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Abstract 
 
The shell height-body weight relationship of the black clam Chionista fluctifraga 
cultivated in the intertidal of the southeastern Gulf of California, was evaluated for the 
first time, to improve the knowledge in determining its harvesting time. Clam seeds 
(n=900,000; 6.1±1.9 mm) were produced in the laboratory. The culture was divided 
into pre-fattening in racks on the bottom (2 months) and fattening directly in the 
bottom (16 months) from May 2018 to October 2019. Each month, 60 (n=1080) clams 
were randomly selected to stablish the morphometric relationship between shell 
height (SH) and body weight (BW). The growth rate (mm/d and g/d) was recorded. The 
SH-BW Interaction in both cultivation phases showed positive allometry. SH in pre-
fattening and fattening registered a growth rate of 0.072 and 0.058 mm/d, 
respectively. In fattening, the interaction BW-SH displayed a high coefficient of 
determination (R2=0.99). A final survival rate of 90% was obtained. The results yielded 
the equations that describe the relative growth of C. fluctifraga for the fattening stage. 
A harvesting time after 10 months of fattening in the intertidal zone is stablished to 
reach the commercial size (35 mm, SH).  

 

Introduction 
 

Contrary to species that require an elaborated diet, 
in the cultivation of bivalve mollusks, profitability is not 
affected by food, instead by 1) the biology and genetics 
of the species, 2) environmental conditions 
(parameters, biological interactions), 3) size demanded 
by the market, and 4) management (planting density, 
cleaning, days of cultivation, biometrics, harvest time) 
(Munroe & McKinley, 2007; Saurel et al., 2014), among 
other factors. Obtaining the shell measurements and 
body weight during cultivation allows establishing 
morphometric relationships that can help to determine 
the harvesting time. 

Morphometric relationships represent a useful 
method to evaluate the relative growth and 
performance of bivalves in both the natural 
environment (Ngor et al., 2018) and under culture 
conditions (Nerlović et al., 2016), since it is a simple, 
non-invasive procedure that can be easily performed in 
the field (Gaspar et al., 2001). As part of the routine 
work in a mollusk farm, estimating the shell 
measurements and weight of a representative sample of 
the population allows obtaining mathematical 
equations that relate the different dimensions of the 
organisms (Mohammed et al., 2019; Yusof et al., 2020). 
The collection of at least one single measurement to be 
incorporated into previously established equations 
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could help estimating the remaining morphometric 
variables (Babaei et al., 2010; Góngora-Gómez et al., 
2018), to relate the ideal cultivation conditions with the 
proportional growth of bivalves (Ríos-Jara et al., 2019), 
and to establish a relationship between the time of 
culture and the optimal size of the organism for the best 
harvesting time (Biona et al., 2017).  

The black clam Chionista fluctifraga (Sowerby II, 
1853) is distributed from Santa Barbara, California, in 
the USA, to the peninsula and the Gulf of California, in 
Mexico (Coan & Valentich-Scott, 2012). This bivalve 
represents a source of protein for the coastal 
communities of North-Central Sinaloa, in northwestern 
Mexico, where it is commonly sold at US $ 2.0-2.5/kg 
(pers. comm.). The high demand for this clam by the USA 
market (Chávez-Villalba et al., 2019) has prompted 
interest for its cultivation on a large scale, which has 
generated basic information that includes the study of 
its bioecology (Martínez- Córdoba, 1988), the 
production of C. fluctifraga in polyculture within shrimp 
ponds (Martínez-Córdoba & Martínez-Porchas, 2006; 
Martínez-Córdoba et al., 2013), and its use as a 
bioremediator of aquaculture effluents (Martínez-
Córdoba et al., 2011). Only Castillo-Durán et al. (2016) 
evaluated the growth and survival of sedes, produced in 
the laboratory, to their commercial size (35 mm), in a 
cultivation suspended within a coastal lagoon. 

