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Dietary value and cultural environment
of benthic diatom for seeding production

of abalone Haliotis discus hannai

Se Jin Park

Department of Aquaculture, Graduate School,
Pukyong National University
Busan 608-737, Korea

Abstract

This study was carried out to select the suitable benthic diatom species
for seeding production of abalone Haliotis discus hannai. The effect of
temperature, salinity and light on the growth of these microalgae was also
examined.

For abalone spat that was fed each algal of eleven benthic diatom
species, Caloneis schroederi was the best in survival (%) and Cocconeis
californica (large type), Achnanthes sp. and Amphora sp. showed high growth
in shell length and meat weight. But, for abalone larvae, C. californica (large
type) and Rhaphoneis sp. showed the highest survival, growth and
metamorphosis.

With regard to culture environmental factor such as temperature, salinity



and light on the growth of four benthic diatom species (C. schroederi, C.
californica (large and small type) and Rhaphoneis sp) that were selected as
useful microalgae for abalone larvae, these microalgae were euryhaline in
the salinity ranging from 24 to 30%,. However, these microalgae showed
the different growth character in temperature. Whereas C. schroederi grew
well in high temperature above 26, Rhaphoneis sp. did well in low
temperature below 23C. The optimum light intensity for these benthic
diatom species was about 20 ymol m?”s’. Higher intensity over 20 umol

m?s” resulted lower growth rate of the microalgae.
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and Houk 1984; Slattery, 1992).
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Table 1. Microalgae for the experiment of Haliotis
discus hannai spat

ﬁlg /:ICC* Microalgace Cell Lcn(itml;
B-564 Achnanthes sp. 26.6+3.9
B-105 Navicula sp. 15.8+4.2
B-304 Amphora sp. 23.3+3.3

Cocconers californica

B-326 (large type) 23.8+9.1
B-394 Navicula sp. 15.1£1.2
B-48 Navicula elegans 13.7+1.2
B-102 240?5:;; a enele VA 1g8a3g
B-122 Navicula sp. 10.8+1.2
B-129 Nitzschia sp. 23.9+1.0
B-411 Cylidrotheca closterium 33.6%£4.0
B-39 Caloneis schroederi 21.0£2.5

" KMCC: Korea Marine Microalgae Culture Center
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HE(%) = (3 AAF / 27) AAF) < 100

fAe) A oRE Y YRART 102 5T 49 glo] LA

e AAE A AANZ PFE ZA AARGOM, HESS W
B H¥, F2 PRl ZYSA F4 AFe WY AFTu 5
ARY & 25 2132 ZRSRAT AEET HAE ARL o

v 2o

c27) AE &) = (FokdE AANSE / 27) AAF) x 100

F7) AES(%) = (FolslE AAF / He) HAF) x 100
AT AR = (HEFE A AT - 27 AR / A7



Table 2. Microalgae for the experiment of Haliotis
discus hannai larvae

El:)/.ICC Microalgae Cell Len(ifnl;
B-39 Caloneis schroederi 21.0+25
B-129 Nitzschia sp. 23.9+1.0
B-304 Amphora sp. 23.3+3.3

Cocconeis californica

B-326 (large type)

23.849.1
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Table 3. Microalgae for the experiment on the effect of
temperature and salinity

E?CC Microalgae Cell Len(i‘;l;
B-39 Caloneis schroederi 21.0£25
B-41 Raphoneis sp. 8.8+1.7
B-326 Cocconeis californica (large type) 23.8+9.1
B-394 Navicula sp. 15.1+1.1
B-482 Cocconeis californica (small type) 4.0+0.6

Table 4. Microalgae for the experiment on the effect of
temperature and light intensity

EI(\SCC Microalgae Cell Lel}i:;
B-39 Caloneis schroederi 21.0+£2.5
B-41 Rhaphoneis sp. 8.8+1.7
B-326  Cocconeis californica (large type) 23.849.1
B-482 Cocconeis californica (small type) 4.0+0.6
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m. 2

