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INTRODUCTION
 

Bivalve mollusks are farmed to produce 
healthy food to meet the demands of a growing world 
population. Several species of these organisms are 
targets of extractivism and farming around the world 
(COLOMBO et al., 2016; GUARALDE et al., 2020). 
The farming of these bivalves is the most productive 
form of aquaculture in salt water (IGARASHI, 2019) 

and is practiced in Europe, the Americas, China, 
Japan, India, and countries of Southeast Asia that 
have coastal waters (CEBU, 2016).

Mussels occupy the 6th position among 
the most farmed aquatic organisms in Brazilian 
aquaculture and are restricted to coastal states (IBGE, 
2020). Mussel farming is mainly performed using 
low-cost artisanal structures, especially individual 
ropes, on which the mussels are placed in 0.8 to 1.5 

1Instituto de Ciências Biológicas, Universidade Federal do Pará (UFPA), Belém, PA, Brasil. 
2Departamento de Entomologia, Universidade Federal de Viçosa (UFV), Viçosa, MG, Brasil. 
3Núcleo de Maricultura, Instituto Federal de Educação, Ciência e Tecnologia do Maranhão (IFMA), 65095-460, São Luís, MA, Brasil. E-mail: 
izabelfuno@ifma.edu.br. *Corresponding author.

ABSTRACT: The present study evaluated the growth of the species Mytella guyanensis and Mytella strigata on ropes suspended in Amazon 
Macrotidal Mangrove Coast. The mussels were farmed at a density of 840 ind. m-1 of rope, with the same shell height (mm) and live weight 
(g) for both species. The experiment was entirely randomized, with two treatments and 15 repetitions. Significant differences were reported 
regarding the growth (shell height and live weight) between the species (P>0.05). The daily growth rate was greater for M. guyanensis than 
for M. strigata. At the end of the cultivation cycle, only 451 ± 46 (59.9%) of M. guyanensis individuals reached commercial size per meter of 
rope compared to 670 ± 73 (89.3%) of M. strigata individuals. Survival rates were similar. Salinity and temperature increased progressively 
throughout the experiment with the reduction in rainfall and were within the range considered ideal for these species. In conclusion, the farming 
of both species of mussels was viable under estuarine conditions influenced by macrotides, with satisfactory survival rates and daily growth 
(shell height and weight). 
Key words: estuary, macrotides, Mytella guyanensis, Mytella strigata, mussel farming.

RESUMO: O presente trabalho avaliou o crescimento das espécies Mytella guyanensis e Mytella strigata em cordas suspensas na Costa de 
Manguezais de Macromarés da Amazônia. Os mexilhões foram cultivados na densidade de 840 ind. m-1 de corda, com a mesma altura de 
valva (mm) e peso vivo (g) para ambas as espécies. O experimento ocorreu inteiramente casualizado, com dois tratamentos e 15 repetições. 
Foram encontradas diferenças significativas quanto ao crescimento (altura da concha e peso vivo) entre as espécies (P>0,05). A taxa de 
crescimento diário foi maior para a M. guyanensis do que para M. strigata. Ao final do ciclo de cultivo, apenas 451 ± 46 (59,9%) indivíduos 
de M. guyanensis atingiram o tamanho comercial por metro de corda comparado a 670 ± 73 (89,3%) indivíduos de M. strigata. As taxas de 
sobrevivência foram semelhantes. A salinidade e a temperatura aumentaram progressivamente ao longo do experimento com a redução das 
chuvas e ficaram dentro da faixa considerada ideal para essas espécies. Em conclusão, o cultivo de ambas as espécies de mexilhões foi viável 
em condições estuarinas influenciadas pelas macromarés, com taxas de sobrevivência e crescimento diário satisfatórios (altura de valva e peso). 
Palavras-chave: estuário, macromarés, Mytella guyanensis, Mytella strigata, cultivo de mexilhões.
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m-long tubular nets suspended on simple longlines. 
Production is destined mainly for local consumers 
and the subsistence of the families involved in the 
activity (SUPLICY, 2017; SILVESTRI et al., 2018).

