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Summary: The reproductive cycle and gonadal development of Donax striatus from a sandy beach in Ajuruteua, Amazon
region, were studied. Monthly sampling took place from March 2015 to April 2016. Histological analysis was performed on
420 individuals, and the oocyte diameters were determined from histological sections and used to determine the reproductive
period. The population showed a balanced sex ratio (1:1) with a size at first maturity of 10.9 mm in males and 8.9 mm in
females. The population showed r-strategist characteristics and continuous spawning, and the reproductive cycle showed no
seasonal variation or significant relation with any environmental parameter. The organic matter was significantly higher in
the rainy season. According to the generalized linear model analysis (GLM), only the condition index (CI) had a significant
relationship with the organic matter of the sediment. The type of reproductive strategy adopted by D. striatus corroborates
the global breeding hypotheses for species of tropical environments. For conservation, it should be recommended to harvest
this species at a shell length above 13 mm.
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Ciclo reproductivo y desarrollo gonadal del Donax striatus (Bivalvia: Donacidae) en una playa de arena del Amazonas
em el norte de Brasil

Resumen: Un estudio del ciclo reproductivo y desarrollo gonadal de Donax striatus fue realizado en una playa arenosa loca-
lizada en Ajuretueua, regién amazoénica brasileira. Entre marzo de 2015 y abril de 2016 se realizaron muestreos mensuales. El
andlisis histoldgico fue realizado en 420 individuos, determinando los didmetros de los ovocitos en secciones histoldgicas y
usandolos para determinar el periodo reproductivo. La poblacién presentd una proporcion sexual equilibrada (1:1) encontran-
do la primera maduracion sexual en machos con 10.9 mm y en hembras con 8.9 mm. La poblacion presentd caracteristicas de
estrategias r; desove constante y un ciclo reproductivo sin variaciones en los periodos climdticos, no encontrando relaciones
significativas con los pardmetros ambientales. La materia orgdnica fue significativamente alta en la estacién lluviosa. De
acuerdo con el analisis MLG unicamente el Indice de Condicion (IC) tuvo una relacion significativa con la materia organica
del sedimento. El tipo de estrategia reproductiva adoptada por D. striatus corrobora la hipétesis global de reproduccién para
especies de ambientes tropicales. Para la conservacion de la especie debe recomendarse la recoleccién de individuos de talla
superior a 13 mm.
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Citation/Como citar este articulo: Gadelha E., Silva E., Silva R., Rafael S., Pamplona F., Palheta G., Melo N. 2019. Re-
productive cycle and gonadal development of Donax striatus (Bivalvia: Donacidae) on an Amazon sandy beach in northern
Brazil. Sci. Mar. 83(1): 31-39. https://doi.org/10.3989/scimar.04823.15A

Editor: M. Gaspar.

Received: June 22, 2018. Accepted: January 7, 2019. Published: February 27, 2019.

Copyright: © 2019 CSIC. This is an open-access article distributed under the terms of the Creative Commons Attribution
4.0 International (CC BY 4.0) License.



32 « E. Gadelha et al.

INTRODUCTION

Since 1950, invertebrate fisheries have rapidly ex-
panded on multiple scales, and today operate around
the world (Anderson et al. 2011), increasing the need
for research into bivalve reproduction to establish man-
agement plans for effective conservation programmes
(Quayle 1943, Galvio et al. 2006). Regarding bivalve
aquaculture, research on the reproductive cycle reveals
the periods when seed can be collected (Nascimento
and Lunetta 1978, Galvao et al. 2006).

According to Mackie (1984), reproductive cycles are
affected by the interaction of genetic and environmental
factors, resulting in reproductive activity, and can be clas-
sified as (1) k-strategist, with short, limited reproductive
periods, and (2) r-strategist, with reproductive activity
that occurs during most of the year (Fretter 1984).

Reproductive patterns of bivalves vary according to
their geographic location (climatic region), which can
be attributed to the environmental variations of each
region associated with extreme climatic events, which
prompt species with diversified strategies to optimize
their reproduction, for example, through the rapid pro-
liferation of mature gametes and continuous spawning
limited to certain periods (Cardenas and Aranda 2000).

Giese (1959) and Defeo and Cardoso (2002) sug-
gested that marine invertebrates have a limited repro-
ductive period in the polar regions and a longer period
in tropical regions. For example, in the tropics, where
planktonic food is continuously available along the
coastal margins, the reproductive period is not limited
by food availability.

