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ABSTRACT
The growth performance of Clarias garicpinus fingcrlings cultured in different
experimental containers were investigated. One hundred and fifty fingcrlings obtained from the
Ahmadu Bcllo University reservoir were used for the study. The fingcrlings were led with the
same experimental diet in live different experimental containers namely clay pots, plastic baths,
aluminium pots, water baths and glass aguaria. The glass aguaria served as the control. The
experiment was carried out in the laboratory in 30 litres of dechlorinated tap water in each
experimental container for eight weeks. Water quality parameters such as temperature, pH,
dissolved oxygen and total hardness were monitored. Low mortality rale was observed during the
experimental period. Growth and nutrient utilization indices viz Mean Weight Gain (MWG),
Specific Growth Rate (SGR%), Feed Conversion Ratio (FCR) and Protein Efficiency Ratio
(PER), Feed Efficiency (FE), Apparent Net Protein Ulilizatioin (ANPU), Nitrogen Metabolism
(NM), were calculated. The initid mean body weights of 0.7Sg to 1.08g were fed 5% of the body
weights in the different experimental containers. The lIngerlings had significantly (P<0.05) high
increase in mean weight in al the five containers as Clay pots (2.43g), Plastic baths (2.28g),
Aluminium pots (2.94g), Water baths (2.14g) , Glass aquaria ( 2.84g). The best growth and
nutrient utilization were observed in the fingerlings cultured in the experimental container C,
aluminum pots with significantly higher values (P<0.05) for Mean Weight Gain (MWG) and
Specific Growth Rae. (SGR). The fish cultured in experimental container D, water baths had the
least Mean Weight Gain (MWG) and Specific Growth Rale (SGR). The results, suggest tha any

of these containers may be used for culturing fish in the school |aboratories.



ACKNOWLEDGEMENTS
b

I am thankful to God Almighty for his Love, Merey, Favour, Sceueity, Goodness, Blessings, and

1

Compassion throughout the period of study.
I wish to express my profound gratitudes i() the committee of supervisors: Dr. LA Audu, Dr S
A Abdullahi and Dr. (Mrs) P. N. Chiczey who spared their time to make painstaking corrections
and useful suggestions for reconstruction of many parts of this work. | bave a pleasant duty to
thank them for their solicitous guidance, valuable advice and encouragement,

- I would like to record my gratitude to my husband Mr. James Ajayt Dada for his fove, spiritual
effort, unstinted and unrelenting support and for installing encouragement and enthusiasm in
me. [ alse apprecialc my daughter Queen Oloruntobi Adesola Damtlela Dada [or her mocal
support.

To my sisters Mrs. Alice Abiye Owolabl and Mrs. Funnu Ogunsela, 1 extend my sincere
gratitudes for their immense contributions to the success of my cducation at all levels, 1 am also
grateful to their husbands. I am very grateful o my brothers Dr. and Mrs Nath Bankole and Mr,
And Mrs Emmanuel Feini Fabunmi for their contributions towaids the suceessful completion of
this course, | thank Mr, Mathew Qjo for his contributions towards the successful completion of
this course.

My appreciation is not complete if | fail to thank Dr. J. Auta tor his uscful suggesuons,. M.
Kavode E. T for his cncouragement, Mr. Onche Emmanue! for his Moral support, Mrs, M. O
Shoyinka Tor her encouragement and Paticnce Ajabh tor her moral support, [ alse thank Me, 8§ L.
Ojth and Mr. Steve (Lab technician of fisherics and hydrobiology Taboratory Department of
Biological science) and all my lecturers that have contrnibuted

to the successtul completion of this work. [ also thank Mr. Mike Oladuyo for his assistance und
efficient typing of this project. Finally { anv indebted to Rev. Mike Ola for permitting me o go

for this course. God bless you all Amen.

v



TABLE OF CONTENTS

TITLEPAGE. ...,
DECLARATION. ..o e i
CERTIFICATION ..oiviiie i e e ii
DEDICATION. ........................ e | il
ACKNOWLEDGEMENTS. ... e tv
ABSTRACT ..ottt ettt ettt v
TABLE OF CONTENTS. . vi
LISTOF TABLES ... e e e X
LIST OF FIGURES..... e e e e e e e e Xii
LIST OF PLATES i e xii
. : CHAPTER ONE _
JOINTRODUCTION. ... t
ToEJustification. ..o i TR T O URUR SRR 2
1.2 Staiement of Rescarch Hypothcsis.........................‘........‘..; .................... 4
L3 AIM of StUdy. .o s 4
1.4 ODJCCHIVES. ..t e 4

CHAPTER TWQ
2.0 LITERATURE REVIEW

2.1 Distribution of Catfish. ......ccoeeierivnicenn e 5
22 Geographicgll dist;‘ibulion of Af:’rican cat ﬁsll1 ...................................... S 0O
2.3 Biological deseriplion. . ... i e et e e 6
2.4 Sexual differences. covv i 10
2.5 Suitability of Clarias I aquacullure L. .. o e i e 10

2.0 Food, feeding habits and leeding regimes of Clarias under experimental

vi



VT T . S TSRO 10
2.7 Nutrient Requirement of Clarias.................oo i, 11
2.7.1 Protein and Amino Acid Requirements. ..., 12
2.7.2 Effect of age or Fish size on Protein Requirements.........o.coiiiiiiininnnn. 16
2.7.3 Carbohydrale Requirement. . .........cooviiiiiiieii oo e, 16
2.7.4 Fats Requirement.......oooveviininievnen e, ST USURURURU VU 17
2.7.5 Mincrals ..chllircmcms‘.-....: .............. ...................................... ........ [7
2.7.0 Vitamin Requirement of fish.. ... i 18
2.7.7 Energy Requirements. .........ovveiivevinvneiinannsan. B AT IR PP R RPRRE 19
2.8 Water Quality Requirement..............oo, e 19
2.8.1 TemperalurC.....cvveiiecrinvenrinnnnns e 20
2.8.2 Hydrogen ion Concentration (PH). ... e 21
2.8.3 Total Dissolved Solid (T.D.S). ..o e 22
2.8.4 Electrical Conductivity (EC)'. .................. LR R PTI TR 22

2.9 By roduct of Plant and Animal Origin

used in the feed of Clarias garicpinus... ..o oo icii e 23
2.9.1 By Product of animal origin. ... ... e 23
2.9.2 By Producls of Plant Origin. ... oo e 24
293 Aquatic by ProductS. ... 25
2.9.4 Food and health benefit of fish. ..o 25
2.9, 5 DHTCrEnt PONAS. it e e e e

, . . CHAPTER THREE
3.0 MATERIALS AND METHODS

3 Experimental fI8h. ..o e e e 28

3.1.0 Experimental Design. . ....oovven i

vil



3.1.2 Weighing of fish......... O B A O S RN S S A R S A O SR ST N 29

3.1.3 Stocking OF FIBl: . . s sovsmmnuin v nasomsvsi s s s A AR S SR 29
Fo 2l PR ST s 35 i S aa o D SRR S R SRS A N e 3T him v W AT B B et semrins 29
3.2.2 Feed formulations and preparations..........o.ooon oo 29
3.3 FeediB-visiconisinminassioan i s s itnshstnn s D PSP 34
3.4 Fish Weight Measurement . .. o.oouvne oot ieena 3
3.5. Determination of Physico — Chemical Parameters ol water. ..o 34
TN T RIS o s 5 K 0 RN SRR RS SR RO AR S E N i Ab s v D
153 DRasoved ORYERD .. i ni e e TR e A S SR D
3.6. Analysis of Fish Growth.......oueniiei e erie et eae e naenr e e ean DD
RO RN E IO W) v wrsns s srmess e s RO A RS RN R R
3.6.2 Percentage Weight Gain (PWG).......... R
3:8.3 Specific Givwth RAB ISOR)..cosuvnmmvnnmisivavimsimssisnvinssmimisies a3
3ia.4-Pegd Converslan RO MFCR  conutmnss i v s sinaisasis s msaviayer v
3.6:5 Feed Coliversion EIficiency (FCE)iuinvivsnivnmrisi s sssivesis iy sz ioiassnss iannd0
3067 Peod BISenRy (P ) nnmmmmmi i i s s e s siiiesniswassiead
3.6.8 Apparent Net Protein Utilization (APPNPU ). ..o 37
3.6.9 Nitrogen Metabolism (INM ). oottt enaeann, 37
B0, O PO RNIIC AUIBENIER o w000 mmcr0 05 308 5 3 S SRR AR B AR S SRS A
3.0.11 Statistical analysis. ... DT
36 2 Limnations (O R BIBIY .« csvsuiiminonmnesmas s s s and e s SO A A T ORN S S HE A SRS 38

CHAPTER FOUR
4.0 RESULTS

4.1 Physico-Chemical Parameters of the Walet. ... .co.c v iivmivenrsiiiiorssosssampspasvsdarssssions 40



A LT TCIMIPCIALULE . .1 oot ee it e e e ettt et e et e e et et et e e et e 40

4.1.2 Hydrogen ton Concentration. . ...........ooo. it e, 41
413 Dissolved Oxygen (DO oo 42
4.2 Proximate Composition of Experimentat dict. ... PR 43

4, 3 Growth performance of Clarias gariepinus fingerlings reared in
some non conventional containers for cight Weeks ... en 44

4.4 131 monthly increase in weight of Clarias gariepinus cultured

iN SOMC BON CONVENIONAL COMAINEIS . 1vvnireretis e iaee e s aa et iranc e e 48
4.5 Bi monthly increase in total fengtl of Clarias garicpinus. ... ..o, 48
4.6 Growth in Relation 1o length and weight.. oo 54

4.7 Carcass Composition of Clarias gariepinus belore mud alter

the experimental period. oo 56

CHATPTER FIVE

SODISCUSSION.. ... et e e e e 59
CHAI’TER SIX
6.0 SUMMARY, CONCLUSION AND RECOMMENDATIONS. ... 63
REFERENCES . ... o e e e 05
APpendix L ..o T e e 76



LIST OF TABLES | g

Table 3.1 Percentage Cbmposilion of Experimental Dicl.......o 009
Table 4.1 Mean variations of iempcerature readings on the growth

cxperiment Clarias garicpinus reared in different non-conventional containers. .. 40
Table 4.2 Mean plf variations readings obtained from the growth experinent

of Clarius gaviepinus reared in diffesent non conventional containers...............41

L

Table 4.3 Mcaﬁ‘variati(ms of dissoivcd oxygen -t‘cading,s on growtl experimernt |
of Clarias gariepinus reared in different non- conventional containers...............42
Table 4.4 Proximate Composition of experimental diet............ TOT i 43
Table 4.5 Summary of Growth indices, feed utitization and %6 survival rate
of Clarias garicpinus fingeriings rcared in some non conventional
containers for eight weeks,............... P PRI v TIPSR 47
Table 4.6 Bi monthly inercase in weight () of Clarias gar‘icpinus cultured
in some non conventional qontainers for cight weeks......... s e, ....50
Tablc 4.7 Bi '.nénthly increase in u;tal length (c‘m) of Clarias garicpinus
cultured in some non conventional containers lor cight weeks. ..o 52

Table¢ 4.8 Proximate Analysis of Clarias gariepinus Carcass belore

and after the experimental period..........oooo TP OP PR .58



LIST OF FIGURES

Fig,4.1' Bi monthly iitcresse in wetght (G) 1. visiaamiimesmimie e cossnsadl
Fig. 4.2 Bi monthly increase in total fength (TEYem ..ooiiniiiiiiiieeieie e, 53
Fig. 4.3 Growth in relation to length and welght.......ooooo e, 55

X1



LIST OF PLATES.

