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Effects of frequency and feeding time on growth, food utilization, somatic
indexes, and survival of juvenile white snook Centropomus viridis
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ABSTRACT. The Pacific white snook, Centropomus viridis, is considered a species with high farming potential in Mexico due to its high eco-
nomic value and overall demand in the national market. Growth in farmed fish is largely determined by the dietary regimen, which includes
feeding frequency, rate, time, and cycle. The aim of the present study was to determine the feeding frequency and appropriate feeding time
for farmed C. viridis juveniles in order to optimize growth and survival. Juveniles weighing 0.36 + 0.01 g were used to evaluate 1 and up to
5 ad-libitum feeding frequencies per day, with 3 to 24-h intervals, for 6 weeks. Gained weight (GW), growth rate (GR), specific growth rate
(SGR), food conversion ratio (FCR), feeding efficiency rate (FER), coefficient of variation (CV), hepatosomatic index (HI), peritoneal fat
index (PFI), and survival (S) were determined for juveniles. Regardless of the feeding hours, no significant differences were found in the GR
and SGR values between juveniles fed 3 times a day and those fed 5 times a day. FCR was significantly higher and FER significantly lower in
treatments with juveniles fed only once a day compared with the rest of the treatments. No significant differences were found in CV, HI, and
S between treatments. PFI was significantly different only between juveniles fed once and 5 times a day. Considering the results obtained in
this study, we suggest feeding C. viridis juveniles 3 times a day at 6-h intervals between doses. These results will contribute to the development
of biotechnology for farming this species.

Key words: feeding regimen, growth, juvenile white snooks, Centropomus viridis.

RESUMEN. El robalo blanco del pacifico, Centropomus viridis, se considera como una especie con alto potencial para su cultivo en México por
su alto valor econdémico y gran demanda en el mercado nacional. El crecimiento de los peces en cultivo depende, en gran medida, del régimen
alimenticio, el cual incluye, frecuencia, tasa, tiempo y ritmo de alimentacion. El presente trabajo tuvo como objetivo determinar la frecuencia y
la hora apropiada de alimentacion de juveniles de C. viridis en cultivo para optimizar el crecimiento y la supervivencia. Se utilizaron juveniles
de 0.36 £ 0.01 g para evaluar de 1 a 5 frecuencias de alimentacion ad libitum por dia, con intervalos de 3 a 24 h, durante 6 semanas. Se deter-
mino el peso ganado (PG), la tasa de crecimiento (TC), la tasa especifica de crecimiento (TEC), la tasa de conversion alimenticia (TCA), la tasa
de eficiencia alimenticia (TEA), el coeficiente de variacion (CV), el indice hepatosomatico (IH), el indice de grasa peritoneal (IGP) y la super-
vivencia (S) de los juveniles. La TC y la TEC de los juveniles alimentados 3 veces al dia, independientemente de las horas de alimentacion,
no presentaron diferencias significativas con respecto a los resultados obtenidos para los juveniles alimentados 5 veces al dia. La TCA fue
significativamente mayor y la TEA significativamente menor en los tratamientos con juveniles alimentados una sola vez al dia en comparacion
con el resto de los tratamientos. No se encontraron diferencias significativas en CV, IH y S entre los tratamientos. El IGP solo presento diferen-
cias significativas entre los juveniles alimentados 1 y 5 veces al dia. Con base en los resultados obtenidos en el presente estudio, se sugiere que
los juveniles de C. viridis se alimenten 3 veces al dia, con un intervalo de 6 h entre cada toma. Estos resultados ayudaran en el desarrollo de la
biotecnologia de cultivo de esta especie.

Palabras clave: régimen alimenticio, crecimiento, juveniles de robalo blanco, Centropomus viridis.
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INTRODUCTION

The Pacific white snook (Centropomus viridis) has a
distribution that ranges from Baja California Sur and the
Gulf of California to southern Ecuador and the Galapagos
Islands (Fischer et al. 1995). Species in the Centropomidae
family inhabit shallow coastal waters, estuaries, rivers, and
brackish lagoons and migrate to fresh waters. Juveniles and
pre-adults are commonly found in mangrove areas, where
they show great tolerance to salinity fluctuations given their
osmoregulatory capacity (Alvarez-Lajonchére et al. 2013).
Snooks are considered species with high farming potential
in Mexico because of their high economic value and overall
demand in the national market given the flavor, color, and
texture of their meat; their high growth rates; and their
ability to adapt in captivity and consume balanced feeds
(Alvarez-Lajonchére and Tsuzuki 2008, Labastida-Che et al.
2013). Today, in Mexico, natural populations of snook spe-
cies are overexploited (Arreguin-Sanchez and Arcos-Huitrén
2011), so biotechnological developments have begun to be
made at the marine fish production pilot plant at the Research
Center for Food and Development (CIAD, for its acronym in
Spanish), Mazatlan (Sinaloa, Mexico), for the production of
high-quality C. viridis juveniles to promote the farming of
this very important species in Mexico and to develop repop-
ulation programs (Ibarra-Castro et al. 2017).

