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FISH FOR THOUGHT

Remember some of our most wonderful inventions
got off to SLOW STARTS as well:
* The first electric light was so dim
that a candle was needed to see its

socket.

* One of the first steamboats took 32
hours to chug its way from New York

to Albany, a distance of 150 miles.

* Wilbur and Orville Wright's first

airplane flight lasted only 12 seconds and

* The first automobiles travelled 2 to 4
miles per hour and broke down often.
: Carriages would pass them with their
{carriages) passengers shouting, "Get

a horse!'"

BUT LOCK WHAT THILSE INVENTIONS ARE CAPAF_E
OF TODAY! (Egner, D.C. (1990) Slow Starts. [1: Our
Daily Bread, 29 May, 1990. Vel. 35, Nos. 1, -. Radio

Bible Class, Grand Rapids, Michigan, U.S.A.)

So let it be with FISH CAGE CULTURE TECHNOLOGY

IN NIGERIA!
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Einvolving general cage culturability of fish g1 cieg,

" aspects of supplem:entary feecing, stocking derns tiez,

. natural productivity of either unpeolluted fresnwatex

niloticus (ORN} and/or S. galilaeus {5AG) were -

i

1 .

ABSTRACT

Fish culture studies were carried oﬁt in floating
bamboo net-hapas and -cages in Lake Kainji arez between
1986 and 1992 with the ultimate aim of evolving a
fish cage culture tcchnology appropriate for t.« use
of fish farmers in inland waters of Nigcria,.

Fourteen expeiiments were designed and carvied

out in five differcrnt locaticns around Lake Ra;nji

breeding (includin¢ hybridize cion}) and utilizati . on of

or sewaqe water (w:thout supp ementary feeding' in Iish
production. The fish species used in the cult.r:z
studies were:

Citharinus citharus, Dislichodus rostratu.,

Oreochromis niloticusg, Sicrotherodon gqalil gur,

Tilapia zi11ii, Alestes :dentex, Clarias

gariepinus, Heterobranchus bidorsalis anc

Lates nileticus.

Completely randomized design was used to appropr.ately
assign the treatments to the c¢ages and the treatrents

were also appropriately replicated. All the nins fish
species listed were used in the mixed culture

experiment on general cage cualturability while Q

consistently used in the breeding/hybridization
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experiments and all the other experiments. The

stocking densities ranged from 25 to 200 fish/m® for
fingerlings while the brecders of ORN and/or SAG were
stocked at 12 breecers/m’ (with breeders male : female
ratio varying from 1 : 1 to 1 : 5'. The feeding
experiments involved the ise of e.ther single

ingredient feeds or compoinded fecds in powcered or
pelleted forms ani were f:d at feeding rates of 3%

to 20% depending on the size of the fish, the objectives

and duration of the experiments.

All the fish specie: in the mixed culture

survived and crew except L. niloticus. The micrcphagous/

u

planktivorous species C. zitharus, O. niloticus &nd

galilaeus recacrded high -rowth rates (2.03 to 3.31g/
fish/day). (. citharus, 2 highly fecund fish species was
shown to be & potentia’! candidate for culture in

caces in add tion to the »opular tilapias.

In the fceding experiments: for nursery operations,
a final comktiration consisting of 74% corn bran + 25%
fis meal and 1’ vitamin prewi: gave the fastest grosth of fry to
fir jerlings with an FCR (Feed Conversion Ratio) of 1.13. For.the grow-out
p! ase, the best final feed formula (28.02% crude
p-otein) consisted of 25% groundnut cake (as major
[ rotein source) + 74% corn bran/layer's concentrate
(in ratio 3 : 1) + 1% premix with an FCR value of 1 : 12.
The mean values of the FCR recorded for the feeds with

different protein sources (soyabean meal, blood meal,
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fish meal and groundnut cake) were sicnificantly

different (P < 0.05).

The growth rates of fish stocked at the different
densities were observed to be inversely proportional
to the stocking densities. Fish production, however,
increased with increase in stocking density. The
values of 'the mean total fish production, (kg/m*) at
stocking densities of 100 and 200 fish/m? were
significantly differen: from those of 25 and 5C

fish/m?> (P < 0.05). Crosses of Q. niloticus and

S. galilaeus conducted in flo:zting hapas in a near-
to-nature environment were repcatedly successful
anc¢ thus disproved the notion that these species
do not readily hybridize.

In the pure-bred ORN frv production, breedars
ratio of 1 male : 3 females gave the highest spawning
fregquency and highest fry production/month. Breeding
success was much higher for the crosses that involved
female ORN parent than those crosses involving'female
SAG parent. Heterosis was demonstrated only by hybrid
pregeny of the cross, male ORN x female SAG. Generally,
the growth of the F, fingerlings (pure-bred) from
the intraspecific crosses (i.e. all ORN breeders; all
SAG breeders) was intermediate between the Fy
fingerlings (hybrid progeny) of the interspecific
crosses (i.e. ORN males x SAG females; SAG males x

ORN females).
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Cage culture of Sarctherodon galilaeus was

observed to have potentials in waste waters aquaculture,
Recommendations were made on the execution of an
integrated waste water management and utilizat:on.

The utilization of floating net-hapas and net-cages

for commercial tilapia fingerlings and table-:ize

fish production respectively were found to be

technically feasiile and eccnomically viatble,

Considering some technclogical caps that til
exist in the cace culture technology, recomme: iati:ns
were made towards achieving : total break thro gh.
Finally, the flcating cage c:lture system (not bl
for use in existirgy bodies of water) was high v
fecommended to :ncividuals, -ommunities, gove cntal
and non-governmentil organiz tions and other ¢ "csted
bodies as one practical solu ion to Lhe pro-l.

unemployment and iqadequate rotein for the ¢ n:y's

teeming populatiocn.
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CHAPTER 1.

1. GENERAL INTRODUCTION

D

-

Nigeria 1s blessed with about 12.5 million

hectares of water bodies (Ita et E}" 19865). In

addition,

many irrigation reservoirs and canals

have been built while some others are currently being

built. T

bedies is

.2 natural fish stock in these water

peinc depleted daily as a result of over-

fisring. This scenario has already been reported
.in the ca: ¢ ot Lake Kainji (Otubusin, 1978; Ita,
1982). Since the local fish production in Niceria

is less =" an the demand, importation had been

embarked
fish and

imported;

“n: -n 1974, N7.3 nillion worth of stock

~ther fish and fica preparations were

¥/t.6 million was expended in 1977 and

K141.4 m:11lion in 1978 (Federal Office of Statistics,e-

(FOS) 19

fish in

(Anonymo.a

“). By 1984, the minimum total demand for
iziria was estimated as 1.35 million tons

s, 1974) and the production target in the

same year a: 1.1825 million tons. This target

(estimated) production could only be viewed as an

optimistic >ne because the actual total fish

production was 241,000 tons (FAO, 1988). Whereas

Ita (1986) =stimated that the inland water mass of

about 12.5 million hectares was capable of producing

over 512,000 tons of fish annually if well managed.



Ayeni et al. (1986) further observed that less than
1 of these potential fish production sites was
presently utilizea for aguaculture, Otubusin (1983)
opined that a judicious exploitation of all these
availaple water bodies in aquaculture practices
would surely contribute immensely to increased

fish production in Nigeria.

Aguaculture, the rearing or farming of

aguatic organisms has been reccgnized as a reliable
alternative for increasing focd production for the
ever increasing population of the world especially
the developing countries. It was therefore, not
surprising that aquaculture development was onz2 of
the five programmes of action adopted by the 1984
world Conference con Fisheries Management and

Development (FAO, "1985).

During the past decade, interest in the large-
scale development of aquacultuge, especially fish
farming, as a manageable food preduction system
has intensified considerably. Scme o the reasons
for the increase in these development efforts
include:

- The growing demand for fish protein

to meet the needs of rapidly increasing
population

= The dwindling catch from capture

fisheries even with increased



catching efforts

- The fact that production from aquaculture
is related tc manageable inputs e.dg.
control of the production process
makes aquaculture less susceptible
than capture "hunting" fisheries to

unpredictaonle natural influences.

Aguacultural practices in Nigeria date back
to tae early 1940s (Anonymous, 1974). Pond culture
of f.sh had all along been the focus of fish culture
in Nigeria. The demonstration fish farms located
at different parts of the country viz, Panyam
(PlLateau State), Oyo, Agyodi and Iwo {(Oyo State),
Okigwe (Imo State), Akure (Onuo State), Wuya (Niger
State) and Bagauda (Kano State), are but examples
of the conception that pond'gulture of fish is
tne only aquacultural practice for fish production.
It is therefore not surprising that cagé culture
of fish has had practically no application in

Nigeria.

Cage fish farming had been traditionally
practised for many years in several countries
especially in Asia. Like most other types of
aguaculture, cage culture was first practised in
Southeast Asia (Ling, 1977). Accoréing to Pantulu
(1979), the oldest records of cage culture come

from Kampuchea (Cambodia) where fishermen around



the Mekong Basin usually held cat fishes and other
commercial fishes captive in panboo or rattan
pbaskets and cages until ready for market. The
captive fishes were fed kitchen wastes and were
found to grow readily (Hickling, 1962; Huet, 1370).
This practice later extended to Tnailand for

culture of sea bass (Lates calcarifer) in flc .zin

cages (Ling, 1967; Bardach ¢t al., 1972). 1In
Indonesia at the island of Java, bamboo cages
placed near shore of the river rich in organic

wastes produced 200 kg of corp (Cyprinus carjy )

in four months without supp ementary feeding
(Huet, 1956; Hickling, 1962; Sodikin, 1977:

Reksalegora, 1979). 1In Japin, the culture o
yellow tail (Seriola guinqueradiata) and C. .

“re. o

- [
e

in floating caces made of netting mdterials . =ve
become popular, and commercial production of

52,000 tons of fish from flczting cages occu_  ir.
less than 100 hectares of weter surface had . :en
reported {Furukawa, 1973). Brett (1974) ncti.~ng the
excellent results obtained in Japan proposed thsz
introduction of the new technology to Canada. 4ilne
(1974) reported the initial experimentation of cage
culture at Laguna de Bay in the Philippines. Comm2rcial
cage/pen culture of fish is now famous in Laguia
and Bunot Lakes in the Philippines (Anonymous, 1979;

Guerrero, 1981).



In the last two decades or so, cage culture
practice in inland waters had spread throughout
the world to more than 35 countries in Europe,
Asia, America and Africa, and by 1978 more than 70
species of freshwater fish had peer experimentally
cultured in cages {(Coche, 982). This new system
of agaaculture has yained «nd continue to attract
more interest and &cttentio:: from many countries
worlcwide as one of the ma n alternatives for fish
production. Amony several examples are catf.sh
farming in the Ur.ited Stat.:s of America; yellow-tail
and red seabreams raising .n Japan; thec serranids
culture in Hong Kong; tilijdiasmilkfish culture in
the Philippines and the s: mon and trouts raising
in horway and Creat Brital:. are just few examples
of the centres of greates: commercial activity
util.sing this innovation .n aguaculture (Coche,
1978, 1979). <Coche (197€¢) observed that cage fish
cult.re offers yreat possinilities in Africa. 1In
fact same successes have been recorded in fish cage
cult .re in some African countries like Ivory Coast
at lake Kosscou (Coche, 1975, 1977 and 1979;
Shenadeh, 1974); Tanzania in Lake Victoria
(Ibrahim et al., 1975), and recently in Egypt
(Isnak, 1979, 1987; Ishak and Hassanen, 1987), Niger
Republic (Ali, 1987); Togo (Issifou and Amegavie,
1987); Sudan (George et al., 1987) and Sierra Leone

(Iscandari, 1987). In Nigeria, Konikoff (1975) was
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the first person to study {just for & few mont:s)
the possibilities for cage culture cZ fish in

Lake Kainji as well as in the Niger River
immediately below the Kainji Dam. Konikoff (1275)
noted the great potential for aguaculture in Lake
Kainji area and recommended among others that
experiments tc determine the feasibility of caze

culture in the laxe should continue.

Cage fish farming which can be likened to the
terrestrial animal production system (e.g. poultry
farming in batteries of cayes) is a very productive
fish culture system utilizing existing water
bodies (Anonynmocus, 1979), The fish stock is kept
in the cage while water fiows freely through it.

The cage could bLe made of very fine-meshed (1.5mm
mesh size) material commqnly referreéd to as hapa

for fish seed production in hatchery/nursery
operations or of bigger-meshed nets (10mm mesh size
minimum) or plastic netlon materials or even bamboo
or wooden lattices for production of table-size fish.
The cage could either be land-based (in pords or
small reservoirs with regular exchange of water)

or water-based (in large water bodies such as rivers,
lakes, lagoons, coves, bays, mining paddocks). The
cage could be floating (floating cage system)
suspended in water as a single cage or modules
(batteries) of cages or fixed (stationary cages)

which are tied to vertical stakes at their corners.



Aside from the flcocating and fixed cage systems,
the frame of the cages could be flexible or rigid
(made of wood, galvanized iron pipes, PVC and
bampoo) .

Of the mocern aguaculture systems, caie fish
culture has peen proven to be one of the ci.capest
to operate (Ancunymous, 1479)., This cultur
system requires limited investment, genera..ly
provides high returns on investment and ut:lizec
existing bodies of water. Incidentally, Ni.seri:
is well endowad with vast water bodies and
resources suiteble for th.s fish culture svsten
(cage), but the potential: are yet to be t&gsped.

A rational exploitation of these water res.urces
will entail a thorough productioneorientec rescarch.
Since the ecolcgical cond.tions ih the sui:able
inland water bcdies of Nijyeria for this fi:h ¢ulture
system may différ, there will be need for
experiments using the cage: culture system in
selected representative water bodies in tlc¢ couantry
in order to establish the local specificity of
the system. But because of the present finanrcial
constraint these studies were conducted arcurd

Lake Kainji Area using five different experinental
sites with the following general aims and
objectives:

a) to provide information on the potencial

of some readily available and commercially



D)

c)

d)

e)

important endemic fisn species around
Lake Kain)i in cage culture system.
to identify which designs, materials
and sizes are appropriate for fish
broodstock developmeat, seed
production and the grow-out phase of the

cage systein,

to dztermine the effect of stocking censity

and supplementary feeding on the survival,

growth and production of fish in the
caje culturc system.

to provide .nformation on the economics
of fish cultare in the floating cage
system in [:=<e Kainji area and

to evolve fish cage culture technology
appropriate for the use of fish farmers

in inland vacers of Nigeria.



CHAPTER 2

2. LITERATURE REVIEW

2.1 Criteriag for Site Selection for
Cage Fisn Farm

Sivccess of cage fish culture is largely
determined by the selection cof suitable site., The
basic principles considered in site selection are
good water guality, adeguate water exchange and
freedom from predators and natural hazards. These
criteria are gro.ped as physical, physico-chemical,

bioleogical and other factors.

2+1:1 Physical Factors

2.1.1.1 Currents

Wind incuced currents énd-other naturall,
occurring currents are expected to provide a
continuous water exchange in the culture system
thus keeping the dissolved oxygen (D.0O) high and
washing out the metabolites. However, the water-
current should not ke strong enough to destroy the
culture system or else stronger enclosure shculd
be built. Muller (1976) recommended a strong cage
structure for a current of about 2 knots or about
Tm/sec. Coche (1976) recommended that cages be
placed perpendicular to the principal water current.
Chua (1979) observed water current of 0.2 to 0.5m/
sec as adequate for optimizing production of estuary

grouper in floating net cages.
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2.1.1.2 Wind D.rections

This factor affects the flow of natural f2048
in the culture system, and will determine the crowth
of the fish under culture if the natural food in the
water medium 1s the main sciurce of food. It 1ics
ther¢fore necessary to assess during site selection
the degree of protection 2f the site from winc and
wave actions. Records obtainable from the meteoro-
logical office for the site or its vicinity may
prov._.de an indication of the extreme conditiors
that are likely to prevail. Mo~ (1982) reported
that areas with waves greater than about 0.5m in
heicht would generally be unsatisfactory. Whereas,
Chu: (19/79) found a wave height of 1m to be suitable
for optimizing estuary agrouper production in floating
net-cages in Malaysia. However, Anonymous (1979)
showed that the more protection afforded by the
site for cage culture, the less woulc be the costs
for anchorage and construction of extra strong cages
anc¢ rafts, provided there is adeguate circulation

for water exchange.

2.1.1.3 Depth of the Water

Very deep lakes for example undergo thermal
stratification during certain period annually. This
situation often results in oxygen depletion at the
deeper layer (hypolimnion) of the lake, non-

circulation of nutrients in the water medium and
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sometimes the releasc of toxic gases like rydrogen!
sulphide when mixing of the stratified layers takeé
place (Mok, 1982). Coche (1976} advised that cages
should be 2 - 5m above tre bottom sediments where
numerous parasites may occuar or where unconsumed
_food may a:zcumalate. Felix (1982) observed that o
less than five metres at low tide was suitable in

inland seas or coastal areas.

2.17.1.4 Topogravhy/Land Base

I general, Mok (1982) recommended a steep
.slope to shcre l:2ading to a flat botiom in 3 - 4m,
at the lowest tide as suitable for cage cuiture.
An area of flat land adjacent to the site ?hould_
alsce be availables to provide‘g base for cpzration,
acccmmodation i working staff and storage of

equ. pment.

2.17.1.8 Texture of the Substratum

Cage culture system can be sited on alﬁost any
type of bottom. However, it is difficult to set up
anchorages on rocky bottoms, whereas a very soft
muddy bottom generally indicates low water exchange
rate which is unsuitable for high density culture
(Mane, 1982). A firm substrate of fine gravel, sand,
nud or any combination of these would provide optimum
conditions (Mok, 1982). But Felix (1982) opined that
for cages in inland seas or coastal areas with a
depth of five metres and greater, muddy, sandy or gravel

bottoms are good sites. 0 o
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2.1.1.6 Siltation, Turpicity and Floating Ob-ects

Sites should be located away from flood =z:hs
which often lead to siltation, turbicdity and .- -rease
the possibility of presence of heav; metals ani other
pellutants leached from the catchmert area
(Beveridge, 1987). Sites prone to vater hyac.=nth
and other floating objects infiltra:ion shoull be
avoided. Alferez (1977) noted that a fully ¢:own
water hyacinth plant can weigh as m.ch as 10kc¢ and
occupy an area of 0.10m?*, He furthcr estimateZ that
a hectare of water hyacinth when corpacted (tc:al
weight about 100 tons) and moving tcwards a flcating
fish cage system at the rate of 15cr/sec and 1 sec
on impact can induce a force equivalent to 15. tons
on the fish cage. In Jambi, Indcnecia, Sodiki:
(1977) observed that high acidity brown water o-ccurred-
as a result of the decomposition of leaves whi:h have
fallen within the catchmentarea leading to fis.
mortality in cages exposed to the water. He al9so
observed that besides brown water, pollution p-oblems
occurred at Kalimantan, Indonesia, as a result of log
harvesting operations. The cut ends of logs ware
painted with a chemical highly toxic to fish. When
the logs were floated downstream, the chemical
dissolved in the water causing widespread damage to
fish cage culture. Cage culture sites, therefore,
should be selected where there are limited habitation

and industrial activities. Drainage and sewage
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discharge from land into the water body should be
away from the site and account should be taken of

prevailing winds (Mok, 1982).

2.1.2. Physico-Chemical ractors

rmong others, there are at least six phirsico-
chemical characteristics that affect fish in the
culture medium. These are temperature, dissolved
oxygen, pH, ammonia, turbidity and pollution in fcrm
of toxic substances such as pesticides, o0il, copper,

arseric and cyanide,

2.1.2.1. Temperature

The temperature of the culture mecium profourdly
influence the physiological and other related
activities of all aquitic organisms. [or example,
many fishes reproduce, feed or migrat: only with.r
certain temperature 1limits which may be broad or
narrow with respect to the species. 'c¢mperature
also changes the solubility of gases ike dissolved
oxyg:=n. Temperature affect: not onl’ the amount <f
available dissolved oxygen ;ut also the rate of
oxygen utilization by animils so that their effect
on fishes must be consider:d together. Generally,
the "comfortable" temperature range established
for fishes is between 25 - 34°C (Santiago, 1982).

A temperature range of 27 - 32YC was observed as
optimal for optimizing production of estuary grouper

in floating net-cages in lagoons and at the mouth of
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rivers as in Kuala Semerak, Malaysia (Chua, 1979).
Huet (1972) concluded that Tilapia spcould live within
the temperature range of 8 - 40°C which would enzble
spawning exercise¢ to occur. Caulton (1976) observed
that Tilapia spJuveniles were thermophilic preferring
temperature of 3. °C anc that they exhibited a
distinct diurnal ' nshore movement which corresponc
to temperature a::ve 2:°C., Balarin 11979} concluded
that it would ap; -ar i at Tilapia sp could generally
survive temperature c¢f{ up to 38 - 40°C with some
variation between species. In Lake ¥Fainji, Tilapia
and Sarothercdon species were found to live within
temperature of aisut 25°C but a temperature of 42°C

was considered & th: upper lethal limit (Akintunde,

1976) .

Another imy rtant use of temperature especially

for deep water ! »Ji¢s5 such as lakes is that it helps
in determining 2 t ¢ lake exhibits stratification.
This is often minitored by temperature measurements

from surface to Lo-tom. Temperature had also been

known to affect th: concentration of dissoclved oxygen
in the culture medium. Dissolved oxygen concentrations
were observed grealest at 0°C and decreased with

increases of temperature (Boyd, 1979).

2.1.2.2 Dissolved Oxygen (D.O)

Aside from te¢nmperature, the D.0O. content of the
water is probably the most commonly measured

parameter. Oxygen is essential to almost all life .
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s0 its shortage or absence affects or limits the

abundanceand distribution of animals and plants.

literature on the D.O. requirements of freshwzter
fish species. However, for practical purposes,
Swingle (1369) considered that pond fish would Zis
if exposed for long periods to less than 0.3mg.
D.0. He a.so stated that 1.0mg/l D.O. was the
minimum corcentration necessary to support fish az
rcst for long periods and concentrations below 3.0
m: /1 were undesirable in ponds. Santiago (1982)
a!so confirmed that good fis: fauna were found :in
streams with D.O. over 5.0moc/1 and that fish fed

jcorly at 2.0mg/l concentrat.on. Caged Sarothero:ior

(iilapia) niloticus in Ivory Coast survived D.O.

ccncentration as low as 0.7mg/l1 for several davs
Coche, 1980). However, Traore and Campbell (1975)
observed that 64% of the adult fish and all the
Zingerlings in the culture system suddenly died
within 3 days, when the DO dropped below 0.5mg/1.
From observations, Coche (1982) concluded that it
would appear that a DO of 3.0mg/l should be considered
the limit in cage culture below which adverse effects
begin to appear: feed digestion stops, the growth
rate decreases sharply and stress intensifies.
Coche (1981) reported that salmonids and warm water
crustacea should not be exposed to DO levels below

5mg/l1 for more than a few hours if good growth rates
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were to be achiéved. He noted that equivalent
levels for eel, carp and tilapia micht range from
4 to 3mg/l1 and that optimum levels were still
higher. Chua (1979) observed a DO concentration
of 3.0mg/1 as ideal for optimizinc estuary grouper

precuction in flcating net-cages in Malavysia.

It was also »bserved that chan: 1 cazfish

reduced their intuke of suvplemente: v feed during
periods of low DO (Boyd, 1379). St wart et al.,
{1967) observed tlat continuous exp-sur: of large
mouth bass to low DO produced simil:.r e "ects.
Continu«d exposur¢ to low DO was al:o considered a
precursor to bacterial infection ir fisli (Snieszko,
1973; Plumb et al., 1976). Supers:‘ . ation with
atmospheric gases >f waters fallinc over high dams
was obsc¢rved to cause gas bubble ¢ e=z:« and
mortality in fish living in stream: be¢ ow dams
(Nebeker.and Brett, 1976). 1In adi :.o:, DO
concentration is particularly impcr an. in deeper
lakes where overturn occurs durinz ~old season when

the deoxygenated kottom water is mixed with the

upper layers.

2.1.2.3. pB

This is the measure of hydrogen .on concentration
or acidity and alkalinity of water. 'The pH and its
changes must be assessed since it mcy reflect

biological activity and changes in natural chemistry
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of water. Boyd (1979) noted that waters with pH
values ranging from about 6.5 to 9.0 at day-break

are most suitable. Swinagle (1961) and Calabrese
(1969) observed that the acid and alkaline voints
were approximatelv pH4 anc »H11 respectively. Mount (1973)
concluded that fish reprocuction diminished at pH
values below 6.5. Chua (1979) observed an optimal

PH range cf 7.5 - 8.6 for optimizing production of

estuary grouper i floating net-cages in Malaysia.

2.1.2.4 Ammonie

Un--ionized amonia (NH3) is toxic to fish but
the amronium ion (NH4+) is non toxic (Downing and
Merken:s, 1955). “he European Inland Fisheries
Advisory Commiss «n (1973) stated that toxic leveis
of NH for short-:erm exposure usually lie between
0.6 ayd 2.0mg/l. Merkens and Downinc {1957) observed
that m-ionized armonia was more toxic when DO
conce::tration was low. However, this effect is
orobiahlv nullifiea in fish vonds since carbon dioxide
lCOzi concentratirs are susuallv hich when DO levels
are low. Llovd and Herbert (1960) showed that the
toxicitv of NH, decreases with increasina co,
concentrations. A number of workers demonstrated
that sublethal concentrations of NH, cause vatho-
logical chanages in fish oreans and tissues (Smith
and PiPer. 1975). Histoloaical effects were

attributed to continuous exposure to NH3 concentra-

tions of 0.006 to U.34mg/l. Poor growth of fish in
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culture tanks has also been attributed to
accumulation of NH3 {Andrews et gl., 1971; Smith
and Piper, 1975). Robinette (1976) reported that

0.72mg/1 NH, caused reduced growth and gill damage

3
in channel catfish. He did not notice any harmful

effects of 0.06mg/1 NH3. Boyd et al., (1975) reported
that high concentrations of total armonia cccur
following phytoplankton die-offs, bat abuncant carbon
dioxide associated with such events depresces pH and
the proportion of the total ammonjia present: as NHB.
Coche (1981) concluded that the maximum to’ zrable
concentration c¢f un-ionized ammonia is abo. t 0.1mg

NH, = N/1 although levels below this shoul: be

3
preferred. Amnonia is present ¢enerally &: the end
product of decomposition of nitrogenous o©r:canic
matter. It ma; also be introdiced from d:s:charge

of industrial w~astes. Higher (concentraticr of ammonia

decreases the ability of the h.emoglobin to combine

with DO of blcod and nence fist suffocate.

2.1.2.5 Turbidity

Turbidity due t« inorganic material such as silt
reduces light penetration. This affects natural food
production i.e. lim.ts photosynthesis. Wallen (1951)
determined the direct effects of montmorillonite
clay turbidity on 7¢ species of fish, Behavioural
reactions occurred when turbidities exceeded 20,000

mg/1l, but most individuals of all species survived
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exposure to 100,000mg/1 of clay turbidity for a

week cr longer. Arrreciable mortalitv occurred

at c.av turbidities above 175,000mg/l. Turbidities
in na&tural waters seldom exceed 20,000mac/]1 ané even
"mudd waters" usually have less than 2,000mg/1
(Irwi., 1925). Eventhough turbidity caused bv

suspe: ‘ed soil particles will §eldom have direct
effec' = on fish it mav adversely affect fish

vooul: tiorns (Buck, 1956; Duchrow and Everhart, 1971).
Sedime .tat on of soil particles mav smother fish eais

and cc:trc communities of bottom organisms,

Turbic .ty "v plankton is not harmful to fish (Boyd,
1979) .
2.7.2.0 Toxic Substan.es

ez are a number of toxic elements to fish

-

that 3y ¢xist in ‘lethsl concentration in water. -
Some ! .€se are: chlorine, pesticides, nitrites
and r . tr. zes (Boyd, 1979).

&) Chlorine

Bo h free and combined chlorine residuals are
extrenely toxic to fish (Tompkins and Tsai, 1976).
White (1955) determined the lowest concentrations
of free chlorine residual required to kill 100 per
cent of test populations of four species of fish at
270 ‘he values were: 0.02mg/l for fat-head minnows,
U,047mc/1 for blue gills, 0.074mg/l1 for gold fish

(Carassius auratus) and 0.079mg/l for golden shiners
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(Notemigonus crvsoleucas). Much lower concentrations
of free chlor.-e residuals caused partial mortality
of test pecpul:z:zions. For example, the LC50 for blue

gill at 27°C w=s 0.021mg/l. Therefore, if measurable
concentrations of chlorine resiiuals are presznt in
water, the wzz:r slkould not be considered safs for

holding fish.

b} P=st:zides

b

Many resticides and insecticides in par-icular,
are extrenely toxic to fish. Acute toxicity -ralues
for many commeonly used insecticides range fror 5 -
100ug/1 (Core, 1964.and 1971) and much lower
concentraticns may be toxic upon longer expostre.
Even if adult fish are not killeé¢ o.utright, lcag
term damage tc fish populations may occur in
environments contaminated with pesticides. Thea
abundance of food crganisms may decrease, fry aind
eggs may suffer mortality, and growtﬁ rates of fish
may decline (Cope, 1971). 1In site selection for a
cage fish farr therefore, if the watersheds of the
proposed site receive heavy applications of

pesticides, the project is not suitable for that area.

¢) Nitrites and Nitrates

During the fall cof 1978, a number of fish
kills were reported in Mississippi and Alabama in
which fish mortality could not be attributed to low
dissolved oxygen, parasites, diseases, or other

common causes (Boyd, 1979). All dead or dying fish
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had "chocolate" coloured blood which indicated that
haemoglobin had been converted to methemcglobin.
Nitrite poisoning results in methemoglobin formation,
SO nitrite toxicity was suspected as the cause of the
fish kills, Tomasso gt agl., (1979) exposed channel
catfish fingerlings for 24 hours to 1.0, 2.5 and
5.0mg/]1 of nitrite and noted methemoglobin levels of
21, 60 and 77 per cent respectively. Crawford and
Allen (1977) noted that nitrite concentrations as

low as 0.5mg/1l were toxic to certain cold water species.
Coche (1981) opined that based on limited available
data, it was suggested that prolonged eposurc of
fish in hard, freshwater should not exceed 0.Img

NO, - N/1. 1In the case of nitrates, he noted that

2

levels below 100mg NO, - N/1 are satisfactory.

3

203 Biological Factors

-

2.1.3.1 Natural Plankton Productivity

The rate at which natural food is produce¢d in an
ecosystem determines to a great extent the amcunt of
organisms including fish that can exist there. The
natural plankton producztivity of the lake is very
important since the availability of food is ¢
determining factor in fish growth. Santiago (1982)
reported that a biomass of more than 10g/m’ is good
for fish culture and that a rich water cont.ins 5 =
100mg chlorophyll (plant pigment) per m®. He further

noted that a primary production of about 5c¢C/m? /day
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seems to be a minimum value fcr good fish growth.
Sartiago (1982) observed an average cell count per

Ll of about 100,000 or roighly equivalent to 30

f oy 3
/-l

ul

bionass from Laguna Lake, a eutrophic body of water
flecurishing with commerciai pen and cage culture of
tilapia and milkfish. He reported the primary

prodictivity to be between 0.5 - 9.0gC/m* day.

2.1.3.2 Excessive Fouling

The type of fouling organisms (e.g. algae,
coelenterates, annelids, molluscs and simple
chordates) at the site should be assessed in
order to ascertain that the water of the site
will not pose serious fouling problems.

Sites with excessive fouling should be avoidod.
Detaileg study of the seascnal pattern and eifect of
fouling on the cage culture system could entail actual
testing, using the raft and cage materials at the

proposed site for a period of 12 months (Beveridge,

1987).

2.1.3.3 Predation

The presence of a high density of fish in cages
seems to attract a wide range of both facultative
and obligate fish-eating vertebrates. The range of
species which include fish; birds (e.g. herons,
cormorants, egrets, ducks); snakes; rodents and
mustelids (e.g. otters) have been reported to cause
problems at cage and pen farms (Martin, 1982; Salmon
and Conte, 1982; Ranson and Beveridge, 1983).

Secretan (1979) reported that cage and penned fish
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frequently escape through nettinc or mesh damaged

by predators, floating objects or rough weather.

In a lake in Poland, Penczak (19¢2) estimated that

4 tons of trout escaped in one vear. 1In a fish

farm, Beveridge (1984) observed <hat 0.5% of all
caged fish showed evidence of bircs damage, which
could lead to secondary bacterial cr “ungal
infection. Beveridge (1984) concluded that certainly
mammal s and birds play important roles in the 1.fe
cycles of many commercially important endo-para:itic
fish diseases. For example, birds act as interrediate

host in the life cycle of the nematode, Contrac: ecum,

and piscivorou: mammals such as the o‘ter may act as
final host for the digenean Halplorch:s, both ccmmon
parasites of tilapia (Roberts and Somnerville, 1982).
It is therefore, necessary, during site selecticn to
note the presence of possible predators of the cultured

species.

2.1.3.4 Diseases and Parasites

Sarig (1979) enumerated five main groups of
organism which cause disease in fishes: ectoparasites
and fungi; endoparasites; bacteria; viruses and
organisms which produce toxins leading to fish deaths.
The occurrence of disease outbreaks in fish farming
is usually associated with bad husbandry, since the
disease-causingorgyanisms are often ubiquitous and
cause few problems until the fish are stressed

through inadequate dietary or environmental conditions



24

(Wedemeyer, 1970; Snieszko, 1974; Roberts and

Shepherd, 1974; Shepherd, 1978). 1In several cases

in the U.K., cage fish have becomeseverally infest=zd

with the cestodes Triaenophorus nodulosus and

Dirhyllobothrium spp. resulting in heavy mortalitie

and the eventual closure of one farm {(Woctten, 1879
Farrams et al., 1980). Those infections were
attributed to the wild fish population which were

supseguently found to be carrying the parasites.

A survey of fishes in a Scottish lake site pricr tg.

the intreoduction of cages showed no endo-parasices
present, and one month later cages of rainbow trouy
were introduced. The stocked trout were also

examined and found to be free from rrarasites.

However, two months later mass mortalities of fish

5,

-
r

-were reported, and on examination the fish were found

to be heavily infe:ted with Diphyllobothrium spp.

{(Beveridge, 1984},

Few such parasites cr disease problems havs been

:epofted in cage or pen ¢ 1lture of fishes in the

trroplecs, although Vass ar:d Sachlan (1957} repor-ed
the presence of gut parasites in common carp grown
under extensive conditions in a polluted stream in
Indonesia. These parasites were believed to have

been transmitted from FLuman faeces.
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2.1.4 Other Site Selection Factors

2.1.4.1 Availability of Efficient Fishk Feed

Fecd represents 40 - 60% of the total cperating
costs in intersive aquaculture includinc cage fish
farmine (ADCF, 1983). In addition, technical
problem: of fecd manufacture and storace can hamper
the dev: lopment of intensive cagé culture which has
proven < -onct.cally viable, and this is particularly
true in 'he tropics. For e:rample, expansion of the
intensiv: cz-e culture of rainbow trout in Bolivia
once fac:d ;roblems due to the poor quality of
commerciz11v available die:s (Beveridge, 1983).
Contami' 2tion c¢f feeds by aflatoxin-producing species

of Aspe ¢il.us has also l.een reported as causing

problen ir tilapia farms in Africa and southeast

Asia (F erte, 1983; Olufemi et al., 1983). ‘

2.1.4.2 | naching

Fcr erample, theft and vandalism have been
cited bLv c¢iage tilapia producers in the Philippines
as the major problems encountered by the operators

(Escover ind Claveria, 1983).

e 0 W R Conflict with Other Uses

The ite should not conflict with other uses
like for .wimming, navigation and even generally
aesthetics. For example, in many countries,

provisior is made within conservation laws to
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preserve areas of outstanding natural beauty, and
pretect them from unsightly developments. The
proposed establishment of a larce floating cacze

farm in Loch Lomond, Scotland, by a private company
was objected to by a number of those who thought
that this would detract from the scenic value of the
area, reduce tourist numbers estimated at 2 million
per year, and ultimately affect local employment and
incomes (Beveridge and Muir, 1982). Similar
objections have been raised over the c&ége culture

developments in Hong Kong (Beveridge, 1984).

2.2 Materials in Use for Cage Culture

The basic materials used for cage culture
system design, construction and manajen2nt are
dé;endent on the culture system desiun, local supjly,
availability, and cost of the needed materials ani

the desired effects of results to be achieved

(Gargantiel, 1982; Beveridge, 1987).

2:2.% Cages

Cages are the enclosures in which the fish (i.e.
breeders, fry and fingerlings) are kept captive such
that there is sufficient water circulation through
them (cages). A variety of materials are in use for
the construction of cages in most countries. The
materials range from the locally available items
like wood and bamboo to manufactured items such as

polyethylene and nylon nettings (knotted or knotless),
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wire-mesh, plastic nettinc (e.g. Netlon type), or

metal netting.

For hatchery/nursery operations small-meshed
(1 - 3mm) materials are used to prevent the Iosé of
fertilized eggs ané the hazchlings. Guerrerc and
Garcia (1983) used a double-net cage consisting of
an inner cage with 30-mm mesh and an outer net cage
of fine mesh (1 - 3mm) net hapa in a lake-based
hatchery at laguna Lake, Philippines. Hughes and
Behrends (19¢3) used hapas of knotless nylon, 1.6mm

mesh for mass production of Tilapia nilotica seed

at the Alabama Agricultural Research ftation, Auburn
University, Alabama, U.S.A. Dela Pen: and Prospero
(1984) repcrted on how to crerate a fioating nursery
cage of nylon net, mesh 0.5mm held together by a
frame work of bamboo poles Zor highér;"sugpo" (prawn)

survival and good harvest.

For grow-out operations, the choice of mate;ials
is important but the mesh size of the walls of the
cage remains the most important factor. The mesh
size should be as large as possible, according to
the size of the fish being raised, to allow a free
circulation of water through the cage at all times.
In Lake Kossou, Ivory Coast, Campbell (1978) reported
the use of nylon fibre netting 210/18 twine, 14mm
mesh and plastic netting (8 and 25mm mesh, Netlon).

Chua and Teng (1977) recommended an R 1150 to 1300
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2 4

tex polyethylene netting (21 to 24-ply threads)

for cages that would be used in crabs-ridden czaze
culture site. FPantastico and Baldia (1970) in
experimental culture of §. mossambjcus in Lagurna
Bay, Philippines, used cages of 5.4mm mecsh for
stockinc fingerlings of 10g mean weight.

Guerrerc (1979) reported the use a polyethylene
netting of 25mm mesh nailed to a wooden frame for
experimental culture and nvlon netting bag of 12.7mm
mesh fo: commercial cage. 1In Ivory Coast, De Kimpe
(1978) ¢ 1lso used nylon netting kbzg of 14mm mesh in
210/18 :wine as experimental cace. In Niéeria,
Konikoff (1975) used poultry mesh cages with wooden
frame fcr Tilapia cage culzure trials in Lake Kainiji.
Whereas, Campbell (1385) under the large scale cage

farminc of Sarotherodon niloticus in the Ivory Coast

used 8rr black plastic mesh (Netlon) for fingerling
cage and 22mm plastic mesh for the body of the
reariny cage. 1In Israel, Ben-Yami (1974) used nylon
nettiny of 10mm stretch mesh, 210/6D for cages in

rearing rabbit fish (Siganus rivulatus) fingerlings,

In Indonesia, Christensen (1989) recommended
ultraviolet-resistant and knotless netting as the
best, 5mm stretch mesh for small fingerlings and

10 - 20mm for the culture of larger fish until they
reach market size. 1In Malaysia, Chua (1979) used
polyethylene netting of mesh sizes 6.4mm, 12.7mm

and 25,0 to 38.0mm in constructing cages for culture
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of estuary grouper below 5cm, between 15 - Z0cm
and above Z21cm respectively. 1In Cntario, Canada
at Linwood Acres Trout Farms, nylon nettings with
mesh sizes 12.5mm - 50,0mm were used (Tavior, Pers.
Comm.). 1In Scotland, Hull and Edvards (19272)
used 12.7mm sqguare aperture plastic coat=3 welded
mesh in constructing cages for rearing tarbcoct,

Scophthalmus maximus. In Indonesi¢. Costa-rierce

et al., (1989) de eloped rigid cage madc of bamboo
lattices, the mes!: (or spacinc betwoen = lattices)
of which was small :r than the width (or «irth) of the
smallest fingerlir gs stocked. The top -° the cage

was of wire mesh.

P . Framework (Raft)

In the case cf rigid cage, th: fr:rework

determines the size and shape of t! ¢ .ae, whereas
it is to the framework or raft tha- {fl.xzible cages
are attached especially in either ¢ ‘ixed or

floating system. The framework or raft can be
constructed either of wood, bambco, metal or plastic
materials. Flexikle cages are gencral.ly made of
conventional synthetic fishing net ma:erials,
usually nylon twine, formed into a ba: shape.

Rigid cages, on the other hand, are mide from a
wider range of materials, forming pan:2ls supported
by rigid frames. Flexible cages made¢ of synthetic

netting are the most common, but rig .d cages made
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of galvanized weldmesh reinforced with galvanized
scaffold pipes, are becoming popular. The latter
are used commercially in Scotland for salmon, and
the rigid cages of up to 1077m’ have been built in

Japan (Milne, 1976).

Considerinc¢ rigid caze, variocus materials are
used for the frimework: In Saguling and Cirata
Reservoirs in Bi ndung, Irconesia, tne entire cage
includiag the fiame are nmade of bamnboo polies and
splits (Costa-P erce et al., 1989). 1In shallow
inshore waters . t Turicorin, India the cages are
of three differ:nt types: basket type, rec:angula?
box type cages, and metal framed synthetic twine
mesh cages (Ma) chamy et al., 1979). The basket'
typc cages wer. made entirely of cane splits closely
wovin in the form of a basket with a 1id at the top.
The ¢ cages we ¢ found suitable for the culture of
yourc crabs (Murichamy et al., 19739). The box type
caces were made of soft wooden planks. The cages
were constructed with planks in such a way as to
leave sufficient space between them to allow free
circulation of water. 1In Nepal, iron angles of
13mm or 19mm were welded together to form a frame
of 4 x 4 x 2.5m and Netlon plastic mesh of 10mm or
5mm was fixed with nylon twines to the angle-iron
frame (Sharma, 1979). In the Philipoines, Guerrero
(1979) described a rigid 1m? cage used for

T. nilotica@ made of wooden frame to which was nailed
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polyethylene netting (25mm mesh) as walls. In the
Negombo Lagoon, Sri Lanka, Javamaha (1479)
experimented with five types zf rigid cages:
i) cylindrical cage macéz of rigid copper wire
frame covered with & 1/B inch (about 3mm)

mesh size nylon net;

ii) another cylindrical cage made of rigid
copper wire frame bu: covered with a closely

knit bamboo tats;

iii) a cage of wooden frame covered with nylon

net of 3mm mesh size;

iv) ancother cage of wooczn frame but covered

with finely knit barmboo tats; and
v) a cage made of galvanized mesh.

In Thailanc¢, the rfq}d cages are often box shaped
constructed entirely with either wooden planks or
galvanized wire mesh (Tangtrenspiros, 1279). In the
Philippines, Dela Pena and Prospero (1984) reported
about a rigid nursery cage mace of nylon net held
together by a framework of bamboo poles that was
successfully used to ensure high sugpo (Penaeus

monodon) survival and good harvest.

On the other hand, the framework for the non-
rigid cages serve for hanginq the cages either in
the fixed cages system or the floating cage system.
In the case of the fixed cage system, the framework
is in form of structures or posts like bamboo poles,

water resistant wood and galvanized iron pipes driven
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into the substrate at the cage culture site and

the cac2s are attached to them. 1In some parts of
the wor ld such as the Philippines and China, fixed
cages iare used in shallow waters (less than 8m depth)
with ajppropriate muddy bottoms (FAO, 1983). Fixed
cages ire cheaper and simpler to construct since
they d¢ not involve the construction of a buoyant
collar or float, which can account for more than 50%

of the capital outlay (IDRC/SEAFDEC, 1979). Howevar,

fixed ca s are often pocrly constructed, and thus
may L 1 s able to withstand inclement weather
cond: iors. For example, in July 1943 almost all

of tnh. fi::ed cages in Lake Buhi, Bicnl Region in the
Phili:pi~ :s were destroyec by "Typhoun Bebeng”,
wher:as )3t of the floatiig cages survived

(Bevaridige, 1984).

In "he floating cage iystem, the raft serves for’
hFaning he net=cage. In rhe Philipjines, the most
com-only used material for raft construction is
bamboo w.ilch also serve as floats (Gergantiel, 1982).
Ffloating cages of this type are famous on Lake Bunot,
sar. Pabl: City, Pnilippines (Guerrerc, 1981). Wood,
nlastic and galvanized iron are the cther popularly
:sed materials for the construction of raft. 1In
India, Natarajan et al., (1979) used thick and sturdy
camboos of about 70 - 100mm in diameter, for making
znhe raft which was fixed with iron bolts and nuts,

enabling easy assembly, dismantling and transport.
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In Indonesia, Jangkaru and Djajadiredja (1979) used
steel bars in constructing a 10 x 10m raft for
culturing common carp in floating net-cages. In
Malaysia, Chua (1979) at : coastal site, used sea

water resistant wood, Hopea odorata for the

construction of raft since the wood could last more
than four years when coated with anti-fouling paints.

In Sierra-Leone, Iscandari (1987) constructed rafts

with timber for culture :f Tilapia nilotica. In the
culture of yellowtail in JTa;:'n, rafts made of bamboo

or galvanized steel are se. (Mok, 1982). In the

culture of Atlantic Sal:'n .1 Scotland, galvaiized
scaffolding tubes were .:2d or raft construc:ion
whereas pclystyrene cov ::d .y plywood was us:d in
raft consruction for [ :-i i salmon farming

(Beveridg:, 1987). 1In -.rou:, the elements o! the

raft are nade of aluri- . :an .rofiles filled wi h
polystyrene foam (Mok, 28Z1. At SEAFDEC, Philippines,
experimental raftwasr 2 ¢f galvanized iron pipes

(5.0cm in diameter) ws. 2d ogether (Gargantiel, 1981).

In Singapore, 3hiew (1::1) ::ported that the
raft was made Irom woc. 2f .0cm x 7.5¢cm or /.5cm X
10cm in size -2ined t¢ :ther with nails or nuts and

bolts. Generally, the raft 1lso serves as walkway or
catwalk for =<re worker: who manage the floating cage

system,
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2vB 3 Floats

The design of floatation materials is aimed
at supportingthe weight of the raft, the wet net
during retrieval, the people working on the structure
and the fish harvest. Various types of floatation
materials are in use all over the world. Generally,
the selection of the type of floatation system is
determined by several factors like cost, availability,
durability, ease of replacement, effectiveness in a
particular situation and its efficiency as a flcatation
system in relation to the investment in the culture

system and the value of the stock (fish) contairad,

In Thailand, the float types used are logs,
bamboo, steel drums, styrofoan, PVE and plastic
containers (Tanomkiat, 1982). The bamboo poles, in
bundles, were observed to last two years in fres'water,
while the PVC materia’ls though of lowered cost
deteriorated faster due to effects of sunlight
(Tangtrongpircs, 1979; Dhebtaranon et al ., 1979%;
Anon, 1979). 53teel drum, plastic drum and spherical/
cenical buoys are used in Singapore and for maintenanca.
the drums are changed every six months (Watson and Raja,
1979) . Float types in use in the Philifppines are
bamboo/logs, empty barrels, steeldrums, PVC pipes,
fibre glass and ferrocement (Guerrero, 1379; Yu et al.,
1979) . Cabangbang (1979) reported that one wetre long

styrofoam float used in Philippines could sugport a

load of 340kg. In Hungary plastic drum, PVC pipes,
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styrofoam spherical/conical buoys and aluminium
floats are used. Muller (1979) reported a life

span of up to twenty years for latter type of

float (aluminium). In India, bamboo poles,aluminium
cylinders and painted steel drums are the commonly
used floats. In Indonesia, at the Middle Mahakan
Area, Christensen (1989), Reksalegora (1979),
Jangkaru and Djajadiredja (1979) reported that many
items :ncluding plastic jerrycans, PVC pipes, empty
200-1 »etrol drums, styrofoam blocks, bundles of
bamboc tied together and tree trunks or logs could
be use . as floats. Christensen (1989) observed that
logs w re among the opest materials in places where
they 2:e cheap, as they were least disturbed by large ™
waves nlike other Zloatation devices. The rusting
of pet:ol drums and the disintegration of plastic
jerry c¢ans due to the effects of the sun were recduced
by pairting them vith heavy-duty tar paint.

Reksal: jora (1979) observed a one to two years life
for bamsoo, five yi.ars for drum, and three to four
years for light wood logs used as floats.

In Malarsia, 8-ga.lon plastic container, bamboc/logs
styrofoam, oil drums coated with fibreglass and
uncoated oil drums are the float materials used. The
uncoated oil drums were reported to last two to three
v2ars in freshwater (Chua, 1979). Cement blocks as
w2ll as used types stuffed with styrofoam materials

are observed to be satisfactory as floats for floating
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cages (Chua, 1979). In Bangladesh, Cabangbang {1979)
"used 45-gallon oil drums painted s ith three coatings
of coaltér as floats. 1In Egypt, amboo poles, logs,

steel drum, plastic drum and PVC pipes were used as

floats (Ishak, 1979; 1985; Ishak and Hassanen, 1985).
In Nepal, bamboo/logs, steel drur and spherical/
conical bhuoys are reported in use (3harma, 1979).

He observed that the rectangular hanboo frame which
also served as flcocat could last cfor about two years
on water. In Sierra-Leane, bamhia/ ogs and steel
drums were used as float. Dabo [197.}, and Iscandari

{1985} reported th2 use of empty 4:4-gallon {200—1)‘
0il drums coated with a mixturc »f ~ar or pitch fo
"floating the bambo o raft. Jayaimaha (1979) reportel

the use of bamboo,/logs and steci drums for experimental
cages set up in 'he Negombo Lajgon in Sri Lanka.

The commeonast ma-terials in usg as loats in Hong Kono-

include bamboo (in bundles of :ole¢ )}, plastic drums,
“iron drums, plastic container:s sty ofoam floats,

aluminium c¢ylinders and fibreglass floats (Mok, 1 8?}.
Their average lives in water range {rom less than ¢one

to Oﬁer ten years (Mok, 1982).

2.2.4 Mooring Swstems

The floating cayge system is us.ally moored or
anchored to a fixesd locality to prevent its being

tossed about or even washed away during inclement

conditions. Most mooring systems consist of anchors
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and lines. Several materials ranging from ordinary
wood (tree trunks) to galvanized iron bars are in

use as anchors while for the anchor lines the materials
range from metal chains, steel cable, and wooden posts,
to natural fibre ropes. The mooring systems are an
extremely important part of a floating cage farming
system because the mooring systems influence the
safety of the staff working on the floating system,
pehaviour of the cages in inclement weather and can
affect production and profitability. Little wonder
that .commercial fish cage manufacturers are
increasingly willing to or even insistent that, they
desiga aad install the mooring system, otherwise they
may r:fuse to cover the cages against structural

failure (Beveridge, 1987).

{deally, mooring requirements should be determined
by th: design and type of cages used and the
chara:teristics of the site. The procedure for
carry:ng out such a ccmputation woulc be to quantify
the incident forces that are likely <o act on the
cages under worst possible weather conditions that
could occur at the sit2, and then to 2valuate the
oropo-ticn of energy t:at is absorbecd by the caje or
jroup of cages. Part of this energy should be
transferred from the cage to the mooring lines and
anchors, the respective roles of the cages and
mooring system in dissipation of the energy being

determined by the specifications and group



38

configuration of the cages and the costs of the
mooring system (Beveridge , 1987). 1In spite of the
above consideration, the materials in use for anchors
and mooring lines arz often determined mainly by
availability and cost. For example, in Malaysia,

Chua (1979) reportel that floating cage unit was
usually anchored b, large metal anchors or by wooden
pegs driven into tie bottom unit. The cages could
also be anchored rrom the land if they (the cages)
were not far away from the shore. Chua (1979) further
noted th t the fisa farmers usually abandoned the use
of metal anchors in favoir of wooden pegs. Cabangbang
(1979) r:ported the use «f 100kg cement anchors with
12mm dicaeter nylon rope as anchor line for floating
cages a: Kaptai Lakz2 in 3angladesh. Marichamy et al.,
(1979) in the culture of fishes in cages along the
coastalL waters of India wused heavy stones picked

from the locality ais anchors. In Indones:a, Jangkaru
and Djajadiredja (1979) used 25kg concrete anchors in
th2 common carp floatinc cage culture. 1In the
Philippines, Yu et al. (1979) anchored the circular
floating cages for milkfish broodstock production

(a: Igang Station of SEAFDEC, AQD) to the seabed

using steel anchors attached to 20mm diameter poly
propylene rope. They suggested that for more
permanent locations, heavy concrete blocks, might be
used as anchors. Gargantiel (1982) used 26.5kg metal
anchor made of galvanized iron bars, 3.2cm in diameter

for a floating cage unit with a framework of 10 x 5m,
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12 styrofoam buoys and twe net-cages 5 x 5 x 2.5m

each.

