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ABSTRACT
The attachment, metamorphosis and growth response of larval abalone
Haliotis diversicolor supertexta to a benthic diatom Cocconeis placentula
var. euglypta and mixed diatoms were investigated in the 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 the results indicated that larval attachment in response to diatom films
depended either on diatom species, or the diatom cell density, or the age of
diatom film, or the physiological condition of diatom. High larval attach-
ment on the diatom films yielded high larval metamorphosis, survival and
shell length. The early growth of abalone larvae also depended on the
diatom films.  2013 Trade Science Inc. - INDIA
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INTRODUCTION

Abalone is an economically important kind of gas-
tropods in many countries[1]. China is one of the earliest
countries that utilize the abalone. The culture of aba-
lone has made great advances in China. Presently, the
annual output of commercial abalone has surmounted
2000 tons[2].

Diatoms are important natural resources for aba-
lone farm, especially in seed production. Benthic dia-
toms are commonly used as settlement cues and princi-
pal food for larval abalone[3,4]. Many researches have
been studying on the relationship between diatoms and

abalone larvae, so techniques for abalone seed pro-
duction are developed continually. However, it has also
been shown that responses to diatoms may be species-
specific[5,6]. As a temperate water species, H.
diversicolor supertexta was cultured popularly in
South China, including Taiwan. But mortalities of larval
abalone during the nursery rearing often occurred in
these areas. To find out the reasons, more data about
the relationship between diatoms and the larval aba-
lone H. diversicolor supertexta need to be studied.

In this study, we investigated the effectiveness of
C. placentula var. euglypta and mixed diatoms on larval
settlement (attachment and metamorphosis) and early
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growth of larval abalone H. diversicolor supertexta.
We also examined whether the physiological condition
and density of the diatom film have an effect on the
abalone larvae.

MATERIALS AND METHODS

Abalone larvae

Experiments were conducted in Dongshan, Fujian
Province of China from September to October, 2003.
Larvae of H. diversicolor supertexta were obtained
from a local abalone farm. The trochophore larvae were
transported to the laboratory in 1.5h and reared in 1ìm

filtered natural seawater (FSW) at 25°C. Competent
larvae were selected at night to be used in the experi-
ments after the larval density was estimated[5].

Diatoms

Cocconeis. placentula var. euglypta, cell length
20~48µm and width 12~25µm, was isolated from the

naturally growing diatoms on plastic sheets used in the
abalone seed production. Mixed diatoms were collected
from abalone farms in Dongshan, Fujian and Nan�ao,

Shenzhen respectively. Diatoms were attached to glass
slides (76.2mm×25.4mm×1mm) and cultured in f/2

medium[7] at 25°C and with a 12h L: 12h D illuminance
cycle. Diatoms were treated as TABLE 1 showed be-

fore they were used in the experiments.
H

2
O

2
 treatment was used to obtain different physi-

ological condition of Cocconeis placentula var.
euglypta in the experiments. SD2 and SD4 were
treated with H

2
O

2
 (30ppm) for 48h and soaked for

three times (two hours every time) to remove the H
2
O

2

residuals farthest before they were used in the experi-
ments. Physiological condition of diatoms was evalu-
ated according to the color of chromatophore. After
H

2
O

2
 treatment, the chromatophore of these diatoms

was reduced or even disappeared in color for the
strong oxidation of H

2
O

2
.

Initial diatom cell density and species composi-
tion on glass slides were measured immediately be-
fore the experiments. Mixed diatoms from Nan�ao are

composed mainly of Cocconeis 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 : Diatoms used in settlement and growth experiments

Substratum* 
Diatom 

(attached on glass slides) 
Density 

(cell cm-2, mean ± se.) 
Culture Time 

(days) 
H2O2 

treatment 
Growth 

condition 
Experiment 1      

SD1 Cocconeis placentula var. euglypta (7.01 ± 0.82) ×10
5 12 not treated well 

SD2 Cocconeis placentula var. euglypta (9.29 ± 0.29) ×10
5 12 treated bad 

MD1 Mixed diatoms from Nan�ao (1.22 ± 0.12) ×10
3 5 not treated young 

MD2 Mixed diatoms from Nan�ao (5.56 ± 1.48) ×10
5 29 not treated aged 

Control      

Experiment 2      

SD3 Cocconeis placentula var. euglypta (8.45 ± 0.56) ×10
5 14 not treated well 

SD4 Cocconeis placentula var. euglypta (13.20 ± 1.5) ×10
5 14 treated bad 

MD3 Mixed diatoms from Nan�ao (4.63 ± 1.13) ×10
4 14 not treated well 

MD4 Mixed diatoms from Nan�ao (9.78 ± 0.60) ×10
2 14 not treated well 

Control      
*SD2 and SD4 were treated with H

2
O

2
 (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
2
O

2
 and well in growth. For culturing in f/

2 medium for more than 4 weeks, the diatoms of MD2 were 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 MD4
(p<0.05). The low cell density of MD4 was mainly due to the low cell density of algal inoculation.
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Settlement and growth experiments

