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Resumen.- La almeja negra, Chione fluctifraga, puede ser utilizada para biorremediar efluentes de descarga en
cultivos de camaron. Con este propésito se evalué durante 77 dias, el efecto de dos densidades de almeja (12,5y 25
especimenes m?) y un control (0 m?) sobre la calidad de agua de efluentes crudos de un cultivo semi-intensivo de
camaron (Litopenaeus vannamei; 25 m?). Parametros tales como, so6lidos suspendidos totales (TSS), sélidos organicos
suspendidos (0SS), nitrégeno amoniacal total (TAN) y nitrégeno total (TN) fueron medidos en los efluentes crudos,
control, tratamientos y agua del estuario (fuente de agua para el cultivo de camarén). Los TSS y OSS disminuyeron en el
control y los tratamientos en comparacion con los efluentes sin tratar. Los TSS y 0SS disminuyeron durante los primeros
22 dias, sin registrar diferencias entre control y tratamientos. Sin embargo, los tratamientos tuvieron una mayor disminucién
en los niveles de TSSy OSS a los 48 y 77 dias de cultivo, en comparacion con el control. Los niveles de TAN registraron los
valores mas bajos en ambos tratamientos, seguidos por el control y los efluentes de camarén; no se observaron diferencias
significativas para el TN. Los resultados indican que Chione fluctifraga tiene capacidad como biorremediador y puede
sobrevivir en efluentes de estanques de camarén.
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Abstract.- The black clam, Chione fluctifraga, can be used to bioremediate discharge effluents produced by shrimp
aquaculture. With such purpose we evaluated during 77 days, the effect of two densities of clams (12.5 and 25-specimens
m-2) and a control (0-m) on the water quality of raw effluents from a semi-intensive culture of shrimp (Litopenaeus
vannamei; 25 m?). Parameters such as total suspended solids (TSS), organic suspended solids (OSS), total ammonium
nitrogen (TAN) and total nitrogen (TN) were measured in raw effluents, control, treatments and estuary (water source
for shrimp culture). The TSS and OSS diminished in control and treatments, compared with untreated effluents. The TSS
and OSS decreased over time with no significant difference observed among the treatments during the first 22 days of
trial. However, treatments had a greater decrease of TSS and OSS levels at days 48 and 77 compared with the control.
TAN recorded the lowest levels in both treatments, followed by control and effluents respectively; no significant differences
were observed for TN. The results indicate that Chione fluctifraga has ability as biorremediator and it does survive well
in shrimp pond effluents.
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INTRODUCTION

Aquaculture has been one of thefastest growing industries
worldwide, with total world production of around 67 million
tonnes in 2006 (FAO 2008). This continuous growth has
generated competition with other users of land and water
and also has caused negative impacts on the effluent-
receiving ecosystems (Paez-Osuna 2001a, Rahman et al.
2002, Piedrahita 2003, Primavera 2006, Sara 2007). Some

of the observed impacts have been the eutrophication and
nutrification of estuaries (Paez-Osuna 2001b, Jiménez-
Casalduero 2001, Sousa et al. 2006), destruction of
mangrove forests (Thu & Populus 2007) and pollution of
water bodies (Péez-Osuna 2001b). It has been argued that
aquaculture wastes, like total suspended solids (TSS) and
organic suspended solids (OSS), have anegativeimpact on
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the environment, causing ecological imbalances (Martinez-
Cordovaet al. 2009).

The potential negative impacts of aquaculture effluents
creates a need to implement sustainable strategies such as
low- or zero-water exchange, recirculation, reintegration of
nutrients to the system through co-culture or polyculture
practices, the use of mangrove forests as nutrient sinks
(Rivera-Monroy et al. 1999, Primavera et al. 2007), and
bioremediation of effluents(Troell et al. 2003). Someof these
strategies are now being used in some farms for different
types of culture (Neori et al. 2007).

