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SUMMARY

I. Title
Development of the technique of polyculture and winterization in earthen pond

system in the Western South Korea

II. Results and Discussion

1. To determine the effects of polyculture of shrimp (Litopenaeus wvannamei) with shellfish
(Ruditapes philippinarum and Cyclina sinensis), shrimp and/or shellfish were cultured in
indoor circular tanks (3.14 m’ in surface area) for 24 days and survival and growth rate
and water qaulity were compared.

1-1. The survival rate of shrimp in shrimp+R. philippinarum, and shrimp+C. sinensis
groups were 93% and 98% respectively. The survival rate of R. philippinarum was 45% in
monoculture group but 0% in polyculture group with shrimp. The survival rate of C.
sinensis was 90% in monoculture group comparing 70% in polyculture with shrimp.
Therefore it suggests that C. sinensis is more suitable to polyculture with shrimp than R.
philippinarum.

1-2. The growth rate of shrimp was 104.8% in shrimp monoculture group, 94.5% in
polyculture with R. philippinarum, and 99.7% in polyculture with C. sinensis. The growth
rate of shellfish ranged 94.2-106.3%, showing no significant differences among different
monoculture and polyculture groups.

1-3. Regardless of low growth rate due to limited space and time for shellfish culture, C.
sinensis is more suitable to polyculture with shrimp than R. philippinarum because it's

higher survival rate in polyculture with shrimp.

2. In order to determine the effect of polyculture of shrimp with river puffer, high health
shrimp (HHS), WSSV infected shrimp (VIS) and/or river puffer were cultured in indoor
circular tanks (3.14 m* in surface area) for 5 days.

2-1. The survival rate of river puffer was 100% in all polyculture groups. The
survival rate of shrimp was 75% and 41% in HHS monoculture and polyculture of
HHS+puffer respectively, and 48% and 4% in polyculture groups of HHS+puffer and
VIS+puffer respectively.

2-2. This result shows that the puffer tends to selectively predate the virus infected



shrimp (VIS) when there are virus infected and non-infected shrimps at the same
space. Based on observation of puffer’s predatory behavior, the puffer likes to attack

on the lateral or rear sides of shrimps.

3. To make the same conditions (animal size and stocking density) to pond culture of
initial stocking stage, HHS and VIS shrimps of about 0.6 g were cultured with river
puffer of about 1g in BW and the effects of polyculture of shrimp with puffer were
determined.

3-1. The survival rate of puffer was 100% and that of HHS shrimp monoculture
was 93.3%. The survival rate of VIS shrimp monoculture was 88.5% which indicated
no mass death occuring in virus infected shrimps in 8 days after artificial infection
with WSSV,

3-2. The survival rate of shrimps in HHS shrimp+puffer polyculture was 76.4%. The
survival rates of shrimps in polyculture group of HHS and VIS shrimps with puffer
were 89.1% and 46.0% respectively. |

3-3. The result suggested that the river puffer tends to selectively predate the
infected shrimp when the high health and virus infected shrimps are cultured with
puffer. In addition, one puffer preyed on 18.8-20.2 shrimps during the same period

regardless of infected or non-infected shrimps.

4. To determine the effects of polyculture of shrimp (F. chinensis) with puffer and puffer
with other fishes, river puffer and flounder were cultured in square tanks (1 ton) by mono
or polyculture for 2 months and survival rate of shrimp and/or character of river puffer
were investigated.

4-1. For polyculture of river puffer with F. chinensis in indoor pilot tank, When
turbidity is high, F. chinensis was predated by river puffer thus all of F. chinensis
rearing in the tank were died at 8 days.

4-2. For polyculture of river puffer with flounder, It is find that river puffer has
aggressive behaviour pattern result in river puffer of small size is attack flounder of

large size.
5. For the implementation study of polyculture in outdoor ponds, two species of shrimps

(F. chinensis and L. vannamei) were cultured with river puffer in four ponds (1,600-1,800 m’

in surface area) from Jun. to Sep. 2005.
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5-1. Selected parameters of water quality (water temp. DO concentration, pH, alkalinity
and turbidity) were maintained to be suitable for growth of shrimp and puffer.
Concentration of nutrients (TAN, NO»-N, NOs-N and PO4-P), however, was 2-5 times higher
in polyculture ponds than monoculture ponds of shrimp.

5-2. Mass mortality due to WSSV occurred in monoculture pond of F. chinensis on the 52
day after stocking and in polyculture pond of F. chinesis and puffer on the 58 day. Early
harvest was made from the polyculture pond on 58 day and the survival rate of shrimp
was 4.0%. It suggests that the effect of polyculture is not distinguished when F. chinensis is
cultured with pulffer.

5-3. In the culture of L. vannamei, the survival rates of monoculture and polyculture with
puffer were 182% and 324% respectively, and shrimp productin was 0.22kg/m’ and 0.13
kg/m’, respectively. The survival rate and production of shrimp in polyculture pond were
78% and 69.2% higher than monoculture. This result suggests that the puffers may
selectively predate the virus infected shrimps and the transmission of virus among shrimps

can be delayed or inhibited by puffer's predatory activity in polyculture pond.

6. To compare with polyculture and monoculture, shrimp (L. vannamei), shellfish (C.
sinensis) and puffer (river puffer) were cultured as commercial scale in five pond
culture (13,000-16,500 m’ in surface area) from Jun. to Oct. 2006.

6-1. Water quality is maintained appropriate range to growth of shrimp and river
puffer but C. sinensis is affected badly result in salinity of seosan dokgok decrease to
around 15 %, since middle of the culture.

6-2. For growth of shrimp, F. chinensis was rapidly growth than that of L. vannamei,
disease was occurred on August 9 in seosan oji and on September 12 in seosan
dokgok. In case of river puffer, seed of 0.52 g show low growth and seed of 13.0g
was rapidly growth showing that average weight is 130 g.

6-3. Shrimp in polyculture pond was produced 3,000 kg in polyculture of L. vannamei
and C. sinensis, showed survival rate of 40.5%. Polyculture of river puffer and F.
chinensis was possible to produce on commercial scale against monoculture of F. chinensis
was all died.

6-4. Result of stomach contents analysis in river puffer (Aug.-Oct.) show that more

than 10% of river puffer feed shrimp and was infected white spot virus disease.

7. We surveyed the extent of damage by cold wave in culture ponds on the west
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coast of South Korea during winter.

7-1. A cold wave induce a mass mortality of mullets reared in culture pond on the
west coast of South Korea from January to February every year.

7-2. The phenomena has been occasionally happened in culture pond less than
about 1 m in water depth when culturist reduce the water depth for a sale. Most of
mullet died around the edge of pond almost.

7-3. The damage by cold wave was almost appeared in outdoor culture ponds, but
was not observed in indoor culture ponds in vinyl house maintained over 12T in

water temperature

8. For study of wintering potentiality in pond vinyl house (430 m' in surface area), redlip
mullet (two groups) and river puffer (two groups), major culture fishes in West sea, was
cultured during cold wave period of wintering from Dec. 2004 to Apr. 2005. Growth,
survival rate and water quality is measured.

8-1. Selected parameters of water quality (salinity, DO concentration, pH, NO:-N,
NH4-N) were maintained to be suitable for wintering and fishes in pond without heating
system freeze to death, but water temperature in pond vinyl house was maintained
around 12°C so wintering was possible.

8-2. For changes of weight, result of culture in pond vinyl house during four month
show that river puffer (2 years old) was decrease from 140.2+6.5 g to 121.7+28.0 g, redlip
mullet (2 years old) was decrease from 715.9+49.9 g to 596.4+60.5g at the end.

8-3. After wintering by pond, final survival rates of yearling and 2 years old of river
puffer were each 63.9%, 74.2% and that redlip mullet were respectively 96.5%, 98.6% so
that large fishes showed high survival rate.

8-4. For growth of yearling river puffer reared in different water temperature during
wintering period, 10-15C group in wintering grounds of pond showed that average
weight increased within 1.4-3.0 g and that of 20-23°C group in land-based tank showed
high growth rate of average 40.4 g.

8-5. Maximun rearing density for wintering of river puffer was 14 kg/ m’ (fishes body
weight per rearing water), that of redlip mullet was possible to 100 kg/m’. Survival rate
of river puffer reared in different density for wintering was 97.2-98.2% in 11-14 kg/m,
that of redlip mullet was 97.8-99.9% in 70-100 kg/ m'.

8-6. for wintering water temperature is 7C, redlip mullet reared in different density

showed that increased rearing density caused decreased body weight so that SGRW in
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100 kg/m’ group was -109.2%.

9. To study temperature effect of growth and survival for wintering period river
puffer and redlip mullet, major culture fishes in West Sea, were cultured during 3
months.

9-1. Final survival rate of river puffer, was 0% in NW group, showed 90.0-100.0%
in 10, 15, 20 groups and that of redlip mullet was significantly 11.7% in NW group
than 91.7-98.4% in other groups.

9-2. SGRW of river puffer, not show difference between results, but that of redlip
mullet show growth of 10.16 (NW)--29.0% (20C) result in rised water temperature
lead to decrease of body weight.

9-3. Condition Factor of river puffer was 325 in 10T group, 28.8-28.9 in 15, 20T
group and that of redlip mullet was lower value as 12.1-14.5 in the whole group than
that of river puffer.

9-4. DFI of river puffer was increased in high water temperature, that of redlip
mullet was 0.15-023g/fish in NW, 10T group and significantly increased to
0.45-0.63g/fish in 15, 20C group.

9-5. In natural water temperature condition (1.8-10C), survival rate of river puffer
in land-based tank could not expected, also survival rate of redlip mullet was about
11.0% at remove to wintering ground of land-based tank.

9-6. When fishes rear in high water temperature for wintering period, river puffer
showed increased body weight but redlip mullet showed decreased body weight. For
economical efficiency of survival rate, fuel expense during wintering period, rearing
water temperature of 10°C was considered appropriate to river puffer and redlip

mullet.

10. For study of physiological changes to cold wave hits and critical temperature to
survival, water temperature stress experiment was performed to cultured redlip mullet.
10-1. redlip mullet was received low water temperature stress that was adjusted
rapidly 1.0C to -1.2C for 50h. Around 28% of redlip mullet was mortality at the
temperature point of -1.0C in water temperature and all of fishes were died at the
temperature point of -1.2C.
10-2. Decreasing water temperature 10T to 25C, AST and ALT in plasma was

increased thus water temperature down to 0.5TC, significantly was decreased, finally at
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the end point water temperature was -1.2°C the value was stabilized to level of start
point.

10-3. For cortisol in plasma, was rapidly increased at 25T, 48h after start and
showed the highest level at 0.5C, -0.5C in experiment period. After that was showed
significantly low value at -1.2C in the end point but higher level than that of start
point.

10-4. T4, Thyroid hormone in plasma, was rapidly increased at 2.5TC, 48h after start
showed the highest level at 0.5C in experiment period. The concentration was
decreased at lower temperature than -0.5C. For T; was significantly decreased at 2.

5T, 48h after start. After that T3 was maintained low concentration at 1.5C to -1.2TC.
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we XF57 AF o2 sheetE turn over @Al o3 FAME St AFAU A A
o] 5] X3t v AdBoE FTA] HAvtdo] AlFsit.
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A3 & gViEsd s & Zxf

A1 A pilot AL S A+3lF BRI wozA}

HT dA A4 o]y AW o] H2 AFFAFMe oAF FL HF BRFHE Fgo
ZH olE 37y REAA FAE F3ld AHS JAST AMAAE FolEeE A=V
olfolxlxm Yt} B AP AL&H nlXZH(Ruditapes philippinarum)S ATA)E w3} o)

AFEA Z71E AUgel o 40m, Eol o 30m PEolr 2 Bt AFe] 4
Rl MG ot HEEYAE, 478U 5 o3k HABTh 7HR(Cydling
sinensis) & AWAZ AGH) AFZA Z71E A7) B0l L AF o 5anoln], WA
) - Wel(Pls) AR AF ol MA@k Holt HEHFAE, 4712Y4 5 A
S99, o5 ARE AL BA BAT A2 A% ASAE © FIEUAE 448
o2 ASFAFAN A3 A7 HE AG5Y) 2L JAFD 549 AR A
g 4 9t Ao BAA Uth £ ATE AWASEAOZ Aok AT BIARA A
£g % £ANNE 2AFOZA ASAF 2GR A3}E A B

L AR 2 Y

1) A9+ 2 43712

AE 717 20061 8% 14 RE 8Y 249717 24Y7tolm AU BANA +P=At 4
¥ 52E 28 FRP 98452(0 2mx0.7m) 107]6] Adel Al AR 3 30%)S 24
sttt AP 7= A9, vHAEH(R. philippinarum), 7FEH(C. sinensis) G5 2 Aj-$+ulA]
2, A$+7hRe Bed AUTE 2} 20e A

Table 1. Stocked number of shrimp and shellfish

shrimp 50 - - 50 50

R. philippinarum - 60 - 60 -
C. sinensis - - 30 - 30
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2) 434 %

Ago ALEE A= st ebo) Ak M (SPF, specific pathogen free) ¥ the] Al--(Litopenaeus
vannamei) | A AJ4+E Flolw, WA F1 A2 BW. 22.98+3.93 g, B.L. 120.29+8.88 m=
A A 50v)E]/tank A &3 Th AlAE S MR g S AT dEE At
H, vlA e HaEFF 2D AL BW. 9.14£252¢, SL. 34.08+2.73 %) 7RHE 607}
Jtank R 483} G 11, 717 BW. 33.64:9.92 g, S.L. 46.104.21 png! 7§ A S 30v}2] /tank
R sg3tch dotel e 159918 /m’ wiAge 19.1ve]/m’, 7HRge 9.6718]/m’Y
Az ¢4 tHTable 1).

3) AHSZA 2 AS R

Bole Al EPALE (DA 40%)2 A$EF T 5~10%2 19 2~33] FFsod,
AFSSE SRk AT HlSslA FR8H7] A8k, F2F(Chaetoceros sp.) S 2x10°
cells/mLe Fx7} 55 3de] 13 FF34AH. AMSF BEle 72HFY xR wepA
19 5~10% 33}t

9 54 2 AABR 24

TAN, NOx-N, NOs-N, ¢7lglx £42 3% 71702 B HITIZAE
2002)0l wie} FALEIY T A A ZAME COD, #31E, ILS YBEFTZ AW B FTA
., 2002)cl @&t A Y-

5) =S 9 AZE A}

N BEE L AFES AY AF 2 FEA 2AEIEeH A9 HANAIE Y

1) AA{F #2487

APNEL AFEFe It 2 JYE T A HFeAE, 7HREH 4%
o) H3s HYE FAFAT. FLL 236~280C Hgen, dREEEE 291~315 &
£ ¥5¥E 60mg/L 04S¢ FX3t4th pHE 65~82, ¢ =& 120 mg/L ]9
52 §x3 9 ch(Table 2).

.

off
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Table 2. Changes of selected parameters of water quality

hrimp) - (K philippranim) na

480 236278 23.6~27.9

Salinity (%) 29 29.1~31.5 29.3~31.4
DO (mg/L) ' 6.97+0.52° 6.94+0.56"
NH¢N (mg/L) 0.10:0.04° 0.06+0.02°
NO»N (mg/L) 0.03+0.02° 0.03+0.01°
NOs-N (mg/L) 0.61+0.20° 0.70+0.24°
pH 7734037 7724031
‘A‘(lriﬁ;i/“g;y 126.3£7.9 127.5+10.0
SS(mg/L) 16.4+12.0° 2314252

24.0~27.7

23.8~27.8

Salinity (%) 29.3~31.5 29.2~30.9
DO (mg/L) 6.27+0.57° 6.30+0.56°
NH4-N (mg/L) 1.26+0.31° 0.87+0.52°

0.20+0.13° 0.11+0.11°

NO;-N (mg/L)

NOs-N (mg/L) 1.03:0.34° 0.58+0.14°

pH 7.71£0.36 7.68+0.47

Alkalinity 18441666  170.6:60.8
(mg/L)

SS(mg/L) 16765775  136.6+70.5
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2) AA¥A

29715 QA zA}
24 zASQY. 2

=
COD, #3152 vjgAta

Table 4. Changes of selected parameters of sediment quality

My ol rr
k4
ﬂ.?‘.',
e
o
flo
>,
>
pray
ofi
fr
>
2,
ru
Wt
o
|
e
L
N
bich
30
o o
W

Initial ('06. 8. 1)

Final (‘06. 8. 24)

Tank

No COD IL Sulfide Hydrous COD IL Sulfide Hydrous
" | (mgOz/kg - (%) (mgS/g - rate | (mgOr/kg (%) (mgS/g - rate
dry) dry) (%) dry) dry) (%)
1-1 3.03 3.00 0.001 245 7.45 3.27 0.147 24.8

222

0.005

2.97 0.151

AEES v 9 71REae] BALS o)A 242 88.0~98.0% (B 93%),
96.0~100.0% (B 98%), A9 SZTE 92.0~98.0% (BT 95%)2 FE&&d & o7} ¢l
Aot v G GEZALS oA 433~46.7% (BT 45%)9] BEES BRIy, EFAIET
AME AF HAlste AdPxAdAM A& AFsA B2 A2 ZAEHJNG. /Mg
GEALS o A 83.3~96.7% (BT 90%), BEFALF T 70%e] HESS Ho APz
A vpA =] s A& Y RoZ FAHIAG

TEFhH A AFES AT DEARA] 99.7~109.9% (BT 104.8%), viA| g B3
AFSA) 924~96.6% (B 94.5%), 7H-2taHe] B-3ALSA] 97.5~101.8% (HT 99.7%)e] QA th.
Bl o] A9, GEANSA AFEL 99.6~101.8% (BT 100.7%), A-$9 BFAISA o=
< A% HASA 7HFEe A9, BEANSA] AFEL 941~9%4.2% (B 94.2%),
A S} B3rALS Aol = 1045~108.1% (BT 106.3%) AT A @ FZd A9 @77t Al 2

H} %]
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Table 5. Survival rate of polyculture of shrimp with shellfish

Survival (%)

Tank No. Exp. groups
b- groUP Shrimp Shellfish
. 95.0
1 Shrimp (92.0 ~ 98.0) -
) L 45.0
2 Ruditapes philippinarum - (433 ~ 46)
o 90.0
3 Cyclina sinensis - (833 ~ 96.7)
4 Shrimp +R. philippinarum 930 0
p TR prlipp (88.0 ~ 98.0)
. L 98.0
+
5 Shrimp +C. sinensis (96.0 ~ 100) 70.0
Table 6. Growth of shrimp and shellfish
Tank Date Shrimp Shellfish
l\all(: 81~ Stock Stock
T 8/24) B.L (um) B.W (g) density S.L (mm) B.W (g) density
(inds/m’) (inds/m’)
Initial | 119.91+8.69 22.7514.10 159 - - -
1
Final | 119.78£6.19 23.87+3.30 15.1 - - -
Initial - - - 34.41+2.45 9.48+2.51 19.1
2
Final - - - 33.44£2.71 9.55+2.44 8.6
Initial - - - 45.40+4.22 32.61+10.1 9.6
3
Final - - 45.00+5.04 30.61+7.94 8.6
Initial | 122.12+9.13  23.82+3.88 15.9 33.74+£2.95 8.80+2.48 19.1
4
Final | 117.07+4.22 22544351 14.8 0 0 0
Initial | 118.88+8.75 22.38+3.75 159 45.73+4.73 33.02+9.95 9.6
5
Final | 119.98+5.89 22.30£3.02 15.6 47.10+4.03 35.12+9.58 6.7
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3. 8.¢F

7h. AWl 28 FRP 93 FX(2 2m, 314 m)ol A A+ AfmiA, 7H2ehE @5 &
L Bgos uA KT F 2 B 42T 4FE +A3 AA B8R viwst
ok,

.

= A

K
T

£23.6~28.0C, G+ 29.1~31.59121, pH, DO 181, &7l = FX=olA
HAUAE AN

B 4
N

Lo

o -{}

4%

o Ao AEEE HAY B T BRARSTlA Z2193%, 98%, A+
= B%E BEE Z Aol7 AU HiAH L GFRAST AN HE 45%9] AEEES B
Ao, BEFASTFAAE AF HAste dPd2dAM FE HEGA ¥ R
HA 72 @EASTFOAA 90%, EFAISTOAM 70% BEES B AP2AAN
v ol W) Y Eol FET AoE ZAHAG

2. FFHH A AZES A GEARSA] Hd 1048%, wAFH ] HFFALSA]
94.5%, 7H&# ] BHASA99.7% Atk viA g el A, GEANSA] AFEL 1007.%, A
¢ BIAFAG e ML AF HALSIATE JHFEe] F9, GEANSA] AFES
94.2%, M52+ BFAREA & 106.3% AT

b £3F2AMY GG AFOE A % wg—% DA ¥e Ay HEEe

A5 BFAEA BhA o] HE) A EFo] 9 2 24HQAT FA4 FA% =
AN AF-AS BFFH Eapol e ok T AT7F WaF Ao ArAr

_46_






A 24 A pilot ABE T3 AT+ F EFYFY XA}

3-8 (Takifugu obscurus) =3 =9 st 7ol AAse Ve g4 4
etoll 2 BE3tE §24 oFZA 1#4H, A%, o BV, ¢ 55 FE YA F
=9 A% g9 uielg 2wl S AR 37] A5t FES A9 A YA AT g5
Aol i T g o] gt HEe 7122 A YA gk dekA FEe 9% 7
ool NeE A FEHE Aoz Folaty] 9stedds guI F7h37)9 XSS
zo N EFAEIEA 2 ST A2 AT A AP FAEH
EF o]E ZARE 99 FHYAANY 2A4H FAEMH AF1g o8ty A5 g9
FERAFT F 10g)S oz FHARNA &7t AA9 £21& 243 /5
A $-9 BFAES AAEte FEo o BEgA adE 4oz St @

i)
2 =2 d

4 R

LU S B

1. A5 % FH

7h BB % Ao Adg x4 A 2AQA 4¥)

1) d87 & 473
@.‘?ﬁ 717F& 20069 9€ 4L F-E 9€ 8YU7A 5U 7ol & AP UA 15Ut HA
Bo qREXE AAHAoY, 39 olARE AZA9 AAAHA vteolei s ZEE 4
Als}%h:}.

AP 7= 3NZA tank 19 FE-o] Qlo] viol2l2 v AT -HHHS)R 1007te] &
£3t9.21, tank 20 = 35 5utE] e} AZ3AY-$- 10072, tank 3oll& & 59tE], A7FA -
gt ZENS2 27 50mtE A &tk FE -2 0180t /m?, A$-= 35018 /mPe] UE

2 428 ATHTable 8).

Table 8. Stocked number of shrimp and puffer

Tank 1 Tank 2 Tank 3
Puffer - 5 5
HHS 100 100 50
VIS - - 50

HHS, High health shrimp (¥}°o]8jZ& HIZEAP); VIS, virus infected
shrimp (Hhol#| & ZHAl )
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2) 2N E

Aol AR AMee AMASAFAFAEAN FEX Fdd oA (L
vannamei) (mean B.W. 6.84+2.03 g, mean B.L. 80.27+8.35 cm)if\'] nested PCR& &3} 3]
Hruto] g} A(WSSV)oll Bl -9 ® AZA$HHS)E Algslg e, ZgA$(VIS)E
+E At ARt HTE ZAAS-F A3 FREE fstd FEANSE F v
AE 4dF dasiglen AR+ AF0AE I8 Adstdh

FEL 20051 F3E o] AUz 197 AFAE 2AG%)NM AHSE Reg B 4
de At 157U Z2H GEEAGY — 31%)E HAAISIAT 38 FaAFTH A
2 7}2z} B.W. 85.82+15.91 g, B.L. 133.53+6.75 cmo]{t}.

