyrosis All freshwater fishes Adult No Yes Yes 

Table 4: Seasonal variation of disease occurrence in Indian aquaculture. 

PRINCIPLES OF DISEASE DIAGNOSIS AND CONTROL PROGRAMME 

The impacts of emerging diseases of aquatic animals have been substantial, adversely affecting 

livelihood security of millions and have impacted regional or national economies [11]. The most 

devastating production loss with socioeconomic impacts was that observed in in shrimp 

aquaculture in India during 1995-1998, which almost led to collapse of shrimp aquaculture 

industry in India [40]. Development and application of suitable diagnostic and control measures 

to combat disease occurrence in fish and shellfish culture to control production loss, thus have 

assumed significance in many aquaculture-producing countries [21]. The most important 

approach to disease control programme is managing the culture unit to reduce disease 

predisposing conditions. This is best achieved through the use of realistic stocking densities, 

preventing the introduction of pathogens into culture systems or hatcheries, maintenance of good 

water quality parameters, avoiding stress and through the provision of adequate nutrition to 

cultured animals. Until few years from now, diseases in aquatic organisms were not considered 

to be a serious problem in our country, as economic losses in fish culture were not known. 

Recent incidences of various emerging diseases have focused attention in this aspects. However 

consolidate affords are necessary to tackle this problems for sustainable aqua farming and to 

prevent production losses [22,29]. As elaborated by Subasinghe et al., [21] and Bondad-Reantaso 

et al., [7], the essential principles of disease treatment and control are to i) establish an accurate 

diagnosis; ii) select an appropriate and environmentally responsible treatment and iii) evaluate 

management practices within the farm and determine if future outbreaks could be prevented by 

changes in procedure or design. At National level, the laboratory facilities, diagnostic expertise, 

control protocols and therapeutic strategies are becoming better day by day to handle such 

disease outbreaks. In addition, many farmers, especially in developed countries, have improved 

their capacity to respond quickly and effectively to emergent disease situations [21]. It has been 

emphasized to establish such composite “Water quality testing- disease diagnosis Laboratory” 

required to be set up at every district level, specifically in aquaculture zones to tackle the 

problem. Considering the present condition, it is presumed unless there intra-state and inter-state 



 

cooperation and coordination, it would be difficult to implement it. If implemented, this would 

greatly Enhanced their disease prevention awareness. 

FUTURE SCOPE OF DEVELOPMENT OF AQUACULTURE IN INDIA 

Data indicate currently, only an estimated 40% of the available resources in India are in use for 

aquaculture because of technical and market access issues and there is lot of scope of 

development of aquaculture [5]. Realizing the immense scope for development of fisheries and 

aquaculture, the Government of India has restructured the Central Plan Scheme under an 

umbrella of “Blue Revolution”. The restructured Central Sector Scheme on Blue Revolution 

called Integrated Development and Management of Fisheries (CSS) approved by the 

Government provides for a focused development and management of the fisheries sector to 

increase both fish production and fish productivity from aquaculture and fisheries resources of 

the inland and marine fisheries sector including deep sea fishing [9]. Blue Revolution, the Neel 

Kranti Mission has the vision to achieve economic prosperity of the country and the fishers and 

fish farmers as well as contribute towards food and nutritional security through full potential 

utilization of water resources for fisheries development in a sustainable manner, keeping in view 

the bio-security and environmental concerns [2]. Under Blue revolution scheme, specific target 

has been made to enhance the fish production from present level of 107.95 lakh tonnes to about 

150 lakh tonnes by 2020. It would lead to augmentation of export earnings, which would directly 

and indirectly benefit the fishers and fish farmers, with nearly doubling their income. The 

Department of Animal Husbandry Dairying and Fisheries (DAHDF), Ministry of Agriculture, 

Government of India, has prepared a detailed proposal called “National Fisheries Action Plan-

2020” (NFAP) for the next 5 years with sole objective of enhancing fish production by 8 percent 

annual growth rate, to achieve the concept of Blue Revolution. The mission would be operated 

through National Fisheries Development Board (NFDB) in collaboration with State 

Governments and ICAR Research Institutes, for their specific components [9]. 

 

However, there remain some impediments which need to be tackled to have enhanced fish 

production in India. As suggested by Siddick et al., [17], the productivity of water bodies can be 

further improved by i) Stocking right mix of fast growing fish varieties in recommended 

quantities ii) Indian Major Carps (IMC) being the most demanded fish species in the region, seed 

production hatcheries to be made available near to the culture sites, iii) Research work need to be 



 

taken up in developing fast growing fish varieties suitable for short seasonal tanks iv) Stocking 

with right composition of fish seeds need to be taken up to utilize natural feed available in 

different levels of water column. Again, there is considerable potential for promoting scientific 

fish culture practices in community ponds or open-water resources [17]. Besides modern culture 

practices, research on disease surveillance, pathogen zoning and disease forecasting would help 

to take up suitable preventive and control measures to protect the crops against eventualities. 

Considering the importance of fish disease surveillance in health management Network of 

Aquaculture Centres in Asia-Pacific (NACA), Bangkok, in their meeting during April 2012, 

made a strong recommendation for the need for a national program on surveillance. This was 

followed up by the development of a project proposal by the ICAR-National Bureau of Fish 

Genetic Resources (NBGFR), Lucknow, India, in consultation with national partners and NACA 

[41]. In this regard, DAHDF, Government of India, has already approved a “National 

Surveillance Programme on Aquatic Animal Disease”, through the National Fisheries 

Development Board, Hyderabad, in collaboration with State Agricultural Universities (SAUs) 

and ICAR Research Institutes. Besides this, Indian Council of Agricultural Research (ICAR) has 

already implemented a national programme “All Indian Network Project on Fish Health” through 

ICAR - Research Institutes and SAUs [42]. The project aims to understand the disease 

prevalence status, economic loss caused due to disease, cataloguing of various drugs and 

chemicals used in aquaculture and conducting fish health camp and awareness programme for 

the benefit of farmers. Efforts are also being made to bring a “National inland fisheries Policy” 

along with new “National Marine Fisheries Policy”, which will decide an overall and integrated 

growth frame work in the area of inland fisheries throughout the country [2], which would lead 

to sustainable development of aquaculture in India. 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 


