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Abstract

This work describes the gametogenic cycle of the scallop Nodipecten nodosus kept in a culture system. To this end, 
during one year, samples were taken from the broodstocks every 30 days to be submitted to macroscopic and microscopic 
analyses and to measure the amount of astaxanthin. To perform the microscopic evaluation, 5 µ slices from the median 
portion of the female part of the gonad were submitted to the pattern methodology for histological analyses with paraffin 
and HE coloration. The remaining portion of the female gonad was lyophilised to extract and quantify the levels of 
astaxanthin using HPLC. The microscopic analyses revealed four well defined stages for the reproductive cycle. Analyses 
of data taken throughout the year indicated preferential spawning periods from December to January and from July to 
September. The astaxanthin analyses showed higher amounts of this carotenoid during the advanced pre-spawning and 
the initial spawning periods than during gametogenesis, initial pre-spawning, advanced spawning, and the spent stages. 
According to these results, it was possible to establish a descriptive table of the sexual stages of the female portion of 
the gonad and the amount of astaxanthin in the sexual stage of the scallop Nodipecten nodosus.

Keywords: reproductive cycle, astaxanthin, Nodipecten nodosus, scallop gonadic maturation.

Estágios sexuais da porção feminina da gônada da vieira Nodipecten nodosus  
(Linné, 1758) e a quantidade de astaxantina em cada estágio

Resumo

Este trabalho descreve o ciclo gametogênico da vieira Nodipecten nodosus mantida em ambiente de cultivo. Para 
isto, durante um ano, amostras de indivíduos reprodutores foram coletadas a cada 30 dias e submetidas à avaliação 
macroscópica e microscópica e à quantificação de astaxantina. Para a avaliação microscópica, secções de 5 µ da porção 
mediana feminina da gônada foram submetidas à metodologia de análise histológica padrão em parafina e coloração 
HE. O restante da porção feminina da gônada foi liofilizado para extração e quantificação de astaxantina em HPLC. 
A avaliação microscópica permitiu a descrição de quatro estágios bem definidos para o ciclo reprodutivo. Na análise 
ao longo do ano, foram observados períodos preferenciais de desova em dezembro e janeiro e de julho a setembro. A 
análise da quantidade de astaxantina, mostrou, nos estádios de pré-desova avançada e de desova inicial, uma maior 
quantidade desse carotenoide em comparação aos estádios de gametogênese, pré-desova inicial, desova avançada e 
repouso. Em função desses resultados, foi possível estabelecer um quadro descritivo dos estágios sexuais da porção 
feminina da gônada e quantidade de astaxantina em cada estágio sexual da vieira Nodipecten nodosus.

Palavras-chave: ciclo reprodutivo, astaxantina, Nodipecten nodosus, maturação gonádica de vieira.
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1. Introduction

The world production of pectens, a bivalve mollusks, 
in 2007, was 12,616,738 t, generating 11,740,962 dollars 
(FAO, 2009).

Along the Brazilian coast, the Pectinidae family is 
represented by 4 genera and 14 species (Rios, 2009). Of 
these 14 species, Nodipecten nodosus (Linné, 1758) stands 
out as a species of economic value in Brazil. According 
to Manzoni and Rupp (1993), N. nodoss has significant 
potential for culture in the natural environment due to fast 
growth and large adult size (Rupp et al., 2004; Rupp and 
Parsons, 2006). The high market price is another factor 
that is of interest for culture. Scallops have been offered 
not only in sophisticated Brazilian restaurants but also all 
around the world, including in haute cuisine. Almost all 
scallops consumed in Brazil come from abroad; this is the 
main reason why the study of its biology, reproductive 
cycle, culture and other factors are of great importance 
for its production.

In 2007, there were about 24 thousand units of scallops 
produced in Santa Catarina (EPAGRI, 2008). It thus represents 
a new source of income for the fishers who before, depended 
only on fishing. The cultivation of the native species of 
scallops, Nodipecten nodosus, represents an advantage for 
cuisine and tourism, for being very tasty.