Brazilian mussel production is represented 
mainly by the farming of the species Perna perna 
(PIERRI et al., 2016). However, other native mytilids 
are reported in the country, such as Mytilus edulis 
platensis, M. guyanensis, and M. strigata (PEREIRA 
et al., 2003). Although, traded by traditional shellfish 
gatherers, these species remain unviable from a 
productive standpoint owing to the lack of studies 
that support the production process in many regions 
of the country. However, some efforts have been 
developed toward understanding the biology and 
physiology of species such as M. guyanensis and M. 
strigata (ONODERA & HENRIQUES, 2017).

Specifically, regarding M. guyanensis, the 
main studies are related to the reproductive biology 
of the species (CHRISTO et al., 2016), population 
dynamics and habitat characterization (NISHIDA & 
LEONEL, 1995), production estimates (PEREIRA 
et al., 2003), the analysis of parasites of the species 
(CEUTA & BOEHS, 2012), and growth under 
farming conditions (COSTA & NALESSO, 2002). 
Less information is available on M. strigata; the few 

studies conducted have addressed the relationship and 
adaptation to the environment (NARCHI & GALVÃO-
BUENO, 1983), growth rates (DIARTE-PLATA et al., 
2013), catch management (ARAÚJO et al., 2009), and 
genetic variability (SOUZA et al., 2015).

Thus, there is a need for studies that 
evaluate the productive variables of these native 
species of mussels, especially along the Amazon 
Macrotidal Mangrove Coast (AMMC), which is a region 
characterized by the presence of fishing communities 
that use these organisms for the purposes of local 
consumption, craftwork, and mass sales as food.

This study evaluated the growth of the 
mussels M. guyanensis and M. strigata on suspended 
ropes under estuarine environmental conditions 
influenced by macrotides.

MATERIALS   AND   METHODS
 

This study was conducted in the 
municipality of São José de Ribamar located on 
Maranhão Island (2°29’51.21”S e 44°03’14.61”W) 
in northeast Brazil (Figure 1). The region is part of 
the Amazon Macrotidal Mangrove Coast (AMMC), 
characterized by semidiurnal tides that reach 7.5 
meters (SOUZA FILHO, 2005).

Figure 1 - Geographic location of the study area: the municipality of São José de 
Ribamar, Maranhão, Brazil.
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The climate is tropical and wet, with the 
influence of the equatorial air mass. Temperatures are 
high (26 - 29 ºC) throughout the year and the high 
precipitation results in two well-defined seasonal 
periods strongly marked by rains (ALVARES et al., 
2013; NASCIMENTO et al., 2017). Data from the 
Instituto Nacional de Meteorologia (INMET [National 
Meteorological Institute]) reveal a total precipitation 
of 3046.3 mm for 2019, with an annual average of 
2114.3 mm in the previous 30 years (1989 to 2019). 
The precipitation data show a typical seasonal cycle 
during the study period. The highest precipitation in 
the rainy season (January to June) occurred in March 
(818.2 mm). The dry season was from August to 
December, with an accumulated precipitation of less 
than 30 mm from August to October (Figure 2).

The experiment was conducted for six 
months in the period of least rainfall in the region 
(dry season – July to December), as shown in 
figure 2. Seeds of the mussel M. strigata were 
obtained through artificial collectors (polyethylene 
terephthalate bottles) at the study site. The seeds of 
M. guyanensis do not attach to artificial substrates 
and were; therefore extracted directly from natural 
banks in the region. The seeds of M. strigata and M. 
guyanensis used in the experiment had shell heights 
of 20.1 ± 0.9 and 20.4 ± 0.7 mm, respectively. 

The experimental design was entirely 
randomized with two treatments (ropes with M. 
strigata and M. guyanensis) and 15 repetitions, 
totaling 30 experimental units composed of ropes 
measuring one meter in length with a density of 840 
ind. m-1 of rope (1200 g.m-1). The individuals were 

encased in a set of two tubular 60-mm nets forming 
two socks (one within the other). The inner sock 
was made of cotton and the outer sock was made of 
polyamide. In the center, a 5-mm nylon line was used 
to ensure the suspension of the ropes until the end of 
cultivation. The ropes were attached to a floating raft in 
the estuarine region of the city of São José de Ribamar 
(02°28’51.21”S and 44°03’14.61”W) (Figure 1).

