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ABSTRACT

The marine shrimp, Penaeus vannamei Boone, was cultured on four substrates at two
salinities for 56 days. Test substrates included three solls (fine sand, coarse sand and clay) and an
impermeable substrate (bare fiberglass tank bottoms). Test salinities were 45 ppt and 27 ppt.
Juveniles of 0.94 g mean weight were stocked at 15/m2 in 1.2 m diameter, outdoor tanks. Results
indicated that P. vannamei has no soil substrate requirement for the 1 to 15 g size category.
Significantly higher final weights were observed with impermeable substrate than with any soil
substrate at both salinities tested (15.1 g at 27 ppt, 132 g at 45 ppt). Shrimp cultured on sand
substrates had higher final weights than shrimp cultured on clay, although the difference was
not statistically significant in the higher salinity group. Average weight gain ranged from 1.55 to
1.77 g/week in the 27 ppt treatments and from 1.33 to 1.54 g/week in the 45 ppt treatments.

RESUMEN

El camardén blanco del Pacifico, Penaeus vannamei Boone, se cultivé con cuatro sustratos a
dos salinidades durante 56 dias. Los sustratos del ensayo incluyeron tres suelos (arena fina, arena
gruesa y arcilla) y un sustrato impermeable (inicamente el fondo de tanques de fibra de vidrio?.
Las salinidades del ensayo fueron 45y 27 ppM. Se sembraron juvenilcs de 0.94 g de peso promedio
a una densidad de 15/m2, en tanques de 1.2 m de didmetro, al aire libre. Los resultados indican
que P. vannamei de 1 a 15 g no requierc sustrato de suclo. Se observé un peso promedio de
cosecha significativamente mayor con el sustrato impermeable que con los sustratos de suelo, en
las dos salinidades probadas (15.1 g en 27 ppM y 132 g en 45 ppM). Los camarones cultivados
con sustratos de arena pesaron méas que los del grupo cultivado con arcilla, aunque la diferencia no
fue estadisticamente significativa en la salinidad mayor. El incremento de peso fue de 1.55 a
1.77 g por semana en los tratamientos de 27 ppM y de 1.33 a 1.54 g por semana en los de 45 ppM.

INTRODUCTION INTRODUCCION

Penaeus species are largely benthic or Las especies Penaeus son mayormente
epibenthic from the early poslarva stage bénticas o epibénticas, desde la etapa postlar-
through the remainder of their life cycles val temprana hasta el fin de su ciclo vital
(Wickins, 1976). Thus they have an intimate (Wickins, 1976). Por ello, estan intimamente
association with the substratum, which pro- asociadas con el sustrato, que les provee de
vides forage and which serves as cover from alimento y sirve de proteccion frente a los
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predators. Burrowing, especially during day-
light hours, is common in the genus. Penaeus
Jjaponicus, P. semisulcatus and P. duorarum,
from three different subgenera, are considered
to be strong nocturnal burrowers. In contrast,
P. vannamei, P. setiferus and P. schmitti, all
members of the Litopenaeus subgenus, are
believed to do less burrowing and may remain
active and on top of the substrate during
night or day (Boddeke, 1983). Nonetheless,
P. vannamei of 100-150 mm total length have
been observed to exhibit a clear rhythm of
burrowing during the day and emerging at
night (Moctezuma and Blake, 1981).

In the culture of P. vannamei or other
Penaeus species, there are several ways which
substrate may influence growth and survival:

1) Behaviorally, through a requirement or
preference for a particular type or particle
size of substrate, possibly related to a bur-
rowing need or other circadian rhythm.

2) Nutritionally, through forage enhancement
by optimization of growth conditions for
plant or animal sources of macro and micro
nutrients.

3) Toxic effect, through ingestion of or expo-
sure to rare elements or dissolved substances
which are detrimental to shrimp growth or
survival.

Several studies report substrate prefer-
ences for species other than P. vannamei,
although none of these studies included an
impermeable substrate treatment for com-
parison. Williams (1958) found both P.
setiferus and P. aztecus associated with soft,
muddy substrates. Moller and Jones (1975)
found that P. semisulcatus and P. monodon
selected sand of 0.9 to 0.12 mm particle size
for their substrate. Rulifson (1981) found that
both P. setiferus and P. aztecus prefer sandy
mud or muddy substrate. Ruello (1973) found
that Metapenaeus macleayi preferred sand of
125 to 500 »m particle size, and Aziz and
Greenwood (1982) found that Metapenaeus
bennenae preferred 250 «m or smaller sand.
In one study which did compare soil sub-
strates with bare tanks, P. aztecus and P.
duorarum were both observed to have better
growth and survival when a soil substrate was
present (Subrahmanyam and Oppenheimer,
1970). In terms of substrate preference, no
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depredadores. El enterramiento, especialmen-
te durante las horas luminosas del dia, es
comin en el género. Se consideran fuertes
enterradores nocturnos Penaeus japonicus,
P.semisulcatus y P. duoratum, de tres diferen-
tes subgéneros. En contraste, se cree que P.
vannamei, P. setiferus y P. schmitti, todos
miembros del subgénero Litopenaeus, practi-
can menos la excavacién y pueden permanecer
activos y sobre el sustrato durante el dia o la
noche (Boddeke, 1983). Sin embargo, se ha
observado P. vannamei de 100 a 150 mm de
longitud total que muestra un ritmo claro de
enterramiento durante el dia y salida durante
la noche (Moctezuma y Blake, 1981).

En el cultivo de P. vannamei u otras
especies de Penaeus, el sustrato puede influir
de muchas maneras en el crecimiento y
supervivencia de los organismos:

1) Sobre el comportamiento, a través del
requerimiento o preferencia de un tipo o
tamafio particular de sustrato, posiblemente
relacionado con una necesidad de excavar u
otro ritmo circadiano.

2) Sobre la nutricidén, a través del incremento
de alimento optimizando las condiciones de
crecimiento de plantas y animales que son
fuentes de macro y micronutrientes.

3) Produciendo un efecto téxico, a través de la
ingestién de o exposicién a elementos raros o
substancias disueltas que son perjudiciales
para el crecimiento y supervivencia del ca-
mardn.

