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I ntroduction

Fishing and Pond Management in Schools is a theat,y2-credit unit
course available to all students offering Bachetdr Science in
Agricultural Education. It may be taken by studentso wish to know
more about agricultural science methods.

Agricultural education is a formal instruction inet science and art of
agriculture and agricultural practice in organigestitutions of learning.

It is aimed at finding scientific solutions to ptiaal farming problems.

In global definition, education itself is the demament of the whole
man. Agricultural education is an essential aspécur educational set
up because it educates youths of the tremendousrtopgies in agro-

business and exposes them to a vast store of kdgelavailable for

anyone contemplating big time agricultural farming.

Fisheries and aquaculture management essentially d&h the prudent
management of fisheries resources and pond manageimesnsure
sustainable production from the wild and profitablgputs from the
ponds. To many people, fisheries and aquacultureatshing and
culturing of fish respectively. However, these tergo beyond the
ordinary definitions and encompass scientific psses which lead to
formation of suitable production and managementguiares.

What You Will Learn in ThisCourse

This course comprises 4 modules which are subdivid® 16 units.
This course guide tells you briefly what the coussall about and the
course materials you will be using. It also suggesbtme general
guidelines for the amount of time you are likelysfgend on each unit of
the course in order to complete it successfully.

It gives you guidance in respect of your Tutor-MatkAssignment
(TMA) which will be made available in the assignméte. There will
be regular tutorial classes that are related tocthese. It is advisable
for you to attend these tutorial sessions. Thesmwill prepare you for
the challenges you will meet in the field of fisiesr and pond
management in schools.

Course Aims
This course aims to provide an understanding, apgdren and the

status of fisheries and pond management as an rahtggart of
agricultural science in schools.
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Course Objectives

To achieve the aims set out, the course has & skjexrtives. Each unit
has specific objectives which are usually inclu@dhe beginning of
the unit. You should read these objectives befae study the unit.
You may wish to refer to them during your studyttté unit to check on
your progress. You should also look at the unitlgeotives after
completing a unit. By doing so, you would be abdeldcate your
bearing and level of attainment of the objectivethe unit.

Below are the comprehensive objectives of the @as a whole. By
meeting these objectives, you should have achigkiedaims of the
course as a whole. After going through this couyse, should be able
to:

. state the essence of fishing and aquaculture aidrédlevance in
the Nigerian context

. decipher trends in fishing and aquaculture

. define fishing and aquaculture strategies for askth

. state the objectives of fisheries management

. identify the objectives of pond management

. describe the attributes of small scale fisheries

. state the attributes of small scale aquaculture

. state the need for sustainable management oftbsk s

. determine appropriate management options for varipand
problems and activities

. describe the problems of fisheries management godcalture
management

. determine the appropriate management measures

. advocate management approaches for a fishery

. identify the intricacies in the process of reviegvend amending
management plans

. state the fisheries policy in Nigeria

. design pond, channels and drainages

. state the process of fish breeding

. carry out stripping and fertilisation.

Working through the Course

To complete this course, you are required to reath study unit of this
study material and other materials which may beviged by the
National Open University of Nigeria. Each unit cins self-assessment
exercises for this course and at a certain poithencourse; you will be
required to submit assignments for assessment gespd\t the end of
the course, there is a final examination. The @ugisould take you



AGE311 FISHING AND POND MANAGEMENT IN SCHOOLS

about 17 weeks to complete. Below, you will finctéd, all the

components of the course, what you have to do awd you should

allocate your time to each unit in order to complidte course on time
and successfully.

You should avail yourself the opportunity of attengy the tutorial
sessions where you have the opportunity of comgaamowledge with
peers.

The Course Materials

The main components of the course are:

1. The Course Guide

2. Study Units

3. References

4. Assignments

5. Presentation Schedule
Study Units

The course is divided into 4 modules that are mguef 16 units. The
study units in this course are as follows:

Module 1

Unit 1 History, Definition and Purpose of Fishingnda
Aquaculture

Unit 2 Systems, Production and Trends of Fishingd an
Aquaculture

Unit 3 Fishing and Aquaculture in Schools

Unit 4 Objectives of Fishing and Pond Managemer&chools

Module2 Fishing, Pond Management and Administration

Unit 1 Attributes of Small Holder Fishing and Aquétare
Ventures

Unit 2 Fisheries Management

Unit 3 Pond Management and Administration

Unit 4 Prospects and Problems of Fishing and Rdadagement

Module3 Management Plans For Fishing Pond Areas in
Nigerian Schools

Unit 1 Designing a Management Plan
Unit 2 Implementation of Management Plans



AGE311 FISHING AND POND MANAGEMENT IN SCHOOLS

Unit 3 Reviewing and Amending Management Plans
Unit 4 Government Policy in Fishing and Pond Masragnt

Module4  Aquaculture Engineering/Breeding

Unit 1 Construction of Ponds, Channels and Drasag
Unit 2 Pond Preparation

Unit 3 Maintenance of Ponds

Unit 4 Fish Breeding

The first unit focuses on the differences betwesmrig and aquaculture
and gives a brief history of fishing and aguacdtdevelopment. The
second unit deals with identification and differesdetween systems of
aquaculture. It also gives a brief overview of wo@nd Nigerian
aquaculture production. The third unit deals witle types of fishing
and aquaculture methods that schools and teaclarsseggest for
adoption.

In the 2nd module, unit one categorically handles objectives of

fisheries and pond management. Unit two discuslsesattributes of

small scale fisheries and aquaculture and unitpsits forward the

problem of over-fishing so it can be appreciatedval as the purpose
and objectives of fisheries management. Unit theeg@lains the

activities in aquaculture that need proper managénaed how to

determine appropriate management options for varjpand problems
and activities. Unit four describes the probleméigiieries management
and aquaculture or pond management. It furthersgaveivid picture of

the outlook of fisheries and aquaculture.

Unit one of module 3 teaches the need to apprecm@tsultation with
recognised interest groups before determining thgpragoriate
management measures. Units two and three teachtthhagdvocate for
management approaches in a fishery and the praxfessview and
amendment of management plans. Unit four givesm §rasp of the
fisheries policy in Nigeria.

In the last module, unit one introduces aquacultengineering. It
explains the construction of ponds and their l@ratlt also includes the
design of channels and drainages. Unit two expldirspreparation of
ponds for stocking while unit three discusses thantenance of the
ponds. Unit 4 explains the process of breeding @ading of fry to

fingerlings.

Each unit consists of one to two weeks work andluges an
introduction, objectives, reading materials, ex&¥s] conclusion,
summary, TMA, references and further reading. Thi¢ directs you to
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work on exercises related to the required readimgeneral, the self-
assessment exercise questions you on the matenial have just
covered. Together with TMAs these exercises wilphyu in achieving
the stated learning objectives of the individuatsiand of the course.

Presentation Schedule

Your course materials give you important datestlierearly and timely
completion and submission of your TMA’s and attewigdiutorials. You

should remember that you are required to submiy@lir assignments
by the stipulated time and date. You should guagdirest lagging

behind in your work.

Assignment File

In your assignment file, you will find the detad$ the works you must
submit to your tutor for marking. The marks you abtfrom these
assignments will count towards the final mark ybtam for this course.
Further information on assignments will be foundtle Assignment
File itself, and later in this course guide in #eetion on assessment.
There are many assignments for this course, witi esit having at
least one assignment. These assignments are basieednt to assist
you to understand the course.

Assessment

There are three aspects to the assessment ofadiisec First is self-
assessment exercise, second is the tutor-markeghaest and third is
the written examination/end of course examination.

You are advised to be sincere in attending thecgses. In tackling the
assignments, you are expected to apply informatimpwledge and
techniques gathered during the course. The assmgsmeust be
submitted to your tutor/facilitator for formal assenent in accordance
with the deadlines stated in the presentation sdbexhd the assignment
file. The work you submit to your tutor for assessinwill count for
30% of your total course work. At the end of theirse, you will need
to sit for a final or end of course examination aifout three hours
duration. This examination will count for 70% ofurdotal course mark.

Tutor-Marked Assignment (TMA)
The TMA is a continuous assessment component of gourse. It

accounts for 30% of the total score. You are reglio submit at least 4
TMAs before you are allowed to sit for the end oticse examination.
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The TMAs would be given to you by your facilitatand returned after
you have completed them.

Assignment questions for the units in this counse @ntained in the
assignment file. You will be able to complete yassignment from the
information and materials contained in your readyagir study units
and references. However, it is desirable to dematesthat you have
read and researched more into other referenceshwiiit give you a
wider view point and may provide a deeper undedsteyof the subject.

Make sure that each assignment reaches your &arlibn or before the
deadline given in the presentation schedule angrasent file. If for

any reason you cannot complete your work on tinentact your

facilitator before the assignment is due to disabsspossibility of an
extension. Extension will not be granted afterdbe date.

Final Examination and Grading

The end of course examination for Fishing and Pllachagement in
Schools will be about 3 hours and has a value & @0the total course
grade. The examination will consist of questionsciiwill reflect the

type of self-testing, practice exercise and tutarked assignment
problems you have previously encountered. All adafie course will

be assessed.

Utilise the time that you have between finishing thast unit and sitting
for the examination to revise the whole course. Yoght find it useful

to review your self-assessment exercises, TMAscamiments on them
before the examination. The end of course exanwnatcovers

information from all parts of the course.

Course Marking Scheme

Assessment Marks

Assignment 1 -4 Four assignments, best three marks
of the four account at 10% each =
30% of the course marks.
End of Course Examination =70% of overall course marks
Total 100% of course materials.

Vi
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How to Get the Most from This Cour se

1. In distance learning, the study units replaeeuhiversity lecture.
This is one of the great advantages of distanamileg you can
read and work through specially designed study nads$eat your
own pace, and at a time and place that suits yst baink of it
as reading the lecture instead of listening tol#nturer. In the
same way a lecturer might give you some readirdptidhe study
units tell you when to read, and which are yout teaterials or
recommended books. You are provided exercises, aoatd
appropriate points, just as a lecturer might gie& @n in-class
exercise.

2. Each of the study units follows a common fornTdte first item
Is an introduction to the subject matter of thetuand how a
particular unit is integrated with the other uratsd the course as
a whole. Next to this is a set of learning objextiv These
objectives let you know what you should be ablalto by the
time you have completed the unit. These learningatives are
meant to guide your study. The moment a unit ishied, you
must go back and check whether you have achieved th
objectives. If this is made a habit, then you weignificantly
improve your chances of passing the course.

3. The main body of the unit guides you through tkquired
reading from other sources. This will usually bénei from your
references or from a reading section.

4. The following is a practical strategy for worgirthrough the
course. If you encounter any trouble, telephone yator or visit
the study centre nearest to you. Remember thattytan's job is
to help you. When you need assistance, do notatedd call and
ask your tutor to provide it.

5. Read this course guide thoroughly, it is yorstfassignment.

6. Organise a study schedule. Design a ‘course owent guide
you through the course. Note the time you are drpleto spend
on each unit and how the assignments relate to uthies.
Important information, e.g. details of your tutdsisand the date
of the first day of the semester is available & skudy centre.
You need to gather all the information into onecplasuch as
your diary or a wall calendar. Whatever method gboose to
use, you should decide on and write in your owresland
schedule of work for each unit.

vii
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10.

11.

12.

13.

15.

16.

viii

Once you have created your own study schedule.Vi2oything
to stay faithful to it. The major reason why studefail is that
they get behind with their course work. If you geb difficulties
with your schedule, please, let your tutor knowobefit is too
late for help.

Turn to unit 1, and read the introduction areldbjectives for the
unit.

Assemble the study materials. You will need yeierences and
the unit you are studying at any point in time.

As you work through the unit, you will know whsources to
consult for further information.

Visit your study centre whenever you need up date
information.

Well before the relevant due dates (about 4ksvdmefore due
date), visit your study centre for your next regdirassignment.
Keep in mind that you will learn a lot by doing thesignment
carefully. They have been designed to help you mnteet
objectives of the course and therefore, will hefp ypass the
examination. Submit all assignments not later thendue date.

Review the objectives for each study unit tofcon that you

have achieved them. If you feel unsure about anythaf

objectives, review the study materials or consalintutor. When
you are confident that you have achieved a unhjedives, you
can start on the next unit. Proceed unit by umiuggh the course
and try to space your study so that you can keapsgdf on

schedule.

When you have submitted an assignment to yator tfor
marking, do not wait for its return before startmgthe next unit.
Keep to your schedule. When the assignment is metiirpay
particular attention to your tutor's comments, boththe tutor-
marked assignment form and also the written comsnentthe
ordinary assignment.

After completing the last unit, review the csirand prepare
yourself for the final examination. Check that ymave achieved
the unit's objectives (listed at the beginning atle unit) and the
course objectives (listed in the course guide).
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Facilitators/Tutorsand Tutorials

There are 14 hours of tutorial provided in suppadrthis course. You

will be notified of the dates, times and locatidrtleese tutorials as well
as the names and phone number of your facilitai®rsoon as you are
allocated a tutorial group.

Your tutor or facilitator will mark and comment gour assignments.
Keep a close watch on your progress on any ditiesilyou might
encounter and provide assistance to you duringcthese. You mail
your tutor-marked assignment to your tutor beftwe schedule date (at
least two working days are required). They willrbarked by your tutor
and returned to you as soon as possible.

Do not hesitate to contact your facilitator by p#ene, e-mail and
discuss problems if you need assistance. The foipwmight be
circumstances in which you would find help necegs@ontact your
facilitator if:

. you do not understand any part of the study unithe assigned
readings.

. you have difficulty with the self-test or exercises

. you have a question or problem with an assignmentith the

grading of an assignment.

You should try your best to attend the tutorialkisTis the only chance
to have face to face contact with your course itatdr and to ask
guestions which are answered instantly. You caserany problem
encountered in the course of your study. To gairchmibienefit from

course tutorials prepare a question list beforendihg them. You will

learn a lot from participating in active discussion

Summary

Agricultural education is a course that intendptovide you with the
concept and instructional methods. Upon complethig course, you
will be equipped with the basic knowledge of a digh aquaculture,
management options/approaches in fisheries and spombnd

construction and fish breeding technology for ussdhools. Hence you
will be able to prepare management plans for sswdle fisheries as
well as management strategies for aquaculture wentun schools. In
addition, you will be able to answer the followitype of questions:

. What is a fishery and what is aquaculture?
. What are the various fishing gears?
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. What is the present state of fishing and aquaaltuthe world,
Africa and Nigeria?

. What are the trends of fishing?

. What are the management approaches in fisheries?

. What are the management considerations in ponds?

. What are the problems, attributes and prospectésbing and
aquaculture management?

. What are the construction procedures for a pond?

. How can fish be bred?

Of course the list of questions that you can ansseot limited to the
foregoing list.

We wish you success in the course and hope thatwjbufind it
interesting and useful.
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MODULE 1

Unit 1 History, Definition and Purpose of kiisg and Aquaculture
Unit 2 Systems, Production and Trends ofiRgsland Aquaculture
Unit 3 Fishing and Aquaculture in Schools

Unit 4 Objectives of Fishing and Pond Managetin Schools

UNIT 1 HISTORY, DEFINITION AND PURPOSE OF
FISHING AND AQUACULTURE

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1  Brief History of Fishing and Aquaculture
3.2  What is Fishing?
3.3  What is Aquaculture?
3.4  Purpose of Fishing and Aquaculture
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Fish is a valuable source of micronutrients, milsgrassential fatty
acids and proteins in diets of many Nigerians. Vdignopulation of 150
million, Nigeria consumes more than 1.3 millionnes of fish annually.
Per caput consumption in 2000 was estimated aOkd.4n 2003, per
caput consumption of fish in Nigeria rose to 19.0kgthe same year,
world per caput fish food supply was estimated as8Kg (excluding
China).

Fish consumption accounts for about 25 per centcsoof animal
protein in Nigeria. Average per capita fish supplyNigeria is 5 to
10kg. Nigerians consume 2 to 4g of fish protein gagita per day. Fish
provides 180 kilocalories of energy per day in daghough 20 to 30
kilocalories per day is common worldwide.

The challenge is to find suitable and sustainaddérnologies which can
ensure physical and economic access to sufficgafe and nutritious
food at all times: a situation referred to as fgedurity.
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20 OBJECTIVES

At the end of this unit, you should be able to:

. differentiate fishing from aquaculture

. give a brief history of fishing and aquaculture elepment

. define aquaculture and fishing

. determine the essence of fishing and aquacultuik their

relevance in the Nigerian context.
3.0 MAINCONTENT
3.1 Brief History of Fishing and Aquaculture

People have fished for food since ancient timesgrwhieces of bone
were used as hooks and lengths of vine as line. dltlest known
painting of an angler using a rod or staff comesnfiEgypt and is dated
about 2000Bc. Greek philosophers Plato and Aristotle mentioned
angling in their writings, and another Greek writBtutarch, gave tips
about fishing lines. In the 2nd and 3rd centurips Roman rhetorician
Claudius Aelian wrote about Macedonian trout argylesing artificial
flies as lures (Crise 2009). The methods and tacided for fishing
evolved slowly through the centuries, and not uh# late 15th century
did sport fishing as it is now known really begin.

The farming of fish in ponds is an ancient practitevas presumably
developed by early farmers as one of many primapgyction systems
to stabilise food supplies. The earliest known neziees to pond fish
culture are from China, some 4000 years ago, am fvlesopotamia,
about 3,500 years ago. The integration of pond @shure and rice
farming is documented as early as the Mid-Easteain Bynasty(AD
25-220)in China (FAO 2000). Fish farming was practicediniyirthe
times of the Roman Empire in the Mediterranean argiand later
became part of the food production system of GhrisMonasteries in
Central Europe.

3.2 What isFishing?

Fishing is the act of catching fish. It may be &@pmmercial fishing,
recreational fishing, or small subsistence fishifighing to provide the
basic needs of the fishing community). A fisheryais industry that
deals with the harvesting of fish, shellfish, atiden aquatic animals.
Fishing is an important source of food, income sjoénd recreation for
people around the world. This is particularly trmasland nations, such
as Japan and Iceland, where seafood is eaten asjca source of
protein.
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3.3 What isAquaculture?

The FAO defines aquaculture as the farming of aquatganisms,
including fish, molluscs, crustaceans, and aquagilants under
controlled or semi-controlled conditions. Farmingplies some form of
intervention in the rearing process to enhance ymtoh as well as
ownership of the stock being cultivated.

Aquaculture is far more akin to farming and anirhasbandry than to
fishing, as it involves the rearing and managenwnliving aquatic
resources in a restricted environment. Rather figmng or hunting,
which entails the harvesting of fish or animalsifran open or common
access resource, aquaculture involves tenure amership. Tenure of
production facilities, and property rights to thequce, are as important
to the success of aquaculture as land tenureagrtoulture.

3.4 Purpose of Fishing and Aquaculture

Poverty, hunger and malnutrition affect millions péople across the
globe; of these, 25 percent live in sub-SaharanicAfr(Pinstrup-

Anderson, Pandya-Lorch and Rosegrant, 1999). Thbecige is to find

suitable and sustainable technologies with acaessifficient, safe and
nutritious food at all times: a situation refertedas food security.

Aquaculture has been developed to serve a variety of purpdsesy,
its more frequent goals are:

. producing high nutritional value food for human somption

. contributing to rural income and employment throudghming
and related activities

. enhancing capture and sport fisheries

. cultivating ornamental species for aesthetic pugpos

. controlling aquatic weeds or pests hazardous toamsmor crops

. desalination and other forms of soil recuperation

. serves as sources of foreign exchange to the gountr

Fishing and the activities surrounding it - processingckaaging,
distribution and marketing are important from th#age level to the
level of national and international macroeconomics.

