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Digestion indices of 12 species of microalgae by the oyster
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ABSTRACT

Twelve species of food microalgae were investigated to clarify the digestion index of Crassostrea gigas larvae
using epifluorescence microscopy to choose an appropriate diet for artificial seed production in hatchery. An
experiment was conducted using 1 (D shaped stage), 4 (Early umbo stage), 8 (umbo stage) and 12 (Full grown
stage) days old larvae. larvae were stocked in 1 L flasks at 5 individuals/mL and fed 10x10* algal cells/mL of each
species individually. Prior to larvae were fed for 3 h and then were observed under the microscope to detect
ingestion; larvae were then sieved and replaced in 1 L flasks containing filtered seawater and were observed after
3, 5 and 8 h to analyse the digestion index. Values of digestion indices were specific for each alga. No evidence
for the ingestion of Thalassiosira weissflogii was evident at all larval development stages tested. Digestion indices
of others microalgae were 0.8-99.7% at 4 stage of larval development stages: Chlorella ellipsoidea (0.8-5.4%),
Nannochloris oculata (1.4-5.0%), Isochrysis galbana (99.1-99.5%), Pavlova lutheri (99.1-99.5%), I. aff. galbana
(99.4-99.5%), Cheatoceros calcitrans (0.0-99.2%), C. gracilis (0.0-99.7%), C. simplex (0.0-95.9%), Phaeodactylum
tricornutum (0.0-99.6%), Tetraselmis tetrathele (0.0-99.7%) and Dunaliella tertiolecta (0.0-99.6%), respectively.
Therefore, it is assumed that food microalgae showing the high digestion such as /. galbana should be supplied to
the early umbo stage larvae, and then after the umbo larval stage, the mixed microalgae with diatoms and light

green algae should be supplied to the full grown stage larvae to increase the digestion of their larvae.

Keywords: Digestion index, Epifluorescence microscopy, oyster, Crassostrea gigas, microalgae, larval

development.
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3] =o]% 1t} (Coutteau and Sorgeloos 1992; Robert and
Trintignac 1997; Albentosa et al., 1999; Ponis et al.,
2003a, 2003b; Enes and Borges 2003; Espinosa and
Allam 2006; Badillo-salas et al., 2009). ©] Az} &w 4}
g2]o}, microencapsulateds, A% vlAEXF, A2WE5E
WAER 5 A2 104 Aol msAel Q3 Asels} A
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FE dASHA s Sk, oA Hie] 205 S A
FEE AFTFEANAANA k] vlAlEFI} wekE o
o]&E AL Qlt. 53] Hf 7 AFFTRANAAAME A
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g&s] ghofste] o]k Ao vl FL3kt} (Helm and
Millican, 1977; Gerdes, 1983; His et al., 1989;
Abdel-Hamid et al., 1992; Lemos et al., 1994; Baldwin
and Newell, 1995; Devakie and Ali, 2000). Ho| & F A
A ERe 54 F o84S A S4v TR o8 oY
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gt ZAWo] o] o|gxe] Zlt} (Babinchak and Ukeles,
1979; Lucas and Rangel, 1983; Aldana-Aranda et al.,
1991, 1994, 1997). ol= =/72] HAFA=AANA i
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of 2dvic} ARSE wiete] Foioh £ 2L 13} B
2 (500,000 kcal) ¢} Elelw #3 du3|E A7 =
A%7] (160,000 kcal) 2 AYE £55 28 + 1TE 4|3}
of AH%5o] LEF sl

