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ABSTRACT

The present paper describes the first trials in Cantabria (northern Spain) on the
larval growth and survival of Solea senegalensis (Kaup, 1858), involving co-feeding
with live and inert feed, which could condition larvae to better accept a commercial
diet. The larval growth rate, in terms of length and dry weight, was similar up to day
70. The average partial growth rates during different time intervals break down as
14.53 % from days 0-22; 7.4 % from days 22-43; and 4.76 % from days 43-70, with the
first 22 days of growth clearly being the most important period. Some significant
differences in length were found on days 26, 33, 39 and 43. The average survival rate
was high (81 %) at day 70. Weaning trial began on day 80, when the larvae had reached a
wet weight of approximately 100 mg. Previously, the larvae had been redistributed into
two kinds of tanks: elongated S tanks (450 1, 3 nf), and circular LE tanks (430 1,
1.54 m?), stocked at a density of approximately 1 000-1 500 larvae/m®. At the end of
weaning, significant differences were observed in length and wet weight between larvae
weaned in the two kinds of tanks. In sum, these first results of breeding S.
senegalensis in Cantabria, obtained at ambient temperature in a geographical setting
different from the species’s native range, indicate that S. senegalensis has good
prospects as an alternative species for the region’s aquaculture operations, since it
is well accepted by consumers and enjoys a high market value.

Keywords: Solea senegalensis, larvae, growth, survival, co-feeding.

RESUMEN

Primeros resultados del cultivo 1larvario de Solea senegalensis (Kaup, 1858) en
Cantabria (norte de Espaifa)

Se describen las primeras experiencias sobre el crecimiento y la supervivencia en
larvas de Solea senegalensis (Kaup, 1858) en Cantabria (norte de Espafia) utilizando un
régimen que combina alimento vivo e inerte (coalimentacidn) que podria condicionar a
las larvas a aceptar mejor una dieta comercial. La tasa de crecimiento en longitud vy
peso seco de las larvas fue similar desde el inicio del cultivo hasta el dia 70. Las
tasas parciales medias de crecimiento fueron 14,53 % en los dias 0-22, 7,4 % en los
dias 22-43 y 4,76 % en los dias 43-70, con mejor tasa de crecimiento durante 1los
primeros 22 dias. Se encontraron algunas diferencias significativas en longitud los
dias 26, 33, 39, 43 y 70. La tasa de supervivencia media a dia 70 fue alta (81 %). La
experiencia de destete comenzé el dia 80, cuando el peso humedo de cada larva era
aproximadamente 100 mg. Previamente, las larvas fueron distribuidas en dos tipos de
tanques: tanques alargados S, de 3 m* de planta y 450 1 de capacidad, y tanques
circulares LE, de 1,54 m® y 430 1, a una densidad de aproximada de 1 000-1 500
larvas/m’. Al final del destete se encontraron diferencias significativas en longitud
y peso entre las larvas destetadas en los dos tipos de tanques. En conclusidn, estos
primeros resultados del <cultivo de S. senegalensis en Cantabria, realizado a
temperatura ambiente y en una zona geografica diferente a la natural de esta especie,
indican las buenas perspectivas que ofrece S. senegalensis como especie alternativa en
la acuicultura de esta zona, ya que es bien aceptada por los consumidores y tiene un
valor comercial elevado.

Palabras clave: Lenguado senegalés, larva, crecimiento, supervivencia, coalimentaciédn.

* Received March 2005. Accepted March 2007.
Contributing Editor: Juana Rosa Cejas Pulido.
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1. INTRODUCTION

The commercial production of marine fish species in Spain focuses
principally on three species: seabream, seabass, and turbot, whose
aquaculture has reached an optimal level of development. Indeed, due
to high production, local markets are becoming saturated, and
therefore investigation of new species’ aquaculture potential has
become a key strategy for incorporating highly valued species into the
market, such as the Senegalese sole Solea senegalensis (Kaup, 1858),
one well adapted to temperate climates and which 1s extensively
cultivated along the southern coast shared by Spain and Portugal
(Drake, Arias and Rodriguez, 1984; Dinis, 1992; Dinis, Reis and
Arrobas, 1996).

