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Abstract: Mollusks are some of the most important, abundant and diverse organisms inhabiting not only aquatic 
ecosystems, but also terrestrial environments. Recently, they have been used for bioremediation of aquaculture 
effluents; nevertheless, for that purpose it is necessary to analyze the capacity of a particular species. In this 
context, an experimental investigation was developed to evaluate the performance of two bivalves C. gnidia and 
D. ponderosa, collected from areas with or without shrimp aquaculture effluents. For this, the filtration capacity 
(as clearance rate) as well as the oxygen consumption and ammonia excretion rates were measured following 
standard methods. The clearance rate was significantly higher for D. ponderosa from impacted areas, when com-
pared to C. gnidia, from both areas. Contrarily, the oxygen consumption was greater for C. gnidia from impacted 
areas compared to D. ponderosa from both areas. The same tendency was observed for the ammonia excretion 
with the highest rates observed for C. gnidia from impacted areas, whereas no differences were observed among 
D. ponderosa from both areas. The results suggest that both species developed different strategies to thrive and 
survive under the impacted conditions; D. ponderosa improved its filtration efficiency, while C. gnidia modified 
its oxygen consumption and ammonia excretion. We concluded that both species, and particularly D. ponderosa, 
can be used for bioremediation purposes. Rev. Biol. Trop. 62 (3): 969-976. Epub 2014 September 01.
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Aquaculture has continued growing world-
wide in the new century. In only 50 years, its 
production passed from being almost insig-
nificant to be equivalent to the fishery industry, 
and in 2010 it reached unprecedented vol-
umes of more than 60 million tonnes (FAO, 
2012). Regarding bivalve aquaculture (mainly 
filter-feeding), its production has also grown 
dramatically, quadruplicating the volumes in 
30 years as reported by FAO (2012). Up to 
2010, non-fed species represented one third 
of the global aquaculture production (FAO, 
2012). As the world population grows, the 

demand for aquaculture products, including 
mollusk species, has been also growing in 
a similar proportion.

Despite their evident benefits, aquaculture 
is one of the most criticized activities world-
wide, mainly because of the environmental 
impacts produced by their effluents in the 
receiving ecosystems, and causing eutrophica-
tion, hyper-nutrification, burrowing of ben-
thic communities and the constant occurrence 
of epizooties (Martínez-Córdova, Martínez-
Porchas, & Cortés-Jacinto, 2009; Martínez-
Porchas & Martinez-Córdova, 2012).
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Many strategies have been proposed or 
proven to minimize the effect of aquacul-
ture effluents including: sedimentation lagoons 
(Martínez-Córdova & Enriquez-Ocaña, 2007), 
low or zero water exchange (Balasubramanian, 
Pillai, & Ravichandran, 2005), recirculation 
systems (Piedrahita, 2003), mangroves as nutri-
ent sinks (Rivera-Monroy, Torres, Bahamon, 
Newmark, & Twilley, 1999), polyculture prac-
tices (Martínez-Cordova & Martinez-Porchas, 
2006; Martínez-Porchas & Martinez-Cordova, 
2012), and bioremediation (Paniagua-Michel 
& Garcia, 2003).

One of the most promising bioremedia-
tion strategies is the use of bivalve mollusks 
to remove suspended solids from the water 
column (Chopin, et al., 2001; Miranda, Lizar-
raga-Armenta, Rivas-vega, López-Elías, & 
Nieves-Soto, 2010; Peña-Messina, Martínez-
Cordova, Bücke-Ramirez, Segovia-Quintero, 
& Zertuche-González, 2009; Martínez-Cór-
dova, López-Elías, Martínez-Porchas, Bernal-
Jaspeado, & Miranda-Baeza, 2011).

Mollusks are some of the most important, 
abundant and diverse organisms inhabiting 
not only aquatic ecosystems, but also terres-
trial environments. In particular, bivalves are 
exclusively aquatic and most of them are filter-
feeders; this means that they fed by filtration of 
water from which retain the organic nutritive 
portion, and discriminate and bio-deposit the 
inorganic fraction. Such capacity, make some 
bivalves good candidates for effluents biore-
mediation of aquaculture activities (Chavez-
Croker & Oberque-Contreras, 2010).