Varios estudios informan de las prefe-
rencias en cuanto a sustratos de especies
distintas de P. vannamei, pero ninguno de
ellos incluye la comparacién con un trata-
miento de sustrato impermeable. Williams
(1958) encontré que P. setiferus y P. aztecus
se asocian con sustratos lodosos, suaves.
Moller y Jones (1975) determinaron que P.
semisulcatus 'y P. monodon escogieron arena
con particulas de 0.9 a 0.12 mm como sustra-
to. Rulifson (1981) encontré que P. setiferus y
P. aztecus prefirieron lodo arenoso o sustrato
lodoso. Ruello (1973) encontré que Metape-
naeus macleayi escogi6éarena con particulas de
125 a 500 sm. Aziz y Greenwood (1982)
encontraron que Metapenaeus bennettae pre-
firié arena de 250 »m o mds pequefia. En un
estudio que comparé el uso de sustratos de
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studies have been reported for P. vannamei,
but Edwards (1976) has reported differential
growth of P. vannamei held on different
substrates in cages in a Mexican lagoon. He
presented circumstantial evidence that growth
differences observed were diet-related.

The objective of the present study is to
compare growth and survival of P. vannamei
cuitured on three soil substrates (fine sand,
coarse sand and clay) with growth and sur-
vival on impermeable substrate (bare fiber-
glass tank bottoms) at two salinities, 27 ppt
and 45 ppt.

MATERIALS AND METHODS

Penaeus vannamei ngsglar\me were ac-
quired from the Oceanic Instltute Honolulu,
Hawaii. The postlarvae were cultured for
approximately one month at the Port Aransas
laboratory of the Texas A&M University
Shrimp Mariculture Project, Texas Agricul-
tural Experiment Statian, during which period
56% survival was observed. Juveniles were
then transferred to the nearby Corpus Christi
facility of the project for experimental use. To
reduce size variability in the population, the
smallest and largest animals were removed, so
that the mean of animals stocked was 0.94 g
(x0.266 SD, C.V. 28.3) compared with the
original population mean of 1.05g (x0.386
SD, C.V. 36.8).

The juveniles were stocked into three
substrate treatments (no soil, fine coastal sand
and clay) at high salinity (ambient 45 ppt),
and four substrate treatments (no soil, fine
coastal sand, clay and coarse sand) at moder-
ate salinity (salinity diluted by approximately
18 ppt). Each treatment consisted of six
replicate tanks (42 tanks total) stocked with
18 shrimp per tank (15/m2). Growth and
survival were compared after 56 days. Tanks
were off-white colored fiberglass, 1.22 m di-
ameter, and 152 m in height. Water depth
was maintained at 1.0 m.

The fine coastal sand was removed from
a pond located on a pilot shrimp farm
adjacent to the TAMU Shrimp Mariculture
Project in Corpus Christi, Texas. The clay
used in the clay treatments came from a clay
pit on the same property, approximately 3 km
from the pond site. The coarser river sand
was acquired from South Texas Materials,
Corpus Christi, Texas, USA, and is commer-
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tierra con el del simple fondo de tanques, se¢
observé que P. aztecus y P. duorarum tu-
vieron mejor crecimientoy supervivencia con
un sustrato de tierra presente (Subrahmanyam
y Oppenheimer, 1970). En cuanto a preferen-
cia de sustrato, no se conocen estudios sobre
P. vannamei, pero Edwards (1976) determiné
el crecimiento diferencial de P. vannamei
mantenido en jaulas con diferentes sustratos
en una laguna mexicana, y present6 evidencia
sustancial de que las diferencias observadas en
el crecimiento estaban relacionadas con la
dieta.

El objetivo del presente estudio es
comparar el crecimientoy supervivencia de P.

vannamei cultivado sobre tres sustratos de
suelo (arena fina, arena gnmqa y arcilla) con el
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crecimiento y supervivencia logrados sobre un
sustrato impermeable (simplemente el fondo
de tanques de fibra de vidrio), con dos
salinidades, 27 y 45 ppM.

MATERIALES Y METODOS

Las postlarvas de Penaeus vannamei se
adquirieron en el Oceanic Institute, de Hono-
luld (Hawai). Se cultivaron durante un mes
aproximadamente en el laboratorio de Port
Aransas del Texas A&M University Shrimp
Mariculture Project, en la Texas Agricultural
Experiment Station, y durante este periodo se
observé un 56% de supervivencia. Después,
los juveniles fueron transladados a las cer-
canas instalaciones del proyecto en Corpus
Christi para uso experimental. Con el fin de
reducir la variedad de tamaiios en la
poblacién, los animales mas pequefiosy mds
grandes fueron retirados, de forma que el
tamaiio promedio de los organismos conserva-
dos fue 094 g (+0266 DE, 283 CV)
comparado con el promedio de la poblacién
original de 1.05 g (+ 0.386 DE, 36.8 C.V.).

Los juveniles se mantuvieron en tres
tratamientos de sustratos (ausencia de sustra-
to del suelo, arena fina costera y arcilla) con
alta salinidad (ambiente, 45 ppM y cuatro
tratamientos de sustratos (ausencia de sustra-
to del suelo, arena fina costera, arcilla, y arena
gruesa) con salinidad moderada (salinidad
diluida, aproximadamente 18 ppM). Para cada
tratamiento se utilizaron seis tanques (42
tanques en total) con 18 camarones por
tanque (15/m2). Se compararon crecimiento y
supervivencia después de 56 dias. Los tanques
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cially marketed as "washed river sand” or
"bricklayers’ sand”. A 0.16 m layer of sand or
clay was placed on tank bottoms in respec-
tive soil substrate treatments.

The two experimental salinities were:
1) high salinity, consisting of ambient salinity
seawater from the Laguna Madre, a largely
land-locked estuary between the southern
Texas coast and Padre Island, Texas; and 2)
seawater from the same source, but diluted by
approximately 20 ppt at individual culture
tanks with fresh water from a municipal water
supply. Carbon filters were used to remove
chlorine from the municipal water source.
Additionally, zeolite filters were installed on
the freshwater pipeline for ammonia removal
during weeks 4-7 (Culligan’s Water Condi-
tioning, Corpus Christi, Texas, USA).

Hydrological parameters monitored in-
cluded morning and afternoon temperature
and dissolved oxygen (YSI Oxygen Meter,
Model 58, YSI Instrument Company, Yellow
Springs, Ohio, USA), and salinity (salinity
refractometer, Model 10419, American Optical
Corp., Keene, New Hampshire, USA). Secchi
disk readings were taken each afternoon, and
pH was determined weekly with an Orion
Research Model 231 pH Meter (Orion Re-
search Inc., Boston, MA, USA). NH;-N was
measured twice weekly in the freshwater line
during weeks 4-7 using procedures adapted
from Spotte (1979) and Solorzano (1969).
Phytoplankton were enumerated weekly in
three tanks per treatment using a Reichert
Bright-Line Hemacytometer (Reichert Scien-
tific Instruments, Buffalo, NY, USA).

