e L —

WORLD HEALTH QRGANIZATION

ORGANISATION MONDIALE DE LA SANTE

o5 w2

DISTR. : GENERALIE!

WHO/VBC/87,945
JBC/BCDS/87.20

ENGLISH ONLY

DATA SHEET ON BIOLOGICAL CONTROL AGENTS:
TILAPTINE FISHL

CONTENTS

Page

1_. INTRODUCTION ---------- Wk ok A Bk ok ok kA AR E S FF VYA E N NEE SRR A S EE NS RN NN YW LA LI R R '2
2, LIFE CY¥CLE . iiiiirii i i s r s i s v nnenrns B kv A L s A et e A b bR sre e Ee ety 3
2.1 Courtship, spawning and parental care in Qreochromis and Sarotherodon ........ 3

2.2 Courtship, spawning and parental care in Tilapia .........c.uiaeuiinanaoan, ‘e 3

2.3 Maturation and sexual development ................ demarmrmannan deme et a ey 4
2-3-1 Males LR RE BN B TN R I NN R B B RN R T N NN RE RE N RERE N R N B L R R B A mEEEEEw o ow ow oo owom ok oa ok k kb kb 4

2,3,2 FemalosS ..vuvccan-- e 4

3. UL R 4 s it tmvvusssvsssasaanssasassrtsasssssasrnesneranrrssnrsnnsascanneananssncnsna a
3,1 Pond hatcheXies cussesesrsvrsossrsnasssrsssnnnransnsasnaansnsnssnnnnnnnsnsns R 8
3.1.1 Stocking and harvesting ..veesearsrrrrrssrrsrsrsrasanananasosaansasnanassn 8

3,1.,2 Feeding and pond fertilizatiom ..u.cvuiuveivanivicvniivisasssnssanaesaas 10

304,207 TE1apla svveersraveniransranntssananransrasrsrnrrrnansarannnna . 10

3,1,2,2 Oreochromis and Sarotherodon ceieeesvsiitasasasssnsssssssasnss 10

4. COMMON PROBLEMS DURING TILAPTA CULTURE ........... PR e e m e A AR E AR e 11
4.1 DBiological DroblemB .aescisessastsassrsarenrsannssranansnansrasnannnnssnsnannns 1z

4.2 Chemical problems ....c.cuicivacrannnan- Cmee i dertstb s s sttt e 12

4.3 Physical DProblelRS .cueuaieesssssraosansrrarasasssnssennanssssnssnsnnsnnnsnsnassns 1z

5. HANDLING AND TRANSFORTATION ,...c-ocoaa.... Prarrimsamsemssemssasassassmssmmasamamaanna 13
5,1 Fish +ciccnecenncnns MM R4 EAastaEsEreTeE TR REIEE LRI IO T AP A s m 13
5.1,1 TIntroduction of fish to a new GNVIronNmeNt . .....ceeceavccaumannemanmnnns 13-

5.1.2 Packing deansitV .eeeesessrsserrarasarrarasrassanseassnnaconnnnsmnnnnnsns 13

5.1.2.1 Tanks and open CONLAINGYS suvesssressssssssnsnsssnsnsnsnannsan 13

5.1.2.2 Plastic bags ........ T I

5.2 Water ......... 14

5.3 Discolved OXYEED . cvacicmunacananannnas P U X

5.4 Problems during transportation ....eececcieceaoon-- O 1.

b, BIOLOGICAL CONTROL BY TILAPIINE FISH cuveuvvuvvvanssruisnsvsssvsvsosasastasssssnsnses 14
6.1 Predation ...... e e e e b e e e e E AR R e RN r R AR A s aa 14

6.2 Compebtition sisevsssssvansanssrsssnrrsrsnsnnnsnananncosnanmannns PemsssmssmmmsaEEaan 15
REFERENCES L ueiriiiusvassarssrasasarrnrtarasrastrssrnsrssrtrrrananaansascansssasananann= 16

1 rnformation document produced by Ronzld J. Roberts and David R. T. Sampson,
Ingtitute of Aquaculture, University of Stirling, Stirling, Stirlingshire, Unlted Kingdom,

for WHO Division of Vector Biclogy and Contreol.

This docurment is not a formal publication of the World
Health  Qrganization (WHQ), and all rights are reserved
by the Organization. The dogument may, however,
be freely reviewed, abstracted, reproduced or translated,
in part or in whole, but not for sale ar use in conjunc-
tion with commergial purposes.

The views expressed in documents by named authors
are solely the responsibility of those authors,

Ce docurnent n'est pas une publication officielle de I'Crua-
nisation moendiale de la Santé (OMS) et tous les droits v
afférents sont réseevéds par |'Organisation. $'ii peut &tre
comments, résumé ou eité sans aucune rostriction, il ne
saurait cependant Btrc reproduit ni traduit, partiellement
ou en totalité, pour la vente ou & des fins commergiates,

Les opinions exprimées dans les documents par des auteurs
cités nommeément n'engagenet que lesdits auteurs.




WHO/VBC/87.945
VEC/BCDS/87.20
page 2

1. INTRODUCTEON

Bacause of the present concern of the effects of insecticides on the gnvironment, the
use of biologleal agents for controlling the vectors of human disease are becoming
increasingly popular. The two vectors of perhaps greatest importance in tropilcal medicine -
the aquatic snail and the mosquito — are both water-borne for at least part of their life
oyele.  The latter ean transwmit diseases such as malaria, vellew fever and dengue, as well as
carry filaroid nematodes and approximately 80 viruses (Mattingley, 1969). Specific tropical
gnails (Biomphalaria, Bulinus, Oncomelania) can tramsmit schistosemlasis and serve often as
an intermediate stage [or other parasites infecting man,

The use of chemical methods to control water—borne vectors of disease has been losing
favour recently because of the possibility of long—term detrimental effects on the
environment. The use of biological control agents provides an alternative, but their cffect
cn the environment must first be carefully assessed and then monitored following their
intreduction. The use of fish as biolegical contrel agents has beer an oplion for some time,
and resesawch has shown that they can be effective for controlling a number of mosquite larvae
(Davey et al., 1974; Legner & Figher, 1980; Legner & Medved, 1973) or snails (McMahon,
Mighton & Marshall, 1977) present io a water body.

However, the transfer of fish of provenm ability in mosquito control to a new enviromnent
may not give Lhe expected resulrs and perhaps cause the decline of other desired fish
populations, It is thus preferable to use species that are already present in a locality
aven if their ability to control the vectors is not well documented. If there are no
suitable local specics, then the use of exotic species under strict control may be the
alternative, but with full awareness of potential risks.