172 gpzel tHE FAE A5 vo] a&

FHAE ANE WPz ol I el A&S 293 ZAI(Table
5), ME& Caloneis schroederiz} 37.1%, Nitzchia sp. 35.0%, Navicula
sp.7b 31.4% 2 FJAYY, Navicula elegans= 6.4%, Cylindrotheca
closterium.2- 10.7% 2 3ttt Ad 35 & AE 3L =43 Ay,
Cocconeis californicaz} 9.33 mm, Achnanthes sp., 927 mm, Amphora sp.,
922 mE WAZE H& A4S vebWlg. olo] wksl, Nitzschia sp.v A
EES YA AANME 874 m2 EUTh N. elegans GA] 8.60 mn
2 Skt A8 84-e Amphora sp. & FFI A FANA AEH F
2 Zvz} 877 mg, 352 mgloZ wkow, C californica®t Achnanthes sp.
Aol A zbzd 847~8.77 mg, 3.23~352 mgo 2 E=A JeElGTh 13

U N. elegans= 714 @& #o] a8 HYrh

2. w3 F2

o,
o
o
)
T
b

FRAE Ao 4G AEY aHFHYY 659 FRE Adsq
B, A A olneals =3 Axte Table 63 2l

7 1129 $% F2E ¥l AE 2 AvgE ¥4 ABE Table
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B7F doid Tl %A1t FHE FAdte HEE B Yti(Table 8).
AEA2E & 6A1Z A, Nitzschia sp.ol X 264% 2 71 & RHAE5S
HAL, yrA A FolMs EHE ztolE HolA skt 1241 &

A A] Nitzschia sp.o| X 42.0%, C. californica (large type)= 327%% t}

AT vlEA folat A xS FEES HYTHP<0.05, Table 9).

bH C. schroederie 17.6% 2 X A9 vlasfa B2 7)o At)

2 YE FEES HAT

4N RE C. californica (large type)oll A 56.7% % H& RAES H

NI, 72AA B8R E M S FEAES Holthrt 9%6AIA T

FAEC] oA 473% 2 e APl HlEA 7 & BEAE

= HTH(Table 8). ojo] wha] H& Z7]o 7} & FFES HHd

T rlru

2
lo
]

lo

il

Nitzschia sp.&= 96A|7ko] At ¥ 240% FZAE=Z C. schroederi 2
79} o] fFojetA e HAES Ve ATHP<0.05, Table 8).

AAL gao WElg e Hito] A dud AHQ 49 FuE &9
o AP AE T oAdA AP T Amphora sp.oll A 61.9%E e AT
of HI3jA FoldAl =& HelE&S RAT, C cdifornica (large type)=
60.2%, Nitzschia sp.= 47.0%% WH&S HHUT 2o w3 C
schroederi= 39.1% % F23HA 714 we HEl &S H Y oHP<0.05,
Table 9).
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HElZF ehad ARl A3 edAle W E&S AFE AR 4dA 9} v
aste] Co ocalifornica (large type)oll 4] 98.5% = 714 33k11(P<0.05),
Amphora sp. GA] 90.7% 2 thad =& WHEH &S B Yok Nitzschia sp.
82.3%, C. schroederiv= 722% % ThE A 3d o] vHls) *e HEHSS HY
o FAE FAY eSS A3V Aol ZAHXM Co clifornica
(large type)el Amphora sp.olA FedtA He& WHEHEES UEHHT
(P<0.05, Table 9).

Tl AEe W A F2 UFo ¥HH d AEeE 24433
4811 7ko] At Fole AFFEE {3 AolE HolA FUd
(P>0.05). &k 72x]3ko] Ayt Zelw Zpzhe] HYPF7E {3 zolE
oA FAAIRHP>0.05), HEl7t Alzbd AF 9641t FHE fFo 3 A
o] & X 9 THP<0.05, Table 10).

C. californica (large type)= 96A|7tA) 449% 2 717 =& AHESFSL B

rir

ri

Atk Amphora sp.e 37.6%9 AEES H IO, Nitzschia sp., C
schroederi A< F3F 2ol Holx| It

HElZ7E A" 3 {fAe AEEe, 1549 F C cdifornica (large
type)ll A 35.9% =2 7} &3k3, Amphora sp.e 21.2%9 AEE&E e
Wdth 1ol wvsll C. schroederi®} Nitzschia sp.i= 1594 2E A7}
Attt G ohFig. 1).

TR e, HE M o AF 4dAR] Ao WHIE HolA
R HEE AER 49 o] RE HolE Bl7] A|A3tH et 4
FEE A9 AolE YEh AchFig. 2).

