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COURSE GUIDE

INTRODUCTION

Shortage in the supply of protein of animal orighecipitated the prominence fish in the diet of
most Nigerians. Drought, desert encroachment, skseatbreaks, cost and scarcity of feeds are
contributory factors diminishing production fromvdstock industry hence the continuous
reliance on fish to supplement protein intake. Qtaeryears the demand for fish has been on the
increase with supply never up to demand. Howewtucing the widening gap between fish
demand and supply and achieving the ultimate gbaleti-sufficiency in fish production has
been the major concern of Fisheries and Aquaculture

Fish culture is one form of aquaculture. Aquacwdtis the rearing of fish in artificial or natural
bodies of water by manipulation of the environmerth the aim of increasing production
beyond natural limits.Aquaculture has grown trenoerstly over the last few decades. This sector
alone now accounts for about a third of the worklipply of fish products (and about half of its
food fish supply) compared to only 4% in 1970. Erses and aquaculture are receiving
increasing attention, not only because they repteseimportant source of livelihoods and food,
but also because of our increasing understandingqagtic ecosystems. Human impacts on
ecosystems — in the form of invasive alien speg@e#ution, habitat fragmentation and changes
in the flood cycle — reduce the ability of fish clte to recover from fishing pressure. Fishery and
aquacultureproduction provide direct employment aewkenue to an estimated 43.5 million
people; mainly fishers but also increasingly fianifiers. Detailed statistics are often not readily
available, especially for small-scale fishing aitiéés in developing countries. The general trend
is that the number of jobs for fishers is stagrgpind that opportunities in aquaculture have been
increasing.

Despite the social and economic importance of fiske attempts at sustainable management
have been unsuccessful in many parts of the wartidaaglobal response is urgently needed. An
ecosystem approach to fisheries is called for, gototg and conserving ecosystems while



providing food, income, and livelihoods from fistesr in a sustainable manner. A combination
of measures has been proposed within this framewmeluding banning some fishing practices,
setting up marine protected areas, and constraatngss rights.

Nigeria is richly blessed with a vast area of parahnfresh and brackish water swamps covering
a total area of 1,751,509 ha (mostly unexploiteddl guitable for aquaculture. One of the
advantages is that such lands relatively unsuitablether forms of agriculture can be utilized
for the culture of fish. Besides, production peitwarea is reported to be higher for fish than
“animal” husbandry.Fish production in natural wates finite while production by fish farming
is elastic hence the main area of great potentinlehhanced fish production in Nigeria is
through the culture of fish.

Fisheries resources provide an important sourgegaitin in many countries and their use is of
major importance to local communities and the iedius people. Sustainable utilization of
such resources offers increased potentials to méetional, social and financial requirements
particularly in developing countries. The primarypose of this book is to provide baseline date
essentials for fisheries and aquaculture.

The Course

This course Guide tells you briefly what to expgom reading this material which bothers on
fisheries and aquaculture. The study of fisherrebsaquaculture is of imperative importance to a
nation’s economy. The management and maintenangeadity captured and to a lesser extent
the structure (age, size and species) of the eatbin certain limits, is the challenge of fishexie
management. Resources assessment and relevanbmatéology of these aquatic living
resources of which age and growth, food and feetimlgits, artificial feeds formulation and
others data for both short life-span and conveatiaesources will enable the control of
pathological tendency towards overfishing.

The importance of fish identification cannot be mephasized in the study of fish and for
taxonomic purposes. The rudiment of basic anatea@gsential for accurately identifying fish in
the field. The major species are readily identiBathrough mouth orientation, finnage and
coloration; all these with emphasis on externat@mécal features are discussed here.

The best approach to feed formulation is to usb-ligality feedstuffs to manufacture a diet that
meet the nutritional and energy requirements ofatipgaculture species in question. If a portion
or all of the fishmeal in a diet can be replacedcsssfully with other high-quality protein
sources, doing so will contribute greatly towardstgcting the surrounding environments and
promoting a sustainable aquaculture industry. Witommercial fish farming operations it is
also of importance that feed producers are abtkeliver a high and consistent pellet quality.

Good water quality management is a pivot upon wlackuccessful aquaculture programme
rests. Regardless of the approach to the cultuséersy adopted,ammonia, dissolved oxygen
(DO), nitrite, pH and alkalinity are major wateraijty parameters that should be measured on a
daily basis. Poor water quality can cause masssvekills. It is often a major factor contributing
to fish disease and parasite infection. Water gudbes not remain constant.

Course aim:



The aim of this course, therefore, is not only tovide the basic background information on fish
but also to integrate it with recent developmemtsvital areas of fisheries and aquaculture..
Capture fisheries and aquaculture are linked aadath contributing immensely to the supply
of food fish as a cheap source of protein in hudiats and fishery products for industrial usage.

Course objectives:
Besides the aforementioned aims, this course i® sethieve some of the following objectives:

* To understand the gross and external morpholod@glo{cartilaginous/bony fishes)
* To know the different functions of organs and syst®f fish

* To identify the various fish culture system

* To have a basic knowledge of hatchery and pond geanant

» To appreciate the importance of fecundity to fish

* To explain the basics of fish feed formulation

* To highlight the importance of age and growth stadif fish

» To know the food and feeding habits of differeshifi

* To understand the basics of artificial propagatibfish.

Working through the Course

A great effort was put into this course therebyiamnng it with a lot of useful information.
This accounts for why you find it an irresistiblengpanion both in the class and for field
purposes. However, it requires that concerted efformade in reading through these
materials for appreciating the effort in a commeable manner so you will be required to
spend a lot of time to read it. You are also enaged to work through and practice all
assignments contained in this materials.

Course Materials

You will be provided with the following materialsogrse guide and study units. In
addition, the course comes with a list of recomneentéxtbooks which though are not
compulsory for you to acquire or indeed read, @eessary as supplements to the course
material.

Study Unit

The study units in this course are given below:

Module 1: The gross and external morphology of bony andlagimous fish
Unit 1: External anatomy db@ny fish
Unit 2: Cartilaginous fish

Unit 3: Basic piscine shapes

Module 2: Basic function of Pisces organs and major systems



Unit 1. Basic organs and systemsfista
Module 3: Food and feeding habits of fish
Unit 1: Methods of food sieslof fish
Unit 2: Food organisms aedding habits of fishes
Module 4: Age and growth of fish
Unit 1: Methods of age studies
Unit 2: Methods of growth studies
Module 5: Fecundity
Unit 1: Methods of determination
Module 6: Fish culture techniques
Unit 1: Techniques of fish tcué
Module 7: Pond construction and management.
Unit 1: Pond construction
Unit Pond management
Module 8: Hatchery
Unit 1: Operating principleshatchery
Module 9: Fish feed formulation

Unit 1: Feed formulation

Module 10: Fish breeding and hybridization techniques

Unit 1: Induced spawning in fish

Unit 2: Methods of hormones aaistration

Module 11: Major fish processing techniques

Unit 1. Fish preservation and processing



Unit 2: Advanced fish processing method

Module 12:Water Quality Management in Aquaculture
Unit 1: Water quality managemienponds
Textbooks and References

Peter B, Moyle &Joesh, J. Cech, Jr. (1982) Fishesrndroduction to Ichthyology Prentice Hall,
Upper Saddle River 612pp.

Adiaha, A.A. &0Obih Alex Ugwumba (2007) Food and deeg ecology of fishes in Nigeria.
Crystal Publishers Ajah, Lagos 91pp.

Akande, G.R &Tobor,G.R. (1993). Prospect for fisoking venture in the Middle belt area of
Nigeria. NIOMR Tech. Paper, No. 95, 1-15.

Clucas, 1.J. & Ward, A.R. (1996) Post-harvest frg¢e development: a guide to handling,
preservation, processing and quality. Catham MuaetiKent ME4 4TB, UK 433p.

Huet, M.V. & D.E. Canfeid Jr. (1972) Textbook oélii culture. Fishing News Books. Survey,
England 436pp.

Rawson,G.C. (1976). A short guide to fish preseomaFAO, Rome, Italy. 67p.

Volunteers in Technical Assistance. 1975. Villagecfinology Handbook. VITA, Mt. Rainier,
Maryland. 387p.

Tobor, G.R. (1984) A review of the fishing indusiry Nigeria and status of fish preservation
method and future growth prerequisites to cope waitticipated increase in production. NIOMR
Tech. Paper, No. 17 1-14.

Adebisi, A.A. (1981) Analysis of the stomach congenf the piscivorous fish of the upper
Ogunriver in NigeriaHydrobiologia79:167-177.

Fagade,S.0.(1983) The food and feeding habitseofaver River Benue(Nigeria). Bulletin de I
I.F.A.N Ser.A 45(3-4) 316-341.

Fagade,S.O. &Olaniyan, C.1.0.(1973). The food fedling interrelationship of fishes of Lagos
Lagoon. J.Fish.Biol,5:205-225.

Assessment

There are two components of assessment for thiseoThe Tutor Marked Assignment and the
end of course examination

Tutor Marked Assignment (TMA)

The TMA is the continuous assessment componenbof gourse. It accounts for 30% of the
total score. You will be given 4 TMA'’s to answelhrée of these must be answered before you



are allowed to sit for the end of course examimatithe TMA'’s will be given to you by your
facilitators and returned after you have done gsgament.

Final Examination and grading

This examination concludes the assessment fordhese. You will be informed of the time for
this examination. It may or not coincide with thawersity semester examination

Module 1: The gross and external morphology of bongnd cartilaginous fishes.
Contents
Unit 1: External anatomy of a bony fish
Unit 2: Cartilaginous fish
Unit 3: Basic piscine shapes
Unit 4: Other piscine features
Unit 1: External anatomy of a bony fish
1.0Introduction
2.00bjectives
3.0Main contents

3.1 Body shapes of fish

3.2 Body covering

3.3 Body division of fish
4.0Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0Reference/Further Reading

1.0 Introduction



The term “fish” most precisely describes any netmapodcraniates (that is an animal with a skull
and in most cases a backbone) that have gills ghiaut life and whose limbs, if any, are in the
shape of fins. Unlike groupings such as birds amsnmals, fish are not a single clade but a
paraphyletic collection of taxa, including hagfisheampreys, sharks and rays, ray-finned fishes,
coelacanths and lungfishes. A typical fish is dwanic, has a streamlined body for rapid
swimming, extracts oxygen from water using gills umes an accessory breathing organ to
breathe atmospheric oxygen, has two sets of pémsdusually one of two (rarely three) dorsal
fins, an anal fin, and a tail fin, has jaws, has gkat is usually covered with scales, and lays

eggs.

Fish display a great variety of forms and are asthpd the environment in which they live in
many ways. There are two groups of fish in thescldmt differs in the composition of their
bones. These are the bonyfish(fish with well depetbhard bones) like tilapia, catfish and the
cartilaginous(fish with soft flexible fibrous boneslled cartilage) fish like the shark. Fish serve
as a major source of food to other living beingamdns consume a lot of fish. Fish by-products
are used in animal rations as a good protein source
2.0 Objectives:
At the end of this unit, student should be able to

1. Know the various body shapes of fish

2. The body divisions of fish

3. The body covering and parts of fish
3.0Main Content
3.1Body shapes of fish
The shape of the body of a fish is well adaptedifthe resistance in water. This enables the fish
to move quickly through water. The body of a fistspindle (oval body that tapers down on both
sides) shaped with the broader portion in frontt &ms flattened on the sides. Although there are
variations on the mentioned shape, the variatiengesthe individual most of the time to adapt to
its immediate surroundings.
3.2 Body covering
The body cover of fish assists the animal to tragpldly through the water. The skin develops
scales. Scales reduce the resistance of the frebigment through water. Large numbers of
mucous glandsoccur in the skin of fish. These glasecrete mucus, which makes the body
smooth and allows easy movement through the wagslium. Even the gill slit¢openings of
the gillg assist with the movement of the fish through water.

3.3 Body divisions of fish
There are a lot of variations in the shape andaiZsh. Even with these variations in mind, the
body of a fish can be divided into a head, trunki &ml. No definite division can be seen
between these parts. The head extends to the aklhslits; the tail begins just behind the
external cloacae opening.



Illustration of a fish

Gill slit Head Dorsal fin Tail fin

The trunk

Pectoral fins Pelvic fin Anal fin

&ig 1: lllustration of a bony fish

THE HEAD
The external parts on the head are the following:

- The mouth
The mouth is situated on the front part of the h@aeb movable lips can close the mouth.

- The eyes
There are two eyes without eyelids, one on eack sfdthe head. Each eye is covered and
protected by a thin transparent epidermis (thingparent skin).

- The nostrils

Usually there are two external openings of the raismve the mouth. The nostrils are used for
smelling. The sense of smell is well developed.

- The qills
Between the head and trunk are two bony gill coquame on each side. They cover the gills and
protect them. The gills are the respiratory orgafrtbe fish.

- The trunk
The largest part of the body is the trunk and tbBofing anatomical features can be
distinguished.



* The cloacae

Both the digestive tract and the ureters (the diuota the "kidneys") of the fish end in the cavity
of the cloacae (external opening of the digestive @rinary tract). The opening is situated at the
rear end on the underside of the trunk.

* The lateral line

The lateral (on the side) line extends on eithée sif the trunk of the fish. The lateral line serve
as a gauge for the fish to orientate the fish atingrto its depth in the water.

* The fins
The fins of a fish represent the limbs of otherneferate animals. There are two types namely,
paired and unpaired fins. The fins serve as locorsdhelp the fish to swim) organs.

- The paired fins
There are two pairs of paired fins:

=

These fins are situated just behin —— === the extagitiadlits
on the side of the trunk.

- The pectoral fins

- The pelvic fin
They are found towards the lower surface of the trunk. Their posigon
vary in different species but is usually situatetbl the pectoral fins. The function of the paired
fins is to balance the fish. They also allow tishfio steer slowly through the water

- The dorsal fin
There is also an unpaired fin found on the truntheffish namely the dorsal fin.
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This prominent fin is found on the upper surfacéhef trunk.

- The anal fin
The other unpaired fin is called the anal fin andurs below the lateral line on the lower surface
of the trunk

“-‘-_--__'————_

Both the dorsal and anal fins help to keep the afdpe fish upright when it changes course in
the water.
* The tall

The trunk narrows gradually and then widens outragao an unpaired fin that forms the tail.
This enlarged tail with a big surface plays an imgat part in the forward and other movements
of the fish.

* Respiration
Fish breathe by means of their gills. The gills siteated on each side of the head. Four vascular
(rich in blood vessels where the blood exchangggex and carbon-dioxide) gills are found in
each gill chamber on each side of the head .Watssgs through the open mouth to the gill
chambers and surrounds the gills. Gas (oxygen arimbo dioxide) exchanges between the water
and the blood-filled capillaries (small blood vdsyevithin the gills.The water leaves the gill
chambers through the gill slits covered by theaplWers on each side of the head

* Reproduction
Fish are unisexual (both male and female fish xidte female lays eggs in the water and the
male releases sperm into the water over the eggsliZation occurs externally, that is: outside
the body of the female. (The sun heats the watdrtla@ young fish emerge from the eggs on
their own.)

4.0 Conclusion
In this unit you learnt: the various parts dish, the coverings as well as the body divisiom of
bony fish.

5.0 Summary



The external anatomy of a bony fish includes h@aduth, eyes, nostrils and gills), trunk,
cloacae, lateral line, fins and tail, each wittpadfic function. Head, trunk and tail are the majo
body divisions of a fish; each characterized wittuanber of appendages.

6.0 Tutor-Marked Assignment
1.0 Characterize the body division of a fish witkit appendages/structures
2.0 Make a well-labeled diagram of a bony fish.

7.0 References/Further Reading
Maddoclet al1994a; Vaderer,1993.

UNIT 2: CARTILAGINOUS FISH

Contents

1.0Introduction

2.00bjectives

3.0 Main Contents
4.0Conclusion

5.0Summary

6.0 Tutor-Marked Assignment
7.0References/Further Reading

1.0Introduction

The internal skeleton of this fish is made up atitzge only. It does not contain bones. They
have two dorsal fins, a caudal fin, an anal find aentral fins. These fins are supported by
girdles. There is no swim gland. Their skin is vemyugh because they are covered
withdenticles.They are rough like sand paper. Idetieir skin was used as sand-paper for
manyyears.They have no bone marrow. So the splegrthe special tissue around the gonads
produce red blood cells.Some of them have an acghed leydis’s organ that produce red blood
cells. The tiger shark, whale shark and the stayelong to this category.The whale shark is a



slow moving filter-feeding sharl They can live up to seventy years.The sharks hayeaédeth
.They take the respiratory water through them, extract the oxygen from the water in the ¢
and pass it out through the gill slits.Sharks hiave gill slits one spiracle, dermal teeth on f
upper body surface, a tooth jaw and an upper jadevchimerashave one gill openingon ea
side, tooth fates and a skull with a firmly attached upper

2.00bjectives
2.1 At the end of this unit, the student should be .
I. to compare and contrast the anatomical differemivésen cartilaginous ar
bony fishes

3.0Main Body
3.1 Comparison and contrast betwicartilaginous and bony figlsing external anator

You can tell a bony fish from a cartilaginous fisithout looking at its skeleton. The way t
fish looks on the outside gives you many c (figures 2a and 2b).

lateral line dorsal fin caudal fin dorsal fin

lateral line

cauclal fin
‘ e e
— ot A
anal fin opercalum ill sits mmoLith
scalo Jmh’lc fin pectoral fin pectaral fin
Figure 2aBony fish Figure 2I: Cartilaginous fish
Fish Anatomy Shark Anatomy
caudal fin caudal fin
lateral line dorsal fin
dorsal fin lateral line
eye eye
mouth mouth

operculum gill slits



pectoral fin pectoral fin

pelvic fin pelvic fin
scales anal fin
anal fin

Scales:Most fish have scales. In sharks the scales dledcdermal denticles. They are tiny
tooth-like structures in the skin. They give thardts skin a smooth appearance that feels like
sandpaper. Bony fish scales are made of bone afkdike the shingles on a roof.

Fins: Fins move, stabilize and sometimes protect thie. fA fish may have paired fins (pectoral
and pelvic fins), and unpaired fins (anal, caudal] dorsal fins). Some fish do not have all of
these fins, and their placement shows great vditiabihe very flexible fins of most bony fish
have visible supporting rays and spines. The skesetpports of cartilaginous fish fins are not
visible, and these fins are fairly stiff.

Gills: Oxygen enters the bloodstream at the gills. Tilie gre feathery structures found along
the sides of the head. The gills of a healthy &sh bright red due to the large amount of blood
present. In bony fish the gills are usually covdogda bony plate called an operculum. In sharks
there are five to seven gill slits on the sideshefhead which allow water to pass out of the gill
cavity.

4.0Conclusion

The internal skeleton of this fish is made up atilzge only. It does not contain bones. They
have two dorsal fins, a caudal fin, an anal find aentral fins. These fins are supported by
girdles. There is no swim gland.

5.0Summary

There are two groups of fish in the class thateds#fin the composition of their bones. These are
the bonyfish(fish with well-developed hard boneke ltilapia, catfish and the cartilaginous(fish

with soft flexible fibrous bones called cartilagesh like the shark. The most obvious external
anatomical differences between bony and cartilagirfsh are seen in their gills, scales and fins.

6.0 Tutor-Marked Assignments
Outline the unique features of a cartilaginous fish
7.0 References/Further Reading

Blake,1983b; Maddoak al1994a;Wooton,1990.



UNIT 3: BODY SHAPES
Contents

1.0Introduction

2.00bjectives

3.0Main Contents
4.0Conclusion

5.0Summary

6.0 Tutor-Marked Assignment
7.0References/Further Reading

1.0 Introduction

The great ecological diversity of fish is reflectiadthe astonishing variety of body shapes and
means of locomotion they possess. Indeed, muchbealearned about the ecology of a fish
simply by examining its anatomical features. Equatiportant is that these features also form
the basics of most schemes of classification aedtification.

2.0 Objectives

At the end of this unit, student should be ablelémtify the diverse body forms of fish.

3.0 Main Body



3.1 Basic Piscine Shapes

Most fishes fall into one of six broad categori@sdx on body configuration: fusiform ( ro-
predator, piscivores (liex wait predator), surface orien fish, depressed (bottom fish), de
bodied fish, and eel-like fishhe way a fish looks is a good indicator of hovinilakes a living.'
Body shape, mouth location and size, tail shapecata can reveal a lot about a fish's lifest

Fusiform: Fusiform or streamlined, fish like the barracuda or jack eapable of swimmin
very fast. They usually live in open wa This is the body shape that comes to mind when
people think of fishstreamlined (fusiform), with a pointed head egdim a termine mouth and
a narrow caudal peduncle tipped with a forked tHile fins are more or less evenly distribu
about the body providing stability and maneuverghiSuch fish typically are constantly on t
move, searching out prey, which they capture tgh pursuit.

Laterally compressed:Fish that are laterally compressed (flattened fsishe to sid or flatfish)
usually do not swim rapidly (some schooling fiste aan exception). However, they
exceptionally maneuverable. Many, like the ange/figr¢ found near coral reefs. Their she
allows them to move about in the cracks and crevigiethe reef. A flounder is a latera
compressed(dedpadied) fish that liv on its side on the bottonmn these fish, the eye on t
downward side migrates durinevelopment to the upward side, and the mouth afssumes
peculiar twist to enable bottom feed. Flat fish have the most extreme morphologies ofdno
fish

@Z i fr
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Depressed:Depressed fish (flattened from top to bottom), lgtengrays, live on the bottc.
Bottom fish possess a wide variety of body shap#sof them adapted for a life in nea
continuous contact witthe bottom. In most such fish, the swim bladderesuced or abser
and most are flatten in one direction or anotheittdn fish can k divided into five overlappin
types bottom rovers, bottom clingers, bottom hiderat fish and rattails. Bottom rovers hav
rover-predatoiike body except that the head tends to be flatietiee back humped, and t
pectoral fin enlarged. Many slks with their inferior mouths, flattened head aacyé pectors
fins, can also be classified as bottom roy

Bottom clingers are usually small fish with flattehheads, large pectoral fins and struc
(usually modified pelvic fins) that allow them adhere to the bottom. Such arrangels are
handy in swift streams or intertidal ar that have strong current e.g. the gobies. Bottahers
are similar in many respects to the bottom clingleus they lack the clinging devices and ten



have more elongated bodies and smaller heads. Theses usually live under rock or

crevices, or lie quietly on the bottom in still wat In contrast, skates and rays

flattendorsoventrally (depressiform) and mostly enabout by flapping or unditing their
extremely large pectoral fins. Not only is the mloabmpletely ventral in these fish, but tr
main water intakes faespiration (the spiracles) located on top of the hei

Eel-like:They have elongated bodies, blunt or wedged shaptapering or rounded tails.
paired are present they are small, while the dasdlanal fins are typically quiet long. Sce
are small or embedded and even absent. In crossrsdbeir bodies can range from compres
to round. Eel-like fish are pacularly well adapted for entering small crevigesl holes in reel
and rocky areas, for making their ways through of aquatic plants, and for burrowing ir
soft bottoms.

3.2 Other piscine feature

Many fish like the boxfish and porcupine fish not fit into any of these categories. They
slow swimmers with special protective mechani:

Tails

The shape of the tail can be an indicator of hast &&fish usually swim

- Crescentshaped Fish with crescenshaped tails, like swordfish, are fswimmer
and constantly on the mo'

Forked: Fish with forked tails, like the striped bass, al®o fast swimmers, thou
they may not swim fast all of the time. The deether fork, the faster the fish c
swim.

Rounded: Fish with a rounded or fltened tail are generally slow moving, but
capable of short, accurate bursts of s




Mouths

The location and size of the mouth can be a godatator of the food a fish eat and wher
lives. Fish with large mouths generally eat largedf items like another fish; however, the wr
shark eats very small organisms which it straiognfthe watr with its huge mouth. Fish wit
small mouths eat small food items: small crustaseamolluscs; and, fish with tiny mouths

tiny things like zooplankton

* Colour

Terminal: A terminal mouth is locate
on the end of the head. Fish w
terminal mouths may ase and captu
things, like the tuna, or pick at thin
like the butterfl-fish.

Up-Pointing: A fish with an uppointing
mouth has a long lower jaw. The mo
opening is toward the top of the he
The tarpon has this kind of mouth.
feeds near tr surface.

Sub-Terminal: A suk-terminal mouth i
on the underside of the head. Fish \
this type of mouth usually feed on
bottom. The bonefish has a -termina
mouth.

Some fish havepecializec mouths. Th
seahorse has a tiny mouth at the end
strawdike snout that is used to "slul
zooplankton.

Red: Red is a common color in fish. You might think tmatl fish would be very easy for
predator to find. However, most fish that have totoration live in dark or deep water, or .
nocturnal (active at night). In deep water red tligh filtered out qickly so red is a goo
camouflage. At night redelored objects appear gray. The squirrelfish Has kind of

coloration.

Counter-shading: Many fish are dark on top and light on the bottdviast of these fish are
found in opemcean. When seen from ab they "disappear” by blending in with the dark cc



of the depths or the bottom. From below the ligéllybblends into the sky above. The tun:
counter shaded. Seabirds like puffins are also tet-shaded.

4 7
Disruptive Coloration: This is a form ofcamouflage The patterns and lines break up
outline of the fish or help it to blend into theckground. The brightly patterned fish of co
reefs blend in with the corals despite their kaiili colors. The Moorish idol exhibits disrupt
coloration.

Eye Spots:Eye spots are a form mimicry. The eye spot, usually found near the tail, dr
attention away from the real eye which is a tathat a predator might strike. The eye spot |
cause the predator to attack the wrong end andwaltbe fish o escape alive.

-
Warning Coloration: Many fish use bright colors to "advertise" the pres of poisonou
spines or some other defensive mechanism. The sungeonfish has two bright orange sg
near the base of the tail that advertise the poeseof @zor sharp spines.

Camouflage: Many fish have colors or patterns that match tbhagkgrounds. The flounder i<
camouflaged fish. It can even change color to mdiftarent background

4.0 Conclusion

Although life in water puts many severe constraimtsthe “design” of fish, the presence
thousands of species living in wide varieties dbiteds means that these constraints are pu
to their limits. This results in many very unlikefgrms, such s seahorses and lumpfish
Understanding the significance of the peculiar mdk anatomy of such forms practica
requires study on a case-bgse basis. On the other hand, species that aes necwgnizably a
fishlike can usually be place in somet of functional category though the examinationbady
shape, scales, fins, mouth, gill openings, sengangrand miscellaneous structt

The great ecological diversity of fish is reflectedthe astonishing variety of body shapes
means of locomion they possess.Fish display a great varietyooh$ and are adapted to f
environment in which they live in many wa

5.0 Summary



The great ecological diversity of fish is reflectiadthe astonishing variety of body shapes and
means of locomotion they possess.Fish display at g@iety of forms and are adapted to the
environment in which they live in many ways..Mosthes fall into one of six broad categories
based on body configuration: fusiform (rover- ptedapiscivores (lie-in wait predator), surface

oriented fish, depressed (bottom fish), deep boélgd and eel-like fish, which also reflects

their modes of life.

6.0 Tutor-Marked Assignment
1. Write short notes on the basic fish shapes?
2. Most of the characteristics we recognize as fighlike adaptations to allow the most the
most efficient use of the aquatic medium by moleiteebrate predatorsexplain.

