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ABSTRACT: This study investigated the growth performance and feed utilization of two catfishes (C/arias gariepinus — Burchell, 1822) and
Heterobranchus longifilis - Geoffroy-St-Hilaire) and their hybrid (Heteroclarias) reared under mono and Polyculture systems for a period of twelve
weeks. In the monoculture system, each of the species and their hybrid was cultured separately while in the Polyculture system the two catfish
species and their hybrid were cultured together stocked at eighteen (18) fingerlings per tank. Fingerlings of mean weight 9.5g were stocked into
eight (8 circular) plastic tanks each with 14cm and a height of 7cm with 50 liters of water. The fish were fed 3% body weight with 35% crude
protein while the control groups were fed with commercial (coppens) feed of 2mm diameter. Feeding was done twice daily at 9.00am and at
6.00pm. The water was changed completely every 72 hours in all the culture systems. The physicochemical parameters were measured once
weekly. The growth and nutrient utilization in the different culture groups were determined. The results revealed that there was significance
difference (P<0.05) in the growth and nutrient utilization parameters of the two catfishes and their ‘irid. In the monoculture fed with the
experimental diets, the hybrid catfish a highest mean weight of 177.2g followed by C. gariepinus, 159.4g while H. longifillis had the least 60g.
While those fed with the commercial feed, the hybrid o had the highest final mean weight of 205.lg C. gariepinus 97.7 and H. longifillis 51.7. In
the Polyculture system the ones fed with the experimental feed also show similar results with that of the monoculture system. The hybrid ESO
the highest final mean weight of 130.lg, C.gariepinus 109.5g and H. longifilis 93.9g. In the control the hybrid also had the highest mean weight of
4.5g, C.gariepinus 91.3g and H longifilis had 50.7g. The physicochemical parameters were found to be within the recommended range for growth
of the fishes. Data collected from fish weights were subjected to analysis of variance (ANOVA) using the SAS ANOVA procedure. Duncan’s
multiple range test was used to compare differences among treatment means. Treatments were significantly different at P<0.05.
Keywords: Feed utilization, growth performance, catfishes

INTRODUCTION
A serious problem that man faces today is rapid increase
in population and how to provide food for himself. This
issue has raised interest both locally and internationally
on how man can adequately conserve resources around
him for the present and future use (Bell 2000). The food
produced either from land or water is inadequate when
compare with the demand of the teeming population
which appears to be doubling every 35 years (Bell, 2000).
This rapid increase in population has resulted in the need

for cheaper protein and other nutritional requirements
(Olatunde,1983). The commonest source of protein to the
rural populace has from such crops as groundnut, soya
beans, cowpeas and animal protein r’ beef, pork and
milk. Recently, the supply of such products has been
insufficient as a result of rapid population growth and
hence the need to develop sources of protein such as
aquaculture (Bell, 2000). Fishes have been observed to
be better food converters than land based animals
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(Ebtehag, 2001). Also, land of low economic values such
as mashes which are not always suited for other uses
can be utilized for fish production.
Fish has long been considered as a source of animal
protein in human diet. It is an important and cheap source
of animal protein. In Asia, about 50% of animal intake
comes from fish while in Africa the proportion is about
18% (Reed eta., 1967). In Nigeria, fish constitutes about
40% of animal protein intake and can be as high as 80%
in riverine areas (Olatunde, 1992, 2004). Fish is rich in
thiamine, riboflavin, Vitamin A, D, E and K, minerals and
polysaturated fatty acids which are essential for healthy
living. The absence of these minerals and vitamins in
diets may result in dangerous consequences (Eyo, 2001).
FAO (2010) reported that capture fisheries and
aquaculture supplied the world with about 142 million
tons of fish in 2008. Eighty-one percent (115 million tons
of this was used as human food providing an estimated
apparent per capita supply of about 17kg (live weight
equivalent), which is an all-time high. Forty-six percent of
the total food fish supply came from aquaculture, which is
a slightly lower proportion than reported in the State of
World Fisheries and Aquaculture 2008 owing to a major
downward revision of aquaculture and capture fishery
production statistics by China, but representing a
continuing increase from 43 percent in 2006. Outside
China, per capita supply has remained fairly static in
recent years as growth in supply from aquaculture has
offset a small decline in capture fishery production and a
rising population. In 2008, per capita food fish supply was
estimated at 13.7kg if data for China are excluded. In
2007 fish accounted for 15.7 per cent of the global
population’s intake of animal protein and 6.1 percent of
all protein consumed. Fish per caput (annual)
consumption in Nigeria was 9.68kg in 2007 (Federal
Department of Fisheries, 2009) Globally, fish provides
more than 1.5 billion people with almost 20 percent of
their average per capita intake of animal protein, and 3.0
billion people with at least 15 percent of such protein. In
2007, the average annual per capital fish supply in
developing countries was 15.1kg and 14.4kg in lowincome food — deficit countries (LIFDCs) which have a
relatively low consumption f animal protein.
However, in Nigeria, intake of animal protein presently
is about 4.82g per day (i.e. about 1.76kg per capita per
year) as against 35g (12.78kg per capita per year)
recommended by FAO. FAQ (2010) reported that in
LIFDCs, have a relatively low consumption of animal
protein, the contribution of r to total animal protein intake
was significant at 20.1 percent and is probably higher
than that indicated by official statistics in view of the
under-recorded
contribution
of
small-scale
and
subsistence fisheries. China remains till date the fishproducing country, with provision of 47.5 million tonnes in
2008 and 14.8 million tonnes from aquaculture and
capture fisheries lively FAQ (2010).
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Aquaculture Scientists and fish farmers throughout
Africa and in Europe and Asia have benefited immensely
from the wealth of biological and ecological research
which has been undertaken on different fish species.
There are however, great species of fish that can grow in
cages and pond. All warm water fish can grow in the
ponds. But some are predominantly fresh water while
some are brackish water fish. It is observed that the fresh
water fish do better in fresh ponds and the brackish water
fish grows better in brackish water ponds although in
some cases fresh water fish can be acclimatized to grow
in brackish water and vice versa. Aquaculture is the
raising of fin fishes in a controlled environment. The fin
fishes that have been successfully raised in ponds are:
Tilapia, carps, mullets, clarias, etc. since the last three
decades, clariid species has been considered to hold
great promise for fish farming in Africa and Nigeria in
particular. The clarild catfishes having a wide
geographical spread, a high growth rate, resistance to
handling and stress and well appreciated in a wide
number of African countries (Clay, 1979). Catfishes
constitute a large group of fresh water fishes which are
widely distributed throughout the world. They reach their
greatest diversity in the continents spanning the equator,
namely South America, Africa and Asia. They are
especially diverse in the larger rivers like Amazon and
Zaire, in each of which several species are found some
have scales but others are scaleless they vary in size
from tiny parasitic species total length of less than 5mm
to giant forms such as the Pangasius species the well
(Silurus glanis) the Yundu (Heterobranchus longiillis) and
the African sharp tooth catfish (C/arias gariepinus) which
exceed 30kg in mass, (Bruton, 1979).
Most catfishes prefer the slow flowing reaches of rivers
and lakes, but there are exceptions such as the small
mountain cat fish in South Africa Amphilius unanoscopus,
which lives in fast flowing rapids aided by their sucker-like
mouths. They are typically very adaptable and hardy
animals which can survive out of water for considerable
periods of time if they remain moist Bruton, 1979).
The objective of fish farming is to obtain the maximum
increase in weight (biomass) of fish/unit area of
volume/unit time with a specific level of management
practices. This requires the knowledge of fish growth,
carrying, nutrition, yield and water quality parameters.
The sharp tooth cat fish, Clarias gariepinus (Burchell) is
an important aquaculture candidate in the tropics.
Huisman (1985) reported that a number of the
characteristics which confer on this species a great
aquaculture suitability is directly or indirectly related to its
air-breathing habit. Other workers (Awachie, 1975;
Holden and Reed, 1972) have mentioned the need to
explore the aquaculture potentials of other air breathing
clariids especially species of the genus Heterobranchus
Geoffroy-st Hilaire which Sydenham (1970) quoted to be
the heaviest clarlid in the Niger. Both Legendre (1986)
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and Anibeze (1995) observed remarkable yields in the
culture of H. Iongifillis in ponds. Hetcht and Lublinkhof
(1985) reported the successful hybridization of
Heterobranchus longifilis and C. gariepfnus with hybrid
fingerlings reaching an average total length of 19.0mm
while the control group I C. gariepinus fingerlings under
identical environmental conditions reached average size
of 18.8mm.
The story of aquaculture in Nigeria is essentially the
story of cat fish culture and the hope of fish supply in
Nigeria hangs on its development and culture. Recent
trends all over the world, point to a decline in landing
from capture fisheries. Aquaculture therefore remains the
only viable alternative for rising fish production in order to
meet the protein need of over 30,000 Mt. of various fresh
water and brackish water fish species caught in the year
2000, catfishes were more abundant next to tilapines.
FAO (1992) reported that E 88Mt of catfishes produced in
1990 were consumed locally. This implies that there is
still great need for higher production for both local and
international market. However, a number of problems
confront the production of catfish. prominent among
these are; poor management skills, scarcity of good
quality seed, lack of capital, high cost of feed, faulty data
collection, lack of environmental impact consideration,
disease and marketing of products. Many people who are
currently engaged in catfish farming lack managerial
skills (FAO,1992).
In recent years the culture of species of the catfish
belonging to the C’ariidae family is fast gaining global
attention, in Africa, especially in Nigeria, the species
mostly cultured are C/arias gariepinus, Heterobrachus
species and their hybrids. The reasons for their culture
are based on their fast growth rate, disease resistance,
high stocking density, aerial respiration, high feed
conversion efficiency among others. Catfishes are
cultured conveniently under mono and poly culture
systems. This type of culture is favoured in pond culture
system (Reich, 1975). However, with the intensification of
tank culture system where fish culturist relies solely on
artificial feed as the only food resources to feed their fish,
the advantages of poly culture therefore, diminish. There
are therefore, the cultures of two closely related species
of the same family and of the same feeding competing for
the same artificial feed; a system that could be referred to
as a dual culture. Also, the culture of three closely related
species of the same family and of the same feeding habit
is referred to as trioculture. There is the culture of one
single species known as monoculture. Most catfish
culturists in Africa especially in Nigeria have practice any
of these culture systems without knowing the best culture
system for their fish. These farmers believe that culturing
different species of catfish together or separately have
little or no effect z their growth performance. Studies on
the growth performance of fish especially the Salmorid
species under the mono and duoculture systems have –

reported. Mark (1982), HoIm (1989) and Nordvedt and
Hom (1991) reported that Salmonid species in duoculture
system had better growth than those in monoculture
system. However, Jobbling et al. (1998) reported that
Saimon reared in duoculture did not grow significantly
better than those reared in monoculture. Up till now, there
is lack of adequate scientific information on the
comparative growth performance of different species of
Clariid catfish under culture systems.
Nigeria has a high potential to develop fish farming to
absorb a substantial fraction of its fish production deficit.
The country has an adequate national infrastructure;
there is a high demand for fish and its sale price is
favourable.
What is needed is a more dynamic approach to
implement the available knowledge while exploring ways
to ameliorate the performance of the industry.
The challenge for the fisheries sector is meeting the
current levels of consumption. This requires supporting
he development of aquactluture, hence the need for more
researches on the effective methods for the culture of
catfish.

