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INTRODUCTION 
 
The mangrove cockle Anadara tuberculosa (Sowerby, 1833), is a tropical and subtropical bivalve species distributed from Baja 

California (Mexico) to Punta Telégrafo (Piuta, Peru) [1]. This species lives buried in muddy bottoms of the intertidal zone, from 

mangrove forests, mainly Rhizophora mangle and Rhizophora racemosa [2]. In the Pacific region, some species of the Anadara 

genus reach densities that support artisanal fisheries, with wide acceptance for consumption in national and international 

markets, occupying a position of relevance in the volumes of bivalve fishing [3, 4, 5, 6, 7, 8, 9]. Basic knowledge of its biology 

has been reported, representing an important fishery item for its consumption and commercialization [10, 11], population 

abundance [12], growth [13, 14], fertility [15], population structure [16, 17], gametogenic and reproductive cycle [18], condition 

index [19], and hatchery techniques [20]. 

 

In Ecuador, mangrove cockle fisheries are done in almost all the estuaries of the Mangrove Ecological Reserve of Cayapas-

Mataje, Estuary of the Muisne River, Estero El Morro and Jambelí Archipelago [7], having and increased fishing effort the last 

Abstract 
The Population structure, sex ratio, sexual maturity index and the gametogenic cycle of Anadara tuberculosa were 

analyzed between November 2007 and October 2008, in the mangrove estuary of the Chone River. Random samples were 

collected from the artisanal fishery, for biometric and histologic analysis. Biometric parameters shell length (L), shell 

height (H), shell thickness (T), total weight (W) and Fulton metabolic index (K) presented significant differences between 

months and showed an isometric growth model. The metabolic index (K) decreased in inverse relationship with H. 

Monthly shell length frequency histograms show population bell shaped distribution, with maximum values between 40-

50 mm L. Histological analysis showed that the sex ratio in different sizes is two females for each male, showing monthly 

differences between sizes and sexes. The presence of the females was independent of the sizes. with monthly differences 

(χ2, P> 0.05). The gametogenic and reproductive cycle was synchronized between sexes. The gonadic index did not differ 

between sexes, being a mature population with periodic spawning. Both sexes reproduce several times a year, with a low 

proportion of the population in atresia. Gamete production is continuous, and the reproductive strategy is opportunistic 

associated with food availability. Casual hermaphroditism was found. A low proportion of the sample analyzed showed 

individuals with female and male gonads dispersed in male acinus, this being the first report of casual hermaphroditism in 

A. tuberculosa. Protandric hermaphroditism may be associated with the imbalance of the female sexual proportion. 

Fishing takes place in a significant proportion of the population that has not reached sexual maturity. The temporal 

variation of reproductive activity shows that A. tuberculosa does not present a synchronicity of sexual maturity with other 

areas of the Ecuadorian Pacific, important information to establish resource management strategies by location. The 

results obtained should be considered with a view to raising management actions at the local level that allow sustainable 

fishing exploitation. 
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decade, reducing up to 50% the capture yield [5, 6, 8]. Given the decrease in the extraction volumes of the mangrove cockle, 

annual records indicate that populations may be subject to over-exploitation. Moreover, it would lead in the short term to ban the 

fishery until this bivalve population is restored. A. tuberculosa supports coastal communities for their economic value and as a 

source of protein. Mangrove cockle is a natural resource that should be studied to understand the essential aspects of its biology.  

In addition, the purpose of this research to evaluate the population structure, condition index, and the gametogenic cycle of 

mangrove cockles of the estuary fishery of the Chone River in order to provide valuable information for the fishing management 

of this species. 

 

MATERIALS AND METHODS 

 

Study zone 

The organisms of A. tuberculosa were obtained monthly from artisanal fisheries carried out at low tide between November 2007 

and October 2008, in the mangrove ecosystem consisting mainly of Rhizophora mangle, at Santa Martha (0° 36' 36.9"S - 80° 24' 

18.3"W) northeast of the estuary of the Chone River, Ecuador. The individuals were taken at random and were fixed in situ by 

immersion in formalin (10%) prepared with seawater, avoiding post-mortem changes. 

 

Biometric parameters 

In the laboratory, the organisms were washed with running tap water to remove the formalin. Shell was cleaned, removed 

epibionts, mud, and organic debris. Monthly biometric data was recorded; shell length (L), shell height (H), shell thickness (T) 

(± 0.01 mm), and total mass (W) (± 0.01 g) for population analysis. 

