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Table 1 Diatom species tested for post larval abalone Haliotis diversicolor

Algae species Length (pm) Width (pm)
Achnanthes parvula 14 ~ 26 5~7
Achnanthes sp. 12 ~20 8~10
Achnanthes submarina 10~16 4~6
Amphora exigua 8~16 2~3
Amphora luciae 10 4
Cocconeis placentula var. euglypta 5~9 3~7
Entomoneis alata 41 ~ 56 11
Navicula cf lenzii 24 4
Nitzschia laevis 8~10 5
Nitzschia lorenziana var. incerta 73 ~94 2~4
Nitzschia palea 8 ~ 21 2~5
Seminavis sp. 1 6~10 2~3
Seminavis sp. 2 6~10 2~3
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Table 2 Survival rate of TT abalone post-larvae cultured in Petri dish at 5 photosynthetically active radiation (PAR)

(UE = pmol photons m?s™) fed with 3 diatoms grew on cover glass under the same light showing the algae density at

1st day post hatch of larvae

Amphora luciae

Navicula cf lenzii

Nitzschia laevis Blank

PAR (uE) Algae density (1000 cells / cm?) at 1 dph
10 16 17 57 0
25 31 34 58 0
50 33 26 61 0
75 51 38 63 0
100 66 32 119 0
PAR (uE) Survival (%) at 2 dph
10 65 43 86 92
25 86 50 59 95
50 67 24 57 86
75 55 48 44 90
100 55 68 35 87
PAR (uE) Survival (%) at 7 dph
10 0 0 0 46
25 0 0 0 25
50 5 0 0 32
75 0 0 3 8
100 5 0 4 7
PAR (LE) Survival (%) at 10 dph
10 0 0 0 17
25 0 0 0 20
50 0 0 0 23
75 0 0 0 8
100 5 0 4 0

mefE (8+10%) - GABA RHUERIIAGI > 2
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Table 3 Survival of NN abalone post-larvae cultured in Petri dish with gamma-amino butyric acid added at 2nd
days post hatch, diatoms at 3rd dph and change of sea water daily with or without antibiotic

Sea water  Survival (%) + daitom Survival (%)
Diatom species
2 dph 3 dph 3 dph 4 dph 7 dph 10 dph 20 dph
31 19 14 4 0
+GABA +antibiotic
28 9 3 0 0
Amphora exigua
24 16 9 9 9
-GABA -antibiotic
20 13 3 1 0
38 33 29 23 1
+GABA +antibiotic
31 26 15 4 0
Amphora luciae
24 18 0 0 0
-GABA -antibiotic
21 6 0 0 0
54 48 35 23 15
+GABA +antibiotic
Cocconeis placentula 44 38 25 16 1
var. euglypta 25 18 1 0 0
-GABA -antibiotic
30 23 11 4 0
45 40 18 11 5
+GABA +antibiotic
33 0 0 0 0
Navicula cf lenzii
28 16 5 0 0
-GABA -antibiotic
15 11 0 0 0
50 45 15 9 5
+GABA +antibiotic
40 30 8 3 0
Nitzschia palea
33 20 13 10 4
-GABA -antibiotic
25 0 0 0 0
48 43 33 25 4
+GABA +antibiotic
33 25 1 0 0
Seminavis sp. 2
23 5 0 0 0
-GABA -antibiotic
28 3 0 0 0
+GABA 39+9 +antibiotic 29 =15 16 +12 10«10 3+5
6 diatom species
-GABA 24 +5 -antibiotic 12+7 3+5 2+4 1«3
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Fig. 1 Survival of NN abalone post-larvae cultured in Petri dish with gamma-amino butyric acid added (-A) at 2nd
days post hatch, diatoms at 3rd dph and change of sea water daily with (-A) or without (-B) antibiotic (AE: Amphora
exigua, AL: Amphora luciae, CP: Cocconeis placentula var. euglypta, NL: Navicula cf lenzii, NP: Nitzschia palea,
SE2: Seminavis sp. 2 ).