In the marine fish farming industry, the highest opera-
tional cost is feed, so proper design of the feeding strategy
is critical for a successful mariculture enterprise (Baloi et al.
2016, D’Abramo 2019). Feeding frequency affects growth,
food intake, feed conversion rate and efficiency, body chem-
ical composition, fish survival, and the quality of farming
water (Biswas et al. 2010, Shipton and Hasan 2013, Costa-
Bomfim et al. 2014, Rahman and Lee 2017). Juvenile
marine fish need high feeding frequencies on a daily basis
to attain to good performance in the culture (Schnaittacher
et al. 2005, da Cunha et al. 2013, Luo et al. 2015); however,
overfeeding reduces feed efficiency, increases lipid accumu-
lation, mainly in liver and viscera, deteriorates the quality
of farming water, and increases production costs (Lee and
Pham 2010, Mizanur and Bai 2014, Lee et al. 2016, Guo et
al. 2018). On the other hand, low feeding frequency does not
provide the required nutrients for normal growth and sur-
vival of fish and, therefore, promotes size dispersion and
cannibalism; furthermore, it can cause oxidative damage
and immunosuppression (Tucker et al. 2006, Oh and
Venmathi-Maran 2015, Tian et al. 2015). Several authors
have reported optimal feeding frequencies that improve
food intake, digestion, nutrient absorption, growth, and sur-
vival in juveniles marine fishes such as Limanda ferruginea
(Dwyer et al. 2002), Pseudosiaena crocea (Xie et al. 2011),
Trachinotus ovatus (Wu et al. 2015), Trachinotus blochii
(Hamed et al. 2016), Megalobrama amblycephala (Xu et al.
2016), Sebastes inermis (Oh et al. 2018). Likewise, it has
been reported that optimal feeding frequency depends on
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INTRODUCCION

El robalo blanco del pacifico (Centropomus viridis) se
distribuye desde Baja California Sur y el golfo de California
hasta el sur de Ecuador y las islas Galapagos (Fischer et al.
1995). Las especies de la familia Centropomidae habitan en
aguas costeras someras, estuarios, rios y lagunas salobres, y
realizan migraciones a aguas dulces. Es muy comun encon-
trar juveniles y preadultos en areas de manglar, donde mues-
tran gran tolerancia a las fluctuaciones de salinidad debido a
su capacidad de osmorregulaciéon (Alvarez-Lajonchére et al.
2013). Los robalos se consideran especies con alto potencial
de cultivo en México porque tienen alto valor econémico y
gran demanda en el mercado nacional debido al sabor, color
y textura de su carne; presentan altas tasas de crecimiento; y
pueden adaptarse al cautiverio y consumir alimento balan-
ceado (Alvarez-Lajonchére y Tsuzuki 2008, Labastida-Che
et al. 2013). Actualmente, en México, las poblaciones natu-
rales de las especies de robalo se encuentran sobreexplotadas
(Arreguin-Sanchez y Arcos-Huitrén 2011), por lo que en la
planta piloto para la produccion de peces marinos del Centro
de Investigacion en Alimentacion y Desarrollo (CIAD),
unidad Mazatlan (Sinaloa, México), se ha iniciado el desa-
rrollo de la biotecnologia para la produccion de juveniles de
calidad de C. viridis para impulsar el cultivo de esta especie
tan importante en México y desarrollar programas de repo-
blacién (Ibarra-Castro et al. 2017).

