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ABSTRACT

Even though seedling production of Haliotis discus hannai has fully developed, the culture of benthic diatom as a
live food for larvae is still a barrier to solve in commercial hatchery. The farmer depends on mixed microalgae
which are non-selectively attached on the plate by flowing of natural seawater. The adequate diatom on the plate
for the larvae in terms of quality and quantity is always significant bottleneck in the hatchery. In this study, two
benthic diatom species, Caloneis schroederi and Rhaphoneis sp. were separately cultured in mass and inoculated
to four tons' settlement tank of the larvae. And the larvae and the spats were cultured for nineteen and nine weeks,
respectively. The result on seedling production of H. discus hannai with this method was compared to that of the
farmer's traditional method as a control. With regard to variation of species composition of benthic diatom on the
plate, C. schroederi and Rhaphoneis sp. were dominant for first three weeks after inoculation. But the diverse
diatoms mainly, Navicula, Amphora, Cylindrotheca, Licmophora, Pleurosigma began to attache on the plate from
the 4th week. The larvae attached 2.5 times more in C. schroederi tank than in the control tank. The final total
biomass of the seeds in Rhaphoneis sp. tank was 3.2 times more than that of the control tank. The retared-spats
in the seedling production also showed significantly higher growth and survival in the spat fed Rhaphoneis sp. or
C. schroederi than those in the control group. We suggest that C. schroederi is proper for settlement of the larvae
and Rhaphoneis sp. is appropriate for the growth of the larvae and spats in the commercial hatchery of H. discus
hannai.
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Table 1. Occurrence of microalgal species on the plates which were initially inoculated with Caloneis
schroederi for seeding production of Haliotis discus hannai

Culture weeks

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 19
Caloneis schroederi + + + + + + + 4+ + + + 4+ o+ o+ o+
Achnanthes spp. + + + o+
Amphiprora spp. + + + 4+ + o+ +
Amphora spp. + + + 4+ + + + 4+ + + + + o+ o+
Bacillaria sp. + + o+ 4+ o+ + o+
Climacosphenia sp. + + + o+ + 4+
Cocconeis spp. + + +
Cylindrotheca closterium. + 4+ + + 4+ 4+ + + 4+ 4+ + o+ 4+ o+ o+
Diploneis sp. + o+ + +
Fragilaria sp. + o+ o+ 4+
Frustulia sp. +

Gomphonema sp. + + o+ + + o+
Licmophora spp. + + + 4+ + + + 4+ + + + 4+ o+ o+ o+
Melosira sp. + o+ o+ + o+ o+ +
Navicula cancellata + 4+ + + + 4+ o+ 4+ + 4+ +
Navicula distans + +

Navicula incerta + + + + 4+ o+ + 4+ + o+ o+ o+
Navicula spp. + + + + + + 4+ + + o+ + + +
Nitzschia dissipata + + +
Nitzschia pungens + + + + o+ o+
Nitzschia spp. + + o+ o+
Pleurosigma spp. + + + + 4+ + + + 4+ o+ o+ +
Rhizosolemia stolterfothii +

Rhodomonas sp. +

Stauroners sp. +

Striatella sp. +
Thalassiosira sp. + + o+
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Table 2. Occurrence of microalgal species on the plates which were initially inoculated with Rhaphoneis
sp. for seeding production of Haliotis discus hannai

Culture weeks

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 19
Rhaphoneis sp. + + + + + + 4+ + + + + + + + 4+
Achnanthes spp. + + + o+
Amphiprora spp. + o+ o+ + +

Amphora spp. + o+ + + + + + 4+ 4+ o+ o+ o+ o+ o+
Bacillaria sp. + 4+ + + + + + + + 4+ o+ o+
Climacosphenia sp. + + o+ o+ + + o+ o+ o+ o+
Cocconeis spp. + + + o+ o+ o+
Cylindrotheca closterium + 4+ + + + + + + + 4+ o+ o+ 4+ o+ o+
Diploneis sp. + o+

Fragilria sp. + + + o+ o+
Gomphonema sp. + o+ +
Grammatophora sp. +

Licmophora spp. + + + + + + 4+ + + + + + + + 4+
Navicula annexa +

Navicula cancellata + + + 4+ o+ o+ o+ 4+ o+ o+ +
Navicula incerta + + + 4+ + o+ 4+ + + + 4+ o+
Navicula spp. + + + + + + + + + + + o+ + 4+
Nitzschia dissipata + +

Nitzschia pungens + + + 4
Nitzschia spp. + + o+ + +

Orthodon sp. +

Pleurosigma spp. + + + + + 4+ + + o+ + + +
Triceratium sp. +

Table 3. Occurrence of microalgal species on the plates which were cultured by flowing natural seawater
for seeding production of Haliotis discus hannai