Table 4 Survival and growth of TN abalone post-larvae fed with 6 diatoms grew in Petri dish from 1st day post
hatch and daily change of sea water with antibiotic

Survival (%) Shell length (mm)

Diatom species

2 dph 10 dph 20 dph 22 dph 22 dph
Ampbhora exigua 96 + 1 56 + 5 1+1¢ 11 0.40 + 0.00 ¢
Ampbhora luciae 94 + 1 34 +30 5+8" 4+5 0.53 £0.07 ¢
Cocconeis placentula var. euglypta 96 + 1 63 +6 52+7° 48 £ 11 0.77 £0.14°
Navicula cf lenzii 95 + 1 65+9 15+12° 1312 0.49 + 0.07 <
Nitzschia palea 93 +3 31+8 9470 8+7 0.62+0.11"
Seminavis sp. 2 95+ 1 71+2 14+9° 12£9 0.46 + 0.05 <

[FIRRRIRIF I AT R 8 il
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(Seminavis sp. 2) FsEHAHAU UL 5L - HER 8
FEAHBEAL TG TERI TR 0.5 ~ 5.5% » #pHlH: 4 5
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EHRER 100 om’ HULhETEE o U DIVEMEfh2
W DT v ~ B T v B BRI i R AR (13
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HIREE KA H AR SR (0.80 ~ 0.93 mm) -
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Fig. 2 Survival of TN abalone post-larvae fed with 6 diatoms grew in Petri dish from 1st day post hatch and change
of sea water daily with antibiotic (AE: Amphora exigua, AL: Amphora luciae, CP: Cocconeis placentula var.

euglypta, NL: Navicula cf lenzii, NP: Nitzschia palea, SE2: Seminavis sp. 2).
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T8 &/ B E i) » DATEME Rh73a5E Ry BEAH
=
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RLEHAE B SR 250 L FRP R - BR
SO ITEREE RS T R IROREER S 0 18
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cells/em” » ZFIHAMIHGIK 2 ~ 3 KEFTH. © i FRP
FEE AT — R A B SBEEIRDE - IRk
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4~ 5%~ BE 0.41 ~0.58 mm ; [ JBE v SR 0E
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B 443 Bl S ARV L 11 - BREFERMLSL -
S R TAR RN - R TR T L
FLEARYEZSE bR TR A E AN S - B
B BT — R B RS R INMEIE - (EREE %
[ F Y et SR LA RS B R -
BB — PO R RS S A S B SRR L LI
B AR RE A s B o B E I e e A I R
(ERRIVERY - P NEN] e i e R A A N
A HE-ERFFRZEEIET - Roberts et al.
(2007) HRIEFF Ry ptEAE e TN - A S AR
BECRB S S ~ A WY E KR e e
i o PREETILFLARIR ~ W 3 RRAHES - BTLFL
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Table 5 Survival rate and growth of HN abalone post-larvae fed with various diatoms from 1st day post hatch in

Petri dish, acrylic tank and FRP tank

Number of juvenile

Algal species Algae (1 95 Shell lengh Sur(:/ival
cells/cm?) (mm) (%) Total 100 cm?
(1) Petri dish (n=4) 13 dph
Achnanthes parvula — 0.53 £0.05 1.3+19 1+2 5
Achnanthes sp. - — 0 0 0
Achnanthes submarina — 0.53 £ 0.06 * 45+29 4+3 17
Amphora exigua - - 0 0 0
Amphora luciae - 0.48 + 0.04 ¢ 0.5+1.0 1+1 2
Cocconeis placentula var.euglypta — 0.57 £0.03° 4.0+8.0 4+38 16
Entomoneis alata — 0.47 +0.04 ™ 25+3.0 23 9
Navicula cf lenzii — 0.41 £0.04 ¢ 43+8.5 4+8 16
Nitzschia palea — 0.58£0.10° 5.5+9.7 5+8 19
Seminavis sp. 1 — 0.45 + 0.00 > 0.8+1.5 1+1 2
Seminavis sp. 2 — — 0 0 0
(ID Acrylic tank (n=3) 19 dph
Achnanthes parvula 23 0.91 £0.17% 10+3 99 *+ 31 8
Achnanthes sp. 1.9 0.81 +0.15" 9+8 86 + 80 7
Achnanthes submarina 66 0.80 +0.14° 217 206 =73 16
Cocconeis placentula var.euglypta 287 0.96 + 0.14° 16 +6 164 + 64 13
Navicula cf lenzii 77 0.80 £ 0.14° 2113 207 £ 128 16
Nitzschia palea 138 0.93 £ 0.16® 20+ 8 196 + 80 15
(1) FRP tank (n=1) 20 dph
Achnanthes submarina 27 1.08 £ 0.25 2.15 4083 11
Amphora exigua 12 1.10+0.19 1.44 2734 7
Nitzschia palea 24 0.91 £ 0.22 0.68 1284 3
M2 LR RE D 5 | e SRR B - (AT AH TERY BRI - RS RN R B R i

[ RS BE R AR A S A R ol S A s s
MR > ISIIPTAR (150 ppm 7 MGRELEEMNER)
Ry BB A A i UM 5 BTG - NEDEIRE
BB AER - tWATREAEA A FRIRYER - i fE
W Rt T REA B AT - AE BRI
WEf s AN A H BBH AR AR 5 - PRl 2 RO 3

