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Histological study of the gonadal development of
Ruditapes decussatus (L.) (Mollusca: Bivalvia) and its
relationship with available food*
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SUMMARY: This article describes the effects of food availability on the sexual maturation of Ruditapes decussatus
through histological examination of the gonadal tissue. Three food rations were tested: High (H: 1 mg. organic matter. g
live weight'.day! of the microalgae Isochrysis galbana clone T-1SO), intermediate (I: 0.5 mg OM g live weight! day')
and nutritionally restricted (R: 0.25 mg OM g live weight! day'). The tests were carried out at a constant temperature of
18°C for a period of 70 days for diets H and I, and 120 days for diet R. The results showed that in R. decussatus the ener-
gy from ingestion was mainly channelled to reproductive processes, especially when food was restricted. The clams
matured sexually under all the conditions tested, both with a somatic growth and with a loss of body mass. The available
food was directly related to the rate of the gonadal development and with the total quantity of gonad generated. Equally,
food restrictions limited gonadal recovery after spawning episodes. Food quantity also affected the dry weight of soft tis-
sues (DW), which increased with the highest ration (H) and decreased notably with the lowest ration (R). Decreases in
DW when food was scarce appeared to be more related to loss of reserve tissue rather than to variations in the quantity
of reproductive tissue.
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RESUMEN: ESTUDIO HISTOLOGICO DEL DESARROLLO GONADAL DE RUDITAPES DECUSSATUS (L.) (MOLLUSCA: BIVALVIA) Y
LA RELACION CON EL ALIMENTO DISPONIBLE. — Este articulo describe los efectos de la disponibilidad de alimento en la
maduracion sexual de Ruditapes decussatus, a través del examen histoldgico del tejido gonadal. Se ensayaron tres racio-
nes de alimento: Alta (H: 1 mg. materia organica. g live weight'.day™' de la microalga Isochrysis galbana clone T-ISO),
intermedia (I: 0.5 mg OM g live weight! day!) y de restriccion nutricional (R: 0.25 mg OM g live weight! day'). Los
ensayos se realizaron a una temperatura constante de 18°C, y se prolongaron por un periodo de 70 dias en el caso de las
experiencias H e I, y de 120 dias en el caso de la experiencia R. Los resultados muestran que en R. decussatus, la ener-
gia procedente de la ingestion se destina prioritariamente al proceso reproductivo, sobre todo en situaciones de restric-
cion alimentaria. De esta forma, las almejas maduran sexualmente bajo todas las condiciones ensayadas, tanto en las
que determinan un crecimiento somatico, como en aquellas que producen una pérdida de masa corporal de las almejas.
No obstante, el alimento disponible guarda relacion directa con la velocidad del desarrollo gonadal y con la cantidad
total de gonada generada. Igualmente, las restricciones de alimento pueden limitar las recuperaciones gonadales tras los
episodios de puesta. La cantidad de alimento disponible repercute también en el peso seco de los tejidos blandos (DW),
que se incrementa en la racion mas elevada (H) y disminuye notablemente con la racion mas baja (R). Estas caidas en
el DW cuando escasea el alimento, parecen estar mas relacionadas con pérdidas de tejido de reserva que con variacio-
nes de la cantidad de tejido reproductivo.
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INTRODUCTION

The fundamental role that the combined action of
temperature and feeding exercise on the gameto-
genic process of a large number of bivalve molluscs
has been widely studied. Temperature is normally
responsible for initiating gonadal development,
whereas food supply determines the extension of the
reproductive process (Lubet, 1959).

Reproduction is a process requiring abundant
energy for gonadal development. Reproductive suc-
cess depends directly on the food ingested or on pre-
viously stored reserves. A few studies, such as those
for Chlamys septemradiata (Ansell, 1974) and
Ostrea edulis (Ruiz et al., 1992), have described the
influence of feeding on the development and dura-
tion of the reproductive cycle. However, some
authors have reported the disadvantageous effects of
food shortage on the reproductive activity of certain
species (Mytilus edulis and Aequipecten irradians),
which may cause the suppression of gonadal devel-
opment (Sastry, 1968; Gabbott and Bayne, 1973;
Bayne et al., 1978).

