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Abstract 
 

This study evaluated the performance of P. sterna under suspended culture at three 
depths (2, 6, and 10 m). Juveniles (dorso-ventral length 42.6±0.94 mm) were placed in 
enclosures suspended on a long line in Palmar (Ecuador) from October 2018 to October 
2019. The antero-posterior axis of the shells, the shell, softs tissues, and biofouling 
masses, and the survival rate, were determined during one year of culture. 
Chlorophyll-a, total particulate matter (TPM), particulate organic matter (POM), 
salinity and temperature were studied at each depth. At the end of the cultivation 
period, growth and survival rates did not show significant differences between water 
depths, with all oysters attaining dorso-ventral lengths of 102-106 mm. Principal 
components analysis (PCA) revealed a direct and significant relationship between the 
variance of soft tissue dry mass growth and chlorophyll a concentration, salinity, 
particulate organic matter (POM) concentration, and temperature, during the culture 
period evaluated. Thus, the results obtained indicate that the suspended culture of the 
winged oyster P. sterna in Ecuador can be carried out effectively within the range of 2 
and 10 m of depth, obtaining relatively high yields (growth-survival).  
 

Introduction 
 

Mollusks are a well-known fishery resource, 
cultivated to supply the great demand for animal 
protein worldwide (FAO, 2016). Principally, the 
cultivation of bivalves has been a model for sustainable 
economic development and marine conservation, as it 
provides coastal communities with an alternative 
economic activity to fishing (Cartier et al., 2012; 
Castiñeira, 2013). Among the activities related to bivalve 
aquaculture, pearl cultivation is an art that encompasses 
the biological production of pearls and is described as 
one of the most profitable. Pearls have been considered 

to be a representation of the beauty and perfection of 
nature in many cultures throughout history 
(Alagarswami and Dharmaraj, 1984). Currently, the 
cultivation of pearl oysters is a large industry that 
contributes to international exchange activities in 
countries where such cultivation is carried out at high 
capacity, such as Japan. Japan is considered the leading 
producer of pearls worldwide, reporting annual exports 
that exceed $500 million in revenue (Southgate and 
Lucas, 2008). 

In the Americas, the pioneer country in the 
cultivation of pearl oysters is Mexico, with the winged 
pearl oyster P. sterna and the pearl oyster Pinctada 
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mazatlanica supporting the pearl industry (Serna-Gallo 
et al., 2014). Of these two species, P. sterna is of 
particularly excellent quality because it produces nacre 
with strong iridescence and a great variety of exotic 
colors (blue, green, pink, purple, and golden hues). 
P. sterna can also be used to produce high quality half 
pearls (mabé pearls) through different techniques such 
as the implantation of spherical or semi-spherical nuclei 
(Monteforte, 1990; 1991; Kiefert et al., 2004, Freites et 
al., 2020a). 

The biology and vital processes of bivalves are 
controlled by environmental factors such as seston, 
temperature, and food availability, which together 
condition their growth, physiological status, and 
reproductive cycles (Gómez-Robles et al., 2013; Meza-
Buendía, 2017). Thus, a deeper understanding of the 
how the environment affects bivalves is essential to 
optimize their cultivation and the production of high-
quality proteins and pearls (Pit and Southgate, 2003; 
Saucedo and Southgate, 2007). Culture site conditions 
must be investigated thoroughly to examine their 
influence on the growth of juvenile pearl oysters (Yoo, 
1986; Pouvreau and Prasil, 2001). Similarly, the depth at 
which the bivalves are placed must also be considered 
carefully, as it may impact growth and mortality due to 
the variability of environmental factors through the 
water column (García et al., 2016; Gasca-Carreon, 2019, 
Freites et al., 2020b). 

Additionally, some authors suggest that bivalve 
growth could be hindered by intense biofouling on the 
cultivation meshes and shells of bivalves grown in 
enclosures (Claereboudt et al., 1994; Taylor et al., 1997; 
Lodeiros and García, 2004). These studies show that the 
development of tissue mass in cultivated scallops was 
68% higher in clean enclosures than in those affected by 
biofouling, along with less biofouling at greater 
cultivation depths (Claereboudt et al., 1994). This 
highlights the importance of culture depth as a factor to 
consider in oyster farming and, together with 
temperature and food availability, forms the group of 
main physiological regulators in mollusk bivalves (Côté 
et al., 1993; Smitasiri et al., 1994; Lodeiros et al., 1998; 
García et al., 2016). 

Other studies conducted on pearl oysters, such as 
Pinctada fucata martensii and Pinctada margaritifera, 
show that the growth rate of the oysters decreases as 
cultivation depth increases (Tomaru, et al., 2002; Gasca-
Carreon, 2019). In these cases, however, the inverse 
relationship between growth and depth was attributed 
to a decrease in phytoplanktonic biomass, and the 
variation in temperature, which decreases with depth. It 
is known that temperature plays an important role in 
the physiology and metabolism of oysters and the 
regulation of vital processes, whereas food availability, 
composition, and quantity regulate reproductive events 
(Vite and Saucedo, 2008; Cáceres-Puig et al., 2009; 
Helmuth et al., 2010). As such, comparative growth 
studies based on depth and biological-environmental 
variables are needed to allow the determination of the 
optimal yields for pearl oyster cultivation.  