C. californica (large type)= 28 18U A 779.0 wm7tA] A3t th&
Aol WM FostA xS AFES B AL(P<0.05), Amphora sp.



A8 A AAS B, C oalifornica (large type)oll A 254 &
be ATl visiA FoF atelg Helw N e AAES UE
Wt Amphora sp.+ 21.0 ummg YEMW I3, C schroederi$: Nitzschia sp.
APFE 2t 169 m, 139 m& HolWA o2 28t vls) 423}
A S AAES B YoH(P<0.05 Table 11).

o
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FAE g BAE2 A8 AlA 6AE & HolE FESHA 42
A7 116%, =Hol TRl 244%=% We RAES B, C
californica (large type)oll A 39.3% 2 th& AT} {23 2Jo]E Hol
HA 7R 2o BRE9 JERQTHP<0.05, Table 12). A8 12, 244]
L F AR HolE FFEA] ¥ A¥PTE Hols T3 Aol H
7

24X 3 737%E e AT
i1, Rhaphoneis sp. %= 594%% t} B2
oM A3 48X 7R FAEC] FolA|thrE W JHAIZE Kolr] AR
T AEY 2A LM e W BEAES EAh

A AR AA] C. californica (large type)7} 76.9% 2 7174 w&
R2ZE-S HHI, Rhaphoneis sp.= 754%2 ¥& FEAES Ho C
californica (large type)$} 938t Zol= §IATHP>0.05). C

675% 2 i T2 BEAES HY1, C californica (small type)= 36.4%

2 4" gaE FN FAEA ol ERT 497% RHF W)

. schroederi

Iﬂ

HEE gael Wege A9 A% 49 Foh, welsh dad AR
602 247 =AY AF 4AH F49 AHLe C clifornica
(large type)®} Rhaphoneis sp.ol| A z}z} 34.8%, 328% =2 ¥Qkil, HolE
FEEA @ e AFFAME 1.0%2 7HF EEoHP<0.05, Table 13). 6
Ad# Al C. californica (large type)2} Rhaphoneis sp.7} 49.5%, 45.5%
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2 7 o WSS BT, C schroederi A3t 376%E A =
ok 488 3 A¥EF= C ocalifornica (large type), Rhaphoneis sp.,
C. schroederis ©h5 082 3t AFFRG fostA 2 Hel& &
AL, Wz 4dA e nRZEA R T WEskoh

He) d A AEEE AY 2477 B C californica (large type)9}
Rhaphoneis sp.olA z}z} 943%, 947% 2 ofE A9 FodHA &
AEEES HPTHP<0.05, Table 14). C. schroederiz= 933% % Thih ¥&

)

AEES BT Ay A2 4827 %, C. californica (large type)st
Rhaphoneis sp.ol A S A] 87.5%, 844%Z 24A17F 3 Hoge= U4 oA
Ak 7 AEES Bk A3F 7223 %A FREE A THEE
AEE Y 7o) Fastn, 7] AFEol B4y C cwlifornica (large
type), Rhaphoneis sp.&} C. schroederiv= 62~69% 9 & AEES
BE3, 9, C. californica (small type)= 72A17F3 96A17F &9 A&
o] Zt7} 333%, 268%% WEOoE WHolE FH3 AY
HE AEESS B, 459 HolE T AP

FA @go HAIFE 1A T gE AP

=
H | & 2}po]lE HolA] LA ut 43 48417 Fole 36.6%E F24
=

2
A
32
£
1%
o
il
of

3] ZFA48k7] AlFbete] 9641 FollE 7.0% 02 o
FolstA 7HE e AEES Yehgdith

HEpZE AgH o FA AESS dE AT FARE T 2E
7128 W C. californica (large type)®} Rhaphoneis sp.o|A 21314 7}
d =S AEEE BYUT, C schroederi AP ToF 4F Po] £ HY
T fFold ZolE HolA ARt w& AEES HAHP>0.05,

Table 15). ®o]& et ¢ Ag7e W 104 F 140%2 713
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ve AESS ugd

FAS e A% 4UAAN TG Aol E welA izt s
B AddE8 53l 2ol EAthFig 3). W& 445 =4
C. californica (large type)®} Rhaphoneis sp.ollA A3 164 HFT A&
A S B AR AV A7 7823 ym, 7629 m7hA st g9k
FA] ke APFME 4527 m=Z M Az g

= ACY A A
i, HolE FJF

ofr

=3t C. californica (small type)x 609.8 mzZ 4% T3 APF
5924 ime} Wl Al HEHESH AEE FAW AGL A Aolrk gl
cHFig 3).