B R BN LARES 3 KA R SR T]
EEFELRA B ESR - &R 2%t
= (Suetal., 2008) - R Stott et al. (2004) LIA T
gaklER S ML FL. (Haliotis diversicolor supertexta) &
458 > AfEHIEE (K9 140 uE) BASE AR ML

FLEATE T

SRE

oS

REIREES - IATEELN Roberts
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etal. (2007) #73m HEels BHE 2 R SA 1 -

HEERTERR T GABA B[ - JLfL ALY
a2 PTRERRAS | - Al R BRI F A
== (Akashige et al., 1981; Liu et al., 1986; Slattery,
1992) - [RIPLE B — iR B8 —RIRAIT GABA » 55—
RIGUKEE TR ARAY L - ASSREURINTT GABA 122
EFEHRA - B HBUKIRIMERI EH4E3R (05
ppm F #RELSHEEE) - 6 FRYEE S EILAL
HHNE BRI IR - A 1 ERinyid%
RIS FTREBERE IR AR - 2 Rl a
TR IR LT - B = R BRI &
MEES - SEREERIE AN AR - WA KR &
PR - AR - P4 RZFEIALEFK
HIBRERIE » 5157 5 2% B sk ZEl -

R fLE B B E A - R
THE RS VB T [T erib =& B RE - (i 5E
HENEF ARt E =Y - (e YR
E o NFLEAEH U (Seki and Kanno, 1981) 1£
W= B REA T R R BRI - JLFLEME TR AE 22
CRASKER 48 h Bln - ERVEANHE - Btk 4his
AIREEERRALE o AR 96 hoo BARERIIZEA
ALYHYBIG - AILEZ KGR 96 h #g4E (Bryan and
Qian, 1998) - DI%#E[ML4 H #/k /7 (gL E] > JufL
THIFRAEE R 7 ~ 10 X (7 ~ 10 dph) ZiERg
(Table 2, 3,4) - BRER DIINE#E ~ TEREHZNE - &%
e AT Y& iy 2 Y i DR R 2 Y e S
T BRI ~ 8 =RAK - 15 W S b = ot
i B A B AR ST © RS SR L AL R HI LA
TEBE R BHAHAK -

FIRTEIE (1995) WFE3 @ & 1F Rl i 4]
HWIEHRHIINY B - KRZ R mEE £ - )&% 1
SRR R o AR TE IS EAER L ALY
A 12 1 EFEEENEEIR R 1 - 2P
T 2~ EEJEE 2 M - SRR 2 R - e 1
o E)EE IO | DU N LR
BIRHEEGSE 3 1 o JLFLETE AR O RN Ry
BRI BOE ~ DU ~ B i B
[E] R s Hofth 2 s - AR EE Ry
WA R/ NYTRE I REDR - £55(2004) Eliis 5 FRG S ER
UL 4 EEETFEC FEHIUEINEE (Cocconeis
scutellum) & #1 H # £ #  (Cylindrotheca

r. g e

closterium) » B g T2 35 ~ ™5 & (Amphora biggiba)

B 76 8 Ry G+ 2 (2008) 380 8 o 0
(Achnanthes citronella) ~ & BN T 3 £ /] %8t fd
(Cocconeis scutellum var. minutissima) ~ k% 5 75
(Amphora coffeaeformis) ~ % £ 4 J& % (Navicula
ramosissima) F137 H it #REFIE S ILFLYHE
HNETER » B IHHAY B AOCRAELL - 5 TRV i fe
E ALY R TE RO E o o il Ry 42.99% ~
37.55% ~ 17.91% ~ 30.91% J% 8.02% » HL 2O
Ko thse e - 2Rk 12 RERRYJLFLE L 7 1
DAt 28 K {EfF BRIy =Y i
B ot e e nn ki % fH (Achnanthes javanica
var. ) ~ Ji7k 5% (Amphora fluninensis) Kz RHfE
LA ZETE#E(Nitzschia alexandrina) » {[E &/ Nal 5 HH
Hagh by KRB - ATRER AL IS A RS
BEAHMESE, 2007) - BLH AR LR
Nitzschia grossestriata 5 E#HEE &= (7 ~
13.7%) MISEHMAMN GRS (ca. 50 ~ 212 pg/100
um?) - FERIFLIIRY) - A REIIETFE (Chen,
2007) °