Currently in the Ecuadorian coast, several studies 
seek to establish a baseline, to begin optimizing the 
cultivation of P. sterna in the sea (including the dual-
purpose production of both pearls and soft tissues as a 
source of protein for humans). The cultivation of this 
oyster is pursued to diversify aquaculture, as this activity 
is currently centered almost exclusively on shrimp 
farming, which takes place on land-based facilities. 

As further contribution to the knowledge on the 
cultivation of the winged pearl oyster P. sterna, the 
present study aims to determine the effect of the 
culture depth on the performance of this oyster on 
Ecuadorian waters of the Eastern Tropical Pacific Ocean. 

 

Materials and Methods 
 

Culture Conditions 
 

A total of 690 winged oysters (recruited in artificial 
collectors deployed in Palmar, Santa Elena Province, 
Ecuador) (2°01'46.44"S, 80° 44'45.71"O; Figure 1) were 
placed a total of 15 baskets. At each experimental depth 
(2, 6 and 10 m) was assigned 5 of these enclosures. The 
baskets used were handcrafted following the 
recommendations described by Freites et al. (2019), 
that is, each basket was subdivided into three floors with 

 
Figure 1. Location of the hanging cultivation area for the winged oyster P. sterna subjects at Palmar, Santa Elena Province, 
Ecuador  
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15 oysters on each floor, giving a total of 45 oysters per 
basket, and 225 oysters at each depth. Three additional 
replicates of five oysters each were used to determine 
the initial dorso-ventral height, obtaining a size of 
42.6±0.94 mm. 

Also, on each sampling, carried out between 
October 2018 to October 2019, three replicates of five 
oysters (randomly selected) were taken from each of the 
three depths (totaling 45 oysters per sampling), and the 
remaining oysters were re-distributed to a consistent 
cultivation density as these samples were taken. After 
each sampling, the oysters were transferred to the 
laboratory and the biofouling mass was detached by 
scraping the shell. The dorso-ventral length was 
measured with a Vernier (0.01 mm accuracy), and the 
soft tissues were separated from the shells by 
dissection. Body tissue and biofouling were dehydrated 
in a Nemmer brand stove at 80°C for 48 h. Once 
dehydrated, the dry weight of the soft tissues and shell 
mass was weighed with an analytical balance with 0.01 
g precision. The condition index was calculated based on 
the proportion of soft tissue dry mass divided by the 
individual’s dry mass, following the formula described 
by Narváez et al. (2008). 

CI =
Soft tissue dry mass x100

Total dry mass
 

 
Additionally, the number of predatory gastropods 

Stramonita (=Thais) biserialis (Blainville, 1832), as well 
as other environmental factors were recorded. 

Two more samplings were carried out in July and 
October (2019) to maintain a record of their 
performance after a complete year of culture. At these 
times, only the antero-posterior length, shell and soft 
tissues dry mass, CI and survival rates of the oysters 
were measured. 

 
Environmental Variables 
 

Parallel to the monitoring of the oysters’ 
performance, the environmental variables at the three 
depths of the water column were examined to 
determine their influence on the oysters throughout 
only the first six months of the study period (October 
2018 to March 2019), as financing problems did not 
allow the project to continue the sampling for the rest 
of the study period (six additional months). Salinity was 
measured a hand refractometer ATAGO S/Mill (range 0–

 
Figure 2. Phytoplanktonic biomass estimated by chlorophyll a (A), salinity (B), POM (C), TPM (D), temperature (E), observed 
between October 2018 and March 2019 on the Ecuadorian coast. The vertical lines indicate the standard deviation. 
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100 UPS) and Temperature were recorded with a 
HANNA HI 9829 multi-parameter instrument. For the 
quantification of seston and phytoplankton biomass, 
three liters of water were sampled from each depth 
using a Niskin bottle, transferred to opaque plastic 
bottles onboard. These water samples were pre-filtered 
(153 μm) to remove large particles and zooplankton and 
transferred to opaque plastic containers for transport to 
the laboratory. These water samples were passed 
through Whatman GF/F 0.7 μm filters that had been pre-
washed and dried at 450°C for 4 h. After the samples 
were filtered, they were rinsed with isotonic ammonium 

formate (0.5 M) to remove marine salts. The total 
particulate matter (TPM) was obtained with the 
gravimetric method using an analytical balance after 
dehydration (65°C/24 h). The inorganic fraction (PIM) 
was determined after the combustion of the samples in 
a muffle furnace (450°C/ 4 h), and the organic fraction 
(POM) was calculated by subtracting the PIM mass from 
the TPM. Phytoplankton abundance was estimated from 
chlorophyll a using the photometric technique 
described by Strickland and Parsons (1972). These 
analyses were carried out at the National Center for 
Aquaculture and Marine Research (CENAIM), Ecuador.  