Bioremediation can be used to reduce organic and
inorganic compounds and nutrients from aquaculture
effluents, mainly by the use of filter-feeding bivalves,
microalgae and seaweed (Jones et al. 2002, Shpigel et al.
2005, Muangkeow et al. 2007). There are many mollusk
species that have the potential to bioremediate aquatic
environments, of which some of them are commercially-
important and could provide extra income to farmers
(Rawson et al. 2002, Pehardaet al. 2007). Others have been
observed to reduce luminous bacteria in shrimp ponds
(Tendencia2007). It isimportant to eval uate the performance
of these organisms as bioremediators in specific effluent
waters, in order to use such natural resourceto mitigate some
of the contamination problemsthat aguaculture has caused.
For instance, Yokoyama et al. (2002) studied the effect of
green mussels, Pernaviridis, onthewater quality of aseries
of contiguous ponds that received shrimp pond effluents.
Thegreen musselseffectively removed excessfood particles
and improved water quality.

Jones & Preston (2001) found that the shrimp effluent
was an adequate environment in which bivalve mollusks
thrived. Lefebvreet al. (2000) compared the nutritional value
of cultured microal gae, Skeletonema costatum, and shrimp
effluent asfood sourcesfor the Pacific oyster, Crassostrea
gigas, not finding significant differences between both
sources. Jakob et al. (1993) used shrimp-pond effluent to
culture Crassostrea virginica and reported that the effluent
provided all the essential nutrients required for the growth
of the species.

Theblack clam, Chionefluctifraga, was selected for the
present study because of commercial importancein North-
western Mexico, mainly asan artisanal fishery, but it isnow
being farmed in theregion (Tinoco-Orta& Caceres-Martinez
2003). The species inhabits estuaries and shallow coastal
waters in the Gulf of California. It tolerates high
concentrations of organic matter in the water column and
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can withstand a wide range of temperatures and salinities
(Martinez-Cordova 1988), conditions that are similar to
those prevailing in shrimp farm effluent. Large populations
of C. fluctifraga can befound in estuaries of theregion and
can be easily transported to shrimp farmsin close proximity
to the estuary. The species has a short life cycle and can
reproduce in few months (Martinez-Cérdova & Martinez-
Porchas 2006).

The aim of this study was to evaluate the feasibility of
using adult Chione fluctifraga to bioremediate shrimp pond
effluents by removing organic and inorganic suspended
solidsand nutrients.

M ATERIALS AND METHODS

EXPERIMENTAL ANIMALS

Shrimp postlarvae (average weight= 0.3 + 0.05 g) were
obtained from a commercial hatchery (Maricultura del
Pacifico, S.A.) at Bahia Kino, Sonora, México, and
maintai ned under laboratory conditions (dissolved oxygen
[DQ] 6.05 mg L*; fed ad libitum [Camaronina, Purina®
35% protein]; total ammonianitrogen (TAN) wasmaintained
at 0.01 mg L%; adaily water exchange of 100%) until shrimp
reached the desired sizeto carry out the experiment. Clams
were hand-collected from La Cruz Estuary (28°48' 57"’ N,
111°55' 30"’ W) and maintained under the above |l aboratory
conditionsfor two weeks and fed the diatom, Chaetoceros
muelleri.

SystEM CONFIGURATION

A semi-intensive shrimp culture system consisting of nine
4000 L plastic pools (4 x 2 x 0.65 m, water depth 0.5 m)
was established. The poolswerefilled with seawater pumped
from the La Cruz Estuary, which is considered both, an
estuary and antiestuary (system that does not have a
significant freshwater inputs; Maples et al. 1987) because
it does not receive freshwater during most of the year and
has high salinity levels 38 psu. The pools were provided
with 0.9 m® of sediment to achieve height of 5-6 cm. Each
pool was stocked with juvenile Litopenaeus vannamei
(averageweight= 10+ 0.7 g) at adensity of 25 m?2. During
the experiment, shrimp were fed a commercial diet
(Camaroninaof Purina®; Hermosillo, M éxico) containing
35% of crude protein and fed at 4% body weight-day*. The
effluents discharged from the shrimp pools flowed into a
plastic contai ner and then distributed equally into nine pools
(similar to those used for the shrimp culture), with a
continuous flow of 16 L h! pool? (9.6% of daily water



exchange). Three of the pools were stocked with clams
(averagesizeandweight=3.5+£0.3cmand 17.3+4.3¢g) at
adensity of 12.5 clamsm? (T1) and evenly distributed on
the bottom of the pool. Three other poolswere stocked at 25
clams m2 (T2), and the last three remained without clams
m2 (control). These densitieswere based on the criterion of
Miranda-Baeza et al. (2006) with the bivalve Anadara
tuberculosa stocked at similar size and density.