Fishing generates significant revenue. In 2000gtbbal fish catch was
worth US$81 billion while aquaculture productiordad another US$57
billion (FAO 2002a); and the international fishdeatotaled over US$55
billion. Income from fishing is particularly impamt to developing
economies, which often depend heavily on revenuesn fnatural

resources such as timber, mining, oil, and fislsh€&iies are a major
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foreign exchange earner for developing countridsclv produce more
than half of all international traded seafood.

Fishing is also a crucial source of livelihoodsdeaveloping nations,
particularly for low-income families in rural areagere job options are
limited. FAO (2008) estimates that some 43.5 millpeople are directly
engaged either full-or part-time, in fishing andiaqulture, and this may
be an underestimation. Over 95 percent of them iiveleveloping

countries, and the majority is comprised of smea#lls fishers. In some
countries, these subsistence fishers contributee mor the national
economy than large-scale commercial operators Isecatitheir larger
numbers.

The contribution of fisheries to the global foogbply is also significant.
In 2000, fish constituted 15.3 percent of the tataimal protein (or 5.7
percent of all dietary protein, including graing)nsumed by people
worldwide. More importantly, about 1 billion people largely in

developing countries - rely on fish as their prignamimal protein
source.

4.0 CONCLUSION

From the forgoing, fishing dates back in time an@ ione of the oldest
professions known to man. There is a record of the Bible. Fishing is
the act of catching fish. It may be large commeiritshing, recreational
fishing, or small scale subsistence fishing. Aqliaice however is an
attempt to make up for depleting wild stocks. F&ntains various
micronutrients such as iron, iodine, zinc, calciumtamin A and

vitamin B. It serves as a rich source of protein people in Low-

Income Food-Deficit Countries (LIFDCs).

5.0 SUMMARY

Fish is a valuable source of micronutrients, milsrassential fatty
acids and proteins in diets of many Nigerians.

Fishing is the act of catching fish. It may be &@pmmercial fishing,
recreational fishing, or small subsistence fishifighing to provide the
basic needs of the fishing community). A fisheryais industry that
deals with the harvesting of fish, shellfish, atiden aquatic animals.

The FAO defines aquaculture as the farming of aquatganisms,
including fish, molluscs, crustaceans, and aqugilants under
controlled or semi-controlled conditions.
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6.0 TUTOR-MARKED ASSIGNMENT

1 Give a brief history of fishing as a profession.
2 What is fishing?

3. What is aquaculture?

4 Why is fishing and aquaculture important?
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1.0 INTRODUCTION

Aquaculture has prospects in alleviating underinoitr and poverty. It
can also serve as a source of foreign exchanges valsb serving as a
viable alternative and remedy to the already dedleapture fisheries.
Aquaculture can be operated on a small scale attsi utilising family
labour or at medium and high cost under intensiperation. This
provides opportunities for both the poor and tluh io improve their
standards of living, and also serves as a sourcesngployment.
Generally, most of the fish farms in the countryldobe classified as
small scale (70%), medium scale (20%) and largke $88%). The last
10 years saw much awareness of the profitabilitfishf farming when
compared with the situation 11 — 30 years ago. An8&©% of the fish
farms started within the last ten years.

20 OBJECTIVES

At the end of this unit, you should be able to:

. identify and differentiate between systems of agliace

. describe various gear used for fishing

. give a brief overview of world and Nigerian aqudorg
production

. explain the trends in fishing and aquaculture.
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3.0 MAINCONTENT

3.1 Systemsof Aquaculture

Omitoyin (2007) classifies aquaculture systems#ews:
a. Based on Rearing Facilities

Earthen Ponds

This is the most popular type of production fagilih Nigeria. Sizes
vary from small usually less than half a hectaréatge ponds that are
greater than one hectare while intermediate siz@s5oto 1 hectare can
also be found. They could be fully excavated, sexsavated or full
embankment ponds. They are constructed using méathu@lr or heavy
equipment like the bulldozer, pay-loader and extmvaThe shape
depends on design, size of land, type of soil apddgraphy. They are
easier to manage, and production is faster sindaralafish food
supplements the artificial diets. Fish are howgwrene to predation.

Concrete Tanks

Cement blocks with the hollows filled with concrete reinforced
concrete slabs can also be used to construct lgofditilities for fish.
These can be rectangular or circular. Depth is éetwl and 1.2m and
size/capacity may vary. This type of rearing faéigils common in urban
areas and semi-urban areas where suitable landsaftten ponds are
not available. Water supply can be static renewakirculatory or a
complete flow through system. The stocking densgyhigh and
management level is high.

Plastic Tanks

These are large plastic vats that are used foingedish. They are
manufactured by plastic companies that manufatchegopular plastic
water holding tanks. These come in various shapethb circular shape
IS most common.

Cages

This entails rearing of fish in cages especiallyopen waters such as
flowing rivers, lakes and reservoirs. Cages areenetosures where fish
are held while immersed in a natural water bodyarkeg of fish in
cages is at the research/experimental stage inrifig€his system is
threatened by water pollution, poaching and clasmterest in use of
open water ways.
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b. Based on Production Technology
Extensive System

Stocking density under this system is low andelitit no artificial diet is
offered the fish. The level of investment is lownbe fish depend on
natural food. Production levels are low and is I#san ltonne/ha
annually.

Semi-Intensive System

Stocking density ranges from 2 to 25 fish per cufbietre of water.
Artificial diets are provided for the fish but niot sufficient quantity to
meet their nutritional needs. Also, pond fertilisatis carried out to
increase primary productivity. Production cost isdarate and yields
can be between 5 tonnes to 10 tonnes per hectavalan

Intensive System

This is characterised by a high stocking densigiween 25 to 450 fish
per cubic metre of water. Fish are fed exclusivety nutritionally
balanced artificial diets. Cost of production iswhigh just as the yield
Is also very high. Water inflow could be a compligbev through system
or even a re-circulatory system. Aeration of regritanks is a
prerequisite.

C. Based on Species Combination
Monoculture

This is the culture of just one species of fishaipond or tank. This
therefore means that if catfish is being cultudy catfish of the same
species are stocked in the pond. The farmer waligfore understand the
fish very well and to make feed that fits the rdnal requirements of
the fish. However, an outbreak of species speaifiection will wipe
out the entire stock.

Polyculture

This system involves culturing two or more speag$sh in a pond or
tank. Example is culture of catfish with tilapia tdapia with heterotis
and catfish or common carp. Natural food is bettdised since these
species feed at different columns of water. Outbaspecies specific
diseases will only affect a single species sincHemint fish are
susceptible to different diseases. This systemereure the control of
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excessive breeding of tilapia through predationchtfish. However, if
stocking combination is faulty yield can be verypae. if more catfish
are stocked than tilapia can afford, predation wilbe out the tilapia
leaving only the catfish.

Integrated Aquaculture

This is the culture of fish alongside other fornfsagriculture. It is a
semi-intensive farming system where resources Higeatly utilised
and re-cycled in order to achieve higher productioan in a single
production system. It results in optimal utilisatiof resources with
higher return on investment. Cost of productioreduced since wastes
from livestock or farm produce are re-cycled todféish and water and
silt from the ponds can serve the crops. Therevarous types of
integrated aquaculture systems and they range ¥esgnsimple systems
such as fish with one kind of domestic animal @pcto complex ones
like fish with animals and crops. The most commoasare:

. Fish cum poultry

. Fish cum piggery

. Fish cum livestock

. Fish cum duck

. Fish, rabbit and grass cutter

. Fish and vegetables

. Fish and plantain or banana or pineapple
. Fish cum rice culture

d. Based on L ocation

Land-Based Systems comprise mainly ponds, rice fields, and other
facilities built on dry land. Ponds are the mostmomon of all
aquaculture systems, and range from small, rudiangnigravity-fed
facilities to large geometric ones, constructedigsnachines and with
sophisticated water management regimes. Carps #aquias, both
widely cultivated fish species, are commonly grown freshwater
ponds, whereas shrimp and finfish tolerant to msakne waters are
cultivated in brackish water ponds.

Water-Based Systems include enclosures, pens, cages and rafts, and are
usually situated in sheltered coastal or inlandevgatEnclosures are
formed by closing off a natural bay, where the shne forms all but

one side, and access to open water is closed ddf $ntid, net or mesh
barrier. Pens and cages are enclosed structurele fran poles, mesh
and netting. Pens rest on the bottom of a watey,botlereas cages are
suspended from poles or rafts which float on théewsurface. Similar,

for example, to livestock production systems tlaaige from extensive
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ranching to intensive feedlot systems, aquaculalse is practiced at
different intensities.

3.2 Fishing Gear

Commercial fishing gears are classified into twoimrmeategories—
active gears and passive gedkstive gears are gears that are moved
about during operation. They do not assume a fp@sition. Passive
gears are gears which are not moved about during omeraflhey
assume fixed position and fish move into them vtatty. Below are
some of the most common fishing gears used on anesaial scale:

Active Gears
Trawls

A trawl is a bag-like net with a large mouth, tapgrto a narrow end.
The mouth is held open by a solid beam or steetsdddottom trawls
are towed by a trawler along the sea bottom tohcdamersal species
such as flounder, sole, cod, rockfish, and shrikgthey make contact
with the sea floor, bottom trawls can seriouslytutis the habitat,
damaging or removing vegetation and organisms sisckea sponges,
worms, and other bottom-dwelling species. Midwatewls target
species such as pollock, herring, hake, and malcktetlive higher in
the water column. Surface trawling targets spedike clupeids,
sardinella, tuna, etc.

Dredges

Dredges are specifically designed to harvest botamlling species

such as scallops, clams, oysters, and sea urcking a metal frame
lined with a metal net. Because the dredge occakjodigs into the

sediments as it is dragged along, it can disturth @amage the sea
bottom ecosystem, in the same way as the bottomtstra

Surrounding/Encircling Nets (Clap Net or Purse Seine)

Surrounding or encircling nets are large nettingllsvaused for
surrounding fish both from the sides and from undath.Purse seines
are a widely used type of surrounding net requiong or two boats to
deploy; one of the boats or a buoy remains statjomdnile the other
encircles a school of fish. Purse seines are ugethrget schooling
pelagic fish such as anchovies, sardines, mackeggling, salmon, and
tuna.

10
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Cast Nets

Usually circular in design, they are thrown, wittmsiderable skill, over
a fish school in very shallow water. The fish aapped on the bottom
and can be retained in the net as it is taken ftbenwater by the
fisherman.

Beach Seine

This consists essentially of a bag (a sort of laxgé-end) with a long
rectangular and relatively narrow panel of nettlkgown as a wing)

attached to the bag on either side of the "mouthth corkline and

leadline to keep it vertical in the water; for fisd, it is usually staked at
one end (of a wing) to the beach, then, from a,lsettaround a school
of fish. The other wing is then hauled onto thedbedeadline first, and
the captured fish school removed from the bag.

Poleand Line

A pole and line is the most simple and least expensay of fishing.

The pole can be made of cane, bamboo or a stipigte of tree branch.
You do not use a reel with a pole. You tie lineadily to the end of the
pole, and the line is normally a little longer thifne pole. Safety pins
have been known to be substitutes for hooks. Wiennfy from the

bank in an area that is near fishable cover, tlgdearuses the rod to
swing the baited hook near the cover/structuremeéaboating anglers
utilize cane poles when they anchor over a fishspgt that usually
contains cover/structure.

Passive Gears
Gillnets

Gillnets consist of large panels of nearly transparmonofilament
netting that hang vertically from floats like a @in in the water.
Because they can't see the netting, fish swim infoentangling
themselves. Bottom gillnets target demersal fikb tod, flounder, and
pollock, while midwater gillnets target pelagic Hidike mackerel,
herring, swordfish, salmon, and sharks. Gillnetsqfiently entangle
many non-target animals such as marine mammalseadulrds.

Driftnets consist of many panels of gillnets strung togetteermake

extensive walls of netting. Because of the hightality rate of non-

target animals in driftnets, the use of large-schilfnets (in excess of
2.5 km) in the high seas was banned by a Uniteih&tresolution in
1992.

11
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Longlines

Longlines use a stationary mainline to which atacited as many as
12,000 hooks on shorter branching lines. Longlingkich may be
several kilometers in length, may be left in pl&oen hours to days, and
can be deployed on the sea bottom to catch denfesisadr in midwater
to catch large pelagic species such as swordfidhara.

Trapsand Pots

Traps and pots that rest on the sea bottom aretosesich crustaceans
such as lobsters, crabs, prawns, and whelks, dsag/ebme fish species
such as the Pacific cod and black sea bass, amdsewee tunas in the
Mediterranean.

Hook and Line

Individual lines with baited hooks are still useddommercial fishing
for a variety of pelagic and demersal fish, esglcia small-scale and
sport-fishing operations.

3.3 World/Nigerian Aquaculture Production

The FAO (2009) maintained that the contribution amfuaculture to
global supplies of fish, crustaceans, mollusks ather aquatic animals
continues to grow, increasing from 3.9 percentatéltproduction by
weight in 1970 to 32.4 percent in 2004 and 36 perda 2006.
Aquaculture continues to grow more rapidly thano#iier animal food-
producing sectors. Worldwide, the sector has gratnan average rate of
8.8 percent per year since 1970, compared with arypercent for
capture fisheries and 2.8 percent for terrestaainkd meat production
systems over the same period. Production from adfuse has greatly
outpaced population growth, with per capita supippbm aquaculture
increasing from 0.7 kg in 1970 to 7.1 kg in 200dpresenting an
average annual growth rate of 7.1 percent.

Aquaculture Production in Nigeria

According to Ojo and Fagbenro, (2004), domestib iemand in 1998
was 1.52 million tonnes while domestic productioasw92,800 tonnes
(sufficiency ratio of 19.26%). The gap between picicbn and demand
Is being offset by both aquaculture and importatbiirozen fish. This
makes Nigeria the highest importer of fish and drghproducts in
Africa. Fish, which contributes 36.6gm per day ef protein utilisation
in Nigerian homes, is still below the recommended5@/kg body
weight requirement by the World Health Organisati®HO). The

12
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short fall is not because of the non availabilityle resource but due to
none maximisation and sustainable utilisation otilable aquatic

resources. Nigeria has over 12.5 million-hectarésintand water

capable of producing over 350,000 tonnes of fratually.

As at 2007, local production was about 617,507 ésnand production
from aquaculture accounted for about 85,087 tonaesl total

production was 1,357,173 tonnes (FDF 2007). Heass than 50% of
Nigeria’s total annual fish consumption is produckedally. It is

therefore necessary for us to exploit maximally amda sustainable
manner our fishery resources and concentrate marexquaculture
development which has potential to increase fistdpction both for
domestic consumption and for export.

34 Trendsin Fishing

Prior to the 1950s, only a handful of countries ladustrial fishing
fleets. They operated mostly in the North Atlarsid the North Pacific,
and only a few harvested more than 1 million metvics (MT) of fish
per year. Today, more than 20 countries regulaidgipce 1 million MT
or more per year, either through wild harvest shfor aquaculture.
While in 1960 only three developing nations — PeZhjna and India
— made the list of top ten fish producing countrigsveloping nations
now account for half of the top producers. Thisaisneasure of the
profound shift in fish production that occurredabgh the 1970s and
1980s: developing nations now produce more thaperfent of the fish
consumed by humans (Delgagioal. 2003).

According to the FAO (2009), global capture productin 2006 was

about 92 million tonnes. This represents a decrebe2 million tonnes

in comparison with 2005. The change in total wardgbture production
was mostly caused by environmentally-driven flutitues in anchoveta
catches. While total inland water catches increasguificantly in 2005

and 2006, total global marine capture productiowl(eling anchoveta
catches) has remained fairly stable since 2002w@tden 74.3 and 75.3
million tonnes. However, important groups of spsgieountries and
fishing areas do show different trends.

Trendsin Aquaculture

Over the past three decades, aquaculture has bebenf@stest growing
food production sector in the world; it has incexhat an average rate of
9.2 percent per year since 1970 — an outstandirggc@mpared to the
1.4 percent rate for capture fisheries or the 28¢nt rate for land-
based farmed meat products (FAO 2002). Aquacutiaseachieved this
rapid growth by expanding, diversifying, and intéyiag production, as

13
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well as by introducing technological improvemenmtsts operations. In
comparison, capture fisheries production has beggnant with
increasingly larger quantities of fish being caughtproduce fishmeal
and fish oil — about 31 million metric tons in 2Q0dr one third of
capture fish production (Vannuccini 2003).

A total of 262 fish, crustacean, and mollusc specepresenting the
most important animals used in aquaculture worléwade listed in a

recent survey. Although not all aquatic organisme auitable for

culture, the variety of cultured species is shltreasing. To those most
in need, access to fish and fishery products isedesing as diminishing
supplies elevate market prices above their puroggsower.

With the aim of improving rural and semi-urban liieods in
developing countries, development organisationsehéscused on
aquaculture with one, or a combination of the fwlltg objectives:

. to increase household food supply and improve tintri

. to increase household resilience through diveeion of income
and food sources

. to strengthen marginal economies by increasing eynpent and
reducing food prices

. to improve water resource and nutrient managememusehold
or community levels

. to preserve aquatic biodiversity through re-stogkin

. to reduce pressure on fishery resources.

40 CONCLUSION

Aquaculture can be classified using various schereshing can be
carried out either on a small scale or large sdalehe same manner,
Fish farming can either be extensive, semi-intensiv intensive in
nature.

The contribution of aquaculture to global suppldish, crustaceans,
mollusks and other aquatic animals continues tavgro

Nigeria is leading in aquaculture production in gd-Saharan African

region, with reported production of 44,000 tonnesian of catfish,
tilapia and other freshwater fishes.

50 SUMMARY
Over the past three decades, aquaculture has bebenfestest growing

food production sector in the world; it has incehat an average rate of
9.2 percent per year since 1970. Aquaculture systare classified

14
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based on: rearing facilities, production technologpecies combination
and location.

Commercial fishing gears are classified into twoimrmeategories—
active gears and passive gedstive gears involve a vessel or a group
of people towing a net or dredge in pursuit of onenore fish species.

Passive gear s consist of nets or traps set in one location dtinlg with
the current, with the target species entanglingndedves in the net or
swimming into the trap.

The majority—about two thirds—of the world’s fislogluction comes
from marine capture fisheries or wild harvest.

A total of 262 fish, crustacean, and mollusc specee the most
important animals used in aquaculture.

6.0 TUTOR-MARKED ASSIGNMENT

Give a full classification of aquaculture.

Write a brief account of world/Nigerian aquacultpreduction.
What is the trend in world fishing and aquaculture?
Classify gears used in fishing.

PONPE

7.0 REFERENCESFURTHER READING

Delgado, C.:et al. (2003). Outlook for Fish to 2020: Meeting Global
Demand. Washington, DC, USA: International Food Policy
Research Institute.

FAO (2000).Small Ponds Make a Big Difference: Integrating Fsgith
Crop and Livestock FarmingRome: FAO.

FAO (2002). The State of World Fisheries and Aquaculture 2002
Rome: FAO Fisheries Department.

FDF (2007).Fisheries Statistics of Nigerial-ourth Edition Federal
Department of Fisheries.

FAO (2009). The State of World Fisheries and Aquaculture, 2008
Rome: FAO.

Kura, Y.; Revenga, C.; Hoshino, E. & Mock, G. (2DOBishing for

Answers Making Sense of the Global Fish Cri¥ifashington
DC: World Resources Institute.

15



AGE311 FISHING AND POND MANAGEMENT IN SCHOOLS

Morgan, L.E. & Chuenpagdee, R. (2003hifting Gears: Addressing
the Collateral Impacts of Fishing Methods in U.Satvs.
Washington DC: Island Press.