Among bivalve species, those in the genus Donax
belong to a globally dominant group in invertebrate
communities on sandy beaches. A total of 88 donacid
species have been described to date, around 75% of
them found in tropical waters, and 22% in temperate
waters (McLachlan and Brown 2006, WORMS 2018).

However, although this genus is among the most
abundant on sandy beaches, few studies have been
made of their reproductive biology in tropical regions,
as highlighted by Gil and Thomé (2004a, b), Riascos
and Urban (2002), and Riascos (2006). Therefore, the
present study aimed to describe the reproductive cycle
and gametogenesis, and to estimate the size at sexual
maturity of D. striatus from sandy beaches of Ajuru-
teua, northeast Pard in the Brazilian Amazon.

MATERIALS AND METHODS
Study area and sampling

Donax striatus were collected on Ajuruteua Beach,
northeast Pard (00°49°57”S; 46°36°01"W) (Fig. 1),
with a rainy season between December and May, a dry
season between June and November, and a regime of
semidiurnal macrotides (4-6 m). The beach showed
dissipative characteristics, with 200 to 300 m low tides,
sediment with a fine grain size, and strong energy waves
(Martorano et al. 1993, Alves and El-Robrini 2006).

Sampling was performed monthly during the syz-
ygy low tide from March 2015 to April 2016, and 30
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Fig. 1. — Map of the study area, Ajuruteua sandy beach, Braganca,
Para, Brazil.

individuals were randomly collected along the beach.
Subsequently, each individual was measured for shell
length (SL) with a caliper and weighed for total weight
and soft parts wet weight using a digital balance to
0.01 g. To convert the soft parts dry weight to ash-free
dry mass (AFDM), the specimens were dried for 12 h
at 90°C then subjected to ignition in a muffle oven at
550°C for 24 h (Brey 1986).

Environmental variables

Simultaneously, during the sampling surveys the
environmental variables at the beach were measured,
including sea surface temperature (SST), with a digital
thermometer with a precision of 0.1°C, and salinity, with
a portable refractometer with a scale of 1/100. The Na-
tional Meteorology Institute provided precipitation data.
The sediment organic matter was analysed through the
ignition methodology proposed by Dean (1974). Seawa-
ter was collected at the beach using a polyethylene bottle
and refrigerated for further analysis of chlorophyll a fol-
lowing the methodology of CETESB (2014).

Histological analysis and condition index

For the histological analysis, the visceral mass was
removed from the shell and immersed in a salty Da-
vidson solution for 24 h. Subsequently the gills, labial
palps, and mantle border were also removed and the
gonads were transferred to 70% alcohol. In the labo-
ratory, the modified histological method of Junqueira
and Junqueira (1983) was used. Transverse 5 um sec-
tions were sliced using a manual microtome. Gonad
sections of D. striatus were examined using a binocular
microscope; five stages of gonadal development were
observed, and were identified and characterized based
on the morphological and cytological criteria described
by Narchi (1976) for Anomalocardia fluxuosa and
Herrmann et al. (2009) for D. hanleyanus. Photomi-
crographs of histological sections were captured using
Motic Image Plus 2.0, to determine the oocyte number
and average oocyte diameter following the methodol-
ogy described by Herrmann et al. (2009), using Image
Tool 3.0 software.
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According to Boehs et al. (2008), the condition
index (CI) could provide information related to the
processes of glycogen conversion in gametes, sexual
maturation and gamete release, using the following
formula:

CI=(SPWW/TWW) x 100

where CI is the condition index, SPWW is the soft
parts wet weight and TWW is the total wet weight.

Size at first maturity

The size at which 50% of the individuals in the
population are sexually mature (adults) was estimated
from the Galton ogive, and from the proportion of ma-
ture males and females (stage II, maturation; stage III,
Ripe; stage IV, spawning; and stage V, cytolysis) in
different size classes, using the logistic equation ac-
cording to McCullagh and Nelder (1989):

a
1-e[-(x%,)/b]
where SLs is the proportion of females and males with
mature gonads in each size class (SL) and a, b and x,
are parameters.

The size at first maturity was estimated by plot-
ting the frequency of maturation (Y) against the size
class (X), generating a sigmoid, where an abscissa was
traced at the point corresponding to 50% until it in-
tersects the curve. This meeting point corresponds in
the x-axis to the size at first maturity. The above equa-
tion was adjusted by non-linear least squares using the
quantum Newton algorithm of the SigmaPlot software
package, version 11 (2008).

