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Improved Seed Production Method of Nile Tilapia
in Closed Recirculation System
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The experiments were conducted to improve the mass production of Nile tilapia, Oreochromis
niloticus, seed in closed recirculation systems. It was observed that smaller females (340g
av. body weight) under lower stocking density (1.2 kg/m?) group produced 3.6 times more
fry than larger females (612g av. body weight) under higher stocking density (2.1 kg/m?)
group when the fry were collected at 30 days after the broods stocked. The clutch removal
method where the eggs and sacfry were collected from female mouth followed by artificial
incubation showed improved seed production, when compared to the traditional natural mouth-
brooding method by harvesting free swimming fry from brood tanks (p{0.05). Under the
clutch removal method, short-term incubation of brooders (14 days) was proven to be more
effective than long-term incubation (21 days). Hatching success of clutch removed eggs
was ranged from 55.7 to 91.5% in 1.8¢ of upwelling incubators depending on the different

developmental stages.
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Cichlidae Fol] 3l "elgols F9) of=
277t A4 el Ad] ] ofdl Aol A4
stal Qe @ ooz A BEReHeg 159
53 el ulg} old(nest)ollA olmle] HEE
Wwow RAdE Tilapia %, T3 Exv dA9
TFFo A B3sle= Sarotherodon <5, 478 +
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(Munro et al.,, 1990), AMAIR g2 x| n
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£ SEI] 9% wHem YA
olgjdlol] Ax FF H3 FA ot
AT F3E 5 FEE A AT
F&4 (clutch removal method) ¢| Al =5]g}ch
(Bautista et al., 1988 : Watanabe et al., 1992),
VI 75 B3 F4oz Qo) AdsE
dARe A 718 HEA)7)%(Perters, 1983 ;
Verdegem and McGinty, 1987), J4ts zlol&
78] ¥4 (cannibalism)$ =& F Qlo] £8
A4 F4e 71HE & Ack(Lovshin and Ib-
rahim, 1988).

A Hatujole] QA g Qlvte] 2T
de vddzlgels: wiges x5 (super
male) ¥ EU¢FA(super female) o F-E Fol=
ARgsle] the muintos A4A FHE AL
= 7hgell B3 A77 AWsa 9o vi(Kim
et al.,, 1996 : Vera Cruz et al., 1996 ; Mair
et al., 1997), ol what 24 8l 2943 oFE
ol-&3le] AF FH S Fui3t A717] %
ZH A4 7o A7l ")

o] AT 374 wstol] ik WAlel el
Aol wiE t¥Zo g detmlol F b4 e
FAE R Qe YdEela)o(Oreochromis nilo-
ticus)® FE WIS FEAFI7 A% A9
d3teg HAson, A Hojy oAHF g
Hol Wk e whgell wal 2l B3ya Q1
THEhgl WE WS =AE, QER-3

H HgA) Aol Wk Hztol whE Fuel A
UF R HFEES 2

o] A¥e ol Eisle] FAFdiga 24
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22 19949 64 299HE] 961d 9Y 29¥7HA]
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ol =Rl fod zlolE FARNeH, Hof
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areal method (Watanabe et al, 1992)E
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m) Q! Az Z3E 0| E £2 6N (AY Do} 1A
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ZRE w5t Aol f A5 ool d B4 Al
(4 ALg, 2<A 36.0% oD E 1Y 23
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3—2. Aad FRe 4

Aol ek F 149 9 219 A 1-28F YT
WHed Q4R FHo AT AANgex
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719 7Heell Eelste] 83, 43 olu] 9
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3-3. F3E  F3 28 AR =4

1%l &2 zugar-jar method & ¥A £A0]
2EE Hy3 1.8¢ £3F9] 7 Hade) U4y
SGAE QALY - 447, Euzl—gu7], <t
WE FEsch £33 717 < 7RRE sk
(284 1.0C)E FA| Lol M3 23Y + UT
Az =2 FFsigch

put

4. FAEA

AY Ao {94 HAAES A3ked Student’s
t-test ¥ U 4 F4H(one-way ANOVA
test) & AHAlsch
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1. oiAZ «E 4Ae] FE Y44 vz

o] x| Fof] whg 3] 8 A4 A= Table
1ol Jeblgich, FAAAG] Qlold diE Ao
Aol vlsl &R} APFol FeolspA B
%2 (p<0.05), =9 WG U7 W44F(seed
m? day D), ¥H vleld 47t WAE(seed fe-
male 'day™"), &H oJalFF U7F ALk (seed
female BW (kg) ! day DollA = §-2]3 2ol &
B H(p<0.05).

