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ABSTRACT
To relieve pressure on wild stock population,
hatchery technique for the window-pane
shell, Placuna placenta Linnaeus has to be
developed. A study was conducted to deter-
mine the suitable algal diet for P placenta
during gonad development and larval rear-
ing. Sexually immature P. placenta
broodstock were reared in the estuary or in
tanks for four months. Tank-reared animals
were fed daily mixture of Isochysis galbana
(T-ISO) Parke and Tetraselmis tetrahele
(G. S. West) at 100,000 cells/ml, 1 : 1 ( 100-I:T),
or 200,000 ceIIs/mI, 3:1 (200-3I:T) combina-
tions. Monthly gonad histological examina-
tion showed that sexual maturity was at-
tained by animals fed 200-3I:T diet after four
months but not in 100-I:T. Estuary-reared
broodstock had the highest gonad index
among treatments afber the first month, but
did not reach sexual maturity until the end
of the conditioning period. Sexually mature
P. plarenta from 200-3I:T fed-group spawned
when exposed to UV light-irradiated
seawater. One-day old larvae were reared
in UV light-irradiated seawater until meta-
morphosis to plantigrade. Larvae were fed
daily with monoalgal diet of ,L galbana, T.

tetrahele, or Chaetoceros calcitrans (Takano)
at densities of 10,000-30,000 cells/ml. Lar-
val settlement was observed in all diets af-
ter 14 days. Survival rate at metamorpho-
sis was highest (72.60Vo) when diet of 1.

galbana was used, but lowest inT. tetrahele
(5.17o) (P<0.05). Average shell length incre-
ment during the 14 days rearing period were

11.0, 11.38, and9.92 pmday-l, for Isochrysis,
Tetraselmis and Chaetoceros fed larvag re-
spectively.

INTRODUCTION
The kapis shell Plocuna placenta Linn6,
1758 is a commercially important bivalve
mollusc species in the Philippines because
the translucent shells are raw materials in
shell-craft industry. With the expansion of
the industry in recent years, demand for the
bivalve mollusc tremendously increased.
However, wild stock population became er-
ratic and some natural beds were already
depleted of natural population resulting
from overexploitation, pollution, siltation,
and destructive methods of fishing (Rosell
1984; Gallardo et al. 1995). P. placenta pro-
duction in the Philippines showed a tremen-
dous decrease from 963 metric tons in 1993
to 27I metric tons in 1997 (Philippine Sta-
tistics, 1993-1997). Natural population has
to be augmented to suffice the requirement
for mariculture.

Microalgae are used as live food for all
stages of crustacean, fish and mollusc. Nu-
merous algal species not only support
growth (Enright e/ ol. 1986; Aldana Aranda
et al. 1989) but also improved settlement
rates of bivalve larvae (Utting 1986) and
other molluscs. With the scarcity of mature
Pplacenta needed for spawning, a condition-
ing technique to produce sexually mature
adults under controlled conditions has to be
developed. Since P.placentais apirnary and
secondary consumer, it feeds on phytoplank-
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ton, zooplankton and organic detritus that
are swept into its mantle cavity during fiI-
ter feeding (RoseII 1979). Gallardo et q.l.

(1992) reported that mixed microalgae has-
tened gonad maturation inP. placenta after
three months than when monoalgae was
used. However, the efficiency of the mixed
diet to promote gamete production and vi-
ability was not evaluated.

Marine phytoplankton species used as
natural food for bivalves should be properly
selected to produce nutritionally sound lar-
vae and juveniles. This work aimed to de-
termine the suitable microalgal diet during
gonad development and IarvaI rearing of P
placenta.

MATERIALS AND METHODS
B roo ds tock c o nditioning
P. placenta broodstock (115.6 + 8.5 mm shell
length) were collected from the bay of Pres.
Roxas, Capiz,Philippines. The animals were
kept in fiberglass tanks with flow-through
seawater. No supplemental feed was given
for three days prior to use in the experiment.
Histological analysis of gonad samples (n =
20) was done to ascertain gonad stages
(Rosell, 7979) at the start of the condition-
ing experiment.

