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Peace Corps' Information Collection & Exchange (ICE) was_
established so that the strategies and technologies devel-
oped by Peace; Corps Volunteers, their co-workers, and their
counterparts could be made available to the wide range of
development organizations and lnleldual workers who m.lght
find them useful. Training guides, curricula, lesson plans,
project reports, manuals and other Peace Corps-generated
. materials developed in the field are collected and reviewed.
Sare are reprinted "as is"; others provide a source. of field

based J.nformat_lon for the production of manuals or for ré-

search in particular program areas. Materials that you sub~

mit to the Information Collection & Exchange thus become

part of the Peace Corps' larger contribution to development.

Information about ICE publications and services is available
thmugh

~P@ace Corps
Information Gollection & Exchange ,
office of Programming & Training Coordination
806 Connecticut Avenue, b..W.
- Washington; D.C. 20525

Add your: expe.rlence 1o the ICE: R.asource Center:. Send ma-

terials that you've prepa.red so that we can share them

with others working din the devnlopment field: Your tech-

nical insights serve as the basis for the generation of
ICE manuals, ,repr:mts and 1usource packets; and also

ensure that ICE is providing the most updated; . innovative

problem-solving technlques a;rﬁ information available to
you and your fellow deveioprrent workers.
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) - y About this manuai....

Freshwater Fish Pond Cultunre and Management is the second in a series

of publications being prepared by the United States Peace Corps and
VITA, Vo]unteers in Technical Assistance: These publications combine

Peace Corps’' practical field experiences with VITA's technical expertise

in areas in which deve]apment workers have special difficulties f1nd1ng

in_ countries. around the world in program areas such as agr1cu1ture,
pubjic health, and education. Before beginning their two-year assign-
ments, Volunteers are given training in cross-cultural, technicdl,
and language skills. This training-helps them to live and work closely

"with the people of their host countries. It helps them, too, to

approach development problems with new ideas that make use of locally

available resources and are appropriate to the local cultures.

Recently Peace Corps established an Ifformation Collection & Exchange

so that these ideas developed during service in the field could be made

‘available to thé wide rarige of development workers who might find them.

useful. Materials from the field are now being _collected, reviewed,

and classified in the- Information Collection & [Exchange_ system. The
most useful materials will be shared. The Information Collection &
Exchange provides an_important source of field=based research materials

for the production of how-to manuals such as Freshmwiten Fish Pond CuZiuhe

and Management.
VITA 5
. YITA people are a1507Y91unteer§7yhg respgndftg requests for .technical .
4 assistance. In prov1d1ngfs9]gt1ons, their aim is the most appropriate

answers for specific situations. Therefore, VITA sSpecialists often must

produce new designs or adapt techno]og1es so that theyv are of va]ue -

in deve]oping areas. .

Many VITA Volunteers have 11ved and worked abroad Mbst VITA people now
work in the United States and other developed countries where they are
‘engineers; doctors; scientists, farmers,. arch1tects, writei s, artists,
and so on: But they continue to work. with people in other countries

e




through VITA: Thanks to their contributions of time and expertise, VITA
has been;providing technical assistance to the Third World for more than
15 years: : . : .

Requests for technical assistance come to VITA from many nations. - Each

request is sent to a Volunteer with the right skills. For example, a
question about fish pond operation might be sent to a VITA Volunteer iho

has had years of experience working to develop fish ponds in Asia, and
who is now a university professor. °
THE PURPOSE

Freshwater Fish Ponds Culture and Mamagement is a how-to manual: It is
designed as a working and teaching tool for exteénsion agents: It is for
their use as they establish-and/or maintain local fish pond operations.
The information is presented here to 1) facilitate technology transfer
and_2) rrovide a clear guide for warm water fish pond construction and

management. ‘A valuable listing of resources at the end of this manual

will give further direction to those wishing more information on various

aspects of fish pond operation:

THE PEOPLE (HO PREPARED IT

The strength of both Peace Corps and VITA 1ies in Volunteers: These.
manuals represent an excellent means of communicating important know-
how gained through Volunteer experiences and inputs:

The author of Freshwater Fish Pond Cultuge and Management, Marilyn
Chakroff, served with Peace Corps in _the Philippines for three years
in a number of fisheriés programs. Ms. Chakroff; who holds a B.S: in
Biology, now is an advanced degree candidate in the field of Environ-
mental Communications at the State University of New York; in Syracuse:
This manual is written out of her first-hand experience as a Peace
Corps Volunteer.

Joan Koster, the illustrator, has been a VITA Volunteer for more than 3

years. She is a teacher, professional artist, and writer. Ms. Koster,

-who_has trevelldd arid studied in Greece for a number of years, currently
is-prepari~g a manuscript on looms and weaving. ' :
. P

OTHER CONTRIBHUTORS

‘Many thanks are die here to a number of people who aided the preparation
of this manual: ' ; :

Dr. David Hanselman, Dr. Peter Black, and Dr. Robert Werner -- Faculty
of the College of Environmental Science and Forestry; State University of
New York, Syracuse, New York. _ -

Dr. Shirley Crawford, Agricultural and Technical College, State University
ot New York, Morrisville, New York.

(iv)
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William McLarney, New Alchemy Institute; Woods Hole, Massachusetts.

A.F. D'Mello, Hawkesbury Agr1cu1tura1 Eo]]ege, New South Wales,
ARustralia. ,

Richard T. Carruthers, Bioproducts, Inc., Warrenton s 6Fé§6ﬁ—

Dr. William Ribelin, Bepartment of Veter1nary Science, University
of Wisconsin; Madison: . .

A spec1a1 note of thanks is due John Goode]] VITA for his 1a yout work
and staff ass1stance with this manua]

REPLY FORM

For your _convenience; a reply form has been provided here. P]ééSé
send it in and let us know how the manual has helped or can be made
more helpful. If the reply form is missing from your copy of the
manual, just put your comments, suggestions, descriptions of prob1ems,
etc:; on a piece of paper and send them to:

FISH POND CULTURE

3706 RHODE ISLAND AVENUE
MT. RAINIER MD. 20822
U:S:.A:



- e PLEASE- RETURN .THIS FORM

NOTE TO THE USER: This manual was pubiished because Peace Corps and
,VITA workers and volunteers wish to help in a growing area of worldwide

" “interest. In order to provide the most éffective help, the preparers

of the manual need to know how it is being used, or how_you-feel it could

better serve your needs. Please fill in the fo]]owing form and return
it to: .

, FISH POND CULTURE
- .3706 RHODE ISLAND AVENUE
- 'MT. RAINIER, MD 20822
U.S.A.

MAILING LIST SO THAT YOU WILL RECEIVE

. Updates and/or additions and correctiens to the manual as

they become available:
. Notice of other pubTicat1ons wh1ch may be of interest to you.

If you have questlens on’ the material presented in the manua], or if.

you run into problems implementing the suggestions offered here, please
note them in the space provided. Use additional paper if you have to

"in order to be as specific as you can about the problem. Wherever

possible; we will try to provide or direct you to an answer.

%

R *

L
)

N

Date . s

- Your Conpany or

Your Name . Agency, if any

Your Address

1. ; How did you f]nd out about the PC/VITA Freshwater Fish Pond Cu]ture
and Management manual? How did you get your copy?

-

-

2. Which parts of the manual havr you found most usefel? Ceast useful?
Why? .

(vid)
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Did you find. the manual easy to read; too simple or toa complex,
complete or incomplete?

2

How has this manual helped your work? What have you done to apply
the information? _ :

Which plans have you :ised? Did_you make changes in any of the plans?«-

{For example; when you were building a drainage system, did.you - °
substitute any materials for the ones mentioned or change the design?)
If you made changes, please describe what you did that was ‘different.

. Include photos; sketches; etc., if possible or important.

6. Can you recommend additional methods or equipment which you feel

~ should be included in a new edition of the manual? If you do know

of such methods, etc., please include the information here. .

LY

’

7.  What were your successes using the manual or implementing any of the

‘plans or procedures? Problems? Please describe completely.

- -
-

8. Do you have other recommendations?

Priva

cy Act Notice: Funnishing the information nequested hereln Lo

completely voluntary. 1t 4s nequested under authornities contained in

he Peace Corps Act (22USC 2501 et seq. ..

made

invokvéng the fommat of futurne £sbues of this publication;

conpo

“The only uses which will be
“ RL2x ZalARmaliOn AR LA PRAWE & SR manaaement purposes :
0§ this ingormation are ab §oRRows = 1) Fonr mqnqumﬁnt; ;;M{ 7)72:707}; 2 -

nation in a mailing Lsr for this and othen simiRar publicationt.

(viii)
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What is Fish Culture?

Fish culture is the growing of fish in_ ponds Grow1ng fish in ponds,

from which they cannot escape, allows feeding; breeding; grewing, and

harvesting the fish 1n a well-planned way.

Fish culture is one’ form of aquacu]ture Aquacu]ture ig the science

which deals with methods of growing (cu1t1vat1ng) animal and vegetable

1ife in water. Somé other kinds of aquaculture are concerned with growing

_frogs, oysters, seaweéed, and even rice; C

= B
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K7 I ”/////



Growing fish in ponds is a very old practice. Carp were cultured as long

ago as 2698 B.C.-in China; where they. were grown in_ponds on silkworm
fariis. Fish culture seemed to occur whenever civilization was settled

for a long period of time. For example, fish culture was done in ancient

__~__~#———Eg¥§¥:3ﬁd—%ﬁ—Ghinai—ﬂﬁ%éﬁ—ﬁ&§:ﬁiﬂ‘3“€6ﬁt$ﬁﬁdﬁ§fthfTfZQtfﬁﬁ”fbt over—

4,000 years. The first written account of fish culture in ponds was by

‘Fan Lai, a Chinese fish farmer, in 475 B.C.

The ancient Romans introduced carp from Asia into Greece and: Italy. By

the seventeenth:century (1600's), carp_culture was being done all over
Europe. A book written in England in 1600-by John Taverner gives the
details of good pond management and talks about growing the common carp.
Taverner. also wrote about pond construction, fertilization and feeding.
Another book, written in 1865, gave the details of the stripping methods

of spawning fish. The methods of culturing common carp have not changed
very ‘much since that time. , : .

" The corimon carp is still a very important pond fish. _In.addition,

today; other fish also are being cultured in ponds. Some of the most
well-kinown are fish of the tilapia genus; like T.ilapia nilofica and ,
Tikapia mossambica. Some of the other Ehinese carps -- the silver, grass,
and bighead carps -- also:are often used in pond culture. Most importantly,
countries all over the world are using time and money to discover which

of the fish commonly found in their own waters will grow well in fish
ponds. : .

'Why Fish are Grown in Ponds

 The practice of culturing fish “ip ponds developed because growing fish in

ponds is a.more, useful practice; for some purposes; than trying to catch

e

fish from lakes, rivers; or streams. For example: &

. Many interested people discover that building a fish“pond

close to home is possiblg and far more convenient than going
to the nearest market or river. Ponds cén be built wherever.

. the soil, shape of the land, and water supply are right. This
c may sound as if a lot of factors are involved. But since a

wide variety of soils, land shapes; and water supplies can be )
used for pond culture, a fish pond can even be made from a. o “

rice paddy or an unused grain field.
. It is easfer to get fish out of a pond than it is to catch a o
fish from a river or stream. Also, the number of fish taken . '

out of a pond can be controlled. But it is very difficult to.
kiiow how many. fish can be caught in a river or _stream or lake
at any one time. When the farmer goes to his_fish pond to get
dinner, he knows he can take out the number of fish he ‘needs

-- quickly -and easily.

13 . e
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. Fish growth can be controlled: The fish can be fed extra

food to make them better for market; natural enemies can
be kept from killing the fish. For a person who relies on

fish for his food or his income; these are important factors.

. The only fish grown in a pond-are the ones the farmer

wants_to_grow._ When he takes—a fish-out of his_pond, the
farmer knows what kind or kinds he will be getting. When

he catches fish in a lake;
stream; or river, many of the.
fish will not be the ones_that
are good to eat or to sell.

. Growing fish in ponds allows
grower, to produce fish
cheaply, and to have a supply
of fish available on his own
land. Fish in ponds belong
to the pond owners; fish in

the rivers and lakes do not.

Why Growing Fish is Important

There are some very good reasons why a farmer or small land owner might

'"§é"1ﬁter€sted in fish farming:

. Fish are an important food source.
. Fish farming can help-a farmer make the best use of his land.
. Fish farming can provide extra income.

There fay be additional reasons; you and the pond owners can determine

these/from the Tocal situation, ‘The three points listed above are very
broad, however,; and apply, at least in part, to most situations:

Therefore, each point is discussed more fully below.

_ FISH. AS FOOD Farmers know that all 1living things need food, and that

"without food, 1iving things die. However, they are not as likely to know

the characteristics of food which make it valuable (or not) to the body.
Food is -important because it provides prptéinsgﬁyiiéhiﬁéifﬁiﬁéfé1§;,?éfé;

and carbohydrates. These things are called nutrients: they are materials
that the body must have to 1ive and grow. Every kind of food has dif-

ferent amounts of each of these nutrients. For example; some foods

contain more protein; others have more fat than protein:

?



Because foods contain different amounts
of proteins, fats, and carbohydrates,
for example, it is necessary to eat a
number of different kinds of food to
get the right amounts of each nutrient.
Al11 the foods together then give the

_ body what it needs to_grow.

The food that people eat is called
their diet. Eating the right kinds of
food -~ foods that:give the body the

right amounts of proteins, fats, etc.
-- is called eating a balanced diet.
People who eat a balanced diet usually

are healthy and strong; people who do
not eat the right kinds of food are
- more likely to be weak and get sick:

Proteins are the most important part of food. Protein is made of carbon;
hyarogen, and nitrogen. These are called elements. The combinations of
elements in protein make it the most useful nutrient. Foods that contain
a lot of protein are especially good for people to eat. And fish contains

The table on the opposite page shows a 1ist of foods that humans ea%.
The first number beside the food shows the number of grams of protein in
the food when it is fresh. The second number tells how many grams of

protein there are in food which has been dried. The table shows that -

fish -- whether fresh or dried -- is a very good source of protein.
(100gm of dried fish contains more protein than 100gm of fresh fish only

because .dried foods have water taken out. Therefore, 100gm of fresh fish
weighs less when it is dried.) g

-

-~ 706257 70 Y’ —

If the farmers in your area already eat a lot of fish,-or like fish, fish
farming for food may not be hard to introduce and have accepted. ..
If they do not eat fish often, you will have to keep this in mind when
you talk about fish as a healthy food. Food just may not be the most

" important reason, from their point of view, for wanting to grow fish.

N :
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PROTEIN CONTENT OF FOODS *

i S Fresh, gms protem ﬁiiéﬂigmsplébin
A _Food . .. _ ___per100gm . _ _per.100gm_
FISH _ _ , o
Fatty (herring) . 17 46
Non-fatty (haddock) 16 84
MEAT - .
Beef _ 20 67
Pork; loin | 20 67
t1Véf - _ 20 . . 67
DAIRY PRODUCTS o o
Milk 3.4 26
Eggs - 12 46
CEREALS , -
Wheat - 12 ' 14
Maize o 10 : 11
Oats 10 1
Rice 8 9
OIL SEEDS . ' , -
Soya 33 37
Cottonseed . : 20 21
Sesame _ 21 22
GREEN LEAFY VEGETABLES ~ - L .
Cabbage . 1.4 - 3.3 28
Spinach 2.3 = 5.5 26
ROOTS . ,
Cassava (manioc) 0.7 2
Potatoes 2.1 9
Yams 2.1 7
1.0 3

P1antains

* These values are estimates only; the amount

of protein varies according to the age; s1ze,
and quality of the food; and how it was _
cooked and stored. .

Sowrce: Agtward and Jul (jéﬁ)




But there are other reasons you can offer a farmer. For example, a
farmer may consider cultivating fish if he realizes that fish are easy
to grow, _cheaper than some kinds of meat ava11ab1e as food all year

best for gett1ng farmers 1nterested .

BETTER LAND USE Soiie fariiers may be more interested in fish farming
when_they realize they can accomp11sh two purposes: provide a reliable -
food supply and make the best possible use of their lagd.

"Fish farming" is a good thing to call “fish culture" because it can
start the farmer thinking about raising fish with the.same kind of plan-
ning and land-use management ideas that he puts into raising crops.

Whether the farmer raises f1sh,,crops, or animals, he is using his land"
in certain ways. His aim in all cases is to increase the production of
food and the y1e1d from the land. What farmers, and other people, often
do not realize is that fish culture can help get more out of the land.

Here are a few ways in which fish culture can helip support and exterd a
farmer's land use:

. Land gets t1red when 1t is used for growing the same crop
year after year. These crops use up nutrients in soil; and
they begin to grow poorly. Fish ponds can be:-built on this
land and fertilized to provide food for the fish. After a
few years of fertilizing and growing fish; the soil inside
the pond regains some of the nutrients used up by the grow-

-1ing of crops year after year. The land can then be used for
crops again. -

) crops: it is too sandy, for examp]e But there are ways of
building fish ponds in sandy soil. So the farmer would be
able to use land that was once not of much value to him.

. There are many ways that fish farming can fit into the

farmer's plan for his land. The important thing is that all

of these ways help the farmer make the best use and get more

out of what he has -- readily, and often without much expense

For example, a farmer who grows paddy rice can grow fish “in

that paddy; fish ponds can be built as part of water supply

and irrigation systems; vegetable scraps and animal manures

can be ce]]ected and used. fcr fert1]1z1ng ponds. - Tbg far@er

ponds. ‘ .

The following diagram illustrates some of the ways in which the f1sh

pond fits into the farm: The same water source is used by both the

garden and the fish pond; the mud from the bottom of the pond makes

s

ok |
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good fertilizer for the garden; vegetable matter from the garden can be
used to ,féi‘tiliié fish ponds; manure from the animals_can be used for the
pond and parts of fish can be used to feed animals; etc.

-~ manire
N ,,,,,,'l,,,i 7

or greens

. VEGETABLE
GARDEN

irrigation/”
igabe

fishwaste | J
manurg and waste food
e food from weeds for éfﬁiﬁalsu

"They can be made using expensive equipment and drainage systems, or they
can be dug using hand tools and drained by a bamboo pipe. Fish can.grow
successfully in both of these types of pond, as long as the ponds are
managed correctly. - . o o

better food for his family, a farmer certainly does rot need fancy ponds’

_x 22T _EEE BRI MIEEY a2 TUEmER I IE

o If the major reason for building the fish pond is to get increased and

or expensive equipment. Fish ponds can be very inexpensive to keep:

i . Fish do not require fancy foods. Many ponds provide all the food, the

fish need. But besides the foods they find in water itself, some fish

eat leafy garbage, mill sweepings; beer residues, spoiled grains, broken

rice, and many other waste products that might not otherwise be used:




A farmer makes his income go further by growing more of the family's
food and by selling Teftover fish the family cannot eat.

Growing fish to sell can also be
very profitable. But the costs
involved in getting.started and in
maintaining the effort are greater:
if the farming is to be a solid
commercial enterprise; then more
ponds; more.time, more money, and
nearby marketplaces are needed:

Tne business may or may nQt- show

a profit right away; in_fact; the
charices are that it will fnot. A
farmér might be better advised to
start small and work into a bigger
enterprise slowly as he learns to
manage the art of growing fish in
ponds.

A Word about Cooperation

Often fish ponds are built by cooperatives: A cooperative is an organ-

ization of people in an area who come together to do something they could

- not or would not do alone. In this.way, four or five people or families
can pool their resources and build a fish pond operation together.
Sometimes an entire village will form a cooperative and will. build and
operate a pond as a group. This kind of cooperation makes p0551b1e
better pond construction and management. A fish pond cooperat1ve may be
a good way for a v111age to improve the diet of the commun1ty and to sell
enough fish to maintain the enterprise. If.the farmers in your area_are
not interested in; or are concerned about; building ponds 1nd1v1dua11y,

‘a cooperative may be a very acceptable 1dea




ééﬁiﬁg' Ready to Plan a Fish Farm | L

A farmer or other person interested in growing, fish should read the

following 1ist carefully before going further. The following factors
mist be considered before the farmer builds fiis fish pond. "Many pond
owners have small fish ponds that are only used for their own families;

" but a farmer who sells fish must look for & market and a way to get his

fish to that market. It does no good to harvest fish which cannot be

sold or used by the farmer and his family: .
. Is the soi! able to hold water for a fish pond?
. Is there an adequate supply of water for a pond?
. Is the land a good shépg for a fish powd?
. Is the pond area close to your home?
. Who owns the land where the pond will be built?
. Are there enough people to help build and harvest the pond?
. Can the equipment for building a pond be built; borrowed; or bought?
. Is there a marketplace nearby? |
. Are there roads from the pond area to a market place?
. Are the roads passable even in the rainy season?

s there a good way to get the fish to market?

.
|

. Is there a vehicle available for transportation; if necessary?
. If there is no market nearby; or if it is hard to get to the |
market, can the fish be kept by drying; smoking,; or salting?
. ‘Is there enough food for the pond fish? |
. Are there fertilizers available? . )
. Do the people in the area like fish? Do they eat freshwater fish?
. €an the people in the area afford to buy the fish produced in the
pond? o A
situation, he has a good chance of having a successful fish pond..
But he must consider these factors. Each is discussed in detail in
the "Planning" sections. : :

<

If the farmer can answer yes to the questions which most it his

20




2- ~ Planning: The Site and fhé‘
; ~ Type of FISh Farm

&

Before construction can begin; the farmer must look over his land to

choose the place or places where ponds_can be built, and decide what
kind and how many to build. He must also _decide on the kind of fish

culture he wants to do, and -on the type of fish that he wants to raise:

He must look at his resources and his needs very carefu]]y before he

actually begins building and operating a fish. pond. . This section will

give information to guide the farmer in the p1ann1ng of ponds and kind
of fish cu]ture

TOPOGRAPHY

WATER S(:LPPLV

TYPES OF
F ISH

‘The Site \
One of the most 1mportant parts of p]anning is f1nd1ng the right p]aee

(se]ecting the site) for the pqnd Fish ponds use the land in a different

S

way from agricultural crops such-as rice or wheat; but fish also are a
crop. And when a farmer builds a fish pond he is choosing one use of

g |
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his 1and instead of some other usé: If the site for the pond is well-

chosen, the pond can be more productive than the Tand by itself. But if
jt is not chosen well,-the farmer may lose, or, at best, gain nothing
from his fish pond. When considering a site for the fish pond, the

farmer should remember and consider several points that were made in the
introduction: ' : :
. Often poor agricultural land can be turned into very good fish
ponds. In general; the better the soil of an area; the better
the fish pond. But this does not mean that a pond cannot be
built on poor land: It does mean that the farmer will have to
wark harder to maintain the pond and the fish.

. 1f the pond is built on agricultural iand which is not producing
good crops; but_the pond is caréd for well, sventually the pond
bottom soil will become more fertile than it was before. If
this pond is a large one; after harvesting the fish, the pond
can be planted again with a land crop, like corn, and allowed
to grow: Then when the corn is harvested, the land can be
turned back into a fish pond. This means that a farmer can get
two good uses out of his land instead of one poor crop.

. Other farmers may want to grow fish in rice paddies by digging

trenches around the edges of the paddy for fish to swim in.-

This is another way of culturing fish which will be discussed

in somewhat more detail.later in the manual.
The point of the discussion above; is that a fish pond is just one use
tnat a farmer's fields can have, and the choice of how the land can be
used is important. ' ' '
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. There are three factors that work together to make a good site for a

fish pond: 7
. Water supply ‘
. Soil
: T\aﬁagra‘ﬁﬁy

WATER SUPPI;Y ~Water supply; soil; and topography all are important,
but water supp]y is the most important factor in.selecting a site. Fish
depend upon water for all their needs: fish need water in which"to =~ - -

breathe; to eat; and to grow and reproduce., ;f/a site has water avail-
able_year-round; that site meets its first test easily. If water is not

available all the time but there is some way to store water == in large
tanks; barrels or drums, in depress1ons, ponds, or we]]s -- for use when

the natural water supp]y is low, then that site may still be all r1ght.

* The key, of course, is that water must be available at all times and in
good supply. - : N

Where Can Water for Fish Pondsi:um&!inom? Water used in ponds comes
from many sources:

. Ra&nﬂatt Some ponds, called "sky" ponds, rely on}y on ra1n?a11
- to fill their need for water.

. Run-044. Some ponds are gravel and sand pits which Fi11 when

water from the surround1ng land area runs into them:

. Natunal waters. Most ponds are filled with water that comes

from natural springs or wells; or with water that has been

channelled (d1verted7 and brought in from streams; rivers,
or lakes. .

Springs. Some ponds are built where there is a spring to supply
water. Spring water is water under the ground that has found a

way to get out. It leaves the ground and becomes a stream as it
flows away. Spring water is good for fish ponds because it is

usually clean (uncontaminated and has no unwanted fish or fish o
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eggs in it. If the water from a spring has travelled very far, : o~

it may need to be filtered before it is used for a fish pond.

But filtering is easy to do (see the “Construction" section) - ,
and the important fact is that the water supply 1s available. . <

. Wetts. The best source of water for a fish pend is weil water.

Well water has few contaminants and; if the well is a good one,

- the water is continuously available.  Well water and spring

water, however, are both often low in oxygen content. Fish

need to have oxygen.in their water to 1ive: Since this problem

is gvercome easily (see water qua11ty information in the section

'"on\"Prepar1ng the Pond") the major factor to be considered

here is an adequate water supply. .

Most fish ponds use water that -comes-.from a stream, river, or lake.

A diversion ditch or channel is dug between the water source and the

. pond to take water from source to pond. This_ is a good way to fill a_

.pond because the water can be controlled easily. _When_the pond is full,

the channe] can be blocked. with & gate or a plug (see "Eenstruct1on"

There can be prob]ems with this kind of water supp]y, for example often
in tropical areas streams flood in the rainy season. This extra water

can be dangerous to the pond and must be diverted away from the pond.by_
a _channel built for that purpose.. IT IS BEST NOT TO CHOOSE A PLACE THAT

IS KNOWN TO FLOOD WHEN CHOOSING A WATER_SUPPLY AND SITE FOR A POND. When
a pond floods; a]] the fish escape;and the pond is-empty at harvest time.

If the water for the_pond is being taken from a stream, lake, or river,

then the farmer should plan to filter the water carefully when filling

the pond. Water from these sources sometimes contains unwanted fish or

fish eggs. Filtering prevents these fish or eggs, and other harmful
animals, from entering the pond.

Quality of the Water Supply. Finding an adequate water supply is the -

first step. Then the farmer has to check that supply to make sure it

“can be used for a pond. This check of the water should include:

. 166E?ﬁ§ at the Wéter, sme]]ing 1t,and tast1ng 1t.

the water before it gets to the pond

. making sure that there is no family or vi]lage downstream that
depends upon .the source for their drinking water oy

If the water supp]y seeris all r1ght, the farmer must also find the
answers to some other guestfons.. Where the water comes from, how far it
travels_to get to the site for the pond, and what kind of soil it travels

over will all affect the quality of the water. These questions and their

- answers tell what must be done to make the water right for a pond




- Is the water very clear? Then the farmer may have to fert111ze
the pond becatse there are not enough nutrients in the water.

.-15 the water_ very muddy? Thén it will have to sett]e before it
o is used in the pond: a ?E?tlal place will have to be made
g where _the mud can sett?e out of the water before the water
goes into the pond.

. 1s the water a bright greer? It probab1y has a lot of. f1sh
food in it. _

. Is he water a dar&, siiel1y brown? It may have acid iﬁ=it;
and the farmer will have to add lime to thé water,

There are many. th1ngs which can be done to make water. good for a pond
If the farmer kriows his supply and the kind of water he has, he can-
take the steps necessary to use his supp]y well. <

- ~
SOIL The second 1mportant part of site selection is the soil 6f the

area. The soil of the pond ‘must be able to hold water. It also con-

tributes toc the ferti]ity of the water because of.the nutrients it
contdins. .

The best soil for a pond contains a 1ot

Ability of Soil to Hold Water. ] ) ,
of clay. Clay soil holds water well. When a place with a good water

supply is found, the farmer must test the soil. He can tell a lot about
the soil simply by feeling it: If the soil feels gritty or rough to the
touch; it probably contains a lot.of sand: If it feels smcoth and
slippery; it probably means there is a lot of clay 1n it. This smooth

- "soil is good for a fish pond. '

A very good way to teii‘i? the soil is right for a fish
pond is to wet a handful of soil with just enough water .
© to make it damp. _ .
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Then dqueeze the soil.

.

[ 3

I it holds its shape when the farmer opens his hand, it will =

be good for a pond. Remember, the moreclay in the soil, the.'

better it is for building a pond. Eay

+
B L

v 'If the soil is sandys or does not contain much clay, the farmer can still
-build a pond. There are ways of building ponds in these soils. But he .
“ should be aware that building a fish pond in such soils requires more
effort and may not be as successful: Digging test holes will tell the -
farmer what his soil is. =/ o , .

4 Larger ponds can be built in soils with'clay. If the soil is rocky or has”
' _ shifting sand, etc., only small ponds are po.sible. If there.are other

locations availablé, the farmer would be wise to see if there is another_
place with soil better suited to_the fish pond. More information on soil,
is included in-the "Construction" section. P

/ of Soil to Previde Nutrients. Soil also contributes to the pond's

fertility. Fertility 1s a measure of the nutrients in the pond, and it
simply refers to how much food there is available in the pond -for the _
fish to eat. A very fertile pond is one which contains a lot of fish -food.

a
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The soil of the pond contains some of these necessary nufrients -- like .
jron, calcium, and“magnesium. In addition, however; soil also can_contain
acids; these substances often are ‘harmful to fish: Whatever a soil has.

in it is drawn into the pond by the watér and thus comes.in contact with

the fish. Sometimes after a heavy rainstorm, there are big fish kills

in new ponds. This .happans because the heavy rain carries'larger.
amounts "of acids from the soil into the pond. So the farmer who is aware
of the kind of-soil he has for his fish pond can prevent this problem

- before it happens.

REMEMBER: (One good indicator of the quality of soil is whether it has

been used for growing crops. If crops grow well in that location, "the
soil will probably be good for the fish pond. _If craps did grow well

there before the nutrients were used up; then it will probably still be
free of harmful substances:. N : ;
- - X

TOPOGRAPHY - The third factor in site selection is topography.
Topography is a Word used to describe the shape of the land -- whether

it is flat.or hilly, upland or lowland, etc. The topography of the land
determines the kinds of ponds which can be built. Ponds can be built in

valleys or_on flat ground. They can be square or rectangular, or uneven
in shape. They can be large or sma]l.,,Al];gff;h13g1§”dg§grmjned by
- topography of the land, as well as by the farmer;; equirements:

- ;r‘”’"‘m %

The most useful topography for fish ponds is that which allows the farmer
to fi11 and drain ponds using gravity. Ponds built on a slope, for
example, can be drained easily. If ponds are located on flat land, the
pond must be built with a slope inside it 'so-it can be drained by gravity,

~or 1t will have to.be drained using a pump. - ;

Slope. If the farmer looks at a hillside, he can see that it rises. Tt

is higher at one point than at another. This difference in height, from
high to low point, is the slope of the land. In more scientific terms;
slope is the relationship between the horizontal distance (1ength) and

the vertical distance (elevation) over a piece of land:

" Slope is usually written as a ratio. (1:2) or as a percentage (5%). A

slope of 1:2 means that for every change in_length of’2 meters, there is

a change of 1 meter in height: A slope of 5% means that for eyery change
in lepgth of Sy, 100cm; there is_a change in height of 5cm. Pond

bottoms usually have a slope of 2-5%; whether they are on level ground

‘or-in a hilly area. As long as the pond bottom has a slope, it can be

drained completely.