7.0 References/ Further Readings

Blake,1983b; Maddoaek al1994a; Vaderer,1993; Webs and Weihs, 1983

MODULE 2:BASIC FUNCTION OF PISCINE ORGANS AND MAJOR SYSTEMS IN
FISH
Unitl: Organs and major systems in fish
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3.1.1 Integument
3.1.2 Respiratory apparatus
3.1.3 Endocrine system
3.1.4 Digestive systems
3.1.5Reticuloendothelial systems
3.1.6 Cardiovascular systems
3.1.7 Urinary systems
3.1.8 Special sense organs
4.0 Conclusion
5.0 Summary
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1.0 Introduction

Fish have some unique anatomical and physical cterstics that are different from mammals;
however, they still possess the same organ sydteahsre present in other animals. All fish are
poikilothermic and must be able to adapt to chamgesgater temperature. Fish live in a variety
of temperatures ranging from less than 0 C to leotlgermal springs. Yet, each species of fish



must live in its particular specific temperatur@ga. Abrupt temperature changes in the water
can be lethal to fish.

Organ systems of fish vary to some extent from éiabammals due to the aquatic environment
they live in. The important differences are tredtece.

2.0 Objectives:

After going through this module, learners must ble &
i.  describe the nature and functions of fish orgaiesys such as their integument,
ii.  explain the various systemsof the fish and thepdrtance for aquatic lives.

3.0Main Body

3.1 Basic Organs and Systems in a fish

3.1.1 Integument

Fish do not have a keratin layer over the epidermiis cuticle composed of mucus,
mucopolysaccharides, immunoglobulin’s and free yfadéicids covers these animals. The
epidermis is composed of a stratified squamoushelutm of variable thickness (4-20 cells
thick). The outermost epidermal cells (Malpighiall tayer) retain the capacity to divide. Other
cells present in the epidermis are goblet cellsp@asible for secreting the cuticle), large
eosinophilic club cells or alarm cells (preseniriost species of fish), eosinophilic granular cells
(unknown function), leukocytes and macrophages. dérenis is composed of an upper stratum
spongiosum and a deeper stratum compactum. Numen&lsnophores, xanthophores, and
iridophores (give fish their silvery color) are ebged scattered throughout the dermis. Scales
are calcified plates originating in the dermis aogered by the epidermis. There are two types
of scales: ctenoid scales and cycloid scales. @tescales of elasmobranches have spicules
extending from the external surface giving thesh flough sandpaper like texture. Cycloid
scales of teleost fish have a smooth outer surdackare laid down in concentric a ring that
makes them useful in determining the age of soste $cales also represent a source of calcium
for fish; some fish will utilize the calcium in thecales in preference to the calcium in their
skeleton during times of starvation or pre-spawrotyity.

3.1.2 Respiratory apparatus

The qgills consist of four holobranchs that form #des of the pharynx. Each holobranch has
two hemibranchs projecting from the gill arch. Themibranch are composed of rows of long
thin filament called primary lamella. The primagyriella has their surface area increased further
by the secondary lamellas that are semi-lunar foldsr the dorsal and ventral surface. Gas
exchange takes place at the level of the secondamila. Epithelial cells bounded by pillar cells
line the secondary lamella. A thin endothelial inescular channel lies between the pillar cells
and is the site of gas exchange, removal of nittoge waste and some electrolyte exchange.
The pseudo branch lies under the dorsal operculiam.organ is a gill arch with a single row of
filaments. The function of the pseudo-branch isnavin, however it is believed that this
structure supplies highly oxygenated blood to tipicochoroid and retina and may have
thermoregulation and baroreceptor functions.

3.1.3 Endocrine systems:



- Adrenal gland

There is no true adrenal gland present in most(gsieeption is sculpins). The adrenal cortical
tissue in most fish is represented by the intetreeils. These cells are pale eosinophilic
cuboidal cells associated with major blood vessgelthe anterior kidney. Both glucocorticoid

and mineral corticoid are secreted. The adrenaluifegdcells (chromaffin cells) may vary in

location. These cells are usually found with thenggthetic ganglia in clumps between the
anterior kidney and spine or in the interrenalugss

- Thyroid gland

The thyroid follicles are very similar to mammalidryroid tissue. Thyroid follicles are
distributed throughout the connective tissue ofgtharyngeal area and may be observed around
the eye, ventral aorta, hepatic veins and ant&rtlney. It is important to realize that thyroid
tissue can be widely distributed. Many times paibisits have erroneously considered this
distribution of normal thyroid tissue to represergtastasis from a thyroid follicular cell tumor.

- Endocrine Pancreas

The endocrine pancreas is present in most fisbletsaf Langerhans and is associated with the
exocrine pancreas. In some species the isletseaydarge and may be grossly visible
(Brockman bodies). During the spawning seasonitteeasnd number of islet will increase in
some fish. These should not be confused with anada.

-Parathyroid Glands
The parathyroid glands are absent in fish; theicfion is taken over by other endocrine organs.
(Corpuscles of Stannius)

-Ultimobranchial Gland

This gland lies ventral to the esophagus in thestrarse septum separating the heart from the
abdominal cavity. This organ secretes calcitorow@rs serum calcium levels) that acts with
hypocalcin (secreted by the corpuscles of Stanmusggulate calcium metabolism.

- Corpuscles of Stannius

These are islands of eosinophilic granular celtated in paired organs on the ventral surface of
the kidney. This organ secretes a protein callggbbglcin (teleocalcin) that acts with calcitonin
to regulate calcium metabolism.

-Urophysis

This is a neurosecretory organ found on the veaspéct of the distal end of the spinal cord.
These bodies are composed of unmyelinated axomsnizting on a capillary wall. The function
of the urophysis is unknown.

-Pineal Gland

The pineal gland is a light sensitive neuroendecsitnucture that lies in the anterior brain and is
a well-vascularized organ. This gland secretes toaila that may play a role in controlling
reproduction, growth, and migration.



3.1.4 Digestive system

The digestive system of fish is similar to the diee tract of other animals. Carnivorous fish
have short digestive tract when compared to herbifish. The stomach and intestine contain
sub- mucosal eosinophilic granular cells. The fiomcof these cells is unknown. Some species
of fish (Salmonids) have pyloric ceca, which areastonally confused with parasites. These
ceca secrete the digestive enzymes required tetdsgene food. Fish without the pyloric ceca
have digestive enzyme production in the liver amasgoeas. It is not possible to divide the
intestine into large and small intestine.

The liver does not have the typical lobular arattitee that is present in mammals. In many
species of fish there are areas of exocrine thptasent in mammals. In many species of fish
there are areas of exocrine pancreas (hepatopaegtéat are present near the small vein off the
hepatic portal vein. The pancreas is scattereldemtesentry, primarily near the pylorus.

3.1.5 Reticuloendothelial system

Fish do not have lymph nodes. Phagocytic cellpegsent in the endothelial lining of the atrium
of the heart and in the gill lamella. There arepimagocytic cells (Kupffer cells) in the liver.

Melanomacrophage centers are present in the Ikidney and spleen. Melanomacrophage
centers increase in number during disease or stidss fish thymus is the central lymphoid
organ. This organ is located subcutaneously indtbtvsal commissure of the operculum. Fish
have the ability to produce specific immunoglobigliigM only) and have both delayed and
immediate hypersensitivity. Fish have the abildytoduce virus neutralizing, agglutinating, and
precipitating antibodies. Both B and T lymphocyaes present.

3.1.6Cardiovascular system

The heart is composed of two chambers, one veatacld one atrium. Some authors also
describe the sinus venosus as the third chamberbalidisarteriosus as the fourth chamber.
Blood flows from the heart through the ventral acaihd the afferent branchial arteries, to the
gills for oxygenation. Oxygenated blood returns Wia efferent arteries to the dorsal aorta. The
dorsal aorta then carries the oxygenated blootiedobdy. Some oxygenated blood also leaves
the dorsal aorta and goes to the pseudo branch toghly oxygenated and then is sent to the
retina which has a high oxygen demand.

3.1.7 Urinary system

The kidneys of fish develop from the pronephros mw@donephros. The function of the kidney is
osmoregulation. In freshwater fish, the kidney sanms and excretes water. In saltwater fish,
the kidney excretes ions and conserves water. Tdgerity of nitrogenous waste is excreted

through the gills. The other function of the kidneyhematopoiesis with hematopoietic tissue
located in the interstitium of the kidney. This @tion is primarily in the anterior kidney but can

be found throughout the entire kidney.

3.1.8Special sense organ



Lateral line systems

There are two types of lateral line organs. Thesdlee superficial neuromast and the two lateral
line canal organs. There are two types of supatfi@uromast; these are located in pits in the
epidermis located primarily on the head. Their tiorcis not completely known but is believed
to aid in movement and orientation. The seconddhtime organ is the lateral line canal system
that runs the entire length of the fish with contins extensions over the head. This organ is
sensitive to hydrostatic stimuli and sound.

Electricity: Some bony fish and sharks have special poreseohdhld that allow them to detect
electrical currents. This sense aids them in naivigar finding prey in dark or muddy water.

4.0 Conclusion

The extra-ordinary diversity of fishes is relatedtheir ability to adapt to almost every aquatic
environment on Earth through their long evolutignhaistory. One can learn a great deal about
how a fish live from simple examination of its exial trait.

5.0 Summary

Fish have some unique anatomical and physical cterstics that are different from mammals;
however, they still possess the same organ systeatsare present in other animals.Organ
systems of fish vary to some extent from that ofmmeals due to the aquatic environment they
live in, and they include the following integument(cuticle composed of mucus,
mucopolysaccharides, immunoglobulin’s and freeyfadcids. Scales are calcified plates
originating in the dermis and covered by the eprder There are two types of scales: ctenoid
scales and cycloid scales); gills for respiratiendocrines system (comprises adrenal gland,
thyroid gland, parathyroid gland, endocrine pangeeacorpuscles of stannis, urophysis and
pineal gland), the digestive system is similarie digestive tract of other animals(Carnivorous
fish have short digestive tract when compared tditierous fish; the stomach and intestine
contain sub- mucosal eosinophilic granular cell@m& species of fish have pyloric
ceca),reticuloendothelial system lack lymph nodkag is able to produce virus neutralizing,
agglutinating, and precipitating antibodies. Both @&d T Ilymphocytes are present),
cardiovascular system consists of a heart whichtwashambers, one ventricle and one atrium,
the urinary system (kidney function is osmoregulatand hematopoiesis)and special sense
organs such as lateral line, and electric orgassine species.

6.0 Tutor-marked assignment

1. The external anatomy of fish is an evolutional @dtpn to aquatic livesdiscuss using
specific body parts as examples.

2 Write short notes on any 5 of fish organ-sysytems

7.0 References/ Further Readings
Eschmeyer, 1998; Greenwood et al.2000, Launderef 1083, Nelson,1994, Wooton,1990.



MODULE 3: FOOD AND FEEDING HABITS OF FISH
Unit 1 Methods of food studies of fish
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1.0 Introduction

Food is simply referred to as any ingested maténet can be digested, assimilated and utilized
for energy production. Each group of living hasraage of materials, which can be effectively
utilized as food. For most organisms, food is tleamsource of energy for locomotion in search
for food, escape from predators and migration fagratory species. Food is also the major
source of energy for reproduction for species pegimn, growth for elaboration of all
organelles, respiration for production of energg arcretion for removal of wastes

Basic food nutrients are carbohydrates (glucosefem (amino acids) and fats, (fatty acids and
glycerol). These nutrients are required in varipugportions and in combination with vitamins



and minerals in the right proportions. In other egrthey form a balanced diet which is essential
for optimal growth of fishes.

A complete study on the food and feeding habita Béh species would not only investigate the
dietary composition, their quantity and selectivityt would also involve an examination of the
functional morphology and physiology of the alimentsystem as well as the fauna and flora of
the environment, particularly, those that are féadfish to reveal their interrelationship with
each other and the fish species

2.0 Objectives
At the end of this unit, student should know:

(1) The objectives of studying food and feeding habitish
(i) Understand the various method of analyzing food fi$h
(i)  Procedure for fish studies

3.0 Main Body
3.1 Methods of food studies of fish
- Collection of Fish

The best collection method is the use of gearsghaduced unbiased samples. This makes the
use of a combination of gears most appropriateleCidn is best around the feeding period of
fish, firstly to remove the bias posed by differahtligestion of materials and further, to avoid
catching fish with mainly empty stomachs. Any metlad collection used should be consistent
at all times.

Sampling for fish should include all sizes, aged sexes of the particular species. The date, time
of collection, location of capture and method dfexdion should also be recorded.

- Preservation of fish

The preservation of sample must begin immediatigr @apture and must be consistent. Thus,
4-10% formalin or deep freezing can be used to tamirsome degree of good condition and
moistness of food in the stomach. This preventaylend breakdown of food organisms. If

samples are to be deep-frozen, they should bepiaesl in ice chest to the laboratory (if

facilities are not available for freezing immedlgitafter capture). Preservation in formalin can
commence immediately after capture in the field

Preparation of Fish



This involves dissection of the fish and then tteersch or/and in some cases the intestine after
measuring the length and weight of the fish. Thama should be mopped dry with filter paper
or clean towel (after thawing for frozen samplesfobe weighing. Irrespective of the part chosen
(stomach or intestine), what is expected to beyaedlis last meal of the fish.

- Examination of Stomach/ Intestine content

The condition of the stomach should be determinsdally before dissection and categorized as
follows:

0/4 - empty stomach

Y4 - one quarter full stomach

2/4 — half full stomach

¥, - three quarter full stomach

4/4 — full stomach

This will shed light on the commencement of feedangl feeding period of the fish. The
condition of the stomach also provides informatonwhether the fishes are feeding properly or
not. The content of stomach are emptied into a peth and examined. A few drops of water
may be added into the dish to allow for proper s#pan of the items so that they can be

identified. Depending on the method of analysidéoemployed, the number, weight and /or
volume of items are taken.

3.1.1 Objectives of food studies
The major objectives of food studies in fisheriedude the following:

-Food studies reveal the status of the foraginlg $isecies e.g. predator (piscivorous and non-
piscivorous), plankton feeder, herbivore, omnivarel detritivore. These are essential when
assessing food and feeding inter-relationship ¢wige ideas of the niches of the various species
within the ecosystem.

-Food studies can be used to determine the raggowith of fish since growth represents the
food converted.

-The types and magnitude of food available can gif@mation on seasonal life history changes
in fishes.

-Information from food studies can be used duripgcges selection in fish culture. This is
particularly useful in polyculture because propaestion of fishes with different feeding habits
will prevent or significantly reduce competitionrthg culture.



-Data on the food items and their selectivity bshfiare important in the selection of suitable
food organisms for the culture of live foods. Lfe®ds are known to be useful to fish especially
during the early stages of development (fry/fingegd) when the alimentary canal is not fully
equipped to digest artificial or formulated feeds.

-Food studies provide information on possible galuwhen such species which constitute fish
food are indicators of pollution e.g. the euglesgiBtuglena and Phacus; the blue green alga,
Cladophora and diatoms, Synedra, Tabellaria, andpgBonema. All these are known to thrive
in polluted water. In addition, macroinvertebratekich thrive in polluted water (hence
indicating pollution) but form the food of many Hiss includes, the annelid worm, Tubifex,
chironomid and chaoborid insect larvae, Chironoans Chaoborus.

Information on the biochemical composition and émergy levels of the ingested food and its
absorption in the alimentary canal provides base-tiata useful in artificial feed formulation for
fishes during their culture. Such information cavesthe farmer a lot of money during feed
formulation. Generally, the cost of producing adke feed for predators is higher because they
require a lot of protein in their while the feed luérbivores is cheaper since they require less
protein.

3.1.2 Analysis of food/stomach contents
Food of fishes could be analyzed using the follgwmethods:

Numerical method

Frequency of occurrence method
Volumetric method

Gravimetric method

Point method

Dominance method

ogkrwnPE

- Numerical Method

This method involves counting the number of eadufitem present in the stomach of a fish and
summing up this number to obtain the grand totahlmer of all food items found in its stomach.
The number of each food item is then expressedpascentage of the grand total number of all
food items. It is usually expressed as:

Percentage number of a food item= Total numbeh®particular food itenx 100

Total number of all food items



This method expresses the numerical importancefferent food items. It gives the relative
importance of each food items. A major demerit witiis method is that, often, it over-
emphasizes the importance of small-sized organsnm® such organisms occurring in large
numbers may not necessarily constitute the mosbitapt food items. For example, a hundred
copepods may not necessarily give a predator ensaiigfaction as a single prey fish or shrimp.
Another demerit of this method is that, often, &yrbe difficult and cumbersome to count the
number of small-sized organisms that occur in largmbers. A good example is counting the
number of cells of phytoplankton, particularly, @olal and filamentous algae which form a
significant part of the food of plankton feederelikilapias. It also does not give the frequency
with which the food items are consumed. There nmag be the problem of counting broken
organisms or parts of organisms.

- Frequency of Occurrence Method
This involves counting the number of times a patéic food item occurs in the stomach and
expressing this as a percentage of the total nurobetomachs with food (empty stomach
excluded). This is usually expressed as:

Percentage occurrence of a food item =

Total number of stomachs with the particular foanx 100

Total number of stomach with food

This method presents the food spectrum of the speklence, the importance of the food items
relative to the population of the species couldopldy be guessed. This method is, however,
biased due to accumulation of digestion-resistaatienals. This makes the apparent frequency
with which they occur seemingly more than the dclgmuency. Besides, it does not show the
number of the different food items and does nog ghe bulk of the food items.

- Volumetric Method
This method involves measurement of the quantityootl. In this case, the volumes of the
different food items are measured by water dispres®, using graduated cylinder or convenient
apparatus. The volume of each food item is themesged as a percentage of the total volumes
of all the food items in the stomach as follows:

Percentage volume of a food item= Volume of theipaar food itemx 100

Total volume of all food items

This method shows the bulk of the different foagms. Thus, it removes the wrong impression
created by less important but numerically abundeod items. In this method, however, large
voluminous food items tend to overshadow smalleéiz®d items and their importance may be
over-emphasized. Furthermore, materials resistantigestion (e.g. chitin, cellulose) may



accumulate from series of feeding and may influetheeresults. Errors could also be accrued
from differential rates of digestion of food items.

- Gravimetric Method

This method is similar to volumetric method, b tveights of food items are measured instead
of volume. It is expressed as:

Percentage weight of a food item=Weight of theipaldr food itemx 100

Total weight of all food items
This method has the same merits and demerits as thothe volumetric method

- Point Method
This method involves scoring points to differenbdoitems depending on their numbers and
sizes; one large organisms being equivalent to rsargll organisms. All the points accumulated
by each food item are summed-up and expressegarcantage of the total number of points

accumulated by all the food items as follows:

Percentage point of a food item= Number of poiritthe particular food iterm 100

ot@l number of points of all food items

This method has been described as an approximéuengtysic method. Others described it as
numerical-volumetric hybrid applied subjectivelychese it is a compromise between numerical
and volumetric methods. It is useful for on-thetspaalysis of food items especially in the field.

It is a fast and easy method. This method is, hewesubjective thereby introducing bias.

Different workers may score different point to atjgallar food items; even an individual may be

biased in allotting points. Due to its subjectinaure, it is impossible to statistically analyze

data from this method. Furthermore, it is impossitd compare data from different workers

using this method even for the same species andtfie same habitat.

- Dominance Method
This method involves counting the number of storsaichwhich each food item occurs as the
dominant food. This is then expressed as a pemerdhthe number of fish with food in their
stomach as follows:

Percentage dominance of a food item =

Number of stomachs that the particular food itemaminantx 100

Total number of stomachs with food



The merits and demerits of this method are sinbdd@hose of frequency of occurrence method.

In summary, no matter the method applied, usualhenvlarge numbers of samples are
examined, the results using different methods coutesimilar. However, it is advisable to apply

a combination of at least two, but preferably thneethods for accuracy, putting emphasis on
number, occurrence and bulk of food.

4.0 Conclusion

Accordingly, food studies have been categorized that which discerns dietary composition,
competition, feeding rhythm and periodicity andttivhich attempt to estimate the total amount
of food consumed by a population. The later is $ymgescribed as quantitative aspects of
feeding. Most studies have emphasized more of tatiak rather than quantitative. Hence, the
more common has always been what the fish has @a@rapproximately in what proportion

rather than show how much each species has eatemti@tive studies in food consumed are
time consuming, and this is likely responsible flawer quantitative studies on food and feeding
habits of fishes.

5.0 Summary

In fisheries, the objectives of fish studies arenifiedd, and include to know the status of
foraging species, the growth-rate of the specied,the types and magnitude of food available
e.t.c. Food and feeding habits of food could ba&lyaed using numerical method, frequency of
occurrence method, volumetric method, point metodl dominance method. A combination of
at least three methods taking cognizance of nundmeyrrence and bulk of food give the best
results.

6.0 Tutor-Marked Assignment
1. 1. Identify the different methods of food studasswell as their merits and demerits
2. What are the objectives of food studies in fisisstie

7.0References/Further Readings
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1.0 Introduction

The richness and variety of various aquatic habifabvide a wide range of possible food
organisms for fishes. These originate either fronthiw the aquatic ecosystem itself
(authochthonous food sources) or from outside ¢atlmonous food sources).

2.0 Objectives
At the end of this unit, students should be ablentderstand

0] The factors affecting feeding habits of fish
(i) Classify the food organisms of fish

3.0 Main Body

3.1 Food organisms of fish

3.1.1 Classification of food items of fish

Based on their origin, fish food can have the follty subdivisions:

A. Autochthonous food

These are food found within the aquatic commurityey include the following groups:

1. Plankton community: Planktons are floating micro-organisms of both fdan
(phytoplankton) and animals (zooplankton) which mmt exhibit any significant
movement of their own and so they are carried biemwaovement. Phytoplankton
includes blue-green algae, green algae, diatomglemiods and dinoflagellates.
Zooplankton include, some protozoans, crustaceacls as copepods, cladocerans,
ostracods, larval decapods, rotifers, molluscsalay¥ish larvae and eggs

2. Benthic community: This is made up of organisms associated with tistsatum,
including various benthos, such as some protoz@rapods crustaceans, mollusks ,
annelids, aquatic insect larvae, aquatic arachnatfiinoderms etc as well as
decomposing organic (plant and animal) remains.



3 Plant community: This is made up of higher plants mainly aquatic dgemcluding
submerged, floating or emergent vegetation.

4 Neuston community: This includes surface living insects and larvaeaiatwater
interface.

5. Fish community: This includes small —sized fishes, particularlygoies, as well as
fish larvae and eggs.

6 Other vertebrates: These are mainly amphibians particularly their egygs larvae.
B. Allochthonous food

These are food from outside the aquatic habitasisting of terrestrial organisms which include
the following:

Higher plant: These are largely leaves, roots, flowers, fruiggds and branches of terrestrial
plants growing near the water. Most of these partg into the water, and the fishes feed on
them.

Animals: These are mainly terrestrial insects, arachnidsmscetc washed into the water from
land.

Fishes make use of the available fauna and flotham habitat as food. Based on the quantity of
the various food items consumed and the frequenitywhich they are consumed, food items of
fishes can be classified into the following groups:

1. Main/Major or Basic food: This is the food which the particular fish usuatynsume.

It comprises the main part of the stomach contént. instance, phytoplankton and
detritus are the major food items of adults’ tipihile that of the African pike
Hepsetusodoe is fish.

2. Secondary or Supplementary foodhis food is frequently found in the stomach of the
particular fish but in relatively smaller amounthi§ fish uses this food to augment its main food.
Zooplanktons are supplementary food of adult tdapi
3. Incidental food: This is the food that the fish rarely eats.

4. Obligatory food: This is the food which the fish consumes in thezabe of its basic food
3.2.1: Feeding Habits of Fish

According to their food and mode of feeding, fislvas be broadly classified as planktivores
(plankton feeders), herbivores, predators, omns/ared detritivores.

1. Planktivores or Plankton feeders



These are fishes that feed mainly on plankton. laee two groups of planktivores: those that
feed on phytoplankton are mostly are phytophago ia the inland waters, this group is
dominated mostly by tilapias. Such tilapias inclddeochromisniloticus, Sarotherodongalilaeus
and Sarotherodonmelanotheron. Other phytophagoesiep include mullets (Mugil and Liza
species) and upside-down catfish (Synodontis spedibe other group of planktivores are those
that feed mainly on zooplankton and they include gftass catfish (Parailia (= Phsailia)
pellicida} and silver catfish (Chrysichthysfilamesiigs). The sardines (Ethmalosailisha and
Pellonula species) and sardinellas speciesO as agethe silversides (Aletes and Brycinus spp.)
have a mixed diet of both phyto- and zooplankton.

2. Herbivores: These are the fishes that feed predominantly igheh plant materials
including vegetable matteHerbivore includes tilapia like T.zilli and T.mae. Another group
of herbivores is composed of the grass edistichodus spp.)The upside-down catfishes are
also herbivore.

3. Predators: There are two groups of predators. Those that feathly on fish are
piscivore$ such as barracuda, snake head, atlantic tarparyd those that feed on mainly on
animals othethan fish( such as insects, crabs, shrimps/prawosng; gastropods etc) are non-
piscivores e.gtongue sole, the silver catfish, croakers. Somelgimes have mixed diets. The
African Lady fish, Elopslacertaeds mostly on fish and prawn in the brackish watel on fish
and insects in the fresh water environment .Only peedatory species have bottom deposits in
their diets and this is found among non-piscivorpreiator.

4. Omnivores. These are species that feed mainly on both gladtanimal materials. The
mud catfish (clarias) are mainly omnivores withtslieanging from algae, vegetable matter,
crustaceans, insects, mollusks and fish.

5. Dettritivores: These are fishes that feed mainly on detritus @amic debris. Often
detritivory is an overlap with other feeding habf®r instance, all tilapias and mullets include
detritus in their diet, indicative of benthic feedihabits, and are thus also detritivores. So also
are the snout fishes, the grass eaters, moon €ishainusspp), African carb (Labeo and
Barbus).

In general, the great diversity of food items emteted in the different species is an indicative
of the fact that fish of fishes differ with speciasd also with different habitats. Wherein fishes
are purely predatory in one habitat, such speceg been known to include plant materials in
their diets in another habitat. This justifies #ssertion that when a fish is feeding, it is thesimo
available food item that it mostly feeds on.

3.2.2 Factor Influencing Food and Feeding Habits dfishes

1. Size Different sizes of some fishes have differentdfdmbits. This could be as a result of
competition or preference. For example, the fryHeterotisniloticus are planktophagowukile
their adults are omnivorous. Most juveniles tilgpiare omnivorous, while their adults are
herbivorous/detritus feeders. Fingerlings of mutista Heterobranchusbidorsaliare plankton
feeders and they switch to a predatory feeding Iyaim fish and prawn as they grow into adults



2. Sex:Food habits also vary with sex. Spawning femalle iy change depth or location
in water. This affects the food available to thehfiSome females even go without food
during spawning.

3. Season:Seasonal distribution and abundance of preys &nkion also control the rate
at which they are consumed as food. It is genekallywn that fishes make use of the
most available items depending on season.

4. Temperature: Temperature regulates the spatial distributionmafst of various fish
species as well as most food items. This affeeddbd habits of the fishes. Fishes generally
eat more and digest food faster at higher watepésatures. However, each species has its
own suitable temperature range.

5. Habitats/Locality: Food habits of fishes differ with habitats andality. The occurrence and
abundance of different food items in different hatsi affects the food habits of fishes therein.
For instance, the major fish preys of African pikd.ekki lagoon, Lagos, Upper Ogun River and
Ado-Ekiti Reservoir , Ekiti are tilapias and cypds (Barbus) while in River Sokoto and Epe
Lagoon, Lagos, the major preys are sardines (Ré#dpnsilversides (Aletes and Brycinus) and
juvenile African Lady fish (Elops)

6 .Competition: Food habits of fishes could also be influencedcbtmpetitor species.
Food habits may change to avoid or minimize contipeti and this diversification
makes for a fair sharing of the available food ger®verlaps if feeding habits of
some species in the same habitat is an attempidtecce competition for food. There
is often an overlap between planktophagous or herbus and deposit feed amongst
many tilapias in habitats where they are found.

