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High Density Tilapia Culture in a Recirculating Water System
without Filter Bed

In-Bae KiMm
Department of Aquaculture, National Fisheries University of Pusan
Namgu, Pusan, 608 Korea

An experiment on the rearing of tilapia stocked in closed recirculating tanks eliminating bio-
logical filter beds was carried out at the Fish Culture Experiment Station of the National Fisheries
University of Pusan, from May 18 through October 21, 1982, and the growth rates, feed conver-
sion, water quality, spawning prevention and space utilization efficiency were discussed. Finally
discussed is the feasibility on the establishment of commercial production units.

On the water quality, the water temperature ranged from 22.8°C to 29.1°C, and total ammonia
arround 10 ppm or slightly up.

Maintaining phytoplankton bloom was not successful probably because of the active consumption
by the heavily stocked tilapia. Several attempts were made by changing the culture water with
green water from a nearby earthen pond with results of fading-away in a couple of days.

Feed conversions were relatively high ranging from 0.9 to 1.2 except for experiment 1 when the
fish were not fully recovered from weakened wintering state. The feed used was partly laboratory
prepared 25% protein diet and mostly commercially available 392 protein carp feed.

Spawning was completely controlled during the experiment, resulting from density effect, which
ranged from 10 kg to 40.7 kg per square meter with water depth of 0.5 to 0.6 m.

Space utilization efficiency was very high. Daily net production from the experiment division 3,
which showed the highest result, was 6.205 kg per tank, which is calculated 3,235 metric tons
per hectare per year. This time, water temperature ranged from 27.8 to 29.1°C, average being
28.4°C, and total ammonia arround 10 ppm.

An estimation for the commercial set-up of the production system based on the results of ex-

eriment divisions which had initial stocking rate 15 kg/m? or up, is made. If the total facility,
8 tanks comprising 55 m? in surface area, is used for the present study, the yield would bscome
5,639 kg from 200 day rearing, which would be possible under double sheets vinyl house without
additional heating, and it is thought feasible in the economic view point, when 10 or more units

are operated.
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Tilapia & £itRege s BHS B A% #
B E (Suffern, 1980; Chen,1977; Stickney, 1979;
Haller and Parker; 1981 ; Balarin, 1981, 1982)
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BERE A% HEHds BHEEL pAYe R R
Hel sz #@Fo] otk =z, WlEHE 4x3)
+ 22 %2 B Bl FEslL, aukE #%
MERAE gotalch oA, Wil o= WHR
FEERRAA Y Tilapia o) BEE SFS REHL
I RERE #HigelE: wolsh o] #Ele Kim and
Kang(1982) ¢] #4¢ Tilapia 9] oJoj 4o BA IR
EH% BRS Asla, o @A Tilapiagkg
egesta FEEEWL AEAA BHT Aotk

ol
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198248 55 18H%¥ 108 217" HIUKEXRE
ERY ERK §F BEAA Tilapia & FFY &
Fel .

&7 #FH" HHRe Kim and Kang(1982) ¢] {#
g A—fagelsl, 8 H=zx TAE HEiENE
FREEATERY —BF FAskR.

%ol A= Tilapia & Tilapie nilotica 3 T.
mossambice Apo) 9] ¥ F-& Tilapia 7t 4o 3l
sich,

Hgol e HY) H2F FlAsIY 55 18HSH 6
H 1B7kx18] 45008, oloiA 64 3HYH 85 3H
7A=\8) 328M, 2z, 84 5HYE 84 19H7A
¢ 16ARY) 3fife) AHA, =t z2A X
Tilapia 4,308u}z] 70.33kg (E# 16.5£)F Al A

4,0770he] 285.1kg(THy 69.92) HEE REAA.