SLS() =

Statistical analyses

The assumptions of normality and homoscedas-
ticity of the environmental and biological data were
tested by Kolmogorov-Smirnov and Levene tests, re-
spectively. All results were considered statistically sig-
nificant at 0<0.05. From the analysed variables, only
oocyte abundance, ripe and spawning stages met these
assumptions, so the t-test was carried out to verify dif-
ferences between the dry and wet seasons.

The nonparametric Mann-Whitney (U) test was ap-
plied when the assumptions of parametric tests were
not met with either raw or transformed data. Therefore,
this test was employed on AFDM, CI, oocyte diameter
and environmental variables also to compare mean val-
ues between seasons.

The generalized linear model (GLM) was used to
examine the relationships between CI, biomass, oocyte
abundance, ripe and spawning stages and the explana-
tory variables (SST, salinity, precipitation, chlorophyll
a and sediment organic matter). The GLM was con-
structed using a Gaussian model identity link function.
The Akaike information criterion (AIC) (Akaike 1973)
was used to compare the models, with lower values
indicating a more parsimonious model than a model fit
with a higher AIC.
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The population sex ratio was compared between
seasons using the chi-square test (¥?). The t, Mann-
Whitney and chi-square tests were performed with the
PAST software, version 3.02 (Hammer et al. 2001),
while the GLM was carried out using the open R soft-
ware, version 3.4.3 (R Core Team 2017).

RESULTS
Environmental variables

During the study period, when there was no rainfall
(September to December 2015), the SST at the beach
reached a maximum of 36°C (October 2015), the salin-
ity was 36 (September 2015), and chlorophyll a reached
3.7 mg m~3 (December 2015); however, the organic
matter peaked during the rainy season in January 2016
at 2.6% (Fig. 2). The organic matter was significantly
higher in the rainy season (U=0.0023; p<0.05), and
SST, chlorophyll a and salinity were not significantly
different between seasons (U=0.4954, U=0.3518 and
U=0.1293, respectively; p>0.05).

Sexual ratio
During the study period, 420 individuals were ana-

lysed, of which 207 were females (52%) and 193 (48%)
were males, with their size range varying from 2.8 mm to
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Fig. 2. — Variation in environmental variables at the tropical beach.
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Fig. 3. — Photomicrographs of the gonadal development stages in Donax striatus. A, immature female; B, female in maturation; C, ripe

female; D, spawning female; E, female in cytolysis; F, immature male; G, male in maturation; H, ripe male; I, spawning male; J, male in

cytolysis; SC, stem cell; PV, pre-vitellogenic oocytes; M, mature oocyte; V, vitellogenic oocyte; F, ovarian follicle; T, interfollicular tissue;

Sm, spermatozoa; Sp, spermatocyte; Sd, spermatid; T, interfollicular tissue; * indicates empty spaces with the release of mature gametes and
the arrows indicate the follicular wall.
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39.1 mm SL. There was no significant difference in the
sex ratio of the samples (p>0.05), which showed a bal-
anced proportion of 1 M: 1 F (}?=0.49; p>0.05). Monthly
there were no differences in the sex ratio, except in April
2016, when females (67%) were significantly more
abundant than males (33%) (x*=3.33; p<0.05).

Gonadal development stages

Based on the microscopic images of the gonadal tis-
sues, five stages of gonadal development of males and
females of D. striatus were assigned and described: I,
immature; I, maturation; III, ripe; IV, spawning; and
V, cytolysis.

In females, the immature stage was characterized
by ovarian follicle formations, with clusters of mother
cells adhering to the follicular wall, and a low frequen-
cy of basophil oocytes (Fig. 3A). The maturation stage
showed different phases of germinative cells, with the
predominance of basophils and pre-vitellogenic and
vitellogenic oocytes, while mature cells had lower
frequency; however, the ovarian follicles were well
delimited, with thin walls (Fig. 3B). The ripe stage was
characterized by different phases of germinative cells,
but there was a high frequency of mature oocytes and
the follicles had relatively large diameters, with the
follicle wall distended, and a considerable quantity of
oocytes within the follicles (Fig. 3C).

In the spawning stage the follicular wall had inter-
follicular tissue, and fewer cells in pre-vitellogenic,
vitellogenic and mature stages were observed, leaving
spaces within the ovarian follicles (Fig. 3D). The cytol-
ysis stage was characterized by a thick follicular wall,
and the ovarian follicles were empty or with residuals
cells, showing a proliferation of new cells (Fig. 3E).