A farmer does not require a sciertific understanding of slope to build

2 pond. He does need to know how the shape of his land determines the
best place for buildimg ponds. Ponds built in hilly places often are.
made .part of the hill. The picture on top of the next page; of a pond

with a spring as a water source, shows how the slope of the land has

been iised-to set up the pond's drainage system.
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In flatter areas, ponds are usually square or rectangular because it is

easier to use-a harvesting net in ponds of these ‘shapes.

‘The farmer will learn quickly to recognize by sight the slope that is

best“for a pond: Because a slope is so important, the first thing a_
farmer should look for is a site with a slope and a water supply. If

he can use a natural slope for his pond, the pond will be cheaper and
easier to construct.

The best places. to_look for such combinations of slope and water supply

are where water collects from streams and flows through the valley at
the bottom of a slope. If the pond is built on the slope above the
water flow, water drained from-the pond can flow directly into the stream.

Water might be brought to the pond in a number of ways depending upon the
- situation -- by streams running down the slope_upon which the pond is

situated, for example. Another good place to look for a good combination
of .slope and water supply is on plains or flattish ground between hills.
These plains often receive water from brooks or streams.

There are many possibilities. The important thing is that the farmer
lock for a topography that makes fish farming as easy and as successful

as possible.

v

The Type of Fish Farm

After the farmer has found a site or sites for his fish pond, he must

consider what kinds of fish culture are possible in the space he has
available. He also must decide what his resources will allow him to
get started. This planning is necessary because the answers will _
determine the number of fish ponds: the farmer builds and the kind of
fish he will want to culture. The followdng pages present a range of

ideas concerning the kinds of fish farm operations (raising fish or
.breeding fish); the types of pond used in fish culture; fish culture in
one or several-.ponds; advantages of smali and large_ponds; and mixing
or separating fish types and sexes. A discussion of these subjects will
provide the farmer with the background he needs to decide what kind of
fish farm is possible for him, given his resources and the kind of-fish he .
wants to raise. ' , : o
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A NOTE OF CAUTION Before a farmer even begins, however, it is impor-

tant for him to include in his planning the fact that some fish .will die.

This is an xtreme]y important fact for the first-time fish grower to

understand. It is very natural for some fish, the weaker fish, to die in

ponds. As long as fish are protected in ponds and are well taken care of; -

fewer fish will die in ponds than would die in natural waters. But a

farmer who does not expect some death may get d1scouraged and give up

before he has given his pond a chance to work. It 1s never too early to

introduce this idea.

KINDS OF FISH FARM OPERATIGN In nature; many_fish never reach.
adult size because they are eaten by other animals {predators), or they
die from disease or lack of oxygen. In fish culture; the farmer tries
to control the pond situation in order to produce more fish. In ponds;

predators and so on can be_ eontro]]ed so that the pond y1e]ds more f1sh

to market size. So the farmer, after f1nding poss1b1e s1tes, etc s mMust
decide if he is going _to breed his fish and raise the fry. Or if he is
going to buy fry and fingerlings and rear them to market size, not
getting involved in breeding.

Breed1ng fish reouires more time and moré ponds than simply rear1ng
f1ngerlings. And building more ponds can be more expensive and require

more ongoing management, S0 the farmer must finally determine his reason
for raising fish: to eat; to sell; to use his land better; or all of

these. He -will have to have a]] these things f1rm1y in mind so that he
can: e ;7777 - .
. build the right kinds of pond.
. build the right number of ponds:
. stock the right kinds of fish.

"TYPES OF PONDS The types of pond a farmer can build depend on water
supply; soil; and topography; the factors which were just discussed. The
two types of pond most often built _are barrage ponds and diversion ponds

Many aspects of the construction of these ponds are the same. The main

Barrage Ponds: These nénds,are usually filled by rainfall or by spring
water. A spring, for example, sends water f]ow1ng through a small valley
or down a slope into a_low place. Or_a spring bubbles from the ground
into a _natural_depression. The pond {is formed by collecting Wwater at the
base of the valley and in_ the_ low places. The farmer. does this by build=
ing a wall {dam) which holds the water inside what now is the pond area.
The wall keeps the water from ent°r1ng and leaving except as needed
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. DRAINAGE PIPES

The nimber of pond walls the farmer must construct depends upon the land

and on how he fixes his drainage system. A barrage pond usually needs
only one wall -~ thé;majnfgalj;bggwgeg7;bg7water source and_the ‘pond area.
One kind of drainage ‘system catled a sluice (see "Construction" section)
can be used to let water both in and out of the pond. There are also a
number of simple drainage systems which can be used that do not require

any comp]icated'con%truction; :
Barrage ponds should not be built where the fiow of water is_too great:
it is difficult to keep the water from breaking down the wall if the
pressure of the water is too great. Brooks and streams which flow well,
but not too strongly, make good sources for barrage ponds.

Even when the flow of water is not great; however, barrage ponds require
overflow channels. Because barrage ponds are usually built in low areas,
they are 1ikely to fill up in heavy rains. _Overflow channels are any

kind of system which can be set up to stop the pond from collecting too

much water. The overflow takes extra water away from the pond. If this
extra water is not taken out, the pond wall may break. Therefore, the

overflow system is needed to help the drainage system handle the flow of
water when there is too much Wﬁté_?‘ in the pond. '
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1ater when the Water supp1y71s,]qw WﬁAnother,k1nd of overm]ow can be
ditches, dug into the ground above pond level, wnich take the extra water
away when. the water rises to that level. , :

An overflow often is not screened, because if something large catches

on it, the pressure of the water behind it might cause the entire wall to

break. This fact results in a loss of fish at time of f100d1ng

st NSRRI
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Diversion Ponds. These ponds are made by bringing (d1vert1ng) water from
~ another source 1ike a stream or river. Channels are dug to carry the
water from the water source to the pond :
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Diversion ponds can be made in a number of ways. Sometimes a pond is

dug in flat ground or can be made by slightly enlarging a natural depres-

sion in the land.

'These ponds; 1ike the barrage ponds; require walls depending upon the
topography of the land, the drainage system used, etc. A pond dug in

flat ground often requires four walls; a pond built in a natural depres-
‘'sion.may not. :

“Witha—diverston pond; the-water—ts—always-brought—to- the pond instead

of running directly into the pond. Water can be diverted in a number
of ways. For example; a small stream which gets its water from a larger
stream nearby can be dammed and used as a diversion channel to feed a
pond. Or water can be diverted.to a _pond from an irrigation ditch which

carries water to agricultural crops from a nearby well or lake:

A farmer may have onie diversion pond, or if his space allows and the

water supply is sufficient, he may have several. When a series of di-

version ponds is built, they are built in one of two ways:

" . Rosary sybtem. These ponds are built one after another in a

string. . °In.this system, all the ponds drain into each other
and must be managed as if they were one pond: Therefore, if
the first pond in the series (the pond with the water inlet)
is full of predators which must be poisoned; all the other.
ponds in the system have to be harvested (have the fish taken

out) and drained before the first pond can be poisoned and
drained. : .
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. Panatbel system. In this series, each pond has its own inlet

and outlet. Therefore, each pond can be managed as a separate
pond. - '
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Each kind of pond is. go1ng to have advantages or d1sadvantages depend1ng
upon the farmer's situation. A parallel system of diversion ponds, in
most casess; is a better system. But rosary. systems are cheaper and
easier to build, and therefore; more possible for some farmers to under-

take. Also, if the water source is good; and can be kept free of preda-
‘tors and unwanted fish, and if the management of the pond is done well,
a rosary system can be very successful.

~

D1ver51on ponds are often better than barrage pends because they are less

1ikely to overflow, and t's water sourceé is often more. dependable through-

out the year. But barrage ponds require less construction and are likely
to be cheaper. In addition,; for some farmers, barrage ponds_are the best;
and perhaps the only, way for them to use the1r land for fish ponds.

The art of constructing and planning a fish pond or fish operation is
very much an individual thing. There are basic ways of using resources,

for example, land and water resources. But the exact shape and type of

fish pond must be decided by the farmer for his situation. There are

many ways of making fish ponds which will work, and the "right" way for

any given farmer is the way which works best for him. Many aspects of

fish -farming are determined by experimenting with pond operation, but

much can be done by good planning before f1sh pond construction.

Therefore, the farmer must look at his s1tes and consider the types of

ponds he can build from the viewpoint of the number, size, and depth of

the ponds he is going to need. If, for example, the farmer thinks he

has a good area for a diversion pond, but hits solid rock at.lm and needs

a pond 2m deep, he can find this out before he invests a great deal of

time and money. If he has room for two small diversion ponds and a

barrage pond, or for a large diversion pond and a barrage pond, he can

base his decision on what kind of pond to build upon the number, size,

and deptﬁ of pond he needs for what he will be doing.

The Nuiber of Ponds:. The number of ponds-depends on the possible sites

and on what the farmer plans to do with his fish ponds. If he is going
to raise fingerlings to.market size; he will need one or a few "rearing"
ponds. If a farmer plans a_larger operation in which he will breed fish

for the eggs and fry,; he will _need space for nursery pond, rearing pond; -

and a pond for brood stock. Nursery ponds can hold eggs. and fry until

It is possible.to breed fish in a corner of a. 1arge, s1ng]e pond ‘and a
farmer interested in raising fish for his own useé may want to do_this.
But a farmer interested in marketing fish probably will want at least
two large ponds. If he has two medium-large ponds, he can use one for
rearing fingerlings and one for broodstock. Eggs and’ fry can be taken
care of 1n Very smaTl ponds ‘or even containers

IheASizh;ofAPonds: ‘The sfze of ponds depends upon the same factors ==
topography, water supply, and need. Nursery ponds usually are smaller
than rearing ponds because the fry are very small. The size of nursery




ponds depends on the fish species being cultured. In fact, eggs and fry

can even be kept in washtubs, oil drums or any other such container which
holds enough water for the number of fry and is supplied with enough
oxygen: : ’ '

\\u\\\II\H|”LJ”’”’”VIH/43

s o

\
—

WLt el

CCLtf ol g d 000010

$§3&$\\nJHW\un\,

= CAAAA
= = 3 :
= 3 1

= S

= N

= = N

2\ /S

Z, N
0

z(*~ﬂ: ~ N
il it Finy
/ ’W(Hﬂ(mr it
= C _

As the fish grow, they need more space. So rearing ponds are usually
bigger than nursery ponds, and brood ponds are bigger than rearing ponds.
Sometimes a farmer will have to choose between one large pond or several
smaller ponds. His site would allow him to decide either way.
Héré‘éré some advantages of small and large ponds :
Smakl Ponds: . harvest easily and quickly

. drain and refill quickly

. treat for disease easily

. ‘are not eroded: by wind easily

Lange Ponds: . cost less to build per hectare of water

take up less space per hectare of water
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. have more oxygen in the water
. can be Foféféd with rice or other crops

For most farmers; a few sma11 ponds are better than one or two large

ponds. _Farmers mist also manage their agricultural crops, and it is
difficult for them to manage 1arge ponds. Also, most farmers just do
not have a lot_of land. A good. s1§e for a s1ngie fish pond is probably

between 1 and 5 ares (100 and 500m .

Fariiers are going to be,mostA1nterested in Wéfking the fish pond into an
already going farm as simply and easily as possible. This is why _
culturing fish ir rice paddies is popular in some areas. In fact, fish.
ponds can be set up_in_almost any area where a rice paddy can be located
.-~ even on steep hillsides.

Small ponds are easier to care for and constrict. As a farmer gains
experience, he can go on and build larger ponds. Starting small is a _
good idea until the farmer feels he knows what he is doing and 1is successfu]

h of Ponds., The depth of ponds depenc; upon. the fish be1ng grown.
1sh species 1ike different kinds of food, and the depth of the ponds
affects the kinds of food produced by the pond. A common carp, for
irnistance, eats worms and other botton 6?‘93hi§iﬁ§ and must have é,p’ond
that is not deeper than 2m. But when the carp are fry, they eat only
p]ankton, the tiny free-floating plants and animals suspended throughout
‘the water. So nursery ponds for carp fry are often only 0.5m deep.

 (As mentioned before, eggs and fry can be taken care of in almost any
~ container which holds enough water and has enough oxygen. )

Other fish feed at other Jevels _in_the ponds depending on_their life =

stage and on their own food preferences. A very deep pond will not

produce as much food because the sunlight cannot light the water below

s - a‘'certain depth;and the plankton will not be able to make oxygen for the

fish (see water quality). On the other hand, a very shallow pond might

be turbid, covered by water plants easily, and become _very hot. Most

pond owners make sure that the water depth at the edges of the pond is

at least 75cm to discourage water plants. It is best if the pond is
about 75cm deep at the shallow end and up to 2m deep at the deepest end.
This will give the best resuits with most pond fish.

THE -ONE - POND OPERATION _ If the farmer's site can only have one
pond -his deecision is easy. It is hard to breed fish when only one pond
is available. Usually a single pond is used only for rearing fish from
fry or fingerlings to market size. This _is the case in small; backyard
fish -ponds that are used to supply fish for only one family. A good
minimum size for such a pond is 15m2 in area and 1m deep. A smaller
pond would probably not be worth the effort to build and maintain.
57§jnglefggngfj§ stocked with the fry or fingerlings. For example; a

pond of the size mentioned above could be stocked with 60 fingerlings:

These young fish are cared for until they reach adult size. Then the
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pond is harvested (the fish are taken out): The pond area can then be
‘prepared for a new batch of fish and stocked again. _

One porid can provide a good food source for the family. However, rearing

fish means that somewheré there muct be a source of fry or fingerlings.
for use in the pond. The farmer must check his area carefully,; so that

he is sure the young fish are available before he builds one pond:

The source can be a river where he collects the young fish, or a local

fish farm which breeds fish to supply farmers who have small ponds; or a
~ government hatchery where the farmer can buy the young fish. If the

farmer decides that he wants to breed fish in his pond, it is possible
to breed some fish inside small nets placed in the pond. A single pond,
- though, is usually used just for rearing fry or fingerlings to a good

size for food and market.

While one pond usually means that the farmer_ is wise to concentrate on
raising one batch of fish from fry or fingerlings to market size, he
still must decide what kind or kinds of fish he will raise in his pond.
He can raise one kind of fish alone_ (monoculture); or he can raise
several kinds together (polyculture).

fish in a pond. ‘It can be tilapia of one species, common carp, or any
other single fish species. S :

Morioculture has sore advantages. One advantage is in intensive fish

culture practices, where fish are fed a lot of supplementary foods for
fast growth. It is easier to give these foods if there is only one type
of fish in the pond. Another possible advantage is that-monoculture
gives greater control -over the age and sex of the fish: In monocultures,
fish can be of all different ages and 1ife stages; or they can be

separated into fry, fingerlings or brood stock:
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MiXED AGES SEPARATED BY AGE -

A monoculture allows a farmer who is unfamiliar with fish farming to get
to know his one type of fish very well. And there is some advantage to
this. . . ‘ .

One disadvantage of a monocul ture

pond is that it is more 1ikely
— = for.a single disease or parasite
- to kill all _fish in the pond.

g Different fish are susceptible— -

_.to different diseases. If only

one fish type®is present in the

~pond, a bad fish disease could
easily infect and kill all the
fish if it were not stopped in
time:
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In monoculture ponds, fish are harves-
ted selectively by using nets which
have meshes of different_sizes. For
example, if the farmer wishes to
harvest larger fish for market or
breeding, the net will not catch or
hurt the fry or fingerlings, because
they are too small to be caught by
a_large-mesh gill net. This allows

" the farmer to keep his pond in
operation and producing fish for

food all year. -

e SELECTIVE HARVESTING
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Morloculture is the most common kind of pond culture. For a small fish

farmer who is most interested in having a nearby; year-round supply of

protein (and who does not have a lot of time or interest to give to the

porid) ; & monoculture may be a very good idea.

’

POLYCULTURE

Polyculture is the culture of two or more fish species together ina
pond. .A good pclyculture uses the natural food sources in a pond better:

if the polyculture is mixed correctly, each of the species eats a

different food from the pond.

Polycultures are more |

resistant to disease:. |
Disease, if present,
usually attacks the
smaller, weaker fish;
énd the healthier fish
continue to live and

grow.

vY v

Fish stocked in a polyculture must be able to Tive together. And Tiving

together succEssfu]1y”me§g§7tbggffﬁé fish put into the pond together do

not all need to eat the same food. A'polyculture can-have fish of any

size or age -- as long as a balanced relationship is maintained.

. o
Some expmp]es’of polycultures are:

. fingerlings of two or more species stocked together in a_

fértiTized pond and 1eft to grow. A good mixture in this
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kind“of polyculture is a mixture of Chinese carp -- silver;
grass; and bighead carp stocked together. The silver carp
eats phytoplankton; the grass carp eats pond vegetation;
the bighead carp eats zooplankton.

y

'MIXED CARP FINGERLINGS ~ TILAPIA FINGERLINGS +CATFISH

. A few large fish (brood size) are stockéd with fingerlings

of anothér species in a pord and left alone. A good example
of this is stocking tilapia fingerlings together with a few
adult-sized Clanias catfish. The catfish feed on bottom
organisms and serve as a population control on the fry that
are produced in the tilapia ponds. Since one of the problems

which can be associated with culturing tilapia is overpopulation,
this is a very complementary relationship. :

Poputation
contwol:
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. Another example of this type of palyculture is a stocking
of any kind of fingerlings mixed with a few large grass

_ carp for weed control. R : .

LY Lz ° - é

A famen must be \
caneful o avoid 2 ¢
the problem of

§4ish competing for

food when he plans

a poRycyliure.

Polyculture 15 a good way to use a pond, especially if. thefe is only one
pond to uss. A careful examination of local fish and their habits -should

> tell a farmer what kinds of polycultures are possible in his pond. The .

important thing to remember is that the fish must not compete with each
other. If stocked and managed correctly, polyculture ponds can give

‘maximum production to a fish farmer. .In very practical termsy the farmer

could raise as much as three times more fish in a _polyculture of three

species than he can raise in a monoculture pond of the same size.

MONOSEX CULTURE A word should be_said about monosex culture, even_
though few farmers will choose or be able to choose this way of operation.
Monosex culture means growing oply one sex of one species of fish in a
pond. When only males or only females .are stocked in a pond, all the

energy of a fish goes into growth and not into reproduction. o >
) ) '77 - o i o . LI T
An ali-male stocking has faster growth rates than a mixed stock of males

and females: So some farmers try.to stock pnly males or females ina -
p$pgg'fegg”fjsh species that often i§ used in monosex culture is tilapia:
Tilapia reproduce at a-very small size, but when- separated by sex,-they

do not develop their reproductive organs, yet-continue to grow. -

One way to_stock a monosex pond i§ to. separate the fish one by one

‘aceording to sex during the bieeding season. Often, at this time, fish

change color; and it is easier to sort fish by sex: Then the fish can
be grown to a larger size. . :

‘Iii ‘aiiother fethod, people have been trying to obtain fish of all one sex -

by putting two different species of tilapia into a pond.- When these fish

breed, they produce either a monosex culture or a sterile hybrid.- Three -

crosses do now produce 100% male pffspring}k/(_ R S -
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Crosses of Tilapia which Produce 100% Male 0ffspring:

MALE , €ROSSED WITH " FEMALE

Tikapia machochir | % Tilapin nitotica
. TiRapia mossambica X ) - Tilapia g@ﬁp{@cnii
Tilapia hororum ‘ X Tilapia mossambica

There are no crosses that prodice 100% fema]e-offspr1ng as yet. ‘Males

are preferred because they cont1nue to grow during the breeding season; °

when there are no females present -- _evén though they (the males) continue
I

"'to build their nésts in préparatibh for mating.

d1ff1cu]t to do: the hybr1d crosses are very news. hand sort1ng f1sh by
sex causes many of the fish to die from stress. Even if the fish are

" sorted without stressing them, one fish of the opposite sex .that

accidentally finds its way into the pond can ruin the whole monosex ~

‘culture. So monosex cu]ture is generally not practiced by small-scale

fish farmers

i

THE MORE-THAN- UNE POND OPERATION A farmer,who has a 'lar‘ger‘

area to work with might wish to consider having two or three small ponds.

Perhaps two ponds would be diversion ponds; and the third; a barrage

pond fed by a spring. Perhaps tne farmer has room. for on1y two barrage
ponds. _He does not want to _keep eggs and fry- in the ponds becagﬁe it is
harder to protect eggs and fry in barrage ponds This does not‘mean he

cannot breed fish. He can keep eggs. and fry in an 011 drum; washtub,

- oxygen.

With three ponds, one pond can be the rearing pond in which finger11ngs
are raised to market size; one can be nsed to keep erod stdck, and the

eggs hatch and the fry grow tu f’ngerling size. If the fafmer does not

plan to breed fish, then he can use all three ponds as rearing ponds.

He should not do th1s, however, without thinking ahead t¢ the harvest :

and making plans for marketing the fish he w111 grow, or preserv1ng the

F1sh ?or sale or use 1ater. _ ’
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The major difference between a large farm operation and a small one may

be only the number of ponds. _Three ponds is enough to have a full-fledged
operating fish farm which includes breeding, selling fry and fingerlings
to other farmers, and raising fry and fingerlings to market and brood -

size: Once the farmer is a skilled pond manager, these ponds should do

well and provide a good return on his investment. .

Until the farmer is experienced, however, it is better for him to start

with small efforts and a smaller operation. Small pond failure is not as
severe. . Once the ponds are working well, the farmer can expand and build
more arnd/or larger ponds. But he should be encouraged to start small:

There are a lot of factors in fish pond management that are learned best

by experience. But a bad experience will discourage, rather than encourage,
the pond owner. S | -

A FINAL WORD ON PLANNING PONDS Good planning is a must for a
successful fish pond operation. It is during the planning process,

before any money or a lot of time and energy is spent, that many problems
can be solved.

The farmer should keep in-mind while planning that ponds do not have to_

have expensive equipment in order to work well. Far more important than
thefggujpmgg;fggeflgran gnderstaﬁdiﬁg,6f,thé,géﬁéré1,prihcip]es,involygd;
2) the selection of a fish or fishes that will do well in his pond (see:

next section, "Selection of Fish"), and 3) good daily management of the

pond (see section 6, "Managing the Pond"). ,



3  Planning: Selection of Fish -

The farmer now has a firm idea of his site and the types of ponds it is

possible for him to build. He also should know wiiat he wants to do with
his ponds -- raise fish for food or run a fish-marketing business. Now
he must consider very carefully what type or types of fish he is7going
to raise in his ponds. The success of the pond depends upon choosing

the fish that will grow best in the type of ponds and conditions that a -
farmer is planning. ' :
ages give some: 1) general information on characteristics

of fish, and 2? detail about certain fish which have proved to be good _

pond fish and why. This information should serve as a guide_to a farmer

trying to decide which fish will do best in his ponds.

Characteristics of Fish

The major body parts of all fish perform the same functions, and they

“"are located in about the same places on any different fish's body. But

the size, shape, and color are often different; and these differences

help tell the fish apart. Knowing how a healthy fish looks is important.
A11 Fish have a tail consisting of the caudaf peduncfe and the caudaf

{in. The fish's fins help it steer through the water and hold it

upright in the water. Often a sick fish cannot steer or flops over on
its side. Other fins on the body include:

. Pectoral -- usually located on the sides of the fish behind
the head: . |
. Petvic -- usually located towards the rear of the body where

the hips would be if the fish were a four-legged animal.

. Dorsak --_runs along the top of the fish. May be single or
double. The second dorsal . fin is sometimes called thesof§t donsat
i
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Pants of the tilapia, one of the best of tested pond §ish

_ Anak -- usually located right behind the anal vent (anus) on
the rear bottom end of the fish.
Most fish have eyes, but even with eyes fish cannot see very well.
A11 fish have giffs. The gills are covered by a flap called the

opercufum. The gills are extremely jmportant. Fish take in water
through their mouths. The water is then passed through the gills
which remove the oxygen and nutrients from the wateir.: The water _

is then passed outside of the body of the fish through the gill slits.
It is possible to tell a lot about a fish's health and eating habits by

looking at its gills: _Fish with many, many feathery gill ‘rakers and .
few if any teeth eat the smaller foods in the pond. Fish with few and
larger gill filaments eat the larger particles from the pondy _Healthy
o115 ave a bright red color. If the farmer sees fish with gi1ls that

do not have this healthy red color, or have white spots all over; for _-

example; he will know that fish is not healthy and should not be bought
or placed in his pond. Or if the fish is already in his'pond; He knows .

he must take steps to get rid of the disease before it troubles more fish.

Other identifying parts that all fish have are the mouth, the genital _.

openings_{to reproductive organs), and the fatenaf £ine. The lateral line
is a small line of nerve cells which runs along the length of_the body
about midway on the side of the body. Sometimes the lateral line is
covered by a layer of scales; - sometimes it is a different color tham the
rest of the body. In any case, the lateral 1ine is an area of sensitivity

that helps the fish feel pressure and temperature changes in the water
around {%. / | o ’

I
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When a farmer breeds fish he will want to be able to te11 the difference

between male and female fish. This can be difficult with some fish.

However, some fish change color in the breeding season (tilapia, for

example), so they are easy to 1dentify by sex. Some fish can be classi-

fied according to the color and size of the]rfgen1ta1s. The separation

of fish by sex is best learned by actual exper1ence in the pond-

Sex.ohgans of tilapia

ANUS GENITAL
PAPILLA

- HEAD , ;
FEMALE  GEMITAL URETER
: PAPILLA :

'5455
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Vihen the farmer goes: to buy fish, he must already know what healthy fish
look 1ike. It is very important that he be as familiar as possible with
cach of the fish he decides to raise. He must know the characteristics

~of that fish and its Tife cycle, its eating and breeding habits, etc.
The farmer who begins any fish pond enterprise without having this kind
of informatfon is inviting failure. And if it is a new venture; it_is

particularly important that. the farmer's first effort be as successful
as possible. : : iR

‘The Life Cycle of Fish

Fish start 1ife as fertilized eggs. The eggs grow and then hatch into -

- small fish, called fry. The fry are attached to the yolk sac which is
the leftover part of the egg they hatched frem. The yolk sac provides

food for the fry during the first few days after hatching.

LY b e
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éfiéifiﬁéfiaik sac. is gone, the fry searches for food in the water. All

fry eat the tiny suspended and swimming plants and animals called plank-
ton in the water. Plankton are hard to sees but if a farmer puts some _
of his pond water into a glass.container and holds it up to the light so

that the light shines through the waters; he can see the tiny plankton

floating in the water. _The length of the fry stage depends upon the

species of fish. Usually a fish is a fry at least until the yolk sac-is

absorbed. Fry range from 2mm to 30vm in length. This growth process can

take 2 to 6 or 8 days depending upon the type of fish.
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As the fry grow b1gger, they are called f1nger]1ngs,, They are called .
fingerlings because _at this stage of the growth cyc]e, they are_about thé
size of a person's fingér.,,Fiﬁgér]ings vary in size -- from 4-10cm.
-Above 10cm, the fish is better called a post-fingerling. The adult fish
ranges in size; some can be as large as 2m long and we1gh 22kg. An adult
fish is a fish which is sexually mature. ) '

' F1nger|1ngs have different eat1ng habits from fry, they are riow much

bigger and can eat larger pieces of food. As fingerlings, the fish beg1n
to show that they like certain foods better than other foods. Each kind
of fish_chooses its own kind of food, depending upon his needs and what

is available. For example a carp fry W1]] eat p.ankton, as a f1nger11ng,

the carp will eat p]ankton decayed matter, insect larvae, worms, snails,
and a]most anyth1ng that 1s on the bottom of the pOnd CommUn carp, for

tom of the pond.

The food preference does nct always '

change as the fish grows. Some fish,

1ike the silver carp, eat plankton

their whole lives. When the fish

reach adu]t size, they will sexua]]y

mature in the right conditions.

Brood fish are sexually mature fish

which are chosen “as good fish to

begin the whole cycle.again. This

- is called the 1ife cycle of a fish:

Knowing how the fish in the pond
grow, and the foods they require at
each stage in the life cycle;is very
important for good pond management.

Choosing Pond Fish

- Choosing fish to grow in ponds can be difficult. A good pond fish has
certain characteristics which help it grow successfully in ponds. There
are some fish which will not adapt to-pond conditions and cannot be used

in pond culture. A pond is very different from a natura] waterway:

. There is usually no Water flowing through a pond. Some f1sh

need to live where theré is quite a bit of current in the .

water, rather than 1n a quiet pool of water.

. The food that is already in the pond is all that is ava1iab1e

to the fish, un]ess extra food is put 1n by .the farmer:

. There is only a certa1n amount of water and pond area in which
to move about:
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There are many fish that do grow well in ponds. Some of these are fish

grown locally; some are fish grown in other parts of the world.

Many governments today are introducing exotic fish.species (these are

kinds of fish not native to that country) into fish pond programs.

They do this for three reasons:

_ Some introduced fish grow better and faster than native fish.
. Some introduced .fish are preferred by people for eating {over

~ local fj;h);
. The offspring of a cross between a local fish and an introduced

fish sometimes grow faster and taste better than either of the
parent fish {this is called hybrid vigon)}.

" But exotic fish must be watched and used very carefully. 7iﬁ§§;ﬁg§§;ﬁ§§

escape into local waters. Some exotic fish which escape create problems
in natural waters when they begin to compete with local fishes for food.

Also, introduced fish can carry diseases or parasites that are fatal to
native fishes. ) ' ‘

There are certainly a number of fish in the natural waterways of your

_area which will grow well in ponds.  Native (local) fish are usually

easier to use because they are adjusted to local water and climate
conditions. - ' e
If at all possible, farmers should be encouraged to start their ponds

using a tested pond fish which-is locally available and is well-1iked
by people in the area. It can be a fish from the 1ist given here or
gne chosen from a 1ist prepared in your area. The important points.
are that the farmer be able to sell any fish he wishes to sell; that

the fish can grow in ponds, and that there is brood stock available
locally.
'Fish Used in Pond Culture

Here are some characteristics that good fish for pond culture will have.

_ Certainly it may not be possible for a_ farmer to determine whether a
certain fish has all these characteristics right away, particularly for
those local fish not discussed in detail here or those newly introduced
to pond culture. But good pond fish all have certain characteristics:

. the more certain a farmer can be that the fish he chooses to-raise fit

these descriptions; the more Sure he can be of his success. Good pond
fish are: ; ' , o
.. available locally o » - :

. able to reproduce (breed) naturally in your area:

. able to Tive in a confined space (the pond).

- 48
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. able to find the right foods in ponds.

. fast-growing.

. relatively free of paras1tes and diseases.
. known and ‘1iked as a food fish in the area.

Some fish that fit these_ cr1ter1a for good pond fish and are now grown

in_ponds -all over the world are named here. Though they all are grown

in_ponds, each has certain characteristics which mean that it will grow

better in some kinds of ponds better than other ponds. Of course, these

fish are not the only fish that can be used in ponds, But they are named

here because they have been tested in ponds; and they can grow well under

pond conditions. All of these fish are warm water fish.
'SCIENTIFIC AND COMMON NAMES OF FISH USED m'ﬁéﬁa CULTURE

Please note: Each fish has a scientific name which s
always the same. The common name, however, qu be different

from one country to the next. It is a_good idea for anyone
who vorks w1th fish to know the scientific name.

Genus - species | o . Ceiiion naiie
1 A@m japonica gel
2. Anistichthys nobilis ” bighead carp
3. Barbus gondonotus = - tawes
4. Canassius awnatud -  goldfish
5. Cafdssius Canassius crucian carp
6. Catla catia  atla
7. -Chanos chanos | | milkfish
8. Cimthina moLitonella miid carp
9. Ciwwhina ina migata | firigal
10. Clanias batnachus o casfish *
T 1. Clarias macrocephalus - catfish e
12. Ctenopharyngodon idelBiis | grass carp




NAMES (Continued)

24.
- 25,
26.
27.