The knowledge of the reproductive cycle of Nodipecten 
nodosus is fundamental for the production of scallop seeds 
in the laboratory.

The bivalve mollusc N. nodosus is a functional 
(simultaneous) hermaphrodite (Rupp, 1994; Lodeiros et al., 
1997; Freitas, 2001). Adult animals in their natural 
environment spawn throughout the year, with periods 
of higher intensity concentrated in spring and summer 
around Arvoredo Island, Southern Brazil (Manzoni, 1994; 
Manzoni et al., 1996).

Research on N. nodosus spats settlements, using artificial 
collectors in the natural environment, has demonstrated 
that this species has a low rate of settlement, due to the 
low density and high dispersion of the populations (Ostini 
and Poli, 1990; Manzoni and Rupp, 1993; Manzoni et al., 
1996). These data, combined with asynchronous spawning, 
suggest that the seed supply of this species for commercial 
production would be viable through hatchery production 
rather than extraction from its natural habitat.

One of the factors that affects seed production is the 
maturation stage of the female portion of the gonad to be 
used for spawning. This differentiation is therefore very 
relevant for commercial hatchery production. Lubet (1959), 
identified several different phases of the reproductive cycle 
of bivalve molluscs through the observation of histological 
sections of the gonad. Repeating this analysis for N. nodosus, 
we also identified different phases of gonad maturation, 
described later in this paper.

N. nodosus is characterised by one well defined 
gonad surrounded by tegumentum. The tegumentum is 
composed of an external epithelium, a basal lamina and 
connective tissue (sub-epithelial perigonadic tissue). The 

gonad contains gonoducts, blood vessels, muscle fibre and 
part of the intestine. The white male portion of the gonad 
is proximate and the orange female portion is distal. The 
follicles have a bulb-like shape and are delineated by 
connective interstitial tissue that is thin when the follicles 
are filled with gametes and more evident and enlarged 
when the follicles are empty. The tubular gonoducts link 
the follicle to the external side and are formed by a simple 
prismatic epithelium. The gametes leave the paleal cavity 
through the urogenital pore (Román et al., 2001).

Sühnel et al. (2009) observed that the N. nodosus 
pectinid contains an unusually large amount of carotenoids 
in the female portion of the gonad. The present study 
quantifies the accumulation of astaxanthin in the female 
portion of the gonad of N. nodosus broodstock in each 
sexual stage, and provides a histological description of 
these different stages based on observation of individuals 
produced in the hatchery over the period of one year. The 
relation between astaxanthin levels and the reproductive 
stages is also evaluated.

2. Material and Methods

Nodipecten nodosus (Linné, 1758) scallop broodstock 
were collected from the EPAGRI (Empresa de Pesquisa 
Agropecuária e Extensão Rural/Rural Extension and 
Agronomic Research Company) experimental culture area, 
at Canto Grande beach near Bombinhas (27° 12’ 5.39” S 
and 48° 30’ 47.7” N) in the State of Santa Catarina, 
Southern Brazil. High Performance Liquid Chromatography 
(HPLC) for carotenoids analyses were carried out at the 
Laboratory of Plant Morphogenesis and Biochemistry/
UFSC (Universidade Federal de Santa Catarina), and 
histological analyses were carried out at the Aquaculture 
Pathology Studies Nucleus/UFSC.

2.1. Experimental design

For the description of the female gametogenic cycle 
45 animals of 70 ± 5 mm in height, 1.5 years of age, were 
collected from the EPAGRI research area. The amount of 
astaxanthin was quantified in histological sections of the 
female part of the gonad.

To describe the reproductive cycle over the year, 
approximately 70 individuals of 70 ± 5 mm in height and 
1.5 years old, from the same spawning group (30 adults), 
were kept in a lantern net in a long line at the experimental 
area of EPAGRI, and 4 individuals were collected each 
month for determination of maturation stage.