En la industria del cultivo de peces marinos, el costo
operacional mas alto es la alimentacion, por lo que el disefio
apropiado de la estrategia alimenticia es fundamental para
el éxito de la maricultura (Baloi et al. 2016, D’Abramo
2019). La frecuencia alimenticia influye en el crecimiento,
el consumo de alimento, la tasa de conversion y eficiencia
alimenticia, la composicién quimica del cuerpo y la super-
vivencia de los peces, asi como en la calidad del agua de
cultivo (Biswas et al. 2010, Shipton y Hasan 2013, Costa-
Bomfim et al. 2014, Rahman y Lee 2017). Se ha demostrado
que los juveniles de peces marinos necesitan, diariamente,
altas frecuencias de alimentacion para obtener un buen rendi-
miento en el cultivo (Schnaittacher et al. 2005, da Cunha et
al. 2013, Luo et al. 2015); sin embargo, la sobrealimentacion
reduce la eficiencia alimenticia, incrementa la acumulacion
de lipidos, principalmente en higado y visceras, deteriora
la calidad del agua de cultivo e incrementa los costos de
produccion (Lee y Pham 2010, Mizanur y Bai 2014, Lee et
al. 2016, Guo et al. 2018). Por otro lado, una baja frecuencia
de alimentacion no proporciona los nutrientes necesa-
rios para el crecimiento normal y la supervivencia de los
peces y, por lo tanto, promueve un aumento en la disper-
sion de tallas y el canibalismo; ademads, puede provocar
dafio oxidativo e inmunosupresion (Tucker et al. 2006, Oh
y Venmathi-Maran 2015, Tian et al. 2015). Varios autores
han reportado la frecuencia de alimentacidén Optima para
mejorar el consumo de alimento, la digestion, la absorcion
de nutrientes, el crecimiento y la supervivencia en juveniles
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the species, age, size, environmental factors, feed quality,
and cultivation system (Hamed et al. 2016, Xu et al. 2016,
Oh et al. 2018). There are currently no published data on
the frequency and optimal feeding time for C. viridis;
therefore, the objective of the present study was to deter-
mine the appropriate feeding frequency and time for
optimal performance of C. viridis juveniles and, in this way,
contribute to the development of farming biotechnology for
the species.

MATERIALS AND METHODS
Fish and experimental system

Centropomus viridis juveniles were obtained from the
marine fish production pilot plant at CIAD in Mazatlan.
The experiment was carried out in the CIAD area for bio-
assays, in 24 circular fiberglass tanks with black walls and
white bottoms, each with 600-L capacity. The tanks had a
central drain made with a 50-mm diameter PVC pipe, which
was covered with a 5-mm mesh size net to prevent fish from
escaping and to facilitate cleaning of the tanks. Each tank was
provided with aeration and a flow-through system (approx-
imately 6 L-min™!), with individual flow control valves to
regulate flux. Seawater was pumped from Brujas Beach,
Mazatlan, and passed through sand filters and cartridge fil-
ters with relative retention rating of 16 pm.

Experimental design

A completely randomized one-factor (feeding frequency)
experimental design with 3 replicates was used. This design
included 8 treatments, which is the number of treatments
obtained after combining the number of feedings per day and
feeding times (morning, noon, and evening). The assessed
treatments were 1M, 1T, 2MD, 2DT, 2MT, 3MDT, 3DT, and
SMDT (Table 1). Each tank contained 20 juveniles weighing
0.36 £0.01 g, on average, which were fed a commercial feed
for juvenile marine fish ad libitum for 6 weeks (Skretting,
0.8—1.5 mm), according to the dietary regimen (Table 1) that
was randomly selected.

Experimental conditions and development

Daily food intake by juveniles and the temperature,
salinity, and dissolved oxygen of water in each tank were
recorded. The bottom of the tanks was siphoned daily to
remove feces and food remains. During the 6 weeks of the
bioassay, water temperature was kept at 29 + 0.05 °C, salinity
at 34 + 1.0, and dissolved oxygen at 5.5 + 0.3 mg-L ..

To assess growth, at the end of the experiment, all juve-
niles from each replica were individually sedated with clove
essence (0.2 mL-L™"), and after removing excess moisture
with blotting paper, each individual was weighed on a digital
scale with +0.05 g precision and measured for total length

157

de peces marinos como en Limanda ferruginea (Dwyer et al.
2002), Pseudosiaena crocea (Xie et al. 2011), Trachinotus
ovatus (Wu et al. 2015), Trachinotus blochii (Hamed et
al. 2016), Megalobrama amblycephala (Xu et al. 2016),
Sebastes inermis (Oh et al. 2018), entre otros. Asi mismo,
se ha reportado que la frecuencia optima de alimentacion
depende de la especie, la edad, la talla, los factores ambien-
tales, la calidad del alimento y el sistema de cultivo (Hamed
et al. 2016, Xu et al. 2016, Oh et al. 2018). Hasta la fecha,
no existen datos publicados sobre la frecuencia y el tiempo
optimo de alimentacion para C. viridis; por lo tanto, el
presente trabajo tuvo como objetivo determinar la frecuencia
y el tiempo de alimentacidon adecuados para el rendimiento
de juveniles de C. viridis para, asi, contribuir al desarrollo de
la biotecnologia de cultivo de la especie.

