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ear abalone Haliotis asinina from settling larvae to post larvae
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Executive Summary

Abalone (Haliotis sp.) is one of the high value market species. Abalone could be
found in many countries of the world, including Thailand. Three species of abalone,
H. asinina, H. varia and H. ovina were commonly found. Among 3 species, H. asinina
(donkey's ear abalone) has the highest potential to be developed in commercial scale
because of the fast growing and the high ratio of meat to shell weight. Preceding, Thai
abalones have been studied in many fields such as developing aquaculture techniques,
heredity improvement, developing the suitable diet (both natural and artificial diet) and larval
settlement.

Although, the H. asinina could be reared in captivity but the early life stage of
H. asinina still have little information, especially during the period of settling larvae to post
larvae. The improvement of larval settlement is quite important because of its impact on the
seed production. The availability of benthic diatoms is one of many factors, which affected the
larval settlement and growth. Thus, the monitoring on settlement rate and the potential of
inducing by varying the starting benthic diatom species, (Nitzschia, Navicula and Amphora)
and observing the growth and food consumption of donkey’s ear abalone H. asinina should
be studied.

From this study, found that H. asinina larvae has highest settlement rate on Nitzschia,
followed by Amphora and Navicula, respectively. The settlement rate depended on
temperature and salinity. If the experimental periods was conducted during low temperature
or low salinity, the settlement rate of H. asinina was quite low. Growth of abalone larvae were
investigated from the period of settlement between 3 — 8 weeks by plate sampling.
Completely settled larvae were measured under microscope with calibrated scale during 6 — 8
weeks after settlement. The result showed that growth in each starting benthic diatoms trials
were not different.

From the observation of benthic diatoms succession during week 3-8 after stocking of
abalone larvae, 26 genera of diatom were found as following: Achnanthes, Amphora,
Asterionella, Bacillaria, Bellerochea, Campylodiscus, Cocconeis, Cyclotella, Cylindrotheca,
Diploneis, Diatoma, Entomoneis, Licmophora, Lyrella, Navicula, Nitzschia, Melosira, Odontella,
Paralia, Pleurosigma/Gyrosigma, Pseudonitzschia, Rhizosolenia, Surirella, Thalassionema,
Thalassiosira and Triceratium and 2 Cyanabacteria (Oscillatoria and Planktolyngbya). The
benthic diatoms succession varied in each experiment and time period. Asterionella and
Cocconeis were dominant and well established on plates. Moreover, frequently found 11
genera of microalgae were Amphora, Bacillaria, Campyrodiscus, Cocconeis, Diploneis,

Navicula, Nitzschia ,Licmophora ,Odontella, Oscillartoria, and Pleurosigma/Gyrosigma.



Three benthic diatoms as Navicula, Nitzschia and Amphora were determined from stomach
content and frequently found as well as on plate. Conclusively, single cell diatoms especially
with Navicula, Nitzschia and Amphora may be suitable and preferred by abalone post-larvae

rather than colonial large-size diatoms as Asterionella and Bacillaria.
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Project Code: RDG4920046

Project Title: Monitoring on settlement growth and food consumption of donkey’s ear abalone

Haliotis asinina from settling larvae to post larvae

Investigators: Praditsup N.1, Song-roop C.2
1Aquatic Resource Research Institute, Chulalongkorn University,

2Department of Marine Science, Faculty of Science, Chulalongkorn University

email address: nichaya.p@chula.ac.th, nichaya_p@yahoo.com
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The study of monitoring the response on settlement of donkey’s ear abalone, Haliotis
asinina, larva was conducted by comparing the results from food plates inoculated with 3
different benthic diatoms, Nitzchia, Amphora, and Navicula. The highest settlement rate of
abalone larvae was found on food plates inoculated with Nitzchia (5.9+6.7%), followed by
those of Amphora (3.4+2.3%) and Navicula (1.02+0.6%) respectively. The examination of
stomach content of 3-8 weeks old abalone settled on Nitzchia—inoculated plates revealed that
only 7 genera of benthic diatom namely Amphora, Bacillaria, Cocconeis, Campyrodiscus,
Navicula, Nitzchia, and Licmophora and one genus of cyanobacteria, Oscillatoria, were found
from 20 genera found on the food plates. On the Amphora-inoculated plates, 7 genera of
benthic diatom namely Amphora, Bacillaria, Cocconeis, Navicula, Nitzchia, Licmophora,
Odontella and Pleurosigma/Gyrosigma were found from 14 genera found on the food plates.
Only 3 genera of benthic diatom namely Amphora, Navicula and Pleurosigma/Gyrosigma were
found from 16 genera found on the Navicula-inoculated plates. In each ftrial, the frequently-
found benthic diatom genera in the abalone stomach were Navicula, Nitzchia and Amphora
which were the dominant groups on the food plates. Asterionella was not found in the
stomach of the examined-abalone and Bacillaria could be found during a certain period
although it was the dominant group on the food plates. The explanation could be that
Navicula, Nitzchia and Amphora are single-cell diatoms which enabled the abalone to graze
and digest more easily than other genera of benthic diatoms. The result of the study also
showed that growth rates of abalone found on plates inoculated with different benthic diatoms

during 4-8 weeks after settlement were not significantly different.