frriam Y el F Ryl IR RS » Kawamura et
al. (1998) it B 221 K2 M i By i s L
o MR EH RIS AN Ea R - HE5s
J& B RE - AT REEE: - SfEk
YRR AT 8 - BIANM 3 7758 B9 RGE IR T e
(Cocconeis pseudomarginata) K fEUNE e » Ml fimsd
£ > 1 mm ~ B > 0.8 mm ~ FBEH{EMIER 18
K AREFIHIRLENLE R © M3 058 EA M
TRy H AR R AWt 3% 3% (Achnanthes longipes)
(31.9 % 20.6 pm) » ST EHEILE 0.75 ~ 1.3 mm ~ FfETE
1.5 ~ 2 mm A REFI A - T S K A4 P4 RE AR AR
i (76.3 x 26.7 pm) » UTAEEEAE 2 mm FFA HE
TR - AWFFEEE FIRIIRIEEE(S < 3 pm) K yBHE R
(10 < 4 pm) - HHREEE N ELIN=E 0808 - B EAEIL
FLE PR AR - BORAUAHEEE(24 > 4 pm) TR
T  SE BRI BUEC B RS St R
) -

SUFUFIRFAIFEAE 3 L B JIRERAR TS 17
HE R BE S RAE 250 L FRP R ElE
F o ATREIR AR R AG T A B o B EEIIL
HEAHUKEMS TSR - KRR (13 ~ 19%
fem’) » FEFE] 13 dph FHEFR 4 ~ S%YIETF - (HEE
IR EIEEE] 19 dph H 4 FHIETFE (16 ~
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JESMERPEER T - AR 20 AR - Wi b
Re2RARGMA - {ERSNEREE - ZHA
MEEINRFE - 20 ~ EEDRI ~ MRS REAERVIRFRE
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Effect of Diatoms on the Survival and Growth of Post-larval
Abalone (Haliotis diversicolor)

Huei-Meei Su'”, I-Lian Chang', Sui-Sin Wang', Lung-Sheng Hsieh', Tzyy-Ing Chen',
Yuan-Shing Ho” and Fu-Sheng Tseng’

'"Tungkang Biotechnology Research Center, Fisheries Research Institute
? Eastern Marine Biology Research Center, Fisheries Research Institute

*Aquaculture Division, Fisheries Research Institute

ABSTRACT

To find the resolution of diet algae associated problems in abalone Haliotis diversicolor post-larvae rearing,
four experiments were conducted using the post-larval abalone produced from different spawners: TT type
(female and male all from Taitung), NN type (female and male all from Tainan), TN type (female from Taitung
but male from Taitung) and HN type (female from Ho-ping Island, Keelung but male from Tainan). In
experiment 1, the survival of TT post-larval abalone at the second day (2 days post hatch, 2 dph), cultured in
Petri dish at 5 light intensities, was better in the blank (86 ~ 95%) than those fed with 3 diatoms on cover glass
(24 ~ 86%). At 10 dph metamorphosis finished, higher survival (8 ~ 23%) was found in the blank at 10 ~ 75 uE,
while 2 diatom groups survived (4 ~ 5%) only at 100 pE. In experiment 2, the survival of NN abalone
post-larvae at the next day, cultured in Petri dish, was better (39 = 9%) in the group addition with gamma-amino
butyric acid (GABA) than the group without addition (24 £+ 5%). The survival rates of abalone in the cultured
periods after the 3™ day were better in the group, addition with GABA at 1st day then daily change of sea water
with antibiotic and provided the diatom at 2™ day, than the group without both GABA and antibiotic addition.
The best survival (8 £ 10%) at 20 dph was found in the group providing the Cocconeis placentula var. euglypta.
In Experiment 3, the same 6 diatoms grew in Petri dish was washed to remove the floating algae, then the TN
abalone post-larvae were put in and sea water with antibiotic changed daily, the significantly best survival (51.5
+ 7.3 %) at 20 dph and largest shell length (0.77 + 0.14 mm) at 22 dph was found in the group fed with C.
placentula var. euglypta. In Experiment 4, using the same rearing method, the better growth (0.53 ~ 0.57 mm) of
the HN abalone post-larvae at 13 dph was in the groups fed with C. placentula var. euglypta, Nitzschia palea and
Achnanthes submarina among 11 diatoms, but their survival (4.0~5.5%) was not significantly different. Reared
in the 3-L tank with plastic plates and aeration, at 19 dph the abalone fed with C. placentula var. euglypta
showed again the significantly best growth (0.96 + 0.14 mm) but no different survival (16 £ 6%) among 6
diatoms. Reared in 250-L tanks with plates and aeration, at 20 dph the abalone on each plate (511 = 215) and
survival (2.15 %) was highest in the group fed with A. submarina, and the shell length was 1.08 £+ 0.25 mm. In
conclusion, two diatoms C. placentula var. euglypta and A. submarina showed the better survival and growth for
post-larval abalone H. diversicolor.

Key words: post-larval abalone Haliotis diversicolor, shell length, survival, Cocconeis placentula var.

euglypta, Achnanthes submarina
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