Plate 1 Clarias @armCPimUs., . ... on et e et e e e e e e et e e e e e e e e aeae e eeanes 7
Plate 2 Experimental €lay pol.......oooiiiuiiiiiiniiniiiieiiiiieiiiieieaiieaeeianecanaeana 3
Plate 3 Experimental plastic bath........ T TTTT TR 3
Plate 4 Experimental ATuminium Pol... ..o 32

Plate 5 Experimental water bath. ... 52
Platc 6 Glass Aquarium, which served as Comtiol. ... .. ivicivivins covisrsoseiinisibnnssasssss sossissd

X



CHAPTER ONE
1.0 INTRODUCTION "

Fishes are cold blooded aquatic vertebrates belonging (o either of the two classes
Chondricthyes (Cartilaginous fish) or Osteichthyes (bony (ish) which together comprise over
30,000 species occurring worldwide in seas and fresh waters (Macmillan Encyclopedia, 1981).
Fish arc of major importance as a source of food, their other products and for sporl. Fish arc
consumed as human food but provide many other by-products. inctuding lish meal, Tish oils,
glues, pharmaceulicals, shells, pearls and others (Macmillan Eneyclopedia, 1981),

Socio cconomically, [isherics make significunt contribution 1o the impmvcménl of Nigerian
geonomy in lerms of income, cmployment opportunities (in coltage industrics involved in the
processing of fish products, fish oil, in fish market), forecign exchange earnings and making
significant contribution to the gross national products. Financial analysis revealed that fish
marketing business is highly profitable in Nigeria (Lyo ef o, {991).

For many years, rescarchers have focused moré on fish nutrition, nutrient utilization and growth
performance with little attention to how best to rear fish for leaching purposes.

One of the major constraint militating agamst cflective teaching and learning of science
in the secondary schopls is inadequate laboratory {ucilitics and specimens. Many sceondary
- schools in Nigeria lack ponds/aquaria, which makes effective teaching and learning of fisheries
V(I:ry difficelt. Ultimately, the teaching of subjects like Biology, Agricultural science and
Integrated science are negatively afTected.

The major objectives of the Junior and Scnior Sceondary School Agricultural Education
amoungst other things include
Stimulate and sustain students’ interest in Agriculture,

Acquisition of basic knowledge and practical skills in Agriculture/lish cubture,

Prepare students for further studies i Agriculture,



Prepare students for oceupation in Agriculture (I'ME. 1985),
On the other hand, Biology syllabus focuses on cquipping student with,
adequate laboratory and field skills in Biology:
Meaningful and relevant knowledge in Biology:
Ability to apply scientific knowledge to everyday life in matters of personal and communily
health and Agriculture:
Reasonable and functional scientific attitudes (I'ME, 1985).
"Teachers have been teaching these students theoretically which has not been
helping the students to acquire the practical skills and learning is not permanent.
An old adage says:
“what | see I know
what I hear I forget
what I do I understand™
It is hoped that the current study would identify methods of raising lish using locally available
resources.,
L1 Justification
One of the aims of secondary education is to prepare the child for useful living within the
society. In both Junior and Senior Sccondary Agricultural Science syllabi, fisheries is an
important topic. For instance in the Junior Secondary Agricultural Science S)‘”:Ibl-.ls fisheries is a
major topic which focuses on Fisheries. classification, uscs, fishing, fish processing and
preservation. (FME, 1985). The performance objectives are:
ldentify fish types and different dquatic macro organisims:
State the uses of {ish and fish products;
Identify fishing equipment:

State the various methods of preserving fish (FMI:, 1985),

-



While in the senior sccondary schools Agricultural science syllabus, fish farming wwd fishery
regulations are major topics and performance objectives are:

State the conditions necessary for siting a fish pond;

Lstablish and maintain a fishpond or an aquarium;

State the basic laws and regulations on fishing. (FME, 1985).

Apart from this, Biology syllabus will not be complete without Tish. Fish is an important
specimen in National Examinations Council (NECO) and West Afrvican Examinations Council
(WALC) examinations. In view of the importance of lisheries as stated above, in schools, little
or no attention is paid to fisheries. During NECO/WALC examinations Biology and Agricultural
science teachers run helter-skelter to get fish as required by the examination bodies.

In recent years i.e. 2003 and 2004, WALEC and NECO have set questions on fish i.e. bony
fish (Tilapia), hish scales, gills (fresh ones) and West Alrican Senior School Certilicate
Examination (WASSCE) NOV/DEC question 7bl was on fish. In WASSCE 2003 Agricultural
science practical specimen B was fish. In National Examinations Council (NECO)  Senior
School Certificates (SSCE) 2003 Biology practical specimen 1 was gill (Tresh ones). In WASSCH:
2006 Agricultural science practical specimen O was Catfish, specimen P owas Tilapia spp.
specimen R was hook and line.  (lishing cquipment) Similarly. in NECO SSCE 2000
Agricultural science practical specimen C was fishing net and specimen 1D was Tilapia lish
(fresh).

The present study was undertaken to determine how live fish could be reared using
locally available resources for effective teaching and learning in secondary schunl.»-;.

Most secondary schools in Nigeria, lack ponds/aquaria as teaching aids for students. A
study of this nature is vital in providing basic requirements lor the rearing ol fish in secondary

schools for the teaching of Biology, Agricultural scicnce and Integrated science, ete. This will
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make the study of lisheries interesting to the students, and turther forms the basis {or a career in
fish farming which will ultimately address the problems of uncnaployment/poverty in the socicty.
1.2 Statement of research hypotheses
" For this study, the null (Ho) and Alternate (1) hypotheses are postulated on the growth
performance of Clarias gariepinus reared in non conventional containers and aseetlatn the
containers in which growth of fish is best.
Hey  There is no diflerence between the growth performance ol Clarias gariepinus
fingerlings cultured in different experimental containers in the laboratory.
Hy There is difference between the growth performances of Clarias gariepinus Tngerlings
cultured in different experimental containers in the laboratory.
Ho Fish can be reared in non-conventional aquaria in (he laboratory.
Hi Fish can not be reared in non conventional aquaria in the laboratory,
1.3  Aim of study
This study was focused on the usc of some non conventional containers for rearing
Clarias gariepinus in secondary schools for the purpose of lcaching. '
14  Objcctives
The study was therefore designed with the following spcci!'lu objectives:
1} To determine the growth performance of Clarias gariepinus reared tn some nen convenlional
containers in the {aboratory, _ : ']

2) To ascertain in which of the easily available and alfordable containers the growth of the [ish

15 best.



CHAPTER TWO
2.0 LITERATURE REVIEW
2.1 Distribution of cat fishes

Cat fishes are bony fishes. Most of them are freshwater fishes, but a few live in the sea.

There arc over 1200 different marine and freshwater Catfish of which only few freshwater
species are important o commercial farmers. Catfish are lound all over the world. in many
different types of home. There are cave catfishes and those which live in torrential streams.
There is electric cat fish, and an African cat fish which swims about upside down. (Landau.

1992).

In Hungary and Yugoslavia, the culture of the Furopean catfish - sheatfish. or wels
(Silurus glanis) is fairly well developed. These tasty and fast growing fish may exceed 2m in
length. Two catfish of the lamily Clariidae, Clarias batrachns and C. macrocephaluys are raised
in Thailand, Vietam, India, Pakistan and Malaya. These fish are very hardy, rapidly growing
animajs. Clarias is a good air breather (therelore easily transported when kept moist and ¢

ool).

(Landau, 1992).

Catfish belonging 1o the family Pangasiidac in particular Pangasius are cultured in
Thailand, Veitnam, Laos and Cambodia. These fish are usually grown in foating cages and fed

Jrash fish, aquatic vegelation, rice bran and other plant products. (Landau, 1992)

All catfish cultured in the United States belong 1o a family of Ietaluridace. Some farmers

srow the blue catfish, Ietalurus furcatus, or the white catlish, Zeralurys catuy, but by far the most

ommonly cultured species is the channel cat fish Jetalurus punclatus,
Bull head cat fish are considered @ pest by most catfish farmer: buil heads or mud
ishish, includes: the speckied bullhead, 1. Nebulosis marmoratus, brown bullhead. Lnehulosus,

ack bull head, 2 melas and yellow head, Znatalis. (1.anday 1992).

¥



2.2 Geographical distribution of Africa catfish

The African mudfish is widely distributed throughout Alrica. 1t has an almost Pan-
African disteibution, ranging [rom the Nile to West Africa and from Algeria to Southern Alrica.
It also occurs in Asia Minor (Israel, Syria and South of Turkey) it inhabits tropical swamps, lakes
and rivers, some of which are subject to scasona}l drying (Veveen ef af., 1980).
2.3 Biological description
The taxonomic status of Clarias gariepinus is illustrated below:

Taxanomic status

KINGDOM Anima)

PHYLLUM: - Chordata

SUB-PHYLLUM: Vertebrala

SUPER CLASS: Pisces

CLASS: Osteichthyes

SUB-CLASS: Actinopterygii (ray-ﬁnncld ;151105)
ORDER: | Siluriformes (cat{ish)

FAMILY: Clartidac (Airbreathing catlishes)
GENUS: Clartas

SPECIES: - gariepiny

COMMON NAMLE: African Mudfish

Clarias gariepinus has a scale less slimy skin, which is gencrally dark, grayish-black
above and creamy-white below: the fish turns lighter in colour when exposed to light. During
stress it will show a mosaic-like pattern of dark and Tight spots (Plate 1). It possesses a fairly

distinct black longitudinal band on cach of the ventral surlface of the head, The young (less than






9cm long) has a similar colour pattern except that the black bands on the head are absent.
The head is large, depressed, and heavily boned. The mouth is quite large and sub-terminal
(Skeleton, 1993). The upper surface of the head is coarsely granulate in adult fishes, and smooth
in the young (Van Oijen, 1995). It possesses a wide wmouth with eight barbels (nasal, maxillary,
outer mandibular and inner mandibular). With the wide mouth it has the ability to feed on a
variety of food items, ranging from minute zooplankion to fish. Close 1o the nasal barbels, two
olfactory organs are located.

The median fins consist of a dorsal (61-80 soll rays). a caudal, and an anal [in (45-65 soll
rays), while the paired Tins consist of the pectoral and ventral fins. It has a strong pectoral Tin
with spines that arc serrated on the outer side (Tcugels, 1986). The sharp spines are not
poisonous. The eyes are small. The urogenital opening is situated at a papilla just behind the
anus, the male possessing an elongated form of this papilla. According to IGFA (2001), the
maximum size that it can attain is 1.7m (total length) while the maxmum published weight is
60.0kg (Robins er @/, 1991). The maximum reporied age in the wild is cight years. | s a
freshwater fish that can live in a depth range ol 0-80m.

The African mudfish lives in a variety of freshwalter environments, 1.e. it occurs mainly in
quiet waters, lakes and pools bul is also very prominent in fowing rivers, rapids and around
dams {Teugels, 1986). It is widely tolerant of extreme environmental conditions and can live in a
plt range of 6.5-8.0. It is able to live in very turbid waters and can tolerate temperatures ol 8-
35°C. Their optimal temperature for growth is 28-30"C (Teugels, 1986). Verreth and Den
Bieman (1987) specifically recommended 28°C as the optimum temperature for Clarias
gariepinus larval rearing. The presence of an accessory breathing organ enables this species (o
breath air when very active or under very dry conditions. It is also able to seerete mucous 1o
prevent drying and burrow in the muddy substrate of o drying body of water (Skelton, 1993). It

remains in the muddy substrates of ponds (benthopelagic) and occasionally gulps air through the
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mouth {de Moor, 1988). As a result of being capable of atmospheric respiration it may exist in
mud during the dry season. It is potamodromous, which it can migrate between streams and
rivers (Teugels, 1986). It can leave the water at night using its strong pectoral lins and spines in
scarch ol land-based food or can move into breeding arcas through very shallow pathways
{Burgess, 1989),

It is a bottom feeder, which is also capable ol feeding at the surface (Teugels, 1986). 1t is
an omnivore. It is not specific in its food requirements. In its natural state, it is known to feed on
insects, plankton, snails, crabs, shrimps, and other invertebrates (Burgess, 1989). It is also
capable of cating dead or rotting animals - birds, reptiles, amphibians, small mammals, other
fishes, eggs, and plant matter such as fruit and seeds (de Moor, 1988). Because it 1s maobile on
fand, it is able to predate on terrestrial organisms. This species may also hunt in packs on
occasion by herding and trapping smaller fish. 1t is also referred to as sharp tooth catlish because
of its fine. pointed bands of teeth (Skelton, 1993). This species can live in very poorly
oxygenated waters. Since the fish can tolerate low dissolved oxygen levels in the waler, it is very
suitable for fish culture. In nature, it matures alter 2-3 years. Under pond conditions however.
mudflish mature at 7-10months (Viveen ¢f al., 1986).

