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SUMMARY

The present project has been initiated to develop the environmentally friendly and
sustainable mariculture system.  With the integration and balancing of the extractive
(seaweed) and feed (finfish) cultures based on the ecological concepts of trophic
dynamics, which could mitigate the cultural eutrophication and the self-pollution of
aquaculture in the coastal area. The research was done for two years in the
laboratory, aquaculture inland tanks and net-pen grounds and conducted in the proper

scale by step-wise manner.

The local seaweed cultivar species such as Porphyra sp., Laminaria sp., Undaria sp.,
Enteromorpha sp. and Gracilaria sp. are proven to be good candidates for the culture
system in terms of their ammonium uptake capability. Generally seaweeds do not
grow well in the summer in Korea, so it is critical to select the summer species for
the year around operation of this system. Several summer species such as Uva sp.,
Gracilaria sp. and Codium fragile were reasonably suitable for the summer
operation. The application of this system to the closed inland tank culture
system was feasible under the scale of tanks and duration tested. The final
step in the net pen culture system should be the integration of
finfish-shelifish-seaweed cultures, which have been already in practice for
years without license. Therefore, it is required to make new legislation of this
culture practice in the near future. To expedite the understanding of this
system, several end-user easy models were developed with Stella at each

step.

The present research reflects the emerging need of the balanced ecosystem
approaches for the mariculture and this would be incorporated and managed
under the ‘Ecosystem Based Management'. Therefore, the immediate
application of the environmentally friendly and sustainable mariculture system should

be recommended and the follow-up researches are also recommended.



| . Title

The development of environmentally sound integrated polyculture system

Il. The purpose and significance

The present project has been initiated to develop the environmentally friendly and
sustainable mariculture system. With the integration and balancing of the extractive
(seaweed) and feed (finfish) cultures based on the ecological concepts of trophic
dynamics, which could mitigate the cultural eutrophication and the self-pollution of

aquaculture in the coastal area.

lll. Research plan: research design, materials and methods

The research was done for two years in the laboratory, aquaculture inland tanks and

net-pen grounds and conducted in the proper scale by step-wise manner.

The local seaweed cultivar species such as Porphyra sp., Laminaria sp., Undaria sp.,
Enteromorpha sp. and Gracilaria sp. were tested in terms of their ammonium uptake
capability. It is critical to select the summer species for the year around operation of
this system and several summer species such as Ulva sp., Gracilana sp. and Codium
fragile were examined. The application of this system to the closed inland
tank cufture system and the net pen culture system was initiated for the
practical operation. To expedite the understanding of this system, several

end-user easy models were developed with Stella at each step.

IV. Attained results and future plan

The local seaweed cultivar species such as Porphyra sp., Laminaria sp., Undaria sp.,
Enteromorpha sp. and Gracilaria sp. are proven to be good candidates for the cuiture
system in terms of their ammonium uptake capabilty. Generally seaweeds do not

grow well in the summer in Korea, so it is critical to select the summer species for



the year around operation of this system. Several summer species such as Ulva sp.,
Gracilaria sp. and Codium fragile were reasonably suitable for the summer
operation. The application of this system to the closed inland tank culture
system was feasible under the scale of tanks and duration tested. The final
step in the net pen culture system should be the integration of
finfish-shellfish—-seaweed cultures, which have been already in practice for
years without license. Therefore, it is required to make new legislation of this
culture practice in the near future. To expedite the understanding of this
system, several end-user easy models were developed with Stella at each
step. Based on the model, the harvest and filtration efficiencies were feasible

in this system.

V. Future prospects

The present research reflects the emerging need of the balanced ecosystem
approaches for the mariculture and this would be incorporated and managed
under the ‘Ecosystem Based Management. Therefore, the immediate
application of the environmentally friendly and sustainable mariculture system should
be recommended and the follow-up researches are also recommended.
Moreover, the establishment of the multi~lateral cooperation among nations -

Korea, China, Japan and USA - is recommended as soon as possible.
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fr

palmata).
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2ol Ath

(M AT W&

K

o J
of¥

+

A¥d W2 1, L), AL e %
A% AN e A0} B EFQA o Fsh ASY AU AR o8
4ed5oz veldgeh WEdE BRF TR 2L FFYL ol g3l 2
A FHE BEs] AN B4 £AE TG AR A=
g WE5E olfdtel FHHT FAT AAZFY H2E Pol2 e nF
A 2AFE AFEL), 47 FL ASE FART FPE FA%
A7) A2E olgstel ke FFoz
A A s £BHoR FUGD PHEE Aot #AZ Fal uu ok
AaR st WA S(EErES)Y 43e HAskATh

(8) B+ HH:

http://genesis.ocean.org.il/main.htm
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A3 ATANE =3 NE3 A
Al1Ad dTHE By