 

Histological technique 

Almost half of the individuals collected were randomly selected for histological analysis. A portion of the soft tissue cross-

section was dissected from the gonad and digestive gland; tissues were processed for conventional techniques of light 

microscopy. Paraffin 5 µm thick sections were obtained in a Jung Histocut Leica microtome and stained with Mayer 

hematoxylin and eosin (HE) [21]. Stained sections were examined in an Olympus® Cx40 optical microscope. Sexual maturity 

stages were classified following descriptions of Lucero-Rincón et al. [22]. 

 

Analysis of data 

Biometric data. Average biometric data was compared between months and sexes using a one-way ANOVA. Population 

structure was analyzed using shell length (SL) frequency at 5 mm intervals, between months and sexes. Biometric data were 

analyzed using multiple correlation analysis. 

Allometric relationship. Shell length and weight data were analyzed by an exponential regression model. The allometric 

relationship was obtained according to the equation: Pt = a Lt
b
; a is the regression coefficient, b is the slope. It is considered a 

condition index for isometric growth (b=3), positive allometric growth (b>3) or negative allometric growth (b<3) [23]; b was 

considered isometric between 2.5-3.5 [24]. All the correlation coefficients (r) were positive and significant. 

 

Fulton condition index 

The Fulton condition index (K) is based on the relationship between the shell length (L) of the organism and its weight (W), 

which is an expression of the growth and sexual maturity of the organism [25], according to the equation: K = 100 (W / L
3
). 

 

Histologic analysis 

 Stained tissue samples were used to evaluate the sex ratio. The gonad maturity stages were classified for a description of the 

gametogenic cycle and reproductive strategy. A low proportion of the individuals were hermaphrodite with female and male 

gonads.  

 

Gametogenic cycle and sexual proportion: 

 The gametogenic cycle was examined by transforming the monthly data of the maturation stages in maturity percentage 

frequencies histograms of each sex. Specimens were obtained with male and female gametes, which were described in this genus 

as casual hermaphroditism [18, 15], and were expressed in relative terms as a percentage of hermaphrodites. 

 

Sexual proportion 

Sexual proportion (SP) was obtained by the ratio between the number of females (F) and males (M), using the following 

equation: SP = F/M. 

The percentage of frequency of occurrence of hermaphrodites (Hm), is the percentage of hermaphrodites. NHm is the number of 

hermaphrodites, N is the total organisms. Was determined with the following equation: Hm = (Σ NHm/N)*100. 

 

Shell length at first sexual maturity 

The first sexual maturity is the cumulative shell length-frequency, where 50% of the population has mature gametes [26]. It was 

obtained at 5 mm shell length intervals, using the equation: Y = 1/(1+e
(a +bLt)

); where Y is the proportion of mature organisms. 

The sigmoid curve was plotted versus percent cumulative shell length frequency, and first sexual maturity was set at 50% shell 

length. 
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Gonad Index (GI) 

Gonad index was estimated assigning an absolute value to each sexual maturity stage; 0 for sexual undifferentiation (I), 1 to 

active development (II), 2 to maturity (III), 3 to spawning (IV) and 4 to post-spawning (V). To estimate GI, the number of 

individuals in each stage (Ni) is multiplied by the numerical value assigned to the reproductive stage (0, I, II, III, IV), using the 

formula:  

GI = ((0×NI + 1×NII + 2×NIII + 3×NIV + 4×NV) / Nt): (Nt = NI + NII + NIII+ NIV+ NV) [27]. 

 

Statistical analysis  

The average values of the biometric parameters and Fulton index were compared between months using a one-way analysis of 

variance. Significant statistical differences were verified with a posteriori Scheffe´s test. The sexual proportion (SP) was 

analyzed by a Chi-square test (χ2) to verify that the number of females and sexual males maintain a 1:1 ratio. The monthly 

averages of the biometric data (Lt, Al, Gr, Pt), Fulton index (K), maturity index (IM), regression coefficient (b) and sexual 

proportion (PS) were analyzed by a correlation test. Statistical analyzes were performed at a 95% level of significance (P<0.05) 

[28]. Data analysis was performed using Excell spreadsheets (Microsoft) and Statistica software (Statsoft, TIBCO Sotware Inc, 

USA). 