7. Preference/Selectivity: Preference for a particular food over the othes. (selectivity)
also influences food habits. Although, differentodoitems occur abundantly at a
particular time, some fishes show preference itir thelection of particular food items.
For instance, tilapias actively select phytoplanktas food, while zooplanktons are
passively selected.

8. Time of Day: The food of fish could differ with time of day;ishis mainly linked to the
time the food is available and when fish is feediRgeding could be in the day or at
night. For many species, peak period of feedingesponds to peak period of availability
of their food. Peak period of feeding of the tikgi Oreochromis and Sarotherodon
inhabiting Awba Reservoir in Ibadan, is from 13@BQhrs. This is likely due to high
primary productivity during this period; hence iease in abundance of phytoplankton, a
major food of these species.

9. Shape and Nature of the Feeding Apparatus/GutThe shape of the mouth, teeth,
stomach and intestines the food and feeding halbitee fishes to a large extent. For
example, predatory fishes e.g. Nile pefthtesniloticus)African pike (Hepsetusodge
and barracuda (Spyraend)ave large protusible mouth armed with powerfuthe®
capture or seize large prey such as fish which fierbulk of their food. Their stomachs
are larger and their intestines short. Herbivoransl phytophagous fishes, such as
tilapias lack powerful teeth. Their teeth are smalll they are arranged in many rows on
the upper and lower pharyngeal bones, to form grqngurfaces used to crush the hard
wall of their plant food. Their intestines are lotypical of herbivorous species. Other



phytophagous species like mulleMugil and Liza sp.have their stomach modified to
form a gizzard used to crush the food. Similarnihophagous/omnivorous species like
the African bony-tongudleterotisniloticubas a gizzard stomach for crushing the shells
and exoskeletons of bivalves, snails and insectweds as the walls of higher plant
materials, which constitute significant parts sffivod.

4.0 Conclusion

Like all organisms, fishes require an energy sotwckiel their body machinery and processes,
including growth, metabolism, and reproduction.fé&iént fishes have evolved feeding structure
and mechanisms that allow them to exploit a vastyaof plant and animal food sources, ranging
from the indiscriminate filtering of a large rameténg planktivore to the precision biting of a
manipulating carnivore. Similarly fish guts incorpte numerous adaptations for the efficient
breakdown and absorption of essential nutrientduding appropriate enzymes and absorptive
surface areas. Finally, nitrogenous wastes mugxbeeted, principally as ammonia (or urea in
strongly alkaline environments).

5.0 Summary

A complete study on the food and feeding habita Béh species would not only investigate the
dietary composition, their quantity and selectivityt would also involve an examination of the
functional morphology and physiology of the alimentsystem as well as the fauna and flora of
the environment, particularly, those that are féodfish to reveal their interrelationship with
each other and the fish speciesFish Food, basdtdeimorigin, could be authochthonous and
allochthonous; and the feeding habits of fish coo#d planktivorous, herbivorous, predatory,
omnivore and detrivores. Size, sex, season, terysera habitat/locality, competition.
Preference/selectivity time of the day and the shegiure of feeding apparatus/gut are some of
the factors influencing food and feeding habitéigifes.

6.0 Tutor-Mark Assignment
Write a short note on the factors affecting food &eding habits of fishes?
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MODULE 4: AGE AND GROWTH DETERMINATION
Unit 1 Methods of age and growth studies
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1.0 Introduction
Fish age and growth are critical correlates withcolwho evaluate many other biological (and
pathological) processes, such as productivity, dyiper recruit, prey availability, habitat
suitability and even feeding kinematics.While agel ggrowth are always used together in
phraseology, it is important to remember that dacm has its own distinct meaning, which was
eloquently stated by DeVries and Frie (1996):

“Age refers to some quantitativeagsion of the length of time that an
organism has lived, whereas growth is the chand®ity or body part
size between two points in time, and growth ratenseasure of change
in some metric of fish size as a function of time.”

2.0 Objectives:
At the end of this unit students should be able to

i.  explain the important of age and growth studie®ims of
(i) significant (ii) methods of studies and (¥alidation techniques.

3.0 Main Body
3.1.1Significant of Age and Growth Studies

* To obtain information on stock composition.

* To know the age and maturity of a fish.

» To know the life span of a fish.

» To gather information relating growth and reprodoct

* To know mortality and production rate.

» For rationale fish exploitation and proper fishesiemanagement.



3.1. 2: Methods of age studies.
Steps Involved in Age and Growth Studies

1. Collect a random sample of fish and this shoulduide representative of all sizes and
age of fish species present in the population.

For each species, record the date of collectiomita& and method of collection.
Measure the length and weight of each speciesectisand determine the sex and stages
of gonad development.

Collection from each the structures that will bedigor age determination.

Determine the age of each specimen using moredhamethod of age.

Calculate growth for each sex separately and fanbmed sexes if the calculation for
individual method is significant different using-slquare. If the different are significant
both sexes can be combined.

7. Determine length-weight relationship for each sepagately and for combined sexes.

8. Calculate the condition factor according to agees sex and season.

wn
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Precise and accurate age information is the kegbtaining quality estimates of growth and
other vital rates such as natural mortality andyéity, and is essential for successful fisheries
management. The effect of inaccurate age deterimirsabn population dynamics studies can
lead to serious errors in stock assessment regultiaverexploitation.

The determination of fish age and growth is fundatalein fisheries biology and management.
Such age-determined parameters as mortality andtigronderlie the population dynamics
models used in fishery analyses. Age studies camsfu other basic data such as stock age
structure, age at first maturity, spawning freqyemedividual and stock responses to changes in
the habitat, recruitment success, etc. Age and thralata also permit the determination of
population changes due to fishing rates.

Although numerous methods have been used to dgedHige general methods predominate:

* Anatomical method: It is possible to determine the age of fish byleston of growth
rings forming bony structures such as scales,th&lihe opercular bone, the vertebrae
and the cross section of dorsal or pectoral finsrafges of fish are estimated by
comparison of the readings from various bony stmest and different readers
Furthermore, ageing errors must be considered éefeciding on the most reliable bony
structure for ageing fish . Two important considierss when selecting a structure for
aging a sample of fish are whether the structuedgiaccurate estimates of fish age and
whether the structure can be obtained withoutngllthe specimens. Other researchers
have used radiochemistry as an alternative to palgi age fish by measuring
radioactive decay of elements present in the btmugtsires, with often quite conflicting
results.

« Length-frequency analysis: It determines age by plotting length-frequency
distributions(also known as the Petersen Methoainfthe population to reveal peaks
assumed to represent average lengths for eachase@age class. If the populations of
fish that are characterized by regular influendesew recruits are adequately sampled,
they usually reveal a size structure featuring antrof length-frequency polygons



especially in the first year(s) of life, which icdies the presence of several age groups.
This method requires individual lengths of largenter of fish population and little
overlap in the sizes of fish in adjacent age groaps is best used for fish that are fast
growing with short spawning periods and short $if@ns. Using length-frequency data to
age fish is relatively simple and inexpensive, hasvethe life history traits (fast growth
and short spawning seasons) needed for accurdiesiarare not typical of many species,
for example, tropical reef fishes such as snappats groupers.This method involves
monitoring the progression through time of the id@&ble modes in size classes.lIt
cannot be used to determine the age of an indil/fcia

« Direct estimate: This is achieved through direct measurements @ityr rate of specific
specimens extrapolated to the stock as a wholekiMgaand subsequent recapture of
fish, or monitoring the growth of captive fish ohdwn age are two direct estimation
methods. Mark/recapture approaches have been as=limate growth, movement, and
population size for many fishes. Fish are markdeéreslly by fin clipping or through the
attachment of a visible tag. Internal tags cand®ras well. Assumptions are made with
any tagging study that tags will not cause chanigegrowth, feeding, reproduction,
movement, or survival of the fish and that all tagHi remain attached to the fish.
Directly observing growth of laboratory reared &shcan also be used to assign growth
rates to fish of known ages. Although accuratesehgvo methods of observing growth
can become expensive, time consuming, and labensite, especially with fish that are
extremely sensitive to changes in habitat. Theythe most accurate method of age
determination under natural condition.

Reliable age estimates, however, are difficult bam for species found in tropical regions;
tropical systems are characterized by species faghgrowth, high productivity and high turn-
over, that is, short lives.In seasonal tropicaelie, the patterns of marks on hard part of fish
may be difficult to interpret and unreliable foreadetermination. Besides, many tropical fishes
are known to have annual peaks in spawning a@svitvhich are reflected in other length-
frequency distribution.

3.1.3: Definition and Designation of Age

‘Age-group’ refers to age in years, while ‘yearsdarefers to the fish produced in a given year.
There is yet to be a complete agreement on aggrdggin or terminologies. The age of a fish is
usually designated by reference to the annual namkiss hard structure such as otoliths and to
some extent the season of the year, rather aceptdints exact length of life (which is not
precisely known). A fish in its first growing seasbelong to the age-group 0, and its successive
stages may be called a larval (fry or sac-fry) &éinderlings (young -of -the —year or under
yearling). A fish in its second growing seasonagld¢o be a member of the age-group 1 and
maybe called a yearling. In the third growing seaw fish is age 2 and is called a 2-year-old
and so on.



A yearling will typically have one annual mark da hard structure. However, in some species,
the time when the annual marks appear may vargdaonuch as two or three months.

The use of scales to age fish

Scales of fishes are remarkable structures. Mudbrnmation can be obtained about the
growthhistory and longevity of individual fish byose examination of their scales or other bony
structures.On the population level, also, age aodty is an excellent index to well being.

Scales are bony structures that grow shingle-lkenf pockets within the skin. Scales are
coveredwith a very thin, outer layer of skin calldte epidermis. Among fishes there are
basicallytwo kinds of scales: the ctenoid scalentban spiny-rayed fishes such as bass, sunfish,
perch, and the cycloid scale found on soft-rayskefs such as trout, suckers.

The ctenoid scale has small, sharp projectiorn(i¢twhich give a rough texture tospiny-rayed
fish. The cycloid scale lacks ctenii; thus softedyish tend to be smooth textured.

Scales start to form when a fish is about an iraigl The number of scales covering the
bodyremains constant throughout life, and in gdnscale growth is proportional to fish growth.
As thescale grows, circuli (ridges) form on the ed@irculi form a concentric pattern over the
course of ayear that is related to environmentdlgiowth conditions. During the colder months,
when fish eatlittle and growth ceases, the ciratdi crowded together and may be incomplete.
Annuli (true year marks) arecharacterized by cralvddges and consistent "cutting across" at
both sides of the scale

Unusual events may cause false annuli to form amesc Examples are extreme water
temperatures,injury, or any other stress that cagsawth to stop for a period of time during the
normal growingseason. False annuli may be verylairm appearance to true annuli, but often
"cut across" on onlyone side of the scale or ateewiglent on all scales from a particular fish.

Old fish are often under-aged from scales. Aslalfiscomes older, growth rate slows down and
annuli become closer together. The result is thas idifficult (sometimes impossible) to
recognizethe most recent annuli on very old fisklesc

Some fish (such catfish) have no scales, and sttexies (such as bowfin) have norecognizable
pattern on their scales. For those fish, a crosseseof a spine or a vertebra should beexamined
for age rings similar to rings on trees. Ear bofosliths), spines, and vertebrae are alsomore
reliable than scales for aging, perch, bass, supidas, salmon.
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Figure 3 Ctenoid scale of bluegill (left) and cydiscale of sucker (right). Annuli are indicated
by numerals.

* Procedures
Recording data on scale envelopes
Record accurate and complete information on thie stavelope.Give the following information:
SpeciesGive common name of fish.
Locality-Give the name of the lake or stream from which Wists taken.
County-The name of the county in which lake or streanodsited.
T. R. SecGive the Township, Range, and Section in which boflyater is located. This
isespeciallyneeded when two lakes with the sameer@our in the same county.
Date-Date when fish was collected.
Length-Total length is defined as a straight-line measem@m(not over the curve of the
body)from the tip of the snout (with mouth closdd)the end of the caudal fin with the
lobessqueezed together.
Weight-Total weight, accurately measured under good cramdit
Sex-Determine and record the sex when possible.
State of organs¥his refers to sex organs. Record here whethefigthes immature or mature;
and if mature, whether ripe or spent.
Gear-Record the method used in capturing the fish, ssotjill net, trap net, seine, or angling.
Collector-Name of person who caught the fish.

Taking the scale sample

Age determination is easier if care is used wh&mgathe scale sample. Scale samples should
betaken froma definite area on the fish. The recemdad location on spiny-rayed fishes is
justbelow the lateral line and below the middleta# spiny dorsal fin. For most soft-rayedfishes
the area between the lateral line and the dorsakfpreferred; for trout the best spot isdirectly
below the lateral line beneath the posterior enth@fdorsal fin
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Figure 5.Areas for taking scale samples from moftrayed fish (A) or trout (B).

Making age determinations

To prepare scales for age determination, place fowsix scales on a slide of clear plastic
(vinylor cellulose acetate, 0.5 mm thick) with guuked side (side with ridges) down. Then,
sandwichthe slide with the scales between two mpagees of plastic and run through a roller
press, usingenough pressure to make a distincesajan of the scales on the plastic slide. Store
the plasticslide with the scale impressions in sbale envelope from which the scales were
taken. Only

complete and normal scales can be used for agendetgions. Abnormal or regenerated
scalesare often found on fish. When a fish losseesade, it grows a replacement lacking circuli
andannuli in the center. Consequently, the eantyygiahe growth history is lost.

To make age determinations (i.e., to "read" thée$cthe plastic impression is viewed through a



Micro-projector or microfiche reader that magnifig® impression up to 90 times, as needed.
Abinocular microscope provides suitable magnifmatifor counting year marks, but if the
scalesare to be measured, as is done in "bacKat@bei, a micro-projector is needed.

Back calculation

The back-calculation technique is useful for deteimg more precisely a fish's growth
duringeach year of life prior to the sampling ddtbe results might reveal, for example, that a
fishwhich is of average size for its age now, gfest in certain earlier years and slow in other
years.The technique is especially useful if no d¢hovamples were taken prior to a
managementactivity or if only a few fish were sagdpafterwards.

There are problems to be considered, however. Baltkdated lengths at age 1 and age 2
areimprecise if small fish were not sampled adegjyaGenerally, it is not wise to extrapolate
the fishlength vs. scale radius relationship beyedsizes actually sampled. Another problem is
"Lee'sphenomenon”. This is the tendency for themdsd lengths of the older fish in their early
years oflife to be systematically lower than tha$eyounger fish at the same age. That is, it
appearsthatthe slower-growing fish live the longest. Tharsor can be minimized by sampling a
wide range offish sizes.

The procedure for back calculation is as follows:

1. Obtain scale samples from the same area of fsichldeally, use key scales (identical
area)becausethey havethe same shape.

2. While projecting the scale and counting anmakasure with a ruler the radius of the scaleand
the distance to each annulus. Select a standasdaxneasuring along (such as the axisfrom the
focus to the middle of the anterior field) and tise same magnification for allsamples in the
collection.

3. Compute the relationship between fish lengjhapd scale radiusS|. This linear equationwill
usually give a satisfactory fit:

L= a+bS

4. Compute the length at each annulus) (from the distance from the focus to that annulus
(Sn.The process may be automated by projecting tlaée Ssmage onto a digitizing pad or
videomonitor linked to a computer and "marking"” leamnulus with an electronic mouse or
stylus.

Available software will then perform all the comations.

The intercept (a), also called the correction fgcie a very important parameter that is
difficulttoestimate. It may be thought of as thad& at which scales begin to form, but in a
practical veinit just helps make the data fit mathaécally. The intercept should be determined
for eachspecies and each population.

Age determination from the Otoliths
The otoliths (ear stones) are calcium carbonatderiats, which are found in the brain cavity of
fish and function as balancing organs. The usetdalftlos is very important especially in fish,
which are entirely scale less. However, it is gdacamount to note that age determination from
otoliths can be disadvantageous, where valuablg spcommercial fish are concerned, because
the fish have to be killed.
In the determination of age of fish from the otwditit is necessary to establish the following:

* A recognizable pattern of rings or markings whi@dnm de visible in the otoliths by

viewing directly in ordinary light of after some theds of preparation or staining



A regular time scale can be allocated to the \siphttern, this time scale is not
necessary annual, although it is usually so, pddity in temperate regions. This is the
essential part for validating the otoliths for atgermination.

The otoliths have two distinguishable ring patteropaque and hyaline zones. The
opaque zone is associated with period of fast dgrawtile the hyaline zone is associated
with period of slow growth.

Techniques for collection and preserving theotolith

To obtain the otoliths, a dissection of the heatkisessary. The otoliths are collected from under
the brain tissue. After collection, they are eitpescessed or viewed fresh or are preserved for
later processing or viewing. The otoliths can besprved dry inpaper envelopes or suitable vial
after been rubbed between the fingers to removeaushand adhering tissue. The use of formalin
to preserve otoliths is prohibited. It is impossiltb determine age from bones of rotten fish or
fish which have lain in formalin because such bammslly become discolored and decalcified.
Sometimes the otoliths may be rinsed in water aoteel in 0.1% Hcl for about 5 minutes,
follow by dehydration in alcohol.

Examination and Interpretation of Growth Marks on O toliths
There are several ways to examine and interprétietdrom many fishes:

Otolths from many fishes especially fresh watehds can be examined adequately
without modifications. Such otoliths is placed iater in a black dish and illuminated at
an angle from above. Against this background, th@qoe zone appears as white rings
while the hyaline zone appears as dark rings. Tamece the appearance of the growth
rings the otoliths can be examined in oil suchlgseagine, cedar or cresol.

If the otolith is thin, it can be examined directiythout a dark background. Light is
shone through the otolith as it is examined. Opamuee appears as dark rings while the
hyaline zone appears as white or dark rings, becthes colors of these two zones are
interchangeable depending on how it is illuminatbeé, term opaque and hyaline zones
have to be used.

If the otolithsis old and compact, one surface lbamgyraded first to make the growthmark
more Vvisible. Alternatively the otoliths can be kea into two between the thumbs but
the cut surface must pass through the nucleuseobtibliths. Then, the cut surface is then
grinded flat. Grinding of otoliths is done with wedrborundum powder on a glass tile or
a grinding stone (electrically or mechanically aped). After grinding the otolith is
examined under the microscope, the opaque zonapase dark rings while the hyaline
zone appears white.

Burnt otoliths technique: the otoliths of some feglecies are clearer when burnt on a low
flame spirit. This is applied under gauze on whittie otolithsis placed. The
wholeotoliths or burnt surface after grinding.

Scanning for Photoelectric Measurement: The o®lghscanned and the transparency of
the two zones are recorded automatically on a decoand the annuli become visible
peaks on a slide.

Bones Method



Opercula, vertebrae, fin-rays and spines are th& mequently used. Except for the fin-raysand

spines, collection of bones involvessacrificing fisd. Fish is dissected and the appropriate bone
removed, clean of flesh and fats and store dry dryapaper envelope. The growth marks are

best examined under a projecting microscope; tlagwe zones are broad and white whilethe
hyaline zone is narrow and dark.

Validation of Ageing Techniques

Since attempts at ageing of fish began, there kags la need to validate whether the growth
increments seen are in fact annual in nature ¢oviokome other cycle. Most validation studies
have involved injection of tagged fish with a cheatidye (typically oxytetracycline) that then
penetrates the bony structures of the fish shaftigr injection. These fishes are then released
and if recaptured at a later date, the time pédbietiveen when the chemical mark was laid down
and the edge of the bony structure is known. When bdony structures from the fish are
sectioned and viewed using ultraviolet light theerdically induced band fluoresces.(Cappo
al.,2000)The process of estimating fish age incorporate®egolural error associated with the
structurebeing examined and an interpretationabretdue to the element of subjectivity
inherentin all age estimations (Campanas, 200X)tH® reason, methods of age validation and
estimation of aging precision have been developedariety of methods exist through which
age interpretations can be validated. The methedsribed in table 1(Campana, 2001) are the
best available for insuring ageing accuracy.

Table 1: Features, advantages and disadvantdgesthods used to confirm the accuracy of
age interpretations. Methods are listed in deseendider of scientific value. Growth structure
refers to either annulus (A) or daily growth incesth (D), depending on application. Methods
for age corroboration (such as length frequencylyaisaand tag-recapture analysis) are not
shown here, but are described in detail in Cam(20@1 )
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4.0 Conclusion

The most commonly used method for age determinasoaxamination of markings which
appears on the hard parts of fishes, These markmysbe annual of formed during period of
alternate fast and slow growth, usually caused ryirenmental, physiological and nutrition
fluctuations

5.0 Summary

Fish age and growth are critical correlates withclwho evaluate many other biological; their
studies provide information on stock compositioge at maturity of a fish, life span, mortality
and production rate e.t.c. Direct estimate, anatahmethod and length-frequency distribution
methods are the basic methods of age determinatiesg are validatedto know whether the
growth increments seen are in fact annual in naiufellow some other cycle.

6.0 Tutor-Marked Assignment
1. Justify the important of age determination fromdhstructures
2. Account for age determination from (a) otoliths ¢bgle) and their validation method.

7.0 References/Further Readings
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1.0 Introduction

The growth of a fish results from the consumptidriond, its assimilation and the construction

from it of the organism’s body. The growth processpecific for each species of fish, as for any
other organisms. The knowledge of ageing fish haslenit possible to estimate the rate of
growth. A study of growth in fish offers system kxgists many opportunities to enquire into the
dynamic balance and states of change in aquatsystsmn. However, growth is influenced by

food, space, temperature and other factors. Fumibrer, since fish are poikilothermic and live

permanently immersed in water, they are very aéfiétty changes in their ambient medium.

2.0 Objectives
At the end of this unit, students should be able to
0] Identify the form of growth
(i) Explain the various method of studying growth

3.0 Main Body

3.1 Forms of growth
There are some important forms in which the groefthsh is estimated:
Growth in length — this estimate growth rate of individual fishledlthe True Growth
Rates. Growth in length quit never cease.
Growth in weight — fishermen are usually interested in the weidHtst catch not the
numbers. And indeed the value of a catch of a giweight often increases when the
average size of the fish in the catch is greagerwhen there are fewer individuals. The
growth in weight is an important aspect of growttigh.
Population growth — Population growth refers to change in the nunalbdish observed
at different times of a particular fishery.
3.2 Method of Studying Growth
Though, once the age of a fish has been determihedtudy of growth will appear superficially
simple. In practice, there are numerous difficsltsncountered. Fish growth may, therefore, be
keenly studied by the following methods:



Experiments in Rearing and Holding Device

Fish of known age or size, which are placed in ganmdtanks, can easily be recaptured at a later
date. Otoliths, scales and other structures carexaanined for the number of marks tobe
expected.

Tagging and Marking Method

When fish are tagged or marked with a numberedofagietal or plastic or injected with
tetracycline which produces a mark in the structifréhe otoliths. At recapture, the number of
supposed age marks on the otoliths should coingide either the known age or with the
number of years the fish has been at liberty.

Age-Length Data

The age of each fish in a random sample, cauglit avigear with the least bias, and used to
sample the habitat thoroughly, is determined. Tthenmean length, with confidence limits, is
calculated for each age group.

From Petersen’s Method of Age Determination
The modal length of each age group obtained froensthe frequency method, as apply to age
determination.

By Cohort Analysis

Modal length of a particular age group ( usuallyadpecially strong year class) are estimated at
yearly intervals with this method, and size frequyeanalysis, the growth rate can be indicated
without actually knowing the age of the fish.

4.0 Conclusion

Most fish continue to grow throughout their liv€onsequently, age and growth have been one
of the most intensively studied aspects of fisndgyg because they are good indicator of the
health of individuals and populations. Rapid growtidicates abundant food and other
favourable conditions, whereas slow growth is k&b indicate just the opposite. Important
influences of diet and environmental and socialdiecwork via hormone-mediated mechanisms
to regulate fish growth. Age and growth studiefishes have become a well —studied integrator
of fish well being in aquatic habitats and an intant measure of production success to the fish
culturists.

5.0 Summary

Fish age and growth are critical correlates withclwho evaluate many other biological; their
studies provide information on stock compositioge at maturity of a fish, life span, mortality
and production rate e.t.c. Direct estimate, anatahmethod and length-frequency distribution
methods are the basic methods of age determinati@sg are validatedto know whether the
growth increments seen are in fact annual in natufellow some other cycle. Cohort analysis,
capture & recapture method, age-length data aret$eet method are the principal of measuring
growth. There are different forms of growth: grovith length, growth in-weigth and growth in-
population.

6.0 Tutor-Marked Assignments
1. Differentiate between age and growth and theihiods of studies
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1.0 Introduction

The knowledge of fish fecundity is needed in esshbtg its production potential
andconsequently its exploitation and managemembnae. It is imperative to understand
andappreciate the diverse shades of meaning oftenis.Fecundity, derived from the word
‘fecundgenerally refers to the ability to reproduce. Iimagraphy, fecundity is thpotential
reproductive capacity of an individual or populatién biology the definition is more equivalent
to fertility or theactual reproductive rate of an organism or populationasoeed by the number
of gametes(eggs), seed set or asexual propagules. difference is due to the fact that
demography considers human fecundity which is oftgentionally limited, while biology
assumes that organisms do not limit fertility. Fedity is under both genetic and environmental
control, and is the major measure of fithdsscundationis another term for fertilizatiorSuper
fecundityrefers to an organism's ability to store anothganism's sperm (after copulation) and
fertilize its own eggs from that store after a pdrof time, essentially making it appear as though
fertilization occurred without sperm (i.e. parthgeaoesis).

2.0 Objectives:
At the end of this unit, students should be able to
0] highlight the important of fecundity
(i) Identify thedifferent methods of determinationf@¢undity.



3.0 Main Body
3.1 Fecundity defined

The number of eggs produced per female has beéousbyr defined in fisheries literature and
different fecundity terms have been used in rehatmthe reproductive strategy of the fish and
oocyte recruitment or stages. In most studies, néity usually refers to potential annual
fecundity, which represents the total number ofeaded yolked oocytes matured per female and
year, uncorrected for atretic losses. Nikolsky adwfecundity of fish from two aspects;
individual or absolute fecundity, that is, the nwargof eggs from the generation of that year and
relative fecundity which refer to the number of ggmer unit body weight. Bagenal defined
fecundity as the number of ripening eggs in fenpaier to the next spawning season. Hansson
defined fecundity as an ability of an organism toduce viable reproductive units. In general,
fecundity is one of the important aspects of lilgtdry of a species. It has been used in fish stock
assessment studies in egg and larval survival edudistimate of size of a stock and for stock
discrimination.

The advantages of high fecundity cannot be overasipbd since the survival and continued
existence of the species depend on numbers ofteggbed. High fecundity is also a desirable
quality in aquaculture as it ensures regular (wtegmoduction can be obtained all-year round)
and adequate supply of fingerlings for stockingure enclosures. Knowledge of the fecundity
of a fish is necessary in establishing its produrcpotential and consequently its sexploitation
and management rationale

Fish species with large eggs comparatively havewadgg production than fishes with small
eggs. As a rule, fecundity of a fish is inversedated to the degree of parental care it exhibits.
Low fecundity is associated with parental care miyithe developing stages of the embryo and
fry. Generally, mouth breeders like tilapias haeerbassociated with low fecundities.