L 7wt 244 & 448 Jlenqd

Ch WY A= F9 4, 4% 5Y AT
AE AE FYFY JFD B 9% 23 W) 999 37 59 vy,

L2 ZAQstAct sz ¢EY
A2 Short-term N spiked incubation method(&7] NHE7F wigAE)
AA AT ARE sz AEe FHAFAFA(GF/C 4Tmmd) 2 73§ o3
slEol A 30 umol-m?s7'F 10 T EF2AL AASH 49 ¢ w7 WA
FEXAN AT GEYF(NHy) §9& 335 NHCIEYS F7teteq gRYUE &
fgol 2] 20%== 25, 40 T+ 50, 75, 150, 250 1000 uMZ 3]4j sl &R
qz AEE dEUS dgY 9 1/109 v¥2 FF%F 1.0 g€ 100 me wj g
Yol &l =z 0, 10, 30-90, 100 umol-m?-s™'% F&& 10, 15, 20, 25 T2 @&
9, 2= 7] widdelA Aok 48 AF F 0, 10, 308, 2 FE T AL
ZtAo g 2z} Zg23dA) 1 mA M43 Indo-phenol methodZ NHs & #4413}
A} (Parsons et al. 1984).

oo
> EM

M

F 48 Uptake rate (V)= [(Sp*xvolp)-(Ss*vol))/(t*B)
So : %27) NH4' % X% (initial NH;" concentration)
volp : 271 W% F(initial water volume)
Se ¢t A Zkel ¥ NHy % =(NHs concentration)
voly : t+ Nz g vl el %(water volume at the end of a sampling
interval)
t : N7t (the time elapsed between successive sampling)

B : A EZ(Biomass, dry weight)



Ag gzAQle mg dojA Age HELE AT FAEA ]
ANOVA testE 2 A)s+4 e},

[
fo
rok
o
o

(2) Bz =3 W FAL253H 59 "o

= AEE 60TelA 48hr <t AXA F, HAANEE o] &3] FA 7ol 73
g AgAz HEAY. Az 23 e AL TFS A B 03mg)d AEFE &
S #3] CHN £47](Perkin Elmer 2400 Ser. )& o]£3ld &4s} AL AR
vl E4315t) dlx dFH 2 949 Aa BHoE fx 23 U Ak FHES
ZAEH AT

(3) sz FHA, dId Fr & ARE dsTEY Y

AdryL F4 AFPo] AFEy] A} ZFd Plant Efficiency Analyzer (PEA)
(Hansatech, UK)Z o] &3t f=8Boz sz FFNELEv/m)E ZH3A
th YT FEod e FFAHY FsHA 71F}E E4sA

(4) FABA Ag A gz LE T BFAH 58 FsAYEAY 4

o]F9 AWE qudtr] 3 F= AEEHE ¥AA Pefloxacin  (Peperoxin),
Amoxicillin ~ Trihydrate (Amoxicillin),  Florfenicol(Aquacol),  Erythromycin
thiosulfate  (Erysulfa), Doxycycline (Doxivet), Erythromycin thiosulfate
(Erythromycin), Oxytetracycline (OTC-24)E Z 3AA| vitt Fod&s J|Fo =
ste] 01 ~ 40 g A =z Y FT FHE E&E 5%

g F5 84L& (D7 22 PHez A8t 34
Diving-PAM (Walz, Germany)& ©]-&3ts &334t}

PAM (pulse amplitude modulation)& ©o]&% A =4 =He FF 0 ~
2160 pumol photons-mZ-sec? AWYWAA = 89Ale]l ZAA rapid-light curves
(RLCs)E E314 AP 2en, 8 mm fiberopticsE AH&3tich. ZE A& dark
leaf clip& ©] 834 o 5~10%<¢ &3HS AFHew, RLCE FAsle ¢, =
AgE 7 gAnY 1024 Yol =EAIZH T, o 0824 73 Yo =SA17Y o
Mo g AR AR ADGEE(Electron Transport Rate - ETR)E g3 2
L 2o 2 FHAHF(Schreiber et al 1997, Ralph et al. 1998).

ETR = [(Fu-Fo)/Fml x PAR x 084 x 0.5



Fo2 ¢3S deoAe 271 8%, Fot $ASE dedA 3} 3o o3t F
d FBes vetln 5 #&E& ol &sjA ¢AHE AdHedA #ALO (photosynthesis
system I)¢ #3538 wkgo dig FHo) FAFE&(maximum quantum yield- [(Fn
-Fo/Fn])& =3¢t PAR= 3 (photosynthetic active radiation: ymol photons
‘m7sec), 084 FA9) BF FrE Ue Ivstn 055 FALO 58 2e
guidt. BF GE4d F5d €L FAIH FAL S22 b2 YyHAd
3 7HRE7] wEe 058 AMgdth B AFdAME i F9 AN F4E ¥
S AF SANA @43 gtz ez uFAENA FEEHE 0345 o &3 eEg,
olslol A& A AAAGLEEGETR; relative electron transport rate)2 ¥ & gt}

Diving PAME ©]43l9 £4® Fxo] 0 AxALEEE njAdy APz
A g3}ste WAAFES TR RLCsE Platt et al.(1980)°] 98] mgd Hy-&
o] &3 A Yeld £ 3ot '

P = P [1-exp(-aE+/Ps)lexp(-BE4/Ps) 1

71X Py Faaxste F 43 BAE, Eie B ol & 33 #
% (wavelenth 400 ~ 700 nm), Ps ¥ FA3] @4o] & =9 Hd A A=A
g &2 Ao wWAESF, a5 FYFAAY A FAE(maximum quantum
yield)® #4338 wiZEsEA AX7E JARE B2E F Sle 58S vdde ¢
2, 3313 olstell A #EAH-Fx 2o 7] 71&7E UHUL S AN H=
g el vidgoltt. FAs dide] g d(B =0 (DAL td&3 2ol &
g 4 gith