 

RESULTS 

 

Population structure  

Biometric and Population Parameters 

The average biometric parameters of the shell dimensions (L, H, T), total weight (W), and Fulton condition factor (K) presented 

statistically significant differences between months (P<0.05). The regression coefficients (b) of the allometry equation showed 

isometric growth; however, only in June, the regression coefficient was isometric negative; the determination coefficient was 

significant (Table 1). 

Population biometric parameters between sexes showed significant differences between months (P<0.05) of the shell length, 

total weight, and Fulton condition factor. The maturity index oscillated between 2.87 and 3.45 in females and 3.26-3.89 in males. 

Sex ratio; the number of females was more significant than males with a sex ratio, statistically different 1:1. In the sample 

collected, 1.14% cockles showed gonadic hermaphroditism, with active female and male gonads (Table 2). 

 

Population structure 

Monthly size-frequency histograms of the mangrove cockle were uniform. Size classes (25-30 mm) were observed in June and 

October. The population showed maximum values at the size classes 35-40 mm and 40-45 mm, declining at the higher size 

classes. Most of the sampling period population showed a bell-shaped distribution (Fig 1). 

Cumulative SL size class interval of the sample examined varies between 25-75 mm shell length (SL), with a maximum between 

35-50 mm SL. Both sexes 50% of the sample analyzed was reached at 40-45 mm; female (50.82%) and male (62.22%), and at 

50-55 mm SL 90.12% and 94.89% of the females and males respectively were harvested. SL showed an inverse relationship 

with metabolic index (K), and significant differences between size classes. 

 

Table 1: Biometric parameters of A. tuberculosa. Shell length (L), shell height (H), shell thickness (W), total weight (T), Fulton 

condition factor (K), allometry equation coefficient (a), slope (b), determination coefficient (r
2
). Superscripts indicate significant 

differences (P<0.05). The asterisk indicates; the significant difference of isometry (b ≠ 3); Sample data (N). 

 

Months N L (mm) H (mm) T (mm) W (g) K a b r
2
 

Nov/2007 47 41.23±5.23
b
 30.28± 4.22

c
 20.45±3.48

 b
 23.16±9.11

b
 0.32±0.02

b
 0.0004 2.90 0.96 

Dec 90 45.74±8.20
a
 33.92± 6.89

a,b
 24.18±5.57

a
 29.71±14.14

a
 0.29±0.04

b
 0.0016 2.55 0.95 

Jan/2008 49 44.29±6.75
a
 33.24± 5.68

a,b
 22.67±5.33

a
 31.61±14.63

a
 0.34±0.04

a
 0.0006 2.87 0.94 

Feb 50 45.02±7.15
a
 32.50± 5.78

a,b
 22.42±5.28

b
 33.99±18.50

a
 0.31±0.04

b
 0.0003 2.98 0.90 

Mar 98 45.44±7.97
a
 33.96± 5.54

a,b
 23.34±4.98

a
 33.90±16.50

a
 0.34±0.06

a
 0.0011 2.68 0.92 

Apr 48 45.15±9.97
a
 34.06± 7.64

a,b
 23.38±6.76

a
 35.00±24.01

a
 0.33±0.03

b
 0.0005 2.89 0.98 

May 47 44.45±6.01
a
 33.70± 5.89

a,b
 23.04±5.25

a
 30.83±14.91

a
 0.33±0.03

b
 0.0003 3.05 0.97 

Jun 45 43.73±6.60
b
 34.13±4.01

a,b
 22.09±3.82

b
 29.22±12.29

a
 0.35±0.10

a
 0.0070 2.20* 0.84 

Jul 48 44.42±5.60
a
 34.96±4.39

a
 23.02±4.21

a
 31.38±12.09

a
 0.34±0.04

a
 0.0004 2.97 0.93 

Aug 43 41.19±4.63
b
 32.72± 3.30

a,b
 20.60±2.53

b
 23,93±6.98

b
 0.34±0.03

a
 0.0019 2.53 0.91 

Sep 50 44.54±4.48
a
 32.36± 3.15

b
 22.43±3.04

b
 29.01±8.98

b
 0.32±0.02

b
 0.0003 3.02 0.95 

Oct 96 44.14±7.30
a
 32.54± 5.75

a,b
 23.13±4.86

a
 31.87±18.42

a
 0.35±0.07

a
 0.0006 2.86 0.89 
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Table 2: Biometric parameters of female and males individuals of A. tuberculosa. Shell length (L). The total weight (T). Fulton 

condition factor (K). Maturity index (MI). Sexual proportion (χ2). Hermaphrodite (H). Different superscripts indicate differences 

significations (P <0.05). Asterisk indicates; the significant difference in sex ratio 1: 1. Sample data (N) 

