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Optimum Culture Condition on Four Species of Microalgae used
as Live Food for Seedling Production of Bivalve

Byeong-Hee Min, Sung Bum Hur'

Busan Marine Fisheries Resources Research Institute, Busan 618-814, Korea
!Department of Marine Bio-materials and Aquaculture, Pukyong National University, Busan 608-737, Korea

ABSTRACT

In order to investigate the live food value of microalgae for efficacious rearing of larvae and spats of bivalve, we
studied growth rates of four microalgal species (/sochrysis galbana, Pavlova lutheri, Chaetoceros simplex,
Tetraselmis tetrathele) cultured in different environmental conditions. These include changes in temperatures (20,
25, 30 and 357C), salinities (20, 25, 30 and 33 psu) and light intensities (60, 100 and 140 ymol m? s™). The growth
rate of /. galbana was faster at 25°C than that of 20°C. At 25C the highest growth rate of /. galbana was observed
at 33 psu (0.413) and the lowest at 20 psu (0.368) in 10 days of culture (P < 0.05). The growth rate of /. galbana
was lower at 25 psu (0.383) than that of 30 psu and higher than that of 20 psu (P < 0.05). Similar temperature and
salinity-dependent changes were also found in P. lutheri and T. tetrathele. C. simplex showed faster growth rate at
30°C than that of 25C. The highest growth rate of C. simplex was observed at 33 psu (0.428) and the lowest at 20
psu (0.389) in 10 days of culture (P < 0.05). Upon exposure to the light with different intensities, all four microalgal
species showed a significantly faster growth rate at 140 umol m? s than at 100 ymol m?s™ (P < 0.05).
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M B olujslF FEAA Al FAS A AE2 =9 A5 A

(Lannan et al., 1980a, b; Gallager and Mann, 1986), 3t

MAREE £83F 4 Ho|ak, E3] Ho|ak&e oy 7324l (Breese and Malouf, 1977; Helm and Millican,
BEA AEEEq] o] HEZ oluuflFe] HolzA 1977; Nell and Holliday, 1988; Robert et al., 1988; His
v AE2Fo wiokdeE]le 3BT AR T ¢ et al., 1989), A% (Min et al., 1995) 59 J3FS wro
oA+ oF & FFo]t} (De Pauw and Pruder, 1986). ©]& v, S AEEE Eol: A Fadl 99le ol ok}
gl o]f-7 A|F7HA] HlAlERF 4001F0] 5FE FH o] kA3 2 (Wilson, 1978; Helm and Laing, 1987; Min et al.,
oA o] 8= glvt (Hur, 2004). 1995), FF314 (Powell et al., 2002) o wg} 24 32

m Ak &gt HolEo] &3l Q= Jekil mAx
7o) 27, WA, $8A7] 2 wjok B2 we} epi,
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Optimum Culture Condition on Four Species of Microalgae used as Live Food of Bivalve

W B (FAAEAAY 1812 A & ZeE gt
(Donaldson, 1991; Hur et al., 2008). &3] v|A|x5<] H|
F7be Az FReh vk 9 aliEEe] 2700l
uhel g2y diAlder A oluishi FRAATA oA
AA QTFEAAE Q7K 15-85%F  Afdl otk
(Donaldson, 1991; Benemann, 1992; Coutteau and
Sorgeloos, 1992).

seF mAlERE wikeled o)& s E wiA e FRE oF
5091 7FAI7} AptEe] o] &F AN, FE /2, conwy,
ES-medium o] @] o851 Qi1 o84 ¥ v Az}
oA HZTolle FHE vERE ouislF TR HAelA
kg iAo ol o] gk glont dighulk Al
7] ek ouHS Ax = AAolt} (Enright and
Newkirk, 1986; Min, 2012).