P = P, [1-exp(-aEs/ Pm)] 2)

FANE AL AS EFA Fd AxRAGEEe Ho v & (Relative

ETRmx) S B $£858 (PreZ ¥ F 4 U1, g7 o] 894% & 4l
=3

Pm = Ps [a/(a+ BB/ a+ BT 3)

T3, ARG S 9T £FFF (E)S Pm & a2 o834 T30



Ey = Py/a (4)

2 a7 e Bt 28(qQ)T v#3EH 2HNPQ) ((Fu-Fn')/Fn') AT
£ Schreiber et al.(1986)°] <3 W o g F3le B39t}

W A4 Az 9 BBA] wE 44 ALY AT BFRY A2y FE
et A7

BYFe] H Y op] U F AL A @B
2 AE ATE AN,

BN

At Ade A Az A

f

(1) ¢4 79 Y fF8E e BUHH T iz BS54 4 24 .

AT B3 A Od REE 27 A g g4 o3 2y
Ego] AP Qe AGA FFoz Fosty A8E =& FARAE
AFEE 2F d7EEem)s deAY fFeAd s g9 3502 9
& FYGAY. & d7do] FAQg 7] 20033 FE 20043 74R] 0] 9, o
T A oM A A K Fig. 3-1-1). ZelA ZAFGELS J8 F&, &4
&(YSI 85D) Soln, Ad4 3|5 A4S &3 && Ax, 999 FE, 9454 ¢
F 5& A8 (Parsons et al. 1984).

AAE REHPE Aldd 24437 oA A% ZAbstAth

xR ZAle T A, FHE B B4 JE, £F5%, 1FF, 44 A-A)
getstz] s TdASH AN e dF 2AE AASHT. dx 239 &

&, 24§ E4(CHN)S st

=
do

o

BN

>
|

O

@ 3 = Fol U IFD F4& e}

BgFaol bsd AAY A2 B AP PG FFE A 2AbsgTh

O 71% =A9A F71 43~ 34 F A4 7l AL

At o2 AEHde F4ste HRFTo] ok ulgtA JEEH a0
xFe Aol dasith A5H E{GFA dA T AEE 3 FH
= A (Codium fragile)S A2 F£&3 F5 A oA 4¥E &5
gotatget. A (D3 Zeo] AP,

of o
R o o
wlo ot rir



2. 27) J&A: A Fol AT FHE &Y A2" HE AT

Oh By AR F9 FFRE A299 48, 4% S 97

AE4 el Wt e Fole BE Azd %9 FF 9L 53
FE Aagel AR AE Fo AUYEL HPOE fe] FHE Nagez z}nﬂ
g5tk dRUS EF2EY Yol F2 3, o F F2lA YoE WEFE o
gated A=F RIS FFITE AL,

_'.4



B8 s nl e walen

Fig. 3-1-1. Map of the monitoring area in Yosu area showing the sampling
sites (@; Finfish aquculture area (1, Doldandaegvo; 2, Geombong; 3,
Baekya; 4, Hwaetae; 5, Weolhang; 6, Daedoora): A; Shellfish (mussel)
aquaculture area (1, Soho; 2, Songso): B; Shellfish aquaculture area (1.
Gamakseom; 2. Jangsoo): @ Shellfish (ark shell) aquaculture area
(Gyupo): @; Shellfish aquaculture area (1, Yeojado; 2, Sagok; 3
Bongjeon): W ; Reference open sea site (Bodolbada).

AR AFTY 2 AFHEFWG LAY fGeAA AT I3

FEO2 Y 2AE FYH9L)

~~



(1) B2 OAAD A/ Aag A
olfFrze AxXHF FERE A4 <@, MY EFF2(aeration or
circulation method) & A|2€& AU =2 AHL AdFysn EAPE Z
I MY Wl Y& F2E ol & HATh oIFSEE o 3 ton AR, HEF F=
T ¥ 02 tonFE FEZ APt AAfFFzoM Y2 wEsd EFdE AR

¢

AA7] §& AFs7] A8 4z B AL o 1ton FE 2719 FA =28
23 AZxF FZ2RE BUFUY ofF £ Uig AAZ 1) a1 Fx[F 2

40E AFste AR
A o]8" olFL I E(Acanthopagrus schlegeli) .2 A% 5~10cm =7]0]

B, AdEE 29 27)sh AASol 2AE weiste] ‘<*°1 FA0. BAE AR
Fol AL Feo] ¥ EAdE &F 9, s T Wez w¥ Fo| 5y
o,

E§gA g sz =& A(Porphyra sp.), "9 (Undaria sp.), A v (Laminaria
sp.), BZ(Codium fragile), Z&ste(Ulva sp)E tALEZ ZASIAT. dlz2e 02
ton 2ol 27 o 2 ke ¥AUTh A3 KA B GAS HETE Yo} fz
o] Bol YxE H$7t 2Aste] gFupge] o] gop £z ¥Wo FAH(Figs.
3-1-2, 3).