Three glass tanks (44cm×23cm×30cm) were pre-

pared as three replicates for the experiments. Two filmed
slides of each treatment and controls without any dia-
toms (TABLE 1) were randomly placed on the bottom
of each tank, containing 10L of FSW. One air stone of
each tank and a 12h L: 12h D illuminance cycle were
provided. Temperature and salinity were 25±1°C and
31gL-1 respectively. Approximately 36h after fertiliza-
tion, the larvae were added to each tank at 30 individu-
als per liter in experiment 1 and 400 individuals per liter
in experiment 2. The density of abalone larvae was es-
timated by counting the larvae in ten 10-ml subsamples
drawn from the whole population[8].

Here we considered the day when the eggs were
fertilized as the first day of the experiments and ac-
cordingly, the larvae were one day old. The number of
attached, metamorphosed and dead larvae was counted
under optical microscope when the larvae were 4, 8
and 5, 9 days old in each experiment. At the same time,
the microscope with an ocular graticule was used to
measure the shell length (SL) of individuals which were
selected on random[5]. Attached larvae were consid-
ered as those which displayed firm attachment of their
foot to the substratum. Post-larvae (metamorphosed
larvae) were those which lost their cilia and began for-
mation of the juvenile shell[9]. Dead larvae were those
which only had empty cuticle or were deteriorated in
the outer cuticle and inactivity. The slides were removed
from the tanks after they were checked.

Data analysis

T-test was used to determine significant differences
of the diatom density. The treatments were not inde-
pendent because the attractiveness of substrate changes
as soon as there were attached conspecific larvae

present. Consequently, data from the larval �choice� ex-

periments were analysed using paired t-tests[8]. Corre-
lation analysis was used to determine the correlation
between the larval attachment, metamorphosis and sur-
vival and growth.

RESULTS

Significantly higher number of larvae attached on
untreated C. placentula var. euglypta (SD1 or SD3)
than on treated conspecific diatom (SD2 or SD4) and
other substrata (for each, p<0.05, TABLE 2) in each
experiment. In experiment 1, no significant differences
were observed among the young mixed diatoms from
Nan�ao (MD1), the aged mixed diatoms from Nan�ao

(MD2) and the blank control (for each, p>0.05, TABLE
2) on Day 4, but more larvae attached on MD1 than on
MD2 and the control. In experiment 2, the number of
attached larvae was significantly higher on high-density
mixed diatoms from Dongshan (MD3) compared with
low-density mixed diatoms from Dongshan (MD4) on
Day 5 (p<0.05, TABLE 2).

Similar to the larval 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 metamorphosis on
MD2 and the control when larvae were 4 days old
(TABLE 3). In experiment 2, significantly more larvae
completed 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 the surviving larvae completed metamorpho-
sis on Day 8 in experiment 1 and on Day 9 in experi-
ment 2.

TABLE 2 : The number of attached larval abalone H. diversicolor supertexta on each substrate*

*SD1 and SD3 were C. placentula var. euglypta untreated with H
2
O

2
. SD2 and SD4 were C. placentula var. euglypta treated by H

2
O

2
.

MD1 and MD2 were mixed diatoms from Nan�ao, and MD3 and MD4 were mixed diatoms from Dongshan. MD1 and MD4 were low

in cell density, and MD2 was aged diatoms.
Values in the same row sharing a common superscript letter are not significantly different (p>0.05).

Number of attached larvae 
Experiment Time (day) 

SD1 SD2 MD1 MD2 Control 

Exp. 1 8 28.76 ± 7.57
c 10.67 ± 1.53

b 4.67 ± 2.08
a 3.33 ± 1.05

a 2.67 ± 1.53
a 

  SD3 SD4 MD3 MD4 Control 

Exp. 2 9 322.00 ± 73.18
c 36.67 ± 10.60

ab 101.67 ± 27.02
b 37.67 ± 8.62

ab 4.00 ± 2.65
a 
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The number of surviving post-larvae was signifi-
cantly higher on SD1 and SD3 compared respectively
with other substrata in the two experiments (for each,
p<0.05, TABLE 4). In experiment 1, significantly higher
number of surviving post-larvae on SD2 and MD1 was
observed than on MD2 on Day 8 (for each, p>0.05,
TABLE 4). In experiment 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 significantly due to post-larvae mortality on Day
9 (TABLE 4).

