Ciencias Marinas (2011), 37(4A): 415423
http://dx.doi.org/10.7773/cm.v37i4A.1870

W20

Effect of supplying four copepod densities (Acartia sp. and Calanus pacificus) on
the productive response of Litopenaeus vannamei pregrown intensively at
microcosm level
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ABSTRACT. A seven-week experiment was performed to evaluate the effect of supplying copepods (Acartia sp. and Calanus pacificus), as
exogenous feed during the intensive pre-growout phase of white shrimp (Litopenaeus vannamei), on the productive parameters and water
quality. Five treatments were tested in which shrimp were fed formulated feed and the addition of 0 (control), 1, 2, 4, or 8 copepods mL".
Treatments with 1 and 4 copepods mL~! had higher ammonia nitrogen levels than the rest of the treatments (>4 mg L™'). Nitrite levels were
significantly higher in the treatment with 8 copepods mL~!, whereas nitrate levels were higher in all treatments relative to the control.
Phosphate concentration was higher in the treatments with 4 and 8 copepods mL~'. Shrimp from the treatments with 2, 4, and 8 copepods mL"!
showed a higher survival (>93%), weight (>3.1 g), and final biomass (>77 g). The treatment with 2 copepods mL™! had the best feed conversion
ratio (1.19) compared with the rest (>1.7). The results suggest that the additional supply of copepods as exogenous feed during the intensive
pre-growout phase of shrimp culture can have a negative effect on the water quality, although survival was not affected; however, the effect on
the production parameters was positive, indicating that the use of copepods as exogenous live feed is feasible in the culture of white shrimp.

Key words: natural feed, water quality, growth, intensive production, zooplankton.

RESUMEN. Se realizo un experimento durante siete semanas para evaluar el efecto del suministro de copépodos (Acartia sp. y Calanus
pacificus), como alimento exdgeno durante la preengorda intensiva de camar6n blanco (Litopenaeus vannamei), en los parametros de
produccion y la calidad del agua. Se probaron cinco tratamientos en los que el camaro6n fue alimentado con dieta formulada mas la adicion de
0 (control), 1, 2, 4 u 8 copépodos mL!. En los tratamientos con 1 y 4 copépodos mL~! se observaron niveles de nitrogeno amoniacal total
superiores al resto de los tratamientos (>4 mg L™"). El nivel de nitritos fue significativamente mas alto en el tratamiento con 8 copépodos mL~,
mientras que el de nitratos fue mas elevado en todos los tratamientos en comparacion con el control. La concentracion de fosfatos fue superior
en los tratamientos con 4 y 8 copépodos mL~!. Los camarones en los tratamientos con 2, 4 y 8 copépodos mL~' presentaron mayor
supervivencia (>93%), peso (>3.1 g) y biomasa final (>77 g). El tratamiento con 2 copépodos mL! presentd el mejor factor de conversion
alimenticia (1.19) en comparacion con el resto (>1.7). Los resultados sugieren que la adicién de copépodos como alimento natural exégeno
durante la preengorda intensiva del camardn puede tener un efecto negativo sobre la calidad del agua, aunque esto no afectd la supervivencia;
sin embargo, el efecto en los parametros de produccion fue positivo y se considera viable el uso de copépodos como alimento vivo para la etapa
de preengorda en el cultivo de camarén blanco.

Palabras clave: alimento natural, calidad de agua, crecimiento, produccion intensiva, zooplancton.

INTRODUCTION INTRODUCCION

The notable growth of shrimp aquaculture in the world, El crecimiento notable de la actividad camaronicola en
with production above four million tons at world scale and el mundo, con producciones superiores a los cuatro millo-
more than130,000 t in Mexico (Juarez 2008, FAO 2009), has nes de toneladas a nivel mundial y mas de 130,000 t en
had a significant impact on the economy of the practicing México (Juarez 2008, FAO 2009), ha tenido un impacto
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countries, especially on the generation of employment and
currencies. It is important that such growth remain constant
but sustainable; in other words, environmentally friendly but
still profitable. There are sevneral actions that can be taken to
collaborate in this important purpose. One of them is the
reduction in the use of formulated feeds, in particular those
containing fish meal and other aquatic organisms as their
main component, because they are not only expensive, but
also negatively impact the fisheries from which they are
obtained (Naylor et al. 2000). Moreover, these feeds contam-
inate both the culture systems and the water-discharge receiv-
ing ecosystems (Martinez-Cordova et al. 2009). The use of
natural food has been suggested as one of the most viable
strategies to reduce the amount of formulated feed (Campa-
na-Torres et al. 2009, Ballester et al. 2010, Porchas-Cornejo
et al. 2010). It has been shown that this kind of food can
contribute an appropriate amount of nutrients to cultured
organisms (Bombeo-Tuburan et al. 1993, Khatoon et al.
2009). Natural food can be both exogenous, that is, promoted
and produced within the same culture systems (Cardozo et al.
2008, Martinez-Cordova 2009), and exogenous, that is,
captured or cultured outside the culture systems and subse-
quently incorporated into them. The use of exogenous natural
food has been implemented for some time, although it is
mainly used in larval culture and occasionally in the nursery
culture of diverse aquatic organisms; it is seldom used in the
pre-growout phase and hardly ever in the growout phase. The
organisms used as natural food include copepods (Rippingale
and Payne 2005, Farhadian et al. 2009), rotifers (Campafia-
Torres et al. 2009), cladocerans (Wiwattanapatapee et al.
2002, Martin et al. 2006), and brine shrimp (Faleiro and
Narciso 2009, Campaiia-Torres et al. 2010, Gonzalez et al.
2010), among others.

