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Foreword to the Second Edition

This review has cvidently been welcomed by aqua-
culturists. The first edition of 1,000 copies found its
way to many laboratories and libraries in both developed
and developing countries.

The authors have maintained their close interest in
the subject and provided new material and 15 new
references for this second edition.

Since the first edition was printed, Dr. E. Trewavas,
senior tilapia taxonomist, has made revisions to the
genera following observations in Kenya that the mouth-
brooder genus Sarotherodon includes two behavioral
groups, and that the differences merit separate generic

status. Accordingly, the maternal mouthbrooders will
become Oreochromis (e.g.. O. niloticus, 0. mossambi-
cus) while Sarotherodon is retained for S. melanotheron,
the paternal mouthbrooder and S. galilaeus in which
both parents brood. However, in this review, the previous
nomenclature has been retained for convenience.

Its publication coincides with the International
Symposium on Tilapia in Aquaculture in Israel, May
1983. It is hoped that this revised edition will be a useful
reference document for the symposium as well as-for
tilapia workers worldwide.

R.S.V. PULLIN
March 1983



Foreword

Tilapias are a major protein source in the developing
countries and important cultured species in, for example,
Israel and Taiwan, Their excellent growth rates, disease
resistance and high market acceptability recommend
them for culture on a wider scale and suggest that they
could become prime domesticated species in the tropics
and subtropics.

Within the genera Tilapiz and Sarotherodon, there are
numerous species of which only a few have been used
for culture work. The literature from field biology and
experimental culture work on tilapias is extensive, and
to some extent confusing, with cases of misidentification
of species and changes in nomenclature. It is hardly
surprising that there has been no major research on the
genetics of tilapias to screen species and hybrids for
culture potential and to accelerate the domestication of
promising strains, as for example has been achieved for
the common carp.

This review was commissioned by ICLARM to collate
existing information on the applied genetics of tilapias
so as to assess the usefulness of previous work and to

vi

suggest future research directions. Drs. Wohlfarth
and Hulata were natural choices for this difficult task as
the Fish and Aquaculture Research Station at Dor,
Israel, has been a leading institution on tilapia research
for years. They have taken a very broad view of applied
genetics, and their review summarizes much of the
information on the biology and distribution of tilapias
which the culturist must appreciate before assessing an
approach to genetic manipulation.

It is clear that the availability of a few species of
tilapias, which were spread from Africa throughout the
tropics and subtropics, and the search for reliable
methods of producing all-male hybrid progeny on a
commercial scale have limited genetic studies so far. It is
also clear that more fundamental research is required on,
for example, the sex determination mechanism in
tilapias and their hybrids, and the use of electrophoretic
genetic markers to label cultured stocks. It is hoped
that this review will stimulate such work and will
provide a useful source of reference for those attempting
to accelerate the development of tilapia culture.

R.S.V.PULLIN
February 1981



Applied Genetics of Tilapias

G.W. WOHLFARTH AND G. HuLATA

Abstract

Wohlfarth, G.W. and G. Hulata. 1983. Applied Genetics of Tilapias. ICLARM Studies and Reviews 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-
culture in the tropics and subtropics, including most of
the areas suffering chronically from a lack of animal
protein (Hickling 1963). The attributes which make
the tilapias so suitable for fish farming are general
hardiness, resistance to diseases, high yield potential due
to resistance to crowding and ability to survive at low
oxygen tensions. They also grow on a wide range of
foods both natural and artificial, utilize manure well,
and withstand a wide range of salinities. They are
excellent table fish, with firm white flesh and no inter-
muscular bones.

In spite of these qualities, the annual world production
of tilapias is low, less than 200,000 t in 1977 (FAO
1978). This represents about 16% of the total inland
production of fish in countries producing tilapias (about
1.23 million t) and less than 2% of the world’s total
production from inland waters (close to 11 million t).
Since FAO statistics do not differentiate between fish
caught in lakes and rivers and the products of fish
farming, the yield of farmed fish must be much lower
than these figures.

The potential benefit of tilapias is shown in coun-
tries like Senegal and Papua New Guinea, whose total
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inland catch consists entirely of these fish (FAO 1978).
In Taiwan, where traditional fish farming was based on
Chinese carps, tilapias have become the most important
species in freshwater aquaculture. The tilapia yield in
Taiwan reached close to 13,000 t in 1974 (Chen 1976)
and over 22,000 t in 1977 (Schoonbee 1979).

Most of the world’s tilapia haul (about 163,000 t) is
not classified according to species (FAO 1978). The
most important classified species is Sarotherodon
mossambicus. In 1977, production of this species was
19,500t in Indonesia and 12,000t in Papua New
Guinea. Much lower S. niloticus hauls were recorded
from Indonesia and Kenya (FAO 1978). In Taiwan, the
species originally cultivated was S. mossambicus, but S.
niloticus was introduced in 1966 (Chen 1976).

The main reason that tilapias make a relatively small
contribution to fisheries production in most countries,
in spite of their desirable traits, is their early sexual
maturity. Tilapias reproduce when they are only a few
months old, often below market weight. Uncontrolled
spawning in production ponds often results in gross
overcrowding and reduction of fish growth. Early sexual
maturity may also have a negative influence on growth
rate. A major proportion of the yield may then consist
of unmarketable fish. Hence, the main research effort on
tilapias has been aimed at investigating different methods
of reproduction control, which has probably led to a
neglect in researching other traits, e.g., fast growth rate
and cold resistance.

The fish popularly termed tilapias have been divided
into two genera mainly according to their breeding
behavior (Trewavas 1973). The substrate breeders retain
the generic name Tilapia, while the mouthbrooders have
been defined as the genus Sarotherodon. A classification
of tilapias, according to breeding behavior results in four
groups (Goldstein 1970; Rothbard 1979):

1. Substrate breeders.

2. Maternal mouthbrooders, including nearly all

species of Sarotherodon,

3. The one known paternal mouthbrooder, S. mela-
notheron, previously referred to as 7. macro-
cephala (S. macrocephalus) and S. heudeloti (e.g.,
Aronson 1951).

4. The one known biparental mouthbrooder, S.
galilaeus (Ben Tuvia 1959).

In the present review, fish of both genera are collec-
tively termed tilapias. Their taxonomy is extremely
confused, being based on morphological traits, such as
color, which may change according to environment,
season or state of sexual maturity. Misidentification has

also occurred. Several cases of synonymy are known,
e.g., T. melanopleura is generally synonymous with T,
rendalli. On the other hand, S. hormorum was recognized
as a species distinct from S. mossambicus (Trewavas
1967) due to sex ratios very different from 1:1 in their
interspecific hybrid progeny. For years, S. aureus was
misidentified in Israel as S. niloticus, and this was only
cleared up by the skewed sex ratios of the interspecific
hybrid between true S. niloticus females and S. aureus
males (Fishelson 1962; Trewavas 1965). Some of the
unlikely cases of supposed interspecific or intergeneric
hybrids found in nature are also due to misidentification,
e.g., the supposed hybrid between T. nigra (S. spilurus
niger) and T. zillii (Whitehead 1960), which was later
recognized as S. leucostictus (Elder et al. 1971). It is
probably indicative that at least two cases of misiden-
tification (i.e., S. hormorum and S. aureus) were cleared
up by genetic methods. A new monograph on the genus
Sarotherodon should clarify the situation (Trewavas, ‘n
press).

Tilapia production could be greatly improved by a
number of methods, such as increase in the total area
under culture and improvement of management methods
and broodstock. These improvements are interrelated.
An improvement in broodstock performance may permit
better management, and any other improvements could
result in an increased area under culture.

The aim of this review is to summarize the little that
is known of the applied genetics of tilapias in order to
stimulate research towards breed improvement. We are
dealing with a large number of species, belonging to two
genera, and not a single species as in most branches of
livestock husbandry.

A first step towards improving the characteristics of
cultured tilapias is the proper choice of species. The
culture of locally existing species can prove highly
unsatisfactory. An example is the widespread use of S,
mossambicus in the Far East, resulting from the chance
discovery of a small number of individuals in Java
(Schuster 1952). Not only is it doubtful whether S.
mossambicus is particularly suitable for fish culture
in the Far East, but the stock used may suffer from
inbreeding depression due to the small number of
original progenitors. Presumably, stock improvement in
the Far East could be achieved simply by introducing
either a different S. mossambicus stock from Africa or
other species for use alone or in hybridization work. The
introduction of S. niloticus appears to have achieved this
aim in Taiwan (Chen 1976).



Geographical Distribution of Tilapias

The family Cichlidae, with about 700 species (Fryer
and Iles 1972), is naturally distributed throughout
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 family, are
mainly indigenous to Africa. The one exception of
natural occurrence of tilapias outside Africa is their
presence in the Middle East, as far north as Syria (Chimits
1957). Present world distribution of tilapias covers the
area between the 20°C winter isotherms, and extends to
southern U.S.A., Europe and the Far East (Balarin and
Hatton 1979). This includes areas into which tilapias
have been transplanted or introduced for fish culture.
The present distribution of the more important tilapias
is shown in Table 1.

The wide distribution of some species is due to their
transplantation by man. T. zillii and T. rendalli were
introduced into many countries for weed control (Chimits
1957). S. niloticus and S, aureus 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 II (Chimits 1955). It was also
introduced to Hawaii for live-bait production for tuna
fishing, because of its high fecundity and euryhalinity
(Chimits 1957). Its distribution in many New World
countries is not well documented. In recent years, S,
hornorum became a popular species for transplantation
because of its suitability for the production of all-male
hybrids (Lovshin and Da Silva 1975). The presence of a
tilapia species in a given country does not imply its
economic importance there. Thus, Malaysia, a pioneer in
tilapia research in the Far East (Hickling 1960), has no
recorded commercial production of tilapias (FAO 1978).
On the other hand, tilapia culture is being developed
in some Latin American countries and their present low

yield is expected to increase.

Variation Between Species

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

TEMPERATURE TOLERANCE

Temperature requirements of the more important
tilapias are reviewed by Balarin and Hatton (1979) who
also discuss the effects of temperature on their physiol-
ogy. For ease of comparison, the available data are
summarized in Table 2. The normal water temperature
range for tilapias is 20 to 30°C, but they can withstand
lower temperatures. The only species able to survive at
10°C are T. zillii, S. aureus and S. galilaeus at the north-
em limit of their distribution (Syria and Israel) and S.
mossambicus and T, sparrmanii, at the southern limit of
their distribution in Africa (Jubb 1967). Nevertheless, S.
aureus (referred to as S. niloticus by McBay 1961) is
cold-affected at 13°C, while the orientation of S. mos-
sambicus is disturbed at 11°C (Allanson et al. 1971). In
spite of its cold tolerance (some individuals can survive
at 6.5°C), T. zillii is not found naturally in areas where
water temperatures below 13°C occur for more than
two consecutive weeks (Hauser 1977).

Most tilapias do not eat or grow at water temperatures
below 15°C (e.g., Bardach et al. 1972; Dendy et al.
1967) and do not spawn at temperatures below 20°C.
The optimal temperature range for spawning is 26 to
29°C for most species (e.g., Rothbard 1979). The only

known exception is 7. sparmmanii, with a minimum
spawning temperature of 16°C (Chimits 1957). Upper
thermal tolerance varies between 37 and 42°C, with
little variation between species. T. rendalli appears to be
the only exception. According to Spass (1960; cited by
Balarin and Hatton 1979), its optimum temperature for
maximum growth is between 19 and 28°C. Caulton
(1975), however, demonstrated its preference for
temperatures between 35 and 37°C, close to the upper
temperature limit of 37°C (Whitefield and Blaber 1976)
or 41°C (Caulton 1976; cited by Balarin and Hatton
1979).

SALINITY TOLERANCE

Tilapias are freshwater fish, generally assumed to have
evolved from a marine ancestor (Kirk 1972). It is thus
not surprising that many of the tilapias are euryhaline
species. The available data (see Balarin and Hatton 1979)
are tabulated to enable direct comparisons (Table 3).

S. mossambicus (e.g., Popper and Lichatowitch 1975)
and T. zillii (Chervinski and Hering 1973) survive, grow
and reproduce in the sea. S. galilaeus, S. niloticus and T.
zillit were found in the Great Bitter Lakes of Egypt
(Kirk 1972) at salinities between 13.5 and 22.4%o,
but only T. zillii survived after the salinity rose above
22.4%,(Bayoumi 1969). S. shiranus, indigenous to Lake
Chilwa (Malawi) where salinity ranges between 12.5 to
28%, ‘‘can just withstand 100% sea water” (Morgan
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Table 1. Present distribution of the more important tilapias.

