BSPE 00147 —264—3

El2tu|ote] 7k EFEHIN FIEEO| BESH M
Study on the Development of Culture
Technics for Tilapia in the Sea Water

1990. 2.

it B B 4% 4 AFF 2 e
B M RO



1 g

~{a

Agarsg Ash

£ RIAME ""etujold) 84 PAE o] BY AT A
NERINT AEYIch

1990. 2.
TEATHY : 8] F ¥ (FESE d+A
4 F T ( "
o] & A ( "
9 oA 9 ( "
& 2 7)( "
A F A "
83 3 F( "
AFZY ' x F OZT( "

N N Nt Nt N N S N



Y

(L AF: dzlory gjg FAIIEd AW AT
II. &7 g 53 % §8%

AT FEeeld A BAEE  SAE AAFES 00o9nEH,
200083l AHE BAFEOl 42001 E)] o] F ALER FFEH L 4P 500
CUELE T Ao]E Kol Urt. EY 4259 FUIE AgeAtEd oin
FAE ST, A8 FUT DAL AJE RFoE AP ¥} BHA
T2 Asto] At oY B A2 FAaEHO T3 len niEtd EE
H713 21Y AE7E o] Fo 2] XY B¢ A ot 1 Aol 17 =
Ao g Az Ak, di{Y, Y9goldE 200308 BAFY LEE AFHY
2000dc) FAHE A% HEE oS T AF orh.  wEtd FFHA
Ay & 279 "Feogrdld "TNEE od"ez9 HPo] AFY
TAZ HFEHI Yk ol ol fF wiFol T o7y 53], 43 s+avt
F7MEa de RFFY FH 7€ Lol FaF FAAZ OiF Hu e,
M2 GA EF Mol v ol AT XA otk deEl|ole 244
griolFos 8342 w3 I Al 53 gEHf ol A HIde
O]FoE2 AHAY LA Jlgol ML E BF Nt H4EE 1eerld
Mol ZhFe] AMET A njo]§ TAA} H JAAY W WA LA
Hgo 2 wEsEe 2u4E o]&3to] FAo] Jhedielet wedcrk. & dF9
532 detmlole] sig AMFo) M AE Hojokg s T1E 3 BRIRH
HEYE uet 3lo], & FE MEE N Y TR L sl

71228 € AF sted Arh

oz



HI. a7 W§ 9 H9

& Aol AgE "elu|ot: Oreochromis niloticus 2 %QO!W =99
o2 FE 234 Al 1 A AME olUdct.

e A7 Fa W& A AR JMe & AEN A, AEea) A
M9 HEEo oY WEE B, FFEAC ute MHeeR] @ A a3
AELH A7, SiseAd uE HRH AFF on, yF JEE 2
HHe2 ZZE  FIed FAHE FUrh tidold AV Ry B
2|2 RE 257t Y 1 - 2 Alojg I et

V. d7d @3 9 &8 Ui A9

1. sieE2AY

detrjory] Sig(dEE)ol oY i8S dutdor die w2 ZAoR
dHA  Ark. AR L4 ZITAY WE(48hr-IC50) S 17%E wiaH
S wol ot AR dem olBolME 22 - 2% FEE ¢HFP plateau
level(B¥ Zel)ol =¥ st¥en, 95%413 HHe 21.7-23.5%°I A ch.

e s £AAFF NesEE 2Eln ZF SAE €20 vehte
AHEEE ZAE AT Ao (R}FE WNY)e  10%00A4 100%S BEE&E
vl ent 0% 0% A¥FAME AH 91%, 81% NEEE
vrehgich. g3, ZRTAC uE AT oy #E 2P oA
HEEE 2%/day2 F7MI AT A MY FolN 100% HESS
LFERARITE 213, sieold 218 "detuloldldE ortulRA o)Aty
HH Z(chloride cell)9) &¥E AAY £ YAch.

ii



2. SAHEAY

FE =¥ T2 BF ¢AE #FoM ASE AR 1gngre
2101 E e F 150 4T AET 4 10% dME g B2 & 8%
ZIE vEhigch.  ©E, 0% 0% Haold A8 ANES tha B
APGE(20-40%) & R o, Holx AHI FET HAE &)

T, BRCAC ulE SeAEdME R MNF 2.0golA XA Ao
271 AF Tg ol HAYR MAATE FL BEESG =& g
F8(75.3-95.4%) QW Atg Al4(1.32-1.41) & viepdRlch  uwlelxd 88 27)9)
TR A LA FB2BE FAY B S HeElyope s A{o] Tt
Ao g2 gzt

3. AERHAT

ol A 670U AMSR "EtElolet oA TR RS 28T o+
B =AY WFe BAT A A oyt giRen), Fgolulxitel
g FE, A, A T F7AY PYFE A 2017 AAch

JEE Bt A¥Y oK JETY 20l 47 AMAE AFY BE, F
fel otnleil, ¥k JVEY, 4F010FH TS WALAIPE, T PFE
ZAMEEL, ohEE 23 FAY ATHA BIHE ABHA texturemeter E AMEBic
0] vlg3 sicl,

e

4. EXEHAHAT

 A¥AAME #ie AR vEhte A BT ikl ¥HEFTY
NasxEe H3g HEN & 27 oM A+-2 HR{ee AFENA vERrs
T2 AF) YR T Nas=e SAT S7/HAEF ARE0] 2ldell ulel FBPU=

iii



NEEE A # dAHEe AE #AY £ ANk ©F MEAA A o}F
E38] Na, K 9 o5& Na/K*ATPase®] <@ 2 WY IAE 21 U} ¥AF
KT BT FAol HES & 23 A AEF LA €] YA Ks =9
A 4e€ vEMUh oy AIAE njFo] FoE oRAY
<=2 mechanisemE B3] HY37] st HUY ARV Ay ZHez
Atggrch