The animals were divided into two groups.
The first group was kept in the estuarine
river (salinity: 9-38 ppt) suspended in 10 tire
trays (diameter 60-75 cm). About 20-25 ani-
mals were stocked per tray, submerged at
about 2 m below water surface. The bivalves
fed on the available plankton, detritus and
other suspended materials in the estuary.
Plankton population and the physico-chemi-
cal condition of the estuary were monitored
twice a month during the conditioning pe-

riod.
The other group of shells was randomly

stocked into four rectangular fiberglass
tanks (1.5 x 0.9 x 0.6 m) at density of 60
shells/tank. Tanks were filled with 200 litre
of sand frltered seawater as rearing water.
Two tanks were given 100,000 cells per ml,
1:l- mixture of Isochrysis galbana (T-ISO)

Parke andTetraselmis tetrahele (G. S. West)
(100-I:T) (Gallardo et al. 1992), while the
other two tanks with 200,000 cells per ml,
3:1 mixture of similar microalgae (200-3I:T).
Algal density in tanks was counted daily
prior to feeding using a haemacytometer.
Microalgae were added to maintain the re-
quired feeding density. Water change (L00Vo)

in tanks was done every 2-3 days. Water
temperature and salinity in tanks during the
conditioning period ranged from 25-30 "C
and 29-38 ppt respectively.

Ten to fifteen broodstock per treatment
were taken monthly and induced to spawn
by exposure to IJV light-irradiated seawater
(Madrones-Ladja 1997). Animals that did
not spawn were sacrificed and gonad sam-
ples were taken for histological preparations
(Bell & Lighter 1988). Gonad stages of the
broodstock sampled were evaluated monthly
(RoseII 1979).

A histological gonad index was calculated
by assigning arbitrary ranking (0-5) for each
stage (modified from Wilson 7987;I{rng et
al. 7989): no gonad, 0; immature, 1; early
active, 3; Iate active, 4; fipe,5; partially
spawned, 3; and spent, 1. The gonad index
of P. placento per month can give a value of
0 (no gonad) to 500 (all ripe) and calculated'
as the sum of the products of the percent-
ages of each stage and its ranking (Gallardo
et al. 1992).

Lq,ru q,l feeding experiment
One-day old larvae obtained by induction of
mature P. placenta with UV-irradiated
seawater were randomly stocked at a den-
sity of 900 larvae per liter in 100-litre cylin-
drical fiberglass tanks. UV-irradiated
seawater was also used as the culture me-
dium. Mild aeration was provided during the
first three days and moderate thereafber.
The experiment was replicated three times.

Immediately after stocking, Iarvae were
fed singly with unicellular microalgae
namely L galbana, Chq,etoceros calcitrans
(Takano), and ?' tetrahele. The microalgae
were given once daily at initial density of
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10,000 cells per mI, which was progressively
increased to 30,000 cells per mI as larvae
grew. Algal density in tanks was measured
using the haemac;rtometer prior to feeding.
Treatment of larvae followed the procedure
described by Madrones-Ladja (1997). The
experiment was terminated when larval set-
tlement and metamorphosis to plantigrade
stage were observed. During the culture
period, water salinityranged from 32-34 ppt
and temperature from 25-28 "C.

Statistical analysis of results was done
usingthe SAS Computer software forAnaly-
sis ofVariance (ANOVA) and Duncan's Mul-
tiple Range Test (DMRT).

Culture of microalgae
The microalgae used in this experiment were
batch cultured in 5 units each of10 litre plas-
tic carbouys. The algae were cultured in
Conway medium (Walne, 1970) and were
exposed to continuous illumination coming
from2 daylight (40 watt) flourescent tubes.
A continuous aeration was provided to en-
hance growth and prevent the algae from
settling. The algae were harvested at expo-
nential phase for feeding.

