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Preface 

Tilapias are a major protein source in tile developing suggest future research directions. Drs. Wohlfarth 
countries and important cultured species in, for example, and Hulata were natural choices for this difficult task as 
Israel and Taiwan. Their excellent growth rates, disease the Fish and Aquaculture Research Sation at Dor, 
iesistance and high market acceptability recommend Israel, has been a leading institution on tilapia research 
them for culture on a wider scale and suggest that they for years. They have taken a very broad view of applied 
could become prime doniesticated species in the tropics genetics, and their review summarizes much of the 
and subtropics. information on the biology and dist ribu tion of tilapias

Within the genera Tilapia and Sarothcrodon, therc are which tile culturist must appreciate before assessing an 
numerous species of which only a I'w have been used approach to genetic manipulation. 
for culture work. File literature from field biology and It is clear that the availability of a few species of 
experimental culture work on tilapias is extensive, and tilapias, which were spread from Africa throughout the 
to some extent confusing, with cases of misidentification tropics and subtropics, and the search for reliable 
of species and changes in nomenclature. It is hardiy methods of producing all-male hybrid progeny oil a 
surprising that there has been no major research on the commercial scale have limited genetic studies so far. It is 
genetics of tilapias to screen species and hybrids for also clear that more fundamental research is required on, 
culture potential and to accelerate the domestication of for example, the sex determination mechanism in 
promising strains, as for example has been achieved for tilapias and their hybrids, and the use of elect rophoretic
the common carp. genetic markers to label cultured stocks. It is hoped 

This review was commissioned by ICILARM to collate that this review will stimulate such work and will 
existing information on the applied genetics of tilapias provide a useful source of reference for those attempting 
so as to assess the usefulness of previous work and to to accelerate the development of tilapia culture. 

R. S.V. PULLIN 
February 1981 
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Applied Genetics of Tilapias 

G. W. WOHLFARTH AND G. I. HULATA 

Abstract 

Wohlifarth, G.W. and G.I. llolata. 1981. Applied Genetics of Tilapias. ICLARM Studies and Review! 6, 26 p. 
International Center for Living Aquatic Resources Management, Manila, Philippines. 

The present world production of tilapias is relatively low, despite their high potential for aquaculture. 
Most research efforts towards their husbandry have been aimed at solving the major problem in tilapia
culture, uncontrolled reproduction. Other attributes of potential importance, such as temperature and 
salinity tolerance, feeding habits and growth capacity have been largely neglected. Real attempts at genetic 
improvement in tilapias have been restricted to the production of all-male hybrid progeny. A rational choice 
of species or isolates, according to economically important traits, instead of locally available species could be 
a first step in increasing production by genetic methods. 

Introduction 

Tilapias are of great potential importance in aqua- In spite of these qualities, the annual world production 
culture in the tropics and subtropics, including most of of tilapias is low, less than 200,000 t in 1977 (FAO 
the areas suffering chronically from a lack of animal 1978). This represents about 16% of the total inland 
protein (Hickling 1963). The attributes which make production of fish in countries producing tilapias (about 
the tilapias so suitable for fish farming are general 1.23 million t) and less than 2% of the woild's total 
hardiness, resistance to diseases, high yield potential due production from inland waters (close to 11 million t). 
to resistance to crowding and ability to strvive at low Sincc FAO statistics do not differentiate between fish 
3xygen tensions. They also grow on a wide range of caught in lakes and rivers and the products of fish 
Foods both nattial and artificial, utilize mantire well, farming, the yield of farmed fish must be much lower 
ind withstand a wide range of salinities. They are than these figures.
 
!xcellent table fish, with firm white flesh and no inter- The potentia! bcnefit of tilapias is shown in coun
nuscular bones, tries like Senegal and Papua New Guinea, whose total 



inland catch consists entirely of these fish (FAO 1978). 
In Taiw:rn, where traditional fish farrinig was based on 
Chinese carps, tilapias have become the most important 
species in freshwater aquaculture. File tilapia yield in 
Faiwan reached close to 13,000 1 in 1974 (('het 1976) 
and over 22,000 1 in 1977 (Schoonbee 1979). 

Most of the world's tilapia haul (about 163,000 t) is 
n(t classified according to species I FAO 1978). The 
most ilmportant classified species is Sa, therodon 
,nossauchwus. Ill 1977, production of this species was 
19,500 t in IldnOesia and 12,000 t inl Papua New 

Guinea. Much lowei S. nih)ticus hauls were recorded 
from Inudonesia aid Kenya (FAO 1978). fit Taiwa, tile 

species originally cultivated was S. 'nossanrhicus,but S. 
Itih s was introduced in 1966 (Creri 1976). 

Tire main reason that tilapias make a relatively srn'al 
cuntribrition to fisheries productioil ill nost countries, 
in spite of' their desirablc traits, is their early sexual 
maturity. Tilapias reproduce when tre,, are only a few 
rnuirths Old, often below market weight. Uncorntrolled 

spawning ill production ponds often results in) gross 
overcrowding :nd reductior of fish growth. .arly sexual 
oattirity rn;v also have a negative iniflucnce ol lrowth 

rate. A major prolrtion of the yield Inay then consist 

oft unmarkctablc fish. Ilernce. the rrinirr research effort on 
tilapias has beci aimed at invcstigatirrgdifffecent rrethods 

of reproductiori connrl, vhich has probably led to a 
neglect in rcsearching other traits, e.g.. fast growth rate 
and cold lesistarice. 

'File fish popularly termed tilipias have beren divided 
into two genera ;mairnly accordirng to their breeding 

behavior 'trewivas 1973). Tiit. slbstrante breeders retain 

tile geleri, name lilapia, while the roulihbrooders have 

bee dCelied as til gems Sar(l/rtrodIo. A classificaiorn 
of tilapias. :accolding to brieiing behavior res;tirs in four 

groups I(Gldslein 1 70: R)thhard 1979): 
1. Substr ate breelers. 
2. 	Materol ro tliboo)ders. including nearly all 

species tof'Stro(n/,t. 
3. 	-he onie known paternal ucothbroode , S. 

notmiuv' , picvinlid , referred to as 7" n1cro-
cepluala (S. In'nJrc(pho/h1s) :rid S. luchloti (e.g. 
Arorson I 1.I). 

4. The ttle kin,,%v.n hiprerlt:l irtotlubroodler, S. 
galilaetns ('en lvia I1591. 

hi the prscureS view. ishi ti b ,lber'ei:r aet&oltC.'-
tively terurrleId tihij:u,. 1(iti !axroin\ is .xrenilx 
confused. eiri-e basc il impliw, stichhnrais.ic i as 
color. which rllat. aleil.-e .,:Mdiiie 1to civirtilniit . 
season ol statie ( sexual lulitritv. Misidelltific:tion hais 

also occurred. Several cases of synonymy are known, 
e.g., T. melanopIcuma is generally synonymous with T. 
rendalli. On the other hand, S. honionim was recognized 

as 	 a species di,.tinct from S. ,nossambicus (Trewavas 
1967) 'tue to sex ratios very different from 1:1 in their 
interspecific hybrid progeny. Vor years, S. atrcus was 

misidentified in Israel as S. niboticus, arid this was only 
cleared up by the skewed sex ratios of the interspecific 
hybrid between true S. niloticus females and S. aurus 
mhales (Fishelson 1962; Trewavas 1965). Some of the 
unlikely cases of supposed interspecific or intergeneric 

hybrids found in nature are also dile to misidentification, 
e.g., the supposed hybrid between . nigra (S. spilums 

niger) and 7. zillii (Whitehead 1960), which was later 
rc,:ognized as S. ieucostictus (Elder et al. 1971). It is 
probably indicative that at least two cases of misiden
tification (i.e., S. hornorim and S. aur'ts)were cleared 
ip by genetic rrethods. A new nionograph on the genus 
Sarotherocdon should clarify the situation (Trewavas, 'n 
press). 

Tilapia production could be greatly improved by a 
number of rynethods, such as increase inl tire total area 
under culture and iriprovercrnt of rn:rnagernent methods 
,irid broodstock. These improvements are interrelated. 

An improvement in broodstock performance may permit 
better managemient, and any other improvements could 

result in an incr,.ased area under culture. 
The airn Of this review is to summarize tile little that 

is knowr of the aptplied genetics of tilapias in order to 

stimulate research towards breed improverient. We are 

dealing with a large number of species, belonging to two 

genera, and riot a single species as in most branches of 
livestock husbanidry. 