Bagenal reported that the fecundity of a fish spee@ipproximate to the cube of the body length
but noted there were several exceptions. In soghedi fecundity approximates the square of the
body length; while in others fecundity may approaten more than the cube of body length.
However, in some fish species, there is no relatign between fecundity and size of fish.
Several workers have reported fecundity to be tireelated to fish size or weight.

3.2 Methods of determination

The estimation of fecundity usually refers to thetedmination of the number of vitellogenic
oocytes ice., potential fecundity). Different methods exist kheir use will depend on the
species under investigation, resources and labgrédoilities available. Traditionally, potential
fecundity is determined by a gravimetric or voluneemethod. Although these methods are
simple, inexpensive and give reliable resultswibek is time-consuming and tedious

The gravimetric method usually involves sub-sangploy weight is often used for fecundity
estimation: preserved eggs are washed in wateraim &xcess preservative usually Gilson’s
fluid and exposed on filter paper for about 5 —Mi@utes after removal of ovarian tissue. The
eggs are weighed; five sub-samples of the eggaeigh and number of eggs in the sub-samples



counted. The total number of eggs in the ovaryalutated by proportion. This method of
estimating fecundity is accurate to about 1%. Th&umetric method is similar to this but
volume measurement is used in place of weight.

However, new methods are developed to reduce the &nd labor involved in measuring
fecundity. For example, Thorsen and Kjesbu (200dyetbped a method to measure oocyte
density (number of eggs/g) using an image analygsem. An image analyser was used to
automatically determine mean oocyte diameter oblmagd sample and the oocyte density was
determined with a calibration curve. In generalpdk 5 minutes to prepare the sample, measure
oocyte diameter and process the data. Similarlycquures based on image analysis have also
been developed to measure efficiently and at lost potential fecundity (Friedlaetal., 2005;
Klibansky and Juanes, 2008). Although some valitafirocess is necessary before using these
methods, they represent a major advancement iefficeent measurement of potential

3.3Biological Constraint of Fecundity

Potential fecundity is strongly influenced by femalize, trade-off between egg size and egg
number, reproductive strategy and spawning paténhme species. While size of oocytes will
have a direct influence on maximum number of hystatocytes that can be produced in one
time, reproductive strategy and spawning pattethdetermine the possible number of eggs that
can be produced in the spawning season. Specibsindiéterminate fecundity where potential
annual fecundity is not fixed before the onset dvening will have the capacity to produce
more eggs than species with determinate fecundiigrev new vitellogenic oocytes are not
produced during the spawning season. In the samgehaéch spawners which released hydrated
eggs in batches over a protracted spawning perithdhawve the capacity to produce more eggs
than total spawners where all oocytes are hydateldshed in a single episode.

Because female fish retain their oocytes internallyring their development, maximum
reproductive output will be subjected to morphotadjiconstraints. The volume of the body
cavity will limit the reproductive allocation at @aspawning event. This limitation will result in
correlations between reproductive investment asd §ize. As the volume of body cavity is
related to size, the potential fecundity in marsp fspecies is strongly related to body size.

The constraint associated with the volume of thdyboavity can also result in a trade-off
between egg size and egg number; larger egg votleoeasing the maximum number of eggs
that can be produced. The inverse relation betvesgn size and egg number in spring and
autumn spawning herring, a total spawner with aeftesite fecundity is a known example of this
possible trade-off . Female attributes other thae Bave also been shown to influence potential
fecundity. Variations in the nutritional statusiestted from different indices of condition like
the condition factor or liver index significantiynfluence potential fecundity of Atlantic cod,
plaice.

3.4: Ecological Constraints of Fecundity

Besides the determinant influence of female sizgemgial fecundity is also modulated by
environmental conditions. Numerous studies shovedations between potential fecundity and
many environmental factors such as food abundavalability/ consumption, temperature, fish
density, and biomass index. Variability in enviremtal conditions will directly or indirectly
through their influence on growth and nutritiongtss result in a wide range of variation in
potential fecundity. This variability is clearly m@nstrated by the different potential fecundity-



size relationships (length is commonly used asiibasure of size) observed for many species in
the literature. Annual variations in these relasioips can be seen as the response of individual
females to varying combination of biological andvieonmental influential factors detected
between populations, geographic areas, and years

4.0 Conclusion

One of the most fascinating ideas to become estaddliin recent decades is the concept that fish
(and other organisms) have a life-history stratagywhich trait related to development and
reproduction play a central role. The life —histstyategy of a species is a complex of evolved
traits related to the allocation of energy; it deB a species, along with morphology, physiology
and behaviour. Life cycle of a species is fine-tute the environment. For example, among
pelagic piscivores of the oceans, shark use a @mufdity strategy of viviparity, tunas use a
high-fecundity strategy of oviparity, and salmore @asstrategy involving moderate fecundity and
some parental care.

The evolutionary diversity of fishes has meantdbeeelopment of unusual life-history strategies
involving such things as multiple sexes, sex chaagd hermaphrodatism. Fecundity is
important and well studied in the field of poputetiecology. Fecundity can increase or decrease
in a population according to current conditions a&edain regulating factors. For instance, in
times of hardship for a population such as a lddkad, juvenile and eventually adult fecundity
has been shown to decrease.

In addition to sex-ratio and proportion of matursividuals, fecundity is one of the most
important determinants of a stock’s reproductivéeptial. A number of methods have been
described that could be used to estimate fecuralitg variety of fishes. However, no universal
method could be recommended, Potential fecundityidcbe a biases method of estimating
realized fecundity, if oocyte are continuously teted into the pool of developing oocytes or if
the number of this is reduced by atresia

5.0 Summary

Fecundity has been used in relation to the reptocucstrategy of the fish and oocyte
recruitment or stages.The advantages of high fegumdnnot be overemphasized since the
survival and continued existence of the specieseni@pn numbers of eggs hatched. High
fecundity is also a desirable quality in aquaceltas it ensures regular (when reproduction can
be obtained all-year round) and adequate suppfngérlings for stocking culture enclosures.
Knowledge of the fecundity of a fish is necessaryestablishing its production potential and
consequently its sexploitation and managementnalo). Different methods exist to determine
fecundity but their use will depend on the spedcieder investigation, resources and laboratory
facilities available. Traditionally, potential fewmdity is determined by a gravimetric or
volumetric method. Although these methods are Empexpensive and give reliable results,
the work is time-consuming and tedious.



Fecundity has been used in relation to the reptoducstrategy of the fish and oocyte
recruitment or stages.The advantages of high fegumdnnot be overemphasized since the
survival and continued existence of the speciesmigpn numbers of eggs hatched. High
fecundity is also a desirable quality in aquacatas it ensures regular (when reproduction can
be obtained all-year round) and adequate supplngérlings for stocking culture enclosures.
Fecundity is strongly influenced by biological fat such as female size, trade-off between egg
size and egg number, reproductive strategy and rdpgwpattern of the species.Numerous
studies have showed the relations between fecuadity many environmental factors such as
food abundance/ availability/ consumption, tempegtfish density, and biomass index.

6.0 Tutor-Marked Assignment
1. How could fecundity be determined?

2. Write short notes on ecological limitations to figlcundity

7.0 References/Further Readings
Friedlancktal,, 2005; Klibansky and Juanes, 2008; Thorsen andikjé2001)

Bagenal, T.B.(1978). Aspect of fish fecundity IBcology of fresh water fish production. S.D.
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Lasker, R.D. ed. (1985) An egg production methadefgtimating spawning biomass of pelagic
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1.0 Introduction

Fish culture is the growing of fish in ponds. Growifish in ponds, from which they cannot
escape-, allows feeding, breeding, growing anddsinvg the fish in a well-planned way. Fish
culture is one form of aquaculture. Aquaculture tie science which deals with the
cultivation/growing of aquatic organisms ( fish ,ollasks, crustaceans, other vertebrates,
unicellular organism, microalgae and higher plaoshg extensive or intensive method in order
to increase the production or yield per unit areaatume to a level more than can be obtained
naturally in a particular aquatic environment.

Aquaculture, a type of agriculture, is also thecpca of cultivating aquatic animals and plants in
managed aquatic environments. Aquaculture in satewor marine environments is called
maricultures. Fish culture, or pisciculture, refemsthe husbandryof finfish. The most popular
aquaculture species are finfish grown in fresh wgataccounting for over 40 percent of total
aquaculture production.

2.0 Objectives:

By the end of this unit, students should be able to

) explain the different fish farming techniques

(i) enumerate the characteristics of fish farming teges and

(i)  statethe needs for cultivable fish.

3.0 Main Objectives

3.1 Criteria of Cultivable fish

Advances in controlled reproduction of desired ssecfeed formulation, and water quality
management have helped generate the rapid growdljuEculture. The biological selection of

culture species depends on many factors. A fever@ithat must be considered in choosing a
species to cultivate include the following charastecs of a species:



Growth rate;

Place in the food chain;

Climate and environmental adaptations;

Disease resistance;

Breeding characteristics;

Compatibility with other fish species in cultivatipand
Conversion efficiency (feed-to-flesh).

L2 2 X 2 X X 2

For example, aquaculturists prefer fast-growinghkli@oresbecause of their short food chain.
Interestingly, biotechnological selection critesee not always the most critical; for example,
growing fish unsuitable for local or export marketn readily drive a farmer out of business.
Thus, consumer preference, market conditions, atiguls against nonnative species, and other
economic, social, and political criteria play arpontant role in species selection.

3.2Purposes of Aquaculture

Aquaculture is practiced for a number of reasohgfamong them being food production and
income generation. Most fresh-water aquaculturelycon (over 70 percent) comes from low-
income, food-deficit countries. Even in the poorestintries, fish farming is seldom solely a
subsistence activity. So while farmers may conssome of their product, typically fish are
sold, thereby enabling farmers to earn income tohmase other goods and services.

Additional purposes of aquaculture include:

Utilizing land unsuitable for agriculture;

Utilizing inland water bodies such as shallow lgkes

Reclaiming saline soils;

Increasing the supply of highly valued species;

Improving the reliability of fish supplied in thearketplace;

Offsetting losses in the capture fisheries or itivedfish populations;

Servicing the sport fishing industry;

Controlling parasites like mosquito and snail lanthat cause diseases such as
dengue fever and malaria;

Storing water; and

Earning foreign exchange. (Europe and the UnitemteStimport aquaculture
products from Asia, Africa, and Central and Southekica.)

LA 2 X 2 X X 2 X 2 4

3.3Techniques Fish Culture
Fish culture techniques may be classified baseth@tevel of manipulation of the environment
into three, which are:
» Extensive Fish Culture
This is any fish culture techniques that do notiregany supplementary feeding or energy input
to support growth of the species under cultureatiisbutes include:
-There is relatively little or no manipulation dfiet environment, that is, there is low
degree of control in terms of nutrition, predatmmpetition, disease or pathogen.
- There is low initial cost.



-Low socking density: about 1-3 tonnes of fish lpectare
- High dependence on local climate and water qualit
The system is practiced in ponds, reservoirs and/fences.

* Semi- Intensive Fish Culture
This is any system that does not depend exclusigelya natural food chain; supplementary
feeding is applied to augment the natural food atewin form of fertilization or linning of the
water to increase primary productivity or throughstes e.g. domestic wastes. Therefore in a
semi-intensive culture system, part of the fooddeeeis supplied through supplementary
feeding; stocking density is moderate and much drighan extensive culture systems (3-10
tonnes).

* Intensives Fish Culture
This is any culture systems that do not dependabural food chain. It is a highly culture system
in which the nutrients requirement is supplied darithe culture systems. Thus, it involves the
use of adequate food both in term of quantity amality. Its attributes include:

-there is a high degree of control i.e. land malaipon of the environment. There must
be recirculation of water in the culture systemast@s are removed and enough water is
supplied.

-initial cost is high

-high technology and high production efficiency fiestance electricity must be provided
-allows for high stocking density (20-100 fingegsper hectares)

-there is tendency towards increased independdroead climate and water quality.

Based on the number and types of species cultfistdculture systems can be classified into
two:

* Monoculture
This is the culture of only one species of fishsltommonly practiced in intensive fish culture
systems. Fishes culture, here, have the same tebdinits. It is very useful Tilapia culture doe
to their prolific breeding. (mono-sex culture)

* Monosex culture
It isa type of fish culture in which wild spawning controlled and desired sex is increased e.g.
femal€Tilapias in a pond cause uncontrolled breeding. To avoid, tmonosex culture is
practiced. The focus of this culture is to produtae seed stock. This is done by fish culturists
by hand sexing (or its also calledmanual sexinggn@im the males are sorted out from the
unsorted stocks of fry. The sexes can be diffeagedi by visual examinations of the uro-genital
papillae.

» Polyculture or composite fish culture

It is a type of fish culture in which different tgp of fishes of different feeding habits are
cultured to exploit the different kinds of food tha present in the different parts of the pond.



This increases the productivity of the pond. Thipet of farming is also called mixed fish
farming.Polyculture poses no serious competitiotwben the different species as each species
renders a beneficial influence on growth andpradaadf the other. For example, the Grass carp
(Ctenopharyngodonidellajonverts plant tissue into flesh by feeding onatiguwegetation but

its excreta fertilizes the pond which benefits otepecies. In Bengal, major carps (Uatla,
Rohu andVIrigal in the ratio of 3: 3: 4 are reported to be culdutegether in ponds.lt is
commonly practicedin extensive or semi-intensigé tulture systems and has the advantage of
utilizing more ecological systems hence; theradcsdased utilization of available food.

3.4 Other fish farming techniques include:
» Caging Systems

Nets or cages are popular methods of fishing insbffre coastal areas and freshwater lakes,
ponds and oceans. Fish are raised in the cageartfécially and harvested when the numbers of
fish meet the required demands of market. Soméhefadlvantages of cage farming systems
is,that this farming technique can be practicedamnous types of water sources like lakes, ponds,
seas and oceans, that offers flexibility to themkns. Also, many types of fish can be raise
together and the water can be used for various @imposes like water sports. In this farming
method, superior quality cages are constructedpartdn the water sources to raise the fish.
Spread of diseases, poaching and concerns of p@dityqwater are some of the disadvantages
of this farming system.

« Ponds

One of the small scale fish farming techniquesisimg fish in the pond, especially designed for
the purpose of raising fish. Small ponds can beemiadhe farms and houses, which can provide
its owner the ability to have control over the fargh system. Ponds are useful for water
harvesting in the dry areas and can also be wuifiazeraising fish. Waste water can be contained
and treated properly to raise fish. Release ofeatdéd waste water into the environment is
possible, if the ponds are not maintained proparyg can cause pollution. For small farms,
ponds are effective to raise fish for self consuampt

* Raceways

If you visit any fish farming area, you may comeass narrow streams flowing between two
wall type structures. These streams are nothingrdgways and their purpose is to help the
farmers divert water from water systems like streamwell, so that it flows through the water

channels containing fish. There are various rdgiris imposed on this type of farming by the

government and the farmers are strictly adviseidetat the water before they divert it back to the
natural waterways. Also, the farmed fish can escapeways and interfere with the wild fish

habitat of the waterways.



* Recirculating System

The recirculating system uses recycled water faging fish. The waste water is treated and
recycled many times. Many fish species are growthénrecirculating systems. However, the
operative cost of the electricity is a disadvantaigiis method.

4.0 Conclusion

Fish culture in ponds is the primary method of ftsiiture. However, there are other methods of
fish culture used in places where ponds are nd&iplesor advantageous.

5.0 Summary

To realize, the potential of aquaculture, oppotiasifor exploitation of resources, available
suitable sites and cultivable species must be @tifrmaximized. Of immense importance is the
fish culture techniques adopted, which must refteetoverall cost of construction and eventual
economic project cost. Fish culture is the growahdish in ponds and it is an important element
of aquaculture. Aquaculture, a type of agricultusealso the practice of cultivating aquatic
animals and plants in managed aquatic environm@tis.biological selection of a species for
aquaculture include: growth rate, position in theod chain, disease resistance, breeding
characteristic, conversion efficiency e.t.c. Fishltiwe may be classified on (i) level of
manipulation of environment( extensive, semi-inteasnd intensive techniques), (i) number of
species culture (monoculture and polyculture). ©tigh culture techniques include caging
systems, ponds, recirculating systems and raceaiaigs

6.0 Tutor-Marked Assignment

1. Fish culture is an essential element of aquacultliseuss
2. With reasons, account for the different farminght@que in aquaculture

7.0 References/ Further Readings
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1.0 Introduction

A pond is a body of standing, as opposed to freeiflg, water that is small enough to be
managed for fish culture. Fish production in farengs can provide protein and profit for
farmers. Fish such as oreochromis and carp areteasyture and good yields are possible if a
management plan is followed (Figure 1). The thriéferént major operations undertaken in a
fish farm includes hatchery and grow out , fishdf@eoduction and post harvest processing.

INFPLITS OUTPUTS
- water - protein
- land - profit

- labor
- capital
- management

R H TN

Figure 1: Ponds can provide protein and profittfomers.



2.0 Objective
At the end of this unit, students should be able to

(1) Identify the types of fish ponds
(i) state the criteria for site selections
(i)  explain the basics of pond designs and construgtion

3.0 Main Body
3.1 Fish Pond (or Enclosure) Sites: Types

Fish ponds are fish enclosures. They fall into tategories depending on the terrain of the site
under construction. These include

a. Geophore (or Land-Borne) Sites)

These are fish pond sites borne by land irrespectithe water source, design and other factors.
Earthen ponds, weirs, raceways, fish tanks, threwagtl tubs belong to the category of geophore
sites’ enclosure.

b. Aquaphore (or Water-Borne) Sites

These are fish pond sites borne by water (wholey @articularly) irrespective of design and
material of construction. Cages, pens, creels,potd are in this category. They are normally
immersed in marine, estuarine, lacustrine and ineewaters.

3. 2: Site selection

Selection of suitable sites for fish farm constiattis very important. The following three
essential conditions guide the proper site selectio

= Topography
» Source of water and its quality
=  Soil type

» Topography

It is economical and convenient to construct poimds/aterlogged areas, irrigation command
areas or in marginal lands. In such areas congirucbst is relatively low mainly due to limited

earth cutting. For example, a pond of 100 m x 4@rh ha) of water area requires only 3 234 m
of earth to construct around a dyke of 2 m highvabground level (GL) with side slope ratio of
2:1 and top width of 1.5 m. This quantity of eantlay be obtained only from 1.1 m depth of
cutting. This limited depth of cutting reduces ttenstruction cost considerably. However, full



consideration should also be given to the possfilects of flood. The surface features of the
area proposed for the pond or the farm is alsolguaportant. A saucer-shaped area may be an
ideal site for a large dug-out pond, because it imalg appreciable quantity of water with a
small amount of earthwork.

For smaller and flat areas eye estimation is enobgi for a big area proposed for farm
construction with a number of ponds for differentgoses and of different sizes, it is essential to
conduct contour survey for determining the topobyapnd land configuration. The site should
be easily approachable so that there may not beddfigulty in the transportation of input
materials and in the marketing of the produce. [@beur and materials required for construction
and operation should also be locally availableaasaé possible. From an efficient management
point of view the pond site should, if possible, vaiéhin the sight of the farmer's house. It also
reduces the risk of poaching. Siting fish pondsrrtka farmer's other agricultural or livestock
farming activities makes it easier to integratettadl farming activities.

» Source of water and its quality

A dependable source of water supply must be availabthin or near the site, even for
undrainable ponds. However, unlike drainable pongslrainable ponds require just sufficient
water to fill the ponds and to compensate the wats through seepage and surface evaporation
thereafter. Equally important is the need for awwdexcess water and hence there must be
arrangement for the excess water to escape thrauglpass channel or a spillway. The water
supply to the pond should as far as possible beralatpreferably rain water. However,
alternative arrangements of water supply shouldhbde for dry season either from a deep tube
well or irrigation canal or from perennial sourdiée spring, stream, river, etc. Ponds should be
on the lower lands to allow accumulation of surfaoeoff from a larger catchment area.
However, care should be taken to provide propeagympr spillway to avoid flooding. A higher
subsoil water table due to irrigation in surrourgdifields and percolation from artificial or
natural channels, in addition to absorption froin kgater, also helps in maintaining water level
in undrainable ponds.

The quality of the available water is also equattportant for fish culture. Pond fish production
is influenced by the physical and chemical propsrtf the water. Water should be clear as far
as possible. Turbid waters which carry suspendédssout the light penetration, thus reducing
primary productivity of the pond. Excess of suspghdolids also adhere closely to the gill
filaments and cause breathing problems. Water teatyre also significantly influences the
feeding and growth of fish. Prevailing water tengpere, ranging between 15°C and 35°C in
tropical areas, is most suitable for carps. Thersba quality of water depends on its content of
dissolved salts. Rain water does not carry anyoblied salts. However, it collects nutrient salts
from the ground surface of the catchment area.Wéter should be neitherbe too acid nor too
alkaline; neutral or slightly alkaline waters aresnsuitable for fish culture and hence acid water
should be limed to make it neutral. Waters withvalues below 5.5 or over 8.5 are not proper
for fish culture. The farmer will need huge quantf lime to neutralize it while highly alkaline
water may cause the precipitation of both phosphate iron, and if it remains continuously
above p 9, it may be harmful to fish.



* Solil type
Pond soil must retain water. Soils with a low imétion rate are most suitable for fish pond.

Table 1 shows the filtration rate of different tgpef soils. The best soils for our purpose are thus
the impermeable clay which can be easily compaateldnade leak proof.

Table 1 Infiltration rates of different types ofilso

Soil type Infiltration rate (mm/ha)
Clay 1-5

Clay loam 5-10

Silty loam 10-20

Sandy loam 20-30

Sand 30-100

Loamy soils can also be used, but they need wetipaating, and may leak slightly in the early
stages, although they tend to seal themselves tmth. Sandy and gravelly soils should be
avoided, but if they are the only ones availablkeytmust be made impermeable with a thick
coating of clay or with polythene sheeting. Soilpgmmeability can also be achieved by soill
compaction at the pond bottom and dyke with eithemixture of soil + 1-5% cement or soil +

10-20% cow dung. Treated areas should be kept fooigt-3 days by gently sprinkling water to

avoid cracking and finally the pond is filled witrater.

Peat soils have special problems, since they arallyssery acidic in nature and need sufficient
liming, while the organic matter decomposition megd to dissolved oxygen deficiency. Soils
rich in limestone also create special problemsgesithe excessive lime content tends to
precipitate phosphate and iron. Such ponds woutth thave little plankton population and

macrophytes and would be relatively sterile. Tlaa be overcome by adding sufficient organic
matter such as cow dung, poultry manure, etc.

A general and convenient field test for the so#lgy is to take a handful of moist soil from the
test holes made at the proposed site and to comgrasto a firm ball. If the ball does not
crumble after a little handling, it indicates thiatontains sufficient clay for the purpose of pond
construction. Accurate determination of the comipasi of the soil and its water-holding
character is possible by hydrometer method. Sevesalholes may be made across the site and
soil samples may be collected vertically from ev@rfy m of depth reaching up to a level of 3—4
m in a test hole. Using the results of the soilstea soil profile chart for the proposed site may
be drawn. An arbitrary soil profile chart is prezh(Fig. 2) showing the presence of clayey soil
up to a depth of 3.5 m.
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Figure 2: Soil profile.
3.3: Pond Designs

Based upon the survey on topography, soil typeemsuipply,etc., the detailed designing a
layout of the ponds/farm are done. However, théodahg additional points are also to
considered.

= Water area ratio among pond type

The production or stocking ponds are stocked vathée size fingerlings of about—15 cm size
in the case of composite fish culture. To attairs #ize, the hatchlings are reared in m
smaller and shallower ponds called nursery andnggyonds for about—3 months. In the
nursery ponds the hatchlings are reared up tatéigesand i the rearing ponds the fry are rea
till fingerling stage. The ratio of water area argarursery, rearing and stocking ponds in a
farm depend upon the basic objective of the famtadse of a fish seed farm, only nursery
rearing ponds are to beonstructed with a small area for few stocking Eotal be used fc
raising the brood fish, while in the case of fisloquction farm only stocking ponds are to
constructed for producing table size fish from érlongs. The layout of a ccplete farm is given
in Figure 3.
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There is no hard and fast rule regarding the size mond. However, nursery ponds shoulc
small and shallow.

In shallow ponds the water becomes heated easilydekeper pondsight cannot reach the
bottom. In very deep ponds thermal stratificatioaynoccur with colder deoxygenated bott
layer. Dead plankton and faecal matter from fishesy fall on the bottom layer where t
nutrients may be locked up. However, in case ol-fed areas where the water table goes d



during the dry season, the depth should be kepinar8.0 — 3.5 m to store more water during the
rainy season.Although a square pond is econonovcabnstruct for its minimum length of dyke,

a rectangular shape of the pond (length: widthrapeprtion of 3:1) is considered to be ideal. In
any case thepond width should not exceed 30 to 48 mhis difficult to operate afishing net in
broaderponds. The nursery and rearing ponds mayumse, since they are too small to pose any
problem for netting. The corners must be curveavimd fish escaping the net during harvesting.
The layout plans of nursery, rearing and stockiogds are given in Figures 4A and 4B.
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Figure 4. Design of Nursery, Rearing and StockPonds
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3.4 Construction

Before initiating the construction work, properiesttes have to be prepared based upor
design details, which will include the cost of #le materials and the labour. Strict supervi
isrequred at every step of construwm to ensure the adherence to specifications larhdo the
design.

= Time of construction

If the construction work is taken up at the mogtrapriate time or season of the year, the v
becomes easier artonomical. The best time of the year for consinggbonds in clayey soil |
postfainy period and winter when the soil is soft ratthen at the end of the dry season whe
is very hard. For swampy and waterlogged areamtist desirable time is t late summer when
the area becomes completely dry. However, if a psrolilt during winter or early summer a
is not filled immediately, weeds may grow and cotlex bottom. In such cases-weeding is
needed before filling the por



» Preparation of site

The site should be thoroughly cleared of all tleesr bushes, etc. Even the roots of trees should
be removed. No woody material should be left beedbhe same will eventually rot and cause
leaks. Some tree trunks rot very slowly and mayearoblems during netting.

» Marking the outlines

This operation involves laying out the featuregpohds on the ground in order to mark out the
areas from where the earth will have to be cutranabved and also where earth will have to be
embanked. Initially, lines are drawn according e tayout, followed by pegging and fixing
stakes or posts. Strings are stretched betweetopiseof pegs and posts to mark the complete
profile of the dyke with its correct height, widdind slopes (Fig. 5).
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=  Pre-excavation work

Prior to pond excavation and dyke constructionjadke surface soil should be removed fi
about 20 cm depth within the total outlined arethefdyke and the surface should be rougd
by ploughing or digging. In order to unite the bamfythe dyke to subsaoil, it is desirable to di
smdl “V” shaped key trench (Fig). When the dyke is to be made on a sandy, grawel
marshy soil base, the construction of a key trdmetomes esstial and in such cases diggi



should be done until watertight foundations areched. The key trench is a small ditch or
furrow dug along the line of the centre of the walbout 0.5 m — 1.0 m wide and 0.5 m deep.
This trench is filled in with a good clayey soilcars well rammed. If good clayey soil is not
available in the area, ordinary soil should be welhpacted into the trench. The purpose of the
trench is to stop seepage of water underneath atis.w

» Pond excavation and construction of dykes

The excavation work can be carried out within tiheaamarked for the pond bottom either
manually or mechanically. However, the final leirl of the pond bottom and sides should be
done manually with proper ramming and finishingpasthe original design. The construction of
the pond becomes economical if earthen dykes ade rasound the pond using the excavated
earth from the pond bed. All dykes should be raiseanping the earth layer by layer stretching
right across the whole section, and in such cased éayer should not exceed 20 cm in
thickness. All large clods should be broken andhdager should be thoroughly consolidated by
watering and ramming. The sides and top of the sigkeuld be properly dressed and finished
with wooden thappies (wooden block with handlerfonming).