Following is specific 1nformation on

13;

Genus spec1es

eyp!r,c_nub cwtpw

TiRapia modsambida
TxZapLa nilozica

' Thichogastern pectonalis //(

Trichogasten tniehvptenuz -

————tapta—

Common _name

common carp

18. Hekostoma temminchi kissing gourami

15, Hetorwtis niloticus - ,
16. Hypophthatmichthys moRitrix silver carp

17. Labeo nohita rohu )
18. Mugil cephaliis mullet
19, Hygbopharyngodon piceus black carp

20. Osphronemus goramy gourami

21.. Sewranochiomis hobudtius -

22. Tikapia machochir - tilapia

23. Tilapia mefanopleuns - tilapia

tilapia
snakeskin gourami

three-spot gourami

some of the more popular pond fish.

: COMMON CARP

The common carp; Cypréinus carpio, is a favorite warm water pond fish.

Common carp. are used as a pond fish because they:

. spawn easi]y in ponds

';’do not get siek easi]y.
. tolerate wide ranges of temperature and pH (factors of water |
-qua]ity discussed in detail later).

. eat all kinds of food, from zooplankton to decaying plants.
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" . have a very good growth rate.

. accept supplementary foods.

Common carp generally are a grey-green color. However, they also can be
'gold; yellow, orange; pink,; blue, green; or grey. They spawn all year
round in warm waters, and_they can be made to spawn by the pond owner if
they do not:spawn naturally. Common carp are good to eat when they are_
 cooked properly. -They can be grown in ponds by themselves (monoculture)
—="""""" "or in ponds with Chinese or Indian'carp (polyculture).

Some of the yislds gotten in various countries by stocking common carp in

monocultures are shown in the following table. =

¥

Country = .. Culture methods S kg/hectare
Czechoslovakia . Growth in ponds with ducks  soo

Guatemala- Intensive culture in ponds 4,000
India  _ Natural growth in ponds 400
- ‘ Growth .in ponds with management 15500
Indonesia Intensive culture in ponds. 1,500
Japan ) . Intensive culture in ponds | 5,000
Nigeria -  Commercial cultire with _ L
( ferti]iiétiéﬁ and feeding 371-1,834
Philippines Intensive culture in stagnant water - 5,500
United States - Intensive pond culture with o
e AnOPganic-fertilization _ 314

Source:  Bardach, et ab (1972)




/ Conclusion: Common carp are a very easy :fish to breed, keep, and harvest,

i so a tish pond that relies on common carp will probably do well. Common
i , ‘carp are a good fish for a farmer to use for his first effort. With good

1 management, common carp will cortinue to produce healthy eggs and fry

] - until they are too old (above 5 years.of age). : ' :

[

/ “TILAPIA
g The Tilapia genus (family Cichlidae) contains at least 14 species, which

| are all good pond fish. The color of the fish differs only slightly

' depending upon species; tilapia are generally dark brown to black in

: color. _The most _common Species grown in popds is the Tilapia mossambica,
also called the Java tilapia. It has beenjintroduced throughout the world
and is easy to find in most places. Tilapia: '

. are hardy fish, resistant to disease.
. breed easily in ponds.

. grow rapidly.

. taste good.
. can withstand wide temperature ranges.
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Tikapia Hossambici

.
Tilapia are herbivorous: _Some Species eat higher piants; some eat .
phytoplankton. _Both the Java tilapia and the Nile tilapia (Tilapia
nikotica) do well in very enriched waters (waters polluted by sewage).
A1l tilapia have slightly different eating habits, depending on the

- species. .

" Tilapia reproduce every month or 50, once they become sexually mature.

They then take very good care of their own'eggs-and fry in ponds. If

the farmer plans to breed and raise fry, this fish is a good choiceé
because the fish themselves take care of the fry at a stage where many
fish of other species die easily. The major problem with raising tilapia

in fish ponds is that they become sexually mature at a small size; and

T ‘ 3 _ ;
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begin to reproduce instcad of to grow further. It may be necessary to
separate the tilapia by sex before they are old enough to reproduce. Or
it may be necessary to introduce catfish into the pond to control the
pcpulation of small fish. : A '

Conclusion: Tilapia species have many possibilities for pond culture.

Their fast growth rate, ease of breeding, -good taste and hardy'bodies

make them a good choice, particularly for the first-time fish farmer:

CHINESE CARPS

Other kinds of carp, Bé§i§é§ffﬁ§ common carp; often are grown in ponds:

Most commonly used are the Chinese carps. Some of these are: L
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. Silver_carp (Hypophthalmichthys molitrix). This fish eats
phyteplankton; but will accept rice bran and bread cruibs.
The silver carp gets its name from its silver color. It has
very small scales. '

. Bighead carp (Anistichthys nobilis). This fish feeds mainly
on zooplankton. It is a dusky green color on top which fades
to a pale green color on the abdomen. It also has small scales.

AR
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Species -

© Silver and
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. Grass carp (Ctenopharyngodon ideffus). This fish is an
herbivere and eats water vegetation (but also will eat ™
- almost anything): The grass. carp is also silver-colored,
but has a darker grey area running along the top of the body.
It grows larger in size and has larger scales than a silver
carp . _ " '
Other chinese carps 1ike the black carp (MyLophargngodon picers) and the
mud carp (Ciurthina molitorelea) are bottom feeders. This difference in

- eating habits is very important in fish pond culture. It is the reason

why polyculture, or growing a number of fish species in one.pond €an be
sticcessful. When one kind of fish is stocked alone in a monoculture,
the foods.in the water not eaten.by that type of fish are wasted. In a
polyculture of the above three species of Chinese carp, for example;:

three'kiﬁd; of food are being eaten. -

The following table gives some.examples of polyculture mixes and of how

many fish of each kind can be stocked in a pond: For example; Pond I is

stocked with si]Vér,"bighead; grass and common carp. :
) _ STOCKING RATES OF CHINESE CARPS IN PONDS
3 T0 7 METERS DEEP /IN .KIANGSU PROVINCE, CHINA = ©
' Welght of " Niiiber of Yearlings per hectare
rerime. g noom o

bighead carp 500 | 4,500 4,500 9,000 9,000
Grass carp 500 600 - 3,000 -7

 Black carp 500 - = 450 - 3,000

Common carp 200 - _200 - _200 200 - __200
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The preceding table shows polyculture mixes: as you can see; common carp

& can also be used in polyculture with Chinese carp. Chinese carp arg =
grown in ponds because they grow wel® in polycultures; and they are very
good to eat.. The silver carp grows faster and is tastier_{according to

some. farmers) than common carp: The grass carp is most often used to _

control weeds in the pond: - In fact the grass carp does a better job of

weed control than do chemicals. The grass carp is perhaps the most inter-
‘esting of the Chinese carp and is now being studied by scientists in

many countries to find better ways of breeding it in ponds:

; A farmer might run into problems raising Chinese carp -- 1f he does not

| look into his local situation very well. Farmiers will have to have a
source of Chinese carp fry from a government hatchery or a local breeder
before trying to raise Chinese carp. _The carp only breed once a year,
and then, in most cases, only with help from man. Alsc, Chinese carp are
very susceptible to diseases. Then, because they are delicate fish, they
must be handled very carefully, or they will be injured.

Conclusion: A farmer just beginning a fish pond probably would not want
to breed Chinese carp, but_he certainly should be familiar with these
fish and how they might help his ponds. -For example, even two or three
large grass carps placed in a pond with_many fish of one other species

could be valuable for keeping a pond balanced.

INDIAN CARP P

-

_These are the

Indian‘carp. Indian carp are further divided into minor and major carp.

‘The major carp of India are the catla (Catla catfa), the rohu (Labeo i&hiii);

There is one last group of carp often cultured in ponds.
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and the mrigal (Ciuthina mrigala). The_minor carp are the reba, the bata,
the sandkohl; and the nagendram fish.. The Indian_major_carp will not
spawn in_standing water; so_special ponds are built in India to provide
a flow of water for these fish; who must have running water in which to
spawn: The Indian carp can be made to spawn by man; but this is a dif-
ficult process (see "Managing Brood Stock").. However, there seems to be
no reason why the Indian carp cannot be spawned in ponds in places where
ponds can be constructed to provide constantly running water.
Conclysion: A _farmer who has only a small pond should not try to breed
Indian carp. Indian carp can be grown in polycultures with common carp,
but are not as good or fast growing in ponds as the Chinese carp.

Indian carp are also susceptible to many diseases. This is a fish for

an experienced fish farmer who is interested in, and able to, experiment:

GOURAMI

“The gourami (Osphronemus goramy) is a very good pond fish. It is

originally—from Indonesia, but now is grown all over Southeast Asia.
Gourami possess an accessory air-breathing organ, which means that they
‘ _can survive in waters that are low in dissolved oxygen. This makes it
an important fish in areas where the temperature remains high and there
is 1ittle water for certain periods of the year. Gourami spawn all year

round in warm water conditions. Gourami:
. spawn easily al]l year round in warm waters.

. taste good:

. are easy-to BFéégz‘

. accept a variety of foods: -
. are hardy:

Roedin
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Conclusion: .Gourami are good fish for a f1rst -time fish farmer. And

they are certainly a fish to be considered very thoughtfully by farmers

who live in areas that remain very hot and dry for periods of “the year.

The gourami is used to these conditions, and there are other:pond fish

Wh1ch would not do well at all dnder these cond1t1ons

CLARIAS éAfFISFI

CRariad catfish are found throughout As1a, 1nd1a and Afr1ca, as well as
the Middle East. The species most often used as pond fish are Clarnias .
maciocephalus and CParias batrachus. CRarias machocephalus 1is preferred
for its good taste; CRarntas bathachus grows faster.

"These catfish have accessory air-breathing organs; they can even crawl
out of ponds to look for food. Because they can live in shallow ponds,
these catfish are sometimes used in culture with rice (see paddy culture).
They are scavengers, which means they will eat just about anything.

" However, they prefer to eat worms, snails; and other fish. They are

~often used in polycultures with tilapia where they serve as predators on

the very small tilania. -They will eat supplementary foods, and give very

high production in ponds. In Thailand; Clarias catfish yield about

97,000kg/ha when they are fed supp]ementary foods. These catfish are

hardy they sometimes- get external parasites; but these\do not kill the
fish.

Conclusion: The catfish are another good fish to be raised in areas’

where high heat and long dry spe1ls are_found. They are good to eat,
easy to keep, and can be used in _ponds in a number of ways: Eer¥a1n1y
a farmér who already cultures paddy rice might be 1nterested in consq-

dering adapting his paddy to catfish culture. .
N

The common name tawes is app]ied to three species of fish -- Banbus
gondonotus, Puntius javanicus, and Puntius gonw/onotus. These fish

usua1ly are used in fish ponds for vegetation control; in polycultures

with Chinese carp. Tawes are able to spawn all year round, but they

N + most often spawn in the rainy season. Tawes need We]]-oxygenated water

o7
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with a strong current to spawn: Tawes feed on_soft water plants, but will

also take rice bran: There is not a great deal known about the tawes at
present; but it can be used in polycultures when the grass carp is not
available. ' - :

Conclusion: A farmer starting a polyculture certainly might be interested

in using this fish. However, first-time fish farmers with limited space
would not want to try breeding this fish.

HETEROTIS NILOTICUS

The Heferotis nifoticus spawn easily in ponds: The mature fish will

build a grass-walled nest in the weeds at a pond's edge and spawn inside
this nest. They spawn when water is low and very warm, at the end of

the dry season. The mature fish feed only on plankton; but in a pond

they will accept supplementary food. This fish has a swim bladder which

can serve as an accessory air breathing organ.

T /,"::?i<}%§?£:;23;;g"
A 4?)4§ \32,52é§{ .
~-gf;>>>> )y '33 o-'

Conclusion: There is not yet a great deai known about the Hefenotid

wiloZicus as a pond fish. But it seems that it ¥s a gcod choice of fish

for warm climates and warm waters. A farmer who lives in such a climate

might find raising, and even breeding, this fish quite easy ~- particu-

larly in a very well-fertilized pond.

| .
\. ) . P——
| o8
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" These are the snakeskin gourami (or Sepat Sfam -- Trichogaster pectoralis),

the three-spot gourami (Trichogaster trichopteruis)s and the kissing
gourami (Hefostoma Zemmincki): All of these fish taste good. And they

breed easily in well-oxygenated, warm water. They do require a pond which
has a gcod growth of vegetation (ﬁé%titu]ﬁ%]y Hydnilla verticillata).

/' Snakeshin gownami

Conclusion: 1In a pond situafion such as that outlined above, these
gouramis are easy to breed and raise.” They are a good fish to use in

polycultures with other gouramis, tilapia, and common carp.

MILKFISH CULTURE e
The milkfish (Chanos chanos) can be raised in freshwater even though it

is primarily a brackishwater fish, and will not breed in ponds. The fry

"are caught along the shoreline at breeding season (the rainy season) and

transferred to freshwater ponds. Milkfish culture is dane for the most

part in the Philippines and in some Gther Southeast Asian countries, like
Indonesia and Taiwan. l

Adjusting (acclimatizing) the fry from the saltwater to the freshwater
pond is hard to do; many fish die if the adjusting process is not done
well. Therefore, milkfish usually are cultured in brackishwater ponds

only; the use of milkfish in freshwater ponds is not widespread, Milk-
fish feed on a complex of bottom algae, and, recently, it is reported

they also feed on phytoplankton. Milkfish are prized for their beauty

- and their good taste, though they have many, many small bones:

53
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Conclusion: This is not a fish for the first-time fish farmer. In fact,

it is not a good choice for any farmer unless he has a saltwater pond; is

interested in trying to acclimatize the fish to a_freshwater pond; or can

buy milkfish from a source that has them already in a freshwater pond.

EEL CULTHURE

Fels (Anguilla sp:) have been cultured in Japan and Taiwan for years.
Eels are very much a luxury food and are not normally grown alone in. ponds
outside of these two countries. The eels_are grown -in ponds in poly-
culture with other_fishes and are particularly useful in polyculture
with species of tilzpia because they eat the smaller tilapias. The eels
used in Taiwan (Anguilla japonica) spawn in the sea and the fry (called
elvers) swim upstream and are collected by dealers. Eels must be fed
supplementary feeds 1ike pellets made of trash fish.

Conelusion: It is not recommended that farmers work with eels because
they must be fed protein and are not very efficient converters of food.
Also; eels cannot be bred in fish ponds. -

OTHER POND FISH .

Some other fish grown in ponds are the goldfish (Carassius auratus); the
crucian carp (Carassius canassius), and Senranochromis nobustus. Any of
these fish can be grown in polycultures with Chinese, common carp, and
tilapia:

Corclision: The use of one of these fish in a pond stocked with other;

more important fishes, results in an increase in yields of both species.

In polycultures these species can utilize other food sources and also

act as predators and weed controllers.
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One other fish species used in_freshwater ponds is the striped mullet
(Mugit cephatus). Like the milkfish, the mullet is primarily a salt-

water fish;and its fry are collected as they swim upstream. “Recently the
mullet has been made to spawn by man, but this is difficult to do because
mullet are very sensitive to handling. However, mullet can survive in

wide - temperature ranges and are herbivores, so some farmers may want to
try mullet.

A CLOSING NOTE ON FISH

A1l these fish have been and are now being cultured in fish ponds around
the world. However,; as stated before; they are not the only fish which
can be grown in ponds: In every area there are a number of fish in

<

natural waters that could be grown in fish ponds. So you might find it
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a good idea to experiment with local fish in your ponds, to find those
fishes that might be available to farmers in your area for use in their

ponds. It is better for an extension worker to do the experimenting
than it is to have a farmer risk wasting_his time or money, or even more
importantly; risk failure: If a farmer fails; he may not want to try

again:




4 Fish Pond Construction

Construction of a large pond can be very expensive if labor is hired,

machines are used, and expensive equipment is rented. - For example, in_
the Philippines, a one-hectare pond having two concrete gates and walls

. 3 _high x 3m wide recently cost US$1,522.56. Another pond, about 100m
x 25m; with only a Rivaldi valve cost about Us$680.

An interesting fact about fish pond construction is that whether the

pond is large or small, expensive or inexpensive, ponds are all very

much the same. A larger, more expensive pond will not necessarily be
a better pbnd. ' ’
Here is an exampie of a good beginning for a new and small fish farmer:

A "backyard” fish pond was planned and sited very carefully

' by a farmer. The pond was dug by the farmer and constructed
with bamboc pipes for water inlets and outlets. The construc-
tion itself cost no money. The farmer's only expense was a

supply of fingerlings purchased from a nearby market. This
fish pond, managed by the farmer and his family; produced
encugh fish for the family and some extra income from fish.
sold or bartered for goods needed by the farmer. The family
ate well and suffered no major illnesses during the year.

Next year; the farmer plans to add another pond and to produce
more fish for market. He will add a Rivaldi valve or_a wooden
monk to this new pond, because either of these will make on-
going management somewhat easier, now that there will be two
ponds to manage (The bamboo pipe sometimes got clogged. This
was no_problem to correct when there was only one pond. But
it would take up needed time in a two-pond operation).
Whichever the farmer choeses, the vaive or the monk, he will

make it himself with materials found locally, using money from
. the sale of his fish. _ : ,
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This fariier began his operation well. He started small and
worked into a larger operatjon. However, even for the larger

fish farm, he planned an expansion which was within his means._
This kind of careful planning increases the farmer's chances of
success -- and yours. And the scope of the project is_some-
thing he can undertake on his own. He gained the knowledge and

experience that he needs to expand his operation.

The following section presents a range of ideas for constructing fish

nonds.. The farmer can pick a combination of construction possibilities

which best fit his own needs and resources.

IMPORTANT: Stress that the "right" way in any situation is the way
which: : : , :

. the owner can afford

. the owner can manage easily

. fits the owner's needs most completely
Construction should begin only after careful planning such as that

outlined in the preceding sections on "Planning."

UTRTITENONN

\ DRAINAGE  SYSTEM

/e

A fish pond has three main parts: the walls, the waisr ..iui.
drainage system. Walls are also called dams; dikes; '2¢2n:
This manual uses "walls." Whatever they are called; wal

in the pond. They can be built using seil taken from inside

or they can be built with soil taken from another place. ‘ffiey mi ,
strong enough .to withstand the pressure of all the water insics the gond

water constantly pushes against the walls. Thev must also be waar-
tight (impermeable); so the pond does not leak. ‘
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The water inlet, located above the pond water level, is used to let water
into the pond and is closed oft after the pond is filled. :

The drainage system is used to empty the water from the pond when the

farmer is ready to harvest the fish.

There are many ways of making inlet and drainage systems: the most

important criterion is that they work. But the walls are especially

important: they are all that keep the fish inside the pond. The walls
must be built carefully. , :

Pond construction follows the same principles whether the pond is a
single backyard pond or part of a large fish hatchery. These are the
steps in pond construction:

. Survey the land

. Mark out the area of the pond .

. Measure and mark out the walls

. Excavate the pond bottom; if necessary
.'Build the drainage system

. Build the water inlet

. Build the walls .

. Seal the pond bottom and walls

Each of these steps will be discussed in detail in the following pages.

Survey the Land |
The first step in the construction of a fish pond is marking the area of

the proposed pond. If the site chosen is a natural slope, the first
thing to_be done is to find out where the main wail will be built. The

main wall should be marked off at the lower erd of the pond, Where the

pond will be the deepest and the slope the greatest. This is where the
pond's drainage system will be put. If the pond is to be on a flat area,
the pond bottom itself must be made with a slope so the pond will drain.
This is .done by digging one end deeper than the other end: Remember:

the main wall is always at the deeper end.

-

DETERMINING THE SLOPE .
Even flat ground usually has some kind of slope; although it may be very.
little and hard to see._ So, before_constructing the pond, the land is

surveyed to find out which way the land slopes and what that slope is.

65
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-small lightweight container. . They_

There are a number of ways which can be used to determine slope. _The

way outlined here probably would not be used by many farmers if they

were building a pond on their own, but this is an accurate method of

determining slope and should be encouraged if at all possible:

stakes (long; straight pieces of
wood); some Stiiﬁg,%fiShliﬁé; etc.),

| STAKES | To su’'vey the land for slope,; some
i
\kf“ R A . and a carpenter's level are needed.

with_the level; a device that has_
an air bubble trapped inside which
rests between two drawn lines.

When the level is placed on the _
ground, it shows whether the area

is flat or sloped: if At is straight
or flati (1eve1§;;tbg,b9bbleJ§tays
in the middle between the 1ines;

if the land slcpes, the bubble will

- ' move to the right or left of the.
' ' lines, depending upon the direction
- ‘of the slope.

| | carpenter's ever

Farmers who cannot find a carpenter's
level can make a level by getting a

ghould then place the container on a
known horizontal surface, add water,
and draw a line around the inside of
the container at the water level:

Then, if ‘this container is’ placed on
a slope, the water will shift away

from the 1ine to show the slope.

- When all the equipment is gathered, measure the slope.

. Look at. tie 1and and decide which part is higher.
. Drive a stake or a piece of wood or bamboo into the ground
at the highest point. o ‘ )

.. Walk away downhill from the stake about 100cii. Drive another
stake into the ground at this point. ,

’
/
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S -
. Tie string or fishline or vine (whatever is being used)

between the two stakes: Attach the level to the string.
Then move the string up and down on_the_stakes until the
bubble is between the 1ines on the level; or the water

level -1s even with the 1ine marked on the contziner.
This will mean the string is level between the stakes; ,
even though the stakes are in the ground at different "

heights: -

. Measure the height of each string by-measuring from ground’
level to the place where the string is tied.

=1 teveL ﬁ T

j STRING | n STAKE
| |

This. drawing shows that one string is tied at 20cm; the other is tied at

25cm. Therefore, one end of the area is 5cm lower than the other. The
distance covered by the string is:100cm, so the slope is 5% (over 100cm
of ground, the elevation changed 5cm). Since a slope of 2-5% is good for

. a fish pond, this site has a satisfactory slope for a pond. ;
Other Ways of Determining Slope: As mentioned earliery t:.e above/ method
of measuring siope is a good one; but it may be difficul% for some people

to do. It is possible to calculate slope roughly. A farmer who realizes

that what he is looking for is a way to place® his pond so that the water
can enter from the water source and drain away well, can figure the slope

of his land by doing such things as rolling a ball or other round object
‘and watching carefully to_note where and how quickly the ball rplls. A
 good slope would mean a slow-rolling ball. A variation of this involves

throwing a quantity of water; or a mixture of water and dye, on/the ground

and watching the path it takes and its speed as it moves along/ the ground.

It 1s important to consider slope carefully. A well-placed pond with _

good drainage is easier to care for and has more chance to be/ successful:
It may be necessary for the pond owner to measure his land only once to
find a good location. Or it may be necessary te repeat the measuring a
fiumber.of times. This is probably a good thing to encourage/since .
locations which look alike to the eye often have enough difference in

slope to make a big difference to a fish pond. A%so;~6éfé?ﬁiﬁ1ﬁg slope

67 |



‘is a larger project if more than one pond is being built. Then the ponds

must be laid out in relation to each other.

There may be several areas which have the.correct slope, but.only one

which is good in terms of getting the water into the pond from the vater
source and out of thé,pdﬁd,éasilygi,Fgr,éxamblé; the farmer might like

to drain his pond so that the water irrigates his fields. Therefore, he
will want to keep this. in mind when he decides upon the exact placement

of his pond. Likewise, if he is building a pond on a hillside in back .
of his house, the slope may be perfect; but he will need to avoid drainage

into his buildings.

Once the slope is found, the location of the main wall can be determined.
0f course; if the pond is built on flat ground, it will have four walls.
If the pond is a barrage pond,.it may only have one wall. The number of
walls depends upon the land.. The shape of the.land may mean that one
wall or two walls or four wails will be needed.

Mark out the Pond Site;
Measure the Walls ’

Now that the slope is known; the place of the main wall is known. The

main wall is at the end of the pond which will be deepest, and is the

wall where the drainage system will go.

Mark out the main wall, and any other walls that will be built, with °
stakes. The walls; when finished, will pe wide: it :foes not matier so
miich where the stakes are placed within the width of the plannad walls,

e for they are to be used as height markers.

o

STRING
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The farmer has to plan the depth of his pond and the height of his wall.
If the pond is going to be 2m deep at the deepest end; for example; the

walls should always ba at least 30cm higher_than the water level for_ a
small pond, and at least 56cm higher for a large pond. Also,; the walls
will settle after they are finished, so it is best to_make the wall 10%
higher than the desired final height of the wall. A 2m deep pond, there-
fore, would have walls with a total_height at the deepest point of 2.5 or
2.6m_[height of wall bafore it settles = depth of pond + 30cm (for small
pond) or 50cm (for large pond) + 10% of depth and 30 or 50cm].

Tie_strings to the stakes along the main wall line, at a height of 2.5
‘or 2.6m for a pond whose deepest end will be 2m. Use a levelling device
(‘t6,66hhéct strings to the stakes marking the’other walls, if the pond has
other walls, at the same level as the string marking the height of tle_
main wall. The strings are the building markers.. When the walls reach

the strings, they are the right height. .

Dig the Pond Bottom

As stated before, the pond bottom must slope downward from the shallow

end to the deep end to help drainage. The pond bottom usually has a
slope of from 2 to 5%. (A slope of 2% would mean_ that for every 100cm

change “n length there is a 2cm change .in height:)

The pond bottom must be clear of rocks, roots, trees; and stumps so that

later, when a net-is used to harvest the fish, the net will not get caught

and tear. If the pond bottom is already smooth and slopes well, it can
be left alone. Or, if the pond bottom only has grass on it, the grass
does vnt need to be removed before the pond is filled. In fact; once

water is added tc the pond, the grass will die and rot and add nutrients
to the water. c

If the pond bottom does not already slope downward, excavate (dig out)
the bottom area of the pond until a good slope for drainage is made.
Adjust the height of the strings tied to the wall markers if digging the
bottom has changed the height. :

finished, the soil can be placed on top and planted with grass. This
fertile topsoil will root dgrass easily; this grass will help keep the
walls from eroding (washing away).

Keep the soil which was dug out of the pond: when the pond walls are
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The pond bottom can:-be excavated by hand
or by using machines; like bulldozers; .

if they are available. Remember: 1if the

iand for the pond is chosen well with regard
to the natural topography; only a small

part of the pond bottom will need to be /

dug out. The most important thing is //

A drainage system is anything that is used to empty the pond. - consists

to have the pond bottom slope so that

the pond can be drained.

Build a Drainage System

of the outlet system for letting water ¢ut of the pond and the dra‘nag
ditches which carry the water from tg;/pond away. -

As stated before, the best and easiest way to have a good drainage

system is to build the pond in a place which provides a good slope -- on
a hill; for example. This is the/first step. Then; there are many
different drainage systems whicn/can be put into the pond. Some of these
drainage methods are expensive;/others are very inexpensive.

The drainage system must be built before-the |pond walls because soiie

"~ drainage devices go through the walls. —(In some countries the drainage

is done by knocking a hole in the wall of the pond. When the pond is

dry and empty, the hole is ‘patched up.) \
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One of the easiest ways to drain. the pond is to place a bamboo or plastic

pipe through the base of the wall into the middle of the pond. The end

of the pipe which is inside the pond has a screen over it to keep fish

-~ - —~—fromentering the pipe: The other end of the pipe, the end that is

outside the pond, is p]ugged with wood or clay. . To drain the pond at

harvest t1me the plug is pulled out.

Two other methods of draining the pond which mork but are not used as
often, are the siphon and the pump. A siphon is merely a flexible .

plastic or rubber tube. One end of the tube is in the pond near the
bottom; the other end is placed on the ground outside the pond. A
vacuum is.produced in the pipe by sucking at the end outside the pond

until water begins to flow out. The end ef the pipe inside the pond

. must be kept in the water or the siphon will not work.

SIPHON
oaTtET}@wsw BE
thWEK THAN INLET)

PONO BOTTOM

The buﬁﬁ is usually not a good idea for a farmer because the engines
that are used to run the pumps are costly and often not available, or

gaso1:ne_tn_nun_them_Js_sosIly,_orwthey_must_be given - frequent—attent1on

SO they w111 not break down.

A11 ponds must be drained for harvesting fish. Also, it is a good idea

to let a pond dry out complietely once every year or so to get rid of any

unwanted fish and/or disease-causing organisms.

The fb]]bﬁiﬁé,éfé”§6ﬁé tested, effective drainage systems a farmer can
consider for his pond:

b4

RIVALDI VALVE This valve was named after a farmer in Paraduay who
first used the system. It is an easy and good method to use in a_small
fish pond. A farmer who is building only one small pond for fam11y use
would find this valve a good choice for his needs.

The RiVéidi valve is a flexible plastic pipe. Place the pipe on the .
ground before the wall is built. Build the wall. Then turn up and tie

the pipe to a stake. Tie the pipe end at a level which is somewhat above

the usual level of the water in the pond. Keep the pipe up and tied to

the stake until it is time to drain the pond. Then, untie the pipe and

- Jet i1t 1ie on the floor of the pond until the water is out of the pond.

At other-times, the pipe works as an overflow to let out water after a

heavy rain: when the water level.in the pond reaches the top of the pipe,.

3
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water will flow down the pipe and out of the pond.

‘The Rivaldi valve should have a screen over th~ end inside the pond to

keep fish from going out of the pond while the pond is béing emptied or
drained.

ELBOW JOINT A variatic: of the Rivaldi valve, thi~ ~0§i5ts of two
metal or plastic pipes cornectea by an elbow joini. The Igin*t 1:ts the -

upper pipe be turned down to drzin the pond: The joi... is screwed onto
the ends of the two pipes, one of which extends under tne wall and the
other above the surface of the water. This drainage method is also
called a "turn-down" pipe because it is actually turned on its side to

drain the pond.

" NOVEABLE
__ GREASED ELBD

POND BOTTOM

- I
CONCRETE- ANCHOR
BLOCK

BOTTOM -WATER OVERFLOW - This drain takes water directly from the

bottom of the pond where Oxygen levels are the lowest. The Rivaldi valve

and elbow joint do this also, but each of these requires that the pipe
be lowered so the pond can be drained. The bottom-water overflow regu-
lates the depth of water without any need for moving the pipes. When .
new water is added to the pond, the Jess-oxyaenated water at the bottom
drains out automatically.

This type of drain is relatively complicated and usually difficult te

build.  For a small fish farm operation; it would probably not be worth
the effort. : '
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DOUBLE SLEEVE OVERFLOW _ This drainage system is. built like

the turn-down pipe; except a large pipe is placed over the section of
pipe which extends above thz pund's surface. This outer pipe should be

longer and wider than the irner pipe, which is placed so that it is about
~equal in height to the dept® of water desired in the pond. - .

‘When fresh water is required in_the pond quickly because the water is
too warii for the fish or because the oxygen levels are low, all the

farmer has to do is to add water to tne poad. The dcable-sleeve overflow

automatically drains the stale water from the bottom of the pond: :

 ~OUTER
= . SLEEVE
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SLUICE A sluice can function in a number of ways in a pond. It can be

a screened gate in a water channel going into the pond, or a drainage

gate leading water out of the pond.

In a pond, a drainage sluice gate is anchored into the main wall by

extending the sides of the sluice into the wall so the sluice structure
stands upriaht. The sluice is constructed at the center of the main wall

before the dike is built.

The sluice can be made of wood, cement, or brick. It can have one or two

wooden gates which are removed to empty or fill thé pond. A sluice also
can have a screen gate to keep unwantes fish from entering. at an inlet

and pond fish from leaving at the outlet.

