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Ingestion size of food microalgae of the Pacific oyster Crassostrea
gigas larvae
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Southeast Sea Fisheries Research Institute, NFRDI, Tongyeong 650-943, Korea
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ABSTRACT

Digestibility index of 12 phytoplankton species were invested during the larval development sizes. Ingestible size
of phytoplankton varied depending on larval sizes: Isochrysis galbana, I. aff. galbana, Paviova lutheri, Chlorella
ellipsoidea, Nannochloris oculata was ingested 94.2-99.7% all larval sizes. Cheatoceros calcitrans, C. gracilis and
C. simplex could ingest over 90.0% after umbo stage (mean shell length 189.3 + 13.8 um). Phaeodactylum
triconutum, Dunaliella tertiolecta and Tetraselmis tetrathele could not ingested D-shaped larvae (shell length
65.0-100.0 um) but ingested 97.3-99.7%, 43.3-99.3%, 48.5-99.3% after then larval stages, respectively. But
Thalassiosira weissflogii was ingested 1.0-1.7% only at full grown stage. Over 50.0% ingestion cell size was
D-shape stage larvae with smaller than mean 102.3 um in shell length could ingest phytoplankton with 4.6 um in
both major and minor axis and up to 9.3 um in minor axis basis for larger than mean 158.3 pym in shell length,
respectively. At all larval stages, phytoplankton with larger than 10.0 um in both major and minor axis could not be
ingested.

Keywords: Ingestion size, Epifluorescence microscopy, oyster, Crassostrea gigas, microalgae, larval
development
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2003; Enes and Borges, 2003; Espinosa and Allam,
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1981; Albentosa et al., 1993). ¢|&} 22 Azl= o}fg] £
<+ FHdE AFolx ARk £3p7) HA] ke o] A
%&7] dEelch
upeha] HolAER o] &H = mlAlETe &2l o]y
e e AA FRANRA | pabElE A £
gk webA E Ae 2 AFFEAL A 849 H
Az HE A 71E2ARE ARt = 749 4l w
F HolPE2] Ix=27E 2AKL7] $fste] A4

g
_?‘_'4
_&
)
ol

ofN | :1m rlr

o fd

lo

ofN oX,
ol fo rlo
o % o

oot

(o3

I
a3

N
<

°]

Adel gk A 7] S AR oule 7k 1d
Z (n = 100) & 27| T W600+58 7#
107.4 + 11.3 mm, A% 95.7 = J%
AAE o]-&-3tsleh zH e Al XJHJOJ T J—? A=
Hew apgleh A A ofn|= dizte] &0 e FANEE

C

013*‘9— Zﬂﬂf‘} o ﬂ#ﬁﬁ*i 1

olel o] A% AN F B 2717420 pmel A
o1g5to] g #ARG £A9 e e AU 0 24
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A 487 108 4RI E $x0] 8519 DA A
AZL F oA BEA717F 40 pms] AR 7%k
A UES 109h)mLE At e SxolA 4
A 27z e o) g7k Agsisie H% 442
ol 375 HolWEL Isochrysis galbana (KMCC H-2),
Cheatoceros gracilis (KMCC B-52), Pavlova lutheri
(KMCC H-006), Phaeodactylum tricornutum (KMCC
B-14), Nannochloris  oculata  (KMCC  C-31),
Tetraselmis tetrathele (KMCC P-002) & 247 30% :
20% : 20% : 10% : 10% : 10%2] v¥]&Z E353le] dd 3
3] (A 8A], $3 44 W 104)) ZFs}gc) Ho|WE TF
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AT FaE ol A= vk 500 L 9F of=2d
=5 o]&3te] Axjeker stk wjoFel o] &= wixl=
Conwy ¥®lA] (Walne, 1974) & o]&3}51, sk E+ 23

+ 1C, £+ 400 Watt metal halide lamp® ®]%5 &
W 71% 20 pmol/em’/s®E A%z et TFE dFFA
71l &8t TSkt Yol A= Ak 27] Aol A
Az AHAEEF Isochrysis galbana (KMCC H-2),
I. aff. galbana (CCMP 463), Paviova lutheri (KMCC
H-006), 7+%5 Cheatoceros calcitrans (CCMP 1315), C.
gracilis (KMCC B-52) C. simplex (KMCC B-117),
Thalassiosira weissflogii (CCMP 1040), Phaeodactylum

tricornutum, S35 Tetraselmis tetrathele (JP),
Dunaliella  tertiolecta (CCMP  1320), Chlorella
elipsoidea (KMCC C-20), Nannochloris oculata