Sampling was performed at 45-day 
intervals. At each sampling, three ropes from each 
treatment were removed from the water. Subsamples 
of 50 individuals from each rope were measured for 
shell height (mm) with the aid of calipers (precision: 
0.1 mm) and weighed using a digital scale; the total 
weight (g) was recorded to three decimal places. After 
180 days, shell height was measured and the number 
of live mussels per rope was counted to determine 
the distribution frequency of M. guyanensis and M. 
strigata per size class (shell height) and survival at 
the end of the cultivation cycle. The standardization 
of the biometrics of the shells during the experiment 
was based on the method proposed by GALTSOFF 
(1964). The environmental variables of temperature 
(°C) and salinity of the water (g.kg-1) at the cultivation 
site were measured using the YSI Multiprobe 556 
MPS every 45 days. 

Throughout the experiment, a qualitative 
analysis of fouling organisms and vagile fauna on 
the mussel ropes was performed every 45 days. 
The material collected in the field was fixed in 4% 
formalin for 24 hours and taken to the laboratory for 
freezing to preserve the organisms and maintain their 
natural characteristics. 

Figure 2 - Average monthly precipitation based on the previous 30 years (1989 
to 2019); monthly precipitation recorded in 2019 in the estuary of 
Santo Antônio River, Maranhão, Brazil. Gray dashed line – upper 
and lower bounds of 95% confidence interval. 
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The Student’s t-test (P < 0.05) was used to 
analyze the data, as this test enables the assessment of 
growth between two sets of data (two species, in the 
present case) as well as the comparison of survival rates. 

RESULTS

Growth
At the end of the 180-day experimental 

period, the species M. guyanensis and M. strigata 
reached a mean shell height of 50.1 ± 0.9 and 40.9 ± 
0.9 mm and mean live weight of 7.4 ± 0.3 and 4.0 ± 
0.2 g, respectively. The mean daily growth rate of 
M. guyanensis and M. strigata was 0.17 and 0.12 
mm for shell height and 0.04 and 0.02 g for live weight 
gain, respectively.

Regarding the performance of the 
biometric variables (shell height and live weight) 
throughout the experimental period, no significant 
differences in growth were found between the two 
species in the first 45 days of cultivation (P > 0.05) 
(Figure 3). However, growth in terms of both shell 
height and weight gain was significantly higher for 
M. guyanensis than for M. strigata beginning at 90 
days through to the end of cultivation (P < 0.05). 
Regarding the mean total weight of the mussels, a 
significant weight gain was recorded for M. strigata 
beginning at 135 days of cultivation (P < 0.05).

At the end of the experiment, the ropes with 
M. guyanensis had a significantly higher mean total 
weight (6.3 ± 0.42 kg.m-1) than those with M. strigata 
(4.9 ± 0.96 kg.m-1). A total of 451 ± 46 (59.9%) and 
670 ± 73 (89.3%) individuals of M. guyanensis and 

M. strigata, respectively, reached commercial size 
(≥ 40 and ≥ 30 mm) per meter of rope (Figure 4). 
Further, 302 ± 23 (40.1%) M. guyanensis and 80 ± 10 
(10.7%) M. strigata individuals did not achieve the 
commercial size per meter of rope.

No significant difference was reported in 
the survival rate of M. guyanensis (86.7 ± 5.6%) and 
M. strigata (85.3 ± 13.0%) at the end of the cultivation 
cycle (P > 0.05).

Environmental variables
As the study was conducted in the dry 

season (July to December), the rainfall was 328.3 
mm at the beginning, and 2.1 mm at the end of the 
experiment. The behavior of the precipitation data 
in relation to the historical series for the site is 
displayed in figure 2, confirming the local pattern and 
variation throughout the experimental period (Figure 5). 
Salinity ranged from 29.0 ± 1.9 to 34.0 ± 1.4 g.kg-1 and 
temperature ranged from 28.5 ºC ± 0.7 to 31.0 ºC ± 2.1; 
both variables increased progressively throughout the 
experiment but with no abrupt variations (Figure 5). 
Turbidity ranged from 37 to 87 NTU and was higher 
in the rainy period and lower in the dry period. 