Keywords: Post-larvae, Donkey's ear Abalone, Benthic Diatoms, Stomach Content
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woathansanmssnalunesiihsmussrumauszminesasluiesdoans lagidim



PnuinsdmanmsiRenineinisenmnvesnasigeluaninsssuandlay Sawatpeera, et

al. (1998) uae Tahil and Juinio-Menez (1999) anmsAnwasndsznaylunszinizannines

+

wWhaa H. asinina NWULUSNOLNNZIERG 39%9IAz80INIwIan e laaniady 68.3 + 9.1

H85L0AT WMBNLRAs 48.2 + 11.4 N3y wuinasdlsznaurasarmislunszinazdiningiin
wuinlaezaauvmaidan ((&nni 120 lulasiwas) I@ﬂmﬁ@ﬁWULﬂuﬂ@;uL@iuﬁa Nitzschia sp.,
Amphora sp., Cocconeis sp., Navicula sp.las Diploneis sp. (Sawatpeera, et al., 1998) LL¢31n
myansAgItLasRlsznaulunszimnzams (gut content) vasnasihdawfia H. asinina 71
MUl aantzans 3.0 f9 8.5 [EUALNAT TI9UIINTITNTNATIUSIIM Suang Kagang
Point, Bongao, Tawi-Tawi, UssnaidUTudnuimosiingafuansnoduag (Red Algae,
Rhodophyta) 1uginlng) (72.2 %) I@Uﬂéj&lﬁwuﬁaﬂﬁuﬁ Laurencia, Hypnea, Amphiroa Was
Coelothrix (Tahil and Juinio-Menez, 1999)
msenEAgIiUMINAassa I TimInzanlunszEes e MIANBIA AN
mmwaavlﬂamauﬁﬁwmnf&?mgﬂ%aﬂLﬂﬂga lag'ldvinnsnaassinuuiinlaszaensiia
Nitzschia sp., Navicula sp. 198zaau555u@ WAz mm’wywumamﬁmgﬂmr;ll,ﬂwgaﬁﬁmmﬂ
ANUENIARY 10 TaAWas tinvintads 180 Hadnsy 1luaan 8 dlanviwu gﬂ%aﬂﬁl,&?m
@1”3ﬂm‘mﬁzJNuuﬂafuﬁé’@mmmau‘[@lﬁﬁqmmmmﬁa Nitzschia sp., W& Navicula sp.
oG (auTiaw TN, 2543) waNNASITNsANB AR UNINA8EIN3AREMTV8
nouthdalasldamnsnuamalna (Upathum et al, 1998) mMInawamsdiagzy (Bautista-
Teruel and Millamena, 1999; Bautista-Teruel et al, 2003; Thongrod et al, 2003) LAZNNIANEN

Namaamms@iamiﬁuﬁuﬁ: (Bautista-Teruel et al, 2001) el

nsdnwuAgIRuesihaausan

mmamgﬂﬁuﬁﬂaﬂLih%"yaLﬂuﬁﬂﬂy’umau%ﬁaﬁﬁﬁﬁ@ﬁ%mﬂlﬁﬁﬂﬁnﬁmawamaami
wnziaesvestihge é'mﬁmﬁa@ﬁ@iﬁLﬁaaﬁnngﬂﬁamﬂn%ammwzﬁamﬂuﬁﬂmm@mﬁaﬁﬁﬂﬁ
mmamgﬂﬁuﬂﬁﬁay (Hahn, 1989 819910 Gapasin and Polohan, 2004) Falunmsiwnziaes
%?aw%mg}ﬂﬁuﬁjmmﬂw%ém%’umsﬁwvdﬁwL%omfﬁ‘*ﬁﬁﬁ?u ﬁaanmﬁ@nmsaam']zuaz
Lﬁ@@ﬂ@a%}ummuﬂﬁwLuuﬁﬂvl,m@ami’lwﬁ’mL’;mz%’lﬁaﬁdawa@iaﬁ@mia@vﬁawamﬁmﬂnaa
Qﬂﬁufmm,ﬂﬂga stwzgﬂv\aULﬂﬁgaiuﬁaaf:%zﬁﬂawudauua@iaﬂﬁﬂLLmé’awﬁLﬁ@%ﬂuﬂa
autnaLuaenemnn 1iu gamnlianuds Usinmeandianazansiin Usunawanludy soud
wﬁ@LLazﬁJ%mmLuuﬁﬂvl@az@au“?‘iLﬂﬁauayjuuuﬂuﬂ&?w’%agm&aﬂﬁaﬂﬁﬂummiauﬁqu 2-3
LA

mnﬁtymé’aﬂﬁinﬁmumvlﬁﬁﬂmazmLLwi'ﬁmrJLﬁmﬁ'ummauauaﬂumiaum:
maagnﬁamﬂwéa mMadule uazdaINTen maagm‘ﬂaﬂLﬂﬁéaé?al,wiswmumzwﬁamﬂq 2 1fan
@iaLuuﬁﬂvl,@amaaﬂ@mmww:miﬁﬂmlu%amﬂﬁgalummmju i lusfia Haliotis  discus
hannai (Kawamura, et al. ,1998; Gordon, et al., 2002; Gordon, et al., 2004), Haliotis iris
(Kawamura, et al., 1998; Roberts, et al. 2003), Haliotis virginea (Daume, S., 2003), Haliotis