Water exchange was accomplished by
20% daily addition of new seawater from
either the Laguna Madre or the combination
Laguna Madre-freshwater source, depending
on treatment. Each tank’s inlet valves were
supplied with flow restrictors so incoming flow
could be regulated and quantified. Aeration
and gentle water circulation were provided by
two airlift pumps in each tank placed 180°
from one another. Air was supplied to airlifts
by a regenerative-style blower. Each six tanks
were connected to an end-of-row standpipe
which regulated water height. Central drains
in each tank were covered by plastic screen to
prevent animal escape. The use of airlifts on
opposite sides of each tank and the introduc-
tion of new water parallel to the tank perime-
ter encouraged circular movement which
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fueron de fibra de vidrio de color ¢rema, con
122 m de didmetro y 1.52m de altura. La
profundidad del agua se¢ mantuvo a 1.0 m.

La arena costera fina se tomé de un
estanque situado en una granja piloto de
camarones adyacente al TAMU Shrimp Mani-
culture Project, en Corpus Christi, Texas. La
arcilla usada en los tratamientos provino de
una cantera de arcilla de la misma propiedad,
aproximadamente a tres Kkilémetros de la
ubicacién del estanque. Se adquiri6 arena mas
gruesa de rio (de South Texas Materials, de
Corpus Christi, Texas, EUA), comercializada
como "arena lavada de rio" (washed river
sand) o "arena de albaiiil" (bricklayers’sand).
Se coloc6 una capa de 0.16 m de arena o
arcilla en el fondo de los tanques, segin los
respectivos tratamientos.

Las dos salinidades experimentales
fueron: 1) alta, consistente en agua marina de
salinidad ambiente de Laguna Madre, estuario
casi completamente cerrado por tierra, entre la
costa del sur de Texas e Isla Padre (Texas), y
2) agua marina de la misma fuente pero
diluida 20 ppM aproximadamente en tanques
individuales, con agua dulce corriente propor-
cionada por el municipio. Se utilizaron filtros
de carb6n para eliminar el cloro del agua
corriente municipal. Adicionalmente, de la
cuarta a la séptima semana, se usaron filtros
de zeolita en los tubos de aprovisionamiento
de agua dulce, para evitar la entrada de
amoniaco (Culligan’'s Water Conditioning,
Corpus Christi, Texas, EUA).

Los pardmetros hidrolégicos registrados
incluyeron temperatura matutina y vespertina,
asi como oxigeno disuelto (YSI Oxygen Meter,
modelo 58, de YSI Instrument Company,
Yellow Springs, Ohio, EUA) y salinidad (re-
fractémetro de salinidad, modelo 10419, de
American Optical Corp., Keene, New Hamp-
shire, EUA). Se efectuaron lecturas de disco
Secchi todas las tardes, y se determiné el pH
semanalmente con un medidor de pH Orion,
modelo231 (Orion Research Inc., Boston, MA,
EUA). De la semana cuarta a la séptima, se
midi6 NHg-N, dos veces por semana, en la
tuberia que proveia el agua dulce, utilizando
los procedimientos adaptados de Spotte (1979)
y Solorzano (1969). Se enumerdé semanal-
mente el fitoplancton, en tres tanques para
cada tratamiento, usando un hematocitémetro
Reichert Bright Line (Reichert Scientific In-
struments, Buffalo, Nueva York, EUA).
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helped move detritus to the central drain.
Tank botioms were not siphoned during the
study.

Soil analysis for texture, orgamc matter,
elemental COMpoOsition was conducied uy

al
the Soil Testing Laboratory, Texas Agricul-

tural Extension Service, Texas A&M Univer-
citvy Suctem College Station. Texas 1JSA

Sity Sy SiClil, LOUCET 1AV, 21 8Xas, VaA,

Shrimp were fed identically for 56 days.

A 45% protein commercial feed, Rangen
prv'l(Rangpn Inc, Buhl, Idaho, l]QA\ was
fed twice daily, 1n1t1ally at 5.5% of blomass.
Feed level was then adjusted twice weekly,
based on assumed weight gain of 1 g per week.

Animals were not sampled for weight
while the experiment was in progress. A PVC
pipe with a glass-covered end was used as an
underwater viewing scope twice weekly to
determine whether mortality was occurring.
At termination, group weights were taken by
tank. Statistical tests were performed on
final mean weights, instantaneous growth rate
(Log [final weight/initial weight]/number of
days), and percent survival. Instantaneous
growth rate (IGR) may be a slightly more
sensitive measure of growth than final weight,
as weight is usually assumed to be exponen-
tial, at least over time (Everhart and Youngs,
1981). Analysis of variance was used to deter-
MG WIICLICT WUCalIticiit  JllICromneed cxisicd,
followed by Student-Newman-Keuls’ (SNK)
multiple range tests to distinguish among

arounce All data wara analuzad ncing Sratighs
BIOUPS. A Gdia Woic ailaiyZoeG Usiily Stadsui-

cal Analysis Systems software (SAS Institute
Inc., 1985).
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RESULTS

Final weights of Penaeus vannamei
cultured in bare-bottom tanks were signifi-
cantly higher than in any soil substrate
treatment tested, at two salinities. Figures 1
and 2 show mean final weights and statistical
significance groupings of the substrate treat-
ments at 27 and 45 ppt. The same pattern of
significance levels and means ranks was
demonstrated for IGR as well.

Statistical comparisons were performed
only within salinity groupings because of an
accidental lowering of salinity in all high
salinity treatments midway through the study.
At that time, a freshwater valve was acciden-
tally opened into the saltwater line, causing
the salinity in all 45 ppt treatments to drop to
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El cambio de agua se logré afiadiendo
diariamente 20% mds de nueva agua marina,
tanto del agua de de Laguna Madre como de
la combinacién de aguas de Laguna Madre y
dulce, %guu el tratamiento. Cada vélvula de
entrada de tanque fue provista con un control
de flujo, de manera que éste podia ser

reonlado v medido. Se nroncrciond asracidén v
reguiaco y meciao. 5S¢ proporcongacracion’y

circulacién suave de agua con dos bombas de
aire en cada tanque, colocadas a 180° una
respecto 2 la otra. Se suministrd aire a las
bombas con un soplador de estilo regenerativo.
Al final de la fila de cada grupo de seis
tanques, se conecté un conducto vertical que
regulé la altura del agua. El desagiie central
de cada tanque se cubri6 con una rejilla de
plastico, para prevenir que los animales es-
caparan. El uso de bombas de aire a los lados
de cada tanque y la introduccién de agua
nueva paralela al perimetro del tanque esti-
mulé un movimiento circular que ayud6 a
transportar el detrito hacia el desagiie central.
Durante el estudio, no se trasegd con sifén el
fondo de los tanques.