Species

Natural distribution

Distribution by man

Sources

T. rendalii®

T. sparrmanii

7. tholloni

T. zillii

8. andersonii

S. aureus

S. esculentus

S. galilaeus

S. hornorum

8. leucostictus

S. macrochir
b

S. melanotheron

8. mossambicus

S. spilurus niger

S. niloticus®

S. variabilis

West Africa (Sencgal and Niger River
systems), Central Africa (Congo River
system), and Eastern South Africa

(Zambezi River system as far as Natal)

Africa, south of the Lquator (Zam-

bezi River), down to the Orange River

system

Tropical West Africa, from Camecroon
to the south of Congo

Africa, north of the Equator (Nile
River system and Western Africa up
to Morocco), Middle Last (Jordan
Valley, Syria)

Upper Zambezi River system

West Africa (Sencgal and Niger
River systems), Nile River system,
Middle Fast (Jordan Valley, Syria)

Last Africa (Lake Victoria)

From Jordan River system over Fast
and Central Africa to Senegal, north
of the Equator

East Africa (Zanzibar)

East Africa (Lakes Albert, Edward
and George)

Southern part of Central Africa
{(Upper Zambezi River system)

West Africa (coastal districts from

Senegal to Congo)
East and South Aftica as far as Natal

East Africa (Lake Rudolf)

East Africa (Nile River system),
Congo and West Africa (Sencgal
and Niger River systems)

East Africa (Lake Victoria)

Sudan, Malagasy Rcpublic, Southern U.S.A.,
Mexico, Puerto Rico, Brazil, Colombia,

Pakistan, Thailand and Malaysia

Tanzania, Japan, U.S.A. (California)

East Africa, U.S.A. (California, Florida,

Hawaii), Southern U.S.S.R., Japan,
Malaysia, Philippines

Congo, Zambia, South Africa

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

Tanzania, Malagasy Republic

South Africa

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

Congo, French Equatorial Africa,

Ivory Coast, Liberia, Malagasy Republic

U.S.A. (Florida)

South East Africa, South East Asia,

PakKistan, India, Sri Lanka, U.S.A. (Florida),
Latin America (Mexico, Guatemala, Brazil),

India, Hawaii

Mozambique, Malagasy Republic, Zambia

Israel, South East Asia (e.g., Indonesia,

Philippines, Taiwan, Thailand), U.S.A.
(Alabama, IFlorida), Latin America
(Brazil, Mcxico, Panama)

Balarin and Hatton 1979,
Chimits 1955, 1957;
Jubb 1967; Ruwet et al.
1975

Balarin and Hatton 1979;
Chimits 1957; Ibrahim
1975; Jubb 1967: Sterba
1962; Pelzman 1972

Ruwet et al. 1975;
Sterba 1962

Balarin and Hatton 1979;
Chimits 1957; Ruwet ¢t
al. 1975; Sterba 1962

Hickling 1967; Jubb 1967

Balarin and Hatton 1979;
Trewavas 1965

Lowe (McConncll) 1956

Balarin and Hatton 1579;
Chimits 1957; Johnson
1974; Sterba 1962

Balarin and Hation 1979;
Lovshin and Da Silva
1975; Trewavas 1967

Elder ct al. 197]

Balarin and Hatton 1979;
Chimits 1955;Jubb 1967;
Vincke 1979

Balarin and Hatton 1979;
Pauly 1976; Sterba 1962

Balarin 1979; Chimits
1955; Jubb 1967; Sterba
1962; Devedas ct al.
1953; Neil 1966

Balarin and Hatton 1979;
Elder et al. 1971

Balarin and Hatton 1979;
Sterba 1962

Lowe (McConncll) 1956

3=T. melanopleura. Jubb (1967) and Ruwet ct al. (1975) claim that the area of origin of this specics is Central Africa, from Congo
and Zambezi River system southwards to Natal. Chimits (1955) and Balarin and Hatton (1979) suggest that T melanopleura is also
indigenous to western Africa.
=S. macrocephalus,
=S. niloticus. The crroneous mention of Syria and Jordan River (c.g., Sterba 1962) as part of the natural distribution of this species
stems from thc misidentification of S. aurcus and S. niloticus (Trewavas 1965), the northern natural limit of S. niloticus being Egypt.
S. niloticus in Isracl (Fishclson 1966) is suspected to bea transplantation from Egypt. S. niloticus was first imported to Alabama (U.S.A.)

from Brazil in the carly 1970s and not in the 1950s as mistakenly reported (Tave and Smitherman 1980).



Table 2. Temperature ranges of tilapias (partially after Balarin and Hatton 1979). ( }‘- and -bi are symbols for the extreme temperatures tolerated. Figures in parentheses refer to list of

sources below).

SPECIES

TEMPERATURE (°C)

S. alcalicus grahami®)

S. aqureus

S. galilaeus
S. macrochir

S. me/anofheronb)

S. mossambicus

S. mossambicus hybrid ©)

S. niloticus

S. shiranus chilwa

7. rendalli

T. sparrmanii

T zillii

Sources:

456 8 10 12 14 16 18 20 22 24
LI L J

' 1 1 I I ) ] 1

26 28 30 32 34 36 38 40 42
1 T 1 ! ' 1 ] L

= (22) (22) »}
(1) oladeizny [T L Seawn(i7)
(28) || (8)
(24)]|= fa( 14) °P"m"m|ﬂ| growth
b (11) Opfimum for spawning (11)
Orlentation disturbed (1]
(16,18) “4':-) Stop feeding (9)(15) (')fﬁ{ “GIEIG’
F— Briefly {26)
(lo)l<-|<'(as)$ft;’)r|t growth (2) jERane (3)  Petimum (4) 101>
(19)»]
Ropirod_ucf(e) p,efmm“)
(24,27) j= l(6) =o‘pumum for growth (2:'%), (27) ] (5)m]
F-(14)(8) geann (8)
Mortality starts (12,13) |_SP°""' (3), . Optimum (21)
(i2,13) le |=(8)] (12) I ' (13) 5]

. Feed,grow aond spawn (13)
—

1. Allanson and Noble 1964. 2. Allanson et al. 1971. 3. Bardach et al. 1972. 4. Beamish 1970. S. Caulton 1975. 6. Caulton 1976. 7. Chervinski 1966. 8. Chimits 1957.

9. Dendy et al. 1967. 10. Denzer 1967. 11. Finucane and Rickney 1965. 12. Hauser 1975a. 13. Hauser 1977, 14. Hofstede 1955. 15. Kelly 1956. 16. Kirk 1972.
17. McBay 1961. 18. Mironova 1969. 19. Morgan 1971. 20. Perry and Avault 1972. 21. Platt and Hauser 1978. 22, Reite et al. 1974. 23. Sarig 1969. 24. Sklower 1951.
25. Spass 1960. 26. St. Amant 1966. 27. Whiteficld and Blaber 1976. 28. Yashouv 1958b.

as grahami
=S. macrocephalis
=S, mossambicus x S. hornorum



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

SALINITY (%o)
SPECIES 0 5 10 15 20 25 30 35 40 45 50 55, 69, 117
T T T T "7 T Y T T T T T V’T“v |
S. alcalicus grahami® +>{(16)
S. andersonii (6)»]
....... {13)Reproduce In ponds , Grow, do not reproduce, (3) > (9)

S. aureus ;(IZ)G'rowth unimpeded ' ' |

. Grow and reproduce naturol.ly (1,8}
S. galilaeus Growth unimpeded ———— — ——] '(l2-) (5)
S. hornorum Grow gpﬁl‘i;)_l:gduco (7
S. macrochir ->|(6) > (6)
S melanotharonb) Live in a closed lagoon (1) 4
S mossambicys oo Grow and reproduce (14) Reproduce In =ponds (I'i)l (|§>)'

o o Grow ond reproduce naturally (1,8)
S. niloticus ——————— (12 ) Growth unimpeded
S. shiranus Grow naturally (10} 1 > (10)
T rendallif >{(6) +|(18)
T. sparrmanii +>{(7)
e Grow and reproduce naturally (6) , Grow,do not reproduce (4)

T zilli Gl:_o_vih_uglnﬂa_e_dei_'_“m) I Ilee in ped (1,2)

Sources: 1. Bayoumi 1969. 2. Chervinski and Hering 1973. 3. Chervinski and Yashouv 1971, 4. Chervinski and Zorn 1974. 5. Chervinski 1982. 6. Fryer and Iles 1?72. 1..Fukusho
1969. 8. Kirk 1972. 9. Lotan 1960. 10. Morgan 1972. 11. Pauly 1976. 12. Paync and Collinson 1983. 13. Perry and Avault 1972, 14. Popper and Lichatowich 1975.
15. Potts ct al. 1967. 16. Reite et al. 1974. 17. Talbot and Newell 1957. 18. Whitefield and Blaber 1976. 19. Whitcfield and Blaber 1979.

=y grahami

b S. macrocephalus



1972). S. melanotheron (S. macrocephalus) thrives
naturally in West African coastal lagoons where the
salinity may range from almost 0%, (during heavy rain
falls) to 72%.(Pauly 1976; Pauly, pers. comm.). S.
homorum has been reared in marine ponds on Zanzibar
Island (Talbot and Newell 1957), though it is not known
if it can also reproduce at this salinity. The maximum
salinity for reproduction of S. aureus is 19%. but it can
be acclimatized to grow in salinities between 36 to 45%,
(Chervinski and Yashouv 1971), or even 53.5%. (Lotan
1960). Several species are sensitive to salinities over
20%o.T. sparrmanii hardly survived 17% and could not
tolerate 26%. salinity (Fukusho 1969). S. macrochir
cannot generally tolerate salinities above 13.5%,,though
it was found in Zambia at 20%.(Fryer and les 1972). T.
rendalli died at 13.5%, (Fryer and Iles 1972), though
Whitefield and Blaber (1976) claim it can tolerate up to
19%o, salinity. On the basis of these data, Kirk (1972)
suggested the use of S. mossambicus, S. aureus and T.
zillii for culture in ponds filled with sea water used for
cooling power stations. S. aureus seems the most suitable
of these species since it does not reproduce in these
conditions.

FEEDING HABITS

The tilapias are very heterogencous in the food items
they consume. The food spectrum of different species
(Table 4) enables a division of the tilapias into three
major categories:

1. Omnivorous species—e.g., S. mossambicus, the
species with the most diversified food spectrum (Man
and Hodgkiss 1977), S. niloticus, S. spilurus niger, S.
andersonii and S. aureus—the only documented zoo-
plankton consuming species (Spataru and Zorn 1978).

2. Phytoplankton feeders—e.g., S. esculentus, S. gali-
laeus, S. leucostictus and S. macrochir. Other species,
e.g., S. melanotheron (S. macrocephalus) and S. shiranus,
consume dead phytoplankton deposits. S. alcalicus
grahami utilizes algae growing on stones.

Several species possess a special gastric mechanism
enabling the lysis of blue-green algae. The importance of
this mechanism in digestion by tilapias is not clear and
may vary with species (Bowen , in press).

3. Macrophyte feeders—e.g., T. rendalli, T. sparrmanii
and T. zillii, The feeding mechanism of T. rendalli is
composed of specifically adapted pharyngeal teeth and a
stomach capable of secreting strong acids (Caulton
1976) as in S. niloticus,

GROWTH CAPACITY

Growth capacity is obviously a major economic
characteristic for culture. Most comparisons between
growth rates of different tilapias consist of observations
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in natural waters (Fryer and Iles 1972). Relative per-
formance under culture may be very different from that
in the wild. Furthermore, differences in stocking rates,
feed quality and quantity, water quality and other
management factors may have an influence on the
relative growth of different tilapias even under culture,
as shown by Van Someren and Whitehead (1959a, b;
1960a, b; 1961) with S. spilurus niger.

Available data on growth differences among tilapias
are given in Table 5. For most species, only maximum
size was recorded, while information on growth rate was
usually lacking. Maximum size is of relatively little value,
since it is attained by fish much older than those generally
used in fish farming. Some indications of species unsuit-
able for fish culture may be obtained from Table 5. T.
sparrmanii (Van Schoor 1966), T. tholloni, 5. melano-
theron (S. macrocephalus) and S. leucostictus (Biribon-
woha 1975) cannot be widely recommended as they
rarely exceed 100 to 200 g. S. niloticus has been sug-
gested as suitable for fish culture, both for its fast
growth rate and its good utilization of natural and
supplemental food (Shehadeh 1976).

Only a few growth comparisons between different
tilapias have been carried out, some of which were not
replicated (e.g., Van Schoor 1966; Swingle 1960).
Yashouv and Halevy (1971) found a small growth
advantage of S. vulcani over S. aureus (2.9 and 2.4 g/d,
respectively). Yashouv (1958b) also showed the superior-
ity of S. aureus over S. galilaeus as pondfish. No signifi-
cant difference in growth rate was found between S.
aureus and S. niloticus (Pruginin et al. 1975; Anderson
and Smitherman 1978). Bowman (1977) showed that S.
aureus grows faster than S. mossambicus in manured
ponds. No real difference in growth rate was found
between the all-male hybrid S. niloticus x S. hornorum
and S. gureus males (Lovshin et al. 1977). The female
parent is given before the male parent in all crosses
throughout this text. A comparison between the hybrids
S. niloticus x S. aureus and S. vulcani x S. aureus did not
reveal a difference in growth rate (Pruginin et al. 1975).
Growth rates of the hybrids S. niloticus x S. aureus and
S. niloticus x S. hornorum, when stocked in polyculture
with common and Chinese carps, were similar and faster
than that of S. mossambicus x S. homorum (Hulata
and Wohlfarth, unpublished results).