A first step towards improvinrg tire characteristics of 
cirltured tilapias is tile proper choice of species. Tie 
culture of locally existing species can prove highly 
tirsitisfactory. Ani example is tle widespread use of S. 
mossambwhi'ts in the Ear East. resulting from the chance 

discover) of a small nnurer of individuals in Java 
(n'a-(Schuster t952). Not only is it dotubtful whether S. 
m..;Sa uhicus is ,:irticilady suital'le for !i:i culture 

ill the :ar East, but the stock used may st. Tcr froin 
irrbredir g depressior due to tire small number of 
original provernito s. Presumably, stock irlprovenieit in 
the l:ar lIst could be ichieved simply by introducing 

eilhe'r ;I different S. nmossumhicus stock frTom Africa (r 
other species for use alone or in hybridization work. 'file 
intlldictiorli 0.S. llilot/ills appears t( have achieved this 

aim iti Taiwan ((lien 1970). 
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Geographical Distribution of Tilapias 

Tile family Cichlidae, witl cibmut 700 species (Fryer 
and ies 1972), is niturallv distributed throughiout 
Africa, Central America up to Mexico, the northern half 
of South America. and part of' India (Sterba 1962). 
Tilapias. the most important group of this fiurrily, are 
mainly indigenous to Africa. Tlie onIe exception of 
natural occurrence of tilaplias outside Africa is their 
presence in the Middle East. as far north as Syria (Chimits 
1957). Presenit world distribution of tilapias covers the 
area between the 200C winter isothermis, and exteuds to 
southern U.S.A., Iurope !md tile Far East (dBalarin an1d 
Hatton 1979). This includes areas into which tilapias 
have been transplantcd or introduced I'r fish culture. 
The present distribution of the tore important tilapias 
is shown in Table I. 

fhe wide distribution of some species is due to their 
transplantation by tilan. 7 zillii and 7. rctdalli were 
introduced into many count ries f'or weed control (Chimits 
1957). S. niloticus and S. auttrcus have also been widely 

distributed due to their reported good growth rate 
(Bardach et al. 1972). S. mossambicus became spread 
over wide areas of the Far East for fish culture during 
and after World War I1 (Chimits 1955). It was also 
introdulced to Ilawaii foi live-bait production for tuna 
fishilg, because of its high fccundity and euryhalinity 
(Chimits 1957). Its (listribution in naty New World 
countries is tnot well documented. li recent years, S. 
hornomnm became a popular species for transplanta!ion 
because of its suitability for the plroductioll of all-male 
hybrids (Lovshin ard I)a Silva 1975). The presence offa 
tilapia species it ai gien country does not imply its 
economic importance there. Thus, Malaysia. a pioneer in 
tilapia research in the Far East (Ilickling 1960), has no 
recorded commercial production of tilapias I i-AO 1978). 
Oil the other hand,. tilapia culture is bein, developed 
ill some Latin American countries and their present low 
yield is expected to inci'case. 

Variation Betweem Species 

Temperature and salinity tolerance, feeding habits 
and growth capacity are tile major biological characters 
to be considered when tilapia species are evaluated for 
their suitability for aqua,-,ulture. 

"'MIIRATt;RFTOI:RANCt: 

Teiperatire requireme'its of the more important 
tilapias are reviewed by Blalarin and Ilatton (1979) who 
also discuss the effLcts of temperature ol their physiol-
ogy. For ease of comparison. the available data are 
summari/.cd ill Table 2. Tlre.normal water temperature 
range "Ur tilapias is 20 to 30C(. bil tle. can withstand 
lower lemiperatures. The only species able to survive at 
I O°C are 7. Jlii,S. fmitrcts artd S. w.flilaets at the north-
em limit of' their distribution (Syriai and Israel) and S. 
MOssanthittsand 7. spa-rmanii, attile solthern limit of, 
their distribution iiu Africa (.ubh 1967). Nevertheless. S. 
atircts Ireferred to as S. nilti'tus bs McI 1Ha1 I is 
cold-affected at 13(. wliile e orientation of-S. nios-
.&unhrittsis (listurbed ;It I1(' (,\llasoi et Al. 19711. Ili 
spite of its coId dlleran: (some id!vihidls caM su vie 
at ,_50('). 1 :lii is nof ItMod naturalV ill areas whee 
water erUlm ortltres hehw 130( ocu'rI tr riotie than 
two consecutive weeks lit rc 1()7-1. 

Most tilapi;s do rt ent;ll rt, erL'irupratIrIirs(I water 
below 15'(C Ie.. Blrdch Cie 11. 172; 1ettdv et al. 
1907) mnd do iot spawl attrper;ittires below 200(. 
The (op1tin1ral tMperatutre range for spawning is 20 to 
29°C for most species (e.g., Rothibard 1979). The only 

known exception is T. sparrmanii, with a minimum 
spawning temrperature of 160C (Chiniiits 1957). Upper 
thermal tolerance varies between 37 and 420C, with 
little v:nriation between species. T rndalliappears to be 
the ;tnly excepltion. According to Spass (196G; cited by 
Badlrin and IHatton 197Q), its optilum temperature for 
maximut growth is between 11) anid 28"(C. Catlton 
(1975), however, demionrstrated its preference for 
temperatures betwcen 35 and 37°(C, close to the upper 
temperaiture limit of' 370C (Whilefiheld and Blaher 1976) 
,I 410 (Cau!ton 1976; cited by Balarin and latton 
1979). 

SAI.INITY TOIL:RAN('. 

Tilapias :ire freshwater fish. generally assumed to have 
evolved fronm a marine ancestor (Kirk 1972). It is thus 
iot su rprising that many of the tilapias are curylaline 

species. The available data (see Blalirit and Ilatton 1979) 
are tabulated t enable direct compariso s (Table 3). 

S. mossalnuttt's(e.g.. Popper anldl ichatwitch I975) 
and 7 zlii (CIervirski arid Ilerire N73) strvive, grow 

nlld repro(hlice in tlle sea. Sglihucus.S. nil, ticus ard 7. 
zllii were fouuld il the (;Flat Bitter I akes of I.gypt 
(Kirk 1972) a sailiif,isbet,\een 13.5 and 27.41;, , 
but t nly 77 -illii survived atler the salinity rose aove 
22.4",, 1 avotmi 1901)). S. shiratnus, irdie llolls to lake 
Chilwa (Malawi) where salinitv raltges betwel 12.5 to 
28%. ":cai just wilhstand IMY(.sca water" (Morgan 

http:summari/.cd


Table 1. Present distribu t)ion of*the more inpctMant I ilapias. 

Species Natural distribution 

T. rerdalli a West Africa (Secnegal and Niger River 
systems), Central Af'rica (Congo River 
system), and Fastern South Africa 
(Zambsi River system as far as Natal 

7..sparrnanii Africa, south of the lqiu:itor (Zain-
best River, downi to the Orange River 
system 

T. tholhobi [topical West A rica,fromn (ameroon 
it)the south of1('oigo 

T. :illii Africa, north of tile Ftrualor (Nilh 
River system and Wciern Vfrica tip 
to Morrocof. Middle Fast (Jordan 
valley. Syria) 

S. nrdersonii ptiper Zamubesi River system 

S.aurios West A 'rica ISenegal and Niger 
River systelliiO,Nile River systemi, 

Middle I.si (Jordur vlleC', Syriag 

S. esc'uth'otris Fast Africa (tLake Victoria) 

S. galilitris From Jordan River system over Fist 
arid (entral Africa to Senegal, north 
of tire Equator 

S. hortorit Fast Afti a (Z:rihara 

S. l'tfeo.vctirtts ast A frica (Iakes Albert, 1dward 

and George) 

S. inacrochir "oitlherr pataof ('CetralA frica 
(tipper Zamrbesi River systerrr) 

S.itelanothirr h Vest Africa (coastal districts 'rtm 
Sirregal .r ('o.,o 

S,mtossaiilicus lst adl South Afiica as far as Nital 

.Y.spiliirov niger Fast Af'ricaI I ,ike RIrdilf) 

S,.trioticuisc Fast Africa (Nile River systemn), 
(ongo and West Af'rica (Senegal and 
Niger River systems) 

S. rarialiilis I aslA lria(lake Victoria) 

Distribution by man Sources 

Sudan, Malagasy Republic, Southern U.S.A., 
Mexico. Puerto Rico, Brazil, Colombia, 
Pakistan, Thailand and Malaysia 

Balarin aid IHatton 1979; 
Chimits 1955, 1957; 
J bb 1967; Ruwct et 
al.1975 

Tanzania, Japan Balarin and Hlatton 1979; 
Chimits 1957; lbralhin 
1975 ;Jubl 1967; 
Sterba 1962 

Rtuwet et al. 1975; 
Sterba 1962 

Fast Africa, U.S.A. (California, Florida. 
Ilawaii), Southern U.S.S.R., Japan, 
Mala sia, Philippines 

Ifalarin and Ilalton 1979; 
Chimits 1957; 
Ruwet et al. 1975; 
Sterba 1962 

(ongo, Zamrbia, South Africa Ilickling 1967;Jubb 1967 

Uganda, U.S.A. (Alabarmta, Florida, 
Texas), Puerto Rico, Taiwan 

Ialarin and llatton 
Trewavas 1965 

1979; 

Tanzania. Malagasy Repubtlic Lowe (McConnell) 1956 

South Africa Ifalarin ard lalton 1979; 
Chimits 1957;Johnson 
1974; Sterba 1962 

Uganda, Ivory Coast, Latin America 
(Brazil, Mexico, Panama), U.S.A. 
(Alabaria, Florida), Malaysia 

Balarin and I latton 1979; 
L.ovshin and Da Silva 
1975 ;Trewavas 1967 

Elder e al. 197 1 

Congo, French Equatorial Africa, 
Ivory Coast, Liberia. Malagasy Republic 

Balarin 1979; 
Chiitits 1955;Jubh 1967; 
Vincke 1979 

U.S.A. ( llorida) Balarin grd Ilatton 1979; 
Pairly 1976; Sterba 1962 

South last Africa, South last Asia, 
Pakislan. India, Sri ILarka, U.S.A. Flo.ida), 
latin America lnMexico.(tialtcrnala,.lr:il) 

lilalrin1979; 
('lirrits 1955 ;Jubb 1967; 
Slerba 1962 

Molam')ile,Malagasy Reprubflic, zarrbi lialarin and Ilatton 1979; 
Elder et a;. 1971 

Israel. Smith 1S:t1 Asii IL.g., InrldloeSia, 
Philippines, I'swat.,Thailand), U.S.A. 
IAlalaria Ilorida). Iatin Anerica 

Ifrazil, Me\i'o,Panamia) 

lBala-in arid Ilatitn 
Sterbia 1962 

1979; 

I owe (McConnell) 1956 

(196,7) 

affil Zaiifrcsi River , soth tamrfsto Natal. (himits (1955) anid Ifafarin aid IIItoi 11979) gest that 1. n inophi'lrura is also 

at7.nwilanlciii IJuibh aid Ruwet t at. ( 1975i clai that filearLa of origii o( this species is (entral Africa., frorCongo 

Iteill su 

indenots to \vterll Alrica. 

