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Larval growth and development of the smooth clam Callista chione
(Mollusca: Bivalvia) under laboratory conditions
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ABSTRACT. This study describes the first data on larval development and growth of the smooth clam Callista chione under two different
temperature regimes (19 and 23 °C). The mean diameter of the oocytes was 89.5 = 0.7 um. After seven days, the mean length of D-shaped
larvae was 132.9 £ 7.8 um at 19 °C and 148.38 £ 12.74 um at 23 °C. Metamorphosis took place between days 32 and 39. Differences in
length associated with different culture temperatures were statistically significant on days 11, 13, and 20. At 23 °C, larvae reached a length of
175.15 pm within 11 days, whilst during the same period they reached 137.88 um at 19 °C (a difference in growth of 39%); however, survival
rate was higher at 19 °C (8%) than at 23 °C (2%).
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RESUMEN. Este trabajo describe los primeros datos sobre el desarrollo y el crecimiento larvario del almejon de sangre Callista chione bajo dos
regimenes diferentes de temperatura (19 y 23 °C). El didmetro medio de los ovocitos observado fue de 89.5 = 0.7 um. Después de siete dias, el
tamafio medio de las larvas D fue de 132.9 + 7.8 um a 19 °C y 148.38 £ 12.74 um a 23 °C. La metamorfosis se llevo a cabo entre los dias 32 y
39. Las diferencias de longitud asociadas a las diferentes temperaturas de cultivo fueron estadisticamente significativas en los dias 11, 13 y 20.
A 23 °C las larvas alcanzaron una longitud de 175.15 yum a los 11 dias, mientras que durante el mismo periodo alcanzaron 137.88 um a 19 °C
(una diferencia en el crecimiento de 39%); sin embargo, la tasa de supervivencia fue mayor a 19 °C (8%) que a 23 °C (2%).
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INTRODUCTION INTRODUCCION

The smooth clam Callista (= Cytherea) chione (Linnaeus El almejon de sangre Callista (= Cytherea) chione
1758) is a venerid bivalve that is found on sandy sea bottoms (Linnaeus 1758) es un bivalvo venérido que se encuentra en
along the Mediterranean and European Atlantic coasts at el mar en fondos de arena a lo largo del Mediterraneo y las
depths up to 180 m (Vidal et al. 2006). This species is of costas europeas del Atlantico, a profundidades de hasta
great commercial interest throughout the Mediterranean area, 180 m (Vidal et al. 2006). Esta especie es de gran interés
with Spain, Portugal, France, and Italy leading its consump- comercial en toda el area mediterranea, y Espafia, Portugal,
tion and production (Valli et al. 1994, Charles et al. 1999, Francia e Italia son lideres en su consumo y produccion (Valli
Gaspar et al. 2002, Vidal et al. 2006). In spite of its commer- et al. 1994, Charles et al. 1999, Gaspar et al. 2002, Vidal
cial interest, information on its biology is scarce. Most et al. 2006). A pesar de su interés comercial, la informacion
studies have so far focused on the analysis of its growth sobre su biologia es escasa. Hasta ahora la mayoria de los
parameters (Forster 1981, Gaspar et al. 2002, Metaxatos estudios se han centrado en el analisis de los parametros de
2004, Leontarakis and Richardson 2005, Moura et al. 2009) crecimiento (Forster 1981, Gaspar et al. 2002, Metaxatos
or the gametogenic cycle (Valli et al. 1994, Tirado et al. 2004, Leontarakis y Richardson 2005, Moura et al. 2009.) o
2002, Moura et al. 2008) of natural populations. To date, el ciclo gametogénico de las poblaciones naturales (Valli
there is no information about larval development or growth. etal. 1994, Tirado et al. 2002, Moura et al. 2008). Hasta la
This contrasts with the abundant information available for fecha, no hay informacion sobre el desarrollo o el creci-
other venerid species of commercial interest, such as miento larvario. Esto contrasta con la informaciéon abundante
Ruditapes philippinarum, R. decussatus, and Venerupis que esta disponible para otras especies de venéridos de
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pullastra (Pérez-Camacho 1980, Robinson and Breese 1984,
Devauchelle 1990, among others).

This study offers the first description of the development
and growth of C. chione larvae under two different tempera-
ture regimes. A basic knowledge of C. chione larvae is
necessary both to improve larval rearing in hatcheries and to
identify plankton and benthos samples in coastal marine
environment studies.