MATERIALES Y METODOS
Peces y sistema experimental

Los juveniles de C. viridis se obtuvieron de la planta
piloto para la produccion de peces marinos del CIAD, Unidad
Mazatlan. El experimento se realizo en el area de bioensayos
del CIAD en 24 tanques circulares de fibra de vidrio con
paredes negras y fondo blanco, con capacidad de 600 L cada
uno. Los tanques estuvieron provistos de un drenaje central
de tubo de PVC de 50 mm de diametro, cubierto con malla
con una luz de 5 mm para evitar la salida de los peces y a la
vez permitir la limpieza de los tanques. Cada tanque contd
con aireacion y flujo de agua continuo (6 L-min', aproxima-
damente), a través de llaves individuales de control de caudal
para regular el flujo. El agua de mar se bombe6 desde playa
Brujas, Mazatlan, y fue pasada a través de filtros de arena y
de cartuchos de 16 pm de retencion relativa.

Disefio experimental

Se empled un disefio experimental completamente alea-
torizado de un factor (frecuencia de alimentacién) con 3
réplicas. Este disefio considerd 8 tratamientos, como resul-
tado de la combinacion del nimero de alimentaciones por
dia y la hora del dia que se suministré (mafiana, mediodia
y tarde). Los tratamientos evaluados fueron 1M, 1T, 2MD,
2DT, 2MT, 3MDT, 3DT y SMDT (Tabla 1). En cada tanque se
colocaron 20 juveniles con peso promedio de 0.36 + 0.01 g,
los cuales se alimentaron a ad libitum durante 6 semanas
con un alimento comercial para juveniles de peces marinos
(Skretting, de 0.8 a 1.5 mm), de acuerdo con el régimen de
alimentacion (Tabla 1) seleccionado al azar.

Condiciones y desarrollo del experimento
Se registro el consumo diario de alimento de los juve-

niles de cada tanque, asi como la temperatura, la salinidad
y el oxigeno disuelto en el agua. El fondo de los tanques se
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(TL) with a conventional vernier. Gained weight (GW),
growth rate (GR), specific growth rate (SGR), and coeffi-
cient of variation (CV) were calculated using the following
formulas:

GW (g) = Average final weight (FW)

— Average initial weight (IW) ’ M
GR (%) = FF-x 100 )
SGR (% d™') = 100 X (In weight at tThi?rtl;ime — In IW) Q)
CV weight (%) = Standard dei;/\iia]tion of FW . 100 (4)

Feeding efficiency was determined using the food conversion
ratio (FCR), feeding efficiency rate (FER), hepatosomatic
index (HI), and peritoneal fat index (PFI):

_ Food intake (FI)

FCR GW ; )
FER (%) =% 100 , (6)
HI = V\ﬁcigli:t—\ovfliver X100 , (7)
PFI = Wet w?\gvht of fat % 100 (®)

The survival percentage was calculated (S):
so0- S Ram o

Statistical analysis of data

Percentage values were arcsine transformed to homoge-
nize variances. All results were tested for normality (Bartlett’s
test) and homoscedasticity (Levene’s test). Normal and
homoscedastic data (FW, GW, GR, SGR, CV, FI, FCR, and
FER) were analyzed using a one-way analysis of variance
(ANOVA, P < 0.05), and significant differences between
treatments were determined by Tukey’s multiple rank com-
parison tests (o0 = 0.05); data not showing a normal distri-
bution (HI and PFI) were analyzed using a Kruskal-Wallis
test (P < 0.05) and significant differences were determined
using Levene’s test based on the median (Zar 1996). All sta-
tistical analyses were done using the Statgraphics Centurion
XVI program v.16.204.
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sifoned diariamente para eliminar heces y restos de alimento.
Durante las 6 semanas del bioensayo, la temperatura del
agua se mantuvo a 29 + 0.05 °C, la salinidad a 34 = 1.0 y el
oxigeno disuelto a 5.5+ 0.3 mg-L".