The available studies of clam cultivation in the 
intertidal zone include aspects such as the influence of 
environmental conditions on growth (Lavoie et al., 
2016), the physiological performance of bivalves due to 
aireal exposure (Yin et al., 2017), the assessment of 
potential places for controlled production (Talley et al., 
2015), and the types and phases of cultivation (Zhang & 
Yan, 2006; Toniello et al., 2019), among others. In 2018, 
a private company in northwest Mexico implemented an 
intensive culture of C. fluctifraga seeds produced in the 
laboratory (García-Ulloa et al., 2018). The objective of 
this work is to describe for the first time, the absolute 
and relative growth of the black clam in its two 
cultivation phases (pre-fattening and fattening) in an 
intertidal zone of the southeastern Gulf of California, 
using shell height and body weight, to contribute with 
relevant information related to its harvesting time. 

 

Materials ans Methods 
 

Cultivation Area 
 

The cultivation area (3.7 hectares) is located in El 
Colorado Bay, Municipality of Ahome, Sinaloa, Mexico. 
The intertidal plot is geographically delimited by the 
following coordinates: 25°43'46.30”N and 
109°33'54.50”W; 25°43'46.50”N and 109°33'50.40”W; 
25°43'38.70”N and 109°23'47.80”W; and 25°43'36.30”N 
and 109°23'52.80”W (Figure 1a). The seeds of 
C. fluctifraga (n=900,000) were produced in laboratory 
and were sown during the second half of April 2018. 
Cultivation lasted 18 months (May 2018-October 2019). 

Pre-fattening on Racks and Fattening on the Sand 
 

The seeds were transported dry (18°C, for 90 
minutes) from the laboratory to the intertidal plot, 
adapted to local conditions (Helm et al., 2006), and 
placed in wooden racks (1.20×0.60 m) covered with 
mosquito net (2 mm in diameter), adjusting the density 
to 4,000 seeds (6.1±1.9 mm in shell height) per rack. The 
racks were aligned in the sand according to the direction 
of the tide within the bay (N-S).  

A sack filled with sand at half its capacity was 
placed on top of each rack, to prevent them from being 
displaced during high tide (Figure 1b). Every month, the 
racks were brushed to remove the sludge deposit and 
the fixed epibionts (algae, sponges, barnacles, etc). The 
pre-fattening period lasted 2 months (May-June 2018). 
To carry out bottom seeding, the clams were sorted by 
size using a sieve and only those above 9 mm in shell 
height were placed on the sand at a density of 420 
clams/m2. For this, a tractor built lines of 1.20 m wide to 
sow the clams, placing on top of them, a plastic mesh 
against predators (170 m long × 1.40 m wide, 6 to 10 mm 
diameter of opening) (Figure 1c). A total of 13 lines (≈ 
70,000 clams/line) were seeded. The maintenance and 
cleaning of meshes was carried out manually every 
month. Fattening lasted 16 months (July 2018-October 
2019). 

 
Environmental Conditions 
 

In both cultivation stages, the physicochemical 
parameters were obtained in situ at the day of collecting 
the samples once tide was high (1.20 m depth). The 
parameters were: water temperature (°C) and dissolved 
oxygen (mg/mL) with an oximeter (YSI-5/12FT, Yellow 
Springs, OH, USA); pH with a potentiometer (HANNA, 
Hanna Instruments, Woonsocket, RI, USA), and salinity 
(psu) with a precision refractometer (Atago, USA Inc. 
Bellevue, WA, USA). 

Water samples were also taken to determine total 
suspended solids (TSS), particulate organic matter 
(POM, Rice et al., 2017), and concentration of 
chlorophyll a (Cl-a). For the latter, the water was filtered 
(Whatman GF/F 0.7 µm) with a vacuum pump and Cl-a 
was determined through spectrophotometry according 
to Strickland and Parsons (1972) for seawater. 

 
Absolute and Relative Growth 
 

One of the 13 sown lines for the fattening was 
destined to collect the clams that were measured and 
weight each month. For this, a 1.0 m2 quadrat was 
placed 10 m away from the sampling carried out in the 
previous month, to cover almost the entire 170 m of the 
plastic line, along the 16 months of fattening. Each 
month, in the two cultivation stages, 60 clams were 
randomly selected to obtain their biometrics. With a 
Vernier calliper (0.01 mm), the shell height (SH, the 
maximum distance from the umbo to the ventral 
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margin) was measured. Body weight (BW) was obtained 
with a digital scale (0.1 g). The clams growth rate (mm/d 
and g/d) was estimated in both cultivation phases. 