In males, the immature stage was characterized by
the presence of only mother cells and the beginning
of testicular tube formation, and gametes in the sper-
matogonia and spermatocyte stages (Fig. 3F). In the
maturation stage, the testicular tubes were already fully
formed, with the presence of germ cells in spermato-
gonia, spermatid and spermatocyte phases. The num-
ber of spermatozoa, when present, were reduced and
dispersed in the testicular lumen (Fig. 3G). In the ripe
stage, there were increased gametogenic processes, in-
cluding all phases of germ cells, with a predominance
of spermatozoa in the centre of the testicular tubes. The
testicular tubes had a relatively large diameter with
limited internal space (Fig. 3H).

In the spawning stage, the spermatozoa were ex-
pelled, leaving empty spaces in the testicular tubes. The
tube diameter was reduced and no follicular wall was
observed (Fig. 3I). In the cytolysis stage, most sper-
matozoa had been expelled from the testicular tubes;
interfollicular tissue with stem cells or spermatogonia
was observed, and the walls of tubules were consider-
ably reduced (Fig. 3J).

Seasonal variation of condition index and biomass

The monthly mean CI ranged from 6.9% to 15.5%
(11.1+4.7) and AFDM ranging from 0.005 to 0.009 g
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Fig. 4. — A, monthly variation of the mean number of oocytes; B,
mean condition index (%); and C, mean ash-free dry mass (g) of
Donax striatus during the study period.

(0.0065+0.0031) (Fig. 4B, C). According to the GLM,
the CI only had a significant relationship with the sedi-
ment organic matter (t value=2.935, p=0.0188) (Table
1). However, the AFDM showed a slight increase in the
dry season, being significantly higher than in the rainy
season (U=0.056, p<0.05), which may have occurred
due to a higher frequency of mature individuals. The
CI showed no difference between seasons (U=0.2468,
p>0.05), confirming that the reproduction was not
seasonal.

Reproductive cycle

In the histological analysis, the presence of distinct
stages of gonadal development was observed in most
months, so the reproductive cycle of D. striatus could
be characterized as continuous. Both sexes showed the
spawning stage throughout the study period, indicating
continuous spawning.

Higher proportions of mature females (August and
November 2015) and mature males (July to October
2015) occurred during the dry season. Higher occur-
rences of spawning stages occurred in females in May
and September 2015 and January and February 2016,
and in males between March and May 2015 and De-
cember 2015 and February 2016. Therefore, a higher
incidence of spawned individuals was observed in the
rainy season. Immature phases were more frequent in
females in October to November 2015 and in males in
May 2015 (Fig. 5). Therefore, the probable recruitment
of the species occurred in these periods.

During the study period, the mean oocyte diameter
in distinct stages of gonadal development were 20.8,
21.2,23.2,19.8, and 21.6 um for the immature, matura-
tion, ripe, spawning and cytolysis stages, respectively
(Table 2). There was no significant difference between
seasons (U=0.64179; p>0.05). It was observed during
the study period that the maturation stage in all the
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Table 1. — Estimated coefficient and standard error (SE) of generalized linear model routines, applied to the dependent variables: A, condi-
tion index (CI); B, biomass; C, oocyte number; D, ripe stage; and E, spawning stage as a function of the independent parameters sea surface
temperature (SST), salinity, organic matter, precipitation and chlorophyll a. Bold values, p<0.05.