Aol ©18F H4& Fuabr] sAelel dRbabsel 29
SRS EC P
galbana (KMCC H-2), Cheatoceros gracilis (KMCC
B-52), Paviova lutheri (KMCC H-006), Phaeodactylum
tricornutum (KMCC B-14),
(KMCC C-31), Tetraselmis tetrathele (KMCC P-002) &
272y 30% : 20% : 20% : 10% :10% :10%<2] v]&= &33}
of A4 33] (24 84, &5 44 ¥ 104) FF3kSich Heol
ANE 23S 27] DA % 0.3 x 10* cells/mL/day
oz wf 3 A vt 30%% S7HAA A7 A7 AR
aholet. iAol 355 2ol A% vk 500 L 943
oflzd FxF o|gsto] AAjko R skt "H"bﬂ o]-&-x
WA= Conwy H|A] (Walne, 1974) o]&3}3x, w2

Ho| P52 FoFe Isochrysis

Nannochloris oculata

=23 + 1C, 2%+ 400 Watt metal halide lamp 2 #ljF
¢ %4 715 20 ﬂmol/cmZ/si x93l FE
FEA7) e w28t Fsaltt.
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Table 1. Qualitative scales of four digestive stages to evaluate the digestion of microalgae by Crassostrea

gigas larvae
Empty (4)

Digested (3)
PTFE capsule filter (Whatman USA) & «3}5 342

(Olympus

%
2=
+ 102 A3

2. v zFE A7) B2 &34 53
&3te FAbe] AHEE WAl R e
oF uke AHwW T Isochrysis galbana (KMCC H-2), I
aff. galbana (CCMP 463), Pavlova lutheri (KMCC
B T Holdls]
3, L5+ 25.0
A xR LsiAle FEEnA
BX60 W/ACC, Japan) ©% 542 43}7|H9] wlA|x5F2]
o] we} Aldana-Aranda et al.

Four
digestive
stage
Whole cell (1) Lysed (2)
S AR F oA 52 R4l A7 1 L A9 29
230 A 43e] 3417h 5417 2 8417F ¥ 747} 10 mLA
33] E2 2zale] Aol gl= Az mAslglch 24} Az
A3k S1ste} 715 5

Azl A &

54177 A8}

simplex (KMCC B-117),
B4 Axe 9%
(Table 1). o] wf A DA wAlxF 1235 B3t 4314

H-006), 7+ Cheatoceros calcitrans (CCMP 1315), C.
C.
JP),

Thalassiosira weissflogii (CCMP 1040), Phaeodactylum
tetrathele

XA
(1997) o WPHOE £3FUAT 4R thro] 2AGIH
aL-L
omn T

gracilis (KMCC B-52)
tricornutum %%  Tetraselmis
Dunaliella tertiolecta (CCMP 1320), Chlorella elipsoidea
(KMCC C-20), Nannochloris oculata (KMCC C-31) 12
Folgick. Agel o]8x wAxF i Conwy WA
A2

(Walne, 1974)Z o] 43 22 + 1T, 80 gmol/m%sZ A% < (Digestion index)+= Ho|A&

ohee) Aoz Ak,
43124 (Digestion index, DI) = ((N2 + Nj3) / Ng) X
(No: number of initial whole cell digestive stage, Ns

100
number of larvae at digestive stage 2 and 3,

1} D shape T
e 5
0.45 xm Membrane filter

o o

g oA AFTrez A
j‘l "?1 70T
2 oj7}5] 25.0 = 1.0C 57} AYA 1 L 98 Zefr=o
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= C. gigas TA9 A4AM viAlx2RF 1235 g &
3= AR WA AR A ARSE T Y S ARl
w19 (24 735 + 2.8 #m) 4% (24 1053 £ 5.6 1 and N
m,) 8% (4 2234 = 13.8 xm), 129 (Z4 306.2 + respectively)
14.7 pm) ol W5 2717} 40, 80, 150 X 200 ,~m<l A
& o]83l9] D shape, Early umbo, Umbo % Full SHEHN
grown stage 4AL el 2IRE WS WIL 4 g gseye 9o e B4 SA0EL AT+
et 045 pm Membrane filter (Whatman, USA) £ gzo5e gasgn. 24259 o4 4% SPSS
ofitEl ez Ak A F oAl Tl A" oz]j’]:EHT program AF&3ke] ANOVA-testZ A&t %, Tukey
7E AR 50 L g gzel Al 8ok 244128 3] 5w HSD test® 7] +94 (P < 0.05) = AR
A A el ARSI P IEEE 98] Az, el
44 F 2447 A3 S e olg 2 7
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stage Uro] vAEF 1250 g £3p9 2AE A v
AzxF FrEs g 2olE 2ok
D shape?] 7% A& o v|AxF 12%; N. oculata,
C. ellipsoidea, 1. galbana, P lutheri, I. aff. galbana, C.
calcitrans, C. gracilis, C. simplex, D. tertiolecta, T.