Mok (1982) described the des .gn and construction

of floating cages rafts in Hong Kor j; that the cages

were anchored in position at each corner by an iron

anchor of about 30kg with polyethle¢ne
noted that in many cases, cement blocks
instead of iron anchors and that this
device was more economical on account

life even though it was heavy and di:

rope. He

were used

type of mooring
of its long

icult to work

with, Beveridge (1987) was of th nion that

block anchors were inefficient, & at they have low

¥}

holding power per urit installed - k. On the other

hand, he concluded chat, in pract -2, block anchors
could be more efficient than ear.iar uggested, since
they (block anchor:) tend to bed .o~ into the

substrate. There ire numerous t, nes of embeddiﬁg
anchors (normally made of metal) !ike [tush room;
Kedge; Navy stockless; Lightwei:! f; Janforth and
Grapnel (Beveridce, 1987). The ..ola ng power of an

-

embedding anchor is related tc :-3 £ Lctional

resistance in soil, and so is in‘lepes: lent upon fluke

area and soil penetration and the mc "h1anical properties

of the soil, rather than on mas:s 2f the anchor

(Milne, 1970). Anchor penetration, the other

hand, is a function of fluke-shape and the angle

between the fluke and the shank whilst the frictional

resistance of the soil 1s dependent upon soil

cohesiveness and shear strength (Milna, 1970).
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Beveridge (1987) concluded that embedding anchors
are very efficient i.e. they have a high holding
power to mass ratio. He further noted that under
optimum conditions (éandy mud soii, low angle
between mooring line and anchor, etc), they are
between 10 and 100 times as efficient as block

anchers.

The cesign of anchors, including their weight
and number (per floating raft system) is often
determined by the weight and size of the cages, nature
of the bottom, cﬁrrent, tides, waves and winds

prevailing at the location ¢Chua, 1979).

There are numerous other types of anchor (aside
from block and embedding anchors), scme combining the
properties of embedding and block types (e.g. shaped
concrete blocks), whist oth:rs are dasigned for
particular types of substrate (e.g. soft mud anchors).
For exampl2, the simplest and cheapest type of marin=
anchor is the dead weight or block anchor which
typically consists of a bag of stones or sand or

scrap ma2tal or a block of concrete (Beveridge, 1987).

Ancho>r or mooring lines are either made of
natural fibre, synthetic fibre ropes or metal chains.
Klust (1983) reported that natural fibre was not
particularlysuitable as a mooring line, since it was

easil abraded and p»rone to rotting. Beveridge (1937)

noted that steel cable, although immensely strong, was
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expensise and heavy and had little elasticity,
althouch it was sometime used for mooring cages to
the la d. Synthetic ropes are composed of nylon,
polyetylene, polyester or polypropylene. However,
nylon wvas much stronger than other ropes on a per
unit w:ight or equivalent diameter basis. Nylon

was alio more elastic than other materials (Klust,
1983) . <lust (1983), in a comparison of three-strand
laid :Hpo: of equal diameter, found that at 20% of

their broiking load, nylor extended Py about 20%,

polys 1l ne by between 7 .nd 11%, polypropylene by
betw: n and 9% and poly: ster by around 3%.
Recov c., once the loaa w. s removed vas extremely
rapic £ nylon rope.
AS general guide, the total leagth of the mooriﬁg

lin o rhe anchors shoulc be at least three times the
max .num d2pth of water at the site ([lcrres, Pers.

Cor *.; «everidge, 1987). rhis speci‘ied length o2

th  noc:ing l:ine 2rovides :nough slack for water

curcaent, tidzl flictuations, wind ac-ion, and sudden

risz of +ater degth resulting from hc:avy flooding.

F e 'igzing liet=-cages

Net caz=ss nzad to be rigged out or distended
when put in the water medium so as to provide the

maximum of space of the net-cage for fish culture

o

(Alvaresz, 1932). Ihe extent and nature of the

rigging required depends primarily upon the size
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of the cage bag, whether 1t is to be used in a fixed
or floating type, and the design of the collar
(Beveridge, 1987). Several methods are employed in
rigging net-cages. In Hong Kong, two sets of
vertical polyethylene ropes or line connect the upper
frame of galvanized iron pipe to the lower one, suci
that pulling one set of the ropes will lower and
distend the net into its shape and the other set of

rope will draw up the net-cag= (Mok, 198!

Other metheds of rigging cages as de i:ribed by
IDRC/SEAFDEC (1979) and Mok (1%82) includ the Pulloy
system which is similar to th: Hong Kong ' ethod but
has rings at the four corners «f the fram  work alonjy
whizh the ropes ;re pulled. . other method merely
attacrhes weights in form of s :ones or concrete blocks
at thz four corners of the ca;: (IDRC/SEAFDEC, 13%79).
Ye: another method is used fo net-cages with a
narro~er bottom than the top; a weight such as cement
blcck, bott.le filled with sani is attached to each of
the four bottom corners of th: cage and the cage is
fully distended (Alvarez, 198!). At Linwood Acres
Trout Farms in Ontario, Canadi, Taylor {(Pers. Comm.)
reported that weights used to hold che shape of the
net-cajes were usuall.; cement blocks or plastic juys
filled with sand. R:2-inforciag bars formed into a
square was also experiment2d on as rigging system

(Beveridge, 1987).
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2.2.6 Fixed Cages

Fixed cages generally do not need any floatation
since they are tied to pillar supports staked into the
bottom mud of the water bedy. These types of cages are
often used in shallow waters and therefore do not have

a raft (IDRC/SEAFDEC, 1979).

The s:akes are eitﬁer of bamboo peoles, wood
coated witr1 asphalt or sometimes galvanized iron pipes.
In Laguna Lake, bamboo poles are the commonest framework
to which the cages are tied. Some other bamboo poles
are also tied horizontally to the stakes as additional
support and as well as walkﬁhy. The poles are tied
together with nylon (polyamide) ropes and the cage net

is made of either polyethyl:ne or nylon materials

(Anonymous, 1979).

2.2:1 Bamboo used in Cage Construction

In those parts of the world where fixed cage is
used, bambno is commonly enployed for the supports
(Beveridge, 1987). Dela Cruz (1982) observed that
among the many species of bamboo available in the

Philipnines, Bambusa spinosa when matured was the

most preferred for framework/raft construction

becaus2 of its durability and longer life in water.

When compared with other materials on a weight-
for-weight basis, bamboo is exceptionally resistant
to bending and tension forces but, due to its unique

structure, it is much weaker in terms of resistance
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to shear forces (Beveridge, 1987). In tests, it

was found that once the ultimate bending force was
overshot, failure occurred not because the tensile
strength of the fibre was exceeded, but because of
loss of cohesion between fibres as a result of the
materials' low resistance to the shear forces

generated (Janssen, 1981).

Despite its many excellent properties, bambco
suffers from one principal disadvanta:e: it has a
comparatively short useful working lifz, It is
susceptible to destruction by boring insects and
also eventually becomes waterlogged, :rus losing ¢ts
floating properties (Chong, 1977; Janizen, 1981).
The concensus of opinion” is that bamb + has a useful
working life of around 18 to 24 month: in freshw:ter

and 12 to "8 ronths in seawater (IDRC 'SEAFDEC, 1379).

> o 1 Size and Shape of Cages

The size and shape of cages depe:d on various
parameters such as prevailing environ iental
cendition in the lccality; depth of w.ter; costs
and availability of construction mate ‘ials; fish
species to be cultured; local skills 1nd the methods
of culture (extensive, semi-iitensive or intensive)
(Anonymous, 1979). In practice, lack of knowledge
of the effects of cage size or shane on fish
production and lack of research into the interaction

betweenimylnilng environmental forces and cage



a5

structures has resulted in cage designs having
largely evolved empirically. Hence, until

recently it could be said with little fear of
contradiction that all cage designs, traditional

and other wise, reflect more the limitation of

the materials used, local skills and the preva.ling
socio-economic situation rather than the requirements
of the fish or the envircnmental conditions i1 which
the cage are to be sited. This is n>t really
surprising because the forces acting on a cage and
nooring system are exceptionally couplex and
difficult to quantify, and analysis of the responses
of a cage structure to tiese forces requires the
development and use of ssphisticatcd test sigrs and
computer models (Beveri:ije, 1987). A thorough
evaluation of holding faicilities for fishes regquires
not only studies into w:t2er qualicy at different
stocking densities but :11s0o investigation of :he
fishes, behawvioural and physiological responsas
(Beveridge, 1987). Res:arch and development work
of this natur=2 is expensive and as Kerr (1987) has
indicated, is unlikely to be carried out whilst the
fish farminy irdustry r=mains small and fragmented
and unable t> make a concert=d effort to provide
funding. Mocreover, there has been little incentive
to carry out this type of investigative work since
most designs work reascnably well, at least in

comparative shelter afforded by most coastal and
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However, present knowledge as regards cage size
and shape is sufficient to provide only the most
general of guidelines (Beveridge, 1987). Cages could
be circular, rectangular, octagonal or square. But
for ease of operation and management, rectangular
cages are preferred (Anonymous, 1979). Circular
cages were found suitable for the culture of certain
(sci10ooling) fish species such as milk fish, yellow-
taii and salmon which tend to swim fast and in
circles when enclosed (Sutterlin gt al., 1979; Yu
et al., 1979), and are thus believed to provide a

-
— —

less stressful environment. Beveridge (1987),
however, opined that‘octagonal or square designsg
probably work equally as well. Other, less act.ve
fish species such as common carp and tilapias are
thought to be less particular with regard to t-e
shape of the holding facility (cage) (Anonymous,
1979) . In the Federal Republic of Germany, rotating
glcbular cages are used in order to overcome the

problem of fouling and erosion of nets (Anonymous,

1979) .

The influences of surface arez and depth of
cages on the health and production of fish have
been little studied to date (Phillips, 1985).
Cages of less than 1.5m depth have been shown to
retard growth and change body shape of common carp

and tilapia (Maruyama and Ishida, 1976 and 1977),
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whilst depths greater than 10 - 12m are probably
pooriy utilised by most fish species, unless during
peri>d of adverse surface temperature or water

qual ity conditions. Cages for holding flat fish
such as turbot are an exception. Cage bag depths

of between 0.9 and 1.6m are recommended and give the
fish sufficient shelter from surface effects, whilst

prcvicingy an adequate water volume for exercise and

fe:dirj (Kerr et al., 1380). However, for effective
cc: bt it was recommenied nct to increase the
in v wal unit (cage) size more than 8 x 8m

(- on. wous, 1979)., For commercial operations, sizes
mar. © larger especialls for fresl.water cage culture.
B.yz1 cages have been shown to be better suited to
l:rg. 1 and faster swimm.ng specie: such as the tunas
(“atsu:ato, 1973), although for most species the

ne’ .:ial effects of 1l:rge capacity cages on growth

1 "oduction have yet to be prov=n. From the fish
‘trme ~'s point of view, the princ:oal advantage of
acre 3ing cage size is that costs per unit volume
bz2cor 3 increasingly cheaper and tais is the main
reas: for the trend in sectors of the industry
towar.s; the use of prograssively larger rearing units.
In Scozland, for example, the tracditional 300 - 400m?
Atlantic salmon rearing cages are being replaced at
many farms by cages of at least twice this volume
(Baveridge, 1987). The most salient amongst the

disadvantages of using larger cages are that the water
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exchange is likely to be poorer, since surface area:
volume ratio decreases with increasing size and that
doubt s concerning the use of increasingly large
reari1ng units have peen voiced by the insurers whﬁ
are concerned about the risks involved in holding
tens of tonnes of fish in a single cage (Beveridge,

1987) .

In spite of the trend towards the use of larger
caces, Coche (1976) on the other hand, recommended a
cage maximum rearing capacity of 20m?*. He further
strassed that a cage capacityv of.5 - 10m? would pe
preferaple for increased manouverability and
flexibility. Large cages are more difficult éo
mancuver or manage, requiring two or more staff to
perform even the most simple of routine ope -ations.
Inspection of nets and removal of mortaliti:s may
have to be carried out by divers, whilst monitoring
fishh health becomes very d.fficult. Grading of the
stocked fish, too, is a problem and for th:.:s reason
it has been suggested that the new generation of
giant cages may be best suited to the culture of
species such as yellowtail, which do not require
periodic sorting and narvesting (Beveridge, 1987).
In Lake Bunot, Philippines, floating cages, each
50 x 25 x 25m depth made of polyethylene netting is
common (Guerrero, 1981). A 10 - 20 unit cage farm

is recommended for fishermen for management on a
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part-time basis (PCCAR, 1980). Various other sizes
of cages have been used and reportad by several
workers. For example, nylon net-cage 4 x 4 x 3.3m
deep built to hold 1 metric ton of fish was reported
by Landless (1974), while 5 x 5 x 4m deep and

3.5 x 3.5 x 4m deep using synthetic fibre netting

was reported in Anonymous (1976). Other sizes of
cages used include the knotless nylon net-cage

6.1 x 9.2 x 4.6m deep (Novotny, 1975); nylon net-cage
9.1 x 10.2 x 3m deep !unter and Farr, 1970). Other
sizes with various ot! 2r materials use«d and reported
include knotless nylor net-cage 4.6 x .6 x ém deep
and 7.6 x 7.6 x 6m decp (Kennedy, 19751,b); knotless
nylon net cage 15.2 x 15.2 x 7.6n deep and 64.1 x 5.5
X 5.5m (Lirdbergh, 1971; 1979). Some 2f the metal-
netting type used and reported are Cu-Ni mesh

3 x 6 x 3n deep (Ansuini and Huguenin, 1978); circular
galvanizec net-mesh cage 8m diameter > 6m deep and
14m diameter x 7m ceep (Milne, 1979). The sizes of
net-cages used for experimental culture studies
varied from 1 x 1 x 1m deep to as large as 4 x 3 x 2m
deep in order to have several replicates of each
treatment (Guerrero, 1980; Jee, 1980; Galapitage,
1¢82; Ishak, 1337). For hatchery operation, fine
mesh nylon (1 - 3mm) or mosquito net-cages termed
hapas are used to breed tilapias (especially the
mouth-brooding species). The sizes of the hapas

vary from 1 x 1 x 1m deep to 10 x 2 x 1.5m deep for
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experimental studies (Guerrero, 1977; 1983).
Generally, commercial tilapia hatcheries using h:i pas
are often located in large ponds (i.e. hapa-in-pnd
'hatchery) or bays of reservoirs and lakes (i.e.
lake-based hatchery). The sizes of the hapas us2d
in these commercial tilapia hatcheries vary fror

3 x 3 x 1m deep to 5 x 5 x 2m deep (SEAFDEC, 1931;
1983; Beveridqé, 1984; Behrendts, 1984; Yater and

Smith, 1985).

2.4 Culture/Management Practices

2.4.1 ., Introduction

This aspect of cage_ fish culture is very  npo tant

L

or cruacial because the activities carried out «uaripc

this stage of the enterprise mar or make the : st
produ-tion possible out of the system given =! :
constraints impcsed by the site, stock and tv:-2 of
feed used. 1In order to achiev2 the best prclict ¢n
possible, the caged stock must be kept in coniiticns
which minimize losses and promote good growt: and

according to Beveridge (1987), this means:-

- stocking the fish at densities appropriaze to

site, species and methocds of rearing;

- feeding the fish in the most cost effeccive
manner;
= ensuring the best possible water gquality within

the cages;
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- maintaining the cages; rigging/mooring sysﬁem
and ancillary structures; o
- regular checking of stocks fof signé.of.aiseaSe;
removal of meortalities, and treatment of infected

£ish.

In addition, accurate records of water gquality .

conditions, growth and mortalities should be kept so

|

that man:zgement procedures can be properly evaluated
and modiiied if necessary.

[ 4 .
2.4.2 iish Speciecs Sslection

Mos : of the fish species cultured in cages arge
expected to fulfil in part some of the following

requires:nts:=~ . T

- bre:d in captivity thus assuring ready

ava .lability of Zingerlings; - o .
- gro: fast; '
- goo | consumer acceptance;

- adat to crowding

- hign tolerance to a wide range of environmental
consition;:

- resistance to disecase;

- accapt natural food or can adapt to artificial
foas: and

- ease of culture or management.

Tilapia, for example, fulfils 21l these
requirements and it is therefore, not surprising

that it is the most widely cultured fish in cages
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(Mane, 1979; Alvarez, 1981; Coche, 1982; Guerrero,
1983; Oliva, 1985; Ishak, 1987). There are several
other fish species cultured in cages world-wide

which definitely fulfil some of the roguirements
enumerated above (Table 2.1). In freshwater, salmons

(Oncorhynchus salmo), trout (Salmo i:ideus), channel

catfish (Ictalurus punctatus) and ircreasingly,

common carp (Cyprinus carnio} are r-ared intensively

in cages, whilst in the marine envi 'onment Atlantic

salmon (Salmo salar), yel owtail (S:riola cuinqueradiata)

and serranids (Zpinephelu: spp) ar= the ma.n intensively

farmed specie; (Hjul, 197 ; Anonymous, 197131). Some
intensive rea-ing of cage: tilapia - normally a low
value species - s practisel in parts >f the United States,
Southeast Asi: (Taiwan, Fcng Kong, Jipan) and Mexico,
where they fe:h a high market price (Beveridge, 71987).
Mullets and C arias sp are other fish species of
demonstrated ;otential for culture in cages in
freshwater. v glance through the taxonomic index in
Coche's biblingraphy ¢n cage culture reveals that

more than 130 fish sp2cies and nearly a dozen species
of lecoster, crab and prawn have been reared in cages,
at least, on an exparimental basis (Coche, 1983).
Botton-dwelling flat fishes (e.g. Scophthalmus maximys)
too, rad been successfully cultured in cages fitted

with 2 solid bottom (Hull and Edwards, 1979).
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2.4.3 Fish Seed Production

Because of their smaller size and for the fact
that they are easier to manage, cages are more
adaptable than pens and can be used not only for
grow-out of fish to market size, but also as
hatcheries for breeding and fry production of fishes
such as the tilapias (Pagan-Font, 1975; Rifai, 1980;
Guerrero, 1983; Beveridge, 1984; 1987) and “or
nursing of the planktivorous juvenile stages; of
éarps, pike and white fish (Bronisz, 1979; Jajer
and Kiwus, 1980). Hatcheries may be either ia-door
or out-door using extensive, sa2mi-intensive cr
intensive methods for production of the fis.. seed
in one type of enclosure or th; other like «<ncrete

tanks, plaéfic'tanks, fibre glass tanks, ne- -hapas,

concrete raceways, earthen ponds and so on.

2.4.3.1 Tilapia Seed Production

Several methods have been used to prod ce
tilapia seed either at experimental or comm: rcial
level. They include the land based methods - open
pond and hapa-in-rond hatcheries (Broussard :t al.,
1983; Beveridge, 1984); lake-based iatcheri=s usirg
net-hapas (Radan, 1979; Guerrero and Garcia, 1983;
Hughes and Behrends, 1983); modular system 1sing

plastic-lined swimming pools (Shell, 1966; Snow

@

t al., 1983).
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Breeding of tilapie in ponds is the most
extensive method. It is applicable wheré ponds
are available and when labour is limited. For
example, for a 500m? -pond, 200 females and 50 -
maies (i.e. Male:Female, 1:4} are nesded (5,000
breeders/ha}. Well manzged opreeding ponds can
yield up to 100 fingeriings/m? in four months

{Anonymous, 1982),

Rice peddy field has also been modified to
produce tilepia fingerlings. Breeders were stocked
in paddies at the rate ol one per four square metres
(2,500/ha) and with a sex ratio of one male to
four females (i.e. 50 breeders consisting cf 40
females ard 10 males in z 200m?* paddy). Fingerlingé
were collicted after twe months of culture. Guerrero
{1982} recorded a yield as much as* 30 fingerlings/m;

in two months. _

In the hapa-in-pond method, breeders are stocked
in small net-hapag (3 x 3 x 1m, 1 - 3mm mesh). The
hapas are attached to wooden stakes driven into the

substrate, so that the bottom remains 10 - 20cm above

the pond bottom. They are stocked with broodstock
fish at densities of 4 - 7/m* at ratios of 3, 5 or
7 females to each male (Beveridge, 1987). The stocked
fish rely on natural production and/or supplementaryl
feed. The fry are removed at regular intervals by

concentrating them in a corner of the enclosure and

-~



56

then scoopinj them out with a small-meshed net.

They may then be transferred to nursery hapas and
kept till s« 1d (Beveridge, 1984). Using a good
guality loc .lly-compounded feed (e.g. 25% fish meal,
75% rice brin), production rates of 240 fry/m?/month
can be achi:wad in land-based systems. This is at
least an orler of magnitude greater than production

typically acthi aved in small backyard operations

where less !'ccling is likely tc occur and where
broodstock 1n! management tech:riques are often poor
(Beveridge , 1:3%; Yater and Sm:_th, 1985). Using
twelve br: di ;7 net-enclosures, each measuring

4 x 12 x 2.5m stocked with 80 kreeders, that is,

4 breeders,/m‘ it 1:3 male to fimale ratio, C2 la
Cruz (192.; r ported a product:on of 200,100 fry in
2 spawnirgs ©r 3 months ti.e. ',389 fry/m?/month).

Under ex»2ri- »>ntal conditions, {ughes and 3=hrends
(1983) hive - -hieved in excess >f 2,000 fry/m‘/month
with the rap--in-pcnd method in the USA (stocking

density, 3 br:eders/m?, ratio o° 2 females to 1 male).

Since tir: late 1970s and early 1980s, research
scientists or Southeast Asian Fisheries Dovelopment
Centra (JEAF? <), Laguna Lake Development Authority
(LLDA), and various Universities experimented with
lake-based natcheries and nurseries with the result
that today, thoere are several commercial lake-based
fry and fingerlings units in operation particularly

on Laguna Lake in Southern Luzon and in the San
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Pablo Lakes. Most operators use large net-hapas
(typically 5 x 5 x2m) attached to bamboo wooden
poles driven into the lake substrate. These are
stocked with broodstock and managed in a similar

way to hapa-in-pond method. From trials carried

out by SEAFDEC staff, the optimum stocking

densities of 2.5 - 5.0 broodstock/m* at ratio of

S - 7 females per male gave the highest fry
production per unit cage area (SEAFDEC, 1981; 1983)
although more recent work suggest ! or 3 fermales

per male should be used (Beveridce, 1987). &

number of modified designs have olso been de: :2loped
to improve fry production by minimising canniocalism
of young fry by oldér fry and brccdstock (Bevaridge,
1984; Guerrero and Garcia, 1983). 1In the first
modified design (Figure 2.1b), tio broodstock are
.confired to a large mesh (30mm) r :t-enclosure within
the haoa net bag, so that the frv produced in the
large mesh enclosure easily pass through to the hapa
net bag (Figur:z 2.1). However, the flcw of water
through the outer hapa to the cor fined broodstock
net-cage may be restrict:d by bicfouling by epiphytic
algae and detritus; since the broodstock do not have
access to the wall of the outer hapa and therefore
cannot graze. An alterrative design was proposed

by Bautista (1984) of SEAFDEC, Binangonan, Philippines
(Figure 2.1¢) in which good flow conditions to the

broodstock are ensured.
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Trial; conducted by Guerrero and Garcia (1983)
comparing the designs shown in Figures 2.,1a and b
concluded that although there were significant
differenct:'s in fry production per unit area,
production per breeder was greatly increased, although
the cost f the modified desijyn offset this

disadvantogz.

Huglcs 2nd Behrends (1983) working on mass

producti-n. £ Tilapia nilotica seed in suspended net-

enclosur s :ncluded that the hapa system for T.

nilotic: a: :ars to be more roductive than most other
systems. [ - production of less than 0 4/m‘ per day
were re2ars~ i in earthen ponds (Coche, 1982) and 8/m?
per day in -inks (Berrios~Hernandez, 1979). Only in

cages and . .as (30 fry/m? per day) (Coche, 1982) did

product:on :oproach that of frcy product.on in the

study (!9 - -s//m? per day fror a maximum of 73 seed/m?
per davl.
28302 .2d production of some other

I |.|Il|

.3h species

The m: 1 sources of milktish (Chancos chanos

Forskual) . 2oly are the brackish water nurseries

where the I:y collected from the wild are reared

to fingerli~y size (IDRC/SEAFDEC, 1983). Eventhough,
som2 success have been attained in the induced spawning
of milk fis: Dbreeders in captivity but the hatchery

management are yet to be refined.
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The seed for carp are obtained from gonadotropin
induced breeding. 260 million carp seeds were
produced in India in 1978-1979 from induced
breeding (Davy and Chouinard, 1980). On the other
hand, a semi-controlled breeding method entails the
use of breeding hapas similar to those used in
Tilapia hapa-in-pond or water-based hatcheries.

Egg collectors referred to as kakabas are usvally
dropped inside the hapas. The jravid femal:s are
placed in the hapas with mature males at a r.:.:io of
one female to two males (and a lensity of ] ree
breeders/m' hapa). Spawning no mally takes place
and the spawners are quickly reioved to pre'ent
cannibalism. The hatchlings af .cr absorbiny their
" egg y2lk are then reared to finj:rling subsisting

on proper feeding.

In most developing countri s, a reasonable
percentage of Clarias §2.finger ings used for
stocking aquaculture systems in:luding ciges are
ofter obtainad from the wild or natural sources
(Vivean et al., 1988). The sup>ly fror these
sources are often inadequate (in gquality and
gquantity), seasonal anc the collectici may result
in depletion of the natiral stocks and disturbance
if not destruction of the ecosystem. The most
promising source is therefor2, the artificial

propagation through incuced breeding by use of
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pituitary extract (hypophysation) or by the use of
artificial gonadotropin or human chorionic
gonadotropin, HCG (Trade Name:- Primogonyl)

(Madu et al., 1987). The fertilized eggs after
incubation hatch to produce the hatchlings which

are rearec up to fingerlings stage kefore stocking

in the grow-out system,

2.4.4. Hybridization

2.4 :4:1 Introduction

The notives bechind hybridization in fishes is
a search for improved qualities like higher growth
rate, feed conversion efficiency, survival, meat
guality and the acjustment of age at first maturaticn

(Chevassus and Coche, 1986).

For the paéa 10 years, the Israeli fish
culturists have worked on the hybridization of
Tilapia in order to produce all male populations

for the fish farmers' commercial use.

Hybridization within certain families of tropical
fishes is not uncommon. Hybrids have been observed in
some groups of fishes e.g. the Cyprinidae (carps),
Centrarchidae (sun-fishes) and Esocidae (pikes)
(Chevassus and Coche, 1986). 1In nature, hybridization
may be produced accidenﬁally and they are much more
common among freshwater fishes than among seawater

species. However, as the stimulus of a ripe male
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appears to be necessary in some species to induce
the females to release eggs, the possibility scems
remote that sperms from outside source might.
fertilize the eggs thus released. However, there
are recorded instances of female carp releasinc
ripe eggs without the stimulus of a male fish

(Huner and Dupree, 1984).

2:49.452 Natural hvbridization

Hylrid fish are not rare in nature. Slastencnko
(1957) lists 212 known hybrids belonging to 23
families of which 91 are between cyprinid. Hubbs
{1955) has shown that, in suitable conditions the
rate «of natural hybridization ma. be high. For
example, where two allied species of fish more or
less share the same spawning ground, but where cne
of thLe species is more abundant 1han the other,
hybridization may occur because individuals of the
less abundant species having difficulty in finding males
of their own species. 1In such conditions, Hubbs
(1955) found up to 90% hybrids among Lepomis in a
Michigan stream, 1In fish culture, where a male
and a female of different species can be isolated
in a pond, breeding will often take place. 5o it
is with several species of Tilapia, even inter-
generic cross may be made in such conditions, as

with members of the sturgeon family Acipenser and

Huso.
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2.4.4.3 Intra-specific Hybridization

A note wprthy recent example, is the imprcvement

of the common carp, Cyprinus carpio, by crossing

cultivated common carp with wild carp from the river
Amno. The comméﬁ cary has been cultivated for many
centuries in Europe, and Eu-opean stocks have become
very inbred (Scheperclaus, 959). Crossing wit: the
wild stock produced a croscs called tae kursk

carp which is known to rive a greater

resistance to cold temperat res than the cultivated
carp. Hence, the kursk car: makes fish culture

possible in the colder, mor.: northerly latitudes.

2.4.4.4 Inter-specific h ..ridization

A large nuiner of hyb-  ds between Tilapia spp

and Letween Sar . therodon s:: as well as intergenetic

hybrids between Tilapia spo and Sarothercdon spp have

been “ormed in .he wild or ; roduced intentionally.

A lis: of almo: . 30 hybride 2rawn from summaries of
succe: sful int:-specific hytridization from Elder

et al., (1971) and Balarin (1979) is shown in

Table 2.2, Thus, success of interspecific crosses
tend to be more readily reported than failures,
though the latter may also be of interest. Table 2.3
giv:s a summary of attempts at hybridization which
did not result in viable offspring. In saome cases,
the same interspecific cross appears in both Tables

2,2 and 2.3. This is due to success in one
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reciprocal cross but failure in producinc in the

other (Wohlfarth and Hulata, 1981).

Most successfully procuced hybrids (Table 2.2)
are between different species of maternal mcuth
brooders. This is exniected because the vast majority
of tilapia species belonz to this breeding type.
However, most of the ther combinations batween
different bre:=ding ty .,es are represented by at least

one hybrid (vohlfarth and Hulata, 1981).

2.4.4.5 Tilapia crcsses which produced
9) - 100% rile hybrids

Hickling (1960) s>btained all male kroods from

the cross >f Tilapia iornorum male x T. mosszmbicus

female. Ifruginin (7%.7) carried out a series of

crosses b:tween diff: ent species of Tilapia and

obtained :1e followin: results of zll-male hybrids:-
T. ]::costicus (M) x T. niloticus (F) = 94%
T. .:ucosticus (M) x I. pigra (F) = 95%
T. vac.abilis (M) x T. niloticus (F) = 100%
T. hornorum (M) x T. nigra (F) = 100%

(M) Mzle; {F) = Female.

Jalabert et al. (1971) working at a station
in Bouake, Ivory Coast crossed T. macrochir (M) x
T. niloticus (F) and obtained 100% males.
Fishelson (1962) crossed T. niloticus (F) with T.

aiwreus (M) and obtained all male progeny, Pruginin et
al. (1975) obtained the same results at the Fish and
Aquaculture Research Station at Dor, Israel.
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2.4,4.6 Selective breeding, hybridization

and genetic engineering

Selection, hypridization and genetic engireering
are crucial to the improvement and development of
aquaculture. Genetic manipulations in fin fish and
shell fish are aimed at the same goal as selection,
cross breeding or hybridization - that is: the genetic
improvement of commercial performances. Chevassus and
Coche (1986) observed that cespite some preliminary
attempts with self ‘ertilizetion or gene trensfer, the
genetic manivulaticns essentially consist of modification
of the chromosome set as gynogenesis, androgenesis, auto-
and allo-polvploidv. Chevassus and Coche (19&6)
reviewing the case studies of large-scale breedina
programmes notec that the nractical application of
genetic manivpulations bréeﬁinq plans to commercial fish
farming was restricted to channel catfaish culture in
USA, common carp farming in Israel ana Hungary, and

Salmonid culture in Norwav.

2.4.5 Stocking densityv and production in cace

The stocking density of fish in cages varies
according to the fish species and size and the level of
management anticipated. To some extent, the stocking

density is a function of the fish production.

In Japan, carp fingerlings are stocked at rates
of 10 to 80/m* and when heavily fed, carp production

may reach 4,000 kg/ha (Bardach et al., 1972). In German
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Democratic Republic, common carp were stockez at the
rates of 20U, 400 and 600 per m® in different caces
and were fed durincg the first two months eigrt times
and later six times a day with a 33.,7% crude  rotein
pelleted feed. Tre best and highest weight coin was
achieved at 200/m° stocking density. The car: jrew
trom initial weig:t of 50 g to 268 g in Y3 ca
culture period (Miller, 197¢). In former USS:, Mik r et al,
(1971), found a stocking density of &0U0, 1g ro nbou
trout/m* of float.ng cage as optimum. InMala'=ia, .eng
and Chua (197Y) srowed that stocking density

eétuary grouper in floating iet-cages could t: 1inc:cased
from the optimal stocking ra:e of 60 fish/m’> '« 1.6 fashy
m® by providing artificial s elter using olé - Lyres
They found net “isa producti n to increase o, (60 .

In the Philippines, Tilapia j;ossambica cultur | :n

commercial cages in Lake Bunoct (a slightly c. ¢
trophic lake) was stocked at densities as hiz asc 100,000

fingerlings per cace or 16 f rgerlings/m’. . gverage
weight of the fincerlings wa: 5 = 10 g. The ¢k
production was 10 = 15 tons per cage after six months

of culture {(Guerrero, 1979). 1In Laguna Lake, Tilapia
nilotica stocked at 50 finge;lings (2g average wezight)/m?
may reach a marketagle size of 100 - 15¢0g in 4 - 5
months (Basiao, 1980). Coche (1982) in a detai.ed
review of cage culture of Tilagia observed that under

semi-intensive cage culture of tilapias using m.xed

feeds and at stocking rates varying trom 22 to 100 fish/



m’, a montnly tish production renve of 0,06 to 3.&87kg/m’
was obtained. Cocne (192¢&2) alsc observed from varicus
countries that under the in:ensive cage culture of

§. niloticus including rmonosex male populations at a
stczking density ronge ¢z 7° to (00 fash/m*, the fish

harvest ranged frcm 2.5 o .&.3ke/m? per month.

In yellow téail cult:re, the stocking density cepends
on the size of the tisn, ard the »revailincg enviro~mental
conditions. Recommendcc stocking densities, basec on
average conditions vary “rom 10 - 90 fish m’ for a size
range of 1,000 g to 1vu ¢ "'tish respectively such thzt the
stocking densities varig i between 10 to 0.%ag/m’ i.e.
stocking density increa- :s trom a minimum ot 0.Ykg, 1\ -
wi.en the fin - 2rlings ar: first stocked in the grow-out
ceges at an .verage wei t of 10g each, to a maximum of
114g/m* when the fish r- :h 5009 (Fujiya, 1979). But
uniler ideal :>nditions, -tocking densities cf up to
20:3/m* can e achievec FKafuku and lkenoue, 1983).

FAR (197/9) rveported thet tor yellow tail seed size

5 - 10 em 1in total lenctr., the standard stockil 3 censity
wi.s 80 - 200 fish/m? in floating cages. At harvest, the
a ‘erage weight of fish was 1.0 - 1.5 kg after eight
ncnths of culture. However, 1n recent times, the
_.endency is to keep stocking leveis as low as possible
(Nose, 1985). 1In India, under experimental cage culture

of Penaeus monodon, at stocking densities of 1 to 15

(average size 0.3g to 2.5g) juveniles per m?, the
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production ranged between 0.01 to 0.09 wg/m? per

month (Maheswari, 1984; Kfushnan et al., 1984)

In cace culture, monoculture ié the.rule ané
polyculture the exception (Beveridge, 1987).
However, sbme poliyculture of carps in cages is
practises in China, with yields of up to 7.5 kosm?
~ per year from extensive systems and up to 13.5 ho/m?
from semi-intensively managed cuges (FAC, 1983).
Experimental polyculture of Chinese carps in cages
has alsc been attempted in Hungary {(Muller and

Varadi, 1980).

2.4.6 Feeds and feeding practices

2.4.6.) Typés of Feed

Different types of feeds znd feeding practices
are in use in cage cultwre. Tha practic:s
Anvolved are determined Ly the “ish speci-:s and
biomass, weather conditions, tho stockine density,
the level of management anticip: ted and 1.l & productior
targets,{Andnymous, 1979) . For example, c¢xtensive
methods 5f cage fish farming re.y solely ¢rn natural
food, though, illuminatiop may oe used to attract
food organisms towards the cap.ive fish (Uryn, 1979;
Jager and Nellen, 19%81; Mamcarz and Szczerbowska,
1984) . Semi-intensive and in:ensive feeding practices
however, involve supplemental feeding and complete

feeding respectively. The supplemental feed used in
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semi-intensive operations is usually relatively poor
in protein (less than 10% dry weight) and -ade trom
local materials readily available at low c:zst

(Coche, 1982). Intensive feeds differ frc- semi-
intensive f:¢ds in that they must supply &_. the
cultured sp:cies nutritional recuirements, :including
the raight g nt:t.2s and cqualities of prote.ns, fats,

carbohydrat: -, rinerals and vitamins (Halver and

Tiews, 1979; NRZ, 981, 1983; Jouncey and Foase, 1382).
Accorcing tc¢ AD:! (1983), feed :represents <0 - 60% of
the total c¢. ra:.ng costs in iniensive aquaculture.

The usc of ¢inple diets, either single

ingredient f:rmulated out =f locally-available

sources, 1! tised in many developing czuntries;

whereas th¢ “r.rd in more advanced societies, 1s

towards thi of pelieted feeds (IDRC/SELFDEC,

1979). Ca: 1 n (1982) in the cage culture of
rabbit fis . i -anus sp initially used marine algae,
Entercmory’ 5 and Rhizodonium sp, but three months
later, usc: = sy..lemental feed consisting of % dried

ipil-ipil leares (Leucaena leucocephala), <% corn or

rice bran, an:i other feedstuffs. Whereas in feeding
rabbit-fish in cages, Gargantiel (1982) used fish
pellet first s;oaked in water before feeding to the
fish. Aside from fish pellets, he also gave green
algae from fish ponds as additional feed for siganids
in cages. I Thailand, trash fish cut into pieces and

given once a day at about 10% of total body weight is
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used for cage culture of searass (Lates calcarifer)

(Tanomkiat, 1¥82). 1In India, Natarajan

m

1]

t al 11979)

\

used a pelleted feed of 32.9% cruce protein made

up of soyabean powder, grouncnut ci1l cake and rice
polish mixed in 1:1:1 ratio in the cacu culture :=f
carp. In Indonesia, Keksalecora (1979 used
supplemental fc¢ed consisting c¢f materi:ls of
vegetable origin such as waste of cocout, cassz -"a,
leaves of cassava and rubber leaves .in the cage

-

culture of tke cyprinid, Leptcbarbus hoeveni. H

also ing@luded trash fish in the diet. Also in I:@ donesia,
Rifai (1979) feedinc three kinds of ag atic plan-s

namely Hydrille verticillata, Lemna mi:ror, and C: ara sp.

singly to Tilav-a nilotica in floating cages, ob:zrved

that Lemna ninor gave the best growth r-ate of th=

fish in every level of the stocking dernsity. 1n
Malaysia, Chua (1979) reported that the popularl:
used methec of tarming estuary grouper,.splneahe.:g_
galmoices 1s stocking 60 fisn/m® and reared over =
period of eight months feeding exclusively on trz:sh
fish., In Nepal Sharma (1979) used varying combirations
of wheat fiour, rice bran, mustard oil cake, cow dung
and duck litter as feeds in the cage culture of carp.
He noted that there was no objection from the local
people to the use of cow dung or duck litter in the
feea, 1In the Philippines, Guerrero (1979) reported
the commercial cage culture of Tilapia mos ] in

Lake Bunot where the fish subsisted mainly on the
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natural food in the lake. He also noted that rice
bran was occasionally given as supplementary feed.
In Thailand, Tangtrongpiros (1979) in the cage

culture of Pangasius sutchi fed pellets made up of 30%

ground fish meal, 25% soyabean, 25% peanut, and 20%
rice bran at a daily ration of 5% of their body weight
to obtain 798g per fish in ten months. 1n Egypt,
Ishak and Hassanen (1937) used experimental diets

with crude protein levels of 26, 29 and 32% made up
of varying combinations of fish meal, meat, poultry
bye-product meal, cotton seed meal, ric2 brar and

wheat bran in the cage culture of Oreochromis niloticus.

They observecd that protein and energy retention showed
a beiter yield for the fish receiving less protein

and that the least cost of production vas ok:ained
using the diet containing 26% crude protein. In
Tu}kcy, Erden (1987) in the cage cultu:ce of rirror
carp, used a 31% crude protein feed coaisisting of 23%
wheat bran, 50%.sun-f;ower o1l cake, 24% fish meal,
and 3% molasses with 0.25% vitamins and 0.1% iinerals.
In Sri Lanka, Muthukuriarana and Weerakoon (1¢37)

in the cage culture o O. niloticus used exp rimental
diets with crude protein of 1/% to 29% made up of
varying combinations of fish meal, chick ma:h, rice
bran and Shark liver oil. 1In Niger Republiz, Ali (1987)
in Tilapia cage culture experiments used : feed
consisting of 40% groundnut cake, 40% rice bran, and

20% fish meal.
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Coche (1982) gave a very detailed review cn the
use of ayuatic and terrestrial plants, mixecd feeds
commercial fish feeds and artisanal feeds in tne cage
culture of Tilapia. Under semi-intensive cage

culture of tilapias various aquatic and terrescrial

plants like fresh algae, Hydrilla verticillzta, Chara

-

sp, lLemna w1nor and Alocasia macroriiza leaves were

used (Corredor, 197€8; McLarney, 1%7¢; Pecpma, 1978;
Philippart et al., 1Y79; Rifai, 1979, 198V). CUnder
sorie other semi-intensive cage culture of t:lapias,
mixed feeds were used: rice bran in the prescnce of
algal blooms (Anonymcus, 1979); 70% rice braa, 30%
chopped snails in the presence of algal blocs
(Pantasticc and Baldia, 1979); Alocasia leav:s added
to 0.5 to 1.0 kg- wheat bran (MclLaraey, 1978);: 99%
brewery waste and 1% fish meal (Ilrahim et &' ., 1973).
Some artisanal feeds have been found satisfa tory
for the cage culture of tilapias under varic s local
conditions (Coche, 1982). Their composition .s largely
based on relatively cheap materials, such as rice
polishings, wheat middlings, peanut o0il cake. cyster
shell, rice bran and cotton seed oil cake, enriched
with either fish meal or blood meal (Campbell, 1978;
Guerrero, 197Y9; N'Zimasse, 197Y9). Coche (1982)
reported that researchers have used commercial fish
feeds or self-made compounded feeds in fish cage
culture. The commercial fish feeds have a very high
protein level (e.g. Purina Trout, Chow, 4uU%; Trouvit,

46%) , a balanced composition including essential
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minerals and vitamins (at least for the target fish
species), and a high price. He noted trhat self-made
feeds, however, have used mixtures ot locally
available ingredienté, giving lower prctein leve.ls
(usually 20 to 30%) and lower costs. Coche (19&2)
finalliy concluded that several empirica. feed
iormulations have been evaluated bit none has bsen

ceveloped from scientific data.

..4.6.2 Feeding practices

At most inten:zive and semi-intensive cage faris,
ii1sh are fed througaout the year, except during psriods
«f adverse weather (Beverid:ze, 1987). 1In the formsr USSR,
cages of common carp are over-yintered below the ice
curface and are not fed until the'5pring, when tae ice
relts and theﬁkages are lifted (Martyshev, 1983),
vhilst in Western Europe, feeding of Atlantic szlmen
ray be temporarily halted 1f the temperature rises '
above 18°C (Langdecn, 1485). 1In Japan, cages of yellow
tail are sometimes lowered below the sea sufface
cduring typhoons, and whilst some cages are adapted
so that feeding may continue during periods of

submersion, others are not (Fujiya, 1979).

Most cage farms using supplementary feeds,
trash fish or moist feeds, feed their fish by hand,
since it is cheaper and easier to do so, at least on
a small scale (Beveridge, 1987). Research in Japan

suggests that there may be some advantages to feeding
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frozen trash fish to caged stock, in that bacterial
intections and water pollution are reduced

(Taniguchi, 1983). Moist palls of feed which are
sometimes used in semi-intensive cage culture of tilapia:
may be conveniently fed to the fish kty placing them

on the top net of the cage and gently lowering the

net into the water (Coche, 1982).

Mechanical feeders have largely superseded hani
feeding at most large intensive cage Zarms 1in recent
years, for reasons of economy o laboar (Beveridge,
1987). There are two basic typ2:s - cemand feeders
and automatic feeders and the da=sign: used on caces
are virtually identical to those use: at land-bzsed
sites. Demand feeders are chezpest .ind make focd
available to the fish round the¢ cloc: so that t:ey
can feed whenever they wish. "'he relative merits of

using demand feeders have been reviewed by a ni "ber

of authors (Avault, 1981; Boydston ar: Patters:z, 1982)
and proponents claim less size varial 1lity in scock

at harvest, better FCRs, higher produ :tion, improved
water quality and less disease probl.ms, Automatic
feeders differ from demand teeders in that a measured
ration is delivered at fixed intervals which are
preset by the farmer using some sor: of timing device
(Beveridge, 1987). Dry pellet autcnatic feeders are
perhaps the most common type installed at cage fish

farms, and typically consist of a plastic feed hopper
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surmounting a device which releases or tires a

quantity of pellets ¢ach time it is activated, and

are usually operated either by rechargeable batteries
or by compressed air. Results from cage culture
suggest that at expos«d sites, water currents or

waves may be sufficien:t to trigger the pendulum (of the
deme:nd feeder) freguer:'ly, releasing more tood than

the fish can cope with (Pizt et al., 1977). Héwever
Cock= (1977) and 3alar n a.. Haller (198Z2) report that
in secveral parts or th - wc-.C this apparert set back

:tage in tilapia cage culture,

u

has »Jeen turned to an . v
by l)ading hoppers wit: sr-11 guantities of food
only, which when trig-ire by waves, relcase the

weriod ot several hours.

[+1]

rati n continually ov :

Electrically pow _e. systems eithe: consist of a

cent alised power sup .y /.th control unit linked to

a nu ber of feeders, re feeders which operate
indejendently and whk- .. ¢_atzin their own power source
and control device (B ¢ dge, 1987).

One criticism ccncerring the teeding of caged
fish is that there has lzen little study of feeding
behaviour and there have been few mechanical feeders
designed specifically with caged fish in mind (Phillips,
1985). Goddard and Scott (1980) speculated that due
to the relatively small surface area to volume ratio
of cages, compared with ponds or raceways, caged

surface - feeding fishes; should be fed over longer



19

periods of time at each feed. Also, littie attention
has been paid to the distribution cf feed - either in

land-bas2d or water-based systems.

2 number of studies have been carried out into
the use of feeding tubes, rings, tre s or net curteins
to reduce feea losses. Cochle (19/9), for example,
ras expressed concern that small trays which only
rartially cover the cage arca will, benefit only tre
rore aggressive fistes, whilst Ibranim et al. (197%)
coserved that trays provide an unwanted spawning
substrate for tilawias. On the other hand, in carp
i’2lyculture in cages, it was observed that use of
‘2eding trays lowered to various depth (in the cegje)

. 'cording to the feeding hab:yts of the species scem:d
o result in efficient consumption of supplement:zry

fied (Anonymous, 1979).

The relative advantages and disadvantages of
ttese various types of feeders are surmarised in

Table 2.4.

2.4.6.3 Feeding rates

Hand feeding and demand feeders work on the
principle that the fish know best when they have had
enough, and whilst there is a great deal of truth
in this, fish can also overfeed, and it is therefore
best to also take cognisance of feed manufacturer's
guidelines {Bevéridge, 1987). The feeding rate is

usually quantified as the daily feed ration, the’
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amount of feed (wet or dry) pbeing fed daily (generally
six days a week) to the fish, expressed as a
percentage of the best available estimate of the Ifisz
biomass (%E) (Coche, 1982). Such estimates, based

on cage samnvnling, are usuallyv made every 15 to 3(
days. In l.terature, an array of feeding rates

have been e:perimented and used and certain guidelinds
as to how mich feed to give d:zpending on the fish
gepccies age/size of the fisr, the culture system,

the environmental conaitions, the gquality of the feed
an: several other factors like the peaks of feeding
ac'ivity of the fish, fish he:lth areé recommended
(Martshev, 1983). For exanple, carnivorous fish
sy->ies such as catfishes, gr_uper and salmonids have
we 11-developed stomachs which can store food, and

e: L 2riments with rainbow trout under constant lightirz
coniitions have shown that at 18°C there are well-
d=Zined peaks of feeding acitivity every 6 hours
(Grove et al., 1978) but that at the 15C this rhythm
changes to peaks every 8 nhours (Adron et al., 1973).
Tilapias and carps, on the other hand, which have
poorly-developed stomachs or no stomachs at all,
require smaller, more frequent meals (Ross and Jauncey,
1981). Goddard and Scott (1980) observed that if

fish are fed to satiation with artificial food which
is much higher in terms of protein and lipid content,
then incomplete digestion will occur, resulting in
poor Food Conversion Ratios (FCRs) and increased

waste production.
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During winter, trout (10 - 15g each) kept in
special cages are fed with a vitamin - enriched diet
at a rate of 1t body weight, twice per week
(Martyshev, 198.). During May and June, the fry of
yeilowtail are reared iﬁ small to large (2 - 50m?
in area, 1 - 3m in depth), fine, synthetic-fibre
r.esh net.cayges, which are prone to fouling &nd must
pe checred regularly. During this 4 - 6 week period
they arc¢ fed on cvailable ninced fish (anchovy,
horse m:ckerel, saury, sard eel) and shrimp, although
accordi: g to Fujiya (1979), mortal:ties are
minimiz 4 if low-fat, white-fleched fish is used.
Feedinc rates during this period are 50% body weight
per de' (Brown, 1983). 1In yellowtail crowout cage
system ., feeding is carried out once or twice per
day, &.-hough care must be taken not to over feed
(Bever.:. ze, 1987). Fish (yellowtail) are fed to
E0% sa:i1ation level (Fujiya, 1979) and the feeding
rate duaring the first year of growth decreases from
40% bciy weight per day when stocked in Julyv, to
4 - 5% in January. During this period the water
temperature decreases thus reducing feed intake
(sakamoto et al., 1979). As temperature increases
" during July and August of the second year of growth,
appetite improves, growth accelerates and the feeding
rate increases to about 8% body weight per day. 1In
tilapia cage culture in the Philippines, several

cheap but good compounded feeds have been developed,
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the més: widely used consisting of 77% rice bran and
23% fish meal (Pantastico and Baldia, 197%;
Guerrero, 19€8C). Recommendeé feeding rates with
this feed are 3 - 5% body weight per day, depending
on fish size, the feed being either broadcast cn the
water surface or moistened into balls and fed t: the
fish several times per day. However, recent s.rveys
investicated by Philippine Council for Agricult.ire
and Resources Research and Develogment (PCARRD) and
Internz-ional Center for Living Aquatic Resources
Manager:nt (ICLARM) have shown that most farme:s,
especiilly the poarer ones, feed their fish as and
when t 2y can afford (Smith et al., 1985). A
number 2f trials involving the cage rear:ng of

Penaeu: monodon juveniles were carried out in

Tami} nadu, India and the feedinc rates 1sed r:nged
from 5 to 50% of their body weight (Krishian et al.,
1984; Maheswari, 1984). 1In the case of iiseased
fish, Roberts and Shepherd (198€) recommended t-at
the feeding rate for medicated diets is reducec

by about 0.5% below the normal feeding rate. 7 s

if fish are feeding at 1% body weight per day .hen
they become diseased, the feeding rate with a a2dicated
diet is 2.5% body weight per day. Details of drug
incorporation rates are given by Wood (1974), doffman
and Meyer (15?4), Poupard (1978), Stevenson (1980),

IDRC (1983), Roberts and Shepherd (1986).
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In Hungary, common carp in cage culture were

fed two times per day at the rate of 2 - 5% of the

Y

poocdy weight (Muller, 1979). 1In India, céuring th
cage rearing of carp hatchlings, the feed was

dispensed in cages in powder -t form at 30: of the

zody weight for 3 - 4 days «rd subseqguently to Z2.:
(Natarajar et al., 1979). I: Indcnesia, Rifai (1379)

fed aquatic plants to Tilap. . nilctica in cages at

the rate cf at least 30% of .he :iomass. In Thziland,
the catfish (Pangasius sutch )} r: sed in cages vsre
fed pellet>d feed at the ra: of %t of their boc’:

weight (Taigtrongpiros, 197 . : .t trash fish

—

fed to sea bass (Lates calc=:rif( ") in cages was at

r+

the rate o 10% of the body +:i-ht (Dhebtaranon et al,,

1979) . In Egypt, Ishak (19 ") "2d tilapia
(Oreochrom s niloticus and .rc:herodop galilseus)

in cages tuice daily, six ¢ '= 31 week, at a rate of
5% ot the ! ody weight, Unc ti.2 semi-intensive cage

culture of tilapias using & _.at1.¢ and terrestrial
plants, thc daily feeding r.te ranged from 4.8 to

30% of the biomass and even scornetimes ad libitum
(Corredor, 1978B; McLarney, 19°.&; Popma, 1978;
Philippart et al., 1979; Rifai, 1979 and 1980). But
when mixed feeds (brewery waste, 99% anc fish meal 1%)
were used in semi-intensive cage culture of Tilapia,
the feeding rate ranged from 5 to 30% of the biomass

(Ibrahim et al., 1975).
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Céche (1982) opined that fooéd requirements per
unit weight of fish decrease as the fish increase
in size. 1In Ivory Coast, for example, it was shown
that the daily feeding rate (DFR) had to be decreased
from 60 to 4% of the fish biomass (B) after the
fish had reached 40g average weicht, to improve
feeding efficiency {Coche, 1977). Melard and
Philippart (1977) estimated the optimum DFR for
0. niloticus in tanks and cages using a 46% protein
commercial feed at 27 to 31°C. The DFR range from
30% reducing to 1.5% of the fish biomass for mean
fish weight ranging from 0 to 300g. 1In the Philippines,
Guerrerc (1980) has alsc proposed a progressive
reduction of DFR with increasing size for Q0. niloticus
from 5t B {fish less than 50g) to 4% B (5) to 100g)

and 3% B for larger fish.

2.4.7 Use of waste waters in aguaculture

The possibllity of using waste water from sewage
system for production ot fish was outlined by
Tapiador (1973) cited in Hjul (1974). <Chan (19 2)
reported on the use of pollutants for aguacultu:re
through the conditioning of wastes. Slack (1972)
also gave a detailed report on sewage and agua ulture
production. Pillay (1973) further drew attention
to the use of domestic waste water as an anc ent
practice in fish culture and he mentioned the very

high production obtained in sewage fish farming.
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Huang (1968) cited in Hijul (1974) reported that

from ponds in places where very high sewage water

was abundantly available the production (of Tilapia)
rate had been 6.5 to 7.& metric tons per hectare

per year. &Sizes of the tilapia harvested ranged

from 20 to 80g each. Fi:l: wc.ghing more than 40g
were sold for direct coni mpt:on; fish less than

30g were sold to feed ch “kers, ducks and pigs.
Tapiador (1973) reportecd z=n ¢ commercial private fish
farm u=ilising sewace wat.r, Ihie farm was p-roducing
28.0 mtric tons (Tilapi: | p:. hectare per yecar in
three jonds with a total :=ur: ce area of 2.5 hectares.