Wb & ATE ool SRAA A Hel TR S o
43l 9= wARF 4% (Isochrysis galbana, Pavlova
luthri, Chaetoceros simplex, Tetraselmis tetrathele) <
AR VAR A e AESAS A

S ke B Slste] Az vlAEFe E
A7 A= AE 2,

O:

du QY e
i _1),

R

ol F FEAAL Al Hol W&o SHAR] ks 3
7] $lsto] ol wples P dRad AT
2} (KMMCC, Korea Marine Microalgae Culture Center)
A Bfpeli le FF FolA oluislR{ HelBEE F2 ©]
S5 gleon, ofufsiFel WAGA Bl 27] 5 13}
AHARFF 2%  [Isochrysis galbana (KMMCC-12),
Pavlova lutheri (CCMP 1325)], 7%+ 1% [Chaetoceros
simplex (KMMCC-723)], B5%% 1% [Tetraselmis
tetrathele (KMMCC-53)] 2.2 & 455 AAsto] F-of o}
o] &3}9it} (CCMP, Provasoli-Guillard National Center
for Culture of Marine Phytoplankton).

o]& 4%L Conwy HA] (Walne, 1974) 2 20T, 33 psu,
100 zmol m? s AL =9 slol|A wekslgon MELE
+ hemacytometers A3l A|EFE Ay, AAES
Guillard (1973) ¢] ¥H 2 2 specific growth rate (SGR)
= AlAteksiel [SGR = 3.322 x (No/Ny) / (te-ty), (te, t1 @ A3
T 5 AT, Ny, Ny:otg, t 4 oo AlEEn)] o 2
Fal C. simplex #%F Aell= 7]1&E8)#] o FAEF £
(NagSiOz9H:0 : 7 1 Lell 100 g &3l) = #lioF= 1 L
o 1 mLE A7k 91tk

T3 el wE viAxETE AR Atz 24P

flste] 4% MAEFE F& 20, 25, 30, 35T A 20,
25, 30, 33 psuolAl 250 mL AZEekAze] 50 x 10°
cells/mLe] AEH =2 HEste] 1097F A4S A5}

x| W nAEFE A4 AF27E 24 $l8te
4%8) P EFZ 60, 100, 140 zmol m? 51 2% dlol| A
A& 2Hste 1047 4 A5

2E A¥ A= One-way ANOVA testS AA5}g o,
HE 7+ 594 (P < 0.05) & Duncan's test (Duncan,
1955) & AA3IGI 54 £4L SPSS programe A3}
o EA43Hich

2 o

1. 523 g 3E v AZF) A3

Isochrysis galbanas +3 Fv5 AZ 23t 104
7t wieFEt Avl= Fig. 13} 2o} A7 AFEL 9] 20T
ol o G 33 psuclA ®lek 1094 0.397% 7P =9kw,
20 psuelA 0.365% 7% WA Yepdtl (P < 0.05). 9+
30 psust 33 psuste] AFELS F2g Aolr} glslen, 20
psu®} 25 psuft= o] gk zto|7}h §lgleh =2o] 25T wf
L galbana®] A5 9 33 psuollA 0.4132% 71 &
9%, 20 psuollA 0.368% 71wk} (P < 0.05). 9+ 30
psu$} 33 psughe] AHAEL Fog Aol7) 112, 25 psudll
A AAEL 0.383°.F 30 psu Er} 5 YEREeH 20 psu
Bop =2 A% 240 (P < 0.05).

+20] 30CY 9 I galbana] A5 G+ 33 psudlA
0.361%2 71 =91, 20 psudlA] 0.2562.2 714 vk} (P
< 0.05). 9% 30 psu} 33 psuste] AAELS 23 2lo)7}
NP, 25 psuollA AAELS 0.328F 30 psu R} HWgkow
20 psu Br} £ S 2o} (P < 0.05). 0] 35CL
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Fig. 1. Specific growth rate of Isochrysis galbana at different
temperatures and salinities. Different letters on the bar
means significantly difference (P < 0.05).
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Fig. 2. Specific growth rate of Paviova lutheri at different
temperatures and salinities. Different letters on the bar
means significantly difference (P < 0.05).