/W“"L‘, | | Eanth-gibbed sbuice
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IMPORTANT: The wooden gates of the sluice must fit into the slots well,
but eas;ly. The wood will swell to make a tighter seal as it is soaked _
by the water in the pond. The slots (§r66Vésg can be filled with several
strong, long; narrow boards which have been bevelled or notched so that

they fit together tightly. Or the slots can be filled with single pieces
of wood:. When single pieces of wood (or a number of boards which have
been fastened tightly together) are used in'a sluice, the pond is drained
and the water flow regulated by 1ifting the entire wooden structure out _
of the groove to a height which allows some or-a lot of water to flow out
of the pond: When separate boards are used in the grooves, the boards _
are taken out one at a time. If a_small flow out of the pond is desired,
only one board may be taken out. To drain the pond, all the boards are
removed: In a sluice having two wooden yates, the space between the gates

can be packed tightly with earth. This will help seal the water into
the pond: , .
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MON: The monk is very much 1ike the sluice, but it is not built into
the porid wall the way the sluice is. Sometimes the back of the monk
does “ouch the wall, but it is not built into the wall. Also, a monk is -

never used-at the inlet as a siuice can be:

Cross-section of monk; side viéew ,
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WATER LEVEL

WO00D OR
CONCRETE

A monk-type drainage system controls the level of water and prevents fish
from escaping when the pond is being filled. It also allows for good

drainagz of the pond. The completed structure consists of a horizontal
drainage pipe and _the vertical structure, or monk. The drainage pipe

must be placed before the walls are built; the monk may be built outside
. the pond,.and placed inside later. SN

The drainage pipe runs from the back of the monk under the pond wall..

It should be between 20 and 40cm in diameter; if piping of this diameter

js not available, two pipes may be used. For good drainage, place the_
pipes 30 to 40cm lower than the pond bottom: Make sure the drainage pipe_ .
is on solid ground so that the pipes do not-bend: Bent pipes are difficult

to clean out when clogged.

The monk 1tself is a strécture which is closed on three sides and open
in the front. The open side should face the inside of the pond and should °
be at least 30cm wide; the entire monk should be at least 40cm above the

surface of the water:

The two parallel sides of ‘the monk, and the bottom, have grooves cut in

them: a monk may have twc or three grooves. One graove, or part of a

‘groove is always for the screen. The other groove(s) is for the boards.
Monks -can be made of wood, concrete or brick. A wooden monk should use
strong wood -- 4 to 5cm thick. -

A concrete monk should be reinforced with metal. Before:the concrete is

poured, a wooden form shaped like the monk 1is made and oiled. .A frame;
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.____be shaped by bend1ng iron
rods into a "U" shape.
Remember, the grooves must .
be sunk-into the sides and : ,
bottom of the monk. ‘ R = )

=’1ght1y smaller than theé wooden form, i§ made of chicken wire; or some
other strong wire; and set down inside of the wooden form.. The concrete
js then poured into the form. A good concrete mixture for monks is_

1 part cement,; 2 parts clean sand, and 4 parts crushed stcne; by volume.

Cutaway of wmonk

&

_BRICK. WALLS

DRAIN PipE

_ CONCRETE BAsE of nonk

The grooves are filled by

using a series of boards --

~ wide enough to fit the

grooves well and between ’ <« BOzm 5

20 and 30cm high. Each

board has a hook on it so 1::;%5g£3 ' L:;4§§;£i
Y Ny

it can be 1ifted from the
groove easi]y, the boards - = - Im

notched so that they fit t
together well: : .
If the monk has three grooves; the first groove can be a 1arge screen.

The sereen_is what keeps the fish from escaping as the pond drains.
However, 1f_the monk has only two_grooves, a smaller screen can be placed
above or below the boards in the first groove. Placing the screen at -

the bottom allows water to drain out from the bottom of the pond.

o 77
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HERRGUTH MONK  This is a monk A
is in the first groove. The large screen is better than a smaller one

‘This is a monk with three grooves. A large screen

because it does not get clogged up as easily as a small screen.

The_second groove holds a series of boards. The lowest board can be a.

small screen. Water flows through the large screen in the first groove;

and through the small screenin the bottom of the first series of boards

up and over the third series of boards into the drainage svstem.

£ RAISED WOODEN
7 GATE ,

WATER »
OUTFLOW | A

i l v -
= = DRAIN PiPE

/

There are.other ways this kind of :3nk can be built. For example, the
second groove could be filled by a large wooden gate fone piece of wood

or several fastened together) which could be raised and held up to allow-
a flow of water from the bottom of the pond. It is this flow of water

from the bottom of the pond which is important.

The Herrguth monk would probably not be used in a pond which is filled
by rainwater. In these ponds -- sky ponds == a_regular monk is used,
ard the, space between the two wooden gates is packed with mud to make

a watertight seal which lasts for the fizh-growing season and is -removed

when the pond is drained for harvest.

SOME NOTES ABOUT MONKS Be careful with screens. Bamboo slats

can be used instead of screening if the fish are large. But for fry;

the holes should be less than 2mm in diameter. Often the screens are
made. by.poking small holes in sheet metal. The screen mesh can get

larger as the fish grow.

A valve is sometimes placed on the drainage pipe behind the upright part
of the monk. This is used to contrrol the draining speed and is easier
to do than to move the boards in the grooves. ;

78 ;' . . : | .-
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A 1arge catch1ng ditch can be made in front of the monk to he]p with
taking fish out of the pond when the pond is be1ng drained for harvest.

R P

DRAINAGE DITCHES Drain?ge ditches are channels which sEou]d bte dug .
on_the bottom of the pond to|help the water flow out. Lining the ditches
with stones helps the water flow. A small family pond does not_ require
this system of drains.. The on]y real requirement fér dra1nage is a

gentle slope. : ‘ ,

This is the time to build other ditches which may be needed. For exam-
ple, if the farmer wantsto use the water from his fish pond to irrigate

his 1and he will want to construct the ditches or channels which will
carry the water from the pond to_the field or to storage tanks for use

later. Therefore, the farmer must consider carefu]]y where the water

which is draining from a pond is going to go. If the pond is being fully

drained, and the pond is built on flat ground, he should build drainage

ditches around the outside of his pond to drain the water away from the

walls. These ditches “should be 30-40cm deep.
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- adequate quantities and qua]ity of waten,and SO that it does not allow

rawanted fish or other materials to enter the pond. This usually means

there must be a channel of some kind to bring the water to the pond from o
the source and a filter of some kind to keep the water which gees 1nto

the pond clean and free from predators.

.
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A water inlet can be as simple as a bamboo pipe of good diameter running

from a water source through the wall into the pond.. Remember: . the inlet

pipe should be placed above the water level so that incoming water drops

into the pond. I some areas, sur* ‘“ings as bambpo strips are tied to

the end oF the inlet pipe which 3. .1 'd cver the 'pond. The water flow

s

into the pond is broken up by the . .ps and the water picks up and takes .

more oxygen from %hé air into the Jond water. B R

yery good water inlet. The sluice can be one piece which controls flow'
when it is 1ifted to various heights, or the sluice can be a s@ries of

boards. slipped .in and out of "the grooves.

It the pond is large or is a stream-fed barrage pond, a Sluice makes a

i

It is better to filter most pond water as it goes into the pond. Filters

are not needed if the water is clean and clear éﬁﬂithé farmer knows the 5

‘source_is free from unwanted fish. But if the water is muddy, or has

lots 7f leaves or debris in it, a filter helps keep the water quality
good. | - : S ’ '

A filter can be placed at the beginning, middle or end of the channel

whic”?bringgfggtgfff§”fﬁéf§6ﬁd;? Usually fj]térsfWork;beéifﬁéiffiﬁéfﬁéiéf,
inletl, Filters can be made very -simply. Remember they must keep unwanted

fishyout and pond fish in:

A wire screen makes a good filter. The picture above Shows a sluice with

a ghte with fine screening to strain incoming water of pieces of debris

and other wnwanted Fish and materials. Note the screen fits into the
water channel exactly. R C ,

L
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The horizontal scree: at the
left is'very effective.
Here the screen is placed

- so-that the water passes
through as it falls into the
pond. This screen merely
juts out from the wall at
the inlet. .

‘In the version below. the'

horizontal screen has a
‘vertical screen wall attached

to it. This short wall

SCREEN/

In any variations of these kinds of filters, the screens should be
assembled into one piece for easy removal as a unit for cleaning.
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" There are other ways of filtering the water: >

merged in the pond so that it does not tear as the bag catches fish or
other materia? from the water source. Check it periodically. -

A nylon mesh bag makes a good filter, as long as 1t is partially sub-

NYLON MESH 7~ WATER INLET
, Lo N 7

-—
- —
-
_ - -
- -
— - =
—_——
-
-—
[ - —

" A sand and gravel filter is particularly useful for cleaning out fish

and eggs. 1t requires building a smaller pond or tank at the water |

tnlet. If a filter is built in the earth it must be 1ined with:a water-
proof 1iner. -

-
/

A saran fiber filter is basically 1ike a wire screen that is placed
horizontally underneath the water inlet. However, it is placed in a:

box standing in the water and uses saran fiber material instead of wire:\
(See drawings next page) ' - ' /

/

On
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A1l must be cleaned often

These filters all have good and bad points. A1l must be cl
+0 remove debris that collects in them from the water source. The best

filters are the sand and gravel filter, and the saran filter; but thesz
are mora costly than the others. . )

The fariier should exasine his water source carefully before deciding on

" the kind of filter. If the water is very muddy, or has lots of_leaves
and grass in it (organic matter), he can use the wire screen. If the
water source is free of organic material; the mesh bag will work because
it is not likely to be torn. If the water contains unwanted fish and

- eggs, as well as a lot of organic matter; the ssran filter or the sand

and gravel filter is best.

To clean the filters, remove thsm and clean them with a brush and fresh
water. Or fiush tne Tiiter with water in tie opposite direction ¢of the

normal water flow. This is called backwashing.

IMPORTANT: Filters must be kept clean to be of any use. These filters
should be cleaned each time water is let into the pond.
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SILTATION TANK One other structure which should be built at the

. water inlet; when necessary, is calied a siltation tank. Silt is the

mud that is suspended (floating) in water, Silt can become a problem
when it clogs the gills of the pond fish so they cannot breathe. _If

the water source has a lot of mud in it; a siltation tank should be _

built at the inlet to the pond, or at the inlet to the first pond, if
it is one nf & series. , b

The siltation tarik can simply be a smaller pond. The water flows into
this pond and is kept there until the mid falls out of the water and
settles on the bottom. Then the clear water is.let_into the fish pond.

siltation could also he done in a storage tank made out of 0ld oil drums,
etc. The important .“ing is that something be constructed or set up so
that the silt has a ihance to fall out of the water before that water

goes into the pond.

The silt fiist be removed from the siltation tank or pond every so often.
The <ilt which—is removed should be used in gardens and fields: it.is
very fertile.

WATER TNLET SIPHON
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Build the Walls

The walls (dikes dams, levees) have to withstand the pressure of all the

water in the ponc. They also have to be watertight to keep the water
inside the pond. .

The eonstruction of the walls depends upon the kind of soil1 in which the
pond is being built. ’ ' ' o

A’ soil which is a mixture of sand and clay is best. If pure clay i3 &
be used, it must be mixed with other soil before it can be used. Pure

clay will crack and leak. Do not use turf, humus,; or peaty earth. All

stones} pieces of wood, and other materials which might rot or otherwise

_weaken 'the wall must be removed before building begins. _If the soil

contatns enough clay; the walls canwgefbﬁilt“bY*ﬁTicihg~1aygrs;9f~sbiJ
20cm deep over the drainage pipes and tamping gach layer down until it
is compact.

] -
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The finished height of the wall should be about 30cm above water for .

sma11 ponds and_50cm above water for large ponds. The width of the wall
at the top should be about equal to its height. For a large pond; the _
wall is never less than 1m wide at the tops; most walls are built so that

two people can walk side by side along the toc:

Tamp the soil down with a simple tamping tool: Some people use a large
rock or even their own we.ght by jumping up and down on-the soil. The
jmportant chinu is that the soil must be packed down very tightly.

%

One way to build pond walls in soil that does not have c_lot of clay or
is very sandy is to build a "key." The key is made of clay soil (it can
be pure ciay) aid adds streagth to the walle: To make a key. diga
" trench (or shallow hole) about 1m daep and 1m_wide in the center of the
. places where the walls will be. Then bring clay soil and pack it tightly
into the trench. Also put a thick layer of clay soil on the pend bottom
and pack that down tightly. The clay layer on the bottom and the key
- run-together -as- shown. - This connection of the bottom and the key helps
prevent leaking. The drainage pipe should be placed in the clay 1lining.

: 85

&




76

' CLAY CORE
_ ("KEY")
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1f the farmier has a soil which is a mixture of clay and sand, and he is
.ot siure it is strong enough; he may still wish to build a c]ay key. Ov

ne ~an hy ~d a key using the same 5011 used in the wall. This key must
e o Jkew down very tightly.
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The type of soil determines the ways in which the pond can be pre ared
50 water does not leak ovt (see "Seal the Pond 3Bottom", next pageg
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The soil alse dotermines t'2 slope Jf the walls. Soil with a2 1ot of_
clay in_it can have a grcaier slope on the outside wall than on the in-
side wall: A typical wall is built with an outsic: slopé of 1:1 and an
inside slope of 1:2. A slope of_1:2 means that for every change in
length of 21 there is a chéngé of 1 in height

, - “‘ss roots he]p to _hold the wall together and prevent erosion of
°o. . .. Y. However; NEVE- plant traes on the wall. As the tree roots
i v they will crack and destroy the wall.

Sea! the Pond Bottom

The last step in pond construction is sealing the pond bottom so that

it does not leak. If the soil has a lot of clay in it, no special sealing

is needed. If the bottom is sand or gravel, it should be sealed to help

it hold water. One way to seal the pond is to build a clay core into

the wall and extend the clay over thc bottom of the pond as a Tining.

This kind of sealing must be done when the walls are built. After the

wails are built, there are other methods you can use for sealing the
pond

WALL

I, N
e O W T T 01 a\li"///, ”‘ll!I’//fl/ Ll n\n /m g ﬁfh

- .. pIALY)
NCLAY LINING S
ELAY CORE

* rond can be :ealed using hollcw cement blocks, but this is expensive.
-+~ method of sealing the bottom calls for using a sheet liner made
T yethylene plastic, or a rubber liner. The waterproof sheet is

- on the pond bottecm and around the sides in one piece (the farmer

nave to tig" tly seal several sections together), then covered with
soil.

Another technique, recent]y developed in the USSR, 1is called a "g]ey" or

"o1o|oglca1 plastic." "G]ey" can be made in the pond in this way:

. Clear the pond bottom of- aeBFi§ erocks,_and all other materials:
) o 777&

m and sides completely with animal manure:
n even layer:
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> animal manure 1ayéi with banana lszvas, cut grasses, or.

R CoVer the Tlayer wi I 7
~table matter. Make svre tiait all &% tuc manure is covered.
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. Put a layer of soil on top of the vegetable layer:
. Tamp the layers down very well.

. Wait 2 to 3 weeks before filling the pond:
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The last pages of the construction section presented several ways of
sealing the bottom of the pond so it will hold water better. This
section tells what has to be idone to prepare the completed pond for

the fish.

Conditioning ffﬁré Pond

If the pond is an old one from which the fish have been harvaitea,  .u
it completely: Plawing turns the ground over so that it dries well.

- Clmar the bottom of any twigs; stumps, branches, or dead fish. Any pre- .
Adators {snakes; frogs; étc.g must be taken out by hand or poisoned (see .
‘Problems. of Fish in Pond"for more information on this subject). Then
smooth the bottom out again. When the pond is dried enough, the soil
will have large cracks in it. ’

After the pond is plowed, cleared, and smoothed, it should be conditioned
5 - with lime. A ‘

Whether the pond is old or new; a

layer of 1ime should be placed on

. the bottom of the pond- Place the

lime on the pond two weeks before

the water is put into the pond.;

@
A

‘Lime conditions the soil of the pond. ) o
Tt is not a fertilizer; but it helps fertilizers work. It is especially

- important to use Time if the soil has acids in it which might harm the

fish:. Lime can control these acids so they are not a danger. A farmer

77 who isTnet sure whether-the-soil-of his new fish pond-has acids in it --

&3
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G
because he had no place_ to get his s0i1 tested, or beriuse he has never
farmed the land -- is always safer if he puts Time on the Hutitom of the
pond.
Lime comes in several forms: ground 1imestone; agricultural lime;

yydrated (builders') lime; or quicklime. Of all these ~cypes, hydrated

Time is cheapest to use because it is more concentrated.:

Quicklime mustbe used carefully: it can burn if it touches the skin
and is harmful if breathed into the body. Farmers should be warned to
use quicklime only with extrerie care.

Lime should be put on the pond bottom at the following rates for a new
pond: . '
' Ground Limestone *  1140kg per hectare
Agricultural Lime ‘ 2270kg per hectare

Hydrated Lime 114kg per hectare
Quicklime . 200kg ner hectare

3

A word about limestome: In rmany aneas of the world, limestone can be

found locally. It is a soft stone and may be ground by the farmers

+themseives. It is a good idea to.let.-farmers know whether or not 1ime-
stone is available locally and to help them identify it if they can not
already do s9. : - o
Filling the Pond

After the 1ime has been on the pond bottom for at leasi two wee's, let

the water in slowly:. The water should fall from the water inle: into.
the pond below; so that the water mixes with oxygen from the ai- as it

falls into the pond:
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The water should not go in too r+‘ckly. If the water goes in too fast,

the pund bottom will ge* stirred up and make the water muddy.

Let the pond sit for a few days after it has been filled. Then check the

quality of the water in the pond -- before adding the fish.

Fish growth depends greatly on the quality of the water used in the pond.
And the quality of the water depends upon where it comes from and what
kind of s.°1 it travels over. Testing the water quality means making
sure that-all-the—factors which relate to water are right for the fish.
These factors are: temperature, oxygen content, pH, turbidity, hardness,
alkalinity, affd nutrient availability (source of food for the fish). The
farmer does not need to know these particular words to raise fish well,
but he does require a working knowledge of the factors that are part of
the water world in which the fish Tive. ' ‘

S .
TEMPERATURE 7 S .
Fish are ébld-b]dbdédkéhihé]S;,thét’iS; their body temperatures depend
upon the temperature 6f the water in which they live. Every fish species
has a temperature range within which it grows quickly. This is called

the optimum temperature range, and it means that this fish grows best
at temperatures within that range. In a fish pond, the fish should live
at their optimum to grow well. However, since fish have differant
temperature requirements, the farmer must choose the fish which will

grow best in the temperature range of his pond.

Here are some of the common pond fish and their temperature ranges:
 Genus, species  Common mame  Tevporafwre X
Titapia mossambica ~  tilapia 25-35

08 phronemus. goramy . gourami . 24-28

. Puntius javanicus tawes ¢ 25235
Cyprinus carpio ) common carp 20-25

Ctenopharyngodon idekbus  grass carp 25-30

 Anguilla faponica eel 20-28

This chart shows that all the fish on this 1ist could Tive n water ‘hat
is 25°C (77°F). The chart z.so shows that an eel can live and grow wall

at 20°C, but that the tilapia and the grass carp will not do well at 20°C

 because this temperature is below the range in which they are comfortable:

" When the temperature goes higher or lower tiuan this optimum, fish will

not grow. Eventually, if the temperature goes too high or too low,
the Fish will die. C
The farmer must watch the temperaiure in ‘he pond water carefully, -

especially if the we~ther becones unusuaily hot or cold. I¥ it is

possibie, .= is a goid igaa fo- a farmer to 1se a thermometer to “ind

the tempera*ure of hi< pong witer. This can be done by using a

R
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thermometer which is used for taking temperatures when people are sick.

The most important step is to guide the farmer to stock fish which will

do well in the norimal temperature ranges of his area. Then the tempera-

ture of the water will not generally be a problem, except in cases of

unusual weather.

]

Some experienced fish growers can judge the water temperature by putting

their arms in the water, Most people’ cannot tell temperature this way:
But if- the right kind of fish has_been chosen for the pond, the farmer
need only watch the fish to be able to judge the temperature of the pond -

water. T1f the water is becoming too hot, the fish will not eat and will
move very slowly.

I the farmer sees this behavior in his fish pond, he can take out some

of the pond water and put in new, cooler water. Another way of pro- )
tecting the water from getting too hot is to find a way_to shade" the pond,
so that the sun does not shine directly on the water. The shading should

be temporary because sunlight is important -to the sugeéss of the pond.




‘The picture on the previous page shows a fish pond being shadec by
palm tree ranches stuck into the ground around the edges of tre pond.
As soon @ the temperature of the water goes down; the brariche: are
removed. . '

Temper e owever; usually does not act alome. If the fish are

show7c signs of distress because of hot weather, it is often a oblem

causa¢ by high “emperatures and Tow oxygen content.

' OXYGEN
The farmer cannot see oxygen; so it may be hard for him to realize

its importance. But it is worth taking the time tgrhelp a pond owner

understand oxygen as a critical factor in the succéss of his fish pond. -
Oxygen lack is a problem which can sccur at any time during fish pond .

operation, and there is a good chance the farmer will have to depend  *
only upon his own knowladge of the problc and its cause to solve t N

immediately.

Fish, 1ike all_animals and human beings, need oxygen to.breathe and,
therefore; to live. Through a process called respiration; fish and
human beings take in oxygen and give off carbon dioxide. Fish will not
grow_well when the oxygen supply is Tow; and if the oxygen level gets
too low, they will die.

Dxygen is a gas. ,Humahfﬁéiﬁé§ﬁ§é§ﬁ§ﬁ§76kygéh,théy need from the air.
They ¢: ot see it, or smell it, but without it they would die. Most

“ ) fish ¢ only get oxygen fromthe water in the fish pond. The farmer
, k cannot scz the oxygen in the water either, but he should realize that

it must be there in sufficient quantity for the fish to live.

Oxygen troubles arise in a porii when the supéf&?c% oxygen is used up
. faster than oxygen is put into the pond. This happens to human beings
- too -- if too many people are shut into a room with no windows ¢: air-

holes, the respiration of all these people uses up the oxygen. Soon,

there -is too much carhon dioxide in the air. The people have trouble
breathing until a window is opened and frésh air containing oxygen is
let in. ‘

This i exactly -that happens to fish in the fish pond. The fisn are shiit

up in the pond, and if there is not enough oxygen entering the pond,
they will have trouble breathing. And, if the problem contifiues; they

will die:

Water contains tiny plants and animals called plankton. Mcst oiu.kton
are so very small that they cannot be seen without using a microscope.
y s ’ -

& . . . -

. | y
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The plants are phytoplankton: The animals are zooplankton:

29 ﬁi@iyo&phae&ium
pul.chel Lum

[} -
1 w

Water also contains higher orders of vegetation:. ' These plants are much
larger than the phytoplankton. . ' : J

The fish and the zcor.s:i¥51 uze cxygen and give off carbon dioxide i

REe use n and give off carbon dioxide in
respiration; the phy.o iankton -ad higher plants use carbon dioxide and o]

€o; o ~. _ \\/ / /

sunlight to produce oxyyan during a process called photosynthesis. - - 7

/ _ R o
Tha Cyele of Respiration
and Photosyntnesis
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‘The oxygen in a fish pond also is used up by the process of decay:

Dead organic matter -- leaves, fish,.other plant and animal material
-present_in the pond, use up oxygen in the decay process called -
oxidation. Oxidation and respiration go .on both day and night; while

- photosynthesis can take place only during sunlight hours:

Therefore, there are times during the day wiien the oxygen levels in the

- porid can be very low; and oxygen may have to be added to the water.
Oxygen can be added to the pond = water by taking out some of the old

- water which is low in oxygen and adding new water.

1y
: !

A Cloudy Day Can Sometimes
Cause Oxygen Levels Lo Dnrop

- ' The new water should Be sprayed o bubbled Fnto the pord 50 that the

water picks up oxygen |from the air as it falls into the pond.
: \

Oxygen -also can be added to pond water by:

5 Stirring up the water'already ir the |
3 pond. Some farmers oeat ~nd stir the
water with poles. .

) ‘ a b :
. Mt e g, -/

N7t vl ';
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Some pond owners use oars to stir the water.

— T Other,ownefsftun small motors. ’ - : /
to-bubble the water in the pond.  _ : ' ?

Niriinay,
XE

o o =y Y A
In addition; winds which are jstrong encugh to rippie the surface of the =~
water in the pond help the ajr-and-water—to—mix: Remember: .any disturbance = .-~

of the watzr made by man or by nature helps put/oxygen into (aerates)
the water. - - L

' o ) o ) . ’ S ”7””' R ”77~77 Y
Life under the water is a new idea to many farmers. And it is sometime
Fficu1t to understand th?t the balances which exist on land are also

o dj I xist 0
/ 5@é§ént in the water. ' Oxygen is produced and used both above and below

L 4

jt - 98

/ ' : :
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Aruitoxt provided by Eic:
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the surface of the water. "The fish pond does well only when oxygen
production and oxygen use are in balanced relationship.

If the farmer understands the balance -- N
how oxygen is added and how it is used _ N~ o
up, he will know how to watch for trouble / \
before it happens. For example, if —
the color .of the water changes from green ,f
to clear--.in a few hours or a day -- - ,
the phytoplankton are not producing / /o N
enotgh oxygen. If the fish are au the \

oxVGEN LEVELS RISE 3. OF 0,0, Tk
St o s On cop @2 0.,
FALL AT NIGHT: A 5 5 -

be gulpin
gen. Ear
the sun comes up, or a long period

of no sunshine can be bad times be-.

in the morning, before

? air, they may need oxy-
y

cause the phytoplankton need the

sun to produce oxygen.  Long periods

of hot weather can create oxygen

\ vi_t We@bilel wall LI RULe VASI™
: problems because the pond water
gets warmer, and warm water cannot

hold as much oxygen as cool water
o o S ecan.
The following table shows the difference in oxygen levels at various
points in the day. For example, at 6 am, the temperature has remained
steady, but the dissolved oxygen level has dropped to 6:3mg:. At 6 b@;

after a sunny day, the dissolved oxygen level is 16:3mg:

This table also shows that on a typical day a pond's temperature
does not vary greatly. This iliustrates why oxygen as a-separate

factor is much more important than is temperature.

r 97
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MEASURED OXYGEN CONTENT COMPARED WITH TEMPERATURE IN ONE POND

Time of Day * Temperature °C . Dissolved Oxygery, mg/1
am ! 29 9.8

am 29 T

am ‘ 29
pm T 30
pm . 23
pm 29

DA MNOON,
——t —

D OV WO Y O
TR TN NENE R

—d

Oxygen is measured in either milligrams per liter (mg/1) or parts per

million (ppm): One milligram per Titer of oxygen means that there is
gpermj]1igr§m”gf”oxyggn”dj§§o]veq”in one liter of water. One part per
million is approximately eguivalent to one milligram per liter:

best growth, the oxygen levels should be abaove 5mg/1, but not more than
15mg/1: _Above this level of oxygen, Supersaturation often results
{too much cxygen). . . ,

Sometimes, if there is a lot of sun and a lot of wind activity at the same
time; and if the temperature is low,; the water can become supersaturated
with oxygen. Supersaturated water contains more oxygen than water can
normally hold at a given temperature; it is a temporary condition. This .

condition can place stress on the fish. However, it does not nappen
very often in small ponds because the wind is not usually able tq aerate

pond water as thoroughly as it can in a large pond:

To determine the exact oxygen content

of a pord, certain chemicals and =~

equipment are needed. Dissolved LI e e

oxygen is usually determined 1in ==
the laboratory by the Winkler == |

field kits availab’e((Hach, LaMotte). _
These kits are, however, ‘expensive; M=
and certainly will not be b | T

d _will not be TR N 2
available to most farmers. 7 77 L 4/fégf;z? qauz
: = 4

Method. Now, however, there are |/ |—
‘,' E

\;—'—':: s

A Fiebd Kit for Testing——=
Pond Water Costs Abodt ~——=
$30 (U:.S:) =




pH, HARDNESS, AND ALKALINITY
These three factors are not the same thing -- each one is a measure of

a certain characteristic or characteristics of the water in a fish pond.
Fach of these factors can be measured exactly if samples of pond water -

can be taken to a laboratory to be-analyzed, or if chemicals are

ava11ab]e for test1ng the water in the field. Certa1n]y if such

However, many pond owners are not able to get their water tested and

they do not have the right chemicals and egu1pment to do the tests

themselves. For these people, it is best to stress the importance of

using Time in their ponds. Lime is the proper treatment to correct

imbalances in these factors; each of wh1ch is d1scussed in some deta1]

here.

pH. pH is the measure of hydrogen ions (H*) in the water and is measured
on a scate of 1 to 14: If the pH is between O and 7, the water is
considered to be acid: If the pH is at 7, the water is neutral {not
acid or basic). A pH of_7_to 14 means_ the water is basic. Fish grow
best in a pH of between 6.5 and 9.0. "~ Fish are very sensitive to low, .

pH, or; in other words,; to water which is acid. Most pond fish will d1e
if the pH falls below 4 for a very lcag period of time.

Somet1mes the pH of a pond can change—quickly For example, a heavy
rain may carry acid from-the soil in the dikes into the pond water.
The_bect way to get the pH back to neutral is to add limestone
(calcium carbonate) to the water by spreading it on the pond bottom
or on the surface of the water. A fish 1ike tilapia can tolerate

pH from 3.7 to 10.5, but be]ow a pH of 5, they are stressed and they
will not eat.

Some peop]e measure pH by.tasting the water. It the water tastes sour

or salty, it has too much acid in it. . Another way to find out pH is to

know where the water is coming from. If the water comes from a swamp,

bog, or other place where the water is pretty stagnant and contains ¢

Tot Qfﬁdecgying”matgrjal it may be acid. Most water, however; has a

pH which is very close to neutral. If the water comes from a river or

lake, it is not 11ke1y to have a pH that will harm the fish: If the

-local fish do well in the water, the pond fish probably will do well
also.

Litmus Papen Sbﬁé farm owners find out théif,pﬂ,by using 1itmus paper;
or pH paper. These are thin strips of paper which have chemicals on __
them so that they change color when they are placed into the water. If
the water is acid, the paper.will turnoene color; if the water is basic,
the paper turns a different color. . The color on the paper is compared
to a color chart which will give the pH for that color. There are also
electronic meters which measure pH, but these are expensive and not
necessary in a field situation.

33
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Hardness. Hardness is the measure of total soluble salts that are

dissolved in the water. These salts, usually calcium (Ca*t) and.
magnesium (Mg++), help the fish grow healthy bones and teeth. Also,
the foods the fish eat, 1ike the phytoplankton, need calcium_and

magnesium for growth: Water that contains many salts is called "hard"
vater; water that contains few salts .is called "soft" water.

Hardness is related to the pH of the water, but unlike the pH, hardness
stays constant throughout the day. Hardness can be measured in a labora-
tory or by using a field kit with chemicals. Hardness should be hetween
50 and 300ppm inthe pond for best fish crowth.

There are several ways a f.rmer can tell if he has very hard water without

using chemicals. One method is to look closely at the pond walls where
the water line is. If there is a white line on the wall of’the pond
where the water was touching the pond before the water level fell, there

are salts present in the water which have dried on the ppnd walls: This

water probably has a lot of salts. Hardness is important to fish.