COLORATION

Traits other than growth capacity are also important
in choice of species or hybrids. Some tilapias, e.g., S.
homorum and S. vulcani, have a dark colored skin,
which is also expressed in their hybrids. Consumer
resistance to dark colored fish may lessen their accept-
ability in some areas (Bardach et al. 1972). Nevertheless,



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

Natural food Artificial food
Species Omnivorous Zooplankton Phytoplankton Microphytes Macrophytes Detritus Benthos 0Oil cakes Plants Protcin-rich
Blue-greens Diatoms mill wastes pellets
S. alcalicus grahami® 11
S. andersonii 3,14 3 3
S. aureus 14,18 14, 28 27 1,5
S. esculentus 3,9,10,12 3
S. galilaeus 12,14, 16 16 16
§. leucostictus 12,25 12
S. macrochir 3,14 3
S. melanotheron 14 8 26 7. 8,21, 26 7,22 26 26
S. mossambicus 14,17,19 14,21 11,21 21,29 3,21 3 3 3,19 3
S. niloticus 12,14 14,20 11,25 11,12, 25 13 6, 30 1
S. shiranus 11
S. s. niger 4,14 11 4 4,11
S. variabilis 10,12
T. rendalli 14,21 2,11,14,21 11 21 3,26 3,26
T. sparrmanii 15 23 4 23
T. zillii 12 12,14 24
Sources: 1. Anderson and Smitherman 1978. 2. Caulton1976. 3. Chimits 1955. 4. Chimits 1957. 5. Davisand Stickney 1978. 6. De Kimpe 1971. 7. Fagade 1971. 8. Finucane

and Rickney 1965. 9. Fish 1951. 10. Fryer 1961. 11. Fryer and Hes 1972. 12. Greenwood 1957. 13. Harbott 1975. 14. Jauncey and Ross 1982. 15. Lowe (Mc-
Conncll) 1955. 16. Johnson 1974. 17. Man and Hodgkiss 1977. 18, McBay 1961. 19. Mironova 1969. 20. Moriarty 1973. 21. Munro 1967. 22, P'auly 1976.
23, Pclzman 1972. 24. Payne 1971. 25. Semakula and Makoro 1967. 26. Sivalingam 1975. 27. Spataru 1976. 28. Spataru and Zorn 1978. 29. Swingle 1960.
30. Tondo 1972.

s, grahami

b=S. macrocephalus
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Table 5. Growth and reproduction characteristics of several tilapias in pond culture. (Figures in right hand column refer to list of sources

below).
Growth Age at maturity Fecundity
Species glyear Maximum (months) (egss/female) Cultured in® Sources
S. andersonii 200-250 1.8kg 12-15 300-700/year Central East Africa 3
S. aureus 2-3 g/day 31.5em 6 2,900-4,000/year Israel 3-14
S. esculentus 37.5cm s up to 700/spawn Tanzania 5.7
S. galilaeus 0.8kg 5,000/year Africa 3
S. leucostictus 6 up to 400/spawn Kenya and Uganda 712
(7.5 cm)
S. macrochir c 150-250 2.0kg up to 800/spawn Africa 2,7,8,12
S. melanotheron 0.3kg Africa 13
S. mossambicus 150-350 39cm 23 up to 800/spawn Southern Africa, 3.8
(6-11 spawns) South East Asia

S. spilurus niger 1kg 4 East Africa 6

S. niloticus 2-3 g/day 2.5ke 4.5 700-2,0600/spawn Africa, lsraelb, Soulﬂ East
Asia, Latin America 6,7
S. shiranus 39cm Malawi 3,10,11
S. variabilis 0.5kg up to 300/spawn East Africa 7
S. vulcani 2-3 g/day 6 2,000-2,100/ycar Africa, South East Asia 14
7,000-8,000/year 7.8
T. rendalli 150-200 1.3kg Colombia 2
T. sparrmanii 0.15kg up to 3,300/spawn 1.6
T. tholloni 0.15kg Cameroons 6
T. zitlii 0.8kg 5 300-12,000/year Africa, South East Asia 4,512

3According to Jhingran and Gopalakrishnan (1974).
bMainly as female S, nifoticus x male S. aureus hybrid.
= . macrocephalus

Mainly as female S. niloticus x male S. hornorum hybrid.

Sources:

1. Balarin and Hatton 1979. 2. De Bont 1949. 3. Fryer and Hes 1972. 4. Hauser 1975b. 5. Ibrahim 1975. 6. Jhingran and

Gopalakrishnan 1974, 7. Lowe (McConnell) 1955. 8. Maar et al. 1966. 9. Marshall 1979. 10. Meecham 1975. 11. Ruwet
etal. 1975. 12. Siddiqui 1977. 13, Sivalingam 1975. 14. Yashouv and Halevy 1971.

the culture of the S. niloticus x S. hormorum 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 1979) and Florida (Sipe 1979). These strains
have great market potential in Japan and U.S.A. as a
cultured substitute for red sea bream (Chrysophrys
major).

Differences in appearance between species to be
hybridized is important in distinguishing between parent
species and their hybrids. The sustained production of
all-male hybrids between S. niloticus females and S.
homorum males, compared to the eventual appearance
of varying proportions of females in the crosses between
S. mossambicus and S. homorum, or between S. nilo-
ticus and S. gureus, may be due to the relative ease of
distinguishing between S. niloticus and S. hornorum.

FECUNDITY

The fecundity of substrate breeders is generally much
higher than that of mouthbrooding species (Fryer and
Iles 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 production.
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 the S. mossambicus x S. hornorum
hybrid is not less than that of pure bred S. mossambicus
(Hickling 1960). This is not the case when either S.
vulcani x S. aureus (Yashouv and Halevy 1971) or S.
niloticus x S. homorum (Lovshin and Da Silva 1975)
hybrids are compared to their parental species. Differ-
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ences in fecundity between reciprocal crosses were
found when hybridizing S. niloticus and S, macrochir
(Lessent 1968), hybrids being obtained only irregularly
when S. niloticus was the female parent. Lee (1979),
working with S. aureus, S, filoticus and S, hormorum,
obtained fewer fry from hybrid combinations than from
intraspecific spawns. He noted that “the clutch size of
the hybrids apparently was not smaller than that of the

pure breds, however spawning was less frequent in
hybrid crossings.”

A partial explanation of these apparently conflicting
data may be the fact that the two species hybridized by
Hickling (1960), i.e., S. mossambicus and S. homorum,
are more closely related to each other, as suggested by
their more similar appearance (Trewavas 1967; Fryer
and Iles 1972), than the other pairs of species hybridized.

Interspecific Hybridization

A large 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 Elder et al. (1971) and Balarin and
Hatton (1979). A number of hybrids included in these
summaries are not included in Table 6, since we consider
them to be doubtful or insufficiently 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 both reciprocals have been produced.

Successes of interspecific crosses tend to be more
readily reported than failures, though the latter may also
be of interest. Table 8 gives a summary of attempts at
hybridization which did 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 mouthbrooders,
This is expected, since the vast majority of tilapia species
belc.g to this breeding type. However, most of the other
combinations between different breeding types are
represented by at least one hybrid. The only documented
cross involving the biparental mouthbrooder S, galilaeus
(S. niloticus x S. galilaeus, Yashouv and Chervinski
1959) was later doubted by its authors (see footnote in
Peters and Brestowski 1961), However, crosses between
S. galilaeus and matemal mouthbrooders have recently
been carried out artificially (Fishelson, pers. comm.).

The number of successful hybrids obtained from
some species is high, e.g., nine different hybrids were
produced with S. niloticus as one parent and four with
S. homorum. This is presumably due to S. niloticus
being regarded as a fast growing species and S, hornorum
(when used as male parent) as a promising candidate for
producing all-male hybrid broods. We suspect that many
more hybrids, not yet attempted, 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
discovered 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 between different breeding
types were produced by members of the behavioral
school at Tibingen 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
many 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). However, 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 salmonids (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 and sex ratio of these hybrids have nct been
examined.

The species concept in some taxonomic groups of fish
appears 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 I:1 ratio found in intraspecific broods, a



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

Deliberate crosses carried out

Breeding type Species® Observations in ponds under lab. Sex of hybrid progeny in deliberate crosses
in nature or tanks conditions
Maternal mouthbrooder . niloticus x S. spilirus niger 19 25 Surplus of males
X S. niloticus x S. macrochir 3,14,17 Only males when S. niloticus female parent
Maternal mouthbrooder S, niloticus x S. aureus 9,12,16,22,24,25,26 Occasionally males only when S. niloticus female parent
S. niloticus x S. variabilis 29,30 25 Only males when S. niloticus female parent
S. niloticus x S. leucostictus 25 Surplus of males
S. niloticus x S. hornorum 16,18,24,25 Only males when S. niloticus female parent
S. niloticus x S. mossambicus 6,12,15,28 Surplus of males
S. mossambicus x S. hornorum 5,11 Only males when S. mossambicus female parent
§. mossambicus x S. andersonii 20
S. mossambicus x S. spilurus niger 33 Surplus of males
S. mossambicus x S. aureus 2,10,12,23 Surplus of males (S. aureus misidentified as S. niloticus)
S. vulcani x S. hornorum 25 Large surplus of males
S. spilurus niger x S. hornorum 25 Only males when S. spilirus niger female parent
S. spilurus niger x S. leucostictus 7.8 25 Surplus of males
8. amipheles x S. esculentus 27
S. vulcani x S. aureus 26 Large surplus of males
S. hornorum x S. aureus 16,24,25 Surplus of males
Maternal mouthbrooder S, melanotheron® x S. mossambicus 4,21 Only females when S. melanotheron female parent
b3
Paternal mouthbrooder  §. melzmon‘heronb x S. niloticus 4,21
Maternal mouthbrooder  T. tholloni x S. mossambicus 4,21,22  Only females when 7. tholloni female parent
X T. tholloni x S. niloticus 4,21 Only females when 7. tholloni female parent
Substrate breeder 7. zillii x S. mossambicus 4
T. zillii x S. spilurus niger 32 13 Only males. Sex of parents not given
Paternal mouthbrooder 7. tholloni x S. melanotheronb 4,21
X
Substrate breeder
Substrate breeder T. zillii x T. rendalli® 30,31 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. Chen 1976. 7. Elder and Garrod 1961. 8. Elder et al. 1971.

9. Fishelson 1962. 10. Guerrero and Caguan 1979. 11. Hickling 1960. 12. Hsiao 1980. 13. Ibrahim 1975. 14. Jalabert et al. 1971. 15. Kuo 1969. 16. Lee
1979. 17. Lessent 1968. 18. Lovshinand Da Silva 1975. 19. Lowe (McConnell) 1958. 20. Mortimer 1960. 21.Peters 1963a. 22, Petersand Brestowsky 1961.
23. Pierce 1980. 24. Pinto 1982, 25. Pruginin 1967. 26. Pruginin et al. 1975. 27. Trewavas and Fryer 1965. 28. Van Schoor 1966. 29. Welcomme 1964.
30. Welcomme 1965. 31. Welcomme 1966. 32. Whitehead 1960. 33. Whitehead 1962,

801der 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.

=S, macrocephalus
C=S. melanopleura

Il
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Table 7. A list of interspecific tilapia hybrids from the literature, considered doubtful or insufficiently documented.

Source in
literature

Hybrid?

Reason for suspecting
existence of hybrid

Balarin and Hatton 1979

S. mossambicus x S. macrochir
S. andersonii x S. mossambicus
S. andersonii X S. macrochir

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

S. spilurus niger x S. mossambicus

S. mossambicus x S. andersonii

S. hornorum x S. macrochir

Elderet al. 1971

T. tholloni x S. spilurus niger

S. niloticus x S. galilaeus

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).

301der 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.

Table 8. Documented unsuccessful attempts at tilapia hybridization.

. Parents Reason for failure
Breeding type Female Male of hybridization Source
Maternal x paternal mouthbrooder S. mossambicus S. melanotheron® no fry obtained Bauer (1968)
Peters (1963a)
Maternal mouthbrooder x S. niloticus T. tholloni high fry mortality Peters (1963a)
substrate breeder Bauer (1968)
S. mossambicus T. tholloni high fry mortality Peters (1963a)
. Bauer (1968)
S. aureus T. zillii no fry obtained Van Schoor (1966);
Hsiao 1980
T. zillii S. aureus no fry obtained Van Schoor (1966);
. Hsiao 1980
Paternal mouthbrooder x S. melanotheron T. tholloni high fry mortality Peters (1963a)
substrate breeder Bauer (1968)
Substrate breeder x substrate breeder T. sparrmanii T. zillii no fry obtained Van Schoor (1966)
T. zillii T. sparrmanii no fry obtained Van Schoor (1966)
Substrate breeder x biparental T. zilli S. galilaeus no fry obtained Van Schoor (1966)

mouthbrooder

s macrocephalus



surplus of males occurring in most cases (Pruginin et al.
1975). A similar phenomenon has been observed in some
interspecific hybrids of sunfish (Centrarchidae) (Hubbs
and Hubbs 1933 Childers 1967, 1971).