No aeration or oxygenation was applied to any of the pools
(with shrimp or clam), to avoid the re-suspension of solids.

CHEMICAL AND PHYSICAL ANALYSES

Temperature, salinity, pH, and dissolved oxygen
concentration were recorded twice aday (0700 and 1400)
in the estuary, the shrimp effluent, the control and the
treatment poolsusing aY Sl 6600 multiparameter electronic
meter (Y SI, Yellow Springs, OH, USA).

The total suspended solids (TSS) and the organic
suspended solids (OSS) were measured on days 0, 22, 48,
and 77 at the same sampling points. The samplesfrom the
estuary weretaken at different locations of the estuary, ona
radius 3 m away from the water pump, at adepth of 40 cm
from the bottom; five replicate samples were collected at
every point of the estuary. Also, fivereplicate sampleswere
collected per pool at every sampling date. One liter of
sampled water wasfiltered through GFC 47 mm Whatman
filters, which were then washed and dried at 90°C for 4 h.
Thedifferencein weight between thedried filtersbefore and
after filtration was estimated as the TSS. The organic
suspended solids were determined by incineration of the
dried filtersin amuffle at 450°C for 8 h, then cooled and
weighed. In order to eliminate a possible error in solids
measurements, the same processwas carried out with clean

seawater (previoudly filtered and sterilized) from the Estuary,
which was abasepoint subtracted for theresults of TSSand
0Oss.

Total ammonia nitrogen was monitored at the sampling
points by the salicylate method (Bower & Holm-Hansen
1980) using aprogrammabl e spectrophotometer HACH DR-
4000 (Hach Co., Loveland) and the concentration of total
nitrogen was measured by the persulfate digestion method
following the methodol ogy of HACH (Method 10072).

Survival was determined by the number of dead
organisms in each tank at the given sampling dates. The
condition index of the clamswas estimated as:

Dry body weight 100
Dry shell weight

assuggested by DelaHoz-Aristizébal (2010).

STATISTICAL ANALYSIS

One-way ANOVA and a post-hoc Tukey test were done to
analyzetheresults of water quality variables (temperature,
salinity, dissolved oxygen, pH). A repeated measures
ANOVA was performed to study the results of TN, TAN.
An analysis of covariance was carried out to compare the
effect of timeand density of clamsonthelevelsof TSSand
OSSinthetreatment pools (Zar 1996).

REsuLTS

Meansand ranges of temperature, salinity, dissolved oxygen,
and pH in shrimp pools, treatments, control and the estuary
did not differ between sitesor treatments (Table 1).

Table 1. Means (z standard deviation) of environmental variables registered in the shrimp pools, control, treatments,
and estuary / Medias (+ desviacion estandar) de las variables ambientales registradas en piscinas de camarén, control,

tratamientos y estuario

Shrimp pools Control Tl T2 Estuary
(12.5 clams m™) (12.5 clams m?)
Temperature (°C) 27.0+ 1.6 280+ 1.6 281+ 1.7* 283+ 1.5 27.0+ 1.4°
Salinity (psu) 40.1 £0.9° 41.0+1.1° 41,1+ 0.9* 41,0+ 1.0" 40.0 +0.8°
Dissolved oxygen (mg L) 6.2+ 2.0° 640+ 1.9" 59+1.5 5.7+ 1.4 6.1+ 1.7"
pH average 8.3" 8.4 7.9 8.0 8.2
pH range 7.8-8.7 8.1-8.7 7.7-8.1 7.9-8.2 8.0-8.3

q . et . . .
» Statistical results showing no significant differences among treatments
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The shrimp grew at a rate of 1 g week? during the
experimental period (Fig. 1), similar to the growth rate
reported in commercial farms.