3) AP wholgx A9z

ZAASE e 2 PHoT AZNSE AN Mo vlolg2g TANA AL
. & WSSVZ AAlEo] WERAD Ao §3e Bt pellet (A4S 2 30%
TPoz BE F WEAZs 19133 ARANSIA FRHT BEY 264 3
A#E o] Aol AR, vlol2 2 AARA F 3 ATAZ olfE oW A
2 B3le) wlolg a7t AF Bdol AAHE AA2A o] AT Ao B o] A
A A7) Azste Aoz B A Asrlel Age AHjolr] wEolT,

4) A5 vpolg 2 A=A

A7 AAZEMN -2 vpolg| 2 T E AFE A 935t zhz 10084 7R A
o] o}jriw] AR 20~30mgS ¥2]de] DNA extraction kit (Qiagen Co.)E o]&31
genomic DNAE F&3% ¥ PCRY templateZ AlZsIH T WSSV H&E& ¢ PCR w3
o] primere AM|EFIFATFAEANA Ag 1F/IR 2 4F/4RE ARE3ion 239
nested PCR& 4 A]3l% t}. PCR reaction solution (1.0 unit Taq polymerase, 250uM dNTP,
10mM Tris-HCl, 40mM KCl, 1.5mM MgCl)el 1.0 4£2] genomic DNAS} 2.5 pmol]
primers 7}t F wbgYo] 20 w/tubert HA AT PCRS 1x (94T 5%
pre-reaction, denaturation 94C x 303, annealing 52°C x 1&, DNA extension 72C x 1%,
30 cylces), 23} (94C 5%, 94T x 30%, 55T x 45%, 72T x 45%, 30 cycles)Z 3} o
PCR product= 1.2% agarose gelel] 231 80 voltsol| X A 7|45 F UV 3jol| A #&ste] u}
oL FAA FF ARE FAFHT

5) Al 21 ¢ AMS#E »
Ao AR AEFERE ZAYE 952 (0 6m, 2826 )0l AlSFE s
o] A

B F HETEYIE

fj
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g Als ol A GEF NS &3 FE] YFS
Z & EP (protein 38%) ALR Y A|-$-A 52 8% &FoF 37
T HxE FgstA &sith

6) AT XA}

Ao A8 XA WY 2, §F4MA, 98, 59 %, pH, alkalinity, NH3-N,
NO»NE &A3tg o, dut4A3 52 portable A=A 7] (YSI 85, US.A)E, 94a7
dZEE Fo|FARAIE (Merck Co., Germany)E o] &3} T}

. A28 BIAS EnzAed 239)

1) 43+ 2 A7z

HAAFE NE FESFYGY Tank 1= A4 -5 1,2000H], tank 29 = && 150}
F WA 1,200vHe], tank 3o= - 150)elel AR 800vtzE], ZHEAN$- 400via],
tank 40l AZA)$ 4000e] ek ZEAS- 8000 E]E WS FEE 0538HE]/m’ A$E
425vt8] /m’e] A= 2 48 th(Table 9).

A 7]17k2 2006. 10. 25~11.1(8YZh ol B A Fo| %A of 10Y Foto] ZAH A5 &
WEVE 28 15U T4 FE| AREANE ANSAT, 3 o] ARE AR

AANHQA wholg & #HHE AAskA-

Table 9. Stocked number of shrimp and puffer

Tank 1 Tank 2 Tank 3 Tank 4
Puffer - 15 15 -
HHS 1,200 1,200 800 400
VIS - - 400 800

HHS, High health shrimp (8lo]2]2 HIZFGA]$); VIS, virus infected shrimp (8}o]z X
ZaN)
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2) A3 E

A3 AR Afe AMEHASIATFAHANA FEAN, FHE Ao AL
vannamei) (B.W. 0.62:0.32 g, B.L. 39.28+6.98 cm) £ 4] nested PCRS 58} & ybgulolex
(WSsV)ell HIZEgE A7 --(HHS)E AM&-3152H, Z.M*H%(VIS)% AZNE AHFHe
2 st AR Ao A7 FREE Hetd ZEArE 5 PR E
A5 HdsiAon AFA+E FFuAE dF At

FE PgASEH AFo] z+zt 11.6042.39 g, 73.87+3.71 cm 279 FE o2 AU $5=
oA A o 5/HEZE AGE ZAG%)NA AHSE Aol B YL 3t 1F:U el 2H
HE9 FxAAM GEEX (5% — 32%)S HAISHA

3) AN vl 2 e

FANSE 13 ARY TP PP AZANSE AP 22 WSSVe] 2PN A

of AHgSHATh AT 39 Fo AL BIHATA Sl el YHS] BEIR
om gubguiolelx gds HIAA FHS@YA, A4R 5)o BRI,

4) A5z, FAR 2A 2 FEE A
AP 2 2, AMSTY FHE §4 g, AR 2}, AR ZAME

13 493 FASHACH, AgFY FL4AE A5t 2 £28 1KW 271315 E 45

19
-,
L
OH
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2. 4% % n 3

7). ol 9@ AN AAA T 53} 2AHF 2H)

1) AJ-¢-9] uto]2| X FH AR XA}

AZA2 AAZGA -9 WSSV 4 o5& 2Ast7] Yt BdnAd o 3t
zte] Bty FAALS BFEPYo™ genomic DNAS F&3t9 PCRE AAd Y. z+2t 10
NA Q] 33 TEAS A, A AdA S ko] A HAEHA FRoer AATEAM
-9 @gol M= 10ute] F 8vtE|7t #Rb o] ¥AHUT PCR AF< AZFAN5-9 3¢ 10
WA 25 negativeZ ENGo W, ZEAS-= 1070 5 positiveZ e 3231
WSSVl 1¢jzez z+gd Aol AUt

Table 10. Changes of selected parameters of water quality

Parameters Tank 1 Tank 2 Tank 3
WT(C) 23.3~25.7 23.3~25.7 23.3~25.8
Salinity (%) 31.2~31.7 31.6~31.9 31.5~319
DO(mg/L) 6.60+£0.46 6.39+0.37 6.59+0.47
TAN(mg/L) 0.1 0.1 0.1
NH;-N(mg/L) 0.03 0.03 0.03
NO,-N(mg/L) <01 <01 <01
pH 9.0 9.0 8.8
Alkalinity (mg/L) 135 140 120
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3) A9 AEE v
A °°<}é11¥?+ B AR BAZAE 2T AW Y F RN AZANE Hlo g A
A Bi B3 5o ©2 597 AFS3 2 I Table 11), B2 100%2] HES
& E%i':}(tank 2, 3). AZAE GEAS T ASWESEL 75%AoH AFAS-9 FE o
B FALS Ttank )9 AL BE2EL 41%EM A GEAS T vls) 34% ZJE @
A UrEM FEd 93 IAEFo] ¥ AR ZAEUN
2, ZEAS 2 B89 BEANEFHtank 3l A= DA FENT] HES
& 747t 48%, 4% [t AR ¥4 & FE+AZA ST (tank 2)2] 41%0] W& 7% &
<y, 7¥°ﬂAHT«1 EEL 4%EAN ZEMNS-Y AEL HIEf 40%7t ol A iR

Table 11. Survival rate (%) of shrimp and puffer

Tank 1 Tank 2 Tank 3
Puffer - 100 100
HHS 75 41 48
VIS - - 4

HHS, high health shrimp (¥ol&l2 BIZEA|S); VIS, virus
infected shrimp (¥}o]el2 ZAA-¢)

Table 12. Number of HHS and VIS shrimps predated by one

puffer
Tank 2 Tank 3
Predated No. of HHS 11.8 0.4
Predated No. of VIS - 9.2
Predated total No. of shrimp 11.8 9.6

A%

rr

T2 TEE Tl FEF A ARE A5 @A

Aol Hlel o oJste] x4 € FEo] A w2 AoE YEIHT
AE71ZbERt &5 127 24 F A9 < tank 29 30] 247 118912, 9.6712] 24
T8 1ok oF 10vhe] AFY] A8 TASAT 23y A4 FEA-E A %
& tank 39 A%, T 71E¢ AZASE 0271 & FolH e W, ZEAX$-E= 9.2v] ¢
S5 Fold Arh(Table 12). WAl YA St FE o] X3k ¢ & Hl%s}
H, &Fo] E3HE AHFEAANR)7E FA A& 5 ol AFE FAHHLE EHste

. - b4 -






Table 13. Changes of selected parameters of water quality (2006. 10. 25~11. 1)

Parameters Tank 1 Tank 2 Tank 3 Tank 4
WT () 23.7~25.9 23.2~25.3 23.5~25.3 22.9~24.7
Salinity (%o) 32.8~34.2 32.5~33.2 33.4~34.0 33.0~33.7
DO (mg/L) 6.49+0.28 6.64+0.22 6.59+0.23 6.70+0.19
TAN (mg/L) 0.05+0.10 <0.01 0.18+0.13 <0.01
NH;-N (mg/L) 0 0 0.01+0.01 0
NO:z-N (mg/L) <0.01 <0.01 0.01 0.01
pH 8.0 8.0 8.0 8.0
Alkalinity (mg/L) 133.8+2.5 132.5+2.9 137.5+2.9 135.0+0.0

2) Ao AESE v 9 FE AN XA

A AFAF FEA A9 FE o AFH A2 Table 1491 et Slek F 71bs
b A BEAFL 0628914 0922 % 0% FHEHOM, FHL 1160 gl A
13.62 g0 2 17.4% Z7}3H1th

Table 14. Initial and final size of shrimp and puffer

Shrimp Puffer
Date
B.L. (zm) B.W. (g) B.L. (mm) B.W. (g)
10. 24 39.28+6.98 0.62+0.32 73.87+3.71 11.60+2.39
11. 1 46.15£6.55 0.99+0.46 79.89+4.68 13.62+1.57

YA B FEE YO tank 29} 39 FH HELE 100%ATH AFATE TEAS
Aftank 1) AEEE BI%ACH FEL ¥4 g1 AL FGALTE AT 35

(tank 4) BE&L 717} 92.8%, 885% 2 ZAAN-7F A S0 nls] 4.3% A e} A

29 ulelelx A7Y F 8Y Bt AELL T AT WAL BAHAE
W AeZ vrehgth
FE I AZASEE A AT AS(tank 2) A5 AEELS 764%HTh F2} A%

NS, FAATE B9 AST 2 Sank 3), AZASS FAASY BEEL 247 89.1%,
460%2M DFAS-e] Hls ZAAS) BEEo] 431% A epeteh
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ge R A% FANSI} A ALY A4S, AL AT ASETE 7
A¢e dgHez Fashe Ao Ueht

T AFL BE B vl A9 TALL Bu 828 Uehdti(Table 15, Fig. 10)
23} AZALL200912)E B AL tank 2004 BB @ whelF TG A9 AA
188721515k 22k DA FE00%H 2N 2 A0k E BA AR tank 39
, %% @ lelsh A A9 F 5E 20291) 2 tank 29) 188vkelsh ZA xtolz}
BERS %}%xlur 7 717}%9} ABASE 58ute], FAASE 144712 E T8 BGA
i F % Slth(Table 16). BT AZASS S 7
QA e FEe) ¥A&e 99 ABnn

it
=
o
=2
s
=Ol=t
No
=
N
N
Hir
rlo
e
mlo
!
AN
Ol
o
r2
oy M

gzt A7 B¢ FE Al XTAEL A9 8 R BAgle]l = A= o
AeA g, AZE A A AT FEY FE o] oA AN S-E 43
oz IAN3E AoE ZANHYL

ol’de] dFAAE FAA MF-EAZAAN FES T AT B¢ FEL vpolgzo
ZEE AE AR IAFoEN FANTE A H o2 AAAA FH, o3 &
ol @507 ZGAl 9 vtoleix FHAFY] e oA S AFMNAFE &3
£ 7t e AL g Addn. gy &0 A3 A9 A=F IHEFS FAET] 9
MM e FF FEo HY =79 dxd #F A7 FE APAE HABE Foll B
A7t o] FojAor & Aot

Table 15. Initial and final number, and survival rate of shrimp and puffer

Tank Animal Initial No. Final No. Survival (%)

1 HHS 1200 1119 93.3
Puffer 15 15 100.0

2 HHS 1200 917 76.4
Puffer 15 15 100.0

3 HHS 800 713 89.1
VIS 400 184 46.0

HHS 400 371 92.8

* VIS 800 708 88.5
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A F=ALS- o MESL 242} 928%, 885%E A7 4.3%

A vgy 245 84 T diZHAL
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7

2 ANAT N-E2EL 188~2027 2|2 AR Ao BAGle] dAT &

o

&)

o]
F
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A 3 AU pilot AL T AF+o4F, o F+A
F2 &7 FA

—o
e
ot

1. A5 R EH

A EFFAARLE A TA AASAFY Al 2004d 99 645 H 114
5A7bA 27097t 8 G5 (A 79+07 cm, AF 10943.0¢g), YA @5(AF 13.621.2cm,
AF 216154 ¢), sl GE(HF 132409 cm, AT 15.7+29¢), FE(AA 7.8+08 cm, AF
10543.6 g)- 3 X (A4 13.8t1.2cm, AF 22.7+52¢), FE(HF 8.0+07 cm, AZF 11.9+35g)-
(A 13.421.0cm, #F 15633 g)9] 57/ HAPTE A3 1E FRP AHAFRE ©f
3l oFE YT L AELEST ZAEIEY AL 109 HEoE A (m)T AF (g
ZAsRon AEEL Y Rt ZALSHTH

o

A AT A AR P A (Fig. 15)91412] 20043 9¥E 6UHE] 11YE 58714 2714
B AMS FABFL 0] 195£25T (16.0~23.3T), GE 27.3+1.6(26.7~285), pHE
7.5540.15 (7.23~7.75), &&4tAaE 521215 mg/L (5.01~5.61)0] Atk Ed AISAFHY] 2=
T 1,000 Lux °]8tgrh &3424 FRP #2419 150vte]/m' o] AlsD oy 2 F5E
2 ARFAIEE AF, AF 105~119g2 FHE o] 43 FEAETF, FE BFAHF(FX,
ahol Al o] AFe 109 F40lF 20T olstZ ol JZe Az on, 7+ Ay
7 EFFL B =) HAAS 34g FEEX) EFHLET) 49g FETEH B
FAPEFL 34go 2 F AolE HolAe gygou FE(FA) EFLF AN &5 A
ol 74 F5 Y THFig 19). AFo] 15.6~15.7 g9l hatel oix e tisl @5dgF, ol
SH(EE) BFAP T S Aol vl EFSte] AFo] 23y WFHEG 02¢g
A% F2sRo0], FEte] BHAIFANE ABMA 38w 90% olFo] FEol o3

EAEom gYvtel] HTF F2o] dojuf tistte] HHIAHALS AT AR =9 I3
o] Heaslgon, Ay 28 EHEI & AUz FEo] gEE T4 e
Aol A Jebgth =3 FE9 Ao vlE] diste] A7t 1w A= oy FEA
ole] F48e A Jehth |Ad JoiME AF 21.6~227ge FTEE o|&3t A

Ol

b A3, dsddTds 325g WX(FE) SFAPTAE 24go2 ERLIATEAOE
SEAdFTAM o] e FxsT dAe 5 ERAATAM= FHA 0 H
3 JAAFA7E Aol 2w Ax Holm FHL YAE FHst A7t FAHIE
sten A B¢ myA=eurt AaH Ath(Figs. 16, 17).

-
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—o— Puffer —m— Flounder
50 —&— Shrimp —>¢— Puffer(+Flounder)
—¥— Flounder(+Puffer) —@— Puffer(+Shrimp)
—+— Shrimp(+Puffer)
—
o 40 |
=
o 30 *
20
o 4._%‘—”
10 - o

9/6 9/16 9/26 10/6 10/16  10/26 11/5
Days

Fig 19. Changes of body weight according to polyculture and
monoculture in indoor.

A O OO
o O O

Survival rate (%)

N
(]

o

1 1 ' L " 1 L

9/6 9/16 9/26 10/6  10/16  10/26 11/5
Days

—e— Puffer —8— Flounder A Shrimp —-—— Puffer(+Flounder)
—¥— Flounder(+Puffer) —@— Puffer(+Shrimp) —+— Shrimp(+Puffer)

Fig 20. Changes of survival rate according to polyculture and
monoculture in indoor.
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1~4) =43t AEd S
AxAN71I 549 AASFEIF)E T

HFE Folv] 915k Oﬂ/\)é}g(_45 og

o

A% AE
[0}
4
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%l%l*
g

iy
td
o

o

SELE

= HYgA v EF vlo]ly A 7
pm)E StHTE 13 €4 A% 259

o) 94 A A%

B 3

PN
T

87 opzo) BT

CEERE
NeEgaEe WA,

B2FFH S L A8 4719 Ao 22} paddle &

d 549

q9 4%

EEDERE

0.5 m= H-r

Eshod 22F &

2AHs] SAstod

AAR % Xﬂ‘%}% 3 (iOI 18~ 20m)c>}%1‘4(Table 17). AHSA

H}o] 2

FTETE
% Qs

IR FAR)E 2 AFEA e 50kg A

Table 17. Summary of stocking information of cultured animals

Pond 1 Pond 2 Pond 4 Pond 5
™ 2 (m?) 1,848 1,616 1,624 1,716
A E dggAe &5 kel A ¢ o8} 25 o}
oA FrH) 85,000 400 70,000 40,000 400 52,000
21 (v} g /m?) 46.9 0.22 434 24.6 0.25 30.3
ZH A3 0.0013 73 0.0013 0.054 73 0.054
A4 68 119 7€ 24| 69 11¥9 | 6¥ 13¢ 7¥€ 249 | 6¥ 13
. TESNA 2 AMS#E
1) 3ozl 48+ (pond 1, 2)
20053 649 11¥ pond 13 29 IHo=A$ FE(PL107], BW 0.0013 g)&
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85,000(46.97}2] /'), 70,000(43.47}2]/ ') wiE]lE Y4AF F B3I L 939 pond 1dlE
2005'd 79 249 32 400v}2)(B.W. 50~167 g, T 73 g B.L. 11.0~154 cm, HF 13.2 cm)
Z 44 3tgitH(Table 17). Hol2& 7|2 A o2 A% AJ$& EP AR E 315 3~43](6~7Y
43], 84 o] ¥ 33]) FFsHeY, FE EFTde Hxy FBARE FFIA Fdh

2) dist 237 (pond 4, 5)

20053 62 13Y pond 43} 59 tfs} FH(HTF BW. 0.054 g)S Z+z}H 40,000(24.69}2]/ mr)
S} 52,00030.07}2} /) vte] & YPAg F, Bd2E 93te] pond 40l& 200543 749 249
pond 1o 44" 2} FLF FE 4007 & A28 AT Holg e vt g7t vi3vt
A2 A5-8& EP ALRE 8HF 3~43] FFIALH, 8 BFoe dxe FEARE T
wHA EA

o FA8T A 2 AR

1) 4yt FAFA FAL

Ab59] 422, pH, DO, g¥-& 4= 7](YSI 85 model, Yellow Springs Instrument,
Ohio, US.A)E o]g8ta] wlQl 238 (07:00, 14:00) Z=H3tQom, EHEE 14:006] Secchi
discE ©]&3ld ecm ©HZE SA3}H .

2) 44an 8% 53

A A9 A4S FHAENE sl o] AIE (Merck Co., Germany)E o] &3}
NHs-N, NO-N 2 alkalinity® W% 1~23]% Z8s190. & 2424 dolHe 4w
£ H3to ALgstoen, Riaxoe 7&stA] &gt

3) JIAFY AURA

g5 FREAF Wste] AUH BAL 9ot uF 1LA Y4B AFSSE AP
BRT F 1Y @92 ASVATHALTLEIEAR, 20029 TeA NHN,
NO:-N, NOs-N, PO-PE EAI3F 4}

% A AEEH AR=A

AL ol7lul e 71A%, detritus @ 7H7he] HNbY H4 $RE o2 2AEY

[o

SR
o 4% BPARE FARY A5 SvllE 1% 5oz AN QWA ewd F
oS olgalel BAAUT. ob7lvlel A% 5vlelE e AP (filamentous
bacteria), 4% %7, PlAlZF(microalgae), melanization o3, o}rin] o]z HzAlg =
o ZAREE 1-50AZ FRAYCD, Urhe UE Folstel g2t} Ay ¥4 AEE
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N FEsh

vl 43E R AESE A

w—A A%E 94 2 % H3 AN A AN AF 2 iﬂ’é}% 235k A
94 F 159 Aoz gAY 10012) ol4e) EEL AW A% 2 AT L 2R

Qor HF 4FEL ASAE 10002 o) 4 FHSAh.
2. A% 2 13

7 ¥4 5487 A
1) dur5d W

7hH &

A FH7IZE T N AASAY £28 89 25 29 AR nedFoE gAFoE
34CE sd A7l el A9 F59] AFd HdstA /A= Ach(Fig. 21). ot A
271 44€ pond 1, 29] HA-FH1 F& -?fHE 213~342TCZ /M9 pond 2F HF
275C A tisl7l 449 pond 4, 59] HA-H3 2 W= 205~321TC2A BF HF
27.5C= vERgth.

}) $E24(D0) 5%

A FA 7|7 T £2A4A FE HYE 59 22 pond 194 07:00 2R A YA Ao
2 363 mg/LeE A3lE A olle 2L 5 EF HA 2755 4 ng/L ojAe
Z FAHAUT. A 717 HE £84 4 FEE pond 1o] 7.15mg/L, pond 2¥& 7.03 mg/L,

o) 9E
AEFEE A ARV B 170 ol4L §AsA FBI )¢9 4o Asyc
(Fig. 23). TEHUA 27120 69 29 ARFEE F 31.3~3200]001} F27)7 B¢t A
2A7

N8 AsEol £
Afolg Holx keh

| = 17.07}A] BolH )l A AlSX| e HF GBS 247~26752 &

) pH
4 A=A HA, 3 pH Wahs 7.6~882 53 Aj¢-9 4 TS FA ¥
HAZ FAHALH 69 L pond 1949 @7t A5e AL Astne
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32 fAsHATHFg 24). 40 AHRAY BEF pHE BF 81~8224 AHRAT A9 Ao]
7b UEREA @3 R EA RAH AT,

vh g7 s

GG F A AR dFEE HWYE BF 100~150 ppmoZ FEI} Ao 4%
of st HFig. 25). 2t A5 A dZe = HFFL 125.7~129.6 ppme 2 ALSAE A
o] zpol7t glo] Hgd WHAE FA A

uh) £ %

F T (turbidity) = &21717e) wa) AFS-AE z}ol7F A A YElt(Fig. 26). Y4 27]
Q) 64 £<F pond 17} 25 £WEl (0cm oIS FAIs] HBEFAEC] B BANA
23ko1} pond 49} 5% 50cm olSE FAH0] 4EBFAEC] o= AE WAR AeolA
4ol KUk 68 T~79 2202 AYFAA TUEE YA7Ho)H pond 13} 25 40
e pond 45} ST em® FAHAE o1 F HIEFIEE A 35°) 88 $671
= B 300m AF2 FAZ0] HEFFE] 24 WAY Fer ASHAG. 89 F
O SREE Ba FAARA A ARAT} 25 Oam ATE FAAAL. QAo =
HE7} 20em 744 AeEE 9 S84 St pHY Wshe AatA olus 2% of
Role A2EFAE AED TFVFOE Asjol o] DO 2A WA FY
7125 DO 4ppm ol3l2 WolAle WAHe LA Yskeh. W 7INEE THE
T2 < pond 13} 27} 247} 43 cm, 40 cemP 2. ¥ pond 49} 55 7247} 30 cm, 31 cmE UE}
sk

£T
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Temp.(C)

DO(mg/L)

40 -
35
30
25

20
16

10 -
5 L

0 L [ L L 1 1
05-6-9 05-6-23 05-7-7  05-7-21 0584 05818 05-91

Days

Fig. 21. Changes of water temperature in ponds 1-5.
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-
(=]

(-]

0 L 1 1 L 1 )
05-6-9 05-6-23 05-7-7  05-7-21 05-84  05-8-18  05-91

Days

Fig 22. Changes of DO concentration in ponds 1-5.

_68_.



35
30
25
20
15 +
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5 |
0 s . . . ;

056-14 056-28 05-7-12 05-7-26  05-8-9 05-8-23

Salinity

Days

Fig. 23. Changes of salinity in ponds 1-5.
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I
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Fig. 24. Changes of pH in ponds 1-5.
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80

05-6-9 05-6-20 05-7-1

120

100

80
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Turbidity(Cm)

20

05-6-9

<Pond 1> ———-<Pond 2>
<Pond 4> =<=-=--- <Pond 5>

7
7

- 7

L 1 1 1 i L L

05-7-12 05-7-23 05-8-3 05-8-14 05-8-25

Days

Fig. 25. Changes of alkalinity in ponds 1-5.