Another way a farmer can tell if the water is hard is to wash-his hands

with it at the side of the pond. If the soap takes a long time to lather,
and if the lather does not stay very long, the water is hard. If the
water is soft and does not contain many salts, it lathers very easily'and

is hard to wash off.
If the water is too soft; the farmer can increase the hardness by adding

lime to the water. S

Alkalinity. Alkalinity is a measure of the acid-combining capacity of the
water; or it is also called its buffering ability. Alkalinity measures the
amounts of carbonates and bicarbonates. in the water. These are materials
which mix with acid in the wator. - The result of the mixing is that the

acid is not as strong. Waters which have an alkalinity of 50 to 200ppm

are the most productive for fish. Alkalinity; like pH and hardness; can

be corrected and controlled by adding lime to the pond. The relationship

among alkalinity, hardness, and pH can be summarized 1ike this:
Low Alkalinity = Low pH = Low Hardness ”

REMEMBER: THESE THREE FACTORS ARE NOT THE SAME TRING, BUT THEY ARE RE-
LATED. 1IN FISH PONDS, ALL THREE CAN BE CONTROLLED BY ADDING
LIME TO THE WATER. :

TURBIDITY o | o

Turbidity is the term for the suspended dirt and other particles in water:

Turbidity can be a problem, especially in shallow ponds, if the dirt and
particles prevent sunlight from reaching the plankton, so that the phyto-

plankton cannot produce oxvwgen. ' An gnerating pond can be turbid if there

(2 Y
o]
@




are bottom feeders such as common carp stirring up the bottom mud. Or,
turbddity cun result from a water source which has a lot of silt in it.

Turbidity can be measured by just looking at the pond water. Or turbidity

can be measured by using a device called the Secchi disc. The Secchi
disc is also used to determine the total productivity of the pond.

A SECEHI DISC

A

just white, and has weights or heavy objects hanging on it to make it
sink straight down into the water. The disc is suspended onh a rope or

a long_piece of wire that is marked off in centimeters from the disc up.

A Secchi disc_can be fiade out of wood or metai -- as long as it will— —
sink. The disc does not have to be very complicated. It does not have

to.be round, either. It can be any shape, as long as it has some white
pairt on it to help-it be seen under the water. The disc can be made:

from a tin can pounded for this purpose.

When the Secchi disc goes into

the water; it will sink straight
down and disappear from sight at

- Some _depth. If the disc disappears
at 30cm in _depth, the pond is
turbid. If it disappears im-
mediately, either it is very tur-
bid (brown in color), or it is very
fertile (productive), if green in
color. .
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Turbidity also can be measuved without a dise, but this requires somewhat

mors experience. The farmer stands n the pond and sticks his arm under
the water. .

the water is about elbow

I his hand disappears when
deep, the water is not too
turbid: If it disappears
before the water reaches the
elbow; the water is either
turbid or very productive.
If the entire arm from hand
to shoulder can be seen under
the water, it is not turbid
at ail, nor is. it very pro-_
ductive (it does not contain
enough fish food).

One way to clear up muddy water is to scatter twelve bales of hay per hec-

tare around the edges of the pond:. The hay will help to settle the mud
and can then be removed easily from the pond edges. However, do not use

this method §n very hot weather, because the hay will begin to decay
very quickly and will begin to use up oxyger in the pond water. If the
pond water continues to have a Jot of silt n it, the farmer should
consider adding a siltation tank (see "Construction").

NUTRIENT AVAILABILITY o o
“A11 fish reguire certaiﬁ—é]éméhts,twaFUW;and*rggnoggggiiﬁIhéSé essential

glements are: carbon; hydrogen; dxygens nitrogen, phosphorus; potassium;

-sulfur, calcium;, iron; and magnesium. Some other elements; calied trace

elements, are neédedgonly in small amounts. If these elements_are missing,

or present in too small quantities, the fish will not grow well.

N

" Eish Require a Bakanced Diet
0§ ELements

Canbon - Potassuim
Hydrogen Sulfur
Oxygen Caledlum
Nitnpgen . Iron
Phosphorusb Magnesium.
PLus Zrace elements

Loz




Fish get these elements from the pond soil; the pond water, and the

food they eat. Some fish ponds lack elements that are necessary to
fish. 1In these cases, it is necessary to add fertilizers to the water.
Fertilizers are simply materials which contain the missing elements.
The elements most often missing; or in short supply in fish ponds,

are nitrogen (N), phosphorus (P), and potassium ().

Fertilizers containing these
missing elements are added
to the fish pond to help the
growth of the fish and of
the plankton the fish use
for food. Fertilization

is discussed in the following §
paragraphs :

Fertilizers - - | »
Fertilizers are materials added to the pond to make the water more

fertile (productive). As stated before, fertilization is sometirmes
necessary to help a pond provide the nutrients directly needed for
fish and plankton growth. As a major food source of fish,

must be kept healthy .and in good supply:

- Fertilizer supplements the eleients the pond gets from its own water

and soil. This is especially necessary in ponds made in soil which
has used up the nutrients once available: s .

A WELL-FERTILIZED POND

A pond which has a lot of phytoplankton is often a bright green color.
- This color indicates a "bloom" of aigae. 1In a norma] bloom; the Secchi

disc disappears at about 30cm depth; when the Secchi disc disappears

at 20-40cm, the pond is very productive and fertile.’ No fertilizer

is needed in a pond under these conditions. Also, if the farmer places

his’arm in the pond and his arm disappears from sight at the elbow,

the pond dees not need fertilizer.

a_pond can become too fertile. If the Secchi disc disappears at only
.15cm, the "bloom" is too thick: The thick layer of green blocks the

“sunlight from the pond and no oxygen can be made by the phytoplankton.

103

There is one more condition when no fertilizer is needed: Sometismes
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In this case, there is too much
fertilizer, and the farmer must
take off some of the thick layer
of algae.fcrmed at _the top of the
pond_and stop using fertilizer
until the pond has recovered a
normal fertilizer level:

ST oPHOTGPLANKTON 25 -, P
- ==z —7i;‘;’_;'~ﬂ ,4,:" ‘. :,;-'! @5

WHEN TO FERTILIZE

If the Secchi disc can still be seen at 43cm, for exampie, or 1f the _
farmer can still see his entire arm from fingers to shoulder under_the
water, there is not enough plankton. And it is necessary to add ferti-

lizer to the water in order, to prepare the pond for the fish.

One other factor which determines the need for fertilizer is the quality
of the soil, °If the soil is very productive, the need for fertilizer

is smalls if the soil is not productive, the need is greater. A farmer
should kiiow that the fertilizer he uses on his fields, if he uses one,
can also be used in his fish pond. The fish pond soil is often very
like the sofl of the fields around it. :

TYPES OF FERTILIZERS -

The kinds of fertilizers used in fish ponds vary greatly; depending on

the amount of money which can be spent and what is available. Many
fish pond. owners use organic fertilizers, or fertilizers_that come

~ from living things; sach as cow dung--because it is available on their

farms. Some big pond owners like inorganic fertilizers, or chemicals

made by man, like the superphosphates. But these chemical fertilizers

are expensive and sometimes hard to get.

‘Choosing fertilizer can be difficult. The following paragraphs provide
more detail about organic and inorganic fertilizers and some guidelines

_ to the proper use of each.

104
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= GgganicgEertlllzersTf Organic fertilizers can be plant or animal

products, such as:

Végét&ﬁié‘ﬁdtté& Ehopped up,man1oc, sweet potatoes,_oﬁ banana leaves;

kang kong, guinea or napier grass, or other such things that have been
allowed to rot for a while. The amounts of vegetable matter used as
fert111zer can be as high as 5,000 kg/ha

,,,,,,

LLQUAd manuie.:” Most]y an1ma1 urine containing uric acid, a source of

nitrogen. It is washed out_of buildings where animals are kept into the

ponds_and used in very small amourts by m1x1ng it with other okgan1c
fertilizers,; such as cow or pig manure. ’ ‘.

Househotd scraps. Including garbage; grass cuttingss rice husks; and

human sewage; also called "n1ght so11"

Animal manune,/»Almost any kind of an1ma1 mantire can be used as

fertilizer; including.cow; pig; duck, or chicken dung. Some manures

are better fertilizers than others. The best way to use this kind of

fertilizer is to make_a_ "soup" of it in a tank by mixing it w1th7water;
Use the 11qu1d part of the. “soup" in the pond. Animal manure can also
be placed in a burlap bag hung from a stake in the water: This way;
the nutrients from the manure will be released slowly into the water

without the manure itself c1ogg1ng up the pond bottom: If this cannot

be done, then pile the manure in the corners of the pond Bo not use
too' much manure: decaying manure UsSés up the oxygen in the pond --

particularly in hot, humid climates.

a

together in what is know as a tompost p11e A compost p11e is s1mp1y

a pile of these organic materials which has been.left to rot. As.

the materials decay together; they produce a substance which is a .

very good fertilizer. Compost piles are important: they provide the
. very best kind of organic fert111zer fer fish ponds and, in many cases;

. they cost nothing
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For many years, compost has been made this way: i .

. Pile organic matter, such as leaves, straw, grass; rice husks

or other plant material and household scraps abqﬁf 30cm high:

. Put a layer of animal manure (chicken, cow, pig, duck or what-
ever is available) on top of the first layer.

. Sprinkle ashes and 1ims on the manure:

. Repeat these layers of.plant material, manure, ashes and 1ime

until the pile s abaut 1.5m high and 1.5 m wide.
. keep the pile moist; but do not let it get wet.

. Turp the pile every three weeks with a shovel for about 3 months.

. Use the pile in 3 months. It will have decayed and shrunk to

_ about 1710 of its original size.
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There is now d faster way to make the compost ready to use as fertilizer.

: Make the same 1.5m x 1.5m pile of plant material, manure, and

limMe. This time, however, use more:household garbage and animal
magure. (Animal manure supplies nitrogen, an element used by
plants during the decay process. A good compost mixtures~is about

1 shovelful of manure to 30 shovelsful of the other organic - =
materials.) | JER |

. Mix the material well. Then cut all of it into small pieces, using

a shovel, machete, scythe, etc. The pieces should be about 3 to '
S5em long. Cutting the material speeds the:rotting process. (If

animal .manure #s hard to-get, add some inorganic fertilizer contain-
ing nitrogen to the compost pile:) .
. Turn the pile every few days: Use a shovel to keep it well-mixed.

Compost piles can get too hot irthe middle if they are not turned

and mixed. Put a stick into the middle of the pile. Leave the
stick in the pile for 3 minutes, and then pull it out. If the stick
is hot, dry, or smelly, the pile must be turned so that the inside

of the pile is now on the outside. .

. Keep'the pile moist, but not wet. 'Protsct it from the Fain. Animal
urine can be used to keep the pile moist and helps add nitrogen to_
the pile (pig urine is best). A compost pile made in this way will

. be ready for use in only 3 weeks. ‘ o

When ready, pile the compost in the corners of the pond and restrain it

with a screen; or cover the compost with a layer of iiud to hold the-

plant material in place- so it.does no*t float into the pond. The compost

releases its nutrients into the pond water gradually. ,

APPLICATION RATES o :
Fertilizer should be applied at a rate determined by the area of your

:pond. Area is the length of the pond multiplied by the width. For
; T S -

*

o

WIDTH | 7] AREA = LENGTH X WIDTH =

0

D)

. s

4
-

LENGTH
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example; if the Bond is 10m wide by 20m long, it has an area of 200
square meters (m¢). This is equivalent to 2/]00 of a hectare. The
measurements used for pond area are:

- 1 are = 100mé )
1 acre = 40 ares = 4000m2
1 hectare = 100 ares = 2.5 acres = 10; QOOm2

200m2 = x i 200{200) =!X; X=4kg
"70,000m2 200 kg/ha 70,000 - - .

Most pOndS are not as big as one hectare, so the farmer will have to

determine his pond's area before using the manure. It will be hard for -

most farmers. to calculate app11cat1on rates in this way, but it is

probably. easy for you to develop some standard measures a farmer can

use. which are based on the average-sized pond in your area.

Often fish ponds are maneged in COHJUHCL1OH w1th other animals. Stables

are built right over the edge of the ponds, and the manure and urine

from a certain number of animals are a)lowed to fall directly-into the

pond This efficient system works well .for fish which can use animal

~manure directly as food. Pigs are often used like this. because pig dung

makes a good food for some fish. Fish ponds which share the area with

a number of ducks a]so show high yields of both ducks and fish:

© Raising Fish with X\
‘ Othern Animals Can

Inchease The Yield
. 04 a Farm
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For the first fertilizer added to a new pond, some common ‘rates of

Cow dung 1000 kg/ha . =

Pig dung - 568 - 1704 kg/ha

thicken dung 114 - .228 kg/ha
is needed at one time in.a pond. Only use one of the application rates
each time the pond is fertilized, or a_combination of fertilizers with
different rates to make up one rate. That is, you can use 1000 kg/ha_
of cow dung, or 500 kg/ha cow and 171 kg/ha chicken dung, or about 300 °
kg/ha cow; 57 kg/7ha chicken, and 284 kg/ha of pig dung. After you ferti-

1ize keep an eye on the pond. - Try not to over fertilize -- too much is

.just as bad as not enough.

After the first application of fertilizer, application rates do not

have to be as high. Many older .ponds do not need. as much fertilizer.
because the natural 1ife of a pond tends towards becoming more fertile
the older it gets. However, each time the fish are harvested they-

take part of the pond's productivity with them. That is_why older. ]
ponds are still fertilized -- even though they may need less fertilizer-

than new ponds. - ——

norganic Fertilizers. . Inorganic fertilizers ars chemical fertilizers
that dissoive in the pond water and provide their nutrients immediate-
ly. Originally; inorganic fertilizers supplied nitrogen, phosphorus,

-and potassium, and they wefe called the NPK fertilizers. Some typical

NPK fertilizers were8-8-2 (NPK) and 20-20-5 (NPK). This simply

referred to the mix of fertilizer that each bag supfilied; for example, -
8 measures of nitrogen; 8 measures of phosphorus and 2 measures of
potassium: Recent studjes Show that if enough phosphorus is available,

-the plants in the pond produce their own nitrogen, and that potassium

'is present already in small amounts in fish. Presently, the only

element needed by fish that may be lacking in the fish pond is the
element phospherus. o i ' , : 7
Now,; the most common inorganic fertilizers used in fish ponds are the

phospharus fertilizers -- basic slag, powdered single superphosphate;

granular double superphosphate and triple superphosphate. Some of o

these fertilizers can last as long as three years in the pond; so even
though they are expensive initially, they are often used in fish ponds.
Research shows that the best fish growth occurs when phosphate ferti-

1izers and organic fertilizers are used together:

v 109 |
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Application rates of phosphate fertilizers are:
' Basic slag .= 25-=30 kg/ha

Single superphosphate 114 kg/ha

Granular double superphosphate 57 kg/ha

Fertilizers have one purpose--to provide better growth of fish in ponds.
Many organic and inorganic fertilizers are good. Watch the pond care-
fully for signs concerning a need for fertilizer. As long as the water
is a green color, the pond is in good condition. Remember: it is
always best to do two things at once--wherever possible‘use fertilizers

which can be used as food by the fish.

Now that the pond has been filled; the quality of the water tested, and
the fertilizer added, the last step in preparing for the fish is to _
make sure that the food supply in the pond is sufficient for the fish
that will be put into the pofid:

Foods 7 .
It is important to be sure that fish have good food. Feeding and
fertilization work tﬁgéthérntﬁ make the pond successful.

The growth of fish in ponds is directly related to the amount of food -

available in_the pond. The pond must provide all the food and .nutrients
fish need. But all fish do not need the same kinds of food: different

species eat different types of food, and fish eat different foods de-:
~ pending on the stage of their 1ife cycle. ~

Newly-hatched fry eat from their yolk sacs until the sacs are gone.

The fry then eat.the smailest phytoplankton.in the pond. As the fry
get bigger, they can eat bigger foods. Adult fish eat the things that

their particular kind of fish enjoy--plankton; higher plants, worms,

insect larvae, etc.

~

Y



101

TYPES OF FISH Eﬁaﬁ o o ) R

Fish foods can be natural (those found naturally in the pond) or sup-
plementary (those foods added to the pond).

Natural Foods. These foods are the phytoplankton, zooplankton; detritus,
snatls, worms, insects and insect larvas, small plants like duckweeds

and various other weeds and grasses that can. be found in a fish pond:
(See illustrations of Natural Foods at the end of this section.) Also;
if the fish is carnivorous and eats the flesh of other animals, small

fish“are a food source.

Some fish eat all these foods; some prefer only one kind of food:

Often a fish will choose one kind of food over another, even though

either of the foods would be eaten by the fish if the other food were
not available. Natural foods are the best foods for fish. The farmer

should encourage, as much as possible, the growth of these natural :
foods--through maintaining-the quality-of his-water, proper fertiliza-. =

tion of -the pond bottom and the water, etc.

Sometimes, however, the.farmer must add food to the pond because the

pond is not producing enough food for good growth. The best supple=-

mentary foods a farmer can put into the pond are extra natural foods.

But there are a great number of other foods which fish will eat.

Supplementary Foods. Almost anything can be used as a supplementary

food;' depending on the fish species in the pond: Typical supplementary

- broken rice; soy bean cakes; peanut cakes; corn meal; cottonseed o1l
cakes; oats; barley; rye; potatoes; coconut cakes; sweet potatoes,
guinea grass, napier_grass; kang kong, manioc, water hyacinth, wheat,

silkworm pupae; and left-over animal feeds and some animal manures:

foods are: bread crumbs, rice bran, fish meal, ground-up maize,

As stated previously, the kind of extra food depends on the kind of
fish. Tilapia, for example, will eat almost anything, including the
supplementary foods 1isted above. This is one reason why they are_

- such_very good pond fish. The silver carp, on the other hand, will
eat only phytoplankton, even when it is a fish of marketable size.
The farmer must know what his fish will accept before he puts the

fish into the pond.

NOTE TO DEVELOPMENT WORKERS .
Some of these supplemental foods are better at encouraging growth than

~others.. The value of each food is measured in terms of how quickly-
_and well it can help the fish gain weight. The amount of-a food that

"can_be converted into fish flesh by the fish is called the conversion -
ratio. And because these foods are_given to help the fish grow, each
. food has what is known in various places as a growth co-efficient,
food quotient; or its nutritive ratio: o

) | 111
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The food quotient is figured by dividing the total weight of the food

by the total increase in weight gained by the fish over a period of

time. This is done as follows: .

Food Quotient = weight of food given
Tncrease in weight of fish -

For example, a fish weighing 100g is fed a supplementary food it a

raté of 5% of his body weight, or 5g per day. The fish weighs:160g

. at the end of a 30-day period. Therefore, the food quotient o¥ this

particular food is:

Food Quotient

2.5

Food Quotient:

In other words, the fish has been able to use about 2.5 of food to

gain 1.0g of weight a day. This is a good conversisn ratio.

"The table shown here 1ists food quotients of some kinds of supplementary
foods used with common carp. _The lower the value of_the quotient, ,
the better the food was used by the fish. For example; dried silkworm:
pupae help the fish grow faster than do fresh silkworm pupae. REMEMBER:
the conversion of foods depends upon the ability of the individual __
fish to use the food given to it. And that ability-differs according
to species. : .

-

~  FOOD QUOTIENTS OF COMMON CARP FEEDS
FOOD . | FOOD QUOTIENT

Fresh silkworm pupae
Dried silkworm pupae
Chironomids

Fish meal

Rice bran

Soy bean cake . » ’ -
_Clam meat :

“Cottonseed cake
Dehydrated blood
Malze
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It wi11 be hard or impossible_for many farmers in your area to figure
these ratios and quotients: For the farmer who is new to the effort
and has few resources, it may be a good idea to direct him to the
supplementary foods having the best conversion ratios for his fish.

A5

'
ot |
W



104

natural foods
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" StaunasDui chaetoceros

Penidinium volzid .
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higher plants

[LEMNA POLYRRHIZA

VALLISNERIA

MARSILIA
QUADRIFOLIA
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6 - Managing the Pond

&

8yl

It should be clear by now that mich of the success of a fish pond depends

upon careful planning: . Before the farmer could build the pond, it was
necessary for him to think through why he wanted the pond -- for food,
profit; or both; what kind of ponds he could build on his land and what_

» kind or kinds of fish are best suiteéd to his climate and pond conditions.
Only when all these factors were thought out could the pond be built.
the fish, the farmer is ready to put the fish into (stock) the ponds
- and get to the business of raising fish. :

Now; with the pond constructed, fertilized, and otherwise prepared for

- I : rd

Stocking . L
) Stocking is the word used to describe the act of placing the fish (stock)
T ; into the pond: The stocking density is used here to refer to the total
- number of fish which can be put into (stocked) in a pond:

Good Stocking Densily = Good Fish: Growth,
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The stocking rate is the term used to refer to the number of one species
which are put into a pond: Therefore; in a monoculture pond, the

stocking rate is the same as the stocking density because there is only

one kind of fish.

In a polyculture of Ehjn§§e carp;. however, the stocking density, or the
total number of. finger]ings, may be 20,000 per hectare.. Gfrth1s”to;éb

-

Stockingfrg;gfaggwdgngj;gfqreﬁimgogtant There is only enough food and
room in a pond for a certain number of fish: The good growth of fish ~

" depends upon putting the r1ght number of fish into the pond.

example; more fingerlings can be placed in a pond than brood fish, because
fingerlings require less food per fish than brood fish. If the food

available in the pond is not supplemented; proper stocking rates and den-

The age of the fish must a]so be considered when stocking ponds. For

sities are even more important:

STOCKING DENSITIES

"The farmer must know how many fish he can put into his pond so that he
. can_get the right number--either from the market or from a local stream

or lake. He _should remember, when he decides upon_ this number, that
some of the fish will die--both when they are put into the pond and
later. The following paragraphs provide some guidelines to use when

: stock1ng a pond with some of the more common pond fish.

Common Carp.. Stocking: densities,d1ffer7@i;hftbgwgggfgndfgjzgfgffghgf

fish. In general, the more volume of water a carp has, the better is
its growth. This assumes that the pond contains enough food, and. the

:water temperature 1s right. The best growth of common carp has been

- shown with- stocking densities of about 10,000 to 20,000 fish per

heciate, more with fry; less with pogt- finger11ngs Some ponds use

118
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running water, and in these ponds, they have been able .to stock up to

850 000 fry per hectare with only a 20% mortality rate.

T11a ja, T11ap1a have been stocked in amounts rang1ng from_ 1000 f1sh
per Eectare to about 50,000 fish per hectare when supplementary food

was provided. But stock1ng densities really depend on the rates of

reproduction of ti]ap1a, and whether they can be separated by sex or not.

Chinese Carp. In general, 7;hg7§§9ckjng rates can only be found by trial

and error, and often will be different from time to time, depending upon

the availability of fry. In Malaysia, a ratio of carp stocking has been

‘suggested of 2:1:1:3 for grass carp, bighead, silver carp and common carp-:

.This means that .if there were a stocking density of 7 Chinese carp, 2

fish would be grass carp, 3 would be common carp, and there would be only

one each of bighead and silver carp: This is a good.stocking rate for

this density. The density for a given pond has to Bé‘?1gured in terms
of what the pond can support: , _

Indian Carp. Stocking densities of Indian carp are .not wide]y known.
Some densities range from 4,000 to 11,000 fry or f1nger11ngs per hectare;
but again, the density depends upen the amount of . food available to

the f1sh

When stocking ponds to produce market-size fish, remember that the fore
fish stocked; the more food must be availabie for the best -possible

growth in ponds.

The following paragraphs describe the proper methods for carrying new
stock from the market or river to the pond,.and for placing them into
the pond. .

STOCKING FISH IN PONDS .
There are some general rules which apply when bringing f1sh from one

place to another:

. do not handle the fish too much

. make sure the fish get enough oxygen

: keep the fish from getting too warm or too cold
. stock or transfer fish in the_early morning when temperaturas
are lower and the fish are less:active. .

difference.between the stocking water and the pond water, and. they are
not touched; the fish will not be stressed and will survive the stocking.

e S
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When fry are being moved for a short distance only, for example, from

a nursery pond to a rearing pond; -they usually are carried in small plas-

tic or metal tubs, or in baskets: -

=ity

" To move fry successfully:
. Scoop the fry out of the :?f-iyer or-pond in jars, cub“s; or

small nets.
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. Put the fry into a bucket of water:

'CarryﬁiﬁéfBﬁéEéEﬁE@fﬁﬁé nond where
the fry will be placed. )

‘e

Check .the temperature of the water
in the bucket; it should be the
same temperature as _the water in
the pond where the fry will be

stocked.

", Add water from the pond to the bucket slowly -- until the,
temperature of the water in the bucket is the same as-:the
temperature of the wagér in the pond. -

. Tip.the bucket slowly into the pond; and let the fry swim’
out into the pond themselves. o '

REMEMBER:- SOME- FRY.WILL DIE EVEN WHEN HANDLED VERY CAREFULLY. THIS IS
TO BE EXPECTED. T,

" Moving Fry for Longer Distances. If the fry are to be taken from a

Tarket or river which requires a few hours travel or a long distance,

they must be protected betier. -One method; which can also be used

for fingerlings (and some small adult fish); is to: ,

. Place fry into plastic bags filled 173 with water.

. Fi11 the rest of the bag with oxygen. The oxygen is
put into the bag with a hose placed directly into the
water so that the oxygen bubbles intc the water.

&
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. Tie the bag tightly so that the

L
P

oxygen does not leak out: ..

v

. P]ace the p]astic bags 1nto tin boxes or cardboard boxes

or in woven grass bags. These containers g1ve added
protection:

N =X %Bwa ED@LHJ

[ S

. Change the water in the bags after 6 hours: The oxygen will

last Dn1y that: long.

_ Make siire the bags do not get too hot and thét the tempera-

ture of the water in the bags stays at about the same

temperature as the water from- which the finger]ings or
fry were taken,

IS
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. P]éééﬁfﬁéﬁﬁdﬁ;riﬁﬁtﬁéﬁﬁéﬁd_ﬁﬁéﬁéﬁédrﬁﬁti] the Wéié?ﬂféﬁﬁéFéfﬁFé
inside thg bags is about the same as the temperature in the pond.

. Open the bags and let some pond water in.

« . Let the bag fi11 up slowly, and the fish will swim out into the
T , p"o”n'd_by themselves. .

s This process may take a 1ittle while, but it is far better to take the
time than it is to lose the fry. NEVER POUR FRY INTO A POND. This will
. shock them and ki1l them all. : 7

e
o~

Stocking Fingerlings. Fingerlings are stocked in the same way as fry.

ATways remember that the water in their container must be at the same

temperature as the water. in the-pond. Then let the fingerlings swim out

of the container into the pond by themselves. DO NOT. POUR FINGERLINGS

. INTO THE POND. They mdy die because: of the shock of hitting the water
~ or the sudden change of temperature. Some finge*lings will die during -
stocking. But usually these are thegweaker fish. Careful handling will

mean less loss of fingerlings, as well as fry.




sh are a 1ittle ﬁ&?éf&i?fiéﬁii;i&féféck

Stocking Adult Fish. Adult fish a

"than fry or fingerlings. First, théy are large (from 0.5kg up to

3.0kg) and can injure people and themselves by jumping out of containers

or-ponds when they are being carried or caught: For example,: Chinese

carp often hurt themselves this way. This problem is controlled by

placing a net of some kind on top of the container so they cannot #ump
out.

To move fish from one pond to

" another, or from @ pond to a con-
tainer, make a carrying cradle..
Use fishnet and pieces of wood or

bamboo for handles. The cradle is

placed around the brood fish in

‘the water. Then the fish can be

1ifted out of the water and carried

to the new pond or -to the container

for transporting. There the cradle .

is released and the brood fish
swims away. Brood fish must never

be thrown into a pond:

Adult fish often are nervous when being taken from one place to another.
Some pond owners even put a hand or a handkerchief over the fishes' eyes
when they are carried. Care is necessary when handling, however:

brood fish particularly are sensitive

to being handled. .They bruise easily

if they are held tightly; apd the

bruises can become sites for infection.

¢

‘Brood fish are often carried in tubs.
or drums half-filled with clean, well-

- oxygenated water when they must bs

carried a long distance.-Change the - -

water often and check the water temper-

“ature each time. If the brood fish

are very active, mix a solution of 1.

" -

to 4 grams per liters of urethane in

the water. This will make the fish

sTow and less active, so they can
be moved without injury.

o




Routine Pond Management:
After the ponds are stocked, ongoing management of the pond)inciudes:

. . feeding and ferti]izing as necessary

. keeping the pond in good condition

. watching for trouble and disease

Each pond, whether it is small or large, one pond or one of several,
- requires supervisiom in the above areas. And good management requires

that checks of the condition of the fish and the pond be a regular

‘part of the pond owner's day. Guidelines for both daily and monthly

general maintenance are given here. Then, since fish in ponds are

treated somewhat differently depending upon their species, and their

stage in the 1ife cycle, more detail on managing fry and fingerlings

and managing. brood stock is given:

DAILY MANAGEMENT . o
Ponds and the fish in them must be taken care of everx day It is a

good idea to have the pond owner follow a checklist of things to do..
Daily care will greatly lessen the chance ‘that semething will go

wrong in the pond.
A good checklist might look Tlike this: o

. check the pond for leaks - B
. clean filters ‘
. watch fish behav1or near the feed1ng area

. feed the fish .

. add fert111zer, if necessary

. watch for predators

.

IMPORTANT: - Check the ponds at the same time eagbfgagif Early morning

is the best time because oxygen levels in the water are Towest then,

" and the fish are more likely to have trouble at that time of day--if

o ' they are going to have trouble at all.

in more detail here.

CHECRih”,fﬁr Leaks
s possible for a plug on a_drainage pipe; for example; to work loose;

or partly loose; so that water leaks from the pond. Walls made of
hard-packed earth can erode (wash away). especially after heavy rains.
Little Teaks get. larger quickly. It is important to be sure the
farmer realizes that in a pond only 2m.deep, for example, loss of
even part of the water can create problems for the fish. o

S 125

Each step on the checklist 1nvo]ves certain activities and is discussed

-Check all walls, gates, inlets,and outlets. It .
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Cleaning Filters. Again, this is very important. Any filters in the
pond must be removed and.cleaned of silt, leaves, or other materials
that have collected in them. A dirty filter at the outlet pipe

could slow down the dra1nage process.

Watch the Fish., A farmer can tel1 much about his fish by watching

them carefully. If they are swimming quickly and easily around the
pond, they are well. If they are waiting near the surface, they are
‘11kely to be hungry. If they are gasping for breath at the surface
of the water, there is not enough oxygen and the farmer wil] know he

has to act qu1ck1y to aerate the water in the pond.

Feed the Fiéﬁff Remember: in some ponds it is not necessary to feed ‘the

fish extra food. The pond can be made rich enough to i1l all the

food needs of the fish. However, -some ponds and some fish require sup-

plemental feeding. And, sometimes, even a pond which has provided

enough food before has to have’ food added to it:

Supp]ementary foods are given by:

. spredd1ng the food over the water's surface, as with

bread crumbs and rice bran




. placing food inside a floating bamboo or rope feeding
ring (which is attached to the bottom of the pond)

. pressing food into dry pellets which float in the feeding
ring or fall to the bottom under the ring

Guidelines for Feeding - Fish

ding fish which might prove useful

Here are some good guidelines for fee
"to the farmer:
. Always feed the fish.at the same time and in the same part
Then; when the fish come near the surface of the water; in-
_side the feeding ring, for example, the.farmer can see how
well they are eating and growing. -

. Do_not overfeed. _Give only_the amount of food the fish

--will take at one feeding. Too much food will not get
eaten; but will decay and; therefore; will use up valuable
oxydgen from the pond during the decaying process.

The amount of food can be found by experience. And of
" course, the younger the fish, the less food they will need.
A farmer is wise to start with a smaller amount of a food.

Then, if the fish seem to be waiting near the surface in

the feeding area, he will know more food _is required..

o
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There are iore exact ways to determine how much food to feed

the fish. Most pond owners feed fish at the rate of 2 to
5% of body weight rer day. Therefore, 100 fingerlings
weighing 6g each (a total weight of 600g) would receive
5% of 600g, or 30g of food a day. One hundred fish of

breeder size weighing 1kg each, (total weight 100kg) would
require 5kg of food a.day.