BA—56 FHEA A HIRBEANA £EL A
< BB ZBR e 3EY B3 SE BE
st fE sk <.

ol W 1 Y MRREL PFIREAA =€ &R

¥

B4 25%s= & Pellet ® o] Crumble ft 3o £t
getgded, 43 2 o =& H4-6 BREAA =
EHESR 20%9 WHKEEERHE RAsH
(Table 1).
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Table 1. Feeds used for the experiment

(%)
Ingredient Laboratory  Commercial
Fish meal 20 43
Krill meal 10 -
Bread (waste) 64 —_
Rice polish bran, ete.

(defatted) — 32
Soybean meal, etec. - 18
Malt 2 -
Grass 1 -
Mineral mixture 1 -~
Salt 1 -
Vitamin premixture

(Grosol, Bayer) 1 -
Others (Not specified) — 7
Protein content 25 39

¥ 1) Used for the experiment divisions 1 ard 2.
* 2) Used for divisions 3 through 6.

j(E;%E@“" QH /‘1 Zkiun, ‘ﬁ@iy PH ‘%} §§$
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1. BRE 1

5ol {#/E Tilapia & 25 4,246712], RER
£ 70.33kg, ¥ 16.5¢ H& Ao1Uh. o] Hel=

Fo A 561 =12] (15.52k2), AL A 3,685u}2] (54,

8kHRA H2 AL WH2T.7g,
14.8 g4 .
o] £-¢ Race way ¥ WEER HAdA BEA

2 A i AR Febd Held, HE Y2(Tm)H

AL AL ¥

5/ 180 Yuistd 78 1H7A 45HM EHSA

£ BRET Ly R segles], A%
Aef 2] Aol AESoldct. ME MMd Trickoding,
Dactylogyrus®] rdo] <QAslggomz 2@ AR
I 3o vt FE-L DDVP 0.6 ppm, Forma-
lin 25~33 ppm ¢] MWER st o] HIHe] &
Ry Table 26] FRat uhel 2ok @HE #f
ol A WE 25% BHESEFSEHRALA, A%
Bastd Aot gEdsta .

2. BRE 2

HRE ld4 gyst A& A 20 #HH|stz, 74
3HYY 84 3F7tA] 2HM WHT #ERol.

1k @B« et 2 Hadd AL SEHERS
it AEETHREES Site BLFY AT R
Beol A slelnd ELUEERER R Hldn. o
el WERES (Table 2) 4,124nb8]  109.74 kg
(F# 26.6 2)2 WEsted 4,077q1e] 185.8 ke(Ey
45.508 FEAZR. o HMdels MREll
259% HEVEfEC] 7 0.49ke (B8R 4.9k0%
&mimsted Ht#R AR 94.9ks &EEY B/ip
BS 76.06kg, SEHAY 1.293, B PHEESR
£ 1.6591% 3 ARGt o] MR FH K
& 26.3°C, BAEBERS 1.4~4.5mg/l Ty 3.1
mg/f, pHE 7.3~7.52 Hlzsfdst. 283, ¢2
Vol HFe= 0.5ppm o2 ot U=
6.6 ppm 7}=] L2t FEMEE HEbR s

3. BERE 3

88 5H3¥ 8A 19B7A9 16HMA AA H2]
BEA A READL AL ALt HEEHBIA
4,077w}2] 185.8kg("F# 45.58)& 285.1%g(Rig
69.9 HH 5 REA A o] HRAAE K 4ol
A5 (BERAE 9%, Table DE Fet. M
WES A28 @it 89.14 ks, FEED 99.34g,

© B

AR 0.89, 1HRERE 2.7121%2 A 4= 9t

Kie ¥ 28.4°C, BHBERL 3.4~4.3mg/d
(3 3.7mgld), pH 7.4~7.6, S+ otELe 10
ppm & 2% 23% HAEEE ek