In experiment 1, there was significant difference in
mean shell length (SL) of 8-day-old post-larvae on 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, TABLE 5). In experiment 2, mean SL of the
post-larvae on SD3 was significantly higher than on SD4,
and MD3 was higher than MD4 on Day 9 (for each,
p<0.05, TABLE 5). TABLE 6 showed the higher lar-
val growth rate on SD1, SD3 and MD3 compared re-
spectively with other substrata in the two experiments
(for each, p<0.05, TABLE 6).

It showed that there was positive correlation be-
tween the numbers of attached larvae with metamor-
phosed or survival post-larvae, according to the corre-
lation analysis (TABLE 7). The correlation analysis also
showed the positive correlation between the growth of
larvae and the metamorphosis of larvae and the survival

TABLE 3 : The number of metamorphosed larval abalone H. diversicolor supertexta on each substrate*

Number of attached larvae 
Experiment Time (day) 

SD1 SD2 MD1 MD2 Control 

Exp. 1 8 19.33 ± 4.04
c 5.67 ± 2.520

b 0.67 ± 0.58
a 0 0 

  SD3 SD4 MD3 MD4 Control 

Exp. 2 9 280.00 ± 69.78
c 22.67 ± 8.50

bc 81.33 ± 29.57
b 13.33 ± 4.04

ab 1.67 ± 1.15
a 

*SD1 and SD3 were C. placentula var. euglypta untreated with H
2
O

2
. SD2 and SD4 were C. placentula var. euglypta treated by H

2
O

2
.

MD1 and MD2 were mixed diatoms from Nan�ao, and MD3 and MD4 were mixed diatoms from Dongshan. MD1 and MD4 were low

in cell density, and MD2 was aged diatoms.
Values in the same row sharing a common superscript letter are not significantly different (p>0.05).

TABLE 4 : The number of surviving post-larval abalone H. diversicolor supertexta on each substrate*

Number of attached larvae 
Experiment Time (day) 

SD1 SD2 MD1 MD2 Control 

Exp. 1 8 23.67 ± 9.07
c 7.00 ± 4.00

b 4.00 ± 1.00
b 1.67 ± 1.15

a 1.00a 

  SD3 SD4 MD3 MD4 Control 

Exp. 2 9 87.67 ± 23.03
bc 5.00 ± 2.65

b 18.33 ± 6.03
ab 4.00 ± 1.73

b 2.33 ± 1.15
a 

*SD1 and SD3 were C. placentula var. euglypta untreated with H
2
O

2
. SD2 and SD4 were C. placentula var. euglypta treated by H

2
O

2
.

MD1 and MD2 were mixed diatoms from Nan�ao, and MD3 and MD4 were mixed diatoms from Dongshan. MD1 and MD4 were low

in cell density, and MD2 was aged diatoms.
Values in the same row sharing a common superscript letter are not significantly different (p>0.05).

TABLE 5 : The shell length* of post-larval abalone H. diversicolor supertexta on each substrate

Shell length (ìm, mean ± s.e.) 
Experiment Time (day) 

SD1 SD2 MD1 MD2 Control 

Exp. 1 8 410.83 ± 48.31
c 364.17 ± 32.46

b 346.25 ± 19.59
b 353.57 ± 24.70

b 314.38 ± 64.04
b 

  SD3 SD4 MD3 MD4 Control 

Exp. 2 9 439.17 ± 36.74
c 375.00 ± 44.77

b 423.33 ± 41.87
ab 363.64 ± 39.71

b 347.17 ± 38.21
a 

*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 H2O2. SD2 and SD4 were C. placentula var. euglypta treated by
H2O2. MD1 and MD2 were mixed diatoms from Nan�ao, and MD3 and MD4 were mixed diatoms from Dongshan. MD1 and MD4

were low in cell density, and MD2 was aged diatoms.
Values in the same row sharing a common superscript letter are not significantly different (p>0.05).
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of post-larvae (TABLE 7). The percentage of attached
and metamorphosed larvae on each block of treatments
in experiment 1both increased on Day 8, while they de-
creased in experiment 2 on Day 9 (TABLE 8).