LITERATURE REVIEW
HISTORICAL DEVELOPMENT OF AQUACULTURE
Aquaculture has primarily been a developing world
activity, especially in the Asian countries dating back as
far as 2798 B.C. In China, it started with the culture of
milk fish. It was not until 475 B.C that the first treatise on
aquaculture was written (Chackroff, 1980), and since
then much attention has been given to aquaculture.
Aquaculture has an annual growth rate of 8.7% and this
rate compares favourably with other animal and plant
food production increments of 1.7-3.3% and 1.7-3.8%
respectively (Akiyama, 1991). Asia accounts for 87% of
global aquaculture production by weight, while China
alone is responsible for about 68% of the global
production. Also, India and South East Asia accounted
for about 15% of production in 1977. Europe 7-l0%,
Africa <l%, and Oceania, <l%. The composition of overall
fisheries production has steadily shifted away from
developed countries and towards developing countries
Delgado et al. (2003), said that developing countries
have more than doubled fish production since 1973.
While production from developed countries had remained
virtually unchanged. By species, Carps topped the list
with 5 million Mt. production; Tilapias and catfish
accounting for 391,000 Mt and 165,000 Mt respectively
(FAO, 1992). According to Chamberlain, (1993), the
future challenges facing the aquaculture industry are the
development
of
environmentally
Sustainable
management practices that is free of disease, pollution
and global warming hazards.
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AQUACULTURE IN AFRICA
Aquaculture is relatively a new industry in Africa and
currently of little importance but with the prospect of
becoming a major one in the future (FAQ, i92). The
history of aquaculture development in Africa dated back
to as far as 2500 BC in Egypt (Maar et al., 1966). Fish
pond culture in Sub Saharan Africa began in Kenya in
1924 and later read to other parts of the continent
(Huisman, 1986; Jackson et al., 1982). FAQ (1998)
stated that fish supplies over 50% of the total animal
protein consumed in developing countries and less so in
developed countries.
In Nigeria, fish constitutes about 40% of animal protein
intake and can be as high as 80°/o in riverine and coastal
areas (Olatunde, 1992, 2004). The annual aquaculture
production in sub Saharan Africa hi 1990 was estimated
at 12,000 mt with Nigeria, Zambia and Zimbabwe as
leading producers (FAQ, 1991). The African aquaculture
has expanded beyond this level as a result of the active
participation of African Government and donor agencies,
the most recent of which is the August, 2005 new
partnership for African Development (NEPAD) fish for all
summit held here in Abuja. Other culturable species now
include the Clarild catfishes and exotic carps (Balarin and
Holton, 1979; Van Dan Bosche and Bernacsek, 1990)
facilitated with the acquisition of induced breeding
technology, at the moment countries such as Nigeria,
Kenya, Zambia, Zimbabwe, Egypt and Cote d’Ivoire are
being engaged in large scale aquaculture being engaged
in large scale aquaculture (Huisman, 1985; Kutty, 1986).

Distribution, Habitat Preference and Environmental
Tolerance of Clariid catfishes
The clariid catfish as presently recognized, ranges from
southern Natal and the Orange River in the south
northwards through central, west and north, through the
Middle East and into eastern Europe. It is the freshwater
fish species with the widest latitudinal range in the world
(700 latitude) (Clay, 1979). The clariid catfish is eurytopic
and inhabits a very wide range of inland waters, including
streams, rivers, pans, swamps, underground sinkholes,
shallow deep lakes as well as impoundments. They thrive
in shallow turbid lakes, such lake Ngami and Nyamithi
Pan, as well as in deep clear lakes, such as Sibaya, and
Victoria, but are particularly successful in rivers (Bruton,
1979, Clay, 1979). The environmental tolerances of
African catfish are shown on Appendix Under culture
conditions; we should not expect C. gariepinus to perform
optimally at the extreme ends of its range of
environmental tolerances. Nevertheless, these wide
tolerances illustrate to us that the African catfish is
undoubtedly one of the most suitable aquaculture species
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in the world (Bruton, I979).

Breeding
Gonadal maturation starts in winter and is associated
with increasing water temperatures. The adults await
suitable environmental conditions for spawning, which
normally takes place in spring and summer. Spawning in
the wild in South Africa takes place at water temperatures
above 18°c, usually above 25°c. The size at first maturity
varies greatly (150 — 750 mm TL) at an age of 1- 4
years. Average relative fecundity is in the region of 20000
— 25000 eggs/kg. Modal size females (400 to 500mm
TL) produce between 50 000 and 200 000 eggs. In large
fish, fecundities in excess of 1000000 eggs have been
reported. The fecundity of northern populations of aortas
gariepinus may be crudely estimated by 66.6x female
body mass (g) number of eggs.
Spawning usually takes place in spring and summer in
shallow water where the fertilized eggs adhere to the
leaves and stems of plants. Spawning generally takes
place at night in recently inundated marginal areas,
typically between 20 and 23 hours and usually after
heavy rain. In Lake Sibaya in. Zululand catfish spawning
took place most often within two or three days of new
moon or the late quarter i.e. on relatively dark nights. The
selective advantage of spawning on dark nights is
obvious — the catfish would be less vulnerable to sally —
orientating predators, whereas their own breeding
activities would not have been affected as they
apparently rely mainly on non — visual cues. The time
lapse when heavy rain and the initiation of spawning was
10 to 34 hours in Lake and 8 to 36 hours in other systems
(Bruton, 1979). There is often a massive aggregation
before spawning during which the pales fight among
themselves for the right to court with the females. In
rivers massive migrations of catfish may take place
before spawning, sometimes numbering thousands of
fishes. Potamodromesis is however not obligatory in C.
gcariepinus as they perform lateral migration to a lake
shore for spawning in an inflowing river. The courtship
rituals are fairly complex. Pre-nuptial aggression can
become intense and this can result in lacerations. The
courtship behavior culminates in the release of gametes,
which involves the male fish twisting around the female in
a u-shape, prior to the release of gametes. Fertilization of
the eggs takes place externally. Catfish sperm is motile
for 80 to 1J seconds, which is a very short period
compared with the sperm motility duration in tilapias (10
to 12 minutes). Field observations suggest that the male
releases his sperm before the female spawns her eggs.
Shortly after (approximately 2 seconds) the female has
released her eggs she swishes her tail vigorously from
side to side using her snout as an anchor and mixes and
distributes the eggs. Under natural conditions a pair may

Official Publication of Direct Research Journal of Veterinary Medicine and Animal Science: Vol. 7, 2022, ISSN 2734-2166

Solomon and Maiyaki 5

consecutively mate 2 to 5 times before they are disturbed
and separated. (Bruton, 1979).
There is no parental care of the young in African catfish
except by the careful choice of a suitable spawning site.
The shallow, recently flooded, highly ted areas usually
chosen for spawning are typically free of predators and
rich in food resources. Egg and larval development is
rapid. The egg hatch after 48 hours, depending on the
incubation temperature. Rapidly hatching larvae begin to
swim 35 hours after fertilization and exogenous feeding
commence within 80 hours. The larvae change to
juveniles (when the fin rays to appear) after about 7- 10
days. The larvae and juveniles are secretive and seek out
dark, confined microhabitats where they feed on small
invertebrates in shallow inshore areas (Clay, 1979).

Production of hybrid catfishes
The mating or crossing of two different species is a
process called hybridization, with the offspring known as
hybrids. Hybrids can have some characteristics of both
parents. Breeding hybrid with selected or favored
characteristics of both parents is one of the goals of
animals’ husbandry. When a hybrid has characteristics
superior to both parents it is said to have hybrid vigor or
positive heterosis which, of course, is the ultimate
breeding goat (Michael’ and Rex, 1998). Hybrids between
different species of North American catfish (ictalurids)
have been researched for more than 30 years. Of all
these interspecific catfish hybrids (crosses between two
distinct species) only one hybrid has characteristics that
would favour commercial application. That hybrid is the
channel catfish (Ictalurus punctatus) blue catfish. (I.
furcatus) hybrid (denoted as the C x B (hybrid). More
specifically, it is the hybrid produced by crossing the
female channel catfish with the male blue catfish. It is
important to note that the reciprocal cross, crossing the
male channel catfish with the female blue catfish, does
not have the same superior production characteristics of
the Channel catfish hybrid. Research on Channel catfish
hybrid hybrids has demonstrated that they exhibit many
commercially desirable characteristics. The Channel
catfish hybrid exhibits superior or characteristics for the
following traits.
• faster growth;
• better feed conversion;
• tolerance of low oxygen;
• increased resistance to many diseases;
• tolerance to crowded growth conditions in ponds;
• uniformity in size and shape;
• higher dressout percentages
• increased harvestability by seining; and
• increased vulnerability to angling (Michael and Rex,
1998).

Monoculture

and

Polyculture

of

catfishes

Monoculture
Monoculture involves the culture of a single species with
or without the addition of fertilizers or feeds. Fertilizers
commonly used by local fish farmers are manures from
cows, buffalo, pigs, and chickens. Inorganic fertilizers are
not commonly used. A typical example of controlled
stocking monoculture with the addition of organic
fertilizers is the culture of Nile Tilapia, (Sarotherodon
niloticus), with a stocking density of 2 fish per m2 of pond
surface area, production of 25000kg per ha at least twice
as many as fish as can be produced from naturally
occurring organisms, is possible after four months of
rearing by adding pig manure every day for five days a
week at the rate of 75kg per ha per day. Supplementary
feeding is another means that can increase the
production fish culturing in ponds. At present, some
commercial fish farmers use rice bran and broken rice to
feed fish. Water spinach, duckweed, and other aquatic
weeds, soybean, cake, peanut cake, fish meal, and fresh
or frozen trash fish are also used (FAQ, 1998).