Making such measures and calculations is not possible

: for many farmers. Therefore, it is best that they know
;¢  Which foods to give, how to give them,and how to judge when
the fish are or are not getting enough food. -
. Feed fish only 6 days each week: This will give the fish
a chance to feed on whatever food remains in the pond.
Ton much food can clog the gills of fish; particularly

those fish who eat only very fine particles of food..

. Do not feed fish for at least ohe day before harvesting -

or breeding them. When the fish eat, they void (empty
the waste from their bodies into the water. _This hap-
pens ‘even more when the fish are stressed. The combina-
tion of food and wastes makes the water turbid and
fncreases the stress that is already placed on fish by .-

the breeding and harvesting processes.

. Feed the right kinds of foods. Some fish will eat almost
-any of the foads mentioned in the section on"“Preparing the

“Pond:” Other fish are not as easy_to please. The farmer
will have to experiment with supplemental foods. If he
gives food one day and it is not eaten, he should stop
that food and try another. Again, if he starts with

small amounts only,.he is not 1ikely to run into trouble:
While it 1s a good idea to test those foods most avail-

able to a farmer; here are some guidelines to feeding a
number of pond fish. 4
Common_Carp .
Common carp feed well on the natural food produced in the pond. .However,

pond owners often give common carp supplementary food;so the fish will

gain weight quickly. Some good supplementary foods for common. carp

are dried silkworm pupae, fish meal and clam meat: "However;, these carp

will eat almost anything. Suplementary foods such as. these are not

- necessary. The best way to.increase common carp growth rates is.to
fertilize the pond well so that the pond produces a good supply-of

natural food for the carp to eat.

128
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Not much is known about the feeding habits of some of the t11ap1a. o

for example, Tilapia nilotica. Tj1ap1a,mossam51ca and Tilapia zi11ii
are used to control_filamentous algae, which is a habitat for mosdafb

larvae, thus the t11ap1a 1s used to help w1tﬁ malaria control.

.Tilap1a are hardy and accept many foods: Most tilapia ponds can be
managed in much the same way as carp ponds: ° ,

, éhiﬁéSé éa;p

in a wel] fer: 1]12ed pond w1th a good supp]y of natural food.: _Fry

can be fed supplementary foods after a while. These foods include - -
- egg yolk which is strained throtigh a cloth into the pond, soybean meal,

rice bran; and peanut cake:. Once the fingerlings get larger,; they can

be fed 1ike common carp. ? ' '

Remember, however, that the small pond owner is likely to have Chinese
carp_as part of a polyculture. If the polyculture has been planned
wisely, the Chinese carp will not need to be fed extra food.

Indian Carp
Young fry of Indian carp, like all carps, feed on the plankton in the

. pond. Normally fish ponds in India are fertilized by draining the

pond and drying, then adding a fertilizer made of some animal manure

mixed with 0i1 cake at the rate of 200 to 325 kg/ha. This produces a

good bloom of plankton for the newly hatched fry. However; it has

now been shown that the Indian carp prefer .zooplankton, though sometimes

they are given supplementary foods. After the fish reach fingerling -

size, no supplementary food 1s given.

§F6W1ng well by making sure the pond is well- ferti]ized so that it
produces its own food. As a general rule; it is better for mast small
farmers to work at keeping their ponds well fertilized or to find _

natural foods which can be added to the pond. Most sma11 farmers do not

fertilizer materials; such as manures ;
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Fertilize the Pond. The srction on "Preparing the Pond" discussed

Kinds of fertilizer, so the farmer should already be familiar with
what fertilizers can be used in ponds. Again, the right fertilizer

is a matter for experiment and exparience.

The farmer has already used fertilizer before filling the pond. Now

' he must watch the water carefully each day. If the healthy green
color of a fertile pond is notthere or if the water has_become

brown, fertilizer is needed. Fertilizers are applied depending upon
what kind they are: REMEMBER: organic fertilizers do not: provide

their nutrients right away; inorganic fertilizers work very quicklys

A farmer who uses mainly organic fertilizers would probably be wise
to keep some amount of inorganic.fertilizer-on hand for those times
when he needs the fertilizer to work guickly.
Fertilizers are added to the pond in a number of ways;
. Leaves, grass, and animal manure may be left in piles
around the inside edges of the pond. This is_probably
not a good way to fertilize in a hot, humid climate
- where the faster decay process would result in faster
use of oxygen. ‘

. Liquid manures-and "soups" are ‘dipped into the pond .
around the edges or in the deepest water.

. Powdered fertilizers (chicken manure, superphosphates)
are broadcast {sprinkled) in a fine layer over the
entire surface of the pond. ~ :

Fer
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. Some ferti]izers are 1eft on p]atforms in the pond.

- The platforms are submerged near the surface of the

water and confined behind a screen.

Watch fcr Predators. Check the pondfarea for. signs of snake holes,

rat burrows, eels, and strange fish which may have entered through

holes in an inlet screen for example. Any of these can be very

dangerous in a fish pond, particularly to a pond containing fry or

small fingerlings. Make sure fences which protect ponds from farm

animals who might eat grass off the walls or break down the walls of

the pond have no breaks in them.

Not each of these things will require much time each day. But a good
pond manager w111 at 1east check each of these items daily. _

MONTHI:Y MANAGEMENT

Ponds which are managed well day by day will require 1ittle other
treatment. However,; the following things will probably require more
careful attention every month or so:

. Check the pond wa

1 Eut grass which is too long or
plant more, 1f necessar ‘

S.
ssary : -

. Check the pond bottom. If there is 00 much buildup of

silt and organic matter, shovel or scoop this material
..out B
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. Check for and rémove weeds or other growth which might be .
a problem at harvest time or when a net is used in the pond.

careful check for leaks and for blockage. Make sure the

. Give the walls and inlet andfgut]efsystemsan especially

water can flow smoothly in and out of the pond, :so that:

if water needs to be put in or taken out quickly, there
will be no problem.

. Check the fertility and turbidity of the water. Even a .

pond well-fertilized at the beginning may need more ferti-

lizer after a month of operation.

. Check the fish carefully\for signs of disease. If all has

‘gone well during the month=-the fish_ have gained weight

and their gills are a healthy red.color--the chances are _
that all is well. But the fish should be checked _especially
carefully for signs of disease\each month. (See ‘Problems

of Fish Cultured in Ponds:") Iﬁxgeés,ﬁbt take long for a
disease to infect an entire pond‘\full of fish.
N\ — A

\ —
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. Add 1ime if needed. 1If the ?armg[fhas been adding

fertilizer and feeding his fish regularly, but the

fish still do not seem to be gaining weight well or
moving in the water well, the water qua]ity may
need adjusting.

Goodemanagement 1s a key to a good fish harvest. It is. important for
the_farmer te realize this and to work fish management into his
daily schedule. But _this is_not always easy for him to do: In maﬁy
parts of the world; farmers_let their animals manage themselves, i.e.
find their own fbod etc. This will not usually work with a fish
pond. Fish cannot be put into ponds; left alone; and expected to

grow and provide food and income. Successful fish pond eperation re-
quires active attention by the farmer.

The management guide]ines just described apply to all fish ponds;
regardless of type of fish or Stage of growth. There are; however; .

brood stock. So these differences should be looked at more closely
here. ‘

There are several ways to get fry. - If the farmer is breeding fish, s

then he will have his own source of fry to bring to the rearing ponds

from the smaller nursery {hatching) ponds. If the farmer has a small

backyard pond, where he raises fish from fry or fingerlings to market

size, he eiﬁher gets hts young fish from a market or another farmer

or scoops them out of natural waters:

‘Wherever: the young fish come from,

it is important for a pond owner. to

know how many fry or fingerlings he

is putting into his pond. If the

owner knows how many fish are going

into the pond he will know at har-

vest time how many fish died (the

mortality rate) before they were .
ready for harvest: This information

! If;, for example, more than half of the fish in.a pond died between
1 tﬁé time they were put in:as fry and the time of harvesting for
market; too many. fish are dying, the farmer ought to find the reasons




124

COUNTING FRY 7
Fry are very delicate and

. Take a basin or tub of which you know the size (58-10011itelrs)
. Put all the fry -into this basin. _ | ’
. Scoop up fry into a 200-250ml measuring cup. = .
. Coiint the fry in the measuring cup by slowly and gently
pouring the fish back into the basin..

. Estimate the total number of fry in the basin by setting up
_ a ratio 1ike this. <, '
E number of fry in meéasuring cup

7 volume of measuring cup
" /number of fry 1n basin {total) .

volume of basin

For example, a measuring cup of 250 ml holds 100 fry. Therefore,
it is estimated, using this formula, that a 50 1 basih fu]i of

fry holds 20,600 fry.

Here 1s another way of counting fry which is somewhat easier because

it does not depend upon cups and ba-ins of any particular size:
. Put all the fry into an old container--an old metal garbage

can; an oil drum, a washtub.

-,
!
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. Get an old milk can, or some other smaller container; and
make sure one end is cut off. .

. FI11 the smaller. container with strained water. -

. Mark a 1ine on the garbage can to show the 1eve1 of water
be.ng put 1in.

. Fill the‘m11k can and pour the water into the larger can.

. Continue to fi11 the sma11er can and dump water from it into

the larger can. <

. Count how many sma11 cans of water it took to fi11 the larger
can as high as the line draWn on the can. :

. Fi11 the sma11er can with fry and count them carefully.

. Estimate the number of fry by multiplying the number of fry
in the milk can by the number of cans it takes to fi11¥the

large container to the line marked on 1t

.Therefore, if there were 50 fry in one m11k can,and it takes

25 cans to fi11 the larger container to ‘the mark, there are
50 x 25°or 1,250 fry

larger. The.same kind of measuring system could bé& set up. But the

-containers would have to be able to deal with the larger fish: A
1ings:as. he sells. them or moves them from a nursery pond to a rearing
pond. Then he will know how many survived. If a farmer started
with 20,000 fry and had 15,000 fingerlings, 5,000 fry died.. But this
is a death rate of only 25%--which is not_a terribly. high figure. . "°
Again,; the farmer must accept that seme of his fish are going to die.

A p”o”n”d owner ;who raises fish is more 1ikely to be able to handle fry
stccessfully. Fry are very delicate and must be protected carefully
from predators and sudden_temperature and oxygen changes. The fry.
hatch from their _eggs 1n 12 to 72 hours depending -upon the temperature
and the type of fish. The fry then live off the yolk sac which is .
attached to them. This sac :l1asts several days. But then the farmer
must be sure that the water provides enough food for the fry.

Many pond owners feed the fry with the yolk of a hard- b011ed chicken
‘egqg that has been stra1ned through a cloth with water. After a few

- days of this, the fry can begin to eat the phytoplankton and the
zooplankton in the pond. Make sure®that there-is always enough food

wiive AW ¥ ¥, LMIVL LRI IS 21N Y VOV ESY Y

for the fry to eat before you transfer the fry to. the rearing pond

-
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For a farmer who has-only one new pond; Tt is probably a better idea

for him to start with young fingerlings. This will, give more chance

of success than starting with fry. R . @y

This is not to say that a farmer who has only ‘one. pond cannot start
his fish crop from eggs or fry. He can.' One way this can be done is
to keep the eggs in a washtub or large container rather than a pond.
The eggs must have plenty of oxygen, so the water must_be changed often.

Any unfertilized eggs must be removed so that they do not cause in- -

- fections in the fertilized eggs. Unfertilized- eggs are white; ferti-
lized eggs are yellowish red. :

- the farmer to better control the surroundings. _Fry often get
‘bacterial and fungal infections and are a_favorite target of birds:
Again, the water.must be kept rich in oxygen and food which can be
eaten by fry. T .

Keeping fry in a sialler Lontainer is a good idea because 1t allows

P . _ B . ,-,,' . -
The care of eggs and fry is very difficult and.very dmportant. A
farmer who wishes to breed fish must certainly work to gain experience
hand1ing delicate eggs and fry. A farmer who wants only a food source
in his backyard may wish to take the easier road and start with
fingerlings. - ) : .

The size of fingerlings depends upon climate, water_temperature, food
given, and the number of fish stocked in the pond. The fotlowing are
some average sizes and weights common in the Philippines:

Average - Average

Lengths Weights

. Milkfish | B ~ 6.57%¢i
Tilapia o 5.33;@

Silver Carp s 7.39cm

Common Carp . - . ~7.39cm

Fingerlings may be fed supplementary food if it is necessary. Remem-
ber that fish usually receive supplementary food which is about 5% -

of their body wcight per day. This was discussed in more detail in

the sectionon preparing the pond, so there is no need to go into
detail here. _ :

. It probably is a good idea, however, to note again that farmers should
proceed slowly when giving supplementary foods: Add only smaii _amounts
of food and watch the fish carefully to see how they accept it. And
the most important thing is to make sure-the pond is producing enough
of its own food. =~ . . N e



are followed, the f1nger11ngs should grow well.
a_good size (the sjze oreferred in_the farmer's area -- some people
1ike smaller; rather than larger f1sh), they can be harvested and

,“sold

>
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m:1/""A well- cared for fence prgtgctgﬁf
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I the gu1de11nes for management discussed ear11er in_this section, ;
When the fish reach . -
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Breeding is the term used to describe the complete reproductive cycle of
‘fish: Successful breeding depends on the health of the brood stock and

the ability of the fish to spawn. Spawning describes the actual release

of eggs and sperm by the adult fish,; and the fertilization of the eggs- .

" by the sperm. This section gives information concerning the breeding of
pond fish. :

Management of Brood Stock |
A brood fish is a fish that has reached its full growth and is able to re-

produce. The dge at which this happens depends upon the kind of fish, the
climate, the guality and amount of food: The.specific characteristics of

brood fish are basically the same for every fish species. In general,
good brood fish are: .

. well-Formed and unbruised

. free of parasites and disease

. Tlively and active x
. a few years old; betueen 0.5kg and 3.0kg (depending upon species)

. sexually mature (so they can be separated by sex)

Other characteristics.uSed in choosing good brood stock are relative size
and the 1arge; rounded-abdomen;iﬁ the female fish. :

Choosing brood stdek of common carp is more difficult. The characteristics
of these fish are: > .

. moderately soft body
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. broad and fat Tower side of belly, so that the fish

can stand o, its belly
. relatively great body depth compared to length
. broad, but supple, caudal peduncie o
. small head and pointed nose
. Father large and regularly inserted scales
. genital opening nearer to the caudal peduncle than in the
average carp : '

In general, the larger the female carp, the more eggs it.will produce.
A carp of 45-50cm-can produce up to 310,000 eggs; a carp.of 60-65cm pro-

duces up to 1,507,000 eggs at one time. But older carp (5 years and up)

will have eggs that are not_as healthy as those of younger carp (2 years
01d), so size is not the.only factor in choosing good breeders: Good
breeders usually are younger fish weighing 1 to 2 kg. -

Brood fish can be obtained from natural waters by seining (netting) or
traps, from fish _dealers or fishermen; from other pond owners, or from
government fish farms. Select_more males than_females; so that when a
female is ready to spawn; at least one male also will be ready:

The numbers of breeders needed depends upon the ;iié of the brood pond:

. For example, a carp weighing 1 kg ﬁéédsﬁébgut,Sm,,tb live and spawn._ . .
"~ Therefore, a brood pond of 0.5 ha (5,000 m), will hold 1,000 brood fish
of an average 1 kg weight. Most brood ponds are much smaller than this;
however, so the farmer fiust calculate the number of fish to place inside. °

After some experience, the farmer will be able to judge the correct

numbers for his pond quite easily.

After choosing the breeders, treat them for possib]efpgrgsitestcr

disease before placing them into the brood ponds. This treatment is done
. by placing the fish, one by one; into a bath of 10 ppm of potassium

permanganate for 1 hour; them transferring them to a bath of 15 ppm of

formalin for _another 4 to 12 hours. These mixtures can be prepared in

washtubs. After the fish are treated, they can be placed into the pond:

Of course; broad fish coming from a source which is known to be uncon-
taminated and free from disease would not require this treatment.
(Further information on treating fish for disease is found in "Problems
of Fish in Ponds.") '

The brood stock must be well cared for. If they are in good health, the
eggs will be healthier. It is probably more important to feed brood
stock with supplementary foods than it is to give supplémghtahy food-
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to fish at any other stage of growth. Feed them rice bran, soy bean

cakes, or other processed foods at a rate of 5% of body weight per
day. They should be managed carefully according to the general guide-
1ines discussed earlier. _Remember: brood stock should not be fed for
at least one day before they are caught for breeding. :

When caught by net; examine the brood stock carefully and handle them as
1ittle as possible. .Use a cradle to handle and .carry the fish from one
pond to another. They should be carried to a spawning pond, stocked in
the proper manner; and left to spawn. After spawning has occurred, the
brood fish should be caught again and carefully carried back and released
into thelir brood pond. ‘

Always remember to treat brood stock well, and never select a fish for

spawning which does not show the proper signs of readiness to spawn.

(see the following information on spawning behavior:)

Spawning in fish ponds is done in two ways:
. Natural spawning -- the fish are placed in ponds and left
' to spawn by themselves

. Induced spawning (artificial propagation) == wethods used
by man to make (induce) the fish release
their eggs and sperm

'Both of these spawning methods have advantages and disadvantages. .

Natiiral Spawning. Fish who spawn naturally reguire only a well-prepared

brood pond.. Use a net to seine the pond and choose good breeders. Then
introduce them into the spawning pond. Most fish will spawn the first
night in the new pond; if they do not spawn, then leave them alone for

a few more days. If they still do not spawn, remove them and start
again with some other breeders. , \\

Each fish used in .pond culture has very definite and very different needs

to spawn naturally in ponds. To encourage spawning, ponds can,be pre-
pared differently depending upon the fish. Therefore, the bes¥_Way to
prepare is to understand how that fish would spawn in _nature. The

_ponds -- of some of the more common pond fish.

following describes the natural spawning behavior -- in nature and in

\RP -- Spawning in Nature

In China, common carp spawn in the rainy season when the water level and
temperature rise at the same time. This rise in temperature and water
level is a 31?hé1 to the carp to begin maturing sexually. When they are

fully mature (ripe), they begin their mating behavior, which includes
chasing each other in and out of the plants floating.on the water surface.

|
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The farmer who sees his common carp doing this has a good indicator that
his fish are ready to spawn. /

When common carp_are ready to. spawn, the female carp begins to swim in

7and out of the plants. She_then releases her_eggs on the plant roots.

he male follows her very closely. As she releases her eggs, he releases
his sperm (milt); the sperm fertilizes the. eggs. Carp eggs are slightly
sticky(adhesive) and they stick onto the plant roots just under the

water surface until they hatch. Depending on the temperature of the

~water, the eggs hatch in 2 to 6 days

, GARP EGGS STICKING TO
A WATER PLANT -

1n the pond water.. The carp can _spawn all year round 1n nature; _as long
as the water temperatures stay. high, because a carp is capable of
breeding once every two or three months.

common carp
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THE €OMMON CARP -- Spawning in_Ponds

The best way to spawn common carp in fish_ponds is to try and reproduce
the natural conditions of high water levels and temperature. First the
fish are taken from a ccol pond and put into a pond with warmer water:
Then the water level in the pond is_increased.  This provides the
'signal for the carp to mature sexually. When the fish mature; place
egg. collectors, called kakabans, in the pond, or just some water plants
with roots that hang down; : , '

After the introduction of the kakabans, the female fish begin to investi-
gate the fibers. Soon the females will begin spawning behavior and the
fish will spawn on the fibers of the kakaban. Because the eggs are
sticky, they stick to the kakaban, and the entire kakaban can be 1ifted
and transferred from the breeding pond to the nursery pond.

Important: Common.carp are omnivorous; that is, they eat anything ==

including their own fry. It is best to transfer the full kakabans to

another pond for hatching.

water surface; with the ends hanging down into the water. This will.
look 1ike the roots of water plants to the fish.

/4/ '*\\‘\\;\. NI §x \ \\\
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A Kakaban is better to use for carp breeding than plants because it can be

boiled and sterilized each time it is used. This will prevent any fungus

or bacteria from attacking the newly-latd eggs.



TILAPIA -- Spawning in Nature

Tilapia spawn every month or so, as long as the water is warm: ' The male
begins the_reproductive behav1cr by digging holes in the pond bottom
or side wall about 35cm across and 6cm deep.

A drained pond showing tilapic nests.

q({/7§ >&i//////’

The female will gepgsjyfbgrffgggs about 75 to 200 of them, in the nest,
and then ‘the male releases his milt. The female picks up the eggs and .

the milt in her mouth, so the fertilization of the eggs actually takes

piace in the females' moutﬁ Tilapia often are called "mouth breeders."

The eggs remain in the fema]e s mouth until they hatch -;737§of§vgays.
Then the fry stay in the female's mouth until the yolk sac is gone.
During this time; the female does not eat. ,

As the fry grow, they continie to hide in the mother's mouth when they
are threatened. The main reason for this mouth-breeding is for protec-
tion of the young fish; since the tilapia have relatively few eggs _
~compared to some other pond fish. Tilapia is also a favorite food for
‘a number of pradators. Because the fry are so well taken care of by the
mother (and even sometimes by the father fish), these young fish are
- easier to raise "than some other species of fry.
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Tilapia spawn well in ponds. It takes no special equipment or ponds.
A tilapia needs only a pond with a loose bottom §o,spawn;77Thgf§pgynjng
ponds can be stocked with 25-30 females per 100m (17100 ha) and about
40-45 males: If the temperature is warm enough, the males will begin

digging holes in the pond bottem immediately, and the female will be

attracted to the hole and releasé her eggs. From that point; spawning
continues as in nature. '

e le - e QIS T
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Tilapia will alsc spawn in ponds that do not have loose bottoms. In

~ these porids, place large-mouth pottery jars or wooden boxes on their

sides on the pond bottom; the tilapia will use these containers as nests.

Young tilapia mature at about 3 months, when they are only 6 to 10cm_

long. They can then breed every 3 to 6 weeks; as'long as the water_is’
warm. In areas near the equator where the water is always warm, tilapia

can breed almost continuously. -
When a fish begins to breed; his energy goes into the development of his
reproductive organs; not into bodily growth. The main problem with
breeding tilapia in fish ponds, therefore, is the rapid reproduction of
this fish: Reproduction can be controlled by sorting the tilapia by sex
and placing them into separate ponds, or by producing a monosex culture

by hybrid cressing.. However; these methods can usually be done only by

large commercial or government hatcheries where conditions are controlled:

The problem of fast bréeding in tilapia ponds can also_be controlled by
using some natural predators of tilapia in the pond. The predators most

often used are catfishes of the genus Clarias and, sometimes, eels Tlike

- Anguilla japonicay_and some other carnivorous fishes 11ke Serranochrhomis

nobustus, in a polyculture with tilapia that are reproducing. These
predators will eat the young fry, allowing the adult fish to continue

<their growth by having no competition for the available food.

b~
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Chinese carp spawn in the large .rivers of China when the spring rains

cause_the water levels of the river to rise. The eggs are found

drifting down the rivers with the current; and they are collected by
fry dealers as they drift. The main requirements for hatching Chinese
carp eggs are a swift current and plenty of oxygen: Not much is
known about their breeding habits in nature; but they are 1likely to
show normal chasing behavior and then spawn; 1ike common carp: Most
‘Chinese carp are cultured by collecting their fry and eggs from the
rivers in the spawning season. ,

EHIEESEACQRPA-AAS§éﬁﬁiﬁégiﬁuﬁéﬁ&§

The Chinese carp are all annual breeders. Good brood stock 1s chosen

in the same way as breeders of common carp. Chinese carp breeders
usually are kept in small ponds, separated by sex. When they are

sexually mature, it is quite easy to tell them apart, since the males
dy changes such

. Chineése carp brood stock must be well cared for, 1ike all brood stock.
They must be allowed to 1ive undisturbed until time for spawning. How-
ever, the Chinese carp must be 1ﬂgyged to spawn -(see Induced Spawning).

o 145
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INDIAN CARP -- Spawning in Nature

The Indian major carp

are built in India to_

will not spawn in standing water, so special ponds

provide a flow of water for these fish:

These

ponds are built 1ike barrage ponds in upland areas so that -the water

flows through them.

But these ponds are impossible to build in many

locations, so the Indian carp often are bred by induced spawning.

eggs are then collected and transferred to hatching ponds.

' In nature;, the Indian carp spawn in rivers like the Chinese carp. The

INDIAN CARP == Spawning in Ponds

Good Indian carp breeders are sexually
male as it -is pressed on the stomach.

bulging abdomens and redd
be kept separated by sex
" they will readily spawn w

Usually one femal

fertilization occurs.

a source of flowing water, he may be able to breed these fish naturally. |

mature when milt comes from the

" Ripe females have soft; rounded
ish genital openings. _The breeders should =
in ponds prior to the breeding season, so that
hen introduced into the breeding hapas.

is placed into a hapa with two males to insure that

'If a farmer can place the breeding hapa into _

If not, Indian carp must be bred with induced spawning methods .

A hapa is a rectangular box about 1m in depth and 1.6 - 6.5m° in sur-

face area.

_used in Indian carp culture are:

9lcm x 9lcm x 183cm
9lcm x 122cm x 244cm

9lcm x 152cm x 305cm
91cm x 183cm x 366cm

146

It can be made from mosquito netting with a mesh size of

3mm. Hapas can be made in many sizes.. Some other dimensions of- hapas -
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‘The hapa is held in place inside the pond with stakes of bamboo or other

wood. The breeders are put inside the hapa. Kakabans are placed-below
the water surface, and the top of the-hapa is closed so that the
breeders do not escape while mating. After spawning, the kakabans can
be removed and taken to the nursery pond and the breeders released into

the pond. Hapas can be used to spawn other fish as well.

THE GOUBAMI -~ Spawning in Natire and Ponds

The gourami build nests out of plant materials to_lay their eggs. The_
eggs hatch in about 30 hours: The fry float belly-up for 5 days until
fggg;qg begins; The gourami can spawn all year round in warm water
“conditions. ' ‘

A3

This is a very good pond fish; and very easy to breed as long as you

have a well-fed brood stock. The natural food of the gourami is soft

leaves of plants 1ike Colocasia and Carica. They can also be fed rice
bran before breeding. =Usually 10 females and 5 males are stocked in
ponds as small as 100m§ and the eggs. float until they hatch.

Breeding in ponds 1s done by merely placing the breeders together in a

pond where there are some marginal plants available for nest bu{lding.
Once the fry hatch and begin to feed, they can be stocked in nursery

- ponds.




/ . OTHER GOURAMIS -- Spawning in Nature and Ponds

o The snakeskin gourami afid the three spot gourani build nests made of air
PN bubbles so that their eggs float. The kissing gourami scatters its eggs,

Foy which are free-floating.

To breed the snakeskin and three -spot gourami, place the ripe ‘fish into .
a well-oxygenated pond that hds a good growth of aquatic vegetation, _
~ particularly Hydrilla verticillata. These fish will continue to spawn
as long as the water temperature stays at 26 -'28°C. Hatching takes
place about 2 days after spawning, and the fry absorb the yolk sac’
within 3 to 7 days. ' : .
The kissing gourami spawn at 6-month intervals and spawn within 18 hours e
of stocking in the pond. Some of the eggs may be eaten by -the parent . -

fish, so_there must always be abundant vegetation in the spawning pond
to prevent this. The eggs hatch in 2 days dnd float on the surface for _
3 to 4 days. The»new fry eat the decaying p]aqts and plankton in the .8

pond.
" CLARIAS CATFISH -- Spawning in Nature and Ponds

Clarias ! > spawns during the rainy season in nests on the _
Fottom of natural waterways, while Clarias batrachus spawns in horizon-

tal holes in the banks: Hatching takes place after 20 hours at 25 - 32°C.

The fry are then collected by hand net from the nests. There are ' A
2,000 to 15,000 fry in each nest. ' ‘ , : .

I e

Clarias catfish will spawn naturally in ponds, but induced spawning
methods may be used if ﬁétégééﬁ?.
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‘The tawes spawn in the rainy season. Tawes ponds usually are about

200 to 500m~ and about 50cm deep:  The ponds should be dried for 5 .

days before they are filled, and the spawners shouid be introduced.when_
the pond is half full. Tawes need well-cxygenated water that has a strong
current to spawn. Mating occurs at night; then the current should be '

turned off and the eggs spread out evenly on the pond bottom: The:eggs
hatch in two to three days. After 20 days; the fry can withstand the
current, and it should be turned on again. Tawes females produce
about 20,000 fry each. o :

This species is normally light-colored; but during the breeding season

it changes to dark brown. The spawning of Heterotis niloticus in

nature begins at the end of the dry season when water is very warm.

The fish splash in the shallow water among the weeds in the ponds to .
begin their breeding behavior. Then the male builds a nest of weeds B
in water_that is 10 - 45¢m deep. The nest is made in a depression ' .
that is 15cm deep and 60 - 100cm wide; The nest has a grass wall at_

its outer edge which keeps other fish out of the nest. To get in and

out of the nest;. Heferotfis niloiicus jumps over this wall.

e, Hetorotis

. The eggs of Heferotis are about 3mm in diameter, and are laid in the

‘bottom of the nest and then fertilized. One of the parent fish is
always in the nest to circulate water over the eggs (to give them
oxygen).” The eggs hatch in 4 - 5 days. The fry travel in a “school”
and stay with their parent fish for several months after hatching.

" The fry are very delicate, and should not be handled for a while.
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EELS ~- Spawning in Nétuié and Ponds

 The eels.used in Taiwan (Anguilla japonica) spawn in the sea, and

¥ the fry (called elvers).swim upétream where they are collected by dealers.

. Eels. are stocked in rates of up to 25,000 fry/ha -along with other fishes,
and must be fed supplomentary feeds 1ike pellets of trash fish. It is

_not recommended that a beginner work with eels because.they must be fed

protein and are not very efficient converters of food. -

Eels cannot‘be bred in ponds. - A

ng in Natire and Ponds .

Milkfish spawn in saltwater during the rainy season. The fry are caught -
along the shore line at breeding season:(which corresponds’ to the o
rainy season) and .then transferyred and acclimatized to freshwater ponds.
This is dene for the most\part in the Philippines and.in some other
Southeast Asian countries ¥ike Indonesia and Taiwan. o

Milkfish céhﬁbt,Bé_Bréd in ponds.

v a . . "/

STRIPED MULLET == Spawning in Nature and Ponds
The striped mullet is a saltwater fish; and spawns in the sea. The

4 .

fry are collected as they swim npstream.

The mullet can be inducéd to spawn by hormone injection, but thig is™

very difficult and certainly is not recommended for a small fish pond
owner. : ' P
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nduced ing. Induced spawning means making the fish produce eggs -

Induced Spawnin
and milt when they will not do so naturally. Induced spawhning is done

when the pond conditions canaot be made to encourage natural spawning,

or when the fish are not ready to spawn ﬁhéh the férmér wants them to
Spawning can be done by three methods:
- hormone injection | - g

. hormone injection with stripping - |

. stripping )

-3

Each of these methods has advantages and disadvaritages.

Hormone Injection. Hortione injection is the most common method of

induced spawning; and it requires certain kinds of equipment:

. hypodermic needle and syringe
. mortar and pestle .
. saline solution or distilled water

. centrifuge

. test tubes
. dissecting kit
_ SALINE
SOLUTION

T ~ MORTAR +
“. =P PESTLE

S . - DISSECTION KIT
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I

This technique uses the pituitary gland (the hypophysis) of the fish.

This gland contains the substances(hormones) that trigger. the reproduc-
tive organs of the fish to start developing.. When these hormones are

taken from a ripe fish and injected irnto a fish that is ripe, but has

been unable to spawn, the injected fish ﬁil]'Sﬁ&Wﬁ.iﬁ 6 - 12 hours.