Los andlisis de textura, materia orgénica
y composicion elemental del suelo fueron
realizados por el Laboratorio de Pruebas de
Suelo, del Texas Agricultural Extension Ser-
vice, del Texas A&M University System, en
\.,UuCgC oldllUll, 1 €xas \EUA)

Se alimenté a los camarones exacta-
mente igual durante 56 dias. Se suministré

das varag al dia un alimanta comarsial con
GOS VOLOS a1 Ula Uil adinCiitsg Lulneiilar LIl

45% de proteina, Rangen Fry 3 (Rangen, Inc,,
Buhl, Idaho, EUA), inicialmente al 5.5% de la

bhiomasa Pl nivel de alimento se ajustd dos

010masa. RIVELD € alnenio ot 2jusio Lus

veces por semana con base en €l aumento de
peso asumido de 1 g semanal.

En el trancurso del experimento no se
tomaron muestras de los animales para pesar-
los. Dos veces por semana, se usé un tubo
PVC con un extremo cubierto de vidrio para
ver bajo el agua, con el fin de determinar si
habia animales muertos. Al terminar, se
tomaron los pesos de grupo por tanque. Se
efectuaron pruebas estadisticas de pesos
promedio finales, tasa instantdnea de creci-
miento (Log [peso final/peso inicial] /nimero
de dias) y porcentaje de supervivencia. La
tasa instantdnea de crecimiento puede ser una
medida ligeramente mas exacta del crecimien-
to que el peso final, ya que €l peso se considera
usualmente exponencial, al menos con respecto
al tiempo (Everhart y Youngs, 1981). Se
utiliz6 andlisis de varianza para determinar si
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Figure 1. Mean final weights (+ SE) of Penaeus vannamei cultured for 56 days in outdoor tanks
with: 1) no soil substrate, 2) fine sand, 3) coarse sand, and 4) clay, at 27 ppt salinity. Bars with

common superscrints are not sionificantlv different at o = 0.05, SNK analvsis
common superscripts are not signilicantly ditierent YO, SINK analysis.

Figura 1. Pesos finales promedio (+EE) de Periaeus vannamei cultivados 56 dias en tanques al
aire libre con: 1) fondo simple, 2) arena fina, 3) arena gruesa, y 4) arcilla, en 27 ppM de salinidad.
T.as barras con supgrinrjjces comunes no son momﬁmnvamente diferentes de o = 0.05, en analisis

SNK. o o
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Figure 2. Mean final weights (+SE) of Penaeus vannamei cultured for 56 days in
with: 1) no soil substrate, 2) fine sand, and 3) clay, at 45 ppt salinity. B

superscripts are not significantly different at a = 0.05, SNK analysis.
Figura 2. Pesos finales promedio (+EE) dePenacus vannamei cultivados 56 dias en tanques al

1 Comimon

outdoor tanks
waritle
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aiva Hhra ~ome ~da a fina v 1\ ru-m“q n 45 ppM de salinidad. Las barras con
aire iore <ont .I.} fondo auuynu, 4./ areéna {na, y arciia, en 45 ppM Ge salnidag.

superindices comunes no son significativamente dlferemes de a = 0.05, en analisis SNK.
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16 ppt over a six-hour period. This resulted in
temporary stress and several mortalities.

Mean final weights of shrimp in low
salinity treatments ranged from 133 to
15.1g, which were higher than means in
respective high salinity treatments, 11.6 to
13.2 g (table 1; Figs. 1, 2). One-way analysis
of variance (ANOVA) for mean final weight
and mean IGR showed probabilities of 0.006
and 0.004 for differences among treatment
means, respectively, in Jow salinity treatments,
and 0.0001 and 0.0001 for the high salinity
treatments. In the low salinity treatments,
SNK groupings for final weight were (table 1):

bare > fine sand = coarse sand > clay.

In the high salinity treatments, rankings
were:

bare > fine sand = clay.

Thus, the substrate results were almost

with tha

1A >
Witll EIIG

ident
only difference that the fine sand treatment
did not separate statistically from clay in the

hich salinitv eroun. althouch the means ranks
mgn salimty group, aithough th€ means ranxs

were the same.
Table 1

orowth
growth

tiral hatnuvanns tha wo geolinitiac
LiCar OCTWELTI i€ WU Saliiiitics,

instantaneous

as well as

shows

estimation of growth per week during the
study. Growth was generally excellent in all
treatments, ranging from 1.55 to 1.77 g per
week in moderate salinity treatments and
from 1.33 to 1.54g per week in the high
salinity treatments. The treatments paired by
salinity indicate approximately 16 to 21%
higher growth in the moderate salinity treat-
ments (27 ppt) than in the high salinity
treatments (45 ppt), if the one-day abrupt
change in the high salinity treatments did not
bias results.

Feed conversion ratios (FCR feed
fed:biomass gained) were very low as shown
in table 2. Feeding levels were kept low
intentionally to avoid excess organics associ-
ated with overfeeding, which could cause
water quality or benthos deterioration and
confuse experimental variables. It is clear
from the FCR’s achieved, 0.95 to 1.29, that
overfeeding did not occur. Furthermore, the
iow FCR’s indicaie substaniiai uu‘:tary coniri-
bution from natural productivity in all treat-
ments, and particularly in the low salinity

also

rates
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habia diferencias entre tratamientos, seguido
de pruebas SNK (Student-Newman-Keuls) de
intervalos maltiples para distinguir entre los
grupos. Todos los datos se analizaron con
programas de Statistical Analysis Systems
(SAS Institute Inc., 1985).

RESULTADOS

Los pesos finales de Penaeus vannamei
cultivado sobre el simple fondo de los tanques
fueron notablemente mas altos que los de
aquéllos cultivados con cualquiera de los
tratamientos de sustrato de suelo, para ambas
salinidades. Las Figs. 1 y 2 muestran los pesos
finales promedio y los agrupamientos de
significacién estadistica de fos tratamientos de
27 y 45ppM de salinidad. Se demostré el
mismo patrén de niveles de significacién y
categorias medias para la tasa instantanea de
crecimiento.