Polyculture
Polyculture is the production of two or more fish species
within a particular aquaculture environment. Most
polyculture occurs in ponds. Some of fish species grown
in catfish ponds include paddlefish, tilapia and big head
when considering pond polyculture, certain issues such
as feeding, harvest marketing should be considered first.
Natural filter feeders, such as paddlefish will feed on
small crustaceans living in the water. Similarly, big head
will consume zooplankton and large phytoplankton.
Tilapia will extra zooplankton and phytoplankton from the
water via thick gill mucus which is then swallowed.
However, big head carp and tilapia will both willingly
consume catfish pellets (FAQ, 1998). Harvesting big
head carp or paddlefish occurs when catfish ponds are
seined. Otherwise, the fish are removed from the seine
by hand and released into the pond. Tilapia are difficult to
seine, as they tend to swim under or over the net. Tilapia
should be grown and fed in cages since they would be to
separate from the catfish during harvest. Caged tilapia
have been successful grown in Kentucky freshwater
shrimp ponds. All-male tilapia should be used in ponds to
avoid their prolific reproduction and the development of
stunted fish populations. Tilapia are a tropical fish and
cannot withstand water temperature below 50°F (10°C)
(FAQ, 1998). Catfish growers must establish reliable
markets for the additional species mown in their ponds.
Ethnic markets for tilapia and big head carp grown in the
United States typically require live fish. Potential markets
for paddlefish meat and stocker fish to supply private
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Table 1: Some Culturable fish species in Nigeria.
Scientific name
Tilapia Guineensis
Chrysiclztlys nigroditatus
Mugil sp
Ethmalosafimbriata
Clarias gariepinus
Hem ichromis fasciatus
Megalops atlanticus
Lutf anus sp

Common name
Guinea tilapia
Silver catfish
Grey mullet
Bonga
Mud cat fish
banded leporinus
Tarpon
Red snapper

reservoirs currently look promising. All female paddlelish
stocked into private reservoirs may be harvested for roe
and or meat 5-8 years following stocking (FAQ, 1998).
Individual catfish growers must decide if the profits from
the additional polycultured fish species would warrant the
extra costs of production. These costs may include: feed,
fingerlings, aeration, harvest labour, transportation,
processing, marketing, and the potential risk of becoming
a vector for catfish diseases. Some catfish growers
believe the presence of filter feeding fish pays dividends
in improved water quality in ponds (FAQ, 1998).

Culturable fish species in Nigeria
There are great varieties of fish that can grow in the
ponds. All warm- water fish can grow in ponds. But some
are predominantly freshwater while some are brackish
water fish (Table 1). It is observed that the freshwater fish
do better in freshwater ponds and the brackish water fish
grows better in brackish water ponds although in some
cases freshwater fish can be acclimatized to grow in
brackish water and vice versa (DFRRI, 1988).

Feeding habit
Feeds on bentic algae and other plants
Gastropods bivalves, insects
Feeds on bottom deposits
Plankton
Bentic organisms
Feeds on fish fry and fingerling(Predator)
Feeds on other fish (Predator)
Feeds on other fish (Predator)

hatcheries or production ponds or high density tanks,
environmental conditions may change with no avenue of
escape for the fish. In addition to this, many manmade
stressors, such as handling and feeding are brought to
bear on the fish.
This stressful situation may be
sufficient to trigger off a disease or parasitic infection in
the population (Imam, 1971). High population densities
results in increased level of metabolic wastes and
deceased levels of dissolved oxygen. High population
densities such as in or tanks also greatly facilitates
successful transmission of pathogen from h to another by
increasing the possibilities of an infected fish coming into
with a susceptible one. The most important diseases,
infections and parasites of African catfish under culture
conditions are bacterial diseases and fungal infections
(particularly during the early life history) and various
internal and external parasites. Viral diseases have not
yet become a problem in catfish in cattish culture but as
the industry grows it is highly that viral infections will
manifest themselves (Imam, 971). Parasites which have
been found on or in African catfish include protozoan
parasites,
crustaceans,
nematodes,
monogenean
trematodes and digenean trematoes. No cestode
infections have been recorded on African catfish so far
(Imam, 1971).

Diseases of fishes
A disease in a fish is the end result of an interaction
between at least three factors, viz, host susceptibility,
pathogen virulence and environmental factors (stressors).
The importance of environmental stress on the outcome
of the encounter between a pathogen and a susceptible
host cannot be -emphasized. Fish kept under intensive
conditions are constantly exposed to a wide range of
stressors and the fish will attempt to adjust
physiologically. However, any stressor hat exceeds the
fish’s ability to adapt may be lethal or will the infection by
opportunistic pathogens or parasites which may be in the
water. In large bodies of water, environmental conditions
are normally very. If these conditions change, the fish
can move away to areas where the stressors are
reduced. However, in small bodies of water, e.g. in

Fish feed ingredients
Soybean (Glycine max(Linn)
Belongs to the family leguminosae and noted for its
excellent nutritive value. Soybean is the world’s most
valuable and widely grown oil seed legume Osho, 1991).
It originated from Southeast Asia where it has been
cultivated for over 500 years. As at 1985 data, the total
soybean production in the world was 11.8 million mt with
the following countries being the major producers, United
states 56%, Brazil 18% people’s Republic of China 10%,
and Argentina 6% (Vohra and Kratzer, 1991).
Long ago, fishmeal has traditionally been the basis for
most commercial fish feeds because it is highly nutritious
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for all fish species (Lovell 1984). However, fish meal is
very expensive. In contrast to the dwindling fishmeal,
soybean production has been on the increase for the past
30 years with a 176% and was expected to increase by
another 40% beyond year, 2000 (Alexandratos, 1988).
Some of the wide range of commercially available
soybean meals are full-fat and toasted soybean meal,
hexane extracted and excluded soybean meal, alcohol
extracted soybean meal, full-fat and defatted soybean
and hexane extracted soybean meal (Tacon et al., 1983).
Soybean is widely grown oilseed crop with about 50%
world oilseed production. (FAS, 1991). In Africa, soybean
was first cultivated by the French in Algeria in the airy.
The crop was introduced to Nigeria by 1908 and
commercial production started 1940’s (Eyo, 1989).
Between 1985 and 1989, its production has increased
from 30,000 hectares to 120,000 hectares (Eyo and
Iwueke, 1989). In Nigeria, there is great zeal for soybean
production and utilization in ‘w.ran nutrition. Using
soybean products as fish feedstuffs in the growing
Nigerian aquaculture industry may help to convert
soybean protein into much needed fish protein. With
adequate planning soybean in aquaculture nutrition in
ceria could complement its popular utilization in human
nutrition. Soybean is one of the most abundant plant
protein available for fish feed today in some parts of
Nigeria and considerable amount of the work have been
done for its use fish diets (Eyo, 1989). It contains all the
essential amino acids (Arginine, Histidine, Leucine,
Isoleucine, Lysine, Threonine, Tryptopane, Valine,
Phenylalanine and lysine) which are required by fish
(Lovell, 1984, Eyo, 1989). Lovell, (1984) stressed that
soybean protein has one of the best amino acid profile
rich plant feeding stuffs to meet EAA requirements of fish.
Intensive culture by fish for food is one of the fastest
growing food production industries in the world today, fish
feeds require large amount of protein rich ingredient like
soybean with adequate supplementation of energy,
mineral and possibly methionine and Lysine,
commercially solvent extracted soybean meal should be
capable of replacing most of the fish meal diet for some
species and a significant percentage of it in diets of other
species (Lovell, 1984).
Considerable work has been done on the use of
soybean in fish diets. Such studies range from its use in
its raw form, through processed forms (dehulling, toasting
and defatting) to supplemented forms (Synthetic
methionine, cystine, and lysine supplementation).
Soybean has been used as a sole protein clement or to
partially replace animal protein, particularly fishmeal with
more process than failure (Lovell, 1990; Lim and Dominy,
1991). Although soybean real is highly nutritious, raw
soybean have been shown to possess an antic nutritional
substance mainly trypsin inhibitor and some fish find it
unpalatable (Lovell, 1984). Lovell et at (1974) reported
that channel catfish fed all plant diets had dressed

growth than those fed diets containing fish meal. Andrew
and Page 1974) discovered that growth and feed
efficiency of channel catfish were substantially reduced
when fish meal based diet was isonitrogenously replaced
with soybean. However, there was insignificant increase
in growth and feed utilization of the fish when the
fishmeal in diet was raised to 20% (Mohsen and Lovell,
1990). They speculated that the improved fish growth by
adding fishmeal could be attributed to increased amounts
of limited essential amino acids, amino acids, and
Lysine. Lower nutritive value of soybean meal for channel
catfish as compared to fish meal is attributed to its
relatively low sulfur containing acids (NRC, 1983). As
observed by NRC (1983), low levels of sulphur amino
acids and oil and the presence of anti-nutritional factors
were identified as factors affecting the optimum utilization
of soybean meal. Generally, supplementing sulphur
containing amino acids to diets containing soybean meal
improved performance of the fish (Lim and Dominy,
1989). Supplementing soybean meal with either coated
or uncoated methionine significantly improved growth and
feed efficiency of common carp and channel catfish with
coated methionine doing better only in carp (Murai et at.,
1982). However, earlier studies revealed that there was
no difference in the performance of Channel catfish fed
diets containing soybean meal supplemented crystalline
methionine and cystine and Lysine. The discrepancy may
be as a result of higher methionine and cystine levels in
the basal diets in the later investigations. The growth
depression, caused by methionine deficiency, in tilapia
was enhanced diets for Qrechromis niloticu in which
75% of the fish meal replaced with soybean meal and
provided the same growth and feed conversion as those
of the fish meal diets (Tacon eta!., 1983). Heat treatment
has been identified as an effective method of removing,
‘most anti-nutritional factors (ANF) in soybean.
Haemogglutinins, trypsin inhibitors, phylate, giotrogens
and anti-vitamins D, F and B 12 have been identified as
heat labile ANF (Tacon et al., 1983; Lovell, 1990).
However, heat educes available Lysine levels due to the
maillard reaction (Maynard 1979; Bondi, 1987).
Commercial soybean meals currently used in aquaculture
feed are heat treated (Lovell, 1990). Such heat treatment
has been to improved soybean utilization in aquaculture
feeds. Poorly heated hexane soybean flour depressed
growth in channel cattish fed 25% crude protein diets with
graded levels of trypsifl inhibitor (T1) activities brought
about by heating durations (Wilson and Poe, 1985). No
utilization differential was recorded between the control
and the test diets of channel when 64% commercial
soybean meal and 10% fish meal in the control were
replaced with 50% and 100% heated soybean meal
(Saad, 1979). Heating, destroys the trypsin inhibitor and
soybean toasted at 100°C for 30 minutes has been
reported to be superior at promoting growths of mud fish
fingerlings (Eyo, 1989). It was reported by Eyo, (1989)
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that the mean proximate composition of soybean is 40%
protein, 21% oil, 34% carbohydrate and 5% ash and is
also rich in mineral content.