2. Ao W} ] wbfel wE P4 wlz
AL g delsle] AR o F3 P4
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Table 1. Hatchery production of Nile tilapia seed in relation to female size under natural mouthbrooding
condition of broodstock management

Size of fish Improved yield

Large group Small group (%)?
Mean female BW (g) 611.5+23.3° 340.0+ 20.0° -
Stocking density’ 2.1 1.2 -
No. of Breeders m™? 1.5 1.5 -
Incubation period (day) 30 30 -

Seed production

Total 4095.0+ 277.2° 8153.0+ 362.8° 199.1
Seed m~? day™! 3.9+ 0.26° 7.77+ 0.35, 199.2
Seed female™ day™! 2.60+0.18* 5.23+0.23° 201.2
Seed female BW (kg) ' day™' 4.30+ 0.46° 15.42+ 1.58° 358.6

*Each brood tank was stocked with 52 females and 13 males (4% :13).

**Means with different superscript letters in the same row were significantly different (p<0.05).
'Body weight of brood fish (kg) m™

Data from small group/large groupXx100

Table 2. Hatchery production of Nile tilapia seed in tanks (63.6m?) under natural mouthbrooding and
clutch removal methods of broodstock management

Trial I Trial II

ﬁ?:giogli management Natural Clutch Natural Clutch

mouthbrooding removal mouthbrooding removal
Mean female BW (g) 515.0+ 8.5° 511.5+ 5.0 340.0+ 2.0° 360.5+ 1.5°
Stocking density’ 1.70+ 0.03° 1.69+ 0.02° 1.12+ 0.07¢ 1.19+ 0.05°
Number of female/m? 3.30 3.30 4.72 4.72
Incubation period (day) 44 45 43 45

Seed production
Total 29575.0 151500.0 37215.0 195420
+2637.5¢ +3677.0 + 3783.0° +7905.5°

Number of fry/m*/day 10.6+ 0.94° 529+ 1.28° 13.6+ 1.38° 68.30+ 2.76*
Number of fry/female/day 3.2+ 0.29° 1640+ 1.16* 2.8+ 0.29° 14.8+ 0.60°
Number of fry/BW(kg) of 6.2+ 0.45° 31.3+ 0.46° 8.5+ 0.37¢ 40.2+ 0.56*

female/day
*Each brood tank was stocked with 210 females and 70 males in Trial I and 300 females
and 100 males in Trial II (% : $=3:1).
**Under the clutch removal method, seed was collected from each brood tank at 15-day intervals.
*#*Means with different superscript letters in the same row were significantly different (p<0.05).
'Body weight of brood fish (kg) m™2

AN, PR vl U BN, 29
MET A7 AAPIAE Aol B A
o2 ZARUHP0.05). YA olAFol

248909 (p<0.05), AFHEHS e A
QA% A I (Trial II, &R HF oHZ;
360.5g, W WX 1.19)2 AAtEe] H¥ 1

A= AR S H8sle o Y 11 (43
HAF oJAFE; 340.0g, WILE: 1.12)9 A4
o] A% I (Trial I, ¢ HF oJAF; 515.0¢,
"ok w3 1.70)0) vlal) G e Ao

(Trial I, &R BT ol#F ; 511.5g, W 95
1.69)el wisl folsiAl BSEH(p<0.05 ; Table
3). &) HaEg A4, GA ofAFE 47
AAFNHE 2 ZA¥E 232o9(p0.05),
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T8AF] Alxn"oM Yd"dote] FB AU e A% A7

SR el 47 AAFNAE AY 119 A
Fol B2 Zoz zAEYLeY FA% Helw
1 eH(pr0.05).

3. Ao v} 7)7ke) wig FR A4 b=

Ho] BF F 1094 BRE FFoA HuE
vl Fdshe ¢ Aol(swimming sacfry) 7}
=R en, 14YAldle FEol fdse
Ztol(free swimming fry) §o) F8sgch Xoj
ok 717kl W T8 A4 24 AF= Table
3ol VeliQlel A4 1 (Trial 1, ¥k 2= 0 0.30
kg m Dol A FQYAFL WU F 2195 £
735 14900 wisll fouA wdo(p<0.05),
A wAG A7k BAE(p0.05), ¥R vlad
7+ A (p0.05) 1E|lx 4A oxFEG Y7t
A (p<0.05) =4 AlMe WF 71 F
4950 FEF 73S 2190l v|E) ABAbgFo] B
Ao g zAEGdeh A4 11 (Trial 11, ek 2
51041 kg m )Y Ae <9 wHEG U7
AL, Al ofAFE Uz AT Wk
717k0] 14911 2% 21%0l] H|3h F-JslA] gt
(p<0.05), FAAFL 93t Zhol7} ik (pro.
05). WeF Uxoll whE Y4g 24 A 34