Para evaluar el crecimiento, al final del experimento,
todos los juveniles de cada réplica se anestesiaron indivi-
dualmente con esencia de clavo (0.2 mL-L™"), y después de
eliminar la humedad excesiva con papel secante, cada uno
fue pesado en una balanza digital con precision de £0.05 g
y medido a longitud total (LT) con un vernier convencional.
Se calcul6 el peso ganado (PQG), la tasa de crecimiento (TC),
la tasa especifica de crecimiento (TEC) y el coeficiente de
variacion (CV) mediante las siguientes formulas:

PG (g) = Promedio del peso final (PF) (1)
— Promedio del peso inicial (PT) ’
TC (%) = 2 x 100 )
_ (In peso en ese tiempo — In PI)
N —
TEC (% d ") =100 X Tiempo , 3)
CV peso (%) = Desviacion eps%éndar del PF . 100 . (4)

La eficiencia alimenticia se determin6é mediante la tasa de
conversion alimenticia (TCA), la tasa de eficiencia alimen-
ticia (TEA), el indice hepatosomatico (IH) y el indice de grasa
peritoneal (IGP):

Alimento consumido (AC)

TCA = PG , (5)
TEA (%) = & X 100 (6)
IH = Peso d;i:hlgado X100 | )

Peso hiimedo de grasa
IGP = B X 100 (8)

Se calcul6 el porcentaje de supervivencia (S):
N final

S (%) = inal de peces % 100 ©)

N inicial de peces

Analisis estadistico de datos

Los resultados en porcentaje fueron transformados en
arcoseno para homogeneizar las varianzas. Se verifico la
normalidad (prueba de Bartlett) y la homocedasticidad
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Table 1. Experimental design (modified from Van der Meer et al. 1997). Tested feeding
frequencies and times for Centropomus viridis juveniles.

Tabla 1. Disefio experimental (modificado de van der Meer et al. 1997). Frecuencias y horarios
de alimentacion evaluados para juveniles de Centropomus viridis.

Feeding Feeding time (h)

frequency

(Treatment code) 7:00 10:00 13:00 16:00 19:00
M X

1T X
2MD X X

2DT X X
2MT X X
3MDT X X X
3DT X X X

SMDT X X X X X

M = morning, T = evening, D = noon.

RESULTS

FW and GW were significantly higher (ANOVA, P =
0.0000) in juveniles fed 5 times a day (SMDT). GR and SGR
values for juveniles fed 3 times a day, regardless of feeding
time (3MDT and 3DT), did not show significant differences
(ANOVA, P > 0.05) with respect to the results obtained for
organisms in the SMDT treatment. Fish fed only once or
twice a day, either in the morning (1M, 2MD) or in the eve-
ning (1T, 2DT), showed significantly less growth (ANOVA,
P = 0.0000) than the rest of the juveniles in the other treat-
ments. Growth in juveniles fed 2 times a day in the morning
and the evening (2MT) was not significantly different
(ANOVA, P > 0.05) from growth in juveniles fed 3 times a
day (3MDT and 3DT). The CV showed no significant differ-
ences (ANOVA, P = 0.7548) between treatments (Table 2).

Regarding feeding efficiency, juveniles in the IM and 1T
treatments showed significantly higher FCR (ANOVA, P =
0.0009) and significantly lower FER (ANOVA, P = 0.0009)
in comparison with juveniles in the rest of the treatments.
HI showed no significant differences (Kruskal-Wallis, P =
0.3928) between treatments. PFI was significantly different
(Kruskal-Wallis, P = 0.00029) only between juveniles in the
SMDT treatment and juveniles in the 1M and 1T treatments.
Regarding survival, no significant differences (P < 0.05)
were observed between treatments (Table 3).

DiscussioNn
Several studies have shown that growth and feeding

efficiency increase when feeding frequency is increased up
to a certain number of times (Ribeiro et al. 2015, Baloi et
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(prueba de Levene) de todos los resultados. Los datos
normales y homocedasticos (PF, PG, TC, TEC, CV, AC, TCA
y TEA) se analizaron mediante un analisis de varianza de
una via (ANDEVA, P <0.05), y las diferencias significativas
entre los tratamientos se determinaron por pruebas de compa-
racion multiple de rangos de Tukey (o = 0.05); los datos que
no presentaron distribucion normal (IH e IGP) se analizaron
mediante una prueba de Kruskal-Wallis (P < 0.05) y las dife-
rencias significativas se determinaron mediante contraste de
medianas de Levene (Zar 1996). Todos los analisis estadis-
ticos se realizaron mediante el programa Statgraphics Centu-
rion XVI v.16.204.