Ojo, S.0. & Fagbenro, O.A. (2004). “Empirical Ansiy of Factors
Influencing Demand for Frozen Fish in Nigeria.”Pnoceedings
of the Twelfth Biennial Conference of the Interoadl Institute
of Fisheries Economics and Tradéduly 21-30, 2004, Tokyo,
Japan

Omitoyin, B.O. (2007).Introduction to Fish Farming in Nigeria
Ibadan: University of Ibadan Press.

Vannuccini, S. (2003). “Tilapia 2001”. Power polresentation. Rome:
FAO.
http://www.globefish.org/presentations/vantilapiaéx.htm

16



AGE311 FISHING AND POND MANAGEMENT IN SCHOOLS

UNIT 3 FISHING AND AQUACULTURE IN SCHOOLS
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Types of Fishing
3.2  Sport Fishing and Aquaculture in Schools
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Fishing for sport, recreation, and relaxation iflechsport-fishing, or

angling. Angling is one of the most popular fornfsrecreation in the
world. People fish from shore and from boats, flonast every type of
game fish(a fish that is prized for the sport involved iricdang it). The

basic tools for sport fishing are rod, a reel, ifighline, and hooks and
lures. Fishing tools are inexpensive and findinglace to fish is easy,
therefore, almost anyone can fish. The sport pes/ia source of fresh
food, and anglers also enjoy the time spent outdoor

2.0 OBJECTIVES
At the end of this unit, you should be able to:

. state the different methods of sport fishing magitable for
schools
. state the methods of aquaculture that can be peakin schools.

3.0 MAIN CONTENT
3.1 Typesof Fishing

Sportfishing may be done in fresh water or salt ewatFreshwater
fishing takes place in lakes, ponds, rivers, amdasts. Game fish in
these waters include synodontis (kurungu), clafeetfish), tilapia,

Lates niloticus(Giwan ruwa),Gymnarchus niloticugOsan) and many
other species. They range in size, from fish adlsaed®.25kg to as large
as 45kg. Saltwater fishing occurs in oceans, asisiaand tidal rivers.
Game fish found in these waters tend to be lardgan taverage
freshwater fish. An example is tuna.

17
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All anglers use the same basic angling technighas,there are many
types of fishing. The most common are bait fishisgin fishing,
trolling, fly-fishing, and ice fishing.

a. Bait Fishing (Hook and Line)

When bait fishing, the angler hooks live or dead bad then casts,
letting the bait sink. Depending on the game fisé &angler intends to
catch, he or she then might let the bait sit ortdmot hoping that the
bait's odor attracts fish; jig the bait up and dosm that the action
attracts fish; or reel the bait in, attempting tatiee fish swimming
between the bottom and the surface. Popular baftesh water include
worms, crayfish, insect larvae, fish eggs and frogs

b. Spin Fishing

This involves the use of artificial lures, whichrsps the angler reels in
the line. Spin-fishing anglers pay close attentiorthe retrieval speed
and the depth of the lure, trying to imitate a gdml’s prey. If a fish
strikes the moving lure, it will usually hook itéeMWhen the fish is
hooked, bait-casters and spin-casters reel it éhland it with a net or
gaff (a sharp, hook-like pole). Lighter fishing rode arsed for smaller
fish, and heavier rods for bigger fish. It is calesed unsporting to use
large rods for small fish because a heavier ragb tthem quickly and
denies them a chance to fight and escape.

C. Trolling

Anglers troll by motoring or paddling a boat andglying the bait or
lure about 30 m (about 100 ft) behind the sternth@&t correct speed,
trolling produces a motion in the bait that mimesve, unhooked fish.
The most common use of trolling is in saltwater-gagne fishing. Once
a fish hits a lure and is hooked, the boat is stdpmnd the fish is reeled
in. Trollers often use electronic depth finderssonar to locate schools
of game fish.

d. Fly Fishing

Perhaps the most difficult angling method is flgking. The fly angler
uses a rod much longer and lighter than those tmebdait and spin
fishing. Fly-fishing rods can be 3 m (10 ft) long freshwater fishing
and 4 m (14 ft) long for saltwater fishing. To casffly, the angler
whisks the fly rod forward and back using only theearm. Generally,
the rod is moved from the 10 o’clock position te th o’clock position
without letting the line touch the water or groubdiring this movement
the angler pays out line. The movement continuas arconsiderable
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amount of line is airborne. The angler then casésline to a specific
spot with a sharp but smooth snap of the wrist.

Sport fishing as described above is suitable faypéidn in Nigerian
schools to enable students grasp the art of fisl@eaga means of
recreation and at the same time giving them theoxippity to increase
their animal protein intake.

3.2 Aquaculturein Schools

Aquaculture can be practiced on a small scale usomge methods to
rear fish that are common in Nigerian aquaculture.

At the school level, two kinds of aquaculture azeammendedSmall
and medium scale, semi-intensive aquaculture systems, which could
be in earthen ponds, concrete tanks or plasticstank

Semi-intensive culture systems depend largely ¢arabfood produced
in-situ. However, the production of natural food is enhandad
application of organic or inorganic manure or camaltion of both. At
this level, the practices are known as low-costisetansive system.
Further intensification in these systems are athihy increasing the
stocking density and application of commerciallyaidable or farm
made feed or locally available agricultural byproidulike bran of rice,
wheat, maize etc., and various types of vegetabl®iled cakes as
supplementary feed.

Semi-intensive fish farming requires a moderatell®@f inputs and fish
production is increased by the use of fertilised/an supplementary
feeding. This means higher labour and feed costshigher fish yields
usually more than compensate for this.

Before embarking upon any aquaculture project,sitessential to
construct a comprehensive plan and to carefullysiciem all aspects of
site location, farm layout and pond design. Thecige set-up and
management of any aquaculture operation will beiipao the site and
to the resources, vision and needs of school.

Some considerations for an earthen pond facility demi-intensive
aquaculture in schools include:

Blocking

When building a pond complex there are definiteaaizges to building
ponds in blocks.
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. Construction costs will be significantly reducedgmynds sharing
common walls.

. Land will be more efficiently utilised.

. The costs of associated infrastructure such asgiieration and
netting will be reduced.

. Ponds that are close together can be managed rffariergly

and effectively.
Sump

It is essential that the bottoms of all ponds sltyeards a well-defined
low point, or sump, so that when ponds are draicragfish and fish
will follow the receding water and gather in themgu Periodic draining
of ponds is essential for both stock management @ortli hygiene
purposes.

Pond Dimensions

There is no magic formula for determining the optimdimensions of a
pond. The pond must be of a size that is apprapf@at specific site,
management practices and labour requirements. |Smetangular
grow-out ponds with approximate dimension of 20 Gmbare ideal
though size of school land can limit the dimensibthe pond. Depth is
very much dependent upon water availability witmg® usually being
from 0.75 to 1m deep.

Pond Profile

In addition to having a sump it is also advantagefon a pond to have
definite shallow and deep ends and a distinct “Naged cross profile.
Organic wastes and sludge will gravitate down tladisnof the pond so
as to accumulate in the central channel. Thisltseguthe majority of

the pond bottom remaining

Drainage and Overflow Systems

For security and convenience school ponds shouldapable of rapid
(over-night) drainage and should incorporate anrfoxg system. In
order to reduce construction costs it is wise ibsata portable pump
rather than placing drainage pipes through the peads. With an
appropriate pump and correct fittings, pond drajrand filling can be a
trouble free and inexpensive process. In order dtercfor extreme
rainfall events, all ponds should incorporate eedsion channel. When
ponds are drained there are usually large numifecsagfish and fish
that must be harvested. Manually scooping the Isafvem the sump is
very labour intensive and can stress the fishis itecommended that
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facility for a more efficient harvest process bearporated into the
pond design. Another drainage option is to lay piggough the pond
wall so that gravity can be utilised for passivagaraining.

40 CONCLUSION

Schools natural or artificial water bodies are emaged to teach
students the art of sport fishing. In addition adwp of either small or
medium scale semi-intensive aquaculture will asssidents in
generating interest in aquaculture.

5.0 SUMMARY

Sport fishing may be done in fresh water or saltewaFreshwater
fishing takes place in lakes, ponds, rivers, andeashs.
Fishers use the same basic angling techniqueshérd are many types
of fishing: hook and line fishing, spin fishingpliing and fly fishing.

Semi-intensive fish farming requires a moderatell®@f inputs and fish
production is increased by the use of fertilised/an supplementary
feeding. This can be introduced in schools at thallsor medium scale.
The precise set-up and management of any aquaswiparation will be
specific to the site and to the resources, visiohraeeds of school.

6.0 TUTOR-MARKED ASSIGNMENT

1. What is sport fishing?
2. List three types of sport fishing that can becgiced in schools.
3. Describe the systems of aquaculture suitabledbools.
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1.0 INTRODUCTION

Will society be capable of better managing its waésources to ensure
a high quality of life for future generations? Tdr@swer to this question
will depend in large part on the strength of thecadional system for
aquaculture and fisheries science. Knowledge isstesired to the

practitioners of the future primarily at collegaslauniversities, and it is
there that much of the new knowledge needed toesphloblems of

inland aquatic ecosystems are developed.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

. state the objectives of fisheries management
. identify the objectives of pond management.

3.0 MAINCONTENT
3.1 Definition/Objectives of Fisheries M anagement

Fisheries management involves regulating when, eyheow, and how
much fishermen are allowed to harvest to ensutethieae will be fish in
the future (NOAA, Undated).

Technically, fisheries management is the integragmwcess of
information gathering, analysis, planning, congidtg decision-
making, allocation of resources and formulation amglementation,
with enforcement as necessary, of regulations t@srwhich govern
fisheries activities in order to ensure the cordgshyroductivity of the
resources and accomplishment of other fisheriesctibgs (FAO 1997).
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Fisheries management draws on fisheries scienoeder to find ways
to protect fishery resources so sustainable exstioit is possible.
Modern fisheries management is often referred t@ agvernmental
system of appropriate management rules based anedebbjectives
and a mix of management means to implement the,rulbich are put
in place by a system of monitoring control and sulance.

Fisheries management options generally fall integlbroad categories:

. those that manage fishing effort by limiting themher of fishers
or the gear they can use (so-called “input controthose that
manage the level or size of the permissible casdicélled
“output controls”); and technical measures, such the
designation of limited fishing seasons, restriczedes, or limits
on fish size. All these measures restudten where andhow
fishing takes place or how many fish can be haedest order to
protect fish stocks and maximise economic outpom&of these
approaches also restrict who can participate isheefy.

The aim is to manage the stocks at a level whicintaias both the
catches and a profitable catch rate, based onitihegical potential of
the resources concerned. Hence fisheries managamenat:

. Protection of Target Fish Stock Fishing operations must be
conducted in a manner that does not lead to oshirfg, or in a
manner that demonstrably leads to the recovery ayfleted
populations

. Protection of Surrounding Habitat and Ecosystems Fishing
operations must maintain the productivity, funcimy diversity,
and community structure of the ecosystem on whinghfishery
depends

. Presence of Institutional and Operational Framework to
Implement the Principles The fishery must be subject to an
effective management system that incorporatesturistnal and
operational frameworks that require use of the ues® to be
responsible and sustainable.

Typical political objectives in fisheries managernare to:

. maximise sustainable biomass yield

. maximise sustainable economic yield

. secure and increase employment in certain regions
. secure protein production and food supply

. increase income from export

. biological and economic yield
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3.2 Objectives of Pond M anagement

Ponds are the oldest, most natural, and usuallyntbst economical,
production system for most aquaculture speciespAltuction systems
must be able to provide oxygen for the fish and aeentoxic waste
products produced by the fish. A pond’s ability docomplish these
actions is based on naturally occurring processddlee fact that a pond
Is a small semi-closed ecosystem.

Management of ponds requires constant monitoring\apiatic weeds
which often cause serious problems in ponds inolyidierving as sites
for predators and parasites of fish. In additiohew vegetation is dense,
tilapia can become overcrowded and stunted bedheseeeds prevent
catfishes from adequately reducing their numberdrenely dense
growths of filamentous algae and submerged weegsatsa cause fish
kills as a result of nighttime oxygen depletionisitgenerally better to
keep your pond clear of aquatic weeds. Weeds tiwhtto the bottom or
begin forming on the bottom are usually a problamyon ponds that
are shallow or have shallow areas (water less2danches deep). Once
established, many weeds have the ability to spteadeeper water.
Problems with planktonic algae and floating weesdssh as duckweed,
usually develop in very fertile ponds. Ponds theteive runoff from
livestock operations or other nutrient-rich aregs@ime candidates for
duckweed and algal problems. Deepening all areathefpond to a
minimum of 24 inches will reduce weed infestatiokest pond owners
use this method as a last resort, but for shallomdp it is often the only
lasting solution.

Turbidity management in a pond is also essentialidsdity from mud
can cause injury to the gills of fish. The firsgstin clearing a muddy
pond is to eliminate the source of the turbidityon@non causes of
muddy water are runoff from non-vegetated acreagthe watershed,
livestock wading in the pond, or some undesiralgle $pecies (such as
gymnarchus) stirring up the bottom of the pond.eAthe source of the
turbidity has been eliminated, the water will uspalear naturally, but
this may take from several weeks to several mortpending on the
soil type in the watershed.

Typical objectives of pond management include:

. maximising production using the available resources

. removal of waste and silt from the pond bottom doilitate re-
stocking

. prevention and treatment of parasite infectionseaes and
removing predators

. removal of invasive aquatic macrophytes
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. stocking to ensure that every niche in the pondiised

. using the least cost combination of feed to achiéwgh
productivity

. controlling turbidity

. tracing the causes of fish kills

40 CONCLUSION

The overall objective of fisheries management is tational use of
available natural production to the advantage efphesent generation
while also ensuring sustainability for future gextems. This is
achieved through the balance between stock and ntlagimum
sustainable yield of the water body while pond ngamaent ensures
maximum productivity for the farmer and this is @&sted through the
combination of efforts to make the pond habitabletiie fish as well as
disease prevention and use of artificial feedswhihguarantee growth.

5.0 SUMMARY

Fisheries management options generally fall intedgtbroad categories:
those that manage fishing effort — input contrdtgise that manage the
level or size of the permissible catch — outputtics; and technical
measures. The aim is to manage the stocks at hudweh maintains
both the catches and a profitable catch rate, basethe biological
potential of the resources concerned.

Pond management aims to maximise production witlailave

resources through removal of silt and waste from plond for re-
stocking, removal of aquatic weeds, control of iditp and fish

diseases as well as feeding at the lowest possdsts for fish stocked
to maximise the niches in the pond.

6.0 TUTOR-MARKED ASSIGNMENT

1. State three broad categories of fisheries managemen

2. Distinguish between the political aims and the técdl aims of
fisheries management.

3. What do you think can cause problems in a fish fond

4. List the objectives of pond management.
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1.0 INTRODUCTION

Small-Scale Fishery

The term “small-scale” applies to a broad rangeswofaller fishing
vessels with less sophisticated fishing technoléggmall-scale fishery
Is characterised by small-capacity fishing crafthwnon-mechanised
propulsion or low-horsepower engines and the alesefdish-finding
and navigation devices. Small-scale fishers oftem twaditional fishing
gear, operated by hand (rather than diesel wiratg,tend to fish closer
to the shore.

The International Labour Organisation defines sisedile fishers as
“people of both genders who usually operate them @ishing craft and
equipment, and go to sea themselves, either alonétlo a few crew
members (preferably their own relatives)” (Ben-Yan#000).
Nonetheless, in many places, small-scale fisheaies populated by
small boat owners employing hired hands as crewther cases, small-
scale fishers may rent boats and gear from locatl b@ners.
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Related to this is subsistence fishery. A subst&tdishery is one where
the fish caught are shared and consumed directihéyamilies of the
fishers rather than being bought by middlemen ahd &t market. Very
few fisheries are truly “subsistence fisheries” daese the products are
often used for barter. Subsistence fishing is Ugualvery small-scale
activity, undertaken with low-technology - and ofteaditional - boats
and gear (FAO Fisheries Glossary 2003).

Rural Aquaculture usually targets species for local or domestic
consumption, such as tilapias and cyprinids, whexduire low capital
investment and often provide affordable fish focdb markets. This
aquaculture system is often integrated with cropsl divestock
production; typically use rice fields, ponds, amnages; and involve
polyculture (i.e., the practice of raising morerhane species in the
same pond).

2.0 OBJECTIVES
At the end of this unit, you should be able to:

. describe the attributes of small scale fisheries
. state the attributes of small scale aquaculture.

3.0 MAINCONTENT

3.1 Attributesof Small Scale Fishing

In fishing, people compete for limited resourcesd ah would be

expected that they will naturally try to obtain thest from their

operations, not only in terms of catch and land&de; but also in terms
of their reputation and position in the community.

Small-scale fishing is much more significant - asarce of livelihoods,
food security, and national income - than most peopalise. Like
small-scale agriculture, small-scale fishing is @gdread and crucial to
employment and food supply in innumerable commesiin developing
nations, where some 95 percent of all fishers Ipdyrttrade (FAO 2002).

Because of the sheer numbers of small-scale arsdwaat fishers, their
vulnerability to competition from industrial flegtand their potential
Impacts on marine and freshwater ecosystems, assential to factor
this sector into fisheries management policies.odnhately, just the
opposite has happened. For decades, policy-makdrsansumers have
ignored the importance of small-scale fishing. 8inkarge-scale
industrial fishers generally produce the fish coned in developed
countries and marketed through the internationadley most of the
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attention of fisheries managers has focused squarelthem. Only
recently is the need for appropriate managemenpesteéction of small-
scale fisheries slowly gaining recognition (Berlasal 2001; FAO
2000; FAO 2002).

Dearth of information is one of several factorstthave contributed to
the lack of attention to small-scale fishing. Datathis sector are very
poor, with the number of small-scale fishers - asgecially subsistence
level freshwater fishers - grossly underestimateg bational
governments. An accurate picture of small- scahirfig at the global
level is also hard to assemble, because the defisibf small-scale and
artisanal fishing vary by country. Indeed, the ftstught by small-scale
fishers frequently go unreported in official goverent statistics and the
impact of these fishers on fish stocks and ecosystes rarely
monitored. This means that the economic importaotcdhe sector
remains hidden from official view, and the impliceis for national
fisheries policy remain unclear.

In addition, small scale fishers tend to inhabie gholitical margins.
Fishing communities are often remotely located, tretefore isolated
from decision-making centers, increasing the Ih®@tid that their
interests will be marginalised (Berkes al 2001). As a consequence,
the aquatic environments and resources upon whdil-scale fishers
depend frequently suffer from poor management, @ditign from
industrial fishing, and degradation from land-basetivities, such as
deforestation, pollution, and coastal development.

Small-scale fishing is a labour intensive activatyd it is estimated that
each fisher's job creates at least two other jabspiocessing and
distribution.

In terms of employment, small scale fishing is gger factor in many
national economies than large-scale industrialiriggh even though

industrial fishers are usually responsible for rgda share of the catch.
Although industrial fleets are more efficient attatang fish, and

therefore more profitable, they generate much Esployment than

small-scale fishing.

3.2 Attributesof Small Scale Aquaculture

Fish farming can be combined with agriculture, alimusbandry and
irrigation practices, which can lead to betterisailion of local resources
and ultimately to higher production and net profithis practice is
called ‘integrated fish farming’ and it is a commésature of small
holder farms.

29



AGE311 FISHING AND POND MANAGEMENT IN SCHOOLS

Small-scale, extensive and semi-intensive aquaeulttas become
widely recognised as a significant contributionldoal economies and
diets, as well as being associated with a loweredegf environmental
impacts, although the cumulative impact of a langenber of small
farms can be just as damaging as a large-scalatoper

The trend in most countries is to intensify aquagel operations toward
more input-dependent practices. Aquaculture pradutive certain
advantages over wild-caught fish, such as a mayeladty of supply,
job security, and income generation.