The knowledge of the culture and increased survival rates of catfish is still insufficient 1o
alleviate the difficultics encountered in its rearing. Clarias have been known to exhibit high
mortality rate at its carly stage of development (Faturoti ¢f ¢/, 1988) which may be due (o its
nutritional requirement. Oresegun and Ayinla (2001) reported that Clarias spp are predators and
that the most popular cultural system is its combination with 7iapia spp which is a prolific
breeder. Clarias are bottom dwellers and are penerally dorsal ventrally compressed and have

streamline shape. They feed on mud, detritus, worms, algac cte



2.4 Sexual differences

Sex of a fish can vcry. seldom be determined from external characters. [n Clarias, the
fcmales are characterized by a flat, rounded genital oh&ning, a wide abdomen, and a small head.
A large rounded belly and soft ovarics are characteristics ol a good spawner. Male Clariay has a
nipple like genital papilla, a wide head, and a relatively thin abdomen. The characteristics of a
male brooder are darkening under the body and a protruded genital papilla (Landau, 1992),
2.5  Suitability of Clarias in aquaculiure

The Clarias exhibit many qualitics which make them suttable for culture. These include
ability to withstand stress, disease resistance, fast gmw_th rate, bhigh yicld potential, high
lecundity as well as high palatability (Eroundu ¢ o/, 1993 Nwadukwe., 1993). They can also
wilhstand low oxygen and pH levels (Huisman and Richter, 1987; Fagbenro and Sydenham.,
1988). These qualitics make Clarias gariepinus suitﬁblc for this study.
2.6 ¥ood, feeding habits and feeding regimes of Clarias under experimental conditions

Clariay spyp is describe as omnivorous with a high propensity for being carnivorous (Reed
¢t al., 1976). They live mostly al the botlom of rivers, swamps and muddy places (hence the
name mud-{ish) whete they feed on a wide variety of food ranging from decomposing organic
maiter, plankton, weeds other small fishes, insccts and their larvae, crustaceans, worms, snail,
cte. (Bakare, 1968). Clarias can thercfore be described as an opportunistic feeder, fecding on
virtually everything that comes ils way. Clarios can survive under all kinds of conditions and can
be raised under restricted environment.

Madu, er al. (1987} reported that 40% crude protein meet the dictary requirement of Clariay
gariepinus fingerlings of about 2-5 months old. The experiment he conducled yiclded 2.065g per
day as the mean weight increases in the fingertings using 40% crude protein feed. A similar 40%
crude protein level gave similar weight increase (Faturoti ¢f «l.. 1986). Using different leeding

levels and feeding frequencics in the culture of Clarias gariepinus {ingerlings, Hogendoorn |
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{1980) found out that a body weight of about 10p could be achicved within iwo months afier first
fecding taking into consideration that onc month was used to raise the fry up to lingerlings of
0.5 to 1g. On [ecding frequency Hogendoorn, (1980) also found out thal conlinuous feeding for
24 hours a day gave he fastest growth [ollowed by continuous feeding for 12 hours at night. On
{eeding regimes, (Faturoti, 2003) recommcndcq that fingerlings be fed twice a day, morning and
cvening between 8-8.30 am and 5-5.30pm respectively at 3-5% body wciglﬁ per day. Oncc a
while “the container’s bottom should be checked for Tood remnants about 30 minutes after
feeding. IF any food remnants have accumulated the quantity of Tood fed should be reduced.

[Faturoti, (2003) sums it up “the last guide for the aquaculturist is to place the feed, where it
can be obtained by the fish. Offer it so that it will be immediately caten and present it so [haILleI
ihe fish will receive their share. ' | 63“8* LL
2.7 Nutrient requirement of Clarias . Db‘(cﬁ

Several works have been carried out to show the inevitability of some basic nutrients of some
of our indigenous fish such as Clarias, Tilapia, Carp cte.

Fish like any other animals require a well balanced diet to meet the physiological needs of
encrgy supply, promotion ol growth, body maintenance and reproduction. Supplementary diet is
needed to meet all its nutritional requirements for better and {aster growth especially when reared
under closed confinement and at high stocking density. In intensive colture system, the growth of
fish depends primarily on the quality and quantity of feed supplicd by the farmer (Chan and
Tang, 1978). f :;

According to Lovell (1989), nutrient requirements for any animal species can be defined
using several criteria, and the requirement for a given nutrient may vary with the criterion used.
Growth, reproduction, behaviour patterns, nutrient storage. enzyme  aclivity, gross and
histological appearance of tissues and their content of nucleie acid and proteins are the major

criteria used o assess (he nutritional adequacy ol dicts. Falaye (1988) stated that (sh require
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protcin, fat, carbohydrates, mincrals and vitamins which must be avuiln_bic to cnhance fast
growth and optimum harvest of healthy tish.
2.7.1 Protcin and amino acid requirements

[n aquaculture, the protcin requirement of the lish species being reared has to be satisfied.
Proteins are composed of long chains of amino acids. Although proteins may be metabolized for
cnergy, onc goal in aquaculture is to utilize as much ot the dictary prolein as possibic for growth,
allowing the carbohydrates and lipids to provide metabolic encrgy. Proteins are the flesh-forming
principles present in most foods. They are also known as “proleids’. ‘albominecids’, or
‘nitrogenous principle’, the latter name being used on account of the presence in them of
nitrogen.  Proteins have 1 addition to carbon, hydrogen and oxygen, nitrogen and usually
sulphur and sometimes phosphorous (William and Geofirey, 1967).

The nutritional impottance of dictary protein is due to its amino acid content. Fish require
cerlain amino acids (“essential™) in protcins for growth, tissuc repairs, general health and
rcpl‘nciuction. Fish cannot make the essential amino acids, and they must be provided in the diet.
Protein is the most significant and the most expensive single nutrient in fish diet
preparation, According to Reay (1979), the gross digestible protein requirement for a number of
farmed fish species fall within 20-25% of total dictary weight. [t will therelore be ol advantage
1o increase prolﬁ:in efficiency ratio without negative ¢ffect on food conservation ratio which
consequently cnsure that cxpensive dietary protein is utilized for {ish growth and spared as a
source of encrgy.

According to Faturoti ¢f «l., (1986) 40% crude protein fevel was optimum for growth and
food utilization in Clarias lazera. Madu and Tsumba (1988) alsa reported that the best prowth
performance and food utilization parameters for the mud {ish Clarias anguilaris were altained at
40% crude protein level when the lish was fed with different level of protein diet. Degani ef of.

(1987) also reported that 40% protein level wiws buest Tor growth ratio tor Cloriay poricpinus
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when fed different Jevels of proteins. On the other hand if too much protein is supplied in the
diet, that which is not utilized will be broken down to produce energy (Lovell 1989). and Hilton
(1982) reported that carthworm meal contains most of the amino acids needed for fish prowth,

However, that there is amino acid deficiency in carthworm meal. Lovell (1994) reported
that the biological value of protein source does not only depend on its amino acid profile but also
on 1ts digestibility.

The quality ol protein in any diet is principally based on the amount ol essential amino
acids present. Amino acids are the substances derived from the ultimate products of digestion.
There arc about twenty naturally available amino acids; arginine. histidine, isoleucine, leucine,
methionine, phenylalanine, threonine, tryptophan, valine, alanine, aspartic acid, asparagines,
cystine, glutamic acid, glutamine, glycine, proline, serine, tyrosine (1lardy, 1990) but only the
first ten are essential for fish growth because they are not synthesized in lish and so must be
provided in the feed. As such, they arc referred to as “essential™ or “indispensable™ (Norris,
2005). Most species of fish require a dietary source ol at least one sulfur-bearing amino acid.
although when the required one is available in sullicient quantity, other sullur-bearing amino
acids can be synthesized from it (Stickney, 1979). Methionine, cysteine and cystine contain
sulphur and supply as the raw material for all the sulphur-containing compounds used in the
body, such as glutathione, taurine, the thiosulphates and the thiocyanates. A particularly
important amino acid for growth is lysine. Proteins rich in lysine can be obtained from legumes,
lish meal, blood meal, or meat and bone meal. Tryptophan is very important for growth of all
cells and normal development. 1t is used in cell proliferation. Arginine and histidine play an
important role in maintaining a normal and healthy bloodstream and has other complex l[unctions
(William and Geoffrey, 1967). Animals, fish inclusive are able o synthesize some of their amino
acids (non-essential amino acids) from carbohydrates and lipids, and other nitrogen compounds,

but gencrally from other non-essential amino acids. Any dict deficient in any ol these essential

13



amino acids will cause depressed appetitc and growth rate of fish {Aywla, 1991). Duc 10 a
shorlage of an economic source of animal protein, plant protein is increasingly being resorted to
in spitc of the fact that the best quality of proteins come (rom fishmeal (Lovell, 1981). Fishmeal
is not dcficient in any of the cssential amino acids. In fact, it contains an exeess of those which
arc deficient in any most plant protein. This ma_kcs {1sh meal a valuable complement to [ish diets
containing large amounts of plant ingredients. Feedstulls of vepetable arigin on the other hand,
are as a whole lower in protein content when compared with {ish meal, In addition, the presence
ol high amounts of carbohydrates, libte and other organic mwolceules such as plycosides,
phytates, and cyclopropencs in these sources preseni the nuiritionist with problems that are
generally not encountered with thp former. Despite these problems, TeedstudTs like soya beun.
cotton seed meal and sunflower meal are being used to some extent in commereial aquaculture
dicts. None, however, perform as well as fish meal on o prolein cquivalent basis. These
feedstuffs contain protein in amounts ranging [rom aboul |5 to 50 percent and so [all within the
range of the protein requiremients for optimum gmwlI} of several specics of fish. However,
protcins derived from vegetable sources are somewhat deficient in several key amino acids such
as lysine, methionine, and tryptophan (Iardy, 1990),

Soya bean is onc of the most abundant plant protein availabie tor fish feed today in most
parts of the world, Nigeria inclusive. Thercfore, a considerable amount ol work has been done
for its use in fish dicts (Eyo, 1989). It contains all the essential amino acids which are required
by fish (Lavcll, 1985; Fyo, 1989). Soya bean meal is thercfore the highest quality (best baulanced
in essential amino acids) plant protcin available. However, its use in fish feeds competes with
other uses to which it is put. For instance, it is incorporated in livestock and poultry feeds. Man
also uscs il as food and other effcet of all these is an ever increasing cost due Lo its demand.

The cssential amino acids cannot be synthesized by (he 1ish and henee must be supplicd

in the dict. The ten essential amino acids needed for growth are arginine. lysine, leucing,
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isoleucine, histidine, methionine, valine, phenylalanine, threonine and tryptophan. These amino
acids must be in the dict in near balanced amounts to furnish an acceptable amino acid this
pattern before fish flesh can be formed. A deliciency in one more ol these esseatial nutrients
result in reduced growth rate, depressed appetite discase or even death (NRC, 1993),

FFagbenro ef al. (2000) reported the cslimutcd essential amino acid reguirements in (g/kg
protein) of Clarias gariepinus  as, arginine {(445), histidine (21.5), isoleucine (30.6), leucine
(52.2), lysine (57), methionine (18.3), Phenylalanine (27.3), threonine (31.6) and valine (29.0).
Eyo (2001) work on fish feeds and reported  that cercals, paln kernel cake and groundnut cake
were low in lysine and methionine. Cotton seed cake and soybean meal were low in methionine.
Blood meal has been reported to have the least isoleucine content.

The requirement of Clarias hactrachus Yor protein in a practical type diet was suggested
by Cruz L. (1976) as 35.69 — 37.72% while Garling W. (1976) recommended 32 — 36% for
channel catfish. Halver (1978) reported from his work in feeding fry, fingerlings and yearling
fish have shown that gross protein requirements are highest in initial feeding fry and that they
decrease as fish size increases. To grow at the maximum rate, fry must have a diet in which
nearly half (50%) of the digestible ingredient consists of balanced protein. At 6-8 weeks, this
requirement is decreased to about 40% of the diet for salmon and frout and 1o about 35% of the
diet for yearling salmonids raised at Standard Environment Temperature (SET).

Chakroborty (1981), studied the growth performance of Catfish Heteropnenstes fossilis
Iry reared in laboratory aquaria on three fish feeds prepared from indigenous materials as frog
meal, mustard cake meal, rice bran, aroid lcaves and table salt. Te concluded that a good lTeed
must contain 40% or more of good quality protein. Faturoti er al. (1988) when working with
artilicial microencapsulated cgg dict containing 48.8% crude protein concluded that 40% crude

protein diet among the other alternative diets used was optimum Tor growth and utilization ol
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Clarias lazera. The microencapsulated diet with its high protein content did not add any special
nutritional benefit on the growth and nutrient utilization of the fish.