05-7-7 05-7-21 05-84  05-8-18 05-91

Days

Fig. 26. Changes of turbidity in ponds 1-5.
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2) 944 Wzt

7h A AS-9 E3FAH a5 HuAd

Aot -2 8 BgFA Z(pond 1) Aokl S5 FAF(pond 2)9) ALEF T F
dRUold Ai, obAAA Ha, A4 Aa B A U9 FEWste Table 18 9
Figs. 27-309] Yetdcth F¢EYold AL(TAN)S 2+
7] Algstel 89e] SolHE 10 ppm o422 EokA 89 ol H1 146 ppm7tA| Z
7}k wHE, pond 2& YA F7174A) 056 ppme 251X eFtch. Pond 13 29 HF ¢
TUold AA 5= 247} 037 ppm, 0.08 ppm .2 pond 10] pond 20 B3] 4.68] o4 =
A FAHLT ohdAge TR FFRYe H%E F4e HAF U Pond 12 79
FE7HA A9 WEE Bolx gurst 79 209 olF F43] Friste 88 2&E7HA 01
ppm °]%S fFA5t¥ ) Pond 2& pond 18t =& 89 2HE 7k FolxA 8¢ 17¢
0.075 ppm< AHOo 2 A3 HTh Pond 13} 29 HF o}AMNYE FEE 0.05 ppm, 0.02
ppmo 2 A 2oA 4FS & x| TEE ot 2™ pond 2= pond 19 HIs| 254 &
A vebgth 24 w59 WsE Ry ol o} NG T FAS A ¢S Yelith Pond
19 ¢ 7€ 209 ©|¥+H 01 ppm °]’+& F7H3te] 84 9YlE 044 ppme 2 HAAE
HQl Fo Hap 72399tk Pond 2914 = 89 3Y 1.0 ppm |22 Frlste] 84 17Y
036 ppmo. 2 Hiuxo Dt Fo rASHAG. A 7% HF DY F=E pond 174 29
A z+zt 0.15 ppm, 0.09 ppm2. & pond 1°] pond 29 HI3] o 2v] Fx =A el

QJ4tE-& pond 18] A4, 27l F& FEE FAHJLY 79 279 RH HA S8}
7] A2ste] 89 179 043 ppmo2 HAWAE B3 Fo 3 7239t} Pond 2 79
694714 0.1 ppm °)F9l FEE AT o] & HA AAste AFS RAT B AW
d ¥ AAEGT 8$38A pond 10] 26 Hls) oF 2u] A JErsth
WA o 2 pond 13 29 YFEF(FEEUE Fa, obdAAg AL, AU da H

4 A9 FE WEHE 74 F¢ ARH 37871 A& 8

, pond 1€ 79 F&2E 27}

A
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Table 18. Comparison of nutrients concetration in ponds 1 and 2

. TAN NO:-N NO;-N PO4-P
T pond 1 pond 2 pond 1 pond 2 pond 1 pond 2 pond 1 pond 2
Min. 0.004 0.02 0 0 0.015 0.02 0.006  0.022
Max. 1.462 0.56 0177  0.075 0435 0.36 0.43 0.134
Mean 0.37 0.08 0.05 0.02 0.15 0.09 0.15 0.07

1.60
140 -
1.20
1.00
0.80
0.60
0.40
0.20
0.00

Ammonium

—0—p1
——Pp2

6/17 6/22 6/29 7/6 7M3 7/20 7/27 8/3 8/9 8/17 8/24 8/31

Days

Fig. 27. Changes of TAN concentration in ponds 1 and 2.
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0.200
0.180
0.160
0.140
0.120
0.100
0.080
0.060
0.040
0.020
0.000

Fig. 28.

0.500
0.450
0.400
0.350
0.300
0.250
0.200
0.150
0.100
0.050
0.000

6/17

Nitrite

——P1
—a—p2

6/29 7113 7127 8/9 8/24
Days

Changes of nitrite concentration in ponds 1 and 2.

6/17 6/22 6/29 7/6 713 7/20 7/27 8/3 8/9 8M7 8/24 8/31

Days

Fig. 29. Changes of nitrate concentration in ponds 1 and 2.
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0.500
0450 - Phosphate
0.400 |
0.350 |
0.300 |
0.250 |
0.200
0.150 |
0.100 +
0.050 |
0.000

—0—p1
—-—p2

617 6/22 6/29 7/6 TH3 7/20 7/127 8/3 8/9 8/17 8/24 8/31
Days

Fig. 30. Changes of phosphate concentration in ponds 1 and 2.
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W) diste) BRI SEFA MY

Table 19. Comparison of nutrients concentration in ponds 4 and 5

. TAN NO>-N NO;-N PO4-P
TE pond 4 pond 5 pond 4 pond 5 pond 4 pond 5 pond 4 pond 5
Min. 0.003  0.006 0 0 0.019 0.018 0 0.01
Max. 0741 0076 0061 0009 0355 0.057 0.071  0.062
Mean 0.14 0.03 0011 0003 0073  0.033 0.02 0.023

that-25 EF4F(pond 4)34 Wst EELF2 ZJ(pond 59 Alse T FTEEYY 2
&, obAAMY A, FAY Fa 3 A4 19 F=ste Table 19 B Figs. 31-34¢]
ERPES

FTUEEYHY AA(TAN)Y Fo& AAHLE @e FF& FX3A Y pond 49X =
69 229 0.38 ppm, 79 279 0.74 ppme] 5 W] A0 9t} Pond 5& AH A2 0.1
ppm ©|3E fFASAT. A 7|t B FEEYolY Hie FEE pond 43 571 zhzt
0.14 ppm, 0.03 ppm© Z pond 47} pond 59 Hl&]| < 58] =A vElsTh

ol AAie FEE A7 01 ppm 0]3He] W F=E FAHALH Ao A
o g3 WS Bk Pond 49} 59 HF FE+ ztzt 0.011 ppm, 0.003 ppmo 2 2F
A FAH A
A4 ALE pond 4ME 89 2E7A] R BEE $307) 89 99 035 ppme.
dod A dole AAHog ?e w5 F A8t Pond 55 A 7|7 0.1 ppm o] 3}
£ FA8RS Pond 4¢} 59 H@ AME Fx+ 0.073 ppm, 0.033 ppmS 2 pond 47}

pond 59 wiaf o 28] A YEET.

1!

f

r,a OH

A FE = pond 4¢} 5914 A7)ZE 0.1 ppm ©]3E FA8] FE x$-2 AA )
FES AR 2 AoEZ ZAHA

3l 35 B34 420 pond 49 Widt @& G pond 58] <Y Fx9 Wil
JAAMEE A9t pond 471 pond 59 B]&| 2-58] £ Aoz FAHUT. AAFFE

E2AAE YA 2e FrE vZ]b‘]—l:]J]- 74 2 o|FHY sl A%
ot EolAE AEHE RIAT Ao dFHARE Fao] FaFH U4y
849 St Trv RAMEA gt ANEA d4d vEE EFE
2ol A lﬁ?ﬂ et AT G5 Ao 4 4FS 1A F=2 et g
=3
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0.800
0.700
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0.500
0.400
0.300
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0.000

Ammonium

—o0— P4
—o—P5

6/17 6/22 6/29 7/6 7/13 7/20 7/27 8/3 8/9 8/17 8/24 8/31

Days

Fig. 31. Changes of TAN concentration in ponds 4 and 5.

0.070 -
0.060 - Nitrite
0.050 | —Oo—P4

—e—P5

0.040
0.030
0.020
0.010

0.000

617 6/22 6/29 7/6 713 7/20 7/27 8/3 8/9 817 8/24 8/31

Days

Fig. 32. Changes of nitrite concentration in ponds 4 and 5.
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—e—P5
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0.20 -
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o.oo 1 3 L 1 L L -l L 1 L
6/17 6/22 6/29 7/6 713 7/20 7/27 8/3 8/9 817 8/24 8/31

Days

Fig. 33. Changes of nitrate concentration in ponds 4 and 5.
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0.000 . . ; . . . : O~ L :
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Phosphate

—0—P4
—e—P5

Fig. 34. Changes of phosphate concentration in ponds 4 and 5.
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1} A9 Azt

Table 20. Infection intensity of parasites on gill and white spots on carapace in
shrimps

: Melanized  Stalked  Diatoms/al . White spot
Date Ponds Bacteria lesions protozoans gae Detritus on carappace
pond 1 0 0 1 0 0 0
pond 2 0 0 3 0 0 0
Jul. 20
pond 4 0 1.0 4.5 0 0 0.2
pond 5 0 0.2 0 0 0.2 1.2
pond 1 0 0 0 0 0 1.2
pond 2 0 0 0 0 0 0.4
Aug. 17
pond 4 -(#Ah - - - - -
pond 5  -(HA} - - - - -
pond 1 0 0 0 0 1.0 1.0
Aug. 31
pond 2 0 0 0 0 1.0 0.2

¥ol7tn] AR 1 0, gl&; 1=1-20%; 2=21-40%; 3=41-60%; 4=61-80%; 5=81-100%. ZZ+F kA
: Auty 6 BANSHARE)L oprluleh 5

7h op7tvl 718 % #EE=

A5 otrtvl e 714 B o] E- Y R 2hzhe] fNbY A8 2 Table 209 el
o 2AME EE AgolM opztrle) 2 sE R AlF R HERF T2 AF 3EHA
@t 79 209 =AM 80 Al$-(pond 13} 2)9f olrtuldM = BAY JEFH7} 44
1,39 Z=2 vepgton diskpond 49 5)9M e 2tz 459 09 F=E Yehd distEg
FHFAAY A5 oZtvlE HEFFA HsHA ZFs] e Aoz ZAEHAG. oprt
o AT 5 #Fde AE]D A Behdsls pond 49 5914 1.0, 029 ZE=2 UEge
o} o}7}v] o] 4 E(detritus)E pond 5914 029 =2 yEh th3rt AT A)¢-ol) vis)
ol7tvl9] 7|1 F T WAGE7E 2A HolAe AoE HAHA.

84 17¢ At Aokl A) 9] oprjn] BN Z|4F T ool HF UEA &
kot thsl7h 4" pond 49t 5= Z+z} 84 99, 8Y 3 HwHRulo|H L st h |
AR HA

89 319 AR o}rlm] A9 AL AGIANSE B2 ALS A BE detritus T 1.09)
FEE YEit
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MElel A%, o|Bd o) AAREE AT BHUARZ o)g5 o] AFA Bl
BEH AW oW ZAIME Bhob7h 188l 2AHA gob G| Wmz} ol Nk W
A9 BEE FAY AFANA 2 AolE HolAE Ysteh

) 312t vty G s

A uto]l g A(WSSV) el ZHAHAFEZ olfse e IRy SR EE
Table 20 ettt 24zte] #wkxd(white spot)2 A-$-7} fwbigulo]e) 2ol 75 o
AE7F AAME o FAEC] e WS RWE SHPoFH W Ryt YAH =,
AFHo 2 F3E 2& BEg 33 JAT vlo] 2yt FAHo02 AYPd AFfde 4
+ FHE o B F2E RolVx Stk Ave dvA A 27 dAA Ste
2 Aol 7h5d A7|I7HA wig- thFsinh. dvbdoe] FAE e BF 34]/\}0}\_ AL o}
Yo vpojg|AF A o] A E e FeE FHAZA AEIVIE Fr) EF Hvbyoe] gty
A wpolg| 2o ZAEA e Fo] olvm FAHLE APF HA9ode WEEA glo] ¥
A2 ulg olojA) 7= ot

74 2049 ZALE pond 13 298] At Aol M= Ewkio] TAH A AT U3}l
A= pond 4%} 594 2zt 0.2, 1.29] Z=2 Vel o1 pond 59 tlstE uholz 27t J
F FHARSES ¢ Atk AAZ pond 5= 8Y 3¢ HvkAniol 2R Adle AF ¥
AL H o0, pond 45 IFY Foll hFH A7 HAHAT ol FFo R HIT°1 E
pond 4¢} 5% o|n] 79 TR RE ulolz 27} @3 FAEte AMSA] Ul B St Al 2
A5 NS 754 0] o} Pond 47} pond 59 HlEte] FA} A]7]7 =3 .,qmgo] Lre o] &
€ pond 49X & te] Bk Fa(SE 93 ZEAMNAY IABFo R S0
AAHe FH)o g Aolgte FF5LE 73R AHAA A £ APoMes g4
2 et

Pond 13} 2+ 8€ 17¢ 3wty SR =7 247 1.2, 042 depged], o5 AMSR oA
€ olv} 8¢ T4 dvbyntelEla FHEE FAoE REFHQ HAL HAYAUAL. 8Y
31d9= pond 13} 29] =+ Z+z} 1.0, 028 JElytch

o 4FE 2 AES

1) A9 +-25 E3FAH dgdAas 95949 v

dohefAl-¢-oF 5o g (pond 1) & %C‘rﬂ*ﬁ—% &4 (pond 2)9] Ao} HAch
A S WH3E Table 21 2 Figs.35, 369 et

5= 059 64 11Y pond 13} 29 Z+z} 85,000(46.97F&]/ m), 70,000(43.47}2] / ) »}&)
dAstgor AAA BF AFL 00013go 2 PLI0~127] Z7|ojth B§FgAe 931
pond 1ol= 7€ 24Y Ao g Hid 14y FEFHTATFT 73 )2 40001
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AHEAh A= 99 1497HA] B AHSEH o™ pond 1e1A4 9] FALFL
4015kge 2 @A EFe 022kg/ At A9 AAEHA, AF) WseE FAHA A
Z54& Jeh Ack(Figs. 35, 36). 12t 84 3U] A, AAZH ATl 23] XJ_ )
Hlgte] Zadte Ao g veiged oA Al A A7 AW Aoz F
o Ao S8 HE AFS 1458gelA o HEEL 525%Ach FE-2 9Y 15U 7R
539 Ao FAAFELS 476 kgol Atk x7] 400vtE] & 48t 3689tE] 7} 4235
o] EEL 2% g3t

ATt GE5GFA T pond 20Me HF A3l 2103kgHon THMtFS
0.13kg/ m'2A pond 19] A% T 0.22kg/ moll HIsh oF 0.1kg/m ¥& Aoz 1}
Bttt AEEL 182%2 4] pond 19] AEE 324%0) Hl3] 14.2% wFotch

Table 21. Summary of monoculture and polyculture with L. vannamei and river puffer

Pond 1 Pond 2
AMS A E ot A5 a5 Aotk A5
o A ZF(He) 85,000 400 70,000
A2 D = (vh] / ) 46.9 0.22 434
ZH AF(g) 0.0013 73.0 0.0013
3] HF(g) 14.58 129.4 16.51
F A4 F(kg) 401.5 47.6 210.3
G A A eF(kg/ m') 0.22 0.026 0.13
A E-E(%) 324 92 18.2
HEE 64 11d 79 249 64 119
T2y 9¢14Y 94 159 9914
B 71T 95 53 95

Pond 13} 2¢] Aj-¢- AEEL ZH7t 324%, 182% 2 A YA SA4] F21 3] FA455A]
AFHES 50%0] ZA MHA Bk £ GYYNFE 22z 022kg/ i, 013 ke/m 2
A AR BAFET Zoh o] AL 8Y T A AR A FEZ HAIA o] &
g 2o 71dsted], AR Evtintolgj Ao Wy o g FAHHYG Wty o g
tete] 45 dArtyutolei s g A 159 ol A o] HAlE= Aol vls] A=y
do] Bt} g Ao ¥ At AFHAZ oldAAe e Aoz AU
th ool kA thalE A8 pond 48 5e1A HukHulolz] A W o g 3 ulFgHA}
(pond 5= 89Y 3Y M FHAL pond 4 8Y 9Y hFH AL L) 7L A vl 9len, o9t
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w2 Q3% pond 13} 20 uheld 27t FES B Hog WU

3} 37 BHPHE AES pond 19] B9, REHQ AN E BFET 459 4
2 324%2A ©EYAF pond 29 AFAEE 182% KT 14.2%7F %o FEL
WAL ASHA Fm 2% AEES e HRFAFY AL 4280 BL
Fuo] o vlolzlx WAL TATEH o] U Ao FHE

PO g
o 1o o

6/29 7/6 713 7/20 7/27 8/3 8/10 817 824 8/31 97 914

Days

Fig. 35. Changes of L. vannamei body length cultured in ponds 1 and 2.

B.W(g)

. L L I I 1 ! i il 1
6/29 7/6 7M3 7/20 7/27 813 810 8M7 824 831 97 914

Days

Fig. 36. Changes of L. vannamei body weight cultured in ponds 1 and 2.
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2) disk-38 E3dH 2 g3 d542e v

et 5o B3dFA(pond 4) E st DEF2(pond 5)2 Aze} didty HFE ¥
3l Table 22 9 Fig. 37, Fig. 38¢] Yettslch A9+ ‘059 69 139 pond 43} 59 Z+z}
40,000(26.4v} 2]/ ), 52,000130.3u}e}/ ) viE] QAstgom JAA FF HAFL 0.054 go)
Rt BEFENE A%t pond 490l= 79 24 Aoz Aitd 194 22
(BEAZ 73)S 400mka] YA stATh

G5 FAEQ pond 54 tidte 79 THE GF HANAZL SAEH7] e on 8Y
39 EEY A7t HARIAT A5 AENAE A 243 FF AFL 417g
ol B¥¥A A2l pond 4= pond 59 Hls] ¢ 1FY =A YT o ZFA A7 BB s o
W& A7t HAEHA e, HE 7kgwo] FIHo] AEEL 40%d B3y
Pond 49 &7 448 B2 st hEFAl o]Fd T AL WHxe F 99 259 =33}
Red, YELL 585%2A] pond 19 FEHEE 2% vlsf] =LA 2Egith

g9k 22 dste dvbgulolai WAl £ o A tiREe] HALE 3=
dl, ol21 g BEe Fvbdutole] 27t WAIS pond 1, 29| A= A A)-¢ AE L] 324%,
182%¢°] 23 ¥t pond 5dlX & %Y A7t A ARAME & = Aok 2y &
B3t A FA % pond 49 7%, 5 A9 (7kg)7t FHEHUSH ol R EnkHulol
LN E Ao} Fe M-S gvlste Rol2pr] Bk AZHA o|dd A& &5
7] Zo.2 @At Pond 47} pond 59 Hla] tiZFH A} Aol =A T4 T2 A
= AL FE g ol ARG ZAF T 7T sHeAe] =k

Table 22. Summary of monoculture and polyculture in ponds 4 and 5
cultured with F. chinensis and river puffer

Pond 4 Pond 5

A& o 5t 2E o 3t

<] 4} (v} 2)) 40,000 400 52,000

P2 D= (v / ) 24.6 0.25 30.3

28 AZF(g) 0.054 73.0 0.054

Z3A) HZ(g) 4.38 140.5 417
Z A2 (kg) 7 32.88 -
YA (kg/ m') - 0.020 -

A EE(%) 4.0 58.5 -
HEE 69 13Y 79 249 64 13¢
S8 849 (#Ah 94 254 843 (sAh
&3 713k 58 53¢ 529
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—o—pP4
M5  _o ps

— 95 -

£

é 75

-

M ss5
35 -
15 L 1 I 1 I t

6/29 7/6 7/13 7/20 7127 813

Days

Fig. 37. Changes of F. chinensis body length cultured in ponds 4 and 5.

B.W(g)

o L 1 L L
6/29 716 73 7120 7127 8/3

Days

Fig. 38. Changes of F. chinensis body weight cultured in ponds 4 and 5.

ot B3t gdd @549 A8 nw
vlolg] A WA Ao Xy BIAd A gEokdd] HlE 425
A28 A9 Yile dE5UdAa Z 27t e
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Table 23. Comparison of monoculture and polyculture

Pond 1 Pond 2 Pond 4 Pond 5
A E AgAs  FE (ddEAe| g g5 ol 3¢
F A AZE(g) 14.58 129.4 16.51 4.38 140.5 4.17
F A (kg) 4015 47.62 210.3 7 32.88 0
S A Ak (kg/m?) 0.22 0.026 0.13 0 0.020 0
BEL(%) 324 92 18.2 4.0 58.5 0
B 1 84 I 89 & | 58U 522 5)
BB HA} FEHAL | A} o) A

W3t 148 pond 49} 59 7, pond 5 5294 vholel2 Wy AF HAlstg o
pond 4& 58YU UFHA & S MEEL 4% Yebgth 22y pond 49 A& ¢
AAd A7) Dol FE AR ARl e YEAATO] dolsle ALY ol
pond 59 799} BpRAAE AFAALY A5 Ae] B0k Owt B Ao ARRRE 34
g & e AL vlolgla I Al HALE] &L pond 494 174 o]} =A JPHIAE
tl, o]A& ulo|g 2@ o] AWl FFo| =AU AY-F FHo] A EAFoZH
A AAAZE A o8 FHAAS 4t JAgte AL FAHE F Ut 53] dse
Ay ol vl FARdo] AFste] vo]g et T2 Aol ALSA] oA wEA AYF
g 7ol o

o] Aot vlole 2wy Al Fuate Bl A% BEF v Y28

=2 Zifli UrE}"‘E}- Pond 17 2= pond 4¢} 594 ulo]gj 22 13 th & H A7} Ay
179 %9 89 Fwol vlolg2wgoz A4sE A9 HAL @l AR T
o 18 pond lﬂr 20149 Ao HE AELL 324%, 182% 22 t)st3AFo] Hl3|
A3 B A7 AEFHey, EgE¢2AQ pond 12 pond 29 vlE| 14.2%7} =4
Uehgth 53] pond 194 = 89 AEESE N%E FRoH FFE9 FFHE pond 49
Hg) 3D Aoz 58 4 Aotk olgjg FE < g S5 ulolgLrt Lo
5o AstE AN ¢E FASA T4l nlolais AP £58 JAF AL
2 FZd.

=3 fce e gkl vis Aol g Aoz daid Yed olad AAe
G0k ¢l pond 55 A HAMG v, Aokl @S9 pond 2904 E 182%
o
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7 BBl 9% A% wpold gy AAETHE EAFI] Astel 20059 69 ~9% ] EA
FHG ) AFAE o] g3ke] A-@THIANS, tshst Fuel BHRY U wE

FA g MLeE AR AN FAT.

o o BEGAge guuelawion Aste nUA AF HASALH, tal-
FFAFL 58U DFTAA sl 2715 8T A% AEEo] 4%4Z A o]

H
Ust GEopalel He FES HFFAT A9 wlolP 2Ll o N T AAHE

2t Ao 5 5SS Ao @53 AF AEL] A7 324%,

18.2% Hom T AAEFLS 022kg/m’, 0.13 kg/m’E A o], FTE = 2

G B9 dEFH o) vls) WEEL 78%, HAFL 692% ¥ Ao E Yggon, g

B npolgi2 7y AT E $L3] TAFoZH A vlolg s FHAAL AA
E =4

CESSS LK
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A 5 A =A2 B AAdFH A FLAY

A @A) 37, R %g%w 2 A wEgAe BRE 2] I
el B HQHE, A &A FA4 AR 57 ARAE o) Sate} 20064 5~1197)
A SR 2A e o] B4 ARAEE S

1. A% " T

7F A EAS A

2006'd 49%H ASXE 24, AU F uige A2A 73, 59 ASFEIFE F4
05m= FHF F, G225(HFT LFAEAFTE 50ppm)S AASAT. F2FFH A
g wHES 95t 4709 tE ARS-A)(13,000~16,500 m')ol 22t paddle & 4=xH2HP) 4th
AL, 28 AISR (2,600 m)dlE 201E 2z Ax)etg .

mlo

Y. FEAY & A HE

1) A5

FTEE B AFSAGAA AA A FHZ 2006 68 15¢ ] HFAZF 0.0097 g2
A} 2ol Zhzb 500,00038.57HE) /), LX]2]elE 600,00036.47}2)/ m)ElE]
A F B I, FE)3 d=534S AASATh Hole A8 EP AR
F 3~43)(6~7€ 43|, 84 ©]F 33]) T F3IATHTable 26).

mu oty o
IR
>,
e >

2) W&t

THEHE AFFARAA AA A Ao HFAFL 00187 golAom, HIt AlF o
FollA 62 1599 F53} H}FAS AAEATE Hols M8 EP AFRE 3F 3~4
3)(5~74 43], 84 o|F 33]) TFsIATh

3) FE

AAE A8 EB3rka Aol AleE FE AE Roky uiztejkgel i R}
FoNdd JdEFHETAT 052g)dem, 79 2089 FAA ERF AMSA ] Wk
ST EIQFY BEokdo] A18® B ZA|A HdEte2 45FdN 4% F HUF
FTHETAZFT 130 g)E 5¢ 8d o WUty o]&3tyen, Ay A4S #Fs]) A%
9 WEEF vlojgl& HALE AAIEAE Hole X8 A¥AFL YA & EP A8 E,
Gt Ao dA & AFAIRE F 23] FF3AT

{

Sé
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4) 7H52

HFA 7R TR 9 £59 A oo ALSFQ AAd AAN(BEAT
19. 1g)2 69 2Y %oiﬂi Sutate] A PAREA S AW J]F S 4m oe] Fuo
FnF st on, W & 308 Woll AbgR AW =% 293t tFig. 51).