The ripe fish must be killed to get the pituitaky gland out. This must
be done very carefully: The gland is very small®y less than Tmm 4n
- diameter in the common carp, which has a relatively large pituitary.

The pituitary gland is a round, yellowish-red organ located in the brain

from thesfish:
, .+ Use a mallet or dull knife.
. Hold the fish near the head wi - -
. Hit the fish_above the eyes at the point where the skull begins .
This will ki1l _the fish.. ] L S
. .: Make stre to hit straight and up a 1ittle. A solid hit should
~ . dislodge the skull. . _ ° ] e
. Slit the skin around the front and sides of the skull; then 1ift

pan of the fish: Here is- the method commonly used to take the gland

th one hand.

up the top of the skull and fold it back as if it were a hinge. .

The brain is attached to the top of the skull; by folding it back;
the underside of the brain is exposed. The pituitary gland is lo-

~ cated in the middle part of the underside of the brain.
If located in this way, the pituitary gland is rélatively easy to

find. However, this must. be done carefully. ' If the skin is cut too
much, or the fish i5 handled too much, the contents of the brain will
move and the pttuitary will be hard to locate. The brain contains a .
number of fat deposits which are yellowish and could easily be ‘confused

with a pituitary by §bmecne who was not familiar with that gland..

Most farmers will not be interested In doing hormone fnjection spawning.
But you should be familiar.with and be able_ to do it. Steps  for.

processing the pituitary gland and giving the injection are given below:
. Select the fish you want to spawn and weigh them.

. Select ﬁﬁéffiéﬁfﬁﬁéffﬁji}ﬁbé,Eiiiéa,fbr,théir'giands,and”@éiéﬁ
them. “Always match the weights of th. donor and recipient
fish. If a donor:is 1.5kg and _the recipient is 3kg, use pitui-

taries from two 1:5kg donors:

. Remove the pituitary from the fish matching weights (or use
. 2 to.3mg of dried pituitary gland for every kilogram of body
\ wéjght; o ' .
. Place the pituitary gland into the mortar..

. Grind the pituitary with pestle until it is a pulpy mass.
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. Wash the pi*uitary into a test tube W1th 1 m111111ter distilled
water or sa]ine solution.

; P]aee the pest tubes into the centrifuge.
. Centrifuge the g]ands for 5 minutes.
. Remove the test tubes from the centrifuge.

. Draw up the 1iquid portion from ihe test tube into the

. InJect the fish above the lateral line beh1nd the
dorsal fin, just underneath the scale.

-

v e

. Place breeders into the b?éédihg ﬁbhd

easi]y _A s1mp1e centrifuge can be constructed,very eaS]ly from a-
hand drill (see next page for instructions). If a centrafuge caniot
be found or made, the fish may_be 1nJected with a whole pwﬁuary g]and
The gland may be dropped into the syringe, water added, and.injected
into the fish as outlined above. The force needed to push the gland
out through the needle will crush the gland as if it were being~ground
with the mortar and pestle, and this will a]]ow the hormones to be\,

\

released. : -

After the injection, the female fish w111 begin to deve’op her eggs 'ix,

v L

until they are ready for fertilization by the male. In some fish, it

is necessary to inject the female twice with varying amounts of =~

pituitary extract (see Chinese carp) and the male, once. 7After the

injections, the fish are treated in the same way as in naturail
spawning.




MAKING A CENTRIFUGE

Tools and Materials:

. L] .
NN ot ot |

hand drivy -
20cm piece small wood (or bamboo) dowel rod

metal cigar tubes (or plastic, or rubber hose with clamps)
pieces medium wire (long enough to wind around the tubes 6
or 7 times)

. 1 piece heavy wire about 9cm long (o1d coat hanger will work)

. cotton balls or pieces of soft material
. 2 test tubes or small clean glass bottles

. string, tape, and nylon fishing line

HEAVY WIRE ~ METAL TUBES
N - N

~

COTTON BALL

STEST TUBE

Construction Steps:

. Drill hole through one end of dowel rod about lcm from the

end.

. Remove drill bit from drill.’

. Insert dowel rod into drill bit hole, leaving end With newly

drilled hole at opposite end on top.

b 154



145

"~ . Insert piece of heavy wire through the hole in dowel rod:
. Bend the ends of the wire into- loops. -
.- Secure the wire on either side of the dowel rod with tape
to keep the wire from s1ipping through the dowel rod hole.
. Wind iediti wire around éach cigar. tibe leaving about 2.5cm

. Place a small cotton ball in the bottom of each tube to
cushion the test tubes.

Stripping. Stripping is the term given to the method of actually
pushing eggs and sperm out of the fish and mixing them in a dish. This
can be dangerous to the fish, mostly because the fish - ‘n be hurt by

pressing on the belly. Stripping is especially danger .. to a fish which

is not ready to spawn. If the fish is ready to spawn, a gentle stroki.ig
motion down the side of the fish towards the genital opening will be

enough to release the eggs or sperm.
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First the eggs are stripped into a dry dish. Then the milt is stripped

into the same dish:. Mix the eggs and milt gently with a feather. Add
water to the dish so that fertilization can occur. ~After a few hours,
and a few changes of water in the dish (to provide eggs with oxygen),
;gag§fgr1tﬁe fertilized eggs to the kakabans and allow them to hatch
as normal. ' .

There are other variations of stripping that are worse than the one

outlined above._ One method involves killing the female or male, or

both, and removing their reproductive organs and then mixing the eggs
and sperm by hand.- Not only is it necessary to kill both breeders, but

if the eggs and sperm are not ripe (mature) and ready.for fertilization;
no fry will hatch. .

Sthipping with Injection. Often stripping is done after the fish have

been injected with hormone extract. The fish are injected; and the

_ eggs are allowed to develop. Then the fish are stripped into a dry

dish, etc. Stripping with injections works fairly well. But af the
three methods of induced spawning described here, the best is just
to inject the fish and let them spawn by themselves in the pond. The
following paragraphs give directions for induced spawning of some
important pond fish. d

INDUCED SPAWNING OF CHINESE CARP

normal dosages for bighead; black; mud; and silver carp are 2 to 3mg
of dried pituitary or 3 fresh pituitary_glands for every kilogram of
female fish. That is; if the female silver carp weighs 2.5kg, 5mg of
dry pituitary or 6 fresh pituitary glands are needed to ripen her eggs.
Or HCG (human chorionic gonadotropin) can be used at dosages of 700 to
1000 IU (international units) per kilogram. But HCG is expensive and
certainly not available to everyone. Grass carp need higher dosages
(3 to 4mg dried pituitary ner kilogram of body weight). Inject only

a fraction (1710 to 1/4) of the total for the first dose; then, follow
it with the rest of the dose, 6 - 24 hours later. -

After injection; put the breeders into the breeding pond: The tempera-

ture should be about 23 - 29°C to encourage spawning, and the oxygen
content should be at least 4ppm. It is best to put in two males for.
every female. Let the fish spawn on their own; they will spawn within

a day. Remove the breeders after spawning.
Hatching Chinese carp is complicated: Chinese carp eggs need a constant

sipply of clean, well-oxygenated water flewing from the bottom up

through the eggs to stimulate hatching. Some types of hatching
bags have been developed for this purpose: 0One kind of _bag hangs from a
rack down into the nursery pond or a trough, and water is bubbled up by
pipes from the inflow pipe. These bags have an advantage in that once
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the fry are hatched, they can easily be transferred without touching

them at all: This is good; because 6h1nese carp fry are very sensitive
to handling stress

After the carp spawn, the eggs are collected by net or by draining
the_breeding _pond, and they are placed in the _hatching bags (or_
shallow trays) as soon as they have hardened after ferlization (1 to

2 hours). The eags hatch 1@717-72 days depending on the temperature,

and then absorb their holk sacs in another 3 - 6 days.

As soon as -the fry absorb their yolk sacs; they should be transferred
in the hatch1ng bags to nursery ponds. The nursery ponds should be 0.5
to 1.0m in depth and the oxygen level should be at least 4ppm for good

fry growth.
The spawning of Chinese carp is a very complicated business and is usually
done inside carp hatcheries so that all conditions can be controlled.
In China, the carp hatcheries sell their fry to fish pond owners who_

then raise them to marketable size. For most farmers, common carp is

a much easier fish to work with and is just as va]uab]e for food as
are Chinese carp.

INDUCED SPAWNING OF CLARIAS CATFISH

The ctunxnz macrocep hatut fishes are injected with pituitary extract at

a rate of 13 to 26mg/kg at 25 - 32°C. Spawning occurs within 16 hours.
LérVée,(fty) absorb the yolk sac in 5 days, and are transferred and reared
in porids -only 18cm deep. The best food for fry is zooplankton, but :

after 2 to 3 weeks, trash fish may be added. They can be fed rice bran
as well, and later on.a mixture of trash fish, rice bran, and broken._

rice: :In Thailand this sort of production gives yields of 97,000 kg/ha
per yeér. CPanias catfish are used in fish ponds throughout SOutheast

Asia now, and are enjoyed for their good taste.
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INDUCED SPAWNING OF INDIAN CARP

If you cannot build a fish pond. 1ike a barrage pond cr spawn the Indian
carp naturally in ponds, they can also be induced to spawn by hormone
injection but this is very difficult to do. Induced spawning 'is
dependent on the dosage and the stage of maturity of the breeders.
Breeders should be about 2 to 4 years old, and weigh 1.5 to 5.0 kg.
Females are injected twice, once with 2 to 3 mg of pituitary gland per
kg body weight, and then, after 6 hours, with 5 to 8 mg/kg. Males -
are injected once, at the time females get their second dose, with a
dose that is equal to the first dose given to the females. After
the second injection, the fish are placed together in breeding "hapas" . -
-and spawning takes place within 3 to 6 hours: The breeders are put

inside the hapa, kakabans are placed below the water surface, and the
top of the hapa is closed so that the breeders do not escape while
mating. After spawning the kakabans can be removed and the breeders
released into the pond. The eggs should be transferred to deep
hatching hapas where they will hatch in 15 to 18 hours at 279C.
However, this induced breeding does not work as well as Chinese carp

breeding, so most Indian carp fry are still caught and collected

in natural waters. :

INDUGED SPAWNING OF COMMON CARP

Sometimes common carp will not spawn in ponds, and they are injected. .
The amourts needed for common carp are determined by the fishes' weight.
Usually the common carp is injected only once with pituitary extract:
from a fish that has the same weight as the injected fish. The male
is not injected. After the injection; the fish are placed into the
breeding pond. Usually a gopd female breeder will weigh 1 to 2 kg.
This_one _large female is placed with 1 or 2 males, so that the
total weight of the males is approximately the weight of the female.
1f you have a female of 2 kg, you can use two males of 1kg each.
The more males, the greater the chance that fertilization will occur.
If you have a large breeding pond, you can place about 5 or 6 large
female fish and 10-15 males to insure that all the eggs are fertilized.

Carp will only respond to pituitary injections from other carp: However,

many other fish will respond to the pituitary gland of common carp; so
often carp are kept just to serve as donors of this gland in other
induced spawning attempts. Also, carp glands are relatively large

and easy to_find, compared to the glands of other fishes, and can be
stored for later use by drying, freezing; or powdering. Carp glands
can_be preserved by placing them in 100% dry acetone; then cooling =
them by placing that jar they are placed in, into an ice bath._ Every - |

12 hours, the acetone should be changed; for a total of four times.
Then the pituitaries are air-dried; and stored in an air-tight o
container. This is called the alcohol drying method; glands preserved

in this way can still be used after 10 years.

b
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: ~ Harvesting Fish

or for_cooking and preservation for family use, Harvesting can refer
to collecting all the fish or to taking out only some of the fish
(this happens often in tilapia ponds having both young and adult fish).
If the pond can be drained; harvest the fish by draining the pond into
the catch -basin and collecting the fish with a scoop net. If the pond
cannot be drained, 'drain out ‘as much water as possible and use a series
of nets to catch the fish.

Types of Nets

There are different kinds of nets which can be used in ponds. Sowc neus,

such as _the one shown here are gill nets. G111 nets often have mest
sizes from 2-3cm; they are often used to harves: the largest fish i:: .«

pond and leave the smaller fish until they grow larger.

WEIGHTS
They are called gi11 nets because the
fish pokes his head through the net - S
, mesh, and_is. caught around the gills as — -
he tries to wiggle through the net. 1
Q 159
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Another net used to harvest fish is the seine. A seine can collect all
the fish in the pond at one time because it has smaller openings (mesh
size) than the gill nets; and it is usually made of heavier fibers to
hb]d;thé)fish. (See the end of this section for instructions on making
a seine. T :

 FLOATS o - I

Both seines and gill nets have lead sinkers (weights) attached to the

bottom ropes. These weights hold the nets at the bottom of the pond
(so the fish canrot escape underneath the nets as they are pulled).
Seines and gill nets also have floats attached to the top ropes to help

_the net form an enclosure: the entire pond is netted with one sweep

of the net.

Netting a Pond . -
Let out as much water as possible. NEVER LET THE WATER OUT COMPLETELY.
exGited and use up more oxygen when there is less available. Plan on
harvesting while the water is draining out so the fish are caught before
théy are stressed: Or; drain the ﬁbhd,é]ﬁbst coniplete'y; and then let
water slowly trickle through while héttihg the fish.

i 3
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USING A SEINE Place the net at one end of the pond and slowly draw
the edges down the sides of the pond:. Bring the middle of the net

across the pond.

When near the other side; begin
pulling the edges up onto the bank
so that the net forms a u-shape in
the pond. Pull up the bottom
rope of the net along the pond
bottom until it breaks the water

surface. At this point the net

is a bag shape and will hold the
fish in (some seines already have [N
a bag woven into them). ' ;

#/

2]
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Pick the fish up one by one and transfer them to buckets or tubs of

clear water for later weighing and transport:

OTHER HARVESTING METHODS Fish also can be harvested by other

methods. One method is to catch them with a hook and a line, but this

n. some parts of the world fish are harvested
by dynamiting or poisoning the water: But these methods are dangerous
and should never be done in a pond or ariy other waterway: - dynamite
and,pdiscns”canfkj1l”pgqplg,aanothéi,ahiméls;,iﬁaadditibﬁ,to'fish. :
NEVER HARVEST FISH BY DYNAMITING OR POISONING THE POND. There are \

method is_ time-consuming. I

geasier. and cheaper methods than -these: ;

Marketing Harvested Fish Lo |

Once fish are harvested, they must be marketed. Marketing includes the

transportation and sale of fish. As the introductjon to the manual

~pointed out, one_very important thing to consider before building a

pond is the availability of a market. If a market is further away,
the farmer must have transportation to it over passable roads.. If the

market is very near, he may want to advertise the date of his harvest

by word-of-mouth so-that the people will come directly to the pond to

buy the fish. Also, he may want to make an agreement with a tradesman P
at the market so that he is sure he has a buyer far his fish when they. ‘

are harvested. If there is no market; or_if the farmer.is going to use_ -
a1l the fish himself, then he probably will want to preserve some of the
fish {(see fish preservation): :
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Remember: Fish spoil very

i
»

Containers for storing
1ive fish being taken °
"to market.

Transporting fresh fish to market must be carefully déﬁé;fiéffﬁiE §5é fish
dre: not damaged. ) Y
handled when put into the pond. If it is not possjble to:get the fish to

Usually, fish are handled in the same way they were

'market right away, they must be preserved -- either on ice for quick sale

in a nearby market; or salted, dried, smoked, or canned if going to a

distant market. These methods are discussed in the next section.
Sell or preserve

the fish right after.harvesting.

After Harvest
After the pond i

. of fish:: : 8

.. Plow the bottom of the pond

.v; Cléar out predators, sticks, rocks, etc.
. Dry the pond bottom until the soil cracks
. Put Time on the pond bottom

. Wait two weeks

. Add water to the pond

. Check the water quality

‘15_3

quickly in warm temperatures;

s harvested; it should be prepared for the next stocking
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. Put new fish into the pond

. Begin daily and monthly management 6f fish and ponds
’ " [] . : .

. Breed

. Market

. Harvest

. Begin again

G AN
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'MAKING A §EiNE

A seine can be made using materia]s found in the market. The materials

needed are:
: rope | S ,
.. S T \
. cork floats ' '
. Mead sinkers (or something heavy to help the net sink) IS
o . netting
) ﬁ ; P ~ ——7—7— A
: . Sewing hééd'lé for nets o o '
The d1rectibhs for mak1ng the net are as ?oiiows
. T1e a rope that W111”be used for the top and bottom 1ines
between two trees. Use nylon rope,1f poss1b1e, because it
will lasi Tonger than cotton or hemp.
Lo . Mark each rope at 15cm 1nterva]s Make\sure the rope is -
) longer than the final net by a few meters. :
. Stretch the netting until the meshes close completely; then o
(./ count the number of meshes in a 23cm section. -Good netting
fgrigigeneral seine will have 6 to 9 meshes in a 23cm stretched
~section. . L .

S0TTOM ROPE* - WEIGHTS

TOP ROPE<"

NYLON STRING ™ e
.+ NEEDLE

o | . NETTiNG

Hi
oY
L QO




E 7 : .
. Use nylon string that is very strong Wind a long section on

a net needle. Then tie the end onto the lead line rope (top

rope) at the first mark1ng Pass the.needle through the num-_

ber of meshes counted in the 23cm section of netting. Tie the

string on the rope at the second marking.

Repeat the process until the last mark1ng on the top rope is

reached. B o

. Pound the s1nkers or str1ng them, onto/the bettom rope at the
15cm intervals. “Tie the cork floats orito the top rope at the.
same intervals. - // ]

ng in the sare way as the

: Str1ng the bottom 1ine Jnto the nett}

4

REMEMBER: The net must be washed, repaired, dried in the siade. folded,
and put away in' a cool, dry place after each vsn. A net
which is taken care of in this way will last riczh longer.
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8 Preserving Fish

'F1sh that are not taken to the market fresh must be preserved in some way

after harvesting. Al1 fish have bacteria in their intestines; as soon as

they die, these bacteria tegin to multiply, and the process of decay begins.

So the f1rst thing which must be done -- as soon as possible -- is to re-

move the intestines. After this is done; go on to preserve the fish in

the way chosen

There are a number of ways to preserve f1sh salting and smoking are
discussed here in some detail: o '

B Saltmg Fish

Salting is a _very- old sa+hﬁd of preserv1ng RISk, Sa1t1ng depends on the
size of the fish, the species, and on the amount and quality of the

salt used. Fish which have been salted we:] last a 1ong time without
spoiling.

The most important factor in salting fish is the quality of the fish
being salted. Use only fresh fish: fish which have been lying around
for hours are not good for salting. Also, use only cleahn equipment and
clean fish. ’

PLEASE REAB.THE DIRECTIONS THROUGH CAREFULLY BEFORE BEGINNING.
TOOLS AND MATERIALS

. Clean sharp knife

. Salt -- about 20kg for each 100kg of fish- o

. Containers for washing fish (buckets, tubs, drums)

. Flat working surface (table, flat stones)

. Containers for holding waste (parts of the fish not used)
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— . Waterproof boxes or jars to hold salted Fish (glass or wood;

- not.metal unless the metal is stainless steel)

. Boards and weights (to press down the fish)

. Slats or lines for drying the fisi:

. Small shelter to cover fish while dryinc
STEPS IN SALTING FISH |
There 7ve four major steps: gutting and cleaning; salting; washing and
dryin; to remove excess salt; and; finally, air drying.
Gut and Clean the Fish. —

7
—— v -

il ) — — 3 , ] : e
GILLS = v
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. Gut the fish by cutting along the belly from the gills to.

the -anal vent.

. Remove the guts and the black membrane in the gut cavity.-:

. Cut off the head now, if preferred; it is not necessary.

. Bleed the fish by removing the gills and all blood vessels

after cutting open the throat.

. Cut the fish into the right shape for salting: small fish

"Salt the Fish.

may be left whole; larger fish should be split in half from

head to tail; so that all the fish flesh will be exposed to
the salt. , -

“SPINAL COLUMN

. Sprinkle a layer of salt on tiie botiui i the container

which will hold the fish:

. Place a Tayer-of -fish; flesh-side up; on the salt. Do-not

159

let he fish lay on top of each other:

. Cover .= fish with a thin layer of salt:

. Continue to place fish, then salt; almost to the top of

the container.

. Place the 1ast fish layer with the skini side up:. Sprinkle

with salt; the last layer must be salt:

" tainer to press them down.

. Leave the fish in the container for .5 days. Add salt

as necessary, until the fish are "struck through" --

thoroughly full of salt. As the fish 1ie in the salt, the
'salt draws out all the moisture in their flesh. This_

moisture forms a solution (brine) with the salt as the
salt dissolves. It is necessary to add more salt @5 the

wipows ©
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- salt is diluted in the solution. As the moisture is removed
~ from the fish by the salt, the level of fish in the container
——falls.. -‘ | -

_ Add iiore fish, skin side up; and also fore layers of salt as
the level of fish falls. :

. Remove the fish from the container when they are fully

" salted. The fish are prorarly salted when they are firm
and have a whitish salt layer on their flesh. .

. Wash the fish in clear, clean, sea water or brine:

_ Place the fish on a flat c. face and press them down with

boards and weights to make them as flat as pos:ible before
drying.

Air Dry the Fish:

. Dry the fish in the sun and in the air; or use heating and

fans: Usually fish are dried outside in an area that is
exposed to sun and wind and is very clean.

. Dry the fish under a shelter of leaves or branches for the
first few days, so that they do not dry too quickly.

ot



.;Put the fish into as much sunlight as poss1bte, after the

first few days.

. Lay the fish on tr1anqu1ar slats or hang the fish by their
tails from fish 11nes strung up between trees.

“ N
NN
\* -

. Cover the fish if it rains. &y moisture at all, at this

stage in the salting process, will cause the fish to spoil.

. Dry the fish for about six days.

. Pack and store the fish in waterproof containers.
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' HOW . TO USE SALTED FISH
Soak salted fish in fresh water overnight. Change the water at. least once
during this time. -The soaking removes the salt; the longer the fish is
soaked, the more salt is remcved. After the fish has been soaked,; it can
be used in any way that fresh fish is used:

Smoking Fish 7 )
smoked fish does not last as long as salted fish, because it must be re-.

frigerated, frozen; or canned if it is to be stored. Smoked fish are pre-

pared in a smoke house which is merely a shed or a box over_a fire which
is controlled so that it produces smoke instead of flames. The fish are
‘merely hung inside the smokehouse so that they are surrounded by smoke.

It takes about six hours .to smoke fish so that they can be eaten or stored:

Smoked fish are prepared 1ike fish for salting. After théy are bled, and

gutted, they are split from head to tail. They are then washed in freshwater
and placed in a saltwater brins made by dissolving 1kg of salt in one liter
of water for one hour. Then the fish are removed from the brine and washed

in clean; freshywater again. The fish are then drained and hung in a cool

breezy place for about an hour.

At this point,; the fire can be
built in the smokehouse. When
it is smoking properly; place
the fish on hooks and_hang

(or tie) the fish in_the top
of the smoKehouse. "Make sure
the fish are placed ‘securely.
s0 they will not fall. Watch
the fire carefully to make
sure it is smoking, and not

After the fish are smoked for

six _hours, they can be eaten.
- immediately, or stored in jars
(to be canned); or stored fro-
zen or refrigerated until they

are eaten:

Smoked fish do not iast as long as salted fish, so do not siioke all of the

fish, unless it will be used soon after harvesting.
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Other Preserving Methods

Fish can also be preserved by simple air drying; or by canning. Air

drying involves only cleaning and washing the fish and drying them in
the sun and wind until they are a clear white color. Canning is-a much
more complicated process. Canning must be done very carefully: fish

can contain many bacteria which must be killed before canning. If fish
are canned with this bacteria still in them, the fish will spoil. People
who eat canned fish which is spoiled can become very sick. A farmer'who
wishes to r2a his fish should arrange with a canning factory to take part
of his harvest and can it for him: A farmer should not try to car fish

at home unless he has expert help:

Often fish are preserved by freezing. Freezing requires a_constant

supply of electricity -- which most farmers do not have. If electricity
is available, however, freezing is one of the easiest and safest ways

to preserve fish. _In this method; the fish are gutted, cleaned, cut

up (if desired), placed intoc containers, and put into freezers. Frozen
fish can last for a very long time, if they are not thawed (unfrozen). .
Once frozen fish are thawed; they must be used immediately, or they will
spoil. ' :

Spoiled Fish

Even spoiled fish can be used -- although it cannot be eaten by human

beings. Spoiled fish can be cut up and boiled; then dried in the sun or

cooked in an oven until it is very flaky. Once this is done, grind the

fish into a powder and mix it with powders of plants: this makes a very

nutritious—food for fish-in ponds. The powder can be used as a powder;

or it can be mixed with something to make it stick together so thatthe—

powder can be pressed into pelléts for fish:

Spoiled fish, and eve~ the gits of fish that have been used in some other
way, are calied "trash" fish. The powder is called "fish meal:" Fish
‘meal is used to feed fingerlings or even brood stock. Fish meal is one
of the best fish foods for pond fish.

-




9 'Prebleumscf Fish in Ponds

Fish cultured in ponds can have problems: they can be stressed by :

lack of oxygen; they can be eaten by predators; they can be infested by

parasites. These problems and some solutions to these problems are

discussed in this section.

Q1§e§§e§;9f79§§a fish are caused by fungi, bacteria, protozoans; worrms;
and crustaceans. Usually diseases. can be controlled by proper pond .

management, which includes draining the_pond;. dry1ng it; and liming it
periodically; and also by preventing wild fish or unfiltered water from
entering the pond. ‘Some diseases are fatal, but many can be contro]]ed

by treating the pond or the fish-with-chemieals. . .. . _ -~

stress: overcrowding; low oxygen 1eve1s, or not enough food. All of
these conditions weaken the fish so they can get diseases more easily.
The- farmer must watch his fish for signs of stress and disease. Any;fff

. change 1in normal behavior may be a sign of disease; for example, gasping

at the surface for air, rubbing the body or head against the sides of

the pond, or ragged firs and sores on the body. Something is wrong when

a fish population stops eating suddenly. So the farmer iust check the

f1sh often (see "Management"), especia]]y in very hot weather:

N

.FUNGAL DISEASES These diseases are caused by fung'i

Gill Rot. This is a disease caused. by the f11amentous fUHQUa, Bnanchco- B
myces myces danguinis. This disease 1s first noticed by a red spotting on the
gills.. Later; the gi11s become greyish-white and stop working. When the
gills stop werking, the. fish suffocate and d1e., G111 rot 1s most common
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Treatment: Remove dead fish from the pond; the remaining fish
, will probably recover. Drain the pond and dry the
bottom. Treat the pond with quicklime or copper
|, sulphate to killl the fungus spores. Fill the pond -
again.’ Add quicklime every few weeks until there

, ic
- . is no more sig% of: the disease.
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FUNGAL SPORES
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Saprolegnia. This fungus is often associated with Gi11 Rot. [t attacks

weakened places (e.g., bruises from handling) on fish. Since it hits
already weakened fish, Saprolegnia attacks fish already trying to fight
other diséases. . Saprolegiia Tooks like fuzzy, white cotton wool and is
often in tufts on the body of the fish. - Saprolegnin by itself can kill
eggs and fry, but does not kill adult fish: Indian carp.are very sus-

ceptible to this disease, and common carp eggs are attacked frequently.

_Treatment: Use the same treatment as outlined for Gill Rot.

BACTERJAL DISEASES These are caused by parasites which are
actually bacteria. ) o
Furunculosis. _This is the most important bacteria]7disea§e,”71hjs;q13”77
- Sease causes tlcers or abcesses in muscle tisSue. It then breaks through
the skin; and; eventually; becomes a site for fungus infections, like
Saprolegnia. This disease attacks in the-spring, and is most often found
in more temperate species, 1ike trout.

Treatment: Drain the pond and treat it with slaked Time.
Disinfect every tool used in the pond (nets;
feeding rings, etc.). -

v
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Infect1ous Drop;y This j; oaused by the bacter1unyF2eudamonaé punctnfu

The symptoms are a. swelling of the fishes' belly with water,; uicers on
_the skln le ngthening of the fins, and deformation of the backbeone:

3 ) : \ Treatment Prevent diseased fish from: enter1ng ‘the pond.
Bury and hurn the dead fish.

Co]umnaris., “This- is another bacterial disease which nauses discolored
atcﬁés on the body, -Toss of scales, and, often, deatn. This disease
can lopk like a fungal dic se, but it is not. If possible, it should
be exah1ned under the microscope for positive 1dent1f1cat1on It is
- caused\by the bacteria Chondrococeus columnunis and Cgtopnaga co Lumnarnis
-~ and is,often associated W1th low oxygen levels.’

Tr atment: Give fish a feed which has terramyc1n in it. If

| . it is .very bad, place each infected fish in a dip

G . D -tJ _¥YRM¥Y V1 - U v 108

(bath) of copper sulfate (2 minutes in a solution

of 1 to 2, OOO) or a dip of malachite green (10 to

. 1’\ 30 seconds in a solution of 1:to 15,000). Treat

the pond with 1 ppm of copper sulfate.

THE CYCLE OF -
“1CH DISEASE |

% FREE-SWIMMiING | .
® YOUNG STAGE

,fIchthyophth1r1us multifilis. This is the worst protozoan disease. The

"jch" disease is caused by a ciliate which forms white spots cr pimples

 on the skin and fins of the fish. Each parasite produces thouse¢nds of

spores, which can then infect other fish in the pond

1?6
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" Treatment: Drain the pond, and lime it. Or treat/the fish

with chemicals as follows: = 4

] o - //'

Formalin 200-250ppm dg1]y bath : 3
S 15ppm  in pond

Malachite green © 1.25ppm  daily bath/30 minutes

0.5ppm in pond
Methylene blue’  2ppm daily bath
N ' Aé???ié??ﬁ ' 10ppm  3-20 deily baths
salt o 7,000ppm  several daily baths

Costia and Irlchodlna These are. two other ciliate diseases.. fhey are
caused by microscopic organisms which attack the skin of fish and cause

lesions. Tilapia, the very resistant fish, are attacked by the Tmcchoduna'
protozoan

Treatment: Add 3ppm of potass1um permanganate to pond. Or dip
the fish in baths of 5 to 10% sodium chloride (salt)
for 5 to 20 minutes daily for up to.one week .

CRUSTACEAN PARASHTS_ o
Lerfiea. The anchor Worm is the most common disease of this type (a copepod)

This worm attacks the gills or any other part of the body. _It burrows_into
the fish, leaving its two egg cases protruding on *' itside of the fish.

" Lennea causes red sores, and makes the fish thin s "air market

vaiue is much lower.

o 1wy
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i . LERNEA ,

" Treatment: Add castor oil in a thin film over the surface of

. the pond.” Treat fish infected with young Leniea

in.a"formalin bath, or remove each parasite by hand.

e

P

ARGULUS 4

/

]

that clings to the skin, fins, mouth, or gills. It sucks blood with
a piercing organ, which also injects-poisons. Young fish may die.

Argulus. Argufus is the fish louse. It is.a flat, pinkish-red disc -

‘Treatment: Drain and 1ime the pond. Or place the fish _ Q~ —_
: ' in a bath of 3 to 5% salt, or 250ppm of forma- f‘\‘

~ 1in for 1 hour-
_ WORM PARASITES Most of these are external parasites. L
Pactylogyrus: This parasite attacks the gills of young fish. The fish
are exposed to this worm when they are between 2 and 5cm Tong.

Treatment: Manage the pond well o that Fingerlings
/ ‘ grow rapidly past the stage when they are
susceptible to.Pactylogypus, -
Gyrodactylus. This parasite burrows into the blood vessels of fish

through the skin, causing the fish to appear-reddish W;;h sores. .This
worm can cause fish to die from emaciation. .

