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The attachment, metamorphosis and growth response of larval abalone
Haliotis diversicolor supertextato a benthic diatom Cocconeis placentula
var. euglyptaand mixed diatomswereinvestigated inthe laboratory. Larval
attachment and metamorphosis were significantly higher on well-grown
diatom species C. placentula var. euglypta than on mixed diatoms and the
blank control. Better growth of newly attached abalone larvae was also
observed on the C. placentula var. euglypta during the early rearing days.
All theresultsindicated that larval attachment in response to diatom films
depended either on diatom species, or thediatom cell density, or the age of
diatom film, or the physiological condition of diatom. High larval attach-
ment on the diatom filmsyielded high larval metamorphosis, survival and
shell length. The early growth of abalone larvae also depended on the
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diatomfilms. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Abaoneisan economically important kind of gas-
tropodsin many countries?. Chinaisoneof theearliest
countriesthat utilize the abalone. The culture of aba-
lone hasmade great advancesin China. Presently, the
annual output of commercial aba one has surmounted
2000 tong?.

Diatomsareimportant natural resourcesfor aba-
lonefarm, especially in seed production. Benthic dia-
tomsarecommonly used as settlement cuesand princi-
pal foodfor larval abalone®4. Many researcheshave
been studying on the rel ationship between diatomsand

abalone larvage, so techniques for abal one seed pro-
duction aredevel oped continually. However, it hasa so
been shown that responsesto diatoms may be species-
specificl>%. As a temperate water species, H.
diversicolor supertexta was cultured popularly in
South China, including Taiwan. But mortditiesof larva
abal one during the nursery rearing often occurred in
these areas. Tofind out the reasons, more data about
the rel ationship between diatomsand thelarval aba-
lone H. diversicolor supertexta need to be studied.
In thisstudy, weinvestigated the effectiveness of
C. placentulavar. euglyptaand mixed distomsonlarva
settlement (attachment and metamorphosis) and early


mailto:sunljr@xmu.edu.cn

490

Attachment, metamorphosis and early growth of larval abalone Haliotis diversicolor supertexta

BTAIJ, 8(4) 2013

FULL PAPER o

growth of larval abaloneH. diversicolor supertexta.
We a so examined whether the physiological condition
and density of the diatom film have an effect on the
abaonelarvee.

MATERIALSAND METHODS

Abalonelarvae

Experimentswere conducted in Dongshan, Fujian
Province of Chinafrom September to October, 2003.
Larvae of H. diversicolor supertexta were obtained
fromaloca abdonefarm. Thetrochophorelarvaewere
trangported tothelaboratory in 1.5hand reared in 1um
filtered natural seawater (FSW) at 25°C. Competent
larvae were sel ected at night to be used in the experi-
mentsafter thelarval density was estimated®.

Diatoms

Cocconeis. placentula var. euglypta, cell length
20~48um and width 12~25um, was isolated from the
naturally growing diatomson plastic sheetsused inthe
aba one seed production. Mixed diatomswerecollected
from abal onefarmsin Dongshan, Fujian and Nan’ao,
Shenzhen respectively. Distomswereattached to glass
dlides (76.2mmx25.4mmx 1mm) and cultured in /2
medium™ at 25°Candwithal2hL: 12h D illuminance
cycle. Diatomsweretreated asTABLE 1 showed be-

forethey wereused inthe experiments.

H,0O, treatment was used to obtain different physi-
ological condition of Cocconeis placentula var.
euglypta in the experiments. SD2 and SD4 were
treated with H,0, (30ppm) for 48h and soaked for
threetimes (two hoursevery time) toremovetheH,O,
residua sfarthest before they were used in the experi-
ments. Physiological condition of distomswaseva u-
ated according to the color of chromatophore. After
H,O, treatment, the chromatophore of these diatoms
was reduced or even disappeared in color for the
strong oxidation of H,O,.

Initial diatom cell density and species composi-
tion on glass dlideswere measured immediately be-
foretheexperiments. Mixed distomsfrom Nan’ao are
composed mainly of Cocconels spp. (dominated by
C. placentula var. euglypta, 33.19+5.91%), Nav-
icula spp. (29.97+0.69%), Amphora spp. (19.70
+6.39%), Melosira moniliformis (7.64+1.30%),
Asteroplanus karianus (6.98+1.94%), Achnanthes
spp. (0.96+0.27%), Amphiprora alata (0.78
+0.28%), Nitzschia spp. (0.78+0.288%). Mixed dia-
toms from Dongshan are composed mainly of
Cocconeis spp. (including C. placentula var.
euglypta, 27.58+1.9%), Navicula spp. (57.25
+3.05%), Nitzschia spp. (12.74+2.51%), Amphora
spp. (2.43+1.10%).