The fish stocking densit; we- up to 70,000 fingerlings

per hectare with a cultis n:riod of two tc three
months and crops a year. i narvest, the ish averaged
200g each. Hjul (1974) oy ned that fish raised in
sewage water ponds coulc ¢ rarketed for human

consumg -ion, but in som: ar s or communities there
would ke aesthetic or o' «¢r -bjections, including

fears cf contamination, (s cially if there was no

proper treatment or cenit:ol of the water.

Tapiador (1973) sugce:ted that a 50-hectare
sewage fish farm would be (ble to support a fishmeal
plant turning out about 50/ metric tons of fishmeal
a year based on an average production rate of, say,

50 metric tons per hectare per year of the farm.



€8

Tapiador (1973) therefore concluded that there L=

a gcod possibility for commercial fish meal prcZ.ction

U
'
tn
'y

fror aquaculture and, in particular from sewage

farming. He, however, suggested that intereste:

"

rember countries of FAO or regionsl organisatic-
should ccasider a pilot project in scwage fish

farming.

<.4.5 Proklems in cage fish culture

Beveridge (19t7) opined that site selecticn &ard
:ite evaluation are largely about choosing the r-: t
cavironment to farm the appropriate quantities c:
"ish so as to minim-_ze mortalities, maximise
2»7oduction and thus en:are that the venture te¢
73 profitable as possible., He further noted the:
uifortunately it is not often possible to choose thr=z
i ieal site and neither is it alsc possible to fcresze
a.1 the problems which might occur, or to examins
all risks as thoroughy as one might like. Some of
the problems associated with growing fish in
particular climates or types of site are reviewed
and where possible advice given to mitigate adverse
effects. These problems are classified either as

physical, biological, chemical or social.

2.4.8.1 Physical problems

(1) Currents
Recommended current conditions for cage fish

farming are usually less than 50cm per second; much
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greater than this, and there can be pronounced

deformation of nets, excessive strain on conventional
moorings and cage rafts/frameworks, and unacceptable
losses of feed (Beveridge, 19¢7). According to
Russian studies summarised by Privol'nev (1975), the
flow rate inside cages shoulé not excced 20cn per
second for trout, since aoove this rate energy
expenditure on swimming increases markedly and growth

and survival are adversely affected.

In Indonesia, traditional submerg2d carp cages
used in running water are made from wood, wiich not only
doe: not deform, but also greatly recuces current
flo.. The weight of the wooden cages is suificient

to ~eep them anchored on the bottom ol rivers and
canale, even during floods (Vaas and s3achlen,, 1957).
Kigid mesh cages have also been used in fast

flowing sites. 1In Bolivia, experimer tal cage culture
of rainbow trout in the out flow of the River
Hichukhota involved the use of 1 x 2 X Tm ciges
constructed from sections of 1cm plastic-cc ted wire
mesh attached to a wooden frame (Beveridge, 1987).

In Italy and Netherlands, where rafts of f oating
plastic-coated wire mesh rigid cages are 1 sed to
culture trout and cyprinids in heated water power
station discharges, systems of "Venetian rlinds"

have been installed upstream which can d:flect some

of the water past the cages during pericds of high

flow (Bronzi and Ghittino, 1981; Hogendcorn, 1984).

il



90

Metal mesh cages have alsc been usei at marine sites
in France and the Netherlands where currents are high
(3 - & knots) (Boeuf anc Harache, 7%:0; Anonymous,

1985).

(ii) Weather and climzte

ta) Inclement weath:(: ccrc:zions

Beveridge (1987) ncted "hat cerzain areas suffer

more violcnt storms than ot: 'rs . virtue of thaoir
geographical location cor loc:1l tcopocraphy. He ‘urther
observed ihat the resultinc -ave action caused Ly
heavy sto:ms cannot cnlyv dar ‘ge -~z2c€ structures and

moorings, nut it can also i jur: fish through the
pitching notion ¢f nets, ar ca. mezke routine jobs

such as ne: changing an< heé: - estine extremely

hazardous.

Breakwaters are often == to reduce thz effects
of waves ¢ coastal marine n: i1llations such as
harbours and marinas, anc ¢ rn ui.er rhave also been
installed to protect coast: arraaculture projects

in various parts of the wor.d (Tazaki et al., 1975;
FAO, 1977; Kogan and Romanych.va, 1979). Of the

two basic types of breakwater:, the floating
breakwaters have been suggest:d by a number of authors
as being much more suited to 'he regquirements of

cage fish farming: they are r:latively inexpensive

to build, can be moored in deep or shallow water, do
not interfere with currents and can easily be modified

£
f

~
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as the farm expands or cages are moved (Tazaki et al.,

1975; McGregcr, 1978; Kato et al., 1Y79; Kerr et al.,

Ri1gid copper #lloy mesh cages are also reported
to be extremely resilient to storm damage znd several
are currertly in use at some of the nore e:pcsed
North Ame: ican locations (Wo2ds Hole Engineéering

Associate:, 1984).

tb) Light and weathering

Licgh! is an important component in the fich's
environme  t and 1t could have adversec effects on many
of the materials used at the cage fish farm. Goldman
and Horne (1983) observed that the light reaching
the oute. edge of the earth's atrosphere comes mainly
from the <un, and has ;‘broai anc unegual spectral
distribu. on. They further noted that as the light
passes tlirough the atmosphers, there is a selective
scatterinc and absorption ot wavelengths, particularly
at either end of the spectrum, so that the light
ariving at any particular point is greatly modified.
Parrish et al. (1978) reported that the most damaging
wavelengths in terms of the materials used in
aquaculture and on fish and other living organisms

. are the lower (i.e. ultraviolet) end of the

electromagnetic spectrum,

Both the cage frame work and any netting

components which appear above the waterline - cover



(or top) nets, exposed por:zion of cace bags, etc -
are prone to weathering, w2ich is a zerm ccverinc

the combined effects of ulziraviolet radiaticn (UVE),
rain, wind, industrial smzxes and microbial attack,
although of these factors, UVR 18 reckonec to have
th: single greatest deletzrious etfect (Klust, 1%82).
Beveridge (1987) repcrtec :that the lifespan of most
netting materials can be further extended by the

adcéition of cyestuffs whicr absorb the lignt,

A number of stucies have demonstrated that fish

constrained in shallow aqgiaculture facilities such

as cages or tanks without adequate cover car
experience sunburn especially if the prevailing

light levels are high (Hastein et al., 19:0; Eiras,
1982; Bullock, 1982, 1984; Bullock and Co.tts, 1985).
It was therefore, concludeé that some form of shade
should be provided for caced fish whenever possible
and this is particularly important where UVR levels
are high, and where species known to be susceptible
to sunburn are being grown. There is an approximate
4% increase in UVR levels for every 300m increase

in elevation, and it is therefore not surprising

that trout grown at high altitudes in a number of
‘tr0pical countries, such as Mexico, Bolivia and Kenya,
have been found suffering from UVR - induced

damage (Bullock, 1984).
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2.4.8.2 Biological problems

(1) Diseases

Representatives from more than 20 genera of
bacteria have been isolatea from fish, of which at
least 15 species are recogn.sed as actual or potential
pathogens (Frerichs, 1984). Beveridge (1¢Y87) reported
that wild fish often carry a wide range of parasites
and other organisms which rarely srove fatal unless
the fish are stressed by some oth:r factors such as
pollution, or the balance betweer host and pathogen
is tipped in favour of :the latter through the
introducticon of a novel host or : .rain of pathogen.

He further noted that :he establ :hment of a cage

fish farm in a water :-ody may dis upt existing
parasite life cycles, by increasi:g the number of
available hosts, Thu:. the risk 5! parasite transmission
from wild to caged st cks can be very high. Farmed
fish may frequently t« stressed due to sub-optimal
environment: 1l condit:@ons such as l1ow oxygen, high
temperature or light levels, or through handling

or physical damage thus lowering resistance to disease
(Wedemeyer, 1970; Snieszko, 1974; Shepherd, 1978).
There is also some evidence that the risks of physical
.damage in cages is greater than in land-based systems.
Nets treated with copper-based anti-foulants become
hard and can abrade skin, particularly during storms or

net-chancing operations, possibly pre-disposing fish
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to vabriosis (Needham, 1980), wailst in the USA, fin
erosion in chinook salmon and s<eelhead rainbow trout
have been attributed to cage ccnditions (Boydstun

ané Hopelain, 1977; Moring, 19£2).

Even though disease prevenzion in fish is always
preferable to cure, treatrent of diseasec stock
may eventually have to be fazced znd Roberts and

fhiepherd (198€) recommendec three basic methods:

- bath trecatment, in which chemicals are

added to the water.

- direct application of chemicals to the

fish.

- admin . stration of crericals in the food.
neveridge (19a7) observed that even thouch these
treatment metnods could be easily administered
in land-based fish culture systems, any ‘chemical
added to cages would soon be cispersed by currents .
and the swimming behaviour of the fish. HKowever,
treatment of caged fish is a long established
practice in some parts of the world. In Kampuchea,
for example, cow dung, mud and plant mixtures, tree
bacghand salt are used to treat parasitic and
fungal disease of caged gobies and catfish murrels,
although the efficiency of these measures has not

been properly evaluated (Pantulu, 1979).

(ii) Draifting objects

Floating and fixed mesh cages are particularly

vulnerable to damage by drifting objects which can



95

tear holes in the netting, restrict water flow, even
completely destroy cages (Anonymous, 1979). Jel
fish are common place in cocastal waters during certain
periods of the year, and creat numbers can becors
entangled in cage nets ca.sinc net ceformation ar:
restricting water flow and so shoulc be removed

regularly. Jelly fish have also caused mass mor-:zlities

of caced fish in the Baltic (Foops, 1972).

A major problem faced by rany caged fish far- ers
in inland tropical water bocics is drifting mass:zs
of floating plants, such as waéter hyacirth (Eickzornia
crassizes) (Ahonymous, 1579). In the Prilippines
cage fish farms, top nets ar¢ fitted to m:ny of ‘the
cages =0 fhaﬁ during stormy periods, the whole cage
may be submerged. An alternative solutiin to the
drifting weeds is to builé a deflective “ence or
barricade which can divert the weeds and keep thes

cage area clear (Guerrero, 1979).

(iii) Fouling

Fouling is a problem that occurs tc a greater
or lesser degree at all cage sites, irrespective of
cage type. Beveridge (1987) reported that marine
sites tend to be worse than freshwater in this respect,
particularly if the environment is warm and organically
rich, and if the prevailing currents, which greatly
influence settlement, are low. He further emphasized

that the degree of fouling is also dependent upon
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the material used, mesh size, whether the mesh is
knotted or knotless and is, tc some extent, influenced
by the species being cultured. Biofouling is not a
major problem in the culture of herbivores, such

as some of the tilapias (Pantastico and Baldia,

1¥s1}. In Japan, yellowtail cayes have been found to
accunulate fewer fouling organisms than those holding
blue fin tuna or red seabream due to the action of

the fish which continually brush past the ne:ting
(Fuwa, 1984). Studies of the rztes of fouliag of

net cages and the organisms involved have be=n detailed
for many different parts of the world (Milne, 197(;
Moring anc Moring 1975; Cheah and Chua, 197%; Wee, 1979;

Kuwa, 1987, 1984; Santhanam et al., 1984).

Fouling has been observed to reduce tha actu-1l
mesh size, thereby cutting down on the flow of water
through éhe cage and increasing drac (Milne, 1970;
Inoue, 1972; Wee, 1979; Kuwe, 1983, 1984; Santhanan
et al., 1984). The increases in the weight of fou'ing
recorded by Milne (1970) nct only affect routine
handling, but also floatation. Milne (1976), and
Hugenin and Ansuini (1978), have stated that a nu ber
of net failures, due largely to fouling, have occarred

at several large commercial marine cage fish farms.

Beveridge (1987) recommended a number of options
to solve or mitigate the fouling problem if it is severe:
(a) adjustment of the cage fish farm

management procedures
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(b) wuse of chemical or biological agents
(c) option for a fouling-resistant or
rotating design.
The first option involves the routine business of
net changing and clearing that most farms practise on
a regular basis., If fculing is severe, then the
farmer can simply choose to carry out this procedare

more freguently.

An alternative option is to use chemical
antifouling agents. According to Lovegrove (1973)
most artifouling acents contain a biocide which slowly
leactes so that the surface is permanently surrouinded
by a thin layer cof toxic materizal which prevents the
susc-ptible juvenile planktonic stages of foulinco

organisms from gaining a foothold.

Beveridge (1987) reportéﬁ,that antifouled nets
provide a measure of protection for many months,
although the degree of protection decline; rapid.y
after six months or so and that in temperate reg.ons,
nets have to be treated each year. He noted tha: the
cost of treatment will add approximately 20 - 255 on
the cost of a knotless nylon cage net. Good et al.
(1979) and Waldock and Thain (19832) observed that the
copper and organotin compounds used as antifoulants
are toxic to shellfish, although the latter appear
to be worse. Tin-containing antifouling paints used
to protect cages have also been implicated in deformities

of yellowtail in Japan (Anonymous, 1982).
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Considering the bioclogical antifouling opticn,
it was observed that the organisms which foul ne:
cages may augment the diets of cultured herrivores
or detrivores, they are only occasionally inzested
by carnivorous species such as the salmonids anc¢ zl.ay

a negligible rcle in their diect (Moring and lorin

Wl

1975). However, in several countrics herbivores

have been stoc:ed alcongside :>cmmerciilly more

importani species in attempis to recice biofoulinz
(Beveridge, 1987). 1In Palau,Hasse (1974) successfully

used siganids (8. canalicu.atus and ;. lineatus) at

* to reduce

densities of :pproximately 2 fish pc - m
fouling in ca~es holdinc strings of ,ysters (Ostrea
nomades) , whi .st Chua anc Teng (197 and Aguacop
(1975) rave f-und sigani's effectiv: in curtailine
fouling in caces of grouer and cara gids. 1In Jaran,

the str ped anil spotted ‘nifejaws, J; legnathus sg:.,,

have be:n used in cage r :-iculture (Yuwa, 1983,1%:4),
and low densit es (1 fis . per 5m?) cf rohu (Labec
rohita) have p oved eff:'tive in mairtaining the
cleanliness of carp cages in Nepal (fharma, 1979).
Marine prawns nave alsc been used in salmon cages,

and mullets w.th pompano and other species (Swingle,
1971; Tatum, 1974; Aquacop, 1975; Rensel and Prentice,
1979). Howe 'er, it was reported that there would be
problems: signanids have been found to damage cage

nettingas a result of grazing (Ben Yani, 1974), and
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Knifejaws have been observed attacking the tails and

fins of sick yellowtail (Kuwa, 19&4).

In respect of option for a rotatinz desizn,

n

r.imber of rigid cages have also been designed usin

¥

mire fouling-resistant materials such as galvani

L]

0

m

g

s.eel, PVC coated wire and copper 2r ccuper-ni

o

cerpounds (Milne, 1970; Swingle, 1271; Powell, 197¢;

Ansuini and Hugenin, 1978; Ojeda and Strawr, 1980 ;

Hugenin et 1., 1981; Kuwa, 1983, 1984).

(iv) Precators

In a survey carried out by Mills (7927Y) in
Scotland, it was cbserved that nearly 9%90i of fish
farms (including cace fish farms) were visited at
some time or other by piscivorous birds. The range
of predators reported from cage fish farms .s enormousg,
and includes fish, lizards, squid, sea snakes, turtles,
birds and mammals (Table 2.5). Beveridce (1987)
reported that most predators, particularly birds and
mammals, exhibit diurnal patterns of activity, preferring
to attack their caged prey at dawn and dusk when staff (of
the cage farms) are usually absent from the farm. He
further noted that clear, calm nights, too, are often
used by predators. It was observed that predators
are also sometimes inadvertently introduced when the
cages are initially stocked or when nets are changed

(Reksalegora, 1979).
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Jee (1980) reported that predatory fish can also

on occasion damage nets. Chua and Teng (1980) noted

chat puffer fish (Sphaeroides sp) damaced the net

bags of grouper resulting in 20% loss of stock. Ranson
and Beveridge (1983) have suggested that diving birds,
such as cormorants rarely manage to extract fish fror

a cage, although they can certainly wound rany. Dur.ng
a survey of a freshwater rainbow trout cage farm in
Scotland, it was estimated that up to 6% o° all cagec
fish showec signs of wounding by birds, at certain
times of the year (Ranscn and Beveridge, 1°€3). Diving
birds have also been implicated for damace to nets

(Ranson and Beveridage, 1983).

Beveridge (1987) hctéd that attractior of birds
and mammals to a cage farm can affect disezse risks,
since many animzls play major roles in the life cycle:
of cormercially important diseases. Roberts and
Sommerville (1982) observed that the preda:éry heron
is an important intermediate host in the life cycle

of the cestode Diphyllobothrium sp., a parasite which

is prevalent at a number of UK cage trout farms, whilst
otters (Lutra sp.) are known to act as final hosts for

the digenean Haplorchis, a common parasite of tilapias.
Ranson and Beveridge (1983) speculated that the extent

of scale loss and wounding on many of the fish attacked
by birds if not sufficient to kill them directly,

have provided a site for invasion by fungi or bacteria.
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Needham (1980) has also suggested that even unsuccessful
attacks on caged Atlantic salmon can stress their

immune system thus increasing susceptibility to cdisease.

Farmers, however, have deviced measures tc counter
the menace of predators on cage fish farms. Beveridage
11987) reported that the use of top nets to dec.er culls
and hercns, ané¢ antipredator nets to foil undor wate:l
attacks is common. Other measures commonly c¢mployed
against predators include the use of dogs in tropica
countrizs to deter otters and rats (IDRC/SEAFDEC,
1979). A number of deterrents, such as scarecrows,
flashing lichts and devices wh.ch emit loud noises
or distress calls are marketec to try and frighten cf{f
birds and even seals, bu: to cate these r«thods hav«
had limited success, as 10st predatory s:.ecies soon
habituate to them (Meyer 1980 : Martin, ¢82; Salmon
and Conte, 1982). Live traps &re someti: cs employe:
against mink while shooting is alsc resc -ed to by
number of farmers. Ranson (19f°) noted taat shootiac
often does not work. He obser: 'd that trore are
numerousi accounts of how shoot: 1g cormorants makes no
difference to the numbers feed ng at a “arm, since the
visiting birds usually come from several different
colonies. Hugenin et al. (19%7) reported that rigid
mesh cages (unlike flexible m:sh cages much reviewed
above) are, of course, much superior in terms of

resistance to damage and inf.ltration by predators,
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providing that they are fitted with adecquatsz

protection above the waterline, .

{v) Wastes

Results from a number of st:iiies have Zzmonstrated

that the guanti-y of material s¢dimenting under fish
cages at intensivaly managed farrs is usually at
least an eorder -{ magnitude higher than thz: recorded
at control site: or i~ undisturbeld water bodies
(Kadowaki et al.. 197&, 1980; Enell and Lof, 1983;

Coelline, 1983; “.-ric.:» and Phillips, 1985; Fhillips

et al., 1985). I acr::zces in bacterial numbers and
macreinvertebratos shnve bheen observed at a number of
inteﬁsively far-ed f-eshwater sites (Eley ez al., 1972
Kilamoi et _;.,.'ﬁ7a: Korzeniewskx. and Korzzniewska,
1982; Tsutsumi :nd Wikuch, 1983). Enell (1282} and
Enell énd Lef (1387, in studies 3f laboratory -
incubated ceores, found that the rate of oxyzen uptake

was more than < lce¢ as high ip caye sedimer.ts than
those taken fxin & control site., Evidence Zor anoxic
conditions in rc¢dirents under flsﬂ dagés has been
reported in a number ©f studies (Arizono and Suizu,
19/7; Breaten et al., 1983; Nishimura, 1983; Stewart,
1984). ZRafuku and¢ Ikenocue (1983) opined that another
theory which rema:ns untested is that there may be a
build-up of facul ative disease organisms in the
sediments under cges, and that disease outbreaks

at long-establishad farms may be more common.
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Braten et al. (1983) suggested tha: the following

are taken as signs of a growing probler:

(a) periodic smell of sulphur anc methane,
especially during summer and autumn

(b) the appearance of gas bubbles at water
surface,

(c) the rapid build-up cf anoxic (black)
sediments under cages, with pockets cf

trappcd gas (This may necessitate per .cdical

i

examination of the muds under the cac:
by divers).

(d) extensive gill damagé (Gills may appe.r pale,
sometimes with dark patches; filamenz.. are

swollen, fused, or badly damaged).

If the accumulation of wastes under cages .S
perceived as being a major threat zo fish prcdu:tion,
Beveridge (1987) recommended that the wastes muE<T
either be removed from the vicinity of the caged fish,
or the farm reloccated at a new site. Scavenging red

(Chrysophrys major) and black (Mylio macrocephal.s)

sea breams have been stocked inside grouper cages in

Hong Kong in an effort to reduce waste feed output

(Tseng, 1983).

Sudden algal bloom in high eutrophic lake has been
associated with mass fish kill, an example is the mass
fish kill after the algal bloom in Laguna Lake in July,
1975 (Anonymous, 1979).
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2.4.8.3 Chemical problens

(1) Acadified waterbodies

Beveridge (1987) reported that the pH of a
water-body is determined by the interaction of the
rate of deposition of acids from the atmosphere and
rate of neutralisation in the catchment area. Acid
deposition, principally in the form of rain or. snov,
is a natural phenomenon, the pH of pire water in
equilibrium with atmospheric C0O, being 5.6 (Overrecin
et al., 1981). Catchments which are composed of hard,
slow-weathering rocks such as jrani-e, gneiss cor
guartz sandstone are poor at nsutralising acid
precipitation ancd also give receivi.g waters thair
characteristic low ionic and Figh himic acid ccntent

(Beveridge, 19E&7).

If acidification is takiig pla:ce, Bevericje (1987)

suggested twco methods of combating tais proble i:

(a) control of the acidification proces: by
chemical dosing and

(b) change to a more acid-tole ant speciecs.
Baker (1984) observed that over the sast 50 years or
so a wide range of neutralising sub *“ances has been
used, including limestone (CaCO,), lime (CaO and
Ca(OH);), soda ash (Na, CO,) olivire [(MgFe), Si 0,1,
flf ash and industrial slag, and s>3dium hydroxide
(NaOH) . He opined that, as far as the fish farmer is

concerned, limestone is preobably the best: it is
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safest, cheapest and overall the most effective on a
wide range of lake types. A number of ditferent
application methods hLave been tried, although from

the cage fish farrer's point of view, Beveridge (14Y€7)
noted that direct dosing of the lake as opposed to

the inflows or the watercshed is likely to be most

cost effective. F nely crushed limestone can be added
to the lake as a & .rry, spread with the aid of a device

El' (1984). hn alternative

as described Ly Wh te ¢
rethod is to spreac cri: 1ed limestone (1,25 = 0.75mnm
¢ iameter) into she¢ .ow .. reas where wave action and
carrents help keey it ctivated' (Hasselrot and

Failtberg, 1984; K: :ter and Colguhoun, 1984). 1In

Sr-andinavia and K¢ % “aerica, the dose rates of betwéen
1) and 30g per m’ .. water are used, the exact

aount dependinc 2t the severity cof the problem,

lake retention ti: , ke type-and method used
(lasselrot and H. - , 1984; Krester and colquhoun,
1234; Rosseland =z 5 ogheim, 1984; White et al., 19¢4).
laxes with slow ; i1831.19g rates unlike those with fast

flushing rates (< Ly")], have maintained good pH values
for 5 years or more iollowing a single dose with
crushed limestone (H .sselrot and Hultberg, 1984;

White et al., 1984).

(11) Oxygen
Beveridge (1987, reported that the dissolved
oxygen (DO) regime in a fish cage is a balance between

input and output. As oxygen input by diffusion across
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the air/water interface is negligible - Kils (1979)
estimated that it provided somewhere in the region of

0.5% of the oxygen respired by cageé fish - tbe ma-or

o

source of DO is water flowing through the cage as
result of external currents and the movements of “-e
caged f.sh. Beveridge (1987) notec that at most :.:tes
the DO content of the surface waters approximates
saturation levels and as long as the cages are
mzintained relatively free from fouling there shoild
be few problems. Beveridce {1987) further explained
that DO levels czn fall far below saturation in

natural water bodies under =zhe following circumstances:

(a) where the phytorlankton cormunity is
large (1.e. unde- bloom conditions),
night-time respiration can cause a
marked ¢ecline in DO reaching a mininum
around cawn.

(b) at the end of a phytoplankton bloom,
bacterial decompositicn of the algae can
lead to anoxia.

(c) upwelling of anoxic water from the
hypolimnion to the surface can occur at
certain sites given the right combination

of environmental and climatic conditions.

He recommended that in many instances these problems
can be avoided during the site appraisal stage by

rejecting eutrophic or strongly stratitied water
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bodies. Nevertheless this is not always possible
or even desirable (e.g. extensive fish farms are
best sited in eutrczhic water bodies) and problems
have been reported at both marine and freshwater
sites in temperate and tropical environments (.nocue,
1972; Koops,, 1972; Grave, 1975; Barica, 1976; FKils,

1979; Landless, 1983).

Beveridge (1987) observed that ther: has bzen
little study of aeration in cages and thus it is
difficult to assess which aeration (airstones/
venturis/air-l1ift pumps/submerged d>umps) are best, or
even how effective aceration in cag2s is. A number of
examples are cited by Landless (1985) in which air-lift
devices have proved effective in mrainta ning good °0O
levels at cage farms subject to blooms. However,
according to Kils (1979) submerge¢ airstones can

‘actually make oxygen conditions wcrse by creating

rising stream of oxygenated air wlich rapridly flow
across the surface and out of the cage, t .e displ:: e«ment
of cage water resilting in an upwelling ¢ deoxyac«rzcted
hypolimnetic wate:: which, if the cages a2 located

near the lake or 3ea bottom, could also arry in cage

wastes.

2.4.8.4 Social Problems

(i) Poaching and Vandalism

In general, cages are more vulnerable to poaching

and vandalism than any other type of aguaculture
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successfully employed at a number c©f larger £almon
farms in the UK and will warn on anvone entering the
site. He also mentioned that lockatle lids are also
incorporated into some smaller cace designs. Bever:dge
(1984) opinec that sometimes, socic-econcmic problens
lie at the ro>t of the problem (pc2ching and vancal:sm).
In scme parts of the world, the perzlties for poachisig,
have been increased. 1In Alabama, USA, for example,
a bill was introduced ir the early 198(s to stiffen
penaties (jail tem an¢ or fines) for aayone convicted
ot c: tfish rustling (Beveridgz, 1987).

Hobever, Anonymous (1979) rep:rteé that
main-2nance ot good relations with the people in the
are: (where the cage fish farm .s lccated) is the most

effcctive way of preventing poachinc and vandalism.

2.5 >rofitability of cage fish culture

rrofitability in cage fish culture cepends on
varic.s factors like locality, fish species, growth
rate, costs of materials and labour, access to market
and l:vel of management (Fijiya, 1%.9; Galapitage, 1462;
Mane, 1981; de la Cruz, 19t2 and Guerrero, 1Y82).
They concluded that there are no generalizations

concerning profitability in this system of culture.

de la Cruz (1982) comparing the yield from fish
cage/pen system with that from pond culture system
(in the Philippines) concluded that the yield from

the former is 3.5 to 4.3 times more than the production
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in the latter. He emphasized that based on the
profitability of cage culture system and with the view
of providing an alternative culture syster under a
bank-financed project, an FAO team recommended cage

culture of Tilapia nilotica to be operatec by a nurber

cf families sub-borrowers. The estimated income per
cage {(size 10m x 30m x 3m) suggests that a family

just needs to operate four cages to exceed the
ccmbined estimated income from a 2.5ha fish pen and

2 cages owned by two famil.es; and eight cages instead
of 10~ha fish pen and fish cages with multiple

cwnership (de la Cruz, 1982).

Anotier example ot profitability of cace culture
system is the yellow tail culture in floatirg cag:s
in Japan. Fujiya (1979) repcrted that the :verag:
productior of family size yetlowtail farmer is 10 =
30 metric tons annually. This production £:-om
vellowtail farming, he concluded, assured tlie farmcr

of a middle class income in Japan.

In Thailand, it has be2n shown that the averza e
income of fish farmer is abdhut €ix times more than that
of an agriculture farmer and substantially higher than
that of a coastal small-scale fisherman (FAO, 197 .).

In Hungary, it has been reported that fish production
costs are 49, 30 and 2% less than beef, poultry and
pork respectively; while, in India the profits obtained

in fish culture per weight of produce can be 3 - 4 times
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higher than that of wheat, rice anz millet

1977) .

Farming of the channel catZ:ish

(Pillay,

(Ictalurus

punctatus) in the United States of /rerice showed that

intensive culture in floating net=-c:

enclosures yield highest rate ot re

of 121 - 160% comjared to pond ancd

(22 - 5°%) (Shang, 1976). In scotl.

companies produce in excess of 1,00

Atlantic salmon in cages althoush n.

at the same site and have an annual

to €4 —illion (Bev -ridge, 1987).
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CHARPTER 3

3., MATERIALS AND METHODE

3.1 Description of Lake Kainji area

The five exparimental sites where the studies
were carried out are located around Lake Kainiji
pasin (Figure 3.1). The lake covers an arec of
1270 km?, it is 139 «m long and 24 km at its widest .
point. It is gitiated between longitudes 4°22°
and 4°45' east ari latitudss 9°50' and 10"5%5' north
in the north-west2rn part of Nigeria at kilometre
1008 to 1144 of the 5872 Xm along River Niger,
Kainji Lake basi lies on the border of the
sub-Sudan and Kc. :hern Guinea Savanna (Clay:=on,
1957; Keay, 195t). The climate in the area is
governed by twe ti:in winds: the Southwest wind
from the Atlantic Ocean and the Northeast wind
from itne Sahara. The arez experiences two

™distiict seasons: the wet season {~tpril - October)

and t.e dry sea:zon (November - Marchl. At Kainiji
Dam site, the mean daily temperature range from
19.2°C to 37.5°C. The annual total rainfall is
1181.16mm, whil¢ the relative humidity range from
19.5% to 75.7%. Northerly winds dominate in the
dry season while southernly winds predeominate

in the wet season (Table 3.1). Lake Kainji

(within which three of the experimental sites
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were situated) is the largest man-made lake (built
for generation of electricity) in Nigeria. There
are two distinct periods of floods in the Lake
Kainji area. 7The major one called the "White
Flood" comes from areas stretching from Niamey
downstream anc represents the run-off from local
rains (inclucdiny those of Nigeria) which carry
large quantities of colloidal clay, mainly
kaolinitic in crigain (Nedeco and Balfour Beatty,
1961). The second flood called the "Black Flood"
carries less silt and comes from the headwaters
of the river (liiger) and takes about five to six

months before reecning Ka:nji in November.

The physical, chemiceél and biological
cnaracteristics of the lake have been reported
by several workers {El—Zafxa, 1971, 1973;
Henderson, 1972; Imevbore and Adegocke, 1975;
Adeniyi, 19%76). There are fregquent occurreaces
of algal blooms in the lake especially during

the month of Octoper (Adeniji, 1973).

3.2 Description of the experimental sites

Five experimental sites around Lake Kainji

and New Bussa were used for the studies.

3.2.1 The Intermediate basin

Figure 3.2 shows the Kainji Dam with its
navigation locks which comprise of upper lock and



.‘ig.3-2 Kainji Dam showi ig navigation locks and the Intermediate Basin.
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lower lock. This lock éystem can be operated to
allow big boats (vessels) to move.from tiie lake
to the river below the dam or vicé versa. The
Intermediate Basin which is abeout 1.5 ha in
surface area is located bezween the upper and
lcwer navigation locks. Ti.e bottom ¢f the basin

is muddy.

Y :
3.2.2 The Dugongari Bay

The Bar is located on the west of Lake
Kainji close to the Higer River Basin Development
Authority farm land, New Bussa (Figure J3.71). The
maximum surface aree of the Bay at the highast
water level is mcre than 50 hectares but ak.ut
30 bectares at the lowest water level. Toe
average draw down in the Bay is about 50:. The
deepest water level at the site was 9m, the minimum
was 3m and the average was 5.5m. The minimun |
water level at the site is usuially recocried
between June and July. The Bay is affected by the
two majox floods {Black flcod and White flged} in

the lake.

3.2.3 Kigera I]I ReseIrvoir

This is a drinking water reserveoir located
within the National Institute for Freshwater
Fisheries Research (NIFFR} Housing Estate at

New Bussa. It was constructed in 1980 by damming
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a seasonal stream. Tne reservoir is about 0.4 ha

in surface area and zI average depth at maximum
water level. Water replenishment into the
reservoir during the cry season was done by
pumping water from Lzxe Kainji. Apart from wild
fish species especial.y Barbus sp that exist
naturally in tne reserveoir, scome fish species like

Tilapia, Clarias sp znd Heterotis niloticus were

stocxed into the reserveoir for small reservoir

fisheries management studies (Ita et al., 1984).

3.2.4 NEPA sewage pond

This 0.4 ha surface area (about 1.5m average
depth) site is located behind the N ger State
Ministry of Agriculture and Na:ural Resources
office at New Bussa. The sewaje ponl was desi: ned
by Balfour Beatty and constructed around 1972
Impregillo (a construction firm that built the
National Electiric Power Authority (NipPA) Kain®:
Dam). The sevage pon¢ receives wast: waters fiom
the New Bussé resettiement quarters .nd the NIIA
residential guarters with a populati.on of abouat
3,000 people. The bottom of the po' ¢ is muddy
while its inner slope is concreted to fortify the
dikes. It has an inlet pipe (30cm in diameter)
which brings the residential waste waters into
the pond (Plate I) and a 23cm outlet pipe (at

another end of the pond) for spilling excess water
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especially during the rainy season. During the
experimental period, the pond water surface was
occasionally covered by duckweecs, Lerna sp. This
sewage pond had earlier been directly stocked with

fingerlings of Cyprinus carpic and S:rotherodon

galilaeus in an experient tc¢ study the growth
and survival of the twe fish species in the waste

water (Okoye et al., 13486).

3.2.5 Shagunu Bay

This site is northerlv . bout 62 km from the
Kainji Dam and at “he wester. side of the middle
2asin of Lake Kainji (Figurc¢ 3.1). This porticn
of the lake is axosut 50 ha surface area at the
naxim. m water lev21. The k. contains many
submer jed tree cumps. Th: water depth at the
culture site ran ¢d between .0m to 10.5m (mean
5.5m). The bott 1 ¢of the La varies from mud,
gravel: to rock 1n scome arec:. Mean water
transp rency wa. 0.3m betwecen August and
Novembk r; 0.4m ocutween Noveuiter and February and
1.3m ¢t other months (i.e. March to July).

3.3 Layout, design and construction
of the culture system

3.3./ Floating raft layout, design and
construction

Tne basic components of the floating raft

are:



(1)

(ii)

(iii)

3.3.1.1
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The framework or raft to which the net

cages (or hapas) are attached.

The floats which keep the raft bouyant

with all its attachments.

The anchor line at the lower endé of which

is the anchor or rooring device.

Raft layout/design

Seven raft layout/desicns were used for the

various experinents conducted during the course of

this study:

(i)
(ii)
(iii)
(iv)
(v)
(vi)

(vii)

9m
9m
9m
Tm
6m
6n
Sm

(where L

X

X

X

6m
9m
9m
7m
ém
em

Sm

(L x B) with six, 3m x 3m apartments

with
with
with
with
with

with

nine, Zm X 3m arartments

sixteen, 2.25m » 2.25m apartments
four, 3.5m x 3.5m apartments
sixteen, 1.5m x 1.5m apartments

four, 3m X 3m apartments

sixteen, 1.25m x 1.25m apartments

= length, B = breadth)

3.3.1.2 Raft construction/launching

The following materials were used in raft

construction: bamboo poles (especially mature Bambusa

vulgaris Schrad-ex-Wendel), 6 inches nails, kuralon

No. 15 rope.

Procedure

(1)

The bamboo poles were trimmed (at the

thinner upper ends) into the required lengths
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(9m, 7m, ém, or 5m) depending on the
dimension of the raft. For example, in
constructing 2 ém x 6m (L x B) with 16,
1.5m x 1.5m aoartments raft, 26 bamboo
poles were trimmed with the carpenter's
saw to about &m lencth each,

(ii) Three of these trimied bamboo poles (now
referred to as a 3-piece unit) were nailed
together at close i~tervals uring 6 inches
nails (Figure 3.3A). 8Six of tnese 3-piece
units were made ani kept aside.

(iii) So alsc the remainirg eight trimmed bamboo
poles were nailed together in twos to
produce four, 2-p.zce units (F.gure 3.3B).

(iv) Four of the 3-piece unit were laid-out

: to form a square (aklout ém x 6n) such that
two 3-piece units were laid parallel
underneath another ;érallel se. of two
3-piece units (Figure 3.3.C) and nailed
together at the four intersection with
6 inches nails.

(v) One, 3-piece unit was then placed equidistant
in between the upper parallel set of two,
3-piece units and nailed at the two
intersections (Figure 3.3.D) (Plate II).

(vi) Another one, 3-piece unit was again further
laid to divide the raft into four, 3m x 3m
apartments and nailed at three intersections

(Figure 3.3.E).



(A) 3-PIECE UNIT %/(B) 2- PIECE UMIT

.
o
3
!

|

l &m

(C) FOUR OF THE 3-PIECE UNITS LAID OUT ( 6m x 6m)
AND NAILED TOGETHER AT THE FOUR INTERSECTIONS

Fig. 33 Stages of Raft Construction
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Fig. 3-3 cont'd

3.0m A Yom——-aq .

=

6:0m

B Y

(D) ONE,3-PIECE UNIT PLACED EQUIDISTANT BETWEEN
THE UPPER PARALLEL SET OF TWO, 3-PIECE UNITS
(U) AND NAILED DOWN

3.0m

(E) ANOTHER ONE, 3-PIECE UNIT, FURTHER LAID AND NAILED,
DIVIDING THE RAFT INTO FOUR APARTMENTS.

N-B. THIS RAFT IS IDEAL FOR THE COMMERCIAL GROW-OUT.
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(vii) To finally obtain a sixteen, 1.5m x 1.5m
apartments, four, 2-piece units were
juxtaposed between the 3-piece units such
that each or the sixteen apartments was
uniform in size (about 1.5m x 1,5m) and then
nailed at all the 16 intcrsections (Fig. 3,31).

(viii) The four main peripheral intersect:ons
were ther tied together with kuralcn No. 15
ropes to strengthen the raft.

(ix) In order to increase the life span »>f
the raft, either four 200-litre emp.y but
coated métal drums or nire 100-litr
plastic kegs were fastencd to the b mboo
r: ft using 6mm diameter :ron rods ( igure 3.4).

(x) The complete raft with floats was tien
carried by hand by about 2ight adul s and
launched on the surfacce cf the wate body
and paddlec like a bozt ¢Y towed aw.: with
a motorized boat to the site for tht cage
culture (Plate I11).

(x2) After paddling or towing the raft to the
desired site on the water body, an anchor
rope (polypropylene 10mm diameter) with
about 30-kg concrete block was used to
anchor the raft at each of its four main
corners. The length of each anchor rope
was thrice the depth of the water at the

site in order to allow for sag and also



Fig. 33 cont'd
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to prevent drowning in case of sudden rise
in the water depth at the site as & result

of flood.

3.3.2 Net - Hapa Design and Construction

The only net-hapa size that wa:s used in all
the hatchery/nursery-related experiments vas the
Im ¥ 'm x 1Tm design but had a net-:uver at the top
to prevent fish from jumping out ,Plate 1I\).

The following materials were used in the
design and construction of the na2t-hapa: 1511 of
hapa netting (about 27m length per roll), aylon

thread 210/2 and kuralon rope N>. 10.

3.3.2.1 Proccdure

(i) The roll «f hapa net:ing was fir :t cut
int> the desired si::2s (say 1m > 1m)
mak ing ur the six w: !1s (four ¢i iz walls,

one at the pottom a1.: the sixti .t the

top as cov 'r) of the -apa to be ronstructed.

(ii) The six pi.ces (Im x Im per picce) were
then sewn together with the nylon thread
(210/2) t form a six walled hapa, with a
top cove:, leaving an opening about 20cm at
the top rorner for stocking/retrieval
and feeding of fish (Figure 3.5).

(iii) Kuralon rope No. 10 (four pieces about

2m length per piece) were finally sewn
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to prevent drowning in case of sudden rise
in the water depth at the site as a result

of flood.

3.3.2 Net - Hapa Design and Construction

The only net-hapa size that was used in all
the natchery/nursery-rclated experiments was the
Im x Tm x Im design but had a net-cover at the top
to prevent fist from jumping cut (Plate 1IV).

The follc.ing materials were used in the
design and constructior of the net-hapa: roll o>f

hapa netting (cbout 271 length per roll), nylcnh

thread 210/2 ard kuralca rope No. 10.

3.3.2.1 Procecure

-

(i) The roll of hapa netting was firs: ciut

into the desired sizes (say 1m x ‘m)
making up the six walls (four side walls,
one at thke bottom &and the sixth at the
top as cover) of the hapa to be constructed.

(ii) The six pieces (1m X 1n per piece) were
then sewn together with the nylon thread
{(210/2) to form a six walled hapa, with a
top cover, leaving an opening about 20cm at
the top corner for stocking/retrieval
and feeding of fish (Figure 3.5).

(iii) Kuralon rope No. 10 (four pieces about

2m length per piece) were finally sewn
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to reinforce the vertical corners of the

hapa with 50cm of the Kuralon rope extending
up and down for tyinz the hapa to the raft
and tying of the rigaoers respectively

(Figure 3.5).

3.3.3 Net-Cage Design a:nd Construction

Four different sizes of net-cages vere u:ad
during this study:

- Tm x 1Tm x 1.5m

- 2m x 2m x 2m

- 3m x 3m x 2.75m {Figure 3.6C)

- 3m x 3m » 3.5n

The mesh sizes of cthese cages variedé fron
10mm to 25mm depiondinc on the sir:» of fish - be

stocked in the caje.
The material ;i needcd for net- tage const:. :tion

were: bundle of kiotted net 210/9 400 M.D; rcinting

twine 210/21; kuralon ro=z No.15 .1 D. means M«shes Depth).

3.3.3.1 Procedure

(i) The kuralon r¢ oe No. 1% was stretcned out
overnight in rder to make it taut.
(ii) The knotted r =t was then mounted on
the taut kur.lon rope at 70t (Coefficient
of horizontzl hanging) using mounting twine
fastened to a mounting needle.
Coefficient of Horizontal Hanging (%)
Length (in mm)

= Net mesh x No. of meshes size (in mm)
(FAO, 1978)

(3.1)

-
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For example:

At a mounting interval or lencta of 100mm
{10cm) , a net mesh-size of 19~~ and /0%
coefficient of horizontal hancing, eight mesaes
of the net will be mounted int2> the length

of 100mm (Figure 3.7) (Plate V).

(iii) The net was mounted accorcing to the cesired
dimensions of the cage, leavirg loops o:
kuraler rope No. 15 at all the eight ccriers
of the cage for tying the caae¢ to the
bamboc raft at the top and the concrete
riggers at thé bottom corners o expand
the cace (Plate VI).

(iv) The botuoﬁ of the cage was rad: of doublc

- wall as reinforcement while th. top-lid
was single walled. An open.ng of about
20cm was left at the top corner for stoc-ing,

retrieval and feeding of the fish stockes.

3.4 The experimental fish used

Nine fish species belonging to six families
were used in the various experiments during the study
(Table 3.9).

All these fish species are found in Lake Kainji
and are among the commercial species in the lake.
All the species except Alestes dentex and Distichodus
rostratus have previously been cultured in ponds or

reserveirs {Bardach et al., 1972). All these nine fish
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species were used during the preliminary cage culture
trial in order to test thelr cage-culturability.

But only the tilapias |Oreochromis niloticus and

Sarotherodon galilaeus) were consistently used

throughout the remaining experiments since their
fingerlings were readily produced ander captivity,
even under cage (net-hapa) culture system. Moreover,
o;e of the main objectives of this study was to
evolve a cage culture technology readily transferable
to local fishermen, fish farmers and other interested

individuvals. Tilapia, therefore, was the best

choice 1o start »ff with.

3.4.17 Characteristics of the fish
species u-ed

3.4.7.1 Sarotherodon galilaeus (Plate VII)

S. calilaeus 1s one of the best known species

———— e

of genus Sarotherodon characterizaed by being biparental

mouth brooders (Trewavas, {9821. S. galilaeus 1s

a fairly large tilapia with a deejp, strongly comprescsed
body. The colouration is uniform olive with no

obvious stripes or spots. The caidal fin is usually
pinkish in colour along the distal border. S. galilaeu:
is readily distinguished from other species by its
brush-like teeth and very fine, densely packed pharyngeal
teeth. It has 15-16 spines in the dorsal fin. 1In

the wild,-g. galilaeus attains a length of 40cm and a
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weight of over 1.5 kg. It feeds almost exclusively
upon phytoplankton and alcae (Akintunde, 1276).
5. calilaeus is the most abundant cichlid in Lake

Kainji (Johnscn, 14974).

3.4.1.2 Ore.chromis nilot cus (Plate VIIT)

This i3 the lirgest of the cichlids in J.ake
Kainji. 1In the wi d, it attains a length cf nearly
50cm and & waight »f over 2 g (Lewis, 1974). It
is more eiongate &.1d less compressed than £. galilaeus.
The colouration is brownish olive with faint dark
vertical bars on t e flanks. The posterior part
of the dorsal fin, the caudal fin and the ancl fin
bear numnerous dar vertical bars on a pale bzckground,
a char:cteristic " .ich serves tg distingu.sh it from
all ot :er species. 0. niloticus has been described
as a nm:ternal mou:: -breeding tilapia (Trewavas, 1982).

0. nil ':icus has 1" -18 spines in the dorsal fin.

The pliiryngeal tcc:n are numerous but not densely
packei The fist 1s mainly microphagous and it is
the second most abundant cichlid in Lake Kainji

(Johnson, 1974; Lewis, 1974).

3.4.1.3 Tilapia zillii (Plate IX)

This is a rather small species of tilapia
rarely exceeding 25cm in length or 300g in weight
(Lewis, 1974). The usual colour is greenish yellow

with between 6 and ¥ vertical dark olive stripes
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Plate
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on each flank. Two dark horizontal bars are usuz_ly
present on each flank; one running alonc the miZ>_ne
and the other between the midline and tre dorsa. “:m.
The posterior part of the dorsal fin, the caud:z. Z:n
and the anal fin are marked with a red-orown ot
pink-grey netwocrx over a yellow bacxkground. 1
pcsterior margin o the caudal fin 1s distinc!
roanded. The ciet of T. zil.ii consists of in: <=:=

and plant material (Lewis, 1 74).

3.4.1.4 Alestes duntex (Pla e X)

This is one o' the largir members c¢f the « -

Alestes growing to a length ¢f 45cm and a weic)

qf 600g (Lewis, 19°4). The t 2dy, wﬁich is con 3
is uniformly silve: in colour. The lower lch:

the caudal fin :s 'ed and the upper lobe grey

a tinge of red or rrange. Tr.: anal fin 1s a!
invariably tinged with red or orange. HA.den:. ds
to a large extent .pon grasscs though seeds a

agquatic insects also feature in 1ts die: (Ba®

1968). This fish species is very common in . -.:

Kainji (Bakare, 1968).

3.4.1.5 Clarias gariepinus (Plate XI)

C. gariepinus 1s an elongate tish with a st:ongly
depressed head and cylindrical body. The colour
is variable though it is usually dark brown in c)lour

and the dorsal and caudal fins are invariably very dark.
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In the wild,
in length and 7 kg in weight

T . -
‘ Lewls,

gariepinus is a bottom dwelling sinc

often referred to as mud catfis]

small fish and carrion (Bakare,

possesces accessory breathing orgal

conditions of luw oxygenation. 1 is .

distinguished f-om C. ancuillaris vy 1

tooth band whicl 1s wider then th 3o
band.
3.4.1.6 Hetero!l ranchus bidorsali (b

‘his is a 1irge elongate fis w:
wide : trongly de ressed head. 1°

Claries spp in p ssessing an aci;

colouration of t .2 fish is brown

the fins are usu.lly reddish-bro:

length.of almost 1.5m and atta:

than 30 kg (Lewii, 1974). H. b.:

a predator and a scavenger.

1974) .

o

it grows to approximately one metre

sl

, hence i

. vomerine

¥illary <ooth

. 'The

live-grey and

t arows tc 2
icht of more

1

18 both

3.4.1.7 citharinus citharus (Plate XII1I)

C. citharus is a large lateral|v compressed,

deep-bodied fish. The colour of the

body is uniform

silver and there are no stripes or «ther markings.

The lower lobe of the caudal fin is deep red and

the anal and pelvic fins tinged wit . red.

The

adipose fin is quite small and has a rounded outline.
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In Lake Kainji, C. citharus grows to a length of 55cm

and a weight of more than 3 kg (Lewis, 1974).

It is a shoaling species and at certain times
of the year, large numpers may be scen splashing at
the water surface. They are essentially bottom
feeders and their diet consists almost uxclusivel -
of the algae which grows in the surface layers of the

mud on the lakes floor (Bakare, 196t). C. cithar s

is by far the most common species of Ci-_harinus
occurring in lLake Kain):i and during the early yea s

of the lake's ex_sterice was the most imortant

.
w

commercial spocies (Tufner, 1971). C. citharus h:
81 - 92 lateral line scales unlike thkz “ther Cith: rinus .
spp which have lass number of lateral 1 ne scales

(Levwis, 1974).

3.4.1.8 Distichodus rostratus (Plate XiV)

The colour of adults of this species is unifc rmly

dull-grey tlough young individuals bear dark spots

on the flanks. The snout is fairly round and the
adipose fin is short. It has approximately 12 vertical
blue-grey bars on each flank. These marks become less
prominent with age. It grows to a length of more than
S50cm and a weight of 2 k¢ (Lewis, 1974). D. rostratus
is herbivorous and feeds to a large extent upon aquatic

grasses (Arawomo, 1972). The mouth is sub-terminal.
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3.4.1.9 Lates niloticus (plate ¥V)

L. niloticus often referred to as Niger or Nile
perch is one of the largest freshwater fish in Nigeria..
1t is a giant predatory species which attains a weight
of more than 100 kg (Lewis, 1974). The body is
laterally compressed and quite deep, larger specimens
being more heavily built than small siecimens. The
adult colour is uniform steel grey. 'The diet of
adults consists entirely of fisht, thoigh insect larvae
and nymphs form an important part of the diet of

juveniles (Balogun, 1988).

3.5 Feed mill anc fish feed preparat.on

Most of the feeds used under th: different
feeding experiments in this stidy we:e preparec at
the mini feed mill at National Instit.ite for Fre~1wat¢r
Fisheries Research (NIFFR), New Bussa. The feec¢ nill
has two,machines - one for fin« grind .ng of fec i
ingredients and the other a pepper gr.nder mod. _ed
by incorporating an appropriate set o dies for
extruding moiét pellets. Mixing of f ed ingred ents
at the mini feed mill was manual. T: finely
ground and sieved feed ingredients h ving been weighed
and mixed together according to the feed composition
were moistened with hot water (for !etter pelletability)
into a dough and then fed into the -eceiving receptacle

of the improvised pelleting machine. A wooden stick
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was then used to force down the dough in the receptaple
of the machine¢ for extrusion into pellets.

The wet pellots were air;dried within the feed mill
space at roor temperature about 28°C and packed for
feed.ng.

3.0 Fish feed proximate composition
determination

Proximate analysis is the most generally used
cher ical scheme for de:cribing feedstuffs and it has
beer the key to determining the¢ useful digestible or
met: holizable energy of a feed. This analysis, devisci
by ->rkers at the Weende Exper:mental Station in
Ge! "any (Crampton and Harris, “969) partitions a
fe: :tuff or feed into six fractions: moisture, ether
ex :iact, crude fikre, nitrogen-free extract, crude
pr 't 2in and ash. The sum of crude fibre and nitroaen-
fr-c extract represents total carbohydraze. These
pareémeters were determined using standard methods
(Association of Official Znalytical Chemists, AOAC,

1980).

3.6.1 Moisture

The determination of moisture is one of the most
important and widely used analytical measurements.
Moisture content is frequently used as an index of
stability and quality as well as a measure of yield

and quantity.
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3.6.1.1 Procedure

A known weight of the ground samnle was oven
dried at a temperature cf 100 - 105°C until constant
weight was obtained (about 24 hours). The loss in
weight of the sample represented the moisture

content (Lovell, 1975).

3.6.1.2 cCalculation

WO - WD

$ Moisture = ey x 100 (3.2)
Where WO = weight of original sanple
WD = Weicht of dried sampl:.

3.6.2 Crude protein

The Kjeldahl method estimated the tota nitrogen
which was converted to total crude prctein !y means
of an empirical factcr, usually 6.25, which depended
on the proportions of the various nit 'ogenc.s compounc s

present in a particular sample.

Crude protein determination was modifie  from
microkjeldahnl methodI(AOAC, 1580) and consis ed of
three major steps viz, digestion, distillatic i and
titration. The chenistry of the steps inv: lved the
digestion of protein with concentrated sulpiuric acid
in the presence of a catalyst (copper sulphate
pentahydrate and potassium sulphate) and ti2 nitrogen
was converted to ammonium sulphate. Addition of an

excess strong sodium hydroxide to the resulting solution
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liberated ammonia which was then passed into an
absorbing agent, boric acid anZ finally titrated
with standard hydrochluric acic. (Crampton and

Harrais, 1969; Jacobs, ~-73).