) I. galbana®] AFELS 9 33 psuolA 0.3532.% 714
=33, 20 psuolA 0.0192 71 kel (P < 0.05). 9%
30 psus} 33 psusgke] AEL Folgt Ao|rt $dly, AF
25 psucllA AAEFS 0.1082 30 psu Et} @7 Yepgton
20 psu Rt} & 73S w3t} (P < 0.05).

Paviova lutheris 23 98 AZ 23l 104
wokgt Avl= Fig. 29k 2ok $20] 20T o) U7+ A4+
£ 9% 33 psudlA HjeF 1044 0.404F 7P =93, 2
psuellA 0.377% 71 vl JERith (P < 0.05). d& 30
psus} 33 psughe] AFES F-2gt #o]7} glolen, 20 psu
o} 25 psugt® o3k Ao|7t gloleh. o] 25T Wl P.
lutheri® A& 9% 33 psuclA wloF 1024 0.425%
7V =953, 20 psudllAl 0.408% 7P Ul Yebyitt (P <
0.05). 9% 30 psus} 33 psuste] AAEL F2)3F 2po)7} ¢
R, 20 psust 25 psust® o3tk ko)) glgich 0]
30CY Wl P. lutheri®] A& I+ 30 psucllA 0.371%
71 2k, 20 psuollAl 0.4142 7P =4 Yt (P <
0.05). % 30 psu®} 33 psusl= 23 Ao)7} giglon,
25 psudllA AAEFE 0.394% 30 psu Et} =7 vEhte
(P < 0.05), 20 psushk= 28k #fe)7} ¢llck &0 35T
A wf P. [utheri®] AAEL 9+ 30 psuolA 0.3502= 7}
& geka, 20 psuelA 0.395% 7P E7 Vel P <
0.05). ¥ 30 psust 33 psush= &t Ao} ¢lglon,
25 psucllA A& 0.378% 30 psu Xt} &7 YEPFL
(P < 0.05), 20 psusl= &k Apo]7} ¢lgich

Chaetoceros simplexs T3 d+& AR 293t 10
A7k wieFet A¥: Fig. 39 2tk 0] 20T o) 47 4
FES A 33 psudllA ik 1094 0.388% 7HE =3k,
20 psucllA 0.362% 71 WA el (P < 0.05). 9%
30 psus} 33 psuste] AFES ol Aolrt ¢lolen, 20

T

S M
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Fig. 3. Specific growth rate of Chaetoceros simplex at
different temperatures and salinities. Different letters on
the bar means significantly difference (P < 0.05).

psu®} 25 psuft® o]k Ato|7} §lgleh 0] 25T wj
C. simplex2] AAEE G+ 33 psuclA 0.402% 73 =3
1, 20 psucllA] 0.382% 7§ WA velytel (P < 0.05). 4
¥ 30 psust 33 psuste] AFELS Fg o7} flglen,
20 psus} 25 psushE 28 o]z} glglel. 4=20] 30T
o C. simplex2] AFE2 9+ 33 psucllA 0.428% 7V &
%, 20 psucllA 0.389% 7 ¥l Yeldt (P < 0.05).
A 25 psuollA AAEL 0.414% 33 psu 2} WA YERG
om 20 psu Br} =2 AFgE ok (P < 0.05). 20| 3
5CY o C. simplexd] 7452 % 20 psuollA 0.341%
71 =9k, 33 psudllA 0.3192 71 wHA| velgd (P <
0.05). 4+ 30 psugt 33 psugte] AFES FoI g #e]7k ¢l
em, 20 psust 25 psust® o] gk 2po]7h §lgltt.
Tetraselmis tetratheles $23 45 A= 23l 10
A7t wfjoFet A7H= Fig. 49 2} 4-2¢] 20T of A7+ 4
FELS A 33 psucllA #iF 1094 0.358% 7P =3k,
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Fig. 4. Specific growth rate of Tefraselmis tetrathele at
different temperatures and salinities. Different letters on
the bar means significantly difference (P < 0.05).
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060 pmol m-2 s-1
100 pmol m-2 s-1
=140 umol m-2 s-1
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Fig. 5. Specific growth rate of four microalgal species at 20C
and 33 psu with different light intensities. Different letters
on the bar means significantly difference (P < 0.05).