S-..miatro, i'liltis. 
S. ( rrneosvm Inention of :;yria Serfa 1902) as part of le niatural distribution of this speciesix. I'lie and Jordan River le.g.. 

sters from tie iniiiteaiiicalion Mf '. ritirc~i:s anid S, nihbiicui ( Frewavs 1965), the iirthern natural luit ttfS.uiilolicut fbing IFgypL, 

S.nij(iisiniInsraetl I ishelson 191)0) is stspecled t1 he a trantsplantation from Fyypt. S. nlilotii'is was firt imriported to Alaana (U.S.A.) 

trorn Iftail ill tfhe earl\ I 970's and niot ini tift19501's as imistakenmly reported (Tave arid Smitherman 1980). 



Table 2. Temperature ranges of tilapias (partially after Balarin and Hatton 1979). ( f and - a:e symbols fur the extreme temperatures tolerated. Figures in parentheses refer to list of 
sources below). 

TEMPERATURE (*C) 
S P E C I E S 5 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 3 6 38 40 42 

I I I I I I I I I I 
Oa) I I I I

S. alcolicus grahami I-i-(19) (19)-i 

S. areus (17)I 2 0) Affected (14) Spawn (14) 

S. galileus (24) j-i4--(6) 

S. macrochir (21)t. i_(11) Optimum for growth" 

S. me/ano/heron b) (9) Opimum for spawnin (9) 

Orientation disturbed ( I) 
S. mossambicus (13,15) ,l,12) I Stop feeding(7)(12) (I)H- H- (13)I I i-.-

Start growth (2) Spawn (2) Optimum (3)S. mIotiCLS (81-- (2) 1 (8)-.-

S. shironuschilwo (16) 

Reproduce (6) Preferendum (4) 

T. renda/li (21,23)1-- 1-(5) Optimum for growth (22) 

timmfr oI (23)-i1 (4)-1 

-
T. sparrmanii IF(II) . ..(6) 

Spawn (2) Optimum (18)Mortality starts (10) 
T. zillii (10)1- [-w'(6)1 
 Feed,grow and spawn (10) (1
 

Sources : 1. Allanson et al. 1971. 2. Bardach et al. 1972. 3. Beamish 1970. 4. Caulton 1975. 5. Caulton 1976. 6. Chimits 1957. 7. Dendy et al. 1967. 8. Denzer 1967. 9. Finucane 
and Rickney 1965. 10. Hauser 1977. 11. Hofstede 1955. 12. Kelly 1956. 13. Kirk 1972. 14. McBay 1961. 15. Mironova 1969. 16. Morgan 1972. 17. Perry and Avault 
1972. 18. Platt and Hauser 1978. 19. Reite et al. 1974. 20. Sarig 1969. 21. Sklower i951. 22. Spass 1960. 23. Whitefield and Blaber 1976. 24. Yashouv 1958b. 

a- S.grahami 

b= S. macrocephalus 



Table 3. Salinity tolerance of tilapias (partially after Balarin and Hatton 1979). ( -j symbolizes lethal salinity. Figures in parentheses refer to list of sources below). 

SALINITY (oo) 
5 5  6 9  7S PE C IES 0 5 10 15 20 25 30 3405 	 50 11

I I I I I II 	 I I I I|I V 

S. a/cOh'us grahomi a) 	 -(14) 

S. andersonli 	 (5 ' ->I 

(I I) Reproduce in ponds I 	 Grow do not rep e (3(s.oureus$rwd o ERu 3 

Crow and reproduce naturlly(1,7)S. galilaeus 

S. hornorum 	 Grow and reproduce (15) 

S. mocrochir 	 "'-(5) -'-1(5) 

S. melano/heron b) 	 Live in a clot ed lagoon (10) 

S. mossombicus .................... Grow and reproduce (12) 	 Reproduce in ponds (13) (17)
 

. nlc 	 Grow and reproduce naturally (1,7) 

S. shiranus 	 Grow naturally (9) (9) 

7. rendolli 	 -'(5) -o1(16) 

7: sparrmonii 	 --!(6) 

T: 	 z,,qj Grow and reproduce naturally(5) Grow, do, not reproduce (4)
 

Live in sea (1,2)
 

Sources: 1. Bayoumi 1969. 2. Chervinski and Hering 1973. 3. Chervinski and Yashouv 1971. 4. Chervinski and Zorn 1974.5. Fryer and Iles 1972.6. Fukusho 1969. 7. Kirk 1972. 
8. Lotan 1960. 9. Morgan 1972. 10. Pauly 1976. 11. Perry and Avault 1972. 12. Popper and Lichatowich 1975. 13. Potts et al. 1967. 14. Reite 't al.1974. 15. Talbot 
and Newell 1957. 16. Whitefield and Blaber 1976. 17. Whitefield and Blaber 1979. 

a-	 S.grahami 

= S. macrocephalus 
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1972). S. m'lantlcrion (S. macrocephausI thrives ir natlual waters ( Fryer and lies 1972). Relative per
naturally in West African coastal lagonLs here the fmrmiance under culture may be very different frot that 
salinity iiav rane froml almost 0'; (diring heavY rain in the wild. Iinrtherniore. differences in stocking rates, 
falls) to 72':;, (Waul% 1070: Pantly. ;,er., cumin.). S. feed quality and q.antity, water quality and other 
horonomi has been aled itl irline poIds oi /;iibhal illaiagellielil licttrs mfay have an influence on fie 
Island (Talbt and Newell 1957l thlllh it is lt" relative growth (1I different tilapias even under culture, 

reproduce this salility. lmii Vin (I 95 )a, b;if it can also at HVie axnu as shown by Somneren and Whitehead 

salinity Irr repro)duction ofl". 1r1'wIIs is 19);, bitl it Call 1060a. b; 190 1) ,vith S. slphnis n,er. 
be acclimnati/ed t) gro. il vilinities between 36 to 45':, Available data on growth differences aniong tilapias 
(Chervinski and Yashont, 1)71), ()I even 5.3.5';, ( I.t)tln are given in Table 5. !:,or most species. only inaximunli 
1960. Several species ale sensitive to, salinities over si/e was .eco ded, while infOrilation t growth rate was 
20', T.l]s)arrfaoiihardly survived 1-'; and ,.nild not usudl,, lacking. M'ximnuint size is of relatively little value, 
tolerate 2W.;u,salinity ( l:ookuht lQ()Q).. mac'rochi" since it is attained by tish much older than those generally 
cannot gen,rally ttolerate s:linities ahoe 13.5'; thoudh used in fish farming. Somue indications of species unsuit
it was found in Z/auluia at 20;, (Frt r and lies 19772). 7' alble for tish 'ulture may be ohtaiued from Table 5. T. 
rcnedllli died at 13.5';; l,,, ad lces 1072), tltu,.,h s1arrimanii (Van Schooi 1906). F. thollni, S. m,,lano-
Whiefield and Blaber ( 197o) cl:ii! it c:a t dclerat 111)t th'rnm (S. macrocc/)hals} and s. 1l'z.(oslictus (hiribon-
I9,c, salinftv. On the ,asisuf these data. Kirk (1972) woh: 1975) cannot be widely reoiim tieided as they 
suggested the use ()f S. mossaihiux..S. aurours lld T. Walely exceed 100 to 200 g . . iloticus has bcen stlg
zillii for culttre in ,toLIS filled with sea water sd for gested as suitable for fish culture, oth for its fast 
cooling power statitS.. MuCUS seetiis tile MoSt suitable growth rate and its good utilization of natural and 
of these species since it does tot rep)OluIce ill these spplleiieill fooud (Siehadeli 1976). 
c(iitions. Only a few growth conmparions betweenl different 

tilapias have been carried (it. some of which were not 
:.:)IN;AITS replicated (e.g.. Vaii Schtoor 1960: Swingle 1960)."tashlitv aild I lalevy (1971) found smialla growth 

The tilalpijs Le scrN iII the fLWd advatllge LI S. i'can/ i over .S. aurcus (2.9 :and 2.A gd,'Iieterll.,t)t1i Litems 

they ciullsiljue. The CM),' ;pectruin o diflerent species respectivelk ). ';'shom ( 195.b) also showed the superior
Tlab!e 4) enables a divisioii of the tilapia; into three ity oL S. auircusI),'e S. galilaus as podfish. No signili

hiajor cateeiries: cant difference ill erovtli rate was found between S. 
1. (.)mnivorons species e.g. . mossamhicus, tile atr us and S. nilotius (Im tinii et al. 1975 ; Anderson 

species With the ntit1 diversifit.d food spectruti (Man and Smtithertan 11)7J1-;). lownman (1977) showed that S.
and ILLdgkis; 1077). S. tni,)i'tus, S. spilumis v .5er. ains grows laster than S. mossam/ic)us in :mnured 
amlldrsouii and S. azn'us the Lilly d'cuieited /oo. ,MIdi. No real difference ii growth rate was found 
plankion colstttiine siecis ISpatat Lind Zurn I978) . betWeei; tiLeal-iale hybrid S. 1ljlticts x S. hornormm 

2. Ilhtlpanktl feeder,< eC.I. S. 'sct/h'ntuts, S. gali- ald S. irevts males (II.ovslin et al. 11)77). The feuuuale 
lacus, S. Ictt '(sti-tus atid S. ,mduroChir. Other species, uare-ilt is given he)re diet :,le parcnt in all crosses 
e.g... Inlalot/Liron (.,. maorcc hialhs) :1iid S. h]iruus, trtghroghout this tex. A cLtmpriL;it bLs.''-. n the hybrids
colistIIIe dead ihymtplankt mi olep()siLts .'. /h'qli/'tts ,S.lilotics x S. arcusand S. u/lcani x ,S. aureus did not 
,'ra/aenui uitili/es alheac Lm.,ite olt st ,ms, reveal a differenc' in growili rate (Wrumginin et al. 11)75). 

