Korean J. Malacol. 32(3): 231-240 2016
http://dx.doi.org/10.9710/kjm.2016.32.3.231

o hF ofvl RS 1% MAEF 7
- 2@l A2 AL AT 1. 4 A%

o
=

oy

él_?_, gl%:lﬂ_lll, él_x'-l Hioixd
A

-

o2
ST GSHEMH A

= o

e
-/

s

Development studies of microalgae-based closed recirculating
bivalves adults conditioning system: I . Induction of the
gametogenesis

Chung Yoo Kim, Young Baek Hur, Jong Chul Han and Young chul Park

Southeast Sea Fisheries Research Institute, NIFS, Tongyeong 650-943, Korea

ABSTRACT

Techniques were developed for holding and conditioning of Pacific oysters, Crassostrea gigas, in a closed
recirculating system. Experimental adults were used 500 oysters ( x two system, total 1,000 oysters) which were
collected in 20" March 2016 from long-line aquaculture farm at the south coast of Korea. During conditioning
periods concentrated live microalgae as Isochrysis sp. 15 x 10 cells/mL, Tetraselmis sp. 2 x 10’ cells/mL and
Pheaodactylum sp. 18 x 107 cells/mL were added 5 L every day, respectively which micro algae were functioned
as diets and biological filter. Over all experimental periods total water exchange rate was 21.3% (daily 0.5%). Over
42 days conditioning, female and male oysters were maturated 90.9% and 94.4%, respectively. Survival rate was
98.7%. Mean shell hight (8.3 mm), total wet weight (19.2 g), meat wet weight (5.0 g) and shell wet weight (13.6 g)
were significantly increased (P < 0.05). Water quality parameters including the water temperature (22.1 + 0.4C),
salinity (24.9 + 04), dissolved oxygen (5.1-7.9 mg/L) and pH (7.93 + 0.15) were kept stable. Concentration of
dissolved inorganic nutrient as ammonia (1.96-0.35 mg/L), nitrite (0.03-0.16 mg/L), nitrate (1.34-0.47 mg/L), DIP
(0.42-0.03 mg/L) and silicate (3.83-0.00 mg/L) were significantly decreased throughout experiment except nitrite
which was increased (P < 0.05), but nitrogenous components stayed below toxic levels (ammonia 0.0-5.5 mg/L,
nitrite 0.0-460.0 mg/L) which indicated that closed recirculation system with microalgae based bio-filter could
supply sufficiently environment condition to holding and conditioning of oyster.
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Fig. 1. Schematic diagram of the closed recirculation adults conditioning system used in this study. Black
arrow: water flow direction, AST: adults stocking tank, ST: service tank, HP: heat pump, BMCT: Biofilter
with microalgae culture tank, L: Light, ET: Effluent tank, P: submersible Pump, UV: ultraviolet lamp, C:

Control panel, A: air blower, S: protein skimmer.

o7 W Hol gk rx, AT 22 W HolEHT
Mulagz, ez, A A7) A3, Zpejal Ak,
23 A3, £3RE, doEES] W 2HAAR shil
2HS 75 AFH (Fig. 1. ofredaxes £59 29
2 AR AL4x2 271 W 36 x L 65 x H 40 cm?, 4+
42 100 L Z 19 27 5708 192 njdEeo] F 107te 2
3 L, 2§ Aol £H iilﬂl@ﬂ JE AAe] W
30 x L. 320 x H 50 cm® A7 23 HujxE oju|f484x
of FdAe] wF AAle] THo R ofefiZol|A] 23 ofu]g=
45429 A7 40 mm PVC 30|27 A4 3 3 9Z9
2= o] 25 A9 AT} A7k ofw]p gz
w57 s, ofgiFele v RS AX|ste
&7} golske s slgic). el Fujart AAEe] Qe W
ALFL AA| 20 cm HHLF HlFEES WEo] £ 3 E
A2k sl A=A o2 9 ol AE wjekrze 7
ZE7lE o] Eg} I~ T3 AT W 100 x L 200 x
120 cm®, 84 2,000 L o AHd4x22 vidwe B89 ¥
WA AR s Qlu, 1 o] W W] FE 18} 8]
A3 7 EE7tRvelE AR sojgleh. Al 100
watt LED 355 27] Ax|8}5ich
A 222 W o AEEY T35 AYE a2 AE
314 ofzt ol ol Eafjek pxe} U 27|E AA EFH
¥~ AAE e, 3% de) qlEkal 3EEE (Deail,
1ps heating 3,024 kcal/h, cooling 2,069 kcal/h, Korea)
a7t AER Ao A ErxAs THsskeE 3
g} H4xE W 100 x L 100 x H 120 cm, 874 1,000
L o Aexz AA E5% 292 QAR 5o glu, &