1

5) Abg B
AR AGFE A AAAE 2F LA
A 53 AYole 79 FERE ZI%}—’F%— m Y
Fack EH AN SR BEFY L 9SG A
£ae @AAA A9 B0 19 018 FHAAT,

£ o]83ld ¥ 23] &4t ge,
100~150%8 AEZ AFSA FY
ol 89 ZFEHEH 9Y9UA

|

[}

o A8 2 JIIF =4
1) A5 F2873
AFS4=e] gl $AAAL 2, DO, gRL FAZAI|(YSI 85 model, Yellow

Springs Instrument, Ohio, US.A.)E, pH= pH Meterg ©| &3}l #%3} Y}

~

2) FEHF ¥4

JIHE W3le AU BHE 93t 23 AR 1LA A4E AHSS5E A8
BRI & UiE 92 ASTARITZADTEEN ST, 1999 oM NHeN,
NO,-N, NOs-N; POsP 5& 4314t}

. 44 43 A4 4= € H3E 4

1) A dx ¥4

B Hge] f7I80] &8 AAL H7tA 10% AAsraFE Hrbsiden, diRds
FAstrdge 100T o422 7ty FEAZ £, 33 o) F/HFE FAso HE
E9 d8S AAGNYT AgPE AEE 63me EEAZ AE I(FH AEH), A
AY AAHFEL Az XA (@ A FFS =435 TH(Ingram,
1971). 2R R 2 =9 HIE F A7 et Golde Aa3He £ U=
AN AYAZT. 63me EFEAE FHF YAHAHAELS  FHAA(sodium
hexameta-phosphate)2 05% #7}3 & J]Ti‘?‘:ioi —E— 1ottt =9, ZF = FEE
Z3" A5 E7-1] Z] 2] (Momentum methods)sld H dx e E3E 58 Aisde
™, Folk (1954)9] ®#ol wet gHEL] F/7E 24 0}911:]—

=

N

0\
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2 948 24
A4 FAPY HYE 2o AY
o COD BFe 724 gz
& ANe FH2Y Az A A Az F
AT S

35 (AVS) e

i)
ol
i~
>,
N}
o
ot
12

vl 4% R AEL A
5 vt JANTH Y DY HFe2 Fgoz 30y A9 s
A, AZ R ARE SFGAT v 44 FHH 257 BFoz A 20m1
gatRen HF 4FES AMSAE 1009}

o|Ate] EE S AR 3l HAA 2 AF:L =
ol¢e FAsAUTh

o 2o g WEE B vloldx 7y =4}
9 Ude gt A4 BFFAFAA FHo] ulold 2y AW AANSE
Az EASHEA AR fistel £92 ol §stel 20064 8 9YRE 109 11YAR

3NEERt 100 Y 33] A8E AT AMET FE FFAFH HaA
AT APFA sFste] 2371 AYHA FEEF F& &3t 100% ethanold] 17

S o4 B 2ASYT

Fe 24

F a3 WA A% 5
g FEG 25YEol 9 HEEdAM Aedd §do] #EE 9 A5 WSSV
ZAL8E7] 993} genomic DNAE FZ3lo PCRE AA)sHT.

w3
H =
Cg o:]'T‘E'

%

AL A5 vpele 2 A 24
AN BHFY 2 BSFA

AEAEZ AY ANYEA ABDH FEA@AD)S 501 ARE 27 PCR 24
Aukauhol &) 2(WSSV)sh zHa)uko) 8] A(HPV)E ZAFSHTH.

] A9 mpelElz AW QKRS 2ARY] Y

SRR
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2) 99 F W

SA 2 5 @A, deh+3E, JHrege EJEAAR ddgAs
GEFAF] A F UMY AL, oA AL, A AL P A4 99
FEW3}= Figs. 56-599] eI

FERYolyd Aio Ae, M 52 A @52, 2XF A --+3E

A8 AN SEFAFL AGMNANFE AFEEA 74 0.05mg/L o] &t2 BEA
vebgth 53X I s+7tEE B3RS 99 74RE 99 2197HA] 0.092~
0.095 mg/LE Z7}3tAH 7 10€ 26¥0] 3 0124 mg/LE F7}st2 2 o]lF ZHA3dh
ARSA] Aol &2 EiQe] FE~+NE BFFAHTL 89Y7HAE 0011 mg/LY HEE
#E Holtpyl £&0] 717 EL A7IQl 8€ 24¥elE 0392 mg/LE Hujgg Holthrt
99 7YX EE 0011 ng/LE FZ3] wobmon, 109 269 <7t F7F F4s BAT:

olANEY T FUEUolst KT S HAFAT HS FE-gFte] EFF
AR AYstn RE AP FAAL 0.000~0.015mg/L ¢ e S JEAATE =t
FE_giste] EF AL AEMAFEH 89 9dNAE thE AP AT vlx§ 0.002
mg/L ©]3te] & & Ho|tirt 8¢9 24U 0194 mg/LE FZA3 FUlslP 2 olF
vtolA 0.033 mg/L o]3Y #S FAATh

AE Tz HslE dEYole}t ofANAN {AMG AES JEMACE Bt FE+T
3o Bk e Aen RE ARFNFE A AS7IZHE <Y 0.000~0.039 mg/L =S
2oz JERATE HISE FE+oiEe] RG-S oA wES 2ol AFAA
FE 8Y 9¥47tA= e AP FAF T vlse 0007 mg/L o3t #d hE Holtrt 8
4 2499 0623 mg/LeZ FHuAo G F YolAtrt tha] Fristd 10¥ 16¥dd<e
0413 mg/L 22 F7t & FH3) WolA= ZAFS EATh

Qa2 A E3xele] AT E5FAZH Ao +7Hre B FA A
89 9YRE 0023~0085mg/L 22 Fx Z/1GAES HGgon, 99 7deE 0148~
0176 mg/Le] Hizgg B ¥ Fx #AAstAck oA A @5FF2 79 5
d 0189 mg/LE T2 S Holthrl HAKBE 99 AF)7F vEhEA F33] wolA=
AEgE BJvh. oA FG N +3E EFFAFE A AFS7]ZF 0.026~0.087 mg/L o
2 & o7t fllen, =gk FgE+st EddAgS AFMNAEE 84 9¥7tA 0109~
0.142 mg/L9] <93t Z71E Holtirt 99 7UREHE 0095 mg/L °l3tz Az FAde
AEE HYch

=

&
A

L
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Fig. 52. Changes of water temperature in ponds during experiment

period.
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Fig. 53. Changes of salinity in ponds during experiment period.
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DO (mg/L)

Fig.
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—m— SE(ECM ) —— SR8 ka4 prtea

2 | —e—ox(EctMR) —o— 2X|(ctalM i)
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54. Changes of DO in ponds during experiment period.

—— SR (E 2| P) —— SR (B2 e+7tFa
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gy Bl CHEFZ 4CY B1)

'} 'l 1 L ' L L '

o\ 6\"1 \Ld 1\‘\1 N %\‘\5 q’\‘b‘\ g\""’ (5\'50

Days

Fig. 55. Changes of pH in ponds during experiment period.
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< e B OH( 54T 1) [
3 020 \
= \

\

o
-
(=]

e g ® P ot g1 o® G 0P \Qﬂf\ AP
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Fig. 56. Changes of TAN concentration in ponds during experiment period.
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Fig. 57. Changes of nitrite concentration in ponds during experiment period
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Fig. 58. Changes of nitrate concentration in ponds during experiment period.
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Fig. 59. Changes of phosphate concentration in ponds during experiment period
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U SA4 ¥472 A4 = R HIE £4

1) AR 9= #4

A g g5 AT AMEA AEe dx& Table 249 2t ZF A}
& gravel, sand ¥ HAow, WL siltv} AR AAEAT A
FAZE UAY, dAUEZeH, A 248 FFe UE, 4FAUE % A}
AUE, 8¢ AdEAZe qUARY2 vesith

Table 24. Sediment ingredient in pond

Gravel Sand Silt Clay

#Ad) (=dH) FHY) FHE)

AREe IR+ N-E3H) 322 168 410 102 100 Uy
MAEZE (S GEE24]) 103 9.0 668 140 100 HAJE
A A (FE+F TS E) 00 3.6 759 205 100 UE
Ao A (BT A S @E:ZGR) 00 2.3 768 209 100 UE
e A (FE+HAG - 52A) 78 362 477 8.3 100 gAYE
A A @S e¢x:E524) 103 9.0 668 140 100 AEYE

B OH(F B+ 3L 5 2 %)) 13.7 504 301 5.8 100 SUA=eY

g g A Gk

o

2) A5% ¥4

AN FAFY FFEL AN S2Y ARHASIEG BFFNY 2 Ak
SEFAFAA AT B w4 Jeron, dduse 79 593 st} 84
uARE F7h PFe HPon, 149 8] N XY AOHAS+FE AKA N A
b4 BA dERT. 388Fe S ADIMNSITY HAFAFAA FYFI)2
252 b, By ALaTFe S2Y MR BRI @ A
DA BEFNFAN FAFFE el Aol FPGsHol Qv Ao weHAY
(Table 25).
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Table 25. Changes of selected parameters of sediment quality

] g BT BelET COD
e A =4 J(T) C()f ti)o (mg ?/gm;ry) (mg/g.d)

‘06.07.05 29.84 3.93 0.058 15.20

06.07.20 . 37.30 3.57 0.001 19.37

‘06.08.09 26.66 2.42 0.003 11.00

‘06.08.24 23.90 2.50 0.203 9.81

AR R @R T E) ‘06.09.21 35.18 4.00 0.520 20.78

‘06.10.11 36.87 3.65 0.188 13.21

’06.10.26 34.30 2.29 0.688 26.52

‘06.11.08 23.73 2.33 0.081 13.51

‘06.07.05 50.18 391 0.192 12.53

‘06.07.20 34.89 2.90 0.003 24.08

‘06.08.09 2291 1.72 ND 5.28

'06.08.24 27.10 2.68 0.089 12.59

AdERAESAA T G5) ‘06.09.21 32.01 3.40 0.084 15.78

‘06.10.11 33.94 3.38 0.246 20.38

‘06.10.26 29.97 2.29 0.040 23.55

‘06.11.08 3231 2.38 0.192 15.79

‘06.07.05 22.92 2.09 ND . 6.40

‘06.07.20 28.74 2.61 0.009 11.65

‘06.08.24 29.36 2.55 0.019 13.19

2Ak2 2 2] (B T A S+ 3 1) ‘06.09.21 34.39 3.16 0.048 21.41

‘06.10.11 25.64 2.46 0.001 8.81

'06.10.26 26.96 3.23 0.102 9.92

‘06.11.08 25.16 4.68 ND 2.71

'06.07.05 27.01 3.24 0.000 9.30

At A (@A &%) “06.07.20 32.25 2.82 0.060 14.06

‘06.11.08 28.19 3.31 0.002 7.28

‘06.07.05 21.66 247 ND 13.46

‘06.07.20 19.84 2.07 0.001 11.02

‘06.08.09 22.71 1.26 0.003 5.05

‘06.08.24 25.66 3.37 0.006 8.02

A (A e+25) 060921 2721 231 0.001 1476

‘06.10.11 26.03 2.51 0.002 9.95

‘06.10.26 24.26 2.81 0.009 8.47

‘06.11.08 2233 2.26 0.004 12.19
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o A% 9 AES

1) A -+71 534S A g5 2] vn(ME 532E)

ook 1R B3G9 Aoy @532 Aad dAgeAe AFE
W3} Table 26 2 Figs. 60, 619 LERQITH

Aoz $-= ‘06d 64 159 ZHz} 500,000v}2(38.5v+2]/ m)E AR XA H
T AFL 00097 gol A EfdFHE Ast 7HFHL2 AR s ALt 7HE
g 400 kgS AMS A ZPEAE ] AXIATHHT AT 191g). oA 10€ 1597
A 123Y3E A en e e+rtre B Ao gEE gAY
N9 FANHFL 242 3000kge 2 T2 0.23kg/m, 1,000kgo 2 G S
0077 kg/ M .2 7} ee] BeFao] Hakgdo] wlg zskth A9 AFEHE, A
F) Wzle AGAHA BAAFAE degdidod, dxEHd vl doeAe+rr5- 53
G2 AP FAA =A GeEbTh(Figs. 61, 62). -9 FEHA] B AFL Aot ¢+7t
g Aol 147g A SE5EAAo] 131golAT A+4 AEELS A
4R RS Aot G5 Aol A2t 40.8%, 15.3% 2 SEFd = =7
Hol F& AEESS JERiAC MEFE 06d 69 29 A4S ‘074 3€ 13Y F
ZAR A, BEE] 49%2 WkEd oe AMRAY A&EHA Adg FHeg
HEFE7L 15 o]3t2 FAFH BL AAZE UYE S ReE FSEG. 39 B
o] B4, AFSe EFFNA GRFES 20 oS FAFNAE @ AN £FE F
As & & Atk gubAoE diste] F¢e fAnkiuioleil MHA] 15U Wl A
Aol Hrtss Aol v AWl Bk e Aoz g A AF
HALZ olojAR e ¥x Fa HAE debgth dgeAe g5 FAZAME 928 1744
Ay 2& HApt HAow, dF FFo] MestAnh A+ ot SAA RS

HFo ¢4HAFA F&FS e A FANDES GEEEE 20 o FAMF T

>
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& o2 o2 HJo d

oy
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tlo oM

M)
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Lo 3o

2) A +FE HJFA 2 Ay @5FH vuH S A7)

A A $9 Fro B L AT S @5F9] Ane} AN ¢ 4FE
W 3l= Table 26 9 Figs. 60, 610 Ueht3lct Al-$-& ‘06'd 6€ 159 2z} 600,0007}
(364718]/m)E YA, BT AFL 0.0097 go] Utk BHFA L 95t i Af-$-
FE EgSAFdE 79 208 A FEAMFAA 2§14 A FEFHHTAF
052 g)& 10,0000}8] 148t ch

Aol d5FAFL 8E2NE dF HAPRAZ A AFstg e 849 9Y
Aol tiREEo N7t FHAEHch ot +3E EFGFAME @5FAZT v
S3HA Ao Enbguiolgi vl wREte] B HAE YErTh BRG] A)

9 = AAEL 500kge 2 dAateke 0.030kg/ mo]lgon, dEFAFL £588 A

T

o
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3 A Rk ST A AFL 98 sEAAE MY &
HE e AFES BAoU 108 FEFHe Mxd 4% .
o] BFFAFY FH gL He AERAY &% FHIF 4= 47
P A5 05g9 FH7F 3MY AHSF 109 30 YA HE AF 6

ZES Jdetidch g &5 BgAFe] Mo AR HEA 135g°I
. A HE AETEL BEFEFYF] 62%, TEFHFe] 0%, FEY YE&L
024%2 FZIAT FEFo] B UNUD dEFH] HH oM} FES EF)
FAGL FEF] S00kgo2 FE] AV|7F AYAT FEo] A7 wpolH AN T2
TARF 1A 7ol Bk FF Fo)F9 FAA EREAA Foi9 4R 9%
A Ao wtelg 2 ¢Y E4EE w7 AME HE ATl 50g oY
oW HAY Aog wuHD)

3) A+ E EFEA(E)

i3t} sHE o] E3Fak4) Table 26 © Figs. 60~620] UeEI}SIT 9= ‘066 6¥ 15
d  80,000712](30.87HE)/ m)E AXBAL, BT AT 00187 goldch HFFAE A%
BFEL 059 1295F 063 4971A FA2 vidsteA 4F5FAM dFstd g9 &
B ZHETAF 052g)F 65000te] A4 st

2gdgelel dat & ANBL 20kgQ 2 THYAFLE 0012kg/ O T A2
of Asith Aage] e e %i}%é}%oﬂ FEoIFI Aol Be o e
ZART B FHAT AGHNY) HED ROE AAHY, FFAF FRIAt 5
FA71E $3714d W8 EggFHdME *H—r«l Aol T4 Aoz Jddh
B3GR Ae-o] AL 3t A)-$- 28] o)A g AlA o] whgton], FE- ol Ao )
olME= JAA BFFE AHF 13.0ge FEIV o718 AS F HIEA HT AFT 1291ge=
F5H AFe Jeh o (Fig. 62)
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Fig. 60. Changes of total length of L. vannaemei and L. chinensis in
cultured ponds.
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Fig. 61. Changes of body weight of L. vannaemei and L. chinensis
in cultured ponds.
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Fig. 62. Changes of total length and body weight of river puffer in
cultured ponds.
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Table 26. Summary of stocking information of cultured animals and harvesting

FH G N A 27 B2t
F2 3 e B4 laaail s B4 2l B g
HAH(m') 13,000 13,000 16,500 16,500 2,600
AFSAE (@A AR (gogAas] aogae B8 | fdde  de 3E
o2 (1) 500,000 20,950 500,000 | 600,000 10,000 | 600,000 | 80,000 6,500
(400kg)
A2 LA 6.15 6.2 6.15 6.15 7.20 6.15 615 58
FH&dA 1015 ‘07.3.13| 10.15 1015 1030 | 89(=+h | 11.8 118
G712 1239 283Y | 123¢ 1239 103¢ | 56Y 1479 175¢
P (vl /m)| 385 1.6 385 36.4 0.6 36.4 308 25
d2A] FHAZF(| 0.0097 191 | 0.0097 0.0097 052 | 0.0097 | 0.0187 13.0
FHEA AZF(g) 14.7 19.0 13.1 135 6.5 - 290 129.1
F Y2k (ks) 3,000 - 1,000 500 59.8 - 320 5564
S AW (kg/ m')| 023 - 0.077 0.030  0.0036 - 0012 0.21
AEE(%) 40.8 49 15.3 6.2 92.0 0 140 663

WEE @ wolgz 7g 24

W
ok
4o
Lo
o

¢ WEE B A% FEL 8~108 HFAFo] 81.2~1059g2 2 A¢F # o
2 AE9 x2e] % 2 1%1 o, s8] AT w27 F7HE ATH(Table 27). 89
9dell= A8 109te] F 10k 7F A2 Sl oH, GG A5t &4 TE

5 AME A$FA3 v53 golzt BAHAJTE 99 7d+= 107
Z 19k, 10€ 119 % 19t 9] A9 K do] A iyt JAste] MEA =9
= g2 TAFee AL & F UUTH(Table 28, Fig. 64).
nAY SRy dEarFols] 9 YEES PCR AAF 43 ZE 9 YEEY A &
ZdE°] 100% AvbgutelgAWsSsV)dl Zdd A& ¢ 5 AUIL(Fig. 63), B A5
= E

=
o vhol2l 2o ZUE S-S FHo| AHoz T 2 9o

=~

b

O
=

(]
S,
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A6 A A3t AYA A7) FAV)E 4 2 I3
ag A

1. Alg 2 Uy

Asliet Aepd F47]) B B4 713 ARE ol #Asgon, 200539

A 718 7l 2 T %‘% ZAFSFE T T3 244 AR vdaes 9E5AY

I 712 &AL Data logger (Hobo Co, England)E o] &3t 44|13 2tH o2
o 3

)
, AZ(FA 3m), 712E FAF st SR (Figs. 68, 73).

-V—ff:{m

mlm

A
T

S Ao

o ol
o %

B

o rlo

N

aFE

a3t

bl

7 ZAN FNF dasla

Asete] A4 FAF I ALH oldrlL ol HeEtur] AlEgE 98d R
B A&Hoz wAsm Jon A ZFA7E aXe 197 29 %
s s loh Mt FA2 FAFe] YA AQL FE FU], A
© 2 2003 1€ 2195 E 497tA] g3y NE A E
2 09~-19TQld HE HAVLL -121~-156T2 H9z ZHge Zurg gz
ZA A AFFold Fo] F ol FIE FAII 7L TS TH(Table 29).

Table. 29. Weather conditions of a cold wave region (2004, KMA)
(&9 : C)

d =} 1219 1.22Y 1.23Y 1.249

7(] Q_':’ §Z17]‘9" 5] 17]L. HX‘]7]—Q— 5]x17]1~ &1]—]7].9— 3 17]1_. 51 _]7]_9_ ﬁz"7]'%

U -19 -12.1 -1.0 -12.5 -0.9 -13.8 -13 -15.6
Al QF 2.1 -7.2 -1.7 -7.3 -14 -7.8 -14 -74

*KMA : Korea Meteorological Administration
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(22
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fir
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20059 FA Y FaRel dz}r
Feholdn. S HAAG L 7E A¢-FAFE
] 19 24 8:00%-F 10:004] Ateld] 3o Fxkd
o] MglA & Fxo nHgA 7 Ach(Fig. 66). Fru}uisiA]
15T (29 29 1500 F3)Fom, 2¢4 19 04 30% o|F A3t Ag(Fd, A,

Joll ZAFFAB7t TR(AY TFTS W-NW 20~26 m/s)F ARFo|r, 248 19 20

Al RGN FFFARIL ANt ds] @G HAHE
2o % AgAYR 8y FASALH, w0l 8 FAc o Sc
AFAG. A4 9% AFdse 28 Iy dds] dA g 259
2o FHE BHyow, A uige 9Fes TAE Foljg ANE <
thFig. 68). 2005 = Fote Hde] Hls] 71L& -10T o]doleyt B upge] JF
< AA E3kH(Tables 30, 31).

oy ol el

2
=]
=

Table 30. Weather conditions of a cold wave region (2005, KMA)

o =} 1314 219 229
By i Iy
T = _Q_ O ~ _9- O =~ _Q.
g} ot 7.4 -10.0 6.7 -10.1 7.9 73
B ¢k -6.5 8.6 -6.0 -8.6 -6.8 -8.0
Al oF 2.7 -5.3 22 -6.5 2.8 49

Table 31. Direction and velocity of wind in following times in cold wave region
(2005, KMA)

(249 : m/s)

THEE| 1319 219 229
A BA] | 44] 82 12A] 16A] 20A] | 0A] 4A] 8A] 12A] 16A] 204
o o NNW |[NNW NNW NNW NW NW [NW N NNW NNW NW  NW
v 70 75 80 80 75 60 {190 25 10 50 60 35
u o} N |[NNE N N N N |N ) _ ENE N N
T 75 15 45 35 55 45| 195 10 25 40
A1 oF NANW |[WNW NW NW WNW WNW| W WN WN NW WNW WNW
bl 55 65 75 60 90 85 |40 W75W70 75 80 550
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Fig. 70. Change;s in water temperature and air temperature during a
cold wave period.
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A 7A FZAH vdst+= A2

selete) Aaje 2 HUE HHAE olgstel AN FAFl F suse] F
FAEL ASEN 5L ol Atk aYY AS o} volaagAY Wy
Aste] AL B wEPe] me} o PATe] ALFAE AWetn o), Ho} §

ez AP A AFolth T At FAY e YFoleks FHol
zetn glew ‘BURE A A oIREBA MALYL AFo ud 2 AT
wrb 2748 glo] Nalt Aee e Hid AAE £A(%d 47999, 01d 227
o g, ‘034 322919), 05\ 109 9)7 BiEo] ThFR AAER FFe ARAA FAsIE
Aol 29Ee Hu A AT TAANE AT AN FNF BEHA o) §

=237 el A FAA IO F2 FAsE shrole HASY F2Q
g2 oz Wdses AFMEHS RS

ok ﬂJ[

A5G ANEL F¢ HGT ¥ FEEY (F)SCF #4EAd7ad U= 16500 '
Fre A FAF FFd FA4 vgdHRG $4E 2-3m FHA A v EE
Az AMZ ZolE 335m, L 135m¢l 450 m' FEHACE o HIEE$2 YR F
AALe 297 mf 30x10m)ojuom HFF Fxe FAYAM Fdstrt HEE A
ES y5shd E28 gt ojFEe] E=F AANA HdseA 4FF Fl
E %] 4m, 7HAAE 19mged, /Mg AFE 260m WF pipes YA
AFE 240w BH pipeE 210cm A2 17704 MRS ATHFg. 71). 7159 49