SCVCI:I sIecies pss0,s a spc.i:l east ic muecalamStiSm G;rotvhites OIf the hiybrids S niloticus x S. aturc'us anl 
enablinghtie . blue-.e,.eit alhac. 'Ie it, )rt nce II S. l,,h'tous x S. tornom, wihen stocked ill polyetiltur,
this tInetliim ili di e',tititm ht ilpias is iti er and wvit c l ieomm ('hinese carps, were similar ald faster
 
nay virN with spcCic,,lh-s,,en. ii press) tltam, thai of S. mizoss hiuctts x S. hornoim ( lh1lata
 

3. Maicrniphyte leedc- e,. 7'. rcmt~alli. 1". sparrinanii :11d Wolfarth. tunpublished lestIls). 

amid ' -:ilii. Ihe cehiii, i Jtuit,.', js,t I' rO'ILIlli/j is 
eollttit)Setl III tlalh~ei pLhL;LNtLo teeth amltd.leitl~uill' ea a| ((it ()lR,,\lI)N 

StomllL c apa hle (d' s~c, til _t tlIle acid.', ((;ilttIl 
1976) a,it . . Traitstitr()Ittan .11: also importantr',lwth capacity are 

G;R 0 W1 I I ( .\I.AIIY ill chie Of species r h\brids. Somtte tilapias, e.g.. . 
hi rflortuu s.. 11i.' a,i 0. cilireI ski,utol t'lI/aitiS.

tcim,t ,obviojtslY major 
charalcteristic fu)r culture . Must ciullparisotls hetweeu resistace 

crowh cati - us ; ecoitmtiic which is St1)expie:,sed ill tiLeir h',brilds. (Cmslime 
to dark c)lored fish itmay esseCi t heir accept

growth rates of different tilapias ctlisist of observati s ability il somme areas (liarlach et al. I 72). Nevertheless. 



Table 4. Food spectrum of different tilapias. (Figures refer to list of sources below). 

Natural food Artificial foodSpecies Omnivorous Zooplankton Phytoplankton Microphytes Macrophytes Detritus Benthos Oil cakes Plants Protein-rich 
Blue-greens Diatoms mill wastes pellets 

S. alcalicusgrahtami" 	 i 
S. andersonii 3 3 	 3S. aurcus 	 16 25 24 	 1,5
S. esculentus 3,9,10,12 3 
S. galilaeus 12,14 	 14 
S. leucostict.1s 12,22 	 12 
S. macrochir 3 3 
S. nzelanotheronb 8 	 23 7,8,19,23 7,20 23 23
S. rnossamhicus 15,17 19 	 19,11 19,26 3,19 3 3 3,17 3
S. niloticus 12 18 11,22 	 11,12,22 13 6,27 1 
S. shiranus 11 
S. s. niger. 	 4 11 4 	 4,11
S. rariabilis 10,12 

T. rendalli 	 19 2,11,19 11 19 3,23 3,23
T. sparrmanii 4 
T. zillii 12 12 21 

Sources : 	 I. Anderson znd Smitherman 1978. 2. Caulton 1976. 3. Chimits 1955. 4. Chimits 1957. 5. Davis and Stickney 1978. 6. De Kimpe 1971. 7 Fagade 1971. 8. Finucane 
and Rickocy 1965. 9. Fish 1951. 10. Fryer 1961. 11. Fryer and lies 1972. 12. Greenwood 1957. 13. Harbott 1975. 14. Johnson 1974. 15. Man and Hodgkiss 1977. 
16. McB.), 1961. 17. Mironova 1969. 18. Moriarty 1973. 19. Munro 1967. 20. Pauly 1976. 21. Payne 1071. 22. Semakula and Makoro 1967. 23. Sivalingam 1975. 
24. Spataru 1976. 25. Spataru and Zorn 1978. 26. Swingle 1960. 27. Tondo 1972. 

aS.grahami 

= S. macrocephahs 

http:leucostict.1s
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Table 5. Growth and reproduction characteristics of several tilapias in pond culture. (Figures in right hand coluni refer to list of souices 

below). 

Growth Age at maturity Fecundity 

Species g/year Maximum (months) (egss/female) 

S. andersonii 200-250 1.8 kg 12-IS 300-700/year 
S. aureus 2-3 g/day 31.5 cm 6 2,900-4,000/year 
S. esculentus 37.5 cm 5 up to 700/spawn 

S. galilacus 0.8 kg 5,000/year 
S. h-Ucostictus 6 tip to 400/spawn 

(7.5 cmr) 
S. macrochir 150-250 2.0kg up to 800/spawn 

S. mclanotheron 0.3 kg 
S. mossamhicus 150-350 39 cm 2-3 up to 800/spawn 

(6-11 spawns) 
S. spiluus noer 1 kg 4 
S. niloticus 2-3 g/day 2.5 kg 4-5 700-2,000/spawn 

S. shiranus 39 cm 
S. rariahilis 0.5 kg up to 300/spawn 
S. rulcani 2-3 g/day 6 2,000-2,100/year 

7,000-8,000/year 
7. rendalli 150-200 1.3 kg 
T. sparrmanii 0.15 kg up to 3,300/spawn 
T. tholloni 0.15 kg 
T. zili 0.8 kg 5 300-12,000/year 

According to hingran and ,opalakrishnan (1974). 
bMainly as fcmiale S. niloticus x male S. atrets hybrid. 
c S. inacroccphalus 

dMainly as female S. niloticusx male S. hornornm hybrid. 

Cultured ina Sources 

Central Fast Africa 8 
IsraeIb 3-14 
Tanzania 5,7 
Africa 3 
Kenya and Uganda 7,12 

Africa 2,7,8,12 
Africa 13 
Southern Africa, 3,8 
South East Asia 
East Africa 6 
Africa, Israelb, Sot East 
Asia, Latin America 6,7 
Malawi 3,10,11 
Elast Africa 7 
Africa, South E-ast Asia 14 

7,8 
Colombia 2 

1,6 
Cameroons 6 
Africa, South East Asia 4,5,12 

Sources: 1. 1alarin and llao 11979. 2. D-,l ont 1949. 3. Fryer and lles 1972. 4. 1auser 1975. 5. 1brahim 1975. 6. Jihingran and 
Gopalakrishnan 1974. 7. Lowe (McConnell) 1955. 8. Maar et al. 1966. 9. Marshall 1979. 10. Meecham 1975. 11. Ruwet 
et al. 1975. 12. Siddiqui 1977. 13. Sivalingam 1975. 14. 

the culture of the S. niloticus x S. hornonmn all-male 
hybrid is spreading in some Latin American countries, 
in spite of its dark appearance. Strains of red tilapia, 
with a characteristic white flesh and colorless mesentery, 
are cultured in Taiwan (Fitzgerald 1979), Philippines 
(Radan 1079) and Florida (Sipe 1979). These strains 
have great market potential in Japan and U.S.A. as a 
cultured substitute for red sea bream (Ch,sophrvs 

major). 

Differentces in ;:ppearance between species to be 

hybridized is important in distiiguishing between parent 

species and their hybrids. The sustained production of 

all-male hybrids between S. niloticus females and S. 

horttoonn mrales, cotnpared to the eventual appearance 

of' varying proportions of fenales in the crosses between 

S. mossanihicus an1d S. hortonum , or between S. nilo-
tictus and S. aurcus, may be due to the relative ease of 

distinguishing between S. niloticus and S. homorum. 

Yashouv and Ilalevy 1971. 

FECUNDITY 

The fecundity of substrate breeders is generally much 
higher than that of mouthbrooding species (Fryer and 
lies 1972), but little is known about differences in 
fecundity between species with the same breeding 
behavior. By choosing species with lower fecundity, the 
problem of uncontrolled reproduction in ponds may be 

reduced, but this may increase costs of fry prodik tion. 
In hybrid production, reduced fecundity may be a serious 

problem, and there appear to be considerable differ

ences in fecundity when hybridizing different species. 

The fecundity of thte S. mossambicus x S. hornonn 

hybrid is not less than that of pure bred S. mossambicus 

( lickling 1960). This is lot time case when either S. 
vulcani x S. aurcus (Yashomy and Ilalevy 1971) or S. 
niloticus x S. ho-nomnm (Lovshtin and Da Silva 1975) 

hybrids are compared to their parental species. Differ
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ences in fecundity between reciprocal crosses were pure breds, however spawni~lg was less frequent in 
found when hybridizing S. niloticus and S. macrochir hybrid crossings."

(Lessent 1968), hybrids being obtained only irregularly A partial explanation of these apparently conflicting

when S. niloticus was the female parent. Lee (1979), 
 data may be the fact that the two species hybridized by
working with S. aureits, S. niloticus and S. hornonim, Hickling (1960), i.e., S. mossambicus and S. hornorum,
obtained fewer fry from hybrid combinations than from are more closely related to each other, as suggested by
intraspecific spawns. He noted that "the clutch size of their more similar appearance (Trewavas 1967; Fryer
the hybrids apparently was not smaller than that of Olhe and lles 1972), than the other pairs of species hybridized. 