RESULTADOS

El PF y el PG fueron significativamente mas altos
(ANDEVA, P =0.0000) en los juveniles alimentados 5 veces
al dia (SMDT). La TC y la TEC de los juveniles alimentados
3 veces al dia, independientemente de las horas de alimen-
tacion (3MDT y 3DT), no presentaron diferencias signifi-
cativas (ANDEVA, P > 0.05) con respecto a los resultados
obtenidos para los organismos del tratamiento SMDT. Los
peces que se alimentaron una sola vez o 2 veces al dia, ya sea
en la manana (1M, 2MD) o en la tarde (1T, 2DT), presentaron
un crecimiento significativamente mas bajo (ANDEVA, P =
0.0000) que el resto de los juveniles en los otros tratamientos.
El crecimiento de los juveniles alimentados 2 veces al dia por
la mafiana y por la tarde (2MT) no fue significativamente
diferente (ANDEVA, P > 0.05) del crecimiento de los juve-
niles alimentados 3 veces al dia (3MDT y 3DT). El CV no
present6 diferencias significativas (ANDEVA, P = 0.7548)
entre los tratamientos (Tabla 2).
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al. 2016, Guo et al. 2018, Oh et al. 2019). The present study
showed that growth (FCR and FER) in C. viridis juveniles
increased significantly when they were fed 3 times a day and
that growth was not significantly different when they were
fed 5 times a day. These results are similar to those reported
by Mendes-de-Oliveira et al. (2019), who tested 2 to 6
feeding frequencies per day in Centropomus undecimalis
and concluded that juveniles should be fed 4 times a day
for adequate growth. Moreover, Tian et al. (2015) assessed
the effect of 1 to 6 feeding frequencies per day on the
growth of Megalobrama amblycephala juveniles and deter-
mined that optimal feeding frequency was 3 times a day.
On the contrary, if feeding frequency is reduced to 1 or
2 times a day, growth will decrease because fish cannot
obtain the necessary nutrients and meet the energy require-
ments for their performance and somatic development;
likewise, FER will decrease and FCR will increase (Salama
2008, Biswas et al. 2010, Lee and Pham 2010, Hamed et
al. 2016). This was observed in this study when C. viridis
juveniles fed 1 or 2 times a day showed lower GW, GR,
and SGR compared with fish fed 3 and 5 times a day. FCR
was significantly higher and FER was significantly lower
in juveniles fed once a day. Increasing feeding frequency,
on the other hand, has been reported to produce uniform
fish sizes, probably because small fish have a better chance
of consuming food and competition between fish in the
same tank decreases (Mihelakakis et al. 2002, Tucker et al.
2006, Biswas et al. 2010, Ribeiro et al. 2015). However, in
the present study, no significant differences were observed
in CV values for weight between the different treat-
ments, which has also been observed for C. undecimalis
(Mendes-de-Oliveria et al. 2019) and other marine
fish species such as L. ferruginea (Dwyer et al. 2002),

Con respecto a la eficiencia alimenticia, se observo que
en los juveniles de los tratamientos 1M y 1T, la TCA fue
significativamente mayor (ANDEVA, P = 0.0009) y la TEA
fue significativamente menor (ANDEVA, P = 0.0009), en
relacion con los juveniles del resto de los tratamientos. No
se encontraron diferencias significativas (Kruskal-Wallis,
P =0.3928) en el IH entre tratamientos. E1 IGP solo presento
diferencias significativas (Kruskal-Wallis, P = 0.00029)
entre los juveniles del tratamiento SMDT y los juveniles de
los tratamientos 1M y IT. En cuanto a la supervivencia, no
se observaron diferencias significativas (P < 0.05) entre los
tratamientos evaluados (Tabla 3).

DISCUSION

Varios estudios han demostrado que, al incrementar la
frecuencia de alimentacion hasta un cierto nimero de veces,
se incrementa el crecimiento y la eficiencia alimenticia
(Ribeiro et al. 2015, Baloi etal. 2016, Guo etal. 2018, Oh et al.
2019). En el presente estudio, se observo que el crecimiento
(TCAy TEA) de los juveniles de C. viridis increment6 signi-
ficativamente al alimentarlos 3 veces al dia y se demostrd
que no hay diferencias significativas en el crecimiento si se
alimentan 5 veces al dia. Estos resultados son similares a los
reportados por Mendes-de-Oliveira et al. (2019), quienes
evaluaron de 2 a 6 frecuencias de alimentaciéon por dia en
Centropomus undecimalis y concluyeron que los juveniles
deben ser alimentados 4 veces al dia para obtener un adecuado
crecimiento. Por su parte, Tian et al. (2015) evaluaronde 1 a 6
frecuencias de alimentacion al dia en el crecimiento de juve-
niles de Megalobrama amblycephala y determinaron que la
frecuencia 6ptima de alimentacion fue de 3 veces por dia. En
el caso contrario, si se reduce la frecuencia de alimentacion