Groundnut cake
It has a fairly high protein content ranging from about
49% to 50% depending on the method of extraction
(Jauncey and Ross, 1982). Olukunle (1982) reported that
the growth performance and diet utilization of fry of 0.
niloticus fed a 45% protein diet where ii% of the fishmeal
diet was replaced by groundnut meal and l1% by sun
flower meal were similar to those of fry fed a fishmeal
control diet.Wu and Jan (1997) reported that the specific
growth rates of Sarotherodon aureus fed a diet
composed exclusively of groundnut protein were 58%
lower an those on a fishmeal control diet. The main
problem associated with the age of groundnut products is
that is easily attacked by the fungus, Aspergilus flavus.
This fungus produces a toxin, aflotoxin which poisons
most animals. WcDonald (1976) reported that the dosage
of aflotoxin in groundnut cake in Nigeria is very low
ranging from 0.05 to 1.00 ppm. The dosage of aflotoxin in
feed that will produce acute aflotoxicosis ranges from 10l00ppm depending upon species of animal, age and its
stage of health (McDonald, 1976).

Fishmeal
Hardy (1991) reported that the major forms of f9shmeal
available are the ne dried and steam dried menhaden
fishmeal from U.S.A, steam dried and Capelin fishmeal
from Norway and Iceland, and Sardine fishmeal from
Japan. Currently, fishmeal is the major feedstuffs in the
aquaculture feed industry and provides the major portion
of protein in commercial diets for aquatic animal (Lim d
Dominy, 1991). Aquaculture consumes only l0% of the
total fishmeal production. Hardy, (1991) reported that the
fishmeal production has increased over the years by 27%
and is now expected to decline by 5% annually. Ironically,
the aquaculture industry has grown rapidly in the last
decade (Lovell, 1990). This has resulted in high demands
for fishmeal but the concomitant decline in fish meal
production poses great danger to the industry. Fishmeal
made from whole fish contains 6080% protein in dry
weight which is 82- 95% digestible to most fish (Lovell,
1989). It is not deficient in any the essential amino acids;
in fact, it contains an excess of those which are deficient
in most plant proteins which makes fishmeal a valuable
complement to diets containing large amount of plant
ingredients. Lovell (1981) reported fishmeal produced
from fish parts are lower in the quality of protein than se
from whole fish. It is rich in available Lysine and
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methionine, the two acids most often deficient in fish feed
ingredients. The demand for fishmeal is highly elastic.
Crowther (1990) estimated that demand for fishmeal in
poultry feed production is 0.7%. This means that a 10%
increase in price would lead to 7% decline in demand.
Fishmeal has a more variable demand than any other
amino or plant protein i.e. its demand is more sensitive
than others. Proper utilization of fishmeal involves its
qualities in s of freshness, Lipid oxidation, protein
digestibility, effect of cooking and hydrolysis and meeting
fishmeal quality requirements for various aquaculture
species (Chamberlain, 1993). Fishmeal is highly
palatable to most fishes. The major role in several kinds
of fish diets is an attractant (Lovell, 1981). In spite of its
superior value as a fish feed ingredient, it is quite
expensive, therefore, prudent replacement of fishmeal &
with other nutrient sources can provide significant
savings in feed costs. A wide range and number of
alternatives to fishmeal have been investigated in fish
feeds such as soybean meals and Groundnut cake meal
must not be underestimated. It is therefore still one of the
most nutritious, digestible and relatable ingredients
available (Lovell, 1989).

Nutritional requirements of fish
The nutrient required by fish for growth, reproduction and
normal physiological functions are similar to those of land
animals (Ayinla, 1991). They need protein energy
sources, mineral, vitamins and growth factors. These
nutrients may come from natural aquatic organisms or
from prepared feeds. If fish are held in an artificial
confinement where natural foods are absent, such as
raceways, their feed must be nutritionally complete,
however, where natural food is available and
supplementary feeds are fed for additional growth, the
feeds may not need to contain all of the essential
nutrients. Nutritional requirements of fish do not vary
greatly among species. There are exceptions, such
differences in essential fatty acids, sterols, and ability to
assimilate carbohydrates, the quantitative nutrient
requirements that have been derived for a guide for
estimating the nutrient needs of fishes as shown on
(Tables 2 and 3). Lovell (1990) reported that fish
generally require higher dietary protein levels than land
animals. The dietary energy sources in fishes are
basically proteins and triglycerides. Warm water fishes
digest carbohydrate energy well, while cold water fishes
do so poorly (Lovell, 1990). Therefore, the performance
of a feed depends on its ability to supply adequate
protein and digestible and especially metablisable protein
and energy. Mangalik (1986) observed that while protein
and energy requirements of fish changes with size, the
protein energy -to changes only slightly. Davis and Gatlin
(1991) reported that although feed containing enough
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Table 2: Estimate dietary protein requirements of clariid catfishes.
Species
Channel catfish
Common Carp (Cvprin us carpio)
Japanese eel (Anguillajapon icus)
Ziapia sarotherodon
Aureus
S. Mossambicus
S. Niloticus

Protein source
Whole egg
Casein
Casein argilline and cyst inc
Casein and egg
albumin
Fishmeal
Casein and Gelantin

Protein Requirement (%)
32-36
31-38
44.5
34-56
34-56
30-50
36

Source
Garling and Wilson 1976
Ogino and Saito 1970
Nose and Arai, 1972
Winfree and Stickney, 1981
Jauncey and Ross, 1982
Kubaryk, 1980

Source: NRC (1993)
Table 3: Composition of the experimental. feed ingredients.
Materials
Maize
Soya bean
Fish Meal
Oil
Dicalcium Sulphate
Vitamins/premix
Vitamin C
Salt
TOTAL

supply of protein and energy will meet the recovery and
maintenance energy demand of fish, it is desirable for
such feed to supply essential mineral and vitamins to
meet their structural, physiological and metabolic demand
by fish. 23 minerals have been found essential in animal
seven of these are macro-elements, namely our; calcium,
chloride, magnesium, phosphorus, potassium, sodium
and sulphur; and sixteen trace elements, namely:
aluminum, arsenic, cobalt, chromium, copper, fluorine,
iodine, iron, manganese, molybdenum, nickel, selenium,
silicon, tin, vanadium and zinc. The actual requirements
for these elements are met from the environment,
feedstuffs and mineral premix supplements. 15 vitamins
are essential in fish feed (Lovell, 1990). However, all
fishes do not require the 15 vitamins. NRC, (1993) has
made a brief summary of the nutrient requirement of
channel catfish as contained on (Table 2).

Protein and animo acids
Protein is the basic component of animal tissue and is
therefore an essential nutrient for both maintenance and
growth. At maintenance level, the fish requires protein for
replacement of worn-out tissue and proteinous products
internal epithelial cells. Enzymes and Hormones, which
are vital for the proper functioning of the body, and are
recycled quite rapidly. The requirement protein is
therefore obvious since protein constitutes 45-47% of the
tissue dry matter (Lovell, 1989). The capacity of fish to