Culture weeks

Species

1 2 3 4 5 6 7 8 9 10 11 12 13 14 19
Achnanthes spp. + + + + + +
Amphiprora spp. + + + + 4+ + o+ +
Amphora spp. + + + + + 4+ + + o+ + o+ 4+
Bacillaria sp. + + + + + 4+ + + o+ 4+ +
Climacosphenia sp. + + o+ + o+ +
Cocconeis spp. + o+ 4
Cylindrotheca closterium + + + + + + + + o+ o+ + o+ o+ o+
Diploneis sp. +
Fragilia sp. + o+ o+ + +
Gomphonema sp. + + +
Grammatophora sp. + o+
Hantzschia amphioxys +
Leptocylindrus sp. +
Licmophora spp. + + + + + + + + + + + + 4+ +
Navicula cancellata + + + 4+ 4+ + + 4+ 4+ o+ o+ +
Navicula incerta + + + + 4+ + o+ + + + o+
Navicula spp. + + + 4+ + + 4+ + + + + 4+ + + o+
Nitzschia dissipata + + +
Nitzschia pungens + +
Nitzschia spp. + + + +
Pleurosigma spp. + + + 4+ + + 4+ + + 0+ + o+ 4+ o+
Stauroneis sp. +
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Fig.1. Density of microalgal species attached on the plates
for seedling production of Haliotis discus hannai for
fourteen weeks (o: total benthic diatom, m: C.
scheroederi or Rhaphoneis sp.).
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8.3%2 AT 423k o2 3ol ekeirt Hsfe] &
2 Rhaphoneis sp.olA 4,600 g2z 7Y =g C
schroederi= 2,800 g° % Rhaphoneis sp. 2t} Fokeu}
dx=T 1,450 giths 52 A%E 299t} (P < 0.05).

B0
3. 4730 T HAE v YA} AEE

"\A\H 2 FRAVE RN o] 2& £ (8.6 + 2.1 mm,

b 60 + 10.2 mg) & A2 $x9 4,500 NAS 8314 9

F7+ Yo 2 253 A¥E= Table 59 2o} B4 24w A

%2 Rhaphoneis sp.ol4 12.8 mm$} 0.22 g & oz

11.7 mm$} 0.16 gRt} FoJ3kA w9k C. schroederis}

|:| ] ] 1 'E‘ _?rvoq?‘{—l_ j}.o]% ‘4 (P < 0. 05) Z]JH"] }‘g”"ﬁ"‘

1 7 3 4 Rhaphoneis sp.$} C. schroederiollX Z+2 69.5%2} 67.4%

Week 2 73 Aol7t GAt 2T 59.6%H T+ 23 =

sket A]slje] & A Rhaphoneis sp.oA] 688 g2 C.

Fig. 2. Attachment (%) of Haliotis discus hannai larvae on schroederi®] 548 gRt} Fo3A] =3kom YxT= 429 g

the plastic plates during first four weeks (e: Caloneis °2 713 Yokl (P < 0.05).

schroederi, A: Rhaphoneis sp., m: control). Different ¢
letter in final attachment (%) on fourth week means

a0l

Attached rate (%)

significantly difference at the level of 5%. o #
sp.oll Blale] Yo AL Bl oy YT =L Ans FAE TRAA Ve gy BRgEgloy HeldsR
5]_0,3\‘4’ j]j'ﬂ‘gl z O 0 Rhaphonels sp. )J'Gé?_oﬂ/q 10.1% %‘g—ﬂ'}f “?‘jl‘ H]k]]i-ﬁ-o é_lﬁ Oo}“ﬁ ‘—li'E‘ O:]Zd%] = 01321
2§28 BSkor} C schroederish BlETolAE T.a%st o= wob ATk A Auelne AR 5 = Ated
(coralline red algae) ol F-238l} A& wljofA o A= Akt

Table 4. Seedling production and growth of Haliotis discus hannai larvae reared from veliger larvae for nineteen weeks in
four ton culture tank

Diet Total biomass (g) Total number (inds.) Shell length (mm) Total weight (g) Survival (%)
Caloneis schroederi 2,800 = 1,272 13,344 + 5,935 11.7 + 3.1° 0.20 £ 0.16° 7.8 + 3.5
Rhaphoneis sp. 4,600 + 1,697% 17,201 + 6,235° 12.9 + 3.9% 0.25 + 0.13% 10.1 + 3.7*
Control 1,450 + 71° 14,275 + 849" 9.8 + 2.3° 0.10 + 0.07° 8.3 + 0.5"

Different letters in the same column mean significantly difference at the level of 5%.
Initial total number of veliger larvae were 170,000 individuals.

Table 5. Final production and growth of the retarded-spats of Haliotis discus hannai reared for nine weeks in four ton culture

tank
Diet Total biomass (g) Total number (inds.) Shell length (mm) Total weight (g) Survival (%)
Caloneis schroederi 548 + 49" 3,033 + 233" 12.38 + 2.16" 0.19 + 0.10™ 67.4 = 6.1°
Rhaphoneis sp. 688 + 162% 3,129 + 735% 12.77 + 3.37* 0.22 + 0.19* 69.5 + 16.3*
Control 429 + 77° 2,684 + 479" 11.70 + 2.43 0.16 + 0.12° 59.6 + 10.7°

Different letters in the same column mean significantly difference at the level of 5%.
Initial total biomass, total number, shell lengths and total weight of the spats were 70 g, 4,500 inds., 8.2 + 2.1 mm, and 60 +
10.2 mg, respectively.

