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Biofiltration Efficiency of Saccharina japonica for Integrated
Multi-Trophic Aquaculture (IMTA)

Mi Seon Park, Byung Hwa Min, Young Dae Kim and Hyun Il Yoo"

East Sea Fisheries Research Institute, National Fisheries Research & Development Institute, Gangneung 210-860, Korea
!Seaweed Research Center, National Fisheries Research & Development Institute, Mokpo 530-831, Korea

To determine whether the seaweed Saccharina japonica can effectively utilize dissolved nutrients from Sebastes
schlegeli fish cultures, a laboratory experiment was conducted in a static system for 7 days at ESFRI, NFRDI in Korea.
The experiment included an S. schlegeli monoculture system and an S. schlegeli-S. japonica IMTA system. Saccharina
schlegeli density (41524 g; mean+SE) remained the same in all treatments, whereas seaweed density varied across
treatments of 0, 0.5, 1, 2, and 3 kg (control and T1-T4, respectively). During the experiment, nutrient (NHs" and PO+*)
concentrations were measured at 24-h intervals. NHs* concentration of the control group increased from 0.117+0.021
mg/L at the start of experiment to 5.836+0.904 mg/L at the end of experiment. NHs" concentrations of each treatment
were 3.004+0.040, 2.086+0.133, 1.642+0.121 and 0.775+0.007 mg/L in T1, T2, T3, and T4, respectively, at the end of
experiment. The concentration of PO+ exhibited a similar trend to NH4* concentration. NH4" and PO+* concentrations
significantly decreased with increased S. japonica thallus density each day (P<0.05). The nutrient removal efficiency
(NRE) and nutrient uptake rate (NUR) showed different relationships with changes in thallus density; NRE increased
but NUR decreased as thallus density increased. Based on measured concentrations of NHs#" and S. japonica weight,
regression analysis defined the relationship between as an exponential function, Y = 3.8165¢%%% (R? = (0.9552). Our re-
sults demonstrated that S. japonica can function as an efficient component in IMTA with environmental and potentially
economic benefits for fish hatcheries.

Key words: Integrated multi trophic aquaculture (IMTA), Saccharina japonica, Biofiltering efficiency

kl =2 Mendiguchia et al., 2006; Mente et al., 2006; Sanderson et
al., 2008), o] 52 A = AEat Ao F84%l FFdF= m|
WYE FdolH YeFHOR ool ol R4S A, 2 2 gic(Holmer et al,, 2008). WEkA FAlo] o3t HA L
who) B AbEeh uldZo] 2w FAA uleel Jlek 9T g Zol] oJsto] MBI A4 shsak Qlokebals]&e]
F7)15hE= Yol AT 371G FHol ot Fg st I g Ao] Z7bE] 31 9] o w(Wurts, 2000; Neori et al., 2004).
oF SRR QI3 MY B FOIRY AYE Atk A 1 tjeko 2 3t oJofekA|e] BAES wo|go R o gk o}
W 50 RAE FUSHE A0 UelA St (Wu, 1995: Tro- 2 cgoferlo] MBS WA et en BEREe 2 4
ell et al., 1999; Cao et al., 2007), AAZ o] F ¥4 ujct 9l thedokol Aokl (Integrated multi trophic aquaculture;
g QA= 4T Aststal, B4 /71, 7719 IMTA)o] tj%==5| 31 9JtGoldman et al., 1974; Ryther et al.,
FAL SEHol STk Ao sREATMA AEE7] o 1975; Lander et al., 2004).
Fof(Buschmann et al., 2008a; De Casabianca et al., 1997; IMTAL T % kAl A Ho]1 4 7H538l gkalo
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AZIA 7] =1 uf$ %2 35ltH(Buschmann et al., 2008; Cho-
pin et al., 2008; Costa-Pierce, 2010; Naylor et al., 2000)
IMTAOIY 252 o] 25 W% H gmujol, g4kt o]
Rslekag FEAA A 0R 1A Qs volonj Az A
§]—/\]7 tHGoldman et al., 1974; Ryther etal., 1975), o]g{3t
BAHE Ea, ol FARL) At AALE AL 37 Ha)
& 07 WL ey, IMTAG]H S5 0@l
F83t 7]5E gttt IMTA 9 H}oliéai*ﬂ 5
eSS /\F&/I 2303 Hof| 278 %]7] AlAFsHl oo (Ryther
et al., 1975), <glof] E¢] €8] A%l QIth(Neori et al.,
2007; Hayashi et al., 2008). IMTAE 3t sj=F Al &
2971 %90A AR, ol F HlAE o3t Hgoyst Bl
A19] A 7R A B S8 AT} A 7HA 52 aelstel
of gt} IMTAOA s 27w w2 IFES ASH o r &8
Sto] Apdlel 24t =& AAHdS Uehdt, of 7ot sl 27
o] IMTASFA A Gracilaria spp. (Neori et al., 2000; Bus-
chmann et al., 2001; Abreu et al., 2009), Ulva spp. (Bolton
et al., 2009)9} 73 (Buschmann et al., 2010; Chopin et al.,
2008)2] AJAtEF =7} Wl =0 22014 o] B uf 9},

