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Worldwide harvest of farmed tilapia

orldwide harv farmed tilapia
has now surpassed 800,000 metric
tons, and tilapia are second only to
carps as the most wideiy farmed
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The Nile tilapia (O. niloticus) w.

one of the first fish species

lustrations from Egyptian tombs
suggest that Nile tilapia were cul-
tured more than 3,000 years ago.
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luapla have been called “Saint
Peter’s fish” in reference to biblical

passages about the fish fed to the
multitudes. The Nile tilapia is still
the most widely cultured species of
tilapia in Africa.
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eat a wide range of natural food
organisms. Biological constraints to
the development of commercial
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tlldpid farming are their inability t
withstand sustained water tempera-

withstand sustained water temper
tures below 50 to 52° F and early
sexual maturity that results in

spawmng before fish reach market
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characte r tics and culture of no
hybrid tilapia.

Taxonomy

“Tilapia” is the generic name of a
group of cichlids endemic to Africa.
The group consists of three aquacul-

feaaller Joanza naabaomt A A MNron

LULL dlly 111 lPUl Lcu ll. ptiicl a — UTEeo-

1Anhum T Tntvprelfv

2Texas A&M Umver51ty

Thomas Popma! and Michael Masser?2

chromis, Sarotherodon and Tilapia.
Several characteristics distinguish
these three genera, but possibly the
most critical relates to reproductive

behavior. All tilapia species are nest

builders; fertilized eggs are guarded
in the nest by a brood parent.
Species of both Sarotherodon and
Oreochromis are mouth brooders;

eggs are fertilized in the nest but

parents immediately pick up the
eggs in their mouths and hold them
through incubation and for several
days after hatching. In Oreochromis

species only females practice mouth

brooding, while in Sarotherodon
species either the male or both male
and female are mouth brooders.
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During the last half century fish
farmers throughout the tropical and
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semi- (rUplLdi WOrla nave begun
farming tilania. Today, all commer-

cially important tllapia outside of
Africa belong to the genus Oreo-

chromis, and more than 90 percent

Less commonly farmed species are
Blue tilapia (O. aureus), Mozamblque
tilapia (O. Mossambicus) and the
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Zanzibar tliapia (\U. UroLepis norno-

1fic namesg of tilani
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species have been rev1sed a lot in the

sion. The scientific name of the Nile
tiiapia has been given as Tilapia nilot-

ica, Sa .hﬂrodon niloticus, and cur-
rently as Oreochromis niloticus.
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ulapia are shaped much like sunfish
or crappie but can b easily identi-

characteristic of the Cichlid family
of fishes. They are laterally com-
pressed and deep-bodied with long

dorsal fins. The forward portion of

the dorsal fin is heavily spmed.
Spines are also found in the pelvis
and anal fins. There are usually
wide vertical bars down the sides ©
fry, fingerlings, and sometimes

adults. - )

£
1

Banding Patterns and Coioraiion

The main cultured species of tilapia
usuaily can be distinguished by

different banding patterns on the
caudal fin. Nile tilapia have strong

vertical bands, Blue tilapia have
interrupted bands, and Mozambique
tilapia have weak or no bands on
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h]npra also have nptumnr‘] snouts
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Color patterns on the body and fins
also may distinguish species. Mature
male Nile tilapia have gray or pmk

s

pigmentation in the throat region,
while Mazambiaue tilania have a
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more yellow coloration. However,
coloration is often an unreliable
method of distinguishing tiiapia
spec1es because environment, state
of coviial maturity and food sot ce
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greatly influence color intensity.
The “red” tllama has become

increasingly popular because its
similar appearance to the marine red
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value. The original red tilapias were

genetic mutants. The first red tilapia,
produced in Taiwan in the late 1960s,
was a cross between a mutant red-

dish-orange female Mozambique

tilapia and a normal male Nile
tilapia. It was called the Taiwanese
red tilapia. Another red strain of
tilapia was developed in Florida in

the 1970s by crossing a normal col-

ored female Zanzibar tilapia with a
red-gold Mozambique tilapia. A
third strain of red tilapia was devel-
oped in Israel from a mutant pink

Nile tilapia crossed with wild Blue

tilapia. All three original strains have
been crossed with other red tilapia of
unreported origin or with wild
Oreochromis species. Consequently,

manct rad +ilania in tho Amor
Most red tlhiapia in ineé Americas are

mosaics of uncertain origin. The con-
fused and rapidly Changmg genetic
composition of red tilapia, as well as
the lack of “head-to-head” growth

haot
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toi dentrfy a “best” red strain.