The apparent ease of hybridization between different
species of tilapias poses the question of how speciation
has occurred in this group of fish. For a species to
establish itself as a separate breeding group, a repro-
ductive barrier from a hypothetical ancestral group or
from other species is required.

Reproductive barriers may be physiological, behav-
joral or geographic. The existence of at least a partial
physiological barrier to reproduction is shown by failure
to obtain viable progeny in certain combinations, and
by cases where hybrid progenies are fewer than those
obtained from intraspecific spawning (Lovshin and Da
Silva 1975). However, Hickling (1960) has shown that in
his S. mossambicus x S. homorum crosses, the number
of fry obtained was at least as large as that in intra-
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specific spawns involving S. mossambicus.

The possible roles in speciation of breeding and
territorial behavior and breeding coloration of males are
discussed by Elder et al. (1971) and Axelrod and Burgess
(1976). The possible role of geographic separation in
speciation is obvious. It seems virtually certain that one
reason for the occurrence of “natural” hybrids is the
breaking of the geographical reproductive barrier by
artificial transfer of tilapias in African lakes (Fryer
and lles 1972). Lake Victoria, for example, has been
separated from other aquatic systems since the Miocene
period, and contains two endemic tilapia species, S.
esculentus and S. variabilis. Since the 1930s, there have
been frequent introductions of tilapias into this lake
consisting of S. spilurus niger, S. niloticus, S. leucos-
tictus, S. mossambicus, T. rendalli and 7. zillii, The
natural hybrid found in Lake Victoria is between the
endemic species S. variabilis and the introduced S.
niloticus (Welcomme 1964).

Sex Determination

The genetic mechanism of sex determination in
tilapias is of both practical and theoretical interest, due
to the production of all-male broods in some interspecific
hybrids.

The first all-male brood was produced by crossing
female S. mossambicus with male S. homorum. The
reciprocal cross resulted in a segregation of one female
to three males, while the different back crosses yielded
1:1 sex ratios (Hickling 1960). The all-male broods were
apparently not due to the total mortality of females,
since the mean number of progeny from hybrid crosses
was not smaller than that obtained from intraspecific
crosses.

Available data show that six interspecific crosses
between female mouthbrooding tilapias can result in
all-male hybrid (Fl) broods. In four of these combina-
tions, the reciprocal cross yielded a sex ratio of 1:3
(Pruginin et al. 1975). The other two reciprocals have
not been tested. All-female broods have been obtained in
three crosses between female mouthbrooding species
and species belonging to different breeding types. Details
of crosses resulting in monosex broods and their recipro-
cals are shown in Table 9.

Hickling (1960) attempted to explain his results by
adopting the chromosomal sex-determining mechanism
of the platyfish Xiphophorus maculatus (Gordon 1947).
According to this analogy, a dual system of sex-deter-
mining chromosomes exists in different species of
mouthbrooding tilapias (Figure 1).

Two further genetic investigations were carried out to
test this hypothesis. Chen (1969) continued with S.

mossambicus and S. hormorum, while Jalabert et al.
(1971) worked with two different species, S. niloticus -
and S. macrochir. In both studies, some of the crosses
resulted in the predicted sex ratios, but other results
could not be explained in this way. According to a
further model of sex determination in Sarotherodon
(Avtalion and Hammerman 1978), two non-homologous
pairs of chromosomes carry the sex-determining factors,
one pair being termed sex chromosomes and the other
autosomes. The model is based on a re-examination of
Chen’s (1969) results. Since two non-linked loci are
involved in this model, the predicted segregations
include sex ratios such as 3:5 and 9:7 which cannot
occur in simpler models. This model explains Chen’s
(ibid.) unexplained results, but not those of Jalabert et
al. (1971). Hammerman and Avtalion (1979) stated
that fitting their model to the results of Jalabert et al.
(1971) requires assigning different values to the different
chromosome strengths. Another attempt at designing a
general model of sex determination in tilapias was based
on one pair of sex chromosomes with one sex-determin-
ing locus consisting of a series of multiple alleles (Moav,
unpublished).

All the models discussed imply, at least by inference,
that the genus Sarotherodon can be divided into two
groups of species, one with homogametic females and
the other with homogametic males. This means that
crosses between species of the same group will result in a
1:1 sex ratio, whereas crosses between species of differ-
ent groups result in 0:1 or 1:3 ratios. According to this
reasoning, S. mossambicus, S. niloticus and S. spilurus
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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 progeny reciprocal
of parents$ Female x Male (F:M) (F:M) Source
Female mouthbrooder S. mossambicus S. hornorum 0:1 1:3 Hickling (1960); Chen (1969);
McConnell (1966)
b S. niloticus S. macrochir 0:1 1:3 Lessent (1968); Jalabert ct al. (1971)
Female mouthbrooder S. niloticus S. aureus 0:1 1:3 Fishelson (1962); Pruginin (1967);
Hsiao (1980)
S. niloticus S. hornorum 0:1 1:3 Pruginin (1967)
S. niloticus S. variabilis 0:1 not attempted Pruginin (1967)
S. spilurus niger 8. hornorum 0:1 not attempted Pruginin (1967)
Paternal x maternal S. melanotheron®  S. mossambicus 1:0 failed to spawn Peters (1963a); Bauer (1968)
mouthbrooder
Substrate breeder x T. tholloni S. niloticus 1:0 high mortality Bauer (1968)
Female mouthbrooder of embryos
T. tholloni S. mossambicus 1:0 high mortality Peters (1963a); Bauer (1968)
of embryos
3s. macrocephalus
S. mossambicus S. hornorum
XX X XY wz X y 44
XX XY wZ Y4
Q9 dd Q9 1]
| : | | : |
QS. mossambicus x O'S. hornorum
XX x 2Z2Z
Xz
all- males
Q S. hornorum x o'S. mossambicus
WZ x XY
| | T 1
WX wY Xz Y
Figure 1. A suggested chromosomal mechanism of QQ oo’ dd go’
sex determination in tilapias (after Chen 1969).
| 3




niger belong to the female homogametic group, since
their hybrids with S. homorum males are all-male.
Similarly, S. hornorum and S. aureus should belong to
the female heterogametic group, since their hybrids with
S. niloticus females are all-male. However, neither the
hybrid between S. niloticus and S. spilurus niger, nor the
one between S. homorum and S. aureus, show the
expected 1:1 sex ratio (Pruginin et al. 1975; Lee 1979).

In more general terms, the only sex segregations
predictable from any mendelian system are mendelian
ratios. Results of interspecific crosses, however, fre-
quently resulted in non-mendelian sex ratios (Pruginin et
al. 1975), which cannot be explained in these terms.
From the above it is clear that none of the proposed
models gives satisfactory explanations of all the known
sex segregations in tilapia hybrids, or permits predicting
results of new crosses. There is no evidence for the
existence of a “strong,” i.e., chromosomal mechanism of
sex determination in tilapias, as indicated more generally
in fresh water teleosts (Ohno 1970).

The difficulties of investigating sex determination in
the tilapias are partially due to the complete lack of
known visual sex-linked markers. It was with the aid of
such markers that sex determination in the platyfish
was worked out (Kallman 1973). Use of electrophoretic
sex-linked markers could be a promising method to
continue these studies. Avtalion et al. (1975) found an
electrophoretic band present in males, but not females,
of S, galilaeus, S. vulcani and S. aureus. Howe: er it has
not been demonstrated that these electrophoretic
markers are sex-linked and not merely sex-limited.

The number of chromosomes has been investigated in
a number of tilapia species (Table 10), and in most cases
the diploid content is 2n=44. Not a single case of a
heteromorphic pair of chromosomes, which might be
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Table 10. Known chromosome numbers in tilapias.

No.
Species chromosomes Source
(2n)
8. alcalicus
grahami® 48 Denton (1973), Park (1974)
S. aureus 44 Kornfield et al. (1979),
Thomson (1981)
S. galilaeus 44 Badr and El Dib (1976),
Kornfield et al. (1979)
S. mossambicus 44 Denton (1973), Natarajan and
Subrahmanyan (1968),
Thompson (1976, 1981)
S. niloticus 40 Badr and El Dib (1976)
S. niloticus x
S. aureus 44 Avtalion (pers. comm.)
T. rendalli 44 Michele and Takahashi (1977)
T. zillii 38 Badr and El Dib (1976)
44 Kornfield et al. (1979)
T. sparmanii 42 Thompson (1981)
T. mariae 42 Thompson (1981)

a_s. grahami

regarded as sex chromosomes, has been described in
tilapias. This is the typical situation in freshwater fishes
(Ebeling and Chen 1970), in which heteromorphic pairs
of chromosomes are the exception, rather than the rule.
Even in the platyfish, the evidence for a chromosomal
mechanism of sex determination is genetic and not
cytological. Kallman (1973) demonstrated in the platyfish
that autosomal sex-determining effects are superimposed
on the previously established sex-chromosome mech-
anism. Evolutionary processes, including a change from
female to male heterogamety, or vice versa, through an
intermediate phase of polygenic sex determination, have
been explored by Bull and Charnov (1977).

Variation Within Species

Existence of genetic variation of traits of economic
importance within a species or population, is a prerequi-
site for selective breeding. The heritability of a given
trait, a measure of the proportion of the total variance
attributable to the additive genetic variance, is the major
genetic determinant of the response to selection (Fal-
coner 1960).

Little effort has been made to investigate and analyze
variances within tilapia populations. This is largely
because breeding work to date has concentrated on
attempts to produce mono-sex progeny.

The heritability of growth and weight has been
estimated in S. mossambicus and S. niloticus. A popula-
tion of S. mossambicus was subjected to bi-directional

mass selection (Tkhien 1971). The weight deviations of
the up and down selected parents from their median
control was compared to the deviations of their five-
month old progenies from the progeny of the median
control. The estimates of realized heritability were
higher for down selection (23.9% and 13.9% for females
and males, respectively) than for up selection (0.9%
and 8.3% for females and males, respectively). In S. nilo-
ticus heritability estimates for weight and length at 45
and 90 days werc obtained from the analysis of the
variance components in a full and half sib study (Tave
1979; Tave and Smitherman 1980). The estimates of
sire heritability did not differ significantly from zero,
while the dam heritability estimates decreased from day
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45 to day 90. The only significant estimate obtained was
for the dam heritability of length at 45 days (54%),
which decreased to zero at 90 days.

The effect of selectively fishing the larger individuals
has been studied from the catch data of S. niloticus
in Lake George (Gwahaba 1973). The mean size of fish
declined from 900 g to 400 g in the period 1950 to 1970
and they matured at smaller size. The effect of period-
ically removing the larger individuals from a population
of S. mossambicus, during three to four generations,
on the growth of their progenies was studied in the
laboratory (Silliman 1975). The control consisted of a
similar population from which random samples were
periodically removed. In the progeny of the test popula-
tion, males grew at a slower rate than the male progeny
of the control population. There was little difference
in growth between the females, progenies of these
two populations. It appears to be easier to bring about
a genetic deterioration in tilapia populations by nega-
tive selection, i.e., preferential use of the smaller fish
as progenitors of further generations, than to improve
growth by mass selection of the larger individuals.

The effect of negative selection, by removing the
larger individuals, was the subject of two studies. Gwahaba
(1973) investigated a natural population of S. niloticus
which had been overfished for 20 years. In Silliman’s
(1975) experimental study, the growth of the progeny

of a selectively fished population was compared to that
of a randomly fished population. In both cases, the
populations responded to this selective fishing by
decreased growth. These studies suggest the existence of
additive genetic variation for growth rate in the inves.
tigated populations.

A recent study indicated variation in fecundity
between different stocks of S. niloticus when hybridized
with S. homorum. The number of hybrid fry obtained
from the Ghana stock was 3-4 times higher than that
obtained from the Ivory Coast stock of S. niloricus
(Hulata, Rothbard and Wohlfarth, unpublished results).

_Breeding efforts aimed at producing monosex hybrids
have revealed genetic variation for sex determining
factors. Pruginin et al. (1975) examined the progeny of
several pairs of S. niloticus x S. aureus. Some pairs
yielded all-male progeny, while others produced varying
proportions of males, between 51 and 99%. A breeding
program aimed at isolating reliable brood stock, under
way at Dor (Israel), consists of progeny-testing single
pair reciprocal crosses between different species of
Sarotherodon (Hulata et al. 1980).

Genetic variation in body coloration was found in S.
mossambicus (Fitzgerald 1979) and S. niloticus (Radan
1979). The mode of inheritance of the red body colora-
tion requires investigation.

Population Control

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

NON-GENETIC METHODS OF POPULATION CONTROL

a. Use of Predators

Bardach et al. (1972) recommended the use of
predators to consume young tilapia. This method has
met with varying degrees of success (Lovshin and Da
Silva 1975). When effective, it may result in marketable
tilapias at harvest plus small extra yield of the predator.
However, the predator effect may be inadequate or too
strong (Huet 1972). This technique is practiced in Africa
(Shehadeh 1976) and has been demonstrated in El
Salvador (Dunseth and Bayne 1978).

b. Monosex Culture

The most effective and widely used technique for
population control is monosex culture (Mires 1977). It
can be accomplished by sorting the sexes and stocking
one sex only, or eliminating one sex from the population

by sex reversal or hybridization (a genetic method to be
mentioned below). Monosex culture of male tilapias is
practiced due to the superior growth rate of males.
Sorting tilapias for monosex stocking is time-consuming,
wasteful (Pruginin et al. 1975) and demands some skill.