. Regular supply and lower prices. Controlled production makes it
possible to meet market demand regardless of ndluctuation
in wild stocks and seasonal changes. Technical rmdvaents -
including genetic improvements - allow for industroperations
where mass production can reduce costs and hemas libe
price for the consumer.

. I ncome generation. Aquaculture is an income-generating activity
and can provide considerable foreign exchange rteveior
developing countries.

. Food Security. Aquaculture’s contribution to food security and
livelihoods is of enormous significance, especiallyemote and
resource-poor areas. Small-scale, low input aquaeulthat is
done in combination with rice -cultivation can “iease
household resilience through diversification ofame and food
sources” (FAO 2000). Extensive aquaculture of cafq,
example, increases the amount of dietary protahithavailable
to the rural poor—needed protein that otherwise sehe
communities cannot afford.

. Multiple Use of Ponds. The water in aquaculture ponds need not
only serve to culture fish. In parts of South Adiahponds are
used for bathing and irrigating homestead fruit aedetables,
others for disposing of domestic wastewater. Asoarce of
irrigation water, pond water is usually richer iotments than
well water and also contains nitrogen-fixing blueen algae
which can improve soil fertility. After the fish haest, nutrient-
rich pond mud can be used as fertilizer or the prardbe used to
grow forage and other crop$n areas where seasonal water
shortages occur, a pond can be vital for ensuraag-yound crop
production, livestock watering, domestic water diggpand fire
protection.

30



AGE311 FISHING AND POND MANAGEMENT IN SCHOOLS

40 CONCLUSION

The fisheries sector, including aquaculture, isirmportant source of
employment and income. However, employment in fighand fish
farming cannot be taken as the sole indicationhef importance of
fisheries to a national economy. The fishing industlso generates
considerable employment in shipbuilding, shipyanderations; and
fishing gear industry. In aquaculture, feed proaut processing,
packaging and transport are major sources of empay.

50 SUMMARY

Like small-scale agriculture, small-scale fishing widespread and
crucial to employment and food supply in many comites in
developing nations, where some 95 percent of giiefis ply their trade.
Small-scale, extensive and semi-intensive aquaeulfutas become
widely recognised as a significant contributionldoal economies and
diets, as well as being associated with a loweradegf environmental
impacts.

6.0 TUTOR-MARKED ASSIGNMENT

1. Differentiate between small scale fisheries and lisreaale
aquaculture.

2. What are the attributes of small holder aguacuhure

3. What are the attributes of small scale fishing?
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1.0 INTRODUCTION

There are no clear and generally accepted defsitiof fisheries
management. A working definition, for the purpo$ehis course, may
be taken as:

. The integrated process of information gatheringalysis,
planning, consultation, decision-making, allocatminresources
and formulation and implementation, with enforceieas
necessary, of regulations or rules which govermefies activities
in order to ensure the continued productivity @& tesources and
accomplishment of other fisheries objectives (FADM).

Historically, oceans were considered an inexhalestdource of fish.
While fishing rights in near shore waters were oftecally controlled,
waters beyond easy boating distance from the skheee open to
everyone. Open access resources, as they are, aalkethose that are
owned by no one, and as such are particularly cdiffito govern,
precisely because no one individual has an exausght to use them,
yet each person’s use can diminish the remainisguree. As new
technology made fishing more productive and luegetithe open
accessibility of ocean and coastal waters was &itatron to over-
fishing - the action of excessive harvesting tleatls to the depletion of
the fish stock. This was fueled by the growth immiaimn population with
its increased demand for fish as food, as welhaggtowing demand for
economic opportunities. Even as over-fishing ofditranal stocks
became apparent, the economics of the fishing mmder rewarded
continuous expansion of activities into new fishiggounds and
unexploited stocks - the birth of today’s fishermssis. Over-fishing
was formally recognised as a localised problemaadbéck as the early
1900s. Fisheries management is about making diffizcisions among
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multiple choices. The decisions go beyond choosietyveen multiple
stock assessment model/data results with differdegrees of
uncertainty and also include choosing or balantietyveen conflicting
objectives.

20 OBJECTIVES

At the end of this unit, you should be able to:

. state the problem of over-fishing
. define the need for sustainable management offmtk
. state the purpose and objectives of fisheries n&amagt.

3.0 MAINCONTENT
3.1 Depletion of Fish Stocks

The FAO (2003) gives the definitions of various marology tat
describe the state of a fish stock. A fish stockaasidered to béully
fishedwhen increases in fishing effort do not signifidgnhcrease the
amount of fish harvested, but substantially inceedhe risk of
overfishing. Fully fished stocks are said to be exploited at their
biological limit—a reference point below which tepawning stock is
too low to ensure safe reproduction.

The termoverfishingrefers to the action of fishing beyond the level at
which a fish stock can replenish itself throughunait reproduction. In
other words, if too many fish are harvested becafigxcessive fishing
pressure, the stock reaches a point where theraarenough fish of
spawning age to reproduce and sustain the stock.

Continued overfishing of a stock can result in reatoof a high
proportion of fish of all age classes - juvenileriature adult. When few
mature adults remain to spawn and few juvenilesareno grow to a
harvestable size (a process called recruitment)) austock is known as
depleted

Prolonged overfishing of a depleted stock can keais collapse that
Is, the reduction in fish abundance to levels atctvithe harvest is
negligible compared to historical levels. Depletadcollapsed stocks
may require a long time to recover, even if fishprgssure has been
reduced or eliminated entirely. Indeed, they mayenaecover their
former productivity, due to changes in populatioynamics, habitat
conditions, and other biological factors that iefige reproduction.
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3.2 Purpose of Fisheries Management

The traditional concept of the dynamics of fishexgources is that there
is an underlying model which as fishing effort ieases, implies catch
will increase up to a maximum and if effort congsuto grow, then
catches will decrease. This leads directly to thecept of maximum
sustainable yield (MSY) which has been the anchbrfisheries
management (Larkin, 1977). The specific shape efytbld curve (Fig.
1) does not matter. The important principle alwapsds: zero effort
means zero catch; too much effort leads to smadlmost zero catch
(Bonfil, 2005). Also, in theory there should beam at which catch has
a maximum — at least on average — and theory isthat once the
curve reached the top, the MSY level has been f¢uarkin, 1977).

While early fisheries management had implicitlyeaplicitly MSY as it
most important objective, at present MSY is consdeonly a
biological concept and benchmark to guide manageméithough
MSY still plays an important role as a guiding lkigfor fisheries
management, often specific and multiple objectivefs fisheries
management may be more important than obtainingmanr yield in
the long term.

According to Hilborn and Walters (1992), the mostlely accepted
fundamental purpose of fisheries management is €tsure the
sustainable production over time from fish stogkseferably through
regulatory and enhancement options that promotaaui and social
well-being of the fishermen and industries that theeproduction.”

YL

Average Catch

Fishing Effort

Fig. 1: A Graphical Representation of the Maximum Susialie
Yield (MSY) Concept
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In the modern world of fisheries, management triebalance multiple
objectives that span beyond biological concernsterdimes these
multiple objectives are in opposition to each oteach that it is not
possible to achieve all of them simultaneously. dgers have to make
guantitative decisions about how many fish can d&eght, what is the
number of boats that will be allowed to enter &diy, or what is the
minimum size of a fish or a gillnet mesh that skobé allowed. They
also have to make decisions about how much shoaldsgent on
research, enforcement of regulations, adminismagtc.

3.3 Objectives of Fisheries M anagement
1. Biological and Conservation Objectives

By default the biological objective of fisheries magement is obtaining
MSY, or in other words achieving biological yieldarimisation. This
concept has already been explained above. The asthnddicator of
biological yield is the annual weight or number fagh caught. The
conservation of resources, as well as conservaiiobiological and
genetic diversity are also important biological emtives with an
increasingly important role in fisheries manageméixplicit directives
to avoid putting stocks of target anmtbn-target species at risk of
extinction, and to develop plans for their recovaémycase they are
already endangered, play an important role in fiskelegislation in
many parts of the world. Several fishery managenpans already
incorporate ecosystem objectives and it is justadten of time before
ecosystem-based objectives replace some of the rtraditional
biological objectives such as obtaining single-geMSY levels.

2. Economic Objectives

In economic terms, to obtain the maximum amourftstf (MSY) is not

the main objective. Fishery is an economic actiaityl thus should aim
for economic rent and more specifically for profiaximisation; that is
the maximisation of total revenue minus the totabts. Thus, the
concept of Maximum Economic Rent (MER) is an ecomoamalogue
to MSY. The MER level is defined as the point oe tlevenue curve
(i.e. the yield curve times the unit value of filnded) where the
difference between the total costs of fishing (¢gtly a straight inclined
line) and revenues is greatest. However, as shoviigi 2 the point on
the curve of MER will always be at an effort lewkht is lower than
MSY. It is clear from this that it is impossible &tain MSY and MER
at the same time and this is an example of a likelgflict between
multiple objectives in fisheries management.
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Fig. 2: A Graphical Representation of the Maximum Ecoromi
Rent Concept and a Comparison with MSY

3. Social Objectives

Social objectives are concerned with employment equity. Fisheries
are not only about landing fish and making moneyt &lso about
employment and making sure that those involvedénfishery make a
living that is adequate and sustainable. Fishinthés most important
source of employment in many coastal communitied &n such

situations, having a large number of not-so ridhdrmen might be
more desirable than having a few rich ones. Alsis, often important to
preserve community structure and traditional lifjeet. Communities
that have been fishing for a few hundred years lold traditional

fishing rights, such as the case with many indigsngroups, must be
taken into consideration as part of managemenmfhe social point of
view, the total number of jobs related to the fighactivity is often a
standard indicator, as well as the distributionn@ome among fishers
and the maintenance of traditional lifestyles.

4, Recreational Objectives

In some parts of the world, fish stocks have tosbared between
commercial and recreational fisheries. Although hbatectors are
pursuing fish, their objectives are often differeifor recreational
purposes, both catch and effort (hnumber of sucakd$shing trips)

might be important objectives. The total numbefisi available to be
fished is usually more important to a sport fishérgn the total biomass
of fish available and in the specific case of trpfish (such as marlins,
swordfish or tunas), the size of the fish will feutmost importance. In
such a case it might be an objective for the fighemhave few large fish
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rather than many small ones. The standard indedtmr recreational
fisheries include the estimated total value of eational effort (dollars
per day times days fished), and the number andddiziee recreational
catch.

40 CONCLUSION

A holistic approach to fishery management will I¢he manager toward
a fishery assessment rather than a stock assessWvéen all the
fisheries of a country are considered together figteries assessment
will become an exercise that is commonly refereds a fishery sector
review or assessment. The manager will usuallygregca sector review
as a huge and daunting task that cannot be underiakhout external
assistance with funding and expertise. The samergkearguments for
undertaking a preliminary fishery assessment applyally to a sector
review. It can be approached using available infdrom and expertise,
then reviewed and revised as information becomesladle. Review
and revision need not encompass the entire sessesament: it can be
broken down into its component parts, which cando&led as the need
arises and information becomes available.

5.0 SUMMARY

Fisheries management is about making difficult sleais among
multiple choices. A Fish stock can either be fuighed, overfished,
depleted or collapsed. The traditional conceptefdynamics of fishery
resources is that there is an underlying model lwiais fishing effort
increases, implies catch will increase up to a maxn and if effort
continues to grow, then catches will decrease. T8ads directly to the
concept of maximum sustainable yield (MSY) whichs Haeen the
anchor of fisheries management. Management obgsciran either be
biological/conservative, economic, social or retozel.

6.0 TUTOR-MARKED ASSIGNMENT

1. Give a brief overview of the need for fisheries mgement.

2. What are the differences between fully fished, bsked,
depleted and collapsed fisheries?

Explain the concept of Maximum Sustainable YieldS¥).
Briefly explain the objectives of fisheries managem

Hw
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1.0 INTRODUCTION

A wide range of management systems is already emgloin
aquaculture operations with varying degrees of esgc Given that
aquaculture systems range from small, relativelfrcsmtained farms
for subsistence, to large-scale commercial units tfade purposes,
variable success is hardly surprising. Thus, a-sne fits all” approach
is unlikely to be successful. A systematic approachproduction
management, however, allows the farmer to manipuéatd control
production inputs that will result in more effictencost-effective
production and minimise excessive outputs with tieganvironmental
impacts. There is a lot of information on site saéta, farm construction
and design features, aquatic animal health managemm®odstock and
seed production and care, production techniquesusie of appropriate
feeds, feed additives and fertilizers, water andirsent management,
including effluent control, and others.

2.0 OBJECTIVES
At the end of this unit, you should be able to:
. explain activities in aquaculture that need prapanagement

. identify appropriate management options for varigosnd
problems and activities.
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3.0 MAIN CONTENT
3.1 Management Activitiesin Ponds
Liming

Some ponds benefit from the occasional additiotinoé. Ponds with
very soft, acidic water (less than 20 parts pefioniltotal alkalinity)
will not be very productive, and also may not respao fertilisation,
unless they are limed. Fish growth will be poadh# pH is below 6.0. A
pH value between 6.5 and 9.0 is considered optifauriish ponds. The
recommended use of lime is for disinfecting thetdrats of ponds or
pond waters by applying 1000 — 2000 kg'hduring pond preparation
(Boyd and Tucker 1998). The lime should be distalduas evenly as
possible over the entire pond. New ponds are ddsidsne while they
are still empty. Lime, if required, can be spreadrahe bottom of the
pond and disked in before the land is flooded. drik lime (calcium
oxide) is generally not recommended, as it is ¢aushd has the
potential to increase pH too quickly, killing thesH. If fish are not
present or if agricultural lime is not readily daaie, hydrated lime can
be applied carefully at the rate of 56kg/ha of peudace.

Fertilisation

As with land and crops, the fertility of the watdetermines the
productivity of a pond. A typical pond supports XhQL70 kg of fish per

hectare. Fertilisation can double or triple thisdarction by stimulating

the growth of microscopic plants (phytoplankton)darmanimals

(zooplankton), which comprise the base of the fawhin. These

organisms are fed upon by insects and small fish¢clwprovide forage

for larger game fish. Pond fertilisation can, hoem\have negative side
effects. Excessive fertilisation can create noxialgal blooms. In

addition, the decomposition of dead algae can ckwg@xygen levels,

which may cause fish kills during extended periotigloudy weather.

Fertilisation is a pond management option that maybe necessary for
every pond. Ponds that are naturally fertile, hhigh flow rates, or

don’t get heavy fishing pressure should not beilifst. Fertilisation

can increase productivity, but it takes time andheyy and has to be
done right to avoid problems.

As a general guide, you can determine whetherlifation may be
beneficial by the water clarity. If a light-colored shiny object, such as
your hand or a small (6- inch) pie tin or lid, cha seen clearly 18
inches under water, fertilizing is an option. Befobeginning a
fertilisation program, measure the pH and hardoéske water. Ponds
with alkalinity below 20 parts per million usuallyon’'t respond to
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fertilisation, and need to be limed first. Applyne at least 2 weeks
before fertilisation. For many ponds, liming maypart adequate pond
productivity without fertilisation. Once begun, tiésation should be
continued from year to year. Discontinuing feréiisn will affect fish
populations by reducing the food supply in an esitensystem and will
encourage the growth of filamentous algae and athdesirable aquatic
vegetation. Do not fertilize ponds that have extenshallow areadDo
not apply fertilizer to ponds with weeds alreadgg®nt, as the fertilizer
will promote weed growth and compound the problem.

Feeding

Feeding can be used to increase the growth ofaiighharvesting rates
of ponds. Stop feeding if the water temperaturgrésater than 30°C as
fish will generally not feed at higher temperatudéss best to place the
feed in the pond daily at several locations. Fedyg the amount that the
fish consume in about 10 to 15 minutes and no rtieare 11kg/ha/day.
Excessive feeding can cause fish kills becauseddwmposition of
uneaten feed depletes the oxygen supply. Discanfieeding if the fish
stop accepting the feed. Automatic and demand feedare
commercially available. Several commercial feed pprations are
available in either floating or sinking varietie&lthough it is more
expensive, floating feed makes it possible to olesdhe extent and
duration of feeding. Moldy feed should not be uselit can be toxic to
fish.

Fish Kills

Fish die from a variety of natural causes. Obsegrariew dead fish in a
pond is not uncommon and is no reason for conceless it continues
for several days. When fish die in large numbewmydver, there is
reason for concern. A common cause of fish killexggen depletion.
This condition usually occurs in very fertile ponas a result of pond
turnover or the die-off of an algal bloom. Duringthnveather most
ponds have a layer of water near the bottom thatagas little or no
dissolved oxygen. Preventing oxygen depletion iicdit, but the
following suggestions may help:

If fertilising, follow the prescribed guidelines@do not overfertilise!

. Do not allow livestock to wade in the pond or animaste to
enter the pond.
. Do not treat aquatic weeds with herbicides indmuorately. If a

herbicide application is necessary, treat no mioaa tone-fourth
to one-third of the pond at a time to prevent oxygeepletion
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which can lead to fish kill. Aerating the pond calso help
reduce the chances of an oxygen-depletion fish Kill

. During extremely hot weather, check your pond radyl at
sunrise for signs of stressed fish. If fish areeobsd at the
pond’s surface gulping for air, stop feeding trshfand aerate the
pond as soon as possible. Oxygen can be addec tpottd by
circulating the water with an irrigation pump or bynning an
outboard motor around in the pond. Commercial aesalo an
excellent job of aeration. The paddlewheel typeespecially
effective, as it moves a large volume of water.

Fish Parasites and Diseases

Wild fish normally carry a variety of parasites,dansually show no
negative effects unless the infection is extrentedavy. Signs of fish
health problems are indicated by fish behavior @pearance.
Sometimes a symptom as obvious as death indicatasfection or
parasite problem. Infected fishes may appear stiigdethargic, turn
quickly and repeatedly in circles (flashing), oeswstop eating feed that
they have been trained to eat. There are also a vadge of visual
symptoms that might be observed on a fish’'s bodyes€ include the
excessive buildup of mucus on skin, emaciationcalised areas,
eroded areas or sores, swelling of the body os,ghiulging eyes,
hemorrhages, cysts or tumors, or an obvious acatmalof fluid in the
body cavity. Fish diseases can be broken downsintmajor categories:

. environmental
. nutritional

. viral

. fungal

. bacterial

. parasitic

Environmental factors have a tremendous influennefish health.
Maintaining a clean environment, or good water dyak important for
reducing the susceptibility of fish to disease.

Nutritional diseases are rare in fishes in the wildless they are
artificially fed. Commercially available feeds dogmulated to meet the
dietary requirements of a specific type of fish.

. Viral: Viruses are the worst types of fish disease. Tdaynot be
treated and may suddenly kill an entire populat\dnal diseases
include Infectious Pancreatic Necrosis (IPN), Ihfacs
Hematopoietic Necrosis (IHN), Erythrocytic InclusioBody
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Syndrome (EIBS), and Viral Hemorrhagic SepticerMal$). So
far, virus related diseases have not been repartedfrican
catfish (FAO 2010).

. Fungal: Fungi are unavoidable and always present in ponds
Saprolegnia is a common fungal disease that affedls
freshwater fish and fish eggs. Saprolegnia attagksed or dead
tissue and produces a cotton-like growth.

. Bacterial: Bacteria are normally present in ponds and only
become a problem when fishes become stressed. rBactn
infect a single fish and multiply rapidly to cawssubstantial fish
kill in a few days or weeks. They are often ideadf by their
damage to fish tissue since they are not visiblaémaked eye.

. Parasitic: A parasite is an organism that lives in or onthao
organism. Fish often have parasites attached g gKin, inside
the gut, or as tiny grub-like worms in their mustiksue. Most
are barely visible to the naked eye and often gietected.