(KMCC C-31) 12%o°|glch. Age) o] &5 wAlzf wjk
Conwy A (Walne, 1974) & ©|€3l 22 = 1T, 80
mol/m2/si A& xsto) A 500 mL Y SefrTcl A
ik S g S e 88 Algske] Zhzke] HolA
=2 AE 77|15 333v)7 (Olympus BX51, Japan) 3}
oAl micrometer A= W= 181 ZxR 375 =A%)
Aot (m = 100). SAH vAxF 12%2] AEA27]= Table
14 Be A7

2. N ZA O FEAHE A

A9 271 HelAE AH7Fe AlE 27 2ARE A
= vk RS 7Y 2719wt "o 2707} 40,
60, 80, 100, 125, 150, 170, 200 ¥ 230 xm3l AHEHES
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Teble 1. Cell size of twelves microalgal species cultured at 22 + 1C

. Source Cell size (mean + SD, gm)
Species ¢ . . . : . .
of strain Major axis Minor axis Spine
Isochrysis galbana KMCC H-2 5.0 £ 0.6 4.5 £ 0.5
Isochrysis aff. galbana KMCC H-1 5.4 + 0.6 4.6 £ 0.5
Pavlova lutheri KMCC H-6 5.1+ 0.8 4.5 + 0.6
Chaetoceros calcitrans KMCC B-258 54 + 0.5 44 + 0.5 18.2 + 5.6
Chaetoceros gracilis KMCC B-52 5.8 £ 0.6 4.7 £ 0.7 18.3 + 6.5
Chaetoceros simplex KMCC B-117 7.1 +£0.9 5.5+ 0.8 11.7 £ 45
Thalassiosira weisstlogii KMCC B-548 13.5 £ 0.7 10.0 £ 0.2
Phaeodactylum tricornutum KMCC B-14 16.6 + 2.5 3.0 £ 0.2
Chlorella ellipsoidea KMCC C-20 3.7+ 1.6 3.4 + 0.5
Nannochloris oculata KMCC C-31 2.7+ 0.5 2.5 + 04
Dunaliella tertiolecta KMCC C-10 10.9 +£ 0.5 6.8 = 0.7
Tetrathelmis tetrathele KMCC P-2 14.4 + 0.8 9.3 £ 1.1
Table 2. Shell length and height of Crassostrea gigas larvae sorted by different mesh size of sieve
Mesh size (rm)
Larvae
40 60 80 100 125 150 170 200 230
Shell length 73.5 92.9 102.3 158.3 189.3 223.4 252.2 306.2 331.1
(mean + SD, #tm) +28 +35 +56 +79 +138 +6.8 =+16.6 =+ 147 =+ 14.0
Shell height 63.2 90.6 109.1 173.6 206.7 241.4 274.3 323.1 352.3
(mean + SD, ¢m) =+ 2.1 +47 +£91 £107 +148 +£85 +£138 £ 10.5 <+ 126
o] g3le] FAE /EE ADEISIYh AMEE fAL %o w2} Aldana-Aranda et al. (1997) ¢] #WH o= 3uks

Profile-Project (Nikon-v12, Japan) ¢ Quadra-Chek
4000 Program (Metronics, USA) & o|&3}lo Z43 7+
25 01 m7HA &4 (n = 100) & % 045 um
Membrane filter (Whatman USA) 2 o3}5 3|+ 3}
g AlE F oA LA A= s A% 50 L €
Hpzol Al 83810 2447 WA 3 HA A Yol R3ka

oFZ HFHn|AHoE g F A AFTeE AA
Aste] Asllez Fae AR AH 3 A4S
45 pm Membrane filter® ¢J375 25.0 = 1.0T &7}
A4 1 L A% Eef~3e] 5ule)/mL UEE Mg R F
T 83 F A vAER 1238 EE5eE 10 x
10%ells/mL %% ¥ thy T8 AFsES 347
o PAE o, 247 10 mLA 83 RE FE31e] Ao} g)
AelE AR

Az 33807 (Olympus BX60 W/ACC, Japan)
07 FA &3] W] rAxRe FEA Aie PPk
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22131t (Table 1). o] W A9 2718 WA 25 1235
gt 4352 (Ingestion rate):= T2 2oz At
t}.