Interspecific Hybridization 

A k.rge number of hybrids between Sarotherodon 
spp. and between Tilapia spp. as well as intergeneric 
hybrids between Sarotherodon spp. and Tilapia spp 
have been found in the wild or produced intentionally. 
A list of almost 30 hybrids is shown in Table 6. In 
constructing this table we used summaries of inter-
specific hybrids from Flder et al. ( 1971 ) and lBalarin ',nd 
Ilatton (1979). A number of hybrids included in 1hese 
summaries are not included in Table 6, since we consider 
them to be doubtfl or insu fficiently documented 
(Table 7). In both Tables 6 and 7 there is no mention of 
which fish acted as female and which as male parent 
either because the original source fails to give details or to 
save space when bo)th reciprocals have been produced. 

Successes of' interspecific crosses tend to be more 
readily reported than failures, though the la:ter may also 
be of interest. Table 8 gives a suiniary of attempts at 
hybridiation which ldid not result in viable offspring. In 
some cases the same interspecific cross appears in both 
Tables 6 and 8. This is due to success in one reciprocal 
cross and failure in producing the other. 

Most successfully produced hybrids (Table 6) are 
between different species of maternal monthbrooders. 
This is expected, since the vast majority of tilapia species 
belong to this breeding type. However, most of the other 
combinations hetweel different breeding types are 
represented by at least one hybrid. The only documented 
cross involving tile biparental mnouthbrooder S. galilau's 
(S. nilotwcus x S. galilacus. Yashtv and Chervinski 
1959) Was later doubted by its authors (see foolnote in 

Peters aldlBrestowski 1901). IIowever, crosse,; btween 
S. galilacus and inateiial inoIhbrooders have recently 
been carried out artificially Fishelson. pers. comin.). 

'[le numhel if successful hybrids obtained froii 
some species is high. e.g., ninc different hyibids were 
pr tUced with S. niloticuts as (ne parent and tIour with 
.S. hOrI1nMu. This ik lpiCsitlhlv lue 1o S. niluricuts 
being regarded as a fast L romwiiug specie ald S. t10r1o7mu 
Iwheit used as ale parnllt ) :is 1piOiMisinIg candid:te Ir 
producing all-wnale Ihybrid hrO¢'ds. We suspect that 1ia:y 
more hiybrl1s, itot vet atteipted. could be produced. 

It is also noticeable that the majority of the reports 
on tilapia hybrids were published in the 1960s. This may 
be due largely to three independent occurrences: 

1. The majority of naturally occurring hybrids were 
discovred in Africa during this period by a group of 
British investigators. Since these people left Africa, 
emphasis in tilapia research has changed somewhat, from 
the ecology and taxonomy of natural populations in 
lakes, to their utilization in aquaculture. 

2. Many of the hybrids betwen different breeding 
types were produced by members of the behavioral 
school at Thbingen University (Germany) during this 
period. Their interest lay in comparing the behavior of 
cross-bred fry between mouth and substrate breeders to 
that of their parents. In some cases the hybrid fry were 
apparently not grown to an age enabling differentiation 
between the sexes. 

3. A large number of hybrids were produced by 
Pruginin (1967) during his stay in Uganda in the 1960s 
as an FAO Fisheries Officer. Some of these hybrids had 
previously been known only from natural hybridization 
in African lakes. 

From a taxonomic point of view, production of 
interspecific hybrids, in some cases with ease, and in 
tiany cases with fertile offspring, is in conflict with the 
classical definition of species: "A group of actually or 
potentially interbreeding natural populations which are 
reproductively isolated from other such groups" (Mayr 
1940). Ilowever, a similar situation also exists in some 
other groups of fish. In the centrarchids (Childers 1967), 
ictalurids (Sneed 1971), cyprinids (Bakos et al. 1978) 
and saltonidls (Suzuki and Fukuda 1971), a large 
number of interspecific hybrids have also been pro
duced, in some cases with relative ease. In most cases the 
fertility anrd sex ratio of' these hybrids have not been 
examined. 

The species concept in some taxonoimic groups of fish 
:ippears to differ from the classical definition. It appears 
characteristic of interspecific crosses between tilapias, 
that the sex ratio of' the hybrid broods deviates strongly 
from the 1:1 ratio found in intraspecific broods, a 



Table 6. Hybrids between different tilapias. (Figures refer to lis, of sources below). 

Deliberate crosses carried out Sex of hyt:rid progeny in deliberate crossesBreeding type Speciesa Observations in ponds under lab. 
in nature or tanks conditions 

Maternal mouthbrooder S. niloticusx S. spiirusniger 17 21 Surplus of males 
x S. niloticus x S. macrochir 3,12,15 Only males when S. niloticus female parent.Maternal mouthbrooder S. niloticus x S. aureus 9,14,21,22,30 Occasionally males only when S. niloricus female parentS. niloticus x S. variabilis 25,26 21 Only males when S. niloticus female parent

S. niloticus x S. leucostictus 21 Surplus of males
S. niloticus x S. hornorum 14,16,21 Only males when S. niloticus female parent
S. niloticus x S. mossambicus 6,13,24,30 Surplus of males
S. mnossambicus x S. hornounm 5,10 Only males when S. mossambicus female parent
S. mossamnhicus x S. andersonii 18 
S. mossambicus x S spilurusniger 29 Surplus of males 
S mossamhicus x S. aureus 2,30,31 Surplus of males (S. aureus misidentified as S. niloticus)S. vulcani x S. hornorun 21 Large surplus of males 
S. spilurusnigcr x S. hornorum 21 Only males when S. spilurusniger female parent
S. spiluns nigcrx S. leucostictus 7,8 21 Surplus of males 
S. arniphelesx S. esculentus 23 
S. vulcani x S. aureus 22 Large surplus of males 
S. hornorum x S. aurcus 14,21 Surplus of males 

Maternal mouthbrooder S. melanotheronb x S. mossambicus 4,19 Only females when S. melanotheron female parent 
x S. ,nclanotheronbx S. niloticus 4,19Paternal mouthbrooder 

Maternal mouthbrooder T. tholloni x S. mossambicus 4,19,20 Only females when T. tholloni female parent 
x ". thollonix S. niloticus

Substrate breeder T. zillii x S. mossambicus 4,19 
4 

Only females when T tholloni female parent 

T. zillii x S. spilunisniger 28 11 Only males. Sex of parents not given 

Paternal mouthbrooder T. thollonix S. mclanothcronb 4,19 
x 

Substrate breeder 

Substrate breeder T zilliix T. rendallic 26,27 1 Sex ratio 1:1 
x 

Substrate breeder 

Sources: 1. Anon. 1962. 2. Avault and Shell 1967. 3. Bard 1960. 4. Bauer 1968. 5. Chen 1969. 6. 1969. 6. 1976. 7. Elder and Garrod 1961. 8. Elder et al. 1971. 
9. Fishelson 1962. 10. Ilickling 1960. 11. Ibrahim 1975. 12. Jalabert et al. 1971. 13. Kuo 1969. 14. Lee 1979. 15. Lessent 1968. 16. Lovshin and Da Silva 
1975. 17. Lowe (McConnell) 1958. 18. Mortimer 1960. 19. Peters 1963a. 20. Peters and Brestowsky 1961. 21. Pruginin et al. 1975. 23. Trewavas and Fryer1965. 24. Van Schoor 1966. 25. Weiomme 1964. 26. Welcomme 1965. 27. Welcomme 1966. 28. Whitehead 1960.- 29. Whitehead 1962. 30. Hsiao 1980. 
31. Pierce 1980. 

aOrder of species does not indicate sex of parents, either because original source failed to give it, or to save space when both reciprocals have been produced. -b S. macrocephalus 

c= S. nelanopleura 
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Table 7. A list of interspecific tilapia hybrids from the literat-re, considered doubtful or insufficiently documented. 

Source in 

literature llybrida 


Balarin and llatton 1979 S. mossambicus x S. ,nacrochir 
S. antdersonii x S. mossambicus 
S. andersoniix S. ,oacrochir 
S. spiluis niger x S. ,nossambicus 

S. ,nossamhicus x S. andersonii 

S. hornonim x S. macrochir 

Elder et al. 1971 T. tholloni x S. spilunis niger 

S. niloticus x S. galilaeus 

aOrder of species does not indicate sexof parents, either because original source 

have been produced. 

Table 8. Documented unsuccessful attempts at tilapia hybridization. 

Breeding type 

Maternal x paternal rnouthbrooder 

Maternal mouthbrooder x 
substrate breeder 

Paternal mouthbrooder x 

substrate breeder 

Substrate breeder x substrate breeder 

Substrate breeder x biparental 
mouothbrooder 

a= S. macrocephalus 

Parents 

Female Male 

Reason for suspecting 
existence of hybrid 

Only source-Jhingran and Gopalakrishnan (1974), 
which does not refer to original papers. 

Stated that successfully bred in ponds in Israel, but 
S. andersonii not present in Israel. 

No reference to original paper. 

Refers to Peters (1963b) but no such hybrid appears 

in that paper, or in Peters (1963a). 