S. senegalensis has been under study for more than 20 vyears
(Rodriguez, 1984; Dinis, 1986), although slowly and discontinuously,
which 1s why the species has yet to reach 1its optimal level of
industrial production. Even though its potential market wvalue is high,
limited information is available regarding its biology, nutritional
requirements, and techniques for intensive rearing of S. senegalensis
larvae (Vazquez et al., 1984; Dinis and Reis, 1995; Marin-Magan,
Anguis and Cafiavate, 1995; Mourente and Vazquez, 1996). Consequently,
mortality in the transition from live to inert feed in sole larvae has
been the major limitation on sole farming in this region. However, due
to the economic interests involved, research has recently intensified
regarding these aspects of the species’s aquaculture (Dinis et al.,
1999; Martinez et al., 1999; Ribeiro, Sarasquete and Dinis, 1999;
Ribeiro et al., 1999; Yufera et al., 1999; Parra and Yufera, 2001;
Fernadndez-Diaz et al., 2001; Howell et al., 2003; Imsland et al.,
2003), mostly aimed at reducing i1its dependence on 1live feed, and
searching for the ideal diet or weaning method (Cafavate and
Fernadndez-Diaz, 1999; Dinis et al.,2000; Yufera, Pascual and
Fernandez, 1999; Yufera et al., 2001; Chereguini and Diez, 2003;
Morais et al., 2004). The use of a combined live-inert diet during the
larval phase could contribute not only to improving the larvae’s
nutrition, but also ease weaning by increasing acceptance of
commercial feed and reducing dependence on live feed (Rosenlund, Stoss
and Talbot, 1997; Ben Khemis et al., 2003).

Although S. senegalensis 1is abundant along the southern Iberian
Peninsula, where most of these studies have been carried out, its
distribution covers almost the entire coastline of Portugal and Spain,
as far north as the Bay of Biscay, and therefore its aquaculture can
be considered viable in most of these areas. In the Cantabrian Sea,
and Iberian Atlantic generally, there is a growing need for an
alternative species to the turbot Scophthalmus maximus (L., 1758),
whose farming technology is already well developed, as well as the
seabream Pagellus bogaraveo (Brinnich, 1768), so that there is high
interest in embarking on large-scale sole aquaculture. Therefore, it
is very important for us to learn the major zootechnical
characteristics of those regions where sole farming has not been
carried out to date.
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The aim of the present project was to carry out the first experiments
in Cantabria (northern Spain) on the larval growth and survival of S.
senegalensis, in order to introduce this species as an alternative for
the 1local aqgquaculture industry, given i1its high market wvalue and
popularity with consumers. These experiments have Dbeen conducted
involving co-feeding with live and inert feed, which could better
condition the larvae to accept a commercial diet.

2. MATERIALS AND METHODS

This study was carried out in the El1 Bocal Aquaculture Centre at the
Instituto Espafiol de Oceanografia (IEO) in the Cantabrian regional
capital of Santander. Larval culture began with fertilized eggs from
the Instituto de Formacidén Agraria y Pesquera de Andalucia (IFAPA)
Centro E1 Torufio in Cadiz (southern Spain). Once hatched, the larvae
were distributed into three circular 280 1 polyester tanks with
conical bottoms, at an initial density of 50 larvae/l, with aeration
and water replacement systems at environmental temperature (16.1 £ 2
°C), running the water through 1 pm filters at a rate of 35 1/h. Once
the larvae had completely absorbed their wvitellin sacs and opened
their mouths, the co-feeding phase using live and inert feed began.
Before feeding, the water replacement system was turned off, and the
alga Nannochloropsis occulata was introduced into the tanks at a
density of 300 x 10° cells per ml. During feeding, the tanks were
lighted constantly at 2000 lux on the surface until metamorphosis, at
which point the 1lighting was changed to 16 h of light per 8 h of
darkness until weaning. Continuous water inflow was maintained at a
daily 20 % exchange until metamorphosis, and increased gradually every
six days to achieve a 100% exchange thereafter.

The live-inert feeding regime was carried out according to CIFPA
protocol, as shown in table I. The rotifers Brachionus plicatilis (O.
F. Miller, 1786) were previously enriched with Isochrysis galbana
(Parke, 1949), and the Artemia nauplii were enriched with DHA Super
Selco (INVE). The size of the dry feed was

=
'_\
o
=
o
I

100-150 pm; M2 (OYC) = 150-350 um;
350-650 pm; NRD 5/8 (INVE) = 500-800 pm

=
w
o
=
o
I

The rotifers were given once a day, and Artemia nauplii twice daily.
The inert feed was distributed in four feedings per day, with an
automatic feeding system.

