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Abstract

The water column in a fish farm was sampled at three depth layers to determine large and short term changes in
water quality. The overall goal of this study was to determine the variation of nutrient concentrations in the water
column in open-ocean floating cages with cultures of Lutjanus peru (Pacific red snapper) and L. guttatus (spotted
rose snapper). Nutrient concentration (ammonia-N, nitrite-N, nitrate-N, and phosphate) were evaluated every
fifteen days in the water column at three stations (cages) and two depths; likewise, several water quality parameters
were analyzed daily (water temperature, salinity, dissolved oxygen and Secchi disk). Analyses of water in general
showed that no significant differences existed between the monthly concentration of nutrients from the control
stations and depths. Nitrate was the nutrient with the highest concentration (2.83 to 3.56 mg/L); however, these
values were relatively low and normal for these waters. The results show that when working with fish densities of
2500 to 3500 fish/cage and small quantities of food (60 ton/year) no impact is made on the water column quality in
the floating cages culture system.
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Resumen

La columna de agua de una granja de peces fue muestreada a tres profundidades para determinar los cambios en la
calidad del agua a largo y corto plazo. El objetivo de este estudio fue determinar las variaciones en la concentracion
de nutrientes en la columna de agua del cultivo en jaulas flotantes de Lutjanus peru (huachinango) y L. guttatus
(flamenco). La concentracion de nutrientes (amonio, nitritos, nitratos y fosfatos) fue evaluada cada 15 dias en la
columna de agua en tres estaciones (jaulas) y dos profundidades. También, varios parametros de la calidad del agua
fueron analizados diariamente (temperatura del agua, salinidad, oxigeno disuelto y profundidad de vision del disco
de Secchi). Los anélisis del agua muestran en general que no hubo diferencias significativas mensualmente entre la
concentracion de los nutrientes de la estacion control y las estaciones experimentales. Los nitratos fueron el
nutriente con la mayor concentracion (2.83 a 3.56 mg/L), sin embargo, esas concentraciones fueron relativamente
bajas y normales para ese tipo de aguas. Los resultados muestran que cuando se trabaja con densidades de peces de
2500 to 3500 peces/jaula y bajas cantidades de alimento (60 ton/afio) no se impactan la calidad de la columna de
agua del sistema de cultivo de jaulas flotantes.

Palabras clave: pardmetros fisico-quimicos del agua, jaulas flotantes, pargos, granja marina.

1. Introduction
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The lixiviation of organic wastes is one of the main
causes affecting the water quality in aquaculture
farming. Food beneath fish farms is available to wild
fishes in the vicinity as large food pellets lost
through the cages, dead cultured fishes and a “soup’
of broken pellets and feaces from caged fishes
(Dempster et al., 2004, 2005). The load of nutrients
originating from a cage culture system can be
divided into a dissolved fraction and a particulate
fraction; these nutrients can precipitate and
accumulate in the sediments. Enrichment of the
water column with dissolved nutrients and bottom
sediments with organic matter as a result of culturing
finfish in sea cages have been identified as real and
potential environmental impacts of fish culture
(Perez et al., 2003). Nevertheless, in most studies,
the quantity of nutrients released to the environment
from aquaculture activities has been theoretically
calculated, with only a few of them based on field
studies (Molina—Dominguez et al., 2001). Local
environmental impacts from the discharges
originating from open-ocean aquaculture systems can
be reduced significantly in systems where wastes are
diluted by currents, moving them away from the
culture area (Goldburg et al., 1996). For cage culture
of fish, the principal environmental impacts arise
from the release of dissolved organic material into
the water column and deposition of organic solids to
the benthos. Fish farms produce wastes; in particular
N and P are released in dissolved form into the water
column (Holby and Hall, 1991; Hall et al., 1992).
The effect of the fish farms in the sea on the
geochemistry and biological characteristics of
sediment has been demonstrated in several parts of
the world (Brown et al., 1987; Hall et al., 1990;
Weston, 1990; Holby et al., 1991; Holmer and
Kristensen, 1992; Karakassis et al., 1998; Lu and
Wu, 1998; Mazzola et al., 1999; Karakassis et al.,
1999; Karakassis et al., 2000). However, there is
limited published information on the effects of fish
farming on water quality. In a study comparing
natural to mariculture-induced variability in water
quality, it has been shown that, even in microtidal
areas, mariculture could be a major source of
variability for phosphate and ammonium ions but not
for chlorophyll a or particulate organic carbon (POC)
(Pitta et al, 1999). Seasonal changes in
environmental variables related to aquaculture have
been studied on the water column for marine cage
(Pitta et al., 1999; Karakassis et al., 2001). However,
for the water column, it is reasonable to assume that
excretion of solute wastes, taking place within a few
hours after feeding (Tomasso, 1994), might induce
significant changes in water quality. Although such
changes have been reported for effluents of fish
ponds (Porter et al., 1987; Neori et al., 1989), there
is little information on how these changes affect the
cultivation medium in fish cages, at small and large
time scales. The overall goal of this study was to
determine the variation of nutrient concentrations in
open-ocean floating cage culture of Lutjanus peru
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(Pacific red snapper) and L. guttatus (spotted rose
snapper) that could be attained within a day and
cycle for nutrient in the water column.