 
Figure 3. Growth of the dorso-ventral size of P. sterna, cultivated at different depths on the Ecuadorian coast. The vertical lines 
indicate the standard deviation. 
 

 
Figure 4. Soft tissue (A) and shell dry mass (B) of P. sterna cultivated at different depths on the Ecuadorian coast. The vertical lines 
indicate the standard deviation.  
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Statistical Analysis 
 

To determine differences in parameters such as 
shell growth, condition index and survival rates, as well 
as the dry masses of the shell, soft tissues, and 
biofouling, the data were evaluated using ANOVA one-
way analysis after verifying the assumptions of 
normality and homoscedasticity of the variances (Zar, 
1984). If any of these factors showed a significant effect 
(p<0.05), a Duncan post-hoc analysis was employed.  

Additionally, the influence that the environmental 
variables exerted on these biometric parameters during 
the first six months of the experiment (October 2018-
March 2019) was studied using Principal Component 
Analysis (PCA) as an exploratory method of graphic 
ordination (Chatfield and Collins, 1980; Clarke and 
Warwick, 2001). The values of each environmental 
variable were contrasted with their own average values 
corresponding to the same period. These analyses were 
performed using the statistical software R (R Core Team 
2015).  

 
Figure 5. Condition index of the P. sterna (A), cultivated at different depths on the Ecuadorian coast. The vertical lines indicate the 
standard deviation. 
 
 
 

 
Figure 6. Biofouling dry mass fixed on P. sterna shell (A). Gastropod S. biserialis recruitment on the culture baskets (B), cultivated 
at different depths on the Ecuadorian coast. The vertical lines indicate the standard deviation. 
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Results 
 

Environmental Variables 
 

Phytoplankton: Chlorophyll a concentration 
showed a series of alternating increases and decreases 
(Figure 2A). In the period between October and 
December 2018, the highest concentrations were 
obtained at 6 m depth (2.80±0.17 µg L-1), and minors 
values at 10 (2.27±0.46 µg L-1) and 2 m depths 
(2.03±0.21 µg L-1. The lowest concentrations of 
chlorophyll a were observed at the beginning of the 
study (October 2018), with values ranging between 0.7 
and 1.3 µg L-1. Salinity: this variable maintained similar 
fluctuations at the 2 and 6 m depths, varying between 
30 and 36 PSU. A minimum of 30 PSU was recorded in 
February 2019. The following month, both depths 
showed an increase to 35 PSU (Figure 2B). Salinity at 10 
m showed the lowest variability, and remained between 
33-36 PSU. Seston: monthly variations in the 
concentration of POM (Figure 2C) showed a similar 
behavior to that of TPM (Figure 2E), but with different 
magnitudes throughout the experiment. Highest value 
of POM was recorded in February and March 2019 (6.6 
mg L-1) at 10 m depth. The total seston contents 
recorded in October 2018 were relatively low at all three 
depths, and then increased to values exceeding 10 mg 
L-1 in December 2018 (6 and 10 m) and February 2019 
(2 m). Temperature: between November and December 
2018, all three depths displayed temperatures between 
23.5 and 24.3°C (Figure 2D) followed by an increase to a 
maximum of 28°C. Between December 2018 and 
February 2019, the temperature remained high, varying 
between 26.9 and 28°C, followed by a drop in March 
2019 to 25.8°C (2 m), 24.8°C (6 m) and 22.1°C (10 m).  
 
Shell Growth 
 

In general, after 12 months of culture (finalized in 
October 2019) the antero-posterior axis of the shell 
(Figure 3) presented similar tendencies and showed 
sustained growth patterns in all of the depths studied, 
showing a dorso-ventral size of 105.57±7.08 mm (2 m), 
105.27±7.66 mm (6 m) and 102.20±6.13 mm (10 m). 
Thus, at the end of the study, the differences in growth 
between depths were not considered significant 
(p>0.05). 
 
Oyster Mass 
 

Soft tissues dry mass, shell dry mass and the total 
dry mass of the oysters showed similar exponential 
growth patterns (Figure 4A, B). An increase was 
noticeable in the soft tissue dry mass growth curves at 
all depths from January 2019 until July 2019 (Figure 4A). 
At the end of the study, all the oysters presented a 
similar amount of soft tissue dry mass: 7.72±3.30 g (2 
m), 8.31±3.00 g (6 m) and 7.40±2,27 g (10 m), without 
significant differences between depths (p>0.05). 

Similarly, at the end of the study no significant 
differences were observed in shell dry mass: 
69.21±14.93 (2 m), 63.38±12.56 (6 m) and 63.38±16.58 
g (10 m). 
 