After collection, the animals, with their valves shut, 
were immediately transported in polystyrene boxes to 
the laboratory. At the laboratory, a sexual macroscopic 
evaluation was carried out, and scissors and a scalpel were 
used to remove the female portion of the gonads. The tissues 
removed were desalinated by washing, at room temperature, 
with a solution of ammonium formiate (0.5 M). The excess 
liquid from the sample gonadal tissue was removed using 
blotting paper. For the histological procedures, the female 
portion of the gonad was divided into two portions with 
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a central longitudinal cut and one section was used for 
the histological analysis. The other half, used for the 
astaxanthin analysis, was stored at –18 °C for 24 hours 
and then lyophilised (Terroni Favel LT 1000/8).

2.2. Histology

The sectioned gonadal tissues were fixed in a Davidson’s 
solution and stored in 70% Ethanol. After 6 Ethanol (from 
70-100%) and Xhylol baths, they were embedded with 
paraffin.

The blocks containing the gonad samples were cut into 
5 µ-thick slices and coloured with Harris’s Hematoxylin 
and Eosin.

The identification of the reproductive stages involved 
two independent evaluations with the aid of a microscope, 
carried out by two different persons, without previous 
identification of the slide, enlarged to 200 and 400×.

To define the reproductive stage, a score system 
was developed for each stage, with values from 1 to 6 
(Table 1), which was compared using statistical analyses. 
The different reproductive stages were defined according 
to their histological characteristics.

The sea-water temperature was recorded between 
October 2006 and November 2007 in the long line where 

the animals were kept using a TidBit (Optic StowAway-
TEMP) installed at the culture area.

2.3. Astaxanthin analysis

Carotenoid extraction followed the methodology 
described in Sühnel et al. (2009). The lyophylised sample 
was placed in a ceramic container with liquid nitrogen, 
mixed and 50 mg were removed. To this sample, we added 
5 mL of acetone extracting solution (Ac = O, Nuclear, P.A.) 
and n-hexane (Hex, TediaBrazil, P.A.) in a proportion of 
1:3 respectively, and agitated it in a magnetic agitator 
Fisatom. Thus treated, the samples were kept at room 
temperature (23 °C) away from light during extraction. 
After extraction, the samples were filtered through filter 
paper, their final volume was adjusted to 3 mL, and they 
were then stored in amber flasks in an N

2 
atmosphere. The 

samples were stored in a freezer (–18 °C) for subsequent 
determination of astaxanthin levels.

The astaxanthin was measured using HPLC. The 
methodology used for the analysis is described in Sühnel et al. 
(2009), where 300 µL of the carotenoid extracts were filtered 
(0.22 µ filter), and 10 µL of each sample was injected in a 
liquid chromatograph (Shimzadu LC - 10A), equipped with a 
C

18
 column of reverse phase Vydac (BioRad, 25 cm × 4.6 mm 

Table 1. Histological description of the female portion of the gonad stages in the reproductive cycle of the scallop Nodipecten 
nodosus.

Stage Stage  
No.

No. of 
points

Microscopic  
description

Macroscopic 
description

Gametogenesis 1 1 Few oocytes; Different sizes of oocytes; 
Heterogeneous aspect; Presence of inter-
follicle tissue; Non-juxtaposed follicle 
walls; Thicker follicle wall (presence of 
internal oogonia); With empty inter-follicle 
and intra-follicle spaces.

Deflated gonad;
Pale Orange coloration;
Visible granules.

Initial  
pre-spawning

2A 2 Many follicles; Follicles full of gametes; 
Elongated oocytes;
Clear but recognisable follicle walls;
Empty tube.

Swollen gonad;
Bright orange 
coloration;
No granules present.

Advanced  
pre-spawning

2B 3 More oocytes per follicle than in 2A;
Extremely long and elongated oocytes; 
Very juxtaposed and not clearly visible 
follicle walls; Many follicles; Empty tube; 
Slight stimulus or cut releases gametes; No 
empty inter-follicle or intra-follicle spaces.