%ﬁ

T of o o o o

el 27 30 x H 250 em, 84 180 L ¢ PVC A|# 9
A A7)l 25 watt 25 UV-C A A
(Philips, Poland) 4715 A=z QA% AeA 37}
A glok 2Bl BE pxole Abagaat vt 18u
Al 271w A9 eo] wiFelE -E3lr] flste] X"
oo &=Z¢ (Hiblow, 80 L/min, Korea) & °|& 371& ¥%
& 4 =F slgith A7) gzl vl ARlE so]
Z (PVC A7 50 mm) & Ax]ste] Aol 49 2A4o] 7b5
s}ci s]_oﬂr)r aga /\}..,%_/[:94 /\il_jq. iz /\7]111 S
o3 Ad £2HE (LG-wilo, 350watt, 200watt, Korea)
w3 AR TS PSP Aok
A 520 A% e $9 FelpiolE Ao w ol
Qe A AA wfedrt A2Ee) 9 $%E 6,000 L
olgleh. g, A Axgle] FAE FEve AAToR
B 2A0] /Fsohg AFEA S He Ao

Fl

4

i

_‘

ru1m
ruZ:
ﬁ‘
_0|L
%9,

2 A2 YRS FE

100 Lomin & Wl ay|se 4ol dAe)E & 5 oAl A
Hlagzd) Holulopd e AR 27 90% ¢ 10%
2 FEobbl sl o] W 42s] $x2 Fob Fol7k: &
FJ:P_ uﬂlﬂ:’:—'_ o]_S_é—]—oﬂ 5795—],031;], L],uiy\] o]oﬂ ﬂ*lz 5]_/,\_5
o} M2z Alolo] 27 HFRE (74 50 mm x 37)

- 233 -



Closed recirculating bivalves adults conditioning system

£ 53 AdA R Au|agxs Fop M ik oA
71w o} AR A zAt Al 24407 A AEsigivh 18] a A
28 AAY] ExxAL qlEiql e Lol A4 tAE A
T2EXAE £ 05T AUERE A=A gtk 18|
HoluljofA 4 AEstA o7z Aol 100 watt LED 53
5 2715 o] & 400 pmol/m%s £ 7 2447F A& x3)%iT)
a3 AR AragaIt ks %6}01 ALH oz AA -
Fof| do]AES o]} FUIE AFlL, T WA
T2 FHe) F24 vAlEF Fol Ak 2AYs
W E7tEMo|E TS Ha A4S sk He’
A P54 A=A47) (YSI 650 MD, USA) & ¢L,
DO ¥ pHE 548151, o] wf ehild 7w $-4 59 wE
ul*ﬂ’ﬁ‘i °ﬂ‘—“~l 33%01 1.0 o|o] AT A5