3.6.2.1 Proccdgzs

50mg of the grounc -ample (3 - Sg) was weighed
out irto a crude filter paper (4.25cm diameter; 0.45um

pore tize) and transfer. :d wrcpped in the £:lter

paper into the Kjeldar. igec:.ion flask. A Hengar
granul :, 2g digestion c: aly:* and 5ml conceatrated
sulphu-ic acid were ac<: . tr the flask. Tie sample

was di ested in & dige on . oparatus under the hood,

rotatilig the flask rec. until the sol ition in
the fli sk was clear (a: » mately two hours). The
digest was partially cc ¢! s2fore adding 40ml

ammoni: -free distillec

10rl 4% boric aci: :: rieasdred out into a
125ml Erlenmeyer flasi, 3 .ps bromocresol purple
and metryl red indicat w2 ¢ added and the flask was

connected to the tip of :h: condenser of the Kjeldahl
distillation unit. 30m. 4 NaCH was rapidly added

to the dissolved digest at:ached to the distillation
unit. Distillation lasted for about 10 minutes or
until the total volume oZ 'he receiving flask was
doubled. The receiving fl sk was lowered free from

the condenser and distilla:ion was continued for 1 minute.
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The distillate was titrated 1in the Erlenmeyer
flask with standard hydrochleric acid solution untal
the solution turned from green to light pink end point,
The volume of standard hydrochloric acid used for the

tiltration was recorded.

3.6.2,2 Ci lculation

Volume HC1l (corrected) x Normality
HC1 x 0,014
Weight of dry sample

¥ litrogen B
(3.3)

% ‘rude protein = $ Nitroger » 6.45 (3.4)

N.3. A blank titraticn was ran by using the same
size of filter paper uscd to wrap the sample arni
equal quantity of dicestion reagents. The
volume of standard HC1 rsea for titration
of the blan« was subtracted from the volume
of standard HCl use¢ for titration of the
sample to get the corrected volume of HC1l used

for the titration of the sample.

i.5.3 Crude fat

Fat is reported as that substance which is
insoluble in water, very slightly soluble in alcohol
and soluble in organic solvents like carbon tetrachloride,
carbon disulphide, anhydrous ether, or petroleum ether.
Since small amounts of substances other than fat, like
waxes, resins, chlorophylls and carotenoids, are
included in the ether extract, the result is generally

designated as "crude fat" or "ether extract".
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The method involved wrapping the ground sample
in filter paper and extracting the fat with enough
anhydrous ether i1in a soxhlet apparatus. Tne excess
ether was then evaporated and the residue dried to
constant weight at 105°C (Maynard, 1970; Jacobs,

1973).

3.6.3.1 Procedure

2,00g sample was weighed in a Whatman filter
paper No. 50, folded and wrapped with another piece
cfi filter paper of the same size. Tie sa ple was
piaced in the extraction chamber of the sixhlet
a; paratus. The soxhlet flask was set up with enough
ar aydrous ether (approximately 175ml) in _he flask.
Tihe fat was extracted for 10-12 hours. The sample
was removed and air-dried to remove exces: ether.
'Tne sample was reserved for crude f bre dz=terminatic.:.
The soxhlet Flask was dried with the fat i1 the over

at 105°C until constant weight. The weigh’s of the

flask and fat were recorced.

3.6.3.2 Calculation

. Corrected weight of fat
$ c;;ge Weight of original dry x 100 (3.5)
sample

N.B. A blank was run using the same size of filter
paper. The weight obtained was subtracted from

the weight of fat in the sample.
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3.6.4 Crude fibre

Crude fibre is the washed, dried orcanic résidue
that remains after bciling the defatted material
sucressively with dilate sulphuric acid and sodium
hydroxide scoluvtions. <rudc fibre is commonly used
as & measure of the n..ritive value of feeds. The
digestibility of crud. fibre is low, thus, feeds
witl high crude fibre r-ontort are of low rutritive

value.

3.6.1.1 Procedure

The defatted sam.:.e w:s transferreé into a
600m  beaker (tall fc-m). Boilaing U.64F sulphuric
acid was added thern b e drxop of antifoar compound.
The -esulting mixture wvas heated and allowed to boil
for 10 minutés with <. 7z ant shaking. The mixture
was Lltered immed-zt 1y through dress linen. The
resi-iie on the filte: w: washed with boiling water
unti! the washings wiré¢ 2 longer acidic (washings

turned red to yellcocw wits methyl red indicatecr). The

residue was returned :in-> the beaker using approx1mate}y
100rl of hot distilled water in the transfer. It was
made up to the 100ml mark with distilled water.
Boiling 1.56N sodium hy:lroxide was added up to the
200ml mark. One drep o antifoam compound was added.
The mixture was heated and allowed to boil for

10 minutes with constar.t shaking, then filtered

- immediately through dress linen. The residue on the
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filter was washed with boiling water until the
washings wz2re no longer alkaline (washings turned

pink to colourless with phenolpthalein indicatc:).

3.6,4.2 Calculation

Weight of crucible 105°C =
_ weizht of crucible 550°C .
“ Weisht of criginal dry samplé

$ Crude fibre

3.0.5 Ash

When samples ar> heated t» temperatures of
500° - 600°C, water and other 'olatile constituc s
are evolved as vapours and the organic substancc ar
burqed in air to carpon dioxidc¢, oxides of nitrc .:n

and water. The mineral constiti.ents remain in t- ..

wn

residue as oxides, s.lphates, ;cosphates, silic:
and chlorides depend ng on the ~onditions of
incineration and the compositici of the sample. his
inorganic residue is called ash. It includes K

Ca, and Mg which are present in larger amounts,

as well as smaller guantities of Al, Fe, Cu, M:,

As, 1, F and other elements preza2nt in trace am:

(Maynard, 1970).

The ash content was determined from the loss n
weight after ignition of the sample at temperature:
high enough to allow all organic matter to be oxid:zed
without allowing appreciable decomposition of the
ash or its loss by volatilization. Heating was

continued until the resulting ash was uniformly wh.te

<
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or grey l(occasional reddish or green) and frec from

particles of unburned carbon and fused lumps.

3.6.5.1 Procedure

A clean porcelain was heated in a muffle
furnace at 550°C fcr about an hour and later ¢ cled
in a dessicator. 2.00g cf t.e sample was weic¢! d into
the weighed crucible. The s:mple was pre-ashe
under the hood unt.1 fumes w re consured. The
crucible was trans’erred to muffle furnace a: . 1 ted
at 550°C for about 6 hours o: until the residu. wa:
uniformly greyish "o white. The temperature i: th«-

furnace was brough: down to " J5°C and maintair f o

0t

20 minutes. The r.sidue was :ooled.in a dess:
and weighed after _0 minutes. The crucible w: roeacated
in an oven at 1.3°¢, allowed to cool_then wel

This operation vas repeated . til constant w: b vas

obtained. The final weight ::I the crucible = ¢y orded.

3.6.5.2 Calculation

& Ash = Weight of the i1¢sidue
Weight of original cry sample

x 100 (3.7)

3.6.6 Nitrogen-Free Extract (NFE)

Nitrogen-free extract is a calculated feed
fraction designed to estimate the highly digeszible
carbohydrates such as starch, free sugars and
hemicellulose. It is the difference between th¢ original

weight of the sample and the sum of the weights of its
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water (moisture)}, ether extract, crude protein,

crude fipbre and ash, as determinesd by their appropriate
analysis. Nitrocen-free extract will also account

for any lignin anc cellulose not accounteéd for in the

cruce fibre (Kamstra, 1975).

3.6.6.1 Calculation

% NFE (dry basis) = 100 -

(¢ crude protein + % crude fat - (3.8)
% crude fibre + % ash) )

3.6.7 Minerals

Celcium, manganese, magnesi. and iron contained
in the feeds were aralyred using ~he ANA 180 Atomic

Absory :ion Spectro-phctometer.,

"he ash obtained from the .6.5.1 above was
dissolved in 10ml dilute HC1. }he solution was
further diluted to 50ml using distilled water. The
solution was aspirated into the air-acetylene flame.
A hollow cathode lamp for the desired metal was installed
in the instrument. Considering the different minérals,
the instrument was set at a wave length of 422.7mu
for calcium; 285.2mu for magnesium; 279.5mu for manganecse
and 248.3mu for iron. The spectro-photometer was

standardized before each determination by using alreaady

prepared standard solutions of each eleﬁent.
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3.7 Growth determination and feed
utilization indices

In this study, the paraneters measured were
growth and survival. Other parameters evaluated

were feed conversion and feec efficiency.

3.7.1 Growth and survival ra:ze

-

Growth, length,weight and survival are the most
common indices for evaluating the efficiency of a
feed. These parametcrs were calculated using the

formulae be’ow:

Yt - Wo
t

(a) Crowth = (g per dev) 13.9)

Where Wt average fish weight (g)
it time t (days)
Wo = Average fish weight (g)

it stocking

. It = No .
(b} Survival = ———— x 100% (3.10)
NO
Where Nt = J{umber of fish in the cage

1t time t (days)
No = Number of fish in the cage
at stocking,

3.7.2 Feed Conversion Ratio (FCR)
and Protein Eff:ciency Ratio (PER)

The method of Castell and Tiews (1980) was used

in the calculation of Feed Conversion Ratio.

Wt. of feed consumed per unit of time (3.11)
Wt. gained by fish per unit of time :

(a) FCR =

N.B. This parameter is sometimes referred to as

"absolute food quotient”.
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High values mean poor diets because large amounts
of food are required to produce growth (¢ or kg)
while low values indicate relatively small amcunts

needed per unit growth.

(b) Protein Efficiency Ratio was calculated us ng

the method of Osborne et al. (191%)

PER = Weight gain (3.12)
Crud¢ Protein consuned *

3.8 Water guality determinat.on

The water cuality paramcters stuc ted involved
broadly some asiects of the physical, chemical,and
biological char:cteristics. The para 2ters included:
temperature; hy lrogen ion concentrati -1 (pH); primary
productiv .ty; dissolved o:' . gen; tran: arency;
conductiv.ty; turbidity a:: suspende:¢ so0lids. These
parameters could adversel: affect su:'vival, growth
and reprcduction of fish. Standard rccthods of
RPHA (19Y€6) of analyses w: e employe: in the

determination of these wétcr guality parameters.

3.8.1 Temperat re

Air tempe: aiture (ambient) as well as water
temperature wi hin each culture unit viz: net-cage
or net-hapa, vw2re measured in the mornings (07.30 -
08.30h) and e'enings (17.30 - 18.30h) thrice a week,
using the ordinary mercury-in-glass thermometer

calibrated from 0°C to 60°C. The thermometer was
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dipped direct into the water up to a depth of about
10cm for about 5 xinutes and the temperature reading

on the thermcmete.: was noted.

3.8.2 Hdydrogen icr. concentration (pH)

pH of the water in eaclh culture unit iwas
measured once weekly using a Lovibond Comparator.
Water sam; le from cach culture unit (cage or hapa)
wiis measu ed into & comparator glass tube. About
ten drops of bromothymol-bli 2 indicazor were added
to the wa er sample and sha“en thoro.ghly. The
sample t which the indicator was aided was then
compared .itn the sample with no indicator - placed
side by ¢ de in the Lovibond Comparator. ihe disc
was then .djusted until the colour ¢f the two water
samples ' the comparaécr were similar. The pH of

the wate sample was than read off from the scale.

3.8.3 D::=z0lved Oxygen content

The water to be analyzed was siphoned into BOD
bottle &nd allowed to overflow for a few minutes.
The bottle was covered with care so as not to
entrap any air bubbles. Using different pipettes,
2ml manganese sulphate solution was added followed
by 2ml of alkali-iodide-azide solution (Winkler's
reagent) below the liquid surface. It was stoppered
carefully to avoid air bubbles. It was shaken and
the precipitate was allowed to settle. 2ml concentrated

sulphuric acid was added, stoppered and shaken well to
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dissdlve the precipitate and to distripute the
" iodine uniformly, 200ml of the solution waz measured.
"carefully into a SUOmllErlenmeyer flask and promptly
titrated with standard solution {0.025N) soZium
thiosulphate to a pale straw co.our. Abour 1.3ml
starch indicator was added and +.itration continued
until the blue colour disappearcd., The a 2unt of

titrant used was noted.

31.8.3.1 Computation

D.G. (mg/l or ppm 05) =

{ml titrant) x (NET) : 18000)
Actual volume of water sample

(3.13)

Where NST = Normality of s—dium thios :lphate

3.8.4 Transparency

The transparency was measuved by usirny the
.Secchi disc. The depths of the water at wi.ich the
disc just disappeared from sxght-whilé bei g lowered
gradually into the watér_column and the de:zh at
which it again reappeared while being brou:zhst up were
recorded. The average of these two readirg: gave the

transparency (m). The parameter was recorced weekly.

3.8.5 Turbidity and suspended solids

These two parameters were measured with the
Varian 634 UV-visible spectrophotcmeter. The
instrument was initially zeroed with distilled water

in both the reference and sample cell holders. The

water sample was then placed in the sample cell holder

A
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ang fhe.turbldity {in FTU) was read at 450nm
{nanometer) wavelength, while the suspended solids
measurement (in mg/1l) was read at a wavelenoth of

80inm.

3.8.6 Priméry productivity

Primary productivity was meastvred by thne lighco
.ana dark buttle techknigue {(APHA, 1371, Bor-d, 1979).
A water incubation lLottle was wranpoed wity black
polythene material (dark) to exclude lich’. At the
cume time, water from the sams depth was - ollected
using a Van Dorn we:er Samplex and placed into a
plain (light) inculation bottle.. The twt bottles
{dark and light) wecre suspendod in water :t the
same depth anil left for 4 hows after wi..ch the
amounts of oxygen i1 each bot e were me.:ared by
Winkler's metaod (cce section 3.8.3 for - tails).
The difference betwsen the ox :en concen.ration in
both bottles gave th: primary productivi:y, which was

_converted to mg Osz’fday to c¢ktain the daily primary

productivity (in mg >/m® /day) using the method of

Windberg (1971): mg Z/m*/day = 0.375 x mg Q,/m*/day. (3.14)

3.8.7 Conductivit:

Conductivity was measured by ELE model S ' :\

conductivity meter. The measurements (in pmho/cm)

were taken in situa at 25%C after calibration.




3.9 Data analysis

The data where approc-riate were analyzed using
Tandy 4000LX Computer (manufactured by Radio ¢nhack,
U.S.A.) at NIFFR Headquarters, New Bussa. The
statistical methods used included: Analysis of
Variance (ANQVA); least sizn.ficant Difference ‘est
{LSD); and Duncan': Multiple Range Test (DMRT)

{Gomez and Gomez, “476).

3.10 Economic aralysis

The economic &nalysis ir thas study was Lbr zc
on' the total cost ¢f all inpu:s leading to pros .ct: n
at a given time (1.e. total cist of production! ar
the gross profit (.ess approp iate taxes) fro-
sales of fish harvist at @ g1 en time in the . £
the production svsiem. The p ofitability of
cage culture fish production ystem was then

assessed based on Return On 1 vestment (ROI).

N Tota. cost of proé ction at time -
- Gross Profit (.esc -axes) at time

ROI

(a) Total cost ot produc-tion include c- 5«
cage raft and net-cages or net-hapas, cther
construction materials; cost of fish sceds
and feed and labour for construction,
feeding, maintenance/repair of the cage

culture system.
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tb) Gross Profit = (TP = TR) = AT (TP - TR) (3.16)

Where TP Total Production Cost
TR = Total Revenue

AT = Appropriate Tax (i).
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CHAPTER 4

4.0 CAGE CULTURABILITY OF SOME COMMERCIALLY

IMPORTANT FISH SPECIES IN LAKE KAINJI

4.1 INTRODUCTION

In Lake Kainji, a total of 97 different fish

species have been caught using various types o.

tishing gear

lake (Lewis, 1

at numerous ecological zones of the

974). Of all these fish species some

have becn recognized to b2 ot commerciall importancc

(Otobo, 1978).

Most of these fish species have not been

reported in cage culture systen except Qrejchromis

niloticus (Guerrerc, 197f, 1973, 1980; Israk, 1985,

Campbell, 1985), Clarias garieinus (Ishe:, 1985;

Emeheld and Mbgemena, 1936) anc Lates sp (Lates

calcarifer) (Wong, 1982; Yaman, 1982). 11 Lake Kair:

Nigeria, Konikoff (1975) and Ita (1976) : “perimente:!

on the cage culture of Tilapia (Oreochro:.s niloticus,

Sarotherodon galilaeus and Tile dia zillii).

In species selection tor ¢ age culture, most of

the fish species are expected 'o satisfy in part some

of the requirements (e.g. fast growth, adaptability

to crowding, ease of culture or management) listed

under section

2.5.,2. The use of the three species

of tilapias at Lake Kainji b Konikoff (1975) and

Ita (1976) further confirmed that Tilapia fulfils all
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these requirements as earlier reported by Mane (1979),

Coche (1982),

Cuerrero (194€32) and Ishak (1985). €Since

one of the g:neral aims and objectives ot these¢ studies

is to provide

readily, loc:zL.

fish species

the followinc

4.2 MATIRIAI

information on the potential cf scome
ly available and commercially important
~ound Lazke Kainji in cage culturec syvstem,

:Xperiments were carried out.

ANI' METHODS

4.2.1 The Fis':

The fis!
silversides
rostratus),
(Clarias gar
tilapias (Or:
and'Tilapia
The charact:

have been d:

4.2.2 The ¢

spe t es used in the experiments were

.e-.2s5 dentex), grass eater (Distichodus
on. o sh (Citharinu- citharus), cat fishes

: and Heterot ranchus bidorsalis),

omis niloticus, Sarotherodon galilaeus

) and Nile parch (Lates niloticus).

5 of all these nine tish species

¢« d under section 3.4.

-

Two sites, Shagunu Bay located on the West of

the middle basi ot Lake Kainji and Kigera III

Reservoir (a dr inking water reservoir) situated

within NIFFR Hoi1sing Estate at New Bussa (Figure 3.1)

were used for

t 1ese experiments., These sites have

been described under section 3.2.
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4.2.3 Cage Construction

A module‘of 9m x 9m bamboo raft.with nine, 3m x
- 3m compartments fittable with 2m x 2ﬁ x 2m net-cages
was used for the experiments bota at Shagunu Eay and
Kigera I11 Reservoir. The ccnstruction procelures

are as described under sections 3,3.1 and 3.3.3.

4,2.¢ The Culture Studies

4,2.4.1 Growt! performance and Cage
Culturability oSf mixed species
localliy ava:lleble in Laxe Kainji

Mixed species madc up of all the nine fish
species (listed under section 4.2.1) with mzan weight#

ranging from 14.3g to "35.0g werc stocked ir. : net-cage,

2m x 2m X 2m at Shagun. Bay in crder to cpserve their

e

growth pé}formance and cage culturability. T
stocking density of each fish species ranged from

5 to 20. Total nunber of the mixed species st?cked-
in the cage was 140, The fish were fed once & week
with 25% blood meal in pelleted feed (feed I} having
a crude protein content o©f 46.8% (Tables 4.1 and 4.2}
but were made to subsist mainiy on the natural food
present in the cage environment. The feed was
prepared as described under section 3.5. The proximate
composition determination'of the feeds (I and II)
were carried cut as described under section 3.6, The
fish were sampled monthly for growth during the

150-day culture period (16 May - 12 October, 19%86).

A
R
S
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Table 4.1 Comnosition of two feed formulations

fed to the fish under the mixed

culture experirents.

Ingredient _ _ Feed (%)
I 1I
E.ood meal 25 "~ 10

C.rn bran/Layer's .
concentrates (ratico 3:1) T4 89 .

Vitamin premixa : 1 1

A premix used in pouvlitry feed manufacture; contains

oxytetracycline HCIL, Vitamins A, D,, E, ¥, B, and

312, nicctinamide, calcium-d-pantothenate nd

antioxidant BHT.




4.2.4.2 Preliminary s+<udy on the growth

of C. citharus in tloating cages
at two difter=nt sites

The two sites (Sh.icunu Bay and Kigera III

Reservoir) were used f:r this experiment. C. citharus
{mean weight, 73.0qg) werc stocked at 30 tish per cage
(2m %X 2m x 2m) at Shacu Bay, while C. citharus
(mean weight, 28.0g) wc alto stockea at 50 fish

per cisge (2m x 2m x 2m) -t F.jera III Reservoir. At
both =sites, the fish we fc once a week w.th 10%
blood meal in pelleted - ed ced 1I) with crude
prote:n content of 31.: (“.hles 4.1 and 4.2). The
feed was prepared as de. ‘ri!.:¢ under section 3.5.

The fiih weré sampled r ! for growth c¢aring the
150-da ' culture period ! cenber 1967 - 4 May 1988).

4.3 R SULTS

4.3.1 3Srowth perforn _ _mixed fish species
Table 4.2 gives < v sulte of the proximate

analys.s of the feeds. i} e 4.3 shows the growth

perfornances of the m.:: i ish species stocked in

net-cages at Shagunu ba:'. C. citharus recorded the
highest average growth rate (3.31g/fish/day), followed
by C. gariepinus (3.28), (. niloticus (2.83), S.
galilaeus (2.03), D. rostratus (1.02) and least in

A dentex (0.25). Growth ~ecord was not obtained for
the piscivore, L. nilotic is because they all died
before the first samplinc period (less than 1 month

of culture).
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Table 4.3 Growth perforrasnce orf mixed tish species

stocked in flcoting cages at Shagunu Bay

Lake FKainji fo 5 months.

Species No. It Meoan welght (o) Averay
Stocked (g} - growth '
Thitial Final (g/fish/d)

C. cithsfus 10 540 5,0 550.0 3.31

0. nilot cus 20 130 56,0 475,0 2.83 |

- ) . Fast
C. garic inus 5 ME135.0 627.0 3.28 ) growth
S. galil cus 20 200 39.0 335.0 2.03

H. bidoraris 20 ¥ 44,8 . 110.0 0.4¢

T. zilli. 20 3 14.3 D773 0.42 ey Siow
- - growtn
A. dente: 20 e 6G.0 97.5 0.245

D. rostratus 20 00 20,0 173.0  1.02 )-pliederate
_— e e , , : , growth
L. nilot:cus 5 Y50 E0.0 - -

* All died before first sampling (i.e. before end
of 1st month of culture}). I.F.B.: Biomass at
- stocking per fish species, Total (TIFB} = 56B7g

(i.e. total biomass of all fish stocked in the cage).
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4.3.2 Growth performance o

f C. citharus

{mono-culture) in f1

oating cages at

two different ecolog

ical sit=s

Table 4.4 gives the su

E, citharus in mono-culture

Kigera III Reservoir. Even

experiment C. citharus reco

Shagunu Bay than at rigeri.
growth of C. citharus in t
(at Shagunu Bay) was highe -
at Shagqunu Bay. [t was nc

r

fish biomass (TII'B) were

o

2.975 kg/cage for mixed s;
Sha~runu Bay and mono-cult

Res: rvoir resgectively (7T

mmary of the growth of

at Shasunu Bay and

though in this

I1I Ressrvoir, the

.e nixed species exreriment

than in the mono-zulture
e¢ that the total initiel

687 kg, 3.750 kg and

‘c1es and mono-culture at

e experiment at Kigera II!

les 4.3 and 4.31).

-

4.4 DISCUSSIC .
4.4.1 Growth ~zrformance: of mixed

fish s; -1es

Cage cul.ire of mixec
repc ted in a ‘¢w countr:e:
0. n .loticus was cultured &

Cyprinus carpio. de la Cru

the nixed culture of hybrid

in an experimental cage in Taiwan,

tish species have been

-
-

In Indonesia, 10 to 25%
£ a secondary crop to

z (197Y) also reported
tilapia and C. carpio

He noted that the

gr o~sth of the tilapias was very good, such that the

lc-al fish farmers since th

C. carpio for cage culture.

were carried out in the cage polyculture of common carp

en prefer tilapias to

In Hungary, experiments
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(C. carpio), grass carp (Ctenccharyngodon idella),

silver carp {(Hypophtha.michthys molitrix) and big

head (H. nobilis). Muller (1972) reported that thes:
fish species adapted themselves well to the conditiars
in the cages. All the fish species (except L. nilot.cus)
used in the Shagunu Bzy mixed cilture survived and

grew in the net-cage throichout the culture period.

Animal (includinc fish) growth rate, Bowen (19£:
noted is determined throuh the com ined effects of
quantity and food quality. He furt! er stressed that
the food quality of a given food ( (r feed) is direc:
pruportlanal to its ab:li:y to suppcrt growth. The
natural food coupled w:t: the sparir 1ly feeding wit:.
sAppieméntary feed must. huve contril ited to the grov:
and survival of all the¢ m _xed %ish s secies except L.
niloticus. On post mcrten examination, the stomact.:
of the L. niloticus were “ounéd to bc empty. This i:
not surprising because Baiogun (198t ) observed tha-:
juveniles of L. niloticus (average w=ight, 1003) fe.
with pelleted blood meal feed in corcrete tanks dic
not accept the feed tor a whole month. He, however
observed that when juveniles of tilapia were introducead
into the tank, L. niloticus made swift and sudden dash
at the prey after visual recognition and swallowed
the prey whole. 1In Lake Volta, Petr (1967) reported
that fish constituted over 99% of the total food of

L. niloticus while in Lake Kainji, Ita (1978) describe:.

L. niloticus as an obligate carnivore. Invariably, }
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the other fish species stocked in the cace were too

big as prey for L. niloticus to swallow.

hand, perhaps, it is possible that L.

which is known to be a very active fish (Reed ot

On the other

niloticis

n

ll
.
-

1967) could not adapt to confinement in the cice.

The planktivorous fish species

low protein requirements were nostly

-

mixed culture study. It was reported

of tilapias (for example) ranje fronm

than 1% protein and values balow 151
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(Boyd and Goodycar, 1971; Caulton,

1980a, 19¢0b). It was thercfore, nct

the microphagol s/planktiverous C. cit

recorded

wiiich

ravoured

often nzve

in the

that the dist

. bout 50% to less

. re most common

8; Bowen, 1979,
surprising that

arus, O.

gh growth rates,

niloticus and £. galilaeus

observed walls and top

Algal grovth was on the sic

cover of the caje. Occas cnally, sc.:. 2l1ls of clupeids

(freshwater sariines) wer found ins = the cage

periods.

.. gariepi-.s has been
(13248);

during sémpling

Reed et al.

describec¢ as omr _vorous ki Welman

(1967); Imevborc and Bakéire (1970); "arreon et al.

(1973); Lewis ( 974); Baxc et al. (1976); Ejike et al.

(1982), Olatuné:: (1983) and with a propensity for

being carnivor:us (Bard et al., 1976). C. gariepinus

being an opportunistic feeder could have taken

advantage of tre various natural food (including
clupeids) tha. came its way thereby recording the
second highest groyth rate. The macrophagous T. zillii,

however, did not grow as fast as the other tilapias
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(0. niloticus and S. galilaeus). In fact, T. zillii
has been described to have the least growth rate

of the three tilapias by Lewis (1974). T. zilli:
rarely exceeded 300g in weight in the wild whereas

O. niloticus and §. galilaeus could grow to over 2 xg
ind 1.5 Kg respectively (Lewis, 1974). Konikcff
11975) also observed that T. zillii .s not attractive
for cage culture not oniy because it is smaller than
the ~ther tilapias »Hut it is also hichly pugnacious
lev under monocul :ure). Konikoff 11975) hcwever,
‘ec - manded the fol .owing as desirable for cage

ul ~ire: Q. niloticus, S. galilseus, Claria: sp,

il. ! .dorsalis, Bagrus sp. and C. citharus.

C. citharus 'with no previous record of use in

culture) surorisingly survived and grew well in
.ting cages. The good performance has .therefore
rirmed the observation of Arawcmo (1972]'that
narinus sp were no longer bottom dwellers in Lake
‘2 nji. In fact, all the C. citharus used in stocking
th-. cage were caught by cast-netting around Shagunu
Bay. The fish were on some occasions observed to
browse on the periphyton that grew cn the cage walls,
Tie growth rate of C. citharus in this study was
h.gher than that of the pond system in Nigeria where
€. citharus grew up to 500g in one year (Bardach,

1372). 1Imevbore (1970) and Arawomo (1972) observed

that Citharinus spp are more fecund (range 161,840

to 684,500) than all other fish species inhabiting the
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River Niger system. Hitherto, tilapias have been

identitied and have been in use in caze culture in

several tropical countries of Africa, Asia znd Latin
America (ADCP, 1978; Coche, 1979; aDCH, 19£7) hkoth
on a commercial scalz and as subsistence £ish culture
for local people. C. citharus seems & ;ote-.nial
candidete “ish for c:ge culture consid: rin:c .ts crowtl
perforrance, fecundi'y, adaptability, te r.aturity
(unlike ti apias), fceding at the base ot 1 food
chain and cspecially if there occ.rs & re: -through
in its induced breed:1g (for nass prce ti of the
fingerlinc:).
4.4.2 Crovth Perform .nce of C. citha:

(1101 o=culture) in floating cace X

tvo different cological sites

In sp.te of the act tha; the to- tial

fish bicmass (TIFB) & Shagunu Bay mi ccies
culture was, about 14 _mes and 2 tin ono-
culture at Shagunu Bz and Kigera I1° £y
respectively, the groith of C. cithar Zer mixed
species culture) at t .2 highest TIFE AL kg/cage)

was highest (3.31g per

at the lowest TIFB (2.

season of culture can be the cause of

day) but lowest ((.%0g per day)

915 kg). At Shacuru Bay, the

the differential

growth of C. citharus under mixed specie:r and mono-

culture. For example, the culture perioc during the
mixed species culture coincided with the period of

algal bloom in Lake Kainji which peaks daring the month
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of October (Adeniji, 1973). This situation is
corroborated by Coche (19&2) who reported that dense
plankton blooms produce much higher fish biomasses.
Similar observaticns wcre alsc made by Armbrester (1972)
and Suwanasart (1972) in the cage culture of $. aureus
in fertilized ponds (with densc plankton population)

in Alabama, U.S.A. witiout sup; lementary feeding.
Warren (1971) reportec that growth as a response to

the integratec activit .es ot an organism as a whcle,

is a sensitive paramct :r of the environ ent. Ttis
further corroborates t e growth differential betvzaen

C. citharus culturec¢ : = ditferent seasons at Sha<anu
Bay and als»o the low:z crowth rate (0.90c¢/d) cbscrved
at Kigera I1II Reserv:- :-. Plankton production ha:
already be:n reportec .o be relatively low in this

reservoir (Kigera) (7! hweyere, 1990).

4.5 CONC] /SION AND T: OMMENDATION

—

In t i mixed sp«-ies culture experiment, it
-ould be cuncluded tla  the tilapias (0. niloticus
and S. gélilaeus), citi.sh (C. gariepinus) and
moonfish (C. citharus) are fast growers. These

species are therefore, in popular use for aquaculture.

In the monoculture experiments, it is concluded
that the nature of the environment (especially the
abundance of natural food) affected the growth of

C. citharus at the two culture sites.
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Since the tilapias (especially Q. niloticus)
have been consistently used in cage culture (Coche,
1992), the goouz performance they had in the mix=a
species experimert nas furcher confimea their suizability
for cgqe culture. H. bidorsalis, even thoucn wall
kiown as a fast grower in tae pond system was

concluded unsuitable for c:ge culture system at the

level of manacemenc used i the experiment. But
C. citharus (witl no previ-us record in cage culture)

appeared to hcolu great proaise in large scale culture
in cages considcring the strikingly good qualities

of the tish (Feed et al., 196/; Motwani ané Kanwai, 1970;

Turner, 1971).

C. citharus is theretore, recommended as an
additional indigenous fish species tor cage culture
even at large scale commercial level in floating
cages. The tingerlings ot the fish can be collected

from the wild since large numbers ot its fingerlings
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are often seen splashing at the water sur‘ace. Euat

considering the seasonality in the natural mass

spawning of this fish sp<cies (Ita, 198v), it i:s

further recomme¢ nded that etforts r< geared oawarces

1ts artificial or natura. induced oreedcinag 'or :=s

fingerlings prcduction.
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CHAPTER 5

5.0 FEEDING EXPERIMENTS USING AGRJI-iNDUSTRIAL
WASTES AND SOME OTHER FEEDSTU.'F'S (IN
DIFFERENT COMBINATIONS) IN FLOATING CAGES

5.1 INTRODUCTION

Adeguate teediny is e:sential i1Or tish growern
and suarvival in cag:s. In solne casz23, natural toczd
(plarkton, aufwuchs or ben hos) may be suffic.ent and
no supplementary feeding i: r=guired. When raitural

food is insufficio>nt but

n

111 an irportant part of
the diet, supplerentary fe ding is practisec with
rele-ively low-cast ingre¢c ents. Under intensive
rear ing conditions at hig: stocking densities, the
natural food a-:iilable fco' the cage fish becones
inac :quate and 2 completec . ‘ficient artificial foca

is roguired.

Lack of n tritionall :deguate and low-cost Zeed
has always has ieen one o the constraints to the
succc 5sful practice of ca:z fish culture in many
deve. >ping courtries, Coc:n: (1978, 1979) observesd

that cost of “eeding in intensive cage culture can
accc int for more than 50% of the production costs.

Acc rding to data published by Aquaculture Development
an¢ Coordination Programme (ADCP, 1983) it was further
corfirmed that teed represents 4U - 60% of the total
op:rating costs in intensive aquaculture. However,

in order for the venture to be profitable, ADCP (1983)
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recommendead that feed costs do not exceed 203 of the
farm gate value of the fish. Weatherley aﬁd Cogger
(1977) reported that a principzl economic obstacle
in culture of fish 1s the cost of protein in culture
diets,.

In considering feedstuffs for use in fish feeds,
therefore, much concentration will be on agriculturzl,
industrial and other forms of wistes otherwise
ceriously unccunpeteé for byv any other animal or even
man. Since con2 ot the general >bjectives of the cage
culture studies is to determin: the eficct of supplementary
feeding on tke survival, grewt: and pr:duction of fish
in the cage :ulture system, scries of iceding
experiments 1sing 0. niloticus were ca:ried out. A
svstematic cpproach was acdoptec in the cvaluation of
readily ava.lable agro-industrial bye~froﬁucts towards
formulation of practical feecs for fish production
in cages. Since fish meal is xeenly cormpeteé for by
humans aside from tne coszt, feecding fish to fish
especially under a large scae.e commercial aguaculture
system could theretore be uneconomical. In some of
the experiments, attempts were made to test the eftect
of some other protein sources like soyabean meal,
blood meal and groundnut cake in supplementary feeds
compared with a commercial feed on fish production in

floating cages.
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5.2 MATERIALs AND METHODS

5.2.1 The Effect of Different Feedstuffs
on Tilapia fingerlings production in
floating net-napas

The experiment was carried out at Kigera 11T
Reservoir {(Fivcure 3.1) alreasdy descrilbed under section
3.2, A module consisting of a btm x 6r raft with
16, 1.5m x 1.5m apartments fittable with 1m X Tt hapas
was used. The construction procedure: are as described
undel sectien 3.3.1.2 and 3.3.2.1, 7Tr2 experinent
cons.sted of four treatment:z: I. Brewc:-'s waste only;
I171. Rice branlonly; III. Corn bran onl -; IV. Control
(no “eeding). Each treatnent was repl cated in three
net-hapas using a completsly randomize desién. The f£rf
of Q0. piloticus (mean we.ght 0,34g) w.re stocked |
et the rate of 100/m? in all the hapas carly mcrning,.
The try were fed twice dally (09.00 an  16.00h), seven

days per waeek at the rate of -20% of th .r biocmass per

day. 30% of the stock was sampled every two weeks
for growth. The fish were harvested &' Lker 42 days

culture periocd . (15 March - 25 April, 1:k6),

5.2.2 The Eifect ot ditferent combinations
of industrial and agricultural wastes
as supplementary feeds on tilapia
fingerlings production in floating
net-hapas

The experiment was carried out at Kigera III

Reservoir (Figure 3.1). A module consisting of a

6m x 6ém raft with 16, 1.5m x 1.5m apartments fittable
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with Tm X 'm hapas was used. The constructicn procasdures
are as described under section 3.3.1.2 anc¢ 3.3.2.7.
The feedstuffs: corn bran, rice bran and brewer's
waste (all in powder form) were combined a-ccrdinc
to the fcllowing treztments:

Treatment I - Corn bran o:ily

Treatment II - Corn bran - Rice rran (1:1

Treatment III = Corn bran + Rice :ran +

Brewer's waste (1:7:1).

Each treatment was replicated tw.ce in a < >mpletely
randomized design. The fry of (. nilotic s (mean
weight 0.04g) were stocked at taie rate cf 10)/m* in
all the net-hapas e arly mornincg, The fisr were fed

twice daily (1Y.00 and 16.00h' at the ra cf 20% of

their biomass per c¢i.y. Sampl ng for fis: :rrowth was
done every tw> week . by rando: !y scoopin: >ut 30%
of the total stock j;er hapa. ihe fish wi : harvested

after 42 days culture period 9 March - Y May, 1987).

5.2.3 The effect of differert agro-indu:t-ial
wastes (adde: to constéznt amount < f fish

meal) on Til: pia fingel lings Proc.c:.on
in floating et-hapas

Kigera III Re: zrvoir (Figure 3.1) was the site
used for the exper ment. A module consisting of a
6m x 6m raft with 16, 1.5m x 1.5m apartments fittable
with Tm x Tm hapa: was used. The construction procedures
are as described inder sections 3.3.1.2 and 3.3.2.1.
The feedstuffs (in powder form): corn bran (CB), rice

bran (RB) and brewer's waste (BW) were combined with
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constant amount of fish meal (M) also in powder form,
according to the foll-wing treatments:
“‘reatment 1 - 74% CB + 1% premix + 25.0% FM

Treatment II - 74% RB + 1% premix + 25.U% FM

|
~J
&
e

Trcatment 111 EW + 1% premax + 25.0% FM

T: catment 1V - 74% CB:RB:BW (in ratic 121213
+ 1% premix + 25.0% FM.

(Compo. . tion of premix is as given in Table 4.1).

Each t: atm rt was replicated twice in a cornletely

randoni =d cign, The fry (mean weight, U.J7g) werc

stocke: at t1:e rate o:x 100/n® in all the 1a;:as early

mornin I 2y were fed twice daily (09.00 and 16.uln)
at the ite 2f 20% of their biomass per dav. Fish n
each . re samplea eviery two weeks for growth by
SCOop1 J0% of tne total stock per hapa. The
weig:. done using sensitive analytical balance

P
(Bos< . P115, 0.0013 per calipration) in the
labor: The fish were harvested after 42 days
cult._ -od (18 Fetruary - 30 March, 14988},
52t ince Eftect of varying levels of

pl1Zod meal feeds on Tilapia
praduction in floating net-cages

The :xperiment was carried out at Kigera III
Reservoir (Figure 3.1). A module of 9m x 6ém bamboo
raft with six, 3m x 3m apartments to which were
attached six units of Tm x Im x 1.5m net-cages
(210D/9, 10mm mesh size) was used for the feeding

experiment. The construction procedures for the bamboo
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raft and net-cages are as descriped under sections

3.3.1.2 and 3.3.3 respectively.

The compesition of the
three feeds tested s shown in “able 5.1
The moist pellets, produced oy uting a modified pepper
grinder, were air-dried¢ «nd packed for feedinj. The
procedures for the fish eed preparation ani fish
fecd proximate cumpositi- n determ.nation ar: as

described under sections 3.5 and 1.6 respectively.

The treatwrents I, 1 and III, corresponding to
ferds I, 11 and_III resp ctively, were each assigned
to two cages vsing a cor letely randomized design.
© niloticus Jingerling: (mean weight, 35.5¢g) were
stacked at tae rate of - 0/m? into the cages in the

early meornin.i.

The fis were fed . .th the pelleted fezds
corresgpondin  to their riuatments, at rate of 12%, 5%
an. 3% of tr¢ fish piomz:zs during the ist, <Zna and
3r plus 4tj; nonths of 12 experiment respectively.
10 of the fish stocked were sampled for growtn at
3t -day intervals. The fish were harvested after
1.0 days culture periecd (10 April - 7 August, 1988).
!.2.5 The Effect of different protein

sources in supplementary feeds on

Tilapia production in floating
net—cages

Kigera III Reservoir located within the NIFFR

Housing Estate, New Bussa (Figure 3.1) was the site

o |
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Table 5.1 Composition of three feed formulations

fes to C. niloticus in floating

-nit-cages for 120 days

_ Feed (%)
Ingrcdient I 11 111
Blood meal 50 45 10
Corn bran/Lay:=.'s
concentrates 49 74 89

. , . a '
Vitamin mix 1 1_ 1

a A premix . szed in poultry feed manufacture ;

contains :»yietracycline HC1, Vvitamins A, D.,

E, K, B, 'nrd

nicotinamide, calcium-d=

pantothariz te and, antioxidant BHT.
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for this experiment. A commercial feed (with soyabean
rieal as the major protein source) anc three other
feeds witn different protein scurces were tested.

The composition of the feeds is shown in Taple 5.2. The

commercial feed was bought in ,elleted form from the
manufacturer (Nigerian Institute for Oceanography
ana Marine Research, Lagos). Tne ozher three feeds
were prepcred as described under section 3.5, The
proximate compesit on determination of the four

feeds was carried osut as described under section 3.6.

The treatmer:s I, II, III and IV correspond to
feeds I, [I, III .and IV respectively. The treatments
weére asci-ned to ~.et-cages (Im x 1m x 1.5m, with
naga netting at tne bottom to retain feed) using
a completely raig:mized design and cach treatment was
replicatea twice., 0. niloticus fincerlings with
mean waignt of 20.0g were siocked at the rate of
50 fish/m® early morning. The fisii were fed with
pelleted feeds ccorresponding to thu:ir treatments at
the rate of 5% body weight. 10% of the stock was
sampled for growth and feed ration was adjusted
monthly based on estimated biomass obtained from
the sampling exercise. The fish were harvested after

120 days of culture period (7 July - 30 October, 1989).
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Table 5.2 Composition of four feed formulations

fed to O. niloticus in floating net-cages

o - Feed (%)
Ingredient ar 11 111 v
Blood necal - 25.0 - -
Fish meal - - 29,0 -
Groundr at cake - - - 25.0
bLayer's conczntrate/

Corn tkran (in ratio
1:3) - 74.0 74.) 74 .0
Cpremix - 1.0 1.0 1.0

a Feed I 1s 1 commercial feed zomposccé of 34% SBM,
7% PKM, 7»% WB, 2% CMC and 1% CO. Vnaere

Sf4 - Soyabean meal
Pi 4 - Paln kernel neal

W -~ Wheat bran

C°! = Carbchydrate cellulo:=2
C - Chromic oxide

!} The Laye:r' concentrate is a product of Bendel
Feed Flou: Mill Limited, Benin City, Nigeria. It
is compo:: . ot fish meal, animal protein, croundnut
cake, wh¢a . bran, lime stone, minerals, vitamins,
antioxid:n s and preservatives. 1Its nutrients
analysis w.s given as: Crude protein, 26.2%; Crude
fat, 4.0 ;: Crude fibre, 5.7%; Calcium, 9.4%;
Phosphorus, 1.3%; Metabolizable energy, 1812 UE/kg.

¢ Premix used in poultry feed manufacture contains
antioxidant, selenium, iodine, copper, iron,
manganese, choline, chloride, methionine, lysine,
riboflavin, vitamins A, D,, E, E; and Bs.
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5.3 RESULTS

5.3.1 Grow:th performance of tilapia
fing=rlings receiving different
feed=ztuffs in floatinc net-hapas

5.2.1.1 8Survival rates

Table 5.3 cgives the results of some physico-
chemical pavamet:rs obtained under this e<periment.
Tible 5.1 sows the summary of results of
Tilapia fry receiving different feedstuffs (Brewer's
waste, ¥ .ce bran, Corn brar and no feeding
represen ing treatments I, I1, III and IV respectively).
The hign :st averaye survivel rate was recorded in
treatmer - I, 94.0%; follcwed by trecatment III, 90.0%;
treatme:. . II, 84.0% and leest ir treatment, IV

(contro , 78.0%,

5.3.1.24 Growth rates

Fi; re 5.1 shows the growth curves of tilapia
fry recz ving the difierent feedstuffs in floating
net-hapz:. By the end cf the first week of the
experinert, fish in treatments I and III toox the
lead and maintained it tnrcughout the culture period.
But by the second week treatment II shot up, leaving
treatment IV (control) which lagged behind throughout

till the end of the culture period.

5.3.1.3 Feed Conversion Ratio (FCR)

The mean feed conversion ratio for corn bran
(treatment III) was 6.53, followed by that of
brewer's waste, (treatment 11‘7.14 and then rice bran
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feedstuffs in floating hapas for 42 days.
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5.3.2 Growth performance of tilapia
fingerlings receiving different
combinations of industrial wastes as
supplementary feeds in floatinag ret-hapas

5.3.2.1 Survival rates

Results of some physico-chemical analysis of the
reserveoir during this experiment zre shown in Table 5.5,
Table 5.6 shows the summary of results for
filapia fry fed with different combinations of
agricultural and industrial wastes in flcating net-hapas
for 2 period of 42 cays. The range, 72.8 tov 89.0%
of tne survival rates 1s simiiar to tie range 78.0 to
94.0% obtained in ti.e ezperimént where Tilapia fry

{mean weicht 0.34c/ were fed sincle ingredients

under section 5.3.1.

5.3.2.2 Growth Raters

The c¢rowth cusves of the fish receiving differert
compinaticns of agricultural and industrial wastes in
floatinyg net-hapas are shown ié Figure 5.2. ¥Iry in
treatment Il fed with a mixture of corn bran and rice
pran (in ratio 1:1) maintained the lead as from day
14 till the end of the experiment, focllowed by those
in treatment II1I (corn bran + rice bran + brewer's
waste, in ratio 1:1:1) while those in treatment II
(corn bran only) lagged behind. Fish in treatment 11
had the best growth rate, 0.029g/day, then followed
by treatment III, 0.026g/day and least in treatment I

(control), 0.021g/day (Table 5.6).
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“1g. 5-2. Growth curves of Qreochromis niloticus fed ditferent
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42 days.



5.2.2.3 Feed Conversion Ratio

o

r WZ 3

The best feed conversion ratic (ICE) 4.3
recordea in treatment 11 (corn bran + rice Lran irn
razio 1:1), followec clcsely by treatment 11I (corr

bruan + rice bran + Lrewer's waste in ratic b2l 1)

4.4 and worst, in .reatment I (corn bran on y), 5.67.

5.3.3 Growth Perforiiance of Tilapia
fingerlings fed with different
agro-industr.a. wastes (added to
constant amount ¢f fish meal) in
floating net-hapas

5.,3.3.1 gsirvival ratos

Table 5.7 shows the results of some plLiys co-

chemical parameters c- the reservoir durir:; this

experiment. The swrviv:l rates (%) in this eperine it rangad
i

between 7u.5 and g5.0 (Table 5.8) and Conmpcred well

w 2 ‘
ith the range 72.8 to £6.0 recorded in the experiment

under secticn 5.3.2.

5.3.3.72 Grcwth Retes

Fish in treatment - had the nicnest growtn rate,
0.1175¢g/day, followed closely by treatment 11, 0.1171g/
day, then treatment 111, 0.0960g/day ang least in
treatment 1V, 0.0865¢/day (Table 5.8). Using the
agro-industrial wastes as basis of describing the
Lreatments the érowth rates in decreasing order were
€orn pran > rice bran > brewer's waste > cembination

of corn bran/rice bran/brewer's waste (in ratio 1:1:1)

e
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5.3.3.3 PFeed Conversizn Ratioc (FCR)

The best feec convrersion ratio, 1.13 was
recorded under treatmert I, followed by treatments
IV, III and I1 which were 1.17, 1.2 an.. 1,29
respectively.

5.3.4 Growth 'erformance of Tilapia
(Oreochr mis niloticus) fed cdifferent

levels ¢ blood meal in pelleted feaeds in
floatinc cages ;

5.3.4.1 Surv "al rates

Table 5.: gives the results of some physico-
clk2mical parar ters of the reservoir during this
ey »ariment. 2 nerally, the survival rates under thie
ey sariment werc very high. Treatment III (10% bloocd
m:=11 in pelletci feed) had the best survival rate,
10)%; closely icllowed by treatment I (50% blood meal
in pelleted feed) 99.5% and treatment II (25% blood

meal in pelleted feed), 99.0% (Table 5.10).

5.3.4.2 Growth rates

The results of the proximate analysis of the blood
meal feeds are shown in Table 5.11. The growth curves
for the fish (0. niloticus) fed on these diets are
shown in Figure 5.3. Fish in treatment III (31.34%
crude protein containing 10% blood meal

in pelleted feed) consistently grew
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Fig. 5:3 Growth curves of Sarotherodon (Tilapia)
+ nilbticus receiving feeding treatments for a
pericd of 120 days-
(B-M=Blood meal)
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fastest throughout the culture period; treatment 11
(46.87: crude protein, containing 25% blood meal)
overtoox treatment I (49.07% crude protein, cortaining

' 50% blocd meal) till the end of the culture period.

5.2.4.2 Feed Conversion Ratio (FCR)

Tae best FCR was obtained with treatment II in
which 25% blood meal in pelleted feecd was fel to
Tilapia fingerlings, followed closely by trcatment 111
(10% tlood meal) and worst in treatment I (50% blco:
meal) (Table 5.10). The trend in the FCRs was simil.r
to tha:t of the relative weight gain: treaiment II >
treatrent III > treatment I (Table 5. 1(0), The FCRs
were therefore very muca tru.y representative of tl«¢

efficiency of the different izeds.

5.3.4.4 Total Fish Prcduction

At the ené of the 120-dars culture >2riod, the
highest mean total fis) production, 3.%10kg/m’ was
obtaired in treatment III (10 blood m=:1), followed
closely by treatment II (25% .lood mezl), 3.465kg,m’
and least in treatment I (50° blood meal), 1.993kg/m?

(Table 5.10).

5.3.5 Growth Performance o: Tilapia
(Oreochromis nilotic.s) _fed with
different protein scirces in pelleted

feeds in floating net-cages

5.3.5.1 Survival rates

The results of some of the physico~chemical
parameters of the reservoir during this experiment are

given in Table 5.12. The survival rates are shcwn in Table 5.13.
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The highest mean survival rate, 75.0% was recorded
in treatment I, followed closely by 72.0% in
treatment II; 68.0% in treatment IV z2nd least 63.0%

in treatment 111I.

5.3.5.2 Crowth rates

The results of the proximate analys:s cf the
feéds used under this experiment are shown in Table
5.14. Figure 5.4 shows the growth curves of the
fish receiving these pelleted feeds in floating net-
cages. The mezn daily weight gain per fish were
0.79, 0.65, 0.53 and 0.37 g/day in treatments 1V,

II, T and 111 respecti'aely (Table 5.13).

5.3.5.3 Feel Conversi.n Ratio (FCR)

The best feed conversion ratio, 1.12 was
obtained in treatment IV, followed by 1.32 in
treatment I1; then treatment I, 1,47 and least in
treatment I1I, 1.86 (Table 5.13). A critical analysis
of the volues of mean final weight (per fish),
daily weight gain and feed conversion ritio showed
that the performance or the feeds in descending order
was treatment IV (groundnut) > treatment II (klood meal)
> treatment I (soyabeéan meal) > treatment III (fish

meal) .

5.3.5.4 Total Fish Production

The trend in the values of the total fish
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per fish (g)

Meon weight
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KEY

Commerciol feed

11 Blood meal in feed

Il Fish meagl in feed
1¥ Ground-nut ccke in

feed

o I

'r
0

Fig.

T T T v v L3 L i B | R T 1
20 40 60 80 100 120
Ttme (days)
.4 Growlh curves of Oreochromis niloticus fed

different protein sources in cages for 120 days.
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production is very simiiar to those in mean final
weight, daily weight gain ana feed conversion ratio
trat as - treatmént 1V 2> treatment I1 > treatment I »
treatmert 111 {(Table 5.13). The highest total fish
product:on of 3.869 kg/m’ was obtained in treatment
IV (grcunanat cake in feed) followsd by treatment 11,
3.562 kj'm* (blood nmeal in feed), tnen treatment I
3.143 ko, m* (commercial feed) and least in treatrent

I1I, 2.041 kg/m® (fish m=al in feec) (Table 5.13:.

5.4 DISCUSSION

5.4.1 Growth Performance of Tilapia
fingerlings receiving difterent
stuifs 1n floating net-hapas

5.4.1.1 _Survival Rates

The mof}ality recorded during the experirant
was mainly duie to sampling stress while the gecaerally
high survivel ratas were partly attributed to the
proper management of the stock (fry) and the physico-
chemical parameters (Table 5, 3) which were within
tolerable range as sujgested by Balarin (1979) for
tilapia fingerlings production. The pH and water
transparency at the site were aliso cobserved to be
within the desirable range as reported by Swingle
(1969) and Boyd (1979), and Huet (1979). However,
there were no significant differences (P > 0.05)

between the mean survival rates of the treatments.
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5.4.1.2 Growth Rates

The observations c¢f the sharp and steady
increases in the growth rates cof the fish under the
differeat treatments cculd be attrilcuted to the
adaptat:on of the experimental fish to the
envircament and the differernt feedstuffs dispe~sed

to thex.

(-enerally, the growth .erfcrmances of the fish
on these feedstuffs could b: related to the cr.de
protein, fat and carbohydréa e contents of the feedstuffs
used. The best growth rate (0.0302g per day)
observed in fish fed with « >rn bran (64.4% carbohydrate)
corroborated the observati.i of Coche (1977) who
repc-ted that s.nce 0. nilou.icus is an omrivore with
a ve ,etarian teadency in It natural envlronnant, its
idea. ciet a priori shoulc -ontain a relative.y
high percentag. of carboh d¢rate as an energy source.
Cocne (1977) o::served that U. niloticus coulc accept
very nigh levels of carbchiydrate diet. Rice sran
whic. was ana.jzed to contain B8.7% crude proiein and
3.81 fat had the second highest carbohydrate content (56.9%);
bre.er's waste (crude protein 18.3%; fat Nil and
carcohydrate 45.9%). Even though, the carbohydrate
co.tent of brewer's waste was less than that of
rice bran, the higher growth rate observed in fish
fed brewer's waste (treatment I) could be as a

result of the higher protein content (18.3%).