Az o] T8 Fej A S o8 2714 Typeo
2 JEEE AoR dA thWallentinus, 1984) . Type 1
& I o wA) ERAY) 230 7} e $02 78]
Z9] EA S Holn Type 2= At 2 0 & 7] AJSA}E 7} o}
WAooz A alo] u7} e Folrh, A2 o]l
A 5] okl Sl s thio) 712151 Uha
spp. (Buschmann et al., 2001; Martinez-Aragoén et al., 2002;
Abreu et al., 2009)%} Gracilaria spp. (Martinez-Aragon et
al., 2002; Bolton et al., 2009; Mao et al., 2009; Abreu et al.,
2011; Sknptsova and Miroshnikova, 2011) 5= o83t 7
O 0|52 FYH AA Hold vk Hol= v AzF7
(kelp species)ol] v|3f oF2] A o] Ho]XTtHFAO, 2010).

wEhA B AT 8 Ak AR o] Ol ThAlnt
(Saccharina japonica)S A} 0.2 o] Fof| Al B& = 9oy
S FRHOR A7 B Foohn|o] R TG, IMTA
g0 2 A 9] 7PsAS TakskaAl ket

Eﬁ
)||

HHeH
oHd

20119 1Y 7 oFoktof| YAt thA|ul(Saccharina ja-
ponica) O] Hyk AEgol A AAHE ThAlo FRE T
Asto] ol 4513 48] o] 1-15 m7bR] AR AAIE F
oAbl 1 ABAR LU, Sk chanks ol
S 48] ARk} 2 Ao LA |2 E(sediments)T} 2

YA E(epiphytes) I FE-5 A AT $ 7] A F2 FE 50 cm
o] Zlo| & Ze} 1 ton 204 3Y Eot Sl o7 8519
o}, ojuf 2% +=40 umol photons m=s™, 3F7]+= 121L:12D,
22 10-12C 3 om thA|uk= 747&@%%7‘3:— A8kl

E}/\]U}J FUH AT o 7o MiHES o8t on, o
£ flste] A" ’877}1] zu| B2l Sebastes schlegeli) 251}2]
(415424 g)5 1= FRP 1QI’ 4] °J°§—’F§°ﬂ 797 8813t
O] 7]1}5"“\} = HEo R Fgatgon, =2210-127C,

BT AR E & ]3}‘?‘3\‘:}.

FH AA 58S Brksh] ffgt "E‘ﬁd% 20L

57§ tfZ~(control, C)2} 3

(treatment, T1, T2, T3, T4)2 A 5}% chFig. 1) EE Al
20200 L] AAsl-E 92 & CE= A F2A7MA] 2

T4

7 day| Measurement (NH.",NO.,NO,,PO.%) ]

Fig. 1. Schematic showing the experimental design for this ex-
periment.