(2) BEYHH
osh o] A & BHFA Axde 41 L B&4L B Pl 1 ~ 20
d Fob eHoz 3 Azdg FANAT B ATE 9= £ nFgas
Sased g A NEF e £ A4 oLdAY. 45 e 4so
A NA 27 9%
WzZvg MG MEsy FEYS FE 23 UARFL T AR 3o
2 AFsg:, 208 5 FFo A A4 AS53te] Indo-phenol methodZE #4138}
A th(Parsons et al. 1984). =& PAME ol&3tel sjze] BH4 SAHE ZAsd
Az7 ABHA FASEA J2E Fohu sy

2 A% £84 £z AagY £ 45e %3 Y F F



(B)

Fig. 3-1-2. A pilot Seaweed Sustainable Integrated Aquacullure System at
Aquaculture Research Center YNU (A) Figh tank (B) Seaweed tank



Fig. 3-1-3. A pilot Scaweed Sustainable Integrated Aquaculture System at
Wando High School (A) Figh tank (B) Seaweed tank

(3) Seed Bank A

g FE THEES A WG FTEY FH 2L HAA L] LFFHTh

Jo rm

(W) F78 AadoiM e iy F9o A", A53 &4 AEdeld 24 M
e E RE @A HEY £ de FHE 2E e 98] STELLA
model & &3t}

@h £4 F2 A2 SHFY A297 Y HRe FAFel AR B A2
=

ot 72 A% kAT AY AANA AT HEAG o 2

i
2
ofo

o
do

Ol

X
ko]

pao] Az v AN A2dS HEH] A% AF e9 Wt =y

$ S
o pilot FEL 9 D B2 £z WL ANHY.



A (Porphyra yezoensis)® 3+el(Enteromorpha sp.)94

40, 75, 150, 1,000 M Ao 2 4REYR F&

Y- O
XL
=
3T

o)
G

I

ggror] sElE 067 ~ 0842 I F&(Ev/im)ol FotA= AES

[e]

~
QL
yon
/\
T

FEE AFE Fgeo]l dASHA %7}5}% ]
dRUE FE(1,000 uM)eA FF7F dojd E
A4 058 ~ 0639 A= & ¥HIE

do} & 1208 Fl H A

(Fig. 3-2-1B). A& e d2EYw FF BT

"]’E}‘/’B\E}(Flg 3-2-1A).
F4 g4 ¢EJR
HolA|
vt
e Ay BE PN NH BE7

$old4 s §4 Fol A¥H oz Frbse A% MU B AT v ¢
RUg FF5€e AY L TN x7] 0 ~20% T =A YEHUE surge
uptakeE B A H(Table 3-2-1).
10 —i
Porphyra yezoensis 074 1000 uM
8 1 ‘ 0.72
0.70
6 - £ 0.68
o 4 ® W oes
£ ] ¢ \a 0.64
E 5 ® e . <& 062l &T==a___
< X x %es ' ===
o 0.60 -
z O 'w ® -
B e o4 0 058{ @
'g 2 -} 056 L—
210 —il 0.85 »
g Enteromorpha s -
g 84 P P ® 080{ & —————= 7‘74
) ‘ v
x v
S 6 075 e
g ) £ ////
4 1 ] o® % 0.70 .///
oS %3 N
2 ™ ’ o 0.65
e
0 - w 0.60
®
) . } 0.55
0 200 600 soo 10001200 0 20 40 60 80 100120140
NHd* concentration (pM) Time (min)
(A) (B)

Fig. 3-2-1. A plot of ammonium uptake rate vs. ammonium concentratioons

(A) and their photosyntheic efficencies (B) of Porphyra yezoensis

and Enteromorpha sp.



Table 3-2-1. The ammonium uptake rates of Porphyra yezoensis and

Enteromorpha sp. at different ammonium concentrations

Porphra yezoensis Enteromorpha sp.
NH;" conc. Uptake rate NH;" conc. Uptake rate
oM (uo! - g'dw - min™) M) (umol - g7'dw - min™)
Vo-20 40 0.160+0.117 40 0.394+0.044
75 0.245+0.031 75 0.5704+0.103
150 0.885+0.187 150 1.673+0.115
250 1.449+0.008
V60-120 40 0.105+0.081 40 0.116+0.079
75 0.211+£0.077 75 0.057+0.005
150 0.506+£0.198 150 0.125+0.066
250 0.775+0.173

u]l A (Undaria sp.)® A vHLaminaria sp.)¢] NHy &5 588 stotslr] 98 <
3 ton 2719 Fxol YRUG ¥E 100 1M ZASE 3o} 2443 B 2L
thomde] A Ag Al T 1247 el 7] XA 10 uM olstE A%
I tAubE 24X $oll 10 uM oj 82 A3 tHFig. 3-2-2).

FAF B ofygt AN AJE kAT L WFLRE st dEUE FF
AE FASEGTE TR R oA AR dmA 7N Gracilaria textorii), =Y
(Pachmeniopsis elliptica), THZ&%R N (Ulva pertusa), »'LE3Z X (Rhodymenia
intricata), Y& X *¥o}el(Grateloupia livida), v}t]2Eo|(Lomentaria catenata)l 4
NH; &5&2 243 FdM 748 2 150 1M € o 7H8 52 A3e Bnyd
(Table 3-2-2). ¥4t AMAAIL)AAM A dBmA A7 (Gracilaria textorii), J1A]
A 71 (Gracilaria verrucosa), 7}A-$F(Hypnea charoides), 3352 (Chondrus
ocellatus)= 28 77+ thE Fxo H8] NHy 75 1M o 9 Hud & F5&
& YEd S (Table 3-2-3).