Initial  
spawning

3A 4 Initial phase of gamete elimination;
Visible and not completely juxtaposed 
follicle walls; Possible presence of gametes 
in the genital tubes; Intra-follicle and inter-
follicle empty spaces.

Swollen gonad;
Bright orange 
coloration;
Granules present.

Advanced  
spawning

3B 5 Empty follicles present; Irregularly 
formed follicle due to recent spawning; 
Completely or partially empty follicle; 
Few remaining gametes.

Spent 4 6 Few follicles; Remaining follicles have 
small diameter; Abundant inter-follicle 
connective tissue.

Deflated gonad;
Pale orange; opaque;
No granules present.

Reproductive cycle and astaxanthin levels in Nodipecten nodosus
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∅) and UV-visible detector, operating with a reading of 
470 ηm. A solution of acetonitrile and methanol (at a 90:10 
proportion, TediaBrazil, HPLC degree) with a 0.8 mL/min 
flow was used as a mobile phase.

Astaxanthin was identified based on the period of 
retention obtained from the analysis of the standard sample 
(0.461 mg.10 mL–1 Hex, Sigma – MO, USA) under the same 
experimental conditions, and was measured by calculating 
the whole area of the corresponding peaks and applied to 
the external standard curve (y = 7044.96×, r2 = 0.994).

2.4. Statistical analyses

The descriptive analysis of the astaxanthin levels 
in the female portion of the gonad and the reproductive 
cycle (using the points in Table 1, for each reproductive 
stage) was performed. As samples were not homogeneous, 
the evaluation of normality of error and homogeneity of 
variance (Barttlet) was applied using a non-parametric 
Kruskal-Wallis analysis followed by the Mann-Whitney 
U-test separation of two-by-two averages. The reference 
consulted for the statistical analyses was Zar (1974).

3. Results

3.1. Description of reproductive stages

The description of morphological aspects of the female 
gonadal portion was based on the observation of: (a) the 
macroscopic aspects: coloration, granulation and appearance 
of the gonad; and (b) the microscopic aspects: the aspects 
of oocytes, follicle walls, inter and intra follicular spaces, 
tube (gonoduct), connective tissue and disintegration of the 
gametes. The reproductive stages were classified into four 
stages (Figure 1, Table 1): (i) Stage 1 - gametogenesis; (ii) 
Stage 2A - initial pre-spawning and Stage 2B - advanced 
pre-spawning; (iii) Stage 3A - initial spawning and Stage 3B - 
advanced spawning; and (iv) Stage 4 - spent.

Gametogenesis stage (Stage 1) is characterised by the 
presence of visible follicles with thick non-juxtaposed walls, 
containing few oocytes of different size and heterogeneous 
appearance. It is also possible to observe the oogonias in 
the luminal side of the follicle, the presence of inter-follicle 
connective tissue, and inter-follicle and intra-follicle 
empty spaces.

The initial pre-spawning stage (Stage 2A) is characterised 
by numerous follicles, which are filled with gametes, 
elongated oocytes, and clearly visible and recognisable 
follicle walls. The gonoducts have no oocytes (empty 
tube) and no inter-follicle and intra-follicle spaces are 
observed.

The stage of advanced pre-spawning (Stage 2B) is 
characterised by a much larger number of oocytes per 
follicle than in Stage 2A, extremely elongated oocytes, 
follicle walls that are very juxtaposed and hard to see, 
with many follicles. Gonoducts have no oocytes (empty 
tubes), and no empty intra-follicle and inter-follicle spaces 
are observed. As the gonad is filled with gametes, the 
medial cut applied for histological preparation stimulates 
their liberation.

The initial spawning stage (Stage 3A) is characterised 
as the initial phase of gamete liberation. The follicle walls 
are not completely juxtaposed, but still recognisable; there 
may be gametes in the genital tubes and intra-follicle and 
inter-follicle empty spaces can be observed.