Fouling organisms and vagile fauna 
The qualitative analysis of fouling 

organisms and vagile fauna during the experimental 
period revealed a high agglomeration of barnacles 
of the species Amphibalanus amphitrite and 
Amphibalanus improvisus, especially in November 
and December. To a lesser extent, the oyster 
Crassostrea rhizophorae, sponges Mycale sp., 

Figure 3 - Productive variables. (A) Mean shell height (mm) and (B) mean total weight (g) of M. strigata and M. 
guyanensis farmed in the macrotidal estuary of the Amazon. Different letters indicate a significant difference 
between treatments (P<0.05, Student’s t-test).
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the gastropod Stramonita haemastoma, and other 
individuals of M. guyanensis and M. strigata were 
found externally on the cultivation rope.

DISCUSSION

Mytella guyanensis has allometric growth 
or an adjustable differential at Y = aLb (SIBAJA & 
VILLALOBOS, 1986) and a larger shell compared to 
M. strigata, with adults reaching a height of 63 to 86 
mm (REIS JÚNIOR et al., 2016); sexual maturation 
occurs at around 18 mm (CRUZ & VILLALOBOS, 
1993). In contrast, M. strigata has negative allometric 
growth, with a maximum value height of 44 to 
55 mm and sexual maturation at around 10 mm 
(PEREIRA et al., 2003; REIS JÚNIOR et al., 2016) 
Thus, the performance of the cultivated specimens 
was satisfactory, reaching valve heights of 50.1±0.9 
and 40.9±0.9 mm and a live weight of 7.4±0.3 
and 4.0±0.2 g, for M. guyanensis and M. strigata, 
respectively. Regarding the significantly higher 
growth of M. guyanensis compared to M. strigata, we 
point out the biology of the species itself, because; 
although, they coexist in the same environment and 
have very similar morphologies, they differ in terms 
of physiology and behavior (NARCHI & GALVÃO-
BUENO, 1983; SIBAJA & VILLALOBOS, 1986; 
COSTA & NALESSO, 2002; CHRISTO et al., 2016).

The daily growth rate of M. guyanensis 
was lower than that reported in some studies (SIBAJA, 
1988; JUÁREZ & PERALTA, 2020) but not the lowest 
ever recorded; SIBAJA & VILLALOBOS (1986) and 
MORA & ALPIZAR (1998) reported lower growth 
rates. The daily growth rate of M. strigata was also lower 

than that reported in some experiments (PEREIRA & 
GRAÇA LOPES, 1995) but higher than that reported 
by COSTA & NALESSO (2002). 

However, the results were similar to 
those obtained in experiments conducted in the same 
region (Macrotidal Mangrove Coast of the Amazon) 
(MONTELES et al., 2019). The environmental conditions 
of the region may explain why the daily growth rate 
was lower than that reported in some studies. The 
Macrotidal Mangrove Coast of the Amazon has peculiar 
meteorological and oceanographic conditions, such as a 
high annual temperature, little annual thermal variation, 
and the considerable contribution of particulate matter 
from the numerous mangroves in the region. 

Hence, particulate matter is a limiting 
factor to the cultivation of mussels such as M. 
guyanensis and M. strigata by directly affecting 
primary production, diminishing food availability, and 
affecting the metabolism of the species, leading to 
greater energy expenditure (MORENO et al., 2010). 
MORENO et al. (2010) reported that locations at which 
turbidity (measured using a Secchi disc) is lower than 3 
m offer low quality for marine farming. However, DÍAZ 
et al. (2019) did not find this generalization to hold for 
the mussels cultivated in Chile (Mytilus chilensis 
and Mytilus galloprovincialis), demonstrating 
that each species had its peculiarities in terms of 
environmental variables. Thus, there is no setback 
to the development of M. guyanensis and M. strigata 
in the region, given that these species are native and, 
therefore, adapted to the high circulation of particulate 
matter in the water column.