MATERIAL AND METHODS

Specimens of C. chione (35-50 mm) were collected from
the sea at Maresme, Spain (Catalan coast, NE Mediterranean
Sea), at a depth of 10 m, in August 2009. The smooth clams
were then kept for two months in 60-L plastic tanks. The
tanks had a layer of sand at the bottom and were connected to
an open flow-through circuit containing natural seawater
filtered through a 1-um mesh (temperature 15-16 °C). A
peristaltic pump was used to add food to the circuit. The
food ration consisted of 0.5% dry weight of a mixed diet:
Isochrysis galbana clone T-ISO (20%: 56,200 cells mL™"),
Tetraselmis suecica (20%: 5,620 cells mL"), Chaetoceros
calcitrans (40%: 74,950 cells mL"), and Phaeodactylum
tricornutum (20%: 37,380 cells mL).

Clams were induced to spawn in the laboratory. Induction
was by thermal shock (30 min cycles at 12/20 °C) and the
injection of serotonin (serotonin creatinine sulphate complex
[H4452-16] Sigma-Aldrich; 4 mM, 0.2 mL per clam [Gros
etal. 1999]) into the foot of the clam. When individuals
began to spawn they were transferred to individual collector
containers for the release of sperm or eggs. Spermatozoa and
oocytes were then mixed by gentle agitation, at a ratio of
about 50 sperm per oocyte to avoid polyspermy. After
fertilization, the eggs were sieved to eliminate excess sperm.
The gametes were then transferred to 300-L culture tanks
containing aerated water.

After 52 h, D-stage larvae were extracted and placed on
48-well cell culture plates (EIA plates) as in Shields et al.
(1997). Three D-larvae were distributed to each well
(300 pL) using an Eppendorf micropipette (100—1000 pL)
(larval density: 10 larvae mL™"). Five EIA plates were used
for each experimental condition (replicates). Each well was
filled with 1-um filtered, UV-treated seawater and two water
temperatures were tested (19 and 23 °C). The temperatures 19
and 23 °C were selected because the natural spawning season
of C. chione occurs in spring and autumn (Vidal et al. 2006),
and this is the natural temperature range of this species. The
well water was changed every two days using a micropipette
under a light microscope. The plates were kept in an isother-
mal room at the selected temperature and at a photoperiod of
16:8 (light:darkness). During the first week, the larvae were
fed on I. galbana clone T-ISO. From the second week, they
were fed a mixed diet: |. galbana clone T-ISO (20%),
T. suecica (20%), C. calcitrans (40%), and P. tricornutum
(20%). Microalgae were supplied at each seawater renewal
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interés comercial, tales como Ruditapes philippinarum,
R. decussatus y Venerupis pullastra (Pérez-Camacho 1980,
Robinson y Breese 1984, Devauchelle 1990).

Este estudio ofrece la primera descripcion del desarrollo y
el crecimiento larvario de C. chione bajo dos regimenes de
temperatura diferentes. Es necesario un conocimiento basico
de las larvas de C. chione para mejorar el cultivo larvario en
los criaderos, asi como para identificar las muestras de planc-
ton y bentos en los estudios medioambientales de la costa
marina.

MATERIALES Y METODOS

Los reproductores de C. chione (35-50 mm) se recolecta-
ron en la zona del Maresme, Espafia (litoral catalan, NE Mar
Mediterraneo), a una profundidad de 10 m, en agosto de
2009. Las almejas se mantuvieron en tanques de plastico de
60 L durante dos meses. Los tanques contenian una capa de
arena en el fondo y estaban conectados a un sistema de
circuito abierto con agua de mar filtrada a través de una
malla con abertura de 1 pum (temperatura 15-16 °C). Se
us6 una bomba peristaltica para afiadir el alimento al
circuito. La racion de alimento consistié en el 0.5% del
peso seco de una dieta mixta: Isochrysis galbana clon
T-ISO (20%: 56,200 células mL"'), Tetraselmis suecica
(20%: 5,620 células mL"), Chaetoceros calcitrans (40%:
74,950 células mL™") y Phaeodactylum tricornutum (20%:
37,380 células mL1).