Data were subjected to the Durbin-Watson test to 
eliminate outliers and the residuals were analyzed to 
determine their normal distribution using the quantile-
quantile Pplot graph (Q-Q Plot) (RStudio Program, R 
Core Team 2018). The relationship between shell height 
(SH) and total body weight (BW) for total especimens 
(n=960) and per month (n=60) was estimated using the 
power function BW=aSHb, where a=intersection and 
b=slope. In this relationship with different units of 
measurement, when the exponent b=3, the 
morphometric relationship between SH and BW 
indicates isometric growth. With Pearson's correlation 
coefficient (r), the goodness of fit of the data was 
analyzed (Sokal and Rohlf, 1981). The coefficient of 
variation was estimated for SH and BW. 

To identify significant differences in the isometric 
value of b (b=3) or the allometric range (negative 
allometry b˂3, or positive allometry b>3), a Student's 
t-test (Ho: b=3) with a 95% confidence level was used 
with the following equation: t=(b-1)/Sb, where t=value 
of the t-test, b=slope, and Sb=standard error of the slope 
(Vasconcelos et al., 2018).  

 

Results 
 

Environmental Parameters 
 

The water temperature ranged from 15.9°C 
(January 2019) to 32.1°C (September 2019), exhibiting a 
typical seasonal oscillation with the lowest gradient in 
winter and the highest in summer. The dissolved oxygen 
concentration was always greater than 5 mg/L 
throughout the culture (Figure 2a). The highest salinity 

 

 

  
Figure 1. Geographical location of the intertidal cultivation site ( ) in El Colorado Bay, Sinaloa, Mexico (a), pre-fattening (b) and 
fattening (c) of Chionista fluctifraga in the intertidal zone. 
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(40 psu) was observed in March 2019 and the lowest (25 
psu) in September 2018, with an average of 34.7 psu 
throughout the culture; pH values ranged from 4.3 in 
August 2018 to 8.2 in March 2019 (Figure 2b). 

The parameters that indicate the nutritional status 
of the water (Cl-a, POM, and TSS), showed a similar 
pattern, with peaks in the same months of cultivation. 
The maximum concentration of Cl-a (10.5 mg/m3) was 
observed in November 2018, and the minimum (2.2 
mg/m3) in August 2019. In the case of TSS, the highest 
concentration (189.2 mg/L) was also recorded in 
November 2018, whereas the lowest (19.3 mg/L) 

occurred in July 2018. The maximum value of POM (26.3 
mg/L) was recorded in June 2019, whereas the minimum 
(4.8 g/L) ocurred in June 2018 (Figure 2c). 

 
Growth 
 

In average, the CV obtained for SH during pre-
fattening (10.8%) was almost four times lower that that 
for BW (35.6%). The clams gained more than 400% in 
body weight during the two months inside the racks 
(Table 1). 

  

 
Figure 2. Monthly values of: temperature (°C) and dissolved oxygen (mg/L); salinity (psu) and pH; and chlorophyll a (mg/m3), 
particulate organic matter (mg/L), and total suspended solids (mg/L) of water in the intertidal plot of cultivation in El Colorado Bay, 
Sinaloa, Mexico. 

 
 
 
Table 1. Descriptive statistical parameters of Chionista fluctifraga cultivated within racks (60-day pre-fattening) in the intertidal 
zone of El Colorado Bay, Sinaloa, Mexico 

 May June 

SH* (mm)   
Mean 7.2 10.57 
Standard deviation 0.8 1.2 
Minimum 5.4 8.2 
Maximum 8.9 13.1 
CV 10.5 11.1 
BW (g)   
Mean 0.1 0.5 
Standard deviation 0.0 0.2 
Minimum 0.0 0.2 
Maximum 0.2 0.9 
CV 39.4 31.7 

*SH = shell height; BW = body weight; CV = Coefficient of variation. 
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The scatter plot between SH and BW in the pre-
fattening showed curvilinear relationship (Figure 3). The 
value of b (3.8206) indicated positive allometry for the 
SH-BW interaction. 