The fish known as tilapia (including the genera Tilapia, Sarotherodon and Qrcochromis)
originated im the lakes and rivers of Africa (Trewavas, 1%283). A few of rhe species have now
bocone widespread partly bhecause of their esase of culture and the quality of the flesh, but
more oflen because of rheir ability to rapidly colonize all water beodies to which they have
access. The reason for this can be attributed teo their capability te congsume 2 wide range of
nutrients and their capacity for continueous reproduction. Tilapia do not produce large
numbers of cggs at each spawning compared to carp or catfish, but when gonditions are good
(and there are a wide range of suitable conditions), a female may spawn every fow weeks
(Macintosh & Sampson, 1986). Moreover, because of the high degree of parental care, the
percentage of fry surviving is often high, Of the several hundred specigs which can be
classed as tilapia, only about 10 are cultured in any number outside theix place of origin.
These species are;

Tilapia zillii (Gervais)

T. rendalll (Boulenger)
Sarotherodon galilaeus (Linnaeus)
Oreochromis mossambicus (Peters)
0, nmiloticus (Linnaeus)

0. aurcus (Steindachner)

0. {Urolepis) honorum (Trewavas)
0. gpilurus (Gunther)

0. macrochir (Boulenger)

To the uninitiated the taxonmomy of the tilapias can be very confusing., Beveral of the
important aguaculture species are referred to variously under the three generic names:
Tilapia, Sarotherodon and Qreochromis (e.g., Tilapia mossambica and Sarethexodon mossamblcus
are the same as Oreochromis mossambicus). Particularly in older publications on tilapia
culture all species may be referred to as Tilapia.

The tilapia mentioncd above are all very similar, with distinctions being made according
to behaviour and geopraphical origin as well as differemces im bedy structure or colour. The
wmaktter 1s now further complicated by the natural ocecurrence of hybrids In areas where two or
more specics have been introduced. Hybrids such as the red or golden tilapla (2 cress
between (reochromis mossambicus and Oreochromis niloticus), found ir Chima (Province of
Talwan), Indonesia, the Philippines and Thailand, are now being selected for commercial
on—growing in preference $o the fish with normal grey—silver c¢oloration.
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Tilapia are a useful aid in the fight against diseases spread by snails or mosquitos.
The wide range of natural material that can be part of tilapia’s diet allows them to feed on
and destroy the enviromment of the vector as well as the vector itself. The wide range of
conditions under which tilapia breed means that they can be bred amd ¢wltured with the
simplest of facilities. Thus even in the most remote areas, tilapia can be cultiveted and
used as a biologlcal contrel agent.

2, LIFE CYCLE

Tilapia are characterized by thelr high degree of parental care for their eggs and
juveniles. The main distinction between the three genera included within the tilapia is the
type of parental care. Tilapia can be inltially divided into those which lay their eggs and
attzch them to the substrate, "substrate spawners” (these are the true Tilapia (e.g., Tilapia
£11141)), anéd those which after laying their eggs collect them and breod them within cne or
both of the parents' mouths, “mouth brooders.” Mouth broodexs are subdivided: the group
where the female mouth—broods the eggs is classified as Oreochromis (e.g., Oreochromis
niloticus), the group where the wale or both parents mouth-brood is classified as
Sarothercdon (e.g., Sarotherodon galilasus).

2.1 Courtship, spawning and parental care in Oreochromis and Sarothercdon

Before courtship can take place, the male will select a site and then, using hils mouth,
dig a depressiom iu the substrate. This is called a nest, The male will defend his nest and
the territory around it from all other males and immature tilapia, but will rry to drive any
ripe female into the nest. Ripe females may enter the territories of saveral males before
choosing the nest in which they will spawn,

During courtship the fish swim close to each other, often in the head to tall position
with the male nipping the flanks of the female. His fins stand erect and his body quivers.
In some species the male genital papilla will become gquite cbvicus (e.g., Q. macrochir). The
palr may not spawn straight away, interruptions from other excited males may eccur, or the
female or male may stop to make alterations to the nest.

Eventually spawning will take place. This can occur during any part of the day, but is
most comnon during the aftermoon or evening (Sampsom, 1981), The female will shed her eggs
into the nest where the male will fertilize them, The female (and male in the case of
Sarotherodon) parent will pick up the eggs. The female Oreochromis will then leave the nest
and will not return. The male is new able to spawn with other females.

The parents that brood the eggs and young will not feed during this pevied {Rothbard,
1979), although in ponds and tamks they may be attracted to food thrown into the water in
their vicilnity., They tend to keep away from other fish, particularly males In nests, by
swimming near the surfaece or in the cormers of ponds.

The buccal cavity provides a protective chamber for the develeoping embryecs, but to
accommodate the eggs the Lower fleshy part of the bottom jaw expands to form the brood
pouch, The fish can be seen moving their jaws to encourage water exchange, circulation and
to turn the eggs so that they can develop correctly. The eggs are brooded orally through all
the stages of embryomic development until the fry are free—swimming and able to feed on
particulate matter iu the water, The rate of development depends on the temperature, with
the optimum heing 27-30°C. The eggs hatch after a couple of days, but remain in the female's
mouth for a totzl of 12-16 days after spawning before the fry are first released from the
buccal cavity. The fry are incubated for a further 5-7 days, remaining outside for leager
and longer periods until they no longer return (Rana, 1986).

2,2 Courtship, spawning and parental care in Tilapia

Unlike the Oreochromds or Sarotherodon, most of the Tilapia species are monogamous.
Thus the fish mey pair and remain together for a lomg peried of time. The nest site is
chosen usually by the male but both sexes participate in its construction (Rothbard, 1979).
When the female is ripe, the male will stimulate her to release the eggs by ndpping her
flanks and shaking his body in a similar manner to Oreochromis. Eventually the female will
lay the eggs in straight lines, stuck to the bottom of the nest. The male will then pass
over the eggs and fertilize them.
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The Tilapia can feed during the development of the young since the parents will take
turns to guard the nest, and maintain the flow of "new” water over the eggs., After the eggs
hatch, which typically takes 4=~6 days, the hatchlings remain at the bottom of the nest.