Other strains of tilapia selected for
color include true breeding gold and
yellow Mozambique lines and a
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true breedine line griginatine from
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an aberrant Blue tilapia, subsequent-
ly crossed with Nile tilapia). Most
strains selected for color do not grow
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he species of an individ-

ual fish is f J‘er complicated by
natural crossbreeding that has

occurred between specres Electro-
phoresis is often used to determine
the species composition of a group
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Reproduction

anoarioc tha m
ochlco the male

est in the pond bottom

water shallower than 3
feet) and mates with several females.
After a short matmg ritual the

[eree |
female spawns in the nest (about

two to four eggs per gram of brood
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female), the male fertilizes the eggs,
and she then holds and incubates the

mouth (buccal cavity)

r m
rhatala I
hatch. Fry remain in the

mouth through yolk sac

absorptlon and often seek refuge in
her mouth for several days after they
begin to feed.

Sexual maturity in t11ap1a is a func-
tion of age, size and environment: al

conditions. The Mozambique tilapia
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reaches sexual m

reaches sexual m

size and younger age than the Nile
and Blue tilapias. Tilapia popula-
tions in large lakes mature at a later

age an J Vavoro: as ze I gy camAa

age qa 1arger size than the same
aised in small farm nnndq
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For example, the Nile tllapla
matures at about 10 to 12 months

and 3 / 4tol pound (350 to 500

grams) in several East African lakes.
Under good ornwth conditions this
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same species will reach sexual matu-
rity in farm ponds at an age of 5 to

6 months and 5 to 7 ounces (150 to
200 grams). When growth is slow,
sexual maturitv in Nile tilania is
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delayed a month or two but stunted
fish may spawn at a weight of less
than 1 ounce (20 grams) Under
good growing conditions in ponds,
the Mozambigue tilania mav reac
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sexual maturity in as little as 3

months of age, when they seldom
weigh more than 2 to 4 ounces (60
to 100 grams). In poorly fertilized

nonds sexuallvy mature Mozambiaue
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tilapia may be as small as 1 /2 ounce
(15 grams)

Fish farming strategies that prevent
overcrowding and stunting include:
1) cage farming where eggs fall

1 h tha T ¢
u lrougu the mesh to the pGnd bot-

tom before the female can collect
them for brooding; 2) polyculture
with a predator fish, such as finger-
ling largemouth bass, at 400 per

. A 2N 1+
acre; and 3) culture of only males

(monosex). All-male culture is desir-
able in ponds not only to prevent
overpopulation and stunting but

also because males grow about twice

as fas males. Methods of
obtammg predommately male fish
include: 1) manually separating the
sexes based on visual examination of
the genital papilla of juvenile fish
(“hand-sexing”); 2) hybridizing
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between two selected species that
produce all-male offspring (for

example, Nile or Mozambique
females crossed with Blue or
Zanzibar males); 3) feeding a male
hormone-treated feed to newly

hatched fry for 3 to 4 weeks to pro-
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The sex of a 1-ounce (25-gram)
tilapia fingerling can be determined
by examining the genital papilla

lacated |mmnrl1s\l—olv behind the anus

(Fig. 1). In males the genital papilla
has only one opening (the urinary
pore of the ureter) through which
both milt and urine pass. In females

the eggs exit through a separate

oviduct and only urine passes
through the urinary pore. Placing a
drop of dye (methylene blue or food

h iy [

coloring) on the genital region helps
ta hichlioht the nanilla and its o

to highlight the papilla and its op

ings.
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Feeding behavior and
nutrition requirements

Tilapia ingest a wide variety of nat-
ural food organisms, including
plankton some aquatic macro-

phytes, planktonic and benthic
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Figure 1. Fins and genital papilla of the Nile Tilapia.
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detritus, and decomposing organic
matter. With heavy supplemental
feeding, natural food organisms typ-
ically account for 30-to 50 percent of
tilapia growth. (In supplementally
fed channel catfish only 5 to 10 per-
cent of growth can be traced to

ingestion of natural food organisms.)