DISCUSSION

The significant higher larval attachment on untreated
C. placentula var. euglypta than mixed diatoms shows
that it is one of suitable species as attachment substra-
tum for H. diversicolor supertexta may because of
their uniform cells and prostrate type of cell growth[10].
In addition, the presence of uneven diatom species in
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 due to lower cell density of MD1 and MD4,

TABLE 6 : The growth rate of larvae abalone H. diversicolor supertexta on each substrate*

Growth rate (ìm/d, mean ± s.e.) 
Experiment Time interval (day) 

SD1 SD2 MD1 MD2 Control 

Exp. 1 4-8 (5 days) 26.79 ± 5.96
c 19.50 ± 4.52

b 21.59 ± 1.13
b 21.89 ± 1.66

b 14.72 ± 9.38
b 

  SD3 SD4 MD3 MD4 Control 

Exp. 2 5-9 (5 days) 23.74 ± 0.87
c 17.83 ± 4.66

b 25.10 ± 0.70
c 17.70 ± 4.74

b 17.01 ± 3.54
b 

*SD1 and SD3 were C. placentula var. euglypta untreated with H
2
O

2
. SD2 and SD4 were C. placentula var. euglypta treated by H

2
O

2
.

MD1 and MD2 were mixed diatoms from Nan�ao, and MD3 and MD4 were mixed diatoms from Dongshan. MD1 and MD4 were low

in cell density, and MD2 was aged diatoms.
Values in the same row sharing a common superscript letter are not significantly different (p>0.05).

TABLE 7 : Correlation analysis on the number of attached,
metamorphosed and survival larvae in experiment 1 and 2

 Experiment Correlation 
coefficient 

The number of attached larvae Exp. 1 0.999 

and metamorphosed larvae Exp. 2 0.998 

The number of attached larvae Exp. 1 0.997 

and survival post-larvae Exp. 2 0.993 

The number of metamorphosed larvae Exp. 1 0.909 

and shell length of post-larvae Exp. 2 0.862 

The number of metamorphosed larvae Exp. 1 0.735 

and growth rate of larvae Exp. 2 0.713 

The number of survival larvae Exp. 1 0.918 

and shell length of post-larvae Exp. 2 0.810 

The number of survival larvae Exp. 1 0.783 

and growth rate of larvae Exp. 2 0.649 

TABLE 8 : Percentage of attached and metamorphosed larvae
on each block of treatments of all larvae*

Experiment 
Time 
(day) 

% of attached larvae on each 
block of treatments (mean ± se) 

Exp. 1 4 16.67 ± 2.19 

 8 21.67 ± 4.58 

Exp. 1 5 12.55 ± 1.97 

 9 8.90 ± 1.26 

  
% of metamorphosed larvae on each 

block of treatments (mean ± se) 
Exp. 1 4 8.55 ± 0.77 

 8 12.44 ± 3.42 

Exp. 1 5 9.98 ± 1.77 

 9 2.93 ± 0.46 

*% of attached or metamorphosed larvae on each block of treat-
ments = total number of attached or metamorphosed larvae on
each block of treatments/total number of larvae in the whole
glass tank.

and the too old age of MD2. The oxygen level on the
aged diatom films maybe unstable as other study
showed[11], so it may influence the settlement and early
survival of the larvae. In experiment 2, the higher den-
sity of mixed diatom MD3 brought out significantly
higher larval attachment than MD4. Kawamura and
Kikuchi (1992) also reported that larvae of H. discus
hannai preferred to attach on films with high diatom
density. All these indicated the importance of the amount
of diatom or the age of diatom film for larval attach-
ment. Furthermore, higher larval attachment on C.
placentula var. euglypta than on the same species
treated with H2O2 showed that larval attachment also
depends on the physiological conditions of diatoms.

Differences between shell lengths of the post-lar-
vae on each diatom film might be due to the different
quantity and quality of extracellular substances secreted
by diatoms. In our experiments, the extracellular sub-
stances secreted by well-grown C. placentula var.
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euglypta appeared to be sufficient for the larval meta-
morphosis and early growth because of its high cell
density and healthy cell condition, though Cocconeis is
considered poor in mucus secretion[1]. The low cell
density of mixed diatom MD1 and MD4 might have
small amount of extracellular substances, and conse-
quently resulted in relatively low larval metamorphosis
and shell length. Low shell length on aged mixed dia-
tom MD2 may be due to the instability of the diatom
film[5] and the decreasing amount of extracellular sub-
stances excreted by diatoms as a result of cell death
and/or bacterial utilization[12,13]. Up to the present, little
data have been published about the role of extracellular
substances of diatoms in the early development of aba-
lone larvae. Their structure and functions, therefore, need
to be identified further.