FA A7t AFEE, C cdifornica (large type)ollA 33.7 m,
Rhaphoneis sp.£ 325 m& oatA 74 % 3¢ Hygz, C
schroederiz=" 29.0 ym=Z BHIWA FJoHP<0.05, Table 16). ¥, C
californica (small type)o} 4% T+ 229 m, 21.8 mZ tiih B9k,

Yolg FFEA e AWTE 134 mz ME AzGT.
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2 gz 2xet did W 42 C oschroederi®] 739 26, 2
8T Aol dzdAR Fod Aol= gUUTHFig 4, 6). C
californica (large type)w <F 26TC7HA] wld 2 =7 2845 AFo] &
SPAR 26T FAME APl FAH3 P dck(Fig. 4, o).
Rhaphoneis sp.= 23C7HA] g &%
2 oo F2oMe Aol AxsAuHFig. 4, 5). C. californica
of u}
o] 3Fo Hls) AlAo] AU o® YorthHFig. 4, 6). wEkA C

schroederi, C. californica (large type)e= JtHZH o2 m.2or Ao &

)
Hir
o
-
J
o,
o
9,
2
fol
_Qh
pats
K

ofr

(small type)e =5 A7

-

49 Aolzh FReA B,

gl
o
o.

k3L, Rhaphoneis sp.= 23T ool e A oz #ATH}(Fig
4,5, 6).

o,
o)

12 ARl W 23 o

Qe wE B gFzel 4Fe WY =l uet FHHAch
Rhaphoneis sp.= 23T @ & 30%00A, =7t 26Tojd G 24%

AN el Fza

bt
a
u)
rlo
krl
N
i
9
W
oY,
:{o
v}
B>
N
rlo
juis
S

Tl Aol F

30,
£
3!
<7
3
)

californica  (large type)9} C.
californica (small type)= @il @& A zpo|7t FEeA] Fshtt

(Fig. 7).
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SGR
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30%0

ab

SGR

0.00 -

23 25 27
Temperature (C)

O Caloneis schroederi [ Araphoneis sp.
8 Cocconeis californica (large type) Navicwa sp
B Cocconers californica (small tvoe)

Fig. 4. Specific growth rate (SGR) of microalgae with
different temperatures.
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SGR
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0.0

0180 m1sC @200 @2

a

e

Caloneis schroederi

Rhaphoneis sp. Navicula sp.

Microalgae

Fig. 5. Specific growth rate (SGR) of micoralgae in low temperatures

SGR

ranging from 16T to 22°C at 30 %,.

c.g

0.6

0.4

0.2

0.0

(meac @26 @8

Caloneis schroederi

Cocconeis californica

(large type)

Cocconeis californica

(small type)

Microalgae

Fig. 6. Specific growth rate (SGR) of microalgae in high temperatures

ranging from 24C to 28°C at 30 %,.
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Q Caloneis schroederi M Rhaphoneis sp.
B Cocconeis californica (large type) Navicula sp.

8 Cocconeis californica (small type)

Fig. 7. Specific growth rate (SGR) of microalgae with different

salinities.
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18TSE 26T AN 25| BE F Tz 4P 43

kg
—n

mol m7s oA 7} =gtk %7} 60, 100, 140 pymol m’s'E o

u
A5 el sk HTHP<0.05, Fig. 8).
=

-

~

% 10~60 pmol m?s'oll A ¥ jFFo] HAE 4% ZF 20 umol
mistol A 7Hg we AFES RYTHP<0.05, Fig. 9). A-&olA Aol
%% 3 Rhaphoneis sp.2] 7% 18Co)lA & 20 ymol m7s'of| A} A #Fo] 7}
B wskal, 2E7F wobel wet Aol dvtstAl FAaARE 26T
0, 60 pmol m’s"2 woldH Aol F43) #H2dAtH