 

Months N L W K MI χ 2 N L W K MI H 

  (mm) (g)     (mm) (g)   (%) 

  Females   Males  

Nov/2007 29 48.41 ± 4.25ª 21.94 ± 7.89
b
 0.32 ± 0.03

b
 3.10 2.07* 14 42.50± 5.80

b
 24.53 ± 10.03

 b
 0.31 ± 0.02ª 3.31 4.44 

Dec 33 46.02 ± 8.48ª 30.81 ± 5.24ª 0.30 ± 0.04
b
 3.37 2.86* 13 44.27 ±7.32ª 25.43 ± 10.53 0.29 ± 0.04

b
 3.26  

Jan/2008 33 44.27 ± 2.25ª 31.17 ± 4.53ª 0.34 ± 0.03
a
 3.30 2.62* 13 43.23 ± 4.39

b
 31.38 ± 11.00

 b
 0.35 ± 0.05

b
 3.54 2.08 

Feb 28 46.25 ± 2.85ª 32.79 ± 7.10ª 0.31 ± 0.05
b
 3.07 1.75 16 42.50 ± 2.16

b
 23.75 ± 3.37

c
 0.30 ± 0.03ª 3.63  

Mar 47 47.30 ± 2.20ª 37.46 ± 4.64ª 0.34 ± 0.04
b
 3.15 2.35* 20 43.85 ± 3.42 31.85 ± 7.35

 b
 0.36 ± 0.10

b
 3.40 2.90 

Apr 36 43.47 ± 3.14
b
 31.28 ± 7.33

b
 0.33 ± 0.03

b
 3.23 3.60* 10 48.40 ± 6.49ª 41.85 ± 17.19ª 0.33 ± 0.03ª 3.89  

May 33 45.12 ± 2.40ª 32.71 ± 5.25ª 0.33 ± 0.02
b
 3.12 4.13* 8 45.00 ± 5.76ª 30.12 ± 12.31 0.30 ± 0.03

b
 3.89  

Jun 29 43.10 ± 2.24
b
 28.66 ± 3.91

b
 0.35 ± 0.09ª 3.45 3.63* 8 45.75 ± 4.66ª 30.94 ± 8.32

b,c
 0.31 ± 0.02

b
 3.55  

Jul 31 45.55 ± 2.11ª 33.41 ± 4.61ª 0.34 ± 002
b
 3.13 2.82* 11 43.09 ± 2.40ª 29.18 ± 6.39

 b,c
 0.36 ± 0.08ª 3.73  

Aug 23 40.83 ± 2.19
b
 23.01 ± 3.10

b
 0.33 ± 0.03

b
 2.87 1.53 15 41.40 ± 1.97

 b
 24.64 ± 3.05

 c
 0.34 ± 0.03ª 3.27  

Sep 31 44.71 ± 1.66ª 29.40 ± 3.34
b
 0.32 ± 0.03

b
 2.90 2.38 13 44.89 ± 2.70ª 29.46 ± 4.83

 c
 0.32 ± 003ª 3.85 2.22 

Oct 41 44.13 ± 2.21
b
 30.31 ± 4.82ª 0.33 ± 0.02

b
 3.05 1.28 32 43.04 ± 2.83ª 31.58 ± 8.46

 b
 0.36 ± 0.11ª 3.81 1.35 

 

 
Fig. 1: Population structure of the monthly distribution of the shell length of Anadara tuberculosa in a mangrove system of the 

Chone river Estuary-Ecuador. 

 

Gametogenic cycle and gonad development stages: 

Male gametogenic cycle 

Stage II, Development. In the stage of development, acinus is characterized by peripheral spermatogonia arranged in compact 

rows, followed by developing gametes of smaller size and the reduced nuclear area towards the lumen (Fig 2A). 
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Stage III, Maturity. In this stage, follicles are totally full of spermatozoa tightly packed. In the periphery, spermatogonia are 

scarce. Mature acinus is large structures covering a wide area of the gonad, among which the seminiferous tubules can be seen 

(Fig 2B). 