Results of correlation analysis (TABLE 7) showed
that higher larval attachment brought out higher larval
metamorphosis, survival and shell length. This might be
explained by the low abilities of abalone larvae to move
around and search for better films after attachment,
possible benefits of residual yolk and exogenous or-
ganic material, and the inability to digest diatom cell
contents at very young age[14,15]. This finding is similar
to the study of Daume et al. (1999a), who found that
high settlement occured on Sporolithon durum (red
alga) and Navicula ramosissima, and both settlement
substrata yielded the highest growth rates and survival
of abalone larvae H. laevigata.

In conclusion, diatom film together with its secre-
tion plays a critical role in early development of aba-
lone larvae, thus selecting appropriate substrata be-
comes important for abalone larvae and may decide
the future fate of larvae. In practice, maintaining a suit-
able diatom film is critical in the success of abalone seed
production[16]. In experiment 2, we found that the num-
ber of surviving larvae decreased significantly (p<0.05)
on Day 9. It was possibly because too abalone larvae
attached on the substrata, and consequently there might
be short of oxygen and/or nutrition needed by larvae[17].
So maintaining appropriate amount of larvae in culture
system is also important.

CONCLUSIONS

Our experiments has shown that well-grown diatom

species C. placentula var. euglypta can bring out higher
settlement and better early-growth of larval abalone H.
diversicolor supertexta. Larval attachment in response
to diatom films depends on diatom species, the cell den-
sity or age of diatom film and the physiological condition
of diatom. The extracellular substances are important as
well since their production relates to the cell density and
growth condition of diatom film. High larval attachment
can bright out high larval metamorphosis, survival and
better early-growth of larval abalone H. diversicolor
supertexta. The extracellular substances seemed to play
an important role in larval metamorphosis or early growth
of the abalone, which need further research.

ACKNOWLEDGEMENTS

The authors would like to thank Mr. Chengjun Fang
and Mr. Zongwu Huang for providing the trochophore
larvae of abalone, Mr. Yang Li and Miss Qiubo Yu for
their assistance in diatom identification, and Miss Fang
Wang for her helpful comments on English polishing for
the manuscript. This study was supported by the Public
Science and Technology Research Funds Projects of
Ocean (No. 201205031-03) and the National Basic
Research Program of China (973 Program) (No.
2010CB428704).

REFERENCES

[1] T.Kawamura, T.Saido, H.Takami, Y.Yamashita;
J.Exp.Mar.Biol.Ecol., 194, 189-199 (1995).

[2] X.S.Gao, Q.Wang, R.B.Wang, X.Li; Abalone (in
Chinese). Liaoning Science and Technology Pub-
lishing House, Shenyang, China, 1-268 (2000).

[3] H.Takami, T.Kawamura, Y.Yamashita; Aquaculture,
152, 129-138 (1997).

[4] T.Kawamura, R.D.Roberts, C.M.Nicholson;
Aquaculture, 160, 81-88 (1998a).

[5] S.Daume, S.Brand-Gardner, W.J.Woelkerling;
Aquaculture, 174, 243-254 (1999a).

[6] W.G.Gallardo, S.M.A.Buen; Aquaculture, 221, 357-
364 (2003).

[7] Z.D.Cheng, Y.H.Gao, S.C.Liu; Nanodiatoms from
Fujian Coast. China Ocean Press, Beijing, 1-137
(1993).

[8] S.Daume, S.Brand-Gardner, W.J.Woelkerling;
J.Exp.Mar.Biol.Ecol., 234, 125-143 (1999b).



J.R.Liang et al. 495

FULL PAPER

BTAIJ, 8(4) 2013

BioTechnology
An Indian Journal

BioTechnology

[9] P.J.Bryan, P.Y.Qian; J.Exp.Mar.Biol.Ecol., 223, 39-
51 (1998).

[10] T.Kawamura, H.Kikuchi; Suisanzoshoku (in Japa-
nese), 40, 403-409 (1992).

[11] R.Searcy-Bernal; Aquaculture, 140, 129-137
(1996).

[12] N.Goto, O.Mitamura, H.Terai; J.Exp.Mar.Biol.
Ecol., 257, 73-86 (2001).

[13] X.Q.Zhang, P.L.Bishop; Chemosphere, 50, 63-69
(2003).

[14] T.Kawamura, H.Takami; Fisheries Sci., 61, 357-
358 (1995).

[15] T.Kawamura, R.D.Roberts, H.Takami; J.Shellfish
Res., 17, 615-625 (1998b).

[16] K.O.Hahn; Nutrition and growth of abalone. In:
K.O.Hahn, (Ed); Handbook of Culture of Abalone
and Other Marine Gastropods. CRC Press, Boca
Raton, FL, 135-156 (1989).

[17] S.Daume, S.Huchette, S.Ryan, R.W.Day; Aquac-
ulture, 236, 221-239 (2004).