ojset sueluhe eI, el T1-T4E 2o 8ee 5
uhe]s) -8 che ChAnkS 212105, 1,2, 3 ke 715l
797k ek, AB7IEE $-28 10-120, 240
umol photons m= s, FF7]= 12L:12D 0w | ZH3} o

offlol A& st ZF AF& 2HHE 0 2 AAJsH]
M H FAH BN
H

ofr

AtollAl AR7|7HERt 24 h 7H4 o2 wfd 12:00 hejl

HEH ko] EAA7HA] -80°C ol Hakstir,
= 30CE AlEH 2o
o] & Stri ckland and Parsons (1972)2] "
FANHs 9 PO#) F=E 23] HHE ZHs)
Aot BE pREAS gEulM B H(standard colorimet-
ric analysis method)& €831 Z}&H|A17](Smartchem 200,
Westco Scientific Instruments, Inc., USA)E- o]-&35}o] E4
ston S Ao ol 45 o] hhe 47} 630 9 880
nm ik,

deER § oA B s
5 5 Stri

MZE0{1ts 1KBiofiltering efficiency)

A4 2T

9] gJoFA A A& E(nutrient removal ef-
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oFy i’\é(nutlrient uptake rate, NUR)
o ZuBeIe S4T ABT0} ZojReH) AERE S8
& A7) Gopel S vigho z e} e A o
3] AF2%]9ltHZhou et al., 2006).

NRE (%) = 100 - (100xC: / Co)

NUR (mg/L g dry wt h') = [(Co - C)xV] / (B x At)

1A, Cot ot 83 4972l 45
Ci 12 43k 3 of 5} e 4 419
F&(mg/l), B= sil=7 A&
UrEhIe

Fk(mg/L),
A9 gokd
=g dry wt), At= FIAE

<ol ulE NHee} POS 5] et 248
Levene2] —‘c:,——‘_r AP A (test of homogeneity of variances)&
A A5le] glo]E] o] £2A4]o] 2¢1E]H one-way Anova testS
AANEE] GoxE HASH L, §oA7F AN Tukey's
HSD test 4 0.2 A2 A4 3190t} o257 58k} A7
of] w2 NH4 9} POS 50 gt 2412 two-way Anova
test= AAIBIAT A7 4823} AI7He] Ho] WE NRE
2 NURo|| tfjst E4-2 one-way Anova testE AA|5FSITEH
EARAS Yol AFEE EA T2 738 STATISTICA ver-
sion 7.00]%it}.

2 o

SO H7IZ 95t CHAIDH MEZ RAL

NHA 5T AFHAIA] 0.117£0.021 mg/Lo|glon, =
HEguts 483k C= 48 79 5 5.836+0.904 mg/L7t
A A&H o8 Er7t 2745k chTable 1). a5 B2k
(0.5-3 kg)& Zelato] 83 TI-T4= A F=A| 247}
3.004+0.040 mg/L, 2.086+0.133 mg/L, 1.642+0.121 mg/L

2 (0.775+£0.007 mg/L2 s|25HF $gaFo] 275t wg)
NH4*9] 94 0] 747} 21 YITH(P<0.05, Fig. 2a). PO
s ColA AR 7HAIA 0.005+£0.000 mg/LofA F=A|
0 44040.045 mg/L7IA] A &4 07 =715t Table 1). A
F3A ZF 2598 POL 5+ T194 0.086+0.000 mg/L,
TZOHH 0.031+0.001 mg/L, T39]A4] 0.016+0.001 mg/L, T4
o4 0.013+0.000 mg/LE YER) NHs e} npR7[x] 2 s
T 8ol SIS PO F=TF ARl om(P<0.05,
Fig. 2b), 3j=FS 83 e AA-HTI-TH= 58 5¢
744 PO 57} 114591 Z71SIth7} 603 E] 7Hastgich
(P<0.05, Table 1).
2o B £53 APT GUPY FES 7]
2.5 %-80] T2 NRES A3 11, NH9| 7

e
7% T1oj A

OcETM @T2mT3 MT4 (a)

NH." concentration (mg/L)
o - N w £ (3, (=] ~ -}

g
o
o

(b)

PO.* concentration (mg/L)

Elapsed days

Fig. 2. Daily changes of NHs* (a) and PO<*~ (b) concentrations.
Each value represents the mean + S.E (n=4). Different letters
indicate a significantly different between groups within the
same time (P<0.05).