fulgens (Searcy-Bernal, et al., 2001) Wi Haliotis rufescens (Martinez-Ponce and Searcy-Bernal,
1998) 1iudu lurounhilladnmsnoauliinlaszaauimsda (Benthic Diatom) Liua1wnsh
z%wﬁ'ryz%m%’unws@"ymé'wﬁﬁ'ﬂaia‘u, (Kawamura et al, 1998) dslumsimnziagswasithdase
saninfiguldiuniinlaezaoulumswizidsasuin wananinuinnisasuanaslunisas
meaag}fmamﬂw%%mnﬁaﬁau%uagjﬁ'uﬁzwﬁmmLuuﬁﬂvl,@]az@aml,az“ﬁﬁ@ﬁ'uﬁ:mamaﬂ
\thia (Robert, et al., 2003) LLazﬂ'ﬁuagﬁumq*‘naamuﬁn"l,@amawﬂaruﬁiﬁgﬂmsmm’lz
(Searcy-Bernal, et al., 2001) uaﬂmnf‘:ﬂﬁ@u‘[maa@ﬂmslLﬂwgaLL@azwﬁ@Lﬁaauuwaﬁaﬂ
wuiinlaazaandvrianuiaclonsnisasyidulauandanuaan lUdnee (Kawamura, et
al., 1998) @Tm;ﬁ"l,ﬂumswﬁ 1
’LumumaamimaaaLﬁmﬁumﬂﬁ'uwawamaagﬂﬁufﬂamﬁﬂé‘fva H. asinina sfiin
aldTnsnassstiornunmieaiinisssinisuaznmswanizasasenlaslfiuninle
DEARNLAZENTLAAINE e]Lﬁ'mﬁuﬂ‘%mmwaw‘ﬁmgﬂﬁuﬁmmﬂﬁ%?aiwﬁﬂa'au (Gallardo and
Buen, 2003; Gapasin and Polohan, 2004; Gapasin and Polohan, 2005) Tui) 2004 Gapasin
and Polohan léfAnsizndumsldasiaiifie s15 Gamma-aminobutyric Acid (GABA) uaz
Potassium Chloride (KCI) Iuﬂ’li’ﬁ'ﬂﬁﬂﬂ’]ia\‘lm’lwa\‘lgﬂ%amﬂ’lga’ﬁﬁ@ H. asinina Wu31 813
Gamma-aminobutyric Acid (GABA) ﬁm'lummmiumnﬁmﬁ’lmsaameaagﬂmmzﬂzd’m
inlefeindn a3 Potassium Chioride (KCI) Tasfianuiduduvasansiadiuandrsmwinsniinle
wesidudnisasimzuasgnasuandrinulidqs (Gapasin and Polohan, 2004) 3nN1TNaA8S
984 Gallardo and Buen (2003) laslgiuufinlaazaansiia Navicula \Wwuiinlaaznasunay was
fonfigfralasnasiihde (Abalone Mucus) %’ﬂﬁwmsmmwwaogﬂmm:miwﬁrﬂ Wuinan
wagfimIssmeanniliwananmsfieiausie Mucus, Navicula, Navicula + Mucus W82 LWAT
filaazmounanazfia + Mucus 1NN wanemsitadsudielaezaaunasriiaissagg
L@87 6o Gapasin and Polohan (2005) Vlﬁﬁn‘mLﬁmﬁ'umi%'ﬂﬁﬁmsmLm:maagﬂ‘ﬁamﬂwﬁwa
sezinetinlagls wudinlaazaensiia Amphora sp., Nitzschia Wae Nitzschia cof. frustulum
W31 Diatom Slurry %’ﬂﬁﬂmﬁ@mimuauawaagmaaﬂ (metamorphic response) mnﬁq@
789893178 Amphora sp., Nitzschia Wz Nitzschia cf. frustulum ANRAL
Iumﬁ%'m%ﬂﬂumsﬁﬂmﬁmﬁ'uﬁmmms‘naagmf\amﬂw%i’sdaﬂmzuuaﬁmm
ﬁnﬂW’li‘wmiwangmgﬂ%aﬂ w sniAdEAnsmaaininziaLazaudiniigainizids Jania
L DITE I@yﬁﬂmﬁmﬁumsmmwwaagnmmﬂw%%ﬁa H. asinina iaausuasdaiunin’e
pz@aN 3 Tiafa Nitzschia closterium., Amphora costata Was Navicula sp. W%'awf?aﬂﬁ

WRBBLURILBINANDIRNIANEA 2 Laaw @ﬂaﬂ'ﬂ%ﬂ’]iﬁuﬂ’l%’]iﬂlﬂd@ﬂﬂﬂEJLﬂ’]%a'TEJdB%@T’JU



a7l 1 nIneuauaslunIame mMaeiydule dnTvea wazdszAniawnisdasasgn

nasiihdedaiuuinlaazaeusiiadie g

%E]EJLﬂﬂga muﬁﬂvl@mmau [ARBR ﬂ’liLa‘]_lI@l a3 n1sday LONRITE19DY
N2 380
(%) (um 3w) | (%) (%)
Nitzschia laevis 22 Gordon, et al.
Amphora cf tenerrium 14 (2004)
H. discuss ROITHANFNN 7-13
hannai Amphora angusta 29 8.2 Kawamura, et al.
Nitzschia closterium 50.1 100 (1998)
Navicula ramosissina 211 16.5
Nitzschia laevis Gordon, et al.
H. discuss
Navicula lenzi 36 50 (2002)
hannai
Amphora luceae
149 - Searcy-Bernal,
H. fulgen
Nitzschia incerta 33.4 95 et al. (2001)
Navicula sp. 15.1 18.6 Kawamura, et al.
Nitzschia sp. 35.3 92.7 (1998)
Nitzschia ovalis 15.4 32.3
H. iris Cocconeis scutellum 92 Roberts, et al.
(2003)
Nitzschia cf 14
longissima
Daume, S.
H. laevigata
Navicula sp. 24 - 35 21-25 (2003)
Navicula sp. 1-6 Daume, S.
Cylindrotheca sp. (THe (2003)
H. rubra Lam)
Cocconeis sp. 7-13
Amphora sp. (ThaWsN) [ 15- 39 17 - 75
Martinez-Ponce
H. rufescens Nitzschia incerta 11-37 and Searcy-
Bernal, (1998)
Nitzschia sp. 90 Roberts and
H. virginea Nicholson,
(1997)
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1. mIaaRanidauaznsansiuniinlneznas
ad a A g a a & A | &
lapfruaaunmndansanianiziaed laszeannidulauuiniosuisoutseaniu 2
TuaanlduinidausnamoRuinninzasumauazmawzsssiianzluiesd jidns
& a & a v a a . &
WUULAULALIATIEE (batch culture) AlineaziBuada lUR