O

o e rSl

—

N

gt ehe] WA A7 AN A W Heot
g wi(Trial ID 4] Fejsp B 7o
et o 5y (p<0.05), BHE ZA} 2 AE 22
S B3P o 1494 $84 w9 3l vl
e AeJstae g Xolrt g (Ta-
ble 3). A% ZEgeo ¥ A ug x4}
A= Fig. 1] JERAQE A A F
Hehd o] Al A EE {9 THo| giv I
Zpo| wAI7FRI 9] Ak vlE- wWoF 7|7kl 1
del 49 529+ 7.4% (Trial DS} 67.0+6.5%
(Trial IDE ZAE]CH, | zpole] A=k
v &2 21Y5lol] 78.7+6.4% (Trial D = 78.4
+2.8% (Trial IDE ZA =)

& 0=

4. ¥3 28 A7 2 RaE =4

83 0 F 53} o)A dhAle) ¥g Ui s
7} <A R A7 gl REES AR A
Table 40l JehAch 24271 - 447 g
&) A HiriAe] £2 A7 84-118417L,
BEE 557+ 16.0% 2 2AE o, ¥y
—3u7] <kAI9} epiboly-et whAle] o] £ Q
A7 72k 78-110A17F 2 60-106A17F2.2 Z
Asjglon, Bal-8-2 76,9+ 17.4% % 91.5+ 3.0

Table 3. Hatchery production of Nile tilapia seed in relation to brooder incubation period under clutch

removal method of broodstock management

Trial 1 Triat 11
14 d 21 d 14 d 21 d
Mean female BW (g) 278.01+ 6.25 277.7+ 6.81 276.6+ 5.77 273.3+ 5.51
Stocking density’ 0.30 0.30 0.41 0.41
No. female brooders m? 1.33 1.33 1.86 1.86
Seed poroduction
Total 14896.7 18526.7 13235.0 12520.0
+414.8° + 185.2¢ +403.1° + 367.7°
Seed m~? day! §3.2£ 3.3 44.2+ 0.4° 47.3+ 1.5 29.8+2.5%
Seed female ™' day™* 20.5+ 1.7° 17.0+ 0.2° 17.8+0.5° 11.5+ 1.0*
Seed female BW(kg) ' day~  73.7+3.9° 61.2+ 1.6* 66.3+ 4.4° 41.8+ 4.6

*Each brood tank was stocked with 52 females and 13 males.
**Trial I and II are triplicate and duplicate, respectively.
***Means with different superscript letters in the same row were significantly different (p<0.05).

'Body weight of brooder (kg) m™?
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Table 4. Hatching success of clutch removed nile tilapia eggs during artificial incubations in 1.8 £ upwelling

incubators at different development stages

Developmental stages

2 cell-Morula

Blastula-Gastrula Epiboly-Eyed

84-118 h
55.7+16.0

Time to hatch (hour)
Hatching success (%)

78-110 h
76.9+ 174

60-106 h
91.5+ 3.0

100 %
90 %
80% t
70% ¢
60 %
50%
40%
30% [
20% |
10%[

0% " 144 21d
Trial I

B before eyed
[ non swimming sacfry
swimming sacfry

4ad __21d
Trialll
B eyed

Y free swimming fry

Fig. 1. Percentages of each developmental stage
of clutch removed eggs.

%2 ZA5tH(Table 4).
9

delglote] FH A4l g Fv 2930
g Holo gF A, AF, &L, 7, 44
Aj&el Seo] 9low(Silvera, 1978 ; Verdegem
and McGinty, 1987 ; Lovshin and Ibraham,
1988 ; Rana, 1986 ; Ridha and Cruz, 1989
Smith et al., 1991), #73 2119 AH 2Ho|
7Fedt 3 olA A A&glofAe Hoje]
=271, Wk A, Avl 2 W g Sol 2%
89 o= zAL¥cH Bautista et al., 1988 ; Wa-
tanabe et al., 1992).