20 psucllA 0.332% 71 WA Yl (P < 0.05). 9%
33 psugl 30 psusls 3k 2}o)7} glglen, JE 20 psu
9} 25 psu Ztoll= #ogtk Ao)7} glolck 220] 25T of
T. tetrathele®] A74EL A+ 33 psuolA 041322 71
=9k, 20 psuollA] 0.3682 714 v Yeldt} (P < 0.05).
S 33 psu} 30 psushs Ko7k zke)7} glolen, A 25
psucllA AAEL 0.383°% 30 psu R} B Yepgtow
20 psu Brhe 2 A3S 29 (P < 0.05). 9] 30T
A ] T tetratheled] 2735 G+ 33 psulA 0.337= 7}
A =953, 20 psuolA 0.3162.2 714 v vepdth (P <
0.05). % 33 psu®} 30 psusl= F2J3 Ao)7} giglon,
AE- 25 psuolA AFES 0.329F 33 psu Ev} 27| YERE
on 20 psu Brb= & A3 B3 (P < 0.05). $29]
35CYL wl T. tetrathele?] A& AE 33 psuolA 0.316
o2 71 =9k, 20 psuolA 0.2732.% 71 U Yelgt
(P < 0.05). ¥ 33 psus} 30 psugh= )& Aoz} gl
ow, & 25 psucllA] AFEL 0.301% 30 psust 33 psu
2} 9 Yehgon 20 psu BPrke =2 AgE B0 (P
< 0.05).

2. 25 o & v A =5F) A3

HAEZFE 2% (60, 100, 140 zmol m? s') & @3}
o] 1047} wljoFat A¥l= Fig. 58 2t} Isochrysis galbana
o AAEL vk 1045 140 £ mol m? stol|A 0.408% 7}
A =3, 60 £mol m? sl 0.369% 7P WAl el
o} (P < 0.05). Pavlova lutheri® AAEL wloF 1044
140 gmol m? stollA 0.4152 7} =97, 60 rmol m?
stellA 0.387% 7P WA deEstth (P < 0.05).

Chaetoceros simplex2] 752 #|oF 1044 140 1 mol
m? gloA 0.4032% 7} =97, 60 pmol m? stolA

0.374Z 71 vA JERtth (P < 0.05). Tetraselmis
tetratheled] 247452 wicF 1045 140 xmol m? stolA
0.378% 71 =943, 60 mol m” s'el|A] 0.345% 71
Al ebstel (P < 0.05).

g

a

olusiF HolzA ol&He mAzFve AEdel i
doF 7kl wet AL A, e e s =
w2 A et webs oluisR <lEFB A F8 E X|s)
ARl o) mAlERY] e AAske A it F
Q3lt} (Walne, 1974; Webb and Chu, 1983; Whyte,
1987), PlAlzRe] Ho|7kAE AR 84F 9%k 2],
ST, 23, A 2 a7 A Sl Al =
3] ol & 271, dFA, 23 E ARk e A
oA Helge] 7pxE dddhs /P F83 f4o|d
(Jeffrey et al., 1990).

dubA o g wAEFO JFh 24 T, SR, 54
7] 5ol wje} th2 22 (Webb and Chu, 1983), ¥ 1794
ol o] TR A W] o] Q= 4F9] vAlE
(Isochrysis galbana, Pavlova luthri, Chaetoceros
simplex, Tetraselmis tetrathele) °l| 5l &, 4+ 4
25 5 kel wE T A S Ak rAlER
7 AR v 2SIt

T2, QE 2 22E M AEFY 4] Fagt
= "AY, o]F mAlERe AFELS s AaEs AAst
= 7P 2 2279 29150t} (Admiraal, 1977). E3F 7]
Az ool QoA 423 2t AR Avels A4
Z23F HeEolu) (Jitts et al., 1963; Smayda, 1969;
Durbin, 1974).