Copepods are probably the most common and abundant
zooplankton species used in shrimp culture ponds and are
therefore easily obtained. They also form an important part of
the penaeid shrimp diet (Martinez-Cordova and Pefa-
Messina 2005). Their nutritional value has been documented
by diverse researchers including Watanabe et al. (1983) and
Tho et al. (2011). Farhadian et al. (2009) found that the cope-
pod Apocyclops dengizicus can be a protein and lipid source
for cultured organisms, since they typically have 39-42%
protein content and 16—19% lipid content, depending on the
microalgae used to feed them.

Copepods, together with Artemia, are one of the most
widely used organisms as natural food in larval fish and crus-
tacean culture. Rippingale and Payne (2005) demonstrated
the convenience of using Gladioferens imparipes for the
intensive culture of fish larvae. Shields et al. (1999) found
that Eurytemora velox has a better nutritional value than
Artemia for the culture of Hippoglossus hippoglossus larvae.
Chesney (2005) conducted an extensive revision of the role
of copepods as live prey and the factors influencing their suc-
cess as natural food for fish larvae. Nonetheless, despite the
success that the use of copepods has had in aquaculture, their
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significativo en la economia de las naciones que la practican,
especialmente en la creaciéon de empleos y generacion de
divisas. Es muy importante que este crecimiento se mantenga
constante, pero de manera sustentable; es decir, ambiental-
mente amigable sin dejar de ser redituable. Existen diversas
acciones que se puede tomar para colaborar en este impor-
tante proposito. Una de ellas es la reduccion en la utilizacion
de alimentos formulados, sobre todo de aquellos que usan
harina de pescado y de otros organismos acuaticos como su
ingrediente principal, ya que no solamente son costosos, sino
que ademads implican un impacto negativo en las pesquerias
de donde se obtienen (Naylor et al. 2000). Por otra parte,
estos alimentos son contaminantes tanto de los mismos
sistemas de produccion acuicola como de los ecosistemas
receptores de las descargas (Martinez-Cordova et al. 2009).
El uso de alimento natural se ha sugerido como una de las
estrategias mas viables para reducir el suministro de alimento
formulado (Campafia-Torres et al. 2009, Ballester et al. 2010,
Porchas-Cornejo et al. 2010). Se ha demostrado que este tipo
de alimento puede contribuir con una adecuada cantidad
denutrimentos para los organismos cultivados (Bombeo-
Tuburan et al. 1993, Khatoon et al. 2009). El alimento
natural puede ser tanto enddgeno, aquél que se promueve y
produce dentro de los mismos sistemas de cultivo (Cardozo
et al. 2008; Martinez-Cordova 2009), como exdgeno, aquél
que se captura o cultiva fuera de los sistemas y se incorpora
posteriormente a los mismos. El uso de alimento natural
exogeno se ha implementado desde hace tiempo, aunque se
usa principalmente en el cultivo larvario y, ocasionalmente,
en la maternizacion de diversos organismos acuicolas; rara-
mente se ha utilizado en la preengorda y menos atn en la
engorda. Entre los organismos utilizados como alimento
natural se encuentran los copépodos (Rippingale y Payne
2005, Farhadian et al. 2009), los rotiferos (Campafia-Torres
et al. 2009), los cladoceros (Wiwattanapatapee et al. 2002,
Martin et al. 2006), y las artemias (Faleiro y Narciso 2009,
Campana-Torres et al. 2010, Gonzalez et al. 2010), entre
otros.