O F BAYIE QAR £, FE Fild g8 gEYS
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o B dEUS $% o u 25 CAA 713 F57F gl doynh. =3 ¥ =
2 100 pmol'm 2 sec') A FFH F57F 10 ymol-mZ-sec ol Bt A BTt sl
A veEbgel ubdel) $EAd 4L E& 100 ymol-m Ysec A BA ) Ao
Q&) ok 062914 044F Yol L, 10 umol'm >sec M E ¢ 057904 0622 4
%9 FT F EolAE Zd,%_ ¢ £ AAH(Fig. 3-2-3). =% NH,' 75 pMeAM =
25 C, o] Je 2HAAN F57F 718 A L}E}%E}(Fig- 3-2-4).

Fozduele] AL)ME 25 TollA 100 pmol-m 2sec”’ AN YEYS &
7} ®A JEYE mAYgn Y 2e AR 4@3&5}@@ 3-2-5). WA G EH9
By ggdFez uAgre Fydngrt 438 Aoes dddy.

100

Undaria sp.
80 1

60 1
401 ®

°
20 1 14

100

g8 Laminaria sp.

NH," concentration (uM)

60 -

40

0 5 10 15 20 25
Time (hour)

Fig. 3-2-2. The pattern of ammonium decrease in Undaria sp. and

Laminaria sp. in ammonium added tank incubation.



Table 3-2-2. The ammonium uptake rates of several wild seaweed species

in the Tongyeong Bay area.

NH;" cone. Uptake rate NH," conc. Uptake rate
) (umol - g'dw - min™) M) (umol - g'dw - min™)
Gracilaria textorii Pachmeniopsis elliptica
Vo-20 20 0.7341£0.021 20 0.671+0.015
40 3.627+0.048 40 0.835+0.028
75 2.672+0.050 75 3.347x0.166
150 3.620+0.234 150 6.154+0.784
Ulva pertusa Rhodymenia intricata
Vo-20 20 0.602£0.016 20 2.838+0.137
40 1.065+0.092 40 5.620+0.370
75 2.897+0.053 75 8.75940.402
150 14.42340.139 150 23.875%+1.139
Grateloupia livida Lomentaria catenata
Vo-20 20 1.650+0.510
40 3.008+0.068
75 3.858+0.112 75 0.852+0.013
150 17.825+0.388 150 3.53240.081




Table 3-2-3. The ammonium uptake rates of several wild seaweed species in

the coast of Busan.

NH," conc. Uptake rate NH;" conc. Uptake rate
() (umol - g”'dw - min™) @M (umol - g'dw - min™Y)
Gracilaria textorii Gracilaria vertucosa
Vo-20 20 20 0.003+0.004
40 0.287+0.024 40
75 1.106+0.096 75 1.266+0.080
150 0.778+0.125 150 0.730+0.118
Hypnea charoides Chondrus ocellatus
Vo0-20 20 20 0.073+0.007
40 1.959+0.636 40 0.131+0.007
75 1.678+0.294 75 0.189+0.012
150 3.127+0.566 150 0.575+0.030

Grateloupia turuturu

Vo-20 150 0.899+0.278
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Fig. 3-2-3. A plot of ammonium decrease and their photosynthetic

efficiencies of Gracilaria sp. at the various combinations of

light and temperature.



Gracilaria sp. (75uM)
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Fig. 3-2-4. A plot of ammonium decrease in Gracilaria sp. media at

the various combinations of light and temperature.



Ulva sp. (150pM)
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Fig. 3-2-5. A plot of ammonium decrease in Ulva sp. media at the

various combinations of light and temperature.
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Table 3-2-4. The tissue nitrogen content (%) of the wild seaweed species on

the rocky shore during the study period of the South Sea in

Korea

Species Nitrogen content (%)
Average Max Min
Chondracanthus teedil 3.61 6.23 2.45
Chondria crassicaulis 3.72 4.35 2.77
Chondrus ocellatus 2.67 4.12 1.41
Gelidium amansii 3.12 4.34 2.28
Gracilaria textorii 3.61 3.97 3.24

Rhodophyceae

Hypnea charoides 3.02 3.93 2.20
Lomentaria catenanta 2.81 4.17 1.10
Pachymeniopsis elliptica 2.85 5.10 1.14
Porphyra sp. 5.13 5.74 4.32
Hizikia fusiformis 2.48 4.01 1.04
Sargassum sp. 2.57 4,72 0.93
Phaeophyceae Sargassum thunbergii 2.49 4.01 1.32
Undaria pinnatifida 3.86 4.93 1.89
Chlorophyceae Ulva pertusa 3.34 6.80 1.48
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Fig. 3-2-6. The tissue nitrogen content (%) and the C/N ratio of the green
alage (Ulva pertusa + Enteromorpha sp.) on the rocky shore from
the ambient nutrient conentrations of high, intermediate and low

level during the study period from May 2003 to April 2004.