% composition
45.35
17.05
32.60
1
1
1
1
1
100

synthesize protein from carbon skeleton is limited and
most of the protein must therefore be supplied through
diet. Thus the content of protein in the diet and its ratio to
the metabolisable protein becomes of prime importance.
Rate of protein synthesis varies among ashes but is
generally lower in land animals. With intensive feeding, a
broiler chicken will grow from 40g to 1.8kg or increase its
weight 45 times in 7-8 weeks, areas a young channel
catfish 20g with intensive feeding will increase its weight
only to 4-8 times during this time interval (Lovell, 1989).
Information of protein synthesis rate in fish is scarce but
in rate about 700mg of muscle protein per 100g weigh
per day synthesized, only about 150mg of new tissue is
gained indicating a high rate of protein turn over. Fish diet
should contain a higher percentage of protein than those
of warn blooded animal (Ayinla, 1991). For example, the
level of protein in practical diets for channel catfish is 3036% (Lovell, 1984); Clarias gariepinus fingerling is 3134%, 40% for adult and 40% for Brood stock (Ayinla and
Akande, 1988), Cypririus carpio is 38% Heterobranchus
b/dorsal/s 35°, Heterotis niloticus, 25-28% (Ayinla 1991)
and Oreochromis nilloticus 25-30% as compared with 622% for poultry. However, variations occur in the dietary
requirements depending on the source of protein,
species, age groups of fish and their environment (De
Long et :958). This is further confirmed by Lovell, (1984)
who reported that the um percentage of protein in fish
diets is influence by several factors such as size of fish,
physiological functions, protein quality and non-protein
energy in fish have higher protein requirements during
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early growth than during later of growth. It was
demonstrated that a young 3-gram channel catfish
required almost four times more protein per day than
250-g fish for maximum quality of protein needed in the
diet for maximum growth a high quality protein and if the
diet is deficient in energy, the fish will use part of the
protein to meet energy needs. Natural pond consumed by
fish can be an important protein source. This is
influenced by natural pond productivity, feeding
behaviour of the fish and stocking density of the fish in
the pond. Protein from pond source are primarily of
animal origin — high in quality and containing at least
50% protein on a moisture free basis. Thus, a significant
dietary contribution from this source would reduce the
protein requirement of the supplementary diet. Lovell,
(1979) reported that if natural aquatic organisms
contribute significantly to the daily food intake of the fish,
the protein level in the prepared diet may be less. Amino
acids are the structural components of proteins and they
play a role in biological functions in all living beings.
There are 20 amino acids present in the structural units
of all proteins. Amino acids can be divided into nutritional
groups, essential are those amino acids that the animal
cannot synthesis or cannot synthesize in sufficient
quantity to support maximum growth, and therefore must
be available in the feed. The non-essential amino acids
are that cannot be synthesized by the animal and
therefore must be available in the feed. Most monogastric
animals including fish require the same 10 essential
amino acids. They include:
(i) Arginine, (ii) Istidine, (iii) Isoleucine, (iv) Lysine, (v)
Methionine, (vi) Phenlalanine, (vii) threonine, (viii)
Tryptophan (ix) Valine and (x) Tyrosine (Lovell, 1984).
These amino acids are not synthesized in the fish and
must be provided in the feed. The quality of protein is
principally influenced by its amino acid composition and
any diet deficient in any of these essential amino acids
will cause depressed appetite and growth rate of fish
(Ayinla, 1991). Thus in formulating fish feeds to meet
amino acids requirements, the total essential amino
content of the feed ingredient must be correct to allow the
optimum amount of amino acids in the diet. Digestibility of
amino acids varies among ingredients, for example
apparent digestibility of Lysine is 27% lower in cotton
seed meal than Soybean meal (Lovell, 1979). Protein in
some commercial feedstuffs, such as fish meal and
soybean meal are highly available to fish. Protein in
grains and fibrous feeds is less digestible to fish than
farm-animals (Lovell, 1979). With the exception of
fishmeal protein, there are no known animal or plant feed
protein available to the fish feed whose essential amino
acids profile alone approximate the dietary requirements
of farmed fish (Ayinla, 1991). Fishmeal has a balanced
amino acid profile which is lacking in any other animal
and plant feed proteins. Fish use protein efficiently as a
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source of energy. A high percentage of the digested
energy in proteins is metabolisable in fish than in Land
animal. The heat increment for protein consumed is lower
in fish than in mammal or birds, which a higher productive
energy value for fish. This is attributed to the efficient of
nitrogen excretion in fish, thus the content of protein in
the diet and its relationship to the metabolisable energy is
very important in protein requirement (amino acid
requirement) of fishes. The most efficient level of feeding
is attained only when the correct supply of energy and
essential nutrients are available in the proportion required
by the fish for maintenance and growth (Eyo, 1990). Any
deviation from this will change the quantitative food
requirement.

Carbohydrate
Carbohydrates are considered the least expensive form
of dietary energy for man and domestic animals, but
utilization by warm water fishes varies and the process
remains somewhat obscure. Dietary carbohydrates are
known to be utilized by various fishes, but only limited
information is available on their digestibility and
metabolism. Enzymes for carbohydrate digestion have
been detected in several fishes. The carbohydrates are
absorbed as simple sugars. The various enzymes
involved in glucose metabolism have been investigated in
several fishes with respect to tissue activities, distribution,
and to a limited extent, kinetic properties. Only limited
number of detailed studies have been reported on the
kinetic properties the various enzymes and the results
are consistent with the evolutionary development. Even
though, the various enzymes and pathways for glucose
metabolism have been detected, the role of dietary
carbohydrates and the contribution of glucose to the total
energy requirement of fishes remains unclear. studies
have indicated that the hormonal and metabolic
regulation of carbohydrate and energy metabolism varies
among fishes and may be somewhat different than in
other
animals
(Tarr,
1972;
Shimeno,
1974).
Carbohydrates are one of the energy sources. Fish are
different in their ability of synthesizing carbohydrates.
Some fish have the ability of synthesizing simple
carbohydrates such as sugar (sucrose) more recently
than synthesizing complex carbohydrates such as starch.
Warm water fishes can digest and metabolize
carbohydrates relatively then compared to cold water
fishes. Fish requires less energy for muscle activity to
maintain their position in water than to other animal; and
fish so require less energy to excrete nitrogeneous waste
products than to other animal. For instance, fish excrete
about 90% of their nitrogenous waste as ammonia which
represents negligible energy loss in on to energy cost of
excreting urea or uric acid as warm blooded animal
1984). Although there are no studies done on fish
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requirements of carbohydrates, one study showed that
when fish was fed with a low carbohydrates dietary
sources it had low levels of growth and also when the 1ntage carbohydrates exceed 25%, it had low level of
growth. Level of growth and also when the percentage of
carbohydrates exceeded 25%, it had low level of growth.
Carbohydrates digestibility has been found to increase as
level of dietary corn and potato increased for Rainbow
trout (Ufodike and Matty, 1988). Ufodike and Akombo,
(1987) observed that poor growth of Clarias lazera fed
87% corn diet was attributed to the toxic effect of very
high carbohydrates concentration coupled with the effect
of low dietary protein (76.3%) content. Ufodike and Matty
(1983) also reported that the carbohydrate in cassava
diet are better utilized by fish than carbohydrate in rice
diet.

Lipids and fatty acids
In addition to being concentrated energy source, lipids
have other nutritional functions. They provide a vehicle
for absorption of other fat-soluble nutrients such as
sterols and vitamins. They play a role in the structure of
cell and sub-cellular membranes. Some lipid components
such as sterols and certain acids must be provided in the
diet and thus, are essential nutrients for fishes. Cold
water fishes are very sensitive to fatty acid deficiency.
Fish fed fat - deficient diets do not grow well (Lovell,
1984). Fish requirements for fatty acids are deficient but
the following could be stated as general: Water animal
require -3 fatty acids more than N-6 fatty acids. A
combination of omega 3 and omega 6 acids of highly
unsatured eisosapenataenoic acid (20:5 or 22:6) omega
— 3 fatty acids at dietary level of 0.5-1% can provide
normal growth in most fishes (Lovell, 1984). However,
very high ratio omega-6 fatty acids may suppress growth
both warm water and cold water species (Castell, 1979).
Omega-3 and Omega-6 fatty acids are polyunsaturated
fatty acids.
Lovell (1984) reported that Salmonids require
approximately, 1% of omega-3 fatty acid in their diet for
maximum growth and that the omnivorous fishes tend to
require both omega-3 and omega-6. He also reported
that crustaceans cannot synthesize sterols and as a
result the compounds must be available in their
formulated diets to promote growth. Fatty acids
deficiency signs appear on marine water fish more
quickly than fresh water fish. Warm water fish require N-6
fatty acids while marine fish, which lives in low water
temperatures, require N-3 fatty acids. Shrimp seem to
require both n-3 and n-6 fatty acids. Plants oils contain
significant amount of any acids while fish oils are primary
sources of highly unsaturated n-3 fatty acids (Lovell,
1984).

Vitamins
Vitamins are organic compounds required in the diet in
relatively small quantities for growth, health and function
in animal. A vitamin that is a dietary essential for some
animals may not be for other species as these species
could synthesize it internally. For example, humans and
other primates, guinea pigs and most fishes require
vitamin C in the diet because it could not synthesize it
Internally, while most land animal do not. Fish from the
wild, seldom show signs of nutritional diseases because
natural aquatic foods are fairly nutritious; it is when fish
are restricted to unnatural environment and fed artificial
feeds for fast growth that nutritional deficiency symptoms
occur. Vitamins are classified as (1) water soluble and (2)
fat-solube. Eight of the water-soluble vitamins are
required relatively small quantities and have primarily coenzyme functions and they are known as B complex.
Three water-soluble vitamins that are required in larger
quantities have functions other than enzymes (Lovell,
1989). This group includes vitamin C, Myoinositol and
Choline. Vitamin A, D, E and K are the fat soluble
vitamins. Essentially of all the 15 vitamins have been
established for fish, although not all fish species seem to
have a dietary requirement for all 15 of them. The most
essential vitamins in fish feed include; Vitamin A, Vitamin
D, samin E, Menodione Thiamine, Riboflavin,
Pyriodoxine, D-calcium, patothenate, Niacin, B12,
Inositol, Biotin, choline and Ascorbic acid (Lovell, 1984).
The crease of vitamins in diets could cause loss of
appetite, weakness, reduced growth and anaemia. Other
symptoms common to several vitamin deficiencies are
reduced red blood cell count, abnormal colour, lack of
coordination, nervousness, hemorrhage, fatty livers and
increased susceptibility to bacterial infections (Lovell,
1984). Not all the fishes require all the vitamins. Some of
the B-vitamins are 5. The sized by intestinal bacteria in
warm water fish such as carp and Tilapia and as result,
dietary requirements may be marginal. Therefore, Bvitamins may not be highly required in the diet of
Oreochromis noloticus because of their synthesis by
intestinal micro-organisms; excessive vitamins in diet,
however could cause Hypervitaminosis, especially with
fat
soluble
vitamins
(Halver,
1989).
According to De Silva and Anderson (1996), Mineral have
significant biological and chemical functions in both fish
and crustaceans. Some mineral e constituents of hard
tissue such as bones, fins and scales and some are
components of soft tissue such as surphur in protein and
iron in haemoglobin.
Some minerals function as
component or activators of enzymes and hormones such
as zinc, which activates alkaline phosphate and iodine,
which is a component of the hormone thyroxin. Ebtehag,
(2001) reported that some soluble elements such as
calcium, sodium, potassium and chloride have functions
in the blood or body fluids such as osmoregulations, acid-
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base balance and sensitizing muscle fibers. In other
words, mineral or inorganic elements are needed by
animal including fish to maintain many of their metabolic
processes and to r3vide material for major structural
elements (exoskeleton). However, not all the elements
that are used in metabolism are required in the animal
diet. Fish particularly marine fish, have an advantage in
that their ambient medium contains many of the elements
that they need for growth and survival. Most fishes
absorb a major part of their calcium require from water,
the gill, except when water is unusually low in dissolved
calcium (National Research Council, 1983).
The minerals required for normal metabolism can be
divided into two groups, major and trace elements. Major
elements are required in large quantities and include
calcium, phosphorus, magnesium, sodium, potassium,
chirine and surphur. Trace mineral are those required in
trace amounts and include iron, iodine, manganese,
copper, cobalt, zinc, selenium, molybdenum, fluorine,
aluminum, nickel, vanadium, silicon, tin, and chromium.
The majority of calcium is found in the exoskeleton and
scale of bonyfish, during fasting these structures provide
a pool of calcium for reabsorption (Lovell, 1989).
Quantitatively, calcium and phosphorus function primarily
as structural component of hard tissues e.g. bone,
exoskeleton, scales and teeth). It is essential for blood
clothing (vertebrates), muscle function, proper nerve
impulse transmission, osmoregulation, and a co-factor for
enzymes processes (National Research Council, 1983).
Phosphorus is a component of variety of organic
phosphates such as Adenosine Trophosphate (ATP),
phospholipids, coenzymes, deoxyribonucleic aids (DNA,
and ribo nucleic acids (RNA). Inorganic phosphates also
serve as important buffers to maintain normal PH of intraand extra-cellular (Laudau, 1992). Lovell (1989) reported
that majority of phosphorus is found in the bones and
scales. A dietary source of phosphorus is essential for
because levels of dissolved phosphorus are very low in
natural waters in relation to Calcium (Lovell, 1978 and
1984). Deficiency in phosphorus causes reduction in
growth. Sodium, potassium and chloride are recognized
as being essential for a number of physiological
processes. Dietary deficiencies of sodium and chloride
have not been demonstrated in fish (National Research
Council, 1983). Presumably due to nutrient dilution,
excessive levels of Sodium Chloride have been reported
to inhibit feed efficiency in rainbow trout raised in
freshwater (Salman and Eddy, 1988). However, there
was no effect on the channel catfish raised in fresh water
(Murray et al., 1977) or Atlantic Salmon (Shaw et al,
1975) raised in fresh or salt water. Recent work with the
red drum (Sciaenops 0cellatus) has demonstrated that at
low salinities the supplementation of sodium chloride to
the diet resulted in increased growth (Holsapple, 1990).
One possible explanation for this positive response is an
increase in amino acid absorption. Lovell (1984) reported
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that natural feedstuffs are usually adequate in potassium,
magnesium and chlorine for normal growth of animal
unless there is a high rate of mineral lost. Some of these
elements are Probably available in sufficient quantity in
fish feeds Without Supplementation but in instances
where the elements are lacking in the diets, the
deficiency may be corrected by addition of mineral
mixtures.
The physical and chemical environment of fishes

