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Abstract - An experimental trial was conducted to evaluate the effect of the combination of four temperatures (23°, 26°, 29° 
and 32°C) and four salinities (25, 30, 35 and 40 PSU), on clearance (FR) and filtration (CR) rates, as well as on the assimila-
tion efficiency (AE) of the mangrove oyster Crassostrea corteziensis. The interaction temperature-salinity had a significant 
effect on the feeding physiology of the oyster; optimum results were observed in the combination of 32°C and 35 PSU 
with a FR of 38.08 L·h-1·g-1, and a CR of 1.61 mg·h-1·g-1. The AE was higher in the combination of 29°C and 35 PSUs with 
a value of 65.1%. Results suggest that C. corteziensis maintains its feeding physiology in the gradient of temperature and 
salinity evaluated, which characterizes the bivalve as an eurythermal and euryhaline organism, with a better performance 
at moderate temperatures (29-32ºC) and salinities (~35 PSU). 
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INTRODUCTION

The mangrove oyster, Crassostrea corteziensis, is a 
bivalve mollusk distributed from the Gulf of Califor-
nia to the coast of Panama (Keen 1971). The species 
mostly inhabits the marine intertidal zone, in estu-
aries and coastal lagoons associated with mangrove 
roots.

The species supports artisanal and semi-com-
mercial fisheries in the states of northwestern Mex-
ico (Ramírez-Granados and Sevilla 1965, Stuardo 
and Martínez-Guerrero 1975, Mazón-Suástegui et 
al., 2001); in addition, some signs of overexploitation 
have been reported (Hoyos-Chairez and Robles-
Mungaray 1990, Chávez-Villalba et al., 2008).

Due to its biological characteristics, good taste 
and market demand (Cáceres-Puig et al., 2007), this 
oyster is considered an excellent prospect for aqua-
culture. Studies have been conducted to evaluate its 
aquacultural potential (Orbe 1974), gonadal devel-
opment and growth (Cuevas-Guevara and Martínez 
Guerreo 1979, Rodríguez-Jaramillo et al., 2008), seed 
settlement seasons (Bush-Medina and Castro-Castro 
1990), nutrition and response to temperature of juve-
niles (Cáceres-Puig et al., 2007, Rivero-Rodríguez et 
al., 2007), maturation and larval production of parent 
stocks (Mazón-Suastegui et al., 1992, Hurtado et al., 
2008), growth, gametogenesis and condition index 
in culture systems (Chávez-Villalba et al., 2008, and 
population genetics (Pérez-Enríquez et al., 2008). 
In spite of the above studies, information about the 
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feeding physiology of the species (especially at the 
adult stage) and its relation to environmental vari-
ables is scarce.

Peña-Messina et al. (2009) evaluated the filtra-
tion and clarification rates of C. corteziensis and the 
blood clam Anadara tuberculosa on the effluents of 
a commercial shrimp farms. However, they did not 
consider the effect of temperature and salinity in the 
evaluation. 

The effects of environmental variables such as 
temperature, salinity and others, on the feeding 
physiology of bivalve mollusks are widely described 
in the literature (Bayne et al., 1976, Widdows, 1985, 
Bougrier et al., 1995, Calvo et al., 2001, Tang et al., 
2005, Resgalla Jr. et al., 2007, Sarà et al., 2008). How-
ever, information related to C. corteziensis is still 
scarce. Thus, the aim of this study was to evaluate the 
combined effect of four temperatures and four salini-
ties on biological variables of C. corteziensis related 
to its feeding physiology. The results can be useful 
to advance the characterization of the species and its 
aquacultural potential. 

MATERIALS AND METHODS

Adult individuals of C. corteziensis with a length 
of 30-50 mm and a weight of 0.13-0.25 g were col-
lected in Estero de Urías, Mazatlan, Sinaloa, Mexico 
(23°11´N; 106°21’O) during low tides. The organisms 
were then washed and maintained for four days in 
tanks with filtered (1 μm) sea water, at a temperature 
of 23°C and salinity of 36 PSU. The mollusks were fed 
the microalgae Chaetoceros muelleri.

A concentration of total particulate matter 
(TPM) of around 50 mg·L-1, with an organic fraction 
(OPM) of 45% and inorganic fraction (IPM) of 55%, 
was maintained in a water column for the experi-
ments. The concentrations of TPM were compared 
to basal values commonly registered in shrimp farm 
effluents (Miranda et al., 2005).