Similarly, the effects of diverse environmental
parameters, such as food and temperature, on the
development of the gonadal tissue have been stud-
ied in some species of bivalve molluscs under con-
trolled conditions (Bayne, 1975; Bayne et al.,
1978; Chaparro, 1990). However, there is current-
ly no established relationship between food avail-
ability and gonadal development in R. decussatus
or other Veneridae from the strictly histological
point of view, despite abundant information con-
cerning their reproductive cycle in natural popula-
tions (Pérez-Camacho, 1980; Beninger, 1982;
Shaffee and Daoudi, 1991; Villalba et al., 1993;
Xie and Burnell, 1994; Laruelle et al., 1994,
Rodriguez-Moscoso, 2000).

In view of the fact that feeding is a determining
factor for gonadal development in bivalves, our
principal objective was to histologically study sex-
ual maturation in R. decussatus. Three contrasting
conditions of food availability were examined,
high, intermediate and nutritionally restricted,
which could cause situations ranging from an
increase in body mass (H: high ration) to a sub-
stantial loss in the soft tissue weight of the clams
(R: nutritionally restricted ration) (Pérez Camacho,
1980; Delgado, 2002; Delgado and Pérez Cama-
cho, 2002; Delgado and Pérez-Camacho, 2003;
Pérez Camacho et al., 2003).

88 M. DELGADO and A. PEREZ CAMACHO

MATERIALS AND METHODS
Design and experimental conditions

The experiments were carried out using adult
specimens of Ruditapes decussatus, with a mean ini-
tial length of 36 £ 0.19 mm, collected from the inter-
tidal environment from Ria de Arousa (Galician
coast, Spain). The clams were placed in 12 1 plastic
tanks, in a flow-through circuit containing natural
sea-water filtered through a 1 um mesh. Tempera-
ture (18°C) and salinity (33%0) were maintained
constant in all the experiments. Food was supplied
to the clams on a continuous basis by means of a
variable-flow peristaltic pump. We assayed 3 daily
food rations of the microalgae Isochrysis galbana
(clone T-ISO): high ration (H: 1 mg. organic mat-
ter.g live weight!), intermediate ration (I: 0.5 mg
OM. g live weight!) and nutritionally restricted (R:
0.25 mg OM. g live weight!).

Samples were taken at the beginning of the exper-
iment and at 21, 41, 70 and 120 days (ration R). On
each occasion, 10 specimens were examined to deter-
mine soft-tissue dry weight (DW), with a further 10
specimens taken for histological studies. Where nec-
essary, the number of specimens per sample was
increased in order to obtain a minimum of 4 speci-
mens for each sex. The initial number of specimens
was 100 for rations H and I, and 140 for ration R.

Histology

Tissues were fixed in Bouin’s fluid, dehydrated
and embedded in paraffin. Four um sections were
prepared and stained with Harris’s hematoxyline
and eosine (Bancroft and Stevens, 1996). Several
gametogenic developmental stages in R. decussatus
were identified as a function of the phases proposed
for Veneridae by Holland & Chew (1974), Gallois
(1977), Devauchelle (1990) and Shaffee and Daoudi
(1991). The general defining characteristics are:

- Period of sexual rest (I): gonadal follicles are
absent and connective and muscular tissue occupies
the entire zone from the digestive gland to the foot.
There is no evidence of gonadal development and
sex determination is not possible.

- Initiation of gametogenesis (Il). follicles and
gonadal acini begin to appear in females and males
respectively. They increase in size, and appear cov-
ered with oocytes in the growth phase in the females
and with immature gametes (spermatogonia and
spermatocytes) in the males.



- Advanced gametogenesis (IlIl): The follicles
occupy a large part of the visceral mass. The pres-
ence of muscular and connective tissue is reduced.
At the end of this stage, characterised by intense cel-
lular growth in females, the oocyte protrudes from
the centre of the lumen, remaining attached to the
wall via the peduncle. The abundance of free
oocytes equals those attached to the wall of the fol-
licle. In males, the majority of the acini were full of
spermatids and spermatozoids.

- Reproduction period (IV): corresponding to the
maturity of the majority of gametes. In the mature
oocytes the rupture of the peduncle occurs, and the
oocytes consequently occupy the follicular interior.
In males, the gonadal acini mainly contain sperma-
tozoids. Throughout this period partial spawning
may occur, and it concludes with the total emission
of gametes.