In case the soil quality is not suitable for makihgkes, a clay core is provided in the dyke to
make it watertight. A mixture of 1:2 of sand andycls used to make the clay puddle. This
should be consolidated, compacted and deposité@-h5 cm thick layers. Each layer should be
adequately moistened before the next layer isdadi precaution should be taken to prevent the
puddle from becoming dry and cracking.

Dykes must be well compacted to render them statdethe top should be rammed flat so that
small vehicles can also run along when needed.tSMmeeping grass is recommended to be
grown on the top and sides of the dyke. Trees ara@l@sirable since their dense shade inhibits
the productivity of the pond.

=  Water inlet structure

Since we are concerned here with static and uralvées ponds, a feeder stream running directly
into the pond should be avoided. The feeder stneast therefore be diverted along the side of
the pond and from a suitable point water is chathéb the pond when required. An inlet
structure should be provided through which waterloa let into the pond. A proper inlet enables
the quantity of water flowing into the pond, to fegulated, preventing the entry of undesirable
fish and other aquatic animals and the escapeookeatl fish. For small ponds the best inlet
structure is a galvanized iron pipe of about 10dtameter with a control tap and a screen basket
(Fig. 4 A). The downstream end of the pipe shod®B8-40 cm above the water level. A sluice
is also suitable for this purpose, especially &ogér ponds. A screen is also fixed to check the
entry of undesirable fishes and other animals (Ei@). To avoid scouring when the pond is
being filled, a concrete apron can be built at shece, or more cheaply, a layer of gravel lay
down. Similarly, if water is let in with a pipe tleeshould be a gravel bed laid down where the
water stream falls into the pond. If gravity fesdhot possible, water must be pumped from the
supply source into the channel leading to the pandven directly into the pond; but, in that



case, the intake should be securely wrapped byrarfet to prevent undesirable fish and other
animals from entering into the pond along with weger.

Function of some Pond Structures
» Drainage Installations

Drainage is the disposal of pond water as requisethe procedures of fish farm management.
Many different draining systems are used, but spevention should be made of the monk and
sluice gate. For clearer terms, a monk is usuaBoeated with fresh water fish pond while
sluice gate is associated more with brackish wlermpond.

= Monk

Monk is known to be the best drainage system amaust be built before the construction of
embankment. Monk consists of two main parts nartieyshaft and the horizontal pipe. Two or
three pair of grooves are incorporated in the sluafé for the screen, the other two for wood
boards. The monk has two important functions. Wtirenpond is being filled, it controls the

level of the water and prevents escape of the Vidien it is being emptied it permits progressive
draining of the pond.

=  Sluice Gate

There are two main types of sluice gate notablymste and wooden sluice gates. Both have the
same basic, basic principle of construction, brutrgf and flexible sluice gate should be fitted to
brackish water ponds, despite the fact that thedends cheaper to construct. Like the monk
sluice gate is located at the lowest point of thadobed within the dyke base. Two component
parts of the sluice gate are the floor and the watis (with grooves for sluice gate boards).
Sluice gate is a water control structure associatesitly with brackish water pond. It serves the
dual role of letting water in and out of the pondidg high and low tides respectively.

=  Water Inlet

Pond water inlet has been amply described by expearthe point or place where water can be
let into the pond system. As an important structueger inlet should functionally assure not

only a regular and regulatable supply of watertli@ system, but prevent both the escape of fish
from the pond, and the introduction of unwanted fisto the same pond. All ponds should be

installed with a water inlet structure with the egtion of ponds fed by springs with a regular

flow.

3.5 Pond Factors

Factors determining the size of a Fish pond

0] Cost of construction.
(i) Time required for filling and draining water outtbie pond.



(i)  Topography of the area may enhance or limit pone. si

Factor determining the shape of a Fish pond

0] Anticipated method of harvesting.

(i) Purpose or function

(i)  Topography

(iv)  Ratio between embankment and water body

Typed based on water supply

There are two major types of ponds based on wapgl.

(1) Barrage pond: This type of pond is constructed along the maith pd flow of river
water or stream. Both up-streams and down stream®baricaded with in-let and
out-let respectively
Advantages
It does not cost much to construct. There is ugualfficient amount of water all
through the culture period.

Disadvantages
When flood occurs, there is the likelihood that wWiele pond system can be washed
off.

(i) Diversion or contour pond

This type of pond is constructed in the by-pasa stream or river. A water supply channel is
built for this purpose with a sluice or inlet gatethe entrance to control the volume of water
coming in or going out of the pond and also to &hmtthe influx of extraneous materials.

Advantages

It is not prone to any hazard resulting from exmes$looding as compared to barrage type.
There is better control over the site contrarydoége.

Diversion pond is divided into two types:
(a) Parallel ponds:
Ponds constructed this way are independent of oother in their source of water supply and

discharge. All activities relating to filling andraining of water are limited to each pond
respectively.



(b) Series ponds:
These are built such that each pond derives itsrvgaipply from the other and also empties into
another. This is the worst approach to pond debgrce it is not recommended as whatever
affects one would definitely affect the other.

Types of Ponds Based on the usage

0] Holding pond: Used to hold fish temporarily in resebs for either transportation or
fattening for induced breeding purpose.

(i) Spawning pond: Used to hold the set of fish intelnfde artificial propagation

(i)  Segregation pond: Used to hold fishes either okHrae sex or same species.

(iv)  Nursery pond: used to nurse the fry produced duiimduced breeding into
fingerlings.

(v) Grow-out pond: Used to raise fingerlings to tatte dish.

Methods of pond construction

The actual construction work entails some knowledfisurveying. Surveying which can be
described as measurement science is carried othiree dimensions- distance, elevation and
direction. In specific terms, the three types a¥ey of relevant to pond construction are:

(1) Coastal survey

This has to do with establishment of some definednidaries of the proposed land for pond
construction with appropriate bench mark.

(i) Topograhis survey

It is constructed to determine the configuratiortted land. This is through measurement of the
shape and size of any position or portion of thrghesurface and representing same on a reduced
scale in map form

4.0 Conclusion

Fish ponds are the structural systems designefisforculture. Their designs vary according to
the site of location. Such sites are selected basethe consideration of a variety of factors
which determine suitability. Fish pond sites must darefully selected to achieve the best
production results. A well-selected fish pond siteeady puts some construction economic in
view. It goes without saying, that fish ponds baoiit properly selected sites have a better chance
of returns on investments, especially when managemadequate.



5.0 Summary

Fish ponds are enclosure for fish culture, andetlaee two types based on the terrain of the site
under construction: geophore (land-borne) sitesaap@phore (water-borne) sites. Fish pond site
selection depends on the nature of the sites: geepdr aquaphore and vary accordingly. The
purpose for which fish pond is being planned wiilket the choice of site. This may include fish
culture, water-storage, irrigation, hydro-electsiciwater storage, flood control, lake resort
systems, integrated production (rice-fish, poultrghd vegetable growing. The actual
constructive of ponds entails some knowledge ofesging which could be cadastral survey and
topographic survey. There are two major types afdpbased on water supply (barrage and
diversion ponds) and five types based on usagaliffplponds, spawning ponds, segregation
ponds, nursery ponds and grow-out pond).

6.0 Tutor-Marked Assignment

1. Give a detailed account of different types of pauith the criteria for classification.
2. With well-labelled diagrams, explain the procesghgiroving aeration in a fish pond.
3. Explain the following terms:

0] Sluice gate

(i) Monk

(i)  Dyke

7.0 References/Further Reading

Moav,R; Shroeder, G., Hutala,G., and Barash, A77)9Intensive polyculture of fish in fresh
water pond . substitution of expensive feeds gyil cow manure. Aquaculture 10: 25-41.

Sherperd, C.J. &Bromage, N.R. (1975) Intensive feaiming.Blackwell Scientific Publication
London.

UNIT 2: POND MANAGEMENT

Content

1.0 Introduction

2.0 Objectives

3.0 Main Body

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment
7.0 References/Further Readings



1.0 Introduction

The success of any enterprise (including fish faghidepends mainly on good management in
order to maximize profit. To achieve maximum fistoguction, fish pond must be properly
managed. Fish pond management involves preparatitre ponds, stocking, feeding, maintain
good water quality, fish sampling, maintenancehefpond structures, fish harvesting and record
keeping.

2.0 Objectives

At the end of this unit, students should be able to

(i) explain and itemize the steps involves in effechead management

3.0 Main Body
3.1 Pond Management

3.1.1Pond Preparation

0] Drying the pond bottom: The pond must be completeyn of water and the bottom
allows drying until it cracks. De-silting of the pa is carried out if the pond is very
muddy.

(i) Repair of pond structures: The embankments, mdigts screens and water supply
structures are checked and repair carried out édfoe pond is filled with water.
Eroded dykes are strengthened or water filteringcires if clogged are thoroughly
cleaned or replaced.

(i)  Removal of unwanted organisms and aquatic weedieéWhe pond is being dried
undesirable organisms e.g. frogs, mollusks, figkdators are eliminated. They are
prevented from entering the pond by use of properesns at the inlets or fencing the
farm/pond and keeping the surrounding vegetatiom. IDense aquatic vegetation
occurring either along the pond margin or inside pgonds are controlled. These
weeds compete with phytoplankton for the nutrienailable in the water and hence
diminish pond productivity. Aquatic weeds can bmoged manually, mechanically
(using rakes) or biologically (using grass eatiisp £.g. Distichodus).

(iv)  Liming: Lime is used to improve the pond bottomd o kill parasite or undesireable
organisms in the pond. It also prevents water flmaoming too acidic. Liming
increases the alkalinity of the water, thereby e@asing the availability of carbon
dioxide. Materials use for liming and their ratéspplications are:

Quicklime (caustic lime) = 200 — 500 kg/ha
Slake lime (Hydrated lime) = 300 — 500 kg/ha
Agricultural lime (limestone) = 500 — 2000 kg/ha.



The lime material should be finely ground and isead over the entire dry pond bottom. After
liming, the pond is left to dry for 1 — 2 weeksaiosure proper mixing of lime with the soil.

(v) Filling of water): The pond after liming is parfialfilled with water to a depth of
0.6m and left for 2 — 4 days to observe any leakageseepage. It is later completely
filled up and fertilized.

(vi)  Fertilizer application: To make water more produetifertilizers are added. They
contain important nutrients which help in productiof natural fish food organism
(plankton). There are two basic types of fertilizearganic and inorganic.

3.1.2 Stocking

Stocking a pond means releasing into the pond aguade number of selected fish species
which are of the right size. The fish pond is statla week after fertilization. The stocking

density of the pond depends on the fish culturdesysadopted and the species cultured.
Generally for pond culture and for species whichndb reproduce early, the stocking rate vary
from 1- 3 fish/sq.m (i.e.10,000 — 30,000 fish/heetaHowever, stocking rates can be higher
with high technology.

In stocking fish ponds; monoculture (one type shjior polyculture (mixed fish species) can be
adopted. For polyculture systems, the followingktog ratios may be used.

Tarpon + Tilapia = 1: 2
Mudcatfish + tilapia = 1: 3
Grey mullet + tilapia = 2: 1.

Fish fingerlings for stocking ponds can be produlbgdhe farmer or purchased from reputable
hatcheries. The ponds are stocked either earlganorning or late in the evening. This is to
avoid stressing the fish during hot weather. Thealtaumber and weight of fish stock are
recorded. The fish pond is checked the next morfon@ny mortality. Dead fish are removed,
counted and replaced with live one.

3.1.3 Feeding

In the water natural food is available to the fiSome fish e.gHeterotis, Tilapideed on
microscopic plants or soft plant parts and areedalerbivore. Some feed on other aquatic
animals as well as fish and are called carnivoge Earpon, Niger perch, while others feed on
both plants and animals and are called omnivoreMuglcatfish.

In culture systems, fish is given supplementargrtificial diet to make them grow faster. There
are a variety of fish feeds formulated from differéeed ingredients. Feeding of fish is carried
out by broad casting at selected spots 9 feedintgsm the pond. Automatic or demand feeder
may be used. Pelleted feeds are preferred to pgweed. However, the size of the pellets must
not be too big for the fish to swallow.



3.1.4 Fish Sampling

Periodic check on fish growth is vital for pond ragament. Monthly or bi-monthly fish
sampling is carried out to check growth rate andaloulate the feed ration.. During sampling, a
small quantity of the fish stock is scooped ouyrded, weighed, and returned to the pond. Any
fish showing signs of disease condition is remdeedhorough examination

3.1.5 Harvesting (Cropping)

Harvesting a fish pond is undertaken when the $isitk or part of it has attained marketable
size. Market size of fish is determined by consuaweeptability and preference. Most culturable
fish species; with proper feeding and good managéeatéin market size within 6 — 9 months of
stocking. Cropping of pond can be partial, thatreanoval of bigger fish and allowing the
smaller one to grow to the desired size or competl) i.e. removal of all fish in the pond.
Feeding is stopped 2- 3 days before cropping. Tdrel ps completely drained and fish scoped
out. They are sorted into different sizes and/Geént species, counted and weighed. Small fish
are returned to the nursery ponds for stockingldrosed for stocking include seine or drag nets,
scoop nets, traps, hook and line e.t.c.

3.1.6 Marketing and fish preservation

Harvested fish can be marketed live, smoked ofefnoFish can be sold direct to the consumers
or through a distributor. It may be necessary teedtse fish sales to minimize high post harvest
lose. Unsold fish (live) can be preserved by stpiim deep freezers or cold rooms. Smokings,
sun-drying, salting and canning are other methddisto preservation.

4.1.7 Record Keeping

It is important for the fish manager to keep actun@cords of all fish farm activities. Such
records may include labour cost, cost of limeffiegr and rate of application; cost of fingerlings
and fish feed; harvest and sales. Fish farm recaith in good farm management and in
evaluating the economic viability of the project.

In general.fish ponds require management and nm&Ente. Some basic practices should be
followed.
1. Keep unwanted fish out of the pond.

Carnivorous fish can eat fingerlings stocked infmoad (Figure 6). Other wild fish will compete
with stocked fingerlings for food causing slow gtbwWild fish should be removed from
fingerlings being stocked into a pond. Pond wamdets should be covered with a fine mesh
screen or similar materials to prevent entry ofdwish. Screens should be inspected daily and
cleaned if necessary to prevent clogging. The psimolild be completely drained and dried
(preferably until cracks appear in the mud) befagilling and stocking new fish. Any fish
remaining in undrainable areas may be killed witfspns which are not dangerous to humans.
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Figure 6: Carnivorous fish will eat fingerlings asigould be kept out of a pond.

2) Lime and fertilize the pond.

Natural fish food organisms are usually not abuhdanlear pond water, but are abundant in
ponds having greenish colored water. The greerr aadiicates the presence of phytoplankton
and other natural food organisms. Liming (Figure®y fertilization help increase the
abundance of these organisms. Lime is not availabigany areas and may not be necessary if
the pond soils and/or water are not acidic. Sail water may be tested in a laboratory or with a
kit to determine whether liming is required. Tegtfor acidity can save a farmer time, labor and
expense. An agricultural extension agent shoulddmeacted for information on soil and water
testing and lime requirements.

Chemical and organic fertilizers may be appliedcasafely or in combination to ponds (Figure
7). Figure 7 illustrates a useful technique fored®ining whether enough fertilizer has been
added to a pond. Numerous factors are linked tetieetiveness of liming and fertilization on
stimulating natural fish food production. Furthetalls on liming and fertilization are contained
in brochures from this series entitled: "Introdantio Fish Pond Fertilization”, "Chemical
Fertilizers For Fish Ponds" and "Organic FertilzEor Fish Ponds".

Organdc compost pile Chernical fertilizer

Figure 8: Add manure and/or chemical fertilizer.



Flgure 9 Inspect pond water for plankton abundamueg the upturned palm of hand and elbow
as guides. Visibility of the palm to a depth oftdB0 cm (elbow depth) indicates abundant
plankton.

A common misconception about growing fish in porgdthat fish require continuously flowing
water. Fresh water is added to a pond only as kegdeorrect poor water quality, as will be
mentioned later, or to replace evaporation andaggepExcess water flow washes out fertilizer
nutrients and inhibits plankton growth. Diversicamals channel excess water away from ponds
and prevent fertilizer nutrients and natural foozhf being flushed out of the ponds.

» 3) Stock the right number of fish.

The proper number of fish should be stocked intodsao ensure good fish growth and
yield (Figure 10). Overstocking results in crowdargd slow growth. Understocking
results in poor utilization of natural food organsin the pond and low fish yield. Proper
stocking rates for tilapia range from 1 to 2 fighr m2 of pond surface area. Common
carp are stocked at 1 to 2 fish per 10 m2 of pamthse area. The higher stocking rate is
used for both tilapia and carp when fish are gisepplemental feed. Stocking more than
2 carp per 10 m2 will cause the water to becomedyad a result of bottom feeding
activity.
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Owerstocking results in:  Proper stocking results in: - Understocking results in:
- ararce food - adequate food - underutilized natural food
- small size - large size, high yield - large size, low yield
- slowr growth - fast growth - fast growth

Figure 10: Stocking rates affect the growth of fisteir utilization of natural food and
their final size at harvest.

FEEDING YOURFISH

Fish in fertilized ponds will grow faster when thane provided with supplemental feed.
Tilapia and carp will consume a wide variety ofdeemany of which are available to
rural farmers. Examples of supplemental feedsieegran, wheat bran, corn gluten,
African palm seed meal, dried and ground leaves fmwillberry and ipil-ipil trees and
manioc plants, dried blood, chopped earth wormmgjites, chopped snails and insects.
Two daily feedings (morning and mid-afternoon) sméable under most situations. The
amount fed depends on the number of fish stockddteir average weight. Fingerlings
are generally fed 10 to 12 % of their body weidite feeding rate is gradually reduced
to 2 to 3 % of body weight by the time fish reacarket size.

4.0 Conclusion
Fish pond management is imperative for an effean productive ventures
5.0 Summary
Fish pond management involves preparation of thedgostocking, feeding, and maintaining

good quality water, fish sampling, maintenancearigstructures, fish harvesting/marketing and
record keeping.

6.0 Tutor-Marked Assignments

Outlines and explain the major steps involve iretiize pond management



7.0 Further reading

Anyanwu, P.E. (1994) Fish Pond Management. In: &ding of fish farming work-shop (Ed.
Ajana. A.M.).Pp 48-56. Organized by Shell Developtm@ompany, Lagos (1994).

GLOSSARY OF TERMS FOR POND MANAGEMENT.

Anti-seep collar- a plate, usually constructed of cement or steleich is attached around a
drain pipe and extends about two feet outward fitoihis buried in the pond dike to retard the
seepage of water through the dike along the digi p

Chemical fertilizers - manufactured fertilizers containing nitrogenpgphorous and potassium
in varying proportions.

Fertilizer - a substance added to water to increase the grodwd natural fish food organisms.
Fingerling - a fish weighing from 1 g to 25 g or measuringder than 2.5 cm in total length.
Fish toxicant/poison- A substance used to kill fish in ponds priostocking fingerlings.
Organic fertilizer/manure - animal or plant matter used as fertilizer in pand

Natural fish food organisms- plankton, insects and other aquatic organismatfish eat.
Oxygen depletion/low oxygen a condition, normally occurring at night, in whioxygen
dissolved in pond water has been depleted mairdgise of the decomposition of organic
matter and respiration of organisms in the pond.

Phytoplankton - the plant component of plankton.

Plankton - the various, mostly microscopic, aquatic orgasigplants and animals) that serve as
food for larger aquatic animals.

Pond dike - the wall of a pond which is constructed to holdhe water.
Predatory/carnivorous fish - a fish species that eats other fish.

Supplemental/incomplete feed a feed that does not contain all the vitamirg mumtrients
essential for growth, and which is produced outsidiée pond.
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1.0 Introduction

A fish hatchery is a place where large numbersshf €ggs are artificially fertilized and fry and
are hatched in an enclosed environment. Fish ha¢éshean increase a fish population quickly
ain the wild only 2% of the eggs survive (versu&e80sing a hatchery). Some hatcheries raise
the fry until they reach adulthood and have commtualue; others release the fry into the wild
with the intent of building up the wild stock.

For fish culture, it is necessary to ensure thelupf suitable sized good quality fish seed in

sufficient quantities. The main source fish seadsspawn produced in government and private
hatcheries, and some collected from rivers. Thel sedlected from natural breeding grounds

have many problems such as the inclusion of sequtegfatory fishes or disease. Wild seedis
collected and handled in crude and unscientifichwds that can potentially lead to large scale
mortality during transportation from collection ¢ers to nursery ponds and also in the nursery
ponds after release. Therefore, emphasis shoupdaoed on expansion of hatchery facilities to

supply high-quality fish seed required to suppguaculture development.

The hatchery phase is often the aspect that liagtsaculture expansion. Water environments
that may be adequate for adult fish may not baaeifit for breeding, fish eggs and hatchlings.
Any number of environmental factors can cause adoltbecome infertile. Fish eggs and baby
fish are a favorite food for some predators likegh, turtles and other fish. Some adult fish even
eat smaller fish and eggs of their own specieh Ra&cheries resolve these problems.

The entire life cycle of the aquaculture (figure ftpm egg to market-size product, is completed
in aproduction linecomposed of these stages:

Hatchery : Parental brood stock produces high quality hylmyd f
Nursery : Young fry are raised to juveniles.
Grow-out : Juveniles are raised to market size product.

Processing Plant : Processing and packaging of fish fillets.
Support & service :ensuring supply of feed, disease control, etc.
Marketing : Distribution to local and foreign markets.
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Figure 1: Life cycle of aqua-cultural products
2.0 Objective
At the end of this unit, student should be able to

1) explain the needs for fish hatchery

2) enumerate the various purposes of fish hatchery

3) itemize hatchery pollutants

4) state the differenthatchery requirement

5) describe theoperating principles for hatchery mansnt

3.0 Main Body
3.1 Needs for Fish Hatchery

A fish hatchery is a facility designed to raisenfist provides an optimum environment for fish
eggs to develop and hatch by maintaining propeewtmperature and oxygen levels, and
providing adequate food supplies and safety froedators. A fish hatchery works to raise baby
fish and prepare them for release in another enmemt for various reasons, as well as for food

One purpose of a fish hatchery is to raise a cekimd of fish in order to stock a lake or pond
for fishing. Certain types of fish, such as trouidasalmon, are favorites among fisherman.
Sometimes, in a popular fishing hole, the fish lzaevested too quickly to allow them to breed
and grow. A fish hatchery provides a safe haveil thd fish are mature enough to be caught.

Another reason that a certain fish may be raised ifish hatchery is for environmental
conservation. Every animal has its place in thesgstem. Sometimes, human activity makes it
impossible for fish to breed or causes them topgiear from a body of water altogether. A fish
hatchery can reintroduce mature, healthy fish poexiously inhabited body of water where they
will maintain the ecosystem by doing their parthe food chain.

A fish hatchery may also be used to farm fish f@mln food consumption. Hatching and raising
fish for food has many advantages for humans aacetivironment. First, because of pollution,



many wild fish are contaminated with dangerousytatits such as mercury and polychlorinated
biphenyls (PCBs). Consuming these pollutants isafthius to human health. Farm raised fish
contain lower levels of contaminants, which helpseduce this risk. Raising fish in a hatchery
also helps to relieve the environmental pressuresiarea due to over-fishing.

3.2 Purposes of fish hatchery
» Fish farms

Fish farms use hatcheries to cultivate fish tofeelfood or ornamental purposes, eliminating the
need to find the fish in the wild, and even prornglsome species outside of their natural season.
They raise the fish until they are ready to bereatesold to aquarium stores.

» Fish stocking

Other hatcheries release the juvenile fish intovery lake or the ocean to support commercial,
tribal, or recreational fishing or to supplemerg thatural numbers of threatened or endangered
species, a practice known as fish stocking. SosteHatcheries are used to mitigate the effects
of development, such as construction of a dam,detdctric plant or water diversion.

» Ornamental fish

The ornamental fish industry uses fish hatchengzroduce fish for the aquarium fish trade; this
has helped to limit the overharvesting of nativ&h fpopulations both in fresh and salt water
ecosystems

3.3 Hatchery Requirement

The efficient operation of a fish hatchery dependsa number of factors. Among these are
suitable site selections, soil characteristics, aadler quality. Adequate facility design, water
supply structures, water source, and hatcheryesgffltreatment must also be considered

> Site Selection
Water quality is among the most critical of consadi®ns during site selection. This is of equal
importance to both fresh and saltwater resourcesed. in figure 2 are water quality ranges
required during various hatchery production phases.



Water quality requirements

Temperature: 28 —32°C
DO > 5 ppm
CO, < 20 ppm
pH 7-8.3

Salinity 0.5 — 35 ppt
Chloride > 300 ppm
Sodium

> 200 ppm

Total hardness as C;IC.‘O1

> 150 ppm

Ca hardness as CaCOa

> 100 ppm

Mg hardness as CaCO,

> 50 ppm

Total alkalinity as CaCO,

> 100 ppm

Unionized ammonia NH}

< .03 ppm

Nitrite (NOzl

<1 ppm

Nitrate (NO,)

< 60 ppm

Total Iron < Ippm
Hydrogen Sulfide (H,S) <2 ppb
Chlorine < 10 ppb
Cadmium < 10 ppb
Chromium < 100 ppb
Copper < 25 ppb

Lead < 100 ppb
Mercury < 0.1 ppb

Zinc

< 100 ppb




Hatchery water requires significant pre-treatmamtlusive of solids removal, disinfection,
carbon filtration, and binding of heavy metals.
Hatchery design needs to be scaled in proportiorequired post larvae (PL) production for
grow-out. Species with seasonal availability ofdatostock or spawning capabilities require
larger infrastructure because facilities are notontinuous production. Hatchery sizing should
be based upon species and production requirements.

» Water Quality
It determines to a great extent the success arréaidf a fish cultural operation. Physical and
chemical characteristic such as suspended sokaspdrature, dissolved gases, ph, mineral
content and the potential danger of toxic metalstrniye considered in the selection of site of a
suitable water source.

o0 Temperature

No other single factor affects the development gmnaavth of fish as much as water temperature.
Metabolic rates of fish increase rapidly as temiges go up. Many biological processes such as
spawning and egg hatching are geared to annuaktatope changes in the natural environment.
Each species has a temperature range that it tenatey and within that range it has optimal
temperatures for growth and reproduction. Thesangpttemperatures may change as a fish
grows. Successful hatchery operations depend ostaled knowledge of such temperature
influences.

The temperature requirements for a fish producposgram should be well defined, because
energy must be purchased for either heating oriragpdhe hatchery water supply if unsuitable
temperatures occur. First consideration should desdlect a water supply with optimal
temperatures for the species to be reared or, caglye to select a species of fish thatthrivesin
the water temperatures naturally available to ditehery.