After a further 4—6 days, the yolk sac 1z reabsorbed and the fry are able to aswim away from
the bottom. They soon start feeding, and venture away from the nest, The parents will
collect any fry that swim teo far in their mouths and return them to the nest. After
approximately 10 days the parents will no longer return the fry, which are then independent.
Total development time to this stage can he 10-20 days, depending on specvies and temperature,

2.3 Maturation and SexuakikﬂﬁﬂffﬁEEE

Tilapia that are cultured in ponds or tanks tend to develop sexual characteristics at a
much smaller size (between 6-10 cm) than they do in a natural lake or river habitat (about
15-20 em); this is called stunting (Iles, 1973), In culture systems stunting can occur when
the pond 1s not harvested for a period of six months or more, or when the largest fish are
cropped on a continuous basis (Hepher & Fruginin, 1982)., Eventuzlly the pond has a large
population of gmall fish, s situation which is not advantageous if the pond owner intends to
market the flsh for humar consumption since the small fish are generally difficult to sell.
However, the occurrence of large numbers of small tilapia may be of benefit when they are to
be used as bilological control agents,

Az the fish reach sexual maturity their coloration changes, becoming brighter and more
diverse (Rothbard, 1979), The males quite often have a stronger and more distinct coloration
than the females., A size difference between males and females may occur, although this only
hecomes really noticcable with fish that have been spawning for some time. Sexing fish based
on size and colour is not very successful when the fish are small {5 cm or less and weighing
less than 20 g) but the accuracy improves as the fish get larger {5 ecm + or 20-30 g) (Hepher
& Pruginin, 1982),

Sexual differentiation can he made from observations of the genitalia and with practice
falrly high levels of accuracy can he achieved.

2,3.1 Males

S5ituated forward of the anal fin are two orifices. The larger and more forward of the
twe is the anus, and the second between the anus and the anal fin is the uregenital
aperture. The latter is often located at the end of the papilla., In some species
(c.g., Oreochromis macrochir) the papilla is very well developed and quite large,

2,3,2 Temales

Situated forward of the anal fin are three orifices, The most forward of the three is
the anus, the second is a transverse genital aperture, which may be situated at the middle of
g fleshy papilla, At the tip of the papilla is a tiny opening which is the urinary orifice.

The differences in the genitalia combined with differences in size and colour can allow
sexing to he falrly accurate,

Once the fish have rcached maturity (a minimum of 100 days from when they first feed),
they start to breed. The size of the brood is initially small (100-200 eges/spawn), Some
females are able to spawn between 6=10 times the following year and as their size increases,
5o does the number of eggs. In mouth brooders there may be more than 1000 egpgs per spawn,
The numbers of epggs produced by the substrate spawners may be considerably higher — up to
5000 per spawn from a large female (Lowe—McConnell, 1955),
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FIG. 1. MORPHOLOGICAL DIFFERENCES BETWEEN MATURE MALE AND FEMALE
OREGCHRCOMIS MOSSAMBICUS ' ‘

Female
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FIG. 2, MORPHOLOGICAL DIFFERENCES BETWEEN MATURE MALE AND FEMALE
OREOCHROMTS NILOTICHS
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FIG. 3. GENITAL DEVELOPMENT OF MATURE MALE AND FEMALE TILAFIA
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3. CULTURE

Methods for culturing tilapia span the whole range of aguaculture techniques presently
in use around the world, These include the annual restocking of large natursl water bodies,
pond culture, cage culture as well as intensive culture in concrete raceways with a high
water exchange rate and the feeding of high protein level "complete dict™ pellets. The most
common method of culturing tilapia is in ponds, with the addition of an "input” from locally
available products or by-products — tilapia thrive on what is often described as waste such
as sewage slurry or animal manure or products that are only of limited vse (e.g., rice bran,
rice polishings, mustard-oil cake, hydrolysed feather meal, bone meal, bloed wmeal, or chopped
or composted vegetation such as water hvacinth, grass, rice, straw, ctc.), Because of this
wide range, tilapla culture {5 seldom Iimited by the unavailability of suitable supplementary
nutrients or fertilizers, As a result of the low value of the input, production ¢ost Is also
low, The action of added Input te the pond is twefold: direct feeding of fish and
fertilization of pond (and thus increase of autrient levels within). The latter will enable
algae and zooplankton popularions to become very sbundant, often with an associated green or
brown coloration of the water. This is referred to as a bloom. The production of tfilapia in
a pond 1s imptoved when an algal or zooplankton bloom takes place. 0Once a bloom has started,
it can be maintained throughout the culture period by frequent snd continual additions of the
nutrient source,

Unlike manv temperate climate fish specles, tilapia are not endangered by an active
hloom, although problems may occur should the algae or zooplankton die off en masse, leading
to areas of low or rero oxygen levels within the pond. Because the production of a bloom
depends on the presence of sufficiently high levels of nutrients, specifically phosphate and
nitrate, there is no need for any water exchange In the pond. However, In areas where
evaporation from the pond is high, the availability of water to "top-up” the level is an
advantage and will extend the growth peried in areas where rain-fed ponds dry up complately.

3.1 Pond hatcheries

The size of ponds used for preducing fry varies considerably from 1900 m? to
10 000 m?, In the Targer ponds higher numbers of fry are produced more consistently than
in smaller Bonds, but of course the level of management required is much higher. Ponrds of
about 200 m? can be easily managed and can produce in excess of 20 000 fry per moath (a
more usual figure would actually be betwaen 5000-10 000), but whatever the pond size regular
feeding and correct management lead to a higher fry output.

Pond depth is eritical for good production since all tilapia vequire to use the
substrate for nesting, Depths can vary from W5 m to 1,2 m although 0.7 m appears to be the
optimum, Should & pond be too decp, it will be obvious when it is draimed or pumped dry
since some nests will be clustered around the edges. Ponds_that are too shallow will have a
pood spread of nests on the bottom {typically one every 1 mz), but few fry will he
produced, This may be due in part to the rapidity of fluctuation of temperature within the
pond but more likely because of the conrtinual disruption of breeding fish by non-breeding
fish.