In order to compare growth in terms of length and dry weight, we took
samples of larvae from the three tanks on different days of the larval
culture period to measure individually the total 1length of larvae,
using a profile project Nikon V-12B. Dry weight was determined on
pooled samples with several larvae, which were rinsed with distilled
water and dried in a 60 °C oven after 24 h, using a Mettler MT5
microscale. Moreover, when the larvae reached a larger size their wet
weight was also recorded on different days, eliminated excess water
with filter paper.
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After the 22nd day of culture, the larvae began to reach benthic size,
and due to the high larval density in tanks 2, 4, and 6, half of the
larvae 1in each was placed into a series of similar tanks until
weaning. Mortalities were removed daily and survival rate was
calculated.

When the larvae reached a wet weight of 100 mg, weaning experiment
began, on the 80th day of culture. Previously, the larvae had been
redistributed into two kinds of tanks: four elongated S tanks (450 1,
3 m?), and four circular LE tanks (430 1, 1.54 m?), stocked at a
density of approximately 1 000-1 500 larvae/m’. For another week, both
Artemia and 1inert feeds were still given, after which the larvae
received only inert feed. At first, the type of commercial feed used
was NRD 5/8 (0.5-0.8 mm particles, from INVE), which was gradually
replaced with Perla Plus 0 (0.9-1.4 mm particles, from TROUW) as the
larvae grew in size. For comparison of growth in terms of length and
weight, all postlarvae from both tank types were measured and weighed
at the end of weaning. Mortality was also recorded.

2.1 Statistical analysis

The length data of larvae from the three tanks on different culture
days were compared with an analysis of wvariance, and in those cases
where a Kolmogorov-Smirnov test indicated that the data were not
distributed normally (p = 0.000), nonparametric analysis was applied,
using a Kruskal-Wallis one-way anova (SPSS program) .

To determine whether there were differences in the rate of larval
growth among the three larvae groups, larval growth (length and dry
weight) was adjusted with the exponential equations

L. = Ly %
We = Wy e

where g is the growth rate.

Logarithms were used to convert these expressions 1into regression
lines, which were analyzed with Student’s t-Test, comparing slopes and
elevations (Zar, 1984). The difference was considered statistically
significant at p < 0.05.

Once the larvae had been weaned, the length and wet weight data
obtained in both tank types were also compared with an analysis of
variance, and in those cases where a Kolmogorov-Smirnov test indicated
that the data were not distributed normally (p = 0.000), nonparametric
analysis was applied, using a Kruskal-Wallis one-way anova (SPSS
program) .

3. RESULTS AND DISCUSSION

As shown in figure 1, no differences in length were found on days O,
8, 14, 18 and 22 (p = 0.3918, p = 0.2665, p = 0.1487 and p = 0.1518,
respectively). However, some significant differences were found on
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days 26, 33, 39 and 43 (p = 0.0297, p = 0.0172, p = 0.0043, p = 0.0022,
respectively). On days 50, 56 and 62 (p = 0.5233, p = 0.2222 and p = 0.1142,
respectively), no differences were found, either. The mean dried
weight of pooled larvae on different days of culture are shown in
figure 2.

The average wet weights of the larvae from the three tanks on
different days are shown in figure 3. At 70 days, differences 1in
length were found but not in wet weight (p = 0.0478 and p = 0.0888,
respectively) .

The survival and partial growth rates in dry weight at different time
intervals are shown in table II, where we see a mean survival rate of
81 % on day 70, and the highest growth rate during the first 22 days.
Larval growth rates dropped after metamorphosis in all three tanks, as
observed in other studies on this species (Cafiavate and Fernéandez-

Diaz, 1999; Parra and Yufera, 2001). However, these growth rates were
somewhat lower than those reported by Caflavate and Ferndndez-Diaz
(1999) and Fernédndez-Diaz et al. (2001) for the same time intervals at

a temperature of 19-21 °C; this can be attributed to the fact that our
study as conducted at the lower local ambient temperature (16.1 * 2 °C),
confirming once again the impact of temperature on this species’s
growth. In any case, the survival rate was similar.

Comparing the slopes of the regression lines for larval growth in
terms of length and of dry weight until day 70, the growth rates were
similar, as shown in figures 4 and 5.