The concentration of TSSincreased significantly by 24% 25+
(Fy, 7= 25.8,P<0.001) and 37% (F, ,, = 18.9, P <0.001)
from the estuary (~120 mg L2) to the shrimp pools at days
48 and 77 respectively (Fig. 2), reaching levels above 160
mg L.

Thelevelsof TSS decreased over timein both, control (0
clamsm) and treatments (12.5 and 25 clams m?); however,
the decreasing rate was significantly higher (F(va): 9.6,P 0 T
=0.01) inthetreatmentswith clams(T1 and T2) compared
to the control (Fig. 3). At the end of the experiment (day
77), TSSlevelsof T1 and T2 were 50% (F, ,, = 24.9, P <
0.001) and 52% (P < 0.001) respectively lower than the Figure 1. Individual weekly growth of Litopenaeus vannamei /
shrimp effluents (164 mg L), while no differences were Crecimiento individual semanal de Litopenaeus vannamei
observed between effluents and control (F, ,, =28, P =

(4, 74)
0.06, Fig. 2).
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Figure 2. Total suspended solids (mg L) throughout the experimental period in the estuary, shrimp effluents, pools without
clams (Control), 12.5 clams m2 (T1), and 25 clams m (T2). Vertical lines of bars indicate standard deviation /7 Sélidos suspendidos
totales (mg L) a través del periodo experimental en el estuario, efluentes de camarén, piscinas sin almejas (Control), 12,5 almejas
m2(T1), y 25 almejas m2 (T2). Las lineas verticales de las barras indican la desviacion estandar
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Figure 3. Analysis of the decreasing rate of total suspended solids
in control (0 clams m?), T1 (12.5 clams m2), and T2 (25 clams m-
2) throughout the time. Different letters inside the parenthesis
indicate significant differences (P < 0.05) / Analisis de la tasa de

Organic suspended solids increased significantly in
shrimp pools at days 48 (F(4' 4= 988, P< 0.001) and 77
(F(4’ 1= 1204, P < 0.001) (> 24 mg L, Fig. 4). Similar to
the TSS results, the OSS levels in treatments and control
tended to decrease over time, however thelowest decreasing
rate was observed in the control and the highest in T2 (Fig.
5). By thelast day of experiment, the concentration of OSS
had decreased by 27%, 45% and 42% (F, ., = 87,6, P <
0,001) after flowing from the shrimp pools (~22 mg L)
through the control (< 17mgL?), T1 and T2 pools(< 12 mg
L1), respectively.

TheTAN increased significantly inthe shrimp pools (0.16
mg L) and decreased in the control (0.036 mgL ), T1(0.011
mgL1)andT2(0.013mgL™?) pools(F( 4,20~ 0:3, P = 0.01),
although the control pools showed asmaller decrease than
the poolscontaining clams(T1 and T2) (Fig. 6). Despite T1
and T2 showed lower concentrations of TN (10.4 and 10.2
mg L-1), no significant differences were observed among