2. Materials and methods

The present study was carried out in “Punta el
Caballo” (478.214 E, 2370000 N; 478.514 E,
2370000 N; 478.514 E, 2369800 N; 478.214 E,
2369800 N) Santa Cruz de Miramar, Nayarit,
Meéxico. This area has a floating fish farm producing
over 30 tons of snapper annually. The culture farm
consisted of floating cages constructed with thread of
number 10 nylon tarred polyamide, each measuring 5
x 5 x 4 m. Stoking density ranged from 2500 to 3500
fish/cage. The fish were fed at a rate of 1.5 % body
weight/day; thereafter, the feeding rate was reduced
to 1.2% body weight/day based on the monthly
sample weight for caged fish. Feed consisted of
commercial pellets containing 35% and 25% crude
protein during the first-second-third months, and a
lipid content of 7 % during the fourth-fifth months,
respectively. Fish were fed twice a day (09:30 h and
16:00 h).

For the present study, three sampling sites
(stations) were chosen to investigate water quality in
areas with and without cages. Station 1 was in the
centre of the cage culture farm, station 2 in the north
end of the cages and station 3 was about 1000 m
away from the cages. Monthly samplings were
carried out. At each station, sampling was done at
two different depths, i.e. near the surface (1 m) and
bottom of the cage (6 m).

The current velocity was determined using a
correntometro (Falmouth Scientific Inc. 3D model-
ACM). The instrument was programmed to record
and installed on a continuous variations of velocity
and direction of flow at 2.5 m from the bottom of the
cage, the registration period for each monitoring
occurred between the fourth phases of growing and
full moon, the average of the data recordings made
during intervals of 20 minutes, as well as
instantaneous readings at the end of each interval,
were stored in the memory of the instrument.

Water samples were taken every day of each
cage at about 10:00 a.m. according to Parsons et al.
(1984) for the analysis of temperature and dissolved
oxygen (YSI model 54 oxygen meter, Yellow
Springs Instruments, Yellow Springs, Ohio, USA),
pH and transparency was measured using a Secchi
disk.

Water samples were collected in polyethylene
bottles, stored in an ice-chest and transferred to the
laboratory in the Escuela Nacional de Ingenieria
Pesquera, Universidad Autonoma de Nayarit,
México, for analysis of total ammonia-N, nitrite-N,
nitrate-N, soluble reactive phosphorus and sulfate
(Arredondo-Figueroa et al., 2007). The content of
nutrient was determined every fifteen days (YSI
model 9000 photometer,  Yellow  Springs
Instruments, Yellow Springs, Ohio, USA).
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2.1 Statistical analysis

Statistical analysis was carried out according to
Montgomery (1984). To determine whether
significant differences existed between the different
treatments and the parameters tested, all results were
analyzed using a one-way variance analysis
(ANOVA) and Tukey’s multiple comparison of
means. Probabilities of P<0.05 were considered
significant.

3. Results

The currents in the area originate from the surface
ocean circulation, which have addresses southwest
along the coast, being a result of the circulation
system California and the flow of norecuatorial west,
or proceeds from the gravitational action the moon
and the sun. The current velocity had a high
variability in both directions and velocity (Fig. 1). It
is estimated that the current velocity in the area
should range from 0.3 to 0.5 m/s (0.6 - 1.0 knots).
With these currents velocity in the area of
installation is allowed to give an adequate
replacement of water inside the cage to keep
hydrological conditions suitable for the growth of
fish.