Sex reversal, a technique developed at Aubum
University for producing monosex tilapia populations,
was recently reviewed by Shelton et al. (1978). The
potential of this technique (Guerrero 1975, 1979) was
demonstrated under experimental conditions. Applica-
tion of this technique on a commercial scale is being
investigated in Israel.

¢. Reproductive Sterilization

Preventing unwanted reproduction of tilapias through
sterilization (e.g., Al-Daham 1970; Katz et al. 1976;
Nelson et al. 1976) did not yield practical results. Use of
hormonal repression of female gonads (Dadzie 1974
Chiba et al. 1978 ; Lanzing 1978) is also controversial.

d. Cage Culture
Reproduction of tilapias may be controlled by

growing them in cages (Pagan-Font 1975 Rifai 1980).
This method appears to be of limited commercial value.
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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. Electrophoretic markers are 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 is the 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 Allendorf 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 Howlett 1967; Chen and Tsuyuki 1970;
Hines and Yashouv 1970; Hines et al. 1971; Basa-
sibwaki 1975; Herzberg 1978; Komnfield et al. 1979).
Diagnostic differences, facilitating species recognition,
have been found in haemoglobins, muscle myoglobulins,

liver and eyes several serum enzymes (e.g., esterases,
transferrins, LDH) and tissue specific LDH. Intraspecific
polymorphism in these markers was found by Chen and
Tsuyuki (1970), Hines et al. (1971) and McAndrew and
Majumdar (1983).

Avtalion et al. (1975, 1976) attempted to identify S.
niloticus, S. aureus and their hybrid by electrophoretic
species-specific markers in order to facilitate the pro-
duction and maintenance of stocks consistently
yielding all-male hybrids. Since the electrophoretic
patterns overlap in these species, it was attempted to
select for different patterns in each species. Brood stocks
identifiable as species have been produced in this way.
This process appears to have been accompanied by an
increase in the proportion 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. aureus, S. galilaeus
and S. vulcani. A similar marker was found by Hardin
(1976) in S. aureus, but only in ripe males. It seems
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
tilapia production is, in part, due to present lack of
knowledge in many aspects of their culture, research and
breeding methods. Some methodological and breeding
research projects, which may contribute to the improve-
meént of tilapias, are discussed below.

METHODOLOGY FOR COMPARATIVE
PERFORMANCE TESTS

Reliable methods for comparing different genetic
groups are required for any trait under investigation. For
traits such as tolerance to low temperatures or high
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
hybrids) by stocking each group separately into a
number of replicated ponds. This is an inefficient
method, enabling only few groups to be compared in a
given test.

A more efficient method, enabling comparison of a
larger number of groups in a given number of ponds, has

been developed for the common carp (Cyprinus carpio).
It consists of stocking all the groups into the same
(communal) pond in a replicated test. This method
requires means of identifying the different groups, with
the aid of either natural markers or by artificial marking.

‘It also requires a method of correcting for differences in

weight gain between the groups, caused by chance
differences in initial weights (Wohlfarth and Moav
1972). Results of growth tests carried out in such
communal ponds require evaluation by comparing them
with results obtained in separate ponds (Moav and
Wohlfarth 1974). This system of growth testing, though
found suitable for the common carp, has yet to be
evaluated with different groups of tilapia.

CHOICE OF SPECIES

A genetic survey of the existing population should be
one of the first steps in any breeding program. In tilapias,
surveying implies choice of species, followed by choice
of stocks from the chosen species. A full survey is an
impractical task due to the large number of tilapia



species. A reasonable beginning may be a comparison
between species presently cultured and species which,
according to available knowledge, show good production
and the likelihood of acclimatization in a given location.

Choice of species does not necessarily mean choice of
a single species. A tilapia polyculture system, utilizing
differences in feeding habits between different species
(Table 4), may be more rational than the culture of a
single species. This has been attempted in Uganda by
co-stocking S. niloticus with the macrophyte feeder T.
zillii (Semakula and Makoro 1967).

At least two species are needed when the aim is
production of all-male interspecific hybrids. Several pairs
of species have shown promising results (Table 9) and, in
choosing between these pairs, the characteristics of the
species should be taken into account. Since performance
of hybrids cannot be fully predicted from performance
of the parental species, comparative testing of different
hybrids is required for proportion of males and for other
production traits. If a comparison between a given
hybrid and its parental species shows that the feeding
spectrum of the hybrid approaches that of both parental
species, hybrid monoculture could be equivalent to
polyculturing the two parent species.

POPULATION CONTROL

As mentioned above, the genetic methods attempted
so far for population control consist of interspecific
hybridization and use of sex-reversed fish for brood
stock. Both of these methods require an understanding
of the mechanism of sex determination. The two empir-
ical studies investigating this mechanism by classical
Mendelian methods of crosses, back crosses, etc., (Chen
1969; Jalabert et al. 1971) did not result in a conclusive
model. It seems likely that further studies using the same
method, without sex-linked markers, would meet the
same fate. No sex-linked markers, visual or biochemical,
have yet been discovered in tilapias, and a genetic survey
for them appears a promising approach.

Our investigations aimed at producing all-male broods
(Hulata ct al. 1981, 1983) consist of a program of selec-
tion by 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 S. niloticus x S. aureus crosses parental pairs whose
progenies consist of males only (e.g., pairs no. 1 and 3)
are selected. Parental pairs whose progenies consist of
both males and females (e.g., pair no. 2) are discarded.
Similarly, in the S. qureus x S. niloticus crosses, only
pairs whose progenies segregate into 1 female:3 males
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are selected. These selected fish are used for brood stock
production.

Other genetic methods considered for population
control include gynogenesis and polyploidy.

Gynogenesis consists of stimulating the development
of unfertilized eggs by use of inactivated sperm, and
restoring diploidy using cold shock treatments (e.g.,
Purdom 1976). The resulting gynogenetic individuals
thus inherit all their chromosomes from their mothers.
This method has been suggested as a means of population
control in grass carp, since gynogenetic progeny of
homogametic females are expected to be all-female
(Stanley 1976). Gynogenesis has not been demon-
strated in tilapias.

Polyploidy has been induced in S. gureus by cold
shock treatment to developing eggs (Valenti 1975). If
fertile tetraploids could be produced by this method,
crossing them to normal diploid individuals may result in
sterile triploid progeny (Refstie 1979).

Another method of reducing the problem of uncon-
trolled reproduction is by selecting either for a fewer
eggs per female or for delayed sexual maturity. This
selection may be carried out either between or within
species. The potential benefit of reduced fecundity
depends on the age of fish stocked, length of growth
period and required market weight.

Reduced egg number is more likely to cause an
increase in cost of fry production than late sexual
maturity. Reducing fecundity by choice of species could
probably be attained by substituting mouthbrooding
species for substrate breeders, since the latter are more
fecund (Fryer and Iles 1972). In mouthbrooding tilapias,
it appears that S. mossambicus, the most widely used
species, is also one of the most fecund. Substitution of
less fecund species for S. mossambicus should reduce the
amount of uncontrolled spawning,

Selection for late sexual maturity may also be an
indirect method of increasing growth rate, since incuba.
tion of eggs and care of fry presumably interfere with
parental feeding activity. A reduction in growth rate was
accompanied by endocrinological changes at onset of
sexual maturity in Xiphophorus maculatus (Kallman and
Borkoski 1978).

GENETIC INVESTIGATIONS

Construction of rational breeding plans requires some
knowledge of the inheritance of economically important
characteristics. In most farmed livestock, heritabilities
have been estimated for some traits, but in tilapias, as in
most other fishes, very little is known. Some of the
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genetic investigations required for tilapias are described
below.

a. Estimating Heritabilifies

The reported studies in tilapias yielded low estimates
of heritabilities of weight and length. This implies that
in the populations under investigation, individual selec-
tion for growth rate is not expected to be effective. In
other populations, genetic response to selectively remov-
ing the larger individuals indicated the existence of
genetic variation for growth rate (Gwahaba 1973; Silli-
man 1975). Further estimates of heritabilities are
required, for several traits and in different species, in
order to predict the suitability of individual selection
for genetic improvement of tilapias.

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
simultaneously on two or more traits, the response in
each trait may be slower than if a single trait is under
selection. Estimates of genetic correlations are therefore
required as criteria for choosing traits to be selected and
to avoid undesirable correlated responses.

c. Effects of Inbreeding and Crossbreeding

Breeding programs often lead to a reduction in
genetic variability, causing inbreeding, which may result
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in a reduction in fertility and production. These negative
effects of inbreeding, termed “inbreeding depression,”
have not been estimated in tilapias. Conversely, some of
the most spectacular successes in plant and animal-
breeding are due to crossbreeding unrelated stocks.
Heterosis, the phenomenon of the crossbred’s perfor-
mance exceeding that of either parent, also requires
demonstration in tilapias (see discussion in Pruginin et
al. 1975). An extra benefit of interspecific hybridization
lies in the avoidance 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).

APPLICATION OF RESEARCH RESULTS

The implementation of a successful breeding program
is the production of improved broodstock. Genetic
“contamination” from outside sources must be avoided.
This is difficult when two different groups of fish are
used for crossbreeding. Asa rule, production of improved
broodstocks should be carried out by professional fish
breeders. When the fry to be produced are crossbreds
between two stocks, or hybrids between two species, the
farms should then be supplied with females of one
stock or species and males of the other. Alternatively,
the fry could be produced at central hatcheries for
distribution to fish farms.

Acknowledgments

We wish to thank Professor R. Moav, Dr. T. Brody and Mr. D. Mires for their helpful comments on the manuscript.

References

Al-Daham, N.K. 1970. The use of chemosterilants, sex hormones,
radiation and hybridization for controlling reproduction in
Tilapia species. Ph. D. Dissertation, Auburn University.
Alabama, U.S.A. 145 p.

Allanson, B.R. and R.G. Noble. 1964. The tolerance of Tilapia
mossambica (Peters) to high temperatures. Trans. Amer.
Fish. Soc. 93: 323-332.

Allanson, B.R., A. Bok and N.I. van Wyk. 1971. The influences
of exposure to low temperature on Tilapia mossambica Peters
(Cichlidae). IL Changes in serum osmolarity, sodium and
chloride ion concentrations. J. Fish Biol. 3: 181-185.

Allendorf, F.W. and F.M. Utter. 1979. Population genetics, p.
407-454. In W.S. Hoar, D.J. Randall and J.R. Brett (eds.)
Fish physiology, Vol. 9. Academic Press, London.

Allison, R., R.O. Smitherman and J. Cabrero. 1979. Effects of
high density culture and form of feed on reproduction and
yield of Tilapia aurea, p. 168-170. In T.V.R. Pillay and W.A.
Dill (eds.) Advances in aquaculture. Fishing News Books
Ltd., Farnham, Surrey, England.

Anderson, C.E. and R.O. Smitherman. 1978. Production of
normal male and androgen sex-reversed 7Tilapia aurea and 7.
nilotica fed a commercial catfish diet in ponds, p. 34-39. In
R.O. Smitherman, W.L. Shelton and J.H. Grover (eds.)
Culture of exotic fish symposium proceedings. Fish Culture
Section, American Fisherics Society, Auburn, Alabama.

Anon. 1962. Tropical Fish Culture Research Institute, Report
for 1961-1962. Malacca, Malaya. 28 p.

Aronson, L.R. 1951. Factors influencing the spawning frequency



22

in the female cichlid fish Tilapia macrocephala. Novitates,
Amer. Mus. Nat. Hist. No. 1484: 1-26.

Avault, J.W, and W.E. Shell. 1968. Preliminary studies with the
hybrid Tilapia nilotica x T. mossambica, FAO Fish. Rep.
44(4): 237-242.

Avtalion, R.R. and L.S. Hammerman. 1978. Sex determination in
Sarotherodon (Tilapia). 1. Introduction to a theory of auto-
somal influence, Bamidgeh 30: 110-115.

Avtalion, R.R., Y. Pruginin and S. Rothbard. 1975. Determina-
tion of allogeneic and xenogeneic markers in the genus
Tilapia. 1. ldentification of sex and hybrids in Tilapia by
electrophoretic analysis of serum proteins. Bamidgeh 27: 8-13.

Avtalion, R.R., M. Duczyminer, A. Wojdani and Y. Pruginin.
1976. Determination of allogeneic and xenogeneic markers in
the genus Tilapia. 11. Identification of T. aurea, T. vulcani
and 7. nilotica by electrophoretic analysis of their serum
proteins. Aquaculture 7: 255-268.

Axelrod, H.R. and W.E. Burgess. 1976. African cichlids of Lakes
Malawi and Tanganyika. T.F.H. Publications, Neptune City,
N.J.

Badr, E.A. and S.I. El Dib. 1976. Cytological studies on three
species of the cichlid fish. Egypt. J. Genet. Cytol. 6: 44-51.