Se hicieron comparaciones estadisticas
s6lo dentro de grupos de igual salinidad,

dehido a oue a medio exnerimento geurmd un
UCUIUG a us a MoUilo CAPCTHNCHLG OLUiTio un

descenso accidental en todos los tratamientos
de salinidad alta. Una vélvula de agua dulce
se abrid por accidente en la linea de aoua

aCLlConic nntd OO gl

salada, y ocasionéun decrementoa 16 ppM de
salinidad en los tratamientos de 45 ppM, por
un periodo de mas de seis horas. Esto causé
temporalmente tensién y mortalidad.

Los pesos finales promedio del camarén
en los tratamientos de baja salinidad fueron
de 13.3 a 15.1 g, los cuales resultaron mayores
que los promedios logrados con 1os respectivos
tratamientos de alta salinidad, 11.6 a 132¢g
(tabla 1; Figs. 1, 2). Los andlisis de varianza
de una sola via (ANOVA) para peso final
promedio y tasa instantdnea de crecimiento
promedio mostraron, respectivamente, proba-
bilidades de 0.006 y 0.004 para las diferencias
entre los promedios de los tratamientos con
salinidad baja, y de 0.0001 y 0.0001 para los
de salinidad alta. En los tratamientos de
salinidad baja, los agrupamientos SNK para
peso final fueron (tabla 1):

fondo simple > arena fina
gruesa > arcilla.

arena

En el tratamiento de salinidad alta las

LdngUI’ldb fueron:

fondo simple > arena fina = arcilla.
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Table 1. Mean final weight, instantaneous growth rate, percent weight gain and growth per seven
days (=SD) for seven substrate/salinity treatments of Penaeus vannamei juveniles. Animals were
stocked in 122 m diameter fiberglass tanks, six replicates, 15/m2 for 56 days. Means with

common superscripts within salinity group are not significantly different at P = 0.05.

Tabla 1. Peso final promedio, tasa instantdnea de crecimiento, porcentaje de peso incrementadoy
crecimiento de siete dias (+ DE) correspondientesa siete tratamientos de sustrato/salinidad para
juveniles de Penaeus vannamei. Los animales se mantuvieron 56 dias, en seis tanques iguales de
fibra de vidrio de 1.22 m de diémetro, 15/m2. Los promedios con superindices comunes dentro del

mismo grupo de salinidad no son significativamente diferentes de P = 0.0S.

Treatment Final weight Instantaneous Weight gain Growth per
® growth rate (%) 7 days

27 ppt/Bare 15.1a 08692 1517 177¢g
11 +.0022 +116

27 ppt/Fine sand 14.2b 0851b 1421 166 ¢
+0.2 * 0005 +25

27 ppt/Coarse sand 14.1b .0848b 1410 165¢g
+0.2 +.0005 + 26

27 ppt/Clay 13.3¢ 0829¢ 1321 155g
05 +.0011 51

45 ppt /Bare 13.22 08278 1313 154¢
0.5 +.0001 + 58

45 ppt/Fine sand 12.0b .0796b 1177 138¢g
+04 +.0011 + 45

45 ppt/Clay 11.6b 0785b 1136 133g
0.5 *.0014 * 56

Table 2. Feed conversion ratios (FCR = feed fed:biomass gain) for seven treatments of Penaeus
vannamei juveniles stocked in 1.22 m diameter tanks at 15/m2 for 56 days.

Tabla 2. Razones de conversién de alimento (alimento proporcionado: incremento de biomasa)
correspondientes a siete tratamientos para juveniles de Pénaeus vannamei cultivados 56 dias, en
tanques de 1.22 m de didmetro, 15/m2.

Treatment Feed conversion ratio (FCR)
Bare /27 ppt 0.95
Fine sand/27 ppt 0.99
Coarse sand/27 ppt 1.04
Clay/27 ppt 1.04
Bare/45 ppt 1.16
Fine sand/45 ppt 127
Clay/45 ppt 129
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Mean survival among treatments is
shown in table 3. Survival was 98 to 9% in
low salinity treatments (not significantly dif-
ferent among treatments, P > 0.8626). Among
the high salinity treatments, a statistical
separation was observed between the bare and
fine sand treatments (P > 0.02), with bare
survival significantly higher than fine sand
(table 3). This 15% survival difference may
have been due to the accidental salinity stress,
ie, if the fine sand was a iess favorabie
treatment than bare, the one-time salinity
stress might have a more pronounced effect
on a soil substrate treatment than on the bare
treatment. Mean percent survival was also
lower in the clay treatment (85.3%), although

thoa differsnce wac nat ctatictically cignificant
i€ GLICTrenee was NoL statisiifany signinéani.

The lower salinity treatments had high-
er phytoplankton counts for the first three

ale hut in weaalke 4.7 nhutanlankton counts
WEEKS, oul In WEEeKsS 5-/ PiytOpiankion COuiis

were similar (Fig. 3). This difference was

apparently due to unintentional fertilization of
the low salinity treatments with ammonia
which was present in the municipal water
supply. When it was realized that ammonia
was present in the fresh water being used for
salinity dilution, zeolite filters were installed
in addition to the carbon filters already in use
for chlorine removal prior to the experimental
tanks. These filters were installed after sample
three was taken, and a change in total
phytoplankton densities is obvious (Fig. 3).
The amount of NH,-N being added was
estimated as follows: to achieve 25 ppt sea-
water from ambient 45 ppt seawater, 44.5% or
94.61 (25 gallons) of fresh water per tank was
required. Ammonia values in the freshwater
source (before-filter measurements) during
the final four weeks of the study were 1.30,
0.95, 1.45, 2.75, 2.17, 2.26 and 3.24 mg/1 total
NH4-N, mean 201 mg/l. Using this mean
as an estimate of the earlier daily addition,
2.01 mg/l x 94.6 1 per day = 190.1 mg NH,-N
added per tank per day.

Hydrological parameters are summa-
rized in table 4. As there were no significant
differences within salinity treatments, param-
eters are summarized by salinity group. The
intended salinity differential between treat-
ments was 20 ppt; the actual differential was
182 ppt. Morning and afternoon dissolved
oxygen values were higher in the low salinity
treatments (6.5 and 6.6 ppm, and 5.7 and

3e w 114 ha avnoctad
1934 Cl)‘} as wouiag o8 LCApLLicu

J I P}Jlll

respect

237

Por tanto, los resultados de sustrato
fueron casi idénticos entre las dos salinidades,
con la unica diferencia de que el tratamiento
con arena fina no se separ6 estadisticamente
del de arcilla en el grupo de alta salinidad,
aunque las categorias promedio fueron las
mismas.