The IPM was obtained from the sediment of 
shrimp ponds, which was dried in a stove at 100°C 

for 5 h; thereafter, the sediment sample was ground 
in a mortar, sieved through a mesh of 44 μm, and fi-
nally burned for 8 h at 450°C in a muffle to eliminate 
the organic fraction. To achieve the desired propor-
tion of organic and inorganic matter, the IPM was 
mixed with the microalgae C. muelleri, cultivated 
under laboratory conditions. The contribution of C. 
muelleri to the organic fraction was calculated con-
sidering an individual weight of 78.66 pg·cell-1 with 
33.97 pg·cell-1 of organic and 44.69 pg·cell-1 of inor-
ganic matter. 

The experimental organisms were acclimated 
during two weeks in 35 L fiberglass aquariums to the 
particular condition of the trial.

The salinities to be evaluated were obtained from 
marine water (35 PSU and 50 mg·L-1 of TPM) adding 
marine non-industrialized salt to achieve the salinity 
of 40 PSU, and distilled water to achieve the salinities 
of 30 PSU and 25 PSU. The temperature was regu-
lated with electric heaters (± 1°C).

In a 12 h experimental trial, each water sample 
was collected every 3 h. The initial time was consid-
ered when the bivalves opened the shells and began 
to produce feces. 

The experimental units consisted of 16 individual 
chambers of 1 L, in which three oysters per chamber 
were placed. In an additional chamber used as con-
trol, three valves of oyster were placed (Hildreth and 
Crisp, 1976). Water was supplied to the chambers by 
means of a continuous flux system, using two peri-
staltic pumps to maintain a flux of 4.2 L·h-1. 

The clarification rate (CR), which represents the 
volume of cleaned water per time unit, was calcu-
lated using the equation proposed by Hildreth and 
Crisp (1976):

CR = F (C1 – C2) C0
-1 

F is the flux through the experimental chamber in 
L·h-1; C1 and C2 are the concentrations of particles at 
the inlet and outlet of the chambers respectively; C0 
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is the concentration of particles around the oysters. 
The concentration of particles was determined using 
a laser counter (Spectrex model PC-2000).

The filtration rate (FR), which estimates the 
amount of particulate matter removed from the wa-
ter column per time unit, was calculated by multiply-
ing the CR by the dry weight of the total particulate 
matter collected at the outlet of the control chamber, 
according to Winter (1978): the results are expressed 
in mg·h-1.

The assimilation efficiency was calculated ac-
cording to Conover (1966) as:

AE (%) = (F-E) ([1-E] F)-1·100

F is the ratio of organic/dry weight of the TPM; E is 
the same rate of the feces collected. 

To determine the organic weight of the TPM, 
samples of water were collected every 3 h, and filtered 
by vacuum using 47-mm GFC Whatman filters. The 
filtrates were washed with ammonium formate to 
eliminate salt residues; afterwards, they were dried 
for 48 h at 60°C and burned in a muffle for 4 h at 
450°C. The organic matter was estimated by weight 
difference (Conover, 1966). 

The biodeposits (feces and pseudo-feces) were 
collected every 0.5 h by using a semiautomatic pi-
pette and refrigerated for posterior analysis. The or-
ganic matter was determined the same way used for 
TPM. 

The three feeding physiology variables (CR, FT 
and AE) were standardized at 1 g of dry weight of 
oyster meat, extracting soft tissue from the experi-
mental organisms which was dried for 48 h in a 
stove. The standardization was done by the equation 
of Bayne et al. (1983):

ys= (Ws/We) b·ye

ys is the variable to be standardized; Ws is the stand-
ard weight; is We the dry weight of the experimental 

organism; ye is the variable recorded; b= 0.67 is the 
corresponding allometric coefficient ( yukihira et al., 
2000)

The results were submitted to normality (Lillie-
fors) and homoscedasticity (Bartlett) tests (Conover, 
1999, Zar, 1999). As data complied with both tests, a 
parametric ANOVA was used to analyze the results. 
Significant differences were identified by a post hoc 
Tuckey tests. Regarding the physiological variables, a 
multiple regression was performed, which permitted 
adjustment to a polynomial regression to evaluate 
the dependence of each variable with respect to the 
factors of temperature and salinity, by the equation:

Z=a + bT + cT2 + dS +eS2 + fT·S

Z represents any of the variables; T and S are the lin-
eal effect; T2 and S2 are the quadratic effect; T·S is the 
interactive effects of temperature and salinity. All the 
statistical analyses were done with the software STA-
TISTICA 8 (StatSoft, Inc).