01234
month of conditioning

Fig. 1. Gonad development of Placuna placenta
reared in the estuary and in tanks fed with
microalgae.

RESULTS AND DISCUSSION
B ro o dstoc k conditioning
Table 1 shows the percentage distribution
of gonad stages of P. placento per treatment
per month during the four month rearing
period (June-October). Gonad development
based on the histological gonad index is
shown in Fig. 1.

At the start of the conditioning experi-
ment, 42 Vo of the broodstock had immature
gonads (Table 1) and the gonad index was
227 (Fie.1). Estuary-reared P. placenta at-
tained the highest gonad index (312) after
one month of conditioning compared to tank-
conditioned broodstock. However, gonad

cells per litre

Fig. 2. Plankton population in the estuary du.r-
ing the conditioning period (9-38 ppt; 28-32 "C).

index declined thereafter. The plankton
population in the estuary was observed to
be very low during the period June to Octo-
ber which was the conditioning period (Fig.
2). The most dominant plankton were
Chaetoceros sp., Biddulphia sp., Nitzchia
sp., Rhizosolenia sp., Coscinodiscas sp. and
copepods.

Of the tank-reared animals, a rapid gonad
development was observed in P. placenta
given the 200-3I:T diet. The gonad index
was consistently increasing every month
reaching 410 on the fourth month. Forty per
cent of the broodstock were sexually mature
and released eggs and sperm after t h expo-
sure to llV-irradiated seawater. Spawned
eggs were fertilized and developed to
veligers.

0
month M I J A S oND J F



192 Tlopical Marine Mollusc Programme (TMMP)

Table 1. Percentage distribution ofgonadal stages ofP. placenta fed with microalgal diet in tanks
and in the estuary (tank 25-30 "C; 29-38 ppt; estuary: 28-32'C:.9-38 ppt). Legend: 100-I:T = 100,000
cells/ml, I. galbana:T. tetrahele 1:1; 200-3I:T = 200,000 cells/ml, I. galbana:T. tetrahele 3:1; E =
estuary
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The gonad index ofP.placenta fed 100-I:T
diet began to decline after one month of feed-
ing. It only attained the gonad index of 325
at the end of the 4-month conditioning pe-
riod. No animal from this group attained
sexual maturity (Table 1).

A similar observation was reported by
Martinez et al. (t992) on Argopecten
purpuratus. He observe d thaL A. purpuratus
broodstock reared in the hatchery attained
the highest gonad index of 450 among treat-
ments after 4 months of conditioning. He
also suggested that the decline in gonad in-
dex of the animals in the hatchery was prob-
ably due to nutritional stress that resulted
in some resorption of ripe gametes.

Gallardo et al. (!992) reported that mixed
diet of L galbana and Z tetrahele (100-I:T)
hastened the gonad development of P. pla-
centa than when monoalgal diet was used
as shown by the histological gonad index.
Howeveq gamete production was not ob-
served. In this experiment, using a higher
density diet of 200-3I:t sexually mature
animals were obtained and induced to re-
lease viable gametes.Animals fed with 100-
I:T diet did not attain sexual maturity at
the end of the conditioning period. The den-
sity of 200,000 cells per ml, 3:1 ratio of 1.
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galbana and Z tetrahele seemed a suitable
ration for P. placenta asTt enhanced the de-
velopment of ripe gonads and production of
gametes.

Muranaka and Lannan (1984) reported
that fecundity of Crasssostrea giga,s
broodstock given supplemental feed was
607o greater than that of the starved con-
trol, although the rate of gonad development
and gamete viability was not signifrcantly
different.