¥ hematocrit valued WIANME sHee2] AFolM el dulE &
+ AT

ol A7 FAAER tilapiad e €2 AEY e AYAF
TFERAM EIGPROE VUHEE £ A7 AFAE E2 A AFAA,
538 wAL SHiSE 18T AME AJMAAMY Al AMEE AAFE R
ubgz sk, Lotz € ApolA EAAHLE AAE AERH 24 W o5 &2
HA  Lehhe 1A Esto] oy Fokd AFAHA AFE FIA A
&3] 38 oA LeElLE gatu)ol 9 si4 A2 mechanismg A4S Wi or B
Ao g peEct

iv



SUMHARY

1. Tille

Study on the Development of Culture Technics for Tilapia in Seawater

2. Objectives and Significance

The fisheries production in Korea has been stagnant in recnet years
owing to overfishing and destruction of coastal habitats by pollutant
input. In addition, the loss of oversea fishing grounds due to widespreed
of EEZ by coastal nations also took a part. Contrastively, the demand of
fisheries protein has been ever increased and about sixty percent of the
total pretein has derived from fisheries in recent years.

With the rapid increasing of national income, on the other hand, the
_demend of high valued fish is also increasing and expected to exceed the
supply soon.

As a solution to these problems, fish farming has been recommended and
studies are being conducted for the development of fish farming technics.
Likewise, the empahasis should be paid to find new target organisms for
fish farming. -

Tilapia, a warm freshwater fish, has been introduced in Korea a decade
ago and successfully domesticated in many freshwater fish farms. It is
known to to tolerate wide range of water quality as well as salinity.

Thus, there is a possibility that the fish can be cultured in seawater when



the proper technics are developed.
The objectives of the present study, therefore, are to investigate the
physiological and ecological characteristics of tilapia, and to provide a

basic information for the culture of tilapia in seawater.

3. Scope of the Study

The first generation of tilapia, Oreochromis niloticus, imported in
November 1988 from Germany, was used in this study. The fish sized from
1.5cm to 25cm were used in the study.

Since this study was at its initial phase and no study on the seawater
culture of tilapia has been conducted, efforts were concentrated to
understand the physiological characteristics of the fish during the sea
water acclimation. In addition to this, the ability of growth in different
salinities, nutritional values of the fish and serological responses were

investigated.
4. Results and Suggestions

1) Sea water acclimation

The tolerance of tilapia against the abrupt changes of salinity varied
depend on the size of the fish. The early stage of the fish sized 1.4cm
showed a 48hr-LC50 of 17%. When tilapia grew up to 4cm in body length,
the 48hr-LC50 entered into a plateau level of 22-23%. The 95% confidance
interval was 21.7-23.5%. The 30-day old tilapia successfully survived at
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10%o, but their survival rate were 90 and 80% survival rates at 20 and
30%., respectively.

When the salinity was increased at a rate of 2%./day, no mortality was
observed at all experimental groups. It was noticeable that the number of
salt cells in the gill filament of the sea water acclimated tilapia

increased greatly.

2) Sea water culture

During the 150 days of experiment, tilapias acclimated at younger stage
recorded a higher growth rate at 10%. The growth rate of tilapia of 1g
was faster than that of freshwater cultured fish. Even there were some
mortalities of the fish, they were able to grow steadly at 20 and 30%..
Therefore acclimation to seawater should be done as soon as possible after
hatching in order to obtain a better result in terms of growth rate, food

conversion efficiency and index.

3) Nutiritive value of tilapia

There were no marked differences in the concentration of minerals,
water content and crude lipid in fish muscle were observed between tilapias
cultured in sea and freshwaters. Yet it is recommended that more detailed
comparison in term of nutritive value as well as concentrations of free
amino acid, nucleous acid and nitrogen compounds in the fish muscle should
be determined. In addition, texture of the fish muscle should also be

evaluated using a texturemeter.
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4) Serological study.
The fluctuations of Na and K in blood during the acclimation
showed same pattern to catadroumus fishes. At the initial stage of
acclimation, the concentrations of Na and K increase d abruptly and

gradually decreased thereafter with time to its normal concentrations.

5) Suggestions

1. This experimental study strongly suggests that tilapia can be
cultured in seawater. Therefore more detailed study should be conducted to
understand the acclimation mechanism of tilapia to seawater before the
initiaiton of the commercial scale culture.

2. Since tilapia is a warm water species, it is necessary to develope
the wintering technics.

3. The feasibility of using the thermal effluent from elctric power
plant should be studied further for the culture and wintering of the
tilapia.

4. For the stable supply of seeds of tilapia, the hatching technics

from the seawater cultured brood stock should be developed.
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VA W Y FolPolM AEsle] g e SAF duiejy
goj=A Boisly] T WP BrHE 2dME Taold ASE A
(MZ:577.5 +71.7g, AA:29.6+1.5cm) & Agstz 10utely] 3749 €217
roich 2t ALE$Y) JBEE A48 ol gste 10%/day, 5%/day,
2%/day BEE  FIMIZIEA €3N vEhte ARg #Asich
Autr oz s HolE Holg o3z ong Mol 4] sk,

-7 —



Table 2. Initial body size of tilapia at saline water adapation experiment

Growp Body weight (g) Body length (cm)
E 1.2 +0.5 4.5 +0.6
Fresh
water F 7.9 +1.2 7.4 +0.4
G 17.5 +4.3 9.5 +0.8
H 1.2 +0.5 4.0 £0.6
Sea
water I 7.9 *+1.8 7.4 +0.5
(30%5)
J 17.0 +0.4 9.4 +0.8