In addition, the stability of the three
feedstuffs in water could have contributed tc their
erfective utilization for growth by the experimental
fish. Corn bran was ooserved to float almos:
indefinitely on the water surface inside the napas,
tnas allowing the fry to feed on it ané util_ze it
for growth. However, the mean caily weight gain
in treatmen£ 111 (corn tran) was not significzantly
diftexrent (P > v.05) comrzared te those of ths other

three treatments (Takle 5.4).

5.4.1.3 Feed Conversion Ratio (FCR)

The trend of the Zeed conversion ratios was
similar to that of the daily growth rates of the
fish under the different treatments. The FCF range,
€.53 to 9.12 for the three feedstuffs in this
" experiment was similar to the'PCR values of 5.0 &and
8.0 obtained for cereals and rice hull res?e:tiVely
fed to tilapia (FAO, 1976). The mean FCR for rice
bran (treatment 11) was not significantly different
(P > 0,05) compared to those of brewer's waste
(treatment I) and corn bran (treatment III). The
digestibility, stability and nutrient contents of
the different feedstuffs could be attributed to the
varyinyg FCRs. Corn bran was observed to give the best
FCR (6.53), highest mean final weight per fish (1.60g),
and highest mean daily weight gain (0.0302g per day).

Surprisingly, rice bran reported as the most



important feedstuffs of indigenous origin in Zsia
especially in the Philippines (FAD, 1983) reccrdec
the worst FCK (9.12) and the least growth rate

(0.01674 per day). Perhaps the rice milling method

and the rice varieties from which the rice bran (used
in this experiment) was obtainzd from the rice miil
at New Bussa, Nigeria is diff:rent from that of :zhe

Pnilip.ines and hence the poor fish growih perforniance.
This ciservation corroborates that of Wa .nigama e€: al.
{(1985) who reported poor dizestibility .f diets
containing varying levels of r.ce bran ( n cage
culturec of.g.'niloticus} anc a:tributed 'he poor
digestibility to the quality cf the rice bran.  In
spite cf this, the best growth performances observed
in fish fed corn bran was as 1 result o. corn bran
containing the highest carbohyldrate contonts.
5.4.2 Growth Performances of Tilapia

fingerlings receivinyg ciiferent

combination of industrial and

agricultural wastes as supplementiry
feeds in floating net-hapas

5.4.2.1 Survival Rates

The overall mean survival rate (82.%%) in this
experiment was slightly less than that rsported
under section 5.3.1 §6.9% (Table 5.4). This could
be attributed to the smaller size of fry (0.039 -
0.046g) stocked under this experiment compared to
size of fry (0.28 to 0.40g) reported under section

5.3.1. 1In spite of this difference, generally the
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survival rates were high in the experiment but the
means were not significantly different (P > 0.05).
Tne high survival rates were partly attriz:talle t>

the tolerable range of the physico-chemical

paraneters (Table 3.2) observed during ti.c
experimental period (salarirn, 1979; lLoyd, "97¢).
But, the hapa used fcr one of the ropliccres in

treatment II sufferec loss of some Iry thr:agn the
accidental lowering into water of the top over of
the hapa coupled witn the intvrusion of ore

Hemichromis niloticu: (a carnivorous Tilar a) into

the hapa. This was later detected and rex ved
promptly to avert further predation of the fry

stocked.

5.4.2.2 Growth Rates

The growth pericrmances © the fish <. these
combinations cf feedstuffs cou < be attri.. cted to
the nutrients contents of the i1:rious fee.stuffs
used. The highest g:owth rate¢ recorded k. fish in
treatment II could b. related tc the nutr_.eat contents
(¢) of tne feadstuff : crucde orctein, carboiydrate
ana fat were 12.2, (4.4 and 8.6 respectively for corn
bran while for rice bran, 8.7, 56.9 and 8.7
respectively (Ezenwa, 1978; Eyo, 1990). The nutrient
contents (%) of br. swer's wastes were 18.3, crude
protein; 45.9 carbohydrate and 0.0, fat (Ezenwa, 1978).
Generally, the fish under treatments II and III which

involved combinations of feed ingredients (i.e. more
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than one feed ingredient) recorded higher ygrowth
rates tnan that under a single feed ingredient,
treatment 1 (corn bran only). Considering the mean
final weight (g), there was nc significant difference
(7 > 0.05) between treatments II and III (involving

no.re than cne feed ingredient) whereas there was

tn

i:nificant difference between them (treatments IT
ai. I1I) and treatment 1 (corn bran only). This
¢ -ervation agrees with the report of IDEC, SEAFDEC
( '79) where it wis noted that thc use of simple
¢..ts, either sinjle ingredient or formulated out
locally availakle sources, was practisci in many
reloping countries. Tne range of growt. rates
day), 0.021 (o 0.029 in this experiment was
aparakble to tie range, (gscay) 0.0167 tc 0.0302
cained using single feed injredient in experment
iderx secﬁion 3.3.1, even thouch the ini:;al sizes
fish used in the latter experiment were about 10
-lues (in weight) heavier tnan those under section
.3.2. There were significant differences in the

mean growth rates (g/day) between all the three

treatments (P < 0.05).

5.4.2.3 Feed Conversion Ratio (FCR)

The range of FCR (4.38 to 5.67) recorded in

this experiment was better than the range 6.53 to

9.12 recorded in experiment under section 5.3.1 where

single ingredient feedstuffs were fed to Tilapia fry.



226

The fact that the FCR, 5.67 for corn bran only
(treatment I) in this experimeﬁt was very ¢lose to
the FCR; 6.53 also for corn brah only under section
5.3.1 confirmed that the FCRs 4.38 and 4.44 recorded
in treatments Il and 111 respectively in this
experiment proved the suapericrity of the combined
ingredients feed: used in treatments 11 zand ILI.
However, only the mean of FCR of treatments 1 and I1
were sigrificantly different (P £ 0.05). The FCRK

range 4.38 to 5.¢7 obtained in this experiment was

better than the rang: 5.0 to €.0 reported by FA( (1876} for corepls

and rice hulls respectively fed to Tila:zia,
Various factenrs such as digestibility, witer stabi ity
and nutr.ents corposition of the feedstuifs could ..e
responsible for the differences in th:z f:ed
conversion okserved in this exXperiment..
5.4.3 Growth Performance of Tilapia
f.ngexrlings fed with different
ayro-industrial wastes {(added to

constant amount of fish meal) in
floating net-hapas

5.4.3.1 Survival Rates

The physico-chemical parameters (Table 5.7)
observed during the experiment were within tolerable
limits for Tilapia growth (Balarin, 19%7%). The

mean air {(ambient} and water temperatures were slightly

higher (34.3°C and 33.0°C respectively, Table 5.7)
because the culture period coincided with the hot, dry

seascn arcund Lake Xainji area. However, the mean @

-
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survival rates of all the treatments were not

significantly different (¢ > 0.05).

5.4.3.2 Growth Rates

The trend in the growth performances of fisi:
in this experiment was almost similar to the effect
of the single ingredient feecstuifs {(i.e. corn Lran,
rice pran and brewer's wastes) wien they were Iled
singly in the feedstuffs-screening experiment
discussec under section 5.3.1, Tilapia growth
rates (gsday) were: corn bran, 0.0302 > brewcr's
wastes, (0.0203 > rice braa, 0.0167. Clearly, corn
bran with the highest carbohydr:zte content, (64.4%)
proved to be consistently super.or to the other
feedstuffs (i.e. rice brar and Lrewer's wa te with
carbohydrate contents of 16.0% and 45.9% r .spectively)
(FAO, 1963). Furthermore the alddition of “ish meal

(yround clupeids, mixture of Pel conula afz _uisi and

Sierrathrissa leonensis, 70.0 - 5% crude i12tein,

Eyo, 1990) to the various acro-ir lustrial vcstes
greatly eihanced their performan :es

towards increased fish growth. _.ovell (12&1) reported
that fish meal was high in calc um, potassium and
phosphorus and all the other minerals reqguired by

fish and therefore recommended it (fish meal) as a
good source of all these nutricnts. Akiyama (1988)
concluded that the exceptionally well balanced amino
acids distribution of fish mezl has made it (fish

meal) a traditional combonent of fish feeds. bomparing
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the growth rates {g/day!) of fish in the experiments under
sections 5.3.1, 5.3.<2 and 5.3.3, fish under experiment of
section 5.3.% had the highest growth rates (range 0.863g/
day to 0.117:/day) and they actained a size range of 3.68g
to 5.01g (Tal.le 5.8) within the same culturs period of 42
days as in eiperiments under sections 5.3.1 and 5.32.
There were sionificant differences (P < 0.03) between the
mean ¢growth rxtes of fish under all the treztménts |
(Tabl= 5.8).

5.4.3.3 Fecod Uonversion Ratilic (FCR)

The rénq. of these PCR values, 1.13 tc 1.29 was best,
compared witr the range 4.28 to 5.67 obtained using

different cor. inat . ons of the feedstuffs (corn hran, rice

bran and bre.’ .'s :stes) (Table 5.6) and tke rang. 6.53
to 9.12 obtaivud . the experimen: where the feedstuffs
(corn kran, lv.wer s waste and rice bran) were fed singly

to Tilapia £r (T.ble 5.4).

The low valuca of PCR under this experiment 5.3.3
further conf! req¢ the efficienc, and acceptability of fish
meal as a go | sturce of the nultrients reguired by fish for
growth (Love ., 1981; Akiyama, [988). Even though the use
of fish meal in {ish diets appeared limited only by high
ccsé and ave .ab ity (FAQ, 128#3)., However, there were’ i

significant .fi.rences (P < 0.05) hetween the neans of

FCR in all t- : =+ ¢atments {Table 5.8).

5.4.4 Grow:. r:z:formances of Tilapia (Oreochromis
nilci.cus) fed different levels of bLood meal
in welletod feeds in f.ooating cages

5.4.4.1 8urvivzl rates

These higlh survival rates were partly

attributable t¢ proper management of the stock and
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the favourable (within toleracle limits) physico-
chemical parameters of the water in the culture

site cur_ng tne culture perioa (Table 5,Y%) (Swingle,
1969; Balarin, 1979; Bovyd, 1979). There were no
sigynificant d:fferences (P > (0.05) in the means of

survi-al rates in all the treatrnants.

5.4.4.2 Growth Rates

"ne growt.a rates of the fish under the different
treat ients in =his experiment were inversely related
to ti: percentage of blcod meal in the pelleted
feed: . This observation is c:intrary to those made
by O/ .si and Ufodike (1986) crn snake head (Channa
©bsc :-a) which had an increcse in . growth rate as
the < -ude protein (12% to 21%) of the diets increased

and . iuncey (1981) on Serotherodon mossambicus in

whic: growth was proportional to the amount of protein
in ti - diet. The implicaticns to fish growth of the
dif:e¢rent levels of blood meal in the pelleted feeds
are a propriately discussed uncer feed conversion
rat.c (section (3.4.4.2). However, there were no
significant differences (P > 0.05) in the means of
the relative weight gain (%) between all the three

treatments (Table 5. 10).

5.4.4.3 Feed Conversion Ratio (FCR)

The FCR values indicated that all three feeds

were acce?ted by the fish and were utilized for growth.
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It was very striking that the feed containing the
highest amount of blood meal (30%) gave the poorest
performance in terms of growth (479.&8%) (Table 5.10),
This observation corroborated the fact that protein
fed in excess of an animal's needs is deaminated

and does not contribute to the animal's growth
(Cullison, 1979). This is further confirmed by
darper (19€67) and Russell-Hunter (1970) that prc:ein
at higher levels is in excess of the animal's

ability cto utilize it anabolically and thus gro«th
decreas«s presumably as a result of the energet.c
cost of protein catabolism. The best performarce

in terws of FCR (1.67), relative weight giin (950.8%)
and daily weight gain (0.393/day) was ach .eved with
the feea containing 10% »nlood meal (31.34% protzin)
(Tabf@s 5.1vand 5.11. Tais confirms the observation
that 27: protein feed is suitable for intensive
culture of tilapi; (ADCP, 1983). Even tiough, llood
meal is extremely high i2 protein (about 80% prctein),
it is low in isoleucine; but high in lysine (FA ,
1983); the combination c¢f thls rich protein sou ce
with corn bran (low in lysine but high in isol:ucine)
helped to enrich the feedstuffs compounded

(Harris, 1980). Recce and Wes.ey (1975)
observed that fresh bovine blood in combination with
rumen contents successfully substituted for fish meal
in channel catfish diets. This animal protein source

(blood meal) is often obtained at little or no cost



fran local abattoirs where it is often discarded.
Fowler and Banks (1976) noted that blood meal was
Superior to meat meal in test-diet: for salmon. EBlood
meal, tiherefore, has a yreat potential as an
inexpensive, effective and readily :vailalble protein

supplemsent in agu.aculture d.ets.

5.4.4.4 Total Fi:i Production

Canpbell (19t5) observed taat ! .sh . :cduction

was dir:ctly relata=d to the quzlity nad ount of
feed yiven to the fish under cultur« Ciuiet al.
(1985) roted that a well balanced d:.. t, ' owever,

not onl; resulted .n higher fish pr-.aciticr but aiso

providz. the nutri nts necessarcy to i [ recovery
from di:eases or a d tne fish in c ng the
effeccrs of enviroii ental stress. .53t growth
pertcriicnce by ti feed containin ticod meal
Was evident by its recording the [ mean final
weight (39.1g), hi_hest nean weig:- &) (35.4q)
and the highest meun total fich p . wlen (3.310

kg/m’). This value is camparable to tn: total fish

production of 3.4g/m* in 90 days obta. ned by

Pantastico and Baldia (1975) feeding (0% fish meal

ir fe~d at 10% biomass to Sarotherodo moss~mbicus

stocked at 50/m* of cage. Philippart et al, (1979)

feeding soya pellets (30% protein) at 4.8% biomass
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to monosex male Tilapia guineensis stocked art
8€/wm° in cages also optained a similar averacze monthly
fish production of 0.9%6 kgsm®.

The potentials of blood meal in fish diets for
increased fish production have been Jdiscussed under
section 5.4.4.3.

5.4.5 Growth Performances of Tilanvia
{Oreochromis niloticas) fed  with

different protein sources in pellet:d
teeds in floating net cage's -

5.,4.5.1 Survival rales

The range 63.0% to 75.0% of the survial rates
in this experiment was lower thai the rang: $9.0% to
100.0% obtained-in'the blood meal in feed :«<periment
under section H.3.4 (Table 5,1 . The gercrally low
survival rates was cae mainly 10 sampling stress
hecause mortality wa:s often rec orded shortil - after
some of the sanpling exercises. The mears of the
physico~chemical parcmoeters (T: 'le 5.12)0&53rved in
the culture site watcer were wi "in teleralkle range
for tilapia cilture (Balarin, ~379; Boyd, 1:79),
There were no signifi-ant differences betwe:n the

mean survival rates ¢ the treatments (P » J4.05).

5.4.5%.2 QGrowth rat. s

Tne fzed (28.0G:% CP, Table 5,14) containing
groundnut cake as i #jor protein source used in
treatment IV gave the highest daily weight gain
(0.79g/d). This cbservation corroborates the report

by ADCE (1983} that 27% protein feed was suitable




233

for intensave culiure of tilapiaz. Even though, it

<

wes Lot poseib_e to anclyre every nutrient comuoos
paraneters of tne eaperimental feed: in order to
cbtaia the nitrocen ircve extrzcs: INFE) value, the
jvourcnat cake must have cont:iibp.ted the highzst
ipic content tn the feed useé under treatment 1V
ompared with other feeds in the
iae ..otein-energy ratio of trhe feed (used in

rea.: ent 1IV) must have been g:uite ic2al and

ition

< othcr treatnents.

i€: . icre recorded the highest averace daily crowth

ate. This is similar to the cbservations cof

‘rvi n and Allanson (1974), Bruton and Boltt (1975)

st owen (1979) ia the studies of the feedi.g of

. :-nerodon mossiombicus. The zrowth rate, .79 kg/day

€atment 1V (.18.02% protein) compared very well

the growth rate, 0.73g/dar obtained by Ishak

and

anen (1985) feeding 29.0% crude protein (CP) feed

niloticus in cages for 120 days in Egypt. The

-ciency of groundnut cake &«: a protein source in

feezd was further confirired by FAO (1983) which

r:>orted that in India il was demonstrated that diets

containing 50% groundnut cake as principal protein

gouice could be used as complete feeds for cargp,

Tie growth rate in fish fed with blood weal
[ cotein source (feea, 40.28% CP in treatment II,
“able 5.14) was the second best, despite the fact t
-nis feed had the highest crude protein content.

observation further confirmed the results obtained

hat

This
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under the experiment in swuction 5.2.4 wnere ;elleted
f:uods containing diffeient levels of blood 1::al wer:

fuo to Crecchromis niloticus. 1t hued ecrlicr pee:.

diccussed that Culllison (1579) noted that p-_tein
fed in exces: of an animal's needs 1is deamiazed and

aou2s not co.tribure to the animali's croeth.

The feed (33.27% CP) in treatment 111 .itn fish
meal as tne major prutein scurce surpris:ny y recorde«
the least gjrowth rate of v.36%91g/day (Tabie 5.13),
even though, Anonymcus (1979) reported that in the
Pi:ilaippines a ration ccnsistang cf 77% rice brarn
and 23; fish meal was found adeguate for ti.apia
pioduction. A better and perhaps more accurate piccur
of the pericrinance of the fish meal ieea (ir .treatirent
I11) wus presented by Guerrero (1960) in thne scudies
on tne feeding of tilapia {(100/m*, U. nmiloticus)
different ievels of fish wmeal (225%, 30% and J3%) in
floating cages in the rhilippines. Guerrero (1980)
obtained the highest growth rate cf 0.32g/day with
the feed containing 25% fish meal and least growth
of 0.23g/day with 35% fish meal feed. 1In this
experiment on different protcin sources in feeds,

tne feed :oncainihg 25 fish meal (treatmentc III)



recorded a growih rate of 0.37y,day ("able 5.13)
vhich was comparanle to 0.323/Gay orntained by
cuerreiro (:98v) uciny a cumbinaiion ci 25: fish m=zal

and 75% rice bran.

Though the ccrnercial fe=d used -nder trcatiment I
was suppose=d tu co:tain 30% Cr minix.m (as specafica
ol the prcduction tag by the maunufaccirer) buat
proximate asalysis showed thut it co.:tained 24.52: CP,
(Table 5, 4). it wis therefcr-e, not surprising that
this feed (cummercial feed) rccordex a growth rate
of 0.53qg, ay (7abie 5.13) which was l:ss tha:'l thuse
of bloou  eul and gioundnut cake sep:rately in feedis
unde: tr. . tments Ii and IV i1especciv.oly (Table 5,13).
However, " he growth rate 0.53u/dcy ccztained using the
commercis feed (soyabgyn as main prsotein source,
treatmen:. I, iabire 5.13 and Figure 5.4) was Ligher
than the rowth rate, u.4Cg/Cay obtained by Philippart
t al. (1.79) feeding soya reliets (30% protein) to

Tilapia g.ineensis scocred at €u/m* in cages.

The¢ rear growth rates cf fish in all the
treatments were significantly different (P < 0.05).

5.4.5.3 reed Conversion Ratio (FCR)

The FCR value of 1.47 obtained in treatment I
(commercial feed) in this experiment was better than
the FCR value, 2.2 reported by Philippart et al.(1979)
feeding commercial pellets (46% protein) to Q. niloticus
at 100/m’ in cages. In treatment II (25% blood meal as
protein source) the FCR value of 1.32 recorded was

comparable to the FCR value of 1.36 reported under



experiment in sections 5.2.4 and 5.3.4 (Takle 5.10) also
involving 25% blood meal in pelleted feed. The FCR, 1.32
for treatment II under section 5.2.5 was botzer than

FCR, 1.36 for treatment 1I under section 5.,..4 and

could be attributed to better utilization ¢? the pelleted
feea (under section 5.2.5) because feed lo: wastuyc was
reduced to the barest minimum by the hapa-: .tin: sewn
to the under side of the .ottom wall of the et-cages
used in this ex.eriment (section 5.2.5). 7T - p¢ eted
feeds dispensed settled o: the fine-mecshec : .va ..:tting
from which the “ish fed o: the sinxiny feec Ti.. 8

" observation was corroborai:=d by Guerrero {° :3) sho

reported that tie relatively poor conversic rar:os of the

diets (made fro . different levels of fish r .1, by 0.
niloticus in ca es could L= partly explain: @, feed
wastage. It wa: therefore not surpising ti! . '+« fish
meal in pelletec feed in treatment III gave - ‘wtter
feed conversion ratio of 1.36 than the FC: .. . of
3.1 obtained by Guerrero (7380) feeding 25 .+ meal
ard 75% rice bran as a mas: to O. niloticl 11 cages.

The feed conversion ratio, 1.12 obtair«d
using 25% groundnut cake in feed (28.02% crud: protein)
in this experiment was better than the FCR va .ue of
2.23 reported by Campbell (1985) feeding 28.0 . protein
feed (made up of 11% groundnut cake, 20% coctton seed

cake and 9% fish meal (tuna waste) as major protein
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scurces) under larje scale cage farm:ing of

@)

sarocherodun niloticus in the Ivory Coast. The FCR,

1.72 (in treatment IV) wes alsc SUpcrior to tn

.-.

P

F

n

value, 2.90 oitained by 1shik and E.ssane:xn (185}
in the 120-dav caze rraring of O. nillot.cus feu wirh
29.0% protein feed m:de up of &i fiun meal, 5: mecat

meal and 26% cotton seed moal as ma.cr proteir sources.

Generally, the feed canversiorn ratios (range
1.12 to 1.8¢) (Table 5.13) oi-ained unier this
éxner.ment wrre hetter than the FCRs (range 1.36 to
2.17' reported unier the ex.eriment :in sectiors
5.2.7 and 5.3 4 ITable 5.10) using differert levels

of biood meal in pelleted :eds.

All the me:ns of the 'R of all the tre:ztmen=s
in t. is experin :nt were si. ificantly dif<erent

(P < 0.05).

5.4.5.4 Total “ish Product on

ampbell (i285) report ng on the large scale

comme cial cage {arming ©:f :[erotheroson niloticus

concl i1ded that fish producticn was Girectly related
to ti¢ amocunt ana quality of! feed given. This was
corroborated Ly the direct relationship observes
betveen the FCR values and tctal fish production
sin:2 FCR can serve to some extent, as an indicator
of the efficiencv or nutritional value of the feeds

(Hepher and Pruginin. 1982). Treatment IV which had
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the Lest FCR (1.12) reccrdzd the hichest total “ish
production (3.869 kg/m’) while treatment ITI with the
least FCR (1.86) had the least total fish production
(2.041 k3/m*) (Table 5.9). The range (2.041 to

3.869 kg/ii?) of mean fish roducticon obtained in this
experimen: lasting only 12u days (bat ranged between
Y.854 and 15.630 kg/m® in 365 days) was better than
the range, 0.9 to 1.4 kg/=® in 56 lays (i.e. 5.868

to 9.72¢ kg/m*® in 365 davs) obtain:d by Guerrero
(1980) ‘zeding varying levels of f-sh meal in feed to
Oreochromis niloticus in floating caces in the

Philippines. .

The mean total fis: production in treatment IV
(groundnut cake in feed) was significantly different
from the mean total fish production in all the

remaining three treatments (P < 0.05).

5.5 CONCLUSION AND RECOMMENDATION

Weatherly and Cogger (1977) had identified cost
of protein as a principal obstacle in culture of fish.

The series of feeding experiments carried out under
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this chapter were aimed at a systematic evaluation

of various agricultural and industrial by-products
singly and in combination with some other readily
available feedstuffs in order to obtain prictical éizts
for the nursery and the grow-out thases of Tilapia

(Creochrcmis niloticus) cage cul zure. The data for

the conclusion is as surmarized in Appendi.. 2.

Under the nursery-related c¢xperiments. it could

be concluded that:

(i) Corn bran gave the bes:t FCR (6.5 ),
highest average final weight (1./03g/fish)
and the fastest growth rate (0.0 02g/d/fish)

(Appendix 2).

(ii) The combination of cora bran and trewer's
waste (in ratio 1:1) cave the be:t FCR
(4.33), highest average final weizint
(1.26g/fisn) and the fastest groith rate
(0.029g/day/fish) and the fastest growth

rate (0.029g/day/fish) (Appendix 2).

(iii) The feed containing corn bran with constant
amount of fish meal and premix gave the

best FCR (1.13), highest average final
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(5.07g/fish) and the fastest crowth rate

(0.1175g/day/fish) (Appendix 2).

tn

Whereas, under the grow-out phase exp.rirer:

it could be concluded that:

(i) The feed containing 10% blooé rieal was the
most efficient i1 terms of average finil
weight (39.1g/fish), growth rate (0.373/
day/fish) and tctal fish production

(3.910 kg/n*).

(ii) The feed containing groundnut cake as

major protein s .urce was th2 most ef: ‘ient

in terms cf average tfinal eight (113. g/
fish), growth raze (0.79g/ ay/fish), ~ E

(1.12) and totat fish proé ction (3.t ‘ka/m’).

Considering the obser ations mi¢cc above, >t 18

recommended that:

(i) for the nursery sroductioa cf Tilapie
(0. niloticus) :ngerlings, the feed (in
powdered form) containing 25% fish meal, 74%
corn bran and % premix is efficient for

fast growth of fry to fingerlings in net-hapas.
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(ii) for the grow-cut phase in producticn or
taple size Tilapia (0. nilcticus), the
feed (in pellet form) containing 25%
groundnut cake, 74% laver's concentrate/
corn bran (in ratio 1:3) and 1% prem:ix
1s ideal for fast growth or fingerl:ngs

to table-s.ze Tilapia in nei-cages.

ince there were large annual crops of c¢ztton
I rpt, cotton seed meal is the principla ;-otean
g1e) . for feeds ir that country (+20, 1983). Like
seed 1n Egypt, groundnut cake can becc e a
'.pal protein source for feeds in Nigeriz if the
mdnut pyramids" or the northe: states'o; Nigeraia
o2 revitalized through an agrarian revolutaion,
11983) reported that in Nigeria trom an arnual
nénut crop of 020,00u tons, more than 38C,000 tons
f roundnut cake coula be made available if all the
sezds were crushed for oil. Apundant production of
gr >undnut cake would invariaply lead to a reliable
sclution to the incessant problem of inadequacy ot

efficient fish feed for fish production.
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Since Nigeria has large reserves of petroleum
or natural gas, it 1s aiso recommended that the
possibility ot larce scale production of single cell
protein from these natural resources should be

exploited.
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CHAPTER 6
6.0 STOCKING DENSITLES EXPERIMENTS USING
TILAPIA (Oreochromis niIoticusl_ﬁ; H
OR WITHOUT SUPPLEMENTARY FEED] NG IN

——————

FLOATING CAGES

6.1 NTR T

Stocking density is usually represented as the

nuroer or weight of fish stocked per unit area or

vo..me of the culture medium/sgac. ( .z, in Mo or kg
per m* or m’). Stocking density :. ;sn reported to
affsct survival, growth and prodi of fish
(2lsrecnt and Gollun, 1371; Stef i 1971; Konikoff
ani .ewis, 1274: dojno, 1976; Bbe - 2; 19¢7). 'The
£i.1ld spread of ditease among cui. .. sh ccoull be
atiriputed to aign stoucking dens tBeveridye,
12é7). In yeilow :ail cage cul..r:, usrtalities as
155 as 30% couid occus because .2 .y cuuid be
caniibalictic pa-ticularly at © .a scking Jdensities

iHorma. 1930) . leveridge (1337 re srved chat the
st.csing densitv devended un t.. si.: of :he fish and
ihz prevailing envirnnm:ntal ¢ adit. 1s. Fu-iya (1979.
ac:z2a that in yellow tail caje ‘arm .3, the stocking
dersity ircreases from a minimii of .9kg/m' when the

£is5. wer

v

first stocked in the yrow-cut cages at an
average weirnt of 10g per fisnh, to a naximum of 11ka/
m* when the fish reached 500g3. lowavir, Xaf:ku znd
[ksnoue (1963) opined that under idea. conditions,
stocking denzities (yellow tail) of uy to ¢0kg/m® could

oe 3achieved. Tanigucni (19833) observed t..at preventive



2443

measures against mortalities caused by Streptococcus

in yellow tail culture inclnder low stncking densities
and maintenance of good water (uality amona others,
Escover and (Claveria (1985) orserved that in cace

cultnre of Tilavia. stocking densities ranced from

5 to 50 fincerlincs per m®? d:.endino on site, cage
size, feeding oractices and ‘2sired size at harvest.
Bautista (1984) ovined that itocking densities coul«l

also cnhinge with s:1son and ‘rom year to year.

Trzeb:itowski et 3. (1981) r:ported that it was
eviden- that the : inhow tro't stoc-ina density might

differ c(eoending ¢ environmental cinditions, water
flow s «ed and cul'ure system as well as on market

reauir - ents.

#A.t of the itove observ.itions on the effect of
stocki:.: density on fish production in cages have nnt
been s’ idied in Migeria. The main objective of this
chaote: is to determine the eIfect of stocking
densit* on the survival, orowth and oroduction of

fisn (" ilaoiz) in the floating cage culture system.

6.2 M/TERIATZ AND MRTHNDS

'

Fcr the nurpose ¢of ecomparison the following
thr=e expericents were carried out. The first experiment
(0.21) on stzccking densities (25-100/m’) at Kigera III
Rescrvoir was aimed at determining the effect of
rearing the caged fish coapared with experiasent

6.2.2 involving stocking density (200/m’
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maximum) using a supplementary feed with slightly
higher pro:ein ;ontent for wusual 150-day

culture ceriod. The third experiment (6.2.3) however,
was to ex,loit the natural productivity of the Lake
(at Interanediate Basin) without supplementary feeding
at simil r stocking densities as in experiment 6.2,1.

6.2.1 _1e Effect of Stockin Censity
(25=100/m’) on Tilapia Ero uction
n Floatling Net-cages ir

.Rigera

.II Reservolir

Th: exper.ment consisted c¢f four treatments:

i) 25 fish/m?
ii) 50 fish/m’ .
i1ii) 75 fish/m?

iv) 100 fish/m?
Each treitment was replicated in three cages (1.0 x
1.0 x 1.5m net-cage size) in a completely rando: ized
design. Tilavsia fingerlings., average size 4.6 -
6.79 were raniomly stccked in the net-cages early in
the morning. The fish were fed with a 17.3% crude
protein pelleted feed at 6% of their biomass per day.
The fish daily ration was adjusted monthly by sampling
20% of the fish for body weight changes. The fish were
harvested after 365 days culture period (16 March 19856
to 15 March 1987). Some physico-chemical parameters
of the water at the culture site were also monitored

as described under section 3.8.
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6.2.2 The Effect of Stocking Densgity
{25-200/m’) on Tilapia Productiin
in Floating Net=Cages in Kigeri III
Reservoir

The treatments I, II, L[II and IV corresponding
to 25, 50,_100 and 200 fish/m? %espeC“ively were
assigneé.tolhet-cages (1.0 x 1.0 2 1.'m size)
using completely randomized design. (recchromis
niloticus fingerlings (average welgnt, .5 = 7.0g)

were stocked according to the treatr . nt: into the

cages. Each treatment was replicate. tw.cs. The
fisn in all the treatments were fed it 13.9% crude

protein pelleted feed at 6% ©of theis bi. ass twics

daily (03.00 and 18,00 hrs). The dz:ly ~ation of the

fish was adjusted monthly after san; L, Ior growth.
The fish were harvested after 150 <J..'3  lture

period {16 April - 12 September 15¢ ),

6.2.3 Tine Effect of 3tocking Density
(25 - 100;/m’) on Tilaptia
Production in Net-Cayes at ' =
Intormediate lasin, NEPA Ki o1}
Dam Site

The siﬁe far this experiment hai'ea;lier been
described under section 3.2.1 (Figura 3.7}. Four
treatments: I, 25 fish/m*; I, 53 fish/m'; III,

75 fish/m® and IV, 100 fish,m* ware used in this

experiment with no supplementary feeding. The
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fish were made to subsist mainly on the naéﬁral_h
food in the culture site. Tilapia fingerlings
(average size, 15;0 - 19.0g) were stocked into
net-cages (1.0 x 1.0 x 1.5m size, 12.7mm mesh)
early morning. Each treatment was replicated twice.|
The fish were sampled monthly for growth. The fish
. vere harvasted after 150 days culture period (11 M.rch-
. August 19388) .

€.3 RESULTS

t.3.1 Perfeormances of Tilapia Stocked

at Densities of 25 -~ 100 fish/m’
in Cages in Kigera 111 Reservoir

£,3.7.1 Survival

The survival rates recsrded in this experimont
vere high: tréatment I, 93.9%; treatment III, 9%90.2%;
treatment I1I, 49.0% and least in treatment IV, 77.32%

{Yable 6.1). The average survival rate for all the .

four treatments was 87.7%. Table 6.2 shows the results cnf-sa'né
piysico-chemical parareters of the reservoir during the experimdnt.
6.3.17.2 Growth

: ~ The growth rate (y/fish/day) was highest in

H tfé%tment I (0.34), followed by treatment II (0.22),
then treatment III (0.19%) and least in treatment IV
(0.16) (Table 6.1). It was ohserved that the growth '
rate of the fish generally decreased with the

increase in stocking density.i  
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6.3.1.3 Preoduction

The total fish production (kg/m®) was highest in
Treatment II1(5.091), followed by Treatment IV (4.965
then Treatment II (2.889) and least in Treatment 1
(2.294). Unlike in the case of growth ratecs (and
average fiual weight per Zish), the tctal fish
production gener:lly was directly related to the
stocking densitics - the production increzsing with
increasing stock:ng density (Table (.1) except for
Treatment III (7. fish/m?).

6.3.2 Performan'es of Tilapia Stocled at

Densities of 25 - 200 fish/m- in
Kigera 11| Reservoir

6.3.2 1 Surviv:.

r'he surviv: rates recordei in the experiment
were cenerally ¢y high: Treatment I, 100%;
Trea arent II, 9 .5%; Treatment II1I1,99.0% and least
in Ticatment IV, -4.5% (Table 6.3). The survival
rate: were observasd to decrease gradually as the

stocking density .ncreased (inverse relationship).

6.3.2.2 Growth Rates

The mean daily weight gain of the fish under the
different treatments is shown in Table 6.3. The
mean growth rates (g per fish per day) for treatments
I, II, II1 and IV were 0.48, 0.43, 0.36 and 0.21

respectively.
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6.3.2.3 Production

The total fish production values (kg

the experiment were 1,974, 3.444, £.930 a:. .

for Treatments 1, II, I1° and 1V respect..
(Table 6.3). 'he production was coservecd
increase with increase ii. the stocking der
6.3.3 Perform.nces of 7T.lapia stocked at

Densitics of 25 - 100 Fish/m” in C:

{without feeding) at Internediate
Basin, l.EPA Kainji Dam Site

6.3.3.1 Survival

The survi'al rates c: Q. niloticus s-
different dens_ties witho.t supplementary
are shown in Tcble 6.4. he survival rat
generally lcw, ranging fr:m 18.0%.for Tre:
to 47.0% for Treatment Il . Table 6.5 shows

physico-chemical parameters of the Basin during -

6.3.3.2 (Crowth Rates

Table 6.4 shows the yrowth rates of t.
under the different stocking densities at

Intermediate Basin of NEPA Kainji Dam Site.

l tn

1
ilts of sore

rimantc,

.2 fish

Ine

growth rates were 0.27g/fish/day in treatment II;

0.31g/fish/day in both treatments III and 1V;

and highest in treatment I (0.39/fish/day).
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6.3.3.3 Production

The total fiSh prodaction (Kysm’) during the
150-day culture period were (.375, 0.9866, 2.239 and
2,976 for Treatments I, II, III and 1V respectively
(Table 6.4). 1In spite of the low survival rates as
explained earlier, the tota: fish prcddction was
obseryed to have a direct re:lationshin with the
stocking densities, i.e. the total fish production

increased as the stocking densities iacreased.

6.4 DISCUSEION

6.4.1 Performances of Tilania Stocke . at
Densities of 25 - 7Q) Fish/m®  n Cages
in Kigera 111 Reservalr

6.4.1.1 Survival

ot

The average survival rate in thir experiment

was higher than the average survival 1:tes of 62.5%
and 74.2% recorded for Q. n.loticus siucked at

densities (50 - 100/m®) in running waler and standin

(1%

water respectively by Ishak (1987).

Considering the duration of culfufe (365 days),

O. niloticus at the varying densities stocked were

able to adapt teo the culture environment and survive
, - |

in the cages. There were significant differences

between the mean survival rates in the treatments

(P < 0.05) (Table 6.1}. = .. o b
|




A I Growth Rates

It is often stated that the degree tc which fish
are crowded together will affect growth (W:=ztherly,
1972). A similar relationship (inverse re.aticnship
between stocking density and growtn rate) ras boeen
reported by Albkrecht and Gollub (1Y71) inc wojno (1976).
Wedemeyer (1976) cpined that at '..gn {ishk stoc} ing
densities, the frcedom of movem:rt and ‘eeiing are
hampered, thus the availability cof food. even when the

latter is oifered in excess, kecomes a .iriting factor.

At the stoclking density 2f 50 fis!. ‘m*, the fish
growth rate, 0.3:g/fish/day vas higher 'hen the growth

rate, 0.17g/fish.day in running water & similar

stocking density (50/m?) reported by I .ak (1987).

The g:owth :ate in Treitment I we: observed to
be significantly different “rom those - the other

treatments (P < (0.05) (Tabl: 6.1).

6.4.1.3 Product on_

The fish prcluction in 3ll the trecutments were
generally lower tian 0.9 to l.4kg/m’ :n 26 days (i.e.
5.868 to 9.128 k. /m? in 3€¢5 days) in cayes obtained
by Guerrero (19€J) using O. niloticus (100 fish/m’)
but feeding 25 to 35% fish meal in pelleted feed. On

the other hand, with no supplementary feeding, Ishak
(1987) reportec a total production of 0.782kg/m® in
150 days (i.e. 7.902kg/m’ in 365 days) stocking 0.
niloticus at SO}mf in running water. He concluded

that the low fertility of the water among other causes
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was responsible for the relatively low producticn

and that the natural fertility of a given water

body was an important factor to be considered for
increasea production of O. niloticus. This is further
supported by Warren (1971) wno copined that growtn
(alsc a factor related to production) as a response

to tre integrated activities of an oryanism as a

whele is a sensitive parameter of the suitability

of /e environment. The generally slow growth

(he -e total production) of the fish in this

2x; - riment may be attributed to low productivity of

Zi ra II1I Reservoir. Plankton production fas already
Ta reported to be relatively low in the re¢servoir

i hweyere, 199(). However, there were significant

¢ lerences betw:en the means or total fish production

ier the differznt treatments (P < 0.05):

M

Performances of Tilaria S<tocked at
Densities of 25 - 20) Fish/m® in
Cages in Kigera IJI Feservoir

T e Survival

The range of survival rates (94.5% to 100.0%)
under the stocking densities 25 ~ 200/m? was
l igher than the range 77.5% to 93.9% recorded when
(. niloticus was stocked at between 25 and 100 fish/m?
:n section 6.3.1. This observation corroborates that
f Lewis (1969) who reported that many fishes would
fight when confined in moderate densities (25 to 75
fish per m*), but these same fish would thrive at

higher densities (200 ‘to 300 fish per m?).
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in adéitioﬁ, the high surwvival ratés couid.be
attributakle to the favourable physico—chemical
parameters of the culture medium (Table €.2). The
rerges of the physico-chemical parameters recorded
curing the pericd cof the experiment were wizhin the
tclerable ranges for Tilapia (3wingle, 1975; Balarin,
1979 Guerrero, 1982). However, the mean s .rvival rate
recorded under Treatment IV (200 fish/m®) wes | ‘
sicnifijcantly different (P <.D.05} from tho: e of all

the other three Treaiments (Table 6.3}).

6.,4.2.2 Growth FRatoes

The c¢bservation showed an inverse rela+t ionship
between the stocking dencities and the growth rates,
i.e. as the stocking densities increased, thlz2 growth
rates decreased. This is similar to the observation
of Trzebiatowski et al. (1981) who reported tnat for

rainbow trout (Salmo gairdneri) individual gfowth rate

and natural losses were inversely proportiornal to

stocking densities. , e

The range of the mean growth rates (0.21 to 0.48§f
fish/day) in this experiment (Table 6.3) was higher than
the range, 0.16 tB 0.34 g/fish/day recorded at the
stocking densities range of 25 to 100 fish per m?

(Table 6.1). In spite of the fact that the initial tctal
fish biomass per treatment {average 565.0g/m’) for the

stocking densities (25 - 200 fish/m®){Table 6.3) was
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higher than the initial total fish biaunass per treatment
(average 329.4c¢/m*) for 25 - 100/m® (Table 6.1), the
mean growth rates for the Treatments (25 to 200 fish =)
were still higher than for the Treatments (25 to 100

fish/m?).

Tre fact that the fish stockec at higher dens.ties
(25 to 200/n?) and higher biomass (175.0 to 1140..3/m’)
still grew faster than those stocked at lower densitias
(25 to 100/m’) proved that the culture site
was sti1ll capable of sustaining the .
growth of the fish; i.e. the carrying capacity of the
medium had not been exceeded. Hickling (1971) noted
that the carrying capacity also r.ferred to a:
maximum standing crop would vary vith the wa:2r suppl:y.
He further stressed that fish cou.31 be very 2nsely
stocked in czces because they are in flowing water and
so run no risk of asphyxiat:on. This is fur her
confirmed by Bardach et al. (1972) who notec ~hat even
though fish in cages are physicall restrair: :d in a
very small’area, the amount of cle 1, oxyge:: ted water
available is theoretically unlimit d. Bardach et al.
(1972) therefore elucidated that :: Japan while Chinese
carp fry were stocked at 1,400 toc 7,800/m? in pond the
fry were stocked at 15,000 to 62,200/m? in net-cages.
Coche (1982) therefore concluded that the maximum
carrying capacity of a cage (in <3/m*) is mainly
determined by the dissolved oxycen concentration

througnout the cage.
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Since thc size rance ot fingerlings (5.5 toc 7.0g)
stocked in th.s experiment (Table 6.2) was similar to
the size rangc (4.6 to 6.73) stocked in the experiment
under section 6,3.1, the marked difference in the growth
rates of fish in the comparable stocking dencsities
(25, 50 and 10¢. fish’/m*) could be attributec to the food
(natural and & tificial) available to the fish in the
enviromment. The 1.ali- . of the pelleted feed (18.9% crude pro-ein,
made up ot 10" 5lc - meal, B8Yi cora bran and 1% prerix)
fed to fish i: thi - experiment could have contribut=d to
the faster gr cth :rz2tes of the fisn compared to the 17.3%
crude protein =€ (consisting of 40% brewer's waste,
43;5% corn br -, .3% layers ccncentrate and 2.0%
starch as birn 1) fed to fish i. the experiment under

section 6.3."

However, .1 mean growth rate of fish under Treatment
I was sagni’ v different (P < 0.05) from the mean
growth rate: { Treatments 11, III and IV.
6.4.2.3 Pl *.10n

B —

The cbscrvation in this experiment is similar
to that of Trzebhiatowski et al. (1981) on rainbow
trout. The ranje Qf total fish production in this 150~
day experiment (1.976 to 7.039%kg/m’; average, 4.597kgqg/
m?’) is better than the range (2.994 to 5.091 kg/m*;
average, 4.235'g/m*) recorded in the 365-day experiment
under section6.3.1. Generally, the total fish production

in this experiment were hicher than the range 1.6 to 2.4
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kg/m® obtained by Garcia (1979) and Guerrero (197=)
stocking S§. mossambicus fingerlings (5-10g) averzce
weight at 16 fish/m’ for a 6-month culture period.
Consideriny the treatment with 100 fish/m®, the tota. fish
production i1s quite low compared to the total fis-
production values of between 10.5 and 15.8 kg/m® z-otained
by McLarney (1978) and Popma (1978) stockinc Tilz:ia
reidalli (average size 24.8g) at 100 fish/m® for between

3 wonths + to about 7 months. In the Philippines,

Gu :rrero (197Y) repo-ted a total fish production oI
25.0kg/m® stocking S. niloticus (average size 20%) a-

2¢) fish per m®> and fed 24.21 dry weight of prote:n “or

2 wonths. This production is definitely higher t-an the
v ue 7.03Y9kg/m® obtained und2r Treatment IV (200 fish/m?)
i~ this experimert. In Ivory Coast, Campbell (1597 :)

cc ained a total fish production range of 13.3 tc 49 9

k: m?* feeding 2U% prctein feed to S. niloticus (aerace
€4 males, average size, 26g)stocked at between 77 to
1¢" fish/m* in Lake Kossou for between 108 and 12% days
cu. ture period. This total fish production range 1is
deiinitely higher than the range 1.97¢ and 7.03%g/m?
obtzined in this experiment even though under a mixed

sex culture.

Since growth is a factor directly related to
production, the growth rates of 0.37 to 0.79g/fish/day
obtained from feeding pelleted feed of different protein
sources (Table 5.13) to 0. niloticus stocked at 50 fish/m’

evidently proved that a well balanced feed will result
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in faster growth rate and hence higher fish production
even ét higher fish stocking densities. For example, |
Suwanasart {1472} reported growth rates of 0,72 to
1.72g/day and total fish production ot 54.8 to 83.3kg/

n? feeding 40% protein feed (floating or sinking) to | .

S. aureus (25g average size) stocked at 500 fish per m’
in a 3-month culture pericd. Armbrester {1972} similgr1§
fed 40% pfotein feed to S. aureus (averagg size, 2.9g)
at 6U0 fish/m’ and obtained a growth rate of between.
0.56 to 0.76 g/day and a total fish production of 56.4

kg/m* in 2.5 menths but in the presence ¢ moderate

plankton blooms. The mean weight per firn at harvest
¢rtained by Armbrester (1972) ranged betwzen 39 and 73g
and was comparable to the values 37.2 to 79.0g recorded
urder this experiment. It was interestirj to note chat
Pagan (1973} feeding 40% protein tc S. g&gggg_{averggé
size, 13g) stocked at 857 fish/m® cbtaine:d a growth rate
of 1.039g/fish/day; average final veight rer fish a-
harvest, 174g and a total fish production »f 149kg/r’ in
a 5.2-morth culture period. This observa: ion further i
confirmed the rolé of artificial feed (es ecially complete
feed in intensive, high density cage fisl culture
{Campbell, 1983). . = . - e L

However, there were significant differences

(P < 0.05) between the mean total fish production

vqlues under the different treatments,
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6.4.3 Performances or Tilapia Stocked at
Densities of 25 - 100 Fish/m® in
Cages (without feecing) at

Intermediate Basin, NLPA Kainji
Dam Site

6.4.3.17  Surviva]

The survival rates were generally low, not because
the fish could not survive hut they were lost as a
result of leakage in most ¢ the cages wnich were

fairly oli. The fairlv ol: net cages cculd have been
gnawed at by the herbivoro.  f:i (including the stocked
Tilapia wiich were not sup: -mc tarily fed). Some of
the stock :d fish therefore sca e¢d through the noles

made in t e cage walls esp: ia..y at the bottim corners.

Since the fish loss was fi :: ¢.served after 2 months
culture p riod and alsc w- :. 'al growth ha¢ covered

the twine ot the nylon ne -ca:+s, it was lirely that
herbivoro s fish }includin t! stocked Tilapia) had been
_attracted ©0 the alcae co i? the twine and gnawed at
both the "wine and the alc . A similar problem

(gnawing . = net-cage) had  <r reported in Israel by

Ben Yami 17974) in the cic ~-1::s5ing of a herbivorous

rabbit fish (Siganus rivulatis). He noted that as a

result many fish escaped. Tl: physico-chemical parameters
(Table 6.5) recorded durinc tie experimental period

were within favourable limits as recommended for Tilapia
by Swingle (1961), Balarin (‘?79} and Guerrero (1982).

In fact, Adeniji and Ita (19°6) having carried out a
limnology and fisheries investigation of the Intermediate

Basin for recreational fishing concluded that generally
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the limnological characteristics of the basin (i.e.
water temperature, D.0, Water Transparency and Plankton)
were favourable tc good growth and survival of fish.
There were no sigrificent differences (P > 0.05) between

the mean survival rates under the different treatments.

6.4.3.2 Growth Kates

Evin thouth the stocked fish subsisted solely on
natural food ir the water medium, the range of growth
rates (0.27 to 0.39%9g/fish/day) weas better than the range
(0.16 to 0.34g,/fish/day) recorded under s.milar stocking
densities of 0. niloticus fed with supplernentary feeds
in na2t-cages a: Kigera 111 Reservoir (Tab.e 6.1).

Since the fist in all the treatments grew we;l, it
cou.d be conc.  ded that the natural pradU?txvitf of the
wa'¢r (at the ntermediate ﬁ;sin) was adequate to

su: tain the f ¢1 in the cages. Adeni i and Ita (1976)
ha earlier ol s2rved that the species of plankton in

th: basin wer. csimilar to those present in the lake
(ILé¢xe Kainji). Good growth of O. niloticus had earlier
beecn reported in a mixed species cagc culture ot fish
(at Shagunu Bay also located on Lake Kainji) with little
or no supplementary feeding (Table 4.3). Coche (14Y82)
reported an average growth rate of 0.89g/fish/day for
S. mossambicus (average size 6g) stocked at 25 to 75
fish/m* without supplementary feeding at Laguna de Bay
(a hypereutrophic Lake) in the Philippines. Extensive

commercial Tilapia farming utilizing the natural
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productivity ot Laguna Lake has been reported by
Santiago (1982); Escover and Claveria (1985); Lazaga
and Roa (1985). Although when first exploited, Laguna
de Bay was sufficiently productive to support high
densities of fast growing fish without recource to the
use cf feeds (PCARRD, 1981; Coche, 1Y82). However,
peveridge (1984) reported that this Lake (Laguna) had
been rapidly cover-exploited as a result of over-crowding
cf fisn cages. In Singapore, Yang (1982) reportzd thc
succe=sful use of caves of big head carp at several
reservoirs tc control excessive plankton blooms in

municipal water supplies.

Freguent occurrerces of algal blooms have been
re-crted in L:xe Kainji espécially during the month of
October (Aden:ji, 1973). Extens.ve Tilapia cag: cult ire
as observedrin the Intermediate Basin can in adlition

benafit from this period of hich phytoplankton lensities

in Lake Kainji.

Furthermore, the average veight of fish (average
16.6g) stockec under =<his experiment (Table 6.4) seem
to be advantageous in the comp:irable good growth rate
recorded considering the average size of 5.5g stockecd
under similar stocking densities (25-100/m?) in Kige'a
II1 Reservoir (Table 6.1). This corroborates
the report of Ishak (1985) who observed that the cice
culture of common carp showed that the size of fish at
stocking was a limiting factor for production/m*®. He

noted that when common carp were stocked at an initial
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average si1ze of 2/g/fish, maximum producticn rate of
20kg/m?> was obtzined in a 4m® cage at a stocking-desnsity
of 160 fish’m® while when the stocking size was 93z/fish,
maximum production rate was 32.5kg/m? at a stockin:

dersity of 60 fisa/m*,

6.3.3.3 Produc-ion
Sinze the average final (at harvest) weight/f:.sh
nas a directly relationship with the total fish productior,

1ys the estimated :verage final weight per fish

]

in 365

w

in the !1termedlate Basin would have been 157.2g co:parea
to 88.6¢ recorded under similar stccking densities (but
with sua; >lementary feeding) in Kigera III Reservoir. But
for the _eakage in the cages which resulted in serious
fish lcss; thence low survival rates},the‘total fisn
producti 'n at the Intermediate Basin under the extensivc

culture ould have been quite high (an average ot 14.14:

kg/m® p:z- year assuming 90% survival and 157.23/fisn).
Coche (1:82) noted that the maximum carrying capacity
(MCC) ¢f a cage (in kg/m?) is mainly determined by the

dissclvec oxygen throughout the cage. He noted that MCC
varies w_.th the mesh size and cage size. The water in

the cages during the experimental period was observed

to be well oxygenated (average D.O., 7.5mg/l, Table 6.5).
Considering the mesh size and cage size, Campbell

(1978) has defined the MCC (in kg/m’) for S. niloticus
reared in well-oxygenated water with good circulation

(at least 2 cm/sec) as follows; with plastic netting

2mm mesh, 90 for 1 m?, 70 for 6 m® and 40 tor 20 m?;
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Qita.ﬁflon fibre netting of 14 mm mesh, 4b for 20=°
Therefore as cage size increases, MCC decreases.

Since a nylion fibre netting ot 12.7 mm mesh and cagesi
size 1.0 x 1.0 x 1.5m were used in the Intermediate
Basin experiment, based on the definition of MCC by

- Campbell (1v78), the MCC of the cages could be highen

than 40 kg/m’.

t.4 CONCLUSION AND RECOMMENDATION

Even though the best size of fish (at harvest)
127.8g was observed under Treatment I (25 fish/m )
of experiment 6.2.1; basedlon the total fish
productin and the survival rate, Treatment III
{75 fish'm*) was found to be,tﬁe best unde:r the
prevailing conditions and management appliz:d at Kigéra-

ITI Reservoir during the culture period (355 davi).