Los copépodos son probablemente los organismos zoo-
planctonicos mas comunes y abundantes en estanques de cul-
tivo de camaron y, por lo tanto, facil de conseguir. Ademas,
forman parte importante de la dieta de camarones peneidos
(Martinez-Cérdova y Pefia-Messina 2005). Su valor nutricio-
nal ha sido documentado por varios investigadores como
Watanabe et al. (1983) y Tho et al. (2011). Farhadian et al.
(2009) encontraron que el copépodo Apocyclops dengizicus
puede ser una fuente de lipidos y proteina para organismos
cultivados, ya que contienen niveles de proteina entre 39% y
42%, y de lipidos entre 16% y 19%, segun la microalga con
que son alimentados.

Por lo anterior, los copépodos son, ademas de la Artemia,
uno de los organismos mas utilizados ampliamente como
alimento vivo en el cultivo larvario de peces y crustaceos.
Rippingale y Payne (2005) demostraron la conveniencia
del uso de Gladioferens imparipes para el cultivo intensivo
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use in nursery, pre-growout, and growout phases is limited,
particularly in crustacean culture.

The objective of this study was to evaluate the effect of
the supply of different concentrations of copepods (Acartia
sp. and Calanus pacificus) on the productive response of the
white shrimp Litopaneaus vannamei (Boone 1931) during the
intensive pre-growout phase at microcosm level, as well as
on the water quality of the system.

MATERIAL AND METHODS

This study was carried out during seven weeks at the
Kino Experimental Unit of the Department of Scientific and
Technological Research of the University of Sonora, located
at Kino Bay (Sonora, Mexico).

The strain of Acartia sp. was obtained from the aquacul-
ture facilities of the Autonomous University of Jalisco at
Tomatlan (Jalisco, Mexico). The strain of C. pacificus was
isolated from the shrimp culture ponds of the University of
Sonora at Kino Bay. Strain maintenance and copepod culture
were performed according to the methodology described by
Fukusho (1989) and Fengqi (2003). Copepods were main-
tained in 2-L Erlenmeyer flasks at a temperature of 26 =1 °C
and fed the microalgae Nannochloropsis oculata and
Chaetoceros muellerii. The culture was then scaled in indoor
facilities using 19-L polyethylene terephthalate tanks, and
finally transferred to 80-L fiberglass columns to guarantee
the required production during the experiment. Copepod
harvesting was carried out once the organisms achieved a
concentration exceeding 300 organisms mL!, using a 60-um
sieve. Litopenaeus vannamei postlarvae were obtained from
a commercial laboratory (Maricultura del Pacifico SA), and
nursed in the laboratory until they achieved the desired size.

The addition of copepods in the pre-growout phase of
shrimp culture was evaluated at microcosm level using 40-L
plastic tanks with an operational volume of 30 L. A simple,
completely randomized design was used with three repeti-
tions per treatment. Treatments consisted of five levels of
daily inclusion (09:00 h) of copepods Acartia sp. and C.
pacificus at a 1:1 ratio. The addition levels were 0 (control),
1, 2, 4, and 8 copepods mL-!. Twenty-five juvenile shrimp
weighing 0.1 £ 0.02 g were placed in each experimental unit
(0.83 individuals L-'). Additionally, shrimp were also
supplied commercial feed containing 35% crude protein
(Camaronina, Purina, Mexico) in two daily rations (09:00
and 20:00 h), corresponding to 5% of their total biomass.

Dissolved oxygen levels in the experimental units were
maintained above 5 mg L' using a 1-HP blower, and temper-
atures were maintained around 27 + 1 °C using 150-W air
heaters. No water exchange was carried out throughout the
experiment, though water loss due to evaporation was com-
pensated by adding previously aerated and dechlorinated
fresh water. Physicochemical variables such as temperature,
dissolved oxygen, pH, and salinity were registered daily
(11:00 h) using a YSI 6600 multiparameter sensor (YSI Inc.,
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de larvas de peces. Shields et al. (1999) encontraron que
Eurytemora velox tiene un valor nutricional mejor que la
Artemia para el cultivo larvario del pez plano Hippoglossus
hippoglossus. Chesney (2005) hizo una revisiéon importante
sobre los copépodos como presas vivas y los factores que
influencian su éxito como alimento para larvas de peces.
Sin embargo, a pesar del éxito que ha tenido el uso de
copépodos en la acuicultura, su uso en maternizacion, preen-
gorda y engorda es limitado, particularmente en el cultivo de
crustaceos.

El objetivo del presente estudio fue evaluar el efecto del
suministro de diferentes concentraciones de copépodos
(Acartia sp. y Calanus pacificus) en la respuesta productiva
del camardn blanco del Pacifico, Litopenaeus vannamei
(Boone 1931) durante su preengorda intensiva a nivel micro-
cosmos, asi como en la calidad del agua del sistema.