Condition Index 
 

In general, the condition indices (CI) show high 
variability (Figure 5). This resulted in non-significant 
differences between depths for almost the whole 
experimental period. Further, two peaks were observed 
in November 2018 and February 2019, with a downward 
trend in the last months of the study. 

 
Survival 
 

The average percentage of survival of the oysters 
remained above 90% in the three cultivation depths 
until October 2019. At the end of the culture period, no 
significant differences were observed (p>0.05) between 
the depths. 
 
Biofouling and Stramonita biserialis Recruitment 
 
Biofouling mass fixed in the P. sterna shells sustained a 
similar increase at all 3 depths (Figure 6A). At the end of 
the study, biofouling did not show significant differences 
(p>0.05) between 2 m (5.12±0.93 g), 6 m (8.25±1.82 g) 
and 10 m depths (10.25±2.27 g). Regarding the 
recruitment of the gastropod Stramonita biserialis, no 
individuals were observed during the first 5 months of 
the study (Figure 6B). By March 2019, the average 
number of individuals was close to 1 gastropod/basket. 
However, in July and October, the average number of 
individuals at the 2 and 6 m depths was greater than 5 
gastropods/basket, while the baskets placed at the 10 m 
depth showed average values exceeding 7 
gastropods/basket. Nevertheless, these differences 
were not statistically significant (p>0.05).  
 
Influence of Environmental Variables on Tissue Mass 
 

In the first six months of culture at the three 
depths, the PCA analysis can be summarized as 
relationships that demonstrate the influence of the 
environmental variables on the observed variance in the 
soft tissues dry mass and CI: 

 
2m = 0.104*soft tissue mass + 0.454*CI + 

0.537*Chlorophyll a + 0.359*POM + 0.427766*Salinity 
+ 0.427828*Temperature. 

 
6m = 0.337*soft tissue mass + 0.439*Chlorophyll a + 

0.403*POM + 0.465*CI+ 0.499855*Salinity – 
0.251661*Temperature. 

 
10m = 0.558*Soft tissues mas + 0.402*CI + 

0.622*Chlorophyll a + 0.328*POM + 0.126*Salinity + 
0.127*Temperature. 
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In these equations, the variables that contribute 
most to the variance in the soft tissue dry mass were 
chlorophyll a, POM, temperature, and salinity, generally 
with a positive correlation. Further, this analysis showed 
that the first two or three components explained 
83.11%, 80.85% and 64.18% of the soft tissue dry mass 
variation at the 2, 6, and 10 m depths, respectively, 
indicating that these are acceptable graphical 
representations (Table 1).  

 

Discussion 
 

The trends in growth parameters (shell size and 
tissues mass) and survival were qualitatively and 
quantitatively very similar with no significant differences 
between depths. This suggests that the suspended 
culture of the winged oyster P. sterna can be carried out 
over the entire water column at the study site (at least 
up to 10 m) with >90% survival rate. The development 
of intensive cultivation of this species may be possible, 
guaranteeing high production levels (high growth/high 
survival). On the other hand, it was observed that in just 
6 months (October 2018 to March 2019) the oysters at 
all depths reached the minimum size (75-80 mm) 
recommended for the implantation of both half pearls 
(mabés) and regular pearls (Ruiz -Rubio et al., 2006, 
Freites et al., 2020a). Similar growth rates to those 
observed here have been registered on the coasts of 
Santa Elena Province, Ecuador (Lodeiros et al., 2018, 
Freites et al., 2019, 2020a). This accelerated growth 
differs from studies carried out in Baja California, 
Mexico, where the minimum size (75-80 mm) was 
reached between 15 and 17 m water depth (Gaytan-
Mondragón, 1992; Gallo et al., 2014). The relatively high 
growth rate of the individuals in this study is indicative 
of the high potential of the species to obtain the 
minimum sizes for pearl production. 

The results showed in this study regarding the 
growth of P. sterna do not agree with those shown for 
the pearl oysters Pinctada fucata martensii, Pinctada 
margaritifera, and Pteria colymbus, where lower growth 
rates were associated with an increment of the 
cultivation depth, due to a low availability of food 
(Tomaru et al., 2002; Gasca-Carreón, 2019, Freites et al., 
2020b). In our case, the concentrations of chlorophyll a 
recorded between October 2018 and December 2019 
were not very different between the three depths. 
Rather, the concentrations of chlorophyll a observed at 
10 m depth were highest in February and March 2019, 
which might have favored the oysters grown at this 
depth.  

The lack of differences in the growth of cultured 
winged oysters at the three water depths could be 
attributed to the water column mixing in the shallow 
areas close to the Ecuadorian coasts. This is caused by 
changes in semi-diurnal tides (>2.5 m), and wave action 
(height 1.4 and 1.6 m) perpendicular to the coast. In 
addition, the coast of Ecuador, or the equatorial front, is 
a transition zone where tropical waters flowing 
southward from the Bay of Panama mix together with 
the Humboldt current flowing northward from Peru. The 
coast is thus strongly influenced by coastal upwelling. 
Mixing of these two water masses takes place between 
Manta and Punta Santa Elena (Pennington et al., 2006; 
Fiedler & Lavin, 2017). 