Refers to Yashouv and Chervinski (1959), but exist
ence later doubted by authors-see footnote in 
Peters and Brestowsky ( 1961). 

failed to give it, or to save space when both reciprocals 

Reason for failure 

of hybridization Source 

S. mossambicus S. n,'lanotherona no fry obtained Bauer (1968) 
Peters (1963a) 

S. niloticus T. tholloni high fry mortality Peters (1963a) 
Bauer (1968) 

S. mossambicus T. tholloni high fry mortality Peters (1963a) 
Bauer (1968) 

S. aureus T. zillii no fry obtained Van Schoor (1966); 
llsiao 1980 

T. z:ilii S. aurcus no fry obtained Van Schoor (1966); 
Ilsiao 1980 

S. mnclanotherona T. tholloni high fry mortality Peters (1963a) 
Bauer (1968) 

T. sparrinanii T. zillii no fry obtained Van Schoor (1966) 

T. zillii T. sparrinanii no fry obtained Van Schoor (1966) 

T. zilli S. galilaeus no fry obtained Van Schoor (1966) 
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surplus of males occurring in most cases (Pruginin et al. specific spawns involving S. mossambicus. 
1975). A similar phenomenon has bee'i observed in some The possible roles in speciation of' breeding and 
interspecific hybrids of sunfish (Centrarchidae) (Ilubbs territorial behavior and bleeding coloration of males are 
and Ilubbs 1933 ;Childers 1967, 1971 ). discussed by Eldcr et al. (1971 ) and Axelrod and Burgess 

The apparent ease ofhybridization between differei' (1976). The possible role of geogr.aphic separation in 
species of tilapias poses the question of how speciation speciation is obvious. It seems virtually certain that one 
has occurred in this group of fish. For a species to reason for the occurrence of "natural" hybrids is the 
establish itself as a separate breeding group, a repro- breaking of the geographical reproductive barrier by 
ductive barrier from a hypothetical ancestral grmup or artificial Iransfer of tilapias in Afric:mi lakes (Fryer 
from other species is required. and lies 1972). Lake Victoria, for example, has been 

Reproductive barriers may be physiological, behav- separated from other aquatic systems since the Miocene 
ioral or geographic. Tile exL.ice of at least a partial period, and contains two endenmic tilapia species, . 
physiological barrier to reproduction is shown by failure escttlentus and S. variabilis.Since the 1930s, there have 
to obtain viable progeny in certain combinations, and been frequent introductions of tilapias into this lake 
by cases where hybrid progenies are fewer than those consisting of S. shiluums n& r, S. niloticus, S. leucos
obtained from intraspecific spawning (Lovshin and Da tictus, S. mnossanbicus, T. rendalli and T. zillii, -he 
Silva 1975). 1lowever, I licklingt (1960) lhas shown that in natural hybrid found in Lake Victoria is between the 
his ,5.mnossamhicus x S. hornort crosses, the number endemic species 'S. ivariabilis and the introduced S. 
of fry obtained was at least as large as that in intra- niloticts (Welcomme 1964). 

Sex Determination 

The genetic mechanism of sex determination in mossambicus and S. hornonmm, while Jalabert et al. 
tilapias is of both practical and theoretical inteist, due (1971) worked with two different species, 5.niloticus 
to the production of all-male btoods in some interspecific and ,.macrochir. In both studies, some of the crosses 
hybrids, resulted in tilepredicted sex ratios, but other results 

The first all-male brood was pr¢iduced by crossing could not be explained iii this way. According to a 
female S. mossalimicus with male S. hrnonmm. The further model of sex determination in Sarotherodon 
reciprocal cross resulted in a segregation of one female (Avtali m and I lammermuan 1978). two non-honologous 
to three males, while the different back crosses yiekled pairs of chromosomes sex-determining factors,carry tile 
1:1 sex ratios (Ilickling 1960). The all-nmale b1,,ods were one pair being ternied sex chromosomes and the other 
apparently lot duc to the total mortality of femlales. autosoles. The model is based on a re-examination of 
ince the mean number of progetty from hybrid crosses (lhen's (1969) results. Since two non-linked loci are 

was not smaller than that obtained from intraspecific involved in this model, the predicted segregations 
crosses, include sex ratios such as 3:5 and 9:7 which cannot 

Available data show that si\ interspecific crosses occur in simpler models. This model explains Chen's 
between fe:ale mimotilhbmooding tilapias can result in (ibid.) unexplained results. but not those of lalabert et 
all-male hyl-rid l) bods. In four of these cottibinl- al. (1971). I lammerman and Avialion (1979) stated 
tions. tilereciproc.l cross yielded a sex ratio of" 1:3 that fitting their model to tileresults of' Jalabert et al. 
(Pruginin et al. 1975). The other two teciprocals have (1971) requires assigninv different values to tiledifferent 
not -been tested. All-female broods have beeh obtailCd in chromosome strengths. Another attempt at designing a 
three' crosses between female muthmbrooding species general model of sex determin:tion intilapias was based 
and species belonging to I'iffcntn breeding types. Details ot one pair of sex cl:romos mes with one sex-determin
of crosses resulting inmo osex broods and ',cir recipro- ittg locus consisting of'a series of- multiple alleles (Moav. 
cals are sht,.wn iii Table u.tnpublished). 

Ilicklitig (I 90() attempted to cX plaitI his results by All the models discussed imtply. at least by inference. 
adopting tile chrommosotital sc\-detctiingim echtmisil that the getre, .San) /lcrod',n catt be divided into two 
of tileplatNtmshi .ip/i '/tiontis mattlda I ordmr 17). groltps of species. onee with homgoametic femtales and 
Accorditit, to ttis :t:tloe,,. a 11;t,1 stC;l of sex-deter- tie other wilh l1tt1 o allttetic llales. This mIeans that 
mining chromosor es Cxi;S illdL11lefernt species of crosses hetwectn species if t'te s:tme troup will result in a 
tnoullibroodittg lilapias ( ittre I). I:1 sex ratio, whereas crosses betwee species ofliffer-

Iwo fiurther genetic ittvestigatiotts were catried out to ciit groups restult itl0:1 or 1:3 ratios. According to this 
test this hypothesis. (hen (l]))) continued with S. teasoning. S. 1mW ssmnhicus, A nilofj--us and S. spihmts 
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Table 9. Interspecific crosses of tilapias, which resulted in monosex hybrid progenies (F = females, M=males). 

Sex ratio of Sex ratio of 
Breeding type Parent species piogeny reciprocal 

of parents Female x Male (F:M) (F:M) Source 

Female mouthbrooder S. mossatnhicus S. hornorum 0:1 1:3 flickling (1960); Chen (1969) 
x S. niloticus S. macrochir 0:1 1:3 l.essent (1968); Jalabert et al. (1971) 

Female mouthbrooder S. niloticus S.aureus 0:1 1:3 Fishelson (1962); Pruginin (1967); 

S.niloticus S. hornonim 0:1 1:3 
Hsiao (1980) 
Pruginin (1967) 

S. niloticus S. variabilis 0:1 not attempted Pruginin (1967) 
S. spilurus niger S. hornonim 0:1 not attempted Pruginin (1967) 

Paternal x maternal 
mouthbrooder 

S. nelanotheron a S. mossanbicus 0:1 failed to spawn Peters (1963a); Bauer (1968) 

Substrate breeder x T. tholloni S. niloticus 1:0 high mortality Bauer (1968) 
vemale mouthbrooder of embryos 

T. tholloni S. mossambicus 1:0 high mortality Peters (1963a); Bauer (1968) 
of embryos 

a= S.macrocephalus 

S. mossombicus S. hornorum 

9 9 
XX x XY WZ x ZZ 

XX XY WZ Z Z I I 

9 S. mossombicus x (fS. hornorum 

XX x ZZ 

Xz 

all- males 

9 S. hornorum x dS. mossombicus 

WZ x XY
I
 

I I I 1 
WX WY XZ ZY 

Figure 1. A suggested chronosonal m,,echanism of 99 do" o' o' 
sex determination in tilapias (after Chen 1969). 

I : 3 
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niger belong to the female homogametic group, since Table 10. Known chromosome numbers in tilapias.
their hybrids with S. hornonim males are all-male. -o.
 
Siijlarly, S. hornonim and S. aureus should belong to 
 No.
 
the female heteroganetic group, since their hybrids with Species chromosomes 
 Source 
S. niloticus females are all-male. However, neither the
 
hybrid between S. niloticus and S. spilunisniger, nor the
 
one between S. hornonim and S. aureus, show the S.alcalicus
 
expected I:1 sex ratio (Pruginin et al. 1975; Lee 1979). grahamnia 48 Denton (1973), Park (1974)

S. aureus 44 Kornfield et al. (1979)In more general terms, the only sex segregations S. galilaeus 44 Badr and El Dib (1976),

predictable from any mendelian system are mendelian Kornfield et al. (1979)

ratios. Results of interspecific crosses, however, fre- S. mossambicus 44 Denton (1973), Natarajan and
 
quently resulted in noni-mendelian sex ratios (Pruginin et Subrahmanyan (1968),

al. 1975), which cannot be explained in these terms. Thompson (1976)
 
From the above it is clear that none S. niloticus 40 Badr and El Dib (1976)
of the proposed S. niloticus x 
models gives satisfactory explanations of all the known S. aureus 44 Avtalic n (pers. comm.) 
sex segregations in tilapia hybrids, or permits predicting T. rendalli 44 Michele and Takahashi (1977)
results of new crosses. There is no evidence for the T. zili 38 Badr and El Dib (1976) 
exister of a "strong," i.e., chromosomal mechanism of 44 Kornf eld et al. (1979) 
sex de, nination in tilapias, as indicated more generally a= S.grahami 
in fresh water teleosts (Ohno 1970). 

The difficulties of investigating sex determination in 
the tilapias are partially due to the complet" lack of 
known visual sex-linked markers. It was with the aid of regarded as sex chromosomes, has been described in 
such markers that sex determination in the platyfish tilapias. This is the typical situation in freshwater fishes 
was worked out (Kallinan 1973). Use ofelectrophoretic (Ebeling and Chen 1970), in which heteromorphic pairs
sex-linked markers could be a promising method to of chromosomes are the exception, rather than the rule. 
continue these studies. Avtalion et al. (1975) found an Even in the platyfish, the evidence for a chromosomal 
electrophoretic band present in males, but not females, mechanism of sex determination is genetic and not 
of S. galilacus, S. rulcani and S. aureus. Ilowe- r it has cytological. Kallman (1973) demonstrated in the platyfish 
not been denionst rated that these electrophoretic that autosomal sex-determining effects are superimposed
markers are sex-linked and not merely sex-limited, on the previously established sex-chromosome mech-

The number of chromosomes has been investigated in anism. Evolutionary processes, including a change from 
a number of tilapia species (Table 10), and in most cases female to male heterogamety, or vice versa, through an 
the diploid content is 2.n=44. Not a single case of a intermediate phase of polygenic sex determination, have 
heteronmorphic pair of ch'romosones, which might be been explored by Bull and Charnov (1977). 