It is important to remember that major temperatlifeerences between hatchery water and the
streams into which the fish ultimately may be stemtlcan greatly lower the success of any
stocking program to which hatchery operations magibected. Within a hatchery, temperatures

that become too high or low for fish impart strasteat can dramatically affect production and

render fish more susceptible to disease. Most atensubstances dissolve more readily as
temperature increases; in contrast, and of coraieimportance to hatchery operations, gases
such as oxygen and carbon dioxide become lessle@sliemperatures rise.

o Dissolved Gases

Nitrogen and oxygen are the two most abundant gaBssolved in water. Although
theatmosphere contains almost four times more getrtathan oxygen in volume, oxygen has
twice the solubility of nitrogen in water. Theredoifresh water usually contains about twice as
much nitrogen as oxygen when in equilibrium witre thtmosphere. Carbon dioxide also
ispresent in water, but it normally occurs at mimer concentrations thaneither nitrogen or
oxygen because of its low concentration in the aphere.

All atmospheric gases dissolve in water, althougih in their atmospheric proportions; as
mentioned, for example, oxygen is over twice asildel as nitrogen. Natural waters contain
additional dissolved gases that result from erosiorock and decomposition of organic matter.



Several gases have implications for hatchery gtecion and management. Oxygen must be
above certain minimum concentrations. Other gasestnbe kept below critical lethal
concentrations in hatchery or pond water. As fdreotaspects of water quality, inappropriate
concentrations of dissolved gases in source watees added expense for treatment facilities.

3.4 Hatchery Pollutants

Generally, three types of pollutants are discharfgech hatcheries: (I) pathogenic bacteria and
parasites; (2) chemicals and drugs used for diseasiol; (3) metabolic products (ammonia,
feces) and waste food. Pollution by the first tvategories is sporadic but nonetheless important.
If it occurs, water must be sterilized of pathogetlisinfected of parasites, and detoxified of
chemicals. Standby detoxification procedures shbel in place before the drug or chemical is
used. The third category of pollutants — waste potel from fish and food — is a constant
feature of hatchery operation, and usually requpesmanent facilities to deal with it. Two
components — dissolved and suspended solids —cwaeideration.

Dissolved pollutants predominantly are ammoniaratet phosphate, and organic matter.
Ammonia in the molecular form is toxic, as alreadyed. Nitrate, phosphate, and organic matter
contribute to eutrophication of receiving watersr Ehe trout and salmon operations that have
been studied, each kg of dry pelleted food eatefishyyields 0.032 kg of total ammonia, 0.087
kg of nitrate, and 0.005 kg of phosphate to thduefit (dissolved organic matter was not
determined separately). The feed also contributesBiblogical Oxygen Demand (BOD),
commonly used as an index of pollution; it is theigit of dissolved oxygen taken up by organic
matter in the water.

More serious are the suspended solids. These sahew settle out, completely coat the bottom
of receiving streams. Predominantly organic, thisp aeduce the oxygen contents of receiving
waters either through their direct oxidation orotlgh respiration of the large microbial

populations that use them as culture media. Fortrtwgt and salmon hatcheries mentioned
above, each pound of dry feed results in 0.3 kgetfle ablesolids — that part of the total

suspended solids that settle out of the water | loour. Most of these materials have to be
removed from the effluent before it is finally diszged. Typically, this is accomplished with

settling basins of some type.

3.5 Operating Principles for Hatchery Management

(1) Hatchery management and reform will generaltgcped from the following hatchery
premise: The ideal hatchery removes as many ranchomality effects as possible without
having any other influence on the natural life wperience of native fish and their habitats. The
hatchery premise has five main components that geaeashall strive to incorporate into
hatchery programs:

(a) Removing random mortality occurring in the mat@nvironment;

(b) Simulating selective mortality operating in thetural environment;

(c) Minimizing artificial selection;

(d) Providing fish rearing and training experienteeseduce unnatural behaviors; and

(e) Minimizing ecological impacts associated withtdinery operations (e.g., competition and
predation associated with release location and eumathogen transfer and amplification,
pollutants, passage barriers, over harvest of waadks in mixed stock fisheries).



(2) Success moving toward the premise in subseéfipmill be largely dependent on funding,
research, program type, and facility or operatiagibility.

(3) Hatchery program management plans shall beloes® and implemented in consultation
and cooperation with management partners and thicpand in coordination with native fish
conservation policy plans at local and regionalexa

(4) Hatchery programs shall be managed to provpteanum fishery and conservation benefits,
based on the best available scientific informatidlost programs will contribute toward fish
management objectives primarily by raising fish liarvest while minimizing the impact on, or
benefiting, fish that spawn naturally.

(5) Hatchery facilities shall be operated to maxzeniish quality and minimize adverse impacts
to watersheds, consistent with fish managementtbgs, applicable permits and agreements.
(6) Monitoring and evaluation shall be adequatengasure progress toward fish management
and hatchery program objectives, contain risksiwiettceptable limits, and provide feedback for
adaptive management.

4.0 Conclusion

Originally devised to mitigate for fish productidost through development and supply the
demand for fishing from an expanding human popaoitatiish hatcheries have been criticized for
producing poor quality or genetically inferior fisBeveral researchers have raised concerns
about hatchery fish potentially breeding with wildh. Hatchery fish may in some cases
compete with wild fish. There is debate among tiergific community regarding the risks and
benefits of hatchery programs. Proving negativep@sitive) effects of hatchery programs on
wild fish is challenging due to numerous other emwmental and anthropogenic factors that
simultaneously affect fish. In the United Stated @anada, there have been several salmon and
steelhead hatchery reform projects intended toaedhe possibility of negative impacts from
hatchery programs. Most salmon and steelhead ha&shéollow up to date management
practices to mitigate potential risks.

5.0 Summary
A fish hatchery is a place where large numbersshf €ggs are artificially fertilized and fry and
are hatched in an enclosed environment. Fish ha¢shean increase a fish population quickly
but in the wild only 2% of the eggs survive (ver886 using a hatchery). Some hatcheries raise
the fry until they reach adulthood and have comméualue; others release the fry into the wild
with the intent of building up the wild stock.Thatbhery phase is often the aspect that limits
aquaculture expansion.Generally, three types dufaoits are discharged from hatcheries: (I)
pathogenic bacteria and parasites; (2) chemicalslargs used for disease control; (3) metabolic
products (ammonia, feces) and waste food. Pollutipthe first two categories is sporadic but
nonetheless important.The third category of pofitda— waste products from fish and food —
is a constant feature of hatchery operation, awndllysrequires permanent facilities to deal with
it.Operating Principles for Hatchery Managementioetthe standard operating procedure for
successful hatchery.
6.0 Tutor-Marked Assignments

1. Write an essay on the roles of fish hatchery in fisoduction?

2. Discuss the operating principles for hatchery mansnt.
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Terms associated with fish hatchery

Aquaria species:means those fish commonly sold in the pet stodetfar use in home aquaria.
"Aguaria" are any tanks, pools, ponds, bowls orepttontainers intended for and capable of
holding or maintaining live fish and from which tkas no outfall to any waters of this state.
Brood stock: means a group of fish, generally from the same ladipn that are held and
eventually artificially spawned to provide a souoddertilized eggs for hatchery programs.
Disease:means problems caused by infectious agents, suplarasites or pests, and by other
conditions that impair the performance of the bodgne of its parts.

Fish Hatchery: means a facility at which adult brood-stock aredlhel where eggs are collected
and incubated, or where eggs are hatched, or viisarare reared.

Hatchery produced fish: means a fish incubated or reared under artifi@ald@ions for at least
a portion of its life.

Hatchery production system: means the fish, facilities and operations assatiatgéth
collecting, spawning, incubating, rearing, disttibg and releasing hatchery produced fish.
Hatchery Program: means a program in which a specified hatchery @tijon is planted in a
specified geographical location.

Native fish: means indigenous to Oregon, not introduced. Tulsides both naturally produced
and hatchery produced fish.

Naturally produced: means fish that reproduce and complete their lfidl cycle in natural
habitats.

Natural production systemt means the fish and environment associated withpteting the
life-cycles of naturally produced fish populations.

Production: means the number fish raised in a hatchery ortregurom natural spawning and
rearing in freshwater, estuarine, or ocean habisédgs used in reference to harvest.
Propagation of fish: means the spawning, incubating, and/or rearingsbffy a human for sale,
release or other uses.

Random mortality: means fish mortality that generally does not affdet genotypic or
phenotypic traits of fish populations.

Selective mortality: means fish mortality that generally affects theajgpic and phenotypic
traits of fish populations.
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1.0 Introduction

Feed formulation represents translation of nutreemd energy requirements of a given species
for a given response into an acceptable diet ugifglanced mixture of ingredients which is
economically sustainable. The reliability of knodde on the quality of ingredients and the
constraints retained both have an impact on thétgué diet formulation.

A fish feed should supply all essential nutrientsl &nergy in tune with the animal’s needs for
the maintenance of vital physiological functionsclsuas growth, reproduction and health.
Besides, in aquaculture as in other animal prodacsiystems, another major issue is that of
ensuring flesh and environmental quality, both dficln are related to nutrition. Since the
nutrient requirements for all the new species uratpraculture are not known, it is rather a
common practice to extend data from more or lessety related species. In the formulation of
diets, it is essential that, even when the diets farmulated theoretically to contain all the
essential nutrients in adequate quantities, thealadiity of these nutrients from the raw
materials used can vary significantly. The dietudtidoe supplied in a form which is easily
accepted by the cultivated animal and should histle ddverse environmental impact.

2.0 Objective

At the end of this unit, students should be able to
1) explain how to choose high quality ingredientsféeds formulation
2) enumerate the differesteps in feed formulation

3.0 Main Body

31 Choices and Quality of Ingredient

Despite much research, both intensive and semsite aquaculture relies upon a
relativelysmallnumber of feed ingredients. Undensmtensive culture conditions, cereal bran-
oilcake mixtureremains the major aqua-feed. Innsitee aquaculture, the diets are formulated to
be nutrient andenergy dense, based mainly on iregresdof marine origin. Since most teleosts
are known to utilize dietary carbohydrates ratheorly, the chosen ingredients are necessarily
protein and energy-rich.When it comes to findinteralatives to fishmeals as a protein and
amino acid source, several otheragricultural bydpots such as animal by-products, cereals
(wheat, corn), pulses (lupin, peas, fababeans)sedds (soybean, rapeseed) hold potential
interest (Table 1), depending upon localavailabdihd cost.



Table 1. Crude protein (CP) levels of different alternatives to
fishmeal

CP levels Ingredients

<25% Whole cereals, pulses, oil seeds
22-50% Oil seed meals
=50% Animal by-products (meat meal, blood meal),

plant protein concentrates, isolates, extractives,
single cell proteins

Feed formulation is essentially applied nutritioh. number of terms and expressions are
introduced that will be put to practical use a®infation is presented on the nature and qualities
of various feedstuffs and the information presemedhe nutrient requirements of fish. Precise
understanding of these terms is essential to twirect application. One must recognize that
some of these terms have a built-in error that aabe escaped. This does not eliminate their
usefulness in feed formulation. However, one mygireciate the fact that some are useful
approximations of the values and not true values.

The terms that one needs to understand to formplatgical fish diets are: crude protein level,
energy level, either expressed as metabolizableggn@E) or as digestible energy (DE);
specific amino acid levels; crude fibre level; ash level. Since most complete practical fish
diets are supplemented with a vitamin premix atllevn excess of the dietary requirement, this
category of nutrients will be ignored temporariyne potential problems occur when one fails to
recognize that all of the above mentioned termsepix ME and DE, represent the quantity or
level of a nutrient in the feed as determined bgneical tests on a specific sample of a feedstuff.
These chemical tests generally correlate well enauth biological methods of feed evaluation
(growth studies, tissue, levels) to be very ustduleed formulators, but they are still chemical
tests that are subject to experimental error dunuigient level determination. For example, the
proximate composition of fish meals changes dutivgspawning season. Generally, the lipid
levels increase before spawning and decrease gfanning. This will alter the percent of
protein, ash, and carbohydrates in fish meal ass#asons change. Similarly, many plant
feedstuffs vary in proximate composition with thgiage of maturity at harvest, location grown,
and other environmental conditions, such as thetheeaTabled values represent an average
value that is usually close enough to the actudllevdo allow accurate feed formulation.
However, one must be aware that assumptions ang b&kde in order to recognize the potential
sources of error that may exist

Metabolizable, energy and digestible energy valresobtained biologically and, thus, should
accurately represent the true energy value of ta#dsto fish. However, ME values may be
obtained in different ways (faeces collection mdt)cand thus may be subject to experimental
error. It has recently been reported that the dilgésy of feed by rainbow trout was lower at
7°C than at 11°C or 15°C. At 11°C and 15°C bodg $i8.6 g, 207.1 g or 585.7 g) did not affect
feed digestibility. The digestibility of carbohydeaand energy was slightly reduced by meal size



in rainbow trout fed at 1.6 percent body weighotBin and lipid digestibility was not reduced

by meal size. Obvious differences exist between gigecies in nutrient digestibility, especially

in the carbohydrate fraction of feed. Herbivorousl,ao a lesser extent, omnivorous fish have
longer digestive tracts than do carnivorous fisd are able to obtain more digestible energy
from carbohydrates. An awareness of these factprelent misuse of ME and DE values.

Each feedstuff in any diet formulation should besent for a specific reason; i.e., it is a good
energy source, it is rich in a limiting amino ac@l¢. In addition, each feedstuff in a particular
diet formulation should be the least costly ingeadliavailable for its particular function in the
diet. This leads to another assumption in feed @dawion; that is, any nutrient in a particular
feedstuff, such as an amino acid, is just as vé&uab the same nutrient in any other feedstuft.
This allows feed formulators to interchange onel$teff with another as cost and availability
change. Thus, it is assumed that there is no "itteahulation”, but rather an almost infinite
number of possible feed formulations that met th&itional needs of the fish equally well.
While this assumption may not be entirely valid aswme nutritional judgement must be
employed in any feed formulation, it does seemetwvdlid in most cases. As with the previously
mentioned assumption, an awareness of the potegitialls involved is necessary for the fish
feed formulation so that allowances can be maddigh formulation and problems can be
anticipated and avoided.

» Physical characteristics of ingredients
Since most fish do not possess the necessary mgindppendices in the mouth, dietary
particlesize should be sufficiently small to be estpd whole and available for digestive
processes. Generally, it is recommended that thicleasize of all ingredients be below 250
microns but this should naturally be much lower widealing with diets for larval or juvenile
stages offish.The significance of reducing partsilee on improving physical characteristics of
the finished feed is related to improved digestipilReduction in particle size improves
gelatinisation ratio, increases pellet durabilitydawater stability, but is economically rather
expensive. Since most ingredients used for teraéstnimal production are rather coarse, fish
feed manufacturers resorting to such ingredients @ pay special efforts to reduce the particle
size of such ingredients.
Another aspect which has practical significance fioe feed processing engineer is the
possibledifferences in physical characteristicghef ingredients such as pack density, specific
gravity, compressibilityviscosity, heat capacitydaconductivity, etc. The adaptability of the
feedmanufacturer and his machinery to such changeshe physical characteristics of
ingredients is important in fine-tuning the finabduct still meeting the nutritional standards.

3.2Quality control

For formulating feeds for experimental purposes,sitnecessary that all ingredients are
controlledfor all essential nutrients. But, undeagtical conditions, such a control is difficult to
set forth and mostly restricted to rapid proximadenposition analyses. Specific attention should
however be given to obtain guarantees for absericant-nutritional factors, to avoid
adulteration of products and for homogeneity betweatches. Besides such quality control of
incoming ingredients, a strict control of mateflalv within the factory is of utmost importance
to avoid deterioration of the nutritional value igation, potency of vitamins) of ingredients and
premixes.
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To make the 27 percent crude protein carp feednus mix 17/35.8 of rice bran with 18.8/3!
soybean meal.

Rice Bran 17/35.8 = 47.5
Soybean meal 18.8/35.8 = 52.

So to make 100gof this feed we must mix 47.5 kg of rich branhwsi2.5 kg of soybean me:

If more than two feedstuffs are used in a feedy thheay be grouped into basal feeds (CP <
percent) and protein supplements (CP > 20 percamgraged within each group, i plugged
into the square method. For example, suppose shrieg) and corn were also available for
carp feed mentioned above. The crude protein levetee shrimp meal (52.7 percent) anc
corn (10.2 percent) are averaged with soybean amehficebran, respectivel

Basal feed 9.2% 21.35
asa ea \\ /
{rice brant? + cumcp) \'n ff
274
. ~ e
protein supplement 48,352 - ~
cp - ¢ < ~J17.8
{soybean meal + shrimp meal€P) .
Basal feed = 21.35/39.15 = 54.5

Protein supplement = 17.8/39.15 = 45.¢

Thus, to make 100 kg of this feed one would mixftiewing:

Rice bran 27.265 kg
Corn 27.265 kg
Soybean me&?2.735 kg

Shrimp meal 22.735 kg

The square method is helpful to novice feed formautabecause it can get them started in
formulation without the need to resort to trial ardor. The square method can also be ust



calculate the proportion of feeds tuffs to mix tibge to achieve a desired dietary energy level as
well as a crude protein level

3.3: STEPS IN FEED FORMULATION

The first step in diet formulation is balancing ttreide protein and energy levels. This can be
accomplished by trial and error, by the square ptetior either crude protein level or energy
level and then adjusting, or by solving simultareeequations. At first, it is helpful to use at leas
three feeds tuffs during the initial balancing obtein and energy levels: one high in protein and
high in ME, one low or intermediate in protein amdh in ME, and one low or intermediate in
both protein and ME. Once practice makes one mufcgent at diet formulation any number
of feedstuffs can be used. One must remember e&swesoom in the formulation for any feed
additive, such as a vitamin or mineral pre-mix.

The second step in diet formulation is to checkléwels of indispensable amino acids in the
formulation to be sure the dietary levels meet rdguirements of the animal to be fed. The
requirements of fish for indispensable amino a@dsxpressed as the dietary level (as a percent
of the diet) or as a percent of the dietary proteugl. To convert an amino acid level from the
percent of diet to percent of protein, divide thetaty level of each amino acid by the dietary
protein level. It might be of interest to calculdbe dietary levels of all of the indispensable
amino acids, but it is not practical to do it afl the time. If the levels of arginine, lysine,
methionine, and tryptophan meet the dietary requérgs of the fish to be fed, the levels of the
other six indispensable amino acids will most hkéle above required levels. When using
unconventional protein supplements, the levelsllofea indispensable amino acids should be
checked.

If the diet formulation is low in any amino acid,f@edstuff that contains high levels of that
amino acid must be added to the diet at the expeharother ingredient. Once the amino acid
requirements are met, the dietary protein and gnlkengels must be rechecked to, see if any
substitution of ingredients has imbalanced the tdation.

A diet mixing sheet should be constructed to stedida diet formulation. A sample sheet is
shown in Table 1. The amino acids listed are fositation purposes only and may be changed
to suit different circumstances.

In practical feed formulation, pellet quality andcaptability must be considered in addition to

nutrient levels and cost. These considerationswaity from species to species and with the type
of pellet being made, and are dealt with in otleetisns of this manual.

3.4: BEST-BUY TECHNIQUES

The price of the feedstuffs used in diet formulasianust be considered to formulate a cost-
efficient diet. Feedstuffs can be compared with anether on the basis cost per unit of protein,



energy, or amino acid. For example, suppose onewigat middlings and wheat millru
available for a fish diet, which feedstuff would the least expensive source of ener

Wheat millrun costs US $ 0.0858/kg, and contairmuiath200 kcal ME/kg

Cost/ked = % — US $ 0.0000715/ kel

Wheat middlings cost US $ 01883/kg and contain 1688 ME/kg.

0.1853
Cost/keal = Tea I3 5000011327 keal.

Thus, the wheat millrun which has a lower ME valaefish is the better buy because it cc
less per kcal.

To compare oat groats and wheat middlings on a pestunit ME basis one would do t
following:

Wheat middlings = US$ 0.0001132/kcand
Oat groats cost US $ 0.2652/kg, and contain ab#b® Rcal ME/kg.

Cost/loal = w = US$00010827 koeal.
2450

Oats groats, although costing more than wheat migsll constitute a better buy on an ene
basis.

The cost of protein is often the greatest parthef ¢ost of a fish diet. Trefore, substantial
savings can be made by using -buy techniques to determinate least expensive ipr
supplement. To compare anchovy meal and herringd, tesfollowing calculations are mac

Anchovy meal costs US $ 0.5357/kg, and containg gérent protein.

0.5357
Cost per kg protein = 7m0 U5 § 07556/ kg protein.

Herring meal costs US $ 0.4709/kg, and containg @ércent proteir

047089
Cost per kg protein = e U5 § 061395/ kg protein

On the basis of cost per unit protein, herring ne#ss expensive as a dietary ingredient th
anchovy meal.



To compare feedstuffs on the basis of cost perafréin amino acid, one can calculate the best
buy in the same way as before.

For example, sesame oil cake which has twice ashimethionine content as does groundnut
cake on a per unit protein basis would be a mdractive buy at comparable prices.

These kinds of comparisons are only valid if therieat in one feedstuff is as valuable or
available to the animal as the same nutrient irtreerdeed. Such comparisons should be made
whenever prices change.

4.0 Conclusion

For any aquaculture venture to be viable and ol it must have a regular and adequate
supply of balanced artificial diets for the cultdréishes. This is so because the dissolved
nutrients that promote primary and secondary production hia hatural environment are
seasonal and might be insufficient or may not odouthe required proportion to meet the
nutritional demand for culture fishes. Supplemegntaeding satisfies this need and ensures that
fish gets the appropriate spectrum of its basicdfoequirement for maximum growth.
Supplementary diets are often called artificialtslieould be mainly or partially made from
natural or synthetic materials. Such preparatioasv@ade to meet the nutritional requirement of
a particular fish species with provision for fistedglifferent size/age intervals. Adequate feeding
with supplementary diets improves fish resistamceiseases, ensures increase fish production
and may enable more than one cropping sessioneaer y

5.0 Summary

Feed formulation is essentially applied nutritiasr.Fformulating feeds for experimental
purposes, it is necessary that all ingredientscargrolled for all essential nutrients. But, under
practical conditions, such a control is difficult set forth and mostly restricted to rapid
proximate composition analyses.Feedstuffs can bgaced with one another on the basis cost
per unit of protein, energy, or amino acid and lest-buy technique is very effective for this
objective. Materials that are cheap and availabléaige quantity are favoured for fish feed.
Such materials include agricultural and industwakte e.g. palm-kernel cake, , groundnut cake,
milltet/corn ban, rice bran, brewer waste and flooill sweeping as well as animal waste
including chicken offal, blood meal bone meal, stpimeal and dung. The use of cheap feeds
without reduction in effectiveness is desireablesithucing over-head expenses

6.0 Tutor-marked assignment
1. What is feed formulation and account for the chateéngredient requirement for feed
formulation?
2. Write short note on the necessary steps for feeduiation.
3. Elucidate on the term “Best-buy-technique”.
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1.0 Introduction:

Some kind of intervention by man in the naturalpgamgation of cultivated or cultivable fishes
may help to achieve a better survival of their prfiisg. The techniques of artificial propagation/
induced breeding of fish are manifold, all of whigte aimed at producing plenty of spawn, fry
and fingerlings for utilization in culture of foestocking water bodies or water courses. The
demand for quality fish seeds is particularly gréat modern intensive and super-intensive
culture systems. The polyculture system has fuitiheeased the demand for the seeds of fishes
of different feeding habits. Breeding is the biotad activity of individuals to produce offspring



which is usually controlled by environmental stimffigure 1), but in aquaculture it implies to
reproduce and raise individuals, especially for g@rcial purposes.The breeding mechanism of
a fish is a bio-chemical mechanism of an individmalhich environmental stimuli forced that
particular individual to show breeding behaviord afso help in gonad development.
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Figure 1 Breeding mechanisms of fish.

A basic precondition of fish breeding is to haeguslly mature male and female fish producing
milt and eggs. Breeders of fish species which cartmeo cultured or kept domestically, are
collected before spawning from rivers or lakdsejt milt or eggs are stripped and then they are
released again. These species are sturgeons @@hutlaigils (Mugilidae), and salmonids
(Salmonidae).

The brood stock of cultured fish species are sostgdvith aimed selection and cultured in fish
ponds up to sexual maturity. The males and femafldgeeders are cultured in the same fish
pond while they are young. Then, when sexually meatihey are selected and cultured in
separate fish ponds.

2.0 Objective

At the end of this unit, student should be able to
1) explain the process of induced spawning in fish
2) state the techniques in induced breeding

3.0 Main Body

3.1 Induced spawning in fish

Induced spawning in fish embraces all the processesdved with inducing gonad maturation
and consequent release of the gamete in fish.nralés induced spawning is normally carried
out at the end of vitellogenesis when the ova jppex and it involves the following processes:

» The induction of germinal (nucleus of an oocytedotee formation of polar
bodies) vesicles migration to the pepriphery. Theevement of nucleus towards
micropyle. Sometime induced spawning may start ftioi:1stage

= Geminalvesilcle breakdown or final oocyte matunatithat is, resumption to
meiosis.

= Ovulational follicular rupture.



= Qviposition or spawning i.e. the release of ovdhi® outside. This step may be

replaced by stripping.
All these processes occur in a female. Howevea,nmale the following processes are involved:
In males, the processes involved are

= Spermiation which is the release of spermatozaa sertolic cells into the lumen
of the tubules.

= Seminal hydration refers thinning of the seminaidlof plasma.

» Ejaculation is release of sperm to the outsidesTdan also be replaced by
stripping.

3.2Techniques in Induced Breeding
There are two approaches to induction of spawmirfgsh, and these are:
= Hormonal approach
= Environmental approach
After treatment, the fish in each approach maythpped for artificial fertilization or left for
natural spawning and fertilization. The fertilizedgs are then incubated and the hatched larvae

raised to fry or fingerling stage — the hatcherheTsteps involved in induced breeding are
illustrated in figure 2:

Hormonal nducedbreeding Environmental
Stripping k artificial fertilization NatueLlawning
Incubation at hatcery |_¢ l
Larval rearing l

Fry pragduction
Figure 2 Approaches to inductiésmawning in fish

The two approaches may and are often combined tairokhe best results in induction of
spawning in fish.

3.3 Induced Spawning by Hormonal Approach
Induced spawning by hormonal approach is basedhenunhderstanding of neuroendocrine
control of oocyte maturation, ovulation and spawniehaviour in females and of spermiation
and seminal hydration (males).
Generally, in fish hormonal treatment is known to:
= stimulate the release of gonadotropins (Gonadoicdpbrmones — GTH) into the blood
streams
= when a certain level of GTH is reached the germiesicle migrate to the periphery and
grannula cells of the follicle are stimulated tacrete a maturation-inducing steroid
(MIS)
» the MIS Induces germinal vesicle breakdown (GVBIWat is, resumption of meiosis or
final oocyte maturation and other associated evamth as hydration of eggs, grouping
and the condense of yolk granules and or lipid ldtspn some species.



In the males, steroid induction and seminal hydrais not clear, in essence, how gonadotropins
act on the testis to produce steroid which bringualspermation and seminal hydration is not
properly understood.There are several method ahbinal inducement of spawning in fish

3.4 Hypophysation (Fish Pituitary Extracts)

The use of pituitary extracts to induce spawnindish is known as hypophysation. Induced
ovulation and spawning achieved through hypophgsatnounts to a “short cut” of the natural
process. In nature, ovulation in fish is regulatedibrought about by its own gonadotropic
hormone(s) , produced and stored by the pituitéagdy The stored hormone is released into the
blood when all the requisite conditions become fa&ble. But in the hypophysation technique,
gonadotropic hormone extracted from the pituitdrgame other fish (donor) is injected into the
breeder and this bring about the final ovulatiogpéphysation is presently the most commonly
used technique for the artificial propagation dfhfi It is employed not only in propagation
experiment, but also in the commercial productibmibions of young fish.