La tabla 1 muestra las tasas instan-
tdneas de crecimiento entre tratamientos, asi
como la estimacién de crecimiénto por semana
durante el estudio. Ei crecimienio fue en
general excelente en todos los tratamientos;
oscilé entre 1.55y 1.77¢g por semana en el de
salinidad moderada, y entre 1.33 y 1.54 g por
semana en el de alta salinidad. La compara-
cién de las parejas de tratamientos de diferen-

ta qalinidad indica anrovimiadamenta da 16 o
L daniiuau iviva apiValiilauailiviinge U 1v a

21% mayor crecimiento con el tratamiento de
salinidad moderada (27 ppM) que con el de

alta salinidad /A( nnhY)

el abrupto
Sa:niiad

S ppM), si el abrupto

de un dia en el tratamiento de alta salinidad
no sesgé los resultados.

Las razones de conversién de a
(alimento  proporcionado: incremento de
biomasa) fueron muy bajas, como se muestra
en la tabla 2. Los niveles de alimentacién se
mantuvieron intencionalmente bajos, para
evitar excesos de materia orgénica asociados
con la sobrealimentacién, que pueden ocasio-
nar deterioro de la calidad del agua o del
bentos y confusién en las variables experimen-
tales. De acuerdo con las razones de conver-
sién de alimento logradas, de 0.95 a 1.29, es
evidente que no hubo sobrealimentacién.
Ademads, estas razones bajas indican que la
productividad natural contribuy$ sustancial-
mente a la dieta en todos los tratamientos,
particularmente en los de baja salinidad.

La supervivencia media entre tra-
tamientos se presenta en la tabla 3. Esta fue
de 98 a 99% en los de salinidad baja (sin
diferencias significativas entre tratamientos,
P > 0.8626). En los tratamientos de salini-
dad alta, se observé una separacién estadistica
entre el de fondo linicamentey el de arena fina
(P > 0.02), con supervivencia significativa-
mente mayor para el de fondo simple que para
el de arena fina (tabia 3). Esta diferencia de
15% en supervivencia puede deberse a la
tensién, por la baja accidental de salinidad. Es
decir, si la arena fina fue un iratamiento no
tan bueno como el de fondo sxmple la tensi6én

camhin
Lamaoic

€
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Table 3. Mean percent survival (+SD) for seven substrate/salinity treatments of Penaeus
vannamei. Means with common superscripts within salinity group are not significantly different
at a = (.05, SNK analysis.

Tabla 3. Porcentajes de supervivencia promedio ( + DE) correspondientes a siete tratamientos de
sustrato/salinidad para Penaeus vannamei. Los promedios con superindices comunes dentro del
mismo grupo de salinidad no son significativamente diferentes de « = 0.05, en et andlisis SNK.

Treatment N Percent survival (+SD)
Bare/27 ppt 6 98.1 + 3.0a
Fine sand/27 ppt 6 99.0 + 248
Coarse sand/27 ppt 6 98.0 = 3.0a
Clay/27 ppt 6 99.0 + 2.4a
Bare/45 ppt 6 94.1 + 5.3a
Fine sand/45 ppt 6 814 + 7.8p
Clay/45 ppt 6 853 + 8.1ab

300 Phytoplankton Cells/ml {(x 1000)

2501

2001

150}

100}

50|

o}
[¢] 1 2 3 4 5 6 7

Sample Week
—— Low Salinity Trts. —t— High Salinity Trts.

Figure 3. Mean number of phytoplankton per milliliter for paired substrate treatments at two
salinities during the 56-day Penaeus vannamei culture experiment. Samples were taken weekly
from three of the six replicates per treatment. Three treatments are represented per salinity.
Figura 3. Nimero promedio de fitoplancton por milimetro para parejas de tratamientos de
salinidades diferentes, en el experimento de cultivo de Penaeus vannamei, durante 56 dias. Se
tomaron muestras semanalmente de tres de las seis réplicas por tratamiento. Se presentan tres
tratamientos por salinidad.
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because of the higher solubility of oxygen in
lower salinity water. Low salinity tanks had
lower average Secchi disk visibility (i.e., higher
turbidity) than high salinity treatments,
which is in line with phytoplankton abun-
dance differences shown in Fig. 3.

Soil substrates are characterized at
initiation of the study in terms of percent
sand, clay, silt, organic matter, and by stan-
dard classification type. Results of analyses
are shown in table 5. The soil referred to as
"clay” in this study was found to contain
270% clay, versus 4.6% and 1.0% in the two
"sand" types. Organic matter was very low in
all three soils, ranging from 0.4 to 0.7%. The

three soils were moderately alkaline, with pH

ranging fraom B8 S 1o Q0 (tahle §) Thece reculte
ranging iroms.> 10 7.V {1abi€ U). 1 NCSC resuils

indicate that the soils tested were acceptable
for culturing shrimp. Additionally, soil pH
values were similar to seawater and are
considered optimum. Elemental analyses of
these substrates also suggest no clues as to
performance differences for penaeid shrimp
growth (tables 6, 7).

iy

Table 4. Mean salinity, morning and

afternoon temperature and

miento con sustrato de suelo que en el de
fondo simple.

El porcentaje medio de supervivencia
fue también inferior con el tratamiento de
arcilla (85.3%), aunque la diferencia no fue
estadisticamente significativa.

El tratamiento de salinidad més baja
tuvo cuentas mayores de fitoplancton durante
las tres primeras semanas, pero de la cuarta a
la séptima los conteos fueron similares
(Fig. 3). Esta diferencia se debi6é aparente-
mente a la fertilizacién involuntaria de los
tratamientos de baja salinidad con amoniaco
presente en €l agua dulce corriente. Cuando
se notd la presencia del amoniaco en el agua
dulce usada para diluir la salinidad, se insta-

laran filtrag de 7zeglita adeamaic de lag filtroe de
1aYon 1Liros G€ 2801113, agimas G 108 1Lirds GE

carbon ya en uso para evitar el cloro en los
tanques experimentales. Dichos filtros se ins-
talaron después de tomar la muestra tres, y es
evidente un cambio en las densidades de
fitoplancton total (Fig.3). La cantidad de
NH4-N afadida se estimé de la manera
siguiente: para lograr agua con 25 ppM de

Aol
UIddLiveu

ygen

and pH levels in the 56-day outdoor tank study, by salinity group.
Tabla 4. Salinidad promedio, temperatura y oxigeno disuelto matutinos y vespertinos, disco Secchi
y niveles de pH, por grupo de salinidad, en el estudio de 56 dias.