Table 1. Results of two-way ANOVA of the NHs" and PO-* concentrations

Factor df MS F P MS F P
NHs* PO

Groups 4 42.92 751.99 <0.01 0.25 1,529.86 <0.01

Elapsed days 7 15.39 269.73 <0.01 0.05 312.86 <0.01

GroupsxElapsed days 28 1.94 34.04 <0.01 0.02 118.35 <0.01

Error 120 0.06 0.00

Tukey test (P=0.05)

Groups C<T1<T2<T3<T4 C<T1<T2<T3=T4

Elapsed days 0<1<2<3<4<5<6=7

0=1<2<3<4=6=7<5
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Table 2. Results of one-way ANOVA of the nutrients (NHs™ and PO4%") removal efficiency and nutrients uptake rates

df MS F P MS F P
Factor
NHs* POs
NRE
Groups 2930.8 78.33 <0.01 1,275.4 16.40 <0.01
Elapsed days 189.6 5.07 <0.01 309.3 3.98 <0.01
Error 18 374 77.8
Tukey test (P=0.05)
Groups T1<T2=T3<T4 TI<T2=T3=T4
Elapsed days 1<2=3=4=5=6=7 1 =3=4=5=6=2=
NUR
Groups 3 0.00 29.40 <0.01 0.00 51.19 <0.01
Elapsed days 0.00 4.67 <0.01 0.00 519 <0.01
Error 18 0.00 0.00
Tukey test (P =0.05)
Groups T1=T2<T3=T4 T1<T2<T3=T4
Elapsed days 1=6=7=3=4=5=2 2=1=3=4=5=6=7
120 89.4% W 92.1%= NHs 9} 74| 2 d| 25 AWEsF Z71e}
< 100 fmaTeT e @ 7| NRE: 27151 TtH(P<0.05, Fig. 3b). PO 2] NRE+=
3 0.5 kg 483 TIol A 48 39 & 22k 1ol F 244
: o $7HE WY, T2k 5829 F 4449 3718 el v
s 7 T3} T4z NRES] 3712 Shol =l ot T13} T20] ]9
g HSl7E 4] 2 A o2 YERth(Fig. 3b).
: zojBehyhe £43 AT 2Bt 2RSS 4%
z

120 Elapsed days

(b)
100 -

80

60 H

40 |

PO.* removal efficiency (%)

20

1 2 3 4 5 6 7
Elapsed days

Fig. 3. Nutrients removal efficiency of Saccarina japonica in
this experiment.

13.6-48.5%%] W= AF7|IF Hat 38.7%E HL T2+
66.8%%, T3=74.6%%, 12|31l T4= 87.0%% d|25H 48
2 2719} $17]] NRELZ 271312 thP<0.05, Table 2). PO#&-
o] NREL: HE AIBKTI-T4)o|A Z+zt 62.3%, 78.7%,

A9 Y ANH, POH) 525 vhg 22 NUR (mg/L
g™ dry wth™)& AFE35H A7H= Fig, 49 2}, s 257 ~85F
of w2 NHs* NURE 2, AF7]7-53FT1 (0.5 kg)> Hat
0.083 mg/L g~ dry wth™, T2 (1 kg)+=0.073 mg/L g™ dry wt
h, T3 (2 kg)= 0.047 mg/L g dry wt h, T4 (3 kg)*= 0.032
mg/L g dry wt h" 0.2 thA|u} =ggFo] F7hek=5 NHe*
NUR2 #4383 tH(P<0.05, Table 2). TEH A[7H] 7ol ut
£ NHa" NUR & T35 A|&Jet s Aol 82 &
7P = U B T gasiilon, T3S 849 & 71
=2 S Hol & Zrasl S ti(Fig. 4a, Table 2). PO+~ NUR
© = AFo]| 4] B3t 0.002-0.008 mg/L g dry wth 0.2
0.5 kgo] 275 +&3 Tlo|A A 3 kg j27E
87 T4ol A AR Leht NHatof np7EA| 2 s 25 A
=70 T7Fda5 PO& NURO| frashs Aoz ghelH ]
THP<0.05, Table 2). 122 BH T19] AL s|25 58
249 5 0.005 mg/L g dry wt h™' 2 Z| A4S Hol 3 2|44
o8 F7ksto] AF F& A 0.011 mg/L g dry wth™ & |31
e Bk T2& s 27 8 29 & 7P W2 41(0.003)=
2ol 8] 22 A] 7H4 =2 ZK0.006)L B .01 T3} T4 3
253 4859 3 217+0.003 mg/L g dry wt h™', 0.002 mg/L
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0.008
0.006
0.004