The mean daily growth rate for M. 
strigata was higher than that reported by COSTA 

Figure 4 - Productive variables. (A) Mean shell height (mm) and (B) mean distribution frequency per size class (shell 
height) of M. strigata and M. guyanensis farmed in the macrotidal estuary of the Amazon.
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& NALESSO (2002) but lower than that reported 
by PEREIRA & GRAÇA LOPES (1995). These 
variations in growth rate are directly related to 
environmental variations in the different regions, as 
demonstrated by the similar results reported in other 
studies conducted on the Macrotidal Mangrove Coast 
of the Amazon (MONTELES et al., 2019). However, 
this variation does not seem to be a setback, as both 
species reached the commercial size (40 mm and 30 
mm) (PEREIRA et al., 2003; PEREIRA et al., 2018;) 
within 90 days of farming. Regarding the mean daily 
weight gain of 0.04 and 0.02 g (live weight) for M. 
guyanensis and M. strigata, respectively, the results 
are similar to those reported in previous studies 
(MORA & ALPIZAR, 1998; COSTA & NALESSO, 
2002; MONTELES et al., 2019; UREÑA-JUÁREZ & 
PERALTA, 2020). Although, the productive variables 
for M. guyanensis in the region of the Macrotidal 
Mangrove Coast of the Amazon have not been well 
defined, MONTELES et al. (2019) obtained success 
in the farming of M. strigata in a 240-day cycle, 
considering 60 days of seed recruitment and 180 days 
of grow-out on suspended ropes. The shell height and 
weight gain results for both species in the present 
study indicated the productive viability of the species 
in a sock farming system. 

With regard to the productive performance 
of M. guyanensis and M. strigata, the two species 
began to differ significantly in terms of shell growth 
and weight beginning at 90 days, revealing greater 

growth of M. guyanensis. However, REIS JÚNIOR 
et al. (2016) reported that; although, M. guyanensis 
achieved greater shell height and weight than M. 
strigata, the mean yield of meat in natura was lower 
(33.2% vs. 50.3%, respectively). Therefore, the mean 
yield of meat is a point that favors M. strigata over 
M. guyanensis. 

At 180 days of cultivation on ropes, M. 
guyanensis and M. strigata had achieved commercial 
size (≥ 40 and ≥ 30 mm, respectively). However, M. 
strigata had a higher percentage of individuals (89%) 
ready for market (670 ± 73 ind.) and a lower percentage 
of individuals not attaining the commercial size (80 ± 10 
ind.; 10.7%) compared to M. guyanensis com [59.9% 
(451 ± 46 ind.) and 40.1% (302 ± 23 ind.), respectively]. 

In Costa Rica, UREÑA-JUÁREZ & 
PERALTA (2020) reported that M. guyanensis 
reached commercial size (≥ 40 mm) after 120 days 
of farming on floating boxes. DIARTE-PLATA et al. 
(2013) obtained a growth of 46.99 ± 0.26 mm for M. 
strigata after 238 days of suspended cultivation using 
“oyster boxes” under the environmental conditions 
of Sinaloa, Mexico. The disadvantage in cultivation 
time for M. guyanensis and the advantage of M. 
strigata in the cited studies may be directly related to 
environmental conditions and the farming structures 
used, and do not imply the unviability of production, 
rather only indicate the adjustment to local conditions. 

In the present study, the number of 
individuals of M. guyanensis that did not achieve 

Figure 5 - Environmental variables measud during the experimental farming of 
M. guyanensis and M. strigata in the macrotidal estuary of the Amazon.
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commercial size was higher than that of M. strigata, 
suggesting the possibility of a cultivation time longer 
than 180 days for the species on the Macrotidal 
Mangrove Coast of the Amazon. However, the 
cultivation time would be less than that required 
by Perna perna, which belongs to the same family 
(Mytilidae) and has a larger commercial size (80 mm) 
that takes about 12 months to reach (recruitment to 
harvest) in the same farming system of suspended 
ropes (SUPLICY, 2018). For the individuals of M. 
guyanensis and M. strigata that did not reach the 
commercial size and belonged to very small size 
classes, the management and use of a new farming 
cycle is a possibility, as it occurs with P. perna 
(SUPLICY, 2018).