3. QM EZ(chloride cell)

© o] AHgE FAoE ¢ 15943 dMeeE AUF 0% Mol
3P AFE( MF 240 - 260g, AF 24 - 26cm) MAH o0, o]FQ o}y
Z2E 339 Bouin's Yol 1 F paraffin W& TEo] hematoxylin-eosin
Loz A, canadian balsamo. 2 mountingdle] 250uje] F3} WnjHog
#A3tA et

404 85 A% AY

1 sieen 7125 4% 87

Yehrloly s A1RE 4ol mAE d¥E WA sk
AEEY, HFUAY A% AP WA

AEEY AFUHA AR FAoe AFa0A  UolzRe ¥y,

--8—



A7 Ao(F2F 0Y)E AHESpon, 2 HFL & gk,

Algol AHgE "eEtu)obe 50 2 f2l 3ol YA 2utelt A 1ui2]4] single
pairing A17]31, 2511°C9] $0lA airationeo g SE44AE 6.0mg/ L o)A
2 A710 ARk fE3Rch

Y&Hol T G0l wAHE FA 4,48 2H2YA el A ok
FHE FEINUCE T2 ¢ dFY WA 0L F B3R zlojEg #©
3to] YW R e 7|7t HUE on2HE ztol§ Eelstel 2502 /)
FxoA  AHo17] AMFAEE HAIBIRLE Ato}r]e HolR& R artemia
FA8H 21017 271 BARE 01 &3t -‘1'101 AE0171E AAIBIRALL M =3
© 1A sLsAUL

2.  AEEol mE Sis &A%

oF 3093 AAHAEE AN ARY ANE Ahste APolM JAFV Wy
of wel Ztztel AR JEROIM % 15U 4 SRS AAHAUC)
aeln €27 $8¥ AZY ANE TARE F&3 7 $2o) vt
¥ $8¢ the, 15007 ¥ ASUY LS AASACE

ASAY) AHET AAE MZ 0.19 - 0.25g(FF 0.21g), M 1.1 - 1.6cm
(B 1.37cm) 8] HARCH
AE71DEQG ARE A oiPAE(Table 3)E 1€ 2 - 332 o] A
e Fosigen, A% 7B F AT FF L Mol MHHE B
AEFe F7HE AFATE. TR ASAYY Az oixiuhgde) MF, AL
AR, WY 184 MFL AFstel 3B AUE vizPESPTE. T2z
Aol Bk AMES HIBVEE MF(x100/MF(en)® o goB BAsY
Bkt et



Table 3. The proximate composition of formulated diet used
for culture experiments

Ingredients Contents (%)
Crude protein 39.0 - 43.0
Crude lipid 3.0

Ash 15.0 - 16.0

Ca 1.3- 1.6

p 1.3- 1.6

AR RAL RE AZYOE BAst] ANSUL, BUHIN F5H0),
AZHFER), YTITFE(E), ARASL ° ARALL Al o3l
Tk, |

F396,8) = (I + W3 ) - W,

19 B8R, %) = (1 5’9,\,—"-‘“— 1] x 100
19 S8, %) = Rx (

RA2AC) = B/6

AZEE(%) = (6/F) x 100

Wt ARAZY $FRE)

W AYFEAY 2390

Wt AWE Al 23%(g)

N ot ARSa(Q)

P ARTIR()

AE7IHE A2 &7 5.2 - 6.5mg/ 29 ¥EE /X153, pie 5.5
- 6.7011 31, NH, - N= 5.61mg/ 2, NO, - N 0.36mg/ 2, NO3; - N& 1.26mg/ ¢,
a2l POy - PE 0.99mg/ £ o]3te] FE & RAISIrt. ¥E ZZhe] AP
AEEE 42 10%, 20%, 2213 0%E AFHEE AH&3td [2]AR L.



3. ARTAC ME NS

BAYAZL ThE AMTOl BT B4 SFolHY PRAANE wlmsb)
Astol Table 4 o 2 AMTE Adstel AW NY ARUYE UNVF
TR st FW 00U AR AWE AAskEch. AWwY A %
7et AHR2AL AYH FLATE

Table 4. Body weight, body length of tilapia depending on the growth stage
for fresh and saline water culture experiment

1st. helf exp. 2nd. half exp.

Group

mean mean mean mean
body weight(g) | body length(cm) |body weight(g) body length(cm)

Fresh |E 2.0 4.5 20.5 10.0
water | F 10.5 7.5 51.3 13.7
G 22.5 9.5 101.8 17.2
Sea |H 2.4 4.1 15.3 9.3
water | I 9.3 7.4 45.3 13.7
J 20.0 9.5 91.4 16.5




ANEEE, @Fold 6L AASTE A T(F) 2 sH(30%) oA 61Ut AHET
AYT(S)E ol gty e, o §F THFES MASHY chopersE vpaft ¥,
-30°C 2430 MA3 Fi Ag AMEIIHTE. A A& MF, MAF R
AH&717H2 Table 59+ Zth.