A good water source is a necessity for the survival and
growth of fish since the entire life processes of fish is
solely dependent on its environment. Theses water
quality parameter become more serious in intensive
culture system where fish is raised in artificial ponds with
reduce self-purification capability as pared with natural
system. For example, the intensive artificial feeding has
identified as a major source of water pollution in fish
ponds as only about of the nutrients in the feeding is
converted to fish flesh (Boyd, 1973), while r remaining
settles as wastes when decomposed will utilize all the
dissolved oxygen. The constant check of these water
quality parameters is necessary to ensure a conducive
environment for the growing fish. According to Adeniji
and
(1990),
any
physico-chemical
biological
characteristic of water which is the survival growth and
reproduction of the fish is a water quality variable
demands, the attention and management of the ponds
culturist. This quality parameter could be physical,
chemical and biological characteristics.

Temperature
This is regarded as an environmental factor that affects
the activity, behaviour, Feeding, growth, survival, appetite
and reproduction in all fishes (Dupree and Runner, 1984).
Temperature is considered the next most important water
quality parameter to dissolve oxygen. Temperature
variation in water bodies depend largely on their
geographical location (Latitude, Longitude and altitude).
In the tropics surface temperature of shallow water
bodies such as ponds, tanks, Lagoons can reach near
40°C or above in peak dry season causing high mortality
of fish especially if the water bodies are less than lm
depth. More often temperature of water bodies ranges
from 30-35°C, most warm water fishes tolerate and fare
well in this range as reported by Boyd and Lichtkoppler
(1979). In the temperate regions, daily maximum
temperature rarely reaches over 25°C. Therefore,
temperature has a pronounced effect on rate of chemical
and biological processes in water, for example animal
require twice as much oxygen at 30°c than at 20°C. Thus,
excretion may be necessary at higher temperature to
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increase the level of dissolved oxygen (Adeniyi and Ovie,
1990). The main cause of thermal stratification in ponds
is temperature. The hypolimnion often associated with
Low primary productivity and low dissolved oxygen.

Dissolved oxygen
The dissolved oxygen content depends on the pond
water temperature. It also depends to a considerable
degree on the quantity of organic matter present and
submerged aquatic vegetation. If decomposing organic
matter is too much, it will absorb too much of the
dissolved oxygen in water, and the level will fall. If
vegetation is also too dense, during the day it can give off
excess oxygen to point of saturation beyond 150% of the
normal level, and this over saturation n endanger the
lives of the fish, and the fry in particular. At night the
same vegetation absorbs oxygen content below minimum
level acceptable to the fish. The danger is greater in
warm and thundry weather, and when there is a sundryabundance of aquatic algae. Boyd and Lichtkoppler
(1979) reported that in the absence of deliberate
poisoning dissolved oxygen is the simple most important
and critical water quality parameter for fish in pond and
culture systems. The dissolved oxygen requirement of
the fish varies according to the water medium. For
salmonids in general 9mg/L are necessary which
corresponds to temperature of around 20°C, in pure
water, 5.5mg/L is the minimum. Cyprinids require about 6
to 7 mg/L, and a minimum of 3 mg/L, Cichlids and
Silurids can withstand much lower content and in
consequence, high temperature and water in organic
matter, both of which reduce the dissolved oxygen
content in the aquatic environment. Shortage of dissolved
oxygen has many effects on fish which include fish
coming to the surface in an effort to breath air, fish stop
feeding, growth and reproduction is impaired, fish group
together near the fresh water inlet, fish become more
susceptible to diseases, may become stress and may
subsequently die (Adeniyi and Ovie, 1990).

Ammonia
Ammonia is extremely toxic at low levels poses a threat
to fish health. Ammonia is produced by fish as normal
part of metabolism. Ammonia is so toxic that most
animals immediately convert it to less harmful
substances, usually urea. Fish shortcut this process and
continually excrete metabolic ammonia directly into the
surrounding water via special cells in the gills. At low
levels (<0.lmg/L NH3) acts as a strong irritant to the gills
with prolonged exposure. At higher levels (>0.mg/L NH3)
even relatively short exposure can lead to skin, eye, and
gills damage (Robert and Gene, 1997). When dissolved
in water, normal ammonia (NH3) reacts to form ionized
ammonium (NH3 + H2O NH4 + OH-) Ammonia (NH3) is
highly toxic, whereas the ammonium ion is less toxic. At
any point in time there will be both ammonia molecules
and ammonium ions present. The quantity of both
ammonia and ammonium for each species is dependent
on both pH and temperature. As a thumb rule it is best to
aim at a zero level of total ammonia at all time. In normal
circumstances any reading above 0lmg/L Total
Ammonium Nitrogen (TAN) should be considered as
unacceptable (Robert and Gene, 1997).

Nitrite
Elevated levels of nitrite are common when people set up
new tanks or pond. Nitrite level only increase in presence
of nitrifying bacteria which are slow growers. Until fishes
are well established nitrite levels may be significantly low
d acceptable to fish health. Also nitrite levels are
influenced by level of ammonia in the water. Nitrifying
bacteria also process ammonia to nitrite (Vijai et al.,
2002). Furthermore, nitrate is converted to nitrite which is
usually considered as harmless at levels less
than5omg/L. safe levels of nitrite in water aquatic life is
0.06mg/L (Robert and Gene, 1997). National Guidelines
and standard for water quality by the Federal Ministry of
Environment prescribe the following as standard for water
quality for aquatic life (Table 4).

Hydrogen Concentration: Potential Hydrogen pH
Objectives
Although this depend on the species to be cultured, but in
all cases a pH range of 7.0-9.0 has been identified as
productive and suitable for fish farming (Ndukwue 2006)
Fish in fresh water strive well in alkaline base
environment. Regular test should be carried out to control
the acidity or alkalinity of the culture water which
promotes toxicity of chemical compounds in the water
Ndukwe, 2006). The water levels can make the effects of
these substances, as a general rule the following pH
values can be used to see if there is water pollution as
depicted on (Table 4).

This work is designed to:
1. Evaluate the growth performance and feed utilization of
C/arias gariepinus, Heterobranchus longifillis and their
hybrid reared under monoculture and polyculture systems
with a view to determine the best culture system for
different species of the Clariid catfish.
2. To determine the feed utilization of the experimental
catfishes.
3. Assessment of culture systems for catfishes in Nigerian
water bodies.
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Table 4: National Guidelines of water quality for
aquatic life mg/I
Standard Parameter
pH
Temperature
Dissolve Oxygen
Ammonia (Total)
Nitrite

4.Proximate analysis assessment of the feed ingredients
and the experimental diet
5. To determine the physicochemical parameters
affecting the growth of fish.

Permissible Limit
6.0-9.0
20-33°C
6.8 mg/I
2.2-1.1 — (dependent)
0.06 mg/I

there is a good supply of borehole water stored in a 1000
litres capacity GP tank. The stored water was used
throughout the experimental period.

Collection and acclimatization of experimental fish
MATERIALS AND METHODS

Study area
Gwagwalada is the headquarters of Gwagwalada Area
Council in the Federal Capital Territory, it is the third
largest urban centre in the Federal Capital Territory. The
town is made up of Passo, Phase I, II, and III, Kotangora
Housing estate, Federal Housing, Kasuwan Dare,
Kutunku (New and Old), Dagiri and Angwan Dodo. There
are Federal Government Institutions such as University of
Abuja, University of Abuja Teaching Hospital, Federal
Secretariat, Sharia Court complex and Radio Nigeria.
Gwagwalada is located 50 kilometres South West of the
Federal Capital City Trunk A2, Lokoja, Kaduna road with
a land mass of 65 square kilometres (6500hectares). It
lies between latitude 8° 55’N and 900 00’N and longitude
7005’E. It has a very fertile agricultural land and crops
such as maize, Guinea corn, yam, Cassava, Beniseed,
Soya beans, Cowpea etc. are grown here. There is a
great demand for food in the town due to the large influx
of people. There are five potential water resources in
Gwagwalada township, these are rivers Gurara, Iku
Usuma, Wuye, and Tapa with so many tributaries. There
are a lot of agricultural activities taking place around
these rivers including fishing (Figure 1). The rest of the
people are civil servants and traders (Mabogunje, 1977).
Since 1986, there had been deliberate fish culture and
introduction of new fishes into the FCT waters such as;
Cyprinus carplo, clariid species and Oreochromis
niloticus.
Description of Site
The study was conducted in the Biological garden of the
Department of Biological Sciences located in the SouthWest corner of the University of Abuja Campus where

Fingerlings of C/arias gariepinus, Heterobrarichus
longifilis and their hybrid Heteroclarias were bought at
Kiyi hatchery km 5 Gwagwalada-Kuje Road in FCT. The
fingerlings were transported in plastic buckets and on
arrival at the experimental site were kept in plastic tanks
for two weeks to allow them recover from transportation
stress. The volume of each of the plastic tank was
I8.3cm3 with aerators. The fingerlings were fed with
imported commercial ids (Coppens), 2mm in diameter
bought at Kings Agro Vet shop behind St. Wary’s
Hospital, Gwagwalada. During this period, the fingerlings
were fed thrice: daily at 3°k body weight (Ogunsanmi et
al. 2008).