The small clams obtained a growth rate of 0.036 
and 0.109 mm/d in SH after the first and second months 
of pre-fattening, respectively; meanwhile, BW increased 
at a rate of 0.163 g/d in the second month of pre-
fattening.  

The average values of SH and BW of the black clam 
during fattening increased with time (Figure 4). The 
maximum value for SH and BW (48.36 mm and 50.9 g, 
respectively) was recorded after 15 months of fattening 
(September 2019). 

The monthly value of b for the SH-BW 
morphometric interaction indicated negative allometric 
growth that ranged from 0.69 in July 2018 to 2.77 in 
January 2019 (Table 2). Except for May 2019 (b=1.87, in 
the 11th month of fattening), the slope was greater than 
2.26 as of January 2019. The determination coefficient 
(R2) presented an interval of 0.14 (July 2018) to 0.88 
(October 2018). 

Table 3 depicts the monthly and total growth rate 
of SH and BW of Ch. fluctifraga during the fattening 
phase. Growth decreased in all morphometric 
measurements with time. The clam grew 0.058 mm/d 
for SH after 480 days of fattening in the sand, whereas 
the BW registered a growth rate of 0.058 g/d. A final 
survival rate of 90% was obtained. 

 

Discussion 
 

Drover (1974) and Martínez-Córdova (1988) state 
that the black clam is a bivalve species that tolerates low 
temperature gradients, but improves its performance 
above 20°C. With the exception of February 2019, the 
water temperature in the intertidal zone exceeded this 
gradient, which could favor its cultivation. The 
temperature interval recorded in this study (16-32°C) 
was broader than those reported by Martínez-Córdova 
et al. (2011, 2013) for the maintenance of the black clam 
as a bioremediator and in overwintering in shrimp 
ponds, and by Castillo-Durán et al. (2016) in a suspended 
culture. The rest of the parameters (DO, salinity, and pH) 

 

Figure 3. Morphometric relationships between shell height (SH) and body weight (BW) of the black clam (Ch. fluctifraga) cultivated 

in the intertidal zone of the Bahía El Colorado, Sinaloa, during pre-fattening. 

 

 
Figure 4. Shell height (mm) and body weight (g) of Chionista fluctifraga grown in sand (480 days) in the intertidal zone of El 
Colorado Bay, Sinaloa, Mexico. 
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showed the same trend, which can be explained mainly 
by the geographical site, where El Colorado Bay, Sinaloa, 
is located in the Southeast of the Gulf of California. This 
area is characterized as climatic transition (temperate-
tropical, Galland et al., 2019) which could have caused 
the greater variability in the parameters of the study 
place. 

Gosling (2003) mentions that the growth rate of 
bivalve mollusks is affected by several factors such as 
age and metabolism, among others, being faster in 
juveniles than in adults, which agrees with the 
observations made in the culture of Ch. fluctifraga. The 
SH during pre-fattening registered an increase of 71% in 
relation to the initial size (6.10 mm), presenting the 
same accelerated growth pattern in the first two months 
of fattening. The strongest morphometric interactions 
for each culture stage (BW-SL, R2=0.87 in the pre-

fattening phase, and BW-SH, R2=0.99 in the fattening 
phase) indicated positive allometry, a characteristic 
condition of juvenile organisms (in this case, under 
culture conditions), whose metabolic energy is destined 
to build somatic tissue and shell (Raquinia-Buban et al., 
2019). Once the shell height reached 30 mm, the 
monthly growth was slower until the end of the 
cultivation, as were documented for other bivalve 
species (Gangnery et al., 2003; Cassis et al., 2011). 

The CV of the shell dimensions during pre-fattening 
was not greater than 20%, but, on the other hand, the 
BW variation presented values higher than 30%, which, 
for small clams, could be due to an increase in the size 
of the shell and improvement of their body condition 
(Zuarts, 1991), in addition to the intrinsic variation of the 
seeds (Larson et al., 2014). The morphometric 
relationship between SH and BW showed a positive 

Table 2. Monthly morphometric relationships (n=60) of the black clam Chinosta fluctifraga cultivated in the sand in the intertidal 
zone of El Colorado Bay, Sinaloa, Mexico 