The advanced spawning stage (Stage 3B) is characterised 
by empty and irregularly-shaped follicles, as a result of 
the recent spawning. At this stage, the follicles may be 
completely or partially empty, with few visible remaining 
oocytes.

The spent stage (Stage 4) is characterised by just a 
few remaining follicles, which are small in diameter and 
have abundant inter-follicle connective tissue.

3.2. Variation of the reproductive stages in the culture 
tank

The histological analysis of gonads from animals 
collected between November 2006 and November 2007 
indicated two major spawning periods from December 
2006 to January 2007, and from July to September 2007 
in Canto Grande (South of Brazil). During the remaining 
months, the analysed animals were predominantly in the 
pre-spawning stage (Figure 2).

Seawater temperature between December 2006 and 
January 2007 varied from 22.64 ± 0.77 °C to 24.75 ± 0.97 °C, 
respectively; and in July, August and September 2007 average 
temperatures were 15.84 ± 1.40 °C, 16.47 ± 1.09 °C and 
19.65 ± 1.37 °C, respectively (Figure 2).

3.3. Astaxanthin quantity at each reproductive stage

To evaluate the carotenoid quantity in each reproductive 
stage (Figure 3) the homogeneity of the samples was verified. 
A Mann-Whitney U-Test comparing pairs of samples was 
then carried out to identify which stages differed significantly 
from others. Results indicated that astaxanthin levels in the 
advanced pre-spawning Stages 2B (45.06 ± 6.35 µg.mL–1) 
and initial spawning 3A (38.01 ± 7.16 µg.mL–1) have 
no significant differences, but when gametogenesis 1 
(8.31 ± 0.41 µg.mL–1), initial pre-spawning 2A (17.71 ± 
4.87 µg.mL–1), advanced spawning 3B (17.12 ± 0.85 µg.mL–1), 
and spent 4 (6.76 ± 0.91 µg.mL–1) are compared a significant 
difference is observed (p < 0.05). The gametogenesis 1 and 
spent 4 stages are significantly different (p < 0.05) both 
from each other and from the other stages (p < 0.05). The 
stages of initial pre-spawning 2A and advanced spawning 3B 
showed no significant differences.

4. Discussion

The gonad development phase can be identified by 
visually inspecting the gonad (macroscopic evaluation) 
considering size, colour and width; however, this method 
can lead to subjective estimates. An alternative direct method 
of identification is the gonadic index; this is achieved by 
dividing the drained weight of the gonad by the drained 
weight of the total weight of the soft tissues. While this 
method is simple and functional, its drawback is that the 
animal is sacrificed (Román et al., 2001).
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Figure 1. Histological sections of Nodipecten nodosus female gonad showing the different stages of the reproductive cycle: 
(a) gametogenesis; (b) initial pre-spawning; (c) advanced pre-spawning; (d) initial spawning; (e) advanced spawning; (f) 
spent. ct: connective tissue; oo: oogonia; wf: wall follicles; oc: oocytes; if: intra-follicle space; it: inter-follicular space (few); 
rg: remaining gametes. The bar represents 100 micra.

Notwithstanding these methods, the histological 
method (microscopic evaluation) is the most accurate; it 
is a method that unequivocally defines the reproductive 
phase of the animal (Barber and Blake, 2006).

Sastry (1963) described four reproductive stages for 
Argopecten ventricosus: (1) immature; (2) partially mature; 
(3) mature; and (4) spent. Villalejo-Fuerte and Ochoa 
(1993) and Benninger and LePennec (1991) described 
the following stages for this same species: (1) initial 

gametogenesis; (2) advanced gametogenesis; (3) mature; 
(4) spawning; and (5) spent.