MATERIALES Y METODOS

El estudio se llevd a cabo durante siete semanas en la
Unidad Experimental Kino del Departamento de Investiga-
ciones Cientificas y Tecnologicas de la Universidad de
Sonora, ubicado en Bahia Kino (Sonora, México).

La cepa de Acartia sp. fue obtenida de las instalaciones
de acuicultura de la Universidad Auténoma de Jalisco
(Jalisco, México). La cepa de C. pacificus fue aislada de los
estanques de cultivo de camaron de la Universidad de Sonora
en Bahia Kino. El mantenimiento de la cepa y el cultivo
de copépodos se llevaron acabo segin la metodologia
descrita para rotiferos por Fukusho (1989) y Fengqi (2003).
Los copépodos se mantuvieron en matraces Erlenmeyer de
2 L a una temperatura de 26 + 1 °C y se alimentaron con
las microalgas Nannochloropsis oculata y Chaetoceros
muellerii. Posteriormente, los cultivos se escalaron en insta-
laciones bajo techo con garrafones de polietileno teraftalato
de 19 L. y, finalmente, se transfirieron a columnas de fibra de
vidrio de 80 L con el objetivo de garantizar la produccion
requerida en el experimento. Las cosechas de copépodos se
realizaron una vez que los organismos alcanzaron una con-
centracion superior a 300 organismos mL~!, con un tamiz de
60 um. Las postlarvas L. vannamei se obtuvieron de un labo-
ratorio comercial (Maricultura del Pacifico SA), y se criaron
en el laboratorio hasta alcanzar la talla deseada.

La inclusion de los copépodos en la fase de preengorda de
camardn se evalud a nivel microcosmos en tinas de plastico
de 40 L con un volumen operacional de 30 L. Se disefié un
experimento simple con un arreglo completamente al azar y
tres réplicas por cada tratamiento. Los tratamientos consistie-
ron en cinco niveles de inclusion diaria (09:00 h) de los
copépodos Acartia sp y Calanus pacificus en proporcion 1:1.
Los niveles de inclusion fueron: 0 (control), 1, 2, 4 y
8 copépodos mL'. En cada unidad experimental se coloca-
ron 25 juveniles de L. vannamei con un peso de 0.1 £0.02 g
(0.83 individuos L'). Ademas, a los camarones se les
suministré alimento comercial con 35% de proteina cruda
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Yellowspring, Ohio). Water quality parameters such as total
ammonia nitrogen (TAN), nitrites, nitrates, and phosphates,
were registered each week using a Hach DR 4000 program-
mable spectrophotometer and its respective kit of reagents
(Hach Co., Loveland, Colorado).

Shrimp from each experimental unit were counted weekly
and weighed on a digital balance. Biomass of each unit was
calculated to estimate the following week’s food ration.
At the end of the experiment, the weight of each organism,
survival rate, and biomass were obtained; also, the feed con-
version ratio (FCR) was calculated by dividing the total of
supplied food (including formulated feed and copepods on a
dry weight basis) by the final shrimp biomass.

Water quality data were analyzed by a repeated measures
analysis of variance using a statistical software (NCSS 2007).
Final production data were analyzed by a one-way analysis of
variance (Zar 1996). A Tukey test was used for mean com-
parisons among treatments. Survival was evaluated by a chi-
square test. A confidence level of a = 0.05 was considered for
the statistical analyses.

RESULTS

No significant differences were found among treatments
for temperature (25.8-28.1 °C), salinity (35-37.1), dissolved
oxygen (5.4-7.7 mg L), and pH (8.2-8.8).

Regarding water quality, differences were registered for
some parameters (table 1); all treatments increased with
the passage of time (Pyp. < 0.05, fig. 1). Higher TAN con-
centrations were recorded in the treatments with 1 and
4 copepods mL~!, while lower values were recorded in the
treatments using 2 and 8 copepods mL-'. The concentration
of nitrite was higher in the treatment with 8 copepods mL!
(>0.37 mg L") than in the other treatments (<0.24 mg L).
Nitrate concentration was highest in the treatments using
1 and 8 copepods mL-!, followed by the treatment using
2 copepods mL~!; the lowest values were found in the treat-
ments using 0 and 4 copepods mL~'. The highest concentra-
tions of phosphate were registered in the treatments with
4 and 8 copepods mL".

Table 1. Mean + SD of water quality parameters in the five treatments.

(Camaronina de Purina, México) en dos raciones diarias
(09:00 y 20:00 h), que en total correspondieron al 5% de su
biomasa.