Mean water temperature, salinity, pH, Secchi
disk, dissolved oxygen, ammonia, nitrite, nitrate and
sulfate did not vary significantly (P <0.05) between
the three stations (Table 1). However, if there were
significant differences (P <0.05) between the control

Nutrient concentrations in the study area
fluctuated drastically throughout the culture period

(Fig. 2).
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Fig. 1. Current magnitude and direction (cm/s) in the
middle of the cages.
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Fig. 2. Temporal variation of dissolved nutrient
concentrations of ammonia-N (NH4), nitrate-N
(NH3), nitrite-N (NH2) and phosphate (PO4) in the
water column of the floating cage site during all
sampling periods.

(station 3) and station 1 and 2 in the concentration of
soluble reactive phosphorus.

Table 1. Mean levels +SE of the physical and chemical parameters in the cage culture system.

Parameter Station 1 Station 2 Station 3*

Temperature (°C) 30.8+0.49a 30.7+0.50a 30.7+0.54a
(29.4-31.7) (29.5-31.8) (28.9-32.1)

Salinity (ups) 34a 34da 34a

pH 9.5+0.68a 9.3+0.59%a 9.2+0.32a
(8.5-10.69) 8.76-10. (8.5-10.21)

Dissolved oxygen (mg/L) 5.0+0.38a 5.1+0.37a 5.7+0.69a

(3.7-5.6) (3.9-5.8) (4.2-6.7)

0.480+0.283a 0.482+0.294a 0.559+0.242a
(0.020-0.960)  (0.010-1.00)  (0.070-0.960)
5.4+1.48a 5.4+2.00a 5.3+1.12a
(1.5-8.0) (1.5-8.0) (3.5-8.5)
0.630+£0.496a 0.584+0.439a 0.606+0.498a
(0.019-1.346) (0.003-1.165) (0.003-1.346)
2.83+1.00a 3.08+1.14a 3.56+1.78a
(1.23-4.18) (1.45-5.94) (1.76-8.36)
Soluble reactive phosphorus (mg/L) 1.017+0.61a  0.939+0.50a  0.492+0.42b
(0.014-3.350) (0.070-3.050) (0.030-3.350)
144.05+80.36a 142.80+83.09a 147.90+81.64a
(43.00-350.00) (48.00-370.00) (46.00-310.00)
*Station 3 = control. Ranges are given in parentheses. There are no significant differences (P <0.05) between means (in the
same row).
Total ammonia-N levels varied between 0.01
to 1.0 mg/L in stations 1 and 2, and between 0.07 to

Total ammonia-N (mg/L)
Secchi Disk (m)
Nitrite-N (mg/L)

Nitrate-N (mg/L)

Sulfate (mg/L)

0.96 mg/L in station control (3). Nitrate-N levels
varied between 1.23 to 5.94 mg/l in stations 1 and 2,
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and between 1.76 to 8.36 mg/L in station control
(Table 1). The slight increment in nitrate levels
towards the end of the culture which was observed in
the sampling sites, was caused by decrease rainfall
(Fig. 3). The results obtained showed slightly higher
levels of soluble reactive phosphorus in stations 1
and 2 compared with station control (3).
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Fig. 3. Rainfall during the sampling period of culture
of snapper.

On the other hand total ammonia, nitrite and
soluble reactive phosphorus concentrations were
smaller at the end of the cycle compared with the
period of rainfalls. In the present study nutrient
concentrations did not vary significantly (P <0.05)
between the stations except for soluble reactive
phosphorus. However, total ammonia, nitrite, nitrate
and sulfate concentrations were slightly higher in the
station control. This could be because of the strong
currents and the mixing up of the organic matter
lying at the bottom of the sea, and the cause for the
biggest influence of the effluent discharge at station
3 near the coastal area.

Discussion

The studies of Leong (1989) indicate that water
quality forms one of the important factors governing
the health of fish under culture environment. Hence,
the monitoring and management of water quality are
important in ensuring good fish health. The
conservative nature of the marine environment, the
large water volume and exchange, and the
oligotrophic nature of its oceanic water, water
quality variables such as total alkalinity, total
hardness, pH, dissolved oxygen, nitrogenous
compounds and hydrogen sulphide were considered
of little importance (Perez et al., 2005). However,
there are variations to the long period of cultivation
in pH, Secchi disk, dissolved oxygen, ammonia,
nitrites, nitrates, phosphorus and sulfates.