Regarding the variations observed in the condition 
index of the individuals cultivated at the three depths, 
two peaks were recorded: November 2018 and February 
2019. Considering that the sexual maturity of this 
species is reached once their dorso-ventral height 
exceeds 50 mm (Saucedo and Monteforte, 1997), and 
that our cultivated individuals presented sizes of 50 mm 
in November, it is likely that several spawning events 
occurred during that month. This is probably be related 

Table 1. Eigenvalues and variance percentages for each component of the PCA data corresponding to soft oyster tissue dry mass 
for all cultivation depths and their corresponding environmental variables: Particle organic material (POM), chlorophyll a, 
temperature and salinity (Evaluated period October 2018-March 2019). 

2 m depth culture 
Component Number Eigenvalue Percent of Variance Cumulative Percentage 

1 2.92624 48.771 48.771 
2 2.06044 34.341 83.111 
3 0.59168 9.861 92.973 
4 0.27488 4.581 97.554 

6 m depth culture 
Component Number Eigenvalue Percent of Variance Cumulative Percentage 

1 3.19055 53.176 53.176 
1 3.19055 53.176 53.176 
2 1.6606 27.677 80.853 
3 0.52054 8.676 89.528 
4 0.46644 7.774 97.302 

10 m depth culture 
Component Number Eigenvalue Percent of Variance Cumulative Percentage 

1 2.27114 37.852 37.852 
2 1.57966 26.328 64.180 
3 1.20932 20.155 84.335 
4 0.80324 13.387 97.723 
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to the decrease in the CI in December 2018 and March 
2019. Gallo et al. (2014) observed that spawning events 
in P. sterna were related to environmental variables. 
High primary productivity, such as those observed from 
December onwards, can trigger spawning in P. sterna, 
according to Gregori et al. (2019). Similar cases have 
been recorded in other marine invertebrate species, and 
a direct relationship was found between phytoplankton 
outcrops and a high recruitment rate of juveniles of 
commercial mollusks under high primary productivity 
conditions (Soria et al., 2014). On the other hand, in 
February 2019, the CI increased notably at all depths, 
agreeing with a period of temperatures close to 28°C 
and high availability of food. These conditions have been 
associated with periods of maturation and subsequent 
spawning in P. sterna (Cáceres-Puig et al., 2009; Treviño 
et al., 2019). 

The relatively high survival rate (>90%) observed at 
the three depths was probably due to the use of 
cultivation baskets specifically designed and 
manufactured to prevent predation (Freites et al., 
2019). However, although low but sustained mortality 
was observed between December 2018 and March 
2019, it was not until March that recruitment of the 
predatory gastropod Stramonita (=Thais) biserialis was 
observed. Although the number of snails increased 
appreciably for July and October 2019, mortality did not 
show a notable increase during this last period. 
According to observations taken during the sampling, 
the gastropods may have led their predatory activity to 
other recently recruited bivalves, judging by the empty 
shells of juveniles observed inside the baskets.  

Gastropod species of the genus Stramonita, 
belonging to the family Muricidae, have been reported 
as bivalve predators and the cause of significant 
mortalities in cultivations of oysters and other marine 
invertebrates (Brown et al., 2004; Herbert, 2004; 
Ramírez et al., 2009). On the other hand, although it has 
been reported that fish from the Balistidae family 
(Balistes polylepis and Pseudobalistes naufragium) 
attack and perforate culture baskets (Sonnenholzner et 
al., 2017; Lodeiros et al., 2018), attacks from these 
individuals were not recorded in this study, which 
probably contributed to a relatively high survival rate. 

The principal component analysis performed 
between soft tissue dry mass, the CI, and the 
environmental factors, showed that the observed 
variance was directly and significantly related to 
chlorophyll a, POM, and temperature. In this sense, 
although the fluctuation of the phytoplankton biomass 
concentration was notable, it exceeded 1 µg L-1 for 
almost the entire study period. The average annual 
phytoplankton biomass values were 2-3 µg L-1, which is 
the range of phytoplanktonic biomass established by 
Saxby (2002) for commercially exploitable bivalve 
growth. 

Our results show that shell size growth was 
sustained throughout the study period, and exceeded 
100 mm in October 2019. The relatively high growth 

rates of P. sterna during our study highlight the potential 
of this species to quickly obtain the minimum 
recommended size for pearl production; between 70 
and 80 mm (Saucedo et al., 1998; Serna-Gallo et al., 
2014, Freites et al., 2020a). The oysters achieved this in 
approximately 7 to 8 months according to our growth 
curves. These results contrast with those shown by 
Gaytan-Mondragon et al. (1993) who considered that P. 
sterna in the Mexican Pacific requires 24 months to 
reach the adequate size for nuclei implantation.  