However Barber and Blake (1991) described six 
reproductive stages for molluscs (including pectinids): 
(1) spent (vegetative reproductive period); (2) cellular 
differentiation; (3) cytoplasmatic growth; (4) vitelogenesis 
(maturation); (5) spawning; and (6) reabsorption of leftover 
gametes. These authors, Barber and Blake (2006), in 
2006 wrote that the pectinid Pecten maximus displays 
seven stages, those being: (0) immature; (1) development; 
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Figure 2. Temperature of the sea water during the experiment 
and the maturation stages of the animals (N. nodosus) 
determined monthly (n = 4). Stages: (a) gametogenesis; 
(b) initial pre-spawning; 09(c) advanced pre-spawning; (d) 
initial spawning; (e) advanced spawning.

Figure 3. Astaxanthin quantity in the female portion of 
the scallop N.nodosus gonad in the four stages of the 
reproductive cycle: (a) gametogenesis; (b) initial pre-
spawning; (c) advanced pre-spawning; (d) initial spawning; 
(e) advanced spawning; (f) spent.

(2) differentiation; (3) recovery; (4) swelling; (5) initial 
maturation; (6) advanced maturation; and (7) partial or 
total spawning.

According to Penchaszadeh et al. (2000), the pectinid 
Amusium laurenti has four sexual stages, these being: (1) 
follicle development; (2) full follicle; (3) partial spawning; 
and (4) total spawning. This author does not describe the 
stage of spent for this species.

According to Freitas (2001) the reproductive cycle of 
the N. nodosus scallop has three distinct phases with the 
following characteristics: (1) spent, at this stage it is not 
possible to distinguish the male or female portions of the 
gonad; (2) follicle organisation and sex cell multiplication; 

(3) reproductive period, which includes the gonad maturation, 
gamete elimination and gonad restoration.

Individual N. nodosus scallops with 50 mm in height 
(approximately 6-7 months after hatching) are already 
sexually mature and able to reproduce (Freitas, 2001). 
For this phase, (phase 3 - reproductive period) our work 
identified four distinct reproductive stages, where the 
2nd and 3rd stages were subdivided into A and B.

 The four reproductive stages presented in this work 
were adopted because they are easy to recognise, even 
when we consider the dynamic aspects of the reproductive 
cycle of Nodipecten nodosus.

Differentiation between the four stages described in 
this study was based on microscopic evaluation of each 
stage. This division into stages is particularly useful in the 
process of captive breeding in nurseries, as it facilitates 
the identification of the favourable reproductive stages of 
broodstock to be used for seed production. In captivity, 
after N. nodosus are collected from the sea, the animals 
go through a period of maturation when they are kept in 
tanks and fed daily. The quality of this feed is important 
for the success of maturation and later production of 
viable larvae.

In our macroscopic evaluation and description of 
N. nodosus, gonads that are not significantly swollen, a 
pale orange colour, and visible granules characterise the 
stage of gametogenesis. No macroscopic differentiation 
was observed for the stages of initial pre-spawning 
(Stage 2A) and advanced pre-spawning (Stage 2B); both 
stages presented swollen gonads, bright orange coloration 
and no granules. Differences between these two sub-stages 
could only be detected under the microscope. The stages 
of initial spawning (Stage 3A) and advanced spawning 
(Stage 3B) also showed no macroscopic difference, both 
showed apparently swollen gonads, bright orange coloration 
and granules. For the spent stage (Stage 4) the gonad was 
not swollen, and presented an opaque, very pale orange 
colour without granules.

The spent stage (Stage 4) described in this study was 
also noted by Manzoni et al. (1996) for N. nodosus over 
the winter; however, it was not commented on by Freitas 
(2001) in a study of the same species. Luna-González 
(1997) and Luna-González et al. (2000) observed that the 
spent stage for Argopecten ventricosus in Mexico occurred 
during the month of July.

In some bivalves, during the spent stage the connective 
tissue surrounds the follicles, and spreads and expands 
according to the level and degree of gamete maturation 
(Lunetta, 1969; Calvo, et al. 1998). This is why connective 
tissue fills the empty inter-follicle spaces in the spent stage 
when there are only a few leftover gametes.