Table 2. Growth performance of juvenile Centropomus viridis during the experiment. IW, initial average weight; FW, final average weight;
GW, gained weight; GR, growth rate; SGR, specific growth rate; CV, coefficient of variation.

Tabla 2. Crecimiento de los juveniles de Centropomus viridis durante el experimento. IW, promedio del peso al inicio; FW, promedio del peso
al final; GW, peso ganado; GR, tasa de crecimiento; SGR, tasa especifica de crecimiento; CV, coeficiente de variacion.

Treatment IW (g) FW (g) GW (g) GR (%) SGR (% d™) CV (%)

IM 0.35+0.02 2.79 £ 0.20° 2.43 +£0.20° 685.98 + 13.60° 4.59+0.10° 31.00 £ 6.00
1T 0.34 +£0.01 2.70 £0.10° 2.35+0.10° 676.50 + 66.80* 4.56 +£0.02* 33.33+4.60
2MD 0.37+£0.01 4.47 £0.30° 4.09 £ 0.30° 1064.04 £ 93.80° 5.50 +£0.20° 34.66 +2.00
2DT 0.35+0.01 4.49+0.10° 4.13+£0.10° 1173.07 + 103.40° 5.66 +£0.10° 30.00 + 6.00
2MT 0.36 £0.02 4.98 £+ 0.40 4.61 £0.50 1247.93 + 185.60 5.78 £0.30% 2733 £5.10
3MDT 0.36 £0.01 5.97 £0.70° 5.60 + 0.60° 1519.45 £ 115.90< 6.23 £0.10« 32.66 +3.00
3DT 0.34+0.02 5.65 £ 0.60" 5.29 £ 0.60% 1506.00 + 173.70¢ 6.19 £ 0.20« 34.33+£8.10
SMDT 0.38+0.01 7.32 +0.40¢ 7.00 +0.30¢ 1831.29 £ 75.47¢ 6.57 £0.10¢ 32.33+5.50

Values (mean + SD, n = 3) with different letters in the same column are significantly different according to Tukey’s multiple range test

(0.=0.05).
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Table 3. Food utilization, somatic indexes, and survival of juvenile white snook Centropomus viridis during the experiment. FI, food intake;
FCR, food conversion ratio; FER, feeding efficiency rate; HI, hepatosomatic index; PFI, peritoneal fat index; S, survival.

Tabla 3. Eficiencia alimenticia, indices morfologicos y supervivencia de juveniles de robalo blanco Centropomus viridis durante el experimento.
FI, alimento consumido; FCR, tasa de conversion alimenticia; FER, tasa de eficiencia alimenticia; HI, indice hepatosomatico; PFI, indice de

grasa peritoneal; S, supervivencia.

Treatment FI (g) FCR FER (%) HI (%) PFI (%) S (%)

M 3.74 4+ 0.30% 1.55 +0.20° 65.90 + 12.30° 1.01 £0.70 2.28 +0.80° 100

IT 3.14 + 0.06° 1.33 +0.06° 74.90 + 3.30° 1.45 +0.80 2.04 + 0.40° 100

2MD 4.49 + 0.40% 1.09 + 0.07° 91.23 + 6.90° 1.55+0.10 3.25+1.00® 96.66 + 2.80
2DT 4.19 +0.10% 1.01 +0.05° 97.24 + 2.40° 2.52+1.90 2.96 +0.70 100

2MT 4.70 + 0.40% 1.02 £0.10° 94.98 + 8.60° 1.53 £ 0.40 3.45+0.70" 96.66 = 2.80
3MDT 5.82+0.200 1.04 £0.16* 96.70 + 16.00° 1.50 £0.70 2.99 £ 1.90% 100

3DT 5.13 4 0.60< 0.96 + 0.07* 103.6 + 8.10° 1.56 + 0.60 3.22 4 0.40% 96.66 + 2.80
SMDT 6.96 +0.10° 1.00 + 0.04* 98.03 + 1.80° 1.38+0.40 4.18 +0.90° 100

Values (mean + SD, n = 3) with different letters in the same column are significantly different according to Tukey’s multiple range test (o =

0.05), except for IGP, which follows Levene’s median contrast.