La induccion a la puesta se realizd en el laboratorio
mediante choque térmico (ciclos de 30 min a 12/20 °C) y la
inyeccion de serotonina (complejo serotonina sulfato de
creatinina [H4452-16] de Sigma-Aldrich; 4 mM, 0.2 mL por
almeja [Gros et al. 1999]) en el pie de la almeja. Cuando las
almejas comenzaron a desovar, éstas fueron trasladadas a
contenedores individuales para la liberacion de los gametos.
Los espermatozoides y ovocitos se mezclaron mediante
agitacion suave, a una proporcion cercana a 50 espermatozoi-
des por ovocito para evitar la polispermia. Después de la
fertilizacion, los huevos se tamizaron para eliminar el exceso
de espermatozoides. Los ovocitos fecundados se pasaron
enseguida a tanques de cultivo de 300 L con agua y aireacion
suave.

Transcurridas 52 h, las larvas D se extrajeron y se coloca-
ron en placas de cultivo celular de 48 celdas (placas EIA),
como en el estudio de Shields et al. (1997). Se distribuyeron
tres larvas D en cada celda (300 puL) utilizando una
micropipeta Eppendorf (100-1000 pL) (densidad de larvas:
10 larvas mL™"). Se utilizaron cinco placas de EIA para cada
condicion experimental (réplicas). Cada celda se llené con
agua de mar filtrada a 1 pm y por rayos UV, y se probaron
dos temperaturas de agua (19 y 23 °C). Las temperaturas de
19 y 23 °C se seleccionaron dado que la temporada de desove
natural de C. chione es en primavera y otofio (Vidal et al.
2006) y éste es el intervalo de temperatura natural de esta
especie. El agua en las celdas se cambio cada dos dias
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(every two days) at a concentration of 100 cells pL-'. After
the pediveliger larvae appeared (at around day 25), one
larvae per well was kept. The plates were checked approxi-
mately once every four days in order to monitor the develop-
ment phases and obtain growth rates. Ten larvae per plate (50
in total) were randomly selected and measured for individual
length (anterior-posterior axis) under a Leyca DMI 3000B
light microscope fitted with an eyepiece graticule.

Data analysis

In order to compare sizes associated with the different
culture temperatures, we used Student’s t-test at a minimum
significance level of P < 0.05 and Fisher’s F-test to compare
variances. The Mann Whitney U-test was used when the nor-
mality of the data or the homogeneity of the variances could
not be ensured.

RESULTS

The oocytes were round (fig. la) and had a mean
diameter of 89.5 + 0.7 um. After oocyte fertilization, we
observed the expulsion of the first polar groups (fig. 1b),
which was followed by the division of the macromeres and
the subsequent surrounding of macromeres by micromeres.
The gastrula stage appeared after 12 h (fig. 1lc), while
typical pyriform, trocophore larvae were observed after 23 h
(fig. 1d). D-shaped larvae were first observed after 52 h.
After seven days, the mean length of the D-shaped larvae
was 132.9 + 7.8 um at 19 °C (100% D-larvae) and 148.4 +
12.7 ym at 23 °C (fig. 2). In figure le we can observe the
active velum, digestive gland, and prodissoconch I and II. On
day 11, umbonate larvae were observed (note the clear
formation of the umbo in fig. 1f). The mean length of the
umbonate larvae after 20 days was 192.04 = 6.84 um at 19 °C
and 202.5 £ 10.9 um at 23 °C (100% umbonate larvae). The
pediveliger larval stage was observed from day 26 onwards.
On day 32 (100% pediveliger larvae), the mean length was
208.8 + 7.2 um at 19 °C and 213.3 £ 16.7 um at 23 °C. Some
individuals with characteristics of metamorphosis were
observed on day 21 in the experiment at 23 °C; however,
metamorphosis mostly took place between days 32 and 39
(215.0 = 7.3 pm at 19 °C and 221.03 = 17.4 pm at 23 °C)
in both experiments. Finally, after 50 days, 90% of the indi-
viduals had reached the post-metamorphosis stage in both
experiments.

As can be seen, differences in length associated with dif-
ferent culture temperatures were statistically significant on
days 11, 13, and 20; for example, at 23 °C the larvae reached
a length of 175.15 um within 11 days, whilst during the same
period they reached 137.88 pum at 19 °C (a difference in
growth of 39%) (table 1).