3.1.1 3Btocking and harvesting

The original stocking density in small ponds (200 mZ) sheuld not normally excced
two fish/m? and may be as low as one figh/Z n? particularly when larger ponds are usaed.
The density which produces the most fry is, on the one hand, linked to the amount of food
available and the amount of space for each nest amd, on the other hand, the total size of the
breeding population present within the pond. It is normal to bias stoeking towards females
since reproduction im a pond is seldom limited by the inability of males to fertilize
females. Because the pait bonding in Tilapia is very strong, the normal sex ratio of males
to females is 1:1 or 1;2, Within the genera Oreochromis and Sarothevodon the relatiomship
between males and females is more limited and thus the male to female ratios used are
generally between 1:;2 and 1:7, 1:;4 being the most common,

Stocking the pond with well grown adults of 10-15 cm (150-250 g) Is beneficial zince
breeding can commence rapidly after introduction. The first harvesting of fry of 3-5 em
length can begin 40-60 days after the inftial stocking, with harvesting continuing after 4
further 20-30 days, the exact period being dependent on the species and conditions of the
enviroenment.
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Harvesting can be gcarried out by either of two methods. In larger ponds, fry can he
caught near the banks of the ponds, in the shallow warmer water where they tend to
congregate. The pond could have one end shallower than the other in order to faclilitate the
capture of fry. TIn smaller ponds it may be easier to use a seine act, netting the whele
pond, However, this may disturb some of the fish that are moutbh-brooding epgs or fry and,
consequently, preat care npust be exercised while returning adults caught into the pond. One
technique that would reduce the number of adults caught while retaining the majority of the
fry consists of letting the bottom rope of the net lie several cm above the bettom. Silnce
Lhe fry tend o swln near the surface they will not escape the net, but adults swimmlng near
Lhe hobbom can escape through the gap under the net.

The mesh size used for harvesting the fry is important. If it is too small the net will
hecome clogged with wud and debris. This can lead to quite a high mortality amongst the
fry. A stretched mesh size of approximately 1 em will zllow most debris through while still
retaining fish above 2-3 cm. Fry of this size are suitable for transport and steocking.

It will be necessary for a periodic change of the broedstock. The fish should be
changed at least every 12-18 months or before if the number of fry being produced drops
gipnificantly, which may occur after only six or seven months. The only really successful
way to remove all the tilapis from a pond is to drain it completely and allow the pond bottom @'
to dery out. Carrying this out on a vearly baszis also allows repairs of the pond and remowval
of predators.

3.1.2 Feeding and pond fertilization

The chavacteristic dict of adult tilapia consists of plant matter or detritus which may
contain animal matter (e.g., worms or inscet larvae). In general, tilapia of the genera
Oreochromis and Sarotherodon are primarily herbivorous, eating algae and other small aquatic
plants, byt they are very opportunistie and will eat other food if vepetable matter is
unavailable, whereas members of the genus Tilapia tend to feed or coarser vegetable matter,
particularly larger aguatic plants and leaves that may fall into the pend. The diet of fry
of all tilapia is morc general than that of adults, tiny aquatic animals (zeoplankton) often
making up a greater part of the diet.

3.1.2.1 I;lagia

Since the adults of this genera feed on higher plants, addition of chopped or whole leaf
material makes a good supplementary diet, The following plants are suitable food:
ipil ipil, allalfa, grass, water hyacinth leaves. Any leaf matter can be used and chopping
or mincing it will often increase its acceptability. Small fry may not be able to derive any
diroct penefit from this type of food since they are not able to consume these plants. QD
However, the effect of adding plants to the pond and thelr subseguent breakdown, as well as -
fasces excreted by the adults, will increase nutrient levels within the pond, allowing algae
and zooplanklon Lo grow on which the fry can feed.

3.1.2,2 OQrecochromis and Sarotherodon

Vepcetation can be used for the direct feeding of Oreochromis and Sarotherodon, but the
fertilization effect of the plants or their provision of & substrate on which bacterla can
gprow, which can be rasped off and utilized by these two genera, may be as important,

The use of manure from pigs, chickens, ducks, cattle or even human sewage slurry
(Edwards et al., 1984) has been very successful. The manure is put inte the pond on a
ragular basis or the animal shed is situated in a way that allows manure to enter the pond
directly (c.g., ducks housed over the fish pond)., Supplementary food such as rice bran,
mustard=oil cake, broken rice or food from animal sources - bone meal, blood meal, hydrolysed
feather meal, fish =zilage or trash fish - can dramatically iacrease production., However,
these by—-products are often incorpeorated imte diets for culturing more valuable fish orv
prawns snd can therefore be quite expensive for the feeding of tilapia,

Tt is possible to use inorganic fertilizers alone (e.g., triple superphosphate or areal,
but these are often expensive to buy and difficult to get hold of in remeote aress.
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The use of lime 1n ponds is very important, since pond productivity will be severely
iimited if the pH is acid (3-5); ideally, the pH should be from 7-9 (neutral-alkalime) to
give the best productiom. Addition of lime will increase the pH and alkalinity and reduce
wide fluctuations in the pH; lime also helps to precipitate suspended organic matter and
will aid the nitrification of ammonium compounds, The following amounts are recommended fox
different soils, but this will depend to a very great extent on the quality of the lime
(Maar, Mortimer & Vam der Lingen, 1966):

Clay sofls: 1120 keg/ha/culture period.

sandy soils: 560-1120 kg/ha/culture period,

Where feeding or fertilizatiom is inteunsive, a further 168-224 kg/ha may be spread
monthly.

It must be noted that over-liming ¢an also lead to a loss in producrivicy
{van der Lingen, 1967); thus it is advisable to have the pH checked regularly.

Approximate feed and fertilization rates

(For a 200-m? pond stock with 200 x 100 g £ish)

Inorganic fertilizer kg fwk
tirea 4
Single superphosphate 11
Double superphosphate 6
Triple superphosphate 4
Ammonius sulphatce 4
Sodium nitrate 3
Organic_fertilizer kg fuk
Cow/hoxrse manure 280800
Piz manure 220-650
Foultry manure 45=-90
Sewage slurry 250-300
Duckweed 30-40
Water hyacinth 200

{From Edwards et al.,, 1984; Edwards, 1980;
Sharma & Manandhar, 1980:; Beyd, 1982; Hey,
1959.)

N.B. If more than one of the above fertilizers
are used, then the application rates may have
to be reduced.