Pagrus auratus (Booth et al. 2008), and Platichthys flesus
luscus (Kiigiik et al. 2014).

Regarding feeding time, the present study showed that
there is no significant effect on juvenile C. viridis growth and
feeding efficiency if feeding is done in the morning or the
evening. This finding was also reported for Sigamus rivulatus
(Barakat et al. 2011) and Colossoma macropomum (van
der Meer et al. 1997). However, in some species, such as
P. flesus luscus (Kiiciik et al. 2014) and Oplegnathus fasciatus
(Oh and Venmathi-Maran 2015), reports show that food
intake is higher in the first hour of the morning and in other
species, such as Sardinella brasiliensis (Baloi et al. 2016)
and Hapalogenys nigripinnis (Oh et al. 2019), intake is
higher in the evening. In the present study, the intake of food
supplied during each feeding was not evaluated, only total
consumption per day, so it was not possible to determine the
time of day with the highest food intake. In this study, HI in
all treatments was not significantly affected by feeding fre-
quency, and PFI was significantly higher in juveniles from
the SMDT treatment than in juveniles fed only once a day,
regardless of feeding time (1M and 1T). Low PFI values
suggest that during feed restriction, fish use stored fat to
meet the energy requirements for growth (Baloi et al. 2016),
which would explain why in the present study fish fed only
once a day (IM and 1T) showed lower PFI values than fish
fed 5 times a day (SMDT), since after having had insuffi-
cient food, they were possibly unable to store as much peri-
toneal fat as fish in the SMDT treatment. Other studies on
marine fish have also reported that PFI is affected by feeding
frequency, the higher the feeding frequency, the higher the
PFI values (Mizanur and Bai 2014, Baloi et al. 2016, Guo
et al. 2018).
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a 1 o 2 veces al dia, el crecimiento serd menor, debido a que
los peces no pueden obtener los requerimientos energéticos
y los nutrientes necesarios para su mantenimiento y desa-
rrollo somatico; ademas, disminuiria la TEA y aumentaria la
TCA (Salama 2008, Biswas et al. 2010, Lee y Pham 2010,
Hamed et al. 2016). Lo mismo se observo en este estudio,
ya que los juveniles de C. viridis alimentados 1 o 2 veces
al dia presentaron menor PG, TC y TCE en relacion con los
peces alimentados 3 y 5 veces al dia. En cuanto a la TCA,
esta fue significativamente mayor y la TEA fue significativa-
mente menor en los juveniles alimentados 1 vez al dia. Por
otro lado, se ha reportado que al aumentar la frecuencia de
alimentacion, se producen peces de talla uniforme, proba-
blemente debido a que los peces pequefios tienen mas opor-
tunidad de consumir alimento y disminuye la competencia
entre los peces del mismo tanque (Mihelakakis et al. 2002,
Tucker et al. 2006, Biswas et al. 2010, Ribeiro et al. 2015).
Sin embargo, en el presente estudio no se observaron diferen-
cias significativas en el CV del peso de los organismos entre
los diferentes tratamientos, lo cual también ha sido obser-
vado en C. undecimalis (Mendes-de-Oliveria et al. 2019)
y en otras especies de peces marinos como L. ferruginea
(Dwyer et al. 2002), Pagrus auratus (Booth et al. 2008) y
Platichthys flesus luscus (Kiigiik et al. 2014).

En cuanto a la hora de alimentacion, el presente estudio
demostr6é que no existe un efecto significativo en el creci-
miento y la eficiencia alimenticia de los juveniles de C. viridis
si la alimentacion se lleva a cabo por la mafana o por la
tarde. Este hallazgo también ha sido reportado para Sigamus
rivulatus (Barakat et al. 2011) y Colossoma macropomum
(van der Meer et al. 1997). Sin embargo, en algunas especies
se ha reportado que el consumo de alimento es mayor en la
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From the results obtained in the present study, it can be
concluded that, under the same experimental conditions, the
optimal feeding frequency for pre-fattening C. viridis juve-
niles is 3 times a day within 6-hour intervals. These results
will contribute to the development of farming biotechnology
aiming to obtain adequate growth and feeding efficiency
for this species, thus enabling operational cost optimization
by using only the required feed, in addition to preventing
organic waste accumulation due to unconsumed food.
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