Disease Treatment

Potassium permanganate, KMpGs a chemical oxidizing agent that
will react with any organic matter in a pond indhgl algae, bacteria,
fish, particulate and dissolved organic, and org&oittom sediments. It
has been used in fish ponds to treat common fifiogans such as qill
parasites and external bacterial and fungal irdasti Common
treatment rates are 2 parts per million (ppm) olignams per liter
(mg/L) for an indefinite pond application or 10 mgbr a 10-minute
tank treatment. Actual treatment rates in ponds$ weity depending on
the amount of organic matter, or organic loadhm water. As with any
chemical treatment, it is crucial to accuratelyimate the volume of
water to be treated.

Copper has been used for many years as a chematahtfreshwater
farm ponds and aquaculture operations in the fdroopper sulphate. It
is both an effective algicide and a parasite treatmThe problem with
the use of copper is that there is a thin line #eparates effective
treatment levels from overdoses, which can kil fis

Before you use any form of copper treatment, yoedn® measure the
total alkalinity of the water, since the toxicity @opper to fish increases
as the total alkalinity decreases. A good rulehoimb is to divide the
total alkalinity (in parts per million) by 100 teegthe concentration of
copper sulfate to use in parts per million (1 pprh milligram/liter). If

the total alkalinity is less than 50 ppm, copperatments are not
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recommended because of the high risk of killingh.fisf the total
alkalinity is over 250 ppm, do not use more thah @pm of copper
sulfate (Watson and Yanong, 2006).

Muddy Water

Muddy water can have negative effects other tharadiéng from the
aesthetics of the pond. Muddy water can hinderfélegling ability of
fish and even reduce their growth. Additionally yfaplankton growth
and abundance is reduced in muddy water. This noaypound the
problem of poor fish growth in muddy ponds by radgahe amount of
food available through the entire food chain. Tingt step in correcting
a persistent problem with muddy water is to detearhe cause. To do
this, collect a jar full of pond water, cover itttvia lid and allow it to sit
undisturbed for one week. If the water appearsr déar one week and
sediment is noticed at the bottom of the jar, ckarare that something
in the pond is stirring up the sediments. Howevlethe water is still
cloudy, then there is a good chance that suspepaidies of clay soil
are the cause of the muddy water. The problem nlag he a
combination of disturbed sediments and the presehckay soils in the
watershed. If disturbed sediments are determindx tihe problem, one
or more of the following suggestions may help reynge situation:

1 Fence livestock away from the pond and avoidupag them on
the pond’s watershed.
2 Keep domestic ducks and geese away from the.pohdir

feeding activity may destroy shoreline vegetatiod aesuspend
soil particles from the pond bottom.

3 Maintain good vegetative cover throughout théewshed. If you
do not have ownership of the entire watershed, sablish
buffer strips of vegetation around the pond.

4 Plant windbreaks to prevent wind from causingessive wave
action and disturbing sediment in shallow water.

L eaky Ponds

If a pond’s water level drops much more than 6 2oiriches in one
month, it may have a serious leak. Drought conastishould be taken
into consideration when determining whether or aofpond leaks.

Fortunately, pond leaks can often be sealed byngdday material to
pond soil or using a plastic liner.

40 CONCLUSION

Pond management is similar to farming in many wayg pond owner
is attempting to grow a crop (fish) in a limited @mt of space (the
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pond) while battling weeds (undesirable fish sp&cieinder the
influence of unpredictable weather. A farmer's croduction is
limited by the acreage and quality of his land.the same way, fish
production is limited by the size, shape, fertiliya pond, feed provided
for the fish by the farmer and level of management.

5.0 SUMMARY

Lime, if required, can be spread over the bottorthefpond and disked
in before the land is flooded. Builder’s lime (dalm oxide) is generally
not recommended. Signs of fish health problemsiradeated by fish
behavior or appearance. Sometimes a symptom a®usbwds death
indicates an infection or parasite problem. Fisdedses can be broken
down into six major categories: 1) environmentalp@tritional, 3) viral,
4) fungal, 5) bacterial, and 6) parasitic. Potassipermanganate,
KMnO, and Copper sulphate can be used to treat infectidond leaks
can often be sealed by adding clay material to pswmitl or using a
plastic liner.

6.0 TUTOR-MARKED ASSIGNMENT

1. What Management actions must a farmer carrpow pond?

2. Write short notes on Liming and Treatment of pai@gifections
and diseases.

3. How can a leaking pond be sealed?
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1.0 INTRODUCTION

Small scale fisheries in the developing world areeie, numerous,
geographically dispersed, vulnerable to forcesraealgo the sector, and
in crisis. Historically, development interventionave sought to reduce
poverty through accelerated economic growth, imenoents in
technology and infrastructure, and market-led eogogolicy reform.
The limited results of these interventions, howevas led to a re-
examination of the causes of poverty, the recogmitif the significance
of vulnerability and the recognition of the need few strategies for
poverty reduction. There is increasing recognitibiat establishing
appropriate pro-poor governance and institutions fissheries
management are central to maximizing the contrubf fisheries to
poverty alleviation and food security. Such streegmay include
rights-based approaches, co-management regimes$istumy capacity
reduction.

20 OBJECTIVES

At the end of this unit, you should be able to:

. describe the problems of fisheries management godcalture
management
. explain the outlook of fisheries and aquaculture.
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3.0 MAIN CONTENT
3.1 Problemsof Fishing and Aquaculture M anagement
A. Problems of Fisheries M anagement

Fisheries have been the direct and indirect cafisaternational and

sectoral conflicts for decades, but especially esitfte advent of the
Exclusive Economic Zones (EEZs), which drasticedigrganised access
rights in marine fisheries. Fisheries-related dotdlrange from basic
competition among fishers over the same fish stockternational trade
disputes over fishing rules and regulations. But general, most

fisheries- related conflicts arise from disputegrofishing rights within

territorial seas and EEZs; disputes over the udesliing environments

between fisheries and other industrial sectors, (t@urism, coastal

development); and disputes between different fglsactors, such as
industrial and small scale, or sport and commefwshing.

1. EEZ and Other Territorial Disputes

Fisheries disputes related to territorial boundahiave been widespread
for decades. However, they have intensified in maarys of the world,
sometimes invoking violence, as countries havebésted sovereign
rights within their EEZs—200 nautical miles of thetoast—under
United Nations Convention of the Law of the Sea QINDS). Instead
of freely accessing fish stocks in these formemhereaccess waters,
governments now have to negotiate access to fispiognds in other
countries’ EEZs and abide by the laws and reguiatiof the coastal
state. Encroachment by fishing vessels into anotmemtry’'s EEZ
continues to cause numerous international fisheligsutes.

2. Conflicts between Fisheries and other Sectors

When multiple development goals and conflictingerests compete
over the use of the same water body or coastal, Zmeries can often
be marginalised in favour of other development @sctsuch as
agriculture or energy. Dam construction, for ins@nalters the flow
regime of the rivers; inundates riverine fish spagngrounds; and
blocks the migratory paths of anadromous fish; adllwhich affect
inland, floodplain, and fish resources downstream

3. L arge-Scale ver sus Small-Scale Fisheries
Disputes between large and small-scale fisheriescammon in many

parts of the world, both in inland and marine watend usually arise
where these two very different sectors compete theesame fish stocks

49



AGE311 FISHING AND POND MANAGEMENT IN SCHOOLS

and fishing grounds. In marine environments the tnimcumented

conflict between large and small-scale fishers mcauhen industrial

trawlers encroach into near-shore fishing groundere small-scale
fishers operate. Industrial bottom trawlers notyordn destroy the nets
set by small-scale and local artisanal fishers,distb may overexploit
commercially valuable fish, and degrade the fislgngunds upon which
local people depend. Artisanal fishers plying thedde in coastal waters
can experience severe drops in their catch forrakways after an
industrial bottom trawler has swept the area. Wisenall-scale fishers
are organised as a sector and have a politicaéyomgotiations with the
national government requesting fair allocation whihg rights and

protection from the encroachment of industrial teas possible.

However, enforcement of these measures usuallys fahlort. For

example, in West Africa, nearly all countries hgassed laws giving
artisanal fishers exclusive fishing rights to cahstaters within a fixed

distance from the shore (1-12 nautical miles, ddpgnon the country),

and have prohibited industrial trawlers from op@gitn these waters.
Unfortunately, foreign and national industrial vessdo not usually
adhere to these laws, and enforcement by natianargments is weak
and limited by lack of adequate funding, staffingoldems, and

corruption.

lllegal, Unreported and Unregulated Fishing IUU hiigy, now
recognised as an environmental crime, iS a majgpediment to
achieving long-term sustainability. It underminesmagement efforts
and rewards fishers who fail to observe nationall amegional
management arrangements. Countries have reporaédhir fisheries
resources are subject to persistent IUU fishingbbth national and
foreign vessels.

B. Problems of Aquaculture M anagement

There are a number of problems which have beeratimlg against the
development of aquaculture. These include:

. high cost and difficult access to land and water

. lack of quality fish seed

. lack of suitable cost effective fish feed

. weak extension support

. lack of financial resources especially credit

. lack of organised markets

. incomplete understanding of what aquaculture can do

. shortage of well trained professional aqua culturis

. poorly operating government policy on aquaculture

. lack of organisation and co-ordination of existimgsearch
capacity.
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3.2 Prospectsof Fisheries and Aquaculture Management
A. Prospects of Fisheries Management

All countries, irrespective of their level of despment, are grappling
with the implementation of new approaches to thenagament of
fisheries. Conceptually, these approaches are lyeathborated and
understood but constraints are encountered wheonaist required to
put them into practice.

1. The need for ongoing capacity building and iingonal
strengthening, taking into account the difficultiesd needs
identified by developing countries, is criticafufrther progress is
to be achieved. Efforts to build on past outcomg®imadening
and deepening implementation are required.

2. Many countries are focusing more sharply onitif@ementation
of port state measures and product traceabilityteatie measures
as a means of blocking landings and sales of |Wgeaproduct.

3. The logistical aspects of promoting “inclusivapproaches to
fisheries, as envisaged in the Code of ConductiRiesponsible
Fisheries, are proving to be a challenge for mamyntries and
greater efforts should be devoted to achieving dngbvels of
participation in decision-making. In many countyiparticipatory
approaches to fisheries are new, requiring fundashen
adjustments in both thinking and organisation.

4. Those who harvest, sell and buy fish are gradimecoming
aware of the power and importance of rights-baggurcaches
and they are exerting a growing influence on theuire use.

B. Prospects of Aquaculture M anagement

1. A promising way to alleviate malnutrition among pabildren in
remote rural areas is the use of School FishpowogrBmmes.
While the programme provides immediate direct totral
benefits among students of targeted schools, theefit® go
beyond the school boundaries; the program servascatalyst in
the communities to promote the use of water ressurior
integrated aquaculture. The schools act as a fmsat, providing
outreach to students, parents, and other membershef
communities, and a hub for information exchange and
dissemination.
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2. Innovative approaches to enhance learning and caritynu
participation in the planning and use of water veses for
integrated aquaculture can improve livelihood amioand
enhance benefits for targeted groups. The Depattnun
Fisheries could support such approaches by tageiyents of
learning and information dissemination, such aschees,
students, community-based organisations, villageddes, and
extension officers. Understanding relevant featuoéswater
resources management and their competing and coraptary
uses can prevent conflicts and mitigate adverserammental
impacts.

3. Fish health is a major concern in aquacultWhen fish farmers
change their farming practices from extensive ardisntensive
to intensive farming, they inevitably face increhsesks of fish
diseases. Extension Leaflets from Research Institnbw give
guidelines for the proper use of drugs and chemidat fish
disease protection and treatment.

4. Domestic marketing of freshwater fish is complevolving
several channels and types of markets and pamiegneral, the
distribution and marketing of freshwater fish neetds be
strengthened. Market information in pricing mustscal be
provided to prevent small scale farmers from beipged off by
middlemen.

40 CONCLUSION

If aquaculture is to contribute to the enhancenwérthe world’s food
security, it should be apparent that the focus rhastn small-scale and
rural aquaculture. Aquaculture should not be viewgtttly from its
technical perspective, since its future prospeatyd sustainability
depend on many other aspects, such as politicalsact-economic
influences. Technically, aquaculture must be broadeto embrace
biological, natural and computer sciences, engingemnd physics.

In small-scale fisheries, particularly in develapicountries, the idea of
shared power and responsibilities between the govent and fishing
communities has emerged as an alternative framefgorkanaging fish
stocks. This management approach is referred tooasianagement’—
management where government and local resource asereach given
specific decision-making and monitoring rights aesponsibilities. The
rationale behind co-management is that conventiamahagement
approaches have often failed to manage small-$istleries effectively
or in a manner that is fair to local fishers. Ireq@olonial times, local
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fisheries were managed by traditional authoritieshsas chiefs or
village councils.

5.0 SUMMARY

Fisheries management is bedeviled by several prablend the most
significant is the problem of lllegal, UnreporteadaUnregulated fishing
(IUV). Other problems include EEZ and territoriaspltes as well as
dispute between fisheries and other sectors. Tiseadso the in-house
dispute between small scale and large scale fesheri

High cost and difficult access to land and watackl of quality fish
seed, lack of suitable cost effective feed, wealeresion support and
lack of financial resources especially credit haeen the bane of the
aquaculture industry.

Many countries are focusing more sharply on thdemgntation of port
state measures and product traceability and trasunes as a means of
blocking landings and sales of IUU-caught product.

A promising way to alleviate malnutrition among pochildren in
remote rural areas is the use of School FishpoagrBmmes.

6.0 TUTOR-MARKED ASSIGNMENT

1. Outline the problems facing successful managenieiieeries.
2. What are the prospects of aquaculture or pond neanegt?

7.0 REFERENCESFURTHER READING

Kura, Y.; Revenga, C.; Hoshino, E. & Mock, G. (2DORishing for
Answers Making Sense of the Global Fish Crisigashington
D.C.: World Resources Institute

Silpachai, D. (2001). “The Bangkok Declaration ahé Strategy for

Aquaculture Development Beyond 2000: The AfternfaBAO
Regional Office for Asia and the Pacific Bangkokailand.
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1.0 INTRODUCTION

A fisheries management plan is a formal or infornaatangement
between a fishery management authority and inedeptrties which
identifies the partners in the fishery and thespestive roles. It details
the agreed objectives for the fishery and spectiesmanagement rules
and regulations which apply to it and provides pttietails about the
fishery which are relevant to the task of the mamagnt authority. It is
suggested that management plans reflecting the geament objectives
should be drawn-up for all fisheries. These managemlans will then
serve as a reference and information source for rtamagement
authority and all interest groups, summarising therent state of
knowledge on the resource, its environment and ftbkery, and
reflecting all the decisions and actions agreechugring the course of
consultations between the management authorityrenthterest groups.
Ensuring plans are developed and implemented Fdishkries helps to
avoid planned management measures on one fisheajirgy unforeseen
problems and externalities in a neighbouring figtier which no plan is
available.
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2.0 OBJECTIVES
At the end of this unit, you should be able to:

. state the need for consultation with recogniseer@dt groups
. define the appropriate management measures.

3.0 MAINCONTENT
3.1 Identifying and Agreeing on Objectivesfor the Fishery
The need for consultation with recognised interest groups:

. In most fisheries, governments have the primaryomesibility
and accountability for making decisions in relatimnfisheries
management. However, such decisions should be gedday a
number of processes, the details of which will vacgording to
the nature of the fishery.

. It is essential that the decisions made on objestiand
management measures for a fishery should refleet kst
scientific information available.

. The utilisation of living aquatic resources and the@nagement of
this utilisation should be seen as partnershipsvdmt the
management authority and the interest groups. Tectives
should reflect the reasonable desires of the istgn@ups, within
the constraints imposed by the biological and egok
limitations of the resources and the overridingechyes of
national planning. Therefore, consultation and tjailecision-
making are essential in determining the objectives.

. Many reasonable objectives will be mutually incoiiiga. For
example, maximising average yield from a fishery is
incompatible with minimising biological risk to thesource or
minimising impact on other stocks, such as thoselgmors also
dependent on the resource. Similarly, maximisirg elconomic
returns from a fishery may be incompatible with maging
employment opportunities. Therefore, interest gsoupwill
frequently have opposing objectives. In order tohiewe
maximum compliance and cooperation from all paytigsis
important to arrive at a compromise which will a&ast be
accepted, if not without reservation, by all or inofsthe interest
groups. This will require open and transparent sieatmaking
and close consultation with all recognised integgstips and the
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application of effective decision-making proceduresd
approaches.

There are four possible scenarios to be consideitheh the time frame
of the management plan:

further changes in the external factors are likedlyich will
further modify the fishery ecosystem

further changes are likely but will not markedlyezt the fishery
external influences on the fishery will diminish

the situation is likely to remain stable.

Different management responses will be requirectdeéimg on which of
these scenarios is believed to be correct.

Deter mining the appr opriate management measur es
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A variety of management measures are availableisiweries
managers, and each of them will have different icagibns for
the resource and for the objectives set for thieefis. The most
appropriate set of management measures shouldfdlerbe
selected to facilitate achieving these objectives.

In evaluating management measures, it is necessacgnsider
their implications for the biological, ecologicaconomic and
social objectives of the fishery under consideratio

Any fishery exists within a broader ecological, eocmic and

social context. Failure to recognise this and topadnanagement
measures which are consistent with the policiegabives and

management approaches of the broader geo-pol#taa could

result in failure, or reduced efficiency of the higsies

management strategy, or conflict between diffetesets.

Similarly, management measures need to reflect nfaero-
economic policy, for example, the catchment areser rbasin,
coastal zone, local area or state.

There is seldom a single correct set of managemeasures that
should be applied to a fishery; rather, there a@et-offs between
desirable, less desirable or undesirable effectse Tnost

appropriate set of management measures is thahwiaximises

the desirable effects and minimises the undesiratfkxts for a

particular fishery and the objectives set for it.
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. An important consideration in the implementation af
management plan is that any controls or constraimtthe fishers
or other interested parties should be implementdbjethe
management authority.

. As with setting objectives, the management measures
operation form a part of the social contract oraagement
between the management authority and the intergsdeties.
Consideration and selection of the set of measimes given
fishery should be undertaken openly and transpigramd with
full participation by all recognised interest graup

40 CONCLUSION

Fisheries managemedtaws on fisheries science in order to find ways
to protect fishery resources, so sustainable egpion is possible.
Modern fisheries management is often referred t@ agovernmental
system of appropriate management rules based anedebbjectives
and a mix of management means to implement the,rulbich are put

in place by a system of monitoring control and sulance. Fisheries
management is that branch of fisheries science¢twbeals with the
study and surveillance of system of fishery resesirén terms of rules
and objectives to prevent over-exploitation.

50 SUMMARY

In most fisheries, governments have the primarypaesibility and
accountability for making decisions in relationfigheries management.
However, such decisions should be preceded by d@auof processes,
the details of which will vary according to the una of the fishery. In
evaluating management measures, it is necessarmgonsider their
implications for the biological, ecological, economand social
objectives of the fishery under consideration.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss the importance of agreeing and identifyimgnhagement
objectives for a fishery.

2. What steps should be taken to determine managemeagures?

7.0 REFERENCE/FURTHER READING

FAO (1997). Fisheries Managemenf-AO Technical Guidelines for
Responsible Fisheries. Rome: FAO.
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UNIT 2 FISHERIESMANAGEMENT APPROACHES
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1.0 INTRODUCTION

The only mechanism available to maintain the bi@vasd productivity

of a resource at a desirable level, at least il wdpture fisheries, is
controlling fishing mortality by regulating the aomt of fish caught,

when they are caught and the size and age at vingghare caught. In
regulating fishing mortality there are a numbeapproaches which can
be used, and each one will have different imploagi and different

efficiencies for regulating fishing mortality, imgtaon fishers, feasibility

of monitoring, control and surveillance and othacdts of fisheries
management.