0.002

PO.* uptake rate (mg/L g" dry wth™) NH." uptake rate (mg/L g" dry wth")

0.000

Elapsed days

Fig. 4. Nutrients uptake rates of Saccarina japonica in this ex-
periment.

g'dry wth™ 2 7P 2 b 2Ol 7 st ltk(Fig. 4b).

n #

offF FAFC ZRE HjEE = HAEE HIRe ¥
o 2 op AR ALR, WhAE Ei el A
v, shepgel Rt B B 09S S
(Wu, 1995; Troell et al., 1999; Cao et al., 2007), £35] NH.
= ofFoll Slo] mi$ =2 HAS e AeE d9A o
(Mayadi, 2003), mehA] of4)40 20 25 Jople
AEATIE A BARNE BE P ¥ 4 o
= AOE oA, F¥E AA W F HxF(Porphyra
yezoensis, Gracilaria verrucosa, Ulva rotundata, Entero-

O

morpa intestinalis Y Gracilaria gracilis)E ©]-83F th=9]
A7} 43 = ITHWu et al., 1984; Herndndez et al., 2002;
Troell et al., 2003).

B AN E AHo]ZRE HEEE AN, POS)
S Ao} B o R AAeke oz BelHgon w
ol 5 E i hAjule] AEaro] o a4 folaiA 7
sk o ettt e, thAlell IMTAS Siet vt
2HE ForAe 2AS Te AEFoR Yot A
Aol gromz WA o9 Gope AALRNRE)S
2ol & dart qlok, & Ao A= thArK0.5-3.0 kg) 2
NH:* 2 PO& NRE: 77} 38.7-87.0(3 66.8)%, 62.3-
92.1(73.5)%= NHs* Rt} POSF2 t GHHoz AA k=
Ao=g 3Relwect, 121} Skriptsova and Miroshnikova
(2011)9] -tol|A Undaria pinnatifida® NHat 2 PO~
NREE 42 73.7%, 56.8% Z1&)iL Gracilaria vermiculo-

B ot

[¢]

K rle

phylla= ZY7F 73.7%, 34.4%= 2 AFA31e} dre] NH.9
AAE] =A b=, o3t Aol G4 SFoll tiet
27| S50 Y g o= Kotk %3t Gracilaria
lemaneiformis+= V|72 8|(Chlamys farreri) 25-€ wjE&%
NH«+E Z[tff 83.7% A|Asto] 2 Aot F-ARE NREE UE}
WthMao et al., 2009). ¥hH  Kang et al. (2011)- &2 9119}
FYE0l thA|ule] NHst 2 PO~ NREZ}F 242 46.0%, 20.2%
= Hustled], ol o279 872100 gFWL = &
915-9] T3 kg TAIuhe} B B Q151e] T3o|A=
NHz*2] 54.3-82.1(74.6)%, PO#~2] 82.9-96.5 (78.4)%= A|
7 5}o] Kang et al. (2011)2] ZAx}of H]3l| oF 2-48)] =& NRE
S Ry ol 4e XE §4 9ok 5 5o AWE
Aol 57| Y Eo &2 B AAR G. vermiculophylla
o 4 PO~ NRE @J587(X14:4]: 34.4%, §4:41: 81.6%)
of whe} AFo] & E ¢ ti(Skriptsova and Miroshnikova, 2011)
olelgt 432 2 ), S|2 50 NRES sj259] 5, 77],
® 5O 4B 0015 £ 25, G G = 5o
=13kt aelof ol JaFe s Ao = wekE)
27 dEY FTE(NUR)Z IMTA A Hlo] 22 E of
FELRA TS ] 8l BrlsoF & 8 AR
A NRES} npzb7ix| & 22 - 51eh4] 3l AEsh4] a.Qlof| ofsf
b2 4= Qltk(Skriptsova and Miroshnikova, 2011), & ¢1
Fof| A thAlEEe] NHat 2 POs NUR-S 212} 0.032-0.083,
0.002-0.008 mg/L g™ dry wt h™'& 3 kg9 thA|ulE 483t
A FAZHE Hol 7 0.5 kg 835 oA F]
k= e TR, Mao et al. (2009)9] Aol 4 %= NUR-- 8
250) AEeo] Z7VHHE P4t AOR Hiiste] 1 ol
o S5t felS ML, NURS 53] 34352 A2 o
o] wol, kA 0.2 Bl4-g-5ol Z75HA AL o
5.80] 715}0] NUR| 2715 02 %A ckBus-
chmann et al., 2001; Hernandez et al., 2002), wheba] £ &
Tol|l A B2 el S7Fa5E NURO| 2| Lehd o] 4
=&Y oA 27 &S 2 o] el g &
o] S| 275 -8 A5 olofdlo] Aol &gt sf4=et A EH
O] HE713)7F Holrl o2 QIgt Ao & At E3F, A
qE2FE TEoGe B ST IYEY vt AL
S/t E B2 szl d¥dol