E 7]%E Yol 60~70cm, Zo] 50cne] AU EE eHd3le uldsle2 AEES A
A NAdsgoen, vlde F77F 01me w8 vldS o] &3 thFig. 71). 3 FA
£ ujdstes AR AALGAA A% FAA $4He] AYshe2 golzo A 9
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ZA 4 FHAge] v 4SS A AT, 20059 A FFe] g AHEE
o] mEol} €53 FEH JtFole IS vAA F1 dFE FEI}EH AHFTHA
24T AFoNMe 7L & Bo FAF g 93 Fg
39+% UAAHFig. 69).
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o] &3lHA 20 o] LS FAEAT pHE Z7|dE 70 oL FA3YoY 60 AFE=Z
volx 4E 2 pH TEE E0]7] A8 Az A8 YHFig. 78). £&E4E ¥=
= 93571759 82 L %7

d3k-¢-2 GFAME AAQAA AT Fie d4A FE A Ao
19.8+65go] F&Ao] 198+65g2 =, 24 FFAFo] 1402+26.6 go] FEA 1217
+28.0 gol ATk 3 7t5ol A AlFoje WA 59.7+419.9 go] & Aol 4844151 g2
2, 294 Algo] 715.9+49.9 go] & Ao} 596.4160.5 g 2 AFo] FAdte AF o7}t O
Folnte AFY Za7t AUy dFMAAME &5 7teo EF ASHL0 3L
o, 2% 7t5ol WEAAAM AFHA7} 7P AA JebttiFig 81). FBZEA AY
olE E57ItF AFRE AR st AF AV Aoy thE groupdlHE AR
g A9 AAA @ot AFFL7 A UEsth
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Fig. 78. Changes of salinity and pH during winter season in vinyl house
pond.
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Fig. 79. Changes of DO during winter season in vinyl house pond.
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Fig. 80. Changes of nitrite and TAN during winte season in vinyl house pond
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Fig. 81. Changes of body weight during winter season in vinyl house
pond.
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= 965%, 294 A gl 98.6%E RHATH(Fig. 82). AFHide ut
ARG HFRA Y YEE0] 4T M]%ﬂﬁWOVhJQAE
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Fig. 82. Survival rate of river puffer and redlip mullet reared in vinyl house pond.
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Fig. 84. Design of wintering system in pond (a plane figure and plane figure

of roof).
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Fig. 85. Design of wintering system in pond (a plane figure of basis and cross
section of basis).
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Table. 34. Equipment cost of vinyl house wintering system (430 m’)

¥ 9 T4 FF ©I/HY) F A9) vl 51
w3 D40x6 234 28,700 6,715,800 A7te) 1%, A
g}o] 32x1.5x8.5 64 13,500 864,000 A7be] H=
EL D40x2.5 17 51,500 875,500 715
LI D40x3.6 10 51,500 515,000 H
g}o] = 25mx1.5tx10M 30 12,400 372,000 BgA =A
A9 32mm 32 450 14,400
AZAH 25mm 20 160 3,200
AzAw 48mn 5 850 4,250
3 o) 48x32 64 1,200 76,800
z27) 48m/32M 360 180 64,800 42x32
Uzyg= 50 190 1,200 228,000 45x45
NETHF 25 200 100 20,000
i = 6M 50 3,500 175,000
O R=fE =) 20 150 3,000
jeAZA 40 70 2,800
3 2 8x13(32) 1 7,000 7,000
2 =5 1x2M 2 27,000 54,000 1x1.75
Cy =g 4 2,500 10,000
cyg7} M 2 4,200 8,400
Hf=ujd a3 2 10,000 20,000
Baud 0.1x25%200 2 33,000 66,000
3, A4 0.1x800x50 1 265,000 265,000
33, A4 0.1x120x100 1 81,000 81,000
g n & 5 400,000 2,000,000 20m
T 1 350,000 350,000
AzH] & 90 130,000 11,700,000
g}o] sz 48nm=x10M 5 31,300 156,500
Z H 1 700,000 700,000 Zid g 1607 <
Wl = 1] 1 1,000,000 1,000,000
A<l 1 400,000 400,000
Z}A) loss 1 700,000 700,000
o] & 1 2,000,000 2,000,000
29,452,450
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7P SEgon, @ AdMFE 297~ 319351@ DOE =
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Table 35. Changes of selected parameters of water quality in experiment group

I during winter season

4 T&(C) A& (%) DO(mg/L) pH
053 129 10.8(8.4~12.6) 30.5 8.5(7.6~10.7) 7.1(6.6~8.1)
06 1€ 9.8(9.0~10.8) 30.3 8.0(7.6~8.7) 8.0(7.5~8.2)
06 d 29 10.0(8.4~11.9) 289 8.3(7.9~9.4) 8.0(7.9~8.2)
06 39 12.6(10.5~14.0) 29.7 8.4(7.4~9.4) 8.0(7.8~8.4)
06 49 14.6(13.9~15.9) 319 7.0(6.5~7.8) 7.9(7.0~8.2)

“1ART : EA4 Hdshes 25 F(pond)

Table 36. Changes of selected parameters of water quality in experiment group

Il during winter season

244 T2(T) = E (%) DO(mg/L) pH
0549 129 9.3(8.6~9.9) 9.9 104(102~105)  7.7(7.7~8.0)
‘06 19 105(7.7~12.6) 20.1 89(73~105)  7.8(7.7~8.1)
06 29 13.1(10.7~155) 28.4 6.8(5.0~95)  7.9(7.8~8.1)
06d 39 13.7(125~14.5) 30.6 83(7.0~92)  7.8(7.7~81)
06 49 14.8(14.2~158) 30.7 82(71~90)  7.9(7.0~8.1)
*IAYF : AN NEH: EIPP ASFE)

- 129 -

3t ny
T 98TE 9%
& 7.0~85mg/L, pH
93~148C=2
o] gto
e Adsise FYT 306 FE2 AFHAL DOE
F& B G ch(Table 36).



e

AYF Me 549 FRINFoz AF/E A%S |88 HYNE BE3}
£ 190~2B0TZ #ASA R Asasol 49 Yrhsted 20~512 o,

DO 2 pH @ol JAAME 487 13 ol Mzsld R %2 RAoY 25 Hoje)
QEole & GG v FTHTable 37).

Table 37. Changes of selected parameters of water quality in experiment group III

during winter season

43 F2(TC) A& (%) DO(mg/L) pH
‘05 129 19.0(18.0~20.0) 2.2 6.5(6.4~6.6) 6.4(6.4~6.5)
‘06d 1¥  20.0(20.0~21.2) 2.8 6.6(6.2~6.7) 6.7(6.4~6.8)
06 29 20.7(193~22.0) 5.0 6.7(6.5~6.8) 6.7(6.5~6.8)
‘06 39 21.0(21.0~21.2) 5.1 6.7(6.6~6.8) 6.6(6.4~6.7)
06 49 23.0(23.0~23.2) 2.0 6.6(6.1~6.8) 6.8(6.7~6.8)
*MAET : FE S452 957

2) 4571 4319 4 wist 2 HAES

FE ZdA XoE U4 €5AST 2, AL Fig 8804¢t Zo] AFF 12
B 02cm, AEF Oe Hd 09cn, AFF ML HT 437t F71H €FA 29|
10.0~15.0C ¥9ANAE AZFZ7e BFkon, 200C oo ME AT I, 04 H&] &
A3 EFShchFig. 88). AFol UoAMT A4PF 1L B 14g APT Ov HT 30g A
T ML HaE 404go 2 M AF77F A7 1, Ol w8 dA3] S7hste AFS B
Ron, SA4 vdale-2 3G DFA AFY FhE YojuA &%th(Fig. 89).
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Fig. 88. Body length changes of river puffer in different heating patterns.

05/12/1 06/1/1 06/2/1 06/3/1 06/4/1
Days

Fig. 89. Body weight changes of river puffer in different heating patterns.

HFT AEES HYT 10] 875%, AT I 96.9%, AFF ML M95%Z =4
A Ao 5FE AL AP 1o o ¥gon AFA AV 119 =
oMol AEES TS FFAIZ F UL Aoz AGHY(Fig. 90). =3 57145

TAYA Ggth LEAN F FRL Bol H49

1>

Ho

o

378 AdFolA A

= O ho=}
BE 58 59

o

A

=
-

e
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T4
Feo]l e AP I, DoHE 90~100%E hEE o] 7))z



ANX EFFo 3~4Fdd T ojwat=o] AL, AP MoAXE 33~233%= e
o},
Rt Wgte AFAIP VTS F14Q MEol Ao, HFLF FEAdE ¢
AAleh vlmste] AETF 9] 5.1 T o] -28%02 APF
S A HFT 1, ML #4E AoZ Jehloh(Fig. 91).

100 ‘Q\ﬂc : 4 4
o o
~ 80 |
2
®
"é 60
©
2 40 -
2
=
@ 20 . ;
—0— |41 (B o) —h— S 4 (514 —8— S XA (A E)
o | 1 [ L I
051121 06/1/1 06/2/1 06/3/1 06/41

Days

Fig. 90. Survival rate changes of river puffer in different heating patterns.
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Fig. 91. Condition factor changes of river puffer in different heating patterns.

3) A 9% ASAx XA

7h 4yt =237

FEFH Jteold HA EF5AERE FHsY] Y5k IA4LER IxdE A (Fig. 94)3
A, FAZAL g8 APFE £ 115~120T, @& 281~328, §EAAE A7y
2 5kg/m 83~90mg/L, 8kg/m' 85~88mg/L, 11kg/m’ 8.0~85mg/L, 14kg/m’ 7.6~
83mg/Le 2 WEV} £S4F DOE Rolxes AL HYth 7tso] AdFE L 7.
1~88TC, H¥ 27.8~326, #&ENALE AP 10 kg/m’ 89~9.6mg/L, 40 kg/m' 7.95~
8.6mg/L, 70 kg/m' 7.50~8.6 mg/L, 100 kg/m' 7.2~8.6 mg/Lo 2 IFEI {FAstA Lx7}

Ee4E SEN2E 4 BT

) 438 _

A=l 4SASAE 71Ed d¥ole ATHste 59 A4 10T ojdez &
T FAT AR, AF F7hs gol dEuAe SRAT AT Fae BolA dgn
a9 7t BEE HA(Fig. 92, Table 38). & F AP7E AT Frte AL=F
Skg/m7t 4.6%, TUET 14kg/m7} 05% 2 RYEY o) AF9 F7hFe 2y
A SlolME AFol wstel HlEaA TUE ATl 3 et vigEe) Wa

2 12

2

- 133 -



£t 5keg/m'7t -14, 11 kg/ m'7}F 4022 Y EA A JeElYE A¢S B

A2 vidste-2 AEFT FAG F2EHEZ JteoY ASFLE 7~8TR
s W AT WHile dFAIE Y T HETHE 58~96g9] AHFo| A3
AZF3A80] ZHzt 98%, -135%, -13.7%, -162% 2 1UE AFYFTUSFE AFPA7 =
A ElttHFig. 93, Table 39). Ao gloixe Ao HIs| 7,.},&% YA -0.6~
B38%Z nAUE AFFoM E=A eyt vivize Wals 40kg/m AP T} -1212
713 3 A HLEPXJ@_ 100 kg/ ' AHF7} -6.00.2 e}

SGRWL g8-9] 74, 18 Aol s Ske/mollM 417% 2 7PF w3kow, 7tsole
957} 7}2}—’? AF7art Bol TUETQ 100 ke/ ol e -1092%2 AP F2]
g zolE HAT. SGRLE &9 7%, 5 8kg/m APTlA 0.015~0.025%Z ]3|
wE A4S EHenFig. 98), 7Fsole 10, 0kg/mollX e Zart YEA] g2 ¥,
70, 100 kg/ mFAlAE -0015%2 Zo|AdFo] AstgchFig 99). CFe 3o 261~284,
7ol 13.6~14.28 t(Fig. 100). 3£} DFI= Y= 5 8kg/molA 0.67~0.42 g/ v}
2 Jeht 2d=79 14 kg/m'e] 0.27 g/fish B} §oatA =%ch(Fig 102).

OZ]

4) BEE 9 Ay 1y

FEo] WEEL Skg/m, 8ke/m AET7 100%, 11kg/m AFTF71 98.2%, 14 kg/ m
AYF7t 72%2 RE AYF/t 45 A0S 2YchFig 104). FE AN B
o] EYILL S5ke/mAIT7} 60.6%, 8kg/m' AIF T/ 56.1%, llkg/m' AIT7}
87.9%, 14kg/m AEF7} 855%= UeY FE8EUEV} & AHFLFE FHIN] =
Al Vet
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Fig. 92. Body weight changes of river puffer in different rearing density.
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Fig. 93. Body weight changes of redlip mullet in different rearing density

- 135 -






6.0 r

b
50 | ab

S 40 |

= 30 }

%

Q 20 } ab

a

o H =
o'o i 1 L (]
0.05 r
004 }

= 003 | c

] bc

& 002 }

N ab
0-00 [l [ 1 a '}

5kg/m* 8kg/m* 11kg/m* 14kg/m*

Experiment groups

Fig. 98. Specific growth rate in body weight (SGRW) and in length (SGRL) of
river puffer reared in different densities (P<0.05).
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Fig. 99. Specific growth rate in body weight (SGRW) and in length (SGRL) of

redlip mullet reared in different densities (P<0.05).
[
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Fig. 100. Condition factor of river puffer reared in different densities (P<0.05).
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5 |
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Fig. 101. Condition factor of redlip mullet reared in different densities (P<0.05)
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Fig. 102. Daily individual feed intake (DFI) of river puffer reared in different
densities (P<0.05).
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FCR
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0.0
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Fig. 103. Feed conversion ratio (FCR) of river puffer reared in different densities
(P<0.05).
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Fig. 105.
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Survival rate of river puffer reared in different densities.
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Survival rate of redlip mullet reared in different densities
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Table 38. Growth changes of river puffer reared in different densities during winter

season
. 2% 2 9% ¥
AR AFE)  HIvE A% (cn) A%(g) Mg

Skg/m 155:02 1083:9.4 288+03  15.8:0.2(+1.9%) 1133:8.6(+4.6%) 28.4+0.2(-14%)
8kg/m 156102 1085:58 282:02  159:02(+19%) 1122+65(+3.4%) 27.5+0.3(-2.5%)
Tlkg/m 151:02 96163 273:01  153:02(+13%) 99.6+6.0(+3.6%) 26.2+0.2(-4.0%)

(+1.3%) (+0.5%) (-3.6%)

14kg/m' 152102 984:63 27701 15.4+0.2(+1.3% 98.9+6.5(+0.5%) 26.7+0.2(-3.6%

Table 39. Growth changes of redlip mullet reared in different densities during
winter season

ga 2% 2 2% ¥
AR AZE NTE AR A% () Hj g

10kg/m 15.7¢02 59.1+21 149401  15.6+0.2(-0.6%

(

- 533:2.1(-9.8%)  13.7:0.2(-8.1%)
40kg/m 157+02 59121 149:01  15.620.2(-0.6%

(

(

51.1421(-135%) 13.1:0.3(-121%)
51.0:2.0(-13.7%) 13.9+0.2(-6.7%)
495+2.0(-162%) 14.0+0.2(-6.0%)

70kg/m’ 157+02 591421 149401  15.3#0.2(-2.5%

)
)
)
100kg/m 157402 59.1:21 149:01  15.140.2(-3.8%)

o SA4 ¥4 487 B

|2 a2 4F7ee SANGAT g T2 B, v o] Ald 9 7
AE @ W pEstE Be ALt B AFeA AAG FA2 vds}

Ao HAUWAFE 10m/s, HH 30 AN AL F Ao} M3t T2 4

gate] Ao FoojFQ 7hgol, FEFHA AP, 2717, W 591
FAEFAA AR FHEY F U Zleolth AR 200488 H =
4579 A ALE A AF W0ARRE 7, A 3L s o A
Qel7t §2 70%, AT 30% FHEZ P A A v|FLE 1074 T &lh
7t 45% A °W?39— bt g, 228 A A AYT ¢ vMEEY §44EE
1) olAt. $471eA EFAEL Rl ZAH FEos dFoiie ZA
Aol YotAER Au| &9 HAY vdshe 3
olo} & AFAEA Y £ BE ATLES HF AH FL 5=
BT dAolth

A4 A5 5% Yy Hope RxIFHU Y s st ARG AHAA
Ao A 30% AFE APste, ARF HES o ¥Fe Ao vFHT Aoz 2o

o, 2 o2 oft o i
oﬂ._ll’,_lir-\?-‘ih’
L2 ol

o M
?%:otﬂ
T

o

>
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3. 89

7h. 20043 129 4YH-E 200549 4Y 49714 470D 59, A2 vldEt Ao 4%
7}%*33 ZAFSE7] f18te] 430 ' A4 widshe-2~ A5 AAdste 7Hgo](2 group) st

E(2 group)S tidoz 4 AETE A HBE, LS H £2YD HE §&
z%&ﬁw

4. $2874¢ 9%, DO, pH, NOyN, NHyN 50| 5o A¢e F2og0m, B
A4 FAAE SAYNE 9L W AN wdHex YRy 5

o
12C AFZ FA50] YA BFo] sFsstark

PN

o SA4 s B A YHE 430 I 7F 02 294520 9l0] 28HE Aoz
AFE| A}

gh. FA 4] Bidate ol A 47143 €545 AF, AFHste 38 FdA A
Folo] 7 HHEAZE 198465 go] 19.8+65 g, 2134 I 140.2+6.5 go] 121.7+28.0 go| A&
o, 7}&o] ZEA 5974191 g8 484+151g, 2¥Al slgo] 71591499 go] FEHA|
596.4+60.5 g0 2 HNA A AFZa7t A vYeElsh

ot A EF 1Y T HF ASEL 47 &5 A4 63.9%, 294 742%, 7ksol B
A4 96.5%, 244 98.6%Z WIFAAANN BEEC] EA YEHT

wl 9%7] £eo] BE FE Hojo] PAL 10~15CTY W A4 =2 & ppFEAE
BFAge] 14~30 gol Z718 W AFF20] 20~BTY W BT 404 g9 T YL
A

AL EFA A HEEe-= EE5FAA A FEUEE ZASIILA |49 pilot FEAAN F
A FAgTG v 2185 AASA Thsolst FES FHV|(1~49) 3L A5 4
%, 85L& ASF T 14kgd] EFARO] 7R, Jhsole AHSTY 10%Y Mm%
100 kg7t A 7Vs3ta ot

ol. d5duxy €2 BH AL, AISS M 11~14 kgl A 972~982%F 1, 715
o] AL, A}R4 m'd 70~100 kgoll A} 97.8~99.9% AT}

nE

A AFolE 9B5E TCE WEWE ARUL 1 AFUESt 374852 AT} B
o} 100 kg/ m' 2 g Foll A= SGRWZ} -109.2% %t}
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A8 A AF7] FEA AAEold 50 AKAY

e 4Eel UAEET BHL WANA A% JE A4
3l ogzzk% AW asw], Hold4 a¥m J NsEe] JEIHE FaE
Mol $etetel AL & U4 ORI Hhados A& ® ol
Yol oFL 10T ol4e] AF4Le 28l7] WEe] 4F AVLACD AEae] F
Hol% Thge] ol F3 Utk AN ALE d5e A=Hs} go] AEHE
2 AAAE nASY F¥z AR Y54 TRRE AL WS Fasith we
2
&

O

ol

o

to

o)

;L‘t——: }‘-]BHO}"] 0]:/5'1;}]/\0%0 :%]"E?-Tq’ 7]’% 9,] 7:]%7@_ /\gxo]—jq_ gzoﬂ u]x]L_
9 FHE Yolu: BF7) AVolF FHo] BE A2ARE AnA etk

7t A3 ¢ 4373

AF7|17He FEL 2006 129 204 FE 20079 39 20971A, 750l 2006 129
2794 FE 20073 3Y 28471R] MYz HAEH e, AYFE AAF2(F T 347T), 10
15, 20C o] 4)4E 29802 MA3 Yt

=
AEE FEL S524 duszdM AdssE ol&std ASd #adR
17.2:0.1 cm, BEFAF 110.7:1.6 g3l & 30vt2| 8L 1E FRP Al Fz0] £43d F

2o g AMFIHY. Jlsoles HAAA 341:02cm, HITAF 4065164 g0 2 F EHO]-
z ww A7 oA AL AAE A ASARAZ F5ate] £ AL
Age AN 4Lz AAFLTE MY 37) APTFE Kw FHE o] &3

o £2& FASHRT. Hole FRe F¢ s 5 HFALE, Ttsole ARE Fo
i AR (SCF i) E i 23] F33stRo-

o 4FE A+

HAANAIRE 8 HFoz2 HF, AR, AFS HPEFTEA NMAT 4HAEFE
(SGRW), WA ?—iﬂ*é%%(SGRL) HI T2 (CF), Y7MAS ALE A2 3H(DFI) ALE A4
(FCR)E =A}3}do}
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2 AEg 24

Fed(RAFE 34, 10 15, 20C) wﬂ NEES Qolrs] Sa) Y AArEe A}
% rAste] AdsIGen, A AAE 2R AFS ZHA

o A7 ZA}
AFge] A8 2AE dY 0 1008 FEes 48, £28A, pH, @
Wg A=A\ (YSI 85, USA)SH pH Meterg ol-8atd ZA3Ith AFAH

A2 1LY AM{4E AF3ted NOx-N, NOs-N, NHe-N, PO,-P, SiO; &&E-& £43}3
o},
ul. 5-A A 2

APA3e] EAAgE SPSS program ©]-&3le one-way ANOVA-testE AlA]s}o
Duncan’s multiple range testZ W79 {FoA-8 A3 H tH(P<0.05).

2. A3 2 2@

7. A&

FEo AL, A¥ Z3A YA FESGRW)L 10T 6.97%, 15T 2.16%, 20C 13.24%
2 §9x7) 9l whA(Fig. 110), MAF Y7HA ZJE(SGRL)—O— 10°C 0.005%, 20C 0.035%
2 493 AolE JerthFig 111). MR E(CHE AF2¢ 10CTA 3252 15T, 2
0CT<] 28.8~2891x T} 1.138] =9t (Fig. 114), eJ_ﬂy}]zﬂﬂ A}& A4 2(DFI)& 10C 0.315
g/vte}, 15C 0575 g/utg], 20C 0720 g/ula] 2 FL0] L2 F23§ zlo]E Holy
Z 7}t THFig. 116). ALEAF(FCR)E 10T+ 20CTFE 083~1.662.2 ztol7h AL
L} 15CTE 2292 7H4 A JelstthFig. 118). 7t A¥ £8A) SGRWLS A4

&F -10.16, 10T -16.98, 15C -26.34, 20T -29.008 F&o] ESFE AF9 #av} =2
711 et ZE AT () 43S ERH(Fig. 112). SGRLE AEF2TF, 10CToA
z}z} -0.015%, -0.010%2 ZAstgow, 15CT, 20C T E 0.010~0.025% 2 7%
B AchFig. 113). CF& 12.1~1459] & Yeh F20] £242 e g8 nygen,
AFeF7F 1452 713 & e RYTHFig. 115). DFIY A$ Ad5e39 10CTHE
0.15~0.23 g/fisho 2 ztol7} Quem, 15CF 20CTFoAXE 045~0.63 g/utgog &
o 3tA Z7bslthFig. 117). FCRE EE AP 77} -0.075~-1.012] e B =20] Fo}
AFE ()9 oz Z7stgthFig. 119).
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. HES

APZTEAl F2(RAF2 34T, 10, 15, 20T)0] W& FEo HF WYELLS AIAFL

T(34T)7 171E ol AF HAe g on, 10C T+ 984%, 15CT= 90.0%2 HELS

BRom, 2007 #AAF AL HASHA] ol AEE 100%E 10~20C AP F7He] A&
golE & Ao|7t vEhGA &gt

AEFEA F2ALFL 347, 10, 15, 20C)ol WE 7t509 HFAEEL A5
TFollA 11.8%, 10CTFE 91.7%, 15CTE 984%2] ANEEE BHAT 20CTFANE 93.4%

JEEE VoY, AdF2T9 o2 AF77H10~20T)d e F2g xolE By

ZHHo R AAFL(18~10T)dME FAFZIME 8L HAEES 7|UE F gl
o, 7ksole A 453 E A AT A% 11.0% IAFAT F287 F&L =49
AL W B8 AFEIHE JAoY Jheole AL AFo] TAste FAEV AE
&3 d8¥ T ZAALES 2T W FEIH stsole 10T 7B AE3HA 955l
2 Az,

17.0
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E L i
o ¢
140 |
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if?ii
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1 30 60 90
Rearing days
ONW B10¢c g15¢c @m20¢C

Fig. 106. Standard length changes of river puffer reared in different
water temperatures.
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Fig. 107. Standard length changes of redlip mullet reared in
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Fig. 108. Body weight changes of river puffer reared in different

water temperatures.
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Fig. 109. Body weight changes of redlip mullet reared in different

water temperatures.
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Fig. 110. SGRW (%) of river puffer reared in different
water temperatures.
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Fig. 112. SGRW (%) of redlip reared in different water temperatures.
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Fig. 113. SGRL (%) of redlip mullet reared in different water temperatures.