PR AHolo oA Fol] Wi FH AT vz
Az A717} A GRS A2 ARGHE w9
RAArEEo] & AAE AR uf Bk oAl B
Zlo g ZAE9eni(Table 1| & 2, p<0.05),
717F A Hol & Hololl wjzl LY Wk

|

A% (female BW (kg) m™)olA o] B &
wekd 4= glowuz AgE FhA FH Y4
T TR § UdF Zleg Azhdd,

Zojo] wiek el Wl SlojA FHIHL
Ad s lol) v)a] FH ] AAleFo] gojut Ho
B3% vl glovi(Bautista et al., 1988 ; Wata-
nabe et al, 1992), o] ¢ Az} AFHIHE
AAJslo] 9] WAt U7 Aol QlojA] Hx
68.3 seed& AJAtstod 2padR 3ty (13.6 seed)oll
vla] AAteFo] g2 ZloF UEPGtHTable 2).
Watanabe et al. (1992)2 Florida red tilapias
Aoz AAJEE odFtollA] FHEH Ay
she] il WA U A4l 747 917 ¥
3.3 seedE4 Ydealgols: Ao g3 o] o
T-o] Aatel dxEich

AR ol wjsl A o] AYabeFo] v
olfv +F F& 77 B9 3 A 17
A A% i (Peters, 1983 ; Verdegem and Mc-
Ginty, 1987), o Wk 717ko] ZoiZlell uwha}
FEHollA A4H AolE7ke] T4 (canniba-
lism) 3 Xolol] oj& E4 o FQ) Hoeg ¥ux
n}  9lom(Berrios-Hernandez and Snow,
1983), ¥ AFdAE HA A4HE zpoiol| &%t
FAo] W= Ak

Snow et al. (1983)2 W 717l }E F
2o AAEFE ZARE A7 (G ™G GA
olels= 5 0.6vhE], Aul 31 DA 10-129 7H7
o2 F3sle o] M A 7|7he] A
ol ol uhe} 238 WAdo] FAdrkn Bk
ul Qlof, o] AFolA WF 7|7te] 14% Uufe
Adego] 2190l wldll H-2 At Ux)alich
2y ek 77k EolAdl whel A AL
ZF & 88 FU 3 9 33 Aol vigol

9
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EgARA Axgelx ddgetgels) FE ALY TEE AT A7

oA (Fig. 1) S5 A4FE FHA7I7 Al
A olE9 #He)7l ofe 83tk Watanabe
et al. (1992)2 % ¥315-2] Florida red tila-
piagl & AW AF F3IE A% A3 8
U5(462-1,846 eggs/L)St FRslAl 63.9% ol
4ol 23 AFES BHlow, o] dfdlAe U
Aol e} 55.7%-91.5% 9] H-3} AT EL 2o
(Table 4), Fo o wiokg S A3HA £
o] 718 Aoz FAETL

FR A4l o] 29 WA A vlEl4=(No.
of female breeders m )+t Y4tAd kS
ul x5 8.1le]H, o] Aol 1.33u}al( ¢ : 3 =
3:0DY Wel FE el 1.86vHlY wol
Hla] B2 oz ZAE K Table 1). 28y
H olAF 88.8g% U detuo} 4AHE Hoj2
AHgste] 2X2X1.5m Z71e T3 E F2o
9] WG A9 £E 1-10vtE 2 slo] A
o] A 9] AT Aol A= 4ntE] L o 7HA A3
Aeg 23n¥ ul oj(Batista et al, 1988)
o] AT Zztel UxA] ggkon ol Xoj
A7)k PAAAILE L] Helo] o3 Ao A7
=},

£ AT Az, Jddgelsjole] FHe B4k
A7 A2 HolE: ARgste] Aol Wk 149
F frd Aolg}t A ofu]e] FFollA 3} F
e Sl AT H3E B FH2E A4k
Uy JFRgH(clutch removal method)©]
A Zeg deigen, x5A 2 24
olFE FHolZ AR A 3 FHe A4l
g 5 e HAerm A4

8 ¢

8 ojat Azl Uddalgole] g
e A7) A% A7) Yoz g3
8] 7], Hof Wk el wWo) WE A4
AR G A1F 23 AFEE A
Hojo =Z7|7h 2tn(HFE o2F : 340.0g)
Wk 157t g oi(1.2kg m ) 25 g4

>

A
2
d

T
a

v
e

o

o] A7|7b ZA(HF olAF; 611.5g) WU
A5t & di(2.1kg m™2) Br} {ouA g2
Aoz zAEUHPC0.05). dF F5 A
QRolA FF 2 F w3k 33 Zojo AA
% o3 535 53 JFFH(clutch removal
method) & #4 oo} 3ol 213 ARt
(natural mouthbrooding method)oll H]&}

A, whe] wAg QA o vleld A
2 A 9 oM F G AT A foEA &
Aoz zZASNH(p0.05). 4H Hojel 77}
o 2He] AAT o] A whAE AF H3}
HA AT} 55.7% —91.6% 9l H3}H&E ¥tk

3
=)

FrEed

Bautista, A. Ma., M. H. Carlos and A. L. San
Antonio, 1988. Hatchery production of
Oreochromis niloticus L. at different sex ra-
tios and stocking densities. Aquaculture,
73 85—95.