Stage IV, Spawning. During the spawning, the lumen of the acinus, have dispersed spermatozoa. Spawning could be partial or 

total spawning. Partial spawning presents well-developed acinus with peripheral spermatogonia; however, at the total spawning 

acinus are empty with some residual gametes (Fig 2C). 

Stage V, Post-spawning. Most of the acinus is broken, having residual gametes and cellular debris. As the post-spawning stage 

progresses, residual tissue and cell debris increases and phagocyte infiltrations occur (Fig 2D). 

 

 
Fig. 2: Sexual maturity stages of males of Anadara tuberculosa. A: Acinus in advanced active gametogenesis, with peripheral 

spermatogonia, and developing gametes in the lumen. Bar 100 µm B: Acinus at maturity stage, with sperm in the lumen. Bar 100 

µm. C: Acinus in a state of spawning; The sperm are scattered in the lumen. Bar 200 µm D: Post-spawning stage; Acinus 

fragments present membrane ruptures. Bar 50 µm. 

 

Hermaphroditism 

Hermaphrodite individuals presented protandric sex reversal shift, from male to female. Hermaphrodite specimens were scarce 

all along the sampling period (Table 2). Tissue sections with both sexes gametes were inactive gametogenesis stage; male acinus 

were small, with rows of spermatogonia and partially dispersed female gametes in the lumen, in which female gametes in 

different stages of development (ovogonias, pedunculated oocytes) were at the periphery of the acinus, and oocytes at the lumen 

between undifferentiated male gametes (Figs 3 A, B, C, D). Another sample shown at the same tissue section separated female 

acinus in the spawning stage and male acinus in active gametogenesis (Fig 3E). 
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Fig. 3: General characteristics of the hermaphrodite gonads of Anadara tuberculosa. Acini can be seen with the typical 

cytoarchitecture of males in the stage of active gametogenesis (II) with peripheral spermatogonia and gametes scattered in the 

lumen, with ovogonies, pedunculated oocytes at the edge of the acini, and scattered oocytes (A: Bar 100 µm, B: Bar 50 µm, C: 

Bar 25 µm, D: Bar 25 µm). In another condition, active female and male acini are seen (E: Bar 50 µm). The scale bar is 

indicated. 

 

Female gametogenic cycle 

Stage I, undifferentiated. The undifferentiated stage is a macroscopic feature in which the sex of the organism cannot be 

identified. Tissue sections show characteristic small acinus, with few gametes in different stages of differentiation, with 

peripheral oogonia. The acinus is covered with connective tissue (Fig 4A). Stage II, development. The stage of development or 

gametogenesis is characterized by a higher number of acinus with developing gametes. The acinus is oval, dispersed with 

oogonia and pedunculated oocytes (Fig 4B). Stage III, Maturity. In the stage of maturity, the acinus is an oval profile and larger 

than during gametogenesis. Inside the acinus are abundant prominent oocytes, densely packed. Gametes in development phases 

(ovogonia, pedunculated oocytes) are frequent in a low proportion. The oocytes acquire a polygonal shape when they increase in 

size and accumulate inside the follicles (Fig 4C). Stage IV, Spawning. In the spawning stage, acinus is partially empty with 

scarce oocytes in the lumen. Partial spawning show developing gametes and mature oocytes; however, at total, spawning 

phagocytes are often found with scarce gametes (Fig 4D, E). Stage V, Post-spawning. During the post-spawning stage, acinus is 

irregular due to rupture of the membranes, with large spaces occupied by cellular debris of the disintegrated oocytes. The 

residual oocytes exhibit fragmentation of the membranes and disorganization of nuclear material (Fig 4F). 
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Fig. 4: General features of the gametogenic cycle of females of A. tuberculosa. A: undifferentiated stage. Bar 100 µm. B: 

developing stage. Bar 100 µm. C, maturity stage. Bar 80 µm. D: Bar 100 µm and E: spawning stage. Bar 100 µm. F: post-

spawning stage. Bar 20 µm. OR: residual oocyte 

 

Female reproductive cycle 

Mangrove cockles at the development stage (II) were observed throughout the year, with the maximum in September 2008 and 

minimum in December 2007. Maturity stage (III) was maximum in November 2007 and minimum in July 2008. Maximum 

activity of the spawning stage (IV) was observed in December 2007, June and July 2008 and minimum in November 2007. The 

highest percentage of females in post-spawning (V) was observed in May and minimum in November 2007 (Fig 5A).  