)\] Z_\_ Bl &

e F
o ©
X
of
Lo,

Do sk £4 710 Bl eReAe B Ygke
M) iAERE Ak g Asdel agd $A A

£ slstgink

Aafs Al o]g3t 9F vl = C. gigas® A
T 1 FHsGedA o Fold 2k 194 FAAE (N
= 1,200, 4 24 54.5 + 7.2 mm, H 2+ 107.8 + 13.1

mm) = 2016'd 3¥ 204 T3t F B FEsla
AbdTa ek drAlE R Aduks 88 s o]Fdte]
44 48 A FRP 3004 1547 AQdsla 4= 2 al®
wjok=l wAH2F Tetraselmis sp.¢} Pheaodactylum sp.
T HER 8 AETFEHEA A3 o] 7]
ok o5 59 2B 2 W st AAE AASGL

of o] &gk MAE A7 Znt Al ]*"’“‘5}@4 A3
WA szl Eol Sle oleAE AA L, oJHsieE AH
gt F AEEeY oululy (55 x 35.5 x 10 em®) 2071
off ¥z} 50mfe] ¥ 83 ok 2709] 3k HA 28] (2 ukE
olmA;2 1070 Zholl 242} &t wly A gt Ao 3o}
A"l 77} 500 vk S geksich AR 5 e A
A AR T7EAE I9AR] A flo] A 3
dele] & A o] 3= w29 HAHe = 1.0TH
A 22.0C7H] Al F AR T8 ATAIE A4
Zek AR St ofw] 29 A2 S AR, A=
A AR BN S8 AA A eE £3
AA (EHEL3AN vFAl) o A A9 vk mAlEF
£ Taokeldh a9 mAlERe °§E Lﬂ'* Bk L A
) T3 557 AR 2 5% F Isochrysis sp.
(15%107 cells/mL), Tetraselmis sp. (2 X 107 cells/mL) £}
Pheaodactylum sp. (18 x 107 cells'ml) = 22 5 L % 1

>
flo oo O}H o

nim

2

o 13] wjd oA 104 HouFA AEsA ATz EFA
A 2478 A vk Al shgick Yol g A AT w e} 2}
AR o o3l o2} A A2|El F HEokeHA 4
(10 L'min™) =& A2j4et £3F 4=, a4z 9]
abel] &3] AuA fx2 T Eol/M =W thA] Au|js 5
Fo A Aot E3E o] ofn|efrxE Age A 3
w57 gk 1 9 AlaE 927 s SAxT
TA3H sloleh A 717 Fok A nAER A7l
w2 dRdes Bk s AR @ Aok A
ok Al2" W A 9 2R AR 23k kA otk
A&7 F<k il 2 A 1049 &, 9, DO, pHE t}7]
S4A=47) (YSI 650MD, USA) & A4 vtz 43}
1, 43} 1 xm Whatman GF/C & o33t 3 4224
$02 AEE o]&3gi) 12 ﬁ%l%bﬂﬂli lato] AA
3L 7| Aste] FAMAES 231G, v 7Y HHeE 7
A= ZH7ke] Al 2ElellA 20mte]e] F5 AFH st AR
AaZ 2833l

ol:l o

3) +=AEN

TAE pAFES RYoldA  (NH-N), ofaikA
A2 (NOs-N), &&77144 (DIN), it

(DIP), Tfakt4 (Si0s-Si) o)) 7 52 3H°k

B (FESRE, 2010) o wlel A= %‘:‘é *

e o Aok dRyoldas IndOphenol A
A AL ¢-NED ¥, AXAAE Cu-Cd 23 O]%L
) i

=
AAs Fdfer SAsIT £ 771AA

T
=1 . ~ u
&, oA L AR L] o 7 elgly, $E57]9)
TAHFAE Ascorbic acidE o438t E8]Bdl HHoz B
s}t
4)

Malagret o Mol Hat xAL

Aanbd gl A wd zas v 79 A ow Al AR
72912 717t 20 71 (total = 40) 2 oleIE ARl o]
3tk A= = ofnl= WA el Fo] olE olEAE
AAR L it ez AR he FEAR delte)
2 AR e A8k (B, 2T, 45 & HelAes]
2~ (Mitutoyo, Japan) & 0.1 mm 7} &A3}93, FAL
A AF, &5 2% & AANAAAE Mettler, USA) E 0.1
g 717 ZAekeT. 555 45 WA A5L 2AT F )
Zrete] &3t sizbe #eEd v $EAR 8-S AR F
77| 598 54 EAE ARE o]83te U=

stete.
tohe Ao Al

wet meat weigh
Wet meat wight + wet shell wight

\11‘11

Condition
index (CD =

x 100

- 234 -



Korean J. Malacol. 32(3): 231-240 2016

Table 1. New water supply and water exchange rate during experimental periods

New water supply (L)