At the end of the study the final survival percentage was
better at 19 °C (8%) than at 23 °C (2%).
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utilizando una micropipeta y bajo el microscopio. Las placas
se mantuvieron en un cuarto isotermo a la temperatura
seleccionada y con un fotoperiodo de 16:8 (luz:oscuridad).
Durante la primera semana, las larvas fueron alimentadas
con l. galbana clon T-ISO. A partir de la segunda semana,
fueron alimentadas con una dicta mixta: |. galbana clon
T-ISO (20%), T. suecica (20%), C. calcitrans (40%) y P.
tricornutum (20%). Las microalgas fueron suministradas en
cada renovacion del agua de mar (cada dos dias) a una con-
centracion de 100 células plL~'. Tras la aparicion de la larva
pediveliger (en torno al dia 25), se mantuvo una larva por
celda. Las placas se revisaron aproximadamente una vez cada
cuatro dias con el fin de supervisar las fases de desarrollo y
obtener las tasas de crecimiento. Diez larvas por placa (50 en
total) fueron seleccionados al azar y se midi6é su longitud
individual (eje antero-posterior) bajo un microscopio Leyca
DMI luz 3000B provisto de un micrometro en el ocular.

Anadlisis de los datos

Con el fin de comparar los tamafios asociados a las
diferentes temperaturas de cultivo, se utilizo la prueba t de
Student con un nivel minimo de significaciéon P < 0.05 y la
prueba F de Fisher para comparar las diferencias. La prueba
U de Mann Whitney se utilizé cuando la normalidad de
los datos o la homogeneidad de las varianzas no pudo
garantizarse.

RESULTADOS

Los ovocitos eran redondos (fig. 1a) y tenian un didmetro
medio de 89.5 + 0.7 um. Tras la fertilizacion, se observoé la
expulsion de los primeros grupos polares (fig. 1b), seguida
por la division de los macrémeros, y posteriormente, los
macréomeros en micromeros. La fase de gastrula aparecid
después de 12 h (fig. lc), mientras que las tipicas larvas
piriformes, las trocoforas, se observaron después de 23 h
(fig. 1d). Las larvas en forma de D se observaron por primera
vez a las 52 h. Después de siete dias, la longitud media de la
larva D fue de 132.9 £ 7.8 pm a 19 °C (100% de larva D) y de
148.4 £ 12.7 um a 23 °C (fig. 2). En la figura le se puede
observar el velo, la glandula digestiva, y la prodisoconcha I y
II. Al dia 11, se observaron larvas umbonadas (ndtese la
formacion clara del umbo de la fig. 1f). La longitud media
de las larvas umbonadas después de 20 dias fue de 192.04 +
6.84 um a 19 °C y 202.5 = 10.9 pm a 23 °C (100% de larvas
umbonadas). La fase de larva pediveliger se observd del
dia 26 en adelante. En el dia 32 (100% de pediveligeras)
la longitud media fue de 208.8 + 7.2 um a 19 °C y 213.3 £
16.7 um a 23 °C. Se observaron los primeros individuos con
caracteristicas metamorficas el dia 21 en el experimento a
23 °C; sin embargo, la metamorfosis, en gran medida, suce-
dio entre los dias 32 y 39 (215.0£7.3 uma 19 °Cy 221.03 £
174 pm a 23°C) en ambos experimentos. Finalmente,
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Figure 1. Callista chione. (a) Recently spawned oocyte. (b) Fertilized oocyte with polar body. (c) Ciliate gastrula. (d) Trocophore larva.
(e) D-shaped larva. (f) Umbonate larva. Abbreviations: ¢, cilia; dg, digestive gland; pb, polar body; pl, prodissoconch I; pII, prodissoconch IT;

u, umbo formation; and v, ciliated velum.

Figura 1. Callista chione. (a) Ovocito recién expulsado. (b) Ovocito fertilizado con cuerpo polar. (€) Gastrula ciliada. (d) Larva trocéfora.
(e) Larva D. (f) Larva umbonada. Abreviaciones: c, cilio; dg, glandula digestiva; pb, cuerpo polar; pl, prodisoconcha I; pIl, prodisoconcha II;

u, formacién de umbo; v, velo ciliado.

DiscussION

With the exception of growth data for juveniles and adults
from natural environments (Keller et al. 2002, Metaxatos
2004, Leontarakis and Richardson 2005, Moura et al. 2009),
no background information was available about the biologi-
cal aspects of the larvae of the smooth clam C. chione. This is
the first study on the larval development and growth of this
species. It is a first attempt to culture the larvae of C. chione
and may also facilitate the recognition of C. chione in analy-
ses of zooplankton. Positive larval identification can be
verified by direct techniques like larval culture and the use of
shell morphometrics, such as reference lengths and heights.