One of the peculiarities which define the gonadal
development of this species is the simultaneous pres-
ence of totally mature individuals and individuals in
phases of non-advanced gametogenesis. Accordingly,
an index was calculated which represents the degree
of maturity corresponding to each sample and exper-
imental condition. To determine the maturity index
(M.D), four grades of gametogenic development were
established, according to the above scale. Assigning a
value to each gives: 1 = period of sexual rest; 2 = ini-
tiation of gametogenesis; 3 = advanced gametogene-
sis and 4 = reproduction period. The following
expression was thus applied to calculate the percent-
age of mature individuals:

M.I = (Sum of n° individuals = category)/n° total
individuals

Dry weight of soft tissues

In each sample, the clams were measured and
weighed, and their sex was determined through
microscopic examination of a tissue smear. There-
after, the adductor muscles were cut and the clams
were placed on their ventral surface, allowing them
to drain for 5 minutes. The soft tissues were sepa-
rated and freeze dried, taking the freeze-dried
weight as dry weight (DW). The dry weight coeffi-
cient with respect to the initial datum (DW/DW ini-
tial) was also calculated.

Statistical methods

Dry weight comparisons between the distinct
feeding conditions were achieved via analysis of

variance (ANOVA) at a significance level of 95%.
Homogeneity of the variances was guaranteed
through the Cochran test. The statistical analyses
were performed with the program Statgraphics Plus
5.0, employing the statistical methods of Snedecor
and Cochran (1980).

RESULTS
Initial state

All the experiments (H, I and R) began either
with sexually indifferent individuals (phase I) or
those displaying signs of gametogenesis (phase II)
(M.I=2; Fig.5).

In females, the follicles were small and few in
numbers. Oogonias and young oocytes were mainly
found on the follicle walls with an occasional free
mature oocyte in the centre of the lumen (Figs. la,
2a and 3a). In males the acini, which provide a space
between the muscular fibres and the connective tis-
sue, were also scarce (Figs. le, 2d and 4a). The acini
largely contained immature gametes.

For both females (Figs. 1a, 2a and 3a) and males
(Figs. le, 2d and 4a), numerous vesicular cells filled
the developing follicles and acini and surrounded
the germinal cells in the first phases of gametogene-
sis. This illustrates the important energetic contribu-
tion of this cellular type in the initial stages of devel-
opment. The intrafollicular vesicular cells scarcely
appeared in the subsequent samples. The interfollic-
ular, connective and muscular tissue surrounding the
follicles and developing acini, analogous to muscu-
lar tissue sustaining the gonad, was abundant and
occupied almost the entire space between the diges-
tive gland and foot.

Experiment H
Females

Almost all individuals fed with ration H showed
intense gametogenic development (phase III) 21 days
after the start of the experiment (Fig. 1b). The inter-
follicular connective and muscular tissue was still
abundant and bordered the follicles, which increased
in size and number. The follicles began to fill with
oocytes, which detached from the walls, with similar
proportions of mature and immature gametes.

After 41 days (Table 1, Fig. 5), all the clams
were in reproduction period (M.I=4) and mature
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F1G. 1. — Gonad from individuals belonging to experiment H. Females: 1a) Start of experiment H: Phase II of gametogenic development. 1b)
21 days: Phase III. 1c) 41 days: Phase IV, detail of mature oocytes. 1d) 41 days: Phase IV. Males: le) Start of experiment H: Phase II. 1f)
21 days: Phase III. 1g) 41 days: Phase IV, totally mature individual. 1h) 41 days: Phase IV, detail of indications of partial spawning. Abbre-
viations: dg: developing gametes; do: developing oocyte; gv: germinal vesicle; ma: male acini; mo: mature oocyte; mt: muscular tissue; nv;
nuclear vacuole; spz: spermatozoids; vic: vesicular intrafollicular cells. Scale bar = 75ym (Fig. 1a and c); 150um (Fig. 1b, d, e, f, g and h).

oocytes were abundant and released in the lumen vacuole in the oocytes (Fig. 1c) are clear indica-
of the follicle. The size and appearance of the ger- tions of advanced vitellogenesis, as reported by
minal vesicle and the presence of the nucleolar =~ Longo and Anderson (1969) for Mytilus edulis.
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FI1G. 2. — Gonad from individuals belonging to experiment I. Females: 2a) Start of experiment I: Phase II of gametogenic development. 2b)

21 days: Phase III. 2c) 41 days: Phase IV. Males: 2d) Start of experiment I: Phase II. 2e) 21 days: Phase III. 2f) 41 days: Phase IV. Abbre-

viations: ig: immature gametes; do: developing oocyte; vic: vesicular intrafollicular cells. Scale bar = 75um (Fig. 2a and d); 150pm (Fig. 2b,
¢, eand f).