RESULTS

The TPM varied from 24.33 mg L-1 to 35.82 mg·L-1 

(Table 1) and the organic fraction from 0.39 mg L-1 
to 0.50 mg L-1. The CR was significantly affected by 
the temperature (Table 2) independently of the salin-
ity; the lower CR values were recorded at 23°C, vary-
ing from 0.262 L·h-1·g-1 to 0.450 L·h-1·g-1, whereas CR 
increased at 32ºC (0.705 to 1.607 L·h-1·g-1). A wider 
variation was found between 29 and 32°C, with val-
ues twice as large at 32ºC (except at 40 PSU). 

The salinity had a less marked effect on the 
CR, which recorded their higher values at 35 PSU, 
whereas the lowest CR was registered at 40 PSU. An 
increase of 5 PSU (from 35 to 40 PSU), indicated a 
reduction of 50% on the CR, independently of tem-
perature.

The multiple regression analysis showed that CR 
was significantly affected by salinity (P= 0.0005), as 
well as by the quadratic effect (P=0.001); the sum of 
both explained the 35.2 % of variation (Table 3).
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Table 1. Means ± sd of the total particulate matter (TPM) and its organic fraction (f supplied to Crassostrea corteziensis in the treat-
ments

TPM T [°C]

23 26 29 32

S [PSU]

25 31.63 ±2.61 32.56 ±0.66 30.52 ±6.33 35.22 ±5.09

30 27.48 ±2.68 28.13 ±5.86 31.44 ±7.80 26.12 ±1.31

35 24.34 ±4.34 30.61 ±4.50 27.76 ±2.36 25.69 ±2.49

40 24.33 ±4.17 35.59 ±0.36 34.31 ±5.49 35.82 ±9.38

F  

S [PSU]

25 0.44 ±0.03  0.45 ±0.04 0.48 ±0.05  0.40 ±0.07

30 0.50 ±0.09 0.43 ±0.05  0.46 ±0.05  0.48 ±0.04

35 0.50 ±0.05 0.42 ±0.04  0.44 ±0.04  0.42 ±0.04  

40 0.46 ±0.03  0.39 ±0.04 0.39 ±0.05  0.39 ±0.05

Table 2. Means ± sd of clarification rate (L·h-1·g-1) of Crassostrea corteziensis in the treatments (P>0.05; a<b<c<d<e).

T °C
23 26 29 32 X ± d. e.

S [PSU]

25 0.358a ± 0.28 0.311a ± 0.11 0.748abc ± 0.30 1.293cde ± 0.52 0.677a ± 0.51

30 0.382a ± 0.17 0.658ab ± 0.27 0.687ab ± 0.17 1.325de ± 0.50 0.763ab ± 0.49

35 0.450ab ± 0.17 0.990bcd ± 0.47 0.815abcd ±0.35 1.607e ± 0.20 0.966b ± 0.52

40 0.262a ± 0.16 0.451ab ± 0.23 1.282cde ±0.65 0.705ab ± 0.37 0.675a ± 0.55

X ± d. e. 0.363a ± 0.20 0.603b ± 0.39 0.883c ± 0.46 1.232d ± 0.52

Table 3. Multiple regression of the Clarification rate (L·h-1·g-1) of Crassostrea corteziensis in different combinations of salinities (S) and 
temperatures (T). T,T2 = lineal and quadratic effect of temperature. S, S2 = lineal and quadratic effect of salinity. TS = interaction effect 
between temperature and salinity. 

Variation source Standard error t R2 P

T 0.060805 0.01793 0.000010 0.985720

T2 0.001062 0.74439 0.000939 0.457905

S 0.028595 3.56359 0.291283 0.000503

S2 0.000382 -3.33137 0.060334 0.001109

T·S 0.000510 -1.29710 0.012089 0.196761

0.364655 0.000000

TC = 1.7382+0.0011·T+0.1019·S+0.0008·T2-0.0013·S2-0.0007·T·S
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Table 4. Means ± sd of the filtration rate (FR in mg·h-1·g-1) of Crassostrea corteziensis in the treatments (P>0.05; a<b<c…).