40
b
a a
30 |
LL i
o 2
10 |
o 1 1 1
N.W 10T 15T 20¢
Experiment groups

Fig. 114. Condition Factor of river puffer reared in different water temperatures
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Fig. 115. Condition Factor of redlip mullet reared in different water temperatures
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Fig. 116. DFI (g/fish) of river puffer reared in different water temperatures.
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Fig. 117. DFI (g/fish) of redlip mullet reared in different water temperatures
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Fig. 118. FCR of river puffer reared in different water temperatures.

- 152 -



N.W 10T 15¢C 20T

0.0 ey
d -

v 05 f
O c
L

1.0 b

a
1.5 b

Experiment groups

Fig. 119. FCR of redlip mullet reared in different water temperatures.

. 387

1) dvt 487

gEo oW APy FL 10T, 15C, 0T BF FLude AT 527
£ o]&3te) 10TE 9.8:0.0T, 15CE 14.9:017T, 20CE 192:02T2 & ¥E glo] &

A= AT AAFLSTE 20061 129 28U AP /MAIBt 23CE a3tk A7)
7t ¢ pH #3le 6.38~7.80, RFAHAE 4.39~890 mg/L, @ERFEE 27.1~3292 RE

AAF7F AAFH o Z AAH FXE K tH(Table 40).

7tsold] A7 AdF&TE AE MAIYQA 20060 129 289 133t 34T,
277F 23CE 7183t 2007d 1€ 9¢o zH2 1.8C, 1.7CE HA FL& 7|53
3 olF AaZis B S BEZFHOZ Holgrt AY FEYY 2007d 39 2794 1¥
78T, 273 80TE AFE THIIAY HA7AEL Ade279 FIFLL
4.0£00CeIAe. 21 9 10T, 15T, 20T+ HF FL¥sle A5 25 XH7|E o4&
3te] 10T E 9.8:0.0C, 15CE 15.0£0.1C, 20CE 206+08CE & W%F Z glo] A5
Ak AFP7IL BTG pH W= 598~9.96, £EAAE 42241123 mg/L, GEEFEEE
268~3252 2E AFF7L AAHe 2 HAH £ E RGrhTable 41).

2) JFAT
FRo £4 AW/ F AR W FEUolammonium)e] FEE 10T
A 0.139~0.719 mg/L, 15ColA 0.205~1.16 mg/L, 20C A 0.179~0.83 mg/Le] EEXE o}

guen B 487 $REUol BEE 29 2&ANE ALsitht 1 oFRE 4
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2 31739 AgS VeRAthFig. 121). 10C AP A o} A2 (nitrite)o] 0.006~0.073 mg
/L, 15C 0.001~0.238 mg/L , 20C 0.042~0.973 mg/Lo.Z 10C%} 15CFAA = AH77H
F< HlwEd oY BEE Yoy 20CHAME 29 & Ud ¥ FXE U
b chFig. 123). AAY(nitrate)d] FE HA] AP/ES 10T 15CFAAME
0.236~2412 mg/L2 <AFA EEXE Jehydley, 142 APTA 20THAAME
1.939~10.353 mg/LZ WE 2 Fo] A Uelth(Fig. 125). U4HE (phosphate)2 10°C o) A
0.03~0.14 mg/L, 15ColA 0.05~0.29 mg/L, 20ColA] 0.06~035 mg/LE 15L& AFHTFQ2
0C)7F A4 AFF@a0cet 15C) 2o} £ EXE Yehlok(Fig 127). SiO, & 10T
Al 0.152~0.378 mg/L, 15°Col A 0.2~0.388 mg/L, 20C A 0.087~0.385 mg/Le] X E 1}
Bl REEZQ F7teh A AEE B ATHFig. 129).

7dsold AL F JFUEFY ¥HIgE FdEYY FEE AIAF2TF (N - W)t
0.0029~0.182 mg/L, 10C 0.039~0.504 mg/L, 15°C 0.0042~0.596 mg/L, 20C 0.0077~0.694 mg
/LE AA5LFE ¢k BXE Rgor} 10T, 15T, 20CAAE HAdez 29 %
THAE F7t gAste AES JEWhFig. 122). AAF2ToA o} ALY o]
0~0.013 mg/L ,10°C 0.001~0.011 mg/L, 15°C 0.001~0.024 mg/L , 20°C 0.001~0.635 mg/L<
2 20TE AYsta Ad427, 10T, 15T A7z il vlady dAFFHA £X
2 Vel ohFig. 124). ANEY ¥EE AAFLT 7 0.091~0368 mg/L, 10T
0.062~0.307 mg/L, 15C 0.091~0.272 mg/L, 20C 0~0.268 mg/Le] EEXE el I oh(Fig.
126). AXNFL (A&7}t 0.01~0.04 mg/L, 10C 0.02~0.05 mg/L, 15T 0.01~0.07 mg/L,
20T 0.02~0.08 mg/Le] BXE Holjn AR F £2F 9 AFH xS Mg zxe=
B o}(Fig. 128). SiO, & AAFLF7t 0~0.905 mg/L, 10TCA 0.001~0.378 mg/L, 15T
o)A 0.018~0.483 mg/L, 20°Coll A}  0.148~0.384 mg/LE 19 =& A Z Z71sta) YA
FAH T AAF2F FAAAT 28 T S Bl F AAH R Fhde AFS
1 g oh(Fig. 130).

Table 40. Culture condition for river puffer reared in different water temperatures

497
10T a 10C b 15T a 15C b 20T a 20C b
pH 6.53~7.80 6.49~731 640~728 638~728 647~-727 6.59~7.27
DO(mg/L) 516~890 5.66~888 5.69~7.69 535~794 516~780 4.39~7.26
Salinity 27.3~324  271~315 272~320 275~326  275~32.7 27.3~329

T2
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Table 41. Culture condition for redlip mullet reared in different water temperatures

497
N-WaN-Wb 10Ca 10Cb 15Ca 15Cb 20Ca 20C Db
6.34 6.40 6.35 6.20 6.09 5.98 6.02 6.44

H
P ~996  ~7.90  ~728  ~730  ~727  ~726  ~770  ~7.25
DO 640 612 470 532 510 481 42 418

(mg/L) ~1115 ~11.23 ~7.68 ~8.36 ~6.95 ~7.17 ~9.03 ~8.91
27.0 26.8 27.2 271 27.0 27.2 274 274

~31.9 ~324 ~32.0 ~31.9 ~32.1 ~32.1 ~32.3 ~32.5

A8

Salinity

iy
o

Natural temp. (C)

0.0 il 1 1 L L J

12/28 112 1127 21 2/26 313

Experimental date

Fig. 120. Changes of natural water temperature in culture for redlip mullet.
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Fig. 121. Changes of TAN concentration in river puffer reared in different
water temperature.
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Fig. 122. Changes of TAN concentration in redlip mullet reared in different
water temperature.
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Fig. 123. Changes of nitrite concentration in river puffer reared in different
water temperature.
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NO2-N(mg/L)
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Fig. 124. Changes of nitrite concentration in redlip mullet reared in
different water temperature.
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Fig. 125. Changes of nitrate concentration in river puffer reared in
different water temperature.
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Fig. 126. Changes of nitrate concentration in redlip mullet reared in
different water temperature.
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Fig. 127. Changes of phosphate concentration in river puffer reared in
different water temperature.
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Fig. 128. Changes of phosphate concentration in redlip mullet reared in
different water temperature.
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Fig. 129. Changes of silicate concentration in river puffer reared in
different water temperature.
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Fig. 130. Changes of silicate concentration in redlip mullet reared in
different water temperature.

7 Aeigke) & FATAE FEI FEolel AL 4T AR PAE Feo

%L Yolnmz} 37497 AL Th

U AEFTEA HIAEES F59 S, AGFSFONW)ZE 0%He, 10, 15 20T
T& 90.0~100% 2 Z}OIE AReH, 7tFolg AL, AAFEFNW)e 11.7%=2 & A
F79 91.7~984% = g Apol7t YERRt

T} SGRWL 2o A%, E A7t Fox7t Qe vd, 75l 39 $20]
HEU5E AT Fart Yed B 4P 1016 (NW)~-29.0% 20T)o] A4S B
t}. SGRL2 3E-9] 79, 10T (0.005%) 20°C+ (0.035%)7 o= dolAdAe] Aol7t UEL
wow, 7lgole A, NWHE, 10C T A Z+zt -0.015%, -0.010% %2 7ZFAsH o, 15C
T, 20CTF A A= 0.010~0.025% 2 Z71¥FS BTl

a}. CFe 829 10TTolAM 3258 15T, 20T T2 28.8~289K T} E3ton, 7l
21~1459 & Yehl Lo 855 dopxh

ol DFls 329 3%, £80] 5248 ZFrlstel A 4PTNA 032-072g/fish &
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g Aozt YEttow, stsold AL, AAF2F(NW)et 10C+E 0.15~0.23 g/fisho
2 o]zl gilen, 15C T 20T TN E 045~0.63g/fisho & 28174 Z7}stgc}.

Hh. FCRE 3HH o A9 10T 20C++= 083~1.660.8 x}ol7} gllen, 15CHE 2.29
2 7P ¥7 dERa, sHeole A AYTI 00751019 g mo F&o] Eolds
£ 209 @l F7Hse.

AL A& 5o A5, §FNL, 98, pH, NO-N, NOsN, NH¢N, PO:P, SiO)e &
23} 7hgole A AAWAS FASAS.

A A7 £2¢ ¥ o]
Sel A% AFol gastel A AEeH dndl 5 AAAE 2 o -
Fol& 10C7 744 B4 5oz 4ZHT
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A9 A A7) AFL A0 oF AL FHe| A
CECE RS

Asgte] AR YAF L sigol, 2AEY 2 WA § B4 o1F UV R F
3 ge A% 2thgoln AR B4 oF Fo AVHY Utk 53 FRY F3
L ZEZEH 480z By PadE o 2d AT FAV|he] £2LHEZ FHE o
st FEL FHY A VEA FAE ALHL WA Btk 2 AH FRAY
AN FEE 4T FHIE Qe AFES GedH 2ol H¢ AL ofd Ao o7
A g Ausie As FRdde BRHeze ey gel ARA oz 5
7] Zgol gatuTh B 7-3CHE o 2] WRolth A B9t HAWERT B
o Asl FF AdNME A Be FHoIRY 49 9T A Bss 53 A
e Fa oJFFH W FAN FHFNA F7] B% 49 452 FUE AL B
e Age 2

gue Aanon #4 HrdN T2 THHL oJFoz A FE AL a7 B
Aol A7 F@}E ©, YF/E te IFH 2ol 2 229 & gz EEE
98 AU ses uaga J G 4 B des 3

gl
K
i)
fm
I

=z

, 48719 9 ALH FLoE oA HMgred AT E %ki}i ?lff} FEY A9
FF veElhue =23 143 29 Ale]l Udehde Jlis §9E2 A9 47 ddM ALS
59 A HAZE s BAFo 2N, Aozt HF FAH &4& dn
AAelth. 53] F4o Ex 9 #F°] AL FAN FAFY B¢ 2 st o
Aoz 4R A o2 F o] A7 MAFL F4F Wie Aol Rl
Jd 2B 22 AEste] £HAQ] A 2 33 BIAE olgA ARFH yE
GgPe T Ao FHAT. AAW LT Gl 4T B4 ojFe] A
é°ﬂ g olsl7h #Fstv], #d d7ARe FHolEy] FEH I F5
TAE 3 H4EE FEHL Yo 2 e £ FAN A BF
&} 5 "Lﬂ_:rLE__?_(Park et al, 1999; Chang et al, 1999)7} d& <A JA9, F47)
o BAW olF AU, YR Y A7 RiE Bolry) YSTh

g B ?.]i_:ll_t_ ol:}\b\]. aig_ r,HM-_o_g r:}-717]- A}O%o :13.7__}-@.
F7o %9 BF AT L WEug 4 ojwd
A% LTI RIS BN o= AE FAS BEA dolruz

fr

fir Ho 30 ofN 2 Ho ox
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o
e
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_ErsL‘ av

eod

>
s

qr op £

fr
e

) o o
RO A L S =R O
B odo m
i
bt
O

- 161 -



L AR R 3y

7 Agol 2 A A

APole TPFBAGY N FAATL0) A F2AMN AASEA FR(FF 170+
02cm, X% 32.0:05g n=30)2A, 137t & 10T ou] ARS8l A7 e
Ao ol &aYT. AWTE 20059 129 18YREH 129 27U7A ok 214A]7ko] Lo
M, B 715 AYololA ol FIFHA ATk AWSEZE 129 FRP 42 F o]
galgon, AE8L Hotaly] s 3MEoz AYL ANGYUT APAA oMo
AFg4 B5glo] A5 AedA SES o4 10CE fx5ta Fom, 4F A
HEel Ugwe AR 20)8 FUstd APseos YRon), HEHoz 2

l

Ig

2.C7A & R0l 485 HASA oln pHE 74:030]om, §E4FL 5
mg/L o]deo]l HES At EF 4Pl A =IAE Hstd AFLS A

L
. Aguy

A &2 Fig 1313 7ol AFsA] Al 10T A Al&se] 72412 55T, 74A17F 44T,
77A17F 3.7°C, 94X1ZF 2.7C, 21417 22CE 97el A 22 33 AL Ao A&
Al AFINA] 24213 AFE A A F 2.1, Fig. 13160 AAJg +& HEHAA A A
FAZIE o] &) vlHAE AFRSHA] & AFEiolA 1E oo FE nRrFHoZRE ¥
3E AFASAT. G AFAM AAT 42 D4R (12,000 rpm, 57)3te FF-& FE3

<, ALT, AST, GLU (glucose), TP (total protein), @BHZJ_(Na , K, a), gz
(thyroid hormones: THs) 2 3 E]&(cortisol) #4] A|7}Z] -70Co A B.@3}H ).
d7 ALT (GPT/ALP-PIN), AST, GLU, TP ¥ As}a-& FUJI DRI-CHEM 3500 ; A& 4]
& kit £2to]=& ARt} FUJI DRI-CHEM 3500 ; (Co. Fujifilm, Japan)dl A 7}40)s}
T4 HeE BAYY. dH HdPE 3FEH9 F Total 3,53-triiodo-L-Thyronine
(TTs), Free L-Thyroxine (FT4), Free 3,53'-triiodo-L-Thyronine (FT3) ¥ cortisol #4}&
Aolo £98 woz Axshgith

. FAAE

Zk AgeA o Aol i F}Y KA HF= SPSS-FAHIIAE o] L3
ANOVA Y Duncan’s multiple range testol] ]3] 33}
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2. A% 2 33

7L AESE

B2 10TAAN 435 AAsHe, 214742 222C 2 2 3}
el o33 2ok 4F AF F 74430 44T 2 F &2 81
FEHA &gt 2y o] % FotrE P whet 77~94A 2t

S 44TAA 27CTE FASA AEARS BF AEE2 77X 83.4£3.6%, 94r12¢
33.7+26% 2 T3] FAFOH, o|F 214471 A] 22TE LReHA FL0] ZFaEHA
A& H A A THFig. 132).

e

$47] a9
BAAE 7

ru,bz
82

v} AsistA dst

¥ ASTS AS- A8 /A 10ColA] 6.8+1.8 u/LO§ VERGA| B, 72412 § 52T
M 188+42 u/Lez F93HA F718 AL & £ den, 7427 44T TA
29.8+3.8 u/L9 %2 Jehjo] A3 ZUste Aoz Uehgth o|F 777 37CH
E] 94A)7F 27C7HA] AST ¥EE 26038 u/LoA] 19.0:09u/L2 A3t ol A
¥ F8A] 214237 22T oj22 O] &3 A3 38.0+3.0 u/Lez AIAVG = o
52 RYchFig. 133). €4 ALTY A% 94 29 e YA 9, ASTe} e Hl£3d
BEFE B AF /A 1OC°1]1~1 1.2+0.1u/Lo 2 JENGRA| g, 72A37 5§ 52CoM =
6.3+1.8 u/Lo.2 folstAl F7te A & & dom, 74X3F 44T thA] 11.2£1.8 u/L
9 F=E JeH FH3 -—7}0}” RAe7 Uego o|F 77Xt 3.7T7HA
79+0.4u/LZ thk 7ZHsle AL Ro|thr}, 94417 27TCHE 12.0:1.0 u/LE A58}
= A%E Ryt °l a@ FTERA 214717 22Tl ol28 gA] £33 43 25038
T2 R YchFig 133). 3 TP A9 ASTS} ALTS: =)

Fo| AL E FAste TE HIE EJT 5 AE A 10TAA] 34201 g/die
2 UEIGA Y, 7217 § 52CoHAE 29402 g/dlez §o8A Zaste AL & F
dow, 74X7t 44Ce] THA 27203 g/dle] =5 Jego] ZAaste Ao@ vehgdth
o|F 77X2y 37C/A 22+01 g/dlg tti ZAaste AES Holdrl, 94A17F 2.7 CHE
26101 g/dl2 TA A5ste 4TS BAoy, A8 F8A 21443 22T o237
24101 g/dle g Al 7HAasle ¥EE EQuHFig 133). 8% GLUS ZA$= A4F 7AA
10Col A 60.3:4.0 mg/dLo 2 VENGA R, 72417 5 52T AE 418453 mg/dleg
FostA ZAastEoH, o|F 74AIZt 44°CHE] 77N 3.7C7HA 41.8~47.0 mg/dlE A
A% et o] F 94A1ZE 27Tell ol28ME 98.0:44 mg/dlE FA3) Y53}
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Heom, olFE HAF FFA 214X 22T ol28 290.0¢441.0 mg/die =z AF7|7 F F
HEEE BIUTHFig 133). &9 HfAY Ao Na#t Cl2 2 FZd o Era
B3-S HolA FUAIR, K Ffoe F£L0] stAde et dF s=7t Fste E

o M ATHFig. 134).
o FEE 9 YA =2E st

g4 :ElZ9 A% AF /A 10CHA 5354125 ng/mLog JelA R, 7247 F
52CoME 925:189 ng/mLo 2 FoaA 2718 AL 4 4 Yon, 7447+ 44T
THAl 11764140 ng/mLE ©A] F7pste Aoz etk o|F 7723 37T7A
1135+142 ng/mLZ AAAS JellAh o]lF MAZE 27Co olz28 IEEL
2424+42.2 ng/mLE T 23] F7tetfen, o]F HAY FEA] 21447 22T o=
2] 14741343 ng/mLo 2 ThA] ZtAste AE¢S HYUiFig 135). 3 Az ERe
TTs, FT,, FT38k o] 37kA2 vpo] FE3 Btk 94 TT:9 A 43 /A 10T
Al 10T oA 740.1£35.7 ng/dle 2 YEGO ™, o] FEE 7447 44T} 9443 2.7°Co
T4 Zaste AL AYslne §9x glo] 739~782ng/dl MY S §X|3HF (Fig.
136). FT49] 79 A¥ s§A] 10Co] 358:059 ng/dil HEE 7247 52ToAME
121+02 ng/dl2 Fo3tA FAastd, o]F 4 FEAZA 096~067 ng/dLe] F=&
Yehi ok FT9 A$=, 43 /1A 10T 2.88:0.16 ng/dlo]ort, A8 /A & =
E A7 ol 1.79~247 ng/dl W] we F= AT BATHFig 136).

3. 89

b AL FEE o WEFY) ARFLE 10TAN 22CAA SR Sl
AAA A5 4 M W A 8F A R URuF wew 4Ed 2
AE R 9A A5 FRAA.

. 4289 A5 $e0] 27C2 AHNS W oF 834%7} HANHA LA, 22Co] o]
=22 A% Aok

ot @& ASTS} ALTE= 20| 10CoA 44CT2 2428 A9 F7138le AL 291,
o]F F4=20] 33T olza A ZAadgen, A48 FEAHY 221
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Water temperature ( C)

Elapsed time (hr.)

Fig. 131. The pattern of temperature change in the experiment. Arrows indicate
the blood sampling time.
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Fig. 132. Change of survival rate following
temperature. Different letter on the bar means significant difference at
the levels of 5%.
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Fig. 133. Variations of AST, ALT, TP and GLU in plasma of river puffer, following an
acute down regulation of water temperature. Different letter on the bar
means significant difference at the levels of 5%.
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Fig. 134. Variations of Na’, K, Cl' in plasma of river puffer, following an acute down
regulation of water temperature. Different letter on the bar means significant
difference at the levels of 5%.
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Fig. 135. Variations of cortisol in plasma of river puffer, following an acute down
regulation of water temperature. Different letter on the bar means significant
difference at the levels of 5%.
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Fig. 136. Variations of thyroid hormones in plasma of river puffer, following an acute
down regulation of water temperature. Different letter on the bar means
significant difference at the levels of 5%.
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A 10 A 457 A5 FH 9F FH2 S50l
el stety wg

ugil haematocheilus®} %©, Mugil cephalus)= =9 AG4H FQ o

=2 oM g2, 29&g, FEd oo vl MAZ Fo] AidEHE FFo=2
2005858 VELoR Mol R F AAF 81,437 MT F 5500 MTE 2| JoH(3) %
FASAADR, 2006). olFA FHHOE FAT o]FQL JtFole &5 A Aty BX
atn, Agaiets AR FHol AFHI loH, 53] Aty AS A4 FAF
= ZE3 Thwo] FHo] o] FojAa Utk o]k 2L A4 JtFo] A A €57

R ALE FLLE oA BT H ART F3E AT JFF AWl FF U
ehun, 3 193 29 Ato] YElde VG BHE A4 AT UM A F
ol9 A HAPL W] Ao 2 Faojrte] B AAAH &4E 41 e
Aot 3] F4lo] & B9 frFo] AL A ST S 1 e Hg &
A2 deiA Aot ol ol 7 A4 F2o FAT Wsle AMS AFdAE 9
Ad 2EH2Z ALt £HQ AdAL 2 F48 IR oldA AFT A& o
FFE T AoE FAHEG.