Kain and Fogg (1958) < I galbanal] A% A4S
20-25Ce}aL 31513, Ukeles (1961) &= ©] F°] 15ColA A
7ol 7V wgkom, 24-25CollA= g7l AR skgl
t}. 283 Ryu (1987) = I galbana® 15, 20, 25T
2 4l 20, 60, 120, 180 zmol m? s’ 2= TANA 74
Zb ekt 19 @919 A2 Soke 4o A¥T 25 2
5CellA 7P =3¢tk 20, 60 £mol m? s'9] APFelAE
25, 20, 15C2] £207 AT Z717} wzA Yo
120, 180 #mol m? gt AFFA= 20T AE] =7}
7F A 22 A vebta, AdES 2xe weka 24 e
Hep ®2usigich

2 el & 20, 25, 30, 35T} 9+ 20, 25, 30, 33
psuell W& 4% vAxFo] A4S A8 A3 1 galbana
o] AFELS 20T B} 25TolM E3ka 9% 30 psus} 33

Ju e
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psudllA E3kem, 20 psuellA 71 w2 AFES BSch
30T odellME g WA veluteh L galbanas <k
e AA wjof 27 9¥-E 20-25T, 30-33 psuolSict. 2
5CelA vk Al wieF 8dAH 71 =& AFES Eloh
7} AABIYem 2 Kain and Fogg (1958) % Ukeles
(1961) & A9} FARE Z2AE Bolch v 9] AT
wjekr)7ko] 7o)l o, Hx AHEU %} 10* cells/mLE &
A7) wiek7|7t 1093} 22 AFUE 50 x 10* cells/mL2}
T A7t Jlers AAEl Aol7t YARE 7 E v}
ek

ojush 7] TR Al P. lutheric %£7] Hol¥EEA] 2
7] 9 et SHelA g oz dHA QARE wfkEt
7o) Wslel nlztsle] kAl dfguofe] HA] ok Fold)
(Enright et al., 1986).

Park (1985) & P. lutheri®] A7l wx& 259 o9
AT-oll4 28T, 100 zmol m? s'¢] A& EH Al wlFalgl
< o) FHo| AL 659 x 10* cells/mLl2H, W& xx A
=2 AJAo] Azxsirla sgith. Park (1994) = Pavlova sp.
23T, 23 psu, 120 gmol m? stol|lA Hie] A4S By
27 Qo] FYsla 257} thhk W2 80 gmol m”
s W= 764 x 10* cells/mL2 AAEL A Fadin
B3¢l 283 Yun (2005) & P. lutheris 797t vk
3k5S ) 19T, 30 psu, 120 zmol m? s, Conwy HjA]]
A 654 x 10* cells/mL® 1o AAS vty hgit)

2 7oA P. lutheri= 25C, 33 psud # 948.5 x 10*
cells/mLe] AEHE (Min, 2012) 2 Hi AAS R
Park (1985, 1994) °] d7-¢ AR 225 23l Yun
(2005) 9] A+ A7 B} =& 207 YR Ae]r} g3l
o} AAEL 20T 0.404 Xt} 25TCoA 0.425% =91
A% 30 psust 33 psulA E9kem, 20 psuollA 7 W&
A7AES BSlth 30T ool E gl WA Yyt
Ao FEE AAEC] = JeRtth P lutheri®] A4
vjeF 23 dE-2 47 25T, 30-33 psull3ith

Kongkeo (1991) = Chaetoceros calcitrans?] 242
0] 28-30C, HA$L0] 24T 1, HAPEL 2298 psu, T
E¥ 10,000 luxelsleglr R 13tk Yun (2005) & C.
simplexZ 7A7r ¥ljek A 25T, 20 psu, 80 xmol m? sto]
A Fae] S 2ok & AFelA C. simplex= 30T,
33 psucllAl 972.5 x 10* cellsymLE 19 AAS Ho
Kongkeo (1991) ¢ 979} 91x)3}5] 21} Yun (2005) ¢ A
T Hoh 22 27 QECR ta Ao|E etk