Water exchange rate (%)

RAS P(Z];l}?)d Feed water Flash water Total Daily
Daily  Total (a) Daily (M + s.d) Total (b) (@b}~ (M =+ s.d) Total
A 42 15.0 634 15.6 £ 2.8 655 1,285 0.51 + 0.05 21.4
System
42 15.0 634 15.2 £ 2.8 637 1,267 0.50 + 0.05 21.1
Mean 42 15.0 634 15.4 646 1,276 0.5 21.3
Total
s.d. 0.3 12.7 12.7 0.0 0.2
TS5l 9459 S YAaxAE A RE BEelgith A 3
A A= 2AAHE o] 83}o] Morales-Alamo and
Mann (1989) } Chung 5 (2001) 9] #H< 2-83ke] aF 1L A2 394 2 5243}
A7) #2154 87 (Nikon MM-800, Japan) 2] %4 AA 42 7ke] A&7 Fok BEH ASE HolAE
= o] &3lA 7k A A4 et A (A, B2, wEst E3kel wfckee) QE 2AS ST AR Bt 47 He
) & 2AF TSI AR AR WA ] 2o P 634 L 9} 646 L = A 1,276 L ]t} H7F A7+ A54
7} op7tu] FZEeA AZko 2 4-5 mm FA 2AS AT F 9] BFEE 0.5%% T, A A7IZE S 2gkE F A
Davidson’s &ol] nA43lglcl. ohA] 1A% =AA 85 1 21.3%°]3t} (Table 1). AR/ Ft 2, 9&, $8404
mm¥ AAE 5 sl B4 F o3& 46 pm ® FAA 2 pH H3}E 2ARE 23 Fig. 20 yepiigleh 422 4

Ria-y <To|=

hamatoxylin-eosin G &

HE ¥

=eh2e £l Y Gill's
3}t (Howard and Smith
1983). AA4 W WA= 514 inactive stage (0), early
active stage (1), late active stage (2), ripe stage (3),
spent stage (4) & o] Z dAEE H4E Fof3) 243}

4 AA2EEAS O & the Ao Ausisi.

(NRVS0) + (NRVS1) + (NRVS2) +

Gonad index (NRVS3) + (NRVS4)

@D = Total N observed animals

o714 N2 AA 241 & ojv]Al4e] 1, NRVSS 7+
A ek gAME F2014 ko] A #elt (Chung et al.,
2001).
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3. $AAE
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AN Al 16.3CellA] AA3] S7HAA AR 21494 22.7C=
AsEQa, o] ¥ A¥EFE A7HA 221 £ 04T (CV
0.11) = frAEgel 22]a fd¥HskE 24.9 + 0.4 (CV
0.02) ©]33, £&44 (Do) & 7.9-5.1 Mean = s.d., 5.97
+ 0.6, CV = 0.10) mg/L ©]31, pHE 7.93 + 0.15 (CV =
0.02) & A=

3717 Fk A Yol (NH,-N), oFAAE (NO,-N),
A2k (NO3-N), 2457144 (DIN), +2457]¢ (PO.-P)
9l Ak (Si0.-Si) o FEHEE 2ARE Y= Fig. 3¢
vebdch. AA 2AE AR AES SR oAk A9

A

30.0
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4 10
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10,0 F 414

Temperature ["C), Salinity

50 f 12

0.0

21
Conditioning days

—o—Temperature ——Salinity ——Do

Fig. 2. Change of water temperature, salinity, dissolved
oxygen (Do) and pH during the conditioning periods in
the closed recirculating system.
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Concentration (mg/fL)