Estimate SE t value P AIC
A: CI 65.811
SST 0.062495 0.317502 0.197 0.8489
Salinity —0.057645 0.124364 —0.464 0.6553
Organic matter 2916150 0.993475 2.935 0.0188
Precipitation —0.006895 0.004908 —-1.405 0.1977
Chlorophyll a -1.535513 0.785155 -1.956 0.0862
B: Biomass (AFDW) -141.41
SST -3.732e% 1.939¢04 -1.925 0.0904
Salinity 1.192e7% 7.595e795 0.157 0.8792
Organic matter —-6.525¢ 04 6.067e%4 -1.076 0.3135
Precipitation —-1.721e% 2.997¢-06 -0.574 0.5815
Chlorophyll a 1.906e% 4.795e 4 0.040 0.9693
C: Oocytes number 148.56
SST —-8.994917 6.098944 -1.475 0.1785
Salinity 0.941107 2.388935 0.394 0.7039
Organic matter 20.466414 19.083816 1.072 0.3148
Precipitation —0.009265 0.094272 —0.098 0.9241
Chlorophyll a —-15.543812 15.082168 -1.031 0.3329
D: Ripe stage 84.217
SST —0.335324 0.612669 -0.547 0.599
Salinity 0.392138 0.239980 1.634 0.141
Organic matter —0.430575 1.917064 -0.225 0.828
Precipitation 0.005701 0.009470 0.602 0.564
Chlorophyll a —0.338118 1.515078 -0.223 0.829
E: Spawning stage 88.358
SST 1.305067 0.710326 1.837 0.103
Salinity —0.391492 0.278232 -1.407 0.197
Organic matter -0.536894 2.222637 -0.242 0.815
Precipitation —-0.002358 0.010980 -0.215 0.835
Chlorophyll a 1.558124 1.756577 0.887 0.401
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Fig. 5. — Frequency of maturation stages in females (A) and males (B) of Donax striatus during the study period.
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Table 2. — Oocyte diameters of Donax striatus (mean+standard de-
viation; min-max). Gonad developmental stages: IM, immature; M,
maturation; RI, ripe; SP, spawning; and CT, cytolysis.

Develop- Range
Year Month mental Samp le Megn;standard (min-max)
Stage size  deviation (um) (um)
g W
2015 Mar M 32 25.4+7.8 11.4-41
IN 589 17.9+8.9 3-57.3
RI 328 25.1+9.9 5.9-66.9
Apr ™M 14 22.3+7.6 16.5-38
IN 125 21.4+6.8 8.1-41.4
RI 45 24.3+5.6 15.3-37
SP 98 22.8+7.3 9-39.3
CT 68 21.2+6.0 9.7-34.4
May ™M 113 19.7+6.8 8.1-41.4
M 349 19.7£7.2 8.1-41.4
RI 244 18.4£7.5 15.3-37.0
SP 653 17.2+£7.5 9.0-39.3
Jun M 319 20.3£7.3 5.7-40.3
RI 199 21.1£7.7 8.1-47.0
SP 338 20.9+5.8 9.0-39.3
CT 56 11.5+4.7 5.9-26.9
Jul SP 19 11.2+3.8 7.0-18.7
M 62 16.1£5.9 6.1-28.3
CT 78 13+4.7 5.7-26.9
Aug M 123 21.2+8.0 7.6-39.3
RI 82 23.2+£7.7 9.1-37.2
CT 57 24.4+7.5 10.6-37.1
Sep CT 28 24.9+7.1 14.9-46.3
M 39 28.6+5.7 16.6-37.8
Oct M 33 19.6+£5.4 12.6-30.7
CT 68 25.4+6.9 14.3-52.9
RI 18 29.6+6.9 21.4-41.7
Nov RI 44 30.6£7.7 16.9-48.5
™M 52 25.3£7.8 14.3-45.5
IN 23 25.2+£7.0 15.4-37.5
SP 24 25.2+7.3 14.5-37.5
Dec M 50 25.9+7.36 9.3-39.3
RI 51 30.2+6.2 12.9-42.1
2016  Jan SP 41 26.7+4.8 17.2-34.2
Feb M 169 22.6£6.1 10.4-46.9
RI 43 26.5+6.2 17.3-41.6
CT 256 25.7+6.0 11.8-44.0
Mar M 41 25.945.6 15.2-36.4
Apr M 1240 22.8+7.0 5.4-45.1
SP 375 22.1£7.3 5.9-48.9
CT 59 16.4+£5.4 7.1-29.1
™M 18 19.1£7.6 10.4-32.2

germinative cell lines shows continuous maturation,
revealing a reproductive strategy throughout the study
period that has no direct correlation with the environ-
mental variables.

Oocyte diameters varied from 3 to 66 um, with the
histograms showing that the size intervals with highest
frequencies were 18 to 23 and 23 to 28 wm, with no
clear reduction from these sizes throughout the study
period (Fig. 6).

The highest and lowest oocyte abundance occurred
in October 2015 and April 2016, respectively (Fig.
4A). The abundance of oocytes showed no significant
relationships with environmental parameters (Table
1), and the t-test revealed that oocyte number was not
affected seasonally, further confirming a continuous
reproductive cycle (t=0.0538; p>0.05).

Size at sexual maturity

According to the method of the logistic equation
of the Galton ogive (McCullagh and Nelder 1989),
sexual maturity occurred in females at 8.9 mm length
and in males at 10.9 mm length. When the sexes are
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grouped, it is estimated that the population will become
reproductively active at 12.5 mm length. The second
method used to calculate the first sexual maturity size,
the logistic curve, confirmed that D. striatus begins to
mature between 10 and 15 mm length (Fig. 7).