The Gulf of California in Northwest-
ern Mexico has a great diversity of bivalve 
mollusks (Keen, 1971); some of them have 
been evaluated as prospects for bioremedia-
tion of aquaculture effluents. Peña-Messina 
et al. (2009) evaluated the physiological fil-
tration variables for Crassostrea cortesiensis 
and Anadara tuberculosa farmed in shrimp 
aquaculture effluents, and found that both 
species are good candidates to be considered 
for use as biofilters in aquaculture bioremedia-
tion. Martínez-Córdova, López-Elías, Leyva-
Miranda, Armenta-Ayon, & Martinez-Porchas 

(2011) successfully used Chione fluctifraga for 
the bioremediation of shrimp farming efflu-
ents. Nieves-Soto, Enríquez-Ocaña, Piña-val-
dez, Maeda-Martínez, Almodóvar-Cebreros, & 
Acosta-Salmón (2011) found that A. tuber-
culosa can be grown in challenging environ-
ments such as shrimp ponds effluents and take 
advance of the cockle tolerance to extreme 
conditions. Enriquez-Ocaña, Nieves-Soto, 
Piña-valdez, Martínez-Córdova and Medina-
Jasso (2012) evaluated the combined effect 
of temperature and salinity on the biofiltra-
tion capacity of C. corteziensis and found this 
bivalve have a greater filtration capacity at 
32°C and 35PSU. Nieves-Soto, et al. (2013) 
documented the filtration and clarification rates 
and assimilation efficiency of Atrina tuberculo-
sa under different combinations of temperature 
and food concentration.

Some coastal areas of the Gulf of Califor-
nia are now being impacted by shrimp aqua-
culture effluents affecting some environmental 
variables such as salinity, dissolved oxygen, 
total and organic suspended solids concentra-
tion (turbidity) among others. Diverse species 
of bivalves thrive in those zones, and in spite of 
the impact, they exhibit a relatively good sur-
vival (Peña-Messina et al., 2009; Nieves-Soto 
et al., 2011). It is plausible to suppose that such 
species are adapted to those conditions by the 
development of some filtration strategies which 
permit them to thrive adequately. However, 
such conditions could also affect the oxygen 
consumption capacity and the ammonia excre-
tion rate, which are considered as metabolism 
and stress indicators. The oxygen consumption 
in mollusks is affected by many diverse fac-
tors such as temperature, salinity and dissolved 
oxygen (Shumway & Koehn, 1982), as well 
as the concentration of suspended solids and 
turbidity (Alexander, Thorp, & Fell, 1994). 
The ammonia excretion could be affected by 
temperature (Saucedo, Ocampo, Monteforte, & 
Bervera, 2004), salinity (Bartberger & Pierce, 
1976), and exposure to air (De vooys & De 
Zwaan, 1978). It has been demonstrated that 
ammonia excretion is closely related to stress-
ful conditions such as those prevailing in 
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impacted areas (Widdows et al., 1981, Como-
glio, Gaxiola, Roque, Cuzon, & Amin, 2002). 

The present study was focused on evalu-
ating the filtration capacity (measured as the 
clarification rate), oxygen consumption and 
ammonia excretion of two of the most com-
mercially-important bivalves, D. ponderosa 
and C. gnidia, collected from impacted and 
non-impacted areas of the coastal zone of 
Northwest Mexico.

MATERIALS AND METHODS

Mollusk specimens were collected from 
two sites of the coastal zone, one impact-
ed (28°40’2.58” N - 111°51’55.98” W), 
and the other non-impacted (28°56’1.80” N 
- 112°5’37.32” W) by shrimp aquaculture 
effluents. The samplings were made by scuba 
diving, using a manual hackle. It was not pos-
sible to collect organisms of similar sizes from 
both areas; in the non-impacted area only small 
specimens of D. ponderosa were found, while 
in the impacted area, only big organisms were 
possible to collect; contrarily, for C. gnidia 
smaller organisms were found in the impacted 
area as compared to the non-impacted.

A total of 40 individuals of each species 
were collected and immediately transported to 
the facilities of DICTUS, University of Sonora, 
México. These were placed into acclimation 
aquaria and maintained at 23°C temperature 
and 36psu salinity for seven days. The ethical 
rules to reduce both the stress and suffering of 
the studied organisms were observed during 
acclimation and experimentation. The clams 
were fed three times a day with a monoalgal 
culture of Chaetoceros muellerii from the same 
laboratory at a density of 100 000cel/mL. The 
water quality parameters (temperature, salinity, 
dissolved oxygen and pH), were monitored 
twice a day by means of a multi-parameter YSI 
Model 6600. The concentration of total ammo-
nium nitrogen (TAN) was measured by spec-
trophotometry using the Hach DR4000 and the 
routine and chemicals described in the manual.