En las unidades experimentales se mantuvieron niveles de
oxigeno disuelto superiores a 5 mg L-!, mediante un soplador
de 1 HP, y temperaturas en alrededor de 27 + 1 °C mediante
calentadores de ambiente de 150 W. No se realiz6 recambio
de agua a lo largo del experimento, aunque la pérdida de
agua por evaporacion fue compensada por la adicion de agua
dulce previamente aireada y declorinada. Las variables
fisicoquimicas como temperatura, oxigeno disuelto, pH y
salinidad se registraron diariamente (11:00 h) con una sonda
multi pardmetros YSI 6600 (YSI Inc., Yellowspring, Ohio).
Las concentraciones de nutrientes en el agua tales como
nitrégeno amoniacal total (NAT), nitritos, nitratos y fosfatos
se registraron semanalmente con un espectrofotometro pro-
gramable Hach DR 4000 y su respectivo kit de reactivos
(Hach Co. Loveland, Colorado).

Cada semana se contaron y se pesaron en una balanza
digital los camarones de cada unidad experimental. Se
calculo la biomasa de cada unidad y, con base en ello, la
racion de la siguiente semana. Al final del experimento se
obtuvo el peso, la supervivencia y la biomasa de cada orga-
nismo; también se calculd el factor de conversion alimenticia
(FCA) dividiendo el alimento total proporcionado (inclu-
yendo el alimento formulado y los copépodos en base seca)
entre la biomasa final de camarones.

Los datos de la calidad del agua fueron analizados por
medio de un analisis de varianza de medidas repetidas con el
software estadistico NCSS 2007. Los datos finales de los
parametros de produccion se analizaron mediante un analisis
de varianza de una sola via (Zar 1996). Se utilizé una prueba
de Tukey para la comparacion de medias entre tratamientos.
La supervivencia se evalud con una prueba de chi cuadrada.
Para los andlisis estadisticos se consideré un nivel de con-
fianza de o = 0.05.

RESULTADOS

No se encontraron diferencias estadisticas entre trata-
mientos para los pardmetros de temperatura (25.8-28.1 °C),

Tabla 1. Promedio + DE de los parametros de la calidad del agua en los cinco tratamientos.

Treatment NH,/NH, N-NO, N-NO; P-PO,
(copepods mL™) (mgL™) (mgL™) (mgL™) (mgL™)
0 (control) 2.17 £0.52° 0.013 +£0.001° 5.63+£2.522 4.03+1.16°
1 3.08 £0.94° 0.017 £0.0012 10.01 = 3.05% 4.13 +£0.60?
2 1.42 £0.29* 0.017 +£0.001* 9.17 £0.58% 4.83 +£0.35°
4 3.08 £1.12° 0.023 £ 0.002° 6.67 £2.51% 6.03+£1.16°
8 1.67 £0.382 0.370 £ 0.021° 10.90 + 1.53¢ 6.03 £0.67°

Different letters in the same column indicate significant differences among treatments at the 95% confidence level.
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Total ammonia nitrogen (TAN)

6

mg mL™"

Time (weeks)

--O—- 0Copepods MLt —— 4 Copepods mL~*
—O— 1Copepod mLt  —&— 8 Copepods mL~
—«@— 2 Copepods mL!

Figure 1. Water quality parameters recorded in the
different treatments during the experiment. Different
letters indicate significant differences (P < 0.05) for the
treatment factor. Time had a significant effect on all
treatments.

Figura 1. Pardmetros de la calidad del agua registrados
en los diferentes tratamientos durante el experimento. Las
letras distintas indican diferencias significativas (P <
0.05) para el factor tratamiento. El tiempo tuvo un efecto
significativo en todos los tratamientos.

Regarding the productive response, there were significant
differences observed among treatments (table 2). Weekly
growth showed a direct relation to the concentration of
copepods supplied (fig. 2). The final weight was significantly
higher in the treatments with 4 and 8 copepods mL~' com-
pared to the control; however, there were no differences
relative to the treatments with 1 and 2 copepods mL-!. Com-
pared to the control, the treatments using 4 and 8 copepods
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salinidad (35-37.1), oxigeno disuelto (5.4-7.7 mg L") y pH
(8.2-8.8).

Respecto a la calidad del agua, se registraron diferencias
en algunos parametros (tabla 1); todos los tratamientos incre-
mentaron con el paso del tiempo (Pyemp, < 0.05, fig. 1). La
concentracion de NAT fue mayor en los tratamientos con 1y
4 copépodos mL~!, mientras que los valores mas bajos se
registraron en los tratamientos con 2 y 8 copépodos mL'. La
concentracion de nitritos fue mas alta en el tratamiento de
8 copépodos mL' (>0.37 mg L') en comparaciéon con la
registrada en el resto de los tratamientos (<0.24 mg L"). La
concentracion de nitratos fue la mas alta en los tratamientos
con 1 y 8 copépodos mL!, seguidas del tratamiento con
2 copépodos mL; los valores mas bajos se encontraron en
los tratamientos con 0 y 4 copépodos mL-!. Las concentracio-
nes mas altas de fosfatos se registraron en los tratamientos
con 4y 8 copépodos mL".