TABLE 1: Diatomsused in settlement and growth experiments

Substratum®* Diatom _ D_zensity CultureTime H,0, Groyv_th
(attached on glass slides) (cell cm™, mean =+ se.) (days) treatment condition
Experiment 1
SD1 Cocconeis placentula var. euglypta (7.01+0.82) x10° 12 not treated  well
SD2 Cocconeis placentula var. euglypta (9.29 + 0.29) x10° 12 treated bad
MD1 Mixed diatoms from Nan’ao (1.22+0.12) x10° 5 not treated  young
MD2 Mixed diatoms from Nan’ao (5.56 + 1.48) x10° 29 not treated aged
Control / / / / /
Experiment 2
SD3 Cocconeis placentula var. euglypta (8.45 = 0.56) x10° 14 not treated  well
SD4 Cocconeis placentula var. euglypta (13.20 + 1.5) x10° 14 treated bad
MD3 Mixed diatoms from Nan’ao (4.63+1.13) x10* 14 not treated  well
MD4 Mixed diatoms from Nan’ao (9.78 £ 0.60) x10? 14 not treated  well
Control / / / / /

*8SD2 and SD4 were treated with H,O, (30ppm) for 48h before they were used in the experiments. The chromatophore of these
diatoms was reduced or even disappeared in color. SD1 and SD3 were untreated with H,O, and well in growth. For culturingin f/
2 medium for more than 4 weeks, the diatoms of M D2 wer e aging and parts were sloughing off. MD1 was cultured for only 5 days,
so the diatom film was very young and the cell density was low. Diatom density of MD3 was significantly higher than M D4
(p<0.05). The low cell density of M D4 was mainly due to the low cell density of algal inoculation.
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Settlement and growth experiments

Threeglasstanks (44cmx23cmx30cm) were pre-
pared asthreereplicatesfor theexperiments. Twofilmed
dides of each treatment and control swithout any dia-
toms(TABLE 1) were randomly placed on the bottom
of eachtank, containing 10L of FSW. Oneair stone of
eachtank andal12hL: 12h D illuminance cyclewere
provided. Temperatureand salinity were25+1°C and
31gL * respectively. Approximately 36h after fertiliza-
tion, thelarvaewere added to each tank at 30 individu-
asper literinexperiment 1 and 400individua sper liter
inexperiment 2. Thedensity of abalonelarvaewases-
timated by counting thelarvaeinten 10-ml subsamples
drawn from thewhol e population®.

Herewe considered the day when the eggswere
fertilized asthefirst day of the experiments and ac-
cordingly, thelarvaewere oneday old. The number of
atached, metamorphosed and dead larvae was counted
under optical microscope when thelarvaewere4, 8
and 5, 9 daysoldineach experiment. At thesametime,
the microscope with an ocular graticule was used to
measuretheshd | length (SL) of individudswhichwere
selected on random®®!. Attached larvae were consid-
ered asthose which displayed firm attachment of their
foot to the substratum. Post-larvae (metamorphosed
larvae) werethosewhichlost their ciliaand began for-
mation of thejuvenileshell’®. Dead |arvae werethose
which only had empty cuticle or were deteriorated in
theouter cuticdleandinactivity. Thedideswereremoved
from thetanks after they were checked.

Data analysis

T-test wasused to determinesignificant differences
of thediatom density. Thetreatmentswere not inde-
pendent becausetheattractiveness of substrate changes
as soon as there were attached conspecific larvae

present. Consequently, datafromthelarva ‘choice’ ex-
perimentswere anal ysed using paired t-tests®. Corre-
lation analysiswas used to determinethe correlation
between thelarva attachment, metamorphosisand sur-
vivd and growth.

RESULTS

Significantly higher number of larvae attached on
untreated C. placentulavar. euglypta (SD1 or SD3)
than ontreated conspecific diatom (SD2 or SD4) and
other substrata(for each, p<0.05, TABLE 2) ineach
experiment. Inexperiment 1, no significant differences
were observed among the young mixed diatomsfrom
Nan’ao (MD1), the aged mixed diatoms from Nan’ao
(MD2) and theblank control (for each, p>0.05, TABLE
2) onDay 4, but morelarvaeattached onMD1thanon
MD2 and the contral. In experiment 2, the number of
attached larvaewassignificantly higher on high-density
mixed diatomsfrom Dongshan (M D3) compared with
low-density mixed diatomsfrom Dongshan (MD4) on
Day 5 (p<0.05, TABLE 2).