Tilipia are often considered filter
feeders because they can efficiently
U [ P IR SR S N,
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narvest plankion Irom tne water.
However, tilania do not nhvsicallv
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filter the water through gill rakers as
efficiently as true filter feeders such
as gizzard shad and silver carp. The
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gl.uf! OI [llapla secrete a mucous that
trans nlankton. The nlankton-rich

traps planxion. e pianxion-rica

mucous, or bolus, is then swallowed.
Digestion and assimilation of plant
material occurs along the length of

pgy ~11__ _L‘I___ . S

tne lntestme (usually at least Slx
timesg the total lenoth of the th).’
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The Mozambique tilapia is less effi-
cient than the Nile or Blue tilapia at
harvesting planktonic algae.

Two mechanisms help tilapia digest
filamentous and planktonic aigae
and succulent higher plants: 1) phys-
ical grinding of plant tissues
between two pharyngeal plates of
fine teeth; and 2) a stomach pH
below 2, which ruptures the ceil

arall £ Al A ot Tha
walls of algae and bacteria. The com-

monly cultured tilapias digest 30 to
60 percent of the protem in algae;

blue-green algae is digested more
efficiently than green algae.

When feeding, tilapias do no s
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ejffectlvelv browse on hve benthlc
invertebrates and bacteria-laden
detritus. Tllaplas also feed on mid-
water lnverteorates 1ney are rlO[

generally considered piscivorous,

but juveniles do consume larval fish.

so efficiently that crops of more than
2,700 pounds of fish per acre-(3,000
kg/ha) can be sustained in well-fer-
tilized ponds without supplemental
feed. The nutritional value of the
natural food supply in ponds is
important, even for commercial

operations that feed fish intensively.

In general, tilapias use natural food

In heavily fed ponds with little or no
water exhange, natural food organ-

jems mav nrovide one-third or more
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of total nutrients for growth. In gen-
"eral, tilapia digest animal protein in
feeds with an efficiency similar to

that of channel catfish, but are more

affiriont in tha dicoactHinn nf nlant
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protein, especially more fibrous

materlals.

Tilapia require the same ten essential
amino acids as other warmwater
fish, and, as far as has been investi-
ratnd tle oy ien i laanian eabheo £nie Anala
gdu—:u, uie I LlLll.[CIIlthlLb 101 eacn

amino acid are similar to those of
other fish. Protein requirements for
maximum growth are a function of
protem quahty and hsh size and
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cent of the diet for small fingerlings.
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However, in commercial foodfish
ponds the crude protein content of
feeds is usually 26 to 30 percent one-
tenth or less of which is of animal
origin. The protein content and pro-
portion of ammal protein may be
shghtly higher in recirculating and

flow-through systems.

The digestible energy requirements
for economically optimum growth

ara gimilar to thace for catfich and
are Siifiliarl 1O UG8 10T {awulsii aiila

have been estimated at 8.2 to 9.4 kcal
DE (digestible energy) per gram of
dietary protein. Tilapia may have a
dietary requirement for fatty acids of

tha linalair (A &) family Tilania
i€ 1NOICIC \1-0) falnliy. iliapila

appear to have similar vitamin
requirements as other warmwater
fish species. Vitamin and mineral
premixes similar to those added to

~atfich diotg aro 11¢1121ly incarnaratad
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in commercial tilapia feeds. The
feeding behavior of tilapia allows
them to use a mash (unpelleted
feeds) more efficiently than do cat-

fich Ar frant bt mact caommaorecial
1SN Of Irout, out MoSst Commerdia:

tilapia feeds are pelletized to reduce
nutrient loss. In the absence of feeds
specifically prepared for tilapia a

commercial catfish feed with a crude

f 28 to 32 percent is

he United States.