(D Az B, 9FY FFeH 4FE IBAY BY

& FE, 4¥d 294 U F5 59 2L, B T (/ML
A3t dEUS F4 49 A% £ A2 US Fgade. mARE 145
2o ge TN B9 W, P4 BHe we BE
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ol A ESktH(Fig. 3-2-3). *+HZdgeie A$
(Fig. 3-2-1). W&t & F=d =&d =
22 A3 FFA &&o] Fihde AL & F AALh

Y& *a‘-r"ﬂ U] 5‘]?'3 QS ZFALe . & A A Pefloxacin (Peperoxin), Amoxicillin
Trihydrate (Amoxicillin), Florfenicol(Aquaco)& HA Fo FZoA 7o FFA
S&(fv/fm)el] A AFE FH  EAdtHFig. 3-2-7). LAA  Erythromycin
thiosulfate  (Erysulfa), Doxycycline (Doxivet), Erythromycin thiosulfate
(Erythromycin), Oxytetracycline (OTC-24)& A A & T3 s A9
B Aol ol AL YWt A A Erythromycin thiosulfate
(Erysulfa) Erythromycin thiosulfate (Erythromycin), Oxytetracycline (OTC-24)2
20X & 3l E = dAalo]l et oy, Doxycycline (Doxivet) 2A1ZF el 3%
3 Aol dAsHA ot tHFig. 3-2-8).
T3t  Doxycycline, Oxytetracycline (OTC-24), Erythromycin thiosulfate
(Erythromycin)E A 23 79 dEUF T ¥4 FH3 L& A 5= 5,
AT RE & TN ¢
BYg F7l &EsHA L}E}‘X&LE}"(Flg 3-2-9). FAA HA A7 Fro F3to F
H3ohd sz IYE FF ZA IFE MAA FE& Aol BFHd.
PAME o] &3t A4 Aeld 29 3 548 dotryrh. 2z A o
F& Ao BE JELS FEYFY WstelA #5EH £29(qQ)F HFSHH 4d
(NPQ)AI4=& Schreiber et al.(1986)o) we} ettt FF T4 7130 vl
gk oo e 371A e s BoAFATHFigs 3-2-10, 11).
D High NPQ<} low qP9 A% (d: Amoxicillin, Erithromycin) - LHCII
7} PSIA A B = 78
® High NPQ$} P9 7% (¢l Peperoxin) - LHCII 7} PSIIel A 2] =
T A%

® Low NPQ9} qP9 7$-(d: OTC-24) - qE (52 4pH, LHCIIY A E€
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Fig. 3-2-7. Effects of antibiotics on photosynthetic activity of Porphyra sp.: (A)
Pefloxacin (Peperoxin), (B) Amoxicillin, Trihydrate (Amoxicillin), (C)

Florfenicol (Aquacol).
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Fig. 3-2-8. Effects of antibiotics on photosynthetic activity and their recovery
pattern of Porphyra sp.. (A) Erythromycin thiosulfate (Erysulfa),
(B)  Doxycycline (Doxivet), (C) Erythromycin thiosulfate
(Erythromycin)and (D) Oxytetracycline (OTC-24).
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Fig. 3-2-10. The uptake pattern of NHy after antibiotics treatment of Porphyra
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Fig. 3-2-10. Quencing analysis of chlolophyll fluorescence of the antibiotics

treated Porphyra sp.
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of Porphyra sp.



(b i sz Fo Agatel ©re By AEY A7 HFFH Azd e 0
[e]

R, Y FEE AYE 2AE

T9l BEntye] o] ol FAH gt FEsHHFigs 3-2-12 ~ 24).
Bz AN FAE JAEE slgog EX Zd ol §F dzTES

AE JAe FErl Azt S-S ARL ALdE R 2xE vge mevt 3¢

A tehgeh B3 sheel $2579 4% Est 24 debdckFig. 3-2-25).

(2) -4 sz Fol & IYE F& 7o

A3 g e 4Ry F+ A4S A4y ¥ F0AM NH =7t Folds
F FYol MY AR Frtete AYS Bk = A4 e dEYS —1-’1‘—
2 A Fx FAM 271 0 ~ 208 §< #A YElUde surge uptakeE E

tH(Table 3-2-1).

Eodnt BIA AA3 JmA W7 (Gracilaria textorii), =¥H(Pachmeniopsis
elliptica), THZ9W(Ulva pertusa), BEEZX(Rhodymenia  intricata),
(Grateloupia livida), vtt]Z&Eo|(Lomentaria catenata))X NHy F5&& 43 T
ol 74 =L 150 M ¥ W 71 e BES EAH(Table 3-2-2). ¥4 o
SHEAAE)ANA AAF  JdmA A 7(Gracilaria  textorii), A& 7(Gracilaria
verrucosa), 7YX $-F(Hypnea charoides), (Chondrus ocellatus)~= 238 T3te] &
FZo Hl&l NHs 75 uM ¢ o Hl2d & F5&& dehdlti(Table 3-2-3).
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Fig. 3-2-12. The changes of several water quality factors at Bodolbada site

as a reference site (ﬁ in Fig. 4-1) during the study period in

2003/4.