178
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Treatment: Treat ponds with égpm,%bfmai{ﬁ; Treat fish
individually in a bath of 25ppm formalin.
Bothriocephalus gowkongensis. This is the tapeworm which often attacks
the Chinese carp; especially grass carp. , It is difficult to treat -this
worm; it is found in the fishes intestines.
77,;zﬁ§%5
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Genera! Treatments
Farmers often will have trouble finding the proper chemicals for treating
their ponds or deciding which disease the fish have and which treztment
to_give._ Here are socme general treatments: any of these treatments will
help an infected pond. '
Baths: Potassium permanganate dpia
Sﬁ]t . 375%,ﬁ JE
Copper sulfate 500ppm for 1-2 minutes

Formalin - 250ppm for 1 hour

Malachite green 67ppm for 10-30 seconds

Or the farmer can use unslaked lime directly in the pond:

Some pond owners always treat new srood stock with a one-hour bath in
10ppm of potassium permanganate; and then tvansfer the fish to a bath of_
15ppm of formalin for 4 to 12 heurs. This .-nsures that no parasites will

be introduced into the pond with the -brood stock.

Other Problems | |
Other problems are causgdl by deficiency or environmental factors.

Deficiency problens appear because the fish:are missing ~ome factor they.

need to grow and be healthy. The missing factor can be a lack of essential
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elements 1like vitamins or minerals. This lack is difficul detect
until a problem exists. So the only way to prevent this k f de-
ficiency is to be sure the fish are eating the right kinds o: rood.
Environmental problems are caused by some change in the pond environ-
ment which placés a stress on the fish, such as a rapid change in water
temperature or an increase in pond water aciditys These are not diseises
but problems of fish in ponds which can be controlled by watching the
water and soil quality of the fish pond, and by preventing any rapid
changes from occurring.
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Other problems occur in fish ponds s “ther animals eat the fish.

Frogs; snakes, and birds eat young fish und must be kept out of ponds.
The worst predators,.of course, are carnivorc.- fishes, like thr

Ciarnias catfishes. Prevent these fish from estering the ponds
screenifg the water inTet.

In any pond, all unwanted (trash) fish and predators must be removed
befare stocking the pond. If the pond can be emptied, simply drain the
'pond; plow and dry the bottom, etc. If the pond cannot be drained; seine

the pond as completely as possible. However, many fish escape the net by
staying at the edges of the pond. The best way to get rid of the
predators is to poison the pond water in & pond which cannot be drained.

USING POISON The most common poison for use in fish ponds is rotencne.

Rotenone can be purchased -- as a liquid or powder -- or it can be gctten
from the roots-of-the-derris-plant._To make rotenone, collect derris _
. -roots and pound them until a milky-white fluid can be squeezed out. This
e fluid contains rotenone. Apply one kilogram of derris root Tor every
hectare of pond surface area. _If using powdered rotenone, use only 0:05

kg/ha. The powder shotuld be dissolved in water and dipped into the pond
ﬂrom buckets: o : ;
Other polsons used in fish ponds are guicklime, teaseed cake, camelia

seed cake, tobacco waste, and powdered croton seed. These are some

I | . 18g
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application rates:

Quicklime : "~ 160 kg/ha

Teaseed Cake : 150 kg/ha , , , -
camelia Seed Cake : 50 tc 200 kg/ha, depending on depti
Powdered Croton o N
~ Seed : 50 to 200 kg/ha, depending on depth
Tobacco Waste : 150 to 200 kg/ha

Most of these natural poisons will degrade (break down) and disappear

from the water in 7 to 12 days. After this per1od seine the pond
again. If no live fish are caught, stock the pond. :

There are many chemicals which can be used to poison predators in fish

ponds. However,; many of them stay in the ground too long: Others are

dangerous. One of the chemicals which can be used safely is sapon1n,

which is a component of teaseed cake: Apply a dose of 0:5 ppm in the
pond -

In most places; there are fishermen and farmers who know of some local
plant which causes fish tn die. For exam2le, in India. large ponds

that carnot b2 drained are poisoned with Mah :a o1l cake_ {Mahuca _
tatifolic, syn. Bassia Patifolia), applied at a rate of 750 to 250 ppm
(1500 to 2570 kg/hu rz2r meter of water depth). This plant poison

‘~eaks dowr in 10 to 20 days. These types of poison are all better
sources of poisen than are chemicals. Many times; when there is a

tree that overhiangs a pond, fish will be kilied whan the tree leaves

drop into the noud. Weatch for plants which do this, and use theii in ponds
irstead of poisons iu a chemical form.

57 NOT USE CHEMICALS L1KE EHDRIN, DIELDRIN, AND DDT IN PONDS: THEY ZAN
L35T IN THE GROUND FOR YEARS, AND LATER, KILL ALL THE POND FISH. NEVER
55 POISONS WITHOUT FIRST CHECKING WHETHER THEY CAN BE USED IN PONDS.

30ME POISONS KILL OTHER ANIMALS AND HUMAN BEINGS, AS WELL.AS FISH:




DISEASE
Gill Rot
Saprolegnia
Furuncﬁioé%é

Infectious Dropsy

Colurraris

Ich

Costiasiv and
Trichodiniasis

Anchor Worm

Fish Louse

Nematodes

182

DISEASE ORGANTSH

Branchiomyjees angacnis

i

‘Saprolegnia

Poudomonas puictaia
Chondhococeus columanis
Cutopkage cobumichis -

Tchthijoph#hinins mutifiiis
Costia and Triciod e

Lenpca

Angulus

Dactylogynus and Gynodactylus

o

SUMMARY: . FISH DISEASES & TREATMENTS

TREATHENT

Quickiime
Copper Sulfate

Quicklime
Copper Sulfate

Slaked Time in
Drained Pond

Burn or Bury Dead Fish

Copper Sulfate Tppm

Formalin 15ppm
Malachite Green 0.5ppm

P. tassium Perman-
Janate 3ppm

Castor 011

Formalin 5apm

- Malachite Green 1.25ppm

IV BATAS

_ for 2 minutes
Malachite Green €7ppm
for 10-30 seconds

Formalir 200-250ppm

Methylene Blue 2ppm

Salte 7000ppm

Acrifiavin 16ppm

Salt 5-10% for 5-10
minutes daily

Formalin

Salt 3-5%.

Formalin 250ppm for 1 -

Formalin 25ppm

183
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?isﬁ cilture in ponds is the primary method of freshwater fish culture.
owever, there are other methuus of fish culture used in places where
ponds are not possible. i

‘ Water contained by dams and reservoirs is somet1mes used for f1sh culture:

These waters can be stocked W1th“fry or- finger11rgs, the adults are later

harvested with mets. Raising fish in these waters is more difficult

- than in ponds because these waters ~annot be drained; and the predators

cannot be removed. Alse, it iz 3seible to feed fertilize: or .

poison ‘tne Water, SO na’urs7 rutric.ats must_provice enough fish Tcod.
But if there is nn. oth= ater sotirce available,; culture in dams and
resarvo1rs can work.

Culturing fish in N/
waters held by dams Y,
and reservoirs can Y/
be done more easily

if the fish'are placed }
in fish cages and

pens. These structures

conf1ne the fish to a

e, |

more cOntirol over

fish;
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In Cages

In many parts of the world, the only water available is flowing water
or large bodies of water where it is not possibie to divert the water
into & pond. In these waters; it is possible to grow fish in small
cages. Cage culture can also be practiced in areas 1ike swamps where

there is water .not being used for any other purpose:

Cages can be rectangular-boxes. bamboo cylinders, or anythiny that.
can be floated in a water cuvvz:nt so that the water passes through.

In additicn to bamboo, cages can be made out of such materials as wire
screen; nylon meshyand wood. A1l cages must be anchorad so tiiat they
do not float away. . -

Cage culture is used in some countries in very fertile waters (pol1:

from sewage) with very good results: Fish in cages usually get their
food from the water as it floats past the stationary cage; but in sone

cases, the caged fish are fed pellets of food daily:
CAGE CULTURE TN FERTILE WATERS Grep—

A

Logs hold cages in place. Water is. ¥

V.,

well-fentitized by organic matter i/ 77 1/ &) IR, )

duopped into the water grom the ;777 ' = TI 3
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Fast flowing water is best for cage culture: 17 the wiier is not ilowi.o

very fast, problems such as oxygen lack and competit-crn for fooc can
occur. These can be big problems in cages because tiire are usually more

fish placed in,thef§ma11 area of the cage than wo':id ormally be in the
same area in the pond: v ; '

Cage culture is still experimental; but in ideal cond¢tions, good growth

rates have been shown by fish that were grown in cages and given extra food.

Cages also are used inside ponds
for holding fish between harvest
and the time they are sold.
And; somctimes, cages are used

as breeding tanks -- 1ike hapas. —">
Cages are 1'so used to carry -
fish caught in rivers tc market,

strapped alongside a bwat,

In Pens -

Fish can also be cultured in pens_inside lakes or offshore areas: Fish
culture in pens _has been done in Israel and Scotland for years; and is
now being done in some Asian countries. Pens are constructed of bam-
boo or wooden poles that are forced down into the lake or shore bottom.
Then nets are strung from pole to pole to form an enclosure. The nets |
are anchored into the lake bottom with weights or sinkers; and the fish
are placed inside the pen for culture. Fish grown in pens can be

controlled a little better than fish in cages because pens are larger

(Fish pens can be comparable in size to regular fish ponds) arzd provide
more area and niore food.
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|
;£i§h_9gn§;91éééﬂw1ﬁ,féffilé,(§E6§U§§i§é§,léké§gﬁé?é very .good growth
rates. In a fish pen placed in a major lake in the Philippines, silver

carp stocked at 7 grams gained an average of 4 grams a day in a 52-day

\ growing season.

N

"Fish pens have many good points: they require no extra feeding of fist,

no fertilization; and very little maintenance (although a lot of care
is given to the nets). The fish are stocked and harvested later at the
end of their growing seasont Fish rens can work in areas whera the
water is not very productive, but in these areas, the fish must be ted
supplementary foods. Feeding rings are used so th= food will stay in
the pen and not float out into the water. Fish %a pens ars usually
harvested by gill nets; seines also may be used.

e ¢ 1 N ,3;?‘. -~
L/ N é _’
NS

SIDEVIEW OF AN

OFFSHORE FISH PEN TS A
N iE . MR -
FINE MESH NET
There are some: disadvantases to pens: W
. Pens_are expensive to wuild. The netting used must se rylon
or plastic so it does not rot, anu poles aust be treated
50 they do rat tecoms witerivgged srd rot. In the Philippines,
1+ ra80s abotic 81,4828 {U.S.) to buii¢ a one hectare pen, ucing
nylon nettinyj a.d bexdion poles. Thiz is comparable to the
. cost of a one-iectar: fish ponci, but & pen cu: be destroyed

by a'big storm ard @ poed will not be destroyed.

’
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. A fish pen only lasts three to five years in the water,

. Fish pens are usua]1y built in the shallow areas of a

lake, where they use space many fish need to feed and

spawn. The pens, therefore, reduce the natural pro-

. Fishermen must go further out into the water to fish when

peris are in the shallow areas:

Fish pens can also be built 1ike fish cages .ﬂf- they float. Floating
fish pens_are used most for marine fish rese. .tudies; they also can
be used in lakes: Floating fish pens can be 2 ~all as one hectare

in size, or as large as 10 hectares. "They are not destroyed by storms

as eas11y as pens anchored to the bcttom, and they can.be moved from

one site to another:

Fish pens may have an 1ncreas1ng1y important role in future fish culturs
activities around the wor]d .

In Rice Paddies = *°

This manua] has already ment1oned the pract1ce of culturing fish in

fields with rice. Here is further, br1ef mention ¢f that subJect

“..\“7(\ ‘%_/ W W :”/

The farmer digs deep trenches all along_ the d1kes of the paddy He then

floods the field and plants the rice. After the rice has grown to

a height of 5cm or so, fish can be placed into the paddy . f1e]d

This cuiture metnod can be used OU[] With fish that are resistant
1ow709y9eq levels and are not herbivores - herbivores m1ght t th younq

rice plants: Clarias catfishes are good fish to-culture in rice : .

paddies beéaHS” they have accessory breathing organs which help them to

"to
e

.;..
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breathe e - when the paddy gets dry and the water in the trenches gets
verg 1ow. n the trenches gets
After t* i 1 harvested, the fish are caught in hand mets anc solu.

L o .

This *s not really a culture of fish, but a culture of rice with :nie
N1s °s no 2ally a culture of fish, but a culture of rice with <nme
fish added. It zan be an ezsy way for a farmer who has no extra 1ajd on

whicr to build fish ponds to increase the total production of his land.

GOt



Glossary

acelimate - to become adjusted to a change from the norma] environment:
(also acclimatize).

acxd - a substance that can d1ssolve 1n _water and 1s sour or b1tter

adhesive - a-sticky SHbStéhté§ st1ck1ﬁg or sticky to saméthihg elsc.
aeration - add1ng oxygen to water by spray1ng or bubb11nq air througn
the water

dfgae - small or large water plants from five classes o: plants.
aEkbalinisy = the ability to combine with an acid to *xm a salt.
aguaculivie = the cuitiyation of animal and vegetabi. iife in water.

areq - the length times Lhe width of -a piece of lan’ or other surface.

ts o

back w:siing - forcing water in the oopqs1te “direction from i

norinai “lov.

bar e fof- sensitive nrgans that hang down on the >1des of the mouth
" of cevas: fishes:

basic - +7:'ry baz. forming elements (a]ka]1re on reaction).

b2oom - a very good growth of algae in a pond that has a strong green {/_,
color:

Eéﬁtéﬁ;ééédéﬁs - f1sh that feed on bottom organ1sms (organisms that
Tive in mud on .. pond bottom) - , .

Eiéédfﬁg  the cyc1e of reprodu’t1on in an1ma1s

) biine - water that is saturated with common sa]t or the water from
' .~ & salt water body (the ocean). ‘ .

brood pondA - ponds where the f1sh used forBrped1ng are kent .

brood Aigck - the fish used for brccd1ng in f1sh ponds

.:;_}—

//dg capiivity - th ate of teing hé]d in a conF1ned place (fish in
‘ ponds'are Lapt ve). '

.o
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| centrifuge - the machine that uses centrifugal force to separate
. materials of different densities. : - '

compete = to fight for something against someone or thing.:

contaminant - something that makes something eise impure; a pollutant:

cooperative - an orgen1zat1on of people that are workl " together for

a .common pIJY‘pOSE

dam - the wa]] of a fish pond

debrnis - ?ﬁBBiEE arbage éﬁytﬁiﬁé that is
certain area (pondg )

3

ot supposed to be in a

-
denbtzy - the numberof f1sh ir a pond.

7 dLh the wa]] of a fish, pond ; - -
! diversion chaniel - a ditch that takes water from a stream or river
to a fish pond. f ' |
efevation = the hefght of land. . :
QXO«&C Lpcodles - Twsh cuﬂtured in ponds that are not native to the. .a BES
5emtx£¢tg - being very pHoduct1ve. '
5ent¢£¢zen - anyth1ng addeq to water or soil to make it more productive.
fingerting - a fish that is about as Tong as a man's finger (6=10cm).,
~ 54Ahcu£iu&e - the breeding and cultivation of ish in ponds.
| fry - Tish that have Just hatched until they reach f1nger1:ng sive.
gen&taks - reprodactiVé organs. . _ \ )
genita? openipg -the opefiing on the fishes’ body inﬁéfé the eggg G ..
sperm are;released. ’ _ = : . - ‘
| giLLs - the part of a fish that 11 ows it o breathe in the water
< ' .gﬁaviiy :'the3tendeoc§fofvt;tngs to fa]l downwaras towards the center
; of the earth.
_ “hapa - “the mesh enclosure in: pcngs where f1sh can be spawned
henb&dona - an organ1sm that eéts on]y p1ants and.p1ant products Ce
. T : -
. - 191
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hypophysation - hormone injection to induce breeding of #ish. . //
_hypophysis - the bifu?EéE&‘éTéﬁa'

howmenes - components that are sggrg;gd by glands of *'ie body té'céusé‘.

certain changes in the body's funt1bns & y

impenmeabfe - a substance that nothing can 1é§k thru: . !

{ »

Znduced Apawnxng - causing a-fish po spawn by injecting it with ﬁﬁ?ﬁBﬁéé;

. LnihoducchépeCLeé - fish Vot native to an aréa that are used in fish.
s ponas of the:area . :

hakibai - ap egg co]]ector
moRtality hate - the rate of death.
natihal 566d - food that a fish eats in nature. _ /
- niche - Whgt an organism does; its job in the community: ]
= 77 jutnient - ai ingredient of food that is healthful.
omiiione = an Qrganism {1ike man).that can eat both plants and éﬁ?ﬁéié;
.'bpéﬁau’;um - the gill covering. '
. cxygen - a ga\ that 1s neczizary for ail life. _
pens - enc]osures for f1sh cu]ture on 1arge/ﬁ//;es of water.

e phyfoplankton - t1ny green or brown plants that are microscopic,
" freé- float1ng 1n water; that are used as food oy f1sh
phvtoagnthe544 - the process’ on wh1ch greern p]antq produce food for - !
. themselves and ralease oxygen 1nto the water. .
L
pltuitany gzand - the. g]an& that releases horiiones contto]11ne the
reprcductive’ cche in animals (1ike fish).

'

planhion = the t1ny p]ants and an1ma1s that grow in ponds that are
.eaten by fish. /o :

ponds = any encTosure ;hat 5613 water So that ?i§ﬁ'ééﬁ be gF&Wﬁ
inside it. / ’

pnzdaxbnA - an1ma1s that prey on other animals:. ,

/ : Br f1sh
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reproduction - prodicing offspring.

redpination - breathing.

sehrations - rough edges; 1ike on a fishes' fin.

sfope - the slant of land.

spauning - the release and fertilization of eggs and sperm.

sthess - any change that is not normal in the env1ronment ‘that creates
problems.

tuash §ish - fish not wanted in the pond, or fish that Are too small to

.eat or spoiled fish.
waterntight - iﬁﬁé?ﬁééBTé;

zooplankton - small animals in ponds that can be seen with the naked eye:
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_carpio) and the silver carp (Hypophthalmichthys mo
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68. VYashouv; A. Interaction between the common carp (Cyprinus
r 11trix)
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" MEASUREMENTS USED IN THIS MANUAL-.

gram (gm)
kilogram (kg)
mg/1 "
1iter (1)
inch (in)
foot (ft)
méfér'(m)

are

hectare (ha)

Centigrade (C)
Fahrenheit (F)

0l L

-

1000 milligrams (mg
1660 gn = 2.2 pounds (1b)

1 part per million, (ppm)

1000 milliliters (mt) = 0.26 gallons (gals)
2.54 centimeters (cm)

30.5 cm

100 square meters (m?)
2 ,,,,,,,,,

10,000 m“ = 100 ares = 2.5 acres

579 x (OF - 32) - | N

(975 x O¢) + 32
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. INDEX
Acclimate - p: 39
Acids - ps 155 175 90
Alkalinity - p. 89 = 90

.Anal fin - p. 34
Anal vent®- p. 4
-~ Anchor worm - p. 168 - 169

Anguilla japonica = p. 39, 50
Anus - p. 35

Application rates - p. 97 - 100
Argulus = p. 169

AAAAZxchZhyA nobitis - p. 39; 43 -

‘Agquaculture - p: 1

Bg;;er1a1 diseases - p 166

Barbels - p. 35

Banbus gosionotus- p. 39, 47 '
Barrage ponds - p. 19 - 21 ‘ 5
Black carp - p. 40; 44 , S
Bighead carp - p. 2 29, 39 43

Blooms - p. 93

Bothriocephalus gowkongenALA < p. 170

Bottom-water overflow - p. 62 - 63

_Breeding - p: 19 (see "Spawning")

Brood stock - p. 128 = 130
Bﬁfféfihg ability -. p. 90 .

Cage cu1ture - p. 176 ;,177

calctum = p. 90 ‘

Carassdius awwtus - p. 39, 50 ,

Carassius carassius - p. 39 56 ’ A
Carbohydrates - p. 3 - 4 '

‘Carbon dfoxide - p. 83 - 87

Carp - p. 2

Chinese - p. 2, 43 - 45, 108, 119 135 146 —”147 -

Common = D. 2, 37, 40 - 42, 108 - 109, 118, 130 - 132,
Indian - p. 45 - 46 109, 119, 136, ]48

Carpenter's level - p. 56

. Catch basin_- p. 39, 45

€Catla - p: 39, 45_

Catla_catla = p. 39, 45

Caudal fin.- p. 33 : K
Caudal peduncle =~ p. 33 -

Centrifuge =.p. 143 - 145

Chainos chanos - p. 39, 49 ',,

_Characteristics of f1sh - 33

Ciunhina molitonetla - P 39, 44
Civhina muigata - ps 39; 46

Clarias batnachus - p:_39; 87, 138
C]ar1as catfish - p. 29 39 47 138 147

__;_,:_,,,__w291
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Clarias macrocephalus - Pp. 39 47, 138, 147
Clay soil - p. 15 - 16
Columnarnis .- .p. 167
Compost - p. 96 - 97 __
Construction - p. 53 - 78
Cooperatives -_p. 8
Costia - P 168 .
Crucian carp-- p.. 39, 50
Erustacean paras1tes - p. 168
. etenophanyngodon Ldellus - p. 39, 44
Cutture in pens - p. 177
Cyprinus carpio = p. 40 (see " common carp")

Dactglogg&ub - Pp. 169
Dams - p. 19,

Depth of ponds -p. 25
Dikes - p. 54 :
Diseases - p. 165

Diversion ponds - p. 21 - 23

Dorsal fin - p. 33

Double-sleeve overf]ow - p- 63 \

:Drainage. ditches - p., 20, 69

Drainage systems - p. 55; 60 - 69

Eggs - p: 36

Eels - p. 39, 50, 140
. ¥Elbow joint - p. 62
Elements - p 4

Exotic spec1es - p. 38

6 - 117

Feed1ng r1ng - p. 117-
Fertility - P- 16 - 17
Fertilizers - p. 93,120

Inorganic - p. 99 - 100 . -

Organic - p. 95 - 96 B : '
Filters - p. 14,70 - 73, 116 .
Fingerlings - p. 19, 37, 113, 123 - 128
Fish culture - p: 1

Fish Touse - p. 169
Fish farming - p. 6
Fish meal - p. 163
Food - p-_ 75 100_-_106
Natural - p. 100 - __
_ Supplementary - p. 101, 117 - 119
Food quotient - p. 101 - 102 ,
Fry - p. 19, 36, 110 - 113, 123 - 128 |

- Fungal diseases - p. 165
Fununculosis - p. 166

/



Genital opening = p. 34

Genital papilla - p. 35

Gill net - p. .49

Gill rakers - p: 34 .-

Gills - p. 34

G]ey - p. 7 : i
Go]dfish - p: 39,50 .
*Gourami - p. 40, 465 47; 137

K1ssing - p. 40, 49, 138
Snakeskin - p. 40 49 138

~ Three-spot - p. ﬁO 49, 138

Gravity = p. 17 -

Gyrodactylus - p. 1 69 o -
Hapa - p. 136 - 137
Hard water - p. 90
Hardness - p. 89 - 90 i , .
Harvesting - p. 149 - 156. “ . R
Helostoma. Zemmircki - p. 40, 49 -

Heterotis nilotlicus - p. 40, 48; 139

Hormone 1nJection - p. 141

Hydriela véﬁtﬁc&kﬁatu - p: 49; 84 138
Hypophysis - p: 142

. ijofhalmtchthyé ma&ctmcx - p: 46 43
Iehthyophth&nLuA mu&tiﬁllié - p-_167_- 168
Inlet, water - p: 20 - 21, 55, 69 - 70
Iﬁéfgahie fertilizers - _p: 99,5 100 i
Induced spawning - p. 141 - 148

Kakaban - _p. 132
Key - p. 75 - 76
Kissing gourami - p. 40, 49 138

Labgg,nvhata - p: 40 -45
.Lateral line - p. 34

Lennen - p 168 - 169

tevel - p _56 _:

Lime- - p. 79 - 80

Limestone - p: 80 -

Litmus paper - p. 89 i

Magnesium = p. 90 | et .- ps

Management - p. 107 = 148 o : _

-Daily - p. 115__~ T, < -
- Monthly - p. 121 e N
Market1nq < p. 152 = 1g§;,—«-""’ :

- 2@3’




Milkfish “ops 33, 49, 50, 140
Monk -_p: 6 9 '
Monoculture - p..26 - 28 .

_ Monosex culture - p. 30 = 31
" Mortality rate = p. 125
Mrigal - p. 39, 46 .

Mud _carp - p. 40 44 -
Mugi2 cephatub = p. 40, 51

- Mu]]et - p. 40, 51, 140
Myﬂophanyngodon cheuA - p. 40, 44

Nets - p. 149

Nutrients - p. 3; 16 - 17;'92 .93

Number of ponds - p. 23

Opercu1um - p. 34

Organic fertilizers - p: -95_- 96

Optimum temperatures - p._81_

 Osphnonemus goramy - p. 40, 46 - 47
- Overflow channels - p: 20 - 21
Oxidation - p. 85
- Oxygen - p::14; 19, 83 - 88
B Paddy,é&1taﬁé‘— p. 179

~—parallel ponds - p. 22 - 23
Pectoral fins - p._ 33
Pelvic fins - p. 33 o
Pen culture = p. 177 = 179
pH - p. 89 ? '
Phosphates. = p. 99 = 100 : -
Photosynthesis - p.- 84
Phytoplankton - p. 84
Pituitary gland - p. 142
Plankton - p. 25, 36, 83 - 84

Planning - p. 11 - 52 -

a4

Polyculture - p. 28 - 30, 45 108

- Poison - p. 171 .
Pond bottom ~ p: 59
pPond preparation - p. 79
_Pond site - p. 58 ___
Predators - p. 19;_121,- 171 = 172
Pres ervation - p.. 157

drotozoan d1seases = p 167
Pseudomonas purctata - p. 167

 puntius gonionotus=- p. 47 (also P.
Quick]ime ~ p 80

Respirat1on - p 83
R1va1d1 valve - p. 61 - 62

’ |

favanicus )
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+ Rosary ponds = p. 22
Run-off - p. 13

Salting - p. 157 - 162

- Saprolegnia - p. 166

* Sealing pond - p. 77 - 78
Secchi disc - p. 91 .
Seines - p. 150 - 151, 155 - 156
Sennanochnomis nobustus - p. 166 .
silt - p- 74 ‘ .
Siltation tank - p. 74 - ' ~ ' o
Silver carp - p. 2, 29, 40, 43 i
Siphon = p. 61 - - , ’
Site selection - p._11 -_13 : ' B
Size of ponds - p. 23_- 25_ :
Slope - p. 17 - 18; 55 - 59,
Sluice - p. 20, 64 = 65—

Snakeskin gourami - p. 40, 49, 138
Soft water_- p.:15; 74
Soil - p: 155 74 .
Spawning - p. 130
Induced -.p. 130, 141 - 146
_ Natural - p. 130 - 140
Spoiled fish - p. 163
Springs = p: 13 .
Stocking - p. 107, 109 - 114
Density - p. 107 .~
_ Rates - p. 108" . "7,
~ Stripping - p: 145 - 146 ___° . .
Superaturation -_p: 99 - 100 ) s
Surveying - p: 55 . =

77 -

Tawes - p. 39; 47, 48; 139
Temperature - p. 81 .
Threespot gourami - p. 40, 49, 138 o
“ Tilapia - p. 2, 29 = 31, 40 - 43, 109; 119; 133 -'134
. Tikapia machochin - p. 40
Tikapia melanoplewwr - p. 40
" Tilapia moséambica - p. 2, 40, 42
Tilapia nilotica - p. 2; 40; 42
‘Topography = p. 17 = . |
Trash fish - p: 163 ‘ .
Tnichodina p: 168 -~ . __ - | g
- Trichoptenus pectonalis - p: 405 49 o
. Trichopterus tuichopterus - p. 405 49 )

Turbidity - p: 25; 90 - 92

- Turn-down pipe - p. 62
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Walls - p. 19, 54, 74
Water quality - p. 14
Water supply - p. 13
Wori parasites - p. 169
Wells = p. 14

Yolk sac - p. 36

Zooplankton - p: 84
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Since 1961 when the Peace Corps was created, more than 80,000 U.S. citizens have servea
as Volunteers in developing counttries, Iiving and_working among che people of the Third
World as colleagues and co-workers. Today 6000 PCVs are involved in progrums designed
to help strengthen Iscal capacity to address such fundamental concerns,as food

production,rwater supply, €energy develo;ment nutrition and health education and
reforestation.

.
Pedce Corps overseas offices:

BELIZE .° F1J1 . MALAYSIA SEYCHELLES
P.G. Box 487 P.0. Box 109 177 Jalan Raja Muda Box_564
Belize City Suva Kuala Lumpur Victoria
BENIN GABON . MALT . SIERRA-LEOKE
5T G711 BP 2098 - BP 85 __ Private Mail Bap
M o reectown
BOTSWANA CAMBLA, The MAURITANIA SOLOMON_ISLANDS
P.0O. Box 93 . P.O. Box 582 BE 222 P.0. Box 547
Gaborone Banjul Nouakchott Honiara
CAMERQON CHANA MICRONESIA .. SWAZILAND
BF 817 P.0O. Box 5796 P.0. Box 336 P.0. Box 362
Yaounde Accra (North) Saipan, Mariana Mbabarie
Islands . .
CENTRAL AFRICAN GUATEMALA MOROCCO TANZANIA
_REPUBLIC 6a Aventida 1-46 1, Rue Benzerte Box 9123
Brotoss Zona 2 Rabat Dar es Salaan
Bangul Guatemala
CHILE = HONDURAS NEPAL o THAILAND
Casilla 27-D Apartado Postal P.0. Box 613 42 Sol Somprasong 2
Santiago c-51 . Kathmandu Petchburi Road
Tegucigalpa Bangkok 4
COLOMBIA. . _. . IVORY COAST NIGER 'roro )
Carrera 9 786-16 BP 1127 BpP 10537 BP 3194
Bogota - 'Abidj's’h Niamey Lome
COSTA RICH . JAMAICA OMAN ) TONGA .
Apartado Postal 9 Musgrove Avenue P.0. Box 966 BP 147. _
1266 ’ Kingston 10 Muscat ) Nuku'Alofa
San Jose -
DOMINICAN REPUBLIC KEN\:A, . - PAPUA-NEW GUINEA - TUNISIA - .
Apagtado Postal lf-O. Box 30518 c/o American Embassy 8, Ave. Louls
1414 Nairobi Port Moresby Braille
Santo Domirgo ) Tunis !
EASTERN CARRIEBEAN ROREA PARAGUAY "UPPER VOLTA
Including: Antigua : Gwang Wha Moon T/6 American Embassy BP_537-Samandin
Barbados, Grenada, P.0.Box 521 Asuncion Ouagadougou
Montserrat, seoul '
st. Kitts-Nevis, ) . o o
SE.LGC1E,St. . LESOTHO _ _ PHILIPPINES _ WESTERN SAMOA
Vincent, Dominica P.0. Box 554 P.0. Box 7013 P.0. Box 880
"Erin_ cOu;;L Maseru " Manila : Apld
Bishops Court Hill o S '
P.0O: Box 696-=C . LIBERIA RWANDA -
Bridgetown, Barbados Box 707 c/o Amet
Monrovia ) Kigali
ECUADOR MALAWT SENEGAL . ZAIRE
Casilla 635-A Box 208 BP 254 ) “ BP 697
Quito Lilongwe Daka~ Kinshasa
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