C. simplex?] AAEL 25T Hr} 30CollA o &¢tz, 4
+ 30 psug} 33 psucllA 592H, 20 psudlA 7 e A
AES Bt} C simplex= 30C, 33 psuold AAE]

S

Korean J. Malacol. 31(1): 35-41 2015

0.4213} 0.428% 7} =4 Ueldtt. C. simplex] ZA )
F 23 > 77 25-30C, 30-33 psue|3ith

Kim and Hur (1998) &= Tetraselmis sp.2| Hl&oks
g wiekst Adea e o] 24-30C, Aol
27-33 psullA wW2A YeRQ L, T. tetrathele: 42 3
0T, 9% 27 psucllA 112 x 10* cells/mL (A3E 0.35) &
7P owhE A Eoldr Busigich & dTelA T
tetrathele= 25C, 33 psucllA] 966.7 x 10* cells/mL (3%
F 0.413) 2 AAo] wk2A Jehilen (Min, 2012), T.
tetratheles wWjoFsle AA ik 27 A+ 25T, 30-33
psu® YEl} Kim and Hur (1998) & 278} zlo]& B
t}. o]e} e Ad:= Tetraselmis sp.d #F 2 HYE
12-32C2 X138k Ukeles (1961) o Azt Ao
Maddux and Raymond (1964) + Tetraselmis sp.2| A%
Fo] 23-25CA 7 Egkow, 17To|3le} 29T e|AellA
= AAEC] Yokt Ruste] B A7 Ade Aok

60, 100, 140 xmol m? s'¢] FZ oA w3t A7} 4%
o] H &R EF 140 pgmol m”® 19 RN TP &
ARES B9t o 257 FE4E Aol w2ty By
g+ Park (1985, 1994) ¢} Kongkeo (1991) 9] <5 ZAz}ks}
AR AHE B

olg} L At AE vlFOo T FF olnfjdl|F Ho|HER
A w27 Al B ojdelEe] £ =AY 5
WAL ZBAA e, AlEFAle] 7]E wizle] M7 = ole vl
A5 MEala, S A4 AEES Anste] ofHslF ol
TR AME A SEiAE B Als e A7)
FeiE| oo} & Ao},

2 o

Ao Aed wlAEsE ol FRAA A A
o] Ho|WER FE o|8= = Isochrysis galbana,
Pavilova lutheri, Chaetoceros simplex, Tetraselmis
tetrathele & 4%< AA3ISloH, Wk oz +2 (20,
25, 30, 35TC), A9+ (20, 25, 30, 33 psu) LI F= (60,
100, 140 #mol m? s') & A& gEsle] 429 nA|xF
g s AR

I galbana®] A4S 2 20T Er} 25Tl wE A3
= Yepiglon, 2 25T o U7t A4E2> 9% 33 psu
o4 0.4132.% 7P £33, 20 psuclA 0.368% 71 W)
et (P < 0.05). 25 psuellA U7 A5 0.3832%
30 psu Bt} WA eyt 20 psu B} & A Bl
(P < 0.05). o]} 22 #&3} el wE vAzFe A4E
2 27 i Ao|= glov} P lutheri, T. tetratheleo| Al
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% I galbana®] A7 5A18F A4S Jepdigich

g, C. simplex] A7 & 25T Er} 30Col|A w-E
e Ueiglen, & 30TCelA Azt A5 ok 10
AR G# 33 psuolA 0.428% 7P =9k, 20 psuclA
0.389% 714 vt Yelth (P < 0.05). 28|12 A2 o %
oA wjokst mlA 2T 429 AL 100 gmol m? st B
t} 140 pmol m® 579 XA 7P whE S el
ot (P < 0.05).
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