Salinity (ppt)

B MRIBEBE S

< 00H

Fig. 3-2-13. The changes of several water quality factors at the finfish

aquaculture area, Dolsandaegyo (@1 in Fig. 4-1) in Yosu

during the study period in 2003/4.
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Fig. 3-2-14. The changes of several water quality factors at the finfish

aquaculture area, Geumbong (@2 in Fig. 4-1) in Yosu during

the study period in 2003/4.
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Fig. 3-2-15. The changes of several water quality factors at the finfish
aquaculture area, Baekya (@3 in Fig. 4-1) in Yosu during the
study period in 2003/4.
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Fig. 3-2-16 The changes of several water quality factors at the finfish

aquaculture area, Hwatae (@4 in Fig. 4-1) in Yosu during the
study period in 2003/4.
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Fig. 3-2-17. The changes of several water quality factors at the finfish

aquaculture area, Weolhang (@5 in Fig. 4-1) in Yosu during
the study period in 2003/4.



Fig. 3-2-18. The changes of several water quality factors at the finfish

aquaculture area, Daedoora (@6 in Fig. 4-1) in Yosu during
the study period in 2003/4.
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Fig. 3-2-19. The changes of several water quality factors at the shellfish

(Mytillus galloprovincialis, mussel) aquaculture area, Soho (A1

in Fig. 4-1), in Yosu during the study period in 2003/4.
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Fig. 3-2-20. The changes of several water quality factors at the shellfish

(Mytillus galloprovincialis, mussel) aquaculture area, Songso

(A2 in Fig. 4-1), in Yosu during the study period in 2003/4.
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Fig. 3-2-21. The changes of several water quality factors at the shellfish
(Crassostrea gigas, oyster) aquaculture area, Gamakseom (M1

in Fig. 4-1), in Yosu during the study period in 2003/4.
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Fig. 3-2-22. The changes of several water quality factors at the shellfish

(Crassostrea gigas, oyster) aquaculture area, Jangsoo (M2 in

Fig. 4-1), in Yosu during the study period in 2003/4.
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Fig. 3-2-23. The changes of several water quality factors at the shellfish

(Scapharca brougtonii, ark shell) aquaculture area, Gyupo (®
in Fig. 4-1) in Yosu during the study period in 2003/4.
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Fig. 3-2-24. The changes of several water quality factors at the shellfish

(Scapharca brougtonii, ark shell) aquaculture area, Gyupo (€
in Fig. 4-1) in Yosu during the study period in 2003/4.
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Fig. 3-2-25. The changes of coverage of donimant intertidal seaweed species in the South Sea during the study

period of from May 2003 to April 2004.
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AEH EFL g T AEs A8 g5Hd AS3te A (Codium fragile)

F A A4 28 nysty dodd F27 W =
Aol FRYE FF FHE AT NHY 527 300 MY o, & Z7o]
100 pmol-m™?s™, 25 TolX 6417 Ad F 41 yMog ZAsHAm, 20 CTollA
8387 uM, 15 TellA 12526 uM, 10 CTAlA 173 uM22 A4t 2%7 7Hd &
Std 25 ColA d2Ug 227t 7b8 Bo] sttt #= 10 pmol'm >s' %
7, 25 TolA 131uM, 20 CTolA 158 uM, 15 CTollA 217 uM, 10 TolA 259 pM<
Z 10 ymol'm > s M E 100 ymol-m ?-s !9} Zo] £o] & Z7le] B} 2
2o 424§ T ¢ #ZAF e 100 pmol'm?-s? ZAA 10 pmol-m %
st 2o 379 gRYL F57 o @&usiAd deid 28 & £ it 2ol ¢
' ¢ 2404 E 25 T2 9 155 uM, 20 TelA 175 oM, 15 TolA 232 M, 10
TollA 227 uMLo 2 o] & ZHo e}t updrbz] 25 TollA] widAe] GRS
FE7F b Bol ZadAR, We| de A v A7 gRUE FFE
ta A dojvts A4S Jehith(Fig. 3-2-26A).

150 uM NH, 5= 279 4% % 270]100 umol'-m s, 25 CTelA 29n ML
2,20 ColA 0 uM, 15 ColA 3 uM, 10 ColA 47 uMe2 724341, 10 umol
m%sz27, 25 TAA 25 uM, 20 CTolA 30 uM, 15 TlA43 pM, 10 ClA 60 1
Mo g Zastgdo. 283 ol gl o 2PN E 25 TY o 47 uM, 20 CellA
48 uM, 15 ColA 62 pM, 10 CTolA 102 uM2ZE 20, 25 TollAl NH, 5%71 7173
o] 723 tHFig. 3-2-26B).
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Fig. 3-2-26. A plot of ammonium concentration decrease at the various combinations of light and temperature (A) in the added
initial concentration of 150uM; (B) 300uM with 2g of Codium fragile in 100mé seawater.



10 ~ 25 ColA FZ49 ¢EUL FF&L AAZeR 150 uMo|A] 2o} 300 p
MellA o A JYelgti(Table 3-2-5). ¥ FxojA EF 0] @& 10 T 15
Tell A 0.09£0.03 ~ 0.34 umol-dw g min'¢} 0.14£0.01 ~ 0.45£0.03umol-dw g
‘min "2 Jehgten 20 T 25 CelAE 0.21£0.01 ~ 0.50+0.01 pmol-dw g
min '3 0222001 ~ 057£0.01 pmol-dw g min?& 20 T o]4e F&oA &5
&o] A vElwt a8rg 4o 2o wE ¢EUL F5E W A 10
umol-m % s?olatel R T 100 pmol'm?-stelA] FEZ@E olS  HPTHTable
3-2-6).