Variation Within Species 

Existence of genetic variation of traits of economic estimates (b:,..d on half sib analysis rather than "realized 
importance within a species or population, is a prerequi- heritabilities") were not significantly different from 
site for selective breeding. The heritability of a given zero. Thus, predicted gains from individual selection 
trait, a measure of the proportion of the total variance were extremely small. It was suggested that the genetic
attributable to the additive genetic variance, is the major variation of the investigated population of S.niloticus at 
genetic determinant of tile response to selection (Fal- Auburn University (Alabama, U.S.A.) is low, due to the 
coner 1960). small number of original progenitors of that population 

Little effort has been made to investigate and analyze (Tave and Smithernan 1980). Se, eral morphological
variances within tilapia populations. This is largely abnormalities were detected in this populaton, possibly
because breeding work to dale has concentrated on due to inbreeding. 
attempts to produce 1iloio-SeX progeny. The effect of negative selection, by removing the 

Tave (I 979) estimated heritabilities of weight and larger individuals, was the subject of two studies. Gw, 3ba 
length of S. ilotcus at 45 and 90 days in order to (1973) investigated a natural population of S. niloticus 
predict expected gains from a selection program. His which had been overfished for 20 years. In Silliman's 
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(1975) experimental study, the growth of the progeny 

of a selectively fished population was compared to that 
of a randomlly fished population. hi both cases, the 
poplations responded to this selective fishing by 
decreased growth. [hes: studies stiggest the existence of 
additive enetic vanatiol toM growth rate in the lives-

tiglted po/pll ltoulS. 

A recent studv indicated variatiOtIn fecundity 
bet ween difTerent .'stocks tS. niloticus when hybridized 

with S. ho-nortm. The numuber of hybrid fry obtained 
from the G(.hana stock was 3-4 times higher than that 
obtained from the Ivory C as stock of' S. niloticus 

Slulata. Rothbard and Wohlt'aitt. unpublished results). 

Breeding efforts aimed at producing nionosex hybrids 

have revealed genetic variaion for sex determining 
factors. Pruginin et al. (1975) examined the progeny of 
several pairs of S. niloticus x S. aurcus. Some pairs 
yielded all-male progeny, while others produced varying 
proportions of males, between A breeding.51 and 9Q9;:.. 
program ainied at isolating reliable brood stock, under 
way at l)or (Israel). consists of progeny-testing single 
pair reciprocal crosses between different species of 
Sarotherodlon(Illulata et al. 1980). 

Genetic variation in body coloration was f'ound illS. 
mossambicus ( Fitzgerald 1979) and S. nhoticus (Radan 
1979). The mode of inheritance of the red body colora
tion requircs investigation. 

Population Control 

Uncontralled reprotduction of tilapias leads to stunted 
populations. In polyculture, it may also have a dele-
terious effect on the growth of other fishes. Attempted 
techniques fIr controlling reproduction may be classified 
as genetic and non-genetic. 

NON-I;Nt I W\tI (St 01: POPUILATION CONTROt. 

a. ise of Piedators 

Bardach et :A. (1972) recommended the use of 
predalols t,,comsiumtie yoiing tilapia. This method has 
met with varying detrees tf success (lvshin and l)a 
Silva 1975). When effective, it may .. sult in marketable 
tilapias at harvest plus small extra yield of the predator. 
ilhowever, thelpiedah r effect may be inadequate or too 
stron (I Illet This leclu ique is practiced ili Africa19721. 

(iShieh:idhI 1970) otd ha.; been demonstrated ili FA 
Salv1dor (l)ll.eth aui Bayne1978). 

b. Moiosex (Oillure 

The most eteCtiVe :and widely used technique for 

plopt,!ition c'ontrol is moiosex cullture (Mires 1977). It 
can be ixtunmplished by sorling the sexes and stocking 
on10 S'X olyi.m linillatin, one sex froni the p[ptlation 
by sex mversal to hvlltli/ttil (I CenletiC ntethod tt be 
mentitted hel w. MImotex ctiltutle olf mtale tilapias is 
jloacticed dile tI lthe sllpelitr ugrt.willratle td tiales. 
Strting til:ip ,I, Iloo"ex Stocktili is tiile-comusuulilg, 
wastel'! itititi etal. 1 75) and deIa1tls S01n1e skill. 

Sex reversal, a technique developed at Auburn 
University f-r producing inonosex tilapia populations, 
was recently reviewed by Shelton et al. (1978). lhe 

potential of this technique (Guerrero 1975, 1979) ws 
demonstrated tnder experimental conditions. Applica
tion of this technique on a commercial scale is being 
investigated in Israel. 

c. Reproductive Sterilization 

Preventing unwanted ieproduction of tilapias through 
sterilization (e.g., Al-I)aham 1970; Kat, et al. 1976; 
Nelson el al. 1976) (lid not yield practical results. Use of 
hormonal repression of female gonads (Dad/ie 1974; 
Chiba et al. 1978 ; Lanhing 1978) is also controversial. 

d. (age Culture 

Reproduction of tilapias may be controlled by 
growing them in cages (Pagan-Font 1975, Rifi 1980). 
This method appears to be of limited commercial value. 

e. I ligh Density Stocking Rates 

Control of* reproduction by high density stocking 
rates has been suggested by Allison ct al. (1979). The 
small size (t' fish at harvest may be a disadvantage of this 
method. 
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GENETIC METIIODS OF POPULATION CONTROL 

a. Interspecific Hybridization 

Production of all-male populations by interspecific 
hybridization has been discussed above. The practical 
aspects of this approach were described by Mires (1977). 
A plan for a conunercial set up for tilapia hybridization 
in Panama (Central America) was recently described by 
Pretto Malca (1979). 

b. Use of Sex-Reversed Individuals as Brood Stock 

The large-scale culture of all-male sex-reversed popu-
lations seems, at present, to be an unreliable and imprac-
tical approach. Alternatively, homnogametic sex-reversed 
individuals may be spawned with normal homogamnetic 

individuals to yield monosex progeny (Shelton et al. 

1978), as shown in Figure 2. The production of all-male 
S. aureus populations through breeding requires estrogen 

sex reversal for producing hornmone-induced phenotypic 
fema!es (genotypic males). These fein'dIes require iden
tificition from normal females by progeny-testing. The 
same aliproach may be applied to S. niloticus, for 
producing all-female populations (Figure 2) by androgen 
treatment to sex-reverse houmogametic females into 
phenotypic males. 

If such sex-reversed broodstocks are obtained, there 
is, in pracice no real difference between this method 
and interspecific hybridization. In both cases different 
parental stocks need to be kept separate and free of 
contamination, in order to ensure the production of 
monosex populations. This method requires testing on a 
commercial scale. 

Species with females Species with males 
homogametic for sex determination homogametic for sex determination 

S. nilo/icus 	 S. oureus 

androgen treatment estrogen treatment 
Sex reversal r dd 99 1d 

xy xx 	 zz wz 

untreated untreated 

Identification of x d x 
sex-reversed fish xx xx zz zz 

J=. I 
Brood production 	 x x z z 

androgen treatment 	 estrogen treatment 

" 
Production 	 dqcf(" x dc( x "? 

xx xx zz I zz 

xx 	 zz 

Figure 2. Simplified schene of Sarotlerodlonbrood production by hormone sex-reversal. Progeny of phenotypie-ly sex-reversed indi
dividuals only are illustrated (from Shelton et al. 1978). 
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Use of Electrophoretic Markers 

Genetic markers are widely used in genetic and 
breeding investigations and in studies of genetic variation 
in natural populations. Electrophore tic markers arc used 
mainly when visual markers are not available, since their 
identification is more cumbersome and time consuming 
than visual inspection. The major advantage in the use of 
electrophoretic markers isthe ability to identify hetero-

zygotes from homozygotes since, as a rule, electro-
phoretic alleles are co-dominant. The technique has been 
used for investigating the genetic structure of fish 
populations, as reviewed by Kirpichnikov (1973), 
Utter et al. (1974) and Alleudorf and Utter (1979). 

Methods of application of electrophoretic markers to 
selective breeding of fish include strain identification 
and maintenance of line purity, more efficient designs 
for genetic tests, construction of complex familial 
structures for genetic analysis of production traits, and 
family selection programs (Moav et al. 1976). 

The electrophoretic techniques have been applied to 
tilapias for solving taxonomic problems and identifying 
species (Iles and I lowlett 1967; Chen and Tsuyuki 1970; 
I-lines and Yashouv 1970; lines et al. 1971; Basa-
sibwaki 1975; Ilerzberg 1978; Korn field et al. 1979). 
Diagnostic differences, facilitating species recognition, 

have been found in haemroglobins, muscle myoglobulins, 
several seruni enzymes (e.g., esterases, transferrins, LI)) 
and tissue specific I.)1-1. Intraspecific polymorphisl in 
these markers was found by Chen and Tsu 'iki (1970) 
and [lines et al.(1971). 