Con relacién a la respuesta productiva, se observaron
diferencias significativas entre los tratamientos (tabla 2).
El crecimiento semanal presentd una relacion directa con
la concentracion de copépodos suministrados (fig. 2). La
peso final fue significativamente mayor en los tratamientos
con 4 y 8 copépodos mL~" que en el control; sin embargo,
no hubo diferencia respecto a los tratamientos con 1 y
2 copépodos mL-!. En comparacion con el control, los trata-
mientos de 4 y 8 copépodos mL-! presentaron un peso 12% y
13% superior. La biomasa final fue significativamente mayor
en el tratamiento con 8 copépodos mL~! en comparacion con
el control, mientras que no se registraron diferencias entre
este tratamiento y aquellos con 1, 2 y 4 copépodos mL'. La
supervivencia fue superior al 90% en todos los tratamientos
en donde se suministraron copépodos. La supervivencia en
los tratamientos con 2 y 8 copépodos mL~' fue superior a
la registrada en el control, y no se registraron diferencias de
estos dos tratamientos con respecto a los tratamientos de 1 y
4 copépodos mL!. El tratamiento con 2 copépodos mL™"! pre-
sentd un FCA estadisticamente menor que todos los demas
tratamientos.

DiscusiON

Durante el experimento, la temperatura, la salinidad, y el
oxigeno disuelto se mantuvieron dentro de los intervalos
recomendados o al menos aceptables para la especie
(Martinez-Cérdova 2009), y no se encontraron diferencias
estadisticas entre los tratamientos. Sin embargo, algunos
parametros de la calidad del agua se vieron afectados por la
inclusion de copépodos en la dieta de los juvelines. En el
caso del NAT, no se observo un patron definido debido a
que los valores mas altos se registraron en los tratamientos
con 1 y 4 copépodos y los mas bajos en aquéllos con 2 y
8 organismos.

Los niveles de NAT estuvieron, en algunos casos, por
encima de los niveles observados cominmente en granjas
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mL~" showed 12% and 13% greater weight. Final biomass
was significantly higher in the treatment with 8 copepods
mL-! compared to the control, while no differences were
registered among this treatment relative to those using 1, 2,
and 4 copepods mL-!. Survival was higher than 90% in all
treatments in which copepods were supplied. Survival in the
treatments with 2 and 8 copepods mL! was greater than that
recorded in the control treatment, while no differences were
registered among these two treatments relative to those using
1 and 4 copepods mL-". The treatment with 2 copepods mL!
showed a statistically lower FCR than the other treatments.

DiscussioN

During the experiment, temperature, salinity, and dis-
solved oxygen remained within the ranges recommended or
at least acceptable for the species (Martinez-Cordova 2009),
and no significant differences were found among treatments.
Some water quality parameters, however, were affected by
the inclusion of copepods in the diet of the juveniles. In the
case of TAN, no defined pattern was observed because the
highest values were recorded in the treatments using 1 and
4 copepods mL! and the lowest values in those using 2 and
8 organisms.

The TAN levels were, in some cases, above the levels
commonly found in commercial farms. These high levels can
be attributed to the fact that this experiment was conducted
using a system without water exchange and some of the
metabolites may have accumulated during the course of it.
The TAN concentrations were higher than those recom-
mended for penaeid culture (Chen et al. 1990). Alcaraz et al.
(2007) documented that shrimp exposed to NH; levels above
0.7 mg L' had severe damage to the gills, which affected
their respiratory rate, and that this concentration was lethal
when there were low oxygen levels. However, Chen and Lin
(1992) and Tsai and Chen (2002) reported dangerous levels
of TAN, quite higher for Penaeus monodon postlarvae at dif-
ferent salinities. Li et al. (2007) found that the lethal concen-
tration (LCsy) of TAN for L. vannamei was 9.33 mg L! at 96
h. It is necessary to take into consideration that according to
the maximum values of pH (8.8) and temperature (28 °C)
registered during the present study, around 70% of this TAN
was in the non-ionized form (NH,"), which is less toxic for
shrimp. Because of the above, there was no negative effect on
the survival of the organisms. The concentrations of nitrates
and nitrites remained considerably below the security limits
recommended for shrimp and other crustaceans (Gross et al.
2004, Alcaraz et al. 2007, Seneriches-Abiera et al. 2007),
though the treatment with the highest number of copepods
showed a greater rate of increase relative to time, which
could be a negative factor for shrimp growth.