weissflogii, T. tetrathele, P triconutum2] HolAd# = 2

B 549
AN Az

21228 9E02 10 x 10%ells/mL 53 233 ohS
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Fig 1. Evolution in ratio of four nutritional stages expressed in percentage of the Crassostrea gigas D shape larvae

after 0, 3, 5 and 8 hours fed 12 microalgae species.

* 0.4%, 94.2 = 1.2%, 0.0%, 0.0%, 0.0%, 0.0%, 0.0%,
0.0%, 0.0%= N. oculata, C. ellipsoidea, I. galbana, P
lutheri, I. aff. galbana. 5% o437} Sl gict
3 37417t & N. oculata, C. ellipsoidea, I. galbana, I.
aff. galbana+ 27+ 98.8 + 0.6%, 98.7 = 0.6%, 0.5 *
0.1%, 0.4 = 0.1%7} whole cell YA|S91, I. galbana, P
lutheri, I. aff. galbana< ZY7ZF 48.6 + 1.9%, 51.1 =+
1.1%, 48.8 = 0.5%7} A|Eg3] dASL, 48.9 + 0.5%,
48.3 = 0.5%, 46.9 + 1.5%7} 2379t} 5417 3=
oculata®} C. ellipsoidea 27 whole cell @47} 50.8 =
0.9%, 68.0 + 0.3%%1, &3}AA7} 247k 1.4 + 0.1%, 0.9
+ 0.2%% o, Aol ¥l A7} 247 47.9 + 0.8%, 51.6

+ 0.5%%t}. 1. galbana, P lutheri, 1. aff. galbana-2
whole cell @417} 22 0.0 = 0.%, 0.4 + 0.1%, 0.4 =+
0.4%, AZ43) GA7F 22 1.1 = 0.2%, 2.9 + 0.2%, 0.8
+ 0.1%93, 231447} 96.4 + 0.1%, 95.8 = 0.5%, 94.9
+ 0.3% o9, ¥ Aerl 26 = 0.1%, 0.9 = 0.7%, 1.4
+ 0.3%3t. 2122 Holgw ¥ 8A1% A= RS we N
oculata$} C. ellipsoidea’} 247+ 0.6 + 0.1%, 0.4 = 0.17}
whole cell YANY, P lutheri} I. aff. galbana’} 242+
1.0 = 0.2%, 0.4 = 0.1%7} 23HARet YAl Asha
o] ¥l Aejict (Fig. 1).

Early umbo® 7% AZ/HA o #AxF 12F; N
oculata (99.3 + 0.6%), C. ellipsoidea (99.7 + 0.2%), I.
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Fig 2. Evolution in ratio of four nutritional stages expressed in percentage of the Crassostrea gigas early umbo
stage larvae after 0, 3, 5 and 8 hours fed 12 microalgae species.

galbana (97.3 £ 1.7%) P lutheri (96.2 = 0.4%), I. aff.
galbana (94.2 + 1.2%), C. calcitrans (9.7 + 1.8%), C.
gracilis (11.7 + 2.1%), C. simplex (6.6 = 1.2%), D.
tertiolecta (43.3 £ 2.7%), T. weissflogii (0.0 = 0.0%),
T. tetrathele (509 = 2.3%), PR triconutum (97.3 =+
1.6%) = HolAF] el vhekelsla, 53] T weissflogii
AR} E7) e