DISCUSSION

The D. striatus population of the dissipative sandy
beach starts sexual maturity at 12.5 mm, similar to the
length of 12 mm found by Gil and Thomé (2004b) for
D. hanleyanus in Rio Grande do Sul, Brazil. In temper-
ate environments of Argentina, according to Herrmann
etal. (2009), D. hanleyanus started maturation at 8§ mm
(on a dissipative beach) and 23 mm (on a reflective
beach), while in Italy D. trunculus matured at 18 mm
(Zeichen et al. 2002). In Turkey, Deval (2009) found
a similar size, 19 mm, while in Portugal, Gaspar et al.
(1999) reported sizes ranging between 13 and 21 mm,
and in Spain the same species started sexual maturity
earlier, at 11 mm for both females and males (Delgado
and Silva 2016).

The species of the Donax genus start maturity in-
dependently of the climatic environment to which they
are subject, within the size interval of 10 to 20 mm.
Gaspar et al. (1999) suggested that sexual maturity
was a function of age rather than size, so these species
would start the reproductive maturity in the first year
of life.

The biological variables (mature and spawning
stages; oocyte diameters) had no relationship with the
environmental parameters, indicating a continuous
reproductive cycle, without seasonal influence. This
reproductive strategy was confirmed by other meth-
ods and indices (frequency of maturation stages, CI,
AFDM and oocyte number) indicating continuous
spawning. Gil and Thomé (2004a) in Brazil found the
same breeding pattern for D. hanleyanus, as did Rias-
cos (2006) in Colombia for D. dentifer.

In temperate regions, Herrmann et al. (2009) re-
vealed that D. hanleyanus in Argentina shows two an-
nual gametogenic cycles, while D. trunculus in Tunisia
has an annual reproductive cycle and a single spawning
season (Tlili et al. 2011). In Portugal D. trunculus be-
gins to release gametes from March to August (Gaspar
et al. 1999). These reproductive patterns compared
with those recorded in Ajuruteua Beach corroborate
the hypothesis of Giese (1959) that marine inverte-
brates have a more limited reproduction period in polar
and temperate regions and a longer one in the tropics.

Donax striatus shows an opportunist strategy char-
acterized by early gonadal maturation and continuous
spawning. This occurs because the energy obtained
from the diet is rapidly directed towards gonad mat-
uration and storage in somatic tissue (Cardenas and
Aranda 2000). This strategy has been explained by
Defeo and Cardoso (2002), based on the latitudinal
gradient hypothesis, according to which benthic or-
ganisms from lower latitudes have longer reproductive
cycles, and these latitudinal tendencies were related to
limited temperature variations, and correlated to high
food availability in the coastal zone. This hypothesis

was evident in this study, since SST and chlorophyll
a showed little variation throughout the study, in part
explaining the absence of relationships of AFDM, CI,
oocyte abundance, ripe and spawning stages with these
environmental variables.

However, in this study there was a slight increase
in frequency of individuals in gamete release during
the rainy season, which might have occurred due to
an increase in food availability caused by a slight in-
crease in organic matter and chlorophyll a (Fig. 2C-D).
Herrmann et al. (2009) suggested that phytoplankton
biomass has a direct impact on the reproductive cy-
cle of bivalves. Several authors argue that the almost
constant temperature in tropical environments favours
a high food availability throughout the year, which
provides a continuous reproductive cycle in tropical
bivalves (Gil and Thomé 2004a, Corte et al. 2014,
Rangel et al. 2016). The highest frequency of imma-
ture individuals occurred in the dry period (October to
November 2015), and such organisms are defined as
recruits, since they will still attain the ripe stage.

In conclusion, D. striatus showed characteristics
of an r-strategist species and both females and males
showed synchronism in the gametogenic evolution
and spawning throughout the study period. For species
conservation, harvesting should be recommended at an
SL above 13 mm. The results highlight that the low
variation of environmental parameters provides fa-
vourable conditions for an effective reproductive strat-
egy that guarantees reproductive success throughout
the year without major events, following the pattern of
reproduction postulated for bivalves in tropical envi-
ronments. However, it is revealed that chlorophyll a,
rainfall and organic matter intensify the frequency of
release of gametes, probably due to the increase in food
availability, demonstrated by the significant relation of
the organic matter with the CI.
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