On the other hand, Cranford and Grant (1990) 
reported that organic debris may contribute to the 
oyster’s diet in periods when phytoplankton 
concentrations are too low to meet their energetic 
demands. Other studies have performed comparative 
trials between different cultivation sites and cultivation 
depths for some bivalve species, and highlighted the 
importance of organic seston concentration (Toro et al., 
1995; Kleinman et al., 1996, Freites et al., 2003). 

Regarding salinity, a direct relationship was 
observed between this environmental factor and the 
soft tissue dry mass. Studies carried out on the effect of 
salinity on the metabolism of the pearl oysters Pinctada 
fucata (Liu et al., 2011) and Pteria penguin (Chen et al., 
2012), showed that, depending on the rate of dissolved 
oxygen consumption and the O:N ratio, the optimum 
salinity lies between 26 and 36 PSU. These results 
suggest that the observed salinity range (30-36 PSU) at 
the cultivation site was probably insufficient to cause 
metabolic stress and negatively affect the performance 
of the oysters, as demonstrated by the growth and 
survival rates achieved. 

The maximum water column depth in the study 
area was approximately 14 m, which restricted the study 
depths to 10 m. The close proximity of the deepest 
baskets to the seabed may affect the experimental 
design. For this reason, we recommend that future 
studies for P. sterna cultivation in deeper waters should 
also examine the effect of water depth on the 
performance of this species under suspended culture 
conditions. 
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Côté, J., Himmelman, J.H., Claereboudt, M.R. & Bonardelli, J. 
(1993). Influence of density and depth on the growth of 
juvenile giant scallops Placopecten magellanicus, 
(Gmelin, 1791). in suspended culture in the Baie des 
Chaleurs. Canadian Journal of Fisheries and Aquatic 
Sciences, 50, 1857-1869.  
https//doi.org/10.1139/f93-208 

FAO. (2016). El estado mundial de la pesca y la acuicultura 
2016. Contribución a la seguridad alimentaria y la 
nutrición para todos. Roma. 224 pp. 

Fiedler, P.C. & Lavin, M.F. (2017). Oceanographic conditions of 
the eastern tropical Pacific. In: Glynn, P.W., Manzello 
D.P., Enochs I.C. (Eds.), Coral Reefs of the Eastern 
Tropical Pacific: Persistence and Loss in a Dynamic 
Environment. Coral Reefs of the World, vol 8. Springer, 
Dordrecht, pp. 59–83. 

Freites, L., Lodeiros, C., Narváez, N., Estrella, G.& Babarro, 
J.M.F. (2003). Growth and survival of the scallop 
Lyropecten (=Nodipecten) nodosus (L., 1758) in 
suspended culture in the Cariaco Gulf (Venezuela), 
during a non-upwelling period. Aquaculture Research, 
34, 709-718.  
https//doi.org/10.1046/j.1365-2109.2003.00872.x 

Freites, L., Jara, F., Gregori, M., Villón, J., Márquez, A. & 
Rodríguez-Pesantes, D. (2019). Hanging culture of 
juveniles of the winged oyster Pteria sterna in two 
baskets of different design. AquaTechnica, 1, 28-39. DOI, 
https//doi.org/10.33936/at.v1i1.2149 

Freites, L., Jara, F., Gregori, M., Márquez, A., Saucedo, P.E. & 



 
Aquaculture Studies AQUAST926 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lodeiros, C. (2020ª). Performance of the winged pearl 
oyster Pteria sterna (GOULD, 1851), implanted for half-
pearl (mabé) production in two size classes. Aquaculture, 
(Early view). 
https//doi.org/10.1016/j.aquaculture.2020.735267 

Freites, L., Guevara, M., Márquez, A., Revilla, J., Narvaéz, M. & 
Lodeiros, C. (2020b). Relationship between 
environmental variables and growth of Pteria colymbus 
(Mollusca Bivalvia, Pteriidae), at three cultivation 
depths. Bulletin of Marine and Coastal Research, 49 (1), 
9-26. https//doi.org/10.7773/cm.v40i2.2393 

Gallo, I.S., Ruíz-Velazco, J.M., Acosta-Salmón, H., Peña-
Messina, E., Torres-Zepeda, G. & Saucedo., P.E. (2014). 
Patrones de crecimiento y reproducción de la concha 
nácar, Pteria sterna, cultivada en un ambiente tropical 
de México, Implicaciones para el cultivo de perlas. 
Ciencias Marinas, 40, 75–88. 
https//doi.org/10.7773/cm.v40i2.2393 

García, M., Seijo, C.L., Freites, L., Córdova, H., Suástegui, J., 
Babarro, J., 2016. Comparative performance of the 
mussels Perna perna and Perna viridis, cultivated at four 
different depths. Brazilian Journal of Oceanography, 
64(3), 249-262.  
https//doi.org/10.1590/S1679-87592016113906403 

Gasca-Carreon, J.A. (2019). Growth comparison study of black-
lip pearl oysters, Pinctada margaritifera (Linnaeus, 1758) 
at different depths in Savusavu bay, Fiji Island. Thesis of 
the Faculty of Sciences, Technology and Environment. 
School of Marine Studies, University of the South Pacific. 
59 pp. 