Hypophysation is effective only when the eggs ire tvary have reached resting or
vitellogenesis (stage iv). At this stage, the egigsmaternally ready for further development to
be triggered by gonadotropins. Therefore, it isongnt to chose the right time and fish for
collection of the pituitary glands. Usually, thetysiary glands are obtained from sexually
maturing or mature donor fish. Pituitary glandsdofor fishes, collected fresh or preserved are
used in hypophysation. It is necessary that thémedg contain an adequate amount of stored
gonadotropic hormones to bring about successfulising.

The pituitary gland (hypophysis) acts as an inteliary between the brain and the gonads. Its
cells produce and store gonadotropins, and relda® only when the gland receives the
necessary command. The gonadotropins content opitb&ary gland varies during different
season and during different stages in the lifeecydla fish. Immature fishes have only small
guantity of gonadotropins in their pituitary glangkile after natural spawning, spent fish are
completely without gonadotropins in their pituitan the other hand, gonadotropin is at the
highest in pituitary of sexually ripped, matureshis when their gonads have reached the resting
phase or through-out the duration of the restirasph

4.0 Conclusion

Artificial propagation as practiced in differentrfsaof the world may vary, depending on local
conditions and facilities. It may start with thdleotion and further rearing of naturally produced
eggs, spawn or fry, or with the production of tigg éself through artificial inducement/induced
breeding, followed by controlled fertilization, katng and rearing of larvae and fry. Artificial
propagation, therefore, involves human interveniiotihe process of natural propagation and has
the advantages of (a) better rates of fertilizatiod hatching, (b) protection against enemies and
unfavorable environmental conditions and (c) betterditions for growth and survival.

5.0 Summary
The techniques of artificial propagation/ induceddaling of fish are manifold, all of which are
aimed at producing plenty of spawn, fry and fingey$ for utilization in culture of for restocking
water bodies or water courses.Induced spawninglnembraces all the processes involved with
inducing gonad maturation and consequent releas¢he®fgamete in fish.There are two
approaches to induction of spawning in fish, ares¢hare:

= Hormonal approach



» Environmental approach

The use of pituitary extracts to induce spawnindish is known as hypophysation. Induced
ovulation and spawning achieved through hypophgsaimounts to a “short cut” of the natural
process. In nature, ovulation in fish is regulasedl brought about by its own gonadotropic
hormone(s) , produced and stored by the pituitéagdy The stored hormone is released into the
blood when all the requisite conditions become fa&ble. But in the hypophysation technique,
gonadotropic hormone extracted from the pituitdrgame other fish (donor) is injected into the
breeder and this brings about the final ovulatldypophysation is presently the most commonly
used technique for the artificial propagation dfhfi It is employed not only in propagation
experiment, but also in the commercial productibmibions of young fish.

6.0 Tutor-Marked Assignment
1. What is the mechanism of breeding in fish
2. Explain in detail the approaches to induced bregirish.
3. Give a concise account of induced spawning by haahapproach
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1.0 Introduction

There are several variations in hormone administrahethods. Each method may have some
justification, but may not be universally applicablThe technique is adopted generally
dependent on the species of the fish, local cantstiand working methods developed by the
local scientist and techniques.However, none caprbelaimed as the only definitive technique.



As a rule, the females generally require higheredasf hormones than males, with split doses
producing better results than a single large dose.
2.0 Objectives

At the end of this module, students should be &ble
1) State the different method of hormones administrati
2) describe the process of preparation of pituitaandlsolution
3) enumerate the environmental conditions for cutigibreeders

3.0 Main Body

3.1 Methods of hormone administration
The different methods of hormone administrationgeserally practiced, are detailed below
= Single injection method
The calculated 100% dose is, also called the kmotldose, is given in a single injection. It will
be successful if only the female fish is fully rgddr spawning as those that are captured in their
spawning ground or those in spawning migrationtefly fed fishes achieve this condition
during the second half of the breeding season. a&jomty of fish species, males are better
prepared for spawning than females, and therefosngle dose suffices. If the hormone
administered to them amounts to an overdose, onots synchronized with the gonadal
maturation of the female, it may result in wildaharge of milt before the females are ready.
= Preparatory and Decisive those Method
The preparatory dose (which is 10% of the decido®e) advances the gonad development up to
the pre-ovulation stage. It is generally given akif+24 hours prior to the decisive dose (100%
of the calculated dose. This is a generally sudgkessquence of hormone administration in the
temperate and subtropical regions. This method latdds for nervous and difficult-to-handle
fish. Sometimes the interval between preparatoy @decisive doses can be shorter than that
indicated above. About 14-18 hours suffice during latter half of the spawning season given
that the water temperature is higher than normasmg temperature. If the female are less
than 1 kg in weight and are in ripe condition forinone treatment, an interval of only 6 hours is
sufficient.
*= One preparatory and two decisive doses
In tropical regions, where metabolism in fish isreoapid, the decisive dose is given in two
equal instalments or two instalments of 40% and 6@%hin intervals of 6-8hours between
them. A preparatory dose of (5-10%) should prec¢kdédirst decisive dose by 18-24hours.
= Several preparatory and two decisive doses
It is employed in cases of fish where the eggsafieady in the dormant stage but the ovary has
not yet descended into the lower part of the boalyitg. In such cases, a series of several
preparatory are required before the decisive dasée successful
= Distributed doses method:In this method the injections are given in mangeo
and the time span between the doses is generaity ahout6-8hrs. The sequence
and quantity of doses may vary as follows:
a. 50 & 50% with an interval of 6-8hrs
b. 40 & 60% with an interval of 6-8hrs
c. 10, 30 % and 60% with an interval of 6hrs each
d. 33%3, 33%/3 & 33%3% with an interval of 6hrs



e. 20, 30 and 50 % with intervals of 6 hrs each
These sequences have proved very successful caies of tropical fishes and those spawning
confined waters.
There is usually 24hours between doses when thsideaose is given in two or three parts.
The time lapse between injections should not beerttwein 6-8hrs.As a rule, the males are only
given one dose of hormones but usually at the tiuen the females are given the last decisive
dose. It is important that males are not admirestethe hormones earlier; that may result
inducing the sperm before the females are readytdate. The recommended single decisive
dose for male is 0.5 gland (1.0 — 1.5 mg)/kg ofybaekight regardless of their length. A little
excess hormones in the decisive dose does nottharfish, therefore, fishermen are advised to
increase the required dosage by 1.0 — 1.5g to libeosafe side.
As a rule, the female generally require higher daféhormones than the males, with split doses
producing better results than a single large déiskas been found that more hormones are
needed for ovulation when the ovary is bulky. Tlhkkimess of the ovary can be expressed by
them
3.2 Preparation of Pituitary Gland Solution
Based on the weight, number and sex of the breettesdose is determined after which the
requisite number or quantity of pituitary glandasunted or weighed. If the glands are not
already in pulverized condition, they are thoroyghlilverized in a small porcelain mortar or a
homogenizer. The mortal has to be totally dry, themwvise the gland would become pasty while
pulverizing and would not easily dissolve. A measumuantity of solvent is then added
immediately. The solvent is usually measured iradgated syringe. It is necessary to ensure
thorough mixing of the solvent and the hypophysisvger. About 10-30 minutes would be
required to dissolve the hormone. The tissue restdim be removed from the solution by using a
centrifuge or by simply allowing the residue to tigetdown and then sucking the clear
supernatant solution with a syringe.
The solvent is first prepared by dissolving 7g ofmenon salt, free of iodine, in 1l of boiled and
already cooled drinking water. There is no needs® distilled water. The solvent can be stored
for long periods in sealed bottles.
The solvent used for GTH is 0.9% NaCl (physiologezanmon salt). 1ml solvent is used for the
preparatory injection regardless of the dosageg{nanfrom 0.25-1 gland). The quantity of
solvent for the decisive dose is calculated atrate of 0.5ml for each gland (2.5-3.0 mg) but the
maximum amount of solvent should not exceed 5mik fiot advisable to use too little solvent
because the loss of solvent would mean the lossmdiderable quantity of hormones neither is
it advisable to use much solvent because the adtration of a large volume of solution would
pose a difficult problem. In general, the quantifysolvents should be between 1-5ml.
Choice of Body Part to Inject
The most commonly adopted procedure is to injeethtbrmone into the dorsal muscles above
the lateral line and below the anterior part ofdioesal. In Indian, fishes are generally injected a
the dorsal part of the caudal peduncle ( alsonmiicularly). This procedure appears to be best
for sensitive fishes. In some fishes, the injectawa administered into the body cavity (from
under the pectoral or pelvic fins) i.e. intrapanitd administration. This method generally yields
poor results.



= Limitation of Hypophysation

Like other technique, this technique too has itstations. Some of the sensitive fish such as
pike-perch cannot tolerate the treatment, whileeothay ovulate only irregularly. Then again,
the breeders whose ovaries have not yet reachedidre whose ovaries have not reached the
appropriate ripe stage will fail to response to dpiysation. It is a fundamental that
hypophysation is only effective when the eggs mdkaries have reached the resting or dormant
phase after completion of vitellogenesis. The eggs then materially ready for further
development to be triggered by gonadotropin(s)
3.3 Environmental Conditions for Culturing Breeders
When culturing breeders, the following environméstanditions should be ensured considering
the specifics demands of the respective species:

- suitable water and pond

- tempetature

- oxygen

- feed light and photoperiod
During culturing of breeders, the water quality wlkdomeet the same requirement as during
routine fish culture.
For species with preference for still water (eyprmids, catfish, and tilapia) earthen or concrete
walled fish ponds should be constructed. For rhgbgbecies (e.g. trout) flow-through systems,
canal, or tanks with circulating water should bevted.
The temperature as an environmental factor,hasmgortant role in fish breeding. Fish are
poikilothermic animal, which means that their bothmperature follows the surrounding
temperature, but in case of increased muscular woedkmetabolism it can be somewhat higher
The duration of sexual maturation also dependst &f all, on the environmental temperature,
with most fish species, thus there is a charatteristal temperature value for each species
which is necessary for gametogenesis.
Optimal oxygen content of water is very importaspe&cially inactive cytogenetic processes.
Development of gametes and complete conversioperfs are all oxygen consuming processes.
In case of oxygen deficiency, the gametogenesigsstibwn;development is inhibited and if it is
prolongs the resorption of gametes start. Thergfm@per oxygen supply is a crucial point of
brood stock culture.
Feeding of the brooders, especially in the nutramtumulating phase of oogenesis requires feed
of specific composition. Amino acids, carbohydré#s, vitamins, and minerals are available for
the fish via natural feeding. But at high stockuohgnsity under controlled culturing conditions
these must be provided through artificial feedss klso important that the breeders can get the
type of feed characteristic of their species ileerbivorous fish should get nutrient of plant
origin, and carnivorous should get nutriment ohaati origin.
Light/photoperiod has a significant role in theraghictive processes of several fish species.
Stress factors, and the sensitivity of the cultusezkeders to these factor should also be kept in
mind. Handling, transportation, enclosure which differs from their normal lives, are stress
inducing factors, and may affect their conditiomisTmay hinder the last phase of maturation
and ovulation. Therefore, conditions should beldstaed for the breeders where all these stress
factors can be minimized.



4.0 Conclusion:

Artificial propagation involves human interventionthe process of natural propagation and has
the advantages of (a) better rates of fertilizatiod hatching, (b) protection against enemies and
unfavorable environmental conditions and (c) betterditions for growth and survival.

5.0 Summary
The different methods of hormone administrationgeserally practiced include single injection
method, a preparatory and decisive dose, one @pgrand two decisive doses, Several
preparatory and two decisive doses and the disédbdoses. Based on the weight, number and
sex of the breeders, the dose is determined aftéchwthe requisite number or quantity of
pituitary gland is counted or weighed; the solveséd for GTH is 0.9% NaCl (physiological
common salt). 1ml solvent is used for the prepayatgection regardless of the dosage (ranging
from 0.25-1 gland).The most commonly adopted prooeds to inject the hormone into the
dorsal muscles above the lateral line and belowatiterior part of the dorsal.When culturing
breeders, the following environmental conditionswt be ensured considering the specifics
demands of the respective species:

- suitable water and pond

- tempetature

- oxygen

- feed light and photoperiod
Induced breeding basically involves the inductidrilmal oocyte maturation and spermiation in
male and female fish respectively, followed byinng and artificial fertilization or natural
spawning; the former being preferable for compéetetrol of fertilization.

6.0 Tutor-Marked Assignment
1. What is the role of environmental parameters onced breeding?
2. How would you prepare a pituitary gland solution?
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MODULE 11: MAJOR FISH PROCESSING TECHNIQUE

Unit 1: Fish preservation and processing
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1.0 Introduction

Fish is a major source of protein and its harvgstirandling, processing and distributionprovide
livelihood for millions of people as well as proing foreign exchange earning to
manycountries. Appropriate processing of fish eesbmaximal use of raw material and
production ofvalue-added products which is obvigukke basis of processing profitability. Fish
processing, like the processing of the other foad materials should: assure best possible
market quality, provide a proper form of semi-pissed final product, assure health safety of
products, apply the most appropriate processingnogeand reduce wastes to the barest possible
extent.The development of appropriate fishing maatyi and techniques that employed effective
production, handling, harvesting, processing aodage, cannot be over-emphasized especially
in the age when aquaculture development is fabegag momentum in Nigeria.

Fish processing is the processing of fish and atbafoods delivered by fisheries, which are the
supplier of the fish products industry. Althougle tierm refers specifically tiish, in practice it

is extended to cover all aquatic organisms hardestecommercial purposes, whether harvested
from cultured or wild stocks.

Fish processing may be subdivided into two majdegaries: fish handling (which is initial
processing of raw fish) and fish products manufacguAnother natural subdivision is into
primary processing involved in the filleting anedrzing of fresh fish for onward distribution to
fresh fish retail and catering outlets, and theosdary processing that produces chilled, frozen
and canned products for the retail and caterindes&ish processing can take place aboard
fishing and fish processing vessels, and at fiskegssing plantsfish.

2.0 Objectives:

At the end of this unit, student should be able to

(1) statethe characteristic of fresh fish

(2) identify the post-mortem changes fish assodiatgéh spoilage and
(3) explain the basics of fish preservation andessing



3.0Main Body
3.1Value addition

In general, value addition means “any additiondéivdg that in one way or the other change the
nature of a product thus adding to its value attitine of sale.” Value addition is an expanding
sector in the fish processing industry, especialgxport markets. Value is added to fish and
fishery products depending on the requirement émint markets. Globally a transition period
is taking place where cooked products are replatiaditional raw products in consumer
preference. For example, there is a demand in uckaters for “ready to eat” and “ready to
cook” convenience products in a frozen conditiomerE is also a need to divert low value fish to
human consumption which can be facilitated by dilging fishery products to value added
products, such as minced meat from low priced fishe

3. 2: Characteristic of Fish in the Fresh State
It is very important to know the quality of freskH so as to know when spoilage sets in

- Colour: in the fresh state, fish colour is bright, shiayd irridiscent or lustrous (
capable of reflecting different colour). When spg# sets in, the colour is dull, dirty
yellow or brown.

- Skin texture: the skin of a fresh fish is firm and elastic. @ndpoilage , the skin
becomes dry, slack, swollen and inelastic.

- Eyes:the eyes of a fish are bright, clear with bulgayg balls. The pupils are black
brilliant and the cornea is white and bright. Wispoilt, the eye is dull, shrinks and
sinks in to the eye socket and the pupil becomesdgl and milky; the cornea
becomes opaque.

- Gills: the gills of a fresh fish are bright red or pimkdolour; the colour changes to
dark red or brownish when spoilt.

- Flesh: in the fresh state, the flesh of a fish is “firnis spoilage sets in, the flesh
becomes gradually soften and when completely spbittan strip of the backbone
and exude juice when slightly pressed. It may dgawe finger impressions.

- Mucous coating on the sin of fresh fish is tranepgrfree floating and is like a
lubricant. In a spoilt fish, the mucous is slimgcbmes thick. Sometimes the colour
becomes whitish or creamy in colour and it is nogker transparent.

- Smell/odour. Fresh fish is said to have a fresh sea-weedylsite¢ colour of spoilt
fish is sour, bad and offensive. Spoilt fish isdda have “Off odour/flavour”.

3.3 Post-mortem changes in fish

The quality of the freshly caught fish and its wudedéss for further utilization in processing is
affected by the fish capture method. Unsuitablkirfig method does not only cause mechanical
damage to the fish, but also creates stress ancbtigitions which accelerate fish deterioration
after death. Fish is highly susceptible to detation without anypreservativeor processing
measures. It has been reported that immediatelyishedies, a number of physiological and
microbial deterioration set in and thereby degrhaefish.

Spoilage proceeds as a series of complex enzyrpatierial and chemical changes that begin
when the fish is netted or hooked. This processnkegs soon as the fish dies. The rate of
spoilage is accelerated in warm climates. Thedight is a rich source of enzymes that allow the



living fish to digest its food .Once the fish isade these enzymes begin digesting the stomach
itself. Eventually the enzymes migrate into thé filesh and digest it too. This is why the fish
becomes soft and the smell of the fish becomes mommticeable.
There are countless bacteria naturally presenthenskin of the fish, in the gills, and in the
intestines. Normally, these bacteria are not hartofa living fish. Shortly after death, however,
they begin to multiply, and after two to four ddey ingest the flesh of even a well-iced fish as
enzymatic digestion begins to soften it. The baaltévad carried by a fish depends on its health,
its environment, and on the way it was caught. thgdish, from clean water, will keep better
than fish dragged along the bottom of a dirty pond a trawl net.
Both enzymatic digestion and bacterial decompasitnvolve chemical changes that cause the
familiar odors of spoilage. Oxygen also reacts dbalty with oil to cause rancid odors and
taste. The aim of fish processing and preservasaio slow down or prevent this enzymatic,
bacterial, and chemical deterioration, and to na@&nthe fish flesh in a condition as near as
possible to that of fresh fish.
There are five sequences of events that charaetegast-mortem changes in fish and they are
listed thus:
- Biochemical changessuch as glycolysis which is caused by enzymesrmagtissue
respiration.
- Rigor mortis in the muscles:this is simply the stiffening of the muscles.
- Muscle tendering: it results from softening of the muscles causeioyeases
- Spoilage: due to the microbial action, once the muscles imecdender, micro-
organisms attacks it and this is usually followgdhe release of mucus.
The process of spoilage is irreversible; once la iBsspoilt nothing can be done to
change it quality back to what it initially was #ite fresh stage. Therefore, it is
important to preserve fish immediately after capttw prevent deterioration and
spoilage as improper preservation significant testd post harvest loss.

3. 4: Methods of Fish Preservation

Fish is a highly nutritious food and it is partiaty valued for providing protein of high quality
better than those of meat and egg. However, inis af the most perishable of all the foods
because it is a suitable medium for growth of mierganisms after death. In the tropics at
ambient temperature, spoilage is rapid; fish wgbis within 12-20 h depending on species,
method of capture. As soon as fish is caught aiedidcertain irreversible spoilage begin to take
place, leading to spoilage and deterioration andgtnsobsequent processing or preservation
operation are intended to prevent these causesuatly reduce the rate at which they proceed.
Fish preservation is the method of extending thedf sife of fish and other fishery products by
applying the principles of chemistry, engineeringd eother branches of science in order to
improve the quality of the products.Preservatiotnhoés maintain the quality of fish for a longer
period of time.

The basic task of every fishery is to get the caétctihe consumer in good, usable condition. The
first fish caught were probably eaten raw, on thetsCommunities grew up near enough to
productive fishing grounds so the fish could bestoned the day it was caught. The earliest
preserved fish was probably accidentally overcopleewl some observant fisherman saw that
dry cooked fish kept for a period of time withopibding. Traditionally, air drying, salting, and

smoking (or some combination of these three) pvesktish for the short periods required by the
fishermen. Fish preserved in these ways is ofteghaand stringy, the quantities produced are



small, and success is uncertain. Few people willfish preserved this way, if they have an
alternative. Over time, other, better methods ekprvation came into being.

Proper steps in handling fresh fish

1. Avoid exposing the fish to sunlight. Keep thenaishaded area.

2. Ice the fish immediately after they are caughbtver their temperature.

3. Remove the gills and internal organs.

4. Avoid soaking the fish too long in the watereaftieath as this easily spoils the fish.
5. Use mechanical refrigeration if there are faesi

It is imperative to understand that all processingthods are preservation method but all
preservation methods are not processing methodski8gor drying is the most common
method of fish preservation in Nigeria. Traditidgafish is smoked in mud kiln or halved cut
drum with wire netting on top and use of wood asree. Hardwoods are preferred to softwoods
for fish smoking because the former yield more arid may therefore produce products that are
more bacteriologically stable. If fish is not sdtdsh, preservation methods should be applied to
extend shelf-life. These include freezing, smokidgying and heat treatment (Sterilization,
pasteurization, etc). Efficient preparation of fishmportant when top quality, maximum yield
and highest possible profits are to be achieved.
Whenever fish must be kept for several hours ogdéomefore being consumed, they must be
treated in some way to prevent spoiling. Thesahadasic means for preserving fish:
- Cooling and icing
- Salting and pickling
- Pastes and sauces
- Canning and bottling
- Air drying and smoking
- Kiln drying

4 Cooling and Icing
The first and simplest method to both preservemndess fish is to keep it cool. Cool fish keeps
longer than uncooled fish, although both will spoik matter of hours.If the market is only a
few hours away, and if the fish will be sold proigpevaporative cooling might suffice. All that
is required is some coarse cloth--enough to comlylebver the fish-and enough water to keeps
the cloth damp. The movement of air over the weaeises it to evaporate, and thus keeps the
fish much cooler and fresher than fish directlyasqr. Wrap the fish completely in the cloth.
Any portion that is exposed to theair will dry dmecome warm enough to support the rapid
growth of bacteria. Splash water on the wrappédd keeping the cloth wet but not soaked. How
well this will work depends on too many variablegtedict, but it is a distinct improvement
over uncovered fish.
Most fish caught are preserved with ice at somgesitatheir processing. Trained taste panels
are usually unable to distinguish well-iced fisipkiess than six or seven days from fresh fish,
and storage life can be extended somewhat if anitilsiare added to the ice. Ice works in two
ways: it reduces the growth rate of bacteria byicaty the temperature of the fish; and it also
washes the bacteria and slime away as it melts.
Because of this, it is important to keep melt wattained away from the fish. Fish are usually



gutted and stowed mixed with ice. Small flat fish atowed without gutting. An active fish like
salmon is gutted and the belly cavity is packedhvae as it is stowed. Fish can be iced in bulk,
in large quantities, or they can be boxed. Boxirmggpces a better quality product for several
reasons: the bottom fish are not crushed by thgiweif the fish on top; and the melt water is
better able to drain away. In addition, it seemigdwuman nature to take better care of a small
box than of a pile of fish.
Ice is expensive and begins to melt immediatelythedishermen are faced with a loss before
they even begin. The temptation to get away witlitihes ice as possible must be avoided.
Within limits, the more ice the better. The box slkidbe lined with ice so the fish does not touch
sides or bottom of the box. Layer the fish, avagdiverlaps, and ice each layer as it is boxed. If
the catch is large enough that the boxes mustdoked, try to channel the melt water away from
the bottom boxes. Keeping the boxes covered withclagh will dramatically increase the life
of the ice.
There is a wide range of icemakers on the mar&aging from small flake ice machines that
produce a couple of tons a day to huge machinésrthke many tons. They all require
electricity and a certain level of technical exgerto operate. The newer machines are built with
the small operator in mind, however, and are pratlyi unbreakable. With these machines, it is
possible for small operators to make their own ice.

# Salting and Pickling
Salting and pickling, along with various kinds afithg, are the traditional methods for
preserving fish. Indeed, Egyptian tomb paintingsstrate fish being prepared for salting and
drying, and the process must be many years olderttiat. The bacteria that spoil fish need
moisture to grow. If the moisture in the fish canrbduced to about 25 percent of its normal
level, bacterial activity will cease. Some bacteria killed at these levels, while others simply
go dormant. The fish will keep for several yearsoag as the moisture level is not allowed to
increase beyond 25 percent. Salt replaces a patithre water naturally present in the fish, and
so reduces the moisture content below the pointevbacterial spoilage can occur.
The several salting methods vary mainly in the amof salt the fish are allowed to take up.
"Dry salting" is used to preserve non-fatty fislelsas cod. The split fish are completely buried
in salt, and the brine liquid that emerges is afldwo drain away. The fish are finally dried. In
the "pickling" process, used for fattier fish sashherring, the fish are packed in salt in
airtight containers. Bacterial decay is reducefrevented when the salt has replaced enough of
the moisture in the fish to inhibit the growth ftf spoilage bacteria.

A combination of coarse grained salt (like rock)sahd a fine grained salt is used. The coarse
grains keep the fish separated so as to drainthenfihe grains dissolve quickly into the flesh
ofthe fish. Salt may be mined from prehistoric dgfsp manufactured from partly concentrated
brines, or "manufactured” by solar evaporationhalew ponds of salt water. Any of these may
be available to you, as well as salt that is preduexpressly for use in salting fish.

Some of the flavor of the finished product depemashe kind of salt used. Impurities in the salt,
such as magnesium or calcium, if present at tol &ilgvel, impart a bitter taste to the final
product;these impurities also interfere with theaption of salt into the fish. Some common
impurities readily reabsorb moisture from the s if the curing salt contains enough of these
compounds the fish will become damp again and draeteria. On the other hand, small
amounts of these same impurities give the salgddiwhiter appearance that is more attractive
to some consumers. For all these reasons, it isrtieapt to know what kinds of salt you are



using, and what their effects will be.
The fish to be salted are cleaned, and the gutgilachnd sometimes heads are removed.
Larger fish must be split so they can be openednaplaid flat in the salt. In general, a layer
of salt is placed in the bottom of a container arsihgle layer of fish is placed on it, flesh side
down. The first layer of fish is then covered witlore salt and another layer of fish is added.
The layers of smaller fish like herring are crisssed. The process is continued until the
container is full.
The same cautions as to cleanliness and care @lihg@apply. Avoid reintroducing a bacterial
load. Use clean processing equipment and keepdhleavea clean. Keep guts and offal away
from the processed fish and dispose of it in aa egenoved from the cleaning area and water
supply. If drying is the ultimate goal, the wateat is withdrawn from the fish by the action of
the salt is allowed to run off, and the fish argtaieked at frequent intervals, rotating the fish
from the top to the bottom of the pile to equalize cure. The fish can remain stacked for
several months in a cool climate before being dibed this is not possible in temperate
countries.
Fish can be air dried in Norway or Iceland, buiost areas some sort of dryer is generally
required. If the fish is to be pickled, it is padke the same way, in a container that can be
sealed. As the fish shrink, the barrels are codat#d, putting fish from the same day's catch
together. After about ten days, half of the replawater is drained off, the container is packed
full again with fish from the same batch, and thaces between the fish are filled with the water
that was drained off earlier. The container is teealed and stored.
Salting is a simple process. It does not requirehmaguipment or manpower, but the product
has a limited life unless it receives some soddufitional processing such as canning or
freezing. Drying, which is explained in the follavg section, is an alternative to freezing.