4 BBE 4~6

o] BRI Al HSHBE A READ AL =27
BI= EAlste 3(AY] el FEasty] RERR
+3tg -

FamBEd A s AL Bo s WHHT 43.2
g 5=7 2,686v}a) 116.1kg S Hsstg k. 8A 21
H4e 1075 248719 6500, iy &g 23.4°C
nEBRER 3.1~3.7mg/t Yy 3.4mg/t, pH =
7.2~7.5, 21 oty 10ppm & 47k Y& ARH
o}
Yo BRSO 245.6kg Wiy 91.4g, 1 Tl
39% BEBEEEES A 2.7ke(EBR 2TEDE B
43he] 154.51 kg fhf4she] 120.54¢0] HERE 4
o] FBHERE 1.193, 1HRER 1.1593% .2 FHHEA
At

HEHBEA A 87 21RYH 108 21HAA 62
PR Wiy 102.0 g sl 71 1025w EE 104.6%¢
Megrste] WHy 217.8 ¢ MAMAER 223.3k2 HEE
BEA A o] wol MBGE4EBRES H—, A
& 2.3kg) 143.4kg & F3, WERE 118.7 kg, A
BHA% 1.2080, 1HEEK 1.2305%% 7 o HHEH
o) BEBRRRL 2.7~4.5mg/l, T 3.3mg/l, &
s el @—% pH 7.2~7.5, qtEyot@ 10
ppm < #3314 o}

HETBE] A= HOEBE Aot Ze] 84 21H
Be 10 21H7t%) 6201 HIMBEAA KEA
AA = A4 & A se6uiel MEEE 64.4k2(FH
175.9 £) Seehed 121.0 kg (4 333 2) HES R
EAzeh, oldl M 1.8kg(LHERE 18kDE BE
she] 67.45kg 0 FKT ftisle 57.5kg WE, A
BHAR 1.173, 10 FHRELL 1.0344% Ak K
HRes HRE 59 A FA—siad=

% 7%

ol MEFHS Rl Bsted 2R HEA

4} Tilapia 8] e AT BHT ) 272 Lk
1. KEB

FEEEER A% fEY EENRE 9L ¥E
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EEEmRA B2/ Tilapiad HHE AETHER

b MR QA BEsdem gont, HEMA}
dE BAERERA A BRELEEY HEs H2
Zoly b grt

Kim (1980)- BHEBAMAE LA pilot FH
o RFEETRS ST @Ed oA 2 BRorATeE

o HRE ul glow, = o8t AY L HE B
o) S G BRANY WHE JARF
8- 3o (Kim and Lee 1981) o 7]of v}a] Tila-
pia & B4t o REKS HiFd A8 RES H
—3+-2 3+q uvl QoH(Kim and Kang 1982). 18l
#, o] el o) WEMY gl HEURREEER
ol A Tilapia nh-& 1546 2 st pilot HIBls iR
BREE & 29 A& ghZuel $E7F 87 o] F
1057b7 10ppm & 47k B RETIAE EEN
ol FELE st¢lvh. ol Stickney (1976)¢] 2ol
A5 Tilapia & oh2 Mol  Higsle] =y o]
BHEE EhPEe] Aiwte Eoa BRI vt —#HE e
Heolel st .

KEAEREE HI~ATTREN N 1.3~5. 4mg/
¢ Bz HiEsd o THEe FHIEA4 3.5
mglé, FEAmMNA 3.1mg/l, HABANA 3.7mg/é,
AR A= 3.4mg/l, 2B|T 5 B HEEAdAE
Tyt A7 3.0% S.4mg/l A KEHHeE 3
mg/e 3¢ FHEL .

Table 3. Ammonia levels checked during

the experiment

Total ammonia q

ater temp.