The free oocytes forced a polygonal appearance
in the follicles due to accumulating pressure.
Semi-empty zones were also evident as a conse-
quence of partial emission of gametes (Fig. 1d).
Interfollicular connective and muscular tissue was
scarce.

After 70 days (Table 1, Fig. 5), 100% of
female clams continued mature in phase IV
(M.I=4) and continual partial spawning was
observed, leading to a reduction in the number of
free oocytes in the centre of the lumen. The fol-
licular walls were thinner and occasionally split
open due to expulsion of gametes. In addition, the
presence of new germinal layers in development
was noted.

Males

During the experiment the gonadal acini with
developing spermatocytes, spermatids and a quanti-
ty of spermatozoids extended throughout the zone
between the digestive gland and the foot (phase III).
From day 21 the diameter of the acini increased con-
siderably and large quantities of spermatozoids
accumulated within. Spermatogenesis and spermio-
genesis developed centripetally, and the spermato-
zoids eventually became organised in a rosette for-
mation (Fig. 1f). The presence of interfollicular
muscular and connective tissue was still evident,
although it had almost disappeared in the subsequent
sample.
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FiG. 3. — Feminine gonad of individuals belonging to experiment R. 3a) Start of the experiment: Phase II of gametogenic development. 3b)

21 days: Phase II. 3c) 41 days: Phase III. 3d) 70 days: Phase IV, reproduction period. 3e) 120 days: Period of post-spawning. 3f ) 120 days:

Detail of oocyte surrounded by hemocytes. Abbreviations: do: developing oocyte; h: hemocytes; ig: immature gametes; mo: mature oocyte;

mt: muscular tissue; po, pedunculated oocyte; r: residuals from cytolisis; vic: vesicular intrafollicular cells. Scale bar = 20 ym (Fig. 3f);
150pum (Fig. 3a, b, ¢, d and e).

Finally, from day 41, 100% of the males were
totally mature (M.I=4) (Fig. 1g and 5, Table 1). The
coexistence of acini full and empty of spermatozoids
was noted, the latter with ruptured walls from
gamete emission (Fig. 1h). Layers of immature
gametes in development covering the acini were still
evident.

Experiment I
Females
In this experiment with the intermediate food

ration (I), a remarkably similar developmental trend
to the clams fed with the higher ration (H) was
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noted. Intense gametogenic development after 21
days (Fig. 2b) was followed by the appearance of
totally mature individuals after 41 days (Fig. 2c).
However, the percentage of mature individuals was
less (79%) than with diet H (100%) for the same

TABLE 1. — Percentage of mature individuals (males and females)
during 70 days feeding with rations H: 1, I: 0.5 and R: 0.25
(mg OM g' live weight.day™).

Rations
Days H 1 R
1 0% 0% 0%
21 14.5% 0% 0%
41 100% 79% 33%
70 100% 100% 60%




FIG. 4. — Masculine gonad of individuals belonging to experiment R. 4a) Start of the experiment: Phase II of gametogenic development. 4b)
41 days: Phase II. 4c) 70 days: Phase IV. 4d) 120 days: Post-spawning. Abbreviations: dg: developing gametes; ig: immature gametes; mt:
muscular tissue; spz: spermatozoids; vic: vesicular intrafollicular cells. Scale bar = 150 ym (Fig. 4a, b and c), 200 ym (Fig. 4d).

time period (Table 1). After 70 days, all individuals
were mature (100%; M.I=4). Indications of partial
gamete emission in both sexes were established,
although were less frequent than for experiment H.

Males

As for females, there were few differences in the
gonadal development between nutritional conditions
I and H. After 21 days, the individuals were in phase
(III) of intense gametogenic development (Fig. 2e),
and most were totally mature after 41 days, showing
a maturity index of 3.7 (Fig. 5; Fig. 2f).