5 3A17F & N. oculata, C. ellipsoidea, P lutheri, I.
aff. galbana. C. gracilis, D. teriolecta ¥ T. triconutum
= 47 959 = 0.6%, 97.0 = 0.5%, 0.3 = 0.2%, 0.6 *
0.1%, 0.4 += 0.1%, 10.1 = 0.5%, 9.8 + 0.2% Whole cell
AG}. I gabana, P luthrei, I. aff. galbana, C.
calcitrans, C. gracilis, C. simplex, D. tertiolecta, T.
terathele 2 P triconutumolA< AEL3)9} L3phdA7} 3

ZElgded, Azgsls= 47 576 £ 0.5%, 56.6 = 0.4%,
56.5 = 0.5%, 3.3 = 04%, 3.4 = 04%, 1.5 = 0.1%, 0.2
+ 0.1%, 28.3 = 0.5%, 30.6 = 0.7% %1, A3}dAE=
40.3 = 0.7%, 41.7 £ 0.5%, 41.3 = 0.6%, 6.9 = 0.2%,
84 * 0.1%, 5.7 = 0.4%, 2.5 = 0.2%, 13.8 = 0.4%,
63.9 = 02%%ct. 282 C. calcitrans, C. gracilis, C.
simplex, D. tertiolecta, T. weissflogii 2 T. tetrathele=
Z+7k 89.8 + 0.5%, 87.8 = 0.5%, 92.8 + 0.5%, 87.2 *
0.4%, 100.0 = 0.0%, 48.1 + 1.1%7} &3hgke] 1l Ae)
t}. &, 5A17F wloll= N. oculata$} C. ellipsoidea?} 7+
43.8 = 0.4%, 67.9 = 0.3%7} whole cell &A1, L}
gt FollAe astdAleh Hl At 2stdAl=
galbana, P lutheri, 1. aff. galbana, T tetrathele X
triconutum©°] 247 97.9 = 0.2%, 95.9 + 0.3%, 96.4

T

XN 38

+ N~
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Fig 3. Evolution in ratio of four nutritional stages expressed in percentage of the Crassostrea gigas umbo stage
larvae after 0, 3, 5 and 8 hours fed 12 microalgae species.

0.1%, 455 == 0.3%, 916 = A%F3, YHR|=
0.0-10.6% o]t} A3}o] 1l + I. galbana, P
lutheri, I. aff. galbana % P triconutum©] 1.3-2.2%% 1.
I, U= 49.5%°14 o|sith. 181 817 A 2APE
o R wAlERelA 96.2%014 Ashte] Wl AEgivt
(Fig. 2).

Umbo 412 A&7 A] D shapeg} Early umbo |
&} w7 R 2 v AlE=F 1250 oSl T weissflogii (0.0 +
0.0%)& HolA7t ElEA] &gk, YA+ 92.3-99.7%
7} AF7E 2 AESY. 23 3A7F & N oculata, C.
ellipsoidea, D. tertiolecta X T triconutum”} 27 95.9
+ 0.2%, 93.9 = 0.4%, 7.7 = 0.3%, 8.9 = 0.2% Whole
cell YAIGT, YA T weissflogii’} 100.0 = 0.0% 43}
o] ¥l e & Al diF-t AEL3) 2 LsjdA R
ek AlZgs dAlE  18.6-46.7%% 1, A3peHAlE

0
Ak

42.0-78.1%%c}. 5A7HY= N. oculata, C. ellipsoidea
Z¥Z} whole cell @47} 37.6 = 0.4%, 44.0 + 0.2%<} |l
A7) 58.5 = 0.6%, 50.6 = 0.5%<2) A7 T weissflogii7}
100.0 = 0.0% Z3hto] Wl s ALstis oiFE
78.8-98.7%7} A3tAIGIEE 28Il 8AA ¢l EE vlA
25 FollA 97.3%°1%% As] Lshto] Wl AEich (Fig.
3).