il
Hir
kl
:O.:l':

N

f
oz
1
ot
3

ol 7Hs A & lrkal of AXITh, whehA thAlute] f=4] A
SA2F B AR FA Ao A NHat e} PO 9] NURS
AtET =5 A0 R AR E

URHA 0 2 S| 275 0|83 YUFAA AtolA = =+
o] Fof oafl wiEH FFAS AAsHA|TE, ALH o R ul
SHOE Qlsf A7to] Ak E JYH Y] = SUKIT
(Mao et al., 2009), & o] A = NHa*9} PO 9] 5= 35}
£ 2, NHa O A5 s 27 78 o|F =9 S/ &

A3l oL} B AR Sgoliet ARgle] A4Hel B %
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77 e st el S 2o, ¥ POS = SRR
& 59 7] s=7F STt o] F asste] AtolE HAd
o}, o]t Zpoli= POL 9] -9 AJ7He] Aot ] NURO|
A&A 02 Z718HH(Mao et al., 2009), E Ao 4] thA]a}
O] NRE7} 422 6-7 3 At 86.5-91.8%= 1l =7 L}e}
Hog st Ao R AR EL

NHs 9} PO£#—2 z27] 354 3422 0.117, 0.005
mg/L)° = W37] fj3 BRIt 27 +&FS Lotr] 9
3H HHOO]: 701 ‘0‘_4 NH4+9}' PO l.—_EE. H}-E]—Oi g:ﬂ HAJ_Q_
AAIE A3 NHat = A 4843(y=3.8165¢ 0050922 POS =
AAEAFR(y=0.0359x9) 2 % 9|5 ck(Fig. 5). F T
B Regko] 095 o402 AFEst ij$ wton] sl
A% 27 FFE BRFROE $3Y] SIFHE NHot
6.91 kg9 |77}, POL = 6.62 kg9 dj=F7F Bt A
o= shlg gt

xR 67 7153 F LirHe
A APFRo] W2 S Hol
vhe oAy o] w9 AARS Hol ,
A L AR A2 Ehee e
Qlth(Littler and Littler, 1984; Wallentinus, 1984). i oL
oM AL ThAInk: chg Aol At 2 F F AA LR

7V Wo| kAl E= £0 2 HAAo] uf$- =& Fo|tHFAO,
2010), 2 A7 23} chAlus b A g Yol = Bpetn o2
QPO AMFE st FARE Y FAATES UE
o G AAel QLo PO# = NHat Hrf 22 ko] ol =7
2 7Fs st 282 02 IMTA 9] o] ¢F/dof Qlof 2 A=
O &HIE AP NHe F 25 7|2 & o] FolAop & Z1 o
= yhetem 2ulEeta) oA oke] 24 AEE Rle 1:3.25
(2125 g : 6910 )& BHel=]Qlct, T3k A% 2429 IMTA

i
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Fig. 5. Nonlinear regression models of NHa4* (a) and PO+~ (b)
concentration for estimating seaweed biomass.
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