Experiment R
Females

After 21 days approximately half of the individ-
uals fed with the nutritionally restricted ration (R)
were still in initial stages of development (phase II)
(Fig. 3b), giving low M.I values of ~2.5 (Fig. 5).
Despite a greater proportion of individuals in stage
III after 41 days (Fig. 3c), some totally mature indi-
viduals were observed alongside individuals which
had not yet completed gametogenic development. In

fact, only 33% of the individuals had matured,
whereas for rations H and I after the same time peri-
od 100% and 79% of individuals were mature
respectively. The presence of mature individuals
increased at day 70 (Fig. 3d and Table 1; M.I=3.6),
but in contrast to the higher rations no signs of par-
tial spawning were observed.

Due to delay in development of individuals from
this test compared to those fed with the higher food
rations (H and I) (Table 1 and Fig. 5), the experi-
ment was prolonged by 50 days to determine the
effects of the deficient ration over a longer period.
After a total of 120 days, the gonad showed aspects
of post-spawning (Fig. 3e). Totally empty zones
were observed as well as the occasional presence of
mature oocytes (not emitted). The follicular walls
occasionally appeared to be broken, and did not
show an active germinal layer for future gonadal
recuperation. In addition, the rupture of cellular
membranes with dispersal of oocyte wastes was also
observed. In the interior of the gonadal follicles an
increase in cellular types associated with gameto-
genic reabsorption was noted: for example, the
hemocytes (see Fig. 3f). Together, these characteris-
tics appear to represent gonadal reabsorption fol-
lowing massive spawning.
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Males

After 21 days with the more restrictive feeding
level, and again in contrast with the higher rations, a
significant number of individuals were in the initial
phase of gametogenesis (Fig. 4b), with low numbers
in an advanced development phase (Table 1). After
41 days, this proportion was inverted, giving a
majority of individuals in stage III (Fig. 5). There
was an increase in spermatozoids compared to
immature (spermatogonia and spermatocytes) and
developing gametes (spermatids), which covered the
walls of the gonadal acini. After 70 days, only 60%
of the individuals were in full reproductive mode
(phase IV) (Fig. 4c, Fig. 5 and Table 1). At the end
of the test period (120 days), the appearance of the
individuals was characteristic of post-spawning
(Fig. 4d). Acini with large empty spaces, broken
walls, and disperse hemocytes are characteristic of
gamete reabsorption after spawning.

Dry weight of soft tissues

Table 2 shows the DW coefficient, compared with
the initial datum, under each feeding condition over
the test period. As demonstrated, the quantity of food
determined the evolution of DW. With the highest
ration (H: 1 mg OM. g live weight') high DWs were
obtained, showing an increase of more than 20% over
the initial datum. Ration I (0.5 mg OM. g live weight
1) produced only a slight increase in DW. The differ-
ences between rations H and I were statistically sig-
nificant after the second sample, at 21, 41 and 70 days
(ANOVA, p<0.05). Conversely, clams fed with the
ration R (0.25 mg OM. g live weight!) showed a clear
progressive decrease in DW throughout the experi-
ment, noting losses of 24%. After 41 days the dry
weight fall halted with the ration R.

4
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w
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Maturity index
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'

Experimental period (days)
—H ——1 —x—R

FI1G. 5. — Variation of the maturity index (M.I) over 70 days feeding
with rations H, I and R.
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TABLE 2. — Dry weight coefficient, with respect to the initial datum,
for experiments with rations H, I and R (1, 0.5 and 0.25 mg OM g'!
live weight.day™! respectively).

Rations
Days H 1 R
21 1.10 £0.13 0.99 +0.09 0.90 +0.09
41 1.24 £0.12 1.07 £0.15 0.76 £ 0.07
70 1.20 £ 0.15 1.00 = 0.08 0.80 £0.12
120 0.76 £ 0.08
DISCUSSION

The different situations of food availability, high
(H: 1 mg OM. g live weight'.day™), intermediate (I:
0.5 mg OM. g live weight'!.day!) and nutritionally
restricted (R: 0.25 mg OM. g live weight!.day),
permitted sexual maturation of Ruditapes decussat-
us. In all experiments normal gonadal development
was observed, and was similar to that described by
Laruelle et al. (1994) and Rodriguez-Moscoso
(2000) for R. decussatus during the reproductive
cycle in natural populations. Our results have shown
that the quantity of available food within the studied
food range did not condition the gonadal develop-
ment in this species, but modified some defining
characteristics of gametogenesis.