After seven days, apparently healthy mol-
lusks were randomly selected to be transferred 

to individual containers of different capacity 
(depending on the organisms size), to evalu-
ate their filtration capacity as well as oxygen 
consumption and total ammonium excretion. 
The size for D. ponderosa from impacted 
areas ranged from 15 to 19cm, and from non 
impacted areas from 12 to 15cm. The size of 
C. gnidia from impacted areas ranged from 2.5 
to 3.0cm; and from non impacted areas from 
7.5 to 10.9cm. Both species reproduced along 
the year, mainly during last spring and the 
whole summer, which means that the selected 
individuals probably had different degree of 
gonadal development.

Clarification rates: The filtration capac-
ity was evaluated by the measurement of the 
clarification rate. It was done by triplicate in a 
static system using experimental chambers of 
5L for D. ponderosa and 2L for C. gnidia. One 
organism was placed into each one of the four 
cambers, and one more was used as control in 
which an empty valve of the corresponding 
organism was placed. 

A suspension of the microalgae C. muelleri 
with an approximate cell density of 10x104cell/
mL were introduced in each chamber. Such low 
density was used to avoid the production of 
pseudo-feces (Berg, Fisher, & Landrum, 1996). 
The content of total particulate matter and 
organic matter of the suspension is presented 
in table 1. No significant differences in any 
of both parameters were observed (F=0.1635; 
p>0.05). To keep the suspension homogeneous, 
aeration through diffuser stones was applied, 
trying to maintain the diffusers not very close 
to the organisms to avoid stress (Fernández-
Reiriz, Labarta, Albentosa, & Pérez-Camacho, 
1998). A time of 40min was considered for the 
evaluation of the clarification rate of the clams, 
based on the experiences of previous studies in 
which was demonstrated that longer times may 
cause misestimations due to re-filtration pro-
cesses (Riisgård, 2001). The time was counted 
from the moment in which the mollusks opened 
the valves and began to filtrate. 

The clearancerate (CR) represents the 
water volume completely cleaned of suspended 
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particles in a determined time, and was esti-
mated as suggested by Jørgensen (1990) using 
the following formula:

CR= v [log Ci-log Cf·(0.434·T)-1]    (1)

Where CR is the clarification rate in L/h 
per individual, v is the volume of the experi-
mental chamber in L, Ci and Cf are the initial 
and final concentration of suspended particles, 
and T is the total time of clarification in hours. 
To get the dry weight, the clams were unshelled 
and the soft tissue weighed, dried for 48h in a 
stove at 90°C, and weighed again. 

The concentration of suspended par-
ticles was measured in a Coulter Counter 
Beckman Z2.

The CR values were expressed per g DW 
through the following equation: 

CR (g) = CR·(b 0.75)-1    (2)

Where CR (g) is the clarification rate stan-
dardized; CR is the clarification rate expressed 
per g DW, CR is the clarification rate as 
obtained from equation 1.

Oxygen consumption and ammonia 
excretion: To evaluate the oxygen consump-
tion and ammonia excretion, the same organ-
isms used for clarification rate (after 2 hours), 
were placed in containers hermetically closed, 
with oxygen saturated-seawater. The dissolved 
oxygen (DO), and total ammonia nitrogen 
(TAN) were measured at the beginning and 
after 4h; the DO by means of the multi-param-
eter YSI sonde and the TAN by spectrophotom-
etry, using the HACH DR400 equipment. 

The data of CR, DO and TAN were 
submitted to tests of normality of Lillief-
ors (Conover, 1999) and homoscedasticity of 
Bartlett (Zar, 1999). As the data were normal 
and homoscedastic, a two-way ANOvA was 
performed to establish differences among spe-
cies and areas. A Tukey test was used to com-
pare and rank the means. 

RESULTS

The means ± SD of total weight (TW) and 
dry soft tissue weight (DEW) of both species 
collected from the impacted and non-impacted 
areas are presented in table 2. The TW of 

TABLE 1
Total particulate matter (TPM), and total organic matter (TOM) of the suspension (Chaetoceros muelleri) offered 

to the bivalves to evaluate the clarification rate

Chione gnidia
Impacted area

Chione gnidia
Non-impacted area

Dosinia ponderosa
Impacted area

Dosinia ponderosa
Non-impacted area

TPM* (mg/L) 21.45a±5.28 26.13a ±8.01 27.43a ±14.16 22.10a ±1.45
TOM* (mg/L) 10.48a ±1.36 11.30a ±1.57 11.77a ±2.67 10.71a ±0.97

Different letters mean significant differences (F=0.1635, p>0.5).
*Means±standard deviations.