 

Male reproductive cycle 

Throughout the study, developing stage presented a low proportion of organisms (II), with maximum values in June and August. 

Mature (III) and spawning (IV) stages were constant most of the year, with the maximum in June, and spawning in April, May, 

September and October. Post spawning stage (V) was maximum in December (Fig 5B). 
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Fig. 5: Annual gametogenic cycle of A. tuberculosa. A.- Females. B.- Males. The percentage frequencies of the sexual 

maturation stages are indicated 

 

Shell length at first sexual maturity 

Fifty percent of male population was mature at 41.61±2.61 mm (r
2
 = 0.99), and females at 42.98±2.44 mm (r

2
 = 0.99) (Fig 6). 

 

 

 
 

Fig. 6: Size of the first maturity of A. tuberculosa. A - Females. B - Males. 
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DISCUSSION 

 

The genus Anadara is a very valuable bivalve species for consumption on the Pacific coast of America and in some Caribbean 

countries according to the Food and Agriculture Organization of the United Nations (FAO) [9]. The annual values of the 

biometric parameters and condition indices (K, b, MI) generally presented two statistically significant different groups, which 

are alternated every month or two months, without reaching a long period that can be interpreted as a response to a seasonal 

condition Decreases in the physiological condition could be associated with the availability of food as an energy source of 

energy accumulation. While the decreases in the indicators of physiological condition (K, b) can be related to the loss of body 

mass due to spawning, which is more frequent in males in the estuary of the Chone River. 

Population structure of A. tuberculosa, fished in the estuary of the river Chone is uniform all along the year, with a considerable 

proportion of individuals between 30-45 mm, this same fishing pattern, is observed at the Pacific coast from Colombia [3, 5].  

However, in Costa Rica, the shell length ranges of 35-45 mm that is captured do not vary significantly [29] because the resource 

is protected in some areas [12]. 

 

The height-frequency histograms of the Chone River, resemble the populations of mangrove cockles harvested from Central and 

South America. In this study, the samples showed that size-frequency decreased from the interval of 40-45 mm. This finding is 

generally associated with natural mortality as a consequence of the energy spent in spawning. A. tuberculosa presented two 

recruitments in June and October, with a length range of size 30-35 mm, with the most significant record in October. In this 

sense, Cruz and Borda [3], proposed a management strategy to increase biomass and a variable selling price by length to protect 

individuals under 45 mm SL. The size at the first sexual maturity and the average maturity size of this species were below the SL 

allowed in Colombia [14]. These data are important to know in the studies of fisheries of A. tuberculosa, for better management 

of the resources and the protection of the reserves, since in the estuary of the river Chone, individuals of at least 15 months of 

age are caught, with gonads mature and a high condition index (k, b). Flores and Licandeo [16], reported that the fisheries for A. 

tuberculosa in Ecuador had not reached commercial size and recruitment occurs throughout the year. The release of A. 

tuberculosa gametes in the Chone River constantly contributed to spat recruitment and population structure, mainly associated 

with the rainy season, as occurs in the Colombian Pacific [22]. Most cockle fisheries in Ecuador occurs in estuarine areas 

associated with mangroves, where catches are significantly dominated by juvenile organisms or individuals below the minimum 

shell length [5, 6, 7]. 

 

The availability of food could be a limiting factor for the development of the population, in the estuary of the Chone River,  due 

to changes in daily tides, which create periods of anoxia with low food availability in the middle, which can slow down the 

metabolism and growth of bivalves, during those periods, particularly at low tides. Therefore, the physiological condition of A. 

tuberculosa could be associated with food availability, metabolic rate and energy accumulation. Although the minimum values 

in the physiological condition (K, b), obtained in this study, can also be associated with the loss of body mass due to spawning 

events. In this sense, the environmental conditions of the Ecuadorian sea coast have a characteristic station with high levels of 

nutrients from the Humboldt current that generates high primary productivity, which generates the main source of food for the 

filter organisms. A fact that corroborates the above is that in the estuary of the Chone River, values of 18 μg / L of chlorophyll 

have been reported [30]. The above, argues that the reproductive development and spawning of A. tuberculosa in the studied 

area is associated with the availability of food, with two reproductive periods, behaviour that coincides with that reported in the 

Venezuelan Caribbean [31]. 