It has been established clearly that gonad
development is an enerry-demanding proc-
ess (Sastry L979). Maternal nutrition must
be augmented to provide sufficient energ"y
and appropriate nutrients to meet the meta-
bolic costs of biosynthesis and of mobiliza-
tion of nutrients for the manufacture of go-
nads, ooc5rtes and egg yolk (Harrison 1990).
Higher food value is obtained from mixed
diet which are likely to contain the diver-
sity of biochemical needed not only for
growth but for gametogenesis.

Larual feeding
Table 2 shows the survival rate and shell
growth at metamorphosis of P. placentalar-
vae. Shell growth (Iength increment) was
significantly higher (P < 0.05) in larvae fed
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Table 2. Percent survival rate and shell growth (pm) at metamorphosis ofP. placenta larvae fed
microalgal diet at 32-34 ppt' and,25-28 "C. Data are presented by mean + standard deviation.
Treatment means with similar smaller script are not significantly different from each other at
t}re 95Vo level.

Microalgae Survival rate Shell length Shell height Increment Length-
(Prn/d) Height

193

Isochrysis 72.6 X 0.7a
Chaetoceros 8.3 + 1.2a
Tetraselmis 5.1 + 0.9b

250.0 + 1.9ab 235.2 + 4.7 a
234.9 + 7.9c 208.7 + 4.7b
255.4 + 3.7a 230.6 + 7.5a

11.00ab I2.26a
9.92c 10.36b
11.38a 1-1.92a

food, mortality became gradual as develop-
ment proceeded.

Our laboratory analysis of the macro-nu-
trient composition of the natural food organ-
isms used in this experiment showed that
Isochysis has the highest crude fat content
(23.3 Vo), while C haetoceros and. Tetraselmis
have 9.76 Vo and 6.87 7o, respectively. Webb
and Chu (1983) reviewed the extensive stud-
ies on the selection of phyboplankton spe-
cies for bivalve larvae. They concluded that,
for larvae, lipid was the most important com-
ponent of the diel. Isochrysis is one of the
most commonly used marine unicellular al-
gae in mariculture. It is rich in fatty acid
C22:6 (Whyte, 1987). C. calcitrans thouSh
only contained9.767o crude fat is rich in C16
PUFA namely \6:2(7, 16:3(4, and 16:4(1
(Enright et a1.,1986) which could have sus-
tained the high survival rate ofP. placenta
larvae until metamorphosis.

CONCLUSION
P. placenta broodstock had a better gonad
development in a high-density diet of
200,000 cells per ml, 3:1 mixture of .I.
galbana and 2 tetrahele than the low-den-
sity diet of 100,000 cells per ml. Animals
attained sexually maturity after four
months and were induced to spawn and pro-
duced viable gametes.

Larvae reared in ambient seawater settled
and metamorphosed after 1,4 days when fed
with monoalgal diet of I. galband, C.
calcitrans or T. tetrahele. Lawal shell growth
and survival were best when L galbana was

wlth Isochysis (1 1.00 pmld) and Tetraselmis
(11.38 pmld) than with Chaetoceros (9.92 prtl
d). Significantly higher larval survival rates
at metamorphosis were observed inlsochysis
(12.6 Vo) and, Chaetoceros (8.3 7o) diets than
inTetraselmis (5.t 7o) (P < 0.05). Settlement
and metamorphosis were observed 14 days
after ferbilization in all treatment diets when
shell length reached 200 pm.

Larvae began feeding on microalgae im-
mediately after completing its embryonic
development and when straight-hinged
stage is reached. This stage is very crucial
in larval development since food acceptance
maynotbe immediate, thus resultingto high
morbality in the succeeding larval stage (Fig.
3). As larvae accepted certain microalgae as

survival rzrte (7o'l

13579171315
days of culture

Fig. 3. Per cent survival rate at metamorphosis
of P. placenta larvae fed with microalgae at 32-
34 ppt and25-28 "C.



L94

used as feed. For future larval rearing work,
other factors must be considered like salin-
ity, food quantity and feeding schedule.
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