Full grown Umbo WHAIg} w3l T
weissflogii (1.0 = 0.3%)% v-¢- & AFANENE B3,
U Al F& 91.3-99.7%7} A451¥°] Whole cell ©HA|3ItH
3 3A7M N. oculata®t C. ellipsoidea”t 27 92.8 +
0.4%, 97.8 = 0.5%7} Whole cell &A1, I. galbana, C.
gracilis, D. tertiolecta, T. tetrathele % P triconutum®]
27 73 + 02%, 5.0 = 0.2%, 352 + 0.2%, 26.5 =
0.3%, 6.1 + 02%7} AE&NAAGLE, T weissflogii7}

] [
A
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Fig 4. Evolution in ratio of four nutritional stages expressed in percentage of the Crassostrea gigas full grown
stage larvae after 0, 3, 5 and 8 hours fed 12 microalgae species.

100.0 = 0.0% Z3hto] Wl s ALstas oiFE
60.7-95.2%7}F AFAAET  Yepth  5A7H ¢l
oculata, C. ellipsoidea Z}Z} whole cell @77} 26.8
0.2%, 37.5 = 0.3%% ¥l A7} 68.3 = 0.5%, 58.1
0.5%%] 22} T weissflogii’} 98.4 = 0.1% &3}ze] ¥l

5 AlQstus gy 88.3-98.7%7} AdltAsict 181
8AIZH ol = BE WA 2T FollA 97.7%°1 $hA3] 43t
o Hl Aeigict (Fig. 4).

Holgw 5AMA Al 2R 1235 o3t &35 = =
Abet Ay §A9] 27] DA Ale]E RStk D shapes L
galbana, P lutheri 2 I. aff. galbana®] 7% 42344 3
o] B35 99.5% oAl Apo] glo] FUg AH}E Hlch N
oculata$} C. ellipsoideas H& AFHAENE By 43}
A 3k 27 1.49F 0.8% w5 ko) 28y 1 ] m]A|
7 FES 0.05 2w, ol $HA AshdArE zAbellA

+ =

o I+

AF7E HA o Ze® ElE it (Table 2).

Early umbo ©A|9lA= I. galbana, P lutheri, I. aff.
galbana, C. calcitrans, T. tetrathele, P triconutum©] =
T 95.9 oo R WlF wE £FAS Fe BT ©] = 6T
Z AR x5Fql I galbana, P lutheri, I. aff. galbana %}
TFx279 P triconutum©] Z7ZF 99.1, 99.1, 99.5, 99.6°2.%
- =2 Fhe ZAAEL oAl (P < 0.05) Aol
o} th22 2 C. gracilis7} 84.2% v|1A 52 A3A4 3
5 29+, $AH22E= I galbana, P lutheri, I. aff.
galbana, C. calcitrans, T. tetrathele$} 7273l Aol= ¢
R} (P < 0.05). 282 C. simplex$} D. tertiloectar 72+
7k 58.49F 24.3°0% A At TEl vlE frelAo®
L A23A4 S By 18] N oculata®t C.
ellipsoidea= D shapes} U3 =& AF= ZIATE
A3 FE A7 4.29) 4307 o FEC vE oy W
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Table 2. Digestion indices of 12 microalgae species fed after 5 hours of the Crassostrea gigas at four larval