StA| 9k gkute] o iFol] o3k Aol Fo AAIUAL vHEHA Uit o)y} F-Fi, B
d d7Ase FolRr7] FEY U Y Afde dF A7AEY 98 B9 483 F
et Wad dde wE 2 FA8E dFe w3 Ay2lgrdy JdFH i (Park et al, 1999;
Chang et al, 1999)7} 4% &2 A UAT, FH7] e FHE ofF A3, Yy
4 AT Hie Folry] FEo. 2BE B dFE A 7t E ez, 4%
7] &I [FALSHA, @13 ALSTY §48 & (AT FE)0] oAy 8F
Astet 2 REHH Ag@del Aud JFE PR AEEn, 22 A3 AASTEHY
AEYLE D730 o= A= FAHE WA dotrux dr

oy
2
40
N
of¥
=2
gz

2

1. A5 9 3y

7} A3o] 2 ALZAIA

Agole FPFAHE}Y MpFAATL AU FRAA A FQ MEo)(RA
33.9£04 cm, AF 42912158 g, n=30)2 A, 1F7t £ 10TCTAA ov] A3t QHA A

71 e, A o]&3AT AY77HE 200690 1Y€ 9YEEH 19 1197+A ok 50A]7F0)

Rew, F TG APAA Hole FFHA Fdth APz 189 FRP 28
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o] &3tRaT, FEES FAsY] 93 IR HPS HASAT. BN o=
Abgg @FRlol A FedA SHE o83 10T Aty FRen, 43 A
olEo] A F] 243 H—’F(‘l. 1T)s dEo] ¥ztal4(-12T)E FUstd, 48 22
FEen, HFHOR [12T7HA F28 ¥Fo 433 AAsd. old pHe 7403
AR, FENLFLE Smg/L oo HES ZFs. EF dFole AR =9
g Sste] AguS dAsA

v A

A¥ $e2 Fig 1373 2ol A8 A A 9571 7429 10TAA AZHsie 1243
76°C, 24X12E 55T, 48N ol & 7He g A e AAsS £29 25T FREA F2 &
B AI A o1, o] F 48A|7F 37H-RE 50417 9E 7 A= 2.0C—1.8C—1.5C—1.0C—05C—
01C—-05C—>-0.6C—>-1.0C—-12TE FA3A FL& 23 —r%‘t\:} Aol AYL 9
S WA 2443 ARH DAANALH, Fig. 1370] AAF 2L 5NN A5 A2
SANE o180 SHAAE AR Be AHAN 12 o1l FHe1S) A2 A
Qg AANAG. 2 AQlA AAS WAL A4 E (12000 rpm, 53] FRE 33
& t-, ALT, AST, GLU (glucose), TP (total protein), A&} (Na*, K*, CI7), 34522
(thyroid hormones: THs) % FE|]Z(cortisol) ¥4 A|7}1x] -70Ce| N R ALYt

g4 ALT (GPT/ALP-PI), AST, GLU, TP ¥ A3]2&-& FUJI DRI-CHEM 3500 ; &£
B8 kit £efo]=& ALE-3lod FUJI DRI-CHEM 3500 ; (Co. Fujifilm, Japan)ellA ¥4
3T ol ALE-=H ALTO kit EElol= FAHHY 10~1000 u/Le] GPT/ALP-PII &
A3t e, ASTY 4% =AY 10~1000 u/Le] GOT/AST-PII, TP= &A3WY 2.
0~11.0 g/dLe] TP-PIl, GLUE FA¥H$ 10~600 mg/dLe GLU-PIIE, 18lx A 3}]754_
& Na* 23989 75~250 mEq/L, K* %39 1.0~14.0 mEq/L, CI~ ZX¥9 5
175 mEq/L¢] A& <alo]l= Na'-K'-Cl™ (Co. Fujifilm, Japan)& A}-&3& %t &
4 3Eo ¥F Total L-Thyroxine (TTs), Total 3,53'-triiodo-L-Thyronine (TTs), Free
L-Thyroxine (FTy), Free 3,5,3-triiodo-L- Thyronine (FT3) %@ cortisol ¥4 2Z}7z} Wallac
DELFIA A& kit& o]&3] fluorometerq! Victor 2D (PerkinElmer, USA)of 4|
chemiluminesent immunoassay®] 2]3] AA]stHt olw] TT, TTs FTy % FIz %
cortisol®] AZHEF C.V. (interassay coefficient of variation)2 TT,=2.98, TT5=1.15,
FT4=2.71, FT3=2.63 Fov, UUWHF CV. (intraassay coefficient of variation)2
TT,=2.04, TT53=2.22, FT4;=3.07, FT3= 2.57°] %l }.

|

43
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o FAA =

7 Ageld Pold Azl @ @el #% §FE SPSFAYANAE ol &
ANOVA ¥ Duncan’s multiple range testol] ¢l&] o4 3}t}

7]. Ag&o

3} ndd) o SH7] HFSFL 10CAA AL AJZste], 50A17F -12CE Z743 A
Ae A5 AEEE ZHEY 53 2o AFAF F 4813 25CTE FL5 AR
= A5 ol 71t T FeAe UE Hipide FEHA Ggon, 2o @2 HAEE W
3tE /I o] F 1AI17E 448 who 225 25 C(48*17P)°ﬂ*1 -0.6C(49A13F 447 A ZH4

NS o, ASANES) FFYo| ZAHUAAT G4 AL AAEL Uehx) Qi a2
BE 178 olF $2€ 04T O R3] 1002 H3ANA4 4 AANE F o 28%7F A}
S Aoz HANYOM, 8% 5 02T B RFo] 12T ol=A AF AASHE AL §
QA8 4 91%1cH(Fig. 138).

Felte A5 Ad A5 A4 FHFY deld A 2 AREd] WA o
g2 w3 5 Ak 53] Ae) R 5 AxerE Wal FAIFBIAE 4EL
AQste SAY 72 Bk & Atk AT obA7AA T B4 ol Fel glo] A
A7t BASHE 38 £ oM AEL ololutel s A4S olF A WelHE ol| 4elz
3ol dehteAe] B A7AIE Fokns] Yeoh 53 YeeHT=Ro) yru g
14 D oAA ABE ZWe)N FA @5 £ 2] o\ A48 YEhAA ) o Folh %
R u FH oF YEFLS Al o] AV Bui7} Bol FHL A9 B4
AFo AABAR AT PAE FPo] W AT A=s} 278 Ao gt

A Fu hgel FALe Pelu Addde FHoz s EE

AA olFolAD itk B3 ATIY FALHOE o|FoiNE A9 ¥4
LEERE 741%4_ M) ol AFe W] he 4FF 4] JF
o) Al ART AA5e] Eoh AW o}HAA Fgo] B ol
%3 »g—’u YAHAA ) B A7 AR glof, AL Vo] THEY] AT A
3 Fust A8 AFHA 2D At ARolth A Agolrt Aol gaitie A u)
2o BE o137 2Y F4% Aes %

W Aoz FY5m vk webd Y4
o, o4 AZE 2 AW PASH BE

3

A1
A
A A

o]

o _ﬂo
e ox
it o
rx o

l
o
H1

Aol AriHoz e WA d2BYL U
2 @AlTlel Fhgole] ABAL oA W
2ot ojm wWEHE HUY Ao BH JFo

:,1

—_—
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dedh 22g B dTdMe 4L 5o E o8 A dard HES Hs A
=3 72 943 ALY, olb Thgole 2EH A WS vEstr] As) A
2 AAEY s2EFHEE % #3352 E) AR S 2AEIAS. ol E 7x
457] o] @& JA A2 YEFH W Fol v YJEE AT kA

ole] B AT AR, ALE AT T4 W& rteo] 4SS A B A, 4F
A &2 10CAMFEH -06CTHE A2 F 49X UE7HA FHAL AXNES L‘rE‘rL}X]
%o} "gt‘g—'] Hste ol B 4 gt 2y 178 o|F £2F 04T ¢ ¥
-LOCE 33A 1A A¥ AAE = < 28%7} HANIE Aoz FaEQon, 02T 1:1
wo] -127Td ol2x A HAMEE o Hol, shgol AETE WA AL UA
A= 06T AoZ FAAEUT

(2

v A shehA s

8 ASTS ZA$ A3 7hA] 10ColA 35267 u/Le2 UEEA T 4827 5 25T
ME 662441869 u/LOoZ Fol5tA Z718 AL & § 0on, o]F -05C7HR] 400~ 600
u/Le FE& Yehfio] A3 & w2 & gl @4 438 FEAAHY -1.2TC
olZME ASTEE7} 18221840 u/Lo 2 Thh Hola AY MAGARTGE A3 =
e A% d F AP ALTY A A3 A 10CHA 53:09 u/Log Jepd=|ul, 48
AIZE 5 25T = <F 44) 7:‘7}??} 224197 u/Lo.2 #3A 718 AL & F A
n, o]%& 15T 27.0+42 u/LOZ TA 2715 AL B4 X9 480] 05C
o ol2x 44 MA FE 76120 u/Lo 2 {F3tA HLse, 48 FEAIHY -1.2T
o olZ2g Mt 34104 u/LE QAL Folrte Ao Z velydh A TP A$ AN
Al F 9 xpo]E o} B gllen], GLUE 10C AE/A] 627462 mg/dLEA -05C
66.0+19.5 mg/dL7}x] ¥ Zlol7} fUUATH, AF FIEAHJ -12To] olzgMgt
111.8:25.6 mg/dLE 93t Z7lste RS & 4 UAQTHFig. 139). A A A(Nat
K'-CIM)9o A< @?a 717t B¢t ojmd HEl: AR gioh(Fig. 140).

g Agalclra ZddAE AST, ALT, TP, GLU ¥ A& A(Na', K', CHhHE amrgich
F4 ASTS ALT= AMRR 589 o] tiE A o EAste 2 e AAAE
24 493 e Ao, BAE @AW 4G, 4%, SSHALAMNE Este Aoz
d2HA AT olF BAEL @Izt o] &4 e FE|7}F 7RI AY, 27130 AA
XA F AEZL tE A o & H% 450 FEHY FA71 £ Ho
A AEH0ZE & FAE UEpdth B3 @70 FAE &5 ¥ = &5 =
= 2EY2A &34 93 2 BFoz s ZHAHXA FY7L 2 BS AXW &40}

3

\l
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oz fFEHo FAVt &2 7 & Aoy olAL EFAA dAHeR & F
et RS H 2o A} FELR IEHE Ao deA Ut & 47
ASTE 81 10T el ol 3208 Sk} 05T I3 ) B9
o2 Pashe AL nyow, ALTY A% 94 10T o3z Yolxx 3248 2
=7} 05T sl S 39 24 Sehe Aoz et Bebd o B4
Aee 340 APHon 2 /e Wolmal e Axolr] e, WA Ase 3
Ao 93 2EH2AH & 850 %‘ﬂ' dder AS 9]' ALT7} % A5dvrt 34
520z AWaE Aoz A
Ao /MY AFE S FF
th & ulHAA Ao g A 2 BFY A EE FAV dAFE ol &£
A Yebd Zoln o]ZR13 FF A o8| FA4sE AST ALT X7t Z4 +F
oz 3lEEE AoZ Algdt AR A7 i FAH FAE AASHA XE oFH
sol gof, aApFe o] FE gt F ©] ALt AF7F WA FHojor & Aoz AgHT
1 £ AFoA ZARE TP, GLU ¥ AfAES] A o& JdFEFH 28 & d7A
A% Aol glo] AALE gl UM F 2EH2E S5 93 27H
Fo3k A AL oA ARE S 2 g Fd R 0 8F 9l vk A5,
Yz EsdAHglycogenolysis)et FFF 2 A A A (gluconeogenesis)e] & AEA
=o}#(Barton and Iwama, 1991; Davis et al., 1985; Pickering 1989)]] w2 nd 3 F/4
(Robertson et al., 1987; Barton and Schreck, 1987) & thAlF-2] dlUYR] BZFHd] 93 4
524 789 g 9 dfFE mFde] o AW JA4A8 BFIde Ad BFE F uth
@A GLUZF AdE8FEA AR AAEY HAPGE A AdEMA] AFRTG & FAE
Uehd Aol Eolg golt). olad HEL AMAA B gt F4 2Ed: ey
OE A%E AAZ

>i_‘

2 Ao 7}-‘5 A4 7‘1"}’9‘ UMEJJ& A

r\:l

ororro oo

m

o ZEE % Az EE g

83 ZEE9 A AAMA 10Co)A 485:4.8 ng/mLo 2 el A T, 48A17F
25To| X e 173.7£201 u/Le.2 FA3 A F7Fstgen, 1.5T 12294152 ng/mLE tha
Za3tat7t, 05T -05To) 218.0:440.6 ng/mLs} 20494545 ng/mLE A¥ 7|3t F

M ' &g UEAT olF APFE AR -12T ol28A e 98.7+8.9 ng/mL
FostA Hobd UMAT, HF AANGARGE 413 ¥ FEFS UEhATHFig
141).

g4 AN EZ2 2L TT,, T, FTy, FT39b 2o] 471X 2 Uro] i) Bk 4
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TT.o) A% A /MA 10CH A 60.9+11.6 ng/dlo.2 e A| T}, 48417 5 25T AME
246.6+85.9 ng/dle 2 FAsA Z718t9L0m, 15T 157.7+445 ng/dIZ thh ZHAastHch
7}, 05Co] 441.0+161.7 ng/dlZ A&7 F 7}1F =& & JeiAoh o|F 05T
32414985 ng/dl2 ZtA37] AZtste APFFE AHQA -1.2Te olZ8 A= 110.7+10.0
ng/dl 2 AANA #& TH7A HolAe AFS JEAT T Z¢ 4F A
10T o)A 161.6+22.5 ng/dle2 JEFATE, 48417t 5] 25T AE 37.1+127 ng/dlo.2
oAl #aste 2 & 4 U o]F 1.5CaA -1.2C7HA] 40.3~445 ng/dl A=
o B 8 < AHHE FANNA(Fig. 142). FT A, TTeot fARRE 28-S
Vel A@AA 10CHA 1.2320.15 ng/dlSE YEFEA T 48217 F 25CoHAME
1.80£0.34 ng/dl, 1.5C 1.61:0.26 ng/dl2 T4 ZHASAT7E 05T 2.65:0.76 ng/dlZ
A48 717 F /M =2 g JeEHdY o]F -05Tol 1.8240.39 ng/dlE 743}7] Al
Zsle], APFE A 12T o2 E 1451022 ng/dl & HHNA] FFo2 ¥
ojAe AHFS YA FIa8 A A, Tt fAe Aoz A3 /Al 10T A
2.75+0.31 ng/dle.2 JEbR| g 48417 § 25Tl A& 0.31£0.05 ng/dle.g2 #o3HA 7
A3tE AL ¢ 5 UAYTh o]F 1.5CAA -1.2C7A 0.24~032 ng/dl A=) e 8%
FEE A&HHOE %Zl*é}S’aD}(Fig. 142).
E

A3 wHEEle Aoz ¢ &+ 91914. 7R~
HE vxo 4% 45l vExoen, o] ¥x& 05C~- .scoﬂfﬂ o=z UrE‘rkkE}.
FTE AP 12T ol2fXM e tad HAadte AEFS Holr] AT A3
A NMANGARTE A3 52 FELZ YUY AFL %—ZJOI A&HHO R [FAHE
g AJT A7 27t & 7FA Hel FEE Favt Ao duryes A
2 AE FEHEY FFIALY FEe M2 ATBIAE JYeElEAM EFoA
HstEolzte Aoz A At AT (A A A GLUE Afe F4d o
e hgo 2 MG U ¥F £ Wsie ol B & Ik 2EH2A
WA ARZ o]8E ¥F FFIL FTrv £ A7dA F2 AANELS Jehdglen,
A T8 AFA 12T o2 AT FY3HA &2 g et 23y ZE S
de AT F4d e 2EH2d FAHUME A&HAQ ¥gg vehfo] 4

HE FE 4ol 98 2RI
o
T—

-“LianQB

An

.]
2
]_

Lo 01-r

Jgxol A7IE ol A%
Aoz 288 2 £ e dABEezE RAA oA v Sk ge W3
22a28 JUANOE ol§8 AR 2 2 + Aok FAzE Yvzos FHx
EdadiE EHd sHZolusd =HEe] wwa ogagoz std 27

glycogenolysis®} gluconeogenesis &4 7}Z(Barton and Iwama, 1991; Davis et al.,
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1985; Pickering, 1989) hyperglycemia®] W E}dt}i(Robertson et al., 1987; Barton and
Schreck, 1987; Ishioka, 1980). 21} 2 AN Uyt 223~ $59] 74 FE 3
A Wake £& H2A Quol WA e AAUAL Astdl @ FFze 44 B 1)
57t YolAe HiW 2E# Lo o3t I FIA AN @ ABEET FOAEE ME
ZdAaTe] o Vet AAZx A4 £ 5 Utk o]#F dFd= o|m  Ishioka
(1980), Park et al. (1999) 2 Chang et al. (1999)0] 9JIHE B1® AOE Ho}, &

g 2Edg & 78 o] GLUE dAIAER &&= RAde o2go] Ae A=
o A 7t}

AW ZHAHNZEEL AUA 4 ¥ zE2oz 4yA Yok 2y olFdl A9
o] zEEe Yt Aol hAME AAs FHo| HFHH, oW B wE YR <
A5 s FAAE2EY FAo] FES wexd s THH YA L) @
] -S—EEEZZ}(Parker and Specker, 1990), Ho|¥F(Gaylord et al, 2001), —%— | RS
(Pavlidis et al., 1999), A ¥3}(Choubey and Pandey, 1993) ol wa} 8% Fx7} ¥

itk Aol B # b glew, o ofd Az d@A o8| 7%l °]-r°111“—:—7<]
e gerh 53] AFA wHolg #IHHo] FFAITEEY SGAWUTO] dojdth
AtAo] AR A7aEd o] RuE urb A THChoubey and Pandey. 1993), o] A
WA W AsErel A%7] Wsld] od Aoz ANANTH VAR BE Azl A
z o]t} (Kang et al, 1998; Kwon et al. 1999). 18y} €} A+ AFJES E o |3t
gt AAA 4o WaE ARG A5 v Aoz Ardth F GAdse
o A Wshe Az=uel A%y Wsieh BARC Arlucke MNAA L9 AP
3o 3] Bt} FHAHoZ PIFL WS sls5Ao] FOom(Parker and Specker, 1990),
224 gew AASE Was AT AT WS WE 248 ol I AL
AT & gtk oleld 4 HE2BY 9 oA olFolAE Aol ok AR
A el ool oA WstE SRS 128 el Bu A 9L
a3 4 Slche AL gtk AN e LA BAol ADA Feusd Be A
HAY FFAA obdH 2o s FidE A Astel oF 2380 FFAA &
HMe A8 &l FErh old & ATodMe FA7I HelgE FFEA de FH
AqM F&& FI7A FBARE A5 FBAZEE ZAo] %A We=AE

o o] APAHLZ WA B IFE viAeAd BF TEFFE A2} A A
=3

& e

E—Ix_

A TTsh FTis £& 10CA 05T7A Feol st38 met 4aste 2% o
Row, oF O5THH JYSFE AU 12T AXNE ABAN FELE Paste
2 UERRITH TToo FIo) Z$E 8% T, AQs w2 2804 4842 5 2
5CAMRE FolstA Zastel, 48FR A ASHoZ Fs R g ek

_C[)_
E}LH
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L olsh go] Holg FEEA Fe FHIM goldA A5e AL ATHAL

04’—, 59 AL WelHE B4 Wolg o2 5 31“5} = ER 741@4 AQ =

I total Hejo]AL} free Hejole A = &

MEYL BLsTE e FriEe Aot adu AY 2l o—r°ﬂt e
= =

AYET 2L APOL 2
0C ol3tz F&ol otd A% thAl AAee Fobor AFL BTk 2o Wl Uab
o ARHez Belse Y T AL YA FuE By veuE A2 & 5
Ateh

a8 old S & dojutes AL olE HiAMe 4 Y 28 A 4
o] A} A=) tig o7} FAFHojor § AoE Hol dukdog d#A JeE A
M3Z2EL T, T 1T, Ty} Zo] =A 4—7“—E§ W2 4 Qlt}(Eales and Brown, 1993).
o] FolA HAEARAAM YHBAE Ad R T:9 Tl Aoz g A lon, 2o
AXE Tt 54 F9904 Ad84ds vedle 3o Bagy ok 2=y A3 3
AdM = Tt Tarb2 A28Y 32802 AAsn o, 1 FIME T.5 8=
gto] 2kt A A deiodinaseE Fa AAEHE Tk A2 A 8HY 32890 A
o082 4% A7AEd o3 FAH YrHEales and Brown, 1993). ol&|3t thALEA #
2F & 472439 9AMNAEZTY, W0CAA 05T7A Y] §A% £ 32 7tsoldd
A FHEEH2E ATTH FAd AF2o] 3 A BA2E FEIAE 7HeAol
= wEhA XHEH*}—E‘ ZAste AN 322 F 42U AYEHEEEU T BaH
2 olzx Ao g FALW, 123 T; FAL 93 5-deioninased] 23+ deiodination
ALY 2 ot 4 violl Q1 Ao R Eoh wepa] B AF ZAae} go] 25T o]
Me fFolsH @& 85 Ts w27 #&EHAoH, AW T 7% as Addoz A
W Ty &Y ZAZ ojojx ¥F Tosmrh 4 vehd & de 2oz 2o gy &
A7 RN TEEY FEHMNF AP 2EH 29 FFROE AFLd o3 df

ﬁo

A ZhAo] g% Fgo] o AR g7t FEI 2o EE 2EdL ZEE 2 dF
ARAE2E B tazs} ol AR BAS HAY FE QAT oky) 2EH2 gy
W ZEEH 14 £ *—1@3401 AdnE g o} A A ZHolrrl JE7] o

opgon £ ATINE B HelE o 5 BAe] o9 B ASe S0 4
o offl FPL MXEAE B8] BTk T BT AARE] £ sl e 2mdls B AR
o] Wslo} TEIE 9 PP LS RElE o] Yol AL TIT £ glen, Bl me
0 T 5L AR ARE 06T olsllN Lol & ] HZ] 0T ofsle] fexzie] Yol
g 29 9571 SR G BeME ololl tid HIH iR} o|Folalel ¥ Aoz ek
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3. 90}

7} G Al PR FAY LB7) B9 Lot W MAE 4YH G
3 AA YAFLL sestna At

. @71 E0AIZY ) AL ocoﬂH 12C7A 273 SRAA st
$e 2742 Mo, o u oxe ¥ Asist P WEHF B YEY zAlS
3 9A Ae&s FHEA

o AELY AL F20] 10TE IAHRL uf oF 28%7} HAEIG e, -1.2TCe o)
2z A% HAElg o

gl g4 ASTS} ALTE 420] 10CoA 25CE a8 A4S Zrlsts A%S 297,
O1F F&0] 05T ol2A FAFA Fasted, 4F FRAHY 12T o2HAE &
GAA $272 A E AT GLUE 10T A -05C7HA] & o]zt A, 43 =
FAIAQ 12T 2@ fosiA Zrlske AL & £ AT

vt @4 ZEEY A AF /A 48A1E FH 25THAE FHsA FUrstged, 0.
5T ¢} -05°C°ﬂ AR N1 F Mg =2 @& JEAT olF AY F3A1HQ -1.2TC
o2l FY3IA RotR AT, A7 MAGARTGE A3 £ F£F& YA

vl ¥ HFAT=ER T A$ AFMA 48R FH 25CAME FF3A F71s)
fgo.0, 0.5C 1 38 71 F MR =2 @& JEJA, 05T oA E 1 =
7} "olAe ZAEE JEhich T:o] B¢ A3 /A 48A12F | 25Tl e §93HA
HFast e, o 15T -12T7HA] A&Hor @2 % £58 FA A
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Fig. 137. The pattern of acute temperature change in the experiment. Arrows indicate the
blood sampling time.
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Fig. 138. Change of survival rate following an acute down regulation of water
temperature. Different letter on the bar means significant difference at the
levels of 5%.
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Fig. 139. Variations of AST, ALT, TP and GLU in plasma of redlip mullet following
an acute down regulation of water temperature. Different letter on the bar

means significant difference at the levels of 5%.
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Fig. 140. Variations of Na’, K, Cl in plasma of redlip mullet following an acute
down regulation of water temperature. Different letter on the bar means
significant difference at the levels of 5%.
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Fig. 141. Variations of cortisol in plasma of redlip mullet following an acute down
regulation of water temperature. Different letter on the bar means
significant difference at the levels of 5%.
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Fig. 142. Variations of thyroid hormones in plasma of red mullet following an acute
down regulation of water temperature. Different letter on the bar means
significant difference at the levels of 5%.
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Table 42. Survival and growth of polyculture of L. vannamei with C. chinensis

T ¥ PR B
¥ s EEERE hee EESRE =
A E 2 (%) 95 90 98 70
A& (kg/ m') 104.8 94.2 99.7 106.3
£ 49e udzolete Bl AUBRe ASe) 44 FUE =Ry 98
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Table 43. Survival and productivity of polyculture of L. vannamei with river puffer

T & a4 = 4 A B 3 5 2
EF 2 o] A5 o A¢ g5
&8 (%) 18.2 32.4 92.0
A A A (kg/ m') 0.13 0.22 0.026
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BAe ATFH $£AAEA(Profitability Analysis) =¥ AFF EFAAEAN

(Financial Feasibility Analysis)olgt e 310, RG] YFoNA AldSPe] Az

EANEE HE71A), =99 Hr), Aoy, X645 BA
Hl, Al =9 ol Yol Aolzb AR, A BHE oEd 2 XS vehin

Table 44. Comparison between Economic Feasibility Analysis with Profitability analysis

w = 3 A A 2z 9 2 4

THER (Economic Feasibility) (Financial Feasibility)

BrrEA TANAANY B3 AFAIA 4%
A}3] 2 H]L(Social Cost) .