disminucion de sélidos suspendidos totales en el control (0 almejas treatments(F(4 209~ 2.9, P=0.05; Fig. 6).
m2), T1 (12,5 almejas m?), y T2 (25 almejas m) a través del tiempo.
Letras diferentes dentro del paréntesis indican diferencias
significativas (P < 0,05)
4 N
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Figure 4. Organic suspended solids (mg L*) throughout the experimental period in estuary, shrimp effluents, pools without clams
(Control), 12.5 clams m2 (T1), and 25 clams m2 (T2) / Sélidos organicos suspendidos (mg L*) a través del periodo experimental en el
estuario, efluentes de camarén, piscinas sin almejas (Control), 12,5 almejas m2 (T1), y 25 almejas m? (T2)
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Figure 5. Analysis of the decreasing rate of total suspended solids
in control (0 clams m2), T1 (12.5 clams m2), and T2 (25 clams m-
2) throughout the time. Different letters inside the parenthesis
indicate significant differences (P < 0.05) / Andlisis de la tasa de
disminucién de sélidos organicos suspendidos en el control (0
almejas m?), T1 (12,5 almejas m?), y T2 (25 almejas m) a través
del tiempo. Letras diferentes dentro de los paréntesis indican
diferencias significativas (P < 0,05)
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Figure 6. Total ammonium nitrogen and total nitrogen (+ standard
deviation) in estuary, shrimp pool effluents (SPE), control,
treatment T1 and T2. Different letters in the points means
significant differences (P < 0.05) / Nitrégeno amoniacal total y
nitrégeno total (+ desviacion estandar) en el estuario, efluentes de
piscinas de camaroén (SPE), control, tratamiento T1 y T2. Letras
diferentes indican diferencias significativas (P < 0,05)
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Table 2. Means (+ standard deviation) of the survival (%) of Chione
fluctifraga in control and treatments, at days 0, 48 and 77 of
experiment / Supervivencia (+ desviacion estandar) de Chione
fluctifraga en control y tratamientos, en los dias 0, 48 y 77 del
experimento

Days of culture

Density of clams 0 48 77 Statistical results
TI 1007 97+ 11* 85+ 12° P<0.05
T2 1007 87+ & 69+ 9° P<0.05

Thesurvival of clamsin thetreatmentsand in the estuary
is presented in Table 2. Fina survival was significantly
higher in T1 (85%) compared to T2 (69%; Foy=39 P=
0.02). No differenceswere assessed regarding the condition
index of the clamsfrom T1 (37.3 + 3.5%) and T2 (38.9 +
4.1%).

DiscussioN

The productive performance of shrimp into the pools was
similar to previous reported performances in the semi-
intensive commercial farms, with aweekly growth around
1 gand asurvival near to 70% (Martinez-Cérdova 1999);
this suggests that the results of the present study may be
applicableto theregional shrimp aguaculture.

The water quality of raw effluents was quite similar to
that reported for intensive or semi-intensive shrimp farms.
Thelevelsof TSSfound in shrimp effluentswerewithinthe
range reported by Paez-Osuna (2001b) for intensive shrimp
farms (H=100 to 350 mg L?). Also, similar values of
suspended solids registered in the trial were observed by
Jackson et al. (2004) in effluents discharged by different
shrimp farms. The strong increase of TSS and OSS within
the shrimp ponds during the culture could be related to the
feed supplied and the sediment disturbance by the shrimp.
These high level s of suspended solids represent apotential
source of contamination either into the pondsor into effluent
receiving ecosystems, as can occur in commercial farms
(Biao & Kaijin 2007).

In our study, the pools used as control and treatments
simulated sedimentation lagoonsand Chionefluctifragawas
used as hiofilter. Both strategies reduced the levels of
suspended solids, but the reduction was more pronounced
in the pools that contained clams. Martinez-Cérdova &
Martinez-Porchas (2006) reported that the presence of C.
fluctifraga in shrimp-culture ponds diminished the
concentration of TSS, OSS and consequently improved the
water quality. Other authors have reported that bivalves, e.g.,
Anadara grandis, A. tuberculosa, Crassostrea corteziensis



and others, are capable to reduce the concentration of
suspended solids (Miranda-Baezaet al. 2006, Wilber et al.
2006, Pefia-Messina et al. 2009).

The decrease of TSSwas more evident in the second part
of thetrial, possibly due an acclimation by the clamsto the
experimental conditions. Miranda-Baeza et al. (2006)
documented that bivalves such as Anadara grandis can be
acclimated to environments of high concentrations of
suspended solidsin few weeks.

Thelevelsof OSS showed the sametrend thanthe TSS,
increasing form the estuary to the shrimp pools and then
decreasing after passing through the treatments and the
control pools. Therefore, the poolsthemselves contributed
to the decrease of the OSS by sedimentation and the clams
by biofiltration. It is well known that bivalves consume
suspended particles (organic and inorganic) from the water
column, retaining the organic fraction and discarding the
inorganic (Troell & Norberg 1998, Pfeiffer et al. 1999, Kasai
& Nakata2005). However, theinorganic fraction may also
be decanted from seston by thefiltration and discarding of
bivalves (Ramoset al. 2009).