The spawning period for N. nodosus observed in this 
study, with higher seawater temperatures over the summer 
period, was also observed for other species of pectinids 
from a temperate climate, such as Amusium laurenti 
(Penchaszadeh et al., 2000). For Pecten maximus in Galicia 
(Pazos et al., 1996), the spawning period is most intense 
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during the winter (12.0 to 12.7 °C) and spring, when the 
temperature reaches 16 °C.

According to Manzoni et al. (1996), N. nodosus of the 
Arvoredo Island show partial and asynchronous spawning 
throughout the year. However, this does not automatically 
imply that the animals are spawning viable gametes, 
rather that they may be simply expelling gametes due to 
environmental stress factors, such as temperature. The same 
authors observed that the period between November and 
December presented the highest gonadosomatic index, and 
this is associated with high water temperatures.

In the present study, the histological evaluation of 
the maturation stage throughout the year in a cultivation 
environment, two distinct spawning seasons were observed, 
one in the summer (December and January) and another 
at the end of winter and the beginning of spring (July to 
September). These winter and spring spawning peaks 
with lower seawater temperatures were also observed by 
Manzoni and Banwart (2000).

To evaluate the relation of carotenoid quantity with 
reproductive stage, the levels of the carotenoid astaxanthin 
were measured in the female part of the gonad. This 
analysis indicated that during the advanced pre-spawning 
and initial spawning stages there are higher levels of 
astaxanthin in the female portion of the gonad than in 
gametogenesis, initial pre-spawning, advanced spawning, 
and spent the stages.

The highest carotenoids concentration at the advanced 
pre-spawning (Stage 2B) suggests that carotenoids are 
accumulated in the oocytes and not in the interfollicular 
tissue. This is because the spent stage (Stage 4), which 
has a large amount of connective tissue (inter-follicle 
tissue) and few remaining oocytes, is the smallest amount 
of carotenoids in the stages of the reproductive cycle for 
this species.

According to Farías-Molina (2001), carotenoids are 
required for gonad development and gamete maturation in 
invertebrates. For other species of aquatic animals, like shrimp 
(Lorenz, 1998; Howell and Matthews, 1991; Cuzon et al., 
2004) and fish (Meyers, 1994), the carotenoids showed a 
positive effect on maturation and reproduction.

The higher astaxanthin quantity during the advanced 
pre-spawning and initial spawning stages suggests that 
carotenoid accumulation is correlated to oocyte maturation. 
However, further studies are needed to evaluate the effect 
of carotenoids on reproduction and survival of molluscs 
larvae.

As the bivalve molluscs are unable to synthesise 
carotenoids (Johnson and Schroeder, 1995; Farías-Molina, 
2001), our study suggests that their absorption through a 
diet rich in phytoplankton carotenoids is important for 
good reproductive results.

The reserves for the early embryonic development of 
the bivalve molluscs are found in the oocyte cytoplasm. 
The eggs of molluscs are small (about 50 µm, according 
to Mackie, 1984), with little calf, allowing a total cleavage, 
type holoblastic spiral. However, the calf needs to ensure 
the development of the embryo, without an external food 

source, to form a larvae that swims and feeds. Carotenoids 
also compose this vitelline reserve of molluscs eggs.

In mussels Perna perna (Linné, 1758), according to 
Lunetta (1969), a salmon or orange-yellow colour in the 
oocytes is related to a lipid inclusion. On the other hand, 
in N. nodosus this colour can be related to both the lipid 
influence and presence of carotenoids in the oocytes, other 
evidence of this relationship is the fat-soluble carotenoids 
property.

As demonstrated by the results of our work, it is possible 
to establish a very close relation between the stages of the 
reproductive cycle and the astaxanthin content in the female 
portion of the gonad during the maturation and spawning 
processes of N. nodosus. This study also observed, for the 
captive environment, similar periods for reproductive peaks 
as those observed in the natural environment.
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