Bakos, J., Z. Krasznai and T. Marian. 1978. Cross-breeding
experiments with carp, tench and Asian phytophagous
cyprinides. Aquacultura Hungarica 1: 51-57.

Balarin, J.D. and J.P. Hatton. 1979. Tilapia—a guide to their
biology and culture in Africa. University of Sterling, Scotland.

Bard, J. 1960. Hybridation des Tilapia. Paper presented at the
Third Symposium on Hydrobiology and Inland Fisheries
Problems of Major Lakes, 18-24 August 1960, Lusaka, N.
Rhodesia. CCTA/CSA Publ, 63: 179-182.

Bardach, J.E., J.H. Ryther and W.D. McLarmney. 1972. Aqua-
culture—the farming and husbandry of freshwater and marine
organisms. Wiley-Interscience, New York.

Basasibwaki, P. 1975. Comparative electrophoretic patterns of
LDH and MDH in five lake Victoria cichlid species. Afr. J.
Trop. Hydrobiol. Fish. 4: 21-26.

Bauer, J. 1968. Vergleichende Untersuchungen zum Kontakt-
verhalten verschiedener Arten der Gattung Tilapia (Cichlidae,
Pisces) und ihrer Bastarde. Z. Tierpsychol. 25: 22-70.

Bayoumi, A.R- 1969. Notes on the occurrence of Tilapia zillii
(Pisces) in Suez Bay. Mar. Biol. 4: 255-256.

Beamish, F.W.H. 1970. Influence of temperaturc and salinity
acclimation on temperature preference of the euryhaline fish
Tilapia nilotica. J. Fish. Res. Board Can. 27: 1209-1214.

Ben Tuvia, A. 1959. The biology of the cichlid fishes of Lakes
Tiberias and Huleh. Bull. Res. Counc. Israel 8B: 153-188.

Biribonwoha, A.R. 1975. Status of aquaculture in Uganda. Paper
presented at FAO/CIFA Symposium on Aquaculture in
Africa, 30 September-6 October 1975, Accra, Ghana.
CIFA/75/SC14. 3 p.

Bowen, S.H. Feeding, digestion and growth: qualitative consider-
ations, p. 141-156. In R.S.V. Pullin and R.H. Lowe-McCon-
nell (eds.) The biology and culture of tilapias. ICLARM Con-
ference Proceedings 7, 432 p. International Center for Living
Aquatic Resources Management, Manila, Philippines.

Bowman, D. 1977. Comparacion entre Tilapia aurea Steindach-
ner y Tilapia mossambica Peters en estanques de Fl Salvador.
FAO Fish. Rep. 159(1): 78-90. (In Spanish with English
summary)

Bull, J.J. and E.L. Charnov. 1977. Changes in the heterogametic
mechanism of sex determination. Heredity 39: 1-14,

Caulton, M.S. 1975. Diurnal movement and temperature selection
by juvenile and sub-adult Tilapia rendalli Boulenger (Cich-
lidae). Trans. Rhod. Sci. Assoc. 56: 51-56.

Caulton, M.S. 1976. The importance of pre-digestive food
preparation to Tilapia rendalli Boulenger when feeding on
aquatic macrophytes. Trans. Rhod. Sci. Assoc. 57: 22-28.

Chen, F.Y. 1969. Preliminary studies on the sex-determining
mechanism of Tilapia mossambica Peters and T. hornorum
Trewavas. Verh. Int. Ver. Limnol. 17: 719-724.

Chen, F.Y. and H. Tsuyuki. 1970. Zone electrophoretic studies
on the proteins of Tilapia mossambica and T. hornorum and
their Fy hybrids, 7. zillii and T. melanopleura. J. Fish Res.
Board Can. 27: 2167-2177.

Chen, T.P. 1976. Aquaculture practice in Taiwan. Fishing News
Books Ltd., Farnham, Surrey, England.

Chervinski, J. 1982. Environmental physiology of tilapias,
p. 119-128. /n R.S.V. Pullin and R.H. Lowe-McConnell
(eds.) The biology and culture of tilapias. ICLARM Confer-
ence Proceedings 7, 432 p. International Center for Living
Aquatic Resources Management, Manila, Philippines.

Chervinski, J. and E. Hering. 1973. Tilapia zillii (Gervais) (Pisces,
Cichlidae) and its adaptability to various saline conditions.
Aquaculture 2: 23-29,

Chervinski, J. and A. Yashouv. 1971. Preliminary experiments
on the growth of Tilapia aurea Steindachner (Pisces, Cich-
lidae) in seawater ponds. Bamidgeh 23: 125-129.

Chervinski, J. and M. Zom. 1974. Note on the growth of Tilapia
aurea (Steindachner) and Tilapia zillii (Gervais) in sea-water
ponds. Aquaculture 4: 249-255.

Chiba, A., Y. Honma and W..R. Lanzing. 1978. Effect of
methallibure on the hypophysis and gonadal development of
the cichlid fish, Tilapia mossambica. Jap. J. Ichthyol. 25:
107-114,

Childers, W.F. 1967. Hybridization of four species of sunfishes
(Centrarchidac). Il Nat. Hist. Survey Bull. 29: 159-214,

Childers, W.F. 1971, Hybridization of fishes in North America
(family Centrarchidae). Paper presented at FAO seminar/
study tour in the U.S.S.R. on genetic selection and hybridiza-
tion of cultivated fishes. 19 April-29 May 1968. Rep. FAO/
UNDP (TA) (2926): 133-142.

Chimits, P. 1955. Tilapia and its culture—a preliminary biblio-
graphy. FAO Fish. Bull. 8(1): 1-35.

Chimits, P. 1957. The tilapia and their culture. FAQ Fish. Bull.
10: 1-24.

Dadzie, S. 1974. A preliminary report of the use of methallibure
in Tilapia culture. Afr. J. Trop. Hydrobiol. Fish. 4: 127-141.

Davis, A.T. and R.R. Stickney. 1978. Growth responses of
Tilapia aurea to dietary protein quality and quantity. Trans.
Amer. Fish, Soc. 107: 479-483.

De Bont, A.F. 1949. Techniques de pisciculture actuellement
utilisees au Congo Belge. L.R.S.A.C.—Deuxieme Rapp. Ann.
p. 161-194,

De Kimpe, P. 1971. Feeds for tilapia and catfish. FAQ Aqua-
culture Bull. 3: 4,

Dendy, J.S., V. Varikul, K. Sumawidjaja and M. Potaros. 1967.
Production of Tilapia mossambica Peters, plankton and
benthos as parameters for evaluating nitrogen in pond fertil-
izers. FAO Fish. Rep. 44(3): 226-240.

Denton, T.E. 1973. Fish chromosome methodology. Charles C.
Thomas, Springfield, Nllinois.

Denzer, H.W. 1967. Studies on the physiology of young Tilapia.
FAO Fish. Rep. 44(4): 357-366.

Devedas, D., D. Peter and P.1. Checke. 1953. Introduction of the
exotic cichlid Tilapia mossambica Petets in Madras. Curr. Sci.
22: 29.

Dunseth, D.R. and D.R. Bayne. 1978. Recruitment control and
production of Tilapia aurea (Steindachner) with the predator,
Qchlasoma managuense (Glnther). Aquaculture 14: 383-390.



Ebeling, A.W. and T.R. Chen. 1970. Heterogamety in teleostean
fishes. Trans. Amer. Fish. Soc. 99: 131-138.

Elder, H.Y. and D.J. Garrod. 1961. A natural hybrid of Tilapia
nigra and Tilapia leucosticta from Lake Naivasha, Kenya
Colony. Nature (Lond.) 191: 722-724.

Eler, HY., D.J. Garrod and P.J.P. Whitehead. 1971. Natural
hybrids of the African cichlid fishes Tilapia spilurus nigra and
T. leucostica: a case of hybrid introgression. Biol. J. Linn.
Soc. 3: 103-146.

Fagade, S.0. 1971. The food and feeding habits of Tilapia
species in the Lagos Lagoon. J. Fish Biol. 3: 151-156.

FAO. 1978. Yearbook of fisheries statistics, (44). 1977. Food
and Agriculture Organization of the United Nations, Rome,
Italy.

Falconer, D.S. 1960. Introduction to quantitative genetics.
Oliver and Boyd, Edinburgh.

Finucane, J.H. and G.R. Rickney. 1965. A study of the African
cichlid, Tilapia heudeloti Dumeril, in Tampa Bay, California.
Proc. Ann. Conf. Southeast Assoc. Game Fish Comm. 18:
259-269.

Fish, G.R. 1951. Digestion in Tilapia esculenta. Nature (Lond.)
167: 900-902.

Fishelson, L. 1962. Hybrids of two species of fishes of the genus
Tilapia (Cichlidae, Teleostei). Fishermen’s Bull,, 4(2): 14-19.
(In Hebrew with English abstract)

Fishelson, L. 1966. Cichlidae of the genus Tilapia in Israel.
Bamidgeh 18: 67-80.

Fitzgerald, W.J. 1979. The red-orange Tilapia. Fish Farming Int.
6(1): 26-27.

Fryer, G. 1961. Observations on the biology of the cichlid fish
Tilapia variabilis Boulenger in the northern waters of Lake
Victoria (East Africa). Rev. Zool. Bot. Afr. 64: 1-33.

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

Fukusho, K. 1969. The specific differences of salinity tolerance
among cichlid fishes genus Tilapia and histological com-
parison of their kidneys. Bull. Jap. Soc. Sci. Fish. 35: 148-155.

Goldstein, R.J. 1970. Cichlids. T.F.H. Publications, Neptune
City, N.J.

Gordon, M. 1947. Genetics of Flatypoecilus maculatus. TV. The
sex determining mechanism in two wild populations of the
Mexican platyfish. Genetics 32: 8-17.

Greenwood, P.H. 1957. The fishes of Uganda. The Uganda
Journal 21: 202-215.

Guerrero, R.D. 1975. Use of androgens for the production of
all-male Tilapia aurea (Steindachner). Trans. Amer. Fish. Soc.
104: 342-348.

Guerrero, R.D. 1979. Culture of male Tilapia mossambica
preduced through artificial sex reversal, p. 166-168. In
T.V.R. Pillay and W.A. Dill (eds.) Advances in aquaculture.
Fishing News Books Ltd., Farmham, Surrey, England.

Guertero, R.D. and A.G. Caguan. 1979. Pond evaluation of male
Tilapia aurea x female Tilapia mossambica hybrids. Progress
Report, Freshwater Aquaculture Center, Central Luzon
State University Tech. Pap. §: 5-7.

Gwahaba, J.J. 1973. Effects of fishing on the Tilapia nilotica
(Linné 1957) population in Lake George, Uganda over the
past 20 years. E. Afr. Wildl. J. 11: 317-328.

Hammerman, 1.S. and R.R. Avtalion. 1979. Sex determination in
Sarotherodon (Tilapia). Part 2, The sex ratio as a tool for the
determination of genotype—a model of autosomal and
gonosomal influence. Theoret. Appl. Genet. 55: 177-187.

Harbott, B.J. 1975. Preliminary observations on the feeding of
Tilapia nilotica Linn. in Lake Rudolf. Afr. J. Trop. Hydrobiol.
Fish. 4: 27-37.

23

Hardin, S. 1976. Electrophoresis of serum proteins from three
species of Tilapia and one of their Fq hybrids. M.Sc. Thesis,
Auburn University, Alabama, U.S.A. 59 p.

Hauser, W.J. 1975a. Can tilapia replace herbicides. Calif. Nev.
Wildl, Trans. 1975: 44-50.

Hauser, W.J. 1975b. An unusually fast growth rate for Tilapia
zillii. Calif. Fish and Game 61: 54-63.

Hauser, W.J. 1977. Temperature requirements for Tilapia zillii.
Calif. Fish and Game 63: 228-233.

Herzberg, A. 1978. Electrophoretic esterasc patterns of the
sutface mucus for the identification of Tilapia species. Aqua-
culture 13: 81-83.

Hickling, C.F. 1960. The Malacca Tilapia hybrids. J. Genet.
57: 1-10.

Hickling, C.F. 1963. The cultivation of Tilapia. Sci. Amer.
208: 143-152.

Hickling, C.F. 1967. Fish hybridization. FAO Fish. Rep. 44(4):
1-11.

Hines, R. and A. Yashouv. 1970. Preliminary studies on muscle
protein polymorphism occurring within the genus 7ilapia.
Bamidgeh 22: 69-71.

Hines, R., A. Yashouv and A. Wilamovski. 1971. Differences in
the electrophoretic mobility of the hemoglobins of Tiapia
aurea, Tilapia vulcani and their hybrid cross. Bamidgeh 23:
§3-55.

Hofstede, A.E. 1955. Report to the Government of Israel on
inland fisheries. FAO Rep. 327. 56 p.

Hsiso, S.M. 1980. Hybridization of Tiapia mossambica, T. nilo-
tica, T, aurea and T. zillii—a preliminary report. China Fish-
eries Monthly (Taipei) 332: 3-13. (In Chinese with English
abstract)

Hubbs, C.L. and L.C. Hubbs. 1933. The increased growth,
predominant maleness, and apparent infertility of hybrid
sunfishes. Mich, Acad. Sci. Arts and Letters 17: 613-641.