Avtalion et al. (1975, 1976) ittempted to identify S. 
niloticus, S. atr'us and their hybrid by electrophoretic 
species-specific markers in order to facilitate the pro
duction and maintenance of stocks consistently 
yielding all-nale hybrids. Since the elect rophoretic 
patterns overlap in these - !cies, it was attempted to 
select for different pattrns in each species. Brood stocks 
identifiable as species have been produced in ,his way. 
This process appears to have been accompanied by an 
increase in the pioportion of males in interspecific 
crosses. It has not led to the production of 100, all-male 
progeny (Mires, pers. comm.). 

A male-specific electrophoretic marker was discovered 
by Avtalion et al. ( 1975) in adult S. aurcus, S.galilaeus 
And S. vulcani. A similar marker was fMnd by lardin 
(1976) in S. aur'us, but only inripe males. It seens 
likely, therefore, that this male-specific marker is hor
monally induced and cannot be used to distinguish 
between natural and sex-reversed individuals. 

Future Breeding Research 

The large discrepancy between actual and potential been developed for the common carp (Qvprinus carplio). 
tilapia production is, in part, due to present lack of It consists of stocking all the groups into the same 
knowledge in many aspects of their culture, research uld (communal) pnd in a replicated test. This method 
breeding methods. Some methodological and breeding requires means of identifying the different groups, with 

research projects, which may contribute to the improve-	 the aid of either natural markers or by artificial marking. 

ment of tilapias, are discussed below. 	 It also requires a method of correcting for differences in 
weight gain between the groups, caused by t.:imce 
differences in initial weights (Wohlfarth ind Moav 

MITtOt)Ot.OGY IORtCOMPIARATIVE.: 1972). Results of growth tests carried out in such 

PERFORMANCE' TESTS communal ponds require evaluation by comparing them 
with results obtained in separate ponds (Moav and 

Reliable methods for comparing different genetic Wolilfarth 1974). This system of growth testing, though 

groups are required for any trait under investigation. For found suitable for the common carp, has yet to be 
traits such ;,stolerance to low temperatures or high evaluated with different groups of'tilapia. 
salinity, the methodology appears simpler than for 
growth rate. Pruginin et al. (1975) compared the growth 
and sex-ratio of' different groups of' tilapias (species and CtIOI(E OF SPECIttS 
hybrids) by stocking each group separately into a 
number of .plicated This is an inefficient A genetic survey of the existing population should ber ponds. 
method, enabling mly few groups to be compared in a one ofthe first steps in any breeding program. In !ilapias, 
given test. surveying implies choice of species, f6dlowed by choice 

A more efficient metiod, cnalling comparison of a of stocks from the chosen species. A fill is ansurvey 
larger number of groups in a given number of poaids, has impractical task due to the large number of tilapia 



19 
species. A reasonable beginning may be a comparison are selected. These selected fish are used for brood stock 
between species presently cultured and speci'. which, production.

according to available knowledge, show good :roouction 
 Other genetic methods considered for population
and the likelihood of acclimatization in a given location, control include gynogenesis and polyploidy.

Choice of species does not necessarily mean choice of Gynogenesis consists of stimulating the development 
a single species. A tilapia polyculture system, utilizing of unfertilized eggs by use of inactivated sperm, and
differences in feeding habits between different species restoring diploidy using cold shock treatments (e.g.,
(Table 4), may be more rational than the culture of a Purdom 1976). The resulting gynogenctic individuals
single species. This has been attempted in Uganda by thus inherit all their chromosomes from their mothers. 
co-stocking S. niloticus with the macrophyte feeder T. This method has been suggested as a means of population
zili (Semakula and Makoro 1967). control in grass carp, since gynogenetic progeny of 

At least two species are needed when the aim is homogametic females are expected to be all-female 
production of all-male interspecific hybrids. Several pairs (Stanley 1976). Gynogenesis has not been demon.of species have shown promising results (Table 9) and, in strated in tilapias.
choosing between these pairs, the characteristics of the Polyploidy has been induced in S. aureus by cold 
species should be taken into account. Since performance shock treatment to developing eggs (Valenti 1975). Ifof hybrids cannot be fully predicted from performance fertile tetraploids could be produced by this method,
of the parental species, comparative testing of different crossing them to normal diploid individuals may result in
hybrids is required for proportion of males and for other sterile triploid progeny (Refstie 1979).
 
production traits. If a comparison between a given 
 Another method of reducing the problem of unconhybrid and its parental species shows that the feeding trolled reproduction is by selecting either for a fewer 
spectrum of the hybrid approaches that of both parental eggs per female or for delayed sexual maturity. Thisspecies, hybrid monoculture could be equivalent to selection may be carried out either between or within 
polyculturiig the two parent species. species. The potential benefit of reduced fecundity 

depends on the age of fish stocked, length of growth 
period and required market weight.

POPULATION CONTROL Reduced egg number is more likely to cause an 
increase in cost of fry production than late sexualAs mentioned above, the genetic methods attempted maturity. Reducing fecundity by choice of species could 

so far for population control consist of interspecific probably be attained by substituting niouthbrooding
hybridization and use of sex-reversed fish for brood species for substrate breeders, since the latter are more
stock. i)th of these methods require an understanding fecund (Fryer and lies 1972). In mouthbrooding tilapias,
of the nechanism of sex determination. The two empir- it appears that S. mossambicus, the most widely used
ical studies investigating this mechanism by classical species, is also one of the most fecund. Substitution of 
Mendelian methods of crosses, back crosses, etc., (Chen less fecund species for S. ,nossambicusshould reduce the

1969; Jalabert et al 1971) did not result in a conclusive amount of uncontrolled spawning.

mtdel. It seems likely that furthM studies using the same Selection for late sexual maturity may also be an

method, without sex-linked markers, 
 would meet the indirect method of increasing growth rate, since incuba
same fate. No sex-linked markers, visual or biochemical, tion of eggs and care of fry presumably interfere with
have yet been discovered ii,tilapias, and a genetic survey parental feeding activity. A reduction in growth rate was
for thbem appears a promising approach, accompanied by endocrinological changes at onset of

Our investigations aimed at producing all-male broods sexual maturity in Xip/hophorusmaculatus (Kallman and 
( lulata el al. )80)consist of a program of selection by Borkoski 1978). 
progeny testing. Single-pair interspecific hybrids are 
produced reciprocally, and the individual parents of each 
cross are selected or discarded according to the sex-ratio 
of' their hybrid progeny. Figure 3 examplifies that in the GENETIC INVESTIGATIONS 
S. riloticus x S. aurcus crosses parental pairs whose 
pi'genies consist of' males only (e.g., pairs no. I and 3) Construction of rational breeding plans requires someare selected. Parental pairs whose progenies consist of knowledge of the inheritance of economically important
both males ard feniales (e.g., pair no. 2) are discarded, characteristics. In most farmed livestock, lieritabilities 
Similarly, ini tihe S. aurcu's x S. niloticus crosses, only have been estimated for somne traits, but in tilapias, as in 
pairs whose progenies segregate into I fertale:3 males most other fishes, very little is known. Some of the 
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1 tocedure for progeny-testing Sarotherodonbrood stocks, producing all-male interspecific hybrid broods (from Hulata et al. 
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genetic investigations required for tilapias are described 
below, 

a. Estimating Heritabilities 

The single study reported in tilapias (Tave and 
Smitherman 1980), yielded very low estimates of 
heritabilities of weight and length in S. niloticus. This 
implies that in tilepopulation under investigation 
individual selection for growth rate is not expected to be 
effective. In other populations, genetic response to 
selectively removing the larger individ uals indicated 
the existence of genetic variation for growth rate (Gwa
haba 1973 ; Silliman 1975). Further estimates of berit-
abilities are required, for several traits and in different 
species, in order to predict the suitability of individual 
selection for genetic imlrovement oftilapias. 

b. Genetic Correlations 

When selection is carried out on one trait. changes 
may occur in other traits. These "correlated responses"
(Falconer 1960) are due to genetic correlations between 
different traits. Similarly, when selection is carried out 
silultaneously oin two or more traits, tie respoonse ill 
each trait may be slower than if a single trait is tnder 
selection. Estim:ates of genetic correlations are therefore 
required as criteria for choosing traits to he selected and 
to avoid undesirable correlated responses. 

c.Effects of'hnbreeding,and Crossb reed ilg 


Breeding programs often lead to a reduction in 
genetic variability, causing inbreeding, which may result 

in a reduction in fertility and production. These negative 
effects of inbreeding, termed "inbreeding depression," 
have not been estimated in tilapias. Conversely, soiae of 
the most spectacular successes in plant and animal 
breeding are due to crossbreeding unrelated stocks. 
icterosis, the phenomenon of the crossbred's perfor

mance exceeding that of either patent. also requires 
demonstration in tilapias (see discussion in Pruginin et 
al. 1975). An extra benefit ofinterspecific hybridization 
lies in tileavoidance of any possible inbreeding depression,
 
though this benefit may also be attained by crossing two
 
unrelated stocks of the same species.
 

d. Inheritance of Genetic Markers 

A knowledge of the heredity of morphological (e.g., 
red body coloration) and biochemical genetic markers 
may enable their utilization in experimental work 
(Moav et al. 1976). 

APII ICATION 01: RE'SEARCH RESULTS 

The implementation ofa successful breeding progmam 

is the production of improved broodstock. Genetic 
"c.)ntanmination" from outside soturces must he avoided. 
This is difficult when two different groups of' fish are 
used for crossbreeding. As a rule, production of' imirlved 
brood stocks should he carried out by professional fish 
breeders. When tie fi to be produ,:ed are crosshreds 
between two stocks, or hybrids hetwee-i two species, tihe 

farms should then le supplied will leiales o " c,;ie
stock or species and males of' [lie oier. Alternatively, 

the fly could he produced at central hatcheries for 
distribution to fish farms. 
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