Table 5. Body length, body weight and culture period of tilapia used
for taste compound analysis

Culture period(days)
Sample Body Body
length weight Stage I Stage 11
(cm) (g)
0 % 30 %o %
F 21 - 25 215 - 240 180 -
B 20 - 23 210 - 230 30 180

% Salt concentration of culture seawater

2. UAWEE, EE 2 ALYHAE7ALRY FF

UYg S ol ulgl & AAVMEBRY, 2UHALS  semi-micro
kjeldahl®, ZA1¥2 soxhletd, &L 7AXNZI}Ho2 FHIIYL, H:Z+
Mohry] (HAZEEEe, 1980)o2 HAY ¥7124  (Volatile basic nitrogen,



VBN) = vlg&8 i ( BAREL#E, 1960) 22 22z 3 sdch

3. FgotmxAt 9 B71A( Ca, Fe, and P)9] B

Tgotul ke B Alg oF S0mlE MAYSHA 6N HC1 2mlE 78t YT
tHE 110°C9) sand bathollA 24X 7h=Estch. WA S AL ARAY
F oph 22090 7N  SFEAYLE2H 2mlE - Blo] ofnjiit
ZHE 4 71(LKB-4150 ) & &I 3R ct.

22(2%, 2 W )9 FY: ARCH(1985)el wrek A 10gol NAA
10m1E 7lste] EeoiR ¥ cha] A AL GlE shstod ESiRTh  Eehao)
gyoz HAL 60% FH2NT NS L g TYW TYEAE 10n
ANE A% BT g FR4E 100LE MAA TE, A U A9 BNE
Naz  surh.  ZEs 2e  2MNe =3 gA%e A8
Q217 (Varian AA-875) 2 BH8H5.00, & molybden blues] g (MK
5, 1982)0] o) WAL Inlol BRlEW GEELY 2nl, BALIEE
2 g stelel ZR42 Bnle ohE AYs) 0 Fol 650molA
FBEE SEsgon, EEEUSA AYHE AYstel FPsiuch.

4. Nz &3

MAA(HAEE, ND-1001 DP)E A8sto] A8 SHET vF S M zo]
oY LZ(EE), agt (AN E) D b BUE)E FA S

—13~
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off
o0))

D
=

T5d A 10°19) panel member& /g3t ZF FA019 THK W wiFKE
oF dmFAIZ Hehste] Mz, 3, zAP W FUPIE YA BHYPeR
B7kstich.

A44 seeald nE g5y ot

1. Hematocrit value

Tilapia®) si4 «2]A] vehs B2 A4S 5YHE ALY A3t
FA O E d0uel B (M F: 184.2+32.7g, M 21.4+1.9cm) At 250 ¢
AZtREIFZd 88 F, ARE FA93A] v YEHAA £ 25.0+1°CE
#2182t

AT d2F(EEP) S MU%/daysl dEEZFE O EE MUE/dayd
HEEZTT 71t HPSEE TEA 7 AYFAIA 4, 8, 12, 24X7,
a3 1dPHeE ojd  20i2]¥ AHA3te]  hematocrit  value(Htzh) &
S3stuch  Htg2 FA0lY  mEFHLRFE FAVIE NPT WY
heparinized-capillary tube(1.2 x 75mm) ol 2494 13,000 -15,000 rpmo 2
587t LA Ee)(micro-hematocrit centrifuge, Hanil HA-200) AI1F Ht
#( %) & FB3Ach



2. 3% Na, K 5% £4

H¥%9 Na, K =& 5337 H3t AP0 AqEF AL 2 - AT
g2)5te] &3 A1VF, 3,000rpme g 1082 FMEelAA Rotzl ¥HE A3
Eppendorf micro centrifuge  tube(1.5ml)el & high-speed micro

SR EE

centrfuge(IEC Centra-M)E o]&3t 13,300rpmeE 5% WA
-30°ColA S5 WEAA FAA7HR] L@

Na, K S5t 9AEF MY 93lo] atomic absorption spectrophotometer

e

(Instrumentation Laboratory Model - 251) ¢} air-acethylene burner& o)-£3}9
&3 skl
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1. dEx0 gk WiyBE7t

degjorel  dExol iyt 2oy A BREAE F48 5% (48hr-L050) gt
95% AP+ Table 63 2l

Table 6. Acute toxicity of saline water tested to tilapia

Size of fish (Mean) :
48hr - IC 50 95% confidence
Body length(cm) |Body weigth (g) (%o) interval( %o)
1.37 0.06 17.7 16.9 - 18.4
2.95 0.47 14.0 18.5 - 19.6
4.16 1.43 22.5 21.7 - 23.5
'5.28 6.49 22.4 21.7 - 23.1

gelujotoll thRt 2t AP TEAE WAL GE2 hh 2ol & vERUTE &
BRZ7] gANAE 4822 I0500] 17.7% FERort, dm Ol B & B F
22.5% M9 plateau stageol =dsle RO AlgHcKHFig. 1). Y=H|7]
tilapia & NIAREA Haol AU A EHol (Steinitz,1954) BHE
(euryhalinity) &) o2 <4#A Utk



48 hr - LCgg value ( % )

20 L

10

Mean body length ( cm )

Fig. 1. Variation of salinity acute toxicity value(48hr-LC50)
depending on growth stage in tilapia.