development stage

Microalgae species

Larval stage

D shape Early umbo umbo Full grown
N. oculata 1.4 £ 0.0.1° 4.2 + 0.1° 3.9+ 0.1 5.0 £ 0.1°
C. ellipsoidea 0.8 + 0.0.1° 4.3 + 0.2° 5.4 + 0.2° 4.4 +0.2°
I gabana 99.5 + 0.0° 99.1 + 0.3% 99.5 + 0.3% 99.3 + 0.1'
P lutheri 99.5 + 0.1¢ 99.1 + 0.2% 99.6 + 0.28 99.2 + 0.1
L aff. galbana 99.5 + 0.1¢ 99.5 + 0.1% 99.5 + 0.1% 99.4 + 0.0'
C. calcitrans 0.0 + 0.0° 95.9 + 2.3% 99.2 + 0.3 99.1 = 0.1'
C. gracilis 0.0 + 0.0 84.2 + 9.7 97.8 + 0.1f 99.7 + 0.1'
C. simplex 0.0 + 0.0° 58.4 + 1.2° 95.1 £ 0.2° 95.9 + 0.1¢
D. tertiolecta 0.0 + 0.0° 24.3 + 0.8° 98.3 + 0.3 96.6 = 0.1°
T weisstlogii 0.0 £ 0.0" 0.0 £ 0.0" 0.0 £ 0.0" 0.0 £ 0.0"
T tetrathele 0.0 + 0.0° 97.6 + 0.4% 08.3 + 0.2f 99.7 + 0.2f
P triconutum 0.0 + 0.0 99.6 + 0.3° 91.7 + 0.2¢ 99.6 + 0.1°
F-velues 527076.9 218.1 35500.8 130074.8
P-velues 0.000 0.000 0.000 0.000

Values (means * SE, n = 3) with different superscripts in the same column are statistical different at P <

0.05.

& B} 3, T weissflogii= D shape$}t L3 A

FHE 3hAl okt (Table 2).

Umbo @A¢} Full grown ©HA|= w58t 2345 g
24ttt D shape?t Early umbot "F7IX2 N. oculata
) C. ellipsoidea~ ZY7+ 3.99} 5.0, 5.4} 442 F A
7“ 25 8 A3Alg g2 oAl AbelE BRI AA

o2 Foll =) "H—?— W 235 gk Boloh e,

T weissflogiis ©] F WAl A= AH7} gel=] =] ook
ok U A mA RS *&T%% AAA ez = FA9 7w
AlellA 91.7 ol =2 &3 k= B3tk ©] % umbo?
7% P lutheri’} 99.6°.% Aoz 714 £ A3ix4
e 2. a8y I galbana, 1. aff. galbana, C.
calcitrans$b= 2] Aal Aol $igicl (P > 0.05). 28|
Full grown QA= C. simplexst D. tertiolecta?} Z47Z¢
95.99} 96.6°.% I3tA|ut U] I. galbana, P lutheri, 1.
aff. galbana, C. calcitrans, T. tetrathele, P triconutum
REF 991 o] R vig =2 A3A FhE HolwA o

=R
5 B0 frelde] Aot gig)
i X}

2% A Asb)Be Berae He st 28]
B GETE WA FelE FALE FeuelA
It} (Elston 1980b). £3iabge wuke] Axo] sfald =
33 Hojo At HrgEe| 3N 7RO o) Fsle]
ue) FbgAelE whek ol 5)o] Q1o Folrb| ) Ans

Feliel g 2] mofow AR Sl A AEE F

22
M

EIEE:

wsh BAS HAEE
PR RS E ek X

4315 F 2o AHS &4 wlE =} (Elston 1980a). Yyt
143 3 e+ mixotrophic (E3+e ket
7)), exotrophic (¢]eldeketA), Hel7] 3AZ s 4 9
t} (Gerdes, 1983; Rico-Villa et al., 2006). 18] 7+ Ik
o)) o} 2o AdF kS Mixotrophic %441 ZH4 100 1
m o]3fel A= HoldF o] A, Aol EF8] AR
*]7101 exotrophic ©AlollA = HolAdF o] 7l oes
3L, thA] HE7| 2 offslH A ol H ko] FolEtt o]}
#HAkS Mixotrophic T4 = A3l7]2ko] <hAs] W
A k2 Aeolx, Axe] P wjg Ao} Z Hol= A
Hell &A7F 3l (Gallager, 1988), A3h#ke] Fux # o]
AA HoldFH o] Folrh o 7|tellE F2 el 23
FekEAo] @ J¥E WAt} (Bayne, 1983). whebA ZHzt
o] ofektAlel Apol7) = AFTA N whet Hol S 24k
3 A2 2ok A ast54S 7s] $lgk wiskA g vk
ol wehA £ A7 FA9 HolAdH Helz FEE o
A AL ddA el wel AAstga, 1 Avts gefsiA
vt}
2, C. gigas 542 Do g wdgl o] 3 wol2 A3}
 AE el wet deiAed, 2 21T s 9 At
o]F, 24 CollA= 6 AZF o]F Hol& AH 3 =H=¢l, ol¢}
2L olfre A9 Asbr|Hto] A3 ukEolA|A] ¢ A
2 %% 3}l 9lt} (Elston 1980a). ZLejv} & FAleME 4
= 25CelA 24 ARt AR HF A 735 pme] D
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shape A= Wdo® xR 1255 358 24 108
olufel HolE AH sk Zlez FlHGc 22 AskA|4
Z= 3% (I. galbana, P lutheri, 1. aff. galbana) 2| %
HExFA 995 o] =2 & B A EuAEe
Aaes o= Ax AlolE Btk 2xe A AAEd
T3EO w2 ¥ viHe ZoE HuEy glEd
(Rico-Villa et al., 2009) o]¢} 7+& Azl= AFEEE 2ol o
g A7 Foz ok g, 49Ae Aol N
oculatal C. ellipsoidea™ Whole cell |7} A el
oA W= o] AH7} wol] =& A2 FIEHPARE 25kA]4
- 0.8-5.4% A7) Ealdl of 2 AY Fof w3 mg e
7 Bd uv]s3t A7 23R Chlorellafs = #A4
(Babinchak and Ukeles, 1979) oA 4317} A ¢ty
ojn] & (Floyd, 1953) ] 7§ F3h&o] w5 wske}h 17
I #|t7}e]R] Argopecten irradians® 735 ©AEHU4
WS o] £l Chlorella autotrophicas A8+ A3} F31a
0] 17%% 1, Walne (1976) & 543 oz xx7al
Chlamydomonas coccoides, Dunaliella tertiolecta,
Dunaliella euchloras Y2&Z Ostrea edulis®l| 283+ 2
7} 2o] g&o] v Wkhar R usgict 223 wojayo}
= (C. vuvirginica) 9 A% w3E&°] #A=2FU T
pseudonana 2%, AEZF9 I galbana T4%31H ¥]3,
F=2579l Tetraselmis suecica 6%% +% HXHFEE F
7 Adrd AERe R QlEf 2317} A kot Ho] 71x]7}
nj¢ Jopu ®Rusty 9t (Webb and Chu 1982;
Dunstan et al., 1992). &Y D. tertiolecta$} 722 B
e AlEHo] glaz, AlEuto] wlp- 9ol H& °3—"§r sl
ufl-$- 71713}c} (Ben-Amotz and Avron, 1980) = R 1.9}=
alol7} Qi) a8z £ FAIAM+ D. tertiolecta$t T
tetrathelex= 37} #<l=]3)¥l Early umbo, umbo %
Full grown @Al AR &34 gho] 27 24.3-98.33}
97.6-99.7% WA £ FhE Ho o= Ax F FAo] A
vﬂﬂ lEE 27l E 43tEo] HolAEE &gk gl
= & 5 olsith Ao SAFAFEE] Ho| F3kE
2 14-88%% Ry v, &+ FALS 48.3-91.1%% t}
oFalct. o]t Abel= FE A wE At A4
= oo k7t A a2y »EH 257t T3 TS WA
A5k, A 271+ 2 FFE VHA E2 AR A 9
t} (Gerdes, 1983). ¥ Al3lo|A X Early umbo ¥4 o] ¥