Ayinla and Akande (1988), while working on the growth response of Clarias gariepinus
fed silage based diet concluded from their result that Clarias gariepines Hingerlings and juveniles
require 31-34% crude protein while the adult requires 40% crude protein. Faturoti ef al. (1988)
also recommended 40% for Clarias gariepinus, M;ldulil")‘)?) also recommended 40% crude
protein for Clarias anguillaris and 40 - 42.5% was recommended for Heterobranchus bidorsalis
(Fagbenro er al., 1992)

2.7.2  Effect of age or fish size on protein requirement

The effect of age or size of fish on dictary protein reguirement showed a peneral decrease
in protein requirement with increasing fish age or size. For example channel catfish Iy require a
minimum of 40% protein decreasing to 30 — 36 pereent protein for lingerlings and 25 - 30
percent protein for fish weighing more than 11dg. (NRC. 1977and Andrews: 1977). Andrew
(1977) further demonstrated that the higher protein concentration in the two ranges, produce
better growth of channel catlish Tingerlings and  juveniles, Whercas the lower protein
concentration provide betier protein conversion.

Bolarin and Haller (1982) reported that Tilapia of less than Tg require 35 to 50 percent
protein, 1 — 5g fish require 30 — 40 percent protein, 5 - 25g fish require 25 — 30 pereent protein
and Tilapia weighing more than 25g require 20 - 25 pereent protein. Goldfish require about 40
percent protein during the initial feeding stage of [ry (Mohanta ¢f «f, 2002) and 29 percent at
lingerhing stage (Lochman R. e/ al., 1994)

2.7.3 Carbohydrate requirement

Buhler and Halver (1961) reported that relatively high levels of carbohydrates are

tolerable by carnivorous fish and that dictary carbohydrate levels ol around 20% may be optimal.

The carbohydrate based feedstults are usually the cheapest source of energy (or cultured [ish
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beeause of their natural abundance: A ration poor in carbohydrate entails the use of either lipid or
protein to provide the neeessary calorics (Cowey and Sargent, 1972). L addition to cucrgy,
carbohydrates have the physical funclions of texturing manufactured feeds and acting as a binder
m the formation of both compressed and expanded pellels. Energy is another nutritional
component for the aquaculture of animals. Failure (o include adequate quantity ot energy in the
dict result m reduced growth, whereas excessive quantilics ol energy resull in undesirable fat
deposition or reduced feed consumption (NRC, 1993).

2.7.4 Fats requircment

Fats are dictary source of essential fatiy acids, which are required lor the normal
functioning of the body. Catacutan (1991), revealed that homocothermic animals have dictary
requirements for Essential Fatty Acids. From the stand point of practical lish culture, dictury
lipids‘arc an important source of cnergy and the only source of issential Falty Acids (EFA) in
fish and are different from species ta species and {rom age and size (Shepherd and Bromage,
1992).

Lipids are often neglected in fish [ecd preparation. Cowey and Sargent (1972)
rccomuiended that they should not be present al excessive levels in Lhe diet of fish. They are non-
protein caloric sources and are generally more digestible than some carbohydrates (Hilion,
1982).

2.7.5 Mincral requirements

Mineral requirenient of fish is similar 1o those of terrestrial animals. Fish have a
requirement for caicium, phosphorous, potassinm, chiorides, magnesium, iron, manganese, zinc,
copper, iodine, cobalt, and fluoride. Fish require large amount of calcium and phosphorous. Fish
can absorb  somc of the minerals in the water and this reduces their requirement {Lall, 1991),
Aduku (1993} reported that blood meal, bone meal, ﬁ:_\'h'mcul, hime stone et are natural sourees

of macro and micro mincrals used in feed formulation for orimele Tann el conndine 1o
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minerals to the fish and can be prepared simply by burning cow bone. It is added to the diet at
0.5% of the ration. The mincral requirement of channel catlish have been reported by Lim and
Dominy (1989) to be as follows: calcium <0.1%, Phosphorus 0.4%, Magnesium 0.04%, iron
30mg/kg, copper Smg/kg, manganese 2.4mg/kg, zinc 20mp/kg and selenium 0.25mg/kg.
Mineral are major elements needed in the fish diet for the adequate maintenance ol their body
activitics. Minerals are required in the body for teeth, bones. scales and tissue [Tuids. They serve
as variety of supporting functions in body chemistry. For example iron in the hacmoglobin
molecule enables blood to carry oxygen to the cells. calcium and phosphorus are the major
minerals most likely to be lacking in the diet of fish. Some are needed in large quantities such as
calcium, phosphorus, magnesium, sodium and potassium while some are required in very minute
quantities such as iron, iodine, mangancse, copper ete. According to Gallagher (1993), in some
fishes mineral uptake in the water may be sulficient but in others, dictary supplementation is
necessary.

2.7.6 Vitamin requircment of fish,

Vitamins are organic compounds that serve as catalyst for many biochemical reactions in
the body tissues. Vitamins are also required in the dict in relatively small quantities Tor proper
growth, health and function in lish and gencrally in other animals. Lovell and Lim Shurau (1982)
showed that Oreochromis niloticus produce vitamin 13 12 in the intestinal tract through bacterial
synthesis and not require much of the vitamin in the dict. Deliciency of almost any vitamins can
result in increased susceptibility to diseases and retarded growth (Woodward 1994; Kaushik et
al, 1997). These studies shows clearly that the supply of all vitamins at their minimal
requirement levels as per the (NRC,1993) is sufficient to support rapid and minimal weight gain
for diverse species of fresh water fish like catfish. Vitamins present in natural food are suflicient

for fish.
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[However in an intensive culture system, where limited natueal {ood organizations are
present, vitanmins are supplemented through commercial foeds. Vitamins are usually used as
premixes in the diet of fish. They arce usually introduced at ! or 2% ol the leed. Lovell (1989)
reported that it is possible to formulate a fish fved from commercial ingredients thal is adequate
in esscitial vitamins except vitamin C. Lall (1991) gave the sumimary ol vitamin requirements of
diet for the grbwth of channel ca..tﬁsh as lollows: vilamin A 5,300-ju; D, Sﬁ{}-4, 00010 E50-
100iu; vitamin k  10tu, thiamine 1-20mg; Riboflavin, 9-20mg; pyridoxine 3-20mg; pantothenic
acid 10-50mg; Niacin 14myg; tolic acid Smyg; B2 0.02mg; Choline 40, Inositol, not required;
(N.R); C(N.R) or 100mg.

2.7.7  Encergy requiremcent

Fish necd energy to maintain basic mctabolic activitics and to support growth,
reproduction activity, and good health, Proteins, carbohydrates and lipids can alt be used for
energy. Lipids contain about (wice as much calorics per gram as proteins or carbohydrates
(l.ochman, ZOGI). |

According to Lovell (1989) fish have a lower cnergy requirement because they do not
maintain a constant body temperature and they exert relatively litue energy to maintain position
and to move in the water than and do mammals and birds on [and and in air respectively.

Fish tend to adjust their feed intake in accordance with their energy requirements (Smith,
1989), and there was no evidence of differential feed ttake of fish fed dilTerent diets.

2.8  Water quality requirement
The composition, digestibility and physical characteristics of feeds may huve a significant
. : / _
effeet on water quality. The excretion of indigestible matter can be reduced by the manipulation
of dict composition. Ingredients containing high concentrations of ash, libers, chitin and
indigestible carbohydrate result in an inerease in the excretion of suspended solids, ammonia and

phosphorus. These substances cause cutrophication consequently leading o oxygen defieits in
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ponds or the receiving water (Ketola, 1985; Sumari 1986). Pict containing a high level of protein
or & poor quality protein with a low Ievel ol energy supplicd from lipid resull in increased
oxidation of protein causing high rate of amumonia excretion from ithe gills and high faccal
nitrogen content. The phosphorus outpul trom fish farm can be controlled by reducing the
phosphorus fevel in the diet increasing feed cﬁ"'lcicncy and hmiting the use of leed and limiting
the use of feed ingredient, supplying excessive levels of phosphorus  (Ketola, 1985, Sumari
1986). Lixcessive carbohydrate particularly starch stimulates the growth of fungi, Furthermore,
{ecds containing lipids which are not properly retained in the pelict may feach out thus producing
a thin film on the water surlace and possibly affccting the fishes gills.

According (o Guidice, ef oof (1982), iron at 0.5ppm begins to coat the gills of fish causing
impaired respivation. Sand Gllers may be used with acration (o remove trons {rom incoming
water, Less common problems are the presence of hydrogen sulphide or ammonia in well water,
Hydrogen sulphide leaves the water as a gas alter aceation (Guidice er «f: 1982). Amine ef «f
(1994) reported that artificial feeds change the relationship, which cxist between the animals and
its environment. The deterioration of water quality and lank cleanness due to the use of
formulated feeds may also affect the survival and growth rate of fish larvace n their carly stage
{Aminc ef af, 1994), Windell e af. (1978) showed that improper collection of facees such as
allowing faeces to remain m the fish tank oo long, causced serious over estimation of digestion
cocflicients,

2.8.1 Temperature

Temperature is next (o dissolved oxygen as the single most important faetor aftecting the
welfare of culiured fish are poikilothermic and waler temperature plays o tremendous role
their feeding. This parameter affects the metabolic activitics, Teeding potential. growth, survival,
reproduction in atl fishes (Duprbc and Thunncr, 1984Y and efltciency of food conversion

(Martincz-Palacios et ¢/, 1993). It has been reported that a 5°C sudden change in temperature
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will stress or even kill fish and this has formed the basis of the acclimatization ol fish (Adeniji
and Qvie, 1990). Temperature has a pronounced effeet on the rate of chemical and biological
processes in water. For instance, fish require twice as much oxygen at 30° C than at 20" C
(Adcniji and Ovie, 1990). Increment of the water ICI\-’L:"I] may thercfore be necessary at higher
temperatures. Temperature also affects the dominance and distribution of phyloplanktons in
wntcr.. It is recommended that fish in the tropies be kept in water whose temperature  runge is
between 25°C and 30°C (Auta,1993). Commercial production of aquatic organisms is ofien
limited by water temperature and/or the length of the growing season, The body temperature of
an agquatic organism is approximately the same with the water temperature that affects its activity
and growth. The level of temperatyre that promotes growth differs among different types of
aquatic animals. or example goidiish and trout require tower water temperature than Channel
Cat fish. Temperature below the optimal levels, prolong lime required (o mise an agualic
organism o market size and consequently, raise production cost. Temperature above the oplimal
level for growth will stress the aquatic organism and result to disease and oflen death (Louis,
1997). Water temperature in {ish pond varies tfrom 27% in the moring to 31% in the later
aflernoon.

2.8.2  Hydrogen ion concentraiion (pH)

The pll of water is a measure of how acidic or aikaling it is on a scale of 0 10 14 with 7
being neutral. tn fish ponds, the time of day thal a sample is taken olten will influcnce the pll
because of variations in the cachon dioxide concentration. As plants in the water remaove carbon
dioxide for photosynthesis, the pH will increase. At night, the ptl will decrease as carbon dioxide
accumulales, Increasing the total alkalinity concentration in waler helps bulfer against pil
changes. The pH of the pond water varics from 6.9 to 10.3, incrcasing in the alternoon and

decreasing at night (Anonymous; 1994)
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Chronic pl levels may reduce fish reproduction and are associated with tish die-ofty
(Stone and Thom{orde, 2006). Adeniji and Ovie (1990} noted that acid and alkaline death points
are approximately at pll 4 and 11 respectively and that water with pll values ranging from 6.5 to
9 were observed to be the most suitable for fish production. Dupree and Hunner (1984) also
observed that high pH increased the toxicity of sulphides. Also. Auata (1993) stated that the

desirable pH range (or {ish is 6.7 10 9.0. f
2.8.3 Total Dissolved Solids (TDS)

The term “Total Dissolved Solids” (TDS) refers mainly to the inorganic substances that
are dissolved in water. These substances can include carbonate, bicarbonate, chioride, sulphate,
phosphate, nitrate, calcium, magnesium, sodium, orpanic ions and other ions. A certain level of
these tons in water is necessary for aquatic life (Stone and Thomlorde, 2006) TDS (in mg/] or
ppm)are solids in water that can pass through o BGlter (usuadly with a pore size of 0.45
micrometers),

Changes in TDS concentrations can be harmlul because the density of the water
determines the flow of water into and out of an organism’s celis, therefore, i TDS
concentrations are too high or too low, the growth of fish can be limited, and death may occur.
Similarly, total suspended solids (TSS), high concentrations of ‘T3S may also reduce water
clarity, contribute 10 a decrcase in photosynthesis, combine with toxic compounds and heavy
metals, and lead to an increase in water temperature {Murphy,2005).