+*

It can be ceoncluded that high guality supple-
mentary feed is necessary in increasing producticn
especially at hicher fish stocking density as shc:n

by the résults under expe;imént 6.2.2,

In the Intermediate l.asin experiment withou-
supplementary feeding, treatment IV stocked with
100 fish/m® had the best total fish production
(2.976 kg/m® in 150 days). 1t could also be
concluded that natural productivity of the Intermediate
Basin was capable of sustaining good growth of fish i
even at an initial density of 100 fish/m* {or 1.5kg/m’£

without supplementary feeding.
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From the above conclusions, it could be

recommended that:

(1)

(i1)

because of the low praductivity of
Kigera 111 Reservoir, a good quality
pelletcd feed (minimun of 20% crud
protein) is reeded for good growth

of C. niloticus at a stocking density
of 200 fish/:@ (or 1.l4kg/m?).

For a faster growth and higher total
fish product.on, large size of
fingerlings (about 20g/fish) must be

cstocked.

.n the proc.:tive Intermediate Basin,
¢xtensive ¢« je culture of“Tilapia sxould
te encouracci. It may prove to be a
viable alt.ornative to the management cof

resource ¢s a fishery and it may be

prudent tc carry out some extensive
cultu;e of iishes in cages in
conjunction with intensive lake-based
fish rearing. This will reduce the
environmental impact of wastes

whilst increasing the profitability of
the venture. Obviously, extensive

cage culture in Lake Kainji should be

of value for the rural communities.



Furthermore, .t mz be advisable to
switch betwceen ser.-intensive

and extensive cave culture &t different
times of th year, sv.as to rake
advantage of verici of algal zlooms

in the lake Tc cate, there is no
single priv e corrercial cage culture

on Lake Kein 1i.
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CHAPTER J

7.0 BREEDING EXPERIMENTS USING DIFFERENT
4aLE : FEMALE RATIOS OF OREOCHROMIS
JILOTICUS BREEDERS AND HYBRIDIZATION

: 51} ] NILOTICUS
_ID_SAROTHERODON GALILAEUS IN FLOATING
_iT-HAPAS

7.1 :NTRODUCTION

7.1.17 Tilapia Seed Production Experiment

Productive fish culture, like in terrestri :al
animal husbandry is heavily dependent upon adegiate
supply of goo¢ guality s2ed. One of the major
constraincs t2 increasec fish éroduction throagh
Tilapia cage culture na: been identified to be
inadeguate supg.y of the fish'seed (Coche, 1982
Coche (1977 anc 1979) opined that existing Tilaosia
breeding practices were inadeguate and a new
technology shecu.d be developed for selected tilapics..
Several methods have been used to produce Tilapia
seed (Shell, 1966; Radan, 1979; Cuerreroc and
Garcia, 13%83; Hughes and Behrends, 1983; Beveridge,
1984) . Hughes and Behrends (1983) working on mass

production of Tilapia nilotica seed in suspended net-

enclosures concluded that the hapa system for
T. nilotica appears to be more productive than most

other systems..

Among factors considered to be important in

fish seed production are brood fish age and size,
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brood fish stocking denﬁity, brood fish sex ratio,
brood fish nutrition, frequency of removing brood
fish and/or seed from the brooding unit, types

of container, water guality and rate of water
exchanye (Silvera, 1978; Berrios-Hernandez, 1979;

Lee, 1979; Coche, 1982; Mires, 1982).

Research Scientists of South East Asian
Fisﬁeries Development Centre (SEAFDEC), Lacuna Lake
Development Authcrity (LLDA), and various Universities,
since the late 1270s and early 1980s experimented
(considering brecders scx ratio, density, etcetera)
with lake-based hatcher:«s and nurseries (net-hapas)
such that today, there c-e several commercial lake-
based and Tilayia fry anl fingerlings units in
operation on some major .akes in the Philippines
(SEAFDEC, 1382; 1982; Beveridge, 1987). By this
approach, the Tilapia ffngerlings needs of that country

were beinc met as much as possible..

In Niveria, there is no record of such
experiments in the use of lake-based l.atcheries
and nurseries utilizing net-hapas for tilupia seed
production in spite of the immense potent.als of
Tilapia cage culture in the country (Otubusin, 1983;
1989) .
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7.1.2 Hybrid Tilapia (seed) Production
Experiment

Within the genera Tilapia, Sarotherodon anc

Oreochromis there are numerous species of which

only a few have been used for culture work. 1In

Lake Kainji, Nigeria, Sa-cotherodon galilaeus is the

most abundant of the tilapias, fol.owed by

Oreochromis niloticus (Juhnson, 197'4; Akintunde,

1976). The latter was c.served to have a bette:

growth rate than the for:er (Barda n et al., 1¢72).

In most Tilapia speries, it his also kLeen
cbserveé that the male giows faste: than the ferzle
(Fryer and Iles, 1972). Guerrero (19285) opined
that the faster growth o' Tilapia ! ybrids over tihci
parent stocks may be ;ar:ly explairz=d by the higie:
percentage of males in t:.e former. 1In recent Years
S. hornorum has become a popular s;:cies for
transplantation because ak its suitability for thre
production of all-male hyktrids (Lovshin and Da S;;;

1975). Some work has been done on the hybridizati

of tilapia species (Bard, 1960; Elcer and Garrod, 19&1-.

Fishelson, 1962; Kuo, 1969; Al-Daham, 1970; Chen and
Tsuyuki, 1970; Hine et al., 1971; Lovshin and
Da-Silva, 1975; Mires, 1977; Lee, 1979; Hsiao, 1980;
Bautista et gl., 1981; Abella, 1982) and particularly

on the interspecific cross Sarotherodon (Oreochromis)

niloticus x Sarotherodon galilaeus (Wohlfarth and
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Hulata, 1981). These studies, however, were
reportedly carried out in tanks or aquaria (Mires,
1982). Wohlfarth and Hulata (1981) als> reported
that crosses between S. galilaeus and maternal mouth

brooders have recently becn carried out artificially.

Also in line with tie general zims and
objectives: of this study on fis:. seed production in
caje systocm, experiments were d:sigred and conduct«d
to deternine the 2ffect of hybr _dization of

Sarothercdon galilaeus and Orec thromis niloticus

(locally available comamercially important Tilapia
species) on the spawr.ing fregu: 1cy and fry production
potentia. (the numker and grow 1) in the floating
net-hapa system in ¢ drinking «iter reservoir

-

(K gera .1I).

7.2 MATLRIALS AND 4ETHOD

Oreochro:.s niloticu; breeders
or fry prod.i-tion in flo:ting

nc -hapas

1241 2;1 Effect :f Male : Fomnale Ratio
Ol

Thi: experiment was carried out in Kigera III
Reservoi: (Figure 3.1), already described under
section 3.2. A module consisting of a 6m x ém raft
with 16, 1.25m x 1.25m apartments fittable with
m x 11 net—hapas was used (Plate IV). The
constraction procedures for raft and hapas are as
descrived under sections 3.3.1.2 and 3.3.2.1

respectively. The experimenﬁ consisted of three
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treatments: I, 1 male : 1 female (12/m®); 1I, 1 male :
3 females (12/m*); 111, 1 male : 5 fenales (12/m?).
The breeders (average weight, - 124.2¢ for males and
66.2g9 for females) were sexed as describec for

Sarctherodon mossambicus by Maar et al. (1966)

and stocred randcmly in net-hapas late evening
(between 20.00 - 22.00 hr) according to the

treatments above on 2 April, 1986.

The nreeders were fed with 50% blood meal in
pelleted “eed (4%.07% protein) twice daily at 5%
of thelir piomass. The composition and proximate
analysis of the {ced ate as described under section
5.2.4 ('anles 5.° and 5.11). The proccdures for the
fisn feed prepar:cion and fish feed proximate
composition deternination also are as described
under sections.3,5 and 3.6 respectively. Sampling
for the number of hatchlings (fry) per hapa was
carried out immediately theofry were observed to be
schooling within the hapa. The brzeders were
transferred to a holding hapa in order to facilitate
the harvest and counting of the fry. The breeders
were later restocked in their initial hapa to continue
the breeding experiment. However, the fry were
held in separate hapas for nursing to fingerling

size.

The breeders were also sampled every month for

changes in body weight (growth) and the feed ration
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was adjusted accordingly. Some physico-chemical
parameters of the water at the site of the experiment
were monitored as described under szotion 3.8.
7.2.2 Experiments or the Hybridiza:i.on

of Oreochromis niloticus and

Sarotaerodon yalilaels in
floating net-hapas

The expecriments were cairried out in Kigera I11
Reservoir (Figure 3.1), whi:h had earclier been
descr. . bed uncer section 3.2. A module of 6ém x 6ém
bamboo raft with 16, 1.5m » 1.5m apartments f.ttable
with 1.0m x 1.0m net-hapas vas used for thes<
experiments. The construct .on procedures for the
raft and the net-hapas are s described underx

sect.ons 3.3.1.2 and 3.3.2 respectively.

A short pr :liminary ru. (1st experiﬁknt) using
S. galilaeus (5.G) and O. 1 loticus (ORN) was made
prior to the ac nal experinents (2nd and 3rd
exper.nents). ‘e breeders used in these experiments
were ¢ ptained }» beach-seining at Monai Bay (about
5 km . say from l'wgongari E-y along Lake Kainji,
Figur 3.1). The breeders were acclimatized in
larg« holding net-cages (3m X 3m x 2.75m) the type
desc "ibed in Figure 3.6c and Plate VI, During the
two- veek acclimation periocd, the breeders were fed
spa ingly with pelleted feed. The fish species,
S. jalilaeus (SAG) and Q. niloticus (ORN) (Plates
'vii and viiirespectively) had earlier been described

under section 3.4. Their breeders (average weight,
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ORN: Male, 113.4g; Female, 46.1g and SAG: Male,
103.4g; Female, 36.4g) were sexed as descritesd for

Sarothercodon mossambicus by Maar et al. (1%66). The

breeders were stocked randomly in net-hapas (1m x
Tm X Im) in the early morning (between 06.00 -
08.00 hr) of 3 April, 1987 (for the ;reliminary run
i.e. 1st run), and 13 June, 1987 and ¢ February,
19885 for the 2nd and 3rd experiments respectively.
The following treatments wcre used:
I. All ORN breeders, 1 male : 3 femal;s
(12/w?)
11. All SAG breeders, 1 male : 3 females
(12/m*)
II. ORN males: SAG fenales in th ratio

1  (12/m?)

IV. SAG males : ORN females in tlie ratio:

1T : 3 (12/m*).

The breeders were fed {U% blcod 1 ¢al in pelletec
feed (31.34% protein, Tables 5.1 and £.11, as
described under section 3.5) twice da ly at 5% of
their biomass. Sampling for the number of hatchlings
(fry) per hapa was done immediately after fry were

observed to be schooling within the hapa.

The fry from the 2nd experiment (each first
spawning) were then transferred to nursery hapas
and stocked at the rate of 20/hapa (im x Tm x 1m

size) and fed finely ground (powdered) corn bran at
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the rate of 20% cf their biomass to study their
growth potential. The fish were only sampled
at stocking and at narvest (end of culture period)

in order to aveoid any mortality as a result of
sampling siress.

some physica=ciemicCal parameters of the watcr

at the culture site were wonitored daring the
experimental per.od as described ur.der section 3.8.

7.3. EESULTS

7.3.1 The Effec. of Male : Female ratio of
Oreochraor s niloticus breeders on
fry proii.‘tion in floating ret-hapas

The results of same physico-chemizal parameter: of the water
durin; the fry pro . :tion experiments are shown in Table 7.1.
Tabl. 7.2 shows tae summary of results of the
effe t of male female ratio >f 0. niloticus
bree ¢rs on fry jroduction in floating net-~hapas.

Scho . of fry waus first observed 1€ days after
stoc<ing in tre.tient II (M ¢ F, 1 : 3) but 38 and
61 da,s after stocking in treatments III (M : F,

1 : 5) and I (M

F, 1 : 1) respectively. The
higrkest total fry production was recorded in
treament II (2001), followed by treatment I (1800)
and least in treatment III (670). But the highest

number of spawnings took place in treatment II
(4 times), followed by treatment III (2 times) and
least in treatment I (only once). The average
number of fry per spawn in treatments I, II and III

were 1800,500 and 335 respectively while the average
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' in pelleted feed) consistently grew

2009 -

5.3.3.3 Feed Conversion Ratio (FCR)

The best feed conversion ratio, 1.13 was
recorded under treatment I, followed by treatm:nts
IV, TII and II which were 1.17, 1.23 and 1.20
respectively.

5.3.4 Growth performance of l'ilapia
(Qreochromis niloticus) fed different

. Levels of blood meal iy pelleted fzeds i:
fioating caavg

5.3.4.1 Survival rates

Takble 5.9 cives the results of some physito-
chemical parametaors of the reservoir «during ti:@s
experiment. Generally, the s.rvival rates undo:r his
exgeriment were very high., fTreatment IZI (3% Bblodd
meal in pelleted feed} had the best suryival raté.
100%; closely followed by trestment I (50% biomd ‘neal
in pelleted feed) 99.5% and treatment IT (25% bLlood

meal in pelleted feed), 99.0% (Table 5.10}.

5.3.4.2 Growth rates

The results of the proximate analysis of th: blood
meal feeds are shown in Table 5.11. The growth :urves
for the fish (0. niloticus) fed on these diets ere
. shown in Figure 5.3. Fish in treatment III (31 34%

crude protein containing 10% blood meal
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Fig. 5-3 Growth curves «f Sarotherodon (Tilapia)

niloticus receiving feeding treatments for a

period of 120 cays-
(B-M=Blood meal
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fastest tnrouchcut the culture perioc; treatment 11
(46.87% crude protein, containiny 25% blood meal)
overtook treatment I (49,07% crude protein, containing

0% blood meal) till the end of the culture period.

.3.4.3 reed Conversion Ratio (FCR)

Tne best I'CR was obtained «.th treatment I1 in
which 25% blooc meal 1in pelleted feec was fed to
Tilapia fingerlings, followed c.usely by treatment III
(10% ilood meal) and worst in <reatment I (50% looc
meal) (Table 5.10). The trend in the FCRs was similar
to th. .t of the relative weight gain: treatment 1I >
treat.ent 1I1 > treatment I (Takle 5. 10). The FCRs

were therefore very nmuch truly rupresentative of the

effic. ency of the different feecs.

5.3.1.4 Total Fish Production

/it the end of the 120-day culture period, the
highes ¢ mean total fish production, 3.910kg/m® was
obtiired in treatment III (10% blood meal), followed
closely by treatment II (25% blcod meal), 3.465kg/m’
and least in treatment I (50% blood meal), 1.993kg/m’

(Table 5.10).

5.3.5 Growth Performance of Tilapia
(Oreochromis niloticus) _fed with
different protein sources in pelleted
feeds in floating net-cages

5.3.5.1 Survival rates

The results of some of the physico-chemical
parameters of the reservoir during this experiment are

given in Table 5.12. The survival rates are shown in Table 5.13.
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The highest mean survival rate, 75.0% was recorded

in treatment I, followed closely by 73.0% -n

oo

treatment 11; 68.0% in treatment 1V and lezzt 6Z.C

in treatment I111.

5.3.5.2 Growth rates

The results of the proximat: analysis of tie
feeds used under this experimen?! are showr. :n Tekle
5.14. Figure 5.4 shows the grcwth curv:s 2¢ the
fish receiv.ng tlrese pelleted feeds in "lozting net-
cages. The mean daily weight gain per is: were
0.79, 0.65, 0.53 and 0.37 g/day in tre: :-ments IV,

II, I and III respectively (“able 5.12

5.3.5.3 Feced Co..version Ri:io (FCR)

The best feed conversion ratio, 1.12 was
obtained i1 treatment IV, !:llowed by 1.32 in
treatment I[I; thea treatme.t I, 1.47 «nd lsast in
treatment I1II, 1.-6 (Table ..13). A cr.:ical analyris
cf the values of ean finel weight (p. r fishj,
daily weight gair and feced conversion ratio showed
that the perform:.ice or the feeds i1n descending order
was treatment I\ (groundnut) > treatment II (blood meal)
> treatment I (=oyabean meal) > treatment I1I (fish

meal).

5.3.5.4 Total I'ish Production

The trend in the values of the total fish
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I Commerciol feed

118 4 1l Blood mea!l in feed
11 Fish meal in feed
IV Ground.nut cove in feed

Meon weight per fish (g )

0 T = b T T T T T T 1 T s

0 20 %0 60 8 1 120
Time (doys )

Fig. 54  Growth curves of Oreochromis niloticus fed
different protein sources in caces for 120 days.




production ‘is very simitar to those in mearn final
weight, daily weight gain ana fced convers:.zn ratio
that 1s - treatment IV 2> treatncont 11 > trsatment I >

treatment II1 (Table 5.13). Th: highest total!l fish

production o 3.869 kg/m*® was obhtaincd in Trecatment
IV (grounanu- cake in feed) fo  aJwed by treziment II,
2.562 kg/m* Llood mezl in fec , tren treziment I
3.743 kg/m? icommercial fecd) i lezst an treatment

11, 2.041 ke ‘'m?* ,(fish meal in 2e¢. (Table 5.13).

5.4 DISCUSSI N

5.4.1 Growtk Performance of 1/ .ig

finger .ings receiving Gs. t€ . nt

IE%E .‘f‘f%‘rﬁ_frmm“g‘- =) .pas
H.4.1.1 _Surv val Rates

The mort lity recordec d. ' the experament.

was mainly du  to saméllng st s while the generally
hlqh survival rates were part! ributed o the
proper manage: -:nt of the stoc 2 ) and the physico~-
chemical parz  :ters (Table 5. 1ich were within
tolerable rar. .: as suzgested i, ¢lirin (1972) for

tilapia fingerlings production. ‘he pH ané water
transparency at the site were a@l:2 observed to be
within the desirable range as rc¢zorted by Swingle
(1969) and Bcyd (1979), and Huet (1979). Ecwever,
there were no significant differcnces (P > 0,.05)

between the mean survival rates  f the treatments.
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5.4.1.2 GCrowth Fates

The opservations of the sharp and stezdy
increases in the growzi. rates of the fish under the
different trectments ccald be attributed to the
adaptat:on of the expcrimental fish to the
enviror.aent and the different feedstuffs dispensed

to then.

Generall r, the growth perfcrmances of the fish
on taese feecstuffis coild be reiated to the crude
protein, fat ind carbonydrate contents of the feedstuffs
used. The bt 3t growth rate (0.0302g per gday)
cbserved in ish fed with corn bran (64.4% carboaydrate)
ccrroboratec che observation of Coche (i1977) who
roported thi. since O. niloticus is an omnivore with
« vegetaria: =-endency in i;s natural environment, its
deal diet . priori should contain a relatively
i 2gh percen.cje of carbohydrate as an energy source.
toche (1277) observed that O. niloticus could accept
very high levels of carbohydrate diet. Rice bran
whiich was énclyzed to contain €.7% crude protein and
3.8% fat had the second highest carbohydrate content (56.9%);
rewer's waste (crude protein 18.3%; fat Nil and
carbohydrate 45.9%). Even though, the carbohydrate
content of brewer's waste was less than that of
rice bran, the higher growth rate observed in fish
fed brewer's waste (treatment I) could be as a

result of the higher protein content (18.3%).
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In addition, the stability of the three
feedstuffs in water could have contributed to their
effective utilization for growth by the experimencsl
fisn. Corn bran was observed to flcat almost
indefinitely on the water surface inside tl.e hapas,
thus allowing the fry to feed on it and utilize iz
for growth. However, the mean daily wel it
in treatment 111 (corn pkran) was not sigi.ficant
difterent (P » U.05) compared to those of the ot e~

three treatments (Table 5.4).,

5.4.1.3 Feed Conversion “atio (FCR)

The trend of the feei conversion ratios wa:
similar to that of the da.ly growth rates of t:n:
fish under the diffe¢rent .reatments. The FCR ruice,

6.53 to 9.12 for tha thre« feedstufis in this

fu

experiment was simi.ar to the FCR veélaes of 5.0 .n

8.0 obtained for cereals z1¢ rice h: .l respecti. .y
fec to tilapia (FAO, 1976). The me.. FCR for rice
bréen (treatment 11) was nc . signific:atly different
(P> 0.05) compared to thc e of brew.r's waste
(treatment I) and corn br: 1 (treatment III). The
digestibility, stability .nd nutrient contents of

the different feedstuffs -ould be attributed to the
varying FCRs. Corn bran was observed to give the best
FCR (6.53), highest mean final weight per fish (1.60g),
and higyhest mean daily weight gain (0.0302g per day).

Surprisingly, rice bran reported as the most



important feedstuffs of indigenous crigin in Asia
especially in the Phnilippines (FAO, 1383) recorded
the worst F(R (9.12) and the least zrowth rate
(0.0167y pexr day). Perhaps the rice milling method
and the rice varieties from whicn the rice Lran (used
in tais expc:.ment) was obtained fron the rice mill

at hew Bussa, Nigeria is different from that of the

Pnilippines :..d hence the poor fish crowth performance.

This observa' :on « srroborates tnat cf Wannicama gt al.

—

(1985) who 1r.poriud poor digest bility of diets

containing v . yi: -evels of ricc bran (in cage
culture of (. ni. t.cus) and attributed the poor

digestibilit - tc¢ thie quality of the rice bran. In

spite of th: . .e best growth performances observed
in fish fed oy, bran was as a result of corn bran
ccntaining * ¢ . :yhest carbohydrate contents.
5.4.2 Grow . 1formances of Tilapia

S ———— —— : ] —

fini. -1 ..8 receiving different

cornc. .= -on_of industrial anc

agr. .L.ral wastes as supplenentary

eec. . tloating net-hapas

5.4:2.1 Su.:ival Rates

The overa .l mean survival rate (82.9%) in this
experiment was slightly less than that reported
under section 3.3.1 86.9% (Table 5.4). This could
be attributed :o the smaller size of fry (0.039 -
0.046g) stocked under this experiment compared to
size of fry (' .28 to 0.40g) reported under section

5.3.7. 1In spite of this difference, generally the
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survival rates were high in the experiment but the
iteans were not significantly different (¢ > 0.05).
The nigh survival rates were partly attributaple to

the tclerable range of the physico-chemical

r
™

rarareters (Table .2) observed during

experimental perica (Ba.arin, 1979; Boya, 1279).
But, :the hapa usec for one of the regplicates 'n

treatnient 1I suffered loss of some fry thrcugh the
accidental lowe-ing int> water of the top cover of

the hepa coupled with t.e intr.sion of cne

Hemichromis niloticus (x carnivorcus Tilapia) into

the hapa. This was lat<r detected and removed
promptly to avert furth:r predation of the fry

stocked.

5.4.2.2 Growth Rates

The grcwth perZormances of the fish on these
compinaticns of feedstuffs could pe attributed to
the nutrients contents of the various feedstuffs
used. The highest growth rate recorded by fish in
treatment 1II could pe related to the nutrient contents
(¢) of tne feadstuffs: crude protein, carboihydrate
anag fat were 12.2, 64.4 and 8.6 recspectively for corn
bran while for rice bran, 8.7, 56.9 and 8.7
respectively (Ezenwa, 1978; Eyo, 1990). The nutrient
contents (%) of brewer's wastes were 18.3, crude
protein; 45.9 carbohydrate and 0.0, fat (Ezenwa, 1978).
Generally, the fish under treatments II and III which

involved combinations of feed ingredients {i.e. more



o
u

than one feed ingredient) recorded higher ¢rowth
rates than that under a single feed ingredient,
treatment I (corn bran on.y). Considering the mean
final weight (y), there was no significant Zifference
(P > 0.05) between treatments 11 and 111 (inveolving
more than one feed incredient) whereas there was
significant difference between them (treatments 1I
and I1II) and treatment I (corn bran cnly). This
observation ayrees with the report oi IDRC/SZAFDEC
(1979) where it was noted that the uce of sinple
diets, either single ingredient or formulated out
of locally available sources, vas practised in many
developing countries. Tne range of growth rates
(gsday), 0.021 tec 0.029 in this experiment was
comparable to the range, (g/day) 0.C167 to 0.0 02
obtained using single feed ingredier.t. in exper. ent
under section 5.3.1, even though the initial s :es
of fish used in the latter exjeriment were abc t 10
times (in weijht) heavier than those .nder section
5.3.2. There were significant diffe: :nces in tlte
mean growth gates (gsday) between al the threc

treatments (P < 0.05).

5.4.2.3 Feed Conversion Ratio (FCR

The range of FCR (4.38 to 5.67) recorded in
this experiment was better than th¢ range 6.53 to

9.12 recorded in experiment under section 5.3.1 where

single ingredient feedstuffs were fed to Tilapia fry.



The fact that the FCk, 5.67 for corr. zran only
(treatment I) in this experiment was very close to
the FCR, 6.53 also for corn bran onl: under section

5.3.1 confirmed that t:ie FCiks 4.38 a2 4.44 recorded

in treatments 1I and {1  re:pectivel, irn this

experiment proved the per.oricty of he combined
ingradients feeds used .n trcatmentes I1 and 1II.
However, only the mear f F..{ of treztments I and 11
were significantly dif _rer (P &£ 0.{3). 'The FCR

ranyg. 4.38 to 5.€7 obt: ne n this experi.ent was

bettey than the range 5.0 + &, jorted b FAC (1976) for cercals
and :ice hulls respec el. fed to Tilaria,

Varic as factors such ¢ & stibility, water stability

and r itrients composit ) the feelstiifs could be
respc.isible for the ¢ (<. .nces in tne f:z2ed
conversion cbserved i1 . : experimenz.
5.4.: Growth Perfor: f Tilapiea

fingerlings f<. .. . different

agro-industri: .. e¢s (addec o

constant amoun ¢ -isii meal) in

floating net-r.

5.4,.:.1 Survival RLL‘L

The physico-chemica. parameters (Table 5.7)
observed during the exypeiriment were within tolerable
limits for Tilapia growt: (Balarin, 1972). The
mean air (ambient) and witer temperatures were slightly
higher (34.3°C and 33.0°> respectively, Table 5.7)
because the culture per’od coincided with the hot, dry

season around Lake Kainji area. However, the mean
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survival rates of all the treatnents were not

significantly different (P > 0.05).

5.4.3.2 Growth Rates

The trend in the growth performances of f£ish
in this experimert was almost similar te the effect
©oi the single increcdient feeustuffs (i.e. corn bran,
yice prai1 and brewver's wastes) when they were fed
singly i1 the feedstuffsescreeniny experiment
discusse | under section 5.3.,1, Tilapia growth
rates (¢ day) were: corn bran, 0.0302 > brewer's
wastes, 1.0203 > rice bran, 0.0167. Cle&rly, corn
bran wi: . the highest carbohydrate zontent, (€4.4%)
proved be consistently superior .o the other
feedstu. s (i.e. rice-xtran and bLrewer's waste with
carbohy.i: ate contents of 56.0% and 45.9% respectively)

(FAO, 1+ 3). Furtherrore, the addition of fish meal

(ground clupeids, mixture of Pellonula afzeluisi and

Sierratir.ssa leonensis, 70.0 - 75% crude pro:ein,

Eyo, 1920) to the various agro-industrial wastes
greatly enhanced their wnerformances

towards increased fish growth. Lovell (1981) reported
that fish neal was high in calcium, potassium and
phosphorus and all the other minerals required by

fish and therefore recommended it (fish meal) as a
good source of all these nutrients. Akiyama (1988)
concluded that the exceptionally well balanced amino
acids distribution of fish meal has made it (fish

meal) a traditional coﬁponent of fish feeds. bomparing
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the growth rates (g/day) of fish in the experiments under
sections 5.3.1, 5.3.2 and 5.3.3, fish under experiment of
section 5.3.3 had the highest crowth rates (rance 0.0665g/
day to 0.1175/day) and they attained a size rancz of 3.68g
to 5.01g (Table 5.8) within the same culture period of 42
cdays as in experiments under sections 5.3.1 and 5.32.
There were significant differences (P < 0.05) between the
mean growth rates of fish under all the treatments

(Takle 5.8).

-~

5.4.3.3 Feed Conversion Ratic (FCR)

The range of these FCR values, 1.13 to 1.29 was Lest,
compared with the range 4.38 to 5.67 obtained using
different conbinations of the feedstuffs (corn bran, rice
bran and brew2r's wastes) (Table 5.6) and the range .53
to 9.12 obtained in the experiment where the feedstuffs
{corn bran, trewer's waste ani rice bran) were fed s ngly
to Tilapia fry (Table 5.4).

The low values of FCR under this experiment 5.3.23
further conf:rmed the efficiency and acceptabil.ity ¢f fish
mcal as a go>d source of the nutrients requirel by iish for
growth (Lovell, 1981; Akiyama, 1988). Even though the use
of fish meal in fish diets appeared limited orly by 1ich
cost and avgilability (FAO, 1963). However, there ware
significant differences (P < 0.05) between th« means cf

FCR in all the treatmepnts (Tazle 5.8).

5.4.4 Growth performances of Tilapia (Oreochr-omis
niloticus) fed different levels of bood meal
in pelleted feeds in ¥floating cages

5.4.4.1 Survival rates

These high survival rates were partly

attributable to proper management of the stock and
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the favourable (within tolerable lirmits) physico-

chemical parameters of the water in the culz.re

site curing the culture perioa (Table 3.v) {Swingle,
1969; Balarin, 1979%; Boyd; 1279). There wers no
significant differeaces (P > 0.05) in the n:zns of

survival rates in 2!l the treatments.

5.4.4.2 urowth Rat:s

The rowth ratcs of the fish unc th:: Zifferent
treatment: in this «xperiment were inv csc. related
to the pe:centage oi blood meal in tn. ve. .. -ed
feecs. 1T1.is observ:tion is contrary -  t! : made
by Otisi :nd Ufodike (1986) on snake . ad - anna
obscura; w«hich had an increase in cr ! ‘zte as
the criie protein (1:% to 21%) of tin: v ©£ increased
and Ja.accy (1981) ¢ Sarcotherodorn i ic:s in
which growth was prcartieonal to to- . t of protein
in the diet. The in.lications to {.: 2. wth of the
different levels of slood meal in t... ,¢. eted feeds
are appropriately discussed under f¢:. ccuversion
ratic (section (5.4.4.3). However, tLaucic were no

significant differences (P > 0.05) ir tle means of
the relative weight gain (%) between al. the three

treatments (Table 5. 10).

5.4.4.3 Feed Conversion Ratio (FCR)

The FCR values indicated that all :hree feeds

were accepted by the fish and were utilized for growth.
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It was very striking tnat the feed containing the
highest amount of blood mea. (50it) gave the poorest
performance in terns of ¢rowth (479.8%) (Table 5.10).
This observation corroborated th: fact that protein
fed in excess of an animal's neeis is deaminated

ana does not con‘ribute to the unimal's growth
(Cullison, 1979). This is furthexr confirmed by
Harper (1967) and Russel l~Hunter (1970} thzt protein
at higher levels is in ¢ icess of the anima''s
arility to utilize it arisbolically and this growth
decreases presumably as a result of the encrgetic
cost of prote.n catabcol.sm. The best performance

in terms of ICR (1.67), relative weight ga-n (950.1%)
and daily we.ght gain ' .39g/day) was achieved witu

tie feed co: taining 10 5lood meal (55.34& protein)

(lables 5,1t and 5.11. ' 1is confirms the observation
tr.at 27% pr tein feed .= suitable for intensive
c.lture of ri1lapia (AL F, 1983). Even thoagh, blood

mecal is ext:<mely high i protein (about 80% protein),
i is low .1 isoleucin:, but high in lysine (FAOC,
1183); the combination c¢f this rich protein source
with corn bran (low in lysine but high in isocleucine)
elped to enrich the feedstuffs compounded

(Harris, 1980). Recce and Wesley (1975)
observed that fresh bovine blood in combination with
rumen contents successfully substituted for fish meal
in channel catfish diets. This animal protein source

(blood meal) is often obtained at little or no cost



fran local abattolirs where it is often discarded.
Fowler and Banks (1976) noted that blood meal was
superior to meat meal in test-diets for salmon. Blood
meal, therefore, has a vreat potential as an
inexpensive, effective and readily available prctein

supplenent in aguaculilture cliets.,

5.4.4.4 Total Fish Production

Campbell (1985) observed that fish production
was directly related to the quality and amouant of
feed given to the fish under culturc. Cho et al.
(1985) noted that a well balanced diet, however,
not only resulted in higoexr fish pr: .ducticn but aiso
provided the nutrien.s nccessary t¢ hasten recovery
fromn diveases or aid tne fish an c.z2rcoming the
effcects of environmental st:ess.. T..e best growth
pericriance by the feec conta;nieg 10% bicod meal
was evident by its recording the highest wean, final
weilght (39.1gj), highest mean weight gain (35.4qg)
and the highest mezn total ficsh production (3.3%10
kg/m*). This value 1s camparable to  the total fish

production of 3.4g/m’ in 90 days obtained by

Pantastico and Baldia (1975) feeding 20% fish meal

ir fe=d at 10% biomass to Sarotherodon mossambicus

stock~d at 50/m® of cage. Philippart et al, (1979)

feeding soya pellets (30% protein) at 4.8% biomass
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to monosex male Tilapia guinecnsis stocked at

86/m’ in cages alsc ootainec z similar avcrace monthly

fist gcroduction of 0.96 xg/m’.

Ine potentials of blooc meal in fish diets for
increased fish production nave been discussed inder
sect.on 5.4.4.3.

5.4.% Growth Ferformances of Tilapia
(Oreochromls ni.oticus) fed with

different protein sources in pelleted
feeds in floating net cages

5.4.5.1 Survival rates

The range €3.0% to 75.0% of the survival rates
in this experiment was lower than the range Y9.)% to
100.0% obtained in tre blood meal in feed exper .ment
under section 5.3.4 (Tab.e 5.T0). The generalls low
survival rates was due mainly to sampling stress;
because mortality was often recorded shortly af:er
some of the sampling exercises. The means -f :he
physico-chemical parameters (Table 5.12)0bsarvei in
the culture site water were within tolerable range
for tilapia culture (Balarin, 1979; Boyd, 1979).
There were no significant differences between the

mean survival rates of the treatments (P > 0.05).

5.4.5.2 Crowth rates

Tne feced (28.02% CP, Takle 5,14) containing
groundnat cake as major protein source used in
treatment IV gave the nighest daily weight gain
(0.79g,d). This observation corroborates the report

by ADCF (1983) that 27% protein feed was suitatble



233

tor intensive culilure of tilapia. Even though, it
was not poseible to analyze every nutrient comyoosition
parameters of tne e«pervimental feeds in uvrdzar to
obtain the nitro«en iree extract (NFL) value, trne
groundnut cake nust have contributed the highest
lipid content to the feed used under treatment IV
compared with other feeds in the other treatmerts.
The protein-eneryy ratio of the fced (used in
treatment IV) must have been guite idea. and
therefore recorced the highest average daily growth
rate. This is similar to the obs:2rvations of
Bruton and Allanson (1974), Bruton and Boltt (1975)
and Bowen (1979) in the studies <¢f the feeding of

Sarotherodon mcssambicus. The growth -ate, 0.79 k3z/day

in treatment 1V (28.02% protein) compa:ed very we .1
with the growth rate, 0.73g/day obtained by Ishak and
Hassanen (1985) feeding 29.0% crade protein (CP) feed
to O. nilhticus in cages for 120 days in Egypt. [lhe
efficiency of grounénut cake as a protein sourcz in
fish feed was further confirmed {Qy FAO (1982) wricu
reported that in India iL was demonstr ted that diets
containing 50% grounanut cake as princ.pal piotein

souice could be used as complete feed: for carg.

ne growth rate in fish fed with blood weal
protéin source (feeaq, 40.28% CP in t:eatment 11,
Table 5.14) was the second best, desp.te the fact that
this feed had the highest crude prctein content. Thais

observation further confirmed the resulcs obtained



undzr tne experiment in s.ctior 3.2.4 wnere pelileted

fevds containing diifesen . leve.:s of Llood mcal weres
fea to reochromis nilori: .s. .t nad earl.ier beewn
discusscda that Cullison (1 792) noted that protean

fed in excess of an anime. ‘s T is is deaminated and

aoes not coutribute ts tk  an :'s grovth.

The feed (33.27% CP) n t:.:tment 11I wita fish
meal as ‘ne major_afote;n Jur . surprisingly recorded
the leas growth rate of 36: .’dey (Table .13),
even tho 4h, Aﬁonymuus (1 ') :ported taat ..n the
Piiilippi..es a ration ccns cf 77% rice crar
and 23%  ish mea% was Zov : :.ate for ti:apia
producticn. A better ars -8s nore accurate picture

. of the p.riormance of tr. . €3l ieeo (in treatient
I11) was ;resentzd by GC. - 11930) in tne studies
on the fccding of tilapir 12 .&*, U. nmiloticus)
differen: ievels cf fis: a. l2z¢, 30% ana 35%) in

floating cages in the rhi .piines. Guerrero (1980)
obtained the highest grow.n r-ate cf 0.32g/day with
the feed containing 25% f:sh mea! and least growth
of 0.23g/day with 35% fis: mce:al feed, 1In this
experiment on different prot:in sources in feeds,

tne feed containing 25+ fish meal (trcatment I1I11I)
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recorded a growth rate <f 0.374,8ay (Table 5,13)
wvhich was comparable (¢ 0.32g/4d.r oxtained by
Guerre.o (i98¢) using & cumbination of 25% fish meal

and 75% rice bran.

Though the commerciai feed -:ed undcr treatment I
was supposed tu contain 30% Cz minimum (as specified
oin the production teg by the maiufacturer) bat
proximate aunalysis showed that it contained 24.%52:< CP,
(Table 5,14). It was tnerefore, not surprising that
tuis feed (commercial feeu) reco:ded a gcowcth rate
of 0.53g/day (Takle 5.13) which was less than thouse
of blooc meal and gioundnut cake ssparately in feeds
ander treatments I: and IV respecctively {(Table 5.13).
However, the grcwth rate 0.53g/day obta:.ned using the
commerciai feed (scyabean as main psotein source,

treatmenc I, fabie 5,13 and Figure 5.4) was higher

.

than the growth rate, (.4Cg/day cortained by Philij sart
et al. (1979) feeding soya peliets (30% protein) t.»

Tilapia guineensis scocked at 8¢/m’ in C.iges.

The mean growth rates of fish in al the
treatments were significantly different (P < 0.05).
5.4.5.3 Feed Conversion Ratio (FCR)

The FCR value of 1.47 obtained in treatment 1
(commercial feed) in this experiment w:s better than
the FCR value, 2.2 reported by Philippart et al.(1979)
feeding commercial pellets (46% protein) to Q. niloticus
at 100/m* in cages. In treatment II (25% blood meal as
protein source) the FCR value of 1.32 recorded was

comparable to the FCR value of 1.36 reported under
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experiment in sections 5.2.4 and 5.3.4 (Takle5.10) also
invelving 25% blood meal in pelleted feed. The FCR, 1.32
for treatment II under secticn 5.2.5 was better than

FCk, 1.36 for treatment II ur.der section 5.2.4 and

could pe attributed to better utilization of the pelleted
fee: (.nder section 5.2.3) becaise feed loss/wastage wag
rez.ced to the barest minimur oy tne hapa-r.etting sewn

tc the undeyr side of the bottcm wall of the net-cages

us: . in this experiment (section 5.2.5). T:. e pelleted
fe. is dispensed scttled on the finc-meshed hapa netting
frc:1 which the fitch fed on tre siniing feeZ. This

cl. ervation was corroborated by Guerrero (° 780) who

crted that the relatively poor conversi n ratios of the

(5]

¢ :ts (made fromn different levels of fish : =al) by Q.
_oticus in ca es could be partiy explaincd by feed
stage. It was therefore not s.rpising.that 25% fish
3l in péll&t&d feed in treatment IIIX ga;; a better
€d conversion ratio of 1.¢€ tnhan the FCR value of

1 oktained by Guerrero (1%57) feeding 25% fish meal

¢ .d 75% rice bran as a mash tc O. niloticus in cages.

The feed conversion ratic, 1.12 obtained
using 25% groundnut cake in feed (28.02% crude protein)
in this experiment was better than the FCR value of
2.23 reported by Campbell (1985) feeding 28.0% protein
feed (made up of 11% groundnut cake, 20% cotton seed

cake and 9% fish meal (tuna waste) as major protein
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scurces) under larJe scale cage farming of

Sarocheroduen niloticus in the lvory Coast. Tne ICR,

1.12 (in treatment IV) waes algo supericr to the FCR
value, 2.90 olLtainec by 1shzk a.d Hassane:n (1%85)
in the 120-dav caue rearing of O. niloticuvx fen with

29.07 protein feed made up of & fish mecl, 5. meat

mcal and 26% cctton seed meal as major protein sources.

Grnerally, the feed conversion rativs (range
1.12 to 1.86) (Teble 5.12) oitaincd under ¢ is

exneriment were hettrer than the FChs (ran: 1.36 to

e

2.17) reported under the experiient in sectione
5.2.4 2nd %.3 4 (Table 5.10) using differe: t levels

of blooc meal in pelleted feecds.

Al) the means of the FCL o: all the .reatments
in this experiment were signifi antly dif: rent

(P < 0.05).

5.4.5.4 Total Fish Productiocn

Campbell (1985) reportinc on the lar.. scale

comnercial cage farming of Sarothcrocon niloticus

concluded that ficsh production was directl!y related
to the amcunt ana quality of feed given. This was
corroborated by the direct relationship observea
between the FCR values and tctal fish production
since FCR can serve to some extent, as an indicator
of the efficiency or nutritional value of the feeds

(Hepher and Pruginin. 1982). Treataent IV which had
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the pbest PCR (1.12) recorded the highest tot:l fis!
production (3.869 kg/m®) whilz treatment IIT with the
least FCR (1.86) had the least total fish p-cducticn
(2.081 kg/m*) (Table 5.9). The range (2.041 to

3.869 kg/m*) of mean fish production obta:ned in tiis
experiment lasting only 120 days (but ran;:;ed betwe 1
Y.854 and 15.630 kg/m*® in 3€5 days) was letter tha
the range, 0.9 to 1.4 kg/m® in 56 days (iL.e. 5.8t¢&

to 9.128 kg/m’ in 365 days) obtained by Guerrero
(1980) feeding varying levels of fish :.:2l in fee: Lo

Oreochromis niloticus in flcating cage: in the

Philippines.

The mean total fish procuction in ‘reatment
{groundnut cake in feed) was cignifica:rtly differcn
from the mean total fish proc .ction ir 2.1 the

remaining three treatments (i < 0.05).

5.5 CONCLUSION AND RECOMMEN JATION

Weatherly and Cogger ( 977) had identified cost
of protein as a principal coiystacle in culture of fish.

The series of feeding experiments carried out under



this chapter v¢re a2imed at a systematic evaluation

of various ag:ricultural and industrial by-products

singly and in ombination with some cther readily

availaple feel - uff:z in order to obtain practical c.ets
for the nurser anc the grow-out phasecs of Tilap:a
: 225 L

(Oreochromis 1 "otic« 18) cage culture. The datz for

the conclusior .s :¢: summarized in Appendix 2.

Under the wur o ry-related exp:riments, it coull

be concluded - :t:

(1)

(i1)

(iii)

Cor: br-: cave the best FCR (6.53),

hic .st :verage final weaght (1.60g/fis))

anc : iastest growtl rate (0.0302¢/d/ish)
(A: 2) %

The ¢ ..nation of corn bran and brewer's

wa s (. ratio 1:1) gave the best FCR

(4. ), nighest average final weignt

(1. z/:isnh) and the fastest growth rate

(U..:93 day/fish) and the fastest growth

rate ().029g/day/fish) (Appendix 2).

The fe:d containing corn bran with constant
amount of fish meal and premix gave the

best F:R (1.13), highest average final



(>.01g/fish) .and the fastest crowth rate

(0.1175g/day/fisn) (Appendix 2).

wWhereés, under the grow-out phise experiments,

it could be concluded that:

(i) The feed containing 10% blood mezl was the
most effici-nt in terms of average final
weight (39.1g/fish), growth rate (0.3Yg/
day/fish) and total fish production

(3.910 kg/m’).

(ii) The feed containinc groundnut cake as a
major protein scorc: was the most efficirorn:

in terms of average final weicht (113.8¢
fish), grow:th rate (0,79g/¢éay/fish), FCE

(1.12) and tota. fish production (3.8€69%g/r ).

Considering the observations made above, it is

recommended that:

(i) for the nursery production of Tilapia
(0. niloticus) fingerlings, the feed (in
powdered form) containing 25% fish meal, 74%
corn bran and 1% premix is efficient for

fast growth of fry to fingerlings in net-hapas.
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(ii1) for the grow-out phase in production or
taple size Tiltapia (QC. niloticus), the
feed (in pellet form) containing 25%
groundnut cake, 74% layer's concentrate/
corn pran (in ratio 1:3) and 1. premix
1s ideal for fast growth or fingerlings

to table-size Tilapia in net-cages.

Since there werc large annual crogps of cotton
in Egypt, cotton seecd meal is the princ.ipla protein
source for feeds in that country (FAO, 1983). Like
cotton seed in Eaypt, groundnut cike can become a
principal protein source for feeds in Nigeria if he
"groundnut pyram:ds" or the norther stctes or Nig ria
can be revitalized througn an acrarian revolution
FRO t1953{ reported that 1n Nige:ia tror an annua
groundnut crop o: 20,000 Eons, more th:a 380,000 tons
of groundnut cace coulc be made availa. le if al. the
seeds were crushzd for oil. Abundant f oduction of
groundnut cake would invariaply lead t¢ a reliaple
solution to the incessant problem of i.adequacy ot

efficient fish feed for fish producticr.
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Since Nigeria nas large reserves of petroleum
.or natural gas, it 1s aiso recommended that the
possibility ot large scale production of sintle cell
protein from these natural resources should Le

explcited.
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CHAPTER 6

6.0 STOCKING DENSITIES EXPERIMENTS USING
TILAPIA (Oreochromis niloticus) WITH
OR AITHOUT SUPPLEMENTARY FEEDING IN
FLOATING CAGES

6.1 INTRODUCTION

Stocking density is usually represented as the
numper or weight of fish stocked per unit area or
70lune of '1e culture medium/space (i.e. in No or kg
-er m* or ). Stocking density had been reported to
affect surival, groy:h and production of fish
(Alorecnt - nd Gollub, 1971; Steffens, 1971; Konikoff
and Lewis, 1274:; Woinoy, 1976; Beveridge, 1937). The
rapid spre d of disezse among caged fish cculd b2
attributed to nigh st.ciing densities [Baver.dge,
198739. In yeilow ta.l cage culture, mortalicies as
aich as 50 could occur berause the fry could ba
cannibalictic particularly at nigh stocking .lensities
{Huonma. 19:J). Bever.dg= (1387) recorted that the
stocking deasitv dewenZed on the size of the f.sh and
the prevai:'ingd envirmame=ntal cenditions. Fu-iya (1279}
notea that un yellew :zail cage farming, the stocking
2znsity ircrceases from a xinimum of 0.%kg/m' when the
Zisn were f.rst stocked 1n the grow-out cages at an
average weiaht of 10g per f£ish, to a maximum of 11kq/
' whnen the fish reached 500g. However, Xaf:ku znd
[kenoue (1983) opined that under ideal conditions,
stocking densities (yellow tail) of up to <20kg/m? could

oe achieved. Taniguchi (1383) observed t..at preventive
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measures against mortajiities caused by Streptococcus

in yellow tail culture inclnded low stncking densities
and maintenance of good water quality amona others.
Escover and (laveria (1985) observed that in cace

cultnre of Tilavia. stocking densities ranced from

5 to 50 fincerlinas per m® devendinag on site, cage
size, feeding opractices and desired size at harvest.
Bautista (1984) ovined that stocking densities coulé¢
also change with season and from year to year.
Trzebiatowski et al. (1981) reported that it was
evident that the rainhow tront stockinc density miga:
differ deoending on environmental cenditions, water
£low speed and culture system as well as on market

re 'ulirements,

Mdost of the above ob:ervatiocrs on the effect of
stockinag density on fish producticn in cages have no
ce:n studied in Nigeria. The main objective of this
chacter is to determine t..e effect of stocking
dersitv on the survival, crowth ard oroduct.on of

fLsn (Tilaoia)l in rthe flozting ca.e culture system.

§.. MATERIANS AND MRTHODZ

Faor the purpose of cocmparison the following
tnree sxperiments were carried out. The £irst experiment
(0.21) on stockiny dz=nsities (25-100/m’) at KFigera ITI
Rzservoir was aimed 2t determining the effect of
r2aring the caged fisn co.pared with experiwent

6.2.2 involving stocking density (200/m’



3

T e .

maximum) using a supplementary feed with slightly
*

higher protein content for usual 150-day .
culture vceriod. The third experiment (6.2.3) however,
was to exploit the natural productivity of the LakeéJ ”
{at Intermerdiate Basin) without supplementary feeding
at similar stocking densities as in experiment 6.2,].
6;5.1 The Effe;t.of Stocking ﬁensit}
{25=100/m°) on Tilapia Production

in Floating Wet-cayes in f.gera
I1{ Reservolr

The axperiment consisted =7 four treatsonts:
i) 25 fish/m’
i) 30 fish/m?
iii) 75 figh/m® IR

iv) 100 f£ish/m?

' Bach :reatment was replicated i . three caq;s (1.0 x
1.0 x 1.5m net-cage size) in a - mopletely randomized
desiyn. Tilapia fingerlings, a =zrage size 4.6 -
6.7y ware randomly stocked in t' 2 net-cages earlvuin
the rorning. The fish were fed with a 17.3% crude
protein pelloced feed at 6% of .neir biomass per day.
The fish dailv raticn was adjus :ed monthly by sampliny
20% of the fish for body weight chandes. The fish were
harvaested aftsr 3635 davs cultqre perisd (16 March 1946
to 1% March 1987). Som: physicai-cherical éafameteré
of the water at the culture sits wers also monitored

as descrihed under section 3.8,




246

6.2.2 The Effect of Stocking Density
{25=200/m’)} on Tilapia Production
in Fleoating Net-Cages in Kigera IIX
Reservoir

. !:.:.I'.I.I .r’r_ B

- oEa

The treatments I, II, III and IV corresponding
to 25, 50, 100 and 200 fish/m? reépectively were
2s3signed to net-cages (1.0 x 1.0 x 1.5m size)

-sing completely randomized design. Qrecchromis

silokicus fingerlings (everage weight, 5.5 - 7.09)
ere stocked accordiﬁg to the treatments into the
rages. Each treatment was replicated twice. The
iish in all the treatments were fed with 18.9% crude

protein pelleted feed at 6% of their biomass twice

ca2ily (38.00 and 18.00 hrs). The daily racion of the
fish was adjusted monthly after sampling £3r growth.
The fisgh were harvested after 1530 days cu.ture

period {16 April - 12 September 1887).

“d

6€.2.3 The Effect of Stocking Density
(25 - 100/m?) on 'lilapia
Production in Net-Cages at the
Intermediate Basin, NEPA Kainiji
Dam Site

The site fof this'eXQéerent-had earlier been
described under section 3.2.1 {Figure 3.1}. Four
reatments: I, 25 fish/m?; 1II, 50 fish/m*; II1I,

75 fish/m' and IV, 100 fish/m’ were used in this

e2xperiment with no supplementary feeding. The




e

.7

fish were made to subsist mainly ¢n the natural

focod in the culture site.

laveraye size,

net=cages (1.0 x 1.0 x 1.

early morning.

The fish were sampled mcithly fo:

were harvested after 150

7 Aucust 1988) .,

15.0 1¢.

Tilapiz fincerlings

j5g) were stocked into
am size, 12.7xm mesh)

Each tre:ztment w.s repliczted twice,

‘The fish

EPR,

-

owth.

cays cu. .re period (11 Mard

h -

£.3 RESULTS
6.3.1 Performeaces of Yilapia S- . zkel L
at Densi:ies of .5 - 100 1 sa,2° ..
in Cages in Kigera III Re:.rveiy - .
6.3.1.1 Survivgl T
The surviv .1l rates recorded ... :tiis experiment
were high: trea went I, 92.9%; tucatment I1II, 96,21

treatment II, B..0% and'least in =raatment IV, 77.53%

{Table 6.1). 7T .2 average survive. rute for all the

four treatments was 87.7%. Table .7 -hows the fesults of some

physico—chemical pecameters of the res:: i diring the edperiment.

6.3.1.2 Growth

The growth rate (gsfish/day) ve&s highest in

treatment 1 (0.34), followed by tre¢atment II (0.22), i

then treatment III (0.19) and leest in treatment IV

|

(0.16) (Table €.1). It was observed that the growth

rate of the fish generally decreasecd with the

increase in stocking density.

v

oL
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6.3.1.3 Production

The total fisa production (kg/m?) was highest in
Treatment III(5.091), followed by Treatment IV (4.965
then Treatment II (3.3E9) and least in Trcatment 1
(2.994). Unlike in tne case of growth ra-es (ane
average final weiuht oer fish), the totel fish
production generally was directly relatec to the
stocking densities - :ne produc:ion increcasing wi
increasing stocking consity (Ta:le 6.1) exce t fc
Treataent III (75 fisi/m?).