¥ & (A ] ] 2] ) A} H] &-(Private cost)

9 o A2 2 # 9 (Social Benefit) A} <) (Revenue)

(A g+ A )

BALHA AAA AE 5F AFATHAY AN AP 2dg HHsA £
Ast=vpo] 28 Aok olF fdAE ATHAY HBAGAANMEEH B d7HAAY FA
AEA o] §F BHRDE FF Folok 3, AFFHA old g A=mrt £
3jof g}

B AFdAXe AgEHd JoAA i R FS w3, JF EF HE FAY
A ERE7 JIYFHOZE o|FojAE FHo] Y] dE 7ML T2 BAALE
E‘ﬂﬁihtﬂ AgaR SN oy Fol B, EF AFFHY FFo| resdd 24

FOEY, FA7IZEe] AEEH wet @72l A7 ol AFDAZ ] Aol o
oA A E3ta oA 7|t mE FAHEAE FAHLE &H, v "epxe AA)
7oz go] ol&EE £d/PY(INPV method)? W#59EH(IRR method)S
Hoz &gt
&7 (net present value method : NPV)2 3ld o] A|7HH 71 & 183ty BEXQQE
S H71ele WS dAF 5 ETAH (discounted cash flow method : DCF)e] &0 2 A

M Hr o ml
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@7F(Net Present Value)= F2}9] Za HA3t= A3 fY(cash inflow)e] @rjellA &
#E(cash outflow)?] &7} AAF 2L duiddh F, £PFFA(net cash flow)d]
AA7ER o] FA Yol &&7 ol

FARe] ¢@7tE AYstd oot 2o

(1+k)’ 2Ye Y

AR 7)E : €877 0Bt 2H ExQbe Mgt

9l Aol A ZAEQ L (appropriate discount rate) k= s Fxgto] 7MxE Ex19E
o F&ste @UE&E K3n, I FXcte] Mo Edof e HAHY FAERA L8
Aol @ 749 & (required rate of return)S ojv|gtt E3F, o]AL E3d AR 73
B8 02 ZEH|L(cost of capital)o|gta = Y. £AVIHE JAIEH JFSoEE &£
717 0XR} & EXIoHE AEdta, 387 08 Fe EXQS
F2d s «dFEEFS HFoste ¥ ‘ﬁ&i g 2 A5 E
NEE H&3to] 271FANE AAFo2N ¢HFEE 2_54_7‘“7]"]

o 7 illﬂl%-(opportumty cost)2 ¥Fgd3 Zojth FH/PHL 1
3} FAAE B ARE ]ﬂfﬂﬂ}l& oA FHE 7HA U
g A7 (0] AHE)E Y EHA] REte @RS MR ok
T3, YRS EY(internal rate of return : IRR)-S B A, YR Loleh 2o 48
FHE Y (cash outflow : CO)] AN/ §A H} FxA} 3] =

Y (cash inflow : CI)9] HAZIXFAYE AAA F= HASEA EX
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% CO n CI N
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Ag71E: WEFE() o]l HAAZIHTYE(HET 2 FAF A gi).

NPV A= & ro] AlFolA AAE AEu L2 vg] AP A 3t
o, IRRY M= NPVE 002 T=e 54 & IRRY e 73 WiRFd s
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Table 45. Purpose of aquaculture management
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Ao Al Gl glojA 7HEga BERgAS st9S A9 Foduste ud &
A& H3te, o] F FF BN T EFEH NP Ao EdE AALE H
7t th Ald o] glols el 2HZE 500,0000t8] & YAt AEES 123
Y7te] A7t T S5 eA 153%, EFFA A 408%F JEPR AT THFES A
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Table 46. Profitability comparison according to polyculture and monoculture of
L. vannamei with C. chinensis

(E9 - %)
7w EE g % 9 4
F X3 ot A oA ¢
2 o) 100.00 100.00
H) 8 4233 100.33
Adul B Fag 444 13.33
% g3 v 7.78 23.33
A} 8 H] 13.00 13.00
oF X n 0.67 2.00
Azlas 6.67 20.00
Z7pd 24 6.67 20.00
ol A 2.67 8.00
7 EpH] & 0.44 0.67
JAALE 57.67 -0.33

£ 2ol oA 7ARate Acke e
o 50%K Tt AZEE 408%E Hojm Yoy 4

o e, BE4Y 29 59 AYRAse|N Y22
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Table 47. Profitability comparison according to polyculture and monoculture of
L. vannamei with river puffer

(@9 : %)
T T 58 ¢4 g = 4 4
F 5 At A A -
T o] 100.00 100.00
H] £ 99.29 175.56
Aldy] 2 A48 33.21 63.49
Z E ¥ 8.30 13.33
A} 7 9 12.95 13.02
of & Hl 1.66 317
A78F 16.60 31.75
A7z 4.98 9.52
<l A H 19.96 38.09
71 Efe] & 1.66 317
AAAS 0.71 -75.56

€ 240 gloiA AnAe-o FE2e BREAe 4L Aol AN
AT AR FEE B Az 324%F Kol Y3, FHLSE £ 071%2 v¢ 27
UER S @544 23, 39 AdId2AstelM AEE] I3 Axstn, £fEE ¥¥
Z AAR YeRo.
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(291 : %)

2 o] 100.00

H] £ 5457

Al 2 M8 9.80

£ 1 A 6.86

7 H 0.39

A} 8 10.20

o I wm 3.92

A7 8 F 1.96

Z B A 1.96

AT 0.59

Fd A FAL] 4.18

o] A m 14.71

FHLES 4543
Table 49914 B uiel o] ARZ olFolAx e AdM$ FA2 %] ZA
e AR, YRS go]l 2% FFEOE ¥ YD, $3AZAE AR6E(Z

%) 8% FTollA 71541902 FA ] ulolelA ZFo] A =L
M8 g At

Table 49. Economic analysis in L. vannamei pond

& 877} x| (NPV)

i #42 &(IRR)
gd& 8% & 10% a8 12%
42% 81,701,452¢) 71,541,0839 62,595,824
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Table 50. Profitability analysis of pond culture and land based culture with river

puffer

(29 - %)
T i A4 4 KAz %
= o 100.00 100.00
B -3 34.29 55.74
Al A H 2.88 -
4 A n 0.82 0.83
x H v 14.81 833
 F u 0.41 1.00
A} B v 5.35 12.50
oF T 0.82 0.38
A7 87 0.82 5.50
F FA4y] 0.82 458
S e 0.25 1.00
gt A& - 0.42
271 A  Z} ) 1.14 7.40
A A 4 6.17 13.80
oA A E 65.71 44.26
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Table 51. Economic analysis of pond culture and land based culture with river puffer

47} ] (NPV)

B!
4

AL 12%
351,413,113¢1

387,282,874

&l& 10%

A& 8%
428,212,882¢

W 552 &(IRR)
109%

A ¥

=
=
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Table. 52. Construction costs of river puffer pond culture

(¢
3 2 # 4 v 3w =9 3F B
Al A H]
- EEZZA} FAFEAN 350 1 3,500 20 175
- ZH)5AA vl N 2 30 60 10 6
HojAld
- B} 5.5% = 1 2,000 2,000 10 200
B EA
- FTHUAUSA 20KW 4] 1 2,000 2,000 20 100
- H) AR R 2 1 700 700 5 140
- g @3.5cr m 1,000 1 1,000 10 100
oA
- %at 20} o) 2 500 1,000 5 200
- ¥4 1HP o 1 200 200 5 40
-BEAa 242 1 200 200 5 40
- Ad97] oh
71et A2
- @7
NSNS Pl o 1 1,500 1,500 5 300
- Atz By = 3 150 450 5 90
F Ay 12,610 1,391
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Table 53. Construction costs of river puffer land based culture

% g 4 ed 3 e Ga  af Bl =
F2(9¥) 50 z 6 4,000 24,000 20 1,200
FZ2(99%) 58 =3 6 1,000 6,000 20 300
AA, A7z 30E z 4 2,500 10,000 20 500

AEZR B 6 5,000 30,000 20 1,500
S5 E 1v}g o 6 300 1,800 5 360
FFRE 1o} o 5 200 1,000 5 200

RS 79tKcal ~ of 3 3300 9,900 10 990

HYHI|EE ] 1 2,000 2,000 15 133
Hz¢ 10kw 5! 2 2,000 4,000 5 800
B9 5kw o) 2 1,000 2,000 5 400

AN ARE o) 3 1,000 3,000 10 300

w2 7) 50kw o) 1 8,000 8,000 20 400
A7IAA 50kw = 1 10,000 10,000 20 500

A} 103 = 1 1,000 10,000 10 1,000 =¥Y4

Tlo]x % WH ¥ 10 1,000 10,000 10 1,000

) 100mn & 2 100 200 5 40

SMERL] =1 3 100 50 5,000 10 50
Z AlAdH 136,900 9,673

. Zh5ol e AAYEH
WA, 7ol FAe] QolN FANGAH AT FAH FIH S vims

A2 Foldae FEER Fstn FAolH 20060T AA FHAA FAF 4544, A
7beel FAR 12770422 YEhva .
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Table 54. Profitability analysis of pond culture and net cage culture with redlip mullet

(&9 %)

T i A4 &4 a7t El FA
2 o] 100.00 100.00

H] a 57.19 86.55

Al A H 1.62 2.33

2 A oy 0.48 0.93

Z B 9 | 12.99 4.90

& & 0.65 291

Ab 8 4] 26.00 4413

o E n) 0.30 1.86
A7) 87 1.95 -

g9 & 4 - 0.47

Z= BAm) 2.27 2.24
ZAF 5 0.23 0.47
71e} A& 0.97 -
A7H32m 3.17 9.53

ol A 4y 6.33 16.78

ok A A E 42 .80 13.45

AgolFel QolH FAN NG FHLSo] £280%2AH ¥ 4L Yl
e whelel, AavlEE AL 1345%9) FALSER vy Az, o vt
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Table 55. Economic analysis of pond culture and net cage culture with redlip mullet

&8 27} (NPV)

7 % %5} &(IRR)
F1E 8% FA¢ 10% gI& 12%
=34 44 43% 525,951,834 460,248,021 402,6213,758%]
3475 8] 94 12% 39,042,850¢ 16,675,063 Az Mg
ol el A £ Wl 7tz FANGY EI AFIPIAFFTLE EMo] glow, A

H
dvol W@ FAF AAPAANEALZ DFo] FYHLE o|TolATHY, ¥ B
A =Fo] & AoZ Bt

A9, 7hpol FAALAT AgrReF AME D B7PFA ZARG L Table

56~57 YR AT
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Table 56. Construction costs of redlip mullet pond culture

(9 A9)
g = #4 wd 43w oza AE LI ow o=
Al b
- EZZA JNAZA  H 12,000 085 10,200 20 510 %'E‘ﬂ.f
- FEl$AAd PVC @300 ) 30 2,000 5 400 A 9 wH
- 2R7Y kg@ 60W] whE] 200000 02 40,000 - -
oA 4
- #EA} 253 = 1 10,000 10,000 10 1,000 EH oY
A7) A
73KW 4] 1 3,650 3,650 20 182
- FERIYTAY
4310 2] 1 2,150 2,150 20 107
- A X 2 3 1,200 3,600 5 720
@3.5crt m 2,000 0.5 1,000 5
OB ] 640
@24crt m 400 55 2,200 5
Hol Ay
! 20} g o 25 500 12,500 5 2,500
- palA 2, FRP ¥ 3 400 1,200 5 240
- A9)7 5u}¢ o 3 2,000 6,000 5 1,200
- % RH 5HP o 5 600 3,000 5 600
712 AY
- AAZA ol 1 2,000 2,000 5 400
. aw iﬂ;}f 2 6 L0 330 5 660
-¥E3n = 1 6,000 6,000 10 600
% AlAdw) 108,800 9,759
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Table 57. Construction costs of redlip mullet net cage culture

(B9 - 19
5 o 7} 4 ug 7 7
?{}‘ ‘ET 'H'E g‘l :H'ZE] E}"?’] ‘)1': Eo}: (73%) (5(,]%]_) od_g'-_ )‘j'Z']'H] H]:l—’_
2 A 42} x4x]x9 m 0 64 100 6,400 10 640
=z} 400 ¢ A 9% 32 3,072 8 384
2 E 7R A 160 0.7 112 8 14
FEE  O%9m 3 10 18 180 8 225
Al 12 3 4%
A& =4 128 2% z 8 480 3,840 5 768
(8x8x5m)
22% 18%
A5 @ 184 Z 8 480 3,840 5 768
(8x8x5m)
35% 142
PYR-R0% ¥ 144 = 8 490 3,920 5 784
(8x8x5m)
51% 8%
AL-S-o} ¥ 84 z 20 460 9,200 5 1,840
{8x8x5m)
22%F 183
A Z 7 700 4,900 5 980
(8x8x5m)
(o)) 60T A 16 270 4,320 10 432
2= @ 24mn 3 4 180 720 8 %0
g 9x9m o 2 10,000 20,000 10 2000
DA} 3x8x2 = 2 1,500 3,000 10 300
Add 2T/S =3 1 24,000 24,000 20 1,200 FRP
% A4y 87,504 10,222
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Table 58. Construction costs in wintering system of vinyl house (430 m’)

F 3 A S o 7HE) = 4 v 3
LI D40x6 234 28,700 6,715,800 AM7}e) 1=, A
g}o] s 32x1.5x8.5 64 13,500 864,000 A7}z Bz
W D40x2.5 17 51,500 875,500 71%
LI D40x3.6 10 51,500 515,000 X
o]z 25mx1.5tx10M 30 12,400 372,000 B4 &9
|24 32mm 32 450 14,400
aZ2+4 25mm 20 160 3,200
A9 48mm 5 850 4,250
Q)% o) 48x32 64 1,200 76,800
zg 7 48m/32M 360 180 64,800 42x32
Uy 50 190 1,200 228,000 45x45
NEAF 25 200 100 20,000
g = 6M 50 3,500 175,000
oAz 20 150 3,000
Haddn 40 70 2,800
9 2 8x13(%) 1 7,000 7,000
=5 1x2M 2 27,000 54,000 1x1.75
Cc3g yrr=g 4 2,500 10,000
cy7} 2M 2 4,200 8,400
Hewyg g 2 10,000 20,000
H3ud 0.1x25x200 2 33,000 66,000
a1, F4 0.1x800x50 1 265,000 265,000
&%, F5¢ 0.1x120x100 1 81,000 81,000
Hu 5 400,000 2,000,000 20m
zAH 1 350,000 350,000
AAn 9 90 130,000 11,700,000
glo] 48nmx10M 5 31,300 156,500
Z 1 700,000 700,000 FoioF 1607 2
Wl 1) 1 1,000,000 1,000,000
EE | 1 400,000 400,000
24 loss 1 700,000 700,000
o] & 1 2,000,000 2,000,000
Z Al4dH 29,452,450
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ZAA vidshe2 A5 AAHLe T EUT AA SCF FardA AT e 430
mol] AXE AoZA 2945289 AE A2

T 453 937 AMT EFFAIAE (294523 Yol el FrAIdHIe EF
@7t AL HA Hed 38 495 9082 F7HA140 10,2008 Y} 11,0804

o] dFH7t A8HE ZAeE YRt

Table 59. Costs of additional construction and operation in wintering ground of river

puffer
T 2 =4 (H4) AAEW ()
T2} 1,000 2HP 4=z} 500,000 x2t)=1,000,0001
F7) (A &) 200 200,000 x1t}=200,000.8)
2y 9,000 100,000Kcalx2t]=9,000,000<
FHALE R 300 F A<l 300,000 x1¥€=300,000¢
Folxtd A 600 250,000 x23]=600,000
718 1,000 2000000 x5¢=1,000,000
Az 5,000 131 x1,000,000-¢ x5€ =5,000,000
AR FH| 1,000 20%:x50,000-4=1,000,000-
i) 2,400 71 2,0002] E]x1,200-4=2,400,000
A4 3A 280 23x140,000-¢=280,000¢1
A A (G AA) 500 LB AE 135)x500,0004=500,000¢

T Jlso] 45H F98RS F7HAAHE] 1,000 L7 81800 Y ¥EHIUF A_F
Ao g VA BB HE) vud FHA Ped Aoz EAFHT o

Ar
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Table 60. Costs of additional construction and operation in wintering ground of redlip

mullet
T ® TR(AEY) AN 9(d)

3} 2HP 4=} 500,000 x2cH=1,000,000
AuAbE 2 300 F=# el 300,000 x19=300,000%
o)) 2} 600 250,00041 x23)=600,000%]

A718 1,000 2,000,0004 x59=1,000,0004

21 73H] 5,000 121x1,000,0004 x54=5,000,00041
AREH 500 102 %50,000 4 =500,000 1
T AR5 A 280 23 x140,0009=280,000

AEA(AAA) 500 A=A AE 13)x500,0004=500,0009

2 32 A4 QAP AAYEA

FAHYA e =" AERE AT 2T BAA

o

HrbstnAreted 230 Ak

Table 61. Profitability analysis of pond wintering in river puffer

(%4 : %)
T® M9E FT g S Ber 23 (ceas j0% 23
4= o] 100.00 100.00 100.00

H] X3 34.29 51.10 29.90

A A 2.88 2.88 0.97

F A 0.82 0.82 0.55

Z B 14.81 14.81 14.67

+ F 0.41 0.41 0.14

AL B oM 5.35 5.35 4.32

o EF v 0.82 0.82 0.83

A7) 8F 0.82 0.82 0.28

F 2] 0.82 0.82 0.28
zAgdF 0.25 0.25 0.14
PSR\ FAds] 1.14 7.70 2.58

A A A 6.17 6.17 2.08
HE5EFH - 9.10 3.07

* 2 25 65.71 48.90 70.10
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et 4 €56 B2 HAZENS 5t delA AAG A2 ¢ F4
A8E EUZ 34, vdF FAFAAN €58 T B FrsEe vdses 9%5%
F7pA A A 7P, 28l 45 298 93 FYsHe v ES st vg
T FARY FYY FYo WS AAE BAYG. AFEATEY FE A ASSE
860 m' ()w 2m)oll= 187 M4 ke7tA €50l 7}%‘}04 F 12040ke7t A 9] 45 &Y
ST A Qe Aoz EAHAL, Jtold A T AASFM 18T 100 kg7t A 2
o] 7}%538le % 86,000kg7tA] €5 $£8£ES 7}1]1 Je Aoz Yegnt o]d uke}
HEE 4T ANFd dgdte dY F8HS 5H3 3 L&Y MY €59
FAAAALT, 100% Hoh FEE M dF5o FAAALE B4t 43 vlwrt 7bE
St= & st .
FE 75, LT FHAGAMY FHESLS dollA BAT uie 2ol 6B671%E ¥
A Yetda k. olg 7122 9FA F7iHE 8-S e vE 95o|A9 4
Tog vl AT 48.90%9 YAASo] TAIE AoZ etk dY FFEL 9%
F2A ] 45 583 33.6% #—%QEH ol& 664%9] HFAIAo]
At EF FEo] 100% FFo2 BFFL FHUol4A UYehus 259 Idyase
7010% 2 w§$ ¥A JeEltn Ao

F7HH o2, SEZAY FAd AdAX 45 FAANE FEHY o8z wE A
AL NP5 LT SEAZFNZ v mslH Table 629 2L Ay} =25y, €5%
T8 3B6% FF FEEE Hole PR /M BAA B1, oz d3y
2 HEFE FARE FAdste Afoln, €5% 889 100%E #83t= 4+e 7MY
ARl £ Aoz FAHEN A9 FYA e

Table 62. Economic analysis of pond wintering in river puffer according to capacity

482 7} 2 (NPV)

FE URFYE(RR)
g8 8% gelg 10% g 12%
H 45443 109% 428,212,882 387,282,874 351,413,113¢
it
dEsess 40% 196,631,491 4 171,897,1744 150,067,230
33.6% &
=2
LerEH 141% 1,440,366,573 Y 1,306,826,175 1,189,883,4424
100% %

o 7bgol A% AENP] AALEY

Agols FIE, HYE G A FHASE dold BHF wiel o]
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4280% 2 VeI gt o]lE JxE 9FA F71EE H LS 323 883} éEOW
G S vmF A 37.64%9 FALFo] HASE AR Ve @Y F
9 5

o F4

S 4% FHANAY 4F 78 716% FTELEA o]l Aol 28.4%° °UV4
o] Y&e AAlstz Utk 5 F8£o] 100% FEoZ 4F54L ol &A Uegue
A5 FAAEL 48.00%2 A Vet Ut

Table 63. Profitability analysis of pond wintering in redlip mullet

(9 - %)
o WAE opam L% 5% %
(F482) 7L6%FF) (F889 100%5F)
& 9] 100.00 100.00 100.00
H] g 57.19 62.36 52.00
Al g 1.62 1.62 1.16
F A om 0.48 0.48 0.35
Z 5 oy 12.99 12.99 11.63
f 7 Hl 0.65 0.65 0.47
A} 8 oW 26.00 26.00 23.26
o F 0.30 0.30 0.47
A7) 8F 1.95 1.95 1.40
F 54 2.27 227 1.63
ZAFHF 0.23 0.23 0.32
71e} A2 0.97 0.97 0.70
274z 3.17 5.68 4.07
ol A M 6.33 6.33 4.54
YFgH] - 2.66 1.90
A AE 42.80 37.64 48.00

Y, 7t A4 Fad oA EF5F FHAAE F8&E9 ojfxd wE AN
S UR5E £@AZIAE vlwstd Table 649} 2o

LEZ $839 71.6% £F9 FLEE Hole FAFo] 7HF AAACl ¥a, v
o2 HAPhE vAE GRS AGste ASoln, Y4FH £8£79 100%E L=
d AAEe]l ¥& Ao b}EPx%C}
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Table 64. Economic analysis of pond wintering in redlip mullet according to capacity

@A 71 (NPV)

T8 WESAS(RR)

gol g 8% 3ol g 10% gedE 12%
B S op 2] 2 43% 525,951,834 460,248,021 <1 402,621,758
Q) &= A~ o
dETEH e 27% 287,335,386 240,894,031 199,884,215
71.6% &
Q) Y2 A~ [o]
AEFE= 53% 862,373,005 764,805,766 %) 679,104,278

100% +F

Y 7N Fad A A R AF FAH FA9 %A}msnmzwa@q]
-%H F7h2 SUHE Mg FrlE BTED FHAZY

1, 938 YEFS AU 08T A% FHLT L Fos
BAae 2t ¥ & 95

K

bR BAAAE AM, AN FAY FHESA WS BEY
T B, At Bstol AT FARAIEA LD AL FA4 FAoiF] A5 34
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201geo] IA U]X A Eae Aoz Uegtt

oh. FLAZIESNEAN 2T BALENA oM FES EF
(o]

3 *
T8 336%FEANXA 48.90%, Hojo]&A) 70.10%] FHE5E €E & e o=
_E‘

2 7hsole EFAALLE AT £ 716% FEoAA 37.64%, 83 100%
FEA A 48.00%2 FAHLEE HERAAS

. AEFA ] AAR QAN A 2T RS ALH d9Z A B EE AY
EAbste] 24 FAAG AR S Ao & ST 89S AAS S FH B
AEE A3 P22 E Fole T FANEIY IAALE Ansty, ok 259 BALL

=oled Uch
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1. 5A4 SEYY |t 7|s+ & 8F HSAE

7k AW pilot 2¥& T3 A+IAFCH-E, utAg) EFF adxAt

A 5-oF 7o FHFY aRE 2ALS7] Aste] AuiszdA A9 A FHAZ, 7}
FEHE 95 T2 5Pos UAT AST & 4 A2y AEen H4FE sE¥E A
312 vastHth Ao AEEL A" 9 7HEERe] EFAST S A @ETE A
BEEZ 2 o7t YUAAT. 7HFEe A9t EFALSA] upA[E] Bl YEEC] ZA
=4 e Alf-obe] B E uAFHEG s THEEe] 3 A2 ZAEUAG

i A pilot 4FE B AS+ol F(FE) BFFH mszs

Ak Bu BFFY AHE AL Asted ARFEAMN AFAS, vholH 2zt
ASE FEF B B UHAS AGS YAsAh 2GASE DA B
2ol olsle] Mooz TAE Bgo] WS & Ao ZAHLD WEY F2A
2o THYFS VI A3k BBL VYol 4@ ATE FW T Pl THsE
o2 Ut

A4 AN A A2V 2AF fARE YULE B AFY A9 FRe
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) YEES 10%FOH, FRE PN AN B ASE B35, AZAS
M8 A AdF EHgo]l A ¥L Ao AT £E 5717 5 $u3
AN Fe ABAS, ZANSTE TFAA AKY A T AT ASTHEL
188-2020}2) 24 AR Aol BAglel YFF F A$E THAE Aoz
Ehateh.

woodg oo nR

o AW pilot 492 T3 A5+ F(@FE), oF(HA)+F(FE) H4F ag=xAl

g9k Bof, Bojo}h ofF B3k ARE AR Aste Az diste}l 3
5, 383 |XE dE S BE3tog WL ASEHEA A9 A& 3HHE
& AT #&53 thel dojo BFALSA FREV 5 AF tste 3Uwd 3
of A& ZAHALH, FEF Y29 BEIAFAME £ 9 o] A Y&
gozn FEL FAY] BEE o|fE FAHU

ol oot
N g oo
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