1. NIIAALINFIINLTS bADLHBNNLAU L AUUNURINUNNZLATITNTNG

Lﬁm‘fﬁw:mluu’%mmamﬁ%%ﬁﬂmmam’mammuazg{uﬁﬂﬂﬁ%m LNNZRTY W19TIINN
vL@az@laNﬁLauI@muﬁuﬁ’J 1dun Nitzschia sp. , Navicula sp. , Amphora sp., Cocconeis sp.,
W8z Diploneis sp. (g‘ﬂﬁl 2) lﬁﬂﬁaaﬁgammﬁuuuLauﬁﬂszﬂauﬁmLauﬁﬁﬁwmm 10 i 1Jla
wu"l,@amamqaé‘aﬂdn ﬁwmﬁﬂu,smL%‘vaiﬁu’%qﬂﬁﬁmwwu'&?mLﬂumﬁmﬁ'm (monoclonal
culture) SronafiansRadanasiauITianaaauialaaunay (Pasteur pipette isolation
technique) aaﬁmlum@%qu multi well plate nauaz 1 1 Ta8 a33DVad Hoshow WA
Rosowski (1973) &sldamsidaifagas Guillard's F/2 (131971 2) Ssamstassasdosiaioy
Aanududsiuiuinulussumd sinsazBuamaedouenmsasluasei 3 9 nin
ﬁnm@mq:uLLaxmuLm:L%aﬁ"lﬁmmwwﬁ”'wﬁmLLwaaﬂ‘mauﬁ%ﬁ%’mma:’l,umﬂ’gmvﬁ (13714
7l 4) uszroaFunamadvlavaslaezasy Adadenlinmeluszazmdszanm 7 89 10 Suaz
é’ammﬁu%’t{wmaLﬁmﬁusl,um@mmgmmaﬁ Forzdasiunarstuiuindulaesasusian
@Taami'é'ﬂﬂ%amﬂiéfﬂé’aﬁ;ammﬁ vnﬂﬁmsﬂmﬁau%zﬁaaﬁﬂﬂﬁﬂﬁﬁqﬂﬁfﬁaU%%ﬂgwﬁaﬁ

ﬂ@ﬂ%ﬁ'ﬂﬁﬁ]E]’]ﬁ’]‘i'é/uﬂ%ﬂﬁ@LLUﬂL‘ﬁﬂﬁsﬁ’]‘é‘ﬂﬂ{i



Eﬂﬁ 2 wuhinlaazaauilsluns@nm Amphora costata (n), Navicula sp. (V) Was

Nitzschia closterium ()



AN 2 msm‘%mlmimﬁmﬂuggmmmﬂﬁmLLwaaﬁ@muﬁ?j Guillard’s F/2

. _ . USanauiilgea
o GRRIIEN SIEF U TS A PR ST v ~
BRI PINSER 1 /AT
Na,NO; 75 N3N / 899 1 UaReaT
NaH,PO, 5 N33 / 89T 0.5 NafaaY
Na,SiO;.9H,0 30 NN / 89T 0.5 NaRaAT
Trace Metals :
a. primary trace metal stocks
- CuS0,.5H,0 0.98 N1 / 100 NaRRGT
- ZnS0,.7H,0 2.2 N34 / 100 UaRANT
- CoCl,.6H,0 1.0 N3N / 100 UaAANT
- MnCl,.4H,0 1.8 N34 / 100 UaAANT
- NaMoO,.2H,0 0.63 N1 / 100 NaAGT 1 UaRENT
b. working trace metal stock
- Na,EDTA 4.36 N3W
- FeCl,.6H,0 3.15 NJY
- primary trace metal Waatn9as 1 Ua8aaT
* R AUFIMHANNIRUALTN BTN
Twinaw 153103 1 33
. _ . USanmuiilgea
o BRRIIEN YImnsLaseN v -
BRI PN 1 AT
Vitamins
a. primary stocks
-Vitamin B12 100 Ua8NIN / 100 UaRANS
-Biotin 10 §a8NTY / 100 UARNAT
b. working stock
-Biotin 10.0 48R8AT biotin primary stock | 0.5 UaARAT
-Vitamin B12 1.0 4888AT B12 primary
-Thiamine HCI stock

200 FRANTY
* REANYFINHANNIRUALDN

Munwluinnan USunas 1 3as
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A = & A a & a v PPN
AN 3 msmmummsmm%ammmLmuiﬁuuwuwalu%aaﬂgumnﬁs

tladanlmasan YAz YA

ANMVLANHINZLA 28 — 30 &InIUNR

Guillard’s F/2 §1%3U270% N8040 0.5 Uaz 1 89T
§AT0NT 3 L . R

§9I0AUUAIEINTLLIAUAIVUIG 5 FAT
mmi’g”u Guillard’s F/2 Lau‘g”u 7.5 — 15 N34 ¢ia A9
FEUUNTBIUINLS "Lé?ﬂsaaﬁﬁgl,ﬁanmmm@ 1 luavon

_ PIAULNFAVUIA 0.5 WAL 1 ’AT

IptUalopFaleli¥ts . -

PIAUAIVUIA 5 AT

? A v ' d‘ly v ada a 6

» ¥ PN ae MNNIR WD a3 TELA8T LaT
AN INLTD

PIALTIVWIA 5 FATIEMIGNLAoALRINTONLEVIAU S TD

A A9 o g A a & a o A en
a9N 4 ansiltinziiesleazasuifuleuniuialudasd fuang

oA Ina 0N YAz YA
gaunDiiviad 25 — 28 adANTALTHR
ANMNULTNLRI 2,500-3,000 an<s

e N[lo! mlumﬂﬁum
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2. mawziasslaazaauniaulauuwnuioNani1zluwesd JUan1suuLLALLASIA T

L@82 (batch culture)