Similar to thelarvd attachment, both experiments
showed significantly higher number of larvae complete
metamorphosis on SD1 and SD3 compared respec-
tively with other diatom films and the blank control
(for each, p<0.05, TABLE 3). In experiment 1, no
larvae were observed to complete metamorphosison
MD2 and the control when larvae were 4 days old
(TABLE 3). Inexperiment 2, sgnificantly morelarvae
compl eted metamorphosis on MD3 compared with
SD4, MD4 and the control (for each, p<0.05, for
control, p<0.01; TABLE 3) when larvae were 5 days
old. All thesurviving larvae completed metamorpho-
sison Day 8inexperiment 1 and on Day 9in experi-
ment 2.

TABLE 2: Thenumber of attached larval abaloneH. diversicolor supertexta on each substrate*

Number of attached larvae

Experiment  Time (day) sD1 D2 MD1 MD2 Control

Exp. 1 8 28.76+ 7.57° 10.67 + 1.53° 4.67+2.082 333+1.05* 267+1.53°
SD3 SD4 MD3 MDA4 Control

Exp. 2 9 322.00+73.18° 36.67+10.60° 101.67+27.02° 37.67+8.62%* 4.00+2.65%

*SD1and SD3 were C. placentula var. euglypta untreated with H,0,. SD2 and SD4 were C. placentula var. euglypta treated by H,0.,.
MD1and M D2 weremixed diatomsfrom Nan’ao, and MD3 and MD4 were mixed diatoms from Dongshan. MD1 and MD4 were low

in cell density, and M D2 was aged diatoms.

Values in the same row sharing a common superscript letter are not significantly different (p>0.05).
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TABLE 3: Thenumber of metamor phosed larval abaloneH. diversicolor supertexta on each substrate*

Number of attached larvae

Experiment  Time (day)

SD1 SD2 MD1 MD2 Control
Exp. 1 8 19.33 + 4.04° 5.67 +2.520° 0.67 £ 0.582 0 0

SD3 SD4 MD3 M D4 Control
Exp. 2 9 280.00+ 69.78°  22.67+8.50*° 81.33+£29.57° 13.33+4.04%® 167+1.15

*SD1and SD3 were C. placentula var. euglypta untreated with H,0,. SD2 and SD4 were C. placentula var. euglypta treated by H,0O.,.
MD1and M D2 weremixed diatomsfrom Nan’ao, and MD3 and MD4 were mixed diatoms from Dongshan. MD1 and MD4 were low

in cell density, and M D2 was aged diatoms.

Values in the same row sharing a common superscript letter are not significantly different (p>0.05).

The number of surviving post-larvae wassignifi-
cantly higher on SD1 and SD3 compared respectively
with other substratain thetwo experiments (for each,
p<0.05, TABLEA4). Inexperiment 1, Significantly higher
number of surviving post-larvaeon SD2 and MD1 was
observed than on MD2 on Day 8 (for each, p>0.05,
TABLE 4). Inexperiment 2, significantly more post-
larvae survived on MD3 than on SD4 (p<0.05, TABLE
4) both on Day 5 and 9. It was also noticed that the
number of surviving larvae on each diatom film de-
creased Sgnificantly dueto post-larvaemortaity on Day
9(TABLE4).

Inexperiment 1, therewassignificant differencein
mean shell length (SL) of 8-day-old post-larvaeon SD1
and SD2 (p<0.05, TABLE 5). The mean SL of the

post-larvae on SD1 was also significantly higher than
on MD1, MD2 and the control on Day 8 (for each,
p<0.05, TABLE5). Inexperiment 2, mean SL of the
podt-larvaeon SD3wass gnificantly higher than on SD4,
and MD3 was higher than MD4 on Day 9 (for each,
p<0.05, TABLE5). TABLE 6 showed the higher lar-
va growthrateon SD1, SD3 and M D3 compared re-
spectively with other substratain thetwo experiments
(for each, p<0.05, TABLE6).