Environmental
requirements

Tilapia are more tolerant than most
commonly farmed freshwater fish to
high salinity, high water tempera-
ture, low dissolved oxygen, and high
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aminonia concentrauons.

Salinity

All hl:ama are tolerant to brackish

water. The Nile tilapia is the least
saline tolerant of the commercially
important species, but grows well at
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Salnitues up to 1o p[.u The Blue
tilania erows well in brackish water
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up to 20 ppt salinity, and the
Mozambique tilapia grows well at

- salinities near or at full strenoth sea-
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water. Therefore, the Mozambique
tilapia and some mossambicus-
derived “red” tilapia are preferred
for saltwater cuiture.

Some lines of the Mozamblque

+ila tadlv h i
tilapia reportedly have spawned in

full strength seawater, but its repro-
ductive performance begins to
decline at salinities above 10 to 15
ppt. The Biue and Nile tilapias can

d linit
reproduce in salinities up to 10 to 15

ppt, but perform better at salinities

below 5 ppt Fry numbers decline
substantially at 10 ppt salinity.

.

ture for most species is 50 to 520 F
for a few days, but the Blue tilapia
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480 F.

Tilapia generally stop feeding when

water temperature falls below 63° F.
Disease-induced mortality after han-
dling seriously constrains sampling,

rea T

harvest and transport below 65° F.

Reproduction is best at water tem-

peratures higher than 80° F and does
not occur below 68° F. In subtropical
regions with a cool season, the num-
ber of fry produced will decrease

YA’]'\Q“ HQ;]" '—
when daily water temperature aver-

ages less than 75° F. After 16- to 20-
day spawning cycles with 1/2-pound
Nile tllapla, fry recovery was about

AN

ouv H'y per female brooder at a water
tamnoratuira of K20 F' hiit onlv 250
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fry per female at 750 F

Optimal water temperature for
tllapla growth is about 85 to 88° .
Growth at this optimal temperature

is typically three times greater than

Dissolved oxygen
concentration

Tilapia survive routine dawn dis-
solved oxygen (DO) concentrations
of less than 0.3 mg/L, considerably

below the tolerance limits for most

racaarch M-..A

ators were used to prevent morning
DO concentrations from falling
below 0.7 to 0.8 mg/L (compared
varith 11manvratad ~Aantral mandc)

VVILIL Ul1aTlidaltu Luliiiul lJUIluDI
Growth was not further improved if

additional aeration kept DO concen-
trations above 2.0 to 2.5 mg/L.
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hours, tilapia ponds should be man-

aged to maintain DO concentrations

above 1 mg/L. Metabol-ism, growth
maccilhley Aicanca ragickanca ara
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depressed when DO falls below this

level for prolonged penods.

pH
In general, tilapia can survive in pH
ranging from 5 to 10 but do best in a

pl'l range UI O 1o 7

Ammonia

mortalitv of tilania occurs
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Massive
viassive

within a few days when fish are sud-
denly transferred to water with un-
ionized ammonia concentrations

TrY

greater than 2 mg/L. However,

when gradually acclimated to sub-

lethal levels, approximately half the
fish will survive 3 or 4 days at un-
ionized ammonia concentrations as
high as 3 mg/L. Prolonged exposure

p . 6%
(several weeks) to un-ionized ammo-

nia concentration greater than 1
mg/L causes losses, especially
among fry and juveniles in water
with low DO concentration. The first

mortalities from prolonged exposure

may begin at concentrations as low
as 0.2 mg/L. Un-ionized ammonia
begins to depress food consurnption
at concentrations as low as 0.08

mn/T
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Nitrite

Nitrite is toxic to many fish because
it makes the hemoglobln less capable
of transporting oxygen; chloride ions
reduce the tox1c1ty Tilapia are more

ite thanm rmanty 1l
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shw ater fish. When dis-
solved oxygen
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concentration was
high (6 mg/L) and chloride concen-
tration was 1ow (22 mg/L), the

wan bl nen At warlaial BN
tration at wnicn 5U

T
nf the fish died in 4 davq

was 89 mg/L as nitrite. In general
for freshwater culture the nitrite
concentration should be kept below
27 mg/L as nitrite. As a safeguard
against nitrite toxicity in recirculat-
ing systems, chloride concentrations
are often maintained at 100 to 150

mg/L chioride.