4. COMMON PROBLEMS DURING TILAPTIA CULTURE

Tilapia thrive in a range of different envirommental conditions and can survive guite
adverse conditions such as low dissolved oxygen levels, widely fluctuating temperature,
variable szlinity and relatively high levels of organic poliution (Philippart & Ruwet,
1982). This is why they are an ideal animal te culture, However, problems can arise
(usually if there are rapid changes in environmental conditions - a rapid drop in temperature
or oxygen level, for instance). The fish then may show signs of distress, but because the
water im which tilapia are cultured i= generally coloured, most of the distress signals that
oceur below the surface will not be visible, Thus the surface of the pond must be watched
carefully for fish showing any abnormal behaviour. ¥Fish swlmming erratically or in very
shallow water or a lot of fish at the surface at one time are perhaps the common signs, but
the sign of a major prablem is when a few dead ox dying fish appear at the surface,
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4,1 Biological problems

One of the leading causes of the loss of fish in the tropics is predation. Three main
groups of predators can be identified: human, avian, and aquatice. Aquatic predators are
usually fish which are able to move from one water body to another during the onset of rain.
Such fish include the snakehead (Channa) and catfish (Glariuws), {(Mystus) and featherbacks
(Notopterus), although frogs, snakes and some lizards may cause fry mortality. Frogs, saakes
and lizards are difficult to exclude from a pond, even if a net fence is erccted around the
parimeter. Fish can be removed by using & suitable poisom (2.g., rotcnonel powder mized
into a paste and scattered on the pond surface). The dose rate should be 4 mg/litre or
4 g/m3 of water, Tilapia will surface within a few minutes, and can then be collected for
transfer to another pond where they will recover, The pond will be safe to restock within
7-10 days.

Avian predators can be very difficult to deter simce larger birds such as cormorants and
herons feed on all sizes of fish and kinpgfishers take fry. Having high, steep banks above
the water level may dissuade the herons, especially in small ponds, simce it will impede
their take-off from and landing into the pond.

The poaching of fish by humans is perhaps the most difficult to stop unless the ponds @D
are fenced off and guarded continually. -

Tilapia not only tolerate adverse enviroomental conditioms, but alse appear to be quite
resistant to diseases. Bacterial or fungzal secondary infection may occur after dsmage to the
skin, but it is not commenly seen, Parasite infection is more common, hut is vely difficult
Lo stop or prevent when the £ish are cultured in ponds and it would seem that cven in the
natural babitat parasitism is & normal occurrence of little consequence (Roberts &
Semerville, 1982).

4.2 Chemical problems

The use of lime has already been mentioned for counteracting acidie water, bul the
problem can be persistent in areas that have an acid sulpbate soil. As the pond is dug,
these soils may be exposed on the surface of the dikes and pond bottom, and 1t may be somc
time before sufficient lime has beenm applied to reduce significantly the acidity te enable
good pond productivity (8ingh, 1985). However, should the pond hottom be disturbed by
ploughing or some other method, the problem will return.

In some areas of the tropics the water, even well inland from the sea, may be saline to
some degrec.  Although this presents difficulties for some species of freshwater fish, it
docs not constitute a problem for the tilapia. However, the saliniey may reduce pond GD
productivity and indirectly growth and reproduction rates, -

The most common chemical problem is a low level of owygen in the pond. When this
happens, the tilapia can be seen at the water’'s gurface passing the oxygen-rich surface layer
over the gills. This may happen on a daily basis from 5.00 a.m. to 7.00 a.,m. in a
well-fertilized pond with good algae production and is not considered a problem. S5hould low
oxypen levels remaln for lomger pericds, thea a teductlon in growth rate may occuar, Such iz
the case in a pond with a well=-established znd active algal bloom when thick cloud cover
reduces the amount of sunlight reaching the pend. Without the use of mechanical or
electrical aerators, little can be dome to remedy this situation. Should the low level of
sunlight persist, it may cause the algal bloom to die off completely {this may alsc be caused
by irregular fertilization)., The decaying alpgae will use up all the oxygen in the pond, and
a5 the mass decays further it will also give of poisonous gases. Unless either the fish or
the mass of alpae can be removed from the pond, fish may die.

4.3 Physical problems

Tempcrature variation can be quite marked even in the relatively stable tropical

o
climate, but it is unlikely to kill tilapia. However, should the temperature fallnbelow 20°¢C
then it is likely to stop the fish from reproducing. Should it fall lower than 16 C the fish

L 1,2,12,12a,tetrahydro—2-isopropenyl=8,9-dimethoxy—[1] benzopyrano—[3,4~b] furo
[2,3-b] [1] benzopyran-&(6aH)one.
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will become very susceptible to infection and mowtalities may occur., The highest
temperatures that tilapla can survive are in excess of AOOC;‘ this is seldom reached in ponds
with sufficient depth. However, extremely high temperatures will result in rapidlevapnration
of water from the pond surface. "Tepping up” the ponds will be necessary on a weekly basis,
if a water supply is available. If there is no water supply, for instance, where ponds
depend on rain for their water, it may be necessary to remove the fish to a pond that is well
chaded, until rain falls and replenishes the water. If the ponds dry up completely, it is a
good opportunity Lo repair any damage that has occurved. If the main source of food has been
of plant origin, a thick layer of detritus may have to be removed from the bottom of the
poneds, Then, if the latter is put on to the banrk, when the rains come, nutrients trapped in
the mud will leaeh out and back into the pond.

5. HANDLING AND TRANSPORTATION
5.1 Fish

Fish gshould only be transported to the target area if, before netting from the pond,
they ate healthy. After the fish are caught, they should be conditioned, This allows them
rime te release any undigested food or faeces from their guts in order not to foul the water
during transportation, Ideally fish should be placed into a clean-water system for up to
12 hours for conditioning, but if this is mot possible they can be placed into a net cage or
hapa iu the pomnd for 1-2 hours,

Tilapiaz are hardy fish, often able to survive much reougher treatwent than carp or some
of the catfish, However, in order to ensure the highest survival rates great care should be
taken when handling and transporting the fish. The outer layer of fish skin (epidermis)
covering the scales is delicate and is easily damaged, particularly during rough handling or
netting. Because it is this layer whiech acts as a barrier preventing entry of bacteria and
fungi, netting should be kept to a minimum but where necessary carried ouwt carefully.

Fish can be transported by (a) open containers and (b) closed polythene bags. Open
containers such as buckets or tanks are exposed to air. This method requires a falrly large
volume of water compared to the number of fish belng moved and can lead to problems when
trangporting fish over rough ground, the large volume of water being heavy and awkward to
CATITY.

The second method consiste of packing fish into polvthene bagg, inflating the latter
with oxygen and sealing them. The disadvantage of this method is that it requires a supply
of plastiec bags and a sounrce of oxygen. However, a lower volume of water is used than with
an open system and transportation is possible over difficult ground.

3.1.1 Introduction of fish to a new envirommant

Although tilapia are hardy fish, introducing them to a new water body after several
hours of transportation can lead to mortalities. The difference between the environment
within the tank or bag, and the water inte which the fish are being put cam be large. The
main difference will be in the temperature. Flsh in polythene bags can be floated in the
water for half aa hour, to allow the temperatuxe inside the bag to adjust. If the fish have
been transported in a tank, new water should be added slowly wntil the temperature of the
water in the tank hags reached the same level as that of the new water,

5.1.2 Packing density

5.1.2.1 Tanks and open contalners

The packing density that can be used depends to 8 large extent on the efficiency of the
method of aeration. With limited aeration and a trip of a few hours, approximately
30 x 1-2 em fish or 53-7 x 4= cm fish cam be packed per litre.