Experimental procedure
A total number of 144 fingerlings were divided into four
culture groups ad each group was in duplicate with each
group having 18 fingerlings. The culture groups were;
Treatment1: Monoculture of Clarias gariepinus
Treatment 2: Monoculture of Heteroclarias
Treatment 3: Monoculture of Heterobrachus longifilis
Treatment 4: Polyculture of C. gariepinus, Heteroclarias
and
Heterobranchus
long/fills

Feed formulation
All the materials used in the feed formulation were bought
at the Kado Fish Market Gwarinpa — FCT They were
then transported to the research site at the University of
Abuja botanical garden. The percentage crude protein
composition of the prepared feeds was obtained using
Pearson (198t) method.
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Pelleting of feeds
A locally fabricated pelleting machine with 2.00mm
diameter die was used to produce the pellets for the
fingerlings at Kiyi Fish Farm. Before the pelleting, the
ingredients were properly mixed manually and then
binded with starch. This was then placed in the funnel of
the pelleting machine and switched on to produce the
pellets. The pellets were then air dried on a clean mat
outside in a shade to ensure that they were properly
dried. This was done by weighing the pellets daily until a
uniform weight was obtained. They were then packed in
nylon bags to prevent mould, pests and water from

entering.

Proximate analysis of fish and feeds
At the beginning of the feeding trial, five (5) fingerlings
were removed from the treatments, weighed and oven
dried at 600 to determine the moisture, protein, ash and
lipid contents. Similarly, analysis for all the feed stuffs
was also cone to determine the moisture, protein, ash
and lipid content. At the end of the experiment one fish
was randomly selected from each treatment, weighed,
oven dried at 60°C for 24 hours and then processed for
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analysis of moisture, protein, ash and lipid contents. All
these were done at the Chemistry laboratory at Sheda
science and Technology Complex (SHESTCO), km 8
Gwagwalada — Lokoja Road.

Determination of moisture
Moisture was determined by an air oven method as
described in AQAC (1995). 2 grammes of the test
sample were weighed in triplicate into already weighed
and cooled Petri dishes. These were transferred into an
oven and were before placed in an oven where air oven
at 105°C±2°C for 3 hours. The samples 4vere covered in
the oven, transferred into desiccators and allowed to cool
for I5 minutes before weighing. The dishes were returned
to the oven to re-weigh until constant weights were
obtained. The moisture content in the feedstuff, diets and
carcass was measured and expressed as a percentage
of the initial sample weight:
% Moisture = W 1 - W 2 x 100
W1
Where W 1 = weight of fresh sample
Where W 2 = weight of sample after drying

16

Percentage protein = N x 6.25
= Sample titre (a) — Blank x 0.02 x titre (b)
=14.007 x 6.25 x 100
= Weight of sample (mg) ie approx. 200mg.
Where A = quantity of HCI that was used to neutralize
the
distillate
B = quantity of HCI that was used to neutralize the blank]
N
=.
Normality
of
HCI
(0.02)
W= Weight of sample in (mg)
14.007 = relative atomic mass of nitrogen in ammonia
Determination of ash
This measured the total in-organic matter by incineration.
The procedure outlined in AOAC (1995) was used in
determining the crude fibre content of samples. The
weight of the crucible dish was taken. 2 grams of sample
was added to each of the crucible. The content was aced
on the furnace rack and the furnace temperature was set
to 500°C for 16 hours until sample completely ashed. The
ash in crucible was removed and kept in desiccators to
cool. The cooled ash and dishes were re-weighed and
percentage ash was calculated as;

percentage ash = Total weight of extracted ash
Weight of sample

x 100

Determination of protein
The micro-kjeldahl method as described by AQAC (1999)
was used for the determination of protein in test samples.
About 200mg ground sample was weighed and placed in
micro-kjedahl flasks followed by 1g of catalyst
and
digested in 20 mls concentrated sulphuric acid. This was
heated for about 2 ½ hours on a digestion stand. The
blanks containing only the sulphuric acid and catalyst
were also heated for the same period.
Distillation: About 2m1 of distilled water was added to the
sample and poured in Mark ham’s distillation apparatus
followed by excess sodium hydroxide slightly above 5ml.
the liberated ammonia was distilled into 50m1 conical
flask containing 2% boric acid to which 3 drops of methyl
red indicator was added.
Titration: The distillate was titrated against 0.02N
hydrochloric acid to obtain a faint pink colour in each of
the cases. The percentage protein or nitrogen was then
calculated using the titre values for the blank and
samples as follow:

Determination of Lipid
The Soxhlet Extraction method outline in AOAC (1995)
was used in determining the lipid content of the samples.
Two grams of the samples were weighed and the weight
of the flat bottom flask was taken with the extractor
mounted on it. The thimble was held half way into the
extractor and the weighed sample was carefully
transferred into the thimble. Extraction was plugged with
cotton wool fully dropped into the extractor and the
extraction
was
continuous
for
8
hours.
At the completion of the extraction, the solvent was
removed by evaporation of the water bath and the
remaining part in the flak dried to 80°C for 30 minutes in
the air oven to dry the solvent and cooled in a desiccator.
The flasks were reweighed and percentage lipid
calculated as:
Percentage Lipid =Total weight of extracted lipid x 100
Weight of sample
Feeding

Percentage Nitrogen = (A-B)N x 14.007 x 100
W
or
= Weight loss x 100
Weight of sample

The fishes were fed daily on formulated experimental diet
containing 35% crude protein twice while the second
culture treatment was fed with commercial feed
(Coppens) as the artificial feed at 3% of their total body
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weight based on the recommendation of (Viveen et al.,
1986). This feeding rate is close to the apparent satiation
of the fish as reported by Wilson (1989). The daily ration
was divided into two, one portion was fed at 09. 0hrs and
the other at 18.00 hour. Feed was dispensed evenly on
the water surface to allow for equal opportunity for
feeding. Feeding in all tanks were completed in about 10
— 15 minutes. Collection of data (length/weight) were
carried out once a week during the experiment. Fishes in
monoculture system were weighed one after the other
and the total sum calculated. While in the polyculture
system they were weighed one after the other according
to species in each of the tank. The weighing was done
twice in each case. On weighing days, the fishes were
starved until the weighing was completed. Feeding rate
was recalculated to accommodate for the weight change.
The feeding trials lasted for twelve weeks.
Tank management
The plastic tanks were bought at Gwagwalada market.
The diameter of each of the plastic tank was 64cm while
the height was 32cm giving a volume of 3,218.3cm 3. Prior
to the introduction of the fishes, the tanks were washed
thoroughly with salt to kill any pathogens. The tanks were
then filled with the borehole water to 50 litres capacity.
Eighteen fingerlings were then introduced to each of the
tanks in the monoculture system while in the polyculture
six fishes of the three species were introduced. The water
in the tank was changed at every 72 hours interval to
avoid accumulation of toxic wastes which may be harmful
to the fishes. On weighing days, water in the tank was
removed and the fish taken to the laboratory for weighing
using automated top weighing balance (Ohaus E 400 D
and Ohaus precision plus). The fishes were weighed one
after rule other and this was repeated thrice and the
length of the fishes using a meter rule. When this
exercise was completed the fishes were returned to their
various plastic tanks.
Physicochemical parameters
Temperature
The temperature of water in all bowls was monitored
once a week. This was by dipping a mercury-in-bulb
thermometer into the water below the water levels in the
bowls. The thermometer stayed in the water for about 3
minutes before taking the reading. This was repeated
thrice. Each temperature reading was taken in degree
Celsius.
pH
pH was taken before draining the water in each treatment
tank.

This was effectively done using pH meter model no.
H3351C-Kentel 704546

Dissolved Oxygen
Water samples from the tanks were taken once a week
for dissolved oxygen (DO) analysis. Winkler Titrimetric
method (Annes, 1966) was used. The procedure was as
follow: 2m1 of Manganese alkaline iodide reagent in the
sampling bottle (125-300m1) by inverting the bottle a few
times. The stopper was carefully removed when the
settled precipitate and 2.0ml concentrated sulphuric acid
(H2 S04) was added by allowing the acid to run down the
neck of the bottle — stopper, and mixed by gentle
inversion until the solution was completely formed. This
was titrated with 0.025N sodium thiosulphate (Na2S2O3)
to a pale straw colour. 3 drops of freshly prepared starch
solution were added and the titration continued till the first
disappearance of the blue colour, the total volume of
Na2S2O3 used. The dissolved oxygen (DO) in mg/1 was
calculated as:

DO mg/ = (MiI.titrant) (N) x (8) x (1000)
Sample Volume
Where N = Normality of Na2S2O3
8= Concentration equivalent to 1ml in Na2S2O3
1000 =Conversion factor for 1 litre
All readings were in mg/1 of water.
Ammonia (NH3)
To determine the ammonia, l0ml of the water sample
taken and 0.2m1 Zinc Sulphate (ZnSO4) added. 0.4m1
Sodium hydroxide (NaOH) was added and mixed
thoroughly. It was allowed to stand for at least 15 minutes
and centrifuged for 15 minutes. 20mls aliquots were
taken and to it Rochelle salt was added. This was shaken
and 0.5m1 Nessler’s reagent was then added. It was
allowed to stand for 20 mm. The ammonia reading was
taken
in mg/l.