Parameter Mean SD
High salinity treatments

Salinity (ppt) 45.1 +4.6
Morning temperature (C) 263 +0.9
Afternoon temperature (C) 29.1 +12
Morning dissolved O3 (ppm) 5.7 +04
Afternoon dissolved O (ppm) 57 +03
Secchi disk (cm) 938 *116
pH 82 +0.1
Low salinity treatments

Salinity (ppt) 26.9 *1S5
Morning temperature (C) 262 x0.9
Afternoon temperature (C) 29.0 +1.1
Morning dissolved O; (ppm) 6.5 +03
Afternoon dissolved O (ppm) 6.6 +03
Secchi disk (cm) 73.5 +224
pH 83 0.1
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Since P. vannamei of this size category
have been observed to burrow during daytime
hours (Moctezuma and Blake, 1981), the
results presented here are counterintuitive: it
is a surprise for weight gain on an imperme-
able substrate (an unnatural environment) to
be equivalent to, or even higher than, growth
on a soil substrate (a natural environment), at
both salinities tested. Nonetheless, the conclu-
sion from these data is that an impermeable
substrate is a good culture environment for P.
vannamei. Plastic membranes or concrete
substrate can be expected to be good culture
system choices for intensive P. vannamei
production. In contrast, some species such as
P. monodon and P. japonicus have been
reported to perform better on earthen sub-
strates than on tmpermcable ones (Liao and
Chao, 1983; Liao, 1969, respectively).

salinidad a partir del ag m o

45 ppM, se requiri6 44.5% o 94.6 1 (25 galones)
de agua dulce por tanque, por dia. Los valores
de amoniaco en la fuente de agua dulce
(anteriores a las medidas con filtro) durante
las Gltimas cuatro semanas del estudio fueron
1.30, 0.95, 145, 2.75, 2.17, 2.26 y 3.24 mg/l en
total de NH4-N, en promedio 2.01 mg/l.
Usando este promedio como una estimacién de
la adicién diaria anterior, 2.01 mg/l x 94.61
por dia = 190.1 mf de NH4-N afadido por
tanque diariamenté.

Los pardmetros hidrol6gicos estan re-
sumidos en la tabla 4. Como no hubo diferen-
cias significativas entre los tratamientos de
igual salinidad, los pardmetros se sintetizaron
por grupo de salinidad. El diferencial de
salinidad esperado era 20 ppM; el diferencial
real fue 182 ppM. Los valores de oxigeno
disuelto matutinos y vespertinos fueron supe-
riores en [os tratamientos de salinidad baja
6.5y 6.6ppm, y 57 y 5.7 ppm, respectiva-

Mol ® Daovanat cnmd ~lasr oilt Asanmins mattar and tavinra ~lace far enil enhetratae nicad in tha
1301€ J. rerclnt sand, Cidy, S$iil, OTE4AiliC idiicl, dill tCAlUItC Lidss 1UL SULL Suustidivs usewl Ul uiv
56-day outdoor tank study with Penaeus vannamei stocked at 15 m2. Particle sizes are: clay,
<2um; silt, 2 to 50 «m; sand, 50-2,000 «m.
Tabla 5. Porcentajes dc arcna, arcilla, limo, materia orgédnica y clase de textura de los sustratos
usados en el estudio sobre Penaeus vannamei cultivado 56 dias, en tanques al aire libre, 15/m?2
Los tamaiios de particula son: arcilla, < 2¢m; limo, 2 a 50 um; y arena, 50 a 2 000 «m.
Substrate Sand Clay Silt Organic Texture

(%) (%) (%) matter (%) class
Fine sand 91.3 4.6 4.1 0.7 Sand
Coarse sand 913 1.0 1.7 04 Sand
Clay 65.3 270 7.7 0.7 Sandy loam-clay

Table 6. Soil pH values and selected elemental composition (in ppm) of three soil substrates used
in the 56-day outdoor tank study with Penaeus vannamei stocked at 15/m¢e.

Tabla 6. Valores de pH y composicién elemental seleccionada (en ppm) de los tres sustratos de
suelo usados en el estudio de Penaeus vannamei cultivado, 56 dias, en tanques al aire libre, 15/m2.

Substrate pH N P K Ca Mg
Fine sand 8.5 i 26 200 1676 537
Coarse sand 9.0 1 28 37 15580 104
Clay 8.7 25 4 486 14898 2190
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Any question of toxicity of the soil
substrates per se does noi seem probable
because it is unlikely that all substrates
tested, derived from different locations, would
display the same characteristic. A further
question which can be posed is whether the
soil substrates performed less well because of
minute amounts of hydrogen sulfide produced

in anaerobic subsoil. This also does not seem
likely, for several reasons: 1) the soil sub-

stratec were low in oroanics and all were dry
Strat€s were 10w In organics and an were ary

at initiation, 2) the water column was main-
tained in continually oxygenated state by
airlift pumps, 3) a relatively light biomass was
placed on the system, and 4) feed levels were
intentionally kept low to avoid fouling of tank
bottoms. Nonetheless, hydrogen sulfide is
produced naturally in anaerobic environments
and is toxic to marine shrimp (Theede et al.,
1969; Boyd, 1989), so the possibility that it
played a role in this study cannot be excluded
without further examination.

It is interesting that the low level of
inadvertent nitrogen-only fertilization which
was introduced in the freshwater supply ini-
tially, approximately 0.178 mg/1 total NH4-N
per day, would have such an apparently
pronounced effect on phytoplankton abun-
dance. Considering a total volume of approx-
imately 1,0681 (282 gallons), the NH4-N
daily addition amounted to about 0.178 mg/1
NHy4-N for the total tank volume. Villalon
(1991) recommended a concentration of
1.3 ppm nitrogen and 0.15 ppm phosphorus to
stimulate phytoplankton in semi-intensive
ponds. However, this rate might be used only
once weekly, or less frequently. When aver-
aged over a one-week period, the N per liter
concentration is similar to the low level
addition accidentally used in the first part of
this study. The observed phytoplankton den-

mente), como era de esperarse por la alta
solubilidad del 0x1geﬁ0 en agua de baja
salinidad. Los tanques con salinidad baja
tuvieron menor visibilidad promedio con el

Alcon Qanchi: mauvar srhiadad) Inc
QiSCo OECTni \;c 3 juay\.u tuxuluuau} Huu o

tratamientos de salinidad alta, lo que esta de
acuerdo con las diferencias de abundancia del

fitonlancton mostradas en la Fig, 3,
1opiancion mostragas en ia oig.