2.1 mafvinmiadelaszaenfidulavuiuialuiesd ficns

ﬁn”l,@amauﬁﬁaamimnquu VWA B98N0 A8 IHVIALR I WA Ao WD
PUIA 150 UAREAT ﬁ'ﬁ@]mﬂmmﬁam}ﬂéﬁ FoAu I Iui g nsumMstnIR U RAE
(mass culture) lesa 1y I@ﬂiuifu@awﬁfmmngmL%agm Guillard’s F/2 fiknunsainidade
%ﬁaﬁammﬁuga @3s# 3) nniwdalaezaauidulaawduiinanadudwlusalviang
yenoaslusialaesuwe 500 Sadaas wazlunauzidssazdasivenmeiiarinlimaduosla
amamaaﬂag’lumaﬁwLLa:"L@?%‘uu,aaa:mﬁ"aﬁamﬂ%v‘mgmLLWmﬁmauﬁ%ﬁ%‘mmaﬂumﬂgma
¥ (@597 4)

2.2 MIwzR g AN YT B a1 T T o g T UnITINE L s uU DRI a e
RasUfuanns

ﬁn"l@azmuﬁl,??magjlumm‘fwmﬁamm@ 500 waz 1000 HaRAATHILWAIADILAL
PSualuviaumwe 5 8as wi’au’lﬁmmﬂlum%uuﬁymLﬁalﬁwmﬁaaﬂagiumaﬁmaz
\¢Suussageiai %aiuﬂy’umauf:aﬂ%mmﬂﬁymgmé'@LLﬂaamn Guillard's F/2 (13197 5)
wazrumsse lasmsdulidaaudansanamsdsslavauilumeidsiouuazasiols
IWiBudowhanldasnoies 24 Talus waseniwdesanafinduasermsassluwieis
ﬁ']@nmiuiﬁmmsjmslﬁaﬂwumLLfT’a“?'iﬁmmmgmL%@i%ﬂussﬁ;agLﬁalﬂfLﬂuﬁaL%a@%ﬁuﬁm%'u

& . .
NILWIELR UGI%UGQGQT]%E]EIQGLH’]Z@BVL‘]J

ANen 5 gmmmiﬁmmm Guillard’s F/2 fltiwiziasslaazaaundulaunnmii

Tudasdfuidns
GREITY USurmaarinan 1 aas USnoi 1z
NaNO, 80 NJW
NaH,PO, 10Ny
Na,SiO, 50 N e
1 UaAAGT ¢ia
5 8RR S e a
FeCl, o #nziansad 1 803
(RMNFETAZANLDNA)
Na,EDTA 10 N3y
Vitamin B1 0.25

a a a = < & o . a oA o
LN@L@]?UNVL@] i vl:ﬁluﬂiu’]quﬂw Nz U WA UNITUN LLNuwa’la@ﬂadﬁng 81%
VL@E]:@]@N LﬂﬁaULLQZLa‘UI@] Lflul,l,ﬁiuﬂ§N§ﬁ1@1auuLLNuWﬂﬁaaﬂﬁ1%§u1°ﬁ’Lﬂuaﬁﬁﬁim a\‘igﬂ‘ﬂaﬂ
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lwih (DO) fldnagszning 5.9 - 7.2 Uadn¥u / fas (FUady = 6.5 + 0.3 DaAnsN / AAT) uaw
ﬂ'%mm‘ﬁmmmi ﬁﬁmaﬂmﬁﬂaglwﬁw 0.001 — 0.028 ug - N/L (ﬂ'wm'&‘ﬂ = 0.015 + 0.01 ug
- NiL) dianalulasnaglugag 0.01 - 0.077 g - at NIL (L@@ = 0.027 + 0.021 ug - at N/L)
UTsalwasnaglutig 0.021 - 0.064 pg - at NIL (f1@ds = 0.038 + 0.013 ug - at NIL)
ﬂ‘%mmﬂamﬂmagluma 0.003 — 0.016 g - at P/L (mmﬁig = 0.006 + 0.004 ug - at P/L) waz
@1 Alkalinity agﬁﬂwﬁ'go 118.0 — 131.0 mgCaCOg/L (ﬂ"]mgﬂ = 126.9 = 4.1 mgCaCOy/L)
(@971 6)

Lﬁ'mﬂ%'slmﬁwmﬂ%mmmqmmﬂuu’amaaaﬁ'ummwgwuqmmwﬁwmawu*jw
ﬂ%mmm@;mmﬂuﬂamaaaﬁmaQiuszﬁuﬁmmzammzﬂaa@ﬁs (Safety  Level) @an1y
nziasananihde mqmmwﬁﬂuﬂamaaaﬂaﬁﬁmawmmimﬁauﬁm Nitzschia sp. Waz
vanasasidinanamisiadaudisiuuiinleezaenainsisumainlidanuuandrsium
AMULAY (Mann - Witney Test, P = 0.965) qm%ﬂmmiﬂ (Mann - Witney Test, P = 0.405) uax
Anaanflauazangin (DO)(t - test, P = 0.723) uaﬂmﬂf:ﬂ‘%mnm@;mmﬂm_iamaaal,l,@ia:ﬂa
LiflanuuanansiunssSinmuenludle @ - test, P = 0.683) lulasn (Mann - Witney Test, P
= 0.475) lw@an (t - test, P = 0.635) Waawa (Mann - Witney Test, P = 0.328) Lazdn
Alkalinity (t - test, P = 0.448)
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AN 6 @hqmmwﬁﬂml,mﬂ%ﬂuLﬁﬂmzmwﬁamaaaﬁﬁLwa‘nmmimﬁauﬁarJ Nitzschia

sp. LAz Lanaassniinanamsafaualsiuuinlaazaauansssuma

, da Uananasfidiwana1mns
. . , UaNasaINULWANeInIg . . -
ﬂ’ﬂﬁlﬂLL’]@ﬂﬂUl%Uﬂﬂ@ﬂad A o LﬂRE]U@’JULU%YIﬂVL@
LARUAIY Nitzschia sp. -
EADNINNDIINDNG
AMNLAN (ppt) 33.1+14 33.0+1.5
AN (DIFNLTRLDEE) 254 +1.7 256+ 1.9
fnmIazanpaandianluin (DO)
R 6.6+ 0.3 6.5+0.3
(NARNIN / §919)
wanluifie (ug - at N/L) 0.018 + 0.019 0.015 + 0.01
Tuwlasn (ug - at NIL) 0.022 + 0.019 0.027 + 0.021
Tuwian (ug - at NL) 0.041 £ 0.016 0.038 + 0.013
WamWe (ug — at PIL) 0.005 + 0.003 0.006 + 0.004
Alkalinity (mgCaCO,/L) 129.6 + 10.6 126.9 + 4.1