E

=

23R4 o] £99 3559 AExFI) 4TF) FEF 1
I 93455 HHAFAA VST G woleh 29 2 5
A o] 2342 EAR AR B3-S 2R Z0] of

Y7] el At vl ook 3, AA FALE] 5
ok T weissflogii~ 4337} FA=A] sk, o= A2
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71l FAZF Qe Ao ). dubg ez qlFER At
4 7 *PFHoﬂH % FAL] A Hel g 7] 242 5
pm o = 2719 A =R o] wjEe] 4 A
Fo| THEE Ho|WEL 1-5 pmy} APl HEE

I 9l Aol AA=Z7)7F 10 pm ]3P} Eofof 242
Ho|Za Agstn ot} 2 HHolglA: AF7L ot
(Wisely and Reid, 1978), 22|, ¥ A3 o]gd T
weisflogii= A AL A3} F%0] 135 £ 0.7 gm, ©§E9]
10.0 = 0.2 xm= FAHE ] & FA0] AFH 3] oL A
a7)el Aoz wgksc

2 A7e FEEnAE o) &sl A S = AEE

Aol A o] o] 4H I gl wAERFel sl F AdTF
AAE Al EEAQ Ho|AE B E Sl3 71E2ARE AT
A7 AL A wel 12 Yol e A3l E =
Apsta At *‘*1 Hi% l AAH o7 v =7 Fof wel 1
2l F A wAGAle] wel g Ale]E Btk whebA
o]} 7;-3— Za_” = f‘z}i = FEBAA A aEAQ] He s
NEARR &8 7Fssk, veorl B4 e Hol
tol Z&Al Ho|AE #He|2 X} Al FA4
A}wc'ﬂ 712A] ARE o]87bs & Zox ddHh =y
Heh G829l Hol#e|E A Hol= o] & 4%
Az ol et A2 b 2348, AF7Fs27] 18
T AR EFFEe] WE Holag ¥t ohyel, A
Soll WA 2t 2AAQ] A7) eiE|ofof & Ao ok

r”r'

).
2 o

2 ATERAA A AR Hol4EE Al $1sie] o)

AEE 089D Pt 1259 WAERE e 2 542

a3te g FARIlTh Ak o] DAl bt DY &

A, 2R 54, AR 54 2D ) S0 Pt
of 487 1L 4ol 5 welmL, xz 27e] e
AL 2851, AN ol A 1258 27 Felsiel

a3E 54 WA 1250 W AES TF F 3T B
Fus] QSRS AT F HelaH AE AgEn e
= etk o] 44 AgToz A9 o34} A

]°ﬂ U]-?% \’4— i‘i‘ﬂ—. xj_ 471 E<t Thalassiosira
we138ﬂ0g11~ AF7E WA= A AT, U A T adlEs
Ao WA ol wel 0.8-99.7%: Chlorella ellipsoidea
(0.8-5.4%), Nannochloris oculata (1.4-5.0%), Isochrysis
galbana (99.1-99.5%), Paviova luthert (99.1-99.5%), 1.
(99.4-99.5%),

aff. galbana Cheatoceros calcitrans
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(0.0-99.2%), C. gracilis (0.0-99.7%), C. simplex
(0.0-95.9%), Phaeodactylum tricornutum (0.0-99.6%),
Tetraselmis tetrathele (0.0-99.7%) %3 Dunaliella
tertiolecta (0.0-99.6%)% YERgt] wfeb 7] fA
galbanast 7ro] A&3Mde] =& A& T3t 4A7] oF
FER B GRS B T 2o 23T ED 5
9% Aoz gekdr)

B AT FHA $4 RA7A] (RP-2011-
AQ-078) Aol Sfal +45l QAFAT T Ao
PAERE B FA AFEA RG] A= G,
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