2.8.4 Electrical Conductivity (EC)

Electrical conductivity (EC) is a measure of how well a solulton conducts electricity and
is correlated with salt content, Conductivity is typically reporied i units of  {p Stemiens/cm
{microsiemen per centimeter), Freshwater fish generally thrive over g wide range of electrical
conductivity. Elcctrical conductivity (EC) also can be used o give a rough estimaie of the tolal

amount of dissolved solids (TDS) or the total amount of dissolved jons in water. Typically, the
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TDS vatue in mg/i is about }‘Iélll"()f" the RC (pSlicmcns/cm)' i ligh conductivity is an indication of
the presence of large amounts of dissolved salts which may be detrimental to (ish. The desirable
range is 100-2,000. p Siemens/cm and the acceptable range is 30 - 5000 p Sicmens/em (Stone
and Thomforde, 2006).
2.9 By-produet of plant and animal m'igii_l used in the feed of Clarias Gariepinns
2.9.1  By-product of animal origin o

The use of animal proteins in the diet ol Clarius gariepinns have been reported by many
fish nutritionists. Fish meal is used extensively as a source of protein in fish feed because of its
unrivatied nutri.tive value, It has th.e highest biological value, highor in digestible energy, rich in
tysine and methionine, mincrals, vitnmins and perhaps, unidentiticd growth factors required by
Nish (Lovell, 1981). However, Akinwande ef of. (2002) reported that maggot meal could be
successiully used o replace up to 50% fishmeal in the diet of Clarias gariepinns Iingerlings.
with optimal growih and nutrient utilization achicved, Blood meal is another animal protein

»

sourcc, which have been incorporaled into diet of fish for improved growth. Although it has a
high crude protein, its inclusion in the dict of Clariay anguilaris beyond 50% (Yiyo, 19917 was
found 10 cause a reduced growih rate of the fish. This may be due o the deficiency of isoleucine
and methione, Earthworm 1s a cheap source of protein that was included in the diet of Clarias
gariepinuy lingerlings. The use of carthworm weal though scasonal will drastically reduce the
cost of production in aquaculture operations. Tacont (1994} reported that fishmeal could be
replaced with carthworm in fish feed without any adverse effcet on the growth performance of
the fish species. Toad is not cdible (p human beings because of its poisonous gland but Annune
(1990) fed Clarias gariepinus dry toad meal dicts tor 70 days. He recommended the inclusion of
skinned dry toad meals as a good replacement for compounded feed since fish fed this diet have

better growth response than those fed cither whole dry toad meal or compounded feed,



With the cmergence of [arge scale poultry industries in Nigeria, there is the availability of
enormeus poultry waste that can be used in fish feed formulation. Chicken feather and offal were
tried by Faluroti (2000) and gross profit and profit index were best al 75% and 100% inclusions
ol chicken oflal in the diet fed to Clarius gariepinus. Live maggot, has a crude protein ol 43.8,
erude lipid 1.9, and 14.3 crude fibre (Madu and Ufodike, 2003) it has also been used in the diets
of Clarias gariepinus fingerlings, The result indicated that live maggot utilization by (larias
guriepinus 15 of better economic value as compared (o the costly compounded lish leed. (erias
gariepinus fingerlings were able 10 convert the protein present in the magpot more efficiently
than the compounded feed (Sogbesan, 1998).

2.9.2 By products of plant origin

A Tot of worlk has been done by aquacuiturist on the possibility ot replacing, anual
sources of protein with their plant counterparts n the diet of fish because of high cost of the
animal proteins. Soybean has been identified as possible alternative to fishmeal in fish feeds due
to ils abundant protein, It contains all the essential amino acids and can be used in combination
with Q_lher plants proteins to improve their nutritive value. The Jow methionine lovels in soybean
meal can be augmented by the addition of synthetic methtonine in the dict (Hyo and Olatunde,
1998).

Groundnut cake is another ‘canventional feed of plant arigin used n the diet of fish, Eyo
{1994) substituted soybean meal with dilferent levels of groundnut cake in the diet of Clarias
angyiilaris and the growlh performance and food utlization was observed to be highest at 50%
inclusion level, Banyigi ef of (2001) yeported that diets containing Bambura groundnut meals fed
o Qreachremis nifoticus and Clarias gariepinus wos ldghly digested by the (sh, with highest
value oblained in the fish dict that was traditionally toasted. This indicated that the Bambara
groundnut has potential of being used in feed formutation if appropriate processing methods are

uscd.
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Palm kernel meal/cake is another proven fecdstuff with resulls of several studies showing,
high potentials for use in feed manufacture. When Omoregic (2001) used palim kernel meal for
the juventles of Labeo senegalensis, 10% inclusion level of it compared tavorably well with the
control diet. The protein productive values were not significantly different. Wingkeong and Chen
M. (2002) also reporled no significant dii'li:l“a'nl m the growih performance ol hybrid Asian
catfish fed up to 20% palm kernel meal,

2.9.3  Aquatic by products '

Aqualic weeds has been used extensively in feeding directly or processed and
incorporated into fish feeds {(Haustein ct al. 1987). In a catfish feeding trials, mean percentage
weight gain shows that the diet with 15% duck weeds had the best weight gain which was ¢ven
higher than the control, 94.24g versus 93.83g respectively (Burke and Waldrop, 1978). Jeje
(1992) reported the use of cultured natwral zooplankton to awl better growth performance of
Clarias gariepinus.

2.9.4 Food and bealth benefits of fish

Freshwater fish constitute 69.6% of the total fish supply available to Nigeria (FOS, 1990).
This represents a major source of animal protein supply ta Nigeria, which has a low per capita
protein consumption (Afolabi er af., 1984). Fresh water Catlish or Mudfish constitute an
important part of {ish distetbution in Alrica and the marketing (reads prediet an increase in
consumer demands. The families Claridae and Mochokidac have very pood prescrvation
quz-llit::cs after sﬁlting, sun drying Ell:ld even smoking (Madu ¢/ «f., 1984).

Apart from food value fish parts have scrved medicinally, such as the positive offeet of
fish oils consumption on cardiovascular problems by reducing the scrum cholesterol (Conigilo,
1992). Dietary responses to short  term dicts of fish and the positive effects on protein-calory
malnutrition, asthma, arthritis, aute-immunity, coronary heart discase, and athercoselerosis have

been independently and unanimously reporied (Gerhard of ol 1991 Cobiage of af. 1991).
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some individuals infected with HIV do not develop AIDS for over 10 years while others
fo in a short period of time. These variations have been traced o inadequacy of dictary nutricots
p
wich as amino acids, folic acid, vitamins A, E, B6 and zine (Retherloed. 1994; Ward and Semba.
994). Despitc the lack ol information on the health benefits Trom long-termy intuke of fish
indshell fish, there is no obvious draw back in the opportunity to enjoy healthy living, profonged
ife and good dict of [ish species (Ackman, 1992, Sharkey ef af. . 1992),
W95 Types of ponds
A pond, according to Chamber’s Mini Dictionary, is 4 small lake or pond of water. When
tsh is raised in this cnclosure, it is called a fish pond. But when a {ish is Jocated at the backyard
of the farmer’s home, and it is on a small scale, from a fow metres (2-100m?) (o a few fractions
f an bectare (01-1ha)’ then it is a homestead pond. Homestead ponds can be of 3 main types;
) Earthen
(i}  Conerete
- (i) Make-shift containers, c.g., fibre-glass, bathroom tubs, abandoned dug-out or plank
canoes, plastic container, carthen pot, ete. (Oyin Olakunlc 2000)
Depending on the site, different fish ponds might be constructed; diverston or barrage
onds.
1) Diversion ponds: are made by bringing water lrom another source o the pond. There are
lifferent types of diversion ponds:
(A) Embankment ponds: The dikes of an eabankment pond are built above a ground fevel. A
disadvantage of this type of pond is that you may need a pump to il the pond.
(13) Excavated ponds: An cxcavated pond is dug out of the soil. The disadvantage ol this
type 1s thal one needs a pump to drain the pond. ' ;’

(C) Partially excavated ponds with ow dikes: Seil from digging out the pond is uscd to build

the low dikes of the pond (NSPFS 2005)..
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Different types of diversion ponds are;

A: embankment pond; B: excavated pond; C: partially excavated pond.

(I1) Barrage ponds: arc made by building a dikc-a&:mss a natural stream, The ponds are
therefore hike small conservation dums. The advaniag,c‘ of" a basrage pond is that it is casy ©
construct. However, it is very difficull to cunlrgl this systent: WCis ditticult to keep wild Gish out
and a tot of food added to the pond will be Tost because of the current.

A properly  built  barrage pond (with  overllow) overflows  only  under  unusual

circumstances.(NSPI'S 2005).
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CH Al"l'l.'*JR THREE
3.0 MATERIALS AND METHODS
3.1 Experimental fish

The Fingeriings o Clarias gariepinus were used lTor the experiment. During (he
experiment, the same feed was given lo the tish,
3Ll Experimental desipgn.

Onc hundred and fifty fingerlings of larias gariepinms of unknown parental stock werce
obtained from the Ahmadu Bello University Dam Rcscr,:mir and were immediately conveyed in
plastic buckets filled with water t(; the laboratory. The ‘ﬁngcrlings were  acelimatized in water
bath for two weeks. During this period of acclimatization the {ingerlings were fed with
formulated dict, containing 35% crude protein. while the watey parameters (Vemperature, pllund
Mssolved Oxygen) (D.0) were monitored weekly, At the end of two weeks of acelimatization
the fish were weighed and randomly distributed tnto (ive dilferent types of containers, These
were three mud pols, water baths, plastic baths, aluminum containers and three glass aquaria
measuring 60cm x 30cm x 30c¢m which served as control. These unconventional containers were
ol different shapes as shown in plate 1. Before the Tingerlings were stocked. the containers were
filled with 30 litres of dechlorinaled tap water cach. The waler used was collected from the ap
and stored in large plasiic basing and aluminum containers for 24 10 48 hours before being used.

Faccal matiers from fish in cach of the experimental containers were siphoned daily in
the morning by using a flexible rubber tube and the volume of water replaced by adding f{resh
walter from the stored water to each of the experimental containers before the fish were led. This
1§ to prevent contamination of food and accumulation of waste which can cause Oxygen

depletion.
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3.1.2 Weighing of fish

The weights of the fish were determined immediately affer acclimatization by the means
of Blectronic Metiler sensitive top loading balance and recorded as initial weight.

There after, the weighing was done forth nightly and the final weight of the fish taken at
the termination of experiment.

3.1.3  Stocking of fish

A total of onc hundred and fi fly Clarias gariepinus lingertings were uscd,

The {ish were randomly stocked in the different containers at the stocking rate of ten {ish per 30
litres of dechlorinated water.

There were five trcatments and two rephicates for coch treatment. The water in cach
container was changed cvery other day to remove the facces and the left over feed o prevent
coutermination.