5.1.2.2 Plastic bags

The packing density recommended for healthy fish in clear water is 50 g per litre. This
iz equivalent to about 10 % 4-5 em fish or 50 x 1-2 cm fish per litre.
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5,2 Watcr

If ¢lean water is not available, it iz possible to improve the gquality of pond water by
letting it stand in an urn or tank for a few days, Most of the algae and suspended solids
will settle out, The ¢leaner surface water should be used for transporting the fish.

5.3 Dissolved oxygen

The level of dissolved oxygen in water from any natural source in trepical conditions
will tend to be low even when saturated. ‘The oxygen level can be ingreased by agitating the
water. Traasportation in an open system often requires the water to be agitated for the
whole journey. This can be done by hand or by an electric air pump. If the fish are
transported in polythene hags and the bags are inflated with oxygen (one part water to
two parts oxygen), there should be sufficientr oxygen for 10 hours {(and in some clrocumstances
15 hours).

5.4 DProblems during transportation

A major problem that occurs during the transpertation of live fish in the troplecs is
overheating, Both methods mentioned expose water/fish to overheating; however, several
techniques are wsed to reduce overheating. Transporting fish in the early mornlng or late
evening is useful when journeys are over short distances, Ofter this is not possible and
therefore in bobh cases tanks or bags should be kept in the shade as much ag possible,
Flastic bags can be covered with wet hessian sacks, the evaporation of water from the sacks
will keep the bags cool. Ice can be used, but should be added to tanks of water in small
amounts and at frequent intervals, Addition of a large amount of ice may reduce the
temperature too much. JTee can be placed in plastic bags but the effect is often
unpredictable, it iz better to place the ice around the bags.

b. BIOLOGTCAL CONTROL BY TILAPIINE FISH

6,1l Tredation

The predation by tilapia on insect larvae and snails occurs most likely because of the
tilapia's opportunistic feeding habits and because insect larvae and snails arve found closely
associated with the usual vegetable/detrital food of tilapia. Culex and anopheline larvae
are most readily eaten by tilepia fingerlings, sinee the smaller fish (up to 3 em),
particularly Lhoge of the genera Oreochromis or Sarotherodon, have a diet biased towards
zooplankion of which rthe larvae form a part. This fact can be exploited to control mosguitos
in very shallew swamps or paddy fields. Once the growing shoots of any c¢rops planted are
above the water's surface, the fielids can be stocked with tilapia. The stocking density
should be about 1000 fish/ha of fish no more than 5 cm in length., To facilitate catching the
fish at the end of the growing season, fish pits and ditches can be dug io the field. The
recommended are 1-1.5 m® and 0.5 w deep. They should be situated in the
ditehes (0.25 m deep, 0,25 m wide) should be dug from the cormers of
When the water level drops, the fish will eventuwally be

pit dimensions
centre of the field;
the pit to the corners of the field.
concentraled in the central pit.

Larger adult Fish of 0. spilurus, 0. mossambicus and §, galilaesus bhave all been recorded
as feading on adult saails, although only on those with a shell size of less than 10 mm.
Othar reports, however, stress that it is unlikely that these fish would choose to eat the
snalls exclusively when a selection of other softer prey is available (Coche, 1967; MeMahon
at al., 1972). The juveniles of Tilapia are likely to feed on insect larvac for the same
reasons as those of Oreochromis or Sarothercdon fingerlinpgs (but they are not recommended for
stocking 1n paddy ficlds because of the herbiverous feeding habits of the adults). There is
no evidence that Tilapia adults feed on insect larvae or adult snails. Recause the strings
of egps laid by snails are oftem ou the adult snails' food plant, it is likely that Tilapis
will destroy snail eggs and juvenile snails during their normal feeding on plant material.
Parhaps it is these carly stages of a snall's life (i.e., before they have grown a tough
shell) that sre more responsive to the pressures that can be exerted by biclogical control
agents.
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The coatrol of another group, the chironomids (midges), is possible by use of tilapia.
The chironomid larvae normally inhabit detritus or sediments on the bottom of ponds,
irrigation or drainage ditches, canals or slow-moving riversz. Fish of the genus Oreochromis
{in particular O, honovum and 0. mossambicus) feed on the detritus which includes any
chironomid larvae present (Legner & Medved, 19733 Legner, Medved & Pelsue, 1980). In the
United States of America work has showm that these two spacies are effesctive in controlling
midges. The stocking density used for this purpose is 1000 fish/ha and 5000 fish/ha for
lakes and rivers, regspectively (Legner & Medved, 1973; Legner & Pelsue, 1977; Legner &
Fisher, 1980; Legnar, Medved & Pelsue, 1980).

Perhaps the zbility of tilapia to predate on disease vectors is most effective when the
choice of food available is limited. For example, in wells, water storage jars or tanks,
where there is static clean water. High numbers of Culex larvae can accumulate under these
conditions and if tilapia are stocked im the water, the mosquito larvae will often be the
only source of food. Small fish up to 3 cm in length of the genera Qreochromis or
Sarotheredon will probably be most effective for destroyinmg the larvae. The stocking
densitises for controlling mosquite larvae in water bodies ecan be found by trial and error,
and may invelve a comtinual stocking programme, Since there will be little available food, a
limir of 1-2 fish per 10 m* of surface water may well suffice. It will also be necessary
to check the well or tank frequently to make sure that if the fish die they are not zllowed
to decay and pollute the water,

6.2 Competition

Both mosquito larvae and snails at many stages of their life cyele are found in close
association with tilapia and in particular tilapia food. This leads to predation, accidental
or otherwise, but more importantly it brings the orpanisms Iinto direct competition for
habitat and in the case of snails, food, Different species of snails fead ou different types
of algae and plant materizl found in the aquatic environment, but the tilapia cover a large
range of feeding niches. As a gemeral rule, Tilapia compete directly with those snails which
feed on the higher aquatic plants, aud Oreochromis compete with snails that feed on algae,

In many situations snails and their food will be in abundance, To make an impact, it may be
necessary to use very high initial stocking densities of 1-2 fish/w2. For large arpas of
water (e.g., swamp, marshy areas or areas inundated during fleod) the pumbers of tilapia
required may be enormous. If lower numbers are used, then any effect the fish have on the
snail population will increase until the fish population reaches 2 maximum. It has Deen
suggested that because of the territorial nature of tilapla, under certain circumstances the
population maximue may be insuffiecient to control the =nail population — thus the need for a
very high initial stocking density, Continuval monitoring of the spail and fish peopulations
must be carried out to evaluate the effect of the biological control agents.