 

The gametogenic cycle of A. tuberculosa is continuous and synchronized between the sexes in the estuary of the Chone River, 

with a characteristic sexual cycle of tropical bivalves. In its life cycle, it presents a development of gonads at an early age, with a 

predominance of mature gonads most of the year. This study shows that the reproductive behaviour of males differs from 

females. Reproductive individuals in both sexes were observed for most of the sampling period; this behaviour could be 

associated with the high reproductive effort found. 

Tide oscillations could be associated with periods of spawning and the survival of A. tuberculosa in the estuary of the Chone 

River. Tides could trigger the spawning in the season of high primary productivity. These results are valuable for assessing the 

measurement of sex pheromones in this species. The regression stage was observed in a low proportion of the population; 

probably, because some acinus begins to activate producing spermatogonia or ovogonia that matures and degenerates. A new 

gametogenic cycle begins, which is favoured by high productivity and is associated with continuous reproduction and 

recruitment throughout the year. 

 

The production of gametes, the maturation of sex cells, in organisms at different stages of gonadal development throughout the 

annual cycle, is characteristic of tropical bivalve species with continuous reproduction, as reported for Anadara in Mexico [18], 

Costa Rica [19], Colombia [17] and Venezuela [32]. This reproductive pattern is described as opportunistic; that is, spawning is 

associated with periods of high food availability [33]. In this species, after spawning, the gonads have the ability to restart the 

gametogenic cycle, incorporating nutrients for growth and gamete production. However, the reproductive behaviour of the 

mangrove cockle of the Chone River estuary differs from those reported in southern and northern Ecuador [5, 6, 13, 8], who 

report that reproductive activity is related to the dry season, and occurs twice a year in August-November. The decrease in 

salinity is proposed as the modulating factor of reproductive activity, which stimulates the release of gametes [20]. 

The reproductive behaviour of A. tuberculosa in the estuary of the Chone River presented a synchronized pattern of maturation 

and spawning. The Arcidae family is gonocoric; there is no sexual dimorphism and sex can only be observed in sections of fresh 

tissue or through histological sections, whose methodology is the most accurate to know this reproductive state of an organism. 
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In this sense, this is the first study carried out in Ecuador, which describes the reproductive cycle of A. tuberculosa, through 

histological sections. Hermaphroditic individuals were identified in a low proportion of the sample, and the biometric data could 

not be associated with the reversal of the protagonist sex. Despite having reported hermaphroditism in some species of the genus 

Anadara: A. antiquata and A. granosa had a frequency of 1% [34] and A. tuberculosa in the Colombian Pacific [22]. The higher 

proportion of females suggests that sexual reversal may occur. This study is the first report of hermaphroditism of A. tuberculosa 

in Ecuador. 

Males had a continuous development of gametes and hermaphroditism was associated with a sexual inversion of males to 

females, with the development of female gametes in male acinus. Sexual reversal probably occurs after male spawning, when the 

acinus begins a new gametogenic cycle. Although the simultaneous presence of both sexes, also could contribute to generate a 

greater imbalance of the sexual proportion. Both cases could affect the structure of the population and favour a greater 

proportion of female sexes. The 1: 1 sex ratio in this species has been reported in Costa Rica [12], Ecuador and Colombia [16, 

14]. 

The cumulative frequency of shell length (SL) shows that more than 50% of the harvested population did not reach sexual 

maturity. In addition, these individuals are below SL allowed, which could be reducing landings, population density, which is 

why this species needs a regulated extraction of mangroves where it is extracted in the Chone River estuary. Artisanal fishing is 

the only method available, being necessary to evaluate each fishing area and establish specific rules for resource management.   

 

CONCLUSIONS 

 

The mangrove cockle population of the Chone river has great potential for artisanal harvesting. However, this activity must be 

protected, avoiding the capture of small individuals. Condition indices, population structure and gametogenic cycle showed an 

oscillating pattern with maximum values during high primary productivity. The imbalance of the sexual proportion could be 

associated with the hermaphroditism. Fishing must take place in the population that has reached sexual maturity, and they are 

allowed the size for commercialization, without jeopardizing the resource of A. tuberculosa. 
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