3.2.1 Fecd stuffs,

‘The cow blood meal and fish meal and groundnut cake were used os animal and plant
protein source respectively. Maize and socghum were used as source of Carbohydrate and gary
as a binder. Others were vitunin premix, salt, palm oit and bone meal as source of culeium wete
purchascd at Samaru Market Zaria,

3.2.2 Feed formulations and preparation

Formulation olf the feeds was bascd on a standard which was 35% crude protein Jovel for
Clarias gariepinus in the experimentat diets, Pearson square method was used 1o obtain the
quantity of the feed ingredients to be compounded. The quantities of cach feed ingredient in the
experimental diet for Clarias gariepinus are shown in table 3.t

The experimentai dict was prepared for the experimental fish, The groupd feed stuffs

were thoroughly mixed and the palm oil, vitamin/mineral premixes were added, Afler the
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mixing, the diet was stirred in boiled water (manually) and was pelleted manually using locally

made pelleting machine after which it was allowed 1o sun dry
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Plate 2: Experimental Clay Pot

Plate 3: Experimental Plastic Bath



Plate 4: Experimental Aluminium Pot

Plate 5: Experimental Water Bath



Plate 6: Glass Aquarium, whic

h served as control _Q()L
£3€-L,
A
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33 [eeding
Fecding was carried out three times daily in three meats cvery five hours 8.00am,
1.00pm, and 6.00pm a quantity was equivatent to 5% ol {ish biomass, The teed was divided into
three portions and one-third of the (eed for a day was given o theny in the morning, aficrnoen
and cevening. Fish were reweighed forth nighil'y and the feed adjusted 1o reflect the new body
| weight. The feeding process lasted for ten wecks.
34 Fish weight measurement
The weight gain of fish in cach experimental container was obtained forthnightly. The
fish were brought (.)ul onc afler the other and weighed using Llectronic mettler Top toadimg
balancc. The total and the standard length were {aken and reeorded using measuring board. The
average weight of fish in cach experimental container was determined by adiding the werght of
each fish and divided by thc number of fish in cach of the experimental containers.
3.5 Determination of physico ~ chemical parameters of waler
Water temperature, phl of water and Dissolved Oxygen (D.0) of wider were dctermi.ncd.
3.5.1 Temperature
Waler temperature was (aken wecekly with thermometer calibrated in “C. The

thernmometer was lowered into the water and rotated inside for about 2 - 4 minutes belore

recording.
352 pil

The pH was determined by using a pH nweter. The meter was standardized with buller
solutions wt pH 4.0, 7.0 and 9.0. The readings were taken weekly st a constant interval by
lowering the pil meter into water sample collected tnside the hotties. The pll meter was held

inside the water for about 3 ~ 5 minutes belore the readings were taken.
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3.5.3 Dissolved Oxygen (D.O)

The dissolved oxygen was detcrmined weekly by using oxypgen meter calibrated in parts
per nmillioﬁ (ppm). Gallemkamp magnclic stirrer connected w clectrie source was used Lo stir the
water while the oxygen meter was lowered into water ?éamplcs collected tnside the bottle and
hield instde for about 3 to § minutes before reconding the readings,

3.6 Analysis of fish grow(h

The data collected were analysed for weight gain (v order o estublish (he fish growth and
feed utilization pavameters.
J.6.1  Weight Gain (WG)

Weight gain was caleulated as the dilference between the witial and final bady weights
of the fish at the end of the experiment in gram,

Final weight - initial weight =WQG.,

3.0.2  Percentage Weight Gain (PWG)

The percentage weight gain was calculated as the diflerence hetween the initial and linal

weight divided by the initial weight expressed as percentage.

Percentage Weight Gain= W2-- W1 x 100

Wi 1
\"thrc:
W1 = Initial fish weight (g)
W2 = Weight as a time { days ()
3.6.3 Specific Growth Rate (SGR)
The specific growth rate was detertmined as described by Brown (1957)

SGR = Logcw1 - Lo‘gcw1

T -1
Where W1 = Iunitial weight (g)
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W2 = Final weight ()
¢ = The basc of natural log
T ~t = Time interval between initial and {inal weight (days)
3.0.4 Jleed Conversion Ratio (FCR)
Feed Conversion Ratio was calculated as described by (Hepher, (1988)

Feed applied (g)
FCR =

Net weight fish Produced ()
3.6.5 Feed Conversion Efficiency (FCE)

Weight gained by fish X 1060
ICE =
Weight of food consumed !

3.6.6  Protein Efficiency Ratio (PIiR) (Iepher, (1988)

The protein efficicricy ratio was calculated following Mazid ef «f. (1972) Metheds

Weight gained
PER=
Protein fed
Wheve:
% protein in dict x total dict consumed
Proteirr fed =

100
3..6,7 Feed Efficiency (FE)

Feed efficiency was computed as a ratio that express the fish weight gain to the quality of feed.

Wcight gain (g)
FE= '

FFeed fed (g)
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3.6.8 Apparcent Net Protein Utilization (APPNPU)
Apparent net protcin wtilization was caleolated using the following formula as described
by Dabrowski (1979); Mazid ¢f af. (1972)

Fish protein gained  x 100

AppNPU =
Protein [ed
Where:
Protein gain = final body protcin — initial body protcin
Protein consumed = total dictary protein fed
3.6.9 Nitrogen Metabolism (NM)
The value of NM were calculated with the fonmula of Dabrowski (1977)

(0.549) (h-a)h

Nm =
2
wherg:
a=  Initial weight of fish (g)
b= Final weight ol fish (g)
h= Experimental peried in days

3.6.10 Proximate Analysis
Proximate analyses of carcasses before and afier the experiment were carried out,
Similarly, analysis of experimental dict before and alter the cxpcrinﬁnt were performued using
the standard AQAC (1985) methods.
3.6.11 Statistical Analysis
| At the end of the experinicnts, statistical analysis of the daia were carried out using
analysis of variance (ANOVA) and Duncan Muliiple Range Yest (DMRT) Stect and Forrice

(1981) to determiine the best treatment, The overalt fortnightly and periodical means and standard
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deviations of water temperature and pll were calenlated loilowing the established statistical
procedure (Miller and Miller 1986).
3.6.12 Limitations to the study.
1. The fish were not readily available and were of unknown parental stock.
2. Lack of constant supply of watcr in the taboratory. ‘The water when supplicd was heavily
chlorinated and i]ClicC can not be used directly to the tish,
3. LClectricity supply was another limiting factor, Delay in weighing the nish was
encountered on weighing da_vs when Lhere was no electricity to weigh the fish and the

feeds,
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Tabie 3.1 Percentage Composition of Experiment Diet,

Ingredient ' Percentlage composilion
Maize 16.0
Sorghum 14.0
Garri 2.0
Crroundnut cake 27.0
Fish meal i3.5
Blood.mcal 13.5
Bone meal 5 . 2.5
Palm oil “ 3.0
Sailt 2.5
Vitamin Premix 6.0
Total 100.0

Vitamin premix providing vitamins and minerals per gram of diet (or per 100g) vitamio A, 4500
[.LU., Vitamin D3, 1125 1l); Vitamin £ 7LU; Vitamin K3 2mg; vitamin By, 0.015mg;
Panthothermic acid, 5 my, nicotinic acid, 14mg; folic acid, 0.4myp; biotn, 0.04mg; choline,

1 50gm; Cobait, 0.2mg; Copper; iodine 0.6mg; Selenium, 22myg; Zinc, 20mg antixidant, 2Zmg.
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CHAPTER FOUR
40  RESULTS
4.1 ]’hysicd - chemical pa ram;tc|°s of the wafter.
4.1.1  Temperature

Tuble 4,1 shows he record of temperature on weekly busis tor Clanas yariepinus for

eight weeks, The water temperature of all the dilferent containers were between 23.4°C and
26.6°C. Record of water temperature on weekly basis showed that al week cight, the highest
record of about 26.6°C was observed.

Table 4.1 Mcan variations of temperature readings on the growth experiment of
Clarias gariepings reared in different containers.

WEEKS ] o
Containers ] ST 2nu A 3“' 4th S[h 6"1 71“ Slll '
Week Weck Week Woek Week Week Week Week
A. Clay pots 23.44 0.80 245,065 245005 2450006 2430062 2320 065 2460067 250 0.72
1. Plastic baths 2342 071 24.6: 0685 2460075 2460 062 2480 055 2460 0.72 255,070 265 0.7

. Aluminiom pots 2341 0,60 24.610,65 2460045 2M46005G M50 034 244075 2330463 2585 0,70
1. Water baths 234,026 246075 246050 00065 245,075 244 080 255,005 20,6 0.8

L. Aguaria (Control) 234070 240080 246070 24064 0065 2460074 24.5:0.8( 254080 2.0 T
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4.1.2 Hydrogen ion concentration

Table 4.2 shows the mean hydrogen ton coneentration {pl]) recorded on weekly basis.

The pH values ranged from 6.26 to 7.03. The variations of pl{ were eleusly insignificant

Table 4.2: Mean variations in plt teadings obtained o the growth experiment of Clarios
gariepings reared in dilferent conlainers.

Containers 1" 2" .l 4" SETTTT M

Weck Week Week Week Week Week
A Clay pols 6.401 1.01 6.40+ 1.02 6,42+ 0.02 0.4040.03 6AG 005 64041.83
13 Plastic baths 6.30 1_0,43 6.30: 0,45 6.262 (.50 0.39:0.25 0300035 630045
C Aluminmm pot 6,601 1,02 6.60: 1.03 6.011 1.0 a.600 12 6000103 0.6000.02
13 water bath 7.0+ 0.80 7.01 0.05 ©.90: 006 7.0 0058 T4 007 FRITERA
13 Aquaria 6.30+ 1.32 6.30: 1431 6322 1.25 6.301 1,30 A.30: 1,15 630041.05
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G40 103 042104
630045 6200015
GO0 1.0 00010102

7.0y 005

6.3041.01

703+ 0.4
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4.1.3 Dissolved oxygen
Table 4.3 shows the mean dissolved oxygen recorded on weekly basts. The dissolved
oxygen of all the different experimental containers ranged between S dmg/l 1o 9.45mg/l.

Table 4.3 Mean variations of dissolved oxygen readings on the growth experiment of
Clarias gariepinus reared in different containers

Containers Ist 2nd 3rd 4th Sth Hth Tth 8th
Weck Week Week Week Week Week Week Week
Clay pots 7 6.9 7.5 7.5 7.3 7.8 7.6 7.5
Plastic baths 0.9 6.8 0.9 7 .5 7.6 0.8 0.9
Aluminium pots p s 7.8 9.2 8.2 8.5 8.7 9.45 8.8
Water baths 6.8 5.4 6.5 6.6 7 0.9 O 0.5
Aquaria 7.4 7 8.2 8 8.2 8.4 8.5 8.4
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Proxintate composition of experimental dict

Table 4.4 Shows the data for the proximate analysis ol the experimental diet. The moisture
content of the experimental dict was 2.29%. The dry matter was 97.71%. the organic matler was
94.65%, Carbohydrate/fibre was 52.09%, the crude protein was 33.85%, the crude fat was
4.32%, Nitrogen {ree extract was 4.30% and the ash was 5.35%.

Table 4.4: Proximate composition of Experimental Dict

Percentage dietary Protein level (%)
Composilion (33%) Iroletn Tevel
Moisture (Dry weight) 229+ 145
Dry matter (Dry weight) : 97. 7t 125
Total ; 100.00
’ Organic matter _ 94.65) 1.30
Ash 5.35:1.25
Total 100.00
Carbohydrate/ fibre 52.09: 200
Crude Protein 3385144
Crude fal : 4,320 106
Nitrogen [rce cxtract 4.30 L 0.05

All the experimental fish tingerlings were fed with the same experimental diet.
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4.2  Growth performance of Clarius garicpinas  (fingerlings) reared in  some
unconventional containers for cight weeks

Table 4.5:  showed the growth performance of Clurias guriepimes fingerlings cultured
in different unconventional containers for cight weeks.

Mean Weight Gain {(MWG)

Fish weight increased with increase in age in the ditferent experimental containers, For
cxample in container A which was clay pots. the mean weight gain was (9.72¢), in container 13,
plastic baths, the mean weight gain was (9.11g), in Container C, Aluminium pots, the mean
weight gain was (11.74g), in containcr D, water bath, the incan weight gain was (8.57g) and in
contain I aquaria which was the controb experiment, the mean weight gain was (11.39g).
Containers A, B and D clearly showed no sigmlicant dilference {(7>0.05) and containers C and B
showed no stgnificant dilference (P>0.05).

Increasc in Standard Length (SL)
The fish standard length increased with increase in the age ol the fingerlings in the

different containers. For example in E‘onlaincr A Lhe increase in standard fength was 3.58cm, in
comaincr B, it was 1.67cm, in container C it was 2.72cm, in container 1 it was 2.77cm while in
conlainer E (aquaria) it was 3.01 cm.,

Statistical analysis showed a significant difference (P<0.05) in standard length inalt the
fish in the dificrent containers.
Incerease in Total length (em) (TL)

The results ol‘. the study clearly showed that the fish cultured in alumiﬁmn pots had the
highest increase in total length of 3.82cm followed by 3.73¢m observed in the fish cultured in

the clay pots and the {ish cultured in (he water bath vecorded the least otal Tength of 2.13cm.

