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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



o

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



28

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
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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
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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

-~
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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.