- 202 -



o W] olels) AE TR FEEAE Fohu o
(Daume, 2006). % ®fjoFo] go]3t Y%7 Tetraselmis
helgolandicatt Hx5 Ulvella lenst A< F-2HEH+=
37} slonk b} o} 419 Aol BRAC R of
454 %3k glv} (Uki and Kikuchi, 1979; Seki, 1997;
Pang et al., 2006; Ko and Hur, 2011).

FAE FA A e ARA R AR vk A
ZA73E 2wl $45 (Pennales) 2 tx{ 7R
Achnanthes, Caloneis, Cocconeis, Navicula, Nitzschia,
Rhaphoneis 5°] 53 Ho|&-55 ®olt} (Kawamura et
al., 1995; Gordon et al., 2006; Roberts and Watts,
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3HA| 743 WbH Rhaphoneis sp.= 7rAZo] WUokd A

u, 252 FA M C. scheroederi’} Rhaphoneis sp.5-
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th o $3A fA0] s A lAE Rhaphoneis
sp.o] Ho|ggo] ¥ £ Zlo® sl

TEF AEAAL] BuES F227]) SHAE fA49] 4
oFFFloly (Kawamura and Takami, 1995), bacteria
AN 27] FA9 Ho] B 43} &g IS E F
(Daume, 2006). 224 24 800 1 m o)A+ EHlAES
ol Tt AER} AAGA Eu)E HAAS Ho|E
A ¢k A7 AEHE A F5o] txF AL
A g} (Takami et al., 1997). 2] <F 800 «mel
g EAE fAS Cocconeis  scutellumol|A, 7t
1,500-2,000 xm?®] A2 Achnanthes longipes©l|A Ho]
a&o] =4 Yepdtt (Kawamura et al., 1995; Takami et
al., 1997).

£ QAP ME C. scheroederi®t Rhaphoneis sp.o AlE
oA vz AAA re v ol S 27] F49
FA7|1 A3} Hol|YERA o|-8¥ L, C. scheroederi®] A4
< Rhaphoneis sp.2] AAARL} 27] A o At ¥
2714 B Ho|g Agsgl7] wiEo® kel = Ao
AA7rs| kel wel Rhaphoneis sp.”} C. scheroederi®t} ¢
3% A Rhaphoneis sp.®] 97} 53], HUFA 7} &7]

w22 diME 4 ot (Park, 2005). o]k ZFo] HWAE
A Al webA ZF BaF xFe Holago] oE
st} (Kawamura et al., 1995; Park and Hur, 2013).
ATelA C. scheroederis woF3le] mhgtel] $AHE
AAAN EARE A5 7S] WEE oF 250 &=
2+go] 75313, Rhaphoneis sp. & wjoFslte] HAls
ARt 7]E2] ok2] ofulEe] W R & TR
TEE A 5 9le ZeZ g
B 2 Aol AB3ke] Ak Al
, Hole] A} ofel we} X|sfo] A Z Aol
Al FEAME AT AT =2 4 As

&

32

©

b o
% i o ob @

N

!
)
>

=

e
e
oy rlo

Jo —1u‘,‘l

o

© oo 4t e 4 2

oo
o!?_,[é)

fil

=

L)
o &
B lo
fote
o
d

oge Kt

2}
B AHE e ® 659 Fx
F2 Yol A5e 23 dExF Tetraselmis sp. Bt
Navicula sp., Nitzschia sp.& |2 x|3l9] U7t AATFo)
109 o] E3trhy 31¢ick Han and Hur (2000b) 2 A%
o] %2 4.3 mm?| HHAHE X|sje] A, C. scheroederi®ll
A 7ol 7P £9%3L Nitzschia sp.olA %ol 7P =9l
th ®asigic
dvbA ez FubAs FRuFEeAE 2ol 10 mm A
= =y g v dxFE Holz o]&dt}t (Han
and Hur, 2000b, Simental and Sanchez-Saavedra,
2003). Han and Hur (2000b) & #A4e 2 Aol 1]
wA Aggo]l =7 oF 7.6 mmo] HHAE AslE dfe R 3
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25 F P ARl Evx ¥¢¥A w9 (Undaria
pinnatifida) ¥} C. schroederis F33P A%5 v|ag 2
T} C. schroederi= 7|9l v|3le] x]sfje] A7}k AAsFo] 1.8
v o Egkoka B syl

2 ARelA FRAAFAANA o] =FH £F A5
(8.2 mm) & to® AA3EAHAL 3 27}, Rhaphoneis
sp.= 71&9] dixTH} 164, C. scheroederi®.tl= 1.34]
2 A Hol Aol 22 43 A5 A% 35S Sl
M= Fsgtk Holass Rt °131% AN T & o
A s Y FAE AE2FE s FERTE 7S
o] Rl Holg o] £2 FE2RE W v -3
Aoz shgte] HAAA FHANE sk Zlo] o adAslE
ok 4= 2A%dek 53] C. scheroederi>- A2 27 27114
ARell, Rhaphoneis sp.i 371 FA A5 A7) =& &
o x| A 3]l HAe HxFE woE

%ol74] (20134 : 0314)
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