Conditioning days

Qe NHA N g NO2-N oo NO3-N i DIN o POAP i SI02-S

Fig. 3. Change in the ammonia (NH4-N), nitrite (NO2-N),
nitrate (NOs-N), dissolved inorganic nitrogen (DIN),
dissolved inorganic phosphate (PO4-P) and silicate
(SiO2-Si) concentration during the conditioning periods in
the closed recirculating system.
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Fig. 4. Frequency distribution of gonad development stage of
Crassostrea gigas during conditioning periods managed
in the closed recirculation system. In: inactive stage; Ea:
early active stage; La: late active stage; R: ripe stage; S:
spent stage.
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et 27) 249l B g 2] sk folAal Abelrt
AR, A fo)Aql Wt W= gl (P €0.05). 7
A} Zhae] a7k v A4S 2o, e AlY
A Al H 54.5 mm o)A AFEE A 592 mm E 79
Aol A= §IA, FF 4.6 mm AAEIGY, dus
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Fig. 5. Change of condition and gonad index of Crassostrea

gigas during conditioning periods managed in the closed
recirculation system.
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Fig. 6. Change of Mortality and daily death individual of
Crassostrea gigas during conditioning periods managed
in the closed recirculation system.

A¥ 1497 HF 122.9 mm 714 v«l Q] AAe] #=
I (P 0.05), o]F+ Az glch g 4Ee A
Al A B 32.8 mm oA AFEE A] 32.7 mm £ Z7|H
37} veRA] okok

FAL A AT, %% 9 Zhge] Wgls A7) A
of whe} A frelA el Hapr} #=E ek (P <0.05). AA A
& 14°"741 7 E oAl SV B, A7 B AF

2192 g §%& 5.0 g 2L ZFL 13.6 g ©] S/
E}. a2 o] ¥ A¥FTE AR FoAQ] Wz Ve
&kt (Fig 7).
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(Timmons and Ebeling, 2007). RAS uj°]| Jﬂ-ﬁ-% T
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Fig. 7. Variation of shell size and weight components of
Crassostrea gigas during conditioning periods managed
in the closed recirculation system.