The size of the oocytes emitted from C. chione females
(89.5 £ 0.7 pm) was smaller than that reported by Metaxatos
(2004) in histological observations of the same species. It
should, however, be stressed that Metaxatos obtained the data
by examining gonad smears. Oocytes of C. chione are similar
in size to other venerid species such as R. decussatus (70 um)
or V. pullastra (70 wm) (Pérez-Camacho and Roman-Cabello
1973), and smaller than in other venerid species such as
R. philippinarum (100 pm) (Helm and Bourne 2004). The
D-shaped larvae (132.8 = 7.8 um) and the umbonate larvae
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después de 50 dias, el 90% de los individuos alcanzaron la
fase postmetamorfica en ambos experimentos.

Como se puede observar, las diferencias de longitud
asociadas a diferentes temperaturas de cultivo fueron esta-
disticamente significativas en los dias 11, 13 y 20; por
ejemplo, a 23 °C, las larvas alcanzaron una longitud de
175.15 pm a los 11 dias, mientras que durante el mismo
periodo alcanzaron 137.88 pum a 19 °C (una diferencia en el
crecimiento del 39%).

Al final del estudio el porcentaje de supervivencia final
fue mejor a 19 °C (8%) que a 23 °C (2%).

DiscusionN

A excepcion de los datos de crecimiento de los jovenes
y adultos de poblaciones naturales (Keller et al. 2002,
Metaxatos 2004, Leontarakis y Richardson 2005, Moura
et al. 2009), no se dispone de informacion sobre los aspectos
bioldgicos de las larvas del almejon de sangre C. chione. Este
es el primer estudio sobre el desarrollo y el crecimiento larva-
rio de esta especie. Este trabajo es un primer acercamiento al
cultivo de larvas de C. chione y también puede facilitar el
reconocimiento de C. chione en los analisis de zooplancton.
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Figure 2. Growth in length (um) of Callista chione larvae reared
at 19 and 23 °C. Data plotted as mean =+ standard deviation. The
black lines indicate the periods with >70% presence of each
larval phase at 19 °C: D, D-larvae; U, umbonate; PV, pediveliger;
and PL, postlarvae. The arrow indicates the beginning of
metamorphosis/settlement.

Figura 2. Crecimiento (longitud, um) de larvas de Callista chione
cultivadas a 19 y 23 °C. Los datos se representan como media =+
desviacion estandar. Las lineas negras indican los periodos con
presencia >70% de cada fase larvaria a 19 °C: D, larva D; U,
umbonada; PV, pediveliger; PL, postlarva. La flecha indica el
inicio de la metamorfosis/fijacion.

(192.0 £ 6.8 um) of C. chione were also significantly longer
than R. decussatus (110 um) (Pérez-Camacho and Roman-
Cabello 1973, Pérez-Camacho et al. 1977).

The temperatures 19 and 23 °C were tested because the
natural spawning season of C. chione occurs in spring and
autumn, and in this range of temperature according to Vidal
et al. (2006). It is well known that increases in culture tem-
perature shorten the larval period of many bivalves and this
was also observed in our study. In fact, within the range of
temperatures assayed in our experiments, growth was
directly proportional to temperature and was lower at 19 °C
than at 23 °C (table 1) during the first 20 days.

An increase in water temperature accelerates most
physiological processes (clearance, ingestion, and respiration
rates) in animals whose body temperatures fluctuate with

La identificacion de larvas puede ser ejecutada por técnicas
directas, como el cultivo larvario, y el uso de parametros
morfométricos, tales como longitud y altura.

El tamafio de los ovocitos que emiten las hembras de
C. chione (89.5 £ 0.7 um) fue menor que el registrado por
Metaxatos (2004) en las observaciones histologicas de la
misma especie. Se debe tener en cuenta, sin embargo, que
Metaxatos obtuvo sus datos mediante el examen de frotis
gonadal. Los ovocitos de C. chione son similares en tamafio a
otras especies de venéridos como R. decussatus (70 um) o
V. pullastra (70 pm) (Pérez-Camacho y Roman Cabello
1973), y mas pequeifios que los de otras especies de venéridos
como R. philippinarum (100 um) (Helm y Bourne 2004). Las
larvas D (132.8 £ 7.8 um) y las larvas umbonadas (192.0 +
6.8 um) de C. chione fueron también, significativamente, de
mayor longitud que R. decussatus (110 um) (Pérez-Camacho
y Roman Cabello 1973, Pérez-Camacho et al. 1977).