2. HEZO ulE ¢2NY

FEREF 0 oy AKAY FAolo] Wi A JEEY &MY Ade
Table 73} Rt}

T2 € A2Ygm A, B, C, D AEFY MRS 1.3710.23cm olN, AFS
0.06 +0.01g olict. #Mewx HEFEE ABC,D, 4 dzF(EeT) 10,
20, 30 %2 BT JLEE 2%/dayE NLFE MAFER Aoz
B 23 A(E) % B(10%) APEFAAMET 100%S) BEES RHor}
C(20%) AlETANM 9%, el D(30%) AP 19%9 ALE
LFER Qi Al-Amoudi(1987)9] ZAa}o)] 9J5td  Oreochromis%o o FEol
¥t BEAF 4 - 5g9 MHE YL seeR] FFNA vEhe AYES
HAEY A vy & A4 (euryhaline) & ZE F 0. aureus, 0.
mossanbicus, 0. spilis® VRES, BE GEEC] et} ulmA Uyol

FRFELS 0. niloticus® 0. aureus & 0. niloticus® Y Fo2
Bk ¥E HEEAE At oA AP nEE W27 - 36
%) 2 01FH FS, 27 AFY TEC 100%9) AP EE UEhiE AR Bn
st T,

A HAAHA FEAFAE B3I €, DAYFAMY rih9
AFgEo] vEhte AL 73 0UYF T o7l JejolM 873 @Ade] ug
stressol ¥ Ao g AIgEHY, FHY W8 Aol HFELYRFE 3AE9
apolof| A o Ao YWHOoE U2 A Qlch

E, FACAN uwE SR A Table 83 ek, FRAeANE
AYTE o] 8l4el] FRFEE 0%E st HAHOR 2%/day =2
7R 23 A HET EF 100%9 BEE&E vheEldich olekge ARe
FollX AEE =&Y AAAE Z Y23t W-§oln, Oreochromis nilotica®)

¥ A dee] e WYY FS 150% APME €207 e



Aog v st Lotan,1960). A, Kang(1986)ol &J5Hd 0. niloticus& 50%
AP FEE 17.6%)0 Y £&3AEW £Alol 13 A7 e, ol
ol AMF 0.5gx 3.5goIch. el AMF 6.7 AMAMTAME
26.3%01M T ol A AFeEY -2 27 Zhssidch uF
AAAA FEFVION ulE MEEXY P9 100%M5 (35.1%) o7tz €2
7H5 T, 150%(52.7%) #HollAd 50% 9 BEE&E el B astict
E9, Gaold AMgsiel 2aiHHel B4 £ E WY AL, YN A Boig

S3HA wopst Heste], A ol R RHE FtFHol FAHEA RIIRAE
Y, AE JFeE WEIHEE B AlF 580g BT oldl tiy s &2
Ve ALEE BUIst HytkFig. 2). AHEET, "ol F4)
N34 %) B2 &Y AYTY 10%/day =2 393 €217 AP FAME
A 70% o189 AMgE & VEMEERE A8y e b%/dayd $ER 6UT

#2071 Aol wigta sitkn g

=5 ppt/day
-~ 10 ppt/day
»—34 ppt/day

Survival rate ( % )

Exposure period (days)

Fig. 2. Survival rate of tilapia depending on acclimating
concentration of salinity.



3. dMIZS £

of7tu] A oMY Aol ulE FHM E(chloride cell)d] £FEE B
AR A8 sieolA MY AHET JHAY] ofrinxA & Hin¥ HIe
Platest @th. uitiol A FBARES WS LY Nallg Mol F4ax
o7tulg  ZA A HiE 3t AW LFT FYYHY Fx(homeostatic
concentration) § X184l ®r}l. ojw] Yo 2RE wiHd ALE HIIT
Aol oirtule FAMEQ Aojrl.  UREH o8 ojFolA gill lamellaxe *]F
Qg e AIAY A F(cartilaginous rod)& I FHole B gill
fillament2 FA=S drl. o] gill fillaments I} I FH 3IFHY
ARz o2 FAEO Qdrt. F Au|M E(epithelial cell), 7 T Feje
A M E(chloride cell), 2lx2 HYME(mucous cell)oltt. olF HMEE
hematoxylin-eosin ¥A& AR MEALS F2M o2 JAFD], WL rhh
2 Repoz JAEck.  BAYAA sHgolA AMET "2iujopd) gill
fillament AP RA A Ao g thee GMEI £EEO YeAE AT
2 ek BE  oF oprjul ®ytohi]et ofrbul wIHe] Gz (opercular
ephithelium) M E W2 Lo FAMEI} LAFHUCIT B 3= tHMarshall and
Nishioka, 1980) oletzre QJME7L wviM7I5 & &3 ke AHde]l 1930 o
Key and Willmero) €3t} #&9 o]F @ A7t AYE UL, Foskett et. al.
(1981)oll 2)3ta Sarotherodon mossambicus& sHS=oll 214170 ZHI HAHES
9 =7)7F Fot8ka, thA] G4 B AR GAEY £ 77 gadhe
Aog B3 sPch. oldY AJE Bu delzjord B¢ oMY &3
s AT Y Aol { uRAIRE obrluFolMY FME WEol
vl $a% J8e 33 AUrke AHE JFEIL Y EHolrh
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404 gRAY

1. siee27I1FY 8% vl

F3F 0Y AHAHEAD NAE FEREY  Rold ulel €217 AYEHE
15429 832 3E Table 7o) viERRACE

Z} YT HBE 10, 20, 0% TR TEIIIZIX] HxFom
FTEE MY AT AURP)AETAM M mL FEH(21.4g)E
Vel o0, B(10 %) AEFolA 18.1g, 12l ((20%) 3+ D(30%) Al 8 ol Al
247+ 10.8, 10.3g9} $3F & UEhch S €32 APFAM AFK
ST HTEY stressoll A P o] AT, AviHoE LI
£21712F9 Atg FHH A4S VERR] Qkekth _ia]:n_ Cet DAY
geT(R) e 10%(B) &21FolAe 70 - 83% 2 AAREE dlE ulxizx] Esh
0%EE AREEE BO=AL oMY €3 A&y 75 E&E &3]
AALSESL ek, §HE 2]0)71¢) iRl ulE Hol AEo)7]Y ol gl tiy
FAME WFo] 7tssicta wdch