» Air Drying and Smoking
Even the most heavily salted fish will begin toispfter a few weeks at warm temperatures.
Some additional processing is required to presistian any but the coldest climates.
Moreover, although salt alone will protect agath&t growth of some bacteria, salt-loving
bacteria continue to flourish. A combination oftsald reduced moisture, or salt and no air, will
allow fish to be kept for several years. Bacteaiativity ceases when the moisture content is
reduced below about 25 percent. Mold will no longexw at a moisture level of about 15
percent. Fish dried to this level will last severaars if not subsequently moistened.
Air drying and kiln drying reduce the moisture camitof fish to the point where bacterial action
ceases. Smoking dries the fish, and also addsrizaitkes that are present in the smoke. The
process varies from a mild cure that will keep saveeeks if chilled, to a hard smoke that will
keep indefinitely if not moistened.
Fish preserved by air drying tends to be toughsandgy. Most people will not eat fish
preserved this way unless they must. If the weathéry, fish may be air dried. Take care to
keep the fish in shade, exposed to breeze. Keepdhd insects away! Air drying of fish is an
uncertain undertaking. Since it requiresa low retalhumidity to achieve the necessary degree of
dryness, the fish will keep only so long as itépkdry. On the other hand, it requires a
minimum of equipment and no technology. It is priityssuitable for small quantities for
personal use. With a minimum of investment solgedy can be constructed for the drying of
fish. Solar dryers made from plastic on a woodamf eliminate contamination by insects and
can increase ambient temperature to accelerategdVhey also reduce storage of fish when
rain storms interfere with sun drying.



Kiln or tunnel drying of fish is a more complex pess, and the final product is much more
palatable than natural air dried fish. It requicaseful control of many variables, such as relative
humidity, air temperature and velocity, and ratelgfing. The product will have to be stored in
some sort of cold storage because it also will dravisture and putrify. In kiln drying, the fish is
hung on racks in a tunnel. Dry inlet air is heateidzulated through the tunnel, reheated, and
recirculated. A portion of the moisture laden a@rviented off and replaced with outside air.
Control of the humidity inside the kiln can be amgdished by venting off more or less of the
moisture laden air from the kiln. Midway throughetiprocess the kiln is unloaded and the
position of the fish is reversed to equalize thandy rate.

» Fish Sauces and Pastes
In areas where a rice diet predominates, a nunfiferraented fish products have been
developed. If a fairly fixed procedure is followete product has a more or less consistent flavor
and texture. In areas in which dried or salted issimpractical because of the high humidity and
temperature, fermented sauces or pastes may laptable or preferable alternative.
Small, ungutted fish are mixed with salt (four iteefparts salt to six parts fish) and sealed i vat
or pots. In a process that requires several motitbdjsh dissolves and ferments. The result is a
clear "pickle" with good keeping properties thatised as a condiment for flavoring rice dishes.
Fresh or salt water fish can be used, as well @sphThe processes vary as widely as the kinds
of fish used.
Fish paste is made from cleaned fish, which is chixégh salt (one part salt to three parts fish)
and allowed to digest. Sometimes fermented ricasteal grains, or bran are added. The
manufacturing methods are complicated and varyiderably from area to area. As a result, the
product is seldom standardized. Tastes vary frara #r area, so local knowledge is imperative.

» Bottling and Canning
The bottling and canning of fish requires more [giea and expense than the aforementioned
methods of preservation. Many nations during thesin fishing seasons import large amounts of
canned fish to supply a source of protein. In sadase, perhaps domestic canning is a viable
option. The canning or bottling of fish requireligh quality product at the onset. It should not
be employed as a last resort for unsold fish. Copsion of such fish may cause severe illness.
Bottled fish is usually prepared for personal congtion. The bottled fish is usually cooked,
boned, and put in a pickling solution, then stonedsterilized jars with rubber sealed lids.
Canning, on the other hand, entails placing tHeifisa tin can with a lid, removing the air within
the can through heat treatment, sealing the lidtedyt and then heating a second time to a
specified degree. The two most important consideratof this method are the availability and
expense of the cans or bottles and strict quatityrol of the product.

3.5:Fish Processing

Fish Processing is a way of preserving fish antth@tsame time improving their quality. In the
process, the properties of the fish change.Thexarany ways to process fish. Some methods
such as salting and drying have been used sinceariceent times, long before modern
technology was introduced. Others involved the afsehemicals and electrical devices. But
whatever process is used, the fish to be procedsmadd always be fresh.The methods employ in
fish processing include the following:



» Salting

Salting is the process that lowers the moistureater content of fish and other fishery products
to a point where microorganisms cannot live andvgr&odium chloride, or salt, improves fish
texture because it firms up the fish. Salt pdstidehydrates the fish and kills the bacteria.

Three basic methods of applying salt to presesle fi

« Pickle Salting - cover the fish with salt and pack them in layiarg/atertight containers.
This forms the pickle that serves as the saturatgte solution that covers the fish
completely.

« Brine Salting- immerse the fish in a saturated solution mad®fup5 parts of salt and
100 parts of water. Brine salting is done onlyaasmporary way to preserve fish before
they are dried, smoked, or processed.

« Dry Salting-run granular salt on the fish. The proportion @f $o fish varies from 10%
to 35% of the fish weight.

Steps in Salting

Place the fish either in crushed ice or frozendarin

Remove the fins

Remove the head (optional).

Split the fish along the dorsal section. Spreaxén.

Remove the internal organs such as the intestines.

Take out the black membrane of the fish.

Wash the fish thoroughly and drain it a little.

Rub the fish well with salt.

Arrange the fish in a container. Place the coetaimside a refrigerator.

CoNoOR~WDNE

» Smoking

This method combines with salting, precooking, amging. The final process is smoking,
which dehydrates the fish further. The smokes goler and flavor to the fish.

Steps in Smoking

1. Clean the fish by removing the gills and make héhislit in the fish belly. Wash the
fish thoroughly with clean water.

2. Soak the fish in a brine solution (1 part of saltliiD parts of water) for 20 or more
minutes, depending on the size of the fish.

3. Place the fish in the immersion basket made of wdamboo strips or wire netting. The
basket will be suspended during the immersion itifgpbrine. Cook for 2-4 minutes or
more, depending on the size of the fish.

4. Drain the fish. Allow them to cool after being &ed in brine solution. Place it in a
layer of wire screen (rattan or bamboo) and hadeiéd in a cool and shady place.



5. Smoke the fish in tin cans for 1 to 2 hours urtilgets golden brown. The length
ofsmoking actually differs, depending on the sizéhe fish and the smokeproduced.

6. Packed the smoked fish in coarsely woven bambokeksas Line the sides and bottom of
the baskets with old newspaper. Cool the fish detaly before packing them to allow
moisture to escape and prevent the attack of mmaddbacteria.

» Drying
This method is also known as natural dehydratibike the salting method, it lowers the water
content of the fish to a point where microorganisbeteria, enzymes, and yeasts cannot grow
and multiply. The most popular fish preservatiomtimod is solar drying. It is done in
combination with salting. Fish dried under the &ok and taste better.

Steps in Drying

1. Wash the fish thoroughly.

2. Soak the fish in 10% brine solution for 1/2 houdtaw out the blood.

3. Squeeze or open the belly cavity. Remove the ratoe internal organs.

4. Soak the fish for 3-6 hours in a concentrated bsakition to partially draw out the
moisture or water content of the fish.

5. Place the salted fish in drying trays and dry dlemthe sun.

6. When the fish are thoroughly dried, pack them d@oceghem in a clean, dry place.

» Curing

This method uses chemical preservatives (includinggar and salt), smoke, and other
physical factors to reduce the moisture or watetexat of the fish. Cured fish or fishery
products possess flavor and texture completely fiwyse of the fresh fish.

» Dehydration
Dehydration is an artificial process of drying besa it is done with the use of
mechanical devices, such as an oven, that prodtitieia heat for drying.

> Pickling
Pickling is a method of preserving food in brinewanegar. It can be done with or
without bacterial fermentation.

» Cooking
Cooking is the best way to prevent wastage or ageilof fish. Cooking fish with
vinegar, like in paksiw, prolonged the period oégervation.

» Canning
Canning is the packing of fish in airtight contagmeuch as tin cans and glass jars, which
prevent air and microorganisms from entering. Uglothe heat processing, microbes
inside the can are destroyed, thus preventing ag®ilunder normal condition and
allowing the fish to be stored for longer periodSardines and salmon are the most
commonly canned fish in the market.



Steps in Canning

1. Remove the scales of the fish.

2. Remove the internal organs. Cut off the head heddil of the fish.

3. Cut the cleaned fish to fit the size of the cabaaised.

4. For 30 minutes, soak the fish in 20% brine solution

5. Half-fry the fish in oil.

6. Fill each can with half-fried fish. Leave abou#t Ihch space. Add a tablespoonful of
corn oil and tomato sauce. Do not add salt becthgssh has been brined.

7. Sealed the filled cans temporarily. Use the fieditoperation of the can sealer.

8. For 10 minutes, stem the clinched cans withoutqumesto exhaust the air inside the

cans. Then, seal the can completely.
9. For 45 minutes, process the sealed cans at a pBelksure using the can sealer.
10.Immediately, coll the processed cans in runningewat

* Fermentation
Fermentation is a fish preservation method in whish in brine solution undergo
chemical reaction. Bagoong is the most populanésted product in the Philippines.

» Steps in Fermentation

1. Clean the fresh alamang well. Remove sticks, shedlaweeds, and other materials.

2. Wash the alamang in a weak brine solution (1 plasati to 9 parts of water). Drain it
well. Cover the container while draining the alagnéo keep flies away.

3. Mixalamang thoroughly with salt (1 part of saltarts of alamang).

4. Place the alamang-salt mixture in a clean container

5. Store the bagoong in a clean, warm place

4.0 Conclusion

Fish is a very important foodstuff in developinguotries, due to its high protein content and
nutritional value. However, it is a greatly periblea product, especially in hot climates and
tropical areas where cold preservation techniquesoien missing. Quality losses can occur
very rapidly after catch. Fish salting/brining, iy or smoking, are traditional techniques for
improving preservation and storage, which increasglability to consumers.

5.0 Summary

Fish that are not taken to the market fresh mugirbserved in some way after harvesting. All
fish have bacteria in their intestines; as soothag die, these bacteria begin to multiply, and the
process of decay begins. So the first thing whialstnbe done — as soon as possible — is to
remove the intestine. After this is done, go oprteserve the fish in the way chosen. Fresh fish
are characterized by certain properties of theiowo skin texture, eyes, gills, flesh and odour;
the same way there are some changes that chazadtésh spoilage (biochemical change, rigor
motif in muscles, muscle tendering and spoilagekltimperative to understand that all
processing methods are preservation method bytreflervation methods are not processing
methods. There are a number of way to preserve(fteloling and icing, salting and pickling,



paste and sauces, air drying and smoking/kiln dpyifish Processing is a way of preserving
fish and at the same time improving their quality. the process, the properties of the fish
change.There are many ways to process fish. Soetlkons such as salting and drying have
been used since the ancient times, long before mowehnology was introduced. Others
involved the use of chemicals and electrical dexidgasically, the fish processing methods
include canning, fermentation, pickling, dehydratiouring e.t.c.

6.0 Tutor-Marred Assignment

1. What does the term “Value addition” denotes in Eigs”.
2. Elucidate on the mechanism of fish spoilage
3. Write an essay on fish preservation and processing
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1.0 Introduction

Approximately 75% of world fish production is ustdt human consumption and the remaining

25% is used to produce fish meal and oil. Fish neal commodity used as feed for livestock

such as poultry,pigs and farmed fish and fishsilsed as an ingredient in paints and margarine.
Currently, only about 30% of fish produced for hum@nsumption are marketed fresh. The

supply of frozen fish fillets and fish, in the foraf ready-to-eat meals and other convenience



food products is growing in both developed and tgieg countries. The end products from fish
processing may be fresh, frozen or marinated dilleanned fish, fish meal, fish oil or fish
protein products, such as surimi. Surimi is an intgod fish product, with the majority of catches
for some species used solely for its production.

Fish processing most commonly takes place at orespmcessing facilities. However some
processing can take place at sea, on board fisleagels—for example the gutting of oily fish.
In some regions of the world, where large seadlegerate, processing can also take place on
board fishing vessels. For some sea fleets, 10008satibn of the catch may be required by
legislation. This means that the entire processpgration, including fish meal and oil
production for offal and fish waste, takes placeboard the fishing vessels.

2.0 Objectives
At the end of this unit, you should be able to
0] explain production of fish meal and fish oil
(i) state fish preservation and processing in Nigeria

3.0 Main Body
3.1Advanced fish processing methods

» Filleting of white fish
Filleting involves a number of unit operations: tpeatment, fish filleting,trimming of fillets,
packing and storage. These processes generaliylaakewithin separate departments of the fish
processing plant.White fish species have low oiltent and, unlike their oily fishcounterparts,
are generally gutted, cleaned and sometimes desemuboard the fishing vessel. The fish are
kept on ice in boxes before beingdelivered to thle processing plant. On arrival at the plant,
fish may bere-iced and placed in chilled storagd tequired for further processing.

» Pretreatment
Pretreatment of the fish involves the removal @f, washing, gradingaccording to size and de-
heading, if this has not been done previously.Ldiglke may also scaled be before further
processing.

> Filleting
The next step in the process is filleting, whiclyenerally done bymechanical filletingmachines.
The filleting department is generallyseparated fithin pretreatment area by a wall, to prevent
workers andgoods passing from the non-sterile gatient area to the sterilefilleting area. The
filleting machines comprise pairs of mechanicalgated knives which cut the fillets from the
backbone and remove thecollarbone. Some fishdiltedy also be skinned at this stage.

» Trimming
In the trimming department, pin bones are removed @peratorsinspect the fillets, removing
defects and any parts that are of inferiorqualiiif-cuts are collected and minced. Depending on
the finalproduct, the fillets may be cut into ports according to weight ordivided into parts such



as loin, tail and belly flap. As a final step befpackaging, the fillets are inspected to ensurng the
meet productstandard.

» Packaging and storage
Fresh products are packaged in boxes with icejcindoeing separatedfrom the products by a
layer of plastic. Frozen products can be packedimumber of ways. Fillets or pieces can be
individually frozen andwrapped in plastic, but thest common method is for them to bepacked
as 6-11 kg blocks in waxed cartons. The blocksyguieallyfrozen and then kept in cold storage.

3.2 Fish meal and fish oil production

Fish meal and fish oil are produced from fish @&t caught specificallyfor this market, by-catch
from fishing activities and solid waste fromfilleg and canning.Fish meal and fish oil products
have a high nutritional value. Fish meal isusefkad for livestock and farmed fish, and the oll
is used as aningredient in paints and margarifersal is derived from the dry components of
the fish, and the oilfrom the oily component. Watehich makes up the rest of the fishmatter, is
evaporated during the process.Most fish meal astd dil production processes are automated
andcontinuous, and comprise several process liegsh with a certainprocessing capacity.
Production rates vary considerably, according teteson and types of fish being processed.
The steps involved in fish meal in fish oil prodootare summarized in figurel.
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Off-loading

On board the fishing vessels, the catch is nornstlyed in tanks ofwater. Upon arriving at the
processing plant the fish are pumped toholding,bivfsere they are stored until required for
processing. Extrasea water may need to be addadnp the fish.

3.2 Fish meal process

From the storage bins, the fish are transporteddogw conveyors to acooking process which
acts to coagulate the protein. The cookedmixtuthea screened, using a strainer conveyor or a
vibrating screen,and then pressed to remove mdkeofater from the mixture.

The pressed cake is shredded and dried, usingdaedhsteam drier ora direct flame dryer. The
meal passes through a vibrating screen and ont@namier mill, which grinds it to the
appropriate size. The groundmeal is automaticadighed and bagged.

Fish oil process

The pressed liquid generated from the previous gaees passesthrough a decanter to
removemost of the sludge, which is fed back totlealrdryer. Oil is separated from the liquid by
centrifuges, polishedand refined to remove any meimg water and impurities. Theseparated
agueous phases, referred to as stick water, issotrated inan evaporator and then added to the
pressed fish meal prior to beingsent to the dryer.

3.3 Overview of Fish Preservation Processing in Nig&a

In Nigeria an abundant fish catch is experiencéha dry season. During this period, ponds,
lakes and streams experience reduced water l@rebaly harvest. Thus, period of fish scarcity
is often encountered especially during the flood &aining seasons, during which fish are in
short supply. Thus, it is imperative to process pregserve some of the fish caught in the period
of abundance, so as to ensure an all year rounaysufhis will invariably reduce post harvest
losses, increase the shelf-life of fish, and gumea sustainable supply of fish during off season
with concomitant increase in the profit of the éslfiolks.

Fish processing is still predominantly undertakemnuoally in Nigeria. Traditional fish
processors adopted open fire or simple smoking sueh as halved cut drum oven, rafters and
mud oven to improved technology such as dryer, kdrdciln and gas oven. The different types
of fish preservation techniques practiced are bgfsmoking, drying, hot or cold smoking,
smoke-drying, smoking with pepper, frying and suyity. Most common of all these
processing technique was smoke-drying. This coel@dduced to the fact that most of the fish
communities have no access to electricity to frettmsr products. Electricity itself is fast
becoming a less reliable source of energy for fisbcessing and preservation. Despite the
rudimentary nature of process of traditional methaghd lack of control over the drying rate,
sometimes results to under-drying or over-drying] expose the fish to unexpected winds, dust,
dirt, insect infestation, and contaminants suctii@s. These methods still remain predominant in
Nigeria. Most of the processing technique favotiessuse of drum oven and mud oven. For the
improved technology, electric dryer, chorkor kilndagas were not common in the processing
centers. Losses during fish processing were sagmifiintraditional processing method compared
to improved technology. To reduce post harveste®sd to improve the quality of fish and
fishery products, traditional processing technolagyst be improved upon in Nigeria. This
includes upgrading the traditional fish processi@chnology and adoption of solar dryer. The
acceptability of mechanization of fish processipgrations are hinged on the following factors



based on the fish processors comments; litera®},lewst of the machines, level of awareness,
infrastructural facilitiesavailable such as elaxutyi, tap water or borehole water and accessible
roads.

Highincidence of fish losses is a major impediméntthe realization of government goal
towardsincreasing the contribution of the fishesestor to the overall national economy. The
use of appropriatetechnology which is a radicalrepgh to stem up production and processing
technique, has become subordinate to social neediseof paramount importance. The need to
mechanize fish processing techniques has drawattéetion of national agricultural research to
devote utmost interest and resources to engineegagarch in operation, to minimize the
drudgery, reduce labour operation, and unsanitag/ iaherent unhygienic handling that are
mostly involved in the traditional manual operaton

Artificial dryers such as solar dryer, kiln, ovendaso on have long been in existence, some of
them are powered electrically, by sun, gas or aafuel such as firewood, charcoal, wood and
saw dust.The drying of fish in oven consists ofeaiqul of several hours in which the fish is
cookedfollowed by a period drying with low burnifige, producing only a moderate amount of
smoke. The length of this latter period varies viftd required keeping quality. The moisture of
the dried products varies between an estimatedrd@piein the higher ranges and 10-20percent
in lower. The quality of the product is judged oegcee of drying, appearance, damaged and
insect infestation is influencing the price. Smolkietl as source of foreign exchange is gradually
losing ground. This is adduced to the fact thatoetgtion of processed fish to developed
countries is becoming increasingly stringent beeanfsthe emerging set of Food Safely and
Agricultural Health Standard, along with buyersmdfiag their requirements.

4.0 Conclusion:

Traditional fish products (TFPs) are usually praetliby applying old preserving methods such
as salting, fermenting, drying and smoking. Thesedpcts also greatly varies amongst the
countries as well as within the same country bywgiginany different applications such as
differences in additives, percentage of salt oregar and maturing temperatures. Moreover,
modifications in these techniques are also knowa ttufood safety issues and changes in
customer preference of new generation. Althouglh guocessing/preserving methods have been
known as old techniques for many years, they hawMewsde acceptance around the world
because of their specific taste and aroma.

Due to their specific characteristics for varyingmyg types, they have both advantages and
disadvantages.

Traditional fish processing and preservation wergimmally developed to preserve fisheries
products for a long storage life by either lowenmater activity (aw) and/or changing pH of the
products. In addition, preservation was also cdraet by applying antibacterial activity of salt
and/or smoke components or other preservative cangsoto increase shelf-life and improve
safety of such products. Although new technologiesh as canning, high pressure processing
(HPP) and modified or controlled atmospheric packagMAP, CAP) methods have been
developed to improve safety of seafood producslitional preserving methods of fish products
have still wide acceptance around the world dubeo accustomed taste and aroma.

Despite the preserving aim of such traditional rod#y these products are still under risk of
several hazards due to following reasons: (i) theeducts have long maturation time, (ii) they



are generally consumed without further cooking) ¢inanges in the original methodologies over
the years such as decreasing salt con

5.0 Summary

The end products from advanced fish processing beyresh, frozen or marinated fillets,
canned fish, fish meal, fish oil or fish proteirogucts, such as surimi. Surimi is an important
fish product, with the majority of catches for sospmecies used solely for its production.Fish
processing is still predominantly undertaken magued Nigeria.Traditional fish processors
adopted open fire or simple smoking oven such h&taut drum oven, rafters and mud oven to
improved technology such as dryer, chorkor kiln gad oven.

6.0 Tutor-marked assignment
Account for the preference of fish processed bgiti@al method to that processed by advanced
method in Nigeria.
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1.0 Introduction

Management of water quality to include colour, mlksolved oxygen content, turbidity, total
alkalinity and hardness as well as pollutants ipdrtant because they affect survival, growth



and reproduction of fish. Quality of water must tfeecked weekly, monthly or bimonthly
depending on prevailing conditions. However, coloiwater should be checked daily.

2.0 Objectives

At the end of this unit, students should be ablenderstand the importance of water quality
parameters and water quality management of ponds.

3.0 Main Body

3.1 Water quality management

3.1.1 Good water is characterized by the following:

1.

2.

5.
6.

It should be greenish or bluish in colour due tgtpplankton. Yellow or brown colour

may indicate acid water.

It should be about neutral or slightly alkaline.sBeH range for fish production is 6.5-
9.0. Acidic and alkaline death point for pond fistpH 4 and 11 respectively.

It must contain enough dissolve oxygen above 4mig/kalues of 3mg/l or less growth

will slow down, fish may become susceptible to deses.

It must not be muddy or turbid. Secchi disc visipiless than 25cm is not desirable
(adequate range = 40-90cm). When Secchi disc igailable, the palm should be visible
when hand is dipped in water except turbidity igseal by plankton bloom.

It must not have offensive odour

It must be free of pollutants e.g. oil films, deents, heavy metals e.t.c.

3.2 Control of pH levels in Ponds

When pH level is consistently low agriculture lirsleould be applied to raise the pH at the rate
of 250-500kg/ha. Acidic waters are common in pocaisstructed in acid sulphate soils (found in
coastal mangrove swamps). Such pond dykes shouioheeé at the rate of 1-2kg/m (length) and
the pond water limed periodically (30kg/ha/month) addition to the normal one dosage
application before stocking. High Ph levels candoatrolled by application of filler alum
(aluminiumsulphate at dosages of 10-20mg/h).

3.3 Dissolved oxygen (DO)This is probably the most critical factor in fistlture.

(a) Causes of low DO: In ponds

- Heavy plankton blooms caused by excess manurifigloponds.

- Accumulation of uneaten feeds in ponds caused gy efeeding (high feeding
rates) or bad feeding methods.

- Overcrowding caused by high stocking densities.

- Reduction in rates of photosynthesis caused byndeté periods of cloudy
weather or high turbidity of water.

(b) Indicator of low DO in ponds

= swimming of fish to water surface to gasp for. diris serous when this involves
bottom fishes and it occurs all over the pond esfig@around midnight.
- Lack of response to noise i.e. escapes into degptars when scared by noise
e.g. clapping of hands.

(c) Control of low DO

- Fertilization should be suspended.
- Feeding rate should be reduced or feeding stopped



- Water should be changed and fresh oxygenated waatksd to the pond.
- Water should be aerated either by use of aeratoagjitators especially if pond
water cannot be changed due to shortage.

3.4 Turbidity-cause

- Suspended silt or clay particles. Clay turbiditgtriets light penetration and may limit
growth of plankton. It may also clog and block gillstems of fish and affect rate of
reproduction by damaging fish eggs and destroyingeding grounds. Habitats of
benthic organisms are also damaged.

- High plankton density. Turbidity arising from plaokic organisms is desirable so long
as it is not in excess. Excess plankton bloom nait light penetration due to algal
scum on surface and may deplete dissolved oxygenatespiration

Control of Turbidity

- Simply by soaking dry vegetation in pond.
- By use of chemicals such as lime, filter alum teggitate suspended solids
- Fertilization should be suspended if turbidity &ised by plankton blooms.

3.5 Alkalinity and Water Hardness

Desirable level of total alkalinity and total haeds in ponds ranges between 20-250mg/l. If
these variables are low (less than 20mg/l) formmagind growth of plankton may slow due to low
supply of carbondioxide. Low levels of total alkaly and hardness are increased by liming.

(v) Pollutants:
Their presence in ponds can result in extreme titgrtd fish. Control of pollution includes:

- Location of fish ponds away from heavy industriahtes, oil fields and chemically
treated agricultural farms

- Diverting or re-channelling run-off water from agriture farms away from ponds

- Ensuring that source of water for fish culturefisigh quality

- Each pond should have its own inlet and outlet

Pollution caused by waste products of fish candrgrolled by changing the water in the pond
GENERAL WATER MANAGEMENT IN PONDS

Low oxygen can kill fish. The decay of excess faad organic fertilizer consumes oxygen from
pond water. Fish will die of asphyxiation if too ofuoxygen is consumed. Ponds receiving large
applications of fertilizer and/or feed must be elganonitored to determine if oxygen levels in
the pond are satisfactory for fish. Low oxygen asaunost frequently just before sunrise.
Farmers should visit their ponds early in the mogrto see if fish are suffering from low

oxygen. Fish will come to the water surface seekiigher oxygen levels from water in contact
with the atmosphere. The fish appear to be "drigikthe surface water (Figure 1).



Fresh water with high oxygen

Figure 1: Pond with low oxygen and fish gaspinthatsurface.

Almost all fish in the pond will be evenly dispetlsever the pond surface and gasping for air.
When scared, they will make a splash and dive éepdr water, but will quickly return to the
surface. This behavior is sometimes confused wveigtdihg. However, feeding fish will not return
to the surface quickly if scared. Fish sufferingnfrlow oxygen will usually not eat. Take
immediate action to remedy low oxygen using théofing steps.

How to correct low oxygen in ponds.

1) Add fresh water to the pond to replace watehvatv oxygen until fish stop gasping at the
surface. More oxygen may be added to the freshrvegtéetting it run over a terraced structure
before it enters the pond (Figure 2).

2) Stop fertilization and feeding for several da@bserve fish behavior closely during this time.
If low oxygen has been corrected, fish will resuimeir normal feeding habits. When plankton
abundance decreases and a submerged object ig asddepth of 30 cm, fertilization may be
resumed.

3) If low oxygen becomes a chronic problem, rediheeamount of fertilizer and/or feed placed
in the pond.

Fresh water supply

Fresh water is agrated as it flows over
the terraces and into the pond below

e Pond with low
dissalved cxygen



Figure 2: Adding new, aerated water to a pond Ve oxygen.

4.0 Conclusion

Good water quality is imperative for the succesa th culture.

5.0 Summary

Management of water quality to include colour, mhisolved oxygen content, turbidity, total
alkalinity and hardness as well as pollutants ipdrtant because they affect survival, growth
and reproduction of fish.

6.0 Tutor-Marked Assignments

Give three water quality parameters and its manage®ent in a pond

7.0 References/ Further Reading
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