Larval size showed high wvariability at day 70, as reported by other
co-feeding studies (e.g. Rosenlund, Stoss and Talbot, 1997) involving
various species, and which had been previously observed in the sole
Solea solea (L., 1758), a morphologically similar species difficult to
distinguish from S. senegalensis. As suggested by Howell (1997), such
variability could be due to a high degree of interaction among
individuals due to the feeding method used in those studies, which
consisted of frequently giving small amounts of inert feed.

When weaning was over, significant differences 1in length and wet
weight were found between the set of larvae weaned in one of the LE
and the other (p = 0.0000 and p = 0.0000, respectively). However, those
larvae weaned in the S tanks showed no such differences (p = 0.4678 and
p = 0.1010). When all of the weaned larvae were compared according to
the type of tank used, significant differences were found: larvae in
the S tanks presented lower growth in terms of length and weight (Tg

= 4.28 £ 0.75 cm and Wg = 0.97 £ 0.56 g), whereas larvae from the LE

tanks were larger (g = 5.81 £ 0.75 cm and Wg = 2.93 £ 1.66 g), as
shown in figures 6 and 7. As to the survival rate, it was double in
the S tanks than in the LE tanks (Chereguini and Diez, 2003), although
the wvalues obtained in both were lower than those reported by other
authors (Dinis, 1992; Cafnavate and Ferndndez-Diaz, 1999).

In conclusion, these first results of larval culture of S.
senegalensis, at the ambient temperature of a geographical area where
it had not Dbeen previously farmed industrially, indicate its
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aquaculture potential in this zone as an alternative species, one with
a high potential market wvalue. However, our results could be improved
by working with higher temperatures of 19-21 °C, and by experimenting
with new commercial feed during the weaning phase in order to improve
the survival rate.
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Table I. Co-feeding sequence used during the larval rearing of S. senegalensis. The
alga used was Nannochloropsis occulata. The dry feed sizes were: M1 = 100-150 um;
M2 = 150-350 um; M3 (0YC) = 350-650 pm; NRD 5/8 (INVE) = 500-800 um
Co-feeding Algae Rotifers Artemia Dry feed
regime (days) (x 10° cells ml™?) (indiv ml™?)  (nauplii ml™)
Tanks (2,4,06)
3-9 0.3 20 - M1
7-14 - - 8 M1
15-22 - - 12 M2
23-43 - - 7 M2
44-70 - - 7 M3; NRD 5/8
Table II. Partial growth rates in dry weight during different time intervals, and
survival rates as measured on different days
Growth rates (%) Survival (%)
Day 0-22 22-43 43-70 27 43 70 85
T2 13.23 7.25 6.5 100 100 94 57
T4 15.95 6.81 4.96 100 100 53 44
T6 14.42 8.12 2.83 100 100 96 94
Mean = SD 14.53 £1.36 7.4 £ 0.67 4.76 £ 1.84 100 100 81 65
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Figure 1. Mean and standard error of length of S. senegalensis larvae (mm) raised in

three tanks,
tank:

at different culture days.
white bars represent T2,

Each bar represents a different
dotted bars T4, and striped bars T6. Means

with letters are significantly different
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Figure 2.

Figure 3.
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Mean dry weight of pooled S. senegalensis larvae (mg) raised in three tanks,
at different culture days. Each bar represents a different tank: white bars
represent T2, dotted bars T4, and striped bars T6
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Mean and standard error of wet weight of S. senegalensis larvae (mg) raised
in three tanks, at different culture days. Each bar represents a different
tank: white bars represent T2, dotted bars T4, and striped bars T6. Means
with letters are significantly different
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Figure 4.

Figure 5.
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Larval growth, by length (mm), of S. senegalensis larvae raised in three
tanks. Each 1line represents a different tank: the continuous line with
squares represents tank 2, the line of dashes represents tank 4, and the
continuous line with triangles represents tank 6
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Larval growth, in dry weight (mg), of S. senegalensis larvae raised in three
tanks. Each 1line represents a different tank: the continuous line with
squares represents tank 2, the line of dashes represents tank 4, and the
continuous line with triangles represents tank 6
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Figure 6.

Figure 7.
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Mean and standard error of length of postlarvae (cm) weaned in two different
tank types, S and LE. Each bar represents a different tank type: white bars
represent the S tank, and dotted bars the LE tank. Means with letters are
significantly different for the same kind of tank, and those with numbers
are significantly different between the two types
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different tank types, S and LE. Each bar represents a different tank type:
white bars represent the S tank, and dotted bars the LE tank. Means with
letters are significantly different for the same kind of tank, and those
with numbers are significantly different between the two types
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