2. msmni‘mmwiuﬁaﬂ@aaaizmwﬂa‘mamﬁﬁLwaﬂmmsmﬁamﬁmuuﬁﬂ%

praaNTua Nitzschia sp. Amphora sp. Waz Navicula sp.

mnmsa@@nuqmmwﬁﬂuﬂamaaaﬁﬁmaﬂmmsm?zamﬁ”aﬂ Nitzschia sp. Jf1A 7%
Lﬁuagluﬁaa 26 — 34 ppt (@hm’é’iﬂ = 30.2 + 0.34 ppt) qm%gﬁmau{wagizmw 20.1 - 30.3
IANTALTU (@hm?:'ﬂ = 27.6 + 0.38 9ANLTALTYR) dnmsazansaandianlwin (DO) ﬁ@ha%i
AN 5.6 — 7.2 UaANIN / AT (ﬂ'ﬁmﬁﬂ = 6.6 + 0.004 Jadn3u / 897 ) UAZLFNNADINIWNT
feuwanluiioaglugag 0.001 - 0.086 g - at N/L (fLafs = 0.024 + 0.019 ug - at N/L)
Usmnlulainagluzgig 0.002 - 0.081 pg - at NiL (fL@dp = 0.025 + 0.018 ug - at N/L)
Usnaluasneglugis 0.015 - 0.118 pg - at N/L (fL@dy = 0.041 £ 0.026 g - at N/L)
aJ%mmWaaLWQag’Lwﬁaa < 0.001 — 0.011 pg - at P/L (cshm?is = 0.004 + 0.003 g - at P/L)
ez Alkalinity a%ﬂwﬁaa 70.0 — 220.0 mgCaCOg4/L (@hm?iﬂ =127.3 + 18.1 mgCaCOg/L)

mnms@m@nuqmmwﬁﬂuﬂamaaaﬁﬁmawmmimﬁauﬁaﬂ Amphora sp. JF1a 14
Lﬁuagiuﬁaa 26 — 35 ppt (@hmﬁlﬂ = 31.1 £ 3.0 ppt) qmﬁgﬁmadﬁwagi:mw 24.3 - 30.3
parnLIaLEER (Fady = 27.7 £ 1.3 aseniaaidu) wazUTumgens dueulaiived
1429 0.010 — 0.130 pg - at N/L (AL = 0.029 + 0.024 pg - at NiL) Vsnalulainag
U249 0.002 — 0.091 pg - at N/L (mm?iy = 0.031 £ 0.019 ug - at N/L) ﬂ%mm"l,wmmgui
w224 0.019 — 0.097 pg - at N/L (cshm?is = 0.042 £ 0.019 ug - at N/L) aanmwosinaag
U249 0.002 — 0.019 g - at P/L (mmﬁy 0.008 + 0.004 pg - at P/L) uazein Alkalinity 8¢
130.0 + 9.5 mgCaCO/L) (M71971 7)

142249 104.0 — 168.0 mgCaCO,/L (fiade
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mﬂmia@muqmmwﬁﬂuﬂamaaaﬁﬁmaﬂmmsmﬁauﬁw Navicula sp. Jf1a4
Lﬁmagﬂumd 26 — 35 ppt (mmﬁ'ﬂ = 31.1 + 3.1 ppt) Qmwgﬁmaaﬁﬁagizmw 225-355
DI TaLEOR (Fady = 27.5 £ 1.6 aseiaaiTu) wazUTmmgens eueulaiived
14719 0.009 — 0.073 ug - at N/L (f1Lafe = 0.022 + 0.016 pg - at N/L) Vsnnmlulaineg
14719 0.006 — 0.067 g - at N/L (fi@fs = 0.029 + 0.019 ug - at N/L) Usnnluaineg
w229 0.019 — 0.131 pg - at N/L (@hm‘ém = 0.045 + 0.027 ug - at N/L) Waanmwamnaas
14529 0.001 — 0.027 ug - at P/L (ﬂ'm,a'&"ﬂ = 0.007 £ 0.006 pg - at P/L) uazf1 Alkalinity g

Tuz24 88.0 — 158.0 mgCaCO,/L (fiade = 125.3 + 15.4 mgCaCO,/L) (13197 7)

ﬂ%mmm@;mmﬂuu’a‘nmaawaaLuw?mvl,@amauﬁy'ammﬁ@ﬁ?uﬁmagﬂmzé’uﬁ
Unanniy (Safety Level) damaiwziassnagiige uanmnffﬂ%mmmqmmﬂuﬁamaaaLL@i
szt lifanuuandsiunsSunmuenludlo (Kuskal — Wallis test, P = 0.514) luladn
(Kruskal — Wallis test, P = 0.120) Tuwiasn (Kruskal — Wallis test, P = 0.418) uaza1 Alkalinity
(Kruskal — Wallis test, P = 0.318) w@wuindanuuansdlusunanesine (Kruskal — Wallis
test, P < 0.001)

P ' s =t a ' ' Aa A o . 3
AN 7 ﬂﬂﬂmﬂ’]‘wu’mumﬂiﬂuL‘Y]EJ‘U?:WJ’NUEWI@&ENVI&ILwa“nm%ﬁmaaueﬂi‘lF_I Nitzschia

sp. Amphora sp. Wz Navicula sp.