Nitrite- Nitrogen (NO2-N)
The procedure for Nitrite determination was as follows:
The water sample was filtered through Watchman ‘42.
Then, 50ml of the water was measured into a 100 ml
beaker. 1ml of diazotizing reagent (sulphanilamide) was
added, stirred and allowed to stay for four minutes for
reaction. 1ml of coupling reagent (N-CI-napthyl-
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Table 5: Proximate analysis of experimental feeds ingredients.
Feeds ingredients
Maize meal
Soyabean Meal
Fishmeal

% Moisture
10.00
5.55
-

ethyleneamine) was added and stirred. The solution was
allowed to stand for 10 minutes to form the ozo
compound and then transferred to a 1cm cuvette where
the pink colour was measured spectrophotometrically at
543nm the concentration of Nitrite Nitrogen was obtained
from a calibration graph.

% Lipid
3.33
10
12

% Ash
0.5
26.47
9.5

% Crude protein
10.95
47.68
45

that of soya-bean meal was 10%. The ash content of
maize meal was 5% while that of soya bean meal was
26.5%. The crude protein content of maize meal was
10.9% while that of soybean meal was 47.7%. The
fishmeal used had a lipid content of 12%, ash content
9.5% and crude protein content of 45%.

Analysis of growth and nutrient utilization
Water Quality Parameters of the Experimental Tanks
Growth and nutrient utilization parameters were analysed
using the following formulae as reported by Anadu et al.
(1986)
1. Weight gain (WTG) = Final mean weight - initial mean
weight
2. Specific growth rate (SGR)

As shown in (Table 6) the temperature ranges from 2630°C (mean 28±1.4); pH 7.59 (mean 8.3±0.15). Dissolve
oxygen 0.1- 6.82 (mean 4.62.18). Ammonia 0.05-1.00
(mean 0.3±0.2) and Nitrite 0.01-0.03 (mean 0.02±0.07).

Feed Utilization and growth
SGR (% per day) = Lnw2 — Lnw1
Culture period
Where W 1= initial weight (g)
W 2 = final weight (g)
Where Ln = natural logarithm
3.Feed conversion efficiency; = final weight gain x 100
Protein intake
4. Survival rate (percentage) = No of dead harvested fish x 100

No of fish stocked
Data analysis
Data obtained from fish weights in this study were
subjected to analysis of race (ANOVA) using the SAS
ANOVA procedure (SAS Institute, 1988). Duncan’s
multiple range test (Duncan, 1955) was used to compare
differences among treatment means 5% level of
confidence.

RESULTS
Proximate analysis of experimental diets fed to
clarild species and their hybrid
As shown on (Table 5), the proximate moisture content of
maize meal was 10% while that of soybean meal was
5.6%. The lipid content of maize meal was 3.3% while

The results of feed utilization and growth of C. gariepinus,
H longifillis and their hybrid reared under monoculture
systems and fed with the experimental diets are
presented in (Figure 2), while those fed commercial feed
are presented in (Figure 3). The results of growth and
feed utilization parameters of C. gariepinus, H. longifillis
and their hybrid reared under the polyculture system and
fed with the experimental diet are presented in (Figure 4)
while those in commercial feed are presented in (Figure
5). Under the monoculture system, the hybrid Catfish has
the highest mean final weight of 177.2g followed by C.
gariepinus, 159.4g while H. longifil’lis had the least 60g
as indicated in Figure 2. In the control, the mean final
weights were 205.1g for Heteroclarias, 97.7g for
Cgariepinus and 51.7 for H. longifillis (Figure 3). The
results revealed that there were significant differences (P
< 0.05) in the growth and nutrient utilization parameters in
the monoculture system fed with the experimental diets,
as indicated in (Figure 2).
The same observation was made in the control as
indicated in (Figure 3). Under the polyculture system, the
results of the growth and nutrient utilization of the two
Clariid catfish and the hybrid in terms of mean weight
gain were significantly different (P<0.05). The hybrid had
the highest mean weight of 130.lg, followed by C.
garfepir7US 109.5g and H. longifillis 93.9g as indicated in
Figure 4 the control had a mean final weight of 204.5g,
91.3g and 50.7g Heteroclarias, C. gariepinus and C
longifillis respectively as indicated in (Figure 5).
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Table 6: Water quality parameters of the experimental tanks
Parameter
Temperature (0C)
PH
Dissolved Oxygen (mg/1)
Ammonia (mg/l)
Nitrite (mg/l)

Range
26-30
7.5-9.0
0.1-6.82
0.05-1.00
0.01-0.03

Mean
281+.4
3+10. 15
4.6+2 .18
0.3+0.2
0.02+ 0.007

200
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mean weights (g)

160
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80
60
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20
0
0
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Culture period (weeks)
Figure 2: Growth of the two Clariid species and their Hybrid experimental diet under monoculture system.
Heteroclarias
Clarias gariepinus
Heterobranchus longifilis
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Figure 3: Growth of the two Clariid species and their Hybrid feed commercial diet under monoculture system.
Heteroclarias
Clarias gariepinus
Heterobranchus longifilis
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Figure 5: Growth of the two Clariid species and their
Hybrid feed experimental diet under polycultutre system.

Heteroclarias
Clarias gariepinus
Heterobranchus longifilis
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Figure 5: Growth of the two Clariid species and their
Hybrid fed commercial diet under polyculture system.
Heteroclarias
Clarias gariepinus
Heterobranchus longifilis

Carcass composition
At the end of the experiment, the carcass composition
showed ration in the moisture, lipid and ash contents of
the 3 catfish species as shown on (Table 7). The highest
final
moisture
content
was
observed
in
Clarias gariepinus and the least in Heterobranchus
longifillis. Heteroclarias had the highest lipid content of
36.9 and the lowest ash content of 0.1 while Clarias
gariepinus had the highest ash content of 7.69% and
Heteroclarias had the lowest ash content of 3.57%. The
highest final crude protein content of 24.56% was
observed in Heteroclarias followed by Clarias gariepinus,
14.03% while Heterobranchus longifillis had 12.03%. A
test of the significant different among the three fishes
showed that there was no significant difference (P>0.05)
in the initial values and final values between
Heteroclarias and Heterobranchus longifillis. Similarly,
there was no significant difference (P>0.05) in the initial
values between Car/as gariepinus and Heteroclarias.
DISCUSSION
The result of the growth and nutrient utilization
parameters of two different species of clariid catfish;

Clarias gariepinus, Heterobranchus longifillis and their
Hybrids (Heteroclarias) which were fed on 35% crude
protein diet revealed that the fish were able to utilize the
diet effectively under monoculture and polyculture
systems. The hybrid had the highest growth and feed
utilization in the two culture systems of mean weight
177.2g,
Clarias
gariepinus
159.4g
and
Heterobranchus longifillis 80g. The result agrees with the
reports of Jensen et al. (I983), Bakos (1987), Madu et al.
(1992), who observed that hybrids in most cases were
superior to their parental line in terms of growth, food
conversion and disease resistance. The result is also in
line with the report of Okoye et al. (2000) on the growth
performance of pure strain of Clarias gariepinus. Hybrids
of Heterobranchus longifillis and Ciarias gariepinus
(Heteroclarias) in polyculture with Oreochromis niloticus.
They observed that the hybrid catfish had the fastest
growth rate and showed better conversion of feed into
fish flesh than the Clarias gariepinus. It was also
observed that the two species of the Clariid catfish and
their hybrid performed well in terms of growth and feed
utilization in monoculture than in polyculture system. The
hybrid cattish which had the best weight gain in the
culture systems had a mean weight of 177.2g in the
monoculture system and 130.lg in the polyculture system.
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Table 7: Carcass composition of the 3 catfish species.
Proximate composition
Moisture
Crude protein
Lipid
Ash

Clariias gariepinus
Initial
Final
63.41
69.05
14.03
17
13.33
10.03
10.0
7.69

The mean weight reduced with the introduction of another
species. This variation in the body weight gain indicated a
stronger inter than intra species competition for food
among the individual fish. This competition for the food
was more when different species were cultured together.
It was observed during feeding that the hybrid catfish
tends to fight other species and vice-versa. Ayinla and
Akande (1989) made similar observation and reported
that the aggressive behaviour of the clariid catfish was
highest in the hybrid catfish. Alikunhi et al. (1991)
reported that hybrid (C. catla x L rohita) grew better under
monoculture than in polyculture system with other carp
species. Khan and Kowtal (1989), Khan et al. (1990)
reported that hybrid (common carp x catla) attained an
average weight of 21.0g in polyclutre with other carp
species and 71g under monoculture system, thus
supporting the results of the present study. The final fish
carcass composition for the clariid species showed
similar values between the initial and final values. C.
gariepinus had higher final moisture content than the
initial. The same occurred in Hiongifillis. while the hybrid
had higher moisture content in the initial than final.
Similar observations were seen in the crude protein
content. The initials were higher than the finals. However,
the hybrid had higher percentage of lipid content in the
final than in the initial. The ash content was low in the
final than in the initial in all the clariid species. The
nutrient requirement by fish for growth, reproduction and
normal physiological functions are similar to those of land
animals (Ayinla 1991). They need protein energy
sources, mineral, vitamins and growth factors. Lovell
(1990) that fish generally require higher dietary protein
levels than land animals. The performance of a feed
depends on its ability to supply adequate protein and
digestible and especially metabilisable protein and
energy. Mangalize W:36) observed that while protein and
energy requirements of fish changes with the protein
energy ratio changes only slightly. It had earlier been
reported by Acieniji and Ovie (1990) that an ideal water
condition is necessary for the survival and growth of fish
since its entire ie processes are dependent on the quality
of its environment. The range of the temperature of water
recorded throughout the experimental period was
between 26 and 30°C and pH range was between 5 and
9 which agreed with the ranges recommended by Vivien
et al. (1986) for cattish culture. Other physicochemical

Heteroclarias
Initial Final
78.95 67.30
24.56 27.12
11.11 16.90
7.14
6.1

Heterobranchus
Initial
Final
54.82
60.56
15.12
12.03
14.17
10.57
6.6
5.57

parameters were dissolve oxygen, ammonia and nitrate
were found to be within the optimal range of requirements
for Cattish production Vivien et al. (1986).
In conclusion, this work had clearly showed that the
catfishes perform best under the monoculture system
than in the polyculture system. It also showed that the
catfishes were able to utilize the experimental feed under
both monoculture and polyculture systems as there was
satisfactory performance in the growth and nutrient
utilization in both systems.
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