Date (opm) W s
July 5,1882 0.5 7.5 26.8
13 0.74 7.3 26.5
22 1.8 7.2 28.6
29 6.6 7.2 27.3
Aug. 9 10+ 7.4 30.4

Sep. 4 10.0

18 10.5 7.3 21.5
26 10.2 7.0 23.5
Oct. 7 10.3 7.1 25.0

2. fttazk (Green water)fiRl

WEAEY 9 ERA SFHRAA Jddd Wi
o} S& 724 AV \BES EPYE planktone]
Frkstx =gk o] Fe] A FHEE T el o).
285, oyl IS 413¥ = o] i plankton
o] Tilapia & Holz Ego| =eletx Hifsstg o).
#1-go) Tilapia & WAst7] o=l o] R$S &
Bz ool E —F Kostn dgen, o » o=l

BAET fEYY% planktond] 1w & A34] Tilapia
2 Weaded, K% 2~3H v Eo] B
A7 Astgoh 2 A, 4o v BARELRES
Fo]l & S H=g HASH] E4 plankton
EREEE HiRSlE = BEE 9. 23, ® 2~3
Hol Aube sbele]l Fol B H =AM, o]
HEE 5~6H 5 Fo] 20 HHE = =M 9E
Blige HEE X+ g, S Tilapia g
B KRS 713 BRRAY kEsd 9764 e
plankton o] Tilapia¢] &} A we] A w2l =
Z Mytk plankton o] HES HHAYE o"HE
Aoz AAHACE Lol o] MR Tilapia & MK
& Wy Y Hah ok R BRI EA
Bt onE of so] 4] W KRS K
16m3o] g, A& Hmse MEBREL 70.33kg3 0.
22 KB 1m*e oF ddkge] SF=LAeh o] KB
5§ Tilapia o) BEEBEATE £ HFEK(Green

water)®] #e Wifsls] 2k Ao ohds A
ik

3. fk HE ME

Kim(1980)0] utgl ulel] &b Tilapia fFl o
A B NEAMA A FE RECt 1.0 RSt
g, ol EREEHE HEEEAE BLE
9 AGHHET BRitstLe 0.9~1.29 = el
wheh o) ol fEAE M B L 20tRES] &JHE
&8 25%% Bistne 39% EHEY mREEY
o} o) 7 Tilapia & fk%hEe] dits] =obe A
+ Sslx, BEN HELY @Fd4% 1.1 324
FRREE BT & AT T2

4. B8 ME

Tilapia = RER ##04 EHsl=s A&z
BEA7I= BB T BEER A4 BESE dikst
£ Aol AF7A & Tilapia % 14 R &
M= Holes glvh. 23, ol FERMEEA A
E AL & HBREJNMNE EFKEELE ebd
o] glelvhe Bie HEY =kat dolzt st

AZAA = FHAHE A0 Z2E B
s BT FAH= ¢ (Shelton ef al. 1981 ;
Chen, 1977 ; Balarin, 1981, 1982), 7}52 % FAH
3t 2(Coche 1977), EEEMGe] Fijmtk(Taya~
men and Shelton, 1978; Mires 1974, 1977; Cher-

vinski, 1964, 1965; Avtalion and Hammerman,
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1978; Bardach et al., 1972; Cross, 1976)% =&
R\ ol FolA A ek, zdd, o] Wl KA H
mE JaMEAAE ol BEE 23 I ¥
= REH Este dol £ dolviA oigket. of
e ARAol 198244 78 o1& BEAATHR
CRER)AZ kA= BN #Este Aol o
k. o, ol F &R+ —KE EEEe A%
o A EX EMN sl Qo) o] WESE WME
e & FAERHAA BHESL gPonz(RER
ikt 213h) Tilapia o) BN BRERTAA
= HEMOE o] Foid 4 &% HHET + ddd=h

5. WRR(EMDS FE HFR

HEN A2 #h, el AWELEY BHEA
AE KBRS A Boh 2L ZldA 2o
BEEEz RES kEsd @Fcts He] Al BR
Bl R E A EolA At «eiA, 8%
BES oy do] EEZR BHEel HERE.
BT kamELt s BANEE BERo s 2R
sl o] oS SHholdh. 1A, BEEEE H
MERS s na, o EMzste FHLeE
TRER S WEs wrl2 3

o] HEHEIMH 1m2e}l oF 15kgo]} Yisld &
FS GRS £ 2-SHBE A BEHKERE Table
48] Jebd gk, o] el oetwl F 2HRBRESA 1
m2} 15,677 ¢ Yrzsstel 32BM FikE 26.3°Cql
A BB EE ST (Tm?) 10 FH 2,376 BE
slgeme 2] et 4] S 2008 of JREBE &
gLk AR e B 475.2kg o] o] wIARS
A, = EEBEBRK =t BREAE A £d 365
B f\Eachn Adshd 867.2kg ] el WEEH
Ak, o] AL 1m2 o} EERORE A Abshd 200H

e

67.8kg, 365H L 123.8kg 2 ).