6.3.2 Performances o~ Tilapia . tocked at

Densities of 2. = 200 fi.n/m’ in
Kigera I1Il1 Res:rvoilr

N0

6.3.2.1 Survival

The survival rat.s recorde: in the experine:
were generally very, h.gh: Treatr .nt I, 150;;
Treatment II, #99.5%; “reatment 11I,59.0% and le:
in Treatment IV, 94.5% (Takble €.7%)., Tne surviva
rates were observed to decrease .radually as thg

stocking density increased (invi:rse relationship

6.3.2.2 Growth Rates

The mean daily weight gain of the fish under t e
different treatments is shown in Table 6.3. The
mean growth rates (g per fish per day) for treatumen's
I, II, III and IV were 0.48, 0.43, 0.36 and 0.21

respectively.
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6.3.2.3 Production

Tne tctal fish production values (kg/m?) in
tne experinent were 1,976, 3.444, 5.930 and 7.039
for Treatments I, II, 111 and IV respectively
(lzble 6.3). The production was cbservec to
increase with increase in tne stocking density.
€. .3 Performances of Tilapia stoucked at
Densities of 25 - 100 Fish,m” in Caces

(without feeding) at Intermcdiate
Basin, NEPA Kainji Dam Sitec

vo2.3.% Survival
The survivial rates of U. niloticus s-ocked at
fferent dens:ties without suprlementary feeding
e shown in Table 6.4. The survival rates were
senerally locw, ranging from 18.0% for Téaatment I

3 47,0% for Treatment 111. Table 6.5 shows the results of saome

hysico~chemical parameters of the Risin during the experiment.,

.3.3.2 Growth Rates

Table 6.4 shows the growth rates of the fish
under the different stocking densities at
Intermediate Basin of NEPA Kainji Dam Site. The
growth rates were 0.27g/fish/day in treatment II;
0.31g/fish/day in both treatments III and IV;

and highest in treatment I (0.39/fish/day).
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6.3.3.3 Production . - . o -gﬁﬁ

1

The total fish prod;ﬁQion tké;m3} during the
150-day :culture period wsre 0.375, 0.936, 2.239 and
2.976 for Treatments I, II, II1I and IV rescectively
(Table 6.4}, 1n spite of the low surviva. rates as
explaineu carlicr, the tz-al fish production was
chserved @ have a direct relationship with.the
stocking r:nsities, i.e. the total fish prodﬁction

incr¢ased as the stockin; densities increased.

T
e

6.4 DISCiUSILY

6.4.17 Perforiznces of Tilapia Stocked at - _
Déngit.-es of 25 = 100 Fish/m®> in Cayes
i ¥ig:ra I1] ReseIvoir

il . : Y

6.4.1.1 ;yival S e
Tne :verage surviva. rate in this e#periment'
was highe' tian the averajye survival rates of 62.5%

and 74.2% r¢.wrded for . alloticus stocxed at

densities (59 = 100/m®) in running water and standing

water rgnymcfively by lsrak (1987).

Confiduring the duration of culture {365 days),
O. niloticus at the varying densities stocked were
able to ada t to the culture environment and survive
in the cage:. There were significant differences
between the mean survival rates in the treatments

(P < 0.05) | [Table 6.1)}.

. . L
Yoy .



E.4.7.2 Growth Rates

It is often stated that the Segree to which figh
are crowded together will affect growth (Weatherly,
19372)., A similar relationship (invefsé reiationship
botween stocking density and growth rate) nhas been
reported by Alkrecht and Golluk (1971) andlwojno (19%6).
Wedemeyer (1976) opined that at high fish stocking |
densities, the freedom of movement and feecding are
hamnpered, thus the availability of focd, eveplwhen tré

latter is o.fered in excess, becomes a liwi:ing factd:s.

At the stocking density of 50 fish/m’, the fish;'

growth rate, Q.343/f.sh/day was higher thar the growtl
rate, 0.17g/fishsday in running water at a .»imilar \

stocking density (50¢/m%) fepcrted by Ishe« [1987).

. EATE : o
L N

The growth rate in Treatment 1 was ¢bs:rved to
be sigrificarntly different from those of thw other

treatm=nts (P < 0.05) (Takle 6.1).

6.4.1.3 Production

The fish production in all the treatments were
generally lower than 0.8 to 1.4kg/m® in 5& days {(i.e.

5.868 to 9.128 kg/m?* in 365 days) in cages obtained

by Guerrero (1980) using Q. niloticus (100 fish/m?®)
but feeding 25 to 35% fish meal in pelleted feed. On
the other hand, with nc supplementary feeding, Ishak
(1987) reported a total production of 0.782kg/m* in |
150 days {i.e. 1.902kg/m’ in 365 days) stocking O.

niloticus at 50/m?® in running water. He concluded

that the low fertility of the water among other causes



was responsible for the relatively low production

and that the natural fertility cf a given water

body was an important factor tco be considered for
increased production of O. niloticus. This is further
supported by Warren (1971) who opined that growth
(also a factor related to production) as a response

to the integrated activities of an organism as a

whole is a sens_.tive parameter of the :uitability

of the environment. The generally slow growth

(hence total production) of the :ish in this
experiment may be attributed to low productivity of
Kigera III Reservoir. Plankton sroduction has already
been reported to be relatively low in the reservo.r
(Abochweyere, 1990). However, tlrere wire significant
differences between the means ot tota. fish prod ction
under the different treatments P < 0.05).

6.4.2 Performances of Tilapia Stockel at

Densities of 25 - 200 F.sh/m’ in
Cages 1n Kigera 111 Res:2rvoir

6.4.2.1 Survival

The range of survival rates (94.f. to 100.0%)
under the stocking dansities 25 - 00/m® was
higher than the range 77.5% to 93.9% recorded when
0. niloticus was stocked at between 5 and 100 fish/m’
in section 6.3.1. This observation :orroborates that
of Lewis (1969) who reported that meny fishes would
fight when confined in moderate dencsities (25 to 75
fish per m*), but these same fish would thrive at

higher densities (200 to 300 fish per m?). i



In addition, the hich survivzl rates co:ld be

attributable to the favouirable physico=-chem-czl

parameters of the culture mediurm (Takle 6.2). The
ranges of the physico-cheical parz-eters recorded
during the period of the 'xperimen: were within the
tolerable ranges for Tila; ia (fwinzle, 1975; Balarin,
1979; Guarrero, 1982). Hc ever, <e mean s.rvival .rate
recorded under Treatment ~ . (2 [ fish/m’) was
significantly different (I < 0.(5) from thoss >f all

the other three Treatment:s (Ta  .€ ¢.3).

6:d.2,2 Growth Rates

The observation show ar inverse relat .cnship

between he stocking der: ' €. ani the growt: rates,
i.e. as - he stocking denz _: increased, tr2 growth
rates de: reased.* This i. . .ar to the observation
of Trzeb atowski et al. /" 1 «~ho reported trat for

" rainbow :rout (Salmo gair 1 ) incividual crowth rate

and natural losses were > :::aly croportionzal to

stocking densities.

The range of the mean crowth rates (0.21 to 0.48g/
fish/day) in this experiment (Table 6.3) was higher than
the range, 0.16 to 0.34 g/fish/day recorded at the
stocking densities range of 25 to 100 fish per m?

(Table 6.1). 1In spite of the fact that the initial total
fish biomass per.treatment average 565.0g/m?) for the

stocking densities (25 - 20) fish/m’)(Table 6.3) was
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higher than the initial total fish biamass per treatment
(average 329.4g/m’) for 25 - 100/m® (Table 6.1), the
mean growth rates for the Treatments (25 to 200 fish/m?)
were still higher than for the Treatinents (25 to 10L

fish/m*).

The fact that the fish stocked zt hicher Zensicies
(25 to 200/m*®) and higher biomass (175.0 to 11:0.0g,/m?)
st.l1l grew faster tian thoée stocked at lower censities
(<5 to 100 'm?) proved that the culture site
was still -apable of sustain:ng the
growth of -he fish; i.e. the carry.ng capacity of the
medium hac not been exceeded. Hickling (19%1) noted
that the " rrying capacity also referred to as
maximum & .nding crop would vary with the water supply.
He furthe: stressed that fish could be very densely
stocked i1 cages because they are in flowing water and
so run nc . .sk of asphyxiation. .This is further
confirmec !y Bardach et al. (1972) who noted that even
though fi1s' in cages are physically restrained in a
very sma.. area, the amount of clean, oxycenated water
available is theoretically unlimited. Bardach et al.
(1972) therefore elucidated that in Japan while Chinese
carp fry were stocked at 1,4u0 to 1,800/m? in pond the
fry weré stocked at 15,000 to 62,000/m? in net-cages.
Coche (1Y82) therefore concluded that the maximum
cafrying capacity of a cage (in kg/m’) is mainly
determined by the dissolved oxygen concentration

througnout the cage.
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Since the size range ot fingerlings (5.5 to '.09)
stocked in this experiment (Table 6.2) was similar to
the size range (4.6 to 6.7;)5tockcd in the experiment
under section 6.3.1, the marked difference in the growth
reates of fish in the comparable stocking densities
(2>, 20 and 100 fish/m*) could be attributed toc the food
(natural and artificial) availanle to the fish in the
environent. %he quality of the pelleced feed (13.9%t crude protein,
made p ot 10% blood meal, 8Y% corn bran and 1% premi:)
fed to fish in this experaiment could have contributed to
the faster growth rates of the fish compared to the 17.3%
crude protein feed (consisting ot 40% brewer's waste,
42.5% corn bran, 14.5% layers concentrate and 2.0%
starch as birider) fed to fish in the experiment unde:

section 6.3.1.

However, the mean growth rate of fish und:r Tre:tment
1 was significantly different (P < 0.05) from :he mean

growth rates under Treatments 1I, III and IV,

6.4.2.3 Production

The observation in this ¢xperiment is similar
to that of Trzebiatowski et al. (1981) on rainbow
trout. The range Qf total fish production in this 50~
day experiment (1.976 to 7.039kg/m?®; average, 4.5Y7kg/
m’) 4is better than the range (2.994 to 5.091 kg/m’;
average, 4.235kg/m*) recorded in the 365-day exper.ment
under section6.3.1. Generally, the total fish procuction

in this experiment were hiéher than the range 1.6 to 2.4
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kg/m® obtained by Garcia (1979) and Guerrero (197y)

Stocking §., mossambicus fingerlin ;s (5-10g) average

welght at 16 fish/m®> for a 6-montr culture period.
Considpring the treatment with 100 fish/m*, ﬂﬁetouﬂ_fiml
'pfédtcfion is guite low compared to the total fish'
production valuer of betwean 10.5 .nd 15.8 kg/m? obtalbed
by MecL:irney (197:) and Popma {1978 stocling Tilapia
;ggﬁilii laverage size 24.8g) at 1.0 fich/m® for between

3 ront''s + to abcut 7 mortihs. In “ne Frilippines,

Guerre:o (197Y) 1:ported a total fi+h rroduction of
25.0kg m' stockir S. niloticus (& 'ra . size 20g) at

250 fi:h per m* &.d fed 24.0% dry w:ig: . of protein foLT'J

2 mont!s, This producticn is defi it¢ v higher than the

value 7.039%kg/m® -btained under Tr terEnt IV {200 fish/m?)
in thi: experimen . In Ivory Coact, C:mpbell (1978)

obteined a total :ish praduction rrﬁgc of 13.3 to 49.9
kg/n' Zeeding 20% protein feed to G, yiloticus.(average
84% males, averag.. size, 263)stocr | between 71 to
185 fish/m* in La e Kossou for bet. e, 108 and 131 days
culture period. [his total fish‘proﬂu:tion range is
definitely higher than the range 1.9:: and 7.03%kg/m?
obtained in this experiment even tho gh under a mixed

sex culture. . : _ S L e

Since growth is a factor directiy related to

procduction, the gfowth rates of (.37 to 0.79g/fish/day
obtained from feeding pelleted feed »f different protein
sources (Table 5.3} to Q. niloticus stocked at 50 fish/m*

evidently proved that a well balanced feed will result

.‘x-. . .
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in faster growth rate and hence hicher fish production
even at higher fish stocking densities. For example,
Suwanasart (1972) reported growth rates of 0.72 to
1.72g/day and total fish production ot 54.8 to 83.3kg/
m’> feeding 40% protein feed (floating or sinking) to

S. aureus (.5g average siz2) stocked at 500 fish per m’
in a 3-montn cultire period. Armbrester (1972) similarly
fed 40t protein fced to S. zureus (average size, 2.Yg)
at 600 fish;m’ anc obtainec a growth rate of between
0.5€ to (.76 g/cay, and a tctal fish production of 56.4
kg/m* in 2.5 mont!i s but in the pres:nce of muderate
plankton blooms. The mean weight per fish at harvest
cbtained by Armbr:ster (1972) rancgeé betweern 39 and 73g
and was comparath to the values 37.2 to 79..g recorded
under this exper:-ent. It was interesting to note that
Pagan (1973) feeding 40% proteir. to $. aureus (average
size, 13g) stockcc at 857 fish/n? obtained a growth rate
of 1. :9g/fish/d:v; average final we_ght per fish at
harvest, 174g ani a total fish production of 149kg/m? in
a 5.z-ronth culture period. This observation further
conf_rmed the role of artificial feed (especially complete
feed) in intensive, high density cage fish culture
(Campbell, 1985).

However, there were significant differences
(P < 0.05) between the mean total fish production

values under the different treatments.
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6.4,.3 Performances or Tilapia Stocked at
Densities of 25 - 100 Fish/m’ in
Cages (without feeding) at
Intermediate Basin, NEPA Kainiji
Dam Site :

6.4:3.1 Survival

The survival rates were generally low, not because
the fish could not survive but they were lost s a
result of leakage in most cf the cages which were
fairly old. The fairly old net cages could have bzen
gnawed at by the h2rbivorovs fish (including the stocked
Tilapia which werc not suprlementarily fec). Some of
the stocked fish therefor: escaped through the holes
made in the cage walls esjecially at the kecttom corners.
Since the fish loss was f:rst observed after 2 months
culture period and also vhen algal growth had covered
the twines ot ti.e nylon net-cages, it was likely that
herbivorous fish (incluéi:q the stocked Tilania) had been
attracted to the algae covering the twine and gnawed at
both the twine and the algae. A 51m;1ar problem
(gnawing at net-cage) had been reported in Israel by
Ben Yami (1974) in the cage-raising of a herbivorous

rabbit fish (Siganus rivulatus). He noted that as a

result many fish egscaped. The physico-chemical parameters
(Table 6.5) recorded during the experimental period

were within favourable limits as recommended for Tilapia
by Swingle (1961), Balarin (1979) and Guerrero (1982).

In fact, Adeniji and Ita (1976) having carried out a
limnology and fisheries investigation of the Intermediate

Basin for recreational fishing concluded that generally
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the limnological characteraistics of the basin (i.e.
water temperature, D.0, Water Transparency &nc Flankton)
were favourable to good growth and survival oif fish.
There were no significant differences (P > (.0 ) between

the mean survival rates under the different tr :tmerts.

B d il Growth Rates

Even though tle stocked fish subs.sted sc. _y --
natural food in the¢ water mecium, the rang: of :row
rates (0,27 to 0.3%g/fish/day' was better “han .c nge

(0.16 tec 0.34g/fish/day) reccrded under sirila: :«tc “ing

mn

densities of Q0. n_loticus fed witn supplementa fe
in net-.cages at Kicera III Re ervoir (Table €.
Since the fish in &1l the tre tments grew wel! t
céuld be conclud:¢ that thq n..tural productiv. > tha
water (at the Irnternediate Ba: \n) was adegu=zti

sustain the fish irn the cages Adeniji and I° i 5)

had earlier observel that the -pecies of pler )

the basin were similar to thc:¢ present in «-
(Lake Kainji). Good growth ¢ 0. niloticus . st lier
been reported in a mixed spec s cage cultux fish

(at Shagunu Bay also located on Lake Kainji) wi=n little
or no supplementary feeding (Table 4.3). Coche (1982)
reported an average growth rate of 0.89g/fish/cay for
S. mossambicus (average size 6g) stocked at 25 tc 75
fish/m* without supplementary feeding at Laguna de Bay

(a hypereutrophic Lake) in the Philippines. Ext:nsive

commercial Ti}apia farming utilizing the natural
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productivity ot Laguna Lake has been reported by -
Santiago (1982}; Escover and Claveria (1985); lLazaga
and Roa (19B5). Altnhouch when first wxploited, Laguna

de Bay was sufficiently zroductive to support high

densities of fast growin-t fish without recource to the

use of feeds (PCAKRRD, 1%&1; Ccche, 19E2). However,

Beveridge (1v¥84) report:3 that this La:c¢ (Laguna) had

been rapidly over-exploaited a¢ a resul: of over-crowding

of fish cages. 1In Sirgapore, Yang {(1Y9c2) reportcd the
successiul use of cages of Li: head carp at several
reservoirs to contro. excessire plankton blooms in

nenicipal water suprlies.

Froqguent occurcences of 2lgal bléoms have been

roportel in Lake Keinji especially during the month of |

October (Adeniji, 973). Exi.nsive Tilapia-cage culture

as observed in the Intermedi:. @ Basin can ir addition

%
|

bznefit from this Jseriod of 1. :h phytoplankton densities

in Lake Xainii.

Fur hermore, -ne averégo veight of fish (average
1e.6g) ¢ ocxed uns.r this experiment {(Table 6:§) seem
to be acvantageovs in the comparable goodfégowth rate
recorde: considering the average size of 5.5g stocked
under :imilar stocking densities (25-100/m’} in Kigera
III Re :grvoir (Table 6.1). This cbrfoborates
the r¢port of Ishak (1985) who observed that the cage
culture of common carp showed that the size of fish at
stocking was a limiting factor for production/m?. He

noted that when common carp were stocked at an initial
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average size of 2/g/fish, maximum production rate of

20kg/m® was obtained in a 4m® cage at a stocking density
of 160 fish/m® while when the stocking s.ze was Y95g/fish,
maximum production rate was 32.3kg/m? at a stocking

-

density of 60 fish/m?.

6.4.3.3 Production

Since tl.e average final (at harvest weicut/fish

has a direct.y relationship watr the tot: ! f::1 production,
in 365 days the estima:ed average final . ig! ' per fish
in the Interrediate Ba: in woulc have becr 15 ‘g compared
to 88.6g recorded unde: similar stockin er: :t.es (but
with supplemintary feec ing) in Kigera 11. R¢ i rveoir. Bat
for the leak ge in the cages which resc éd ' n serious
fish loss (h.nce low su - vival races), t y.24 fish
production at the Inter "ediate Basin u-. ¢ ¢xtensive
culture could have been Juite High (an : rige ot 14.148
kg/m? per yeur assuming 20% survival a- <c/fisn).
Coche (198B2) noted that the maximum ca.- ! capacity
(MCC}.of a.cage {in kg/7?) is mainly <¢ €d by the
dissolved oxygen throuc..cut the cage. e L€C that MCC
varies with the mesh size and cage siz=. 'he water in

the cages during the experimental peric: w. 5 observed

to be well oxygenated (average D.O., 7.513 1, Table 6.5).
Considering the mesh size and cage size, C.mpbell

(1978) has defined the MCC (in kg/m’) for .. niloticus
reared in well-oxygenated water with good :irculation

lat least 2 cm/sec) as Zollows; with plastic netting

2mm mesh, 90 for 1 m®, 70 for ¢ m* and 40 tor 20 m?’;



S 267 o
:"‘:Pr'.' . . ) 1';1'3:‘.': ..

[ B ERER X

with nylon fibre nettiﬁg of 14 mm mesh, 4U"for 20m?
Therefore as cage size increases, MCC decreases.
Since a nylon fibre netting ot 12.7 mm mesh and cages
size 1.0 ¥ 1.0 x 1.5m were used in the Intermediate
Basin experiment, wnased on the definition of MCC by
Campbell (1978}, the MCC of the cages could be higher

than 40 kg/m*.

ER

6.4 CONCILUSION AKD RECCMMENDATION

Ever. thougk the best size of fish (at harvest)
127 .8g was observed unde: Treatment I (25 fish/m')
of experiment €.2.7;: bar=2d on the total fish

production and the survival rate, Treatment III

(75 fish/m®} vas found t: be the best urder the Ve
provailing coiditaons ar< management applied at Kigera

11 Reserveir during the rulture period {365 days).

It can 2> concluder .nat high guality supple-~
mentary feea is necessary in increasing production
esp:cially at nigher fich stocking density as shown

by he results under expeliment 6,2,2,

In the Intérmédiafe'Basin experiment without
su splementary feeding, treatment IV stocked with
103 fish/m* had the best total fish production
( .976 kg/m® in 150 days}l. It could also be
cancluded that natural productivity of the Intermediate
Lesin was capable of sustaining good growth of fish
even at an initial density of 100 fish/m* {or 1.5kq/m®)

without supplementary feeding. _
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From the above conclusions, it could be

recommended that:

(i) because of the low productivity of
Kigera 1I1 Reservolr, a goc: quality
pelleted feed (mirimum of +I% cryce
protein) is needcd for goo: growth
of C. niloticus <t a stock.ng density
of 200 fish/m* (.r 1.14kg/t ").

For a faster grcsth and hi ner tota’
fish production, large siz. of

'fingerlings (ab- 2t 20g/fis ) must bLe

stocked.

{ii) in the produc:iv: Intermed: ite Bzsin,
extensive cacc c:lture of - :lapiz should
be encouraged. It may prc’ < to bc a

viable alternative to the @ nagerznt of

a resource as a fishery ar it nay be

prudent to carry out soune .tensive
cultufe of fishes in cage: in
conjunction with intensive lake-based
fish rearing. This will reduce the
environmental impact of wastes

whilst increasing the profitability of
the venture. Obviously, extensive
cage culture in Lake Kainji should be

of value for the rural cormunities.
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Furthermore, it may be advisable =2
switch between semi~intensive

and extensive cage cultur: at diffzrent
times of the year, o as 0 take
advaintage of perioa.of al jal bloc: =

in the lake. To cate, th:re is nc
sinjyle private commercial cage cultuire

on Lake Kainji,.



| CHAPTER 7

7.0 BRELDING EXPZRIMINTS USING DIFFERENT
MALE : Fr'ALe RAYTLICS OF OREUCHROMIS
NILOTICUS BREEDEIS AND HYBRIDIZATION
TRTALS USING ORECCEROMIS NILOTICLS
AN SAROU:JERCDOON :GLLILAEUS IN F.OATING
NET-HAPAS

7.1 INTRODUCTION

7.17.1 7Tilapi¢ Se=d Prccuction Experiment

froductivz fish culture, lilelin te:resﬁrical
animial husbéncry is heavily dependent upon adeguate
suprly of goo. gquality seed. One of the major
~gonstraints t. increased fish production througﬁ
Tilapia cage :alture has been identified to be
inadeguate s oly of the fish seed (Cocheg, i982).
Coeche {1977 .. 1 1879) opineti that existing Tilapia
b-eeding prac: ices were inadequate and a new
t .chnology s... .1d be develcped for sclected tilapias.,
£overal meth..: have Lbeen used to produce Tilagia
sead (Shell, 1+66; Radaen, 1979; Guerrero and
Goereia, 1982:; doghes and Behrends, 1983; Beveridge,
1984) . Hughes and Behrends (1983) working on mass

production of Tilapia nilotica seed in suspended net-

enclesures concluded that the hapa system for
T. nilotica appears to be more productive than most

other systems.

among factors considered to be important in

fish seed production are brood fish age and size,
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brood fish stocking density, brood fish sex ratio,
brood fish nutritiocn, frequency of removiry brood
fish and/or seed from the brooding unit, types
of container, water quality and rate of water

€xchange (Silve:-a, 1978; Berrios-Hernandez, 197

.

\D

Lee, 1979; Coche, 1982; Mires, 1982) .

Research Scientists of south East Asian
Fisheri. s Developsment Centre (SEAFLEC) , Lajuna Lakre
Develoyp: ent Authority (LLDA), and various Universities,
since t..e late 1Y70s and varly 1980s experimented
(cons:d ring breeders ses: ratio, donsity, etcetera)
with lzl e-based hatcheries and nurseries (ret-hapas)
such tl.t today, there are several commercial lake-
based .:4d Tilapia fry znd fingerlirgs units in
operat :n on some major laxes in the Philippines
(SEAFD .., 1982; 1982; Beveridge, 1987). By this
approac. , the Tilapia fingerlings needs of that country

were boing met as much as Possible.

in Jigeria, there is no record of such
experisents in the use of lake-based hatcheries
and nurseries utilizing net-hapas for tilapia seed
production in spite of the immense potentials of
Tilapia cage culture in the country (Otubusin, 1983;
1989) .
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7.1.2 Hybrid Tilapia (seed) Froduction
ExXperiment

vitnin the genera Tilapia, Sarctherocdon and

Oreoc! romis there are numerous species ¢f which

only ¢ few i.ave been used for culture wcrk. 1In

Lake r : nji, Nigeria, Sarotherodon galilaeis is the

most & :ndant of the tilapias, followed by

Oreoc: mis niloticus (Jchnson, 1974; Akintunde,

1¢76)., The .atter was chsarved to have a better

erowt.. rate¢ than the forme: (Bardach et al., 1972).
. mo:. Tilapia species, it has also Lcen
obser. . ti..t the male grows faster than t.e female

(Frye: -nd lles, 1972). Guerrero (1965) cpined

that - ster growth o Tilapia hybrids over theu:
parer:r t (<s may be par:ly explained by the higher
perce: 1.« of males in the former. 1In recent yeakﬁ,
S. he has become a popular species for

tran: tion because cf its suitapility for the
prodr . ©f all=-male hybrids (Lovshin and Da Silva,
1975} , € work has been done on the hybridization

of tilap a1 species (Bard, 1960; Elder and Garrod, 1961;
Fishelso ., 1962; Kuo, 1969; Al-Daham, 1970; Chen and
Tsuyuki, 1970; Hine et al., 1971; Lovshin and

Da-Silva 1975; Mires, 1977; Lee, 1979; Hsiao, 1980;
Bautista et al., 1981; Abella, 1982) and particularly

on the iiterspecific cross Sarotherodon (Oreochromis)

niloticis x Sarotherodon galilaeus (Wohlfarth and
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Hulata, 1981}. These studies, however, weré
reportealy carried out in tanks or aquaria (Mires,-
1982) v Wohlfarth and Hulata (1981) alsc reported

. that crosses between S. galilaeus and maternal mouth

- brooders have recently bpeen carricd out artificially|

LZlso in line with the general «ims and
- objestives of this study on fish se.d product. on in
cage system, experiments were designed and co:ducted

' to ceotermine the effect of hybridization of

. {locally available commercially irportant Til:pia
species) on the spawning frequency iand fry prciuction
potential ftne‘number and growth} in the float ing
net-hapa sysfém iﬂ a drinkiﬁg waler reservoir
(Kigera III}.

7.2 MATERIALS AND METHOD

- #

7.2.1 The Effect of kesle : Female Ratio
6t Qrecchyromis nileticus breeders
on fry production in fleating

net—hagas

+

This experiﬁént was carried cut in Kigera III
Reservoir (Figure 3.1), already described under
section 3.2. A module consisting of a 6m x 6 raft

with 16, 1.25m x 1.25m apartments fittable with

im x 1m néi-hapaé was used (Plate IV). The '
construction procedures for raft and hapas are as
described under sections 3.3.1.2 and 3.3.2.1

respettively. The experiment consisted of three

LR
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treatments: I, 1 male : 1 female (12/m?); 1I, 1 male :

3 females (12 m*); I1I, 1 male : 5 females (12/m?).

The breeders (average weight, 124.2¢ for males and

66.23 for fem:les) were sexed as described for

Sarotherodon

and stocked rc.

(between 20.0L

treatnients akbc

*he uoreec
pelleted ifeec

of their bion

analysis of t:.

5.2.4 (Tables
fish feed pre
composition «
undc£ sectiorn
for the numtc
carried out :

schooling wi:

transferred

the harvest and :ounting of the fry.
were later restc:ked in their initial hapa to continue

the breeding exp:riment.

cssampicus by Maar et gl. (196¢€)
.omly in net-hapas late eveninyg

22.30 hr) according to the

or 2 April, 1986.

vore fed with 50% blood meal ir

19. protein) twice daily at 5t

Ine composition and proximate

4 a¥e as described under secticn
na 5.11). The procedures for t-e
:on and fish fi:ed proximate
.nation also cre as descriced

and 3.6 respectively. Sanmpliny
hhatchlings {(fry) per hapa was
itely the fry were observed tc be

-he hapa. The breecers were

i.01ding hapa in orcder to facilitate

The breeders

However, the fry were

held in separate hapas for nursing to fingerling

size.

The breede:s were also sampled every month for

¢hanges in body weight (growth) and the feed ration
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was adjusted accordingly. Some physico-chemical

parameters of the water at the gite of the experiment.

were monitored as described uander cection 3.8.

7.2.2 Experiments on the Hybridization
ol Orecchromis niloticus and
Sarotheroaon yalilaselus in
floatinv net=hapas

The experiments were ceérriod out in - igera IIl
" Reservoir (Figure 3.1), which hud earlier been

descriped under section 3.2. A module of 6m x &m

bamboc raft with 16, 1.5m x 1.5t apartmen's fittable

with “.01 % 1.0m net-hapas was sed for t! ase
experiments. The construction |rocedures Sor the
raft and the net-hapas are ag d scribed ur.lier

sections 3.3.1.2 and 3.3.2.1 re:pectively.

A short preliminary run {1:t experime .t) using’

ﬁ- galilaeus (SAG) and O. niloticus (ORN) ras made

prior to the actual experimants (2nd and 3.-d

experiments). Tihe preeders used in these . iperimgnts

were obtained by beach—séining at Monai Ba~ ~ {(about
5 rn away from Dogongari Bay along Lake Ku.ali,
Figure 3.1). The breeders were acclimatizazd in
larye heolding net-cages (3m x 3m % 2.75m) the type
described in Figure 3.6¢ and Plate VI. During the
two-week acclimatibh period, the breeders were fed
sparingly with pelleted feed. The fish species,

S. galilaeus (SAG) and Q. niloticus (ORN) (Plates

‘vii and viilrespéctively) had earlier been described

under section 3.4. Their breeders (average weight,

Y

e T o e



276

ORN: Male, 113.4g; Female, 46.1g and SAG: Male,
103.4g; Female, 36.4¢) were sexed as céescribed fcr

Sarotherodon messambiCus DY Maar et al. (1%66). The

breeders were stocrxed randomly in net-hapas (1m x
Im x 1m) in the early morning (between 06.00 -
(8.00 hr) of 2 april, 1967 (for the preliminary rain
~.e, lst run), end 13 June, 1987 ;nd 6 February,
1988 for .ae 2nd and 3rd experiments respectively.

The follc ing treatments were used:

Ta ved ‘N breeders, 1 male : 3 fencles
1243 )
TE, 11 . AG breeders, 1 male : 3 females
12.17)
IIl. .ales: SAG ferrales in the ratio
(12/m”)

Iv. £ iales : ORN females in the ratio .

3 (12/m?).

The 1¢.ders were fed 10% blood meal in pelleted
feed (21.: %! protein, Tables 5.1 and 5.11, as
descriic . urnucer section 3.5) twice daily at 5t of

their bicmies. Sampling for the number of hatchlings
(fry) per hLapa was done immediately after fry were

observed t¢ be schooling within the hapa.

The fi1y from the 2nd experiment (each first
spawning) vere then transferred to nursery hapas
and stocke | at the rate of 20/hapa (Im x 1m x 1m

size) and fed finely ground (powdered) corn bran at
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.££ehré£e of 20% of their bioﬁaés to study.theif
growth poténtial. The fish were only sampled

at stocking and at harvest {end of culture perind)
iﬁ order to avoid any mortality as a result of

sampling stress.

some physico-ch:mical parameters of the wat.r
at the culture site Qe monitored durirg the

experimental period 3as degscrik~d under section .».o.

7.3. RESULIS

7.5.1 The Effect of Male : Fel.ale rxatio cf
Oreochromis n.loticus b:eeders on
fry product:or In floating net-hapas

The results of saie shysico-chem —al parameters of 1. watd

r
auriﬁg the fry producticr experimentc are shown in Table L.
Table 7.2 shows the sammary of -esults ¢f the

effect of male : fumele ratio o Q:IEEEQEEEBEAH
bresders on fry production in f. cating net-hapes. |
School of fry was first observe: 18 days after s _ \
stocking in tfeatment II (M : F, 1 : 3} but BBIEhﬂL g
61 days after stocking in treatrents IIXI (M : F, ;
1 :5) and I (M : F, ' : 1) respectively. The . pl
highest total fry production was recorded in | |

treament II {(2001), followed by treatment Y (1800}
and least in treatment III {(€70). But the highest
number of spawnings took place in treatment II |
{4 times), followed by treatment III {2 times) and
least in treatment I (only once}. The average
number of fry per spawn in treatments I, IT and IIl

were 1800,500 and 335 reépeétively while the average

.o

a0
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number of fry per female breeder followed a similar
trend, 300, 222 and 67 respectively. Treatment II
recorded the highest average number of fry produced
per month (1000), followed closely bv treatment I
(900) and least in treatment II1 (33%). Withia the
67-day experiment, the breeders in treatment 1 nad
the highest &average growth rates (gsi) of 0.81 for
male and 0.27 for fenale; followed b treatmen 11
(0.75 for male and 0.08 for female) und least :n
treaiment III (0.33 for male and 0.0 for femal:)

(Table 7.2).

7.3.2 Experiuents on the hybridization of
Qreg_c_i._r'omis niloticus (ORN) & d
Saroth.rodon galilaeus SAG) 'n
flcating net-hapas

. Table 7.3 shows a summary of thc¢ results ¢
the prelininary (1st) experiment cn ."ilapia
hybridization. School of fry was first observe !
in treatment IV (Males SAG vs female éRNJ 19 da: =
after stocking. Within the 70 days in which th .5
prelimincry run lasted, spawning occurred threec
times in treatment IV at intervals of approxima:ely
3 weeks (23.3 days). The total fry production in
treatment IV was 175 with an average number of fry
per spawn of 58. The number of fry counted ranged
from 18 to 107. Surprisingly, no spawning was

observed in the other three treatments (Table F 5 o

The results from the second run are presented

in Table 7.4. Spawning occurred in all the
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treatments in this run. The highest fry production,
1352 was recorded in treatment 1 (males ORN x females
ORN), followed by treatment IV (males SAG x females
ORN) 777; then treatment 11 (males SAG : females SAG),
325 and least in treatment III (males Oll x females
SAG), 51. The total numb:r of spawnings during the
experimental period was highest in treatment I (6);
followed by treatments IV, II a:d 11I which were
5, 3 and ? respectively. The t end in the average
numter of fry per spawiing, num er of fry per female
brecader, and spawnihg frequency per month was similar
to that of the total number of ry produced and total
number o©. spawnings Liz.in desc nding order:
tre:tment I > treatment 1'° > treatment II >

tre: tment II1 ('able 7.4). -

Tabi2 7.5 gives; the summar of the results of
the third run of ti : Tilapia hy:ridization experiment.
Th? resul | were s. iilar to tlose recorded in the
second tr al. Trei.nent I gave the highest total
fry produ tien, fol.cwed by treztment IV but
treatment III was superior to treatment II. The
trend in the average number of fry per spawning and
number of fry per female breeders was likewise
similar to that of the total number of fry produced
viz. in descending order: treatment I > treatment IV >
treatment III > treatment 11 i.e. highest in

treatment I and least in treatment 1II (Table 7.5).
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Both the total number of spawning during the
experimental pericd and the spawning frecuency per
month were similar for treatments I and IV whereas,

treatment 111 was superior to treatment I7 considering

the two paramzsters (Table 7.6).

'iépéndi& 4 gives a pceled summary (of Taﬁles
7.4 and 7.5 wnich helps to present a very clear
picture Qf the til:pia hybridization uxperiments. The
trend in the total number of fry prodiced, average
nunber of fry per cpawning and the number of {ry per
female was similar viz. in descending order: treatment
I > treament IV » treatment 11 » treatment II[I.
Generally, the totcl number of fry produced, total
number «f spawnin;: during the experimentai ﬁ¥¥iéd,-
.éveraé} nﬁﬁbér'df fry per spawnihg, namber of fry

per fer :zle breede: and the spawning frequency per

month v exe higher :n the crosser (treatments)
involiv.ng females (&N than in those involving females
SAG (Apsendix 4},

7.3.3 Jrowth Perzumnance of pure-bred ang
hybrid fry in floating net hapas

Table 7.6 gives the summary of rearing of tﬁé'
fry from the four treatments of the second run in
floating nursery net-hapas. At the end cf the 56-day
rearing period, treatment III recorded the highest. |
average final weight, 2.43g, followed by treatment I,
2.03y, then treatment II, 1.95%5g and least in

treatment IV, 1.64g, The trend in avérage final
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weight was similar to that of the average daily

weight gain (i.e. ¢growth rate in g per day) viz in
descending order: treatment III > treztment I .~
"treatment Il > treatment IV 1.e. growth rate highest
in treatment III and least in treatmernt IV. Generally
the average final weight ané growth rzte per fish

per day were higher in crosses (treatr.ents) taat
involved male Q. niloticus (i.¢. treatments 1 and III)
than in those that involved ma'e S. gezlilaeus (i.e.

treatments II and IV, Table 7.9).

7.4 DISCUSSION

7.4.1 The Effect of Male : F-male ratio
of O. niloticus kreede s on fry
production in flcating net-hapas

7.4.1.1 Spawning freguencys£:y production

Srawning frequency coften aas a direct relatiors ip
with total number of frs prodiced. On - e other heni
the totzl number of fry producec is dire:tly relate:
to the fecundity of the fish ( .ires, 1587). Trewava:

l1973}-opined that fecundity ¢ Oreocnrouis niloticus

varies cdnsiderably with the rize of the brood fish.
Invariably the size range of .,reeders (both male and
female) used in all the trea‘rents was very similar
(Table 7.2). The breeders s ze range was quite close
to the recommended range of 30 - 1009 for fry production
in net-hapas by Guerrero and Garcia (1983). This

breeder size range (50 - 10J3) was also recommended

!
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for artificial spawning of 5. mossambicus in aguaria

by Rothbard and Pruginin (197%). Since there was no

breeder size disparity, the highest fry proguction o#‘%;
20017 and highest spawning freguency of 4 n 67 days o
recorded in treatment 17 (M : F, 1 2 3) could be
attributed to'the breedor-sex ratio, Uchlica and
Xing (1962) and Guerrerc and Garcia (1983) alsc
observed that the 1 : 3 ratic of preeders (4 : ©)
was more acceptaglé'in texrms of efficiency and
highest repxuaucfive ravne, Even tin rice sad.ies,
Guerrerso (197¢) also rec ymmended a breede:.(M : B
ratio of 1 : % as the be .t combination fo su:aessful!

Spawning.

+

the first ighting of fry i the

In fact,
|

net-hapas wis in treatment II (4 ¢ F, 1 : ;} ‘u days
after stockinc, but 38 4:vs and &1 day§ éf{ér
stocking in treatments I I and I respecti. :ly . The
first spawning occurring in treatment Il ouagled
with the same (treatment JI) recording t% ji.hest
number of spawning (4) ¢.xing the &7-da; wrezaing
pericd undoubtedly confium that the breederg ratioc
(M : ¥, 1 : 3) was the mo>st appropriate fa£Jéucces$full
spawning and fertilization of the female e¢jgs. On

the other hand, in treatment III (M : F, 1T : 5) total
fry production was least (670) as a result ¢f the
fewer number of males to females (2 : 10). The number
of males to females in treatment I was the same and

fertilization success was evident from the very high
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nunber of fry produced (1860).éven in jﬁsﬁ one
Spawning. Spawning_frequency in treatment I was least
(once) and timing of sighting the school of fry was
very late (61 days). This could be attributed to
the fact that the large number of males could have
bsen "strugyling” over the fewer females (only ¢
Compared to 9 and 10 in treatments II and IIT
Tespectively). However, the highest average number
cl fry per spawn (1800) and the highest average
‘niaber of frynéer female breeder (300) rYecorded ir.
t:eatment I could further confirm the high chances of
5 ccessful fertilization of the eggé by the numercus
rimber of males (6}'in that treatment (I) compare:

tith the low number of males {3‘and 2} in treatme:nts

-+ and III respectively (Table 7.2).

\’»'

7. 4.1.2 Fry Production per female
Lreeder .

The highest total fry production expreséed
in terms of avérage nunber of fry/female was observed

in treatment I, (300) and least (67) in treatment 1171

(Table 7.2). These figures are lower than the fry
production/female of 309 and 407 for male : female

ratic of 1 : 5 and 1 : 3 respectively obtained by |
Guerrero {1979) during a S5-week breeding period. Madu |
and Ita (1984) on the other hand reported a total

number of fry/female of 152 and 214 for M : F ratios 1+ 3

and 1 : 1 reépectivély feeding the breeders ﬁith a
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diet of about 30% crude protein. Their figures are
guite lower than 222 and 300 observed in treatment II
(1 : 3) and treatment I (1 : 1) respectively (Table
7.2). The higher values obtained in this experiment
mzy be as a result of the richer pelleted feed (50%
crude protein) fed to the breeders coupled with the
favourable physicc-chemical parameters ouserved
throughout the experimental period (Table 7.1).
Cuerrero and Garcia (1983) observec that the temperatuvre
range of 20.5 = 33.5°C; dissclved oxygen rénge of
6.7 - 13.2 ppm and net productivity of (.45 - 8.31g
C/m? yday were ideal for Tilapia se2d prcduction in a
lake-based hatchery. The floating hapa: used in this
eXperiment were regularly flushed by the flow of wa:cer
through them removing uneaten fooc and 1 2tabolites

+ thus maintaining a good water quality as observed n

Table 7.1.

7.4.1.2 Average number of Fry/month

The variatici in average seed produ: =ion per :conth
under the differeit treatments (Table 7. ) could lx
attributed to a combiration of factors: ariability
in fecundity of individual females (Mir s, 1982),
differences in the spawning fregquency of individual
females (Lee, 1979), and the relative :synchrony of
spawning cycles  between individual feiales (Jalabert
and Zohar, 1982). However, the mean rumber of fry

produced per month in the three treatments, 745
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(range 335 - 1000) was comparable to the monthly fry
production of 880 fry,m? /month obtained by Guerrerc
(1979) using cage spawning in the Philippines., But
monthly fry production in this experiment were
better than the production of 4.2 fry/m* in poncs
reported by Campbell (1978) ur:ing supplementary
'feeding and 3 fry,m°/month in a 350m*? pond by

Lovehin (1982).

7.4.1.4 Growth rates of breed:rs

The breeders in the three treatments were
observed to grow throcughout th experinencal peri.d
(Table 7.2). But ic: both mal' and female bree ' :'s
-in .the treatments, ceaerally the growth rates
decreased as the nal: : female ratio decreased €.
the highest growt: rates (g/d) (0.81 fer male &
0.27 for female) were recorded in treatment I |

1

1), followed by treatment 1 (M : F, 1 : 2

least in treatment III (M : F, 1 : 5). The mz)
generally grew faster than the females in all
treatments. This observation agreed with that of
Fryer and Iles (1972). Balarin (1979) opined that
the lower growth rate in females during breeding wis
due to loss through egg spawning and not to fastin|
as was once thought. However, Huet (1972) and
Guerrero (1983) were of the opinion that male tilajia
grows faster than the female because where there is
mouth incubation (as with female O. niloticus), during

the incubation period the female does not eat at all.
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7.4.2 Experiments on the Hybridization
of 0. niloticus (ORN} and S.
galilaeus {SAG) in floating
net-napas

7.4.2.1 Preliminary (1st) Hybridization
Experiment

Fishelson (1988) expressed the opinion that these

two genera (Qregchromis and Sarotherodon) exhibit

different reproductivé behaviour and hence do not
hybridize voluntarily. It was interesting that the
cross, SAG male x ORN female {treatment IV) was the
only one that recorded spawning success in the first
hyobridization experiment. The fact that spawnirg took
place three times in this cross (treatment) within the
70-uay experiment proved that O, nilotigus could

interbreed with 5. galilaeus (Table 7.3}. Even

though Hepher cited in Trewavas (1962) was alsc of .the
opinion that it is very difficult to cross S. galilac.is
with . niloticus, the observations made in this
experiment {especially including those in the sécond

and third hybridization experiments) have proved

otherwise.

fashouv and Chervinski (1959} c¢ited by Wohlfarth
and Hulata (1981 reported the only documented cross
involving the biparental mouth brooder S. galilaeus
'f§: niloticus x §. galilaeus) which was later doubted.

by its authors (Peters and Brestowsky, 1961). The

uniqueness of these hybridization experiments being
reported is that the crosses between S. galilaeus and

ETRY,

Q. niloticus were carried out {naturally} in floating }
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net-hapas in a drinking water reserveir which is
closer to aature tzan the acuaria or tanks used k-
other workers (see Table 2.4 for references). Howzer,

Fishelson (1988) report:zdi that crosses between g

o
.

gyalilaeus and maternal nouth brooders have recentl®

pegen carried out by art ficial fertilization.

The timing of the first observution of fry (i.=.
19 aays after s£:o0c<ing) in treatment IV is similar o
the obsiervation macde undz2r sectior 7.3.1 (treatmenz 711,
Table 7.2) for :ilapia (O. niloticus at M : F ratiz of
1 : 3+ fry proc iction. It was s.rprising that ne
spawr.ing was o!.served in the other three treatments.

all ORN breeders) at least some

-

In treatment
spewning was ¢  .ected, as observed under nection

7.2 1 (Table 7. %, but none occurred. The lack of

sp& 'ninyg in all the treatments except treatment IV

in 1is preliniary run may be as a result of

inc npatipilitv of the newly-matched treeders in ths
in. : and inter-: pecific crosses coupled with initizl
var ability in the fecundity of the individual ferzles
(Mires, 1982).

7.4.2.2 Spawning success in the second
and third hybridization experiments

(a) Spawning frequency/No of fry per female

The spawning freqguency per month in the treatrments
could be an indication of the spawning success of the

fish in each treatment. The spawning freguency per
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month and number of spawnings per treatment during the
period were observed to be nicher in crosses (treatmer.ts)
that involved female 0. niloticus [..e. treatrents I

and IV) (Appendix 4). Even in the preliminary run,

it was only treatment 1V that recorced any sgpawning

and at a frequency o: 1.3 [Tatle 7.-) comparshle tc
1.6 onserved in tredatment _V cf exp riment 7.7.2.
This observation involving fenale OiN parent i1s contrary

to tiat of Lessent (7°968) vho found differenc:s in
fecurndity between crosses hen hybridizing 0. nilotic.s
and .. macrochir and that = ybrids were obtai~ed only
irrejularly when O. niloti us was the female parent.

The spawning frequency/mor-h of 1.8 recorded in treat. ent

1 ¢ 3) (Appercix 4) is

"

I (11 ORN at 4 : F ratic
cons .stent wit.: the spawr. ' 4 frequency per month (1.8)
alsc observed n a very s ! ilar treatment during @nother

tilzpia fry pr- duction ex . “iment (treatment II; ORN,

4 :F. 1 ¢ 3 1i: Table 7.<'. it was therefore not
surprising thet the M : F ureeders ratioc of 1 : 3 was
also .sed in tic¢ hybridiz:t.on experiments. On the

othe hand, spéwning frecueazy per month was lower in
thos crosses (i.e. treatments 11 and III) that

invc lved E: galilaeus breeders. In fact the spawning
fre juency/month of 0.6 was consistent for both

tre atments (11 and II11) (Appendix 4). This variability-
in the spawning freqguency per month in the four
trcatments definitely could be attributable to breeding

benaviour of the fish species concerned (especially
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the females as observed in this study). On the other
hand, differences in the spawning frequency (for SAG
female or ORN female - involved treatments) and number
of fry per female could be as a result of the
differences in the fecundity of the female fish.
Fecundity (egcssfemale) of 5. galilaeus was obscrved
to be about 5,000/year (Fryer and Iles, 1972) while
that of 0. niloticus was 700 - 2,000/spawn
(Lowe-McConnell, 1955; Jhingran and Gopalakrishnan,
1974) . 1t was therefor:z not surprising that the number
of fry per fenale ORN 1in treatments 1 and 1V were
higher than thiose of f.male SAG in treatments II and

II1 (Appendix 4).

The mear spawning frequency per female in
treatments I and IV were significantly different
(P < 0.05) from thosé of the other treatments (II and
I1I). Whereas, only the mear number of fry/female in
treatment 1 was significantly different (P < 0.03)

from thouse of the other three treatments.

(o) Fry Production

As was discussed for the number of fry produced
per female and the spawning frequency per month, breeding
success as evident from the average number of fry
produced and the average number of fry/spawning was
much higher for crosses that involved female O. niloticus
(i.e. treatments I and IV) (Appendix 4). This

observation can be attributed to the fecundity and
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parental care exhibited ky the different species.
Trewavas (1983) observec that both sexes of S. zalilaeus
brood while only the femzle O. niloticus broods.

Fryer and 1les (1972) reoorted the fecundity (ezys/
female) of S. gi_ilaeus 0 be about 5010 /year wi.le

that of_g. nilot;ggé was 700 - 2000/szawn (Lowe-
McConnell, 1955; Jhingran and Gopalakrishnan, 1974).
Obviously; amost o  recordel successfual hybridization
experiments in pnés and tanks involved maternal mouth

brooders (e.g. £ niloticus) and ancther maternal

mouth brooder (€ g. §. macrochir) (see Tuble 2.4 for

detarls and refe¢ ences). Trewavas (1983) observed

that nost tilap. . s were mouth brooders.

3enerally, ‘onsidering the female parents, the
mean aumber of 1y produced agh mean nunber of fry/
spaw : from intr . pecific crosszs were hi:gher than
thos . from inter: ecific crosses (i.e. mean numbar of
fry roduced wice: all ORN > female ORN x male SAS while
all . 4G » female¢ 5AG X male CRN) (Apperdix 4). This
Oobs:: vation corrcborates that of Lee (13279) who working
wita &. aureus, S. niloticus and S. hornorum obtained
fewer fry from hybrid combinations (interspecific) than
from intraspecific spawns. Some possible reasons for
the fewer (or low) fry production in interspecific
crosses include: incompatibility problems in the

crosses, differences in courting/spawning behaviour,

too low density of broodstock, inappropriate broodstock
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sex ratios and higher fry mortality (Fryer and Iles,

1972; Lee, 1979; Mires, 1982).

However, there were significant differences
(P < 0,05) between the mean number of fry produced in
treatment I and the means of all the othar three
treatments., Whereas there were significant diffe:ences
(P < 0.03) between the mean number of fiy/spawninc
in treataent I compared to treatments 12 and II1 caly
but not cignificently different (P > 0.(3) from
treatment IV.

7.4.2.3 Growth rferformance of pure brad
and hvbrid fry in nursery hapas

Since the percentage of males amon: it the
fingerlirgs (obtained from rearing the f:-y for 56 ¢ iys)
could not be casily determined at thir & ie and size
of 1.64 - 2.43g (Table 7.6), the differential growt:
canaot inmmediately be explained on the basis of
percentage of males. Lovshin (1982) noted that hyrz-ids
are grown until they reach a sexable size of 50 tc 130g
per fish. Growth of fingerlings from the intrasgecific
crosses, i.e. all ORN breeders, all SAG breeders, was
observed to be intermediate between those of the
interspecific crosses, i.e. ORN males x SAG females;
SAG males x ORN females. The growth performance of
ORN males x SAG females hybrid fry (treatment III) was
about 20% better than that of ORN pure-bred fry
(treatment I). This observation is similar to that

made by Pruginin (1967) who noted that hybrids of male
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Tilapia mossambica x female Tilapia nilotica grew

30% faster than pure bred Tilapia nilotica in i1he pond

over a 1Zé-day dgrowing period. Similarly, Fishelson
{1988) observed that the growth performancs of the
F1 progeny (ORN X 8AG) was not lower than that of
their parent in the brood @nd higher by 10 - 20% of
that of pure S. galilaeus. In recent stuciles or

ORN x SAG hybridization but by artificial fertilization,
Fishelson ( 1988) observed that for the rnale ORN x

female SAG cross, %5% of the F, progeny were mele and

1
5% female while for the m.le SAG x female QRN c14ass

96% of the F1 progery wer~e male and 4% female. On

the basis of these observations, the nigber grosth

rate (evidence of heterosis or hybric vigour) recorded

1
could be attributed to th2 higher priportion o1 .ale :

in F, progeny of tr:atment III (male ORN x femzle SAG)

fry and dominance of the higher grov th rate of r.ile
ORlN over female ORN (Fryer and Iles, 1972} and «ven

ma'e SAG (Bardach et al., 1972).

However, the growth ¢ the F1 virogeny {(hybrid)
fo:r the cross, male SAG x female OBN {treatment V)
was lower than that of the pure speciés progeny (all
SAG, treatment I1). Eve: though, nc immediate
'lexplanation could be given for this observation,

' Lessent (1967) reported & similar result where the

hybrid did not show a greater growth rate than the

" parent. He observed that growth rates of the progeny
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ct the cross (S. macrochir % S. niloticus) in his

stucy were the same as those or the parents. Pruginin

al. (1975) also found no heterosis (hyprid vigour)

I~

in the growth rates of hybrids of £, niloticus x

S. Jireus, S. vulcani X S. aureus and their pure

speTies progeny. Generally, hybrid vigour has been

re.-rted by Hickling (1v¥60) ana Aveult and Shell (1967)

sh cd otherwise.
1. CONCLUSION AN) RECOMMENDATION

Jnder the experimental breeding studi.s carried

0.1, it could be concluded that:

(i) The production or Tilap.a finger! .ngs
(both pure bred C. niloticus, S. alilaeus
and their hybrids ORN » SAG) ix {loating

net-hapas 1s feasible.

(1i) The tloating hapa metrnod of tilapia try
production is more productive than all
other outdoor hatchery methods. The
tilapia (ORN) breecders (male : female)
ratio 1 : 3 recorded the highest spawning

trequency and higrest fry production/month.

(iii) 0. niloticus and §: galilauves were successfully



tiv)

(v)

e
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crossed in floating net-hapas. Breeding

. success as evident from the average nurber

ot fry/spawning and the spawning treguency/
month was much higher for the crosses tnat
involved female parent, O. n:iloticus t:zn

those crosses involving femalzs S. gal:.aeus.

—_—

Hetercotlis was demonstrated orly by the
hybric progeny ©f the cross, male ORN x

temale SAG.

The growth of the fingerlincs (pure bre )
frcm the intraspecitic crosses i.e. all ORN
breedors, a;l SAG breeders, wis intermer _ate
between those (aybrid progeny ot the i: “er-
sp2cific crosses, i.e. ORN ma es x SAG

temales; SAGC males x ORN fema. es.