T [°C]
23 26 29 32 X ± d. e.

S [PSU]

25 10.327ab ±8.2 10.888 ab± 4.8 23.549bc±9.6 31.099cd±13.5 18.966ab±12.7

30 10.570 ab±4.8 18.220 abc±8.2 22.936bc±5.9 30.203cd±11.3 20.482 ab±10.5

35 11.018 ab±4.5 26.795cd±9.1 18.430abc±8.3 38.083d±2.2 23.582b±12.0

40 5.270a±3.2 17.334 abc±8.5 25.644cd±13.7 19.508bc±10.5 16.939 a±12.0

X ± d. e. 9.296a±5.8 18.309b±9.4 22.640b±9.7 29.723c±11.9

Table 5. Multiple regression of the filtration rate (L·h-1·g-1) of Crassostrea corteziensis in different combination of salinities (S) and tem-
peratures (T). T,T2 = lineal and quadratic effect of temperature. S, S2 = lineal and quadratic effect of salinity. TS interaction effect between 
temperature and salinity.. 

Variation source Standard error t R2 P

T 1.62431 1.57698 0.008649 0.117090

T2 0.02838 -1.02096 0.001562 0.309062

S 0.76386 3.21921 0.218184 0.001603

S2 0.01022 -3.12591 0.057780 0.002162

T·S 0.01362 -1.04086 0.003385 0.299762

0.289558 0.000000

TF = -74.4724+2.5615·T+2.4590·S+-0.0290·T2-0.0319·S2-0.0142·T·S

Tabla 6. Means ± sd of assimilation efficiency (EA) of Crassostrea corteziensis, in the treatments (P>0.05; a<b<c…).
T [°C]

23 26 29 32 X ± d. e.

S [PSU]

25 0.427a ± 0.20 0.607abc ± 0.08 0.430ab ± 0.07 0.435ab ± 0.07 0.475a ± 0.14

30 0.541abc ± 0.09 0.556abc ± 0.08 0.499abc ± 0.06 0.503abc ± 0.07 0.525ab ± 0.08

35 0.570abc ± 0.15 0.506abc ± 0.10 0.651c ± 0.10 0.480abc ± 0.09 0.552b ± 0.13

40 0.623bc ± 0.22 0.432ab ± 0.15 0.522abc ± 0.09 0.502abc ± 0.14 0.520a ± 0.16

X ± d. e. 0.540a ± 0.18 0.525a ± 0.12 0.525a ± 0.11 0.480a ± 0.10

Table 7. Multiple regression of the assimilation efficiency AE (%) of Crassostrea corteziensis in different combination of salinities (S) and 
temperatures (T). T,T2 = lineal and quadratic effect of temperature. S, S2 = lineal and quadratic effect of salinity. TS = interaction effect 
between temperature and salinity.

Variation source standard error t R2 p

T 0.069207 0.68500 0.000602 0.494491

T2 0.001209 -0.70111 0.006519 0.484415

S 0.032546 1.90841 0.041159 0.058415

S2 0.000435 -1.87609 0.021673 0.062755

T·S 0.000580 -0.36205 0.000133 0.717865

0.070087 0.071485

EA = -1.0778+0.0474·T+0.0621·S-0.0008·T2 -0.0008·S2-0.0002·T·S
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The FR was also significantly affected by tem-
perature (Table 4), recording values from 5.270 to 
11.018 mg·h-1·g-1 (a mean around 9.5 mg·h-1·g-1 for all 
the salinities) at 23°C, whereas the FR ranged from 
19.508 mg·h-1·g-1  to 38.083 mg·h-1·g-1 at 32°C, with a 
mean of 29.7 mg·h-1·g-1, three-fold times higher than 
that for 23°C. 

The salinity also had direct and significant ef-
fects on FR, with the highest values at 35 PSU and 
the lowest at 25 PSU and 40 PSU. A reduction of 
28% was observed in FR when salinity increased 
from 35 PSU to 40 PSU (23.582 mg·h-1·g-1 to 16. 939 
mg·h-1·g-1).