TABLE 2
Total weight (TW), and soft tissue dry weight (DEW) of the bivalves from impacted and non-impacted areas 

of the coastal zone of Sonora, Mexico

Chione gnidia
Impacted area

Chione gnidia
Non-impacted area

Dosinia ponderosa
Impacted area

Dosinia ponderosa
Non-impacted area

TW* (g) 6.33±0.16 337.35±38.54 388.63±62.10 168.33±28.03
DEW* (g) 0.217±0.031 8.294±0.767 7.610±1.378 6.547±1.572

*Means±standard deviations.
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C. gnidia was much greater for organisms 
from non-impacted areas as compared to those 
from impacted ones. Contrarily, D. ponderosa 
from impacted areas had a greater TW than 
the organisms from non-impacted areas. The 
same tendency was observed for the DEW, 
although for D. ponderosa, the differences 
were not significant.

With regard to the clarification rate (CR), 
significant differences were found among the 
two evaluated species (Table 3). D. ponderosa 
showed much higher rates as compared to 
C. gnidia, independently of the areas. When 
compared the same species, but from different 
areas, C. gnidia did not observe differences in 
the CR, however D. ponderosa from impacted 
areas, had values much higher than those from 
non-impacted areas.

The means and SD of oxygen consumption 
and ammonia excretion recorded for the two 
species from both areas are presented in table 
4. Significant differences in oxygen consump-
tion were found among species, with C. gnidia 
from impacted areas, recording greater values 
than D. ponderosa from both areas. The same 
tendency was observed for ammonia excretion.

DISCUSSION

When aquatic organisms with limited or 
any capacity of displacement are subjected to 
adverse conditions, they must develop strategies 
aimed to survive and thrive under those condi-
tions. In the case of bivalve mollusks, some of 
these strategies could be the improvement of 
their filtration capacity, and modifications of 
the oxygen consumption and ammonia excre-
tion. Nieves-Soto et al. (2013) demonstrated 
under laboratory conditions that the filtration 
and clarification rates of the pen shell A. tuber-
culosa varied significantly when temperature 
and food concentration were modified. They 
found that at 28°C (similar to the prevailing in 
our studied areas), the clarification rate was sig-
nificantly higher when food concentration was 
higher. This suggest that bivalves we collected 
from impacted areas with high concentration 
of suspended solids (including microalgae), 
would have a higher clarification rate that those 
from non-impacted areas. This hypothesis was 
fulfilled only for D. ponderosa since the organ-
isms from impacted areas recorded a mean CR 
more than six times greater than those from 

TABLE 3
Clarification rates (L.h.gDW) of Chione gnidia and Dosinia ponderosa from impacted and non-impacted areas 

of the coastal zone of Sonora, Mexico

Chione gnidia
Impacted area

Chione gnidia
Non-impacted area

Dosinia ponderosa
Impacted area

Dosinia ponderosa
Non-impacted area

Rep 1 0.080 0.106 1.198 0.184
Rep 2 0.069 0.059 1.118 0.214
Rep 3 0.097 0.059 1.288 0.183

CR* /L.h.gDW 0.082a±0.014 0.074ª±0.027 1.201c±0.085 0.194b±0.018

Different letters mean significant differences (For species F=13.50, p<0.05; for areas F=9.07, p<0.05)*(means±standard).

TABLE 4
Oxygen consumption (OC) and ammonia excretion (AE) in of Chione gnidia and Dosinia ponderosa from impacted 

and non-impacted areas of the coastal zone of Sonora, Mexico

Chione gnidia
Impacted area

Chione gnidia
Non-impacted area

Dosinia ponderosa
Impacted area

Dosinia ponderosa
Non-impacted area

OC* mg/L 2.17b±0.56 1.71ab±0.69 1.16a±0.30 1.28a±0.27
AE* mg/L 0.195c±0.023 0.060b±0.071 0.015a±0.007 0.033ab±0.010

Different letters mean significant differences (For OC F=8.75, p<0.05; for AE F=1.29, p>0.05). *Means±standard deviations.
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non-impacted areas. For C. gnidia the rates 
were very similar among both sites. A plausible 
explanation of these differences among species 
is the size and age of the organisms evaluated. 
The individuals of D. ponderosa were much 
larger and older (based on the growth rings) 
than the individuals of C. gnidia. This implies 
that the first were subjected for a longer time 
to the impacted conditions which probably 
allowed them to develop a better filtration strat-
egy. Enriquez-Ocaña et al. (2012) reported for 
C. corteziensis a CR of 0.45mg/L.h.g.DW at 
23°C and 35PSU. However, when temperature 
was 32°C the CR reached 1.607mg/L.h.g.DW. 
That last value was similar to the one found 
in the present study for D. ponderosa from 
the impacted areas, but much greater than that 
recorded for C. gnidia from the two areas, and 
D. ponderosa from non-impacted areas. Simi-
lar results were documented for A. tuberculosa 
by Nieves-Soto et al. (2011), who found high 
clarification rates at high temperature (30°C) 
and salinities of 30 and 40PSU. No specific 
studies approaching the filtration capacity of 
D. ponderosa have been reported in the scien-
tific literature, which means that this is the first 
report about the subject. 