The oxygen concentration in the present study
was relatively low compared to other reported for
marine cage culture farm. Arumlampalam et al.
(1998) reported that dissolved oxygen values in
shallow channel located between the Tengah and
Kelang Island on the west coast of Peninsular
Malaysia ranged from 5.54 to 7.98 mg/L. In the
upper Gulf of Thailand, dissolved oxygen ranged
from 0.5 to 8.7 mg/L (Sutanaruk et al., 1995). The
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upper Gulf of Thailand is rich in nutrients since it
receives domestic sewage, industrial and shrimp
farming discharge. In this study the area where the
cages are located receives domestic sewage and
effluent from inland deforestation. The high levels of
nutrients in the sampling area might be attributed to
the organic load in the current of river “El Naranjo”.
The nutrient in the water column increased the
bacterial growth (Arumlampalam et al., 1998).
Baross and Liston (1977) have also reported that
nutrients are one of the important factors that
influence the distribution of Vibrio spp. The increase
in Vibrio spp. and other harmful bacteria counts may
lead to the spread of diseases and could be the cause
of severe economic losses due to the high fish
mortalities.

In the long run, it would be advisable for the
cage culture farmers to use a proper amount of feed
to ensure that the water quality remains viable for
fish farming, further studies are required to find a
suitable feed in order to maintain good water quality
for the sustainability of the cage culture industry in
the tropics.

The food used in Santa Cruz de Miramar
Farm is usually a mixture of dry feed (small pellets
with 2.0 to 2.5 mm diameter) and raw fish (wet diet).
The carbon content of food was estimated in 43.5%,
while nitrogen content was of 8.5%. This gives a
C/N ratio of 5.1. The particulate organic carbon
content of dry pellets is of 43.5% approximately,
while wet diet varies from 46.5 to 50.3% (Pawar et
al., 2002). The annual fish production of Santa Cruz
de Miramar Farm fluctuates from 5 to 50 metric tons.
The annual feed input per year varies from 9 to 90
metric tons. The particulate organic carbon input
estimated was from 13.7 to 34.8 kgC/m2 per year.
The species favored by the presence of aquaculture
were not the ones normally feeding on the food
pellets under the cages but those normally occurring
in the fishing grounds of the study. It is concluded
that the release of nutrients from fish farming in
nutrient-poor systems can have a positive effect on
local fisheries with no visible negative change in
species composition or biodiversity (Machiasa et al.,
2004). Our data tend to support the notion that cage
impacts are minimized in open or semi-open coastal
waters with sufficient tidal circulation and flushing.

This information is relevant for the
development of monitoring programs for open-ocean
aquaculture because it provides a basis for
incorporating suitable management procedures
(Grizzle et al., 2003). New technologies have lower
environmental impact than traditional aquaculture
methods and their implementation should be
encouraged. For instance, quality feeds result in fast
and efficient fish growth and less release of wastes to
the environment. However, the magnitude of any
effect depends basically on the intensity of fish
production, waste dispersion by currents and the
environmental carrying capacity to assimilate any
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organic loading (nitrogen and  phosphorus
principally).

The scale of environmental impact would
depend on the amount of wastes generated by the sea
cages, which is decided by the stocking density,
quantity and type of feed, feed composition, size of
pellets and the hydrographic conditions where cages
are located. Depending on the variable scale of
impact, the level of fish production that would be
sustained in a particular area is variable (Pawar et al.,
2002). Several studies have been carried out around
the world about the relationship among the produced
wastes by sea cages and their impact on the water
quality and sediments. There has been found a direct
relationship  between wastes and sediment
eutrophication (Pawar et al., 2001, Tlusty et al.,
2002, Stewart and Grant 2002, Pawar et al., 2002,
Rapp et al., 2007).

Tests were conducted to see if uneaten feed
and feacal material isotopic signals, originating from
fish farms, could be detected in particulate organic
matter (POM) and sedimentary organic matter
(SOM). Sediments around the cages have been
observed to be organic-enriched at about 1,000 m
from cages (Sara et al., 2004). Dispersion of cage
waste by hydrodynamic advection, consumption and
defecation by wild fish, and re-suspension from the
bottom currents were invoked as three combined
factors to explain the greater impact area found in
this study than has been previously reported in the
literature.
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