Se probaron las temperaturas de 19 y 23 °C dado que la
temporada de desove natural de C. chione es en primavera y
otoflo, y en este intervalo de temperatura de acuerdo con
Vidal et al. (2006). Es bien sabido que el aumento de la tem-
peratura de cultivo acorta el periodo larvario de los bivalvos,
y esto también se observd en nuestro estudio. De hecho,
dentro del intervalo de temperaturas ensayadas en nuestros
experimentos, el crecimiento fue directamente proporcional a
la temperatura y fue mas lento a 19 °C que a 23 °C (tabla 1)
durante los primeros 20 dias.

Un aumento en la temperatura del agua acelera la mayoria
de los procesos fisiologicos (filtracion, ingestion y tasas
de respiracion) en los animales cuya temperatura corporal
flucttia con la temperatura externa, como es el caso de los
bivalvos (Walne 1972). Por otro lado, Lucas et al. (1986)
establecieron tres periodos diferentes de niveles troficos para
larvas de Mytilus edulis cultivadas a 17-20 °C: un periodo
endotrofico inicial de dos dias, cuando las necesidades
energéticas son exclusivamente cubiertas por las reservas
vitelinas del huevo; un periodo mixotréfico, que se distingue
por la importancia cada vez mayor de la actividad alimenta-
ria; y un periodo exotréfico posterior, que es completamente
sostenido por el alimento, en este caso las algas. Seglin estos
autores, la ausencia de diferencias en la longitud observada

Table 1. Comparison of larval size (19 °C vs 23 °C) on days 3, 11, 13, 20, 40, and 53 (mean + standard deviation).
Tabla 1. Comparacion del tamafio larvario (19 °C vs 23 °C) en los dias 3, 11, 13, 20, 40 y 53 (media + desviacion estandar).

Day Size Test P value n
19°C 23°C 19°C 23°C

3 129.06 +12.33 131.26 £ 11.16 t-test 0.350 50 50
11 137.88 + 8.96 175.15+17.83 t-test 0.000 49 50
13 145.20 £ 10.48 183.79 £ 13.05 Mann-Whitney U-test 0.000 51 50
20 192.04 + 6.85 202.46 +10.89 t-test <0.001 50 50
40 215.01 +7.19 221.03 £ 17.40 Mann-Whitney U-test 0.386 50 43
53 223.44 +10.08 231.67 £16.31 Mann-Whitney U-test 0.121 50 42
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external temperature, as is the case of bivalves (Walne 1972).
On the other hand, Lucas et al. (1986) established three
different trophic periods in Mytilus edulis larvae reared at
17-20 °C: an initial endotrophic period of two days, in which
energy requirements are exclusively covered by egg vitelline
reserves; a mixotrophic period, which is distinguished by the
increasing importance of feeding activity; and a subsequent
exotrophic period, which is completely sustained by algal
food. According to these authors, the lack of differences in
length observed in our study on day 3 would indicate that
growth was exclusively sustained by egg reserves. Differ-
ences observed beyond day 11 would support the purported
importance of feeding activity during the mixotrophic period
and the positive influence of temperature on ingestion rates.
When larvae underwent metamorphosis (about 210 pum; this
phase is critical for bivalves), their increase in length
displayed a sharp decline under both of our experimental
conditions, so the differences observed between temperatures
is minimal. On the other hand, survival rates were better for
the lower temperature (19 °C). In conclusion, for tested tem-
peratures, 19 °C is the most suitable temperature for culture
of these phases if growth and survival data are pooled.

In any case, survival results were low in both experiments
compared with the results obtained for other species with
well-established culturing methods like R. philippinarum.
Other parameters such as new diets (and their nutritional
value), stocking density, light intensity, settlement triggering
factors, or other environmental factors need to be studied
in the future to advance in the knowledge of the species.
Furthermore, the study of synergistic effects of the combina-
tion of several factors is recommended.

This study presents the first description of the larval
development of C. chione in a hatchery system; however,
research should continue to find the most appropriate nutri-
tional and/or environmental conditions for the development
of larval cultures of this species.
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