PE, YUY HeeE(0%) S B AAH oz 2%/daydl FE  F7tol
o 159z €2)71RF HAEAHRE BBEAE e AAITE ol&3hy
v AYPYP AAE Table 8ol vleRHRCE

A2 GedET E, F, 69 BEMNES I 1.2g, 7.9g, 17.4g
olRen sHeeFA H, I, JHEFE 1.2g, 7.9, 17.0g2.28 AY JFUY
ZA0AM A7 Hol g8 @+ E, F, 69 AMFS 2.0g, 10.4g,
22.1g2 2 AtgAI47 1.16 - 1.39 HHoln AEHEX 71.6 - 86.0% 2 w3
FARE 8% A3 vERdch. 2 SiseTE 43 B3dEMF 1.9,



9.2, 20.080.2 BHAYTEL} vZA e A% AHRE vehich  aa
A% e AMTA HAYTY JBATHE ARASNA 1.28, AREEOIA
TI.7%9) BT A A% 83 EFE dehifch  olRe WYl

Table 7. The reéults of growth comparsion experiment of the various salinity
concentration during adaptation period(15 days)

A B C D
Experimental group (Control) (10 %0) (20 %) (30 %)

Number of fish 100 100 100 100
Initial Total weight (g) 5.8 5.8 5.8 5.8
Mean body weight(g) 0.06 0.06 0.06 0.06
Mean body length(cm) 1.3 1.3 1.3 1.3

Number of fish 100 100 91 81
Final Total weight (g) 27.2 23.9 16.6 16.1
Mean body weight(g) 0.27 0.23 0.18 0.19

Mortality |Number of fish - - 9 19
Weight (g) - - 0.5 1.1

Survival rate (%) 100 100 91 81
Increment (g) 21.4 18.1 10.8 10.3

Dry weight | Formulated diet

of feed Total (g) 25.7 25.7 25.7 25.7
Daily feeding rate (%) 12.9 13.9 17.2 17.5
Daily growth rate (%) 10.8 9.9 7.2 7.0
Feed coefficient 1.2 1.4 2.3 2.4
Feed conversion rate (%) 83.7 70.4 42.0 40.0

AR 201719 s 2] APA LEIRE  HEES stressoll A Yol
A 7E] @€ wWAR &+ e ZFAeln AgEHY, B39 73
Hold Hol ZAE0]7|7t o]FojA AT Hrke FRRIVIN seeAE
T¥s5lo] ARY FP FZ HBEAE €2 + e AFAE AASta Yrh



2. HEEE AMEAY

Qeluiole B4 AS FsAE BRI olrt Suj4E o8 HEAS
7€ 712 Ag RS Ystol M4 FEE 0%A), 10%((B), 20%(C),
%) 2 el 2 APTolA 150978 A& AY ZJE Table 9ol
LrERQ

Table 8. The results of growth comparision experiment depending on the growth
stage during saline water adaptation(15 days)

Fresh water Sea water
Experimental group
E F G H I J
Number of fish 40 40 40 40 40 40
Initial Total weight (g) 51.5| 317.6 | 699.6 | 50.7 | 316.4| 682.1
Mean body weight(g) 1.2 7.9 17.4 1.2 7.9 17.0
Mean body length(cm) 4.5 7.4 9.5 4.0 1.3 1.3
Number of fish 40 40 40 40 40 40
Final Total weight (g) 81.6 | 419.3| 836.0| 77.9| 370.6 | 801.6
Mean body weight(g) 2.0 10.4| 22.1 1.9 9.2 20.0
Mortality |Number of fish - - - - - -
Weight (g) - - - - - -
Survival rate (%) 100 100 100 100 100 100
Increment (g) 30.1| 101.7 | 186.4 | 27.2| 54.2| 119.5
Dry weight | Formulated diet
of feed Total (g) 35 136 260 35 136 260
Daily feeding rate (%) 3.60 | 2.47 | 2.19 | 2.90 { 1.05 1.08
Daily growth rate (%) 3.11 | 1.86 | 1.58 | 3.71 | 2.62 2.34
Feed coefficient 1.16 1.33 1.39 | 1.28 | 2.50 2.17
Feed conversion rate (%) 8.0 |74.7 |71.6 |77.7 9.8 45.9

MY 27 A, B, C, D79 BHAHFTS 4% 0.2g ol e, 0LF BTEMFTS
A, B3*7} 2.6g, C, D7} &2} 1.6g, 1.5go.2 A, B2t C, DFEc $& BFE

ERo o oy AP APl B 150UF7x] & A, 4.7,
_24___



46.6g, 32.5g, 28.1g2® BH(A%)NM g wWE HPE BT,
DF(0%) oM 7H8 =RIEZE vehiigict.  AY/NDE WEELE A, B7U)
90%, 100% = vlza E%koo (27t 86.7%, D7} 56.7% 8 AEE} 20%,
%2 TR C, DTFoNM 86.7%, 56.7% = A,B7ol vl B ArgE&E
CUERAITE. AY 711F QUHBEL BT 3.6% = sh@ wgon, AT}
3.43%, C7+7F 3.42%, D7} 2.99% 01Tt ALBAISE BEIL 1.O2ARES
B.3%) 2 7M8 ¥ ARAEEE EPon, AT7 L19(AEEE 83.9%)=
Bl w2tk AEE7M 0%, 0%IRW €, DFE XsEEO) Mz
AL 53] DT E AEALI 1LE(AIZEE0) 53.7%) 8 AETF 7Hg 3o
AR EEE VeI