The regression analysis showed that salinity and 
its quadratic effect (P=0.001 and P=0.002 respective-
ly) had a significant effect on FR, the sum of both 
explained 27.6% of the variation (Table 5).

The AE ranged in all the treatments from 42.7 a 
65.1% (Table 6) and it was independent of the tem-
perature. The salinity had a significant effect on AE 
with the lowest values recorded at 25 PSU; no signifi-
cant differences were detected among the rest of the 
treatments. The regression analysis showed that AE 
was not correlated with temperature and/or salinity 
(Table 7).

DISCUSSION

Previous studies have documented that temperature 
and salinity are two of the most important variables 
affecting the feeding behavior of bivalve mollusks 
(Vladimirova et al., 2003, Barnes 2006, Rsgalla Jr. et 
al., 2007, Heilmayer et al., 2008, Sarà et al., 2008). 
However, it is necessary to point out that the com-
bined effect of the two parameters on the feeding 
physiology of adult C. corteziensis has not been pre-
viously evaluated. The only related references are 
documents reporting bivalves thriving in tempera-
tures from 16°C to 32°C and salinities from 21 PSU 
to 37 PSU (Ramírez-Granados and Sevilla 1965, 
Stuardo and Martínez-Guerrero 1975, Barraza 1983, 
Cáceres-Puig et al., 2007).

The results of the present study showed that the 
interaction temperature-salinity significantly affect-
ed the filtration and clarification rates of the oyster, 
but not its assimilation efficiency. It was found that 
at 32°C and 35 PSU, the CR and FR were 83% and 
86% higher than those recorded at 23°C and 40 PSU, 
respectively. Griffiths and Griffiths (1987) reported 
that the CR for ostrea edulis depended on the accli-
mation temperature and the maximum rate occurred 
5°C above such temperature.

Peña-Messina et al. (2009) reported a CR rang-
ing from 0.04 L·h-1·g-1 to 0.10 L·h-1·g-1 and a FR from 
20.04 mg·h-1·g-1  to 64.70 mg·h-1·g-1 for C. corteziensis, 
values much lower than those observed in our study; 
however, the experimental conditions of both studies 
were different. Nieves et al. (2009) found a CR from 
0.332 L·h-1·g-1 to 0.557 L·h-1·g-1, at 35 PSU for Ana-
dara tuberculosa. These values are lower than those 
found in this experiment. They also reported a FR 
ranging from 11.556 mg·h-1·g-1 to 20.282 mg·h-1·g-1., 
similar to our results. Maire et al. (2007) reported for 
the Mediterranean mussel, Mytilus galloprovincialis 
under oligotrophic laboratory conditions, a CR four-
fold higher than that found for C. corteziensis. For 
the mud mussel, Mytella strigata, a bivalve inhabit-
ing the same environments as our species in north-
west Mexico, Marquez (2010) found a maximal FR 
at 29°C, which was 19% lower than that recorded in 
this study for the mangrove oyster.

The information available indicates that the filtration 
variables of mollusks increase concomitantly with 
temperature up to an optimal level; however, the fil-
tration capacity severely decreases above this optimal 
level (Shumway 1982, Newell et al., 1977, Mondal, 
2006, Han et al., 2008). For instance, Rsgalla Jr. et al. 
(2007) evaluated a combination of temperatures and 
salinities for the mussel Perna perna, and found that 
the optimal response of filtration variables occurred 
at 25°C, and that it significantly decreased at 15°C 
and 30°C. A similar trend was observed for the clam 
Sanguinolaria rostrata, which showed the greatest 
clarification rate and assimilation efficiency at 25°C 
and the lowest at 20°C and 30°C (Hai-Lun 2004). 
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It is important to point out that the optimal tem-
peratures for the mollusk feeding responses are re-
lated to the characteristics of their natural habitat. In 
this context, the above referred species inhabit envi-
ronments with lower temperature that the mangrove 
oyster. 

Both CR and FR of C. corteziensis increased with 
temperature. However, an inflexion point was not 
observed; thus, the temperature limit at which CR 
and FR are negatively affected is still to be elucidated. 
These results suggest that the mangrove oyster has 
tolerance to high temperatures. Cáceres-Puig et al. 
(2007) reported that C. corteziensis has a thermal tol-
erance above 32°C, but it has an optimal perform-
ance within an interval of 24°C and 30ºC during its 
larval phase.