The mean survival rates for M. guyanensis 
and M. strigata (86.7 ± 5.6% and 85.3 ± 13.0%, 
respectively) after six months of farming were close 
to those reported by other authors. UREÑA-JUÁREZ 
& PERALTA (2020) reported a survival rate of 87 
± 4.5% of M. guyanensis individuals and DIARTE-
PLATA et al. (2013) reported a rate of 81.25% for M. 
strigata. Therefore, the results of the present study 
demonstrated that both species are adapted to the 
farming conditions in the peculiar environment of the 
Macrotidal Mangrove Coast of the Amazon.

The occurrence of vagile and fouling 
fauna on the cultivation structures was not a negative 
factor for the farming of the two species, as only a 
few organisms were associated. The region of the 
experiment demonstrated low fitness for the natural 
uptake of mussel seeds, which contributed to the 
low fixation of these seeds on the ropes during the 
cultivation period without altering the initial density 
or compromising the growth of the individuals. 
However, the environmental conditions, especially 
the high salinity, contributed to the occurrence of 
interspecific competition, which requires care and 
management throughout the production process. For 
instance, oysters and barnacles compete for space and 
food, and this can lead to the loss of production by 
alerting the visual aspect of the shells and affecting 
the growth of the individuals (ALVARENGA 
& NALESSO, 2006). Moreover, the gastropod 
Stramonita haemastoma is a known predator of 
bivalves, and studies have linked its presence in 
farming activities to the death of oysters and mussels 
(PEZY et al., 2019). To a lesser extent, the alga 
Acanthophora spicifera and bryozoan Bowerbankia 
sp. also compete for space.

The satisfactory growth of the two species 
in the region may be associated with the local 
environmental conditions. Located near the equator, 

the Macrotidal Mangrove Coast of the Amazon has 
high temperatures and salinity, which benefit the 
development of the two species. According to the 
literature, both M. guyanensis and M. strigata are 
euryhaline species (PEREIRA-BARROS, 1987; 
LEONEL & SILVA, 1988; RICE et al., 2016;). For 
instance, M. guyanensis can tolerate a salinity ranging 
from 5 to 35 g.Kg-1 (LEONEL & SILVA, 1988) and 
M. strigata can tolerate salinity ranging from 2 to 
40 g.Kg-1 (YUAN et al., 2010), demonstrating the 
viability of farming. As native species to the region, 
both are adapted to high temperatures and salinity. 
Temperature, which plays an important role in the 
growth, feeding rate, survival, and reproduction of 
aquatic organisms, was within the tolerable range 
for the two species, as reported by ONODERA & 
HENRIQUES (2017). Thus, the local temperature 
and salinity are favorable to the development of 
mussel farming in the region.

Studies that assess the farming of 
mussels in these areas can contribute data to assist 
in sustainable production and the reduction of 
anthropogenic pressure on the natural banks of these 
mussels, enabling the continuity of the stock and 
ensuring food for future generations. Although, all 
the parameters tested were favorable for cultivation, 
they were restricted to the assayed density of 840 ind. 
m-1 of rope; therefore, further research is warranted 
to investigate the effect that different stocking 
densities have on the productive parameters (growth 
and survival) of these species.

CONCLUSION

The mussels Mytella guyanensis and 
Mytella strigata can be farmed on suspended ropes 
under estuarine conditions influenced by macrotides, 
demonstrating satisfactory daily growth rates (shell 
height and weight). Although, the survival rates at the 
end of the experiment were similar, commercial size 
was attained faster in M. strigata cultivation ropes, 
indicating the need for a cultivation time greater 
than 180 days for M. guyanensis. The environmental 
conditions of the Macrotidal Mangrove Coast of the 
Amazon did not constitute a problem for the natural 
development of the mussels studied herein, as both 
species reached their commercial size, indicating the 
farming viability of the two species in the dry season.
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