Berrios-Hernandez, J. M. and J. R. Snow, 19
83. Comparison of methods for reducing
fry losses to cannibalism in tilapia produc-
tion. Prog. Fish-Cult.,, 45 116—118.

Lovshin, L. L. and H. H. Ibrahim, 1988. Effects
of broodstock exchange on Oreochromis ni-
loticus egg and fry production in net enclo-
sures. p.231—236. In: The Second Inter-
national Symposium on Tilapia in Aquacu-
Iture. (eds. R. S. V. Pullin, T. Bhukaswan,
K. Tonguthai and J. L. MaClean), IC-
LARM Conference Proceedings 15, 623 pp.
Department of Fisheries, Bangkok, Thai-
land and International Center for Living
Aquatic Resources Management, Manila,
Philippines.

Mair, G. C., E. J. Morales, J. Mongkonsawad,
J. A. Beardmore and D. O. F. Skibinski,
1997. Properties of novel YY male nile tila-
pia and implications for technology disse-
mination in the Philippines. In  The Sixth
International Syposium on Genetics in
Aquaculture, Stiring, Scotland, 24— 28 June
1997. University of Stirling, Scotland.

Munro, A. D., P. S. Alexander and T. J. Lam,

—379—



1990. Tropical freshwater fish. p. 145—188.
Reproductive seasonalty in teleosts . Envi-
ronmental influences (eds. Munro, A. D.,
A. P. Scott and T. J. Lam), CRC Press,
Inc., Florida, USA.

Peters, H. M., 1983. Fecundity, egg weight
and oocyte development in tilapia (Cichli-
dae, Teleostei). ICLARM Translations 2.
International Center for Living Aquatic Re-
sources Management, Manila, Philippines,
27 pp.

Rana, K. J., 1986. An evaluation of two types
of containers for the artificial incubation
of Oreochromis eggs. Aquacult. Fish. Ma-
nage., 17 . 139145,

Ridha, M. and E. M. Crus, 1989. Effect of
age on the fecundity of the tilapia Oreoch-
romis spilurus. Asian Fish. Sci., 2:239—
247.

Silvera, P. A. W., 1978. Factors affecting fry
prodcution in Sarotherodon niloticus (Lin-
naeus). M. S. thesis. Auburn University,
Auburn, AL, 40 pp.

Smith, S. J.,, W. O. Watanabe, J. R. Chan,
D. H. Ernst, R, I. Wicklund and B. L.
Olla, 1991. Hatchery prodution of Florida
red tilapia seed in brackishwater tanks : the
influence of broodstock age. Aquacuit.
Fish. Manage., 22 . 141 —147.

Snow, J. R., J. M. Berrios-Hernandez and H.

Y. Ye, 1983. A modular system for produ-
cing tilapia seed using simple facilities. p.
402—412. In ! International Symposium on
Tilapia in Aquaculture, (compliers L. Fi-
shelson and Z. Yaron), Nazareth, Israel,
8-13 May 1983. Tel Aviv University, Israel.

Stickney, R. R, 1986. Tilapia. p. 57-77. Culture
of nonsalmonid freshwater fishes (ed. R.R.
Stickney), CRC Press, Inc., Florida, USA.

Vera Cruz, E. M., G. C. Mair and R. P. Ma-
rino, 1996. Feminization of genotypically
YY nile tilapia Oreochromis niloticus L.
Asian Fish. Sci.,, 9 161—167.

Verdegem, M. C. and A. S. McGinty, 1987.
Effects of frequency of egg and fry removal
on spawning by Tilapia nilotica in hapas.
Prog. Fish-Cult., 49 129—131.

Watanabe, W. O., S. J. Smith, R. I. Wicklund
and B. L. Olla, 1992. Hatchery production
of Florida red tilapia seed in brackishwater
tanks under natural-mouthbrooding and
clutch-removal methods. Aquaculture, 102
177 —88.

AEF - =52 - HE3 - EEY, 1996, A 9
A 7IHE ol &3 2F(YY) ¥ %
FARAYY) Y¥delgolOreochromis nilo-
ticus) A4 IL AR 2zl 9 243 U
ddetFole] a2 A, Aok FA, 9
101—106. ~

—380—