20 OBJECTIVES

At the end of this unit, you should be able to:

. advocate management approaches for a fishery.
3.0 MAINCONTENT

The major management approach options are preseekad:

. Technical measures, which are restrictions or cams to
regulate the output which can be obtained from acifpd
amount of effort, for example gear restrictionsgyseld seasons
and closed areas. In terms of the above regulatitimsse
measures generally attempt to influence the effyeof the
fishing gear.

. Input controls directly regulate the amount of dffwhich can be
put into a fishery. In general, inputs are morellgasonitored
than outputs.
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. Output controls directly regulate the catch whi@n de taken
from a fishery and can be seen as an attempt ¢oroirent the
problems associated with defining and enforcing reyppate
technical measures and effort regulations by dirdichiting the
factor of primary concern: the total catch. Howeveatch
controls also have problems, largely associatetl wibnitoring
and surveillance.

3.1 Technical Measures

Gear restrictions affect the type, characteristesgd operation of a
fishing gear. Some gears have been prohibitedghitio:

. avoid increases in fishing capacity through inceeastficiency

. avoid some unwanted impact on noncommercial sgEs;ies or
critical habitats, or, very often

. avoid an injection of new technology which could diig

significantly the existing distribution of exploitan rights
(particularly when these involve new patrticipants).

Regulation of gear characteristics such as minimmesh size or
dimensions of mouth opening of nets or traps isgaly introduced to
control fishing mortality on some particular compah of the resource,
such as smaller individuals. Gear restrictions rasp be designed to
reduce the total catch by reducing the potentiatiefncy of the fisher.

Gear restrictions tend to be species-specific &ardexample, a mesh-
size designated to capture mature individuals emaller species will
still catch immature individuals of a co-occurrilagger species. The use
of subsidiary devices such as by-catch reductioncds (BRDs), turtle
excluder devices (TEDs) and grids can be an intggua of responsible
fisheries management where, for example, by-catoheser-exploited
or threatened species are occurring or fishing asirfy a negative
impact on aquatic communities, and should be atliby fisheries
management authorities as necessary.

Area and time restrictions can be used to prot@cnaponent of a stock
or community such as spawning adults or juvendgess.

Marine protected areas can have a critical rol@l&y in sustainable
fishing. Particularly for territorial species orode with relatively

stationary life styles, marine protected areas lsanused to preserve
spawner biomass above the thresholds (based ooglmal reference

points) necessary to ensure sustained recruitment.
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In addition to their role in conserving the res@s&carea and time
restrictions can be used to reduce or eliminatdlicobetween different
components of the fishery system (e.g. artisandl,strial, and foreign
fleets) or between them and other users.

Gear specifications, area and time restrictions lead to economic
inefficiency and distortions. These measures tloeeafieed to be used as
part of an overall strategy developed in consuwtativith the interest
groups. Good scientific information arising from pappriate stock
assessment and social and economic studies arecfioos should be
used to guide the choice of technical measuresaasgb an overall
study.

Minimum size and maturity restrictions can also used to reduce
fishing mortality on life stages of stocks whicle aonsidered to require
special protection. Where implementation of thesgulations (such as
on minimum allowable size at landing) requires m@tgy captured

individuals to the water, the management authaitityuld determine the
survival of returned individuals to ascertain th#icacy of these

measures.

3.2 Input (effort) Control

Input controls can include restrictions on the nambf fishing units
through limiting the number of licenses or pernstied; restrictions on
the amount of time units for fishing, such as indiial effort quotas,
and restrictions on the size of vessels and/or.gear

Placing an appropriate limit on effort and therefon fishing mortality
is seen as being very important in responsiblesfisls. Some degree of
effort limitation by the management authority ispee-requisite for
responsible fisheries, whatever other control messsare in place.

The greatest problems in using input controls aloneegulate fisheries
are associated with problems of determining howhreféort is actually
represented by each fishing unit.

Effort control may also be desirable to avoid thelpems of excess
capacity, even where output controls are in place.

Input control is easier and less costly to moragtiod enforce than output
control, particularly in mixed species fisheries emdh many output
controls (i.e. species-specific quotas) may beireduo control fishing
effort.
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Associated with the above, mis-reporting of cakhot a serious factor
in input control, as there is little or no incemtifor the fisher to provide
incorrect catch statistics.

In multi-species fisheries there should be lessogsrproblems of
discarding and high-grading because fishers areremlated on the
amount of by-catch landed or reported.

3.3 Output (catch) Control

Output control is a popular management measure figneries,
particularly for large-scale fisheries, and theram even greater interest
in extending its application, in association witmited entry, with the
current widespread interest in individual trandiégaguotas (ITQs).

Output or catch control, in theory, allows estimatand implementation
of the optimal catch to be taken from a stock bgigen harvesting
strategy. Given good information on the dynamicshef stock and its
response to fishing mortality, the correct catcm,can theory, be
estimated to achieve the desired objectives. Catafitrols usually
involve setting a total allowable catch (TAC) whishthen sub-divided
into individual quotas by fishing nation (in theseaof international
fisheries), fleet, fishing company, or fishermeng(ein the case of
individual quotas).

In theory, catch control eliminates the need, fontml purposes, of
estimating the fishing efficiency of all units imet fishery, and of
monitoring and responding to changes in fishingcefihcy with time,

which are features of effort control. However, sudsessments will
remain necessary, from time to time, to facilitai@justment of the
overall fleet capacity to take into account techgatal improvements.
Without such adjustments, unregulated increasescdpacity will

increase the incentives for excess fishing andrepstting.

Catch control also has problemsin its implementation

. While catch control may protect the resource, | @vsence of
limited entry and individual quotas, it does nalluee the social
and economic distortions brought about by compefisbers
racing to obtain the greatest possible share of &@ before it is
filled.

. Arguably, the greatest problem associated with wutpntrol is
monitoring the outputs, the catches. The incentimefishers to
mis-report their catches is high when this is thetdr used to
regulate their own right to fish. Therefore, the nagement
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authority has to monitor closely catch per user andbtal, to
ensure the TAC, and individual quotas where isswd, not
exceeded. This leads to the need for a compreleengocurate
and hence costly monitoring system that collectd analyses
data in close to real-time for effective management

. TACs and individual quotas are normally set andiess for
single stocks. In multispecies fisheries this letxshe problem
of discards and high-grading, as TACs and quotas cfo
occurring species will be filled at differing ratds fishers have
completed their quota or TAC of a given species dwitinue
fishing for other species, they will be left witiktle choice but to
discard or land illegally catches of the speciesafbich the quota
Is completed.

40 CONCLUSION

It is apparent that different methods of controfiehing have different
effects, advantages and disadvantages that wileritam more or less
suitable under different conditions. There is nugk correct approach
to controlling fishing, and fisheries managemerthatrities will have to

select the option or, more usually, combinatioropfions, which best
suits the nature of the fishery and the objectofebe interest groups.

5.0 SUMMARY

The major options for fisheries management are flieah measures,
Input controls and Output controls. Gear restridiaffect the type,
characteristics, and operation of a fishing ge@arGestrictions tend to
be species-specific. Placing an appropriate limitetfort and therefore
on fishing mortality is seen as being very importan responsible
fisheries. Output control is a popular managemesdsure for fisheries,
particularly for large-scale fisheries. Input cahtis easier and less
costly to monitor and enforce than output control.

6.0 TUTOR-MARKED ASSIGNMENT
Discuss technical measures used in fisheries mamage
7.0 REFERENCESFURTHER READING

FAO (1997). Fisheries Management. FAO Technicaldélines for
Responsible Fisheries. Rome: FAO.

Kura, Y.; Revenga, C.; Hoshino, E. & Mock, G. 02). Fishing for
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1.0 INTRODUCTION

Countries are experiencing problems in managirfgefies, developing
fisheries management plans and in implementingriteenational plans
of action. They have also pointed out that sonteefies are not subject
to management and that such open-access condai@deading to

over-fishing. Furthermore, even when fisheries asebject to

management, many of the stocks under such regimesnae to be

either fully exploited or overexploited and the aeery plans for these
stocks, which should be a high priority, are beingplemented only

slowly.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

. explain the intricacies in the process of reviewamgl amending
management plans.

3.0 MAINCONTENT

3.1 Reviewing and Amendment of Management Plans
Countries have reported difficulties in applyingmmadvanced forms of
fisheries management practices and have indicabed rieed for
assistance in areas such as:

. drafting national codes and national plans of actio

. implementing vessel buy-back and industry restmiogu
schemes to reduce fishing capacity
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. improving fisheries research capabilities, inclgdipossible
twinning arrangements between research instituteteveloping
and developed countries

. identifying and assessing new and underexploiteshefies
resources
. implementing the ecosystem approach to fisheries.

Noting the strong social and economic pressurefisberies, including
vulnerability to poverty and a lack of alternativemployment
opportunities for fishing communities, countriesv@astressed that
overcapacity in the fisheries sector should be eskird through
employment creation in other economic sectors (R2807).

The status of the resource, the circumstances aiditips of the

interest groups, the national circumstances anaoripeis of any geo-
political zone changes with time. This means thaanagement
objectives and measures can also become obsoleteppropriate with

time. For this reason, a regular evaluation sh@@dindertaken of the
effectiveness and efficiency of the management,ptemmally every

three to five years with revisions made as necgssauch revisions
should be undertaken with all the normal pre-ratpgssfor decision-
making.

The management authority should continually monttoe suitability

and cost effectiveness of fisheries regulations amdluate them in
detail when modifying management plans for spedifberies. Those
provisions which appear to be obsolete or not eefale should be
amended as required. Further, the laws and regnfatmplemented
should be readily enforceable, and the jurisdieicand administrative
procedures supporting enforcement should be fad &ansparent.
Failure to consider properly these issues is likilyundermine the
credibility and acceptability of the overall fiskes legal regime and the
level of compliance.

All relevant international legal instruments, amdparticular the 1982
UN Convention on the Law of the Sea and the 1995CdNvention on
Straddling Fish Stocks and Highly Migratory Fislo&s, should be
taken into consideration when preparing or amendiigheries
management legal regimes. When relevant, and pkatig with regard
to inland fisheries, full use should be made ofgghsvisions which exist
in international instruments or arrangements progdnechanisms for
integrated management of fisheries resources at basin level. The
coastal and riverine zones are usually coveredevgral overlapping
maritime, water, forestry or other legal regimelse Tisheries legislation
should be in harmony with the general body of legatruments
covering these activities. Particular attentionwtidoe given to other
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legal regimes in the context of integrated coaat@la management,
either at domestic or international levels.

Where the management policy includes some fornomwhdl partnership
arrangement with one or more interested party, nieiéy useful
principles rooted in traditional practice could yide valuable guidance
to national legislators and should not be overlaoke

Appropriately widespread consultation should beentaken with the
interested parties during the process of formujatin amending legal
provisions relating to fisheries management. Swlalboration should
ideally be accompanied by acceptance by intereptaties of their
obligations with respect to management measuregur&aby the
interested parties or their representatives toeabidthe regulations set
by the authority must lead to penalties which stidaé set at a level to
be effective deterrents. Such deterrents shouldlude¢ where
appropriate, the loss of the right to participaté¢hie fishery.

Fishery administrators need to develop partnershijps a range of
organisations to improve management. These includest of non-
governmental organisations with an interest indigés or those groups
whose activities impinge on fisheries. Various NG@@sy have interests
that coincide or conflict with those of fishers. Maenvironmental
organisations work for the protection of the healtrcoastal areas and
help conserve aquatic resources. For example, tloenn@nity
Environmental Resource Centre (CERC) of Jamaicaimasved in a
grassroots environmental sensitisation strategy dhowing the
relationship between improper sewage disposal antinfj of oyster
beds and recreational beaches in the Kingston harbo

Ecosystem-based management can be an importantleooem to

existing fisheries management approaches. One eofdistinguishing

features of ecosystem-based management is its smpbma protecting
the productive potential of the system that produ@source flows, as
opposed to protecting an individual species orks@& a resource. In
many other respects, however, ecosystem-based esraeagis not very
different from what many fishery managers trainedriarine ecology
already do: paying attention to species interastismch as competition
and predation, conservation of habitat, and protgaritical life history

stages by closing nursery areas and spawning dosatio fishing.

Another point to note is that if the ecosystem liealy degraded,
sustainability no longer makes sense as a goalteTiseno point in

maintaining an ecosystem which is impaired. Instéae goal should be
“rebuilding” or restoring the ecosystem.
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40 CONCLUSION

As fisheries management evolved, it became cleawas about

managing people, and not fish. Fish can’t effetyivee instructed to
avoid nets and hooks. Fish populations are manhge@gulating the

actions of people. Management regulations must alsesider the

implications for stakeholders. Commercial fishermely on catches to
provide for their families just as farmers rely orops. Essentially
commercial fishermen are just harvesting fish f@strdbution to the

public. Commercial fishing can be a traditionad&gassed down from
generation to generation. Most commercial fishiagbased in towns
built around the fishing industry; regulation chasgcan impact an
entire town’s economy. Cuts in harvest quotas careladverse affects
on the ability of fishermen to compete with the riemn industry.

Increasing property values and taxes along watetdrand properties
can diminish water access.

5.0 SUMMARY

Countries have reported difficulties in applyingmmadvanced forms of
fisheries management practices and have indicaked rieed for
assistance in several areas. The status of tharoesdhe circumstances
and priorities of the interest groups, the natiooatumstances and
priorities of any geo-political zone changes witimd. Appropriately
widespread consultation should be undertaken \nghriterested parties
during the process of formulating or amending lggalisions relating
to fisheries management.

6.0 TUTOR-MARKED ASSIGNMENT

1. What Management actions must a farmer carrpow pond?

2. List areas of need of countries relating todigds management
plans.

3. What are the salient points to be consideredviewing fisheries

management plans?
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1.0 INTRODUCTION

In Nigeria, the management of inland waters is reégeh as the exclusive
responsibility of the States to which such watedies belong. Whereas
there is a Sea Fisheries Decrees Act of 1971, disawehe relevant

Fishery Regulations and the Exclusive Economic A&#teZ) Decree of

1978, which enable the Federal Government to chntegulate and

protect the sea fisheries resources, there isesept no such uniform
law for inland fisheries.

20 OBJECTIVES

At the end of this unit, you should be able to:

. discuss fisheries policy in Nigeria
. justify the need for comprehensive inland fisheteggslation in
Nigeria.

3.0 MAIN CONTENT
3.1 Government Policy on Fishing and Pond M anagement

Nigeria has no specific legislation on aquacultatreational level, nor is
this activity mentioned in the Sea Fisheries Deaed Regulations
(respectively 1992 and 1971). However, the Inlamshé&ries Decree
(1992) makes a single provision empowering the st@niin charge of
fisheries matters to determine whether the setfugnolosures, such as
pens and cages, should be subject to a licenqé&fge 2005).

From an institutional point of view, the authoritpmpetent for the

management of fisheries and for the preparationpolicies and
programmes for the development of fisheries isRbderal Department
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of Fisheries (FDF) of the Federal Ministry of Agriire and Natural
Resources, which provides technical support toeSEpartments of
Fisheries (SDF). Likewise, the latter provide supp¢o Local

Government Authorities (LGA) on fisheries mattév@reover, fisheries
and aquaculture research is carried out by the ridigelinstitute for
Oceanography and Marine Research (NIOMR) and byNhgonal

Institute for Freshwater Fisheries Research (NIF-R#iile aguaculture
training is ensured by the African Regional Aquaod Centre
(ARAC). There is no legal definition of aquaculture.

Nigeria is a member of WTO (World Trade Organisati@nd has
ratified both the Convention on Biological Diveysi(CBD) and the
Biosafety Protocol. Nigeria is also a party to t@®nvention on
International Trade in Endangered Species of Wigdifa and Flora
(CITES).

From a regional perspective, Nigeria has signedRindased Convention
for the Establishment of the Niger Basin Authofi@onvention revisée
portant & la Création de I'Autorité du Bassin dwged¥) (N'djamena,
1987), which replaces the Niger River Commissiam #the Convention
and Statutes concerning the development of the Blaath (Convention
et Statuts relatifs a la mise en Valeur du Bassinfdhad) (Yaounde,
1964), which establishes the Chad Basin Commis£ither parties to
the former convention are Benin, Burkina Faso, Gaomw Cote
d'lvoire, Guinea, Mali, Niger, and Chad, wherealy @ameroon, Niger,
and Chad are party to the latter (Atlas of Intaovetl Freshwater
Agreements 2001).

The Sea Fisheries Decree only regulates a spégjfec of authorisation

(operation and navigation of motorised fishing Bd&b be issued by the
Ministry of Agriculture and Natural Resources, whicannot be

analogically applied to aquaculture. No other psmns were found.

According to the Land Use Act (1978, as amendeid)e sgovernors
have the power “to grant statutory rights of ocawugato any person for
all purposes”, and Local Government shall “granétomary rights of
occupancy to any person or organisation for theofisend in the Local
Government Area for agricultural, residential anldeo purposes”. The
law does not specifically mention aquaculture psgso

In contrast, water management is vested in therddmvernment, as
stated by the Water Resources Decree (1993). Acgdyd the Minister

for Water Resources has the power to “prohibitegutate the carrying
out of any activities on land or water which iselik to interfere with the
guantity or quality of any water in any water cau® groundwater”.
Free use of water is allowed for minor purposes: libensing system
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established by the decree only concerns the domrstorage and use of
water on a commercial scale for the constructioraintenance,

operation, repair of hydraulic works. No referente made to

agricultural water use in general, or to aquacaltactivities in

particular.

The Environmental Impact Assessment Decree (1988)iges that, in
general, any project or activity which might sigcéintly affect the
environment is subject to an environmental impasseasment.
Applications are to be filed with the Federal Epmwimental Protection
Agency (FEPA).

The Schedule to the Decree contains a list of esvsubject to the full
EIA process, which entails a mandatory study of pineject and a
preparation of a mandatory study report. As faragsiaculture is
concerned, only “land based aquaculture projectsorapanied by
clearing of mangrove swamp forests covering an afég) hectares or
more” are subject to the full process.

Furthermore, according to the Water Resources [@ethne Minister for
Water Resources is in charge of regulating the desfgosal of sewage,
effluent and water-borne waste and is responsitetife control and
prevention of pollution.

The Inland Fisheries Decree provides that the itngod export of live
aquatic species is subject to an authorisatioretsdued by the Minister
in charge of fisheries. Procedural details are awailable in the
reviewed legislation. There are no specific priovis on animal health
and disease control.

40 CONCLUSION

The justification for comprehensive inland fisherlegislation has been
advanced by the Federal Department of Fisheriesdbas the need to
harmonize the administration, management, protectial improvement
of the fisheries resources in inland waters inelgdiivers, reservoirs,
lakes and their associated wetlands. Although utlccdoe argued that
these waters are within state boundaries and slibatéfore be subject
to state legislation, the waters usually traversarenthan one state.
Apart from the fact that fish do not respect stadendaries, migratory
fish often enter channels which pass through mbean tone state.
Consequently, action or lack of action by one stai® have a profound
effect on the fishery resources and fishing in heostate. In addition,
migrant fishermen often cross state boundariesggusitiawful methods

to capture fish, and the dumping of poisonous prtslwr industrial

wastes in one state, which does not give priodtfigheries, can lead to
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mass destruction of valuable fishery resources dovwam in another
State where fishing may be of high priority.

5.0 SUMMARY

Nigeria has no specific legislation on aquacultatreational level, nor is
this activity mentioned in the Sea Fisheries Deaed Regulations
(respectively 1992 and 1971). However, the Inlamshéries Decree
(1992) makes a single provision empowering the st@niin charge of
fisheries matters to determine whether the setfugnolosures, such as
pens and cages, should be subject to a licence fee.