Al inicio de la mvcstlgacxon se carac-
terizaron los sustratos del suelo por porcenta-

iog de arana arcilla limo. materia agrodnica v
je& GO arenag, ardiug, (Mo, maidria organica 'y

tipo de clasificacién estdndar. Los resultados

de los anélisis se dan en la tabla 5. El suelo
denominado "arcilla" en este estudio contuvo

27.0% de arcilla contra 4.6 y 1.0% en los dos
tipos de "arena”. La materia orgédnica fue muy
baja en los tres suelos, fructué entre 04 y
0.7%. Los tres suelos fueron moderadamente
alcalinos, con pH entre 85 y 9.0 (tabla 6).
Estos resultados indican que los suelos proba-
dos fueron aceptables para el cultivo de
camardn. Adicionalmente, los valores de pH
del suelo fueron similares a los del agua de
mar y se consideraron éptimos. Los anélisis
elementales de estos sustratos no sugieren
indicadores respecto a diferencias de desem-
pefo para el crecimiento de camarones penei-
dos (tablas 6, 7).

DISCUSION

Dado que P. vannamei de esta categoria
de tamafio se entierra durante las horar del
dia (Moctezumay Blake, 1981), los resultados
presentados aqui son distintos de los que se
esperaban: es sorpresivo que ¢l incremento de
peso con un sustrato impermeable (ambiente
artificial) sea equivalente a, o incluso mayor
que el fogrado con un sustrato de tierra
(ambiente natural), en ambas salinidades
probadas. La conclusién partiendo de estos

Table 7. Selected elemental composition (in ppm) of three substrates used in the 56-day outdoor
tank study with Peraeus vannamei stocked at 15/m#e.

Tabla 7. Composicién elemental seleccionada (en ppm) de los tres sustratos usados en el estudio
de Penaeus vannamei, 15/m2, cultivado en tanques a! aire libre, durante 56 dias.

Substrate Zn Fe Mn Cu Na S

Fine sand 0.16 454 0.65 0.12 3386 361
Coarse sand 0.16 48 0.78 0.04 20 5
Clay 0.09 249 0.94 0.80 6922 481

=Tz
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sity difference is of interest in understanding
fertilization regimes, but it should have no
effect on conclusions concerning the influence
of substrgte on growth since treatments were
compared only within salinity group and all
treatments within a salinity group were treat-
ed identically.

Differences in natural forage availabil-
ity could be expected to play a role in
treatment differences over the 56-day period
of the experiment. Shrimp are omnivorous
and opportunistically utilize a broad variety
of plant and animal nutrient sources, such as
phytoplankton, zooplankton, epiphytes, bac-
teria, and infauna such as small crustaceans,
bivalves and polychaetes (Moriarty, 1977,
Marte, 1980, Boddeke, 1983; El Hag, 1984;
Gleason and Wellington, 1988; Stoner and
Zimmerman, 1988; Leber and Pruder, 1988).
Therefore, it is entirely possible that treat-
ment differences observed (other than those
related to salinity) are related to differences
in natural productivity in/on substrates. The
fact that clay performed more poorly than
other substrates could also be related to
natural productivity, for a different reason.
This treatment had higher water column
turbidity due to suspended clay fines. The
blocking of light could be expected to lower
photosynthesis and alter the food chain in the
culture vessels.

The following conclusions can be sum-
marized from this study:

1) An impermeable substrate (bare fiberglass
tank bottoms) produced significantly higher
growth than earthen substrates for outdoor
culture of P. vannamei.

2) Sand substrates produced significantly
higher growth than clay substrate at 27 ppt,
and higher (but not significantly higher)
growth than clay at 45 ppt.

3) Growth was 155 to 20.9% higher at
moderate salinity (27 ppt) than at high salini-
ty (45 ppt). Although direct experimental
comparison was not made in this study, recent
experiments at Texas A&M have confirmed
similar growth differential related to salinity.
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datos es que un sustrato impermeabie es buen
medio para cultivar P. vannamei. Las mem-
branas plsticas o un sustrato de concreto
pueden considerarse buenas elecciones como
sistemas de cultivo para produccién intensiva
de P. vannamei. En contraste, hay informes
sobre el mejor desempefiode algunas especies,
como P. monodony P. japonicus, en sustratos
terrosos que en impermeables (Liao y Chao,
1983; Liao, 1969, respectivamente).

Cualquier cuestién de toxicidad de sus-
tratos del suelo per se es poco probable,
porque al parecer todos los sustratos probados,
provenientes de diferentes lugares, mostraron
las mismas caracteristicas. Otra pregunta que
podria hacerse es si los sustratos de suelo no se
desempefaron tan bien por causa de las
mindsculas cantidades de sulfuro de hidrégeno
producidas en subsuelo anaerébico. Esto tam-
poco parece probable, por varias razones:
1) los sustratos del suelo fueron todos bajos en
materia organica y todos estaban secos al
principio, 2) la columna de agua se mantuvo
en estado oxigenado continuamente, con las
bombas de aire, 3) se colocé una biomasa
relativamente ligera en el sistema, y 4) los
niveles de alimentacién se mantuvieron inten-
cionadamente bajos, para evitar ensuciar el
fondo de los tanques. Sin embargo, el sulfuro
de hidr6égeno se produce naturalmente en
ambientes anaerébicos y es téxico para el
camarén marino (Theede et al., 1969; Boyd,
1989), por tanto, la posibilidad de que haya
intervenido en este estudio no puede excluirse
hasta que sea més estudiada.

Es interesante que el bajo nivel de
fertilizacién con nitrégeno solo, introducido
por accidente en el aprovisionamiento de agua
dulce, aproximadamente 0.178 mg/1 de NH4-N
total por dia, haya tenido un efecto tan
pronunciado y evidente en la abundancia de
fitoplancton. Considerando un volumen total
de aproximadamente 1 068 1 (282 galones), la
adicién diaria de NH4-N llegé a ser aproxi-
madamente 0.178 mg/1 para el volumen total
del tanque. Villalon (1991) recomend6concen-
traciones de 1.3 ppm de nitrégenoy 0.15 ppm
de fésforo para estimular el fitoplancton en
estanques semintensivos. De cualquier manera,
esta proporcién deberia usarse sélo semanal-
mente o con menor frecuencia. Si se promedia
por semana, la concentracién de nitrégeno por
litro es similar a la adicién de bajo nivel
accidentalmente usada en la primera parte de
este estudio. La diferencia de densidad de
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