Uananasfisiwan Uananasfidiwan | danasasndinan

avwaseululanaaad 2IM1ILARO LAY 21M1ILARO LAY 21RO LAY
Nitzschia sp. Amphora sp. Navicula sp.

AMALEY (ppt) 30.2 + 0.34 311+ 3.0 311+ 3.1
gonpdl (asenianifon) 27.6 + 0.38 27.7+13 275+ 16
A1nTazattaandianlu
. L 6.6 + 0.004 ; -
1 (DO) (WaANIN / §917)
wanlaily (ug - at N/L) 0.024  0.019 0.029 + 0.024 0.022 £ 0.016
Tuwlasn (ug - at NIL) 0.025 + 0.018 0.031 + 0.019 0.029 + 0.019
i (ug - at N/L) 0.041 + 0.026 0.042 + 0.019 0.045 + 0.027
Wase (ug — at PIL) 0.004 + 0.003 0.008 + 0.004 0.007 + 0.006
Alkalinity (mgCaCOj4/L) 127.3 + 18.1 130.0 £ 9.5 1253 + 15.4

ﬁ'ﬂﬁqmmwﬁﬂ LLazﬂ%mmm@;mmﬂuu’aﬂ@aadvlajﬁmmLmﬂ@haﬁ'umnﬁfnmﬁ]

= & A I3 J . A oAy e a
Wasuranszuusinnltlwnnasasdussuusiuuunariu seihdldaduiinzsianuian

WARILALINY HONINRARDANITNARDI ILEARTLANARDI WY NITIRINAAaEa 24 T2 Lu9vin

o & ' P v A Ao
FL%m‘lmma:uaﬂaumwmqmmwm
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4 -

e maUAunulasuaduninlnazAaNUBINANINIT

=2 g; tﬂg' o £ a a v 1 . . .

MIAnsIATIRTINTIINasesmsiuwinlaeznay 3 wfia (@A Nitzschia closterium,

Navicula sp. W8z Amphora costata wananisdlanasssnuiuuiinlaszaenlaannsaali
A d Vo, L . "

RUMTANTITNTNG TI1EHINMINARIAILALGBUTUINAN 2549 AUTILFaUNYAINEK 2550
wistdumInaassnsududisiuuiinlaszaan Nitzschia  1%3% 2 @39 NINARBILTUAE
wiuiin'laazaey Navicula 1 939 ISUAKNNIINARBIAIY Amphora $113% 2 @39 Uaziuwinle

2NN [FANTITUTIADN 1 AT AIANI1IN 8

@13190 8 MINARBINIRBLERAI N TAMLLAzMTLAUlaa aa@nmmﬂﬁ%auumuﬁﬂ%

2zAANTUAGN 9
f1au wudinlaozaeuasdu F9MTiNaass
1 wifinleezaensssuoa TUAY 2549 — NUAWUT 2550
2 Nitzschia longissima ﬁqm B — NN 2550
3 Amphora costata RINAN — WOAINBW 2550
4 Navicula sp. NWYNBT — NOATNILH 2550

ﬁ]'mmsﬁﬂmmil,ﬂﬁﬂuLLﬂadaaﬁﬂszﬂaumﬁmaaLuwﬁﬂvl,@az@auuumiumandaiﬁgn

NOBRILNNZIWIA 10 x 10 LTUANAT LBl HAN 3 Hegtandin 8 %é‘amnlﬁgﬂmsgﬂms
. s . A A & a A

srazinen (Veliger) adinz  wuiniimadasuudadesddsznausiievasiuuinlaazaauus
wemwananwinlaezaeuiliiusfialsudun uazilafansannaddsuudasuuinle
AZABNLBUAULNAN I UTIIANE19 9 wuImTidasuudaiunuivasuninlaszaanunurngs

A d' ] s a gﬁ v [} =<
QmaamemJaﬂuu,ﬂadLL@m@mﬂu"Lﬂmmumaa"l,@a:@mum@u WRZTIIIAN A TAN BN
5auﬁaﬂaﬁu%uﬁLLuuLma§maamu*ﬁnvl,@amauuuusiua’ag}m%aﬂﬁﬁmmLmn@mﬁ'umm‘mmm
2 ILHBAD UL BaNAABILALIZELIANNNARBIBNAY I@]UWUVL@amaummsmaﬂmaguumm
LN aﬂvl,é’fm'm%mﬂﬁa 26 8na laun Achnanthes, Amphora, Asterionella, Bacillaria,
Bellerochea, Campylodiscus, Cocconeis, Cyclotella, Cylindrotheca, Diploneis, Diatoma,
Entomoneis, Licmophora, Lyrella, Navicula, Nitzschia, Melosira, Odontella, Paralia,
Pleurosigma/Gyrosigma,  Pseudonitzschia, =~ Rhizosolenia, Surirella, Thalassionema,
Thalassiosira W8 Triceratium uananlaazaauudigsnyloonluuuafiielddn 1 ana e

i L o P & LA A AN o v a

Oscillatoria §413719% 9 TAINNIENWNLRI 82N Bign1saduun e (unknown green algae) an

& X ' A a & A PN & o v A
1 808 muwmw"lmamauaqawmmmmuimmmu‘nLuuﬂﬂ"l,@amammuvl@@ Aa
Asterionella, Cocconeis , Bacillaria \.8s Pleurosigma/Gyrosigma I@Uﬁmw?mvlﬂamawaqa