~ 022622 74stE AFEL RYT, 10 ymol'mZst 2AAME 5 A fv/fm
o] 0.727 ~ 0.649%F ¥ 0715 ~ 05192 Uelgon, o] ge =
gkel 0.781 ~ 0.734% 3571 Ad F 0776 ~ 07522 AY A} Fo] & A3y}
etz gk tH(Fig. 3-2-27). =& ¥ ZZA ¥ F3PAH 5 &

Ae AL &+ UATh



Table 3-2-5. Effect of water temperature on the NHy uptake rate and

retention of Cedium fragile

Temperature Uptake rate”%min Retention
() (tmols dw g min™") (%6)
Ammonium concentration 150 uM
10 0.211 £0.01 68.12
15 0.278 +0.01 97.48
20 0.320 £0.01 99.48
25 0.257 £0.04 81.26
Ammonium concentration 300 uM
10 0.341 £0.00 41.14
15 0.453 +0.03 58.85
20 0.499 001 71.90
25 0573 +0.01 86.29

Data show mean*SE (n=3)

Table 3-2-6. Effect of irradiance on
Codium fragile

the NH;" uptake rate and retention of

0-360min

Irradiance Uptake rate Retention
(umol m %™ (umols dw g! min™) (%)
Ammonium concentration 150 pM
100 0.320 £0.01 99.48
10 0.207 +0.02 80.39
0 0.264 +0.01 65.44
Ammonium concentration 300 uM
100 0.499 +0.01 71.90
10 0.293 +0.01 46.84
0 0.264 +0.03 40.10

Data show meantSE (n=3)
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Fig. 3-2-27. The changes of Fv/Fm at the various combinations of light,

temperature and NH;' concentration; (A) in the added initial

concentration of 150uM, (B) 300uM.
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FAHAJG v, &3 A2do AA dEYUL FEVF S7Ms YEsth o
AL dRYZo] 100%AA HA F& wlEsrt A 38 HAM AAHo=
UEYE 527t ZUte RAolgtn Azt FHAm e &34, AT 2 A
288 fA8tE B¢ 8% Aol 23 Fo= A AL E 47 FEUH
A(Porphyra sp)¥ ZAES ¢844 BFFH Al2"dL2 A +2(02ton) 370t
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A dryge FEE 535 7 1832 utME A A tH(Fig. 3-2-29).
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Fig. 3-2-28. The changes of ammonium concentration in the seaweed (Ulva)

integraged system; (A) Recirculating integrated system, (B) Open system.
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Fig. 3-2-29. The changes of ammonium concentration in the seaweed (Ulva)

integraged system.
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Fig. 3-2-30. The changes of ammonium concentration in the seaweed (Undaria
pinnatifida and Porphyra sp.) integraged system with serial

seaweed tank assembly.
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Fig. 3-2-31. The changes of ammonium concentration in the seaweed
(Laminaria sp.) integraged system with serial seaweed tank

assembly.
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Fig. 3-2-32. The changes of ammonium concentration in the seaweed (Undaria

pinnatifida and Laminaria sp.) integraged system.
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Fig. 3-2-39. The pattern of seaweed biomass changes; increase and harvest.

(O seaweed_biomass() = Seaweed_biomass(- di) + (Production - Harvest) * dt T o
INIT Seaweed_biomass =100 ‘
INFLOWS:

<+ Production = Seaweed_biomass*Growth_rate |
OUTFLOWES: !

=% Harvest= IF(Seaweed_biomass»=8Seaweed_tank_capacity) THEN(Seaweed_tank_capacity*.75) ELSE(0)

1] seaweed_tank(t) = Seaweed_tank(t- di) + (Fish_tank_efiluent - Uptake - outflow) * dt

INIT Seaweed_tank=100

INFLOWS:

<<+ Fish_tank_eflluent= (Ambient_N+Fish_excretion)*Water_circulation_rate
OUTFLOWS:

=% Uptake = Seaweed_hiomass*unit*Seaweed_filter_rate

<% oulflow = Fish_tank_efluent-Uptake

Ambient_N = 5{micromolfliter}

Effluent_NH4 = Amhient_N+Fish_excretion

Fish_excretion=50+PULSE(40, 1, 1)

Growth_rate = Maximum_growth_rate*uptake_NH4/(Half_saturation_constant+uptake_NH4)

Half_saturation_constant=1

Maximum_growth_rate= 0.1

N_removal = Harvesttissue_N_%

Outflow_NH4 = outflow/\Water_circulation_rate

Seawsed_filter_rate = 1{micromalig/min }

Seaweed_tank_capacity = INIT(Seaweed_biomass)*2

tissue_N_%=.04{% n}

unit= 24*60

uptake_NH4 = UptakeWater_circulation_rate

Water_circulation_rata = 5{literimin}*60*24
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Fig. 3-2-40. The euations of the Stella model applied in the seaweed integrated



aquaculture system.
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