Gaytan-Mondragon, L., Caceres-Martinez, C. & Tobias-
Sanchez, M. (1993). Growth of the pearl oysters Pinctada 
mazatlanica and Pteria sterna in different culture 
structures at La Paz Bay, Baja California Sur, Mexico. 
Journal of World Aquaculture Society, 24(4), 541-546. 
https//doi.org/10.1242/jeb.038463 

Gómez-Robles, E., Mazón-Suástegui, J.M., Acosta-Salmón, H., 
Hawkyns-Martínez, M. & Saucedo, P.E. (2013). Internal 
nutrient management associated with gonad quality and 
successful reproduction in the winged pearl oyster Pteria 
sterna. Aquaculture, 412, 45-51. 
https//doi.org/10.1016/j.aquaculture.2013.07.010 

Gregori, M., Villón, J., Jara, F., Gonzabay-Tomalá, P. & Freites, 
L. (2019). Spatial and temporal spatfall of the winged 
Pearl Oyster Pteria sterna (Gould, 1851), in Equatorial 
Coasts. Aquaculture, 73, 42-58. 
https//doi.org/10.1016/j.aquaculture.2019.734258 

Helmuth, B., Broitman, B.R., Yamane, L., Gilman, S.E., Mach, K., 
Mislan, K.A.S.& Denny, M.W. (2010). Organismal 
climatology, analyzing environmental variability at scales 
relevant to physiological stress. Journal of Experimental 
Biology, 213, 995-1003. 
https//doi.org/10.1242/jeb.038463 

Herbert, G.S. (2004). Observations on diet and mode of 
predation in Stramonita biserialis (Gastropoda, 
Muricidae) from the northern Gulf of California. Festivus, 
36, 41-45. 

Kiefert, L., McLaurin, D., Arizmendi, E., Hänni, H. & Elen, S. 
(2004). Cultured pearls from the Gulf of California, 
Mexico. Gems & Gemology, 40, 26-38. 

Kilkenny, C., Browne, W.J., Cuthill, I.C., Emerson, M. & Altman, 
D.G. (2010). Improving bioscience research reporting, 
the ARRIVE guidelines for reporting animal research. 
PLoS Biol 8(6), e1000412. 
https//doi.org/10.1371/journal.pbio.1000412 

Kleinman, S., Hatcher, B., Scheibling, R., Taylor, L. & Hennigar, 
A. (1996). Shell and tissue growth of juvenile sea scallops 
(Placopecten magellanicus) in suspended and bottom 
culture in Lunenburg bay, Nova Scotia. Aquaculture, 142, 
75-97. https//doi.org/10.1016/0044-8486(95)01165-X 

Liu, J., Yu, D. & Li, J. (2011). Effects of salinity and pH on oxygen 
consumption and ammonia excretion rates in Pinctada 
fucata. Oceanologia et Limnologia Sinica, 04, 304-312. 

Lodeiros, C. & Garcia, N. (2004). The use of sea urchins to 
control fouling during suspended culture of bivalves. 
Aquaculture, 231, 293-298. 
https//doi.org/10.1016/j.aquaculture.2003.10.022 

Lodeiros, C., Rengel, J., Freites, L., Morales, F. & Himmelman, 
J.H. (1998). Growth and survival of the tropical scallop 
Lyropecten (Nodipecten) nodosus maintained in 
suspended culture at three depths. Aquaculture, 165, 
41-50. https//doi.org/10.1016/S0044-8486(98)00212-9 

Lodeiros, C. & Freites, L. (2008). Estado actual y perspectivas 
del cultivo de moluscos bivalvos en Venezuela. En: A. 
Lovatelli, A. Farías e I. Uriarte (eds). Estado actual del 
cultivo y manejo de moluscos bivalvos y su proyección 
futura, factores que afectan su sustentabilidad en 
América Latina. Taller Técnico Regional de la FAO. 20–24 
de agosto de 2007, Puerto Montt, Chile. FAO Actas de 
Pesca y Acuicultura. No. 12. Roma, FAO. pp. 135–150. 

Lodeiros, C., Rodríguez-Pesantes, D., Márquez, A., Revilla, J., 
Freites, L., Lodeiros-Chacón, C. & Sonnenholzner, S. 
(2018). Growth and survival of the winged pearl oyster 
Pteria sterna (Gould, 1851) in suspended culture in the 
tropical Eastern Pacific, Influence of environmental 
factors. Aquaculture Research, 49(2), 832-838. 
https//doi.org/10.1111/are.13514 

Meza-Buendía, A.K. (2016). Efecto de la temperatura y 
concentración de alimento sobre la ecofisiología de la 
concha nácar Pteria sterna bajo condiciones controladas 
de laboratorio. M. Sc. disertación, Centro 
Interdisciplinario de Ciencias Marinas, Instituto 
Politécnico Nacional, La Paz, México. 98 pp 

Monteforte, M. (1990). Ostras perleras y perlicultura, 
situación actual en los principales países productores y 
perspectivas para México. Serie Científica. 1, 13-18. 