o138 AA/E Kot 1g ui YelulolE XA ASY AL 10%0A
7V HlE BRE 718 = AR,

T AYAM g% #2017 ¥ AAE o old wlAex] @n HolT  ©us)
MT RAOE uRo] Hol, &XA1719) W si4E AelEde) ntE o)y
B -0l AW PFI AP F7E Ho| Ackd, Hgo] wyw
g HAE (10%) AR T 3ol Ex0e A2 708 £5 Az}

et vigt Fo] Yetulol: PP (euryhalinity) ) FEol Yy L5
€ 23 W WE] GES AT Foll ueldEe Hae) AY 9ge 27
e BF8UoE oo BEm Ytk 6§ B9 0, auwreusE 4ol
Weteny (Chervinski and Yashouv, 1971), 0.niloticus( 2) 3t 0.aureus( 8) %2
AFFE 7oA ARVADR £ HZ ANE RusUcHFishelson and
Popper, 1968: Loya and Fishelson, 1969). %+# 0. piloticusel ti3k
ol el AbSZATol e e gl ARolc).

4
e
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Fig. 3.

Growth of tilapia to different levels of saline water

(150 days).
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3. 8% <A RFASHY

HADAT THE AR B ANk Qe 4(30%) =HAE AY
Z5}E Table 100 vFeRY L]
AYAAA BN TFE K, F, 672 Qe 24 gENge 2.0g,

Table 9. The results of rearing experiment of tilapia at different salinity
concentration(150 days)

A B ¢ D

Experimental group Fresh (10 %) (20 %o) (30 %)
water

Number of fish 30 30 30 30
Initial Total weight (g) 7.5 6.9 5.4 5.7
Mean body weight(g) 0.2 0.2 0.2 0.2
Mean body length(cm) 1.3 1.3 1.3 1.3

Number of fish a7 30 26 17
Final Total weight (g) 1193.5 1399.2 846.8 411.7
Mean body weight(g) 44.2 46.6 32.5 28.1
Mean body length(cm) 14.8 14.4 12.4 9.7

Mortality |Number of fish 3 - 4 13
Weight (g) 3.1 - 92.8 230.5
Survival rate (%) 90.0 100.0 86.7 56.7
Increment (g) 1189.1 1392.2 934.1 702.4

Dry weight | Formulated diet

of feed Total (g) 1416 1416 1323 1307
Daily feeding rate (%) 4.08 3.67 4.86 5.56
Daily growth rate (%) 3.43 3.60 3.42 2.99
Feed coefficient 1.19 1.02 1.42 1.86
Feed conversion rate (%) 83.9 98.3 70.6 53.7

10.5, 22.2 gol¥ L, #|WMEEAFEH, I, J72 27 2.4g, 9.3g, 20.0go1ich.

AV 00U AHEAYPAS E, F, 6 A¥FE 2F BFMY 25.6g, 52.4g,

77.9g0.2 713 AL EAYFIE AgA4 1.09, A8HEE 91.7%9

HRAHAE e e, FAYH FolA At2ES& 68.9%, At2A4 1.459) 7+
o7



Az AFE Vel ol@ e AR AFEA] AYFAAE FUH
Vel H, I, JAYFOIA Z+2 19.9g, 47.1 g, 67.9g9 BE#AFE VEREAAL,
HA®| 7 75.3%, JABF7 56.6%, IM¥T7F 51.8%9 XAai&e
VERIRR, ALgASE 1.32, 1.76, 1.939) €A E ERch. ¥HE PYEELS
ARSI 97.5 - 100% ) BEEE VERALL, AFAETE AlME T7.0 -
82.5% 2 SFALETIt @EALE Tl vlEte thh 2 HESEE e Ui

a3 Agste] Az AYPFAA AZT ANE BE AP T2 A%
F29 A% UEE PF0] FUAE APE 90U AAIF F54E Table 110
VERATh ¥ AMSAS AY XA E, F, GAETFY BHEAMFO & Z
20.5g, 51.3g, 101.8golx 90¥ Ar&SsF 99.9g, 127.7g, 262.6g2%
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Table 10. The results of growth depending on the growth stage in fresh and seawater
during the 1st. half experiment(90 days)

Fresh water Sea water (30 %o)
Experimental group

E F G H I J

Number of fish 40 40 40 40 40 40
Initial Total weigth (g) 81.6 | 419.3 | 885.9| 97.9| 370.6 | 801.6
Mean body weigth(g) 2.0 10.5 22.2 2.4 9.3 20.0
Mean body length(cm) 4.51 7.5 9.5 4.1 7.4 9.5

Number of fish 39 40 39 31 33 32
Final Total weigth (g) 998.7 12098.3 | 3118.6 | 617.1 | 1556.0 | 2173.8
Mean body weigth(g) 25,61 52.4| 77.9| 19.9| 47.1| 67.9
Mean body length(cm) | 10.3 | 13.5| 15.5 9.7 13.8| 15.2

Mortality |Number of fish 1 - 1 9 7 8
Weigth (g) 46.9 - 62.4 | 270.8 | 70.3| 397.4
Survival rate (%) 97.5| 100 97.5| 77.5| 82.5] 80.0
Increment (g) 964.0 | 1679.0 | 2295.1 | 790.0 | 1255.7 | 1769.6

Dry weight | Formulated diet

of feed Total (g) 1051 2436 3130 1049 [2434 |3128
Daily feeding rate (%) 3.06 | 2.58 | 1.89 | 2.69 | 3.06 1.93
Daily growth rate (%) 2.80 | 1.78 | 1.39 [ 2.04 | 1.59 1.10
Feed coefficient 1.09 | 1.45 | 1.36 | 1.32 | 1.93 1.76
Feed conversion rate (%) 91.7 68.9 | 73.3 | 75.3 | 51.8 56.5