Since fingerlings production is an area

in most need of research, it is recommended that:

(a)

further investications be carried out t:
determine improved methods of consistently
and economically producing Tilapia
fingerlings (both pure bred and hybrids)
cn a commercial scale. But there is need

for caution in the case of the hybrids



(b)

{c)
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so that the natural pure stock in thre
wild will not ne contaminated. It is
emphasized that a location like Lak¢
Kainji which was suggested to be a
source of und:sturbed populations ©
tilapias (Pullin, 1988) shovld be

jeaiously protected.

more information be genera‘“ed
concerning th« genetics, reproducti- =
behaviour and physiology of tilapia

(especially C. niloticus and S. gal!lacus)

in relation t> hybridizetion, This nay

vet leac to t'e discover of the si: ability
of our “ocal Tilapia species for tl:
product .on ot a1ll-male ! rborids just -ke

S. hornorum, a popular ¢ .2cies for
transplantatio: for ail-.ale hybrics

(Lovshin and D silva, 13 3).

electrophoreti - and isoelectric focusing
techniques or a2ny other appropriate
method be app ied in order to

determine the genetic constitution of

the hybrids :r. particular and the status
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ot the wild and cultured stock in general,
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CHLPTER 8

8.0 FISH CULTURE STJDIES IN FLOATING
CAGES (WITHOUT SUPPLEMENTARY FEEDING
IN A SEWAGE POND

Waste water aguaculture as a possible means of
water renovation, environmental protection and {2od
preduci.ion had all alicng beén practiscd in some

countr.ies and is even receiving seric. s attenticn

in fvture planning in some -arid countries (Allen and

Hepher, 187¢; Gaigher; 1983). As humz1 populati'n

increases protein reguirements also irnrrease. A art

from human sewiage, other types of orgsilc waste

from factories and other related indusurial set- p

can also be expected to increase. Stuilies have :liown

tiat all these forms of organie waste ran be uti ized

for fish production although there is & general
lack of informaticn on waste wWater aguacultudre
technology (Gaigher, 1983). Otubusin (1989}
enumerating some definite advantages of cage fish
culture system reported inter alia that the system
can be used not only primarily for producing high
quality protein cheaply, but also for cleaning up
eutrophic water bodies through the culture and
harvesting of caged planktivorous fish species as

prattised in Malaysia and Singapore.

i
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In Alabama, U.S.A., Sarotherodon aureus were

cultured in experimental floating cages in ponds (in
which other fish were also cultivated) fertilize3d
regularly to develop either moderate or dense¢ plankton
blooms. In West Java (Indonesia), comron cirp,

Cyprinus carpio are cultured on a comm:rcial sce.ec 1ir

fixed cages placed in canals and streams hez'ily
enriched by agro-industrial and domestic eff uerc:ts.
This technology has since been applied to ti apias
also, even thougt on a relatively small scal
(Rapbelahatra, 19°9). In the Philirpines, .z ge scale
commercial tllapqa/hiik fish culture in fixc cages
and pens is carried ont on a eutrophic natur 1 water
bedy, Laguna Lak2 (90( km* surfac2 area) wh ' h is fed
by industrial and dom: stic efflu ats from M 2 ila, the
capital city (pcpulation 6 milli .n plus). 7 oye et al.
(1986) at New Bissa, N.geria rep .-ted a fav» rable use
of a waste watelr in co'mon carp/ .lapia (Sa :therodon
galilaeus) production iy direct’: stocking tt: said
waste water. The expe:iments rejported undc- chis
chapter were carried o t utilizing the same waste
water in order to determine its potential fish

production (Sarothero on galilaeus) at different

stocking densities in floating net-cages.

8.2 MATERIALS AND 2THOD

The site used for the experiments was the NEPA
sewage pond (0.4 has surface area) situated within

New Bussa township (Figure 3.1 and Plate I). Other
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details about the sewage pond are as described undery
section 3.2.4. Two modules of 6ém x ém raft each

with sixteen, 1.5m x 1.5m apartments fittacle with

Tm X tm x 1.25m (210/9, 25.4mm mesh) net-cazes were
used for the experiments. The construction procedurc s

are as describ2d under section 3.3.1 and 3.:.3.

Two separate studies were carried out kut using

the same fish species - Sarotherodon galilacus.

8.2.1 The Effect of Stocking Densities
(20~-80 fish/m’) on Sarctheror.on
galilieus Production ir Floa'.ing
Net-cages 1n a Sewage Iond

tight apartments of one of the nodules described
above were used for this study. S. jalilaeus £f:nger-
lings with mean weight of 10.23 were stocked o: 27
April, 1989 using completely randomi:ed design and

replicated twice under the followiny treatment :

: 30 20 fish/m?
'II, 40 fish/m?
111, 60 fish/m*® and
v, - 80 fish/m’

50% of the fish were sampled thrice ii.e. at day 1,
day 70 and day 150) during the 150-¢3y culturs period
in order to minimize mortality thro gh sampling stress.
No supplementary feeding was given throughout the
duration of the experiment. Some ;hysico-chemical
parameters of the sewage pond water were monitored

as described under section 3.8,



8.2.2 The Effect of Stocking Densites (40-160
Fish/rn”) on S. galilaeus Production in
ﬁibating Net-cages in a Sewage Fond

The methodology for this study is very similar
to that of section 8.2.1. 1In fact, both studies wers
carried out simultaneously at the sewage pond. E.ync
of the apartments in the second module ware used.

S. galilaeus fingerlings with mean wzight of 10.&«
were stockd on 27 April, 19¢92 in the net-cages Jsing campletely
randomiz«d des_vn and replicated twice 1nder the

followinyg treaz-ments:

I; 40 fish/m?
324 &0 fish.f’rvn‘1
I11, 120 fish/m?
1v, 1€. fish/m’

Likéwise, no supvlementary feeding wa: c¢.ven throur 1out

h

the 150-day experiment. 50% of the fish were samp’ :
thrice (i.e. on day 1, day 70 and céay 15)) through: t

the¢ culture period in order to minimize ;Qrtality

through sampling stress. Some physico-chemical par:i-eters
of the sewage pond water weare monitored as describ: :

under section 3.8.

8.3. RESULTS

8.3.1 Performances of S. galilaeus Stocked
at 2u -80 fish/? in Net-cages in the
Sewage Pond

8.3.1.1 Survival
Table 8.1 shows the summary of results for
experiment 8.2.1. The survival rates ranged from

60% to B0%, The highest mean survival rate of
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6U% was recorded in treatment I11I, close!y followed
by treatment I (75%), then treatment IV (67%) and
least in treatment II (60%). The mean s.:rvival rates
under the diffecrent stocking densities wsre not

significantly different (P » 0.05).

8.3.1.2 Growtl rates

Table £.2 shows the results of some physico-
chemical paramcters of the sewage pond weter during

the experiment:. The grocwth rates of fish in the different

treatments werc generclly low. The higiest mean growth
rate was obhta.ned in tr-reatment I (0.26g./fish/day).,

while the other three ' reatments recorded almost similar
growth rates ranging from 0.15g/d in treatment II; 0.14
g/d in treatment IV to 0.13g/d in treatment 111 (Table
8.1). The mean growth rate in treatment I was

significantly different from the other tiree treatments

lP < 00‘:’5,.

8.3.1.23 Production

Generally, the total fish production (kg fish/m?)
increased as the stocking density increased (Table 8.1).
The highest mean production was recorded under treatment
IV, 1.649Y kg/m®, closely followed by treatment III
1.331 kg/m*, then treatment II, 0.764 kg/m® and least
in treatment I, 0.748 kg/m’>. There were no significant
differences in the mean production under the different

treatments (P > 0.05).
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8.3.2 Performances ot S. galilaeus Stocked
at 40 - 160 Fsih/m° in Set-ccges in
the Sewage Pona

B.3.2.1 Survival

Table 8. 2 gives the summary ot raosults for
experirment 8.2.2. The survival rate; were gencrally
high. The hichest me.un survival rat. was recorded
in treatment I (92.5%), followed closely by treatment
IV (91.9%), then treatment 11 (83.8%) and least in
treatrent III (62,5%). There were no signific. nt
differences in the mean sur:. ival rates under 1re

different treatments (P > 0.J5).

8.3.2.2 Growth Rates

'he growth rates ot fi::-1 in all the treatrents
were ‘enerally l:-w. The Liu:est mean qro;:h réte of
0.18g, fish/day v is recordec .n treatment I, followed
by treatments I' ! and IV, (,'0g/d and least in
treatm=at II 0. "3/d (Tabl¢ ¢.3). The mean growth
rates n treatme'ts 1 and 11 were significantly

differ nt (P < 0.05).

8.3.2.3 Production

"he total fish production in all the treatménts
were directly related to the different stocking
densities. The highest mean production was recorded
in treatment IV (3.652 kg/m*’}, followed by treatment
III (1.868 kg/m’), then treatment II (1.499 kg/m?),

and least in treatment I (1.357 kg/m®) (Table 8.3).
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The mean fish production in treatment I was
significantly different from the means of the other

three treatments (P < 0.05).

8.4 D1SCUSEION

S nce the Lwo erreriments were carried o.t
simultaneously znd the treatments (stoc<ing dens:ties)
were in mult ples of 2), the pooled data (i.e. Tables
8.2 and 8.3 ¢ombined) will gaive an interesting picture
for the disc ssion of the resu ts of th:z experiments.

The pooled r sults are as representec in Appendix 35 .

8.4 Surv val

No spcc fic trend was shown in the survival rates
ider the d ferent treatments. Gaigher (i963) in
caring O. = ssambicus at“censities of 17 to 435 fisa/m’
n cages wi:! cut artificial feecding in various waste
ater treat . ~t systems re¢ported a range ot sarvival
ates of 60 to 100%, The range 62.5% to 91.9%

votained in tiese studies are compzrable to those
rotained by Caigher (19813). Simil:irly, the mortalities
recorded in these studies were due to sampling stress
“ust as Gaigker (1983) reported a mortality rate of

40% (i.e. 60% survival rate) attributable to handling.
The range of survival rates (62. 5% to 91.9%) obtained
in these studies was lower than the range (94.5%
to 100%) reported in the Tilapia production experiment

at stocking densities of 25 to 200 fish/m? in net-cages



for 15v-day culture
(Section 6.3.2. and
(62.5% to 91.9%) in

the range (18% to 47.0%)

Table 6.2).
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pericd at Kicera 111 Reservoir

However, the rance

these studies are better than

recorded in Tilapia

(Q. niloticus) production at storking densities of

25 to 100 fish/m?

fecding for 150 days at

Ka:nji Dam Site, New Bussa (section 6.3.3.

6.4). The disperity in

the sewage pond and the

attributed to “he differ

Ithak (1987) reported ti
s nsitive tc handling t!
(vhich was us2d at the

and War:

Stumway (197 |

su2ersaturat on of pond

photosynthes s may adve !

sa:-vival of

ch: mical par. neters of ti

these s:ndies (Table

‘ntermediate Basin,

‘he survival rates of fish

'~t -0.0

‘wage pond).

me specles

in net-cages w. thout supplementary

KEPA
and Tacle
at

ntermediate Basir could e

:nt Tilapia specics used.

niloticus 1s more

n S. galilaeus

Doudcroff and
et al. (1973) opired that
aters from phytoplankton

2ly affect both growth and

of fish. The physico-

m

waste water recordec in

8.3) were within tolerable

1i iits for t:lapia culture (Swingle, 1961; Balarin, 1979
ar¢ Guerrero, 1982), and therefore there was no

ac verse environmental effect on survival, There was no significant
cifference (P > 0.05) between the mean survival rates
nder the different treatments.

&:.4.,2 Growth Rates

Despite the fact that S. galilaeus stocked in
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the cages at the sewage pond subsisted sclely on
natural food in the water medium, the ranze of growth
rates (0.10 to 0.26g/fish,day) compared very well with
the ranve (0.16 to 0.34g,fishsday) recoréed under the
supplenentary feeding of 0. niloticus in net-cages

at Kigera 111 Reservoir (Table 6.7). Even though,

Bardach et al. (1972) reported that 0. niloticus have

a better growth rate than S. galilaeus, the comparably
good yrowtn exhibited by the latter could be attributed
to the adejuicy of the natural productivity of the
sewage pound water. GCaigher (1983) however, obtained

a higher mear growth rate range of between 0.419/fish/
day to 1.3%y,fish/da; for O. mossambicus reared in
cages (at censities ¢f 17 to 435 fish/m’) without
aritificial feeding .n various waste water treatment

systeas.

Acuinu and Nielsen (1983) observed the
relationship between growth raté of Orsochromis
niloticus (initial average weight, 2g stocked at
50/m”) in cages and the gross primary productivity
in a lake of volcanic origin in the Philippines. They
reported that the lowest weight increment of 0.12g/fish/
day was observed when the gross primary productivity
(GPP) was only 0.6g C/m’/day while a GPP of less than
0.5g ¢ /m?/day gave no growth of fish. 1In the sewage
pond studies, the range of growth rates/fish/day was
0.10g/d to 0.26g/d whereas the mean primary productivity

observed was 2.3g C/m? /day (Table 8.2). This was
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similar to the value of 2.14g C/m’ /day reported for

another eutrophic lake (Laguna) in the Philipiines
(Brhent, 1981). Tne lower crowth rates of S.

galilaeus observed in the sewage pond coulé e atiri-

butable to the decreased eificiency of planxton

itilization by the larger fish stocked (aver:
initial weight, 10.59) (Ap.:naix 6 &and the sl ver
growth characteristic of S. galilaeus (Barcdac . et zl.,

1372) . Gaigher (1983) obseirved that the eff. _en
of plankton utilization app:rently cecreasec

larger fish.

The space f::tor wac a so evidcnt in th ro. wh
rates of S gal:lz:us at the aifferent stocki:
densities (20 - 130 fish/m’ (Appendix €) ,
dalily weight g:ir.'fish was .versely proport to
the stocking dens .ty which (orroborates the
of the space factor as opinec i by weatherly |
He stated that the¢ degree tc¢ which fish arc Ta ad

together will affect growth.

The mean growth rates «: 0.10g to 0.2¢
(Appendix 6) observed in thesc¢ experiments werc Ek:tter
than the growth rate of 0.05g/fish/day reportei by
Okoye et al. (1986) when they stocked S. galila‘:wus at
2274 per 400m? (i.e. about 6 fish per m?) direc:ly
into the same sewage pond. This means that the caged

fish even though stocked at a higher density graw

faster than the same species stocked directly intc the
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sewage pond.

This observation is similar

to that

of Kifai (1980) who observed that crowth rates of

fish Q. niloticus) reared in cage:s were hicher than

those of fish rearec
further confirmed the
that growth, as a response
of ar organism as a whole,
the zuitability of tae env
did

10t have to search ext

more of the food =zaten was
Moreso, even though the cé
wer: often lost through ti
(25.4mm) and tacre was no
This

(Pa. an-Font, 1275%).

the case of di:ract fish :
wh:e:re at leas. 30,799 fis
harvasted apar . from 173.3
thou:h only 2.
(Okc e et gl., 1986).
cult re perioi
fron

Bu:

in pond.

statement mad2

«cking into tKe sewag

This observation
by Warren (1971)

toc the :rntegrated activities

is a sersitive paraneter of
fish

ronment. The caged

nsively for food a:nd thus

converted into fl:sh.

‘ed fish spawned, the egys
» mesh of the net-cage
wyver-population in the cage

‘as unlike the sitsation in

pond
(5. galilaeus) were

g of fingerlings even

‘4 fingerlinus were initially stocked
W.t!in the 300 days (10 months)
Okoye et ul. (198€) grew S.galilaeus
an average initial weight of 36.1g to 51.3g,

at the least stocking density of 20 fish/m’

unc2r the cage culture experiments, S. galilzeus

grow from a mean weight of

(i.2. 86.8g in 300 days).

11.8g to 50.0g in 150 days

The mean growth rate of

2( fish/m® was significantly different from the means

o- all the other treatments (P > 0.05).
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¢€.4.3 Precduction

Generally, the effect of the different stocking
densities (20 to 160/m*’) on total fish production can
be seen at a glance studying the results in Appendix
6. The total fish production increcased as stocking
density increased even though with a corresponding
decrease in the mean size of individual fish (i.e.
50.0g to 24.93). The range (79.0g to 37.2y) cf mean
size of individual fisia IE: niloticus) stockea at
25 = 200,/w* and fed wizh 18.9% crude p;otein feed
(under section 6.2.2 and Table 6.3) was better than that
of the sewag: pond ex eriments for obvious reasons:

0. niloticus naturall  grows faster than S. galilaeus
— ———— — —— ————

(Bardacn et al., 19721 and moreso the former were
given supplementary fced. It was not therefore,

surprising that the nange of mean total fish production

(0.748 ~ 3.652kgs/m’) for caced S. galilezeus at sewage

lagoon was less than tne range {.9?6 - 7.03%9%g/m? forg
niloticus given supplementary feed in cages at Xigera
I11 Reservoir. The successful fish prodaction in
cages in the sewage pond without supplementary

feeding could be seen as a costi-saving exercise
considering the fact that feed represents 40 - 60%

of the total operating cost in intensive aquaculture

(Coche, 1978; 1979; ADCP, 1983).



Considering the surface area (400m?) of the
sewage pond, the least stocking density of 20/m°
for the cage system and 6,m’ for the direct stocking
into the sewage pond and assuming a survival rate of
75% for both systems, the estimated total fish
production in the cage system, 520.8kg/40Cn’ is about
6 times higher thar in the pond (direct stocking)
system. If the highest stocking density of 160,/r.°
is considered using same factors (:pace, 400m’;
survival rate, 75%; culture perioé, 300 days), :he
total fish production will be: 194¢.8kg for the cage
system which is about 22 times hicser than the pond
system. The estimated total fish production in the
cage system (at stocking densitie: of 20 to 1,0 fish/
m’) could be compared to the clair that prod ctivity
from cage fish culture system could be as hi h as 10
to 20 times more than in the pond culture sy tem

(IDRC/SEAFDEC, 1979).

6.5 CONC _USION AND RECOMMENDATI N

i) Even tﬁaugh the experiments on the utili.ation
of waste waters in fish productior in cages were
preliminary in nature, they do pr ve that cage
culture of the local strain of S. galilaeus has
potentials in waste waters aquaci.lture.

ii) The average &aily weight gain per fish was
inversely proportional to the ficsh stocking density
whereas the total fish production increased as

stocking density increased.



319

(iii) At the least stocking density of 20/m’ and

other factors constant, the productivity of the

cace system was observed to be about 6 +<imes more

than the pond system (direct stocking of

S. galilaesus intc the waster water).

It is recorr-endec based on the exp-rience

from these experiments that:

(a)

(L)

he harvested tilapia for human
consumption should first be d:zpurated

sacl. as is often done in cleaning
biv:lves befure marketing (Hickling,
13€2). Thirs will serve as a precautionary
measure aga“nst transmission of pathogenic
crgaenisms ir waste water-reared fish. The

»zrtion of the harvested fish which could

e

be too small for human consumption would

nced no depuration and could be used in

fish meal production.

w

tudies be carried out on utilization of
waste waters in fish productfon in order
to harness the immense potentials of such
water bodies that abound in lMigeria.
There could be some waste waters that
cannot be used directly for fish culture.
Therefore, an inventory should be carried
out on the available waste waters in
Nigeria and their adequacy for fish

production.
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A holist:i: =zcosystem approach involving
all facet: I aquaculture l(especially
cage syst== , water quality and

pellution :zudies, patholiclogical
studies, »:i1:te water treazrsnt tecknic_.es
and all c¢c=-=r related disciglines he
adopted ir <he integratec iaste water

managemer. = 2nd utilizaticn.
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CHAPTER 9

9.0 ECONOMICS OF F1SH CULTURE IN THE
FLOATING CAGE SYSTEM IN LAKE
KAINJI AREA

5 INTRODUCT ION

The major concern of the fish farmer is obviously
to make profit from his farm. Profitablility per se
naturally involves two factors aside fron yield: the
cost of production and tae receipts (both cash and
non-cash) from the sales of fish harvest. Ideally,
careful economic analysis of profitability should be

made at two different stages in fish farm management:

i) before establishing the farm in order
to determine whether the investment
is likely to be profitable and at what
level of intensity the farm must operate

in crder to be profitable;

ii) during the continuing management of the
farm to test whether, in fact, the
operation is profitable and to examine

ways of improving profitability.

In aguaculture economics, this can be dcone by examining
the input-output relationships (of the production
system) which depend upon the biology of the species and

technology of production.
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Even though, Chua and Teng (1980) noted that
cage culture is one of the most productive acuaculture
systems widely used for intensive fin fish culture,
this system is yet to be used in Nigeria for

commercial fish farming. Whereas, for exar:-le, in

Malaysia, cage culture of estuary croupers pinephalus
salmoides Maxwe:1) has bexzn found to be cf eat
commercial potential (Chu: and Tenc, 1977; °~ 78) and

many fish farme: s have developed czge cultu: . or i
small scale. Undoubtedly, the situaticn in .ig: _a can
be attributed to lack of ! nowledge of the ¢+ e (: . ture

- technology and equally its profitability.

The specif:c objectiv:> of this chapter "he-cfore,

is to provide i-.formation n the economics

culture in floating cage s 'stem in Lake Fa: 1 ‘rea
and to recommzn: the fish ~age culture tec. R
appropriate for the use of fish farmers in . ~d waters

of Nigeria.

9.2 BACKGROUND INFORMATI .

Hi

j=

The most vital local resource for the vz. l-being
of fish is water. Nigeria is blessed with ab-ut 12.5
million hectares of freshwater bodies (Ita et al.,
1985). Ayeni et al. (198€) noted that less tlan 1%
of these potential sites (water mass) is util zed for
agquaculture. It is not surprising, therefore that the
total annual production fram agquaculture in Nigeria was
25,607 metric tons in 1489 (Federal Departmert of

Fisheries, 1990). The vast Nigerian water bodies have
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great potentials if they are developed and utilized in
various appropriate aguactlture systems. For example,
fish production from cage culture system by utilizing
just 10t of the 2,542,150 ha of reservoirs and mining
pazddocks in Nigeria (Ita et al., 1985) was estimated
at 1,652,846 metiic tors (Ayeni et al., 198€). TlLis
production estinate is achievable ir only the appro-
jriate strategies are :pplied, anong whicn is the
aiving ot direct financial and technical :ssistance to
2id peasant fermers wh: constitute about 30% of food
>roducers (farmers, fi hermen and fish farmers) i~
vigeria (FAO. 1988). . n capture fishery, the
artisanal is however, :till the most irportant suu-—
sector, consistently :ccounting for well over 90% of
the total domestic procuction in Nigeria (West, 1:86).
[t is ther fore, logi::1 to focus on the operation o
small scal commercia. production of fish (Tilapia)
n floatin cages as i basis of providing information
¢n the ecc: omics of fich culture in floating cage
tystem. 7:lapia is the fish species used here for
bvious re::zons earlicr given. The data and other
sieces of irformation that are used in this economic
analysis are based on the results, observations and
experieances = obtained from all the phases in the
conduct of these studies around Lake Kainji Area

which include:

i) the module consisting of 6m x 6m bamboo
raft with sixteen, 1.5m x 1.5m apartments,

fittakleé with sixteen, 1Tm x Tm x 1m net-



ii)

iii)

iv)
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hapas was observed to be most suitacle for
Tilapia floating hatchery/nursery cperations
at both small, medium and largec scale fish
fingerlings production (Plate IV); €.5m x 6.5m
x 1.5% anti-predator net-cage (21(/9, 10mm

mesh size) can be fitted to surroundé the
hatchery/nursery modiale to prevent

intrusion/destruction by agquatic predators

the module consisting of 7m x 7r barboo
raft witqh four, 3.5m x 3.5m apartments,
fittable with four, 3m x 3m x 2.75m net-
cages (:10/9, 12.7mm mesh size minimum)
was obs rved to be ideal for Tilapia

grow-ou.t phase (Figure 3.6; Plate VI)

for either hatchery/nursery or grcowout
opera};cns, more than one module can be
linked together depending on the level
of production: smgll, medium or large

scale (Plate I11)

Black coloured 100-L pléstic floats
(product of Tate and Lyle, Ilorin,

Kwara State) were found to be most
durable (life span 5 years +) compared
with green coloured (1 to 3 years) and
white coloured (less than 1 year).
Net-~-hapas were observed to have a life

span of 3 - 5 years while net-cages
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(knotted) could be used etficiently for
3 -~ 5 vears also.
v) the presence ot adeguate nat.ral fcod

in the culture environnent was observed

to> enhance the efficiency of supplezs-
mentary feed for faster fish arowtn,
For example, at Shagunu Bay o onc [ake

Fainji, grcwth rates of Y.83 'nd .03 g/d

vire obseri.:d for Oreochroris ni. :icus

&nd Sarothe¢rodon galilaeus re ec ively

{fable 4.3) The highest gr. :h te

r:corded fo- 0. niloticus at 1g:.:1 III
F:servoir (:n oligotrophic r ~or - ir)
wis 0.72 g/ using groundru:t .k in

F2lleted fe: d (section 5.2.C

vi) Tilapias (k- .zh 2: nilcticus E zzlilaeus)
ware observ:<d to be relati: sy for
calture (fircerling product: i, rocdstock
development and growout) ar: ff:cient in

use of 1low cost feeds (sect.ors 2.3-and

5.2.5’

vii) All the matasrials used for the :age
culture studies were readily available
in Nigeria. Their durability/life span
are well known and their local sources

have been identified (Appendix 7).
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9.3 TILAPIA FRY AND FINGERLING
PRODUCTION IN NET=-HAPAS

A site that meets a.l or must of the reguirements

for Tilapia culture is envisaged for this project.

Criteria for site selecti:on for cage culture had earlier

beern enumerated under thes chapte: on riview o1

For the snall scale venture 4 1 .iules of 16-unit
hapzs/modules . re needed for th¢ ratc .2ry operations
wnil.:2 another | modules cof 16-ur F. as/module are
alsco needed fo' the nurseryv act ti. = (Plate 1IV).
Tilania (Oreoc! romis nilo=icus) ! e rs with minimum

averice weight of 60g/ficsh for  ~a. s and 100g/fish

fcr 1ales are stocked at the r: o) 2 breeders/hapa
and .t a ratio >f male:femnale, he breeders are
fed pelleted fe=d (20% CP mirin !, School of fry is
expe-ted in the hapas arocand 1% after stocking.
Average monthly producticn of C . ozicus fry is 1000

pieces/net-hapa

To produc¢ Tilapia finger! i, the fry were
further reared in hapas at a densi:; of 1000 per hapa
and were fed with powdered feed (3 1¢ CP minimum) for
fast growth until they were transf :rred to grow-out
cages after about 2 months.
$:3.1% Economics of Small Scale T . lapia

Fingerlings Production in lapas

Four modules of 16-unit hagas (hatchery) and 4 modules

of 16-unit hapas (nursery) are the minimum components

for a profitable small-scale commercial venture.
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The annual operating and maintenance costs and
prospects of the venture are as shown in Table 9.1.
The computations are based on the current prices of
goods and services in Nigeria as at December 1991,

and the followings:
i) Prcduction period: 10 months
i1) Expoected 1lif:z span of hapas: 3 years

iii) Eac module .s surrounied by 6.5 x
6.5 x 1.5m (10-mm me-h) anti-predator net-
cagc . This 1s OPTIOKAL if the site is

not prone to aguatic predators.

iv) 50 (minimum) survaivali of fry to

fi1' erlings

v) Lab:ur will be supplieé mainly by members
of "he co-operative grcup o2r farmers
asstciation or any other community operators
of the project. Casual labour can be hired

whzr needed.

vi) 1In spite of "cost prices squeeze" where
prices of inputs increase faster than
the price of out-put, the fluctuating
supply and demand conditions will be
used to make sure the venture is still

profitable.
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Annual Operation and Maintenance Costs
and Prospects of Small-Scale Commercial
Tilapia FinJerlings Production.
Items Unit Cost Amount
(X} (¥)
Fia FIXED COSTS
(i)*4 modules of i6-unit
hapas {hatchery) 12,000 48,00
(ii)*4 modules of 16-unit
hapas {nursery) 12,000 28,000
{iii} Wcoden boat (1) 5,000 5,000
{iv} Guard House/working shed 5,000 5,000
(v) 33,4 annual depreciation
on infrastructure 315530
E. OPER/.TING COSTS
(i)*. ilapia breeders, 3 sets
{2,640 pieces) ' 5 13,200
(ii) Fued 500 kg 4 2,000
(iii)} Kkight guard (1) 4,200 4,200
(iv} #aintenance,;Repairs 2,000 2,000
{v} ¥iscellanecus {(casual
labour, buckets, szcoop
nets, scale, polythene
bags etc) 5,200 5,200
(vi) Contingencies (Insuraics eto) 5,320
TOTAL 1732220,
C. Annual sale of 320,001
fingerlings .50 110,000
Year 1 Year 2
D. Total Cost of production 173,220 67,220
E. Gross Profit/Loss =13,220 92,?8&'
F. Return on Investment (%) - 7.6

138.0

&« Cost of modules includescost of construction¥ -
R S

If the farmers produce their own breeders and use a

predator-free site,
be greatly reduced after the first year of operatiecn

then the production cost will

transportation and installation.
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e dnd Prospects
The return on investment (ROI) jndicates
1285 at the end of first ‘ear ot operation. It
owever, became compensated ky a hich wvalue (13¢.0.)
the end >f the second year ot the project (Table
.1). Unde- good management, -~hercfore, if a soft
an 1is tak:n from the ban< f{ the project, it should
» possible to amortize thne 1! .n in three years.
Since - he demand for lar. gu. .tity of good
:2lity fis! fingerlings for : . ocl. nq commercial :ages
vhen estab. ished as an indur 'y) 1.1 be high, the
eration of many small scale ‘or  rcial hatchery/
‘'rsery will be a reliable ar rc:.ler source of

fingerling pr.duction

‘erred from
e continuation

nds Oor concrete

of clean, high

This (pond-seining)

results in high mortality and the fingerlings

to me -t this demand.
has +.e following acv:
the modules can b=
one site tc anocthe:
of :he project (ur:
tan:3).
it =ensures total harve:-:
quality fingerlings un _ke beach-seining
of fingeriings in pond which is not total
and also injures the f. sh.
are often soiled with 1ud.

harvesting of fingerliags from hapas is

fast and requires only one or two persons
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per hapa unlike pond-seining which reguires

many hands.

d) the system even though is very ideal for
Tilapia fingerlings (pure bred and
hybrids) production, was found suitable
ilsou for production of fingerlings of

common carp (Cyprinus carpio) and mud

iratfish (Clarias gariepinus) (Otubusin

't al., 19€5)

The rospects of this small-scale fingerlings
product-.c:. project are therefore, gquite high.
Consideri:g the cost of prodiction, there will be need
to avail «f credit facilities in the government-owned
Agricult .- al Banks at thz lowest intcrest rate possible.
This sys..m of culture is very ideal for co-operative
groups/s» 1eties, farmers associations or community
developm:r ¢ associations (CDAS). It is therefore,
recomnen.-x! for all local governments in the country
where svitable sites are availalle. Technical
consultations should however, be made before embarking
on the prcject in order to forestall problems that
could militate against the project (being a relatively

new culture system in Nigeria).

9.4 TILAPIA TABLE-S1ZE PRODUCTION
IN NET-CAGES

A site with abundant natural food is proposed for
this culture system in order to reduce production cost.

Lake Kainji (already described earlier) has many ideal



sites (coves and bays) for this culture system e.g.

Shazunu Bay (Figure 3,1).

Four modules of 4-unit cages per module are tne
minimum neede¢ for the small-scale production projec:.
Each module consists of 7m x 7m bamboo raft wit: four,
3.57 x 2.5m apartments fittable with four,3m x 5m x
2.75m net-cages (210/9, 12.7mm mesh size). Each nez~-
cace has an additional hapa bottom aside from Leing
double-net-walled at the bottom (Figure 3.6; Plate
VI). The high quantity of tilapia fingerlings for
stocking the production cages in this project ire
expect 'd to be met by the production fron the small-
scale 'ish seeds farmers. The fish feed can lz produced
by the farmer or purchased from reputabl:z fish feed
manafzcturers in the country like National In:s :itute for
Freéhgater Fisheries Research, New Bussé; Nigerian
Institute for Oceanography and Marine R.search. Lagos;
Pfizer Nigeria PLC: Talon Nigeria Ltd, l.agos etc
(Aprendix 7). During algal blooms in the wate: body,
supplementary feeding jis suspended so as to av id
polluting the culture system.

9.4.1 Economics ot Small Scale Table-size
Tilapia Production in Net-Cages

The estimated annual production cost an¢ return for
the small-scale table~size Tilapia cage farm ng are shown
in Table 9.2. The computations are based on the current
prices ot goods and services in Nigeria as &t December,

1991 and the followings:-
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Estimated Annual Production Cost and

Returns for stall-scale table-size

Tilapia farminz in Floating net-cages.

Itens Unit Cost Amount
(K) (W)
A. FIXED COSTS
(i) *< modules cf 4-uni-
cages 15,000 60,000
{ii)} 71 Wooden Boat 5,000 5,000
(iii) Caard House/workin shed 5,000 5,000
i
(iv) 3 %% annual depreci: .on
cn infrastructure 234316
E. OPERAT ‘NG COSTS
(i) *Fi -h seeds (80,000
pices for 2 crops) .50 40,000
(1i) *Fe d, 10 tons 4,000 40,000
(iii) Ni ht guard (1) 4,200 4,200
(iv) Ma ntenance/Repairs 5,000
{(v) Mi:cellaneocus (casu
lai our, buckets, sc
nef s, scale etc) 5,800
(vi) Cortingencies (Insurar 19,000
TOTAL 593‘33;_
C. Annua. sale of 14,40(. : 15 216,000
Year 1 Year 2
D. Tctal Cost of product. 207,210 137,310
E. Gross ltrofit 6,6%0 78,690
F. Return on Investment (%) 4.2 57.3

* 1f the farmers can produce their own fingerlings
and also the fish feed wai:h together constitute
about B84% of the operating costs, then production

cost will be drastically r:duced.

# Cost of modules includesccit of transportation,

construction and installation.
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i) Production period: 5 months/crop (2 crops
in a year)
ii) Expected l:te span of net-cage: 3 years

i1i) Stocking densaty: 100 fish/m?; 2003g/

fish at hi: rvest and 9U0% survaival
v) Only 22.5n* of the cace volume usec

v) 2 50u fish actually stocked per cacz per

c op to allow for stocking mortality

vi) ze of fingerlings stocked: 20g

tn

a erage size per fish

vii) 1 bour will be supplied mainly by members
¢ the co-operative group. ~Casual labour

be hired when necessary

viii) - 1loping inflation in the cost of inputs
11 be taken care of by supply anid
icmand conditions such tnhat the venture

311 still be profitable.

9.4.2 Frcspects

Economic viability ot aguaculture (including cage
culture) depends on the interplay of various complex
factors. 1t is often the aim of fish farm operators to
cut down production cost in order to increase the returns
on investment. However, production cost is a function
of operational skills which include selection of sites,
fish species and the manipulation of the growth pattern

of the stock and also the production capacity of the



culture syster. It should not be surprising therefcre,
that the ability to achieve high production per unit

area very often varies with the skill of the opzr:-cr

t

The high return on investment (especially as from o

m

{h

second year of the projiect) gaven in Table 9.2 sac
therefcre, not look exuaggerated. The procictivi-y ¢
cage culture system in terms or [ish yielc had Lec
known to be as high as 10 to 20 :-imes morc than po
culture consicerinc th: surface «area and inputs (I. 2/
SEAFDEC, 197Y). For erample, fa:ming of the chann:

cat fish, Ictalurus purctatus in the U.S.A. showec

that intensive culture in floatir ; net-cages anz f. ¢
enclosures gave the hichest rate °f returns on
investment (ROI), 121% to 160% as compared to pcnrt
raceway culture, 22% - 55% (Shang 1976). So a.s
intensive culture of ccmmon carp 1 Japan' recor:ic
good returns on investrent of 300 , whilst exten: |
culture in Poland shows=éd that the 20I was only

(Shang, 1976). Even, extensive pc- culture of m:I.

Chanos chanos was found to be mor: lucrative the: 2

culture, the RNI were 140% and 11.3% respectivelv.

The ROI of 57.3% as from the second year of the
project (Table 9.2) is guite less than the minimum RCI
of 121% obtained for intensive culture of channel
catfish in cages and enclosures in the U.S.A. (Shang.

1976) .
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The prospects of this cilture system based on the
numpber of modules recommended are quite high. Since
tne loan obtainable (about Ki150,000.00) is quite high,
the project can be operated by co-operative croups,

community development associations, groups of intcrested

znemployed agriculture craduates and so on.

9.5 CONCLUSION AEND RECOMMENDATION

Even though, cace fish farming is relatively new
in Nigaria, this culturc system undoubtedly has great
potentials in drastically increasing fish produc:ion
from the country's vast inland :nd marine bodies of

water including mining paddocks.

The utilization ¢f floatin: net-hapas and net-
cage system for tilaypia finger.ings and table-size
fish production respectively y2re found technically
feasible and economically viable especially when
cperated at small scale commercial level. . Several
local and nation-wide aguaculture activities (training/
workshop and pilct cage culture operations) involving
cage fish culture (DFRRI, 1988; Koinyan, 1988a:.'986b3
attest to the evolution of fish cage culture technology
appropriate for the use of fish farmers in inland
waters of Nigeria. Since there are still technological
gaps to be filled in the cage culture technology,
concerted efforts at the three tiers of government, non
governmental agencies (NGOs) and the public have to be

mustered in order to achieve a total break-through.
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It may sound surprising that Philippiaes which is now

very famous for cage fish culture only had cace culture

experiments started in 1973 in Laguna Lake (Delmendo

and Bajuilat, 1974) and commercial production of Tilapia

mossanbica in floating cage by the private sector in

1975 Guerrero, 1Y79). It is therefore, recom  nded that:

i)

ii)

iii)

All Instituticns involved in cage fis?
culturs research and development shoul i

be ade: uately funded to cary out more
resear-h on th:s seemingly new syster >f
fish culture ard also train the much n:eded
technical manpcwer thét would render
extension serv. es to would-be farmers in

the lozalities.

Government Institutions and non-govern-
mental organisations (NG23) involved in
fish seed nultiplication should inttns_fy
their zctivities in corder to supply the
large volume of fish fingerlingé that will
be regularly needed to stock the cage

culture system.

Governnent Institutions and appointed
livestock and feed millers nation-wide
and those involved in production of inputs
like nets, floats etc, should be given
incentives to step-up the producticon of

these essential inputs and sell them at



iv)

v)

vi)
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affordable prices for use in the cage

culture system.

The approprlape érm(s) ¢of the government
should initiate the survey of the country's
water bodies and then legislate on the use
ot water bodies at tenporary ownership
licence (TOL) for cage fish culture

activities.

Financial and lending/banking Institutions
should be approcached by the government to
allocate a reasonable proportion of their
agr:cultural loan to fish farming. The
Smail-scale Farmers' Credit Scheme and
Agricultural Insurance Scheme (which cover
enly rice, maize, poultry and cattle} .aunchcd
in taduna some time tgo {Koinyan, 198i3b)
cculd perhaps be exterded to hoost small-

scale cage fish farming also.

Finally, thz Communitly Based Implementatiaon
Strategy (CBIS) whiéh affords an effective
grass root participaiion, as favoured by
Directorate of Food, Roads and Rural
Infrastructure (DFRRI} (Keoinyan, 1988a)
should Be,executed using small-scale

fishermen/fish farmers grouped into Co-oOpe -

rative societies, Farmers' Associations or

'Community Developmnent Associations (CDAR)
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for the commercial cage culture project.
These small-scale groups are in the best
position tc utilize the vast wmpolluted
water bodies in Nigeria for tilapia cage
farning - wiich could be one practical
solation to the problem of inadequate
pro.ein for the country's growing

pou 1lation.
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CHAPTER 10

10.0 GENERAL SUMMARY, CONCLUSIONS AND
RECOMMENDATIONS

10.17 GENERAL SUMMARY AND CONCLUSIONS

The vast unpolluted inlend freshwiaters of
Nigyeria provide opportunities for use in fi:a
production by means of cage culture practices.
Farming of fish in cava2s had been tradition:lly
practised for many ye:zrs in several countrics especially
in Asia. Of the modern aquaculturc systems, cage
fish culture had been proven to be one of t 2 cheapest
to operate. Unfortunately, this .nnovative fish
culture method Las hel practically no appl:i:-ation in
Nigeria even though £ me succes: had been : - -orded
using this systoem of “ish cultu:r: in some 7  -ican

countries like 3Igypt, Ivory Coast, Tanzani:, Togo,

Sierra Leone, Siadan &rd Niger R: ‘ublic. &' iies were
therefore carried out it the National Inst. <.te for
Freshwater Fisheries } .search (XI1FFR), New =2 .ssa
around Lake Kainji arc i (betwecn 1986 and (:'1) with

some specific objecti' @s but an ultimate aim of
evolving a fish cage :ialture tecnnology appropriate
for the use of fish armers in inland waters of

Nigeria.

Five sites around Lake Kainji area were used

for the studies:
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(1) The Intermediate Basin located between
Kainj;i Dam and the northern end of Lake
Jekbbe;

(:1) Dogongarl Bay on the west of Lake Kainji
near NIFFR Headguarters;

(:311) Kicera I11 drinking water reservoir
witnin NIFFR Housing Lstate;

1v) National Elecﬁxic Power A:thority (NEPA)
sewaje pond in New Buissa zownship and

{v) Shagunu lay, west of the :iddle barin of

Lake Kainji.

:ourteen experiments were desi. ned and carried
Jv. in line with :the objectives of the stud:es. Twe
ne experiments were on the caje culturaiility of
commerciall, important fish species in Lake
jJi and a preiiminary study on the growth of

-

aerinus citnerus in floating cages in two different

:s. The remaining twelve experiments were carried

using Tilapias (Oreochromis niloticus, ORN and/

-t Saroctherodon gyalilaeus, SAG) under the following

troad titles:

(a) Feeding experiments using agro-
industrial wastes and some other
feedstuffs in different combinations
in floating cages.
(p) Stocking densities experiments using
O. niloticus with or without supplementary

feeding in floating cages.
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(c) Breeding experiments using different
male : female ratic of ORN breeders
and hybridizatiocn trials using ORN
and SAG in floating net-hapas.

(d) Fish culture studies in flcocating cages
(witncut supplementary Ieeding) i a

sewage pond.

All the experiments were carried out in flo ting
biuuboo cages (witl. either net-ha as or net-cages).
A.l the treatments were appropriately assigred to
the cages using a completely randcomized des: gn and
were also replicated appropriatel,. In expe-iments
involving supplementary feedina, 'he fish we e fed
with powdered or-pelleted feeds a: either 20 , 10%,
5% or 3% of the fish biomass dede:rding on th: size
of the fish (fry, fingerlings or ;uveniles/Lfeeders};
the objectives and duration of the experimen . The
stocked fish were sampled appropriately for :-owth,
survival and production (at harvest). Some »hysico-
chemical parameters of the culture mecium (w.ter)
and proximate analyses of the feeds were carried

out as much as possible. The data cobtained from

the various experiments were analyzed using Analysis

of Variance and Duncan's Multiple Range Test.

The highlights of results from the various

experiments under the studies were as follows:
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The module of ém x 6m raft with sixteen
1.5m x 1.5m apartments fittable with
sixteen, Tm x 1m x 1m net-hapas was
observed to be most ideal for floating
hatchery/nursery operations in fish
fingerlings production especcially

Oreochromis niloticus, Sarotheroion

galilaeus and their hybrilis. An anti-greca-or
net-cage (3/8" mesh size) had to oe used
to enclose each module to prevent

intrusion «f predators irom the v 11d.

The mwodule of 7m x 7m raft with - our

3.5m x 3.5m apartments fittable .:th four

3m x 3m %X ’.75m net-ccges (knott 1) was noted
to be suit - -ble for tr. grow-out. The
net-¢ages for grow-ov.: (normally !ouble-
nett :d at the bottom :nd with hep .

netting sewa to the | :ttom insicc affcrded
the caged f sh a bet: r utilizati n of

-

the sinkin¢ pelleted “:ed.

The floatir j net-hapa system was found

to be more productive than some other
outdoor h: tchery systems at NIFFR (i.e.
cutdoor c/ ncrete tanks and concrete raceways)
for Tilapia fry production. The tilapia
(ORN) breeders in Male : Female ratio of

1 : 3 at 12 breeders/m® gave the highest



spawning freguency and the highest fry

production (1,000) per hapa per month.

Tne tilapia species (O. niloticus and

. galilaeus) were observed to hybkridize

———

K

voluntarily, naturally anc easily in
fleoating bamboo net-ha as at Kigera 111
érinking water reserveir. The totad
number of fry produced, spaewning
fregquency., number of fry pcr female and
the avera je number of fry per spawning were
higher in the crosses invoulving fenale ORN
than in those involving females Si:i. The
growth of the F, progeny fron the
intrasp cific crosses i.e¢. all ORI breeders;
all SAC breeders, was cbserved tc ne
intermediate between those of the

.
intersjecific crosses, i.e. ORN nales x

SAG females, SAG males x ORN females.

Under the cage culturapility of some
commercially important fish species in
Lake Kainji, the microphagous/
planktivorous C. citharus, 0. niloticus
and S. galilaeus recorded high growth
rates (g/d), of 3.31, 2.83 and 2.03

respectively. Clarias gariepinus on the

other hand, had a daily growth rate (g/d)
of 3.28. C. citharus stocked in cages

at Shagunu Bay (Lake Kainji) recorded a
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higher growth rate (1.92g9,;fish/day)
than those in cages at figera 111

Reservoir (0.9g/fish/day).

Under the feeding experiments, corn
bran {(fec as a single ingrcdient) was
observed to give the wpest feed
conversion ratio, FCR (6.5.), highes
average final weight and t e fastest
growtn rate in nursing til.opia fry te
finjerlings. Tne combinat.con of corr
bran and brewer's waste (i: ratio 1 : 1)
was observed to give the b.st FCR (4. 8),
fas-est growth rate and nic hest avera e
final weight in rearing tilapia fry t
fingerlings in floating najas. Where s,

the feed containing corn bian with co..start

amount of fish meal and Hrcﬁix recorc: ¢
the best FCR (1.13), the fastest grow:h
rate and highest average weight gain 1
rearing tilapia fry to fingerlings in

floating cages.

In the grow-out phase the pelleted feed
containing 10% bloocd meal was the most
efficient in terms of total fish producticn,
average final fish weight. While, groundnut
cake in pelleted feed gave the best FCR

(1.12), the highest average final weight
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and the highest average daily weight
gain in J. niloticus production in

grow-out cagyes.

Under the stocking density experiments,
even though the fish growth gs«neral |y
decreased with the increase i stociing
density, the highest total f.sh prociuction
(5.09/kg/m*) was obtained a' a stociing
density of 75 fish m’. The role of high
quality supplementary feed in enhar zing
production even at higher fish stoc iing
density was confirmed by the best : .sh
production (7.039 kg/m®) obtained
stocking til: pia at 200 fish/m’. €
natural productivity of the Interm iate
Basin 'NEPA lamsite) wa. observed - be
capablc of sustaining g.od growth - fish
éven a: a stocking dents -y of 100 ::sh/m’

without suppl« nentary fveding.,

Under the was ¢ water Zi7€ culture experiments,

it was observ :«d that S. galilaeus has

potential in .aste waters aguaculture.

1t could also be concluded from the foregoing

(1)

The moon f.sh Citharinus citharug, with
no previous record of use in cage culture
and often cdescribed as a bottom-dweller

survived and grew well in the floating
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cages. This observation further
confirnmed arn earlier cbservation tnat
Citharinus sp. were n: longer bottom-

dwellers in Lake Kain-i. 1In addition to

the popular tilapias, 2, citharus seems
a potential candidcte fish for cacze

culture considering 1t: growth performance,
fecundity, adaptabilicy, late meturity
(unlile tilapias), Zeeiing at the base

of th: food chain.

The pcwdered feed ccntuining 74. corn
bran + 25% fish mea. -+ 1% promix
appears to be an efficient and economical
fee:! for use in comncrcial tilapia
finjerlings producticn in net-hapas.
On the other hand, t: e pelleted diet

.
containing 253t grouninut cake - 74%
layer's concentrate. corn bran (in ratio
1T ¢ 3) + 1% prenix secemed ideal for
table size (Tilapia) groductiorn in cages.
Blood meal compounded at 10t plus other
feed ingredients like corn bran was
found suitable and promising in formulation

of economically efficient Tilapia feed in

cages.

At the highest tilapia stocking density
of 200 fish,m’, the highest fish

production was enhanced by inclusion of
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about 20% protein feed containing 10%
olood meal + £9% corn bran and 1% premix.
In the absence of supplementary feed, the
abundance of natural food in the culture
riedium was advantayeous to the growtn of
tilapia (0. niloticus) especially under
:itensive cage culture in Lake Kainji

{e.g. at Intermediate Basin and Shagunu B.y).

(iv) Apart fror the suitability of the
floating net-hapa system in Tilapia
fingerlings production, the system appli=c
in a near-to=-nature environment must have
contributed to the voluntary and natural
hybridization cf 0. niloficus X S,

galiiéeus whicl. hitherto was reported
W

in Israel to b2 very difficult.

(v) The ¢xperiments using waste waters in
fish cage cultuare confirmed that productivity
of cage syster. could be several folds
(about 6 times in this case) higher than
the pond system(e.g. direct stocking of
5. galilaeus in the waste waters)

considering the space and other inputs.

(vi) 1In spite of the newness of the cage
culture system in Nigeria, it could be
concluded undoubtedly that the system

has great potentials in increasing fish



production from the country's vast

water bodies (e.g. hydroelectric
reservoirs, drinking water reservoirs,
waste waters etc). The system {as
hatchery/nursery and grow-out) was found
technically feasitle ancd economically

viable and ideal for smell scale

commercial operations.

GENERAL REC/OMMENDATIONS

For a rapid .ntroducticn of f.sh cage culture

sughout the country, it is recormended -hat:

(a) Tne Federal Governnent of N: jyeria
snould accord cage fish cult ire a
bigh priority in +he Nation:cl
Folicy on Aguaculture.

{b) institutions and centres in%olved
in cage fish culture research should
be generously funded to carry out more
research on every aspects (especially
fish feed formalation and fish seed
production) of this culture system
in order to fill the gaps in knowledge
on the system.

(c) The promising indigenous fish species,
€. gcitharus should be further

investigated in the cage culture
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system - for proodstock development,
fingerlings production, and table-sizc
rroduction. Riforts should be geared
towar«<s the irduced breeding

(artZ "icial o1 natural) ot the fish

for -i:ss fingerling production.

(d) More ybridiza:ion (ORN = SAG) traials
shoul: be carr.ed out t« monitor
parar ters like the genctic constitution
of tt best growing F1 progen' using
elect o-phoretic or any other
appr' riate technique, the percentage
male ~ybrids and their culture
pote .- ial in floating bamboo
grow- ut cages. In addition, Lake
Kain (suggested <o be a source
of u-:_.sturbed populations of
tila-:2as) should be jealously
protccted so that the purity of its
tilapia genetic resources are not
contaminated or destroyed by ill-

considered introduction and transfers.

(e) An inventory of available waste waters
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in Nigeria and their adequacy for £lsh

“

production using cages should be

o]

carried out in order to formulate
strategy for a national intecratca
weste water management and utilizaticon

in aquaculture.

More research should be cerried out

on the components of wha: constitute
the "hari ware" ot the cige culture
system (i.e. the floats, raft, net-hapa
or net-:-age, the anchor line etc) 1in
order to increase the possibility of
locally sourcing the materials for

durabil_ty, efficiency and economics,

Since every State in the rederation is
blessed with vast water bodies, fish
farming in cages is highly recommended
to all Local Governments for use in
the suitable sites of these water
bodies. For effective ana efficient
grass root participation, the
Community Based Implementation

Strategy (CBIS) as favoured by



(h)

Lt
L
—

DFRR1 1s reccrmendeé to
by small-scale fisnermen
groupec

Farmer:s' AsscZlaticn or
Develor~ent Associations
the nat onal comrercial
project.
fish pr .duction of 14.4
modules
one Co- nerative group,
Chapter 9), 34,722 CDAs
Local Gt -ernment Area) c
Appropri:te croups spre:
the wate: bodies in thre
be invo! 'ed to produce
ot fish sin¢ the 4-mod.
scale CELS5 approach. I
medium 233 large scale 1

also berzfit £y using i:

of modules (even up to 1!

into Co0operative

At an estirate.

of grow-out cage:

4C practisec

farmers

Societies,

nmunity

t .DA=} 1in
e ¢ :lture
nn. 11
s r o4
i for
er -o

l over
vowill
tons
all
Led
14228 can

s15ed

number

} r more

per medium or large scale g'oup).

The fish cage culture tecinilogy so

far packaged (even though nieds further
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development) is highly recommended

to governmental 1nstitutions, non-
governmental organisations, organized
priv: te sectcr, banks and other
finarcial institutions, Fish Farmers'
Assoc lations, Co-operative Soc:eties,
Comm nity Develiopment Associa-.ons
anc ndividua.s intere:ted in fish
farm ng, as a practice., cheancr

and fficient alternative to ir “reasing
fisl production from the abu-dznt
exi:*ing bodies of water in th

cou ' - ry.
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Appendix 6 Pooled data (i.e. Tables 8.2 and £.3) from

the results on S. galilaeus stocking

densities experiments in floating cages in

a sewage pond for 150 days culture period

Y o T 4
1 13.5 48.0 0.23 80.0 0.768
20/m?® 10.0 52,0, 0,28 70.0_ 0,728

1.8 50.0 0.26 75.0° 0.748°
11 . 9.8 32.3 0.15 ?0.0 0.?35
111 8.3 32.3 0.16 77.0 1.492
v 11.9 22.4 0.07 E;.B 1.502
Vv ) 10.2 22.2 0.08 49.0 I1.066
ww b Za o oem, Ba L
VI ) 1U.6 25,6 0.10 90.0 3.686
wow 'l A SB. 28 M

Means in a colum with the same supers

different at 5% DMRT

re not significantly
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