A=A} T ol Aol 2] 942 S dAA ez S5}
7] S s AF7HA] @eo] 8=l (De Alreu
Correa et al., 2007). ©] & RASE o|&3 3|5 ojn]9 a1
A A4%41717] $18 2 (Buchanan et al., 1998; Frias and
Segovia, 2010), B}A& (Lee et al., 2014) & o2 A=
3te] Aaslgict B o#q-oﬂ/q AAE A 2E A% 429 Tl
AL 90.9%, T2 94.4% "k WA o] 715 A A
5 LT ‘Q’%ﬁ}ﬁﬁ‘r. I3 9] Buchanan et al., (1998)
2 wWA|Yo}Z, Crassostrea virginicas A2 AA| A4
3 AaE oA A" A 56 ukol] 2 25T (15 -
25T, 2CAS/2Y) 73%7) $%7] S| whdslg v, AA|
30072l HeE|ste] AE S8 A s AAle F 18‘3‘@&
6%2] FARES Ho] B oAFoA o] 43k A xEly) wlwshd
571719 717k s abo)7) Qld, ol F SelA
I A 2719 AolellA AR Zor AR, U C
gigas= ©]-438)] 233t Frias and Segovia (2010) & 604
%16 — 24T 2TAS/2%) & FE3 Ato| A= 48.4%9]
ket A7 A= g o) 24C %,Jri‘r:i 2k 40%, 20T #
Dol M= 20% PRk E FAEG T, HAEE 50%E Hol1
e, & AdelAs H 98.7% o w2 AEES Holy,
A2 2] AsER 40% o4 =4 e 9lo] & AJ2Fl9
SAE7) B} 22 Zlem Tk
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HeZ 50% o] midsl= AeE ¢¥A gl (Hammen
et al., 1966), thFst Fejo] AiE) 5 grrjo} (N-NH3" +
N-NH4) ¢} opAAkE 52 oA AuE54g0] vl & Ao
Z 42A 9)¢] (Colt and Armstrong, 1981), <3t FA| 2
doll A AHAQl A3 3k, 27} Folrlel wet ghro}
wAdZ s Z7] gt} (Emerson, 1969; Bayne and Scullard,
1977; Boulter and Wilson,1998; Shpigel et al., 1992). H]
5 dATE F 27T dEUol sl gk AdAe] 4
=2 TR gEUYold xFHW AlEe XEdHXA
(Keppler, 2007), ¢#&%° &3 (Epifanio and Srna
1975) 18] 73 AAA 3} (Colt and Armstrong, 1981)
o] vehdrt. weba e3koj s AEle] 2ol A o<}
Z2E dprbtEe] £4 H3E RyEEske 2 Al2" Yo
RAES] MARHA AT S ke F88 &
aolak AR7 wig Fosph o] 2sle FbEte] C
virginica®] 735 =3I 2RlolA A R] AT E
sl RS gredolst oplael $4 Wee 77t
0.0-5.5 mg/L ¥ 0.0-460.0 mg/L, pH + 8.0-8.5 131 £
ZA4E 3.6 mg/L o)A 278l 9t} (Galstoff 1964;
Epifanio and Srna 1975; Epifanio et al., 1975). ¥ A&
o A3 2A% Quels A4 FARE Psle A%
1.958-0.353 mg/L ¥} 1.34-0.47 mg/Ll §1, o}AAF ex =
0.03-0.16 mg/LL 1, §EATF7¢lY ExE 0.42-0.
mg/L, TAF3e 0.00-3.83 mg/L, $&k4ke] T
5.1-7.9 mg/L, 18] pH = 7.7-8.2% A57]7k] A 3}o]
2 okrnyole} ofArte] #2155 WH3lE= Buchanan et al.,
(1998) ¥} Frias and Segovia (2010) 2] A7 ZAz}e} n)s=s}
A ZarEe A ZA AAAQ] 54 s E AL
do] #A3] v gk 2, §8A4kas) pH & A 9
o= frAlBHek g - AdelA AA 99| v=71 3
ARE st A¥ 15UA F43] skl 53] At
g AP HxE 3.83 mg/L oA 0.04 mg 2& o]wj7}A|
99% o) FA3] st ole} & A= A AE AA|
ol 2 Ao AAste] HyslHA Al 2o
Aoz o] &HHA AAE Aoz Helr)h & Ae o] &
gk |8 £3hoj A A2 RAS + PASE W43 A|2Hojc),
PAS (Partitioned aquaculture system) < <=3hoj a2l
o) Agae] RS vAa vekras S stol
DIN#} DIPS %43 Jopde 42sdon s 4%
Atz 7Rtk ofe), Bed §84k4E Fo A4 BOD
= WA= 715 9ot (Brune et al., 2003). £3] o] )
o] 7 AR AR FAlel el g3 sh7] el
oA FHEe HolAEe Fe EL 5 vk £ A7
I AsAel Bl s B o] el g F
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Frias and Segovia, 2010) 3}G+=d), o] A$= 71407
Al 28] el] o] e] W7} olalel upe} siF A4 4
i (Pseudo feces) © S =ol, A FrdAe] A
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3 5 ole FAZE A 5 ol o E FAAS dHeR B
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o2 13 omjde|E AR o 287 viEjgolh A2
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F85] 2 Axge] g N)E TReas R A
o] oA e ) wel g el 108 19504 Al

g, oAl TR ovisiF s A AEde
thekgl v jolEo] EAEl=H olE vAETC] S
sto] 21l A58 o7t (Welsh and Castadelli, 2004;
Buzin et al., 2015) & 3PHA A% gkruolr} Askd Zlo
2 Holth £& 22.0CA A AF 532 ¢ o = & vl
o] s Em A 175.7 em? o]l 19 siztEH ] v PEF)
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9SS B uslgt} (Buzin et al., 2015). o] AIE At&H
2 o Aoz 2 Ao Aesf B HF AF 1014 g
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