2 AYL FEEA Ae BAE 018314 BN Hee] Age ¥RF
AR 7N12FLS] FFE vay A3 GSHETIE 27 BFAF 170.7g00A
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Table 11. The results of growth depending on the growth stage in fresh and seawa
during the 2nd. half experiment(90 days)

Fresh water Sea water(30 %)
Experimental group
E F G H 1 J
Number of fish 11 12 12 13 11 13
Initial Total weigth (g) 225.5 | 615.5 |1222.1 | 198.9 | 499.2 | 1188.3

Mean body weigth(g) 20.5| 51.3| 101.8 15.3| 45.3| 91.4
Mean body length(cm) 10.0 [ 13.7| 17.2 9.3| 13.7] 16.5

Number of fish 10 12 12 8 10 13

Final Total weigth (g) 999.5 1533.5 | 3151.9 | 675.2 [1269.0 | 2642.9
Mean body weigth(g) 99.9| 127.7 | 262.6 | 84.4| 126.9| 203.3
Mean body length(cm) 16.7| 18.5| 23.6| 14.4| 17.4| 21.8

Mortality |Number of fish 1 - - 5 1 -
Weigth (g) 46.9 - - 185.5 | 29.1 -
Survival rate (%) 90.9 | 100 100 61.6 | 92.4 | 100
Increment (g) 820.9 | 918.0 11929.8 | 661.8 | 798.9 | 1454.6
Dry weight | Formulated diet
of feed Total (g) 877 1430 | 2432 693 1414 |2396
Daily feeding rate (%) 1.74 | 1.55 | 1.28 | 1.41 | 1.79 | 1.42
Daily growth rate (%) 1.65 | 1.00 | 1.02 | 1.36 | 1.02 | 0.87
Feed coefficient 1.06 1.55 1.26 1.04 1.76 1.64
Feed conversion rate (%) 93.6 [64.1 |79.3 [95.4 [56.4 |60.7
Growth factor 3.8 1.4 1.5 4.5 1.8 1.2




Table 12. The results of adults stage growth experiment between
fresh and seawater(90 days)

Fresh Seawater
Experimental group water (30 %)
Number of fish 35 35
Initial Total weigth (g) 5947.5 5462.5
Mean body weigth(g) 170.7 156.1
Mean body length(cm) 20.7 17.3
Number of fish 34 35
Final Total weigth (g) 10084.4 9096.5
Mean body weigth(g) 296.6 259.9
Mean body length(cm) 26.1 25.2
Mortality |Number of fish , 1 -
Weigth (g) 265.4 -
Survival rate (%) 97.2 100
Increment (g) 4402.3 3634.0
Dry weight | Formulated diet
of feed Total (g) 5790 5790
Daily feeding rate (%) 075 0.89
Daily growth rate (%) 0.58 0.56
Feed coefficient 1.31 1.59
Feed conversion rate (%) 76.0 62.7
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Table 13. Proximate composition, salinity and volatile basic nitrogen
(VBN) of cultured tilapia from fresh and seawater (g/100g)

Sample Moisture Crude Crude Ash Salt VBN
codesx* lipid |protein (mg/100g)
F 78.9 1.2 18.2 0.9 0.24 8.7
B 78.8 1.5 17.6 1.2 0.40 9.9

* Sample codes are the same as shown in Table 5.
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Table 14. Contents of amino acid in cultured tilapia
from fresh and seawater (g/100g)

Amino acids Fx B

Asp.
Thr.
Ser.
Glu.
Pro. -
Gly.
Ala.
Val.
Met.
Ile.
Leu.
Tyr.
Phe.
His.
Lys.
Arg.

Total 18.65 19.42
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* Sample codes are the same as shown in Table 5.
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Table 15. Contents of Fe, Ca and P in cultured tilapia from fresh and

seawater (mg/100g)

Sample Mineral

codex* Fe Ca p
F 0.39 53.0 291.8
B 0.32 64.1 309.1

* Sample codes are the same as shown in Table 5.

Table 16. Color values in cultured tilapia from fresh and seawater

Sample Color valuesx*

codex L a b
F 30.2 0.8 -2.6
B 29.1 0.5 - =21

* Sample codes are the same as shown in Table 5.
xx Standard values of L, a and b are 96.7, -0.1 and 0.3, respectively.
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Table 17. Results of sensory evaluation in cultured tilapia from fresh
and seawater

Sample Sensory attributes

codex* Color Texture Taste Overal
acceptance

F 4, 0% 4.2 4.1 4.1

B 3.9 4.1 4.2 4.1

* Sample codes are the same as shown in Table 5.
** 1-5 Scale: 5:very good, 3: acceptable, 1: very poor.
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1. Hematocrit value
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Fig. 4. Changes in hematocrit values of tilapia from freshwater

to seawater.
O———7 acclimated for 1 day in 100% seawater

@—@ acclimated for 3 day in 100% seawater
A——— A acclimated for 5 day in 100% seawater
l——M acclimated for 15 day in 100% seawater
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Fig. 5. Changes in sodium content in serum of tilapia from freshwater
to seawater.
————{] acclimated for 1 day in 100% seawater
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acclimated for 15 day in 100% seawater
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Fig. 6. Changes in potassium content in serum of tilapia from freshwater
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Plate 1. Gill lamella of tilapia in cultured seawater. X 250.
' 1.Chloride cell. 2. Erythrocyte

Plate 2. Gill lamella of tilapia in cultured freshwater.
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