2 oAl Aol Fw gt C californica (large type)s] 73

5 O
g rlo
N
T o x
= rr
Bl &,

o
%
@)
2
R
rr
IN
bt
%
utl
riy

47 ApolE HolA ¥gkal, 26Tl < 50,

_40_



10 18C

0.8

SGR

0.4

0.2

0.0

0.8

0.6

SGR

0.4 | e =

0.2

0.0

Caloneis schroederi Nitzschia sp. Amphora sp. Cocconefs californica
tlarge type)

Microalgae

] 0120 pmd/m?s £ 60 pmd/mes [1 100 pmd/m?s 140 pnol/m?s 1

Fig. 8. Specific growth rate (SGR) of microalgae with different
illumination intensities ranging from 20 to 140 ymol m”s” in

low and high temperatrue at 30 %.
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SGR
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0.0

Caloneis schroederi Bhaphoneis sp. Cocconeis californica Cocconeis californica
(large type) (small type/

Microalgae

[ 010 ymd/m?*s B 20 pmd/m?s  [J 30 pmol/m2s B N0 pmd/m?s [0 50 pmd/m?s P 6O pmol/m’sl

Fig. 9. Specific growth rate (SGR) of microalgae with different
illumination intensities ranging from 10 to 60 ymol m™™ in

low and high temperature at 30 %,.
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vl?‘
M A ABR Fojd Al7ld v FEEo] Al {1 (Uki, 1995), ®
3}

& A Fxo) WG] 4o

b
fo
je
e
K3
2
&
n-[o
o
i
~
8!
r
£
2
i
1o
P
N
-z
.
i
i
rE
ful
o
oX

T2 FHE(H. discus hannai) (Seki and Kan-no, 1981)3} H.
rifescens (Slattery, 1992)o] QojA H 23t He)l & HPA|FIcky B 5
AL, F2 e A8 FAS A 4T 2 AEES FHAE
g dold Fed %7l Yol HE=Z BHu HtHKeough and
Raimondi, 1995, Kawamura, 1996).

AE 4L ZFA 2d F7E =Holg 97| Al&sted], Z7]de 9

oo that MelALS 7tx 1 9 thNorman-Boudreau et al., 1986). ZE

TAe FFRES A 2L HE EFH F F AFR £Y
4z Sof wet deiddgdn dciDaume et al, 1999). Cocconeis,
Navicula, Nitzschia- & 3}to] vkt &, dF o] Ay &L XA

Ohgal et al. (1991)9] A #ol A Cocconeise #& HAE FAHL ZA

5
=
Rz oAz g9 AEzoA 71 2L ARE Bth Cocconeis sppt
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507 HE FAle] XA Heg fxo #faAo]ti(Kawamura and
Kikuchi, 1992). 7} 23} f+z9} =
2 OFAE gAY FR3 AES AR 19 3(2002)¢] HF A
Rhaphoneis sp.7} 7} E32Q A0E 2 Y

o] Ao A FAE(H. discus hannai) F4L oz B2 JFxd
gk Hol 88 ZAFSH A3 C californica (large type)oll A %
E OHE A AESE, HE F A4S 2 I AAE T OEE WHelAM &
o)5hAl A WEbwtal, Rhaphoneis sp. 9 A C. californica (large type)$}
g xo] glo] FAE FA GAdA Fe& HolA&S HAuo
(P>0.05).

Kawamura et al. (1998)& &2 4 dAA 2ol A&E& ZAAA

£ 7o A48 bg AR Agsdn 2o AARE B itE
of ®a, frzuhe) A7), Fxe AE HE P Avlolr, o] AXER
1814 o\

Roberts et al, 1999). 3 HE {FAe =Hol] &2 FAS AVIY=E

ABBAZL ATk WE §AL e 277

-
o]
o

31 gttf(Lucas et al, 1979; Nielsen, 1981, McEdward et al., 199§;
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Woollacott et al., 1989; Pechenik et al., 1993; Maldonado and Young,
1999).

-

2gel 2717} oF 800 mel =W FAH W] G4 daow
Cocconeis scutellum-S =<l Ay} G543 AFAS dofivds Ryt U
(Kawamura et al., 1995; Takami et al., 1997). H. rubra®] A7) FA
22 F 18Y o] Fo] C scutellumE Aolstr] AlF@ve B1e
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