Tilapia and aquatic disease vectors not only compete for food, but they are also in
competition for their habitat. Snails, for example, not only feed on plant material, but
commonly uge it as the substrate on which they live and lay their eggs. 1f it is removed,
then the habitar of the suail is destroyed. The plant materiasl also forms the habitat of
anopheline mosquito larvae. The larvae inhabit water that is classed as “moving.” This
includes net only larger ponds where water movement is wind-initiated, but also streams,
irrigation ditches, drainage canals and large, slow-uoving rivers. The larvae require some
form of protection from the full force of the current and it is often emergent or submerged
aquatic vegetation which provides it, The use of tilapia such as Tilapia =illii or Tilapia
rendalli which feed on the aquaric vegetation will cause the larvae to loge their protection,

preventing their successful maturatiom as well as making them more accessible to predation by

other fish,

'
)
|
|
i




WHO/VEC/B7.945
VBC/BCDS/87.20
page 16

REFERENCES

Boyd, C. B. Water quality manapement for pond fish culture. Developuents in aquaculture and
figsheries seclence 9, New York, Elsevier Scientific Publishing Company, 1982,

foche, A. G. Fish culture in riece fields: a worldwide synthesis. Hydrobielegia, 30(1):
l=44 {1967),

Davey, R. B., Meisch, M. V., Gray, LeRoy D., Martin, J. Mayo, Sneed, K. E. & Williams, F. .J.
Various figh species as biological control agents for the dark rice field mosquiteo in
Arkansas rice fields, Enviroamcntal Entouelegy, 3: 823-826 (1974),

Rdwards, P. Food potemtial of aquatie macrophytes. Manila, International Center for Living
Aquatic Resources Management, 1980 (ICLARM studies and reviews 5, 51 pp.).

Edwards, P.,, Pacharaprakiti, ¢., Kaewpaitoon, ¥., Rajput, V. 5., Ruamthaveesub, F.,
Suthirawut, 5., Yomjmda, M. & Chao, C. H, Re-use of cegspool sluxxy and cellulose
agricultural residues for fish culture. Ranghkok, Agricultural and Food Engineering
Division, Asian Institute of Technology, 1984 (A.1.T. research report No. 166, 338 pp.).

Hepher, B, & Prupginin, Y. Tilapia culture in ponds under contzoelled conditions.
Pages 185-203 in: Pullin, R. 5. V. & Lowe—McConnell, R. H., eds., The bivlogy and
culture of tilapiss. Manila, International Center for Living Aquatic Resource
Management, 1982 (ICLARM conference proceedings 7, 432 pp.).

Hev, D. Culture of fresh-water fish ju 8. Africa, 3rd ed. Cape of Good Hope, 5. Africa
Inland Fisheries Dept., 1939,

iles, T. 0. Dwarfing or stunting in the genus Tilapia (Cichlidae): = possibly unique
recrui tment mechanism. Conseil Internmat. Pour l'Explor. de la Mer, 164: 247-254 (1973).

Legner, E. Fo & Fisher, T. W. Impacf of Tilapia zillii (Gervais) on Potamgpeton
pectinatus L., Myriophyllum spicatum var. exalbescens Jepson, and mosdguito reproduction
in lower Colorado Deserl irrigation canals. Acta Oeccol. Oecol. Appl., 1(1): 3-14 (1980}

Legner, K. F. & Pelsue, F. W, Adaptions of Tilspia to Culex and chirenomid nidge ecosystems
in South Califormia. Visalia, CA, USA, Calitornia Masquitc and Vector Gomtrol
Assoclation, 1977 (Proceedings and papers of the Forty=fifth Annual Comnference,
13~16 February 1977),

Legner, E. F. & Medved, R. A, Influence of Tilapia mossambica {(Peters), 1. #illii (Gervais)
(Cichlidac) and Mollienesia latipinna {Le sueur) (Poeciliidae) om pond peopulations of
(ulex mosquitos and chircomomid midges. Mosquito Hews, 33(3): 354-364 (1973).

Lepner, %. F., Medved, R, A, & Pelsue, F. Changes in chironomid breeding patterns in a paved
river channel following adaption of eichlids of the Tilapia mossambica~honorum complex.
Aon. Entomol, Soc. Am,, 73: 293-299 (1980C),

Lowe=McConnell, R. H. The fecundity of Tilapia species. The Eust African Agricultural
Journal, 11(1): 45-52 (1935).

Maar, A., Mortimer, M. A. E, & Van der Lingen, M, I, Fish culture in central East Africa,
Romc, The Food and Agricultural Organization of the United Hations, 1966 (TAQ
publication 53608-66/F).

Macintosh, D, J. & Sampson, D. R. T. Tilapia culture: hatchery methods for Qrepchromis
mossambicus and ¢. nllotleus with special reference to all-male fry production,
Ingritute o - Btirling,

Mattingley, P. F. The biclogy of mosquito-borne disease. In: Carthey, J. D. &
Suteliffe, J, F., eds., The science of bioclogy series No. 1. Winchester, MA, UsA, Allen

& Unwin Ltd,, 1969,




WHO/VBC/87,945
VEC/BCDS/87.20
page 17

McMakon, J. P., Highton, R. B. & de C. Marshall, T. F, Studies on biological contrel of
intermediate hosts of schistosomiasis in western Kenya. Environ, Conserv., 4(4}:
285289 (1977).

Philippart, J.—Cl. & Ruwet, J.—CL. Ecology and distribution of tilapias.
in: Pullin, R. 8. V. & Lowe-McConnell, R. H., eds., The biology and culture of
tilapias, Manila, International Center for Living Aquatic Resources Management, 19382

(ICLARM conference proceedings 7, 432 pp.).

Rana, K. J. An evaluation of two types of comtainers for the artificial incubation of
Oreochromis eggs. Aquaculture and Fisherles Management, 17(2): 139-146 (1986).

Roberts, R. J. & Sommerville, C. Diseases of tilapias. Pages 247-263 in; Pullin, R. 8. V. &
Lowe-McConnell, R. H., eds., The biclogy and culture of tilapias. Manila, Intermational
Center for Living Aquatic Resources Management, 1982 (ICLARM conference proceedings 7.
432 pp. ).