The effect of temperature on the physiological re-
sponse of mollusks has been explained from different 
perspectives. Jørgensen (1990) suggests that when 
temperature increases, the water viscosity decreases, 
which favors the filtration capacity of the organisms. 
yukihira et al. (2005) attribute the variations to the 
combinations of two opposite effects: an increase 
on the chemical reactions during metabolism due 
to the temperature increase versus a denaturation of 
the enzymes that catabolize them. Nakamura (2004) 
found that for the clam Ruditapes philippinarum, the 
CR increased more than 2.5-fold when temperature 
changed from 12°C to 21°C, and suggests that such 
results are related to the abundance of phytoplankton 
that change dramatically from season to season. In 
this context, Sol-Hernández (2001) recorded in the 
estuary La Sirena, Sinaloa, Mexico (near to the site 
where the experimental organisms were collected), 
high concentrations of chlorophyll during July and 
August when the temperature was around 31.8°C, 
and a much lower concentration during February 
and March, when the temperature was around 28°C.

The assimilation efficiency of the mangrove oys-
ter in this experiment was in general independent 
of temperature. A similar response was reported for 
Perna perna, in a range of 15°C to 30°C (Resgalla Jr. 
et al., 2007). Nieves et al. (2009) found that AE was 

also independent of temperature for Anadara tuber-
culosa. Some other studies have documented that the 
relation between temperature and AE is inconsistent 
(Bayne and Newell 1983, Mondal, 2006, yukihira et 
al. 2000). The AE in our study observed values lower 
than those reported by other studies; probably this 
was in part because we did not separate feces and 
pseudo feces, which may have led to underestima-
tion of the AE (Nieves et al., 2009).

The salinity had a less marked effect on CR and 
FR than temperature. Both variables increased at 35 
PSU, and decreased at 40 PSU. Results suggest that 
that the filtration capacity of C. corteziensis is greater 
at intermediate salinities, and decreases at extreme 
salinities. A similar trend was found for Perna perna, 
which recorded the lowest CR at 15 PSU and 40 PSU, 
while the greatest values were found at 20 PSU (Res-
galla Jr. et al., 2007). The clam Sanguinolaria rostrata 
exhibited a low CR at 5 PSU and 30 PSU, and a dras-
tic increase at 20 PSU and 25 PSU (Hai-Lun 2004). 

Since bivalve mollusks are unable to perform 
extracellular osmoregulation, their ionic concentra-
tion changes quickly when salinity does (Tang et al., 
2005). This change affects the functional activity up 
to an eventual suspension of feeding because the or-
ganism closes its valves to impede the passage of salt 
to the perivisceral chamber (Berger and Kharazova 
1977). In some mollusks such as Scrobicularia plana 
and P. perna, the closing behavior may last for some 
days, and it is explained as a protection strategy (Ak-
berali, 1978, Salomão et al., 1989). This strategy is 
probably used by C. corteziensis to face the drastic 
increase of salinity up to 39 PSU in the estuary where 
the experimental organisms were collected (Sol-
Hernández, 2001).

The salinity scarcely affected the AE, being rela-
tively higher at 35 PSUand 40 PSU. Resgalla Jr. et al., 
(2007) reported for P. perna an AE independent of 
salinities from 20 PSU to 35 PSU, but decreasing sig-
nificantly at 15 PSU and 40 PSU. Similar results have 
been reported for other mussels, with lower AE at 20 
PSU and higher at 40 PSU (Bayne et al., 1976). Con-
trarily, for the scallop Argopecten purpuratus, the AE 
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was independent of salinity (Navarro and Gonzáles, 
1998).

Based on the results of the present study, it can 
be concluded that Crassostrea corteziensis showed a 
plasticity to adjust its feeding physiology to different 
temperatures and salinities, confirming that it is a 
eurythermal and euryhaline organism adapted to the 
variable conditions prevailing in northwest Mexico. 
Its best filtering response was found at temperatures 
around 32°C, and salinities around 35 PSU. These re-
sults suggest the possibility of culture of the oyster 
in tropical and subtropical regions, or to its use as a 
bioremediator of aquaculture effluents. 
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