It showed that there was positive correlation be-
tween the numbers of attached |arvae with metamor-
phosed or survival post-larvae, according tothecorre-
lationandyss(TABLE 7). Thecorrdationanayssaso
showed the positive correlation between the growth of
larvae and the metamorphosis of larvaeand the surviva

TABLE 4: Thenumber of surviving post-larval abaloneH. diversicolor supertexta on each substrate*

Number of attached larvae

Experiment Time (day)
SD1 SD2 MD1 MD2 Control
Exp. 1 8 23.67+9.07° 7.00 + 4.00° 4.00+ 1.00° 1.67+1.15% 1.00%
SD3 SD4 MD3 M D4 Control
Exp. 2 9 87.67+23.03°  500+2.65° 1833+6.03®  400+1.73° 233+1.15°

*SD1and SD3 were C. placentula var. euglypta untreated with H,0,. SD2 and SD4 were C. placentula var. euglypta treated by H,0.,,.
M D21 and M D2 weremixed diatomsfrom Nan’ae, and MD3 and MD4 were mixed diatoms from Dongshan. MD1 and MD4 were low
in cell density, and M D2 was aged diatoms.

Values in the same row sharing a common superscript letter are not significantly different (p>0.05).

TABLE5: Theshél length* of post-larval abaloneH. diversicolor supertexta on each substrate

Shell length (um, mean =+ s.e.)

Experiment Time (day)
SD1 SD2 MD1 MD2 Control
Exp. 1 8 410.83+48.31° 364.17+32.46° 346.25+19.59° 35357+24.70° 314.38+ 64.04°
SD3 SD4 MD3 MD4 Control
Exp. 2 9 439.17+36.74° 375.00+44.77° 423.33+41.87% 363.64+39.71° 347.17+38.212

*The shell length was measured as the most crow-fly distance between the rear and front of the larva under optical microscope
with an ocular graticule.

*SD1 and SD3 were C. placentula var. euglypta untreated with H202. SD2 and SD4 were C. placentula var. euglypta treated by
H202. MD1 and M D2 were mixed diatoms from Nan’ae, and MD3 and MD4 were mixed diatoms from Dongshan. MD1 and MD4
were low in cell density, and M D2 was aged diatoms.

Values in the same row sharing a common superscript letter are not significantly different (p>0.05).
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TABLE 6: Thegrowthrateof larvaeabaloneH. diversicolor supertextaon each substrate*

Growth rate (um/d, mean =+ s.e.)

Experiment  Timeinterval (day)

sD1 SD2 MD1 MD2 Control

Exp. 1 4-8 (5 days) 26.79+596° 1950+4.52° 2159+ 1.13° 21.89+1.66° 14.72+9.38"
SD3 SD4 MD3 M D4 Control

Exp. 2 5-9 (5 days) 23.74+0.87° 17.83+4.66° 2510+0.70° 17.70+4.74°> 17.01+3.54°

*SD1and SD3 were C. placentula var. euglypta untreated with H,0,. SD2 and SD4 were C. placentula var. euglypta treated by H,0O.,.
MD1and M D2 weremixed diatomsfrom Nan’ao, and MD3 and MD4 were mixed diatoms from Dongshan. MD1 and MD4 were low

in cell density, and M D2 was aged diatoms.

Values in the same row sharing a common superscript letter are not significantly different (p>0.05).

TABLE 7: Correlation analysison thenumber of attached,
metamor phosed and survival larvaein experiment 1and 2

TABLE 8: Percentageof attached and metamor phosed larvae
on each block of treatmentsof all larvae*

. Correlation . Time % of attached larvae on each
E t -
XPEMeNt  coefficient Experiment (day) block of treatments (mean =+ se)
The number of attached larvae Exp. 1 0.999 Exp. 1 4 16.67 +2.19
and metamorphosed larvae Exp. 2 0.998 8 21.67+4.58
The number of attached larvae Exp. 1 0.997 Exp. 1 5 1255+ 1.97
and survival post-larvae Exp. 2 0.993 9 8.90+1.26
The number of metamorphosed larvae Exp. 1 0.909 % of metamor phosed larvae on each
block of treatments (mean = se)
and shell length of post-larvae Exp. 2 0.862 Exp. 1 4 855+ 077
The number of metamorphosed larvae  Exp. 1 0.735 ) 12.44 + 3.42
and growth rate of larvae Exp. 2 0.713 Exp. 1 5 098+ 1.77
The number of survival larvae Exp. 1 0.918 9 2.93+0.46
and shell length of post-larvae Exp. 2 0.810 *% of attached or metamor phosed larvae on each block of treat-
i ments = total number of attached or metamorphosed larvae on
The number of survival larvae Exp. 1 0.783 each block of treatments/total number of larvae in the whole
and growth rate of larvae Exp. 2 0.649 glass tank.

of post-larvae (TABLE 7). The percentage of attached
and metamorphosed larvae on each block of treatments
inexperiment 1bothincreased on Day 8, whilethey de-
creased inexperiment 2on Day 9 (TABLE 8).