7L FrEo  fwd 2 FIREY HEE Y
=t} 1HYEH 6.206kg gl o ® 20004 = 1241.2 kg,
365H 1= 2265.19kg 02 5 3,1m2F2 200 Hd|
= 177.3kz, 365Ho| = 323.5%g¢] szt 4
HHBESY &RE Y3 20000 398.4kg, 365Hs
727.0 kg, 1 m2 22 200H ) 56.9 kg, 365 103.8
kgol i HFSEMES MR W= 20084 382.8
kg, 365H6] 698.61kg, 1m2t}r 200H| 51.64g,
365H 99.8%z2 2 o}, o] &Y FiHx|E RH,
B =5} 200H0) 524.4 kg, 365 6] = 1,139.5 kg ol AL,
1m? 38 200H ] 89.1kg, 365F 6] 162.7 kg o]t}

zelx, e WABERNR 21 1mg 14.9
kg ol A 26.5kg AR, ol & T REE 26.5k7 8
R I HRRTH: m2l 40.7kg (Table 2)7+7 =
2 F SHREAD A AHDES BRRBEERER]
Z7 0.8776 Bl 2.7%%= b4 F& HEEE e
dernz oy HRAMAY SRR BERE
o2 WRH AT ey #esHA godd, et
A EIERES KMoz sld EEW £ES HEH
A= Eohe e T2 dd. [, o4 gt
A F & Ee SF KB 214 =& Fiy 28.4
°C gvh S 7otetd ok 3ot HI, BABEAE
MRS §l=Ink 4E0 2000 =v 2 DlE o=l %k K
& HERpelrlol 48 Aelnz, o8 2 BEE A
et sl = 8] viebdlAe BB KEREL olxn-)
wg shEAe] itke Bolel. zE v, EEREK =
EERIAE FET & Jod BRE 39 HEE &£
it 3650 WAIAIA LEHEE € = AL Aok

23, HIEBREY HRETRYA 1m3 40.7
kg WEE olul o] KEES] FH 0.6m Yrgon
2 1w BEE 67.8kg4) sl o] EE=
Hige REMEE ZE BRRX §FE%04 Q& 1

Table 4. Space effect analysis of the rearing results of those initially stocked with 15kg

per m? or above

Initial density(g)

Daily gain(g) Calculated annual yield(kg)

8 §rowthMean c .. Daily
2 tio Waler .o tank per average per per for 200 days tfor 365 days growth
A (days) tgélép)' of 7m?  m?  fish tank  m? per per  per per r(%/te)
size tank m? tank m? 4

2 32 26.3 109,740 15,677 25.9 2,376 339.4 475.2 67.8 867.2 123.8 1.216 1.6591
3 16 28.4 185,800 26,542 45.5 6,205 886.5 1241.2 177.3 2265.1 323.5 0.878 2.7121
4 65 23.4 116,600 16,585 43.2 1,932 284.5 393.4 56.9 727.0 103.8 1.193 1.1593
5 62 23.5 104,600 14,942 102.0 1,914 273.4 382.8 54.6 698.6 99.8 1.203 1.2306
Average 25.4 129,185 18,436 54.1 3,122  445.9 524.4 89.1 1139.5 162.7 1.1237 1.6903
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EHFERERAK ¥ 27 Tilapia®] WEE SR