Phosphate values were also directly related to the concen-
tration of copepods supplied, higher levels occurring in the
treatments with 4 and 8 copepods mL-!. These values were
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comerciales. Estos niveles altos podrian deberse a que el
experimento se realizé con un sistema sin recambio de agua 'y
algunos de los metabolitos pudieron haberse acumulado en el
transcurso del mismo. Las concentraciones de NAT fueron
superiores a las recomendadas para el cultivo de peneidos
(Chen et al. 1990). Alcaraz et al. (2007) documentaron que
los camarones expuestos a niveles superiores a 0.7 mg L' de
NHj; tuvieron dafios severos en las branquias, lo que afect6 su
tasa respiratoria, y que esta concentracion fue letal cuando se
presentaron bajos niveles de oxigeno disuelto. Sin embargo,
Chen y Lin (1992) y Tsai y Chen (2002) documentaron valo-
res peligrosos de NAT, mucho mas elevados para postlarvas
de Penaeus monodon a diferentes salinidades. Li et al. (2007)
encontraron que la concentracion letal (LCs,) de NAT para
L. vannamei fue de 9.33 mg L' a 96 h. Es necesario tomar en
consideracion que de acuerdo con los valores maximos de pH
(8.8) y temperatura (28 °C) registrados durante el presente
estudio, alrededor del 70% de este NAT estuvo en la forma
no ionizada NH,*, que es menos toxica para el camaron. En
virtud de lo anterior, no se observd un efecto negativo en
la supervivencia de los organismos. Las concentraciones
de nitratos y nitritos se mantuvieron muy por debajo de
los limites de seguridad recomendados para camarones y
otros crustaceos (Gross etal. 2004, Alcaraz et al. 2007,
Seneriches-Abiera et al. 2007), aunque para el tratamiento
con mayor numero de copépodos se observo una mayor tasa
de incremento con respecto al tiempo, lo cual podria llegar a
ser un factor negativo para el crecimiento del camarén.

Los niveles de fosfatos también tuvieron una relacion
directa con la concentraciéon de copépodos suministrados,
observandose valores mayores en los tratamientos con 4 y
8 copépodos mL-'. Estos valores fueron mas altos que los
registrados cominmente para estanques camaronicolas (de la
Lanza y Hernandez 1998). Existe escasa informacion en la
literatura respecto al efecto de los fosfatos en camarones
cultivados. Ritvo (1999) encontr6 un efecto negativo del con-
tenido alto de fosforo en el sedimento sobre la supervivencia
de L. vannamei; no obstante, las concentraciones que encon-
tr6 (183 mg L') son mucho mas altas que las encontradas en
el presente estudio, donde no se observaron efectos negativos
en la supervivencia de los juveniles. Méndez et al. (2004)
encontraron que el crecimiento de postlarvas de camarén
(L. stylirostris) era mayor cuando eran cultivadas en estan-
ques con altos niveles de fosforo en el sedimento.

La respuesta productiva del camarén se vio favorecida
por la inclusion de copépodos en la dieta, ya que la mayoria
de los parametros fueron mejores en aquellos tratamientos
con mayor nivel de inclusion, en comparacion con el control.
Sun y Fleeger (1995) demostraron que el copépodo harpacti-
coideo Amphiascoides atopus es una fuente importante de
alimento vivo en la nutricion de peces y crusticeos, y
argumentan que estos organismos son utiles no solamente en
el cultivo larvario, sino en etapas posteriores (e.g., la preen-
gorda), tal como en este experimento.
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Table 2. Production parameters of Litopenaeus vannamei fed different concentrations of the copepods Acartia sp. and Calanus pacificus.
Tabla 2. Parametros de produccion de Litopenaeus vannamei alimentado con diferentes concentraciones de los copépodos Acartia sp. y

Calanus pacificus.

Treatment Final weight Final biomass Final survival Feed conversion ratio
(copepods mL™") (® (® (%)
0 (control) 2.91+0.132 63.05 + 3.65% 86.7+ 7.64° 1.96 + 0.08"
1 3.05 +0.09% 69.90 +3.12% 91.7 £ 7.64% 1.90 +0.16°
2 3.16 £ 0.05% 77.70 £ 6.54b¢ 98.4 +£2.89> 1.19+0.18
4 3.35+£0.26% 78.20 £ 3.59¢ 93.3+5.77% 1.73 £ 0.09"
8 3.38+0.09¢ 81.70 £ 6.10° 96.7 +2.89b 1.81 +0.14°

Different letters in the same column indicate significant differences among treatments at the 95% confidence level.

higher than those commonly reported for shrimp ponds (de la
Lanza and Hernandez 1998). Scant information is available
in the literature concerning the effect of phosphate on
cultured shrimp. Ritvo (1999) reported a negative effect of
high phosphorous contents in sediments on the survival of
L. vannamei; however, the concentrations found by this
author (183 mg L") are much higher than those recorded in
the present study, which had no negative effects on the
survival of juveniles. Méndez et al. (2004) found that the
growth of postlarval shrimp (L. stylirostris) was greater when
they were cultured in ponds with high levels of phosphorus in
the sediment.