41#4 (Ingestion rate) = ((N/No) x 100)

(No: number of total appeared larva, Ni: number of
ingested larva)
BE 2AE 3915 AXslge
4 3
2] 2717} 65.0-78.0 (BT 73.5) pm2| £7] DF
AL AARFF 3% (I galban, I. aff. galbana, P
lutheri)®} HxF 2% (C. ellipsoidea, N. oculata) =

94.2-99.7% °19] AHES ERL, YA Hol|AE TES
A=A ekgie}. 2 86.0-100.0 (AT 92.9) xme] 7]
o] 74L& 27] DY FAY TUM AR EFR 3% 53
F 2% 97.7-99.71% AAF7t HYw, F=2{A C
calcitrans, C. gracilis ¥ C. simplex’} 27} 4.7 = 3.1%,
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Table 3. Evaluate the ingestion of microalgae by Crassostrea gigas larvae

Evaluation

Emptied

Ingested

Larval
exterior
appear

Table 4. Ingestion rates of twelve microalgae species according to the shell length of Crassostrea gigas larvae

Ingestion rate at larval size (mean = SD, n = 3)

Microalga
species 165-78 86-100  94-114  146-171 164-220 207-236 226-285 266-331 304-359
(73.5) (92.9) (102.3) (158.3)  (189.3) (223.4)  (252.2) (306.2)  (331.1)
N oculata 993+ 12 993+ 1.1 993+ 12 983+ 15 998+ 0.3 99.7+ 0.6 97.3+ 0.6 97.7 + 0.6 99.0 + 1.0

C ellipsoidea 99.7+ 0.6 99.8 + 0.7 99.7 £ 0.5 99.0 + 1.0
958+ 0.8 983+ 0.6 97306 980+ 1.0
962 £ 16 97.7 £ 0.6 99.7+ 0.6 973 = 0.6
I aff. galbana 94.2 +0.9 983 + 0.6 983 + 0.6 99.0 + 1.0

L galbana
P lutheri

C calcitrans  0.0+0.0 47+31 97+06 333+35
C gracilis 0000 63+15 11.6+23 10.0+ 1.0
C. simplex 0000 23+£12 66=+06 13641

D tertiolecta 0.0+ 00 0.0+00 433 +22 683=+29

T weissflogii 00+ 00 0.0+0.0 00+00 00=+00

T tetrathele 0.0+ 00 0.0+ 0.0 485+ 1.3 93.7 + 3.2

P tricornutum 0.0 £ 0.0 0.0+ 0.0 973+ 0.6 973 + 2.3

100.0 £ 0.0 99.0 +£ 1.0 99.7 £ 0.6 99.7 £ 0.6 99.3 + 0.6
987+ 06 963 +£0.6 960+ 1.0 987+ 15 99.7 £ 0.6
99.7 + 0.6 98.0+£2.0 967+ 0.6 99.3+ 0.6 98.7 + 0.6
987+ 06 977+ 15 97.0 £ 0.0 99.3 + 0.6 99.3 £ 0.6
91.0 £ 1.0 95.3 + 4.7 93.0+ 1.0 91.3+ 0.6 90.3 £ 4.5
91.7+ 15 967+ 40 943 +21 920+ 1.0 953+ 1.2
90.3 £ 0.6 92.3 + 2.3 923 £ 25 937+ 4.7 900+ 20
583 +£29 993+ 0.6 99.0+ 1.0 993+ 0.6 953 + 0.6
0000 00+00 00+00 10+10 17+12

973+ 15 97.3 £ 0.6 983 £ 12 987+ 12 993 £ 0.6
983+ 0.6 99.7+0.6 99.7+ 0.6 99.0+ 1.0 99.7 £ 0.6

"arval size (shell length of min-max, mean, n = 100) at sorted by mash size (40, 60, 80, 100, 125, 150, 170, 200, 230 p

m, respectively)

6.3 = 1.5% 233 2.3 = 1.2%7} AF= Ik

z27] A7 FAeR sk A 94.0-114.0 (BT
102.3) gm Z7]9 A2FA FA8LS T weissflogiis A&}
I, HolAE 1150] AAHez AHH Ho| A=A
C. calcitrans, C. gracilis, C. simple, D. tertiolecta X T.
tetrathele= 217} 9.7 + 0.6%, 11.6 *+ 2.3%, 6.6 = 0.6%,
43.3 * 1.3%, 48.5 + 1.3%%5 1, ZHR 273 I. galbana,
P, lutheri, I. aff. galbana 353} %541 N. oculata$} C.
ellipsoidea 222 97.3-99.0% |42 &2 AFE&S 2y
22| 74 146.0-171.0 (3¢ 158.3) pme| £2¥ZA7]
AL DY ¥ &% FAY FdsHl AHExR 3% 1
galbana, I. aff. galbana, P lutheri))®} %% 3% (C.
ellipsoidea, N. oculata, T. tetrathele)® +x7< P