Statistical analysis showed a significant difference (P<0.05) in totad length in all (he containers.
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Specific Growth Rate (SGR)

The Specific Growth Rale of the fingerfings cultured in the different containers are as

Follows; container A has 0.232, container 13 0.201, container ¢ .296, container D 0.148

and container £ 0.256. The spectfic growth rate of fish cultared in contiiner € aluminun

pots was the highest followed by container 11 aquaria teontrol). The specific growth rae
of the fish in containers A and B has no signiticant difference (P2 0.035). The Jowest
specific growth rate was oblained from the fish cuitured in container D, water baih

(0.148}. There was no significant difference (P>0.039) between containers A, B, C and E

however container D is significantly diffecent from the other containers,
Feed conversion Ratio (FCR) o

The fingerlings cultured in containers 13 plastic baih had the highest foed conversion ratio
of 6.92 foliowed by container A c]ay.pol's 6.59 and containcr 1D waler bath 6,37, Container C
aluminium pots had the feed conversion ratio ol 5.04 and contatner 15 had 5.33.

Protein Efficiency Ratio (PER)

The protein cfficiency ratio of all the fingerhings in the different containers arc as [ollows:
Container A clay pots 0.434, container b, plasuic baths 3.410, containers C aluminium pots 0.529,
container D water bath 0.449 and coniainer I aquaria (It:lj'.nn‘u]) 0.536. The results showed no
marked difference between all the containers, There is no significant dilference between the
protein cfficicney ratio of all the containers,

Feed cfficiency,

The feed cfficiency of the experimental fingerlings in the different containers showed no
sigmiicant difference. The feed cfficiency of the fingerlings m the different experimental
- containers are as follows.

Container A (0.152), container B (0.145). container C (0.185). container 1 (0.157) and

container E (0.188).
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Percentage Weight Cain (PWG)

The caleulated Percentage Weight Gain (PWG) as shown i table 4.4 indicated that the
fingerlings cultured in the aquara (control) (59.0) recorded the highest value Tollowed by the
Jish cultured in container C aluminum pots (58.61). The Mish cultured in container 13 waier bath
had 47.3, container A clays pots had (47.0) and container 3 plastic baths had the least value
(44.97).

Apparent Net Protein Utilization (ANPU)

The apparcnt net protein utilization were determined as follows:

Container A (0.433), éontaincr B (0.169), container C {();'?03)q container D (0.089) and container
I (0.670).
Nitrogen Metabolism (NM)

The nitrogen metabolism of all the fish cultured in ditlerent containers were as follows:
Container C had the highest value (180.47) followed be container E (175.9). Contatners A and B3
(149.4) and (140.04) respectively while container 1) had the least value (131.74)

Percentage Survival (1°S)
The pereentage survival is shown on lalhlc 4.4 where little martality was observed in all

the treatments through out the period of the experiment.

46



Table 4.5 Summary of Growil indices, feed utilization and o, survival rate of
Clarias Eariepinus fingcrlings reared in non con ventional containess for cight weeks
Containery

Parameters A B C b I SEM
Clay Plastic [Aluminium Waler| Aquarium
T Lot | pors bath |l
Mean initia] body weight (g) 20.68 " 120.26 " | 20.03 IS.12°0 19.11° | 080
" Mean final weight (g) 30:4% 129.37" 3} 790 26.68"| 30.50" | |15
Mean weight gain (2) 9.72" Lo 1® | 40 BST" 11390 1.17
Mean initial standarg Icngth (em) | 12.08°) 13 53 13.075% 83" 13,49 0.68
Mean final standard length (cm) | 15.66° 15.20° 115,797 14.60°] 16.5¢° .52
Increase in standard lengtls (em) 3.58% 11670 [gae 277" | 3090 (.44
Mcan initial tota] length (em) P75 14.71" 137y 14.72" 151 0.55
Mcanﬁnallcnglh(cm) 7491 47.01" | 17539 16.85" | 18.40" 0.23
Increase in tota] length (cm) 3.75% [ 2300 3490 243" 1 322" | 06
Specitic Growth Rate (SGR) 0232802017 Jo.206" [ 1agh (.256" | 0.04
Percentage Weight Gain (PWG) A7.0% 144,965 | 55410 47.28% 59607 | 6.07
Percentage surviva] (PS) 99.0" 199.0° |99 97.6" [ 996" | 974
Feed conversion Ratjo (FCR) 6.59" 16,92 |5 40" 6.37" 1 533" | 0.6
Protein Efficiency Ratio (PER) 0.434" 0.410° | 0,529 0.448" 0,536 0.05
Feed Efficiency (FE) 0.152°10.145" | 1g50 0.157°0 0.188" | 0.00
Apparent Net Protein Utilization
(ANPU) 0.433" 0.169  10.703% 0.089 1 0.67° 0.23
Nitrogen Mclabo[ism(NM) 149.42% 1140 g3 [180.47°  {131.74 175.09" | 14.0

Values with the SAME superscript on the same row are not significantly different {p>0.05)

Duncan’s tegt, Superseript * stands [or highest value,
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44 Bi monthly increase in weight of Clarias garicpinus cultured in experimental
containers

Table 4.6 showed the bi monthly increase in weight of Clarias gariepinus. The results
showed a general increase in weight in all the experimental containers. At two weeks container €
gave the best weight gain of (1.8g) followed by container 1) (1.3g), container 15 (1.28) and
container B (1.04) while container A had the least value (0.78g). There was a significant
difference between container A and the other containers (I < (0.05). At the end ol week four
container 1 had the best weight (3.93g) followed by container B (3.61). container €' (3.05g).
container A (2.12g) and container D had the least weight (1.43g).

At the end of week six, container A had the best weight of (5.47g) followed by container
C (3.4g), container B (3.14g), container D (3.02g) and container I had the least value (2.66g).

There was a significant difference between container A and the other experimental
containers. At the end of week cight, container C had the best weight of (3.49¢) followed by
container E (3.52g), container D (2.81g), container A (1.35g) and contamner BB (1. 32g) which was
the least value.

Finally container C gave the best mean weight gain (2.94g) (ollowed by container I
(2.85g), container A (2.43g), container B (2.28g) and container D (2.14g) which was the least
value.

4.5 Bimonthly increase in Total Length (VL) of Clarias gariepinus

Table 4.7 shows the data for bi monthly increase in total length of Clarias gariepinus
fingerlings. There was a gencral increase in the total lenpth of the fish cultured in oll the
experimental containers. At the end of two wueeks container C had the greatest inercase in total
length (1.07)em Tollowed by container A which recorded (0. 81em). container 1= had (0.54¢m).
container B had (0.22cm) and the least was container 1) (0.15cm). At the end of week four

container A had the highest record of (1.28cm) followed closcly was container D (1.215¢m).
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container C (1.06cm), container E (0.73cm) and container B (’O."fcm} which bad the [cast
increase in total iength, At the end of six weeks container D had the highest total length increase
ol (0.765¢m) followed by container B {0.67c¢m), container A (().()Scm)., container C (0.5dem) and
container E (0.27cm) which was the teast Lotal tength increase,

At week cight container D had the highest total length increase of (1.76em) (wllowed by

container E (3.66cm}, container C {1.15cm), container B (0.65¢m) which has the lcast

increase i totd length.

Container D had the highest mean incrcasce irri total fength followed by container C
(0.955cm), cantainer A (0.935em), container 12 (0.805cm) and container 13 ((.506),

There is no significant ditfercnce between the mean total fength of the fish cultured in

experimental containers D, C and A (PP > 0.05). There is also o significant ditTercnee between

conlaincrs B and E (P <0.0%)
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Table 4.6: Bj monthly increase in weight (g) of ¢ Tarias garie

Pinus cultured in
experimental containers for cight weeks

Experimental Containers 2 weeks 4 weeks 6 weeks 8 weeks Mean
A clay pots 0.78 232 5.47 1.35 243
B Plastic baths .04 3.6 314 .32 2.28
C Aluminium pots 1.8 3.05 3.4 3.49 2.94
D Water bath 1.3 .43 3.02 2.81 2.14
L Aquaria 1.28 .93 2.66 3.52 2.85
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Table 4.7: Bi Monthly increase in total length (T1. in ( ‘M) of Clarias gariepinus
cultured in experimental containers for cight weeks

Experimental Containers Initial 2 weeks 4 weeks 6 weeks 8 weeks  Mean

A clay pots 0.81 1.28 0.63 1.02 0.935
B plastic baths 0.22 0.70 0.67 .65 0.56
C Aluminum baths 1.07 1.06 0.54 1.15 0.955
D Water bath 0.15 1.215 0.765 1.76 0.9725
k2 Aquaria 0.54 0.75 0.27 .66 0.805
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4.6 Growth in relation o length and weight

Fig 4.1 shows the relationship between Iength and weight of fish cultured in the
experimental containers. As the weight increased there was a corresponding increase in Jength.
The rate of growth was (aster in weeks lour and six. The increase wn weight and length was faster

in week cight,
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4.7 Careass composition of Clarias garicpinns hefore and after the cxpcrimcnt.al period

Table 4.7 shows the data for the proximate analysis ol Clarias guricpinus Tiagerlings
before and afier the experiment. The moisture conient of the carcass ranged from 6.29-9.00%.
showing a narrow range. The results clearly showed that as the crude protein level increased. the
moisture content decreased. The moisture conteat of the initud carcass is shown (o be higher than
the final tn all the treatments. ‘There was no significant difterence (p=0.057 in all e weatments
including the moisture content of the initial.

Crude protein conten.t of the carcass are shown in Table 4.7.Container C, aluminun pots had
062.10%,. container [ had 60.70%, container A cluy pots 56.20%., container B plastic baths
50.30%, and container D water bath 48.20%. The crude protein content oi” the mitial carcass
recorded 46.50%. Container I and inttial had no significant diffcrence (p=(.05). Simtlarly
container C and E indicated no significant difference (1720.05).

The argantc matter content of the carcass are as {ollows:

Conlainers A 78.6%, 13 73.7%, C 77.6%, 1 75.10%, £ 77%. There was no signilicant
difference between the organic mat:ier content of the carcass in all the experimental containers.

The crude fat content ranged from 9.29-12.00%. The highest value was observed i
container B 12.00 which was not significantly dilfceent from the initial vatue while container b
recorded the least value. Containers C and I were not significantly different (P20.05).

The carbohydrate content of the carcass runged from 1.14-5.12% which was significantly
different  Irom the initial vatue m all the expertmentad contatners (p>0.03), The crude libre
content of the carcass before the experimental period was 5.03%. The crude tibre content ranged
from 5.13 to 10.30%. the crude fibre content of the CilI‘Ci.lS:; wus highest in container D which was
10.30% which was significantly different from the initial value (P<00,05) and container B had the
feast crude fibre (5.13%). The ash content of the carcass ranged from 21.40-28 50%. The highest

ash content was observed 1 container 13 plastic baths 28.50% which was significantly dillerent
50
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from the initial crude fibre content of the carcass {P<0.053 Container A had 21.40%, C 22.40%,

D 24.90% and E 23.00%.



Table 4.8 Proximate Analysis of Clariay gariepinuy Careass before and after the
experimental period

Type of Container

Initial A 3 C D I
% Moisture Content 921" 7.50% 900" 724" 782" 620¢
% Ash Content 2630% 2140° 28.50° 2240° 2490 23.00°
Yo Organic Matter 73.30P 78.0%  71.50% 77.60% 7510 77.00°
% Fat Content (other Extract) 12.21° IL8LY 12.00% 994" 11497 9297
% Crude Protein 46.50° 56.20" 50.30" 6210 4820  60.70°
% Crude Fibre . 5.63" s47% S43' s63" 10.30° 576"
% Carbohydrate | 9.36" 542" 407" 1.14 S L 2 N

Values with the samce superseript on the same row are not significantly differcnt (p>0.05)
Duncan’s test. Superscript * stands for highest value,

Key

Container A Clay pots

Container B Plastic baths

Container C  Aluminium pots

Container D Water baths

Container £ Aquaria
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CUAPTER FIVE
5.0 DISCUSSION

The growth performance and feed atilization of Clarias guriepinus reared in some

unconventional containers weie observed and monitored lor cight weeks, The resull showed that
fish cultured in container C aluminium pots had the highest mean weight gain, which could be
atlributed to high dissolved oxygen.
The result of the water parameters reported in this rescareh work, were within the range of values
recommended for the culture of Clarias gariepinns as L;cﬁncd [or warm water fish species. The
pit values (6.30 — 7.0) and the water temperature (23.4°C — 26.6"C) in (his research work fall
within the range that is adequate for lish growth. Boyd (1979) reported that pll (6.5 — 9,0)
temiperature (22°C - 27°C) and dissolved oxygen range of 0.3mg / L - 9.6 mg/l. gives the best
growth in cultured tropical fishes. Auta (1993) reported that temperature between 25°Cand 30°C,
pH 6.7 10 9.0 would be adequate for {reshwater {ish culture. Similarly Kimura (1995) was also of
the view that clupeid fishes generally initiate increment in body weipht at temperature range of
24 %C 10 29°C. Balogun of @l (2004) also reported a temperature range of 23°C -+ 27°C. ptl 6.3 —
7.8 and dissolved oxygen of 0.3mg/l. — 9.6mg/l. for the optimal growth and development of
Orcochromis niloticus cultured under aquaria conditions.