Narváez, M., Freites, L., Guevara, M., Mendoza, J., Guderley, 
H., Lodeiros, C. J., & Salazar, G. (2008). Food availability 
and reproduction affects lipid and fatty acid composition 
of the brown mussel, Perna perna, raised in suspension 
culture. Comparative Biochemistry and Physiology Part 
B: Biochemistry and Molecular Biology, 149(2), 293-302. 

Pennington, J.T., Mahoney, K.L., Kuwahara, V.S., Kolber, D.D., 
Calienes, R. & Chavez, F.P. (2006). Primary production in 
the Eastern Tropical Pacific: a review. Progress in 
Oceanography 69 (2–4), 285–317. 
https//doi.org/10.1016/j.pocean.2006.03.012 

Pit, J. & Southgate, P. (2003). Fouling and predation; how do 
they affect growth and survival of the blacklip pearl 
oyster, Pinctada margaritifera, during nursery culture?. 
Aquaculture International, 11(6), 545-555.  
https//doi.org/10.1023/B,AQUI.0000013310.17400.97 

Pouvreau, S. & Prasil, V. (2001). Growth of the black-lip pearl 
oyster, Pinctada margaritifera, at nine culture sites of 
French Polynesia, synthesis of several sampling designs 
conducted between 1994 and 1999. Aquatic Living 
Research, 14(3), 155-163. 
https//doi.org/10.1016/S0990-7440(01)01120-2 

R Core Team. (2015). R, A language and environment for 
statistical computing. R 442 Foundation for Statistical 



 
Aquaculture Studies AQUAST926 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Computing, Vienna, Austria. URL http//www.R-443 
project.org/. 

Ramírez, R., Tuya, F. & Haroun, R. (2009). Spatial patterns in 
the population structure of the whelk Stramonita 
haemastoma (Linnaeus, 1766) (gastropoda, Muricidae) 
in the Canarian archipelago (eastern Atlantic). Scientia 
Marina, 73, 431-437. http//hdl.handle.net/10553/886 

Ruiz-Rubio, H., Acosta-Salmón, H., Olivera, A., Southgate, P.C. 
& Rangel-Dávalos, C. (2006). The influence of culture 
method and culture period on quality of half-pearls 
(“mabé”) from the winged pearl oyster Pteria sterna, 
Gould, 1851. Aquaculture, 254(1-4), 269-274. 
https//doi.org/10.1016/j.aquaculture.2005.09.030 

Saxby, S.A. (2002). A review of food availability, sea water 
characteristics and bivalve growth performance at 
coastal culture sites in temperate and warm temperate 
regions of the world. Fisheries Research Report. 
Department of Fisheries, Western Australia, p. 42. 
Western Australia. 

Saucedo, P., & Monteforte, M. (1997). Breeding cycle of pearl 
oyster Pinctada mazatlanica and Pteria sterna (Bivalvia, 
Pteriidae) at Bahía de La Paz, Baja California Sur, México. 
Journal of Shellfish Research, 16(1), 103-110. 

Saucedo, P., Monteforte, M. & Blanc, F. (1998). Changes in 
shell dimensions of pearl oysters Pinctada mazatlanica 
(Hanley 1856) and Pteria sterna (Gould 1851), during 
growth as criteria for Mabé pearl implants. Aquaculture 
Research, 29, 801-814.  
https//doi.org/10.1111/j.1365-2109.1998.tb01106.x 

Saucedo, P.E. & Southgate, P.C. (2007). Reproduction, 
development, and growth. In, Southgate P.C., Lucas J.S. 
(Eds.). The Pearl Oyster, Biology and Culture. Chapter. 5. 
Elsevier. Oxford. 574 pp.  

Serna-Gallo, I., Ruíz-Velasco, J.M.J., Acosta-Salmón, H., Peña-
Messina, E., Torres-Zepeda, G. & Saucedo, P.E. (2014). 
Growth and reproduction patterns of the winged pearl 
oyster, Pteria sterna cultivated in tropical environments 
of Mexico, implications for pearl farming. Ciencias 
Marinas, 40, 75-88. 
http//dx.doi.org/10.7773/cm.v40i2.2393 

Smitasiri, R., Kajitwiwat, J. & Tantichodok, P. (1994). Growth of 
a winged pearl oyster, Pteria penguin, Suspended at 
different depths. In, Workshop of The Tropical Marine 
Mollusc Programme (TMMP), Phuket (Thailand), 27 
October- 2 November 1993. Special Publication, Phuket 
Marine Biological Center, 13, 213-216. 
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