tricornutum®] 93.7-99.0 oA AFH/+ HYx, C

calcitrans, C. gracilis C. simplex W D. tertiolecta”} Zt
7} 33.3 £ 3.5%, 10.0 = 1.0%, 13.6 + 4.1% % 68.3 =
2.9% A=t 18U T weissflogii~ AF7} Eel= A
dsteh 2 164.0-220.0 (¢ 189.3) pme FTIFAA7
FL D. tertiolecta$} T weissflogii’} Z7F 58.3 + 2.9%
2 0.0 = 0.0 AFE 2, YA 1052 F 90.3-100.0%
A= A 207.0-285.0 pme] AL T weissflogii
0.0 = 0.0%)% AQstrE 1152 92.3% 1] AHE&E
By} g, 72 266.0-359.0 p«me] tfE Ar|e} F327)
AL A W rAlRT 125 25 AF7E 1= A
T weissflogiiz 1.0-1.7%= v w2 AHAEE 2ok
(Table 4).

ojAe] mAlER 1259 AHE Z2HE o83t FAZ]
H AH Thed Hel e 2718 AR Aok Fig. 1914
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Fig 1. Ingestible cell size of microalgal species based on minor axis for different shell length of Crassostrea gigas

larvae.

B 73 A g3d A 27174 785 pm<l 7] D A
AL 5] Zo]7t 4.6 pm ©|3ke] IR (Spine) 7} =
o] QA= 90.0% o)A A7} FVsEIARE, TFaRs} o] R
7} e A AR =HA dotek B9 47 102.3 pm
A2 271 D¥ A% "RIZHAIR 4.6 pm o]k AE
(Spine) 7} 9l HoldAk= 90.0% 1 AH7F 78kt
AEZ717} 4.6 pm olstol ARk, FRI} Qe FEFE 50%
oatz AF 7S HejAlth

g, B 2 158.3 pme 237447 AL R}
ol ©E s|FEew AT/} 55 pm olFfAE
90.0% °14 A#7F 7VFssiAlut 5.6-9.32 pm Z7]9] A=
50.0% FFo= HojAlct i 7M7) 189.3 1me| FHAA
7] AL &E 7FeR AE27)7} 6.8 pm olslolAE
90.0% °) A7) 713, 2874479} nlriA 2 1
olAe] Azl AF 7FsAel 50.0% FEo R PojAlch
Fd, AT A 2234 pme] WG] FA o)AM=
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WAeRe] AT GEELE 9.3 pmolslelrs
90.0% o1 AF7 FFsRAA, o olgel 2r)elHE
2.0% °lskz 1o 4217} 94 sheh web AAAoE o
o)A AT A5 HES EFA 100 umE 2
s A fA71IA AR 3 9 B Aoz ek

a

g

BAAE Aol o) g5 B 8
A El gt ok, 234 2 Fe § ookt 2710] Al
T 27]9} 234 AA Holass 7%“35}% o
T+ a3 dolth 2F A HolsiAte] 23]
nke] Amghgat sixkar] aear liAke] 4714 e %01 <
S w|Av  (LaBarbera, 1978; dJgrgensen, 1983;
Silvester and Sleigh, 1984). o]gg 7|Fez
bacterioplankton® E&3& 4 9l= oz ®yEyw gt}
(Wright et al., 1982). t-522 T4 (labial palps)2] 93
2 glo2 wollArl Sojrlr] A A Holdlate] 2712 Al
sl gizke] 27|17} 28 Y¥ (pseudofeces) o Z Hl|&E &
t} (Newell and Jordan, 1983; Shumway et al., 1985;
Defossez and Daguzan 1996). 53] = C. gigas> 27|
D¥ A F27] FA o]277kA] A FirA 71
A2HA 37 dAE 70 27] Abe]rt 21, o] Wlé 2
7 AR G| digel] A 2]l wet 5
e Hol4Ee] 4 }3-713 25| Fojof gt o3t °]
T2 AFFAF T 2T A ol 28 5l AH el
diste] AF7123 A5 7Fe st HeldAkel 27] (oo miAlz
¥, &A% bead) I A7 weol FEUG
(Babinchak and Ukeles, 1979; Bayne, 1983;
Strathmann, 1987; Gallager, 1988; Riisgird, 1988;
Aldana-Aranda et al., 1994; Baldwin, 1995; Cognie et
al., 2001; Ponis et al., 2003; Martinez-Fernandez et
al., 2004; Rico-Villa et al., 2009).