The greater oxygen consumption (OC) 
recorded for C. gnidia when compared to D. 
ponderosa suggest that both species develop 
different strategies to thrive under impacted 
conditions; the first increased their FR and 
the second their OC. Alexander et al. (1994) 
reported that in the zebra mussel (Dreissena 
polymorpha), the OC was significantly affected 
by temperature and turbidity. Haure, Penisson, 
Bougrier, and Baud (1998) documented for 
Ostrea edulis, oxygen consumptions from 0.3 
to 1.8mgO2/h.g, being greater at higher tem-
peratures. The values we found are into this 
range except for C. gnidia from the impacted 
areas which was slightly higher (2.1mgO2/h.g).

The ammonia excretion (AE) of C. gnidia 
from the impacted areas was three fold-times 
greater compared to the same species from the 
non-impacted areas, while D. ponderosa had 
much lower rates. In this case it seems that the 
impacted condition of the areas influenced the 

AE only in C. gnidia but not in D. ponderosa. 
Since many years it is known that ammonia 
excretion is a response of the organisms to 
environmental stress and pollution (Bayne, 
Moore, Widdows, Livingstone, Salkeld, Crisp, 
Morris, Gray, Holden, Newell & McIntyre, 
1979). Grant and Thorpe (1991) found that the 
soft-shell clam Mya arenaria, had a significant 
decrease in oxygen consumption and increase 
in ammonia excretion when was subjected to 
high turbidity. This finding partially coincide 
with our results of C. gnidia from the impacted 
areas, that with a high concentration of sus-
pended solids (turbidity) showed a greater 
AE than the organisms collected from non-
impacted areas. However, the OC results were 
different to those of the cited author. 

As indicated by the results of the present 
study it can be concluded that the evaluated 
bivalves have developed different strategies to 
survive and thrive under environmental impact 
conditions produced by shrimp aquaculture dis-
charges. D. ponderosa has improved its filtra-
tion capacity while C. gnidia has modified its 
oxygen consumption and ammonia excretion. 
These findings can be used to take advantage 
of the two species for practical purposes such 
as: bioremediation of aquaculture effluents, 
co-culture or polyculture with shrimp or any 
other species.
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RESUMEN

Bio-filtración, consumo de oxígeno y excreción 
amoniacal de Dosinia ponderosa y Chione gnidia (vene-
roida: veneridae), en áreas impactadas y no impactadas 
por efluentes de granjas camaroneras. Los moluscos son 
algunos de los organismos más importantes, abundantes y 
diversos que habitan no solo ecosistemas acuáticos sino 
también terrestres. Recientemente ellos han sido utilizados 
para la biorremediación de efluentes acuícolas; para este 
propósito, es necesario conocer la capacidad de especies 
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particulares que funcionan como biorremediadores. En 
este contexto, se evaluó la eficiencia de filtración (medida 
como tasa de clarificación), así como las tasas de consumo 
de oxígeno y excreción amoniacal en los bivalvos D. pon-
derosa y C. gnidia recolectados en áreas impactadas y no 
impactadas por efluentes de granjas camaroneras. La tasa 
de clarificación fue mayor para D. ponderosa procedente de 
áreas impactadas, comparada con la de C. fluctifraga en las 
dos áreas de recolecta. Contrariamente, la tasa de consumo 
de oxígeno fue superior en C. gnidia en las áreas impacta-
das al compararla con organismos de áreas no impactadas y 
con D. ponderosa de las dos áreas de recolecta. La tasa de 
excreción amoniacal siguió una tendencia similar con valo-
res más altos para C. gnidia en áreas impactadas, mientras 
que no se observaron diferencias para D. ponderosa entre 
las áreas de recolecta. Los resultados sugieren que ambas 
especies desarrollan diferentes estrategias para adaptarse 
y sobrevivir bajo condiciones de impacto; D. ponderosa 
mejora su eficiencia de filtración y C. gnidia modifica su 
consumo de oxígeno y excreción amoniacal. Se concluye 
que ambas especies, pero sobre todo D. ponderosa pueden 
ser utilizadas con propósitos de biorremediación.

Palabras clave: acuacultura, bio-filtración, impacto 
ambiental, moluscos. 
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