The amount of food supplied to the shrimp pools was
adjusted weekly, and by the last day (77) the daily ration
was 2-fold higher than theinitial ration at day 0. In spite of
this, the concentrations of TSS and OSS decreased after
passing through all the pools, instead of increasing, asone
might expect; these results support the effectiveness of the
treatments.

Thetotal ammonianitrogen increased in the shrimp poals,
but decreased in the control and treatment pools. A
significant portion of this reduction may be attributed to
phytoplankton consumption. Although no measurement of
chlorophyll or microalgae cells were made, it was evident
from the colour of thewater column that primary productivity
was high during the trial; the lower TSS and OSS in the
treatment pools may have improved the growth of
phytoplankton and associated uptake of TAN. Newell et al.
(2002) argued that Crassostrea virginica in shallow water
may increase rates of denitrification. Bunting (2006)
constructed an integrated shrimp-shellfish-seaweed
polyculture system, reporting that the bivalve Scapharca
inaequivalvis and the seaweed (Gracilaria spp.) reduced
the concentrations of TAN, total nitrogen (TN) and total
phosphorous (TP) from shrimp effluents by 61%, 72%, and
71% respectively. Also, the pools themselves could
contribute to the decrease of TAN; Ferrara& Avci (1982)
demonstrated that sedimentation poolsor lagoons can reduce
TAN by sedimentation and volatilization.

Theobserved reductionsinlevelsof TAN, TSS, and OSS
in the effluents, after flowing through the tanks would
enhance the ability of shrimp farmers to recirculate the
treated effluent or reduce impacts on receiving ecosystems.
Despite the evident improvement in water quality of the
effluents, only two densities of clams were evaluated, a
median (25 clams m?) and a lower one (12.5 clams m?);
thusit isnecessary to study more different densitiesin order
to establish optimal and inflexion points.

The high survival of clams after the trial, suggests that
the shrimp pond effluent may be an acceptabl e environment
for the growth of the species, especially at thelower density
used in thisexperiment (12.5 m2) where asurvival of 85%
was observed; however, the use of sediment could providea
better environment for thethrive of clamsand thusincrease
survival. Jakob et al. (1993) reported that effluents from
shrimp ponds contained the necessary nutrients for the
American oyster C. virginica to survive, though it is
necessary to test production variables using juvenile
organisms.

Also, thesurvival of clamsin the experimental treatments
was higher than that reported by Martinez-Cordova &
Martinez-Porchas (2006) in a polyculture system with
shrimp. Theseresultsal so suggest that thereisthe possibility
to culture C. fluctifragain shrimp effluent or evenin shrimp
ponds. Brzeski & Newkirk (1997) argued that the polyculture
of crustaceans with other mollusks decreased overall food
requirements, cleaned pond effluents and in some cases,
increased production and profit. Shipgel (2005)
demonstrated that some bivalves (C. gigas and Tapes
philippinarum) have potential asbiofiltersand asvaluable
by-productsin land-based aguaculture. In arecent report it
was documented that the shrimp farming industry in China
useshivavesto bioremediate effluentsasastrategy to reduce
the environmental impact (Biao & Kaijin 2007).

The black clam Chione fluctifraga is a valuable source
of food and it contributes to ecosystem health (Martinez-
Cdrdova 1988). The species may provide an interesting
option toincrease shrimp farm incomes and act asan effluent
bioremediator. From the findings of this preliminary study
we conclude that the effluent from shrimp ponds is an
adequate environment inwhich C. fluctifraga canlive, and
adult organisms have a moderate capacity to bioremediate
shrimp effluents. Also, the pools alone contributed to the
decrease of suspended solids. Further studies are needed to
evaluate other experimental designs and densities to
determine the best combination for the biofiltration system.
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