6.0 TUTOR-MARKED ASSIGNMENT

Critically assess the fisheries policy in Nigeria.
7.0 REFERENCESFURTHER READING
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MODULE 4 AQUACULTURE
ENGINEERING/BREEDING

Unit 1 Construction of Ponds, Channels and Dragsag
Unit 2 Pond Preparation

Unit 3 Maintenance of Ponds

Unit 4 Fish Breeding

UNIT 1 CONSTRUCTION OF PONDS, CHANNELS AND
DRAINAGES

CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Site Selection
3.2 Construction of Ponds
3.3  Construction of Channels and Drains
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

The majority of freshwater fish are raised in pond&ter taken from a
lake, river, well or other natural source is chdedento the pond. The
water either passes through the pond once andttigedischarged, or it
may be partially replaced so that a certain peeggndf the total water
in a system is retained. Pond systems that yiekl highest fish
production only replace water lost through evaponatand seepage.
Water flow generally reduces the natural productbpond systems in
the tropics.

20 OBJECTIVES

At the end of this unit, you should be able to:

. state the requisite conditions for location of p®nd
. list and explain construction parameters
. design channels and drainages.
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3.0 MAINCONTENT
3.1 Site Sdlection

Success or failure of any aquaculture venture lgrdepends on the
right selection of the site for it. In choosingitesseveral factors other
than the physical aspect of the site are to beideresl. The factors to
be considered cut through various disciplines aatge from socio-
economic aspects of aquaculture to all the physhmmical and
biological conditions of the environment; this caesation should be
with reference to the specific culture system apdcgs chosen. In
selecting a site for a specific system of cultuoghltechnical and non-
technical aspects need to be considered.

Socio-Economic, Palitical and Legal Factors

They are socio-economic aspects such as sociatedigtbus customs;
consumer preference; nature of manpower (laboumuality and
guantity available; transportation and communicati@acilities; i.e.
infrastructure facilities; accessibility and nea®mdo market; and also
costs and availability of construction materials.

The objectives of producing fish in a culture systshould be clearly
spelt out. While the acceptance or preference efltical community
would be of prime interest in producing fish focé consumption, the
acceptability of the target group to whom the fesh supplied, in some
cases, even by export, is of major interest.

Topography and Ground Elevations

Pond design (width, depth, orientation) and farpola (grow-out areas,
building sites, settlement and holding dams) wel influenced by the
topography of the land. Pond construction costs lmaminimised by

building on land with a gentle slope (1% - 3%). Bbeeper the land the
more works that are required and the higher theematimping cost.
With very flat land it is more difficult to desigand operate a farm
because of the need to have slopes on the pondnimtto allow

complete drainage and to ensure discharge draoms fhe ponds can
transfer water to settlement ponds and holding darhgs water can
then be recirculated through the farm or used fogation purposes.
Land should be above flood levels to prevent tiss lof the crop or the
translocation of species, which may be non-indigenio the area, into
the natural river system. Land that floods morentbae year in 100
should not be considered for grow-out ponds.
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Sail

The site must have soils that hold water and caocobepacted. If pond
levees are constructed with soil that has high waermeability

(leakage), the cost of pumping water could becommhipitive. Soils

should contain no less than 20% clay. Soils withhhsand and silt
compositions may erode easily and present a pipagard soil-water
flow along pipes which could wash out a levee. A#ep collars can
help minimize that problem.

Water Supply Quality, Quantity and Dynamics

Aquaculture requires large volumes of good quadigter. A supply of
good quality water is also essential. Poor watealityureduces fish
survival and growth. The water supply must be reddy free of

pollutants, sewage and other dissolved wastes, yh@astals, oils,
pesticides, herbicides, chlorine, methane, hydragdphide and other
poisonous substances. Do not use water of extretmgly turbidity

(caused by silt and clay colloids) as it may stifess, reducing growth
and resistance to disease.

Water quality variables need to be monitored ratplas they interact
and can change from acceptable levels to lethaldewithin several
days, particularly during summer. Monitor temperatudissolved
oxygen, pH and ammonia.

Source water for fish farms can be drawn from mapwurces; for
example runoff, rivers, creeks, impoundments, snuEms, lakes,
irrigation canals and underground (bore water). Bipe, size, location
and topography of a farm will determine the bestnoyst practical
source of water. Normally, a well or surface wateurce (river, stream
or spring) is required. Surface sources may beufsal intermittently
available (affected by weather, e.g. drought).

Borehole water has a number of features that makery suitable,
particularly in intensive facilities. They include:

. regular, dependable supply

. free of pathogens

. free of organic, agricultural or industrial pollori

. free of suspended particles and so allows closereaton
. relatively constant temperature

. free of trash fish and other undesirable aquati@isms.
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Water must be of high quality and free of pollusardgewage and toxic
contaminants. Generally, water that is safe foedteck and domestic
use or that supports wild fish populations is $afeaquaculture.

Chemical characteristics of water that are desirable for good animal
growth include:

. pH-6.5t0 8.5

. Total Alkalinity - 75 to 250 mg/L (less than 500rhgé CaCO3)
. Total Hardness - 75 to 250 mg/L (less than 500egLaCO3)
. Total alkalinity and hardness should not be belOwr)/L.

Avoid water from domestic supplies as it contaihgricals such as
chlorine, which can be toxic to fish. The cost opglying water to the
site may be a major factor determining the econdeasibility of a fish
farm. Pumping costs are high and must thereformipémised. Utilise
gravity flow, as it is efficient and cheap. Use agk reservoir to
implement gravity flow.

Type and Density of Vegetation
The land must be free of stumps and shrubs tharfare with
excavation. Thick vegetation is not ideal as itckk sunrays hence

phytoplankton from carrying out photosynthesis.

Other important factors that must be considerellide

. susceptibility of the site to flooding

. availability of electricity

. availability of suitable manpower to operate therfa
. accessibility

. proximity to markets

. ability to secure the site against poaching andtsaje
. potential impact on the environment.

3.2 Construction of Ponds

Building a pond can be the most difficult and megpensive part of
fish farming. A well-built pond is a good investni¢hat can be used for
many years.

The steps in building a fish pond are:

1. Prepare the site
2. Build a clay core (in the case of contour pgnds
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3. Dig the pond and build the dikes
4. Build the inlet and outlet
5. Protect the pond dikes

Prepare the Site

First remove trees, bush and rocks, then cut thesgn the area where
the pond will be made. Measure and stake out thgtheand width of
the pond. Remove the top layer of soil containiogts, leaves and so
forth and deposit this outside the pond area. Saeopsoil for later use
when grass is to be planted on the pond dikes.

Build a Clay Core (in the case of contour ponds)

A clay core is the foundation for the pond dike, ieshhmakes it strong
and prevents water leaks. A clay core is needebitiour ponds and is
built under those parts of the dike where the watdlr be above the
original ground level. A clay core is not neededexcavated ponds
because there the water level is below the origin@ind level. Remove
all the topsoil in the area of the pond dikes aigdad'core trench’ in the
same way as you would dig the foundation for a Botibe trench needs
to be dug out along the lower side of the pond laafivay along each
short side of the pond. Fill the trench with goddyc Add several
centimetres of clay at a time and then compacelit.Whis will provide
a strong foundation upon which the pond dikes aahbult.

Drainpip=a Drainpipse
¥ [1 Drainags ditch |

T __ Leves I_

B0
\/': Inflow pipe

—1 X .L\WE" 11 G
L — —

¥

- 13200 - 1320
Fig. 1: Layout of a Typical Pond with Dike or Levee
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Dig the Pond and Build the Dikes

Use the soil that you dug out when making the tndoc the clay core to
build up the dike on top of the core trench. Try tiouse sandy/rocky
soil or soil that contains any roots, grass, stickdeaves. These will
decay later and leave a weak spot in the dike tirauhich the water
can leak out. Keep compacting the soil at reguitarvals while you are
building the dike. After adding each 30 cm of lossd trample it well

while spraying water on the dike. Then, pound tihva heavy log, or a
piece of wood attached to the end of a pole. Thismake the dike

strong. Pond dikes should be about 30 cm abovevéter level in the

pond. If catfish are to be farmed in the pond, duiie dike to 50 cm
higher than the water level to prevent the catiisim jumping out.

Once you have reached this height, add a littleensmil to allow for

settling and then refrain from adding any more sailtop of the dikes.
The pond dikes should have a gentle slope. Thedhgse for the pond
dike is one that rises 1 metre in height for ev&ryetres in length. The
pond bottom should also slope so the water vanedepth along its
length.

Build the water inlet and outlet

The waterinlet consists of a canal to bring in the water, a sittbhment
basin, and a pipe to carry water into the pond. Wwa&r coming into the
pond often contains a lot of soil and silt and wilake the pond very
muddy. A silt catchment basin will prevent thisldoom entering the
pond. By widening and deepening the inlet canditrigutside of the
pond dike, the soil will settle into this hole —lled a silt catchment
basin — instead of entering the pond. The watet ipipe runs from the
catchment basin through the pond dike into the ptarghould be about
15 cm above the water level so that the incomingemwsplashes down
into the pond. This will prevent fish from escapibg swimming into
the inlet pipe. It also helps to mix air (and tlaxygen) into the water.
The water overflow pipe is used only in emergendigater shouldot
flow out of the ponds on a daily basis. During heeains the overflow
pipe takes excess rainwater and run-off water bthepond. The inlet,
outlet and overflow pipes can be made of plastainioo, wood or
other material. Install the pipes through the pdlice near the water
surface. Pipes should have screens to stop fish &mtering or leaving
the pond. The INLET pipe is screened at the eddm;ihwis outside the
pond to stop wild fish and objects like branchesl amaves from
entering. The OUTLET (also called drainage pipesaseened inside the
pond to stop fish from escaping.
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Protect the pond dikes

When the pond dikes are finished, cover them withtbpsolil that was
removed when digging the pond. On the dikes, pgmis such as
Bahamas grass. Do not use plants with long rooteees because these
will weaken the dikes and may cause leaks. Thdddapsoil will help
the new grass to grow, and the grass will helprategot the dikes from
erosion. Flooding during heavy rains can destrogpdpdikes, if too
much rainwater and run-off water flows directlyarthe pond. It can be
prevented by diverting the run-off water around $ides of the pond.
This can be done by digging a ditch along the ugee of the pond.
Use the soil from this ditch to build a small ridgelow it. The ditch
will carry run-off water away from the pond, whiakill prevent
flooding and protect the pond dikes.

3.3 Construction of Channelsand Drains

A perimeter drainage channel system should be aristl to receive
effluents and to prevent water from standing oetsltkes. The existing
drainage system might be modified, or a new systenstructed. Earth
removed during construction of the drainage ditatess be used as fill
for dikes. Drains and channels are most often liestafter the dike is
constructed by trenching through the levee wittaekhoe. This ensures
proper placement of the drain and minimizes thie ofssettling, which
can hinder the complete draining of the pond. Ajleiri0-inch diameter
drain PVC pipe is adequate to maintain water lemet drain a
commercial pond. Most soils used for pond consimachave high clay
content and most dikes are relatively low, antiseellars are not
usually included on the drainpipe. The drain shaxtknd into the pond
and past the outside dike toe by at least 5 fedtiAch drop in the pipe
to the levee toe will ensure complete drainagénefpipe when the pond
is dry. The inside (pond side) drain end is cappéti an expanded
metal screen (0.5-inch mesh) 3 to 4 feet long &pkiesh from entering
the drain. If the pipe does not extend properlysiogt the pond, severe
levee erosion is likely to occur when overflow oaid water is released.
The outside end is fitted with a “T” standpipe &t the desired pond
level and capped at the end with an alfalfa valMee length of the
plastic terminal sleeve (or “jam pipe or riser’)nche altered to adjust
the water level in the pond. Other drain types saghswivel pipes” and
concrete “monks” can be installed in commercial gmiout are not
recommended because they cost more and have liostfdiness. The
area immediately surrounding the interior drain-{@&t-radius) should
be slightly deeper (3 to 4 inches) than the redghefpond so that the
pond drains fully. Any fish remaining at drawdowillwe concentrated
in this area.
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4.0 CONCLUSION

Proper design and construction of ponds is critioalhe success of a
commercial fish operation. Well-designed ponds,stacted on soll
with proper clay content and adequate water supylye a useful life of
at least 10 years. Ponds constructed without prpf@ming may not
hold water, may have persistent weed problems,iffieutt to harvest
and drain completely.

50 SUMMARY

Building a pond can be the most difficult and megpensive part of
fish farming. A well constructed pond is a gooddstment that can be
used for many years. The steps in building a frshdpare: Preparing the
site, Building a clay core (in the case of contponds), Digging the

pond and build the dikes, Building the inlet andletuand Protection of
the pond dikes. A perimeter drainage channel sysstould be

constructed to receive effluents and to preventewétom standing

outside dikes.

6.0 TUTOR-MARKED ASSIGNMENT

Outline the steps to be taken in building a fisingp@and briefly explain
three of these steps.

7.0 REFERENCESFURTHER READING

Carballo, E.;et al. (2008). Small-Scale Freshwater Fish Farming
Wageningen: Agromisa Foundation.

Steeby, J. & Avery, J. (2002)onstruction of Levee Ponds for

Commercial Catfish ProductiorSouthern Regional Aquaculture
Center SRAC Publication No. 101.
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UNIT 2 POND PREPARATION
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1.0 INTRODUCTION

Pond preparation for stocking of fish is very impot. Concrete ponds
need to be cured to prevent toxicity of cemenh®ftsh. Earthen ponds
need to be well prepared to avoid seepage andgsilthich can affect
the health of the fish. Some new pond owners pdptdor pond
construction and then neglect to finish the projéiless the soil is
protected, it may wash into the bottom of the pdadllies and rills can
develop with the first rainfall, making maintenandificult and even
jeopardising the integrity of the pond. Establighproper cover is cost-
effective because it prevents excessive erosi@uyces mowing costs,
and allows all weather access to ponds. Fillingdsohy connecting
pipes pond to pond is not recommended becaus&es t@nger to fill
connected ponds and disease and trash fish carahsgferred easily
from one pond to another.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

. prepare ponds for stocking
. state appropriate stocking densities for species.

3.0 MAINCONTENT
3.1 Pond Preparation and Stocking
The following steps are necessary before a pondeastocked: curing

(for concrete ponds) fertilising the pond, fenciig pond, filling the
pond with water and stocking the fish.
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Curing the Pond

Concrete ponds should be left to stand inundatedbébwveen 7 to 14
days to allow for chemical reactions between cenagrt water to be
reduced to the barest minimum. After this, flush thie water and wash
the pond thoroughly before another impoundmentctmemodate the
fish.

Fencethe Pond

Putting a fence around the pond will protect claldfrom falling into
the pond and it can help to keep out predatory alsinTo make a low
cost and sturdy fence, plant a thick hedge arotedpbnd or build a
fence using poles and thorn branches.

Fertilising the Pond

The natural fish food production in the pond cannoeeased by the use
of fertilizers such as animal manure, compost anubal fertilizers.
Spread the fertilizer on the dry pond bottom befdliag the pond with
water. Add fertilizer to the pond water at regulame intervals,
preferably each day in the late morning or earlyerabon. This
continuous adding of fertilizer will ensure a cowibus production of
natural fish food. If the soil is acid, add limewood ashes to the pond
bottom in addition to fertilizer before filling theond. Use 10-20 kg of
lime or 20-40 kg of wood ashes for each 100 m2amidpbottom.

Fill the Pond with Water

Before filling the pond, put rocks on the pond buoitat the spot where
the water falls when coming in from the inlet pidénis will keep the
incoming water from making a hole and eroding tbadgobottom. Then
open the inlet canal and fill the pond. Fill thendoslowly so that the
dikes do not subside due to uneven wetting. Wihée gond is filling,
the water depth can be measured with a stick. filimyg the pond when
the required depth is reached. To prevent overfigwdo not fill the
pond too full. Water in the pond should not flowahgh (and should
thus be stagnant), because water flowing throughpibnd will slow
down fish growth by flushing away the naturally guced fish food.
The only water added to the pond should be to cosgie for water
loss through evaporation and seepage. New pones séiep when they
are filled with water for the first time as the Ispartly takes up the
water. Keep adding new water for several weeksgaadually the pond
should start to hold water.
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Stocking the Fish

Wait 4-7 days before stocking the fish. This allothe natural food

production in the pond to reach a sufficient leiesustain fish growth.
In case you decide to introduce substrates in tmelpyou will have to

wait longer until the substrates are colonised fganisms that can be
eaten by the fish. Stock the fingerlings gently,itmyersing the bucket
or container holding them into the pond water gentlote, the

temperature of water from which the fingerlings &drought from

should be about the same as the water temperatutieei pond. For
Semi-intensive Systems, stocking density ranges f2oto 25 fish per
cubic metre of water while in Intensive systeinsanges between 25 to
450 fish per cubic metre of water. From this poamwards it is

important to maintain the pond in a good state amshitor water

quality.

40 CONCLUSION

Pond preparation is an important prerequisite fmcsssful fish rearing
and therefore ensures maximum productivity from #8teck. Fish

introduced to a well prepared environment will ¥eriwell and this will

translate to greater profit and maximal use of lab# resources.

50 SUMMARY

Concrete ponds should be left to stand inundatecdébween 7 to 14
days to allow for chemical reactions between cenagrt water to be
reduced to the barest minimum. The natural fisldfpooduction in the
pond can be increased by the use of fertilizeré siscanimal manure,
compost or chemical fertilizers. Spread the feilion the dry pond
bottom before filling the pond with water. Puttiagfence around the
pond will protect children from falling into the pd and it can help to
keep out thieves and predatory animals. Fill thedpsiowly so that the
dikes do not subside due to uneven wetting. Wan days before
stocking the fish.

6.0 TUTOR-MARKED ASSIGNMENT

Briefly describe steps to be taken in preparingoadpfor stocking and
the process of stocking.

7.0 REFERENCE/FURTHER READING
Carballo, E.; van Eer, A.; van Schie, T. & Hilbrand\. (2008)Small-

Scale Freshwater Fish Farminggromisa Foundation and CTA,
Wageningen.
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1.0 INTRODUCTION

To achieve a high production of fish in the poregular maintenance
and monitoring is vital. Daily management includes:

. Checking the water quality (oxygen, pH, colour,ngjparency,
temperature, etc.)

. Checking the pond for possible water leaks.

. Cleaning the screen of the water inlet and outlet.

. Observing the fish while they feed: Do they eatnmalty? Are
they active? If not, and if they are gasping faratithe surface,
the oxygen level in the water is too low. Stop fagdand
fertilizing and let water flow through the pond uirnthe fish
behave normally again. Otherwise, look for symptahag could
indicate a disease.

. Watching out for predators, or signs of predatoushs as
footprints, and taking precautions if necessary.
. Removing aquatic weeds growing in the pond watelityuis a

vital factor for good health and growth in fish.
20 OBJECTIVES

At the end of this unit, you should be able to:

. explain the importance of various water quality goaeters
necessary for pond management
. manage ponds based on these parameters.
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3.0 MAINCONTENT
3.1 Pond Maintenance
Oxygen

Oxygen is a gas that is produced by all plantsh& pond (including

phytoplankton) with the help of sunlight. The marelight falls on the
pond and the larger the quantity of phytoplankttme higher the
oxygen-production will be. The oxygen produced lgatissolves in the
water and the rest escapes to the air. The oxygesl bf the water
varies during a 24-hour period because the prooluetnd absorption of
oxygen by the plants change with light and darkn€kss phytoplankton
in the pond only produces oxygen when there id.lighnight they need
oxygen like any other plant or animal in the pohdt because of the
lack of sunlight no oxygen can be produced. Consety the quantity
of dissolved oxygen in the water decreases aftesetu Normally, the
oxygen level is at the highest in the afternoon anthe lowest in the
morning (oxygen has been used up throughout thiet)ni§hortage of
oxygen is the most important cause of fish deatlerwthe pond has
been fertilised with manure or fed too much. A mightly high oxygen

level is important for good fish production. If Hisare gulping for

oxygen at the water surface, you can solve thiblpro by flowing extra

freshwater through the pond. Stirring up the watehe pond also helps
to increase the amount of dissolved oxygen. Ddewd and fertilise the
pond at this moment because this is often one @fréasons for the
oxygen shortage. Over-stocking of fish in the paodild be another
possible cause of oxygen shortage. This can cawvsssdor the fish,

which can result in disease outbreaks and mortality

Water Acidity, Alkalinity and Hardness

Water suitable for fish farming should have a dartéegree of acidity,
indicated by the water pH-value. This should priégr range between
6.5 and 8.5 (figure 4). Values above or below tlaisge inhibit good
fish growth and reproduction. Phytoplankton requirepH of about 7
and zooplankton (tiny animals in the pond watemdrch the fish feed)
a slightly lower pH of 6.5.