The cxperimental fish were fed 35% crude protein and Dingertings had stgnilicantly high
increase in mean weight in all the five containers as: A (2.43g). 3(2.28g). C (2.94¢LD (2.14g).
E (2.84¢),. The result of this study showed that 35% crude protein level produced the best
prowth responsce with respeet to weiaht gain, This finding is similar o the work of (Shim and
Chua 1986) who reported that 30 percent crude protein produced the best growth response in
puppy (Poccilia reticulata). Wilson and Halver (1986) also suggest that crude protein value
between (31 — 38%) produced the best growth in carp (Cyprinus carpio). Lochman R ef al.

{1994) was also of the view that golden shiners and poldlish fed dict containing 29% protein
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showed oplimal performance in the absence of natural food. Dorman (1994) reporied 32% crude
protein or optimal growth of haitfish.

‘the result of this work also showed a general trend ol an increasce in the body protein off
the fish which is due to efficient feed utilization despite the faet that the containers were not of
the sanme size and shape. Ogino ¢f af. (1979) :‘cporlcd the Tincar relationship between protein
content of diet and the body protein of young carp using cascin as the protein source, within the
dictary protein levels (rom 4.6 (o 38.2 percent.

The higher fish carcass proicin al the end of the experiment than (the initial carcass
protein indicated that the fish growth recorded could be associated mainly to lissue protein
synthesis {Ipinjolu, 2000), The percentage increuse in weight at two weeks interval showed that
the increase in weight was faster when the fish were young. The growth rate then decrcased as
the fish were growing older. This is supported by N R C (1973} when salmonids vequired about
50% protein during the initial feeding stage ol fish and 40% protcin al cight weeks with 35%
crude protein for yca.rling‘ The specific growth showed a sinnfar pattern with the body weight
gain.

The specific growth rate was highest in aluminum pots which was 0.296 and Jeast in
water bath which was 0.148. However there was no significant difference (P> 0.05) in specific
growth rate of the fish in the different experimental conlainers. Balogun ef «f. (2004) reported
that weight gain and standard length increasc are known o be the most tmportant indices for
measuring (ish responses to experimental dicts and rclinble indicators of growth.

The feed conversion ratio is also a growlh parameter used o measure the gross utilization
of food for growth. Adikwu {2003) reported that lower ol FCR implies efficient food utilization
by fish. Container C aluminium pots with the lowest FCR recorded in this work had the best

growth while the fish cultured in plastic bath had the highest value, However there was no
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signilicant difference (P> 0.05) between the feed conversion ratio (FC,R) of fish cultured in the
dilferent experimental containers.

Shim and Chua (1986) explained that with the presence of protein in the dict, true growth
could occur resulting in a lowering of the feed conversion values, however no significant
difference (P>0.05) was observed among lha{ leed conversion values ol all the teatments.
Despite the lack of any significant difference, container C (aluminum pots 5.04) and container I,
(aquaria, 5.33) both had the least FCR values suggesting that feed was most efliciently utilized in
these experimental containers.

Dada et al. (1999) was also of the view that the higher the specific growth rate, the better
the feed while the smaller the feed conversion ratio. the better the feed in quality.

According to Adikwu (2003), the PER is not an accurate measure ol growth and protein
utilization in fish and other animals because PER implies that weight inerease in fish and other
antmals is mainly due to growth, and growth is defined su.'jctly as increase i total body protein.

However fat and water accumulation may result in weight incrcase in animals. The high
level of growth indices recorded in Aluminium pots and aquaria could be as o result of
accumulation of water and oil. The protein efficiency ratio (PER) feed efficiency (F19) Apparent
Net protein utilization (ANPU) and Nitrogen Mctabolism (NM) showed no signilicant difference
in all the fish in the experimental containers.

The carcass proximate composition of the experimental fish showed a significant
difference (P 0.05) in the crude protein content of the carcass ol the fish cultured in all the
experimental containers compared to the mitial. This showed a reasonable level ol protein
retention due to optimal utilization of the protcin for growth and development (Alegbeleye et al.,
2004). The crude protein was highest in experimental container € aluminium pots which

showed that there was proper protein utilization by the fish.
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Other factors thal could be responsible Tor the low values |'c.t:<ln'dcd for the growth indices
niay be aftributed to the source of the fish, which is of unknown parcntai stock, contaminated by
hybridization. The ages and physiologicatl status of the fish were also unknown (Pullin, 1983).
The experimental container water was also replaced every other duy and Absalom and
Omanaihe, (2000) reported that the less the frequency of water replacement, the better the
growlh performance and survival rate of the fish. |

Generally, the percentage survival in all the experimental containers which was between
97.6% and 99.6% might be attributed 1o availability of good acration and goad handling during,
the cxperiment.

In general, fish contain approximalely 70 to 80 pereent of water, extreme values ranging
from 53 to 89.3 percent. This water content is higher than that of birds (Aboul 70 pereent) and
mammals (about 75 percent) (Vinograder 1953). The moisture content of the fish before and
after the experiment in this work range from 6.29 to 9.2( percent. The moisture content of fish
was higher before the experiment than in any of the treatments aller the experiment. All the five
experimental containers had about the same moisture content ranging from 6.249 to 9.00 pereent.
Thus the five treatments did not affect the fish moisture content to any nunked extent. This is in
line with the results of Dabrowski (1977) whe lound no change in the body maoisture content of
grass carp (Ctenopharyngodon idellus) fry when the dictary protein level was varied.

| The body ash level showed no significant difference in all the hish in the diffcrent
cxperimental containers. Fish is a good source of calcium and phosphorus {Alken. 1970). The ash
content ranged from 21.40 ~ 26.30 which was as a result of the reguirement (or minerals for the

formation of bony structure as the increase in the meal taken by the fish.
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CHAPTER SIX
SUMMARY, CONCLUSION AND RECOMMENDATIONS
6.1  Summary N ~

The growth performances of one hundred and fifly Clartas gartepinus fingerlings of
unknown parental stock were reared in some non-conventional conlainers for investigation in the
laboratory. The highest pereentage weight gain, increase in standurd and total tength, speeilic
prowth rate, lower fc.cd conversion ratio and protein efficiency ratio showed that experimental
contamer  C alumintum pots and container E aquaria were the best comtainers for culluring fish
with the optimum being the aluminiunt pois while the water bath had the feasi value.

The result and cost mmplication of these experimental containers suggest that any of these
containers can be used for culturing fish in the school laboratories, however the better and
cheaper was aluminivm container.

0.2 Conclusion

The result obtained from lhis work indicated that the non conventional containers  the
clay pots, aluminium pots, plastic baths, water baths can be used successlully in culturing fish in
schools. Based on the growth indices recorded, coupled with the financial imphications, it can be
concluded that the fish can be culiured in clay pots. atuminium pois and plastic baths that arc
much cheaper than the aquaria. It also showed that fish could be eullured using locally available
containers in our secondary schools.

6.3  Recommendafions
No much rescarch work has been carried out on the culture of fish using non
canventional containers, Tl;csc locally available materials arc in abundance in every part
of the country, In the [iuht of the bOindings in this stwdy, the following

suggestion/recommendations arc madce: '
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Any of these experimental containers can be used m the culturing of fish in the
laboratory.

These locally available comtainers should be used in culturing fish outside the
laboratory to determine if the fish wilt grow well,

It is also recommended that further studies be carrted out using plastic containers ol
different colours and shapes and other locally available matenials 1o culture fish,

All secondary schools sheuld use any of these Tocally available continpers to culture
lish in their schools.
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APPENDIX 1

ANALYSIS OF FISH GROWTH

a) Percentage weight gain

PWG = Wp-W, x 100
W, I
Where
W, = Initial fish weight ()
W, = Final weight gain (g)

Thus PWG for fish cultured in experimental containters was caleulated as follows:

A Clay pots 304 -20.68 x 100 = 47.00
20.68 |
B Plastic baths 2937 -20.26 x 100 = 44 97
20.26 1
- € Aluminium Pots 31.77 -20.03 x 100 =
20.03 I
D Water Bath 2668 -18.12 x 100 = 47.29
18.12 1

I

3050 - 19.11 x 100
19.11 !

E Aquaria (control}

Specific Growth Rate SGR

Loge W2 — Loge W,

Tt
Where
Wy = Initial weight (g)
W3 = Final weight (g)

¢ = The base of natural Log
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58.61

39.60



T-t= Time intcrval between initial and final weight

A Clay pots 30.4 - 20.68 =20.90524324 — 7.90808931] = 0.232142857
56 56

B Plastic baths 29.37 -20.26 = 18.85918381 — 7.583690845 = (0.201428571
56 56

C Aluminium Pots 31.77 -20.03 =23.97472139 - 7411256551 = (.295892857
56 56 :

D Water Bath 2668 -18.12 = 144111812 - 6.122680556 = 0.148214285
56 56

[Z Aquaria (conirol) 30.50 - 1911 =21.4 1534443 - 6.759845265 = 25625
: 56 56

Feed Conversion Ralio (FCR)

Feed applied (g)
FCR =

Net fish produced (g)

A Clay pots 64.07 = 6.591563786
_ 9.72

B Plastic baths 63.04 = 6919868277
9.1]

C Aluminium 63.4= 5400340716
11.74

D Watcr Bath 54.56= 0.366394399
8.57

E Aquaria (control ~ 60.71 = 5.330114135
11.39

PROTEIN EFFICIENCY RATIO (PER)

Weight pained

PER =
Protein fed

Where
% Protein in dict x otal diet consumed

Protein fed =
100

77



A Clay pots 35 x 64.07 = 22,4245

100 N
B Plastic baths 35 x 63.043 = 22.2005
. 100
C Aluminium 35x63.4 = 2279
100
D Water Bath 35 x54.56 = 19.096
100
E Aquaria (control 35 x 60.71 = 2].2485
: 100
Weight gained
LR =
Protein fed
A Clay pots 9.72 = 0.43392857]
224
B Plastic baths 211 = 041036036
222
C Aluminium 11.74= 0529067147
22,19
1 Water Bath 8.57 = (.448785085
19.096
L Aquaria (contro] | 1.39 = 0.536
_ 21.25
FFeed Elficiency (FE)
Weight gain ®
FE =
Feed fed (g)
A Clay pots 972g = 0.152¢

B Plastic baths 211 g = 0.145g

C Aluminium [1.74g="0.185¢

D Water Bath 857¢ = 0.157¢
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A Aquaria (control  11.39p 0.188g

60.71¢
LR Fish protcin gain x 100
APPNPU =
Protein fed . 1
Where

Protein gain = Final body prolcin — initial body protein
Protein consumed = Total dictary protein fed

A Clay pots 560.2 - 46,50 =0.433035714
22.4
B3 Plastic baths 50.30 - 46,50 =0,169642857
222
C Aluminium Pots 62.10 - 46.50 =0.703019378
22.19
D Water Bath 48.2 - 46.50 = 0.089023879
19.096
I Aquaria (control) 00.7-46.50 =0.668235294
_ 21.25
(0.549) (b-a)h
Nm= —————
2
Where
,

a = Initial weight of fish ()
b = Final weight of fish (g)
h = Experimental period in days

A Clay pots {0.549)(9.72)56 = 149.41584

2
B Plastic baths  (0.549)9.11)56 = 140.03892
: 2
C Aluminium Pots {0.54911.74)56 = 180.46728
2 _ :
1> Water Bath (0.549)(8.57)56 = 131.73804
: 2
E Aquaria (control) 0.549)(11.3956 = 175.08708
2
] S
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