Rothbard, 5. Observations on the reproductive behaviour of Tilapia #1111ii and several
Sarotherodon spp. under aquarium conditions, Bamidgeh, 31: 35-43 (1979).

Sampson, D. R. T. An evaluation of the "Arena method” of tilapia fry productipn in Kenya
(with observatioms of fingerling grow—on and the potential for producing all male
tilapia). Stirling, UK, Imstitute of Aquaculture, lniversity of Stividng, 1981
{M,Sec, thesis).

Sharma, R. N. & Manandhar, H. ¥. Pond fish culture practices in China (with general
introduction on agrarian reforms and collectivisation, Bhairahawa, Nepal, Fisheries
Development Centre, 1980 (Report).

Singh, V. P. Management and utilisatiom of aecid sulphate soils for aquaculture: a
monograph. Bangkok, The FAO/ UNDP Regiomal Office for Asia and the Pacific, 1983

{Monograph).

Trewavas, E. Tilapiine fishes of the genera Sarotherodon, Orecchromis and Danakilia.
London, British Museum (Natural History), 1983 (Publication).

Van der Linmgen, M., I. Fertilisation in warm-water pond fish culture in Africa.
in; Pillay, T. V. R., ed., Prog. FAO World Symp. Warm-water Pond Fish Calture, FAQ

Fish. Rep., 44(3): 43-53 (1967).

ADDITIONAL REFERENCES NOT CITED IN TEXT

de Andrade, R. M. & Antunes, C. M. F, Combate bioclogico: Tilapia melanopleura (Dumeril)
versus Biomphalaria glabrata (Say), em conducoes de laboratorio. Rev, Brasil Malariol.
Doencas Trop., 21(l): 49-58 (1969),

Babiker, M. M. & Ibrahim, H. Studies on the biology of reproduction in the cichlid
Tilapia milotica (L): gonadal maturation and fecundity. J. Fish Biol., 14: 437-448

(1979).

Balarin, J. D. & Hatten, J. P. Tilapia: a guide to their biology and culture in Africa.
Stirling, UK, Institute of Aquaculture, University of Stirling, 1979 (Publicatrion}.

Bay, E. €., Berg, C. O,, Chapman, H. C. & Legner, E. F. Biological contrel of medical and
veterinary pests. In; Huffaker, C. B. & Messenger, P. 5., eds., Theory and practice of
biological control. London, Academic Press, 1976,

Dewan, §. & Saha, 8. N. Food and feeding habics of Tilapla nilotica {L) {(Perciformes:
Cichlidae). II. Diet and seasonal patterns of feeding. Bangladesh J. Zool., 7(2):
75-80 (1979).

Ferguson, F, F. & Ruiz~Tiben, E. Review of bioclogiecal comtrol methods for
schistosome-bearing snails. Ethiopian Med. J,, 9(2): 95-104 (1971).




WHO/VRC/87, 945
VEC/BCDS/87,20
page 18

Fryer, G. & Iles, T. D, The cichlid fishes of the Great Lakes of Africa: their biology and
evolution. Edinburgh, Oliver & Boyd, 1972,

Gerberich, J. B, & Laird, M. Bibliography of papers relating to the comtrol of mosquitoes by
fishcs. An annotated bibliography for the years 1901-66. FAQ Fish., Tech, Pap. (75)
(1968).

Gophen, M, Food sources, feeding behaviour and growth rates of Sarotherodon galilacun
(Lirnaeus) fingerlings. Aquacylture, 20; 101-115 (1980).

Graber, i., Gevrey, J. P. & Fuzeby, J. A, Biological control of the mellusc vectors of
Katayama disease: pradatory action of Tilapia remdalli and Sarotherodon messambicus
with regard to Biomphalaria glabrata. Hydrobiologia, 78(3): 252-233 (1981).

Hauser, W. J. Influence of diet on growth of juvenile Tilapia zillii. The Progressive Fish
Cult., 37(1): 33-35 (1973).

Bickling, C, F, Fish culture. London, Faber & Faber, 1962.

Huet, M. Texthook of fish culture. Breeding and cultivation of fish. Surrey, UK, Fishing
News (Rooks) Lid., 1970,

Jauncey, K. & Ross, B. A puide to tilapia feeds and feeding. Stirling, UK, Institute of
Aquaculture, University of 8tirling, 1982 (Publication).

Legner, K. ¥. Mass culture of Tilapia 2i11ii {Cichlidae) in pond ecosystems. Entompphagza,
23(1): 51-35 (1973},

Legner, E, F. Considerations in thec management of Tilapia for biological agquatic weed
control. Visalia. CA, USA, California Mosquito and Vector Control Associatiom, 1979
(Procoedings and papers of the Forty-seventh Annual Conference, 28-31 January 1979).

Legner, &. F. & Murrav, C. A. Feeding rates and growth of the fish Tilapia zillii
(Cichlidae) on Hydrilla verticillata, Potamogeton pec¢tinatus and Myviophyllum spicatum
var, exalhescens and interactions in irrigation canals of south—eastern Califormia.
Mosquite News, 41(2); 241-250 (1981).

Mironova, N. V. The biology of Tilapia mossambica (Peters) under natural and laboratory
comditions, Vopr. Ikhtiel., 9: 506=314 (1969).

rlatt, $. & Hauser, W. J. Optimum temperature for feeding and growth of Tilapie zillii, The
Progressive Fish Cult,, 40(3): 105-107 (1978).

Provincisl Anti-Malaria Working Group, Monan, Larvicidal effects of pisciculture iv paddy
fields. Chinese Medical Journal, 3(4): 276-280 (1877).

Pruginin, Y, & Shell, E. W. Scparation of the sexes of Tilapia nilotica with a mechanical
grader. fThe Prog, Flsh, Cult,, 24(1): 37-40 (1962).

Sasa, M., & Vamamoto, M. A checklist of Chironomidac recorded from Japan. J. Sanit. 7ool.,
28(3);: 301-318 (1977).

Van der Liagen, M. 1. Fertilisation in warm—water pend fish culture in Afvics. Pages 43-53
in: Pillay, T. V. R., cd., Proc. FAQ World Symp. Warm—water Popd Fishk Culture, FAO

Welcomme, R, L. The relationmship between fecundity and fertility din the mouthbrooding
cichlid fish Tilapiaz leucostica., J. Zool. (Londem), 151: 453-468 (1967).

Yashouv, A, DBiological data on Tilapia galilsea and Tilapia nilotica in the fish ponds.