Fish growth
death | slow growth | good growth | slow growth | death
pH 4 5 & 7 &8 e i 11

Fig. 4. Carballogt al.,2008.The Effect of pH on Fish Growth
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Sometimes the pH of the pond water can change lguiEkr example,
heavy rain may carry acid substances, dissolved the soil into runoff
water, into the pond. In this way, the pond watgsgnore acid and thus
the pH-value decreases. The best way to increas@Hhvalue of the
water again to neutral (about 7) is to add limethe pond. Water
alkalinity is a measure of the acid-binding capacif the water
(buffering ability), and is the opposite of wateidity. This means that
when pond water alkalinity is high, more acid sahses are needed to
decrease the water pH-value. Water hardness isnteesure of total
water-soluble salts. Water that contains many saltalled ‘hard’ and
water that contains few salts is called ‘soft’. Onethod of measuring
hardness is to carefully examine the pond dikea. Wwhite line appears
on the dike at the same height of the water leWed, means that salts
present in the water have dried on the pond dikbsrefore the pond
contains hard water. Hard water is important fosdyéish growth. If the
water is too soft (i.e. the amount of water solubddts is low), the
farmer can increase the hardness by adding lim@gowater. In this
manner, water fertility will increase, so naturalodél production and
ultimately fish production in the pond will alsochrease. Water acidity,
alkalinity and hardness can all be changed by gdithme to the pond as
described above. These three water quality measmsnare not the
same but are usually related to each other indlh@xing way:

. Low alkalinity = low pH = low hardness

So, the aim of adding lime is to increase watealaikty, water hardness
or pond water pH (to about 7). Ponds that have jesin built need a
different treatment than ponds that have alreaay ltiened before.

. Newly built ponds: These should be treated with 20 to 150 kg
agricultural lime per 100 mThis is mixed with the upper (5 cm)
layer of the pond bottom. The pond is subsequdiited with
water to a depth of 30 cm. Within one week the pkhe pond
water should have reached 7 and you can statideg.

. Ponds limed before: These should be treated with 10 to 15 kg
guicklime per 100 m2, added to the damp pond bottet rid
of fish pathogens, fish parasites and fish predatfter a period
of 7 to 14 days the ponds should be refilled withtev. After
filling the pond to a depth of 30 cm, the pH of thater can be
adjusted by adding agricultural lime.

Turbidity

Turbidity is the term for the amount of dissolvesdispended dirt and
other particles in the water, which give the watdsrown colour. High
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turbidity of water can decrease fish productivey, it will reduce light

penetration into the water and thus oxygen producby the water
plants. Dissolved, suspended solids will also dlttgrs and injure fish

gills. A method for measuring water transparencyctvhs an indirect

way to estimate turbidity is Secchi disc visibili suitable method for
reducing turbidity is using a silt catchment basirhis is a small

reservoir at the inlet of the pond. The water flomts this reservoir and
Is kept there until the mud settles on the bottdhen the clear water is
let into the fish pond. Another way of clearing rdydwvater is to place
hay and/or manure in the pond and leave it thereddoompose
(resulting in sedimentation of mud particles). Timsthod should not be
used during very hot weather because the hay wijibto rot very

quickly. This could lead to oxygen shortage in goad. In the case of
water turbidity caused mainly by factors other thalmytoplankton

abundance (water colour is not greenish), theresame widely used
practices to decrease this turbidity. For instarafpre stocking the
fish, place animal manure in the pond at a rat46fg/nf. Do this three

times with an interval of three to four days betwebe applications.
Another method to decrease turbidity is to appiyeli gypsum, or
preferably alum at 1 gram per 100 litres of wakteswever, the only real
long-term solution to turbidity is to divert muddyater away from the
pond and ultimately protect dikes from erosion, ahcause the high
water turbidity.

Toxic Substances

Toxic substances in the water supplied to the pcend decrease fish
production seriously, so it is wise to investigatg existing or potential
sources of water pollution in the vicinity of therml. Many chemicals
used in animal husbandry and crop cultivation asesgnous to fish.
Therefore, chemicals should never be used in t around the pond.

Ammonia

Ammonia reaches pond water as a product of fishalbwdsm and
decomposition of organic matter by bacteria. In ematammonia
nitrogen occurs in two forms, un-ionized ammonid ammonium ion.
Un-ionized ammonia is toxic to fish, but the ammuoniion is harmless
except at extremely high concentrations (Boyd aictitkoppler, 1979).

The toxic levels for un-ionized ammonia for shertn exposure usually
lie between 0.6 and 2.0mg'Lfor pond fish, and sub-lethal effects may
occur at 0.1 to 0.3mgl (EIFAC, 1973 and Robinette, 1976). In a
properly managed aquaculture pond setting, ammosé&dom
accumulates to lethal concentrations. However, anmen@an have
negative effects that don't result in death butseaveduced growth
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rates, poor feed conversion, and reduced diseasgamce. So, even
though the fish don’'t die directly from ammartoxicity, it can
affect the system in other ways and ultimatelgetfthe overall crop.

There are a couple processes that also resuleilo$is or transformation
of ammonia. The most important process is theddssnmonia through
the uptake by algae and other plants. Plants lisenitrogen as a
nutrient for growth. Photosynthesis acts like argm@o for ammonia
uptake so overall plant or algae growth in the goodn help use up
ammonia. The other ammonia removal process isrémsformation of
ammonia through nitrification. Two main types of ct&ia,
Nitrosomonasand Nitrobacter, effectively oxidize ammonia in a two-
step process. First they convert ammonia to ni{lit®,) and then to
nitrate (NQ). Essentially, nitrification is a process of ngem
compound oxidation (effectively, loss of electrainem the nitrogen
atom to the oxygen atoms).

Even though practical ammonia management actiorysomdimited in a
large pond aquaculture setting there are some teagsduce ammonia
levels:

a. Reduce feeding rates - since excess feed and fish excretion are
the main culprits of ammonia build up it seems oeasle to feed
only what the fish need.

b. Increase aeration - aeration increase DO levels causing fish to be
less stressed. Avoid vigorous aeration to prevering bottom
sediment which can actually increase ammonia cdretems.

Nitrite and Nitrates

Nitrite is an intermediate product in nitrificatiowhich is a common,
bacteria-mediated transformation of ammonia toatetrin soils and
water. Nitrite accumulates to significant levels ponds only when
ammonia concentrations are relatively high and stantor causes the
rate of ammonia oxidation to nitrite to exceed fttate of nitrite
oxidation to nitrate. Accumulation of nitrite is desirable because it can
be toxic to fish at relatively low concentrations.

An inexpensive and convenient prophylactic treatnethe application
of common salt. Monitoring is necessary using wageality test kits.
As such, losses to nitrite toxicosis will resultlyorwhen the farm
manager is negligent in instituting the proper nggemaent plan.
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Other Pond Management Activities

Apart from water quality management, other routiogvities which are
critical to the success of the aquaculture vennolide:

Feeding

Obtaining best performance results from fish feeaat dependent on
pellet quality alone. Better results are obtainvglden fish are fed
correctly using the right techniques that ensurésil have access to the
feed, the fish’s nutritional needs are being met thiat no excess feed is
fed. Feeding fish correctly means:

. giving feed of the correct nutritional quality ftre specified age
of fish

. feeding the right feed size for easy consumption

. feeding the correct amounts

. feeding at the right time(s) each day.

When fish are fed correctly, growth rates are gand uniform across
the population, feed conversion ratios (FCR'’s) lave and pond water
guality is better managed. In order to avoid oveuwnder feeding the
fish, the right amount of feed must be given eaetet The amount of
feed to be provided to the fish per day, the fegdiate (ration), is
dependent on the fish’s body weight. Farmed fighchlly are fed 1-4%
of their body weight per day (Craig, 2009).

Feed can be offered to fish in ponds by one oktweral ways:

. by broadcasting (floating and sinking pellets).vilaroadcasting
of pellets is the recommended way for administemedets to
catfish grow-out ponds

. via feeders (floating and sinking pellets)

. applied within feeding rings (floating feeds — esp#y for
juveniles in ponds).

Weeding

Aquatic weeds are more likely to grow in shallowngs. Excess weeds
in the pond interfere with seining and reduce tieels of dissolved

oxygen available for fish production. Weeding invad physical

removal of aquatic plants from the pond. The mastvenient method

of removal involves pulling them out, or in the eas floating plants

like water hyacinths, collecting them by hand orinet. This becomes
increasingly more difficult and time consuming & textent of the

problem increases.
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Pond M aintenance
a. L eakages

Leaks in ponds can be difficult and expensive paie Where possible,
prevention is always easier and less expensivertaairs after the leak
has become a problem. Most leaks occur throughdiytke, a porous

pond bottom or through channels in rock shelvethénpond. Leaks in

dykes can occur along trickle tubes or other pifes go through the
dams. Small water channels form along the pipee@ally when poor

soils deficient in clay are used in the pond dafle channels enlarge
over time and may eventually cause failure of tyleed

Leaking ponds can be a frustrating experience.|®nabcan be avoided
by using proper construction techniques, includamgj-seep collars on
pipes when ponds are constructed. Many pond ledds ean be

prevented by a program of pond maintenance thaides prevention of
tree growth on dikes and removal of burrowing ansneefore they dig

holes. When leaks do occur in ponds, there areiatyaf materials and
management techniques that can be used to stdlpwhef water:

Clay

Ponds built in gravel beds or in rock shelves galhedo not hold water

very well. Clay lining of at least 30.5cm thicknseded to properly seal
these ponds and at least 15cm of clay on inteloes to prevent leaks.
If less clay is used, the pond will usually develepks again within a
few years. Ponds that are frequently drained apeaslly prone to

leaks. As the pond bottom dries, large cracks apiped open channels
for water drainage. In areas where clay is avalabls usually the least
expensive method of repairing leaking ponds.

Dyke Repair

Leaks in pond dykes are best repaired from indiéepond. To do this,
drain the pond down 30 — 60cm below the site ofl¢fad. Dig out the
area surrounding the leak for several centimetaek nto the dyke. The
resulting trench is filled with clay and compactacery 20 — 25cm as it
is filled.

b. Cleaning of Screens
Screens are used for the removal of unwanted feticom water and
to prevent fish from escaping from tanks and ponddesh and net

screens have a very large ratio of open area wesamaterial, but are
difficult to clean effectively due to particles loeoing wedged in the
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angles of the hole. The stiffer the screen mateniadcreen, the easier
manual cleaning is. Screens are generally cleandehibvd.

Security I'ssues

It is essential to maintain more efficient secudtyangements for ponds
in the school. Poaching and wanton killing of stodly students and
other people can occur in varying degrees in alnmadstschools.
Adequate security is needed around the ponds teqirthe investment.

40 CONCLUSION

Regular maintenance and monitoring is vital to eeimg high

productivity in a fish pond. Successful pond mamaget depends on
the knowledge and skill of the farm manager in &wwhwater quality
management, feeding, control of aquatic weeds, giagdeaky ponds
and adequate pond security.

5.0 SUMMARY

Adequate management of the pond is necessarydagrttwth and well

being of fish. Shortage of oxygen is the most ingoar cause of fish
death when the pond has been fertilised with maoufed too much. A

sufficiently high oxygen level is important for gbdish production.

Stirring up the water in the pond also helps taease the amount of
dissolved oxygen. Do not feed and fertilize the gp@t this moment
because this is often one of the reasons for tlggesxshortage.

Water suitable for fish farming should have a dartéegree of acidity,
indicated by the water pH-value. This should pr&iégr range between
6.5 and 8.5. High turbidity of water can decreask productivity, as it
will reduce light penetration into the water andgtoxygen production
by the water plants. Dissolved, suspended solidisalgo clog filters
and injure fish gills. The real long-term solutitmturbidity is to divert
muddy water away from the pond and ultimately protdikes from
erosion, which cause the high water turbidity. Mamgmicals used in
animal husbandry and crop cultivation are poisortoussh. Therefore,
chemicals should never be used in the area ardwengdnd, especially
avoid spraying on windy days. Farmed fish shouldfdzk at 1-4% of
their body weight per day. Weeding involves physioamoval of
aquatic plants from the pond. The most convemegthod of removal
involves pulling them out. Leaky ponds can be negzhiby using clay
lining on the bottom. Clay lining at least 30.5chick is needed to
properly seal these ponds and at least 15cm ofarlanterior slopes to
prevent leaks. If leakage is from the dyke, digeac¢h into the dyke, fill
with clay and compact every 20 — 25cm as it isedill Screens are
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generally cleaned by hand. Adequate security isdewearound the
ponds to protect the investment from poachers.

6.0 TUTOR-MARKED ASSIGNMENT

1. What is the relevance of oxygen and turbidity st fproduction?
2. List four other important things that should be mared apart
from water quality parameters for successful fistdpction.
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1.0 INTRODUCTION

Semi natural or hormone induced reproduction indgoor concrete
tanks can be used by farmers on small farms toysetheir own larvae
and fingerlings. However, the method has not prowethe a reliable
method for mass production needed for larger fsm§ or distribution
centres of catfish fingerlings. Therefore artificiaropagation under
more controlled conditions including; strippingeggs, collection of the
sperm, followed by fertilisation of eggs has beewaloped.

20 OBJECTIVES

At the end of this unit, you should be able to:

. explain the process of fish breeding
. list the processes involved in carrying out stmygpiand
fertilisation

3.0 MAINCONTENT
3.1 Breeding Catfish

The artificial reproduction of the African catfisas for all finfishes,
consists of a chain of activities which is moreless similar to that
which occurs during the course of natural repraduact Artificial
reproduction starts with the selection of males dathales from
broodstock ponds after which they are transferoethé holding tank
within a hatchery. Ideally, broodfish weigh betwegd0-1000 grams,
with larger fish being difficult to handle and maften result in
substantial egg losses prior to or during strippilmg general mature
females are selected according to the followintgad:
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. A well distended, swollen abdomen from which rigg® can be
obtained by slightly pressing the abdomen towarl dgenital
papilla. Ripe eggs are generally uniform in sized aan
experienced hatchery operator can see the nucteasmall dark
point in the centre of the egg

. A swollen, sometimes reddish or rose coloured gépdpilla.
. Egg colour is usually golden or dark greenish
. For male broodstock the only major criterion istttieey should

not be less than 9 months old.
Hormone I njection

The most common technique employed to induce fimaduration and
ovulation in African catfish is to inject the ferealith hormones or
pituitary gland material. The most commonly usediane is Ovaprim
at a dose of 0.5ml/kg of fish weight. The most cammmethod of
administering the hormone solution is by intra-mul&c injection into
the dorsal muscle.

Fig. 5: Viveenet al. (1985). Injection of the Female Breeders

Stripping

Stripping of the female spawners is carried ougbmgtly pressing their
abdomen with a thumb from the pectoral fin towatds genital papilla.
Ovulated eggs will flow out easily in a thick jebi the genital vent
and are usually collected into a dry plastic corgai

Fig. 6: Viveen;et al. (1985).Stripping of the Female African Catfish.
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The males of the African catfish cannot be stripped consequently the
sperm can only be obtained by sacrificing a make fhale is killed and
the body surface thoroughly dried after which tbstis is dissected and
placed in a mortar or a teacup. The edge of thes tiesrapidly cut using
a scissor and finally the milt is squeezed out whtnhand either directly
on the stripped eggs or into a small containeugr. ¢

Fig. 7: Viveen;et al. (1985). Collection of Milt from Male African
Catfish.

The sperm (diluted in 9% saline or non-dilutedadsled to the stripped
eggs, and then mixed together gently with a feathgaiastic spoon. An
equal volume of clean water is then added to thge regss by gently
shaking the bowl or use of feather or plastic sp&gys must be stirred
continuously once water is added until they areagprn a single layer
in the karkaban in the incubation tank. (The kadtaban be made from
1mm mesh size of net or strands of plastic bagbsttigether where the
eggs attach to).

Incubation of Fertilised Eggs

The development process from fertilised egg totat; like all other
biological processes, is dependent upon water teatye. The higher
the water temperature the faster the eggs hatelshimater is allowed to
flow in and out of the incubation tank to improves toxygen level and
remove waste produced during the process of intubaft eggs.

Hatching

Eggs start to hatch between 18 — 36 hours aftertbeieon when water
temperature is above 26°C. The hatchlings (1-1.5wilj)drop to the
base of the incubation tanks from the karkaban settle in the dark
corners of the tank. The un-hatched eggs attaahelet karkaban are
removed from the incubation tank while the hatddirare allowed to
feed on their yolksac for 2 — 3 days. After theitkgac has been fully
absorbed, they are fed with exogenous food to exghdmeir survival
and development. The hatchlings can be transfeoat of the
incubation tank into a well prepared nursery faciivhich can be an
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earthen pond or concrete, plastic or wooden tahle fiursery facility
should be protected from predators to ensure highal.

3.2 Breeding Tilapia

Egg production presents no problem as tilapia hgagpawns in the
ponds. The preferred water temperature during sipawa 25 to 30 °C.
Usually, tilapia females of about 200 - 300g weigh# stocked in one
pond at an average density of one fish pef 2hm sex ratio of one male
to four or five females. Tilapia males will begimgging holes in the
pond bottom immediately, attracting the female lie hole who will
simply release her eggs. If the pond bottom isloo$e, pottery jars or
wooden boxes can be used as nesting material.iditm then breed
every 3 to 6 weeks. The number of eggs producedpgmerning depends
on the size of the female: a 100 g female Nilgidaspawns about 100
eggs while a 600-1,000 g fish will spawn 1,000-0,8@gs. The fry are
collected at monthly intervals and grown to fingegs in nursery ponds.
The average monthly production is about 1,500 ffy/m

Chakroff, (1976). Genital Papillae in (a) Femadad (b)
Male Tilapia

During the early stages, the fry feed on naturaldf@roduced in the
pond. The fry are removed from the spawning pomakteansferred to
nursery ponds or directly to grow-out ponds. Orfeeytare transferred
to the nursery ponds, supplementary feeding isigeolvat a rate of
about 6 to 8% of body weight, depending on foocektyp

40 CONCLUSION

Artificial reproduction by induced breeding througbrmone treatment
followed by artificial fertilisation and incubatioof fertilised eggs and
the subsequent rearing to fingerling size has s¢vadvantages
including: better rates of fertilisation and hatai protection against
enemies and unfavourable environmental conditiomsl aetter
conditions for growth and survival.
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5.0 SUMMARY

The artificial reproduction of the African catfisas for all finfishes,
consists of a chain of activities which is moreless similar to that
which occurs during the course of natural repraduact Artificial
reproduction starts with the selection of broodstémm broodstock
ponds after which they are transferred to the hgldianks in the
hatchery. Egg production for tilapia presents nabfgm as they readily
spawns in the ponds. The preferred water temperatluring spawning
is 25 to 30 °C.

6.0 TUTOR-MARKED ASSIGNMENT

1. Describe the method of artificial reproduction imet African
catfish.
2. Describe spawning in tilapia.
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