. .o A A o £ AV va A A

Asterionella &z Cocconeis Lﬂuaqa‘nmmmwammummmuﬂ@@ﬂq@ Ja9a9unfe lnazaay

§na Cylindrotheca, Bacillaria W8z e quLL‘.LIﬂﬁL%EJaqa Oscillatoria
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AN 9 FR wmmﬁﬂﬁL?mimummmwawﬁn%%’u’lﬁgﬂmmih%aammz

]
o

AT AN GPSY, e ana
Cyanophyta Cyanophyceae Oscillatoria Oscillatoriaceae Oscillartoria
Plantktolyngbya
Bacillariophyta Coscinodiscophyceae Thalassiosirales Thalassiosiraceae Thalassiosira
Melosirales Melosiraceae Melosira
Paraliales Paraliaceae Paralia
Coscinodiscales Coscinodiscaceae Actinoptycus
Triceratiales Tricerataceae Odontella
Triceratium
Biddulphiales Thalassiosiraceae Cyclotella
Biddulphia
Fragilariophyceae Licmophorales Licmophoraceae Licmophora
Fragilariales Fragiriaceae Diatoma
Bacillariophyceae Lyrellales Lyrellaceae Lyrella
Achnanthales Achnanthaceae Achnanthes
Cocconeidaceae Cocconeis
Naviculales Diploneidaceae Diploneis
Naviculaceae Navicula
Pleurosigma/
Pleurosigmataceae Gyrosigma
Thalassiophysales Catenulaceae Amphora
Thalassionemathales Thalassionamataceae Thalassionema
Bacillariales Bacillariophyceae Nitzschia
Bacillaria
Nitzschiaceae Cylindrotheca
Surirellales Surirellaceae Campyrodiscus
Pennales Fragilariaceae Asterionella
Entomoneidaceae Entomoneis
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(@)

gﬂﬁ 19 WHAN AT ABNNWULWLENEAN

(n-v) Amphora costata

(¥) Campyrodiscus sp.

() Amphora robusta

(3-%) Cocconeis sp.

(@)
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@)

)

3U7 20 wufinlaazaaufinuuuuiuinan (da)

(7-0) Navicula sp. (®) Campyrodiscus sp. (20) Entomoneis sp.

(9)) Asterionella sp.

(f)) Pleurosigma/Gyrosigma sp.
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3U7 21 wufinlaazaaufinuuuuisinan (da)

() Bacillaria sp. (n) Diatoma sp.

(5) Achananthes sp. (%) Paralia sp.
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maasuudasesdisznevrfievesuniinlaezaeniild Nitzschia closterium 1Jula
02AONTHAZUABLBLHWNANIWIA 10 x 10 LIHHNAT WioAaduAuA 200 a1519LTuHiNAT
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Surirella, Thalassionema, Thalassiosira W8 Triceratium waloenluwuanisy 1 aqaﬁa Oscillatoria
LL@iadﬁﬂi:naulumuww:mmwadgﬂ%amﬂﬂ?gamq 3 §lansk 69 8 §Uans Usznaudisiuuiinla
azqaaunas lme luwuaNSoLNed 11 8| Ao Amphora, Bacillaria, Campyrodiscus, Cocconeis,
Diploneis, Navicula, Nitzschia, Licmophora, Odontella, Pleurosigma/Gyrosigma W< Oscillartoria la
azaNanNa Navicula, Nitzschia W8z Amphora ﬁLfluﬂa;meiuumwiummiﬁ?mﬂuaqa‘ﬁlwuluﬂinww:
61%13maq§ﬂMaULﬂ1§aﬂaﬂﬁq@ lummzﬁ Asterionella W8 Cocconeis G‘fidl,ﬂw,uuﬁﬂvl@amaumju
L@iuummummwﬁmﬁmﬁ'mwiwuium:wazmmsaﬂ'ﬁaﬂ"l,éﬁﬁmuwﬁ’mnml,mﬁ?u aitlaazaoud
urasiag 1w Navicula, Nitzschia W8z Amphora ffugﬂﬂgﬂﬁmﬁwgjﬂiaamﬂmaaﬁﬂmEJVL@TﬁLLa:Qn

dogladaninleazaauniiiulalafindvwialwn) 15w Asterionella, Cocconeis uaz Bacillaria
ddndny: anwenilde, Haliotis asinina, iwufinlaszaay, ssdisznaulunszsimizems

Abstract: Succession of benthic diatoms; one of the principal food source for donkey’s ear abalone
Haliotis asinina postlarvae; and stomach content analysis of the 3- to 8-week old abalone larvae were
conducted. A total of 26 genera of diatoms and one Cyanobacteria genus were recorded: Achnanthes,
Amphora, Asterionella, Bacillaria, Bellerochea, Campylodiscus, Cocconeis, Cyclotella, Cylindrotheca,
Diploneis, Diatoma, Entomoneis, Licmophora, Lyrella, Navicula, Nitzschia, Melosira, Odontella,
Paralia, Pleurosigma/Gyrosigma, Pseudonitzschia, Rhizosolenia, Surirella, Thalassionema,
Thalassiosira, Triceratium and Oscillatoria. Only 11 genera were found in the abalone stomach
namely Amphora, Bacillaria, Campyrodiscus, Cocconeis, Diploneis, Navicula, Nitzschia, Licmophora,
Odontella, Pleurosigma/Gyrosigma and Oscillartoria. Three benthic diatoms, Navicula, Nitzschia and
Amphora the dominant species on plates were frequently found in the stomach contents of abalone
postlarvae. The result was reversed in case of two other abundant genera; Asterionella and Cocconeis;
which could hardly found in the stomach content of the larvae. The preference of diatom genera may be
size-dependent since the single cell diatoms Navicula, Nitzschia and Amphora are much smaller than
the colony of Asterionella, Cocconeis and Bacillaria.

KeyWords: Donkey's ear abalone postlarvae, Haliotis asinina, benthic diatoms, stomach content
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