DISCUSSION

Thedggnificant higher larva atachment onuntrested
C. placentula var. euglypta than mixed diatoms shows
that itisone of suitable speciesasattachment substra-
tum for H. diversicolor supertexta may because of
their uniform cellsand prostratetype of cell growth(*9,
In addition, the presence of uneven diatom speciesin
mixed diatoms such as Melosira moniliformis,
Asterionella kariana, Achnanthes spp. and
Amphiprora alata may be an added factor that pre-
vented successful attachment of larvae. Lower larval
attachment on mixed diatom MD1, MD2 and MD4
may be dueto lower cell density of MD1 and M D4,

and thetoo old age of MD2. The oxygen level onthe
aged diatom films maybe unstable as other study
showed™, soit may influence the settlement and early
surviva of thelarvae. In experiment 2, the higher den-
sity of mixed diatom M D3 brought out significantly
higher larval attachment than MD4. Kawamuraand
Kikuchi (1992) a so reported that larvae of H. discus
hannai preferred to attach on filmswith high diatom
dengity. All theseindi cated theimportance of theamount
of diatom or the age of diatom filmfor larval attach-
ment. Furthermore, higher larval attachment on C.
placentula var. euglypta than on the same species
treated with H202 showed that larval attachment also
dependson the physiologica conditionsof diatoms.
Differences between shell lengths of the post-lar-
vae on each diatom film might be dueto the different
quantity and quality of extracdllular substances secreted
by diatoms. In our experiments, theextracel lular sub-
stances secreted by well-grown C. placentula var.
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euglypta appeared to be sufficient for thelarva meta-
morphosisand early growth because of its high cell
dengity and hedthy cdll condition, though Cocconeisis
considered poor in mucus secretion®. The low cell
density of mixed diatom MD1 and MD4 might have
small amount of extracellular substances, and conse-
quently resulted inrelatively low larva metamorphosis
and shell length. Low shell length on aged mixed dia-
tom MD2 may be dueto theinstability of the diatom
filmt® and the decreasing amount of extracellular sub-
stances excreted by diatoms as aresult of cell death
and/or bacteria utilization'*>3, Up tothe present, little
datahavebeen published about therole of extrace lular
substancesof diatomsin theearly development of aba-
lonelarvee. Theair sructureand functions, therefore, need
to beidentified further.

Resultsof correlation analysis(TABLE 7) showed
that higher larval attachment brought out higher larva
metamorphos's, surviva and shell length. Thismight be
explained by thelow abilitiesof aba onelarvaeto move
around and search for better films after attachment,
possible benefits of residual yolk and exogenous or-
ganic material, and theinability to digest diatom cell
contentsat very young age’***®., Thisfindingissimilar
to thestudy of Daumeet a. (1999a), who found that
high settlement occured on Sporolithon durum (red
alga) and Navicularamos ssima, and both settlement
substratayielded the highest growth ratesand surviva
of abalonelarvae H. laevigata.

In conclusion, diatom film together withits secre-
tionplaysacritical rolein early development of aba-
lone larvae, thus selecting appropriate substrata be-
comesimportant for abalonelarvae and may decide
thefuturefateof larvae. In practice, maintaining asuit-
ablediatomfilmiscritica inthesuccessof abaoneseed
production®. Inexperiment 2, wefound that the num-
ber of survivinglarvae decreased sgnificantly (p<0.05)
on Day 9. It was possibly becausetoo abalonelarvae
attached onthe substrata, and consequently there might
be short of oxygen and/or nutrition needed by larvag”.
So maintaining appropriate amount of larvaein culture
systemisa soimportant.

CONCLUSIONS

Our experimentshasshown that wel lI-grown diatom

BioTechnology —

species C. placentula var. euglypta can bring out higher
settlement and better early-growth of larva abaoneH.
diversicolor supertexta. Larva attachment in response
todiatom filmsdependson diatom species, thecdll den-
Sty or ageof distomfilmand the physiologicd condition
of diatom. Theextrace lular substancesareimportant as
well sincether productionrelatesto thecell density and
growth condition of diatomfilm. Highlarva attachment
can bright out high larval metamorphosis, surviva and
better early-growth of larval abalone H. diversicolor
supertexta. Theextracd lular substances seemed to play
animportantroleinlarval metamorphosisor early growth
of theaba one, which need further research.
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