I HBRERTHSE 500k B 1m2} 71.4 kg, 1md
 119.0kg ol & KEsl=nt zel= Fogfkmel BEF
o sigElm, = MBETE ofFsl BRRel W E
e R BEST oz of BES FrA
= EBEE JE 4+ drkr BER

BEE BHE 7 9% 712 BR2A oW RE
Fi%E BEBRE2YE 1A E FfAsd s 2 BEfe
FHE 1< B4 A el Bely Rl Fx
% BEE avet 1m? g ke AE ol B2 ¥&
DES WEstg 7] WEel, HRE 5 9 6% 1m?
% 15kg 7|mke] SRS HRSIG o, = HBE 4

b 2L el Blgs BadA BRI A Eeld

Table 56l 41 3R whsh 2o) MPEHEY X
Bz b =F IS ARGA EME REN
e 20002 A3k olRAL 5A%H W0[7A9

1843 4~11 7] g 16HE2 2 HET A
olel. a4 HERE 2414 474X)9) W ag T K
R 15 3,5244, 200H) = 704.9kgo] &) s}
o, ol PRl FHAT BR £ s¥=d =¥
g A A ea kel 5,630k 9] fidkEEel =+t
o] B HEE 39 1m?w 26.5kg Y4sle 84
e} BAKEER R4 252 9,929 kg o] w]Eld
AL ok 57% el s B=lx gon, ® WA 1H
BRER] 3.5kgolaz AF7txe] o] HRMA A2
HERRBEe R 3ot KEEEHAY Efz Foix
\E7L JHA e BEER A

53], o] BHE AAR &Y zrlc vzy ¢
golo]lA Bl Z zlof wlste] iR “%%k%
ojv}, ¥ ¥ AL {HHFE A= 2 WBREBET
olwEch 2% ZolEE REHY i A
2 Hifes o

Table 6& o} 4R 5,630kg% Hfz A i

o me N P>

Table 5. Estimated yield, to be used for the economic calculation, from the culture system
consisting of 8 tanks based on the results of experiment divisions 2-4

. Initial Growth Mean Daily gain Calculated vield
Division  stocking  duration water_temp. obtained E.C. for 200 days* (kg)
(kg/m?) (days) QO] & per tank 8 tanks
2 15.6 32 26.3 2,376 1.216 475.2 3801.6
3 26.5 16 28.4 6,206 0.897 1241.2 9929. 6
4 16.5 65 23.4 1,992 1.193 398.4 3187.2
Average 19.5 3,524 1.102 704.9 5639.4

* Assuming that more than 200 days a year, from April to October, would keep water temperature
above 22°C without additional heating under vinyl house protection.

Table 6. Brief economic calculation for production from the system of 8 tanks based on

the estimated annual production of 5639 kg (won)
1 unit 10 units
1. Income (Safety estimate) 30005639 (kg) =16,917,000 169, 170, 000
Current price 6000 X5639(kg) =33, 834,000 338, 340, 000
2. Cost

Feed 550X5639(kg)X1.1(F.C.) = 3,411,595 34,115,950

Electricity 35X1.5(kw)X24(hr) X365(days) = 459,900 4,599, 000

Depreciation (Facilities) (Annual) 15,000, 000X 1/10= 1,500,000 15,000, 000

Maintenance (Annual) 1,000,000 5,000, 000

Fuel (Wintering) 500, 000 5,000, 000

Wage (1 person) 300,000 12(month) = 3,600,000 18,000, 000
(5 persons)

Miscellaneous 500, 000 2,500, 000

Total 10, 971,495 84,214, 930

Net profit 5, 945, 505 84,955, 050

If the present price of the product, at least 6000 won per kg, is adopted, net profit will be:

22, 862, 505 254,125,030
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W) A KM FHES @ & Zolvh FiE] Tilap-
ia (EH#S keTh 6,000 o4& EFH wE F 9
A5k, WK ol woldAl kel AT do
5k A 7o) Aoba] 3,0009.0.2 FHAral nA KK
A 16,917,00040] 1, fHHe F.C 1,18 =343}
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