(

are more resistant to viral,

bacterial and parasmc cuseases than

other commonly cultured fish, espe-

cially at optimum temperatures for
growth. Lymphocystis, columnaris,
whirling disease, and hemorrhagic

septlcemia may cause mgn mortauty,

but these problems occur most fre-

quently at water temperatures below
680 F. “Ich,” caused by the protozoan
Ichthyopthirius multiﬁ'liis can cause

serious losses of l'I'y and ]uve‘nueb in

intensive recirculating systems.

External protozoans such as
Trichodina and Epistylis also may
reach epidemic densities on stressed
fry in intensive culture. In recent

years the bacterial infection

Steptococcus inae has caused heavy
losses, primarily in recirculating and
intensive flow-through systems.

Growth and yields .
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Under good growth conditions,

1-gram fish are cultured in nursery
1 to 2 ounces (20 ta 40
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naonde to
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grams) in 5 to 8 weeks and then
restocked into growout ponds. In
monosex growout ponds under
good temperature regimes, males

generally reach a weight of 1/2
g g

pound (200 + grams) in 3 to 4
months, 1 pound (400 + grams) in

5 to 6 months, and 1.5 pounds (700
grams) in 8 to 9 months. To produce
1_narnd (400- ta 500-oram) fich

1-pound (400- to 500-gram) fish,
common practice is to stock 6,000 to
8,000 males per acre in static water
ponds with aeration or 20,000 to
28,000 males per acre where 20 per-

cont daily water exchan 1 -
cent aaily waiter excnange 1s eco

nomically practical. After 6 months

of feedmg with good quality feeds,
such ponds can produce 5,000 to

7,000 pounds per acre and 18,000 to

20 NNN ﬁn-vﬂda nar acro rognor
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<4

7

[

it omerml i maen Vo o al

cycies are 1uuger than 5
ths (in an attempt to pro-
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duce a more marketable size fillet)
there is a risk that offspring from
reproduction of the few females that
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all-male” culture will have time to

reach sexual maturity and overpopu-
late the pond. Consequently, a ‘
farmer who wishes to produce fish
yielding 5-ounce fillets (a 2-pound

fich) ic often forced to add a second
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growout phase so females and fin-
gerlings can be eliminated from the
growout ponds, or to stock a preda-
ceous fish with the males.
ressout percentage on tilapia is rel-
ively low compared to species such
trout and cattish. Tilapia generally
have a dressout of 51 to 53 percent of
live weight for whole-dressed fish
(head-ott) and 32 to 35 percent for
ENato fanien hanac alanas tha lataral
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ine removed).
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or additional information about

tilapia culture see SRAC publications
280, 281 and 282.

Reguiations
Tilapias are native only to Africa;
many states 1n the U.S. consider
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them “exotics” or “non-ir 1a1genous
eponme and have restricted their

1”
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transport and culture. Prospective
tilapia producers should check with
state game and fish/ natural

fisheries /;\qr r1aculture anclahs
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determine legal implications.

Conclusions

Tilapia are a good fish for warmwa-
ter aquaculture. They are easily
spawned use a wide variety of nat-
1ial £ ac sargll ag arkifinial fandea

Uural lUUub dd VVCil dd allllitidl 1TTuD,
tolerate poor water quality, and

grow rapldly at warm temperatures.
These attributes, along with relative-
iy low input costs, have made tilapia

ok Tt VvV Ccu tosand Lunclaciratawn

the most v‘v1ut:1y culturea fresnwater
fish in tronical ;md subtronical coun-

fish in rropical and sub Hopital LOBAt

tries. Consumers like tilapia’s firm
flesh and mild flavor, so markets

have expanded rapidly in the U.S.

alem Amt 10 com

aurmg the last 10 years, mostl y
based on foreion imports. In fact,
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tilapia sales have recently surpassed
rainbow trout sales in the U.S.
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