B, e ol B A AR AEd Egaks)
A#83) 29EE A Phoz fAe H454 A
£4 £9aE) 39 ALAL) A 95U o189
A Raan| A& o 8% 2} ol 4351 31e) (Babinchak
and Ukeles, 1979; and Rangel, 1983;
Aldana-Aranda et al., 1991, 1994, 1997).

B AA HBen AL o)Lt AANHARE et
Ak A FAIE el bS] 3l B0l 100 sm o
g 2 QA7) o) F P HolageA )
A7) WolAE Ao vttt 58] A 2% 100.0 pm
o15}<l DY 42 295 50 pm o1, 180 pm ol3ke]

Lucas

FR247] $AL 70 pm oldel AZIE A Hlol
2o ool 4E2AY S} dojAle Aoe vehte vx
gk =27]9] Mex|Yol C. virginica2] +A% 2914 4 um
2718 oAl 7 =& AHES B9y, oY
im o1k SIS A DIED A4eE A0
gt}  (Baldwin and Newell, 1991).
mercenaria AL B 4.5 um JAZI)NA 7P EEF
ol HoldHES XYL (Gallager 1988), 7le]¥|&
(Patinopeacten opercularis, P septemradiata) 32> 4
oldxke] 7|7} 7 pm o)AelH T FHo| HAEYE, 1 4
m o]EH= 20% ol3lz Zxsks Aoz HuHm 9

(Moore, 1971; Mghlenberg and Riisgard, 1978). ¢]<} 7+
- ARz iAo g 2R FA ARl o8& AR
= AE =277} 2-20 #m AEL vAEF (Brown et al.,
199N E A4l e} 355 AAAAdA = A A
HolQES] 27] 25 pum ol HE 2719 Ho|HE
AR on, 53] KA AlFel FREE HelAES 15
pmrh A, MRS AT e Al AAz7
10 pmolsl7}t FHojok frAe] Holzx] Attt (Walne,
1974; Wisely and Reid, 1978; Riisgard et al. 1980;
Fritz et al. 1984; Sprung 1984; Gallager 1988;
Riisgird 1988), 53| 2-4 pmol|A 7}#} %]"Q'Tﬂ’ AFE 29
3 (Wilsion 1980; Baldwin 1995), 3% 7 =t}
(Riisgard et al. 1980; Sprung 1984; Riisgard 1988). &
& £ A et B2 A 2% AR AL
Y] (Baldwin 1995), o|#|g A¥= £ A o] & = C.
gigask F4% AHE Hldh

B, e AT S 10 pm oJshe] YAzlol
A g B Hol AAEE HRAR, HelAuo} 2 C
virginica2] A< 20-30 pm F7|QYA} #ul opE}, o]k
92 YA AAT 4 9E slew wusn g
(Guillard 1958; Mackie 1969; Baldwin and Newell,
1991), ol wol 4% TR WAERS AL F
g Zlog -’d"?}%‘# 2 AY\ME P tricornutum (=
16.6 ym, ©=; 3.0 pm), T tetrathele (F5; 14.4 pm,
@55 9.3 m)o} o] Alxe] 27)7} Aol opd A% A
F 7hsg 2716l Aeol7} gk & A¥edA I galbana, I
aff. galbana ¥ P lutheri$} 742 AR XF 352 A 4
T A5 9@Fe] 44 53 pmet 45 pm¥ P
tricornutum® ©% 7] 3.0 ymXrt} =79 7] D3 ‘IOT
At (B¢ 24 < 1023 pm) oA HHRzEF 35
94.2%°1% =& AFEE RIYA P tricornutum= J‘J_ré}
A kgt b ojyzl, 27]) A7) FAGA (Hd A
102.3-158.3 pm) A P tricornutum-> 97.3%°142] &

ol

Mercenart
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2 AFEE RYAL T tetrathele (35 144 pm, G5,
9.3 xm) ¢ D. tertiolecta (3%; 109 pm, ¥ 6.8 1
m) 22 F& 50% ©l3tz AIE9] Jer} AF el B dF
= "AE AR veytth wEhA A2 A5 10.0 #m
= ol 7] dAgkE WEo] o|nn} AE A A 7]
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