Month Equation R2 

July 2018 BW* = 0.1952SH0.69(0.25) 0.14 
August BW = 0.0014SH2.67(0.71) 0.77 
September BW = 0.2269SH1.19(1.80) 0.21 
October BW = 0.0019SH2.59(0.76) 0.88 
November BW = 0.1992SH1.24(1.53) 0.37 
December BW = 0.1251SH1.39(2.07) 0.36 
January 2019 BW = 0.0011SH2.77(1.90) 0.46 
February BW = 0.0050SH2.35(1.40) 0.73 
March BW = 0.0017SH2.65(1.30) 0.78 
April BW = 0.0014SH2.69(1.44) 0.82 
May BW = 0.0273SH1.87(1.91) 0.62 
June BW = 0.0025SH2.53(1.55) 0.86 
July  BW = 0.0020SH2.61(1.58) 0.68 
August BW = 0.0013SH2.72(1.74) 0.80 
September BW = 0.0073SH2.26(2.41) 0.80 
October BW = 0.0017SH2.66(2.11) 0.79 

*BW = body weight; SH = shell height; R2 = Coefficient of determination. 
 
 
 

Table 3. Growth rate (mm/d, g/d) of Chionista fluctifraga cultivated on sand (480 days) in the intertidal zone of El Colorado Bay, 
Sinaloa, Mexico 

Month SH* BW 

July (2018) 0.11 0.03 
August 0.42 0.27 
September 0.11 0.13 
October -0.04 -0.04 
November 0.10 0.09 
December 0.01 0.04 
January (2019) 0.03 0.06 
February 0.01 0.03 
March 0.06 0.06 
April 0.02 0.05 
May 0.04 0.05 
June 0.01 -0.01 
July 0.04 0.12 
August 0.01 0.02 
September 0.02 0.05 
October -0.01 -0.01 

Total (480 d) 0.06 0.06 
*SH = shell height; BW = body weight. 
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allometric growth (b>3), documenting that the increase 
in BW is proportional to the cube of all the shell 
dimensions (Gaspar et al., 2001).  

According to Martínez-Córdova (1988) and 
Castillo-Durán et al. (2016), Ch. fluctifraga reaches 
commercial size when its shell height presents a range 
of 3.5 to 4.0 mm, demanded by the USA market. This size 
includes reproductively active adult specimens, with 
high nutritional content and better sales possibilities 
(Drover, 1974; Chávez-Villalba et al., 2019). In the 
present study, the black clam achieved this 
measurement (35.19±1.88 mm) after 12 months of 
cultivation (2 months of pre-fattening remaining inside 
racks placed in the sand, and 10 months of fattening 
sown directly in the sand), a period of time that is less 
than that mentioned by Martínez-Córdova (1988) of 
approximately 36 months, and the 18 to 36 months 
reported by Chávez-Villalba et al. (2019), who used wild 
populations to estimate commercial size. Factors such 
as latitude, environmental conditions of each place, and 
the origin of the bivalves (wild or laboratory) contribute 
to explain the differences in the results. 

This first report on the cultivation of the black clam 
in the intertidal zone of Bahía El Colorado, Sinaloa, 
Mexico, establishes important information for future 
cultures, such as: 1) Ch. fluctifraga presented positive 
allometric growth for the SH-BW morphometric 
relationship in both culture phases (pre-fattening and 
fattening), but different growth rates; 2) since the 
environmental conditions in the intertidal zone did not 
allow obtaining the clam’s BW in situ with a balance, the 
BW can be calculated morphometrically by simply 
measuring SH; 3) the equation BW=0.0014SH2.69, 
R2=0.82, expresses the growth of this clam when it 
reaches its commercial size (35.19±1.88 mm SH) at the 
tenth month of fattening. 

 

Conclusion 
 

The SH-BW morphometric relationship was useful 
in optimizing harvest time of the black clam 
C. fluctifraga using morfometry and relative growth, 
when cultivated in the intertidal along the southeastern 
coast of Gulf of California. Finally, the possibility of 
reducing the fattening time from 16 months -
established by the private company at the beginning of 
this study-, to 10 months, when the commercial clam 
size was recorded, suggests that harvesting could be 
carried out in less culture time, implying, inherently, a 
saving in production operating expenses. 
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