The productive response of shrimp was favored by the
inclusion of copepods in the diet, because most of the param-
eters were better in the treatments with a higher inclusion
level compared to the control. Sun and Fleeger (1995)
showed that the harpacticoid copepod Amphiascoides atopus
is an important source of natural food in fish and crustacean
nutrition, and argued that these organisms are useful not only
in larval culture, but also in subsequent phases (e.g., pre-
growout), such as in this experiment.

In the present study, growth was directly related to the
number of copepods supplied, although significant differ-
ences were only observed between the treatment using
8 copepods mL~" and the control. The growth obtained in the
treatment using the highest number of copepods could be
considered acceptable for commercial purposes, in particular
because the pre-growout phase was carried out at intensive
level (Martinez-Cordova 2009). Survival and FCR were as
good as those reported in experimental intensive cultures
(Reid and Arnold 1992), although the response of both
parameters was inclusively better for the treatment with
2 copepods mL~'. A higher than 90% survival rate in all
treatments in which copepods were supplied is excellent,
especially considering that it is an intensive system and that,
in the pre-growout phase, survival is more important than
growth and biomass, considering that the objective is to
obtain the highest possible amount of organisms ready for the
growout phase. During this latter phase, organisms may
undergo compensatory growth, as has been shown in some
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En el presente estudio, el crecimiento presentd una
relacion directa con el numero de copépodos suministrados,
aunque las diferencias significativas s6lo se manifestaron
entre el tratamiento con 8 copépodos mL™! y el control. El
crecimiento obtenido en el tratamiento con el mayor nimero
de copépodos suministrados puede considerarse como acep-
table para propoésitos comerciales, sobre todo si se toma en
cuenta que la preengorda se llevo a cabo en nivel intensivo
(Martinez-Cérdova 2009). La supervivencia y el FCA fueron
tan buenos como las que se reportan en cultivos intensivos
experimentales (Reid y Arnold 1992), aunque para el
tratamiento de 2 copépodos mL~' la respuesta de ambos
pardmetros fue mejor. Una supervivencia mayor que 90% en
todos los tratamientos en que se suministraron copépodos es
excelente, sobre todo si se considera que se tratdé de un sis-
tema intensivo y que, en la etapa de preengorda, muchas
veces es mas importante la supervivencia que el crecimiento
y la biomasa, ya que se intenta tener la mayor cantidad de
organismos listos para la engorda. Durante esta ultima etapa,
los organismos pueden tener un crecimiento compensatorio,
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Figure 2. Growth of Litopenaeus vannamei juveniles fed
different concentrations of copepods.

Figura 2. Crecimiento de juveniles de Litopenaeus vannamei
alimentados con diferentes concentraciones de copépodos.
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studies (Stumpf et al. 2010). The FCR in the treatment with
2 copepods mL~' was 39% lower than that obtained in the
control, which implies the possibility of great savings in
formulated feed; however, this has to be evaluated by an
economic study.

Our findings are similar to those reported in studies using
copepods (Amaya-Jacho 1991) or other live organisms to
feed postlarval and juvenile shrimp. Campana-Torres et al.
(2009, 2010) found a positive effect on the response of
L. vannamei juveniles that were fed different concentrations
of the rotifer Brachionus rotundiformis or the brine shrimp
Artemia franciscana. Brito et al. (2000) reported that
L. vannamei postlarvae fed a mixture of formulated feed
(Artemia nauplii and microalgae) had a better productive
response compared to postlarvae fed only one of these foods.
Stottrup (2000) found that the use of copepods as live feed is
highly beneficial in the culture of aquatic organisms, and that
species belonging to the genera Acartia and Calanus can be
cultured in an intensive manner to be used as live food. This
also suggests that copepods form an important part of the diet
of L. vannamei in the natural environment, at least in their
postlarval and juvenile phases.

In summary, the use of copepods as exogenous natural
feed in intensive shrimp pre-growout ponds is feasible, with
no significant effect on water quality but with a positive
effect on the production parameters. Nonetheless, it is neces-
sary to seek strategies to reduce the concentration of TAN in
case of an eventual increment. For a system operated with
no water exchange, we recommend the induction of biotic
communities that promote nutrient recirculation.
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