Huet, M. 1970. Textbook of fish culture: breeding and cultiva-
tion of fish. Fishing News Books Ltd., London.

Hulata, G., S. Rothbard and G. Wohlfarth. 1981. Genetic ap-
proach to the production of all-male progeny of tilapia.
European Mariculture Society, Spec. Publ. 6: 181-150.

Hulata, G., G. Wohlfarth and S. Rothbard. Progeny testing of
tilapia broodstocks producing all-male progenies—preliminary
results. Aquaculture 33. (In press)

Ibrahim, K.H. 1975. Progress and present status of aquaculture
in Tanzania. Paper presented at FAO/CIFA Symposium on
Aquaculture in Africa, 30 September-6 October 1975,
Accra, Ghana. CIFA/75/SC2. 14 p.

les, T.D. and G.J. Howlett. 1967. Electrophoretic analysis of
blood of Tilapia leucosticta Trewavas and Tilapia zillii
(Gervais) from Lake, Victoria. E. Afr. Freshwater Fish. Res.
Org. Ann. Rep. p. 64-72.

Jalabert, B., P. Kammacher and P. Lessent. 1971. Determinisme
du sexe chez les hybrides entre Tilapia macrochir et Tilapia
nilotica. Etude de la sex-ratio dans les recroisements des
hybrides de premiere géneration par les espdces parentes.
Ann. Biol. Anim. Biochem. Biophys. 11: 155-165.

Jauncey, K. and B. Ross. 1982. A guide to tilapia feeds and
feeding. Institute of Aquaculture, University of Sterling,
Scotland.

Jhingran, V.G. and V. Gopalakrishnan. 1974. A catalogue of
cultivated aquatic organisms. FAO Fish. Tech. Pap. 130.
83 p.

Johnson, R.P. 1974. Synopsis of biological data on Sarotherodon
galilaeus. FAO Fish. Synop. 90: 1-51.

Jubb, R.A. 1967. Freshwater fishes of Southemn Africa. A.A.
Balkema, Cape Town.



24

Kallman, K.D. 1973. The sex-determining mechanism of the
platyfish, Xiphophorus maculatus, p. 19-28. In J.H. SchtBder
(ed.) Genetics and mutagenesis of fish. Springer Verlag,
Berlin.

Kallman, K.D. and V. Borkoski. 1978. A sex-linked gene con-
trolling the onset of sexual maturity in female and male
platyfish (Xiphophorus maculatus), fecundity in females and
adult size in males. Genetics 89: 79-119.

Katz, Y., M. Abraham and B. Eckstein. 1976. Effects of adrenos-
terone on gonadal and body growth in Tilapia nilotica
(Teleostei, Cichlidae). Gen. Comp. Endocrinol. 29: 414-418.

Kelly, H.D. 1956. Preliminary studies on Tilapia mossambica
Peters relative to experimental pond culture. Proc. Ann.
Conf. Southeast Assoc. Game Fish Comm. 10: 139-149.

Kirk, R.G. 1972. A review of recent developments in Tilapia
culture, with special reference to fish farming in the heated
effluents of power stations. Aquaculture 1: 45-60.

Kirpichnikov, V.S. 1973. Biochemical polymorphism and micro-
cvolution processes in fish, p. 223-241. /n J.H. Schrdder (ed.)
Genetics and mutagenesis of fish. Springer Verlag, Berlin.

Kirpichnikov, V.S. 1981. Genetic bases of fish selection. Springer
Verlag, Berlin.

Kornfield, LL., U. Ritte, C. Richler and J. Wahrman. 1979.
Biochemical and cytological differentiation among cichlid
fishes of the Sea of Galilec. Evolution 33: 1-14.

Kuo, H. 1969. Notes on hybridization of Tilapia. Taiwan Fish.
Ser. 8: 116-117.

Lanzing, W.J.R. 1978. Effect of methallibure on gonad devel-
opment and carotenoid content of the fins of Sarotherodon
mossambicus (Tilapia mossambica). J. Fish Biol. 12: 181-185.

Lee, J.C. 1979. Reproduction and hybridization of three cichlid
fishes, Tilapia aurea (Steindachner), 7. hornorum (Trewavas)
and T. nilotica (Linnaeus) in aquaria and plastic pools. Ph.D.
Dissertation, Auburn University, Alabama, U.S.A. 89 p.

Lessent, P. 1968. Essais d’hybridation dans le genre Tilapiz 3
la Station de Recherches Piscicoles de Bouaké, Céte d'lvoire.
FAO Fish. Rep. 44(4): 148-159. (In French, English abstract)

Lotan, R. 1960. Adaptability of Tilapia aurea to various saline
conditions. Bamidgeh 12: 96-100.

Lovshin, L.L. and A.B, Da Silva. 1975. Culture of monosex and
hybrid tilapias. Paper presented at FAQ/CIFA Symposium on
Aquaculture in Africa, 30 September-6 QOctober 1975, Accra,
Ghana. CIFA/75/SR9. 16 p.

Lovshin, L.L., A.B. Da Silva and J.A. Fernandez. 1977. El
cultivo intensivo del hibrido macho de Tilapia hornorum
(macho) x 7. nilotica (hembra) en el nordeste de Brasil. FAO
Fish. Rep: 159(1): 162-179. (In Spanish, with English
summary)

Lowe (McConnell), R.H. 1955. The fecundity of Tilapia specics.
East Afr. Agric. J. 21: 45-52.

Lowe (McConnell), R.H. 1956. Observations on the biology of
Tilapia (Pisces—Cichlidae) in Lake Victoria, East Africa. East
Afr, Fish. Res. Organ. Suppl. Publ. No. 1. 1-72.

Lowe (McConnell), R.H. 1958. Observations on the biology of
Tilapia nilotica L. in East African waters. Rev. Zool. Bot.
Afr, §7: 129-170.

Maar, A., M.A.E. Mortimer and 1. Van der Lingen. 1966. Fish
Culture in Central East Africa. FAO, Rome, Italy. 158 p.

Man, H.S.H. and L.J. Hodgkiss. 1977. Studies on the ichthyo-
fauna in Plover Cove Reservoir, Hong Kong: feeding and
food relations. J. Fish Biol. 11: 1-13.

Marshall, B.E. 1979. Observations on the breeding biology of
Sarotherodon macrochir (Boulenger) in Lake Mcllwaine,
Rhodesia. J. Fish Biol. 14: 419-424,

Mayr, E. 1940. Speciation phenomena in birds. Amer. Nat.
74: 249-278.

McAndrew, B.J. and K.C. Majumdar. 1983. Tilapia stock identi-
fication using electrophoretic markers. Aquaculture 30:
249-261.

McBay, L.G. 1961. The biology of Tilapia nilotica Linnaeus.
Proc. Ann. Conf. Southeast Assoc. Game Fish Comm. 15:
208-218.

McConnell, W.J. 1966. Preliminary report on the Malacca tilapia
hybrid as a sport fish in Arizona. Prog. Fish Cult. 28: 40-46.

Meecham, K. 1975. Aquaculture in Malawi. Paper presented at
FAO/CIFA Symposium on Aquaculture in Africa, 30 Sep-
tember-6 October 1975, Accra, Ghana. CIFA/75/SCl. 6 p.

Michele, J.L. and C.S. Takahashi. 1977. Comparative cytology of
Tilapia rendalli and Geophagus brasiliensis (Cichlidae, Pisces).
Cytologia 42: 535-537.

Mires, D. 1977. Theoretical and practical aspects of the produc-
tion of all-male Tilapia hybrids. Bamidgeh 29: 94-101.

Mironova, N.V. 1969. The biology of Tilapia mossambica Peters
under natural and laboratory conditions. Probl Ichthyol.
9: 506-514.

Moav, R. and G. Wohlfarth. 1974, Magnification through com-
petition of genetic differences in yield capacity in carp.
Heredity 33: 181-202.

Moav, R., T. Brody, G. Wohlfarth and G. Hulata. 1976. Applica-
tion of electrophoretic genetic markers to fish breeding. 1.
Advantages and methods. Aquaculture 9: 217-228.

Morgan, P.R. 1972, Causes of mortality in the endemic Tilapia
of Lake Chilwa (Malawi). Hydrobiologia 40: 101-119.

Moriarty, D.J.W. 1973. The physiology of digestion of blue-
green algae in the cichlid fish, Tv¥lapia nilotica. J. Zool.
171: 25-39.

Mortimer, M.A.E. 1960. Hybrid Tilapia in northern Rhodesia.
Publ. Cons. Sci. Afr. S. Sahara 63: 185-195.

Munro, J.L. 1967. The food of a community of East African
freshwater fishes. J. Zool. 151: 389-415.

Natarajan, R. and K. Subrahmanyam. 1968. A preliminary studv
on the chromosomes of Tilapia mossambica (Peters). Curr.
Sci. 37: 262-263.

Neil, E.H. 1966. Observation on the behavior of Tilapia mossam-
bica (Pisces, Cichlidae) in Hawaiian ponds. Copeia 1: 50-56.

Nelson, S.G., A.C. Anderson, M.H. Momeni and R.R. Yeo. 1976.
Attempted sterilization of sexually undifferentiated fry of
Tilapia zillif by 60Cobalt gamma-ray irradiation. Progr. Fish
Cult. 38: 131-134,

Ohno, S. 1970. The cnormous diversity in genome size of fish as
a reflection of nature’s experiment with gene duplication.
Trans. Amer. Fish. Soc. 99: 120-130.

Pagan-Font, F.A. 1975. Cage culture as a mechanical method for
controlling reproduction of Tilapia aurea (Steindachner).
Aquaculture 6: 243-247.

Park, E.H. 1974. A list of the chromosome numbers of fishes.
College of Liberal Arts & Sci. Rev. (Seoul Nat. Univ.) 20:
346-372.

Pauly, D. 1976. The biology, fishery and potential for aqua-
culture of Tilapia melanotheron in a small West African
lageon. Aquaculture 7: 33-49,

Payne, A.L. 1971. An experiment on the culture of 7ilapic
esculenta (Graham) and Tilapia zillii (Gervais) (Cichlidae) in
fish ponds. J. Fish Biol. 3: 325-340.

Payne, A.L and R.I. Collinson. 1983. A comparison of the
biological characteristics of Sarotherodon niloticus (L.) with
those of S. aureus (Steindachner) and other tilapia of the
delta and lower Nile. Aquaculture 30: 335-351.

Pelzman, R.J. 1972. Evaluation of introduction of Tilapia
sparmanii into California. The Resources Agency of Cali-
fornia, Inland Resources Agency Report 72-3. 7 p.

Perry, W.G. and J.W. Avault. 1972. Comparisons of striped



mullet and tilapia for added production in caged catfish
studies. Progr. Fish Cult. 34: 229-232.

Peters, H.M. 1963a. Untersuchungen zum Problem des ange-
borenen Verhaltens. Naturwiss. 50: 677-686.

Peters, H.M. 1963b. Eizahl, Eigewicht und Gelegeentwicklung in
der Gattung Tilapia (Cichlidae, Teleostei). Int. Revue ges.
Hydrobiol. 48: 547-576.

Peters, HM. and M. Brestowsky. 1961. Artbastarde in der
Gattung T¥lzpia (Cichlidae, Teleostei) und ihr Verhalten,
Experientia (Basel) 17: 261-263.

Pierce, B.A. 1980. Production of hybrid tilapia in indoor aquaria.
Progr. Fish Cult. 42: 233-234.

Pinto, L.G. 1982, Hybridization between species of tilapia.
Trans. Amer. Fish. Soc. 111: 481484,

Platt, S. and W.J. Hauser. 1978. Optimum temperature for
feeding and growth of Tilapia zillii. Progr. Fish Cult. 40:
105-107.

Popper, D. and T. Lichatowitch. 1975. Preliminary success in
predator control of Tilapia mossambica. Aquaculture 5: 213-
214,

Potts, W.L.M., M.A. Foster, P.P. Rady and G.P. Howell. 1967.
Sodium and water balance in the cichlid teleost, Tilapia
mossambica. J. Exp. Biol. 47: 461-470.

Pretto Malca, R. 1979. Pasos a seguir en la produccion de hibri-
dos de Tilapia, Tilapia nilotica hembra x Tilapia hornorum
macho. Rev. Lat. Acui (Lima-Peru) 1: 29-32. (In Spanish
with English abstract)

Pruginin, Y. 1967. Report to the Government of Uganda on the
experimental fish culture project in Uganda, 1965-66. Rep.
FAO/UNDP (TA) (2446). 16 p.

Pruginin, Y., S. Rothbard, G. Wohlfarth, A. Halevy, R. Moav and
G. Hulata. 1975. All-male broods of Tilapia nilotica x T.
aurea hybrids. Aquaculture 6: 11-21.

Purdom, C.E. 1976. Genetic techniques in flatfish culture. J.
Fish. Res. Board Can. 33: 1088-1093.

Radan, R.R. 1979. Tilapia: from nilotica and mossambica to a
mutant called flamingo. Greenfields (Philippines) 9(10):
24-40.

Refstie, T. 1979. Development of tetraploidy in salmonids.
Paper presented at the 30th Ann. Mcet. Europ. Ass. Anim.
Prod., 23-26 July 1979, Harrogate, England. G6.12. 4 p.

Reite, O.B., G.M.0. Maloiy and B. Aaschaug. 1974. pH, salinity
and temperature tolerance of Lake Magadi Tilapia. Nature
(Lond,) 247: 315.

Rifai, S.A. 1980. Control of reproduction of Tilapia nilotica
using cage culture. Aquaculture 20: 177-185.

Rothbard, S. 1979. Observations on the repreductive behaviour
of Tilapia zillii and several Sarotherodon spp. under aquarium
conditions. Bamidgeh 31: 35-43.

Ruwet, J-Cl.,, J. Voss, L. Honon and J-Cl. Micha. 1975. Biol-
ogie et éldvage des Tilapia. Paper presented at the Sympo-
sium on Aquaculture in Africa, 30 September-6 October
1975, Accra, Ghana. CIFA/75/SR10. 32 p.

Sarig, S. 1969. Winter storage of Tilapia. FAQ Fish Cult. Bull.
2: 89.

Schoonbee, H.J. 1979. Report on visit to Taiwan Fisheries
Research Institute, May-June 1979. (Mimeo)

Schuster, W.H. 1959. Fish-culture in brackish water ponds of
Java, Indo-Pac. Fish. Counc. Spec. Publ. 1. 143 p.

Semakula, S.N. and J.T. Makoro. 1967. The culture of Tilapia
species in Uganda. FAQ Fish. Rep. 44(2): 161-164.

Shehadeh, Z.H., Editor. 1976. Report of the FAQ/CIFA sympo-
sium on aquaculture in Africa, 30 September-6 October
1975, Accra, Ghana. FAQ/CIFA Tech. Pap. 4. 36 p.

Sheiton, W.L., K.D. Hopkins and G.L. Jensen. 1978. Use of
hormones to produce monosex Tilapia for aquaculture, p.

25

10-33. In R.O. Smitherman, W.L. Shelton and J.H. Grover
(eds.) Culture of exotic fishes symposium proceedings.
Fish Culture Section, American Fisheries Society, Auburn,
Alabama.

Siddiqui, A.Q. 1977. Reproductive biology, length-weight
relationship and relative condition of Tilapia leucosticta
(Trewavas) in Lake Naivasha, Kenya. J. Fish Biol. 10: 251-
260.

Siddiqui, A.Q. 1979. Reproductive biology of Tilapia zillii
(Gervais) in Lake Naivasha, Kenya. Env. Biol. Fish. 4: 257-
262.

Silliman, R.P. 1975. Selective and unselective exploitation of
experimental populations of Tilapia mossambica. Fish. Bull.
(U.S.A.) 73: 495-507.

Sipe, M. 1979. Golden perch. Commer. Fish Farmer Aquaculture
News 5(5): 56.

Sivalingam, S. 1975. The biology of cultivated brackishwater and
marine finfish in Africa. Paper presented at FAQ/CIFA
Symposium on Aquaculture in Africa, 30 September-6 Octo-
ber 1975, Accra, Ghana. CIFA/75/SR1. 8 p.

Sklower, A. 1951. Fish farming and freshwater biology in
Northern Rhodesia. Arch. Hydrobiol. 55: 284-303.

Sneed, K.E. 1971. Some current North American work in
hybridization and selection of cultivated fishes. Paper pre-
sented at Seminar/Study Tour in the U.S.S.R. on genetic
selection and hybridization of cultivated fishes. Rep. FAO/
UNDP (TA) (2926): 143-150.

Spass, J.T. 1960. Contribution 3 la biologic de quelques cich-
lides. IIL Phenomenes energiques en fonction de 1a tempera-
ture. Hydrobiologia 14: 155-176.

Spataru, P. 1976. Natural feed of Tilapia aurea in polyculture
with supplementary feed in intensive manuring. Bamidgeh
28: 57-63.

Spataru, P. and M. Zorn. 1978. Food and feeding habits of
Tilapia aurea (Steindachner) (Cichlidae) in Lake Kinneret
(Israel). Aquaculture 13: 67-79.

Stanley, J.G. 1976. Production of hybrid, androgenetic and
gynogenetic grass carp and carp. Trans. Amer. Fish. Soc.
105: 10-16.

Sterba, G. 1962. Freshwater fishes of the world. Vista Books,
London.

Suzuki, R. and Y. Fukuda. 1971. Survival potential of F;
hybrids among salmonid fishes. Bull. Freshwat. Fish. Res.
Lab. Tokyo 21: 69-83.

Swingle, H.S. 1960. Comparative evaluation of two tilapias as
pondfishes in Alabama. Trans. Amer. Fish. Soc. 89: 142-148.

Talbot, F.H. and B.S. Newell. 1957. A preliminary note on the
breeding and growth of Tilapia in marine fish ponds on
Zanzibar Island. E. Afr. Agric. J. 23: 118-121.

Tave, D.L. 1979. Heritability estimates for length and weight at
45 and 90 days in Tilapia nilotica, and the corrclations
between these traits. Ph.D. Dissertation, Auburn University,
Alabama, U.S.A. 41 p.

Tave, D. and R.O. Smitherman. 1980. Predicted response to
selection for early growth in Tilapia nilotica. Trans. Amer.
Fish. Soc. 109: 439-445.

Thompson, K.W. 1976. Some aspects of chromosomal evolution
of the Cichlidae (Teleostei: Perciformes) with emphasis on
neotropical forms. Ph.D. Thesis, University of Texas at
Austin, Texas, U.S.A. (Cited by Gold et al. 1980. Progr. Fish
Cult. 42: 10-23).

Tondo, S.Y. 1972. Aquaculture development: Cameroons. FAQ
Aquaculture Bull. 4: 10.

Trewavas, E. 1965. Tilapia aurea (Steindachner) and status of
Tilapia nilotica exul, T. monodi and 7. lemassoni (Pisces,
Cichlidae). Ist. J. Zool. 14: 258-276.



26

Trewavas, E. 1967. The name and natural distribution of the
“Tilapia from Zanzibar™ (Pisces, Cichlidae). FAO Fish. Rep.
44(5): 246-254.

Trewavas, E. 1973. On the cichlid fishes of the genus Pelmato-
chromis with proposal of a new genus for £, congicus; On the
relationship between Pelmatochromis and Tilapia and the
recognition of Sarotherodon as a distinct genus. Bull. Br.
Mus. Nat. Hist. (Zool.) 25: 1-26.

Trewavas, E. A review of the tilapiine fishes of the genus Saro-
therodon [British Museum (Natural History)]. (In press)

Trewavas, E. and G. Fryer. 196S. Species of Tilapia (Pisces,
Cichlidae) in Lake Kitangini, Tanzania. East Afr. J. Zool.
147:108-118.

Utter, F.M,, H.O. Hodgins and F.W. Allendorf. 1974. Biocchem-
ical genetic studies of fishes: potentialities and limitations,
p- 213-234. In D.C. Malins and J.R. Sargent (eds.) Bio-
chemical and biophysical perspectives in marine biology.
Vol. 1. Academic Press Inc., London.

Valenti, R.J. 1975. Induced polyploidy in Tilapia aurea (Steind-
achner) by means of temperature shock treatment. J. Fish
Biol. 7: §19-528.

Van Schoor, D.J. 1966. Studies on the culture and acclimatisation
of Tilapia in the Western Cape Province. Provincial Adminis-
tration of the Cape of Good Hope, Dept. of Nature Con-
servation, Investigational Rep. No. 7. 30 p.

Van Someren, V.D. and P.J. Whitehead. 1959a. The culture of
Tilapia nigra (Glnther) in ponds. L. Growth after maturity.in
male 7. nigra. East Afr. Agric. J. 25: 42.46.

Van Someren, V.D. and P.J. Whitehead. 1959b. The culture of
Tilapia nigra (Glnther) in ponds. II. The influence of water
depth and turbidity on the growth of male T, nigra. East
Afr. Agric. For. 1. 25: 66-72.

Van Someren, V.D. and P.J. Whitehead. 1960a. The culture of
Tilapia nigra (Glnther) in ponds. III. The early growth of
males and females at comparable stocking rates, and the
length/weight relationship. East Afr. Agric. J. 25: 169-173.

Van Someren, V.D. and P.J. Whitehead. 1960b. The culture of
Tilapia nigra (Glinther) in ponds. IV. The seasonal growth of
male T. nigra. East Afr. Agric. For. J. 26: 79-86.

Van Someren, V.D. and P.J. Whitehead. 1961. The culture of

Tilapia nigra (Glinther) in ponds. V. The effect of progressive
alterations in stocking density on the growth of male T
nigra. East Aftr. Agric. For. J. 26: 145-15S.

Vincke, M.M.J. 1979. Aquaculture en Riziéres: Situation et rdle
futur, p. 208-223. In T.V.R. Pillay and W.A. Dill (eds.)
Advances in aquaculture, Fishing News Books Ltd., Farnham,
Surrey, England.

Welcomme, R.L. 1964, Notes on the present distribution and
habits of the nonendemic species of tilapia which have been
introduced into Lake Victoria. Rep. E. Afr. Freshwat. Fish.
Res. Org. 1962/63. p. 36-39.

Welcomme, R.L. 1965. Further observations on the biology of
the introduced tilapia species. Rep. E. Afr. Freshwat. Fish.
Res. Org. 1964. p. 18-24.

Welcomme, R.L. 1966. Recent changes in the stocks of Tilapia
in Lake Victoria. Nature (Lond.) 212: 52-54.

Whitehead, P.J.P. 1960. Interspecific hybrids of Tilapia: T. nigra
x T. zillii. Nature (Lond.) 187: 878.

Whitehead, P.J.P. 1962. The relationship between Tilapia nigra
(GOnther) and T. mossambica Peters in the eastern rivers of
Kenya. Proc. Zool. Soc. Lond. 138: 605-637.

Whitefield, A.K. and S.J.M. Blaber. 1976. The effects of tem-
perature and salinity on Zilapia rendalli Boulenger 1896. J.
Fish Biol 9: 99-104,

Whitefield, A.K. and S.J.M. Blaber. 1979. The distribution of the
freshwater cichlid Sarotherodon mossambicus in estuarine
systems. Env, Biol. Fish 4: 77-81.

Wohlfarth, G. and R. Moav. 1972. The regression of weight gain
on initial weight in carp. 1. Methods and results. Aquaculture
1: 7-28.

Yashouv, A. 1958a. On the possibility of mixed cultivation of
various tilapia with carp. Bamidgeh 10: 21-29.

Yashouv, A. 1958b. Biological data on Tilapia galilaea and
Tilapia nilotica in fish ponds. Bamidgeh 10: 47-52.

Yashouv, A. and J. Chervinski. 1959. Hybrids of T¥lapia nilotica
and 7. galilaea. Nature (Lond.) 184: 17-39.

Yashouv, A. and A. Halevy. 1971. Studies on comparative
growth of Tilapia aurea (Steindachner) and T. vulcani (Tre-
wavas) in experimental ponds at Dor. Fisheries and Fish
Breeding in Israel 6: 7-21. (In Hebrew with English summary)



OTHER TITLES IN THIS SERIES:

e Theory and management of tropical multispecies stocks: a review, with
emphasis on the Southeast Asian demersal fisheries. By DL Pauly. 1979,
ICLARM Studies and Reviews 1,42 p.

A critical revicw of the demenal Gsheries of Sotheast Asin and the modeds uaed to
wemage them, New approaches For studying and managing (he region’s mndtispucios

fisheries are praposed,

A rescarch framework for traditional fisheries. By LR, Smith. 1980,
ICLARM Studies and Reviews 2,49 p.

This paper secks to identily those arcas ot traditional fisheries rescarch which cun
help most in solving the problems of traditional fisheries.

Review of breeding and propagation techniques for grey mullet, dugil
cephalus L. Edited by C.E. Nash and Z.H. Shehadeh, 198500 ICLARM
Studies and Reviews 3,87 p.

Deseribes the state-of theart of breeding techniques of the Mugilidue mnd prosents

designs and methods of experimental and commereiat hutcheries for prey mullen

Philippine municipal fisheries: a review of resources, technology and
socioeconomics. By LR. Smith, M.Y. Puzon and CN. Vidal-Libunao.
1980. ICLARM Studics and Reviews 4, 87 p.

Provides evidence of o trend towards overfishing in Philippine coustul waters, and
ol a willingness o fishenmen to consider alternative livelihoods, The implications
of the authors™ findings 10 fisheries management and rescarch are discussed. Pub-
lished jointly with the Philippine Fishery Industry Development Council, Philip-
pine Heart Center for Asia, Iast Ave., Quezon City, Philippines.

Food potential of aquatic macrophytes. By P. Edwards. 1980, ICLARM
Studies and Reviews 5,51 p.

Reviews present uses of freshwater “weeds™ in food production, as tertilizer, fish
feed and for direct humuan consumption. ldentifies the most promising arcas of
research for using the untapped potentind of these resources.

USS3.00 surface, USSS.28 airmail