One of the peculiarities that define development
in this species and other bivalves is the simultane-
ous presence of individuals in totally mature and
less advanced phases of gametogenesis. Using the
percentage of mature individuals and the maturity
index (M.I) to quantify the extent of development,
we noted that over identical time periods these
parameters increased with food quantity (Table 1
and Fig.5). In fact, after 41 days a large number of
the individuals fed with ration R were still in
developmental phase II or III (Fig. 3¢ and 4b),
whereas individuals sustained with rations H and I
were totally mature (Fig. 1c, 1g, 2c and 2f). Fur-
thermore, the period of partial emission of
gametes, also described by Rodriguez-Moscoso
(2000) in natural populations, appeared to be accel-
erated by more favourable nutritional conditions,
since the first indications of partial spawning cor-
responded to ration H.

The delay in gonadal development in individuals
fed with the nutritionally restricted diet (R) was the
rationale for prolonging the experiment. Sexual mat-
uration of these clams did occur, however, showing
clear indications of massive spawning after 120
days. We therefore conclude that food supply,



although not responsible for sexual maturation of
the clams, condition the rate of development. A
direct relationship between food availability and
acceleration of the reproductive process was
observed, provided that temperature was favourable.
Image analysis results obtained by our group com-
plement and confirm these conclusions, and show
that the amount of available food influences the rate
of gonadal maturation of this species (Delgado and
Pérez-Camacho, 2003). Accordingly, Buchanan et
al. (1998) and Kent et al. (1998) related the rapid
gametogenic development of Crassostrea virginica
and Katelysia scalarina respectively, with optimum
feeding conditions. In fact, differences in the feed-
ing conditions could partly explain interannual vari-
ations (Navarro ef al. 1989) or variability between
distinct geographical points in the reproductive
trend of a species. Jaramillo ef al. (1993) associated
the spawning period in Chalmys amandi with high
food levels rather than water temperature, and, as
reported by Seed (1976), the spawning period in
bivalves could be synchronised with the maximum
food abundance for favouring the posterior develop-
ment of the larvae.

Rodriguez-Moscoso (2000) studied the repro-
duction of Ruditapes decussatus in natural popula-
tions, and concluded that the gametogenic reabsorp-
tion phenomenon was unimportant. Our tests
showed insignificant presence of hemocytes (cells
responsible for reabsorption processes, Garcia-
Dominguez et al., 1998; Berthelin et al., 2000) and
cellular wastes (indicators of gamete phagocytosis
in the interior of the gonadal follicles) throughout
gonadal development. Reabsorption (Fig. 3f) was
more related to post-spawning than to gonadal
recession caused by nutritional insufficiency,
responding to a process of follicular regeneration
after a spawning or to the preparation of the gonad
before initiating a new period of sexual rest.
According to Bayne (1975) and Bayne ef al. (1978),
however, their experiments of starvation with
Mpytilus edulis concluded with the reabsorption of
spermatozoids and oocytes in the final phase of
development and, consequently, with gonadal reces-
sion. In our studies, suppression of gonadal devel-
opment was not observed. Individuals belonging to
this experiment (R), matured after a delay and
endured spawning episodes. Nevertheless, differ-
ences between the biological cycles and the anatom-
ical characteristics of the gonad of M. edulis and R.
decussatus may partly explain the distinct reproduc-
tive behaviour of these species under stress effects.

Our results suggest that a further consequence of
nutritional limitation during gonadal development
may be a lack of renovation of the germinal layers,
which assure gonadal recovery after partial or total
emission of gametes. The characteristics and physi-
ology of the oocyte and, consequently, fecundity and
larval viability should also be directly affected by
nutritional deficiencies (Bayne et al., 1978; Pipe,
1985). The morphology of the oocyte did not appear
to be affected by the feeding availability in our stud-
ies (Delgado and Pérez-Camacho, 2003). Neverthe-
less, future studies on the effects of serious nutri-
tional deficiencies on the viability of eggs and larvae
of this species would clearly be of interest.

For both males and females, we also observed a
disappearance of the muscular and interfollicular con-
nective tissue and the intrafollicular vesicular tissue
during the progression of gametogenic development,
as reported for Veneridae by Medhioub (1986) and
Rodriguez-Moscoso (2000). The energetic role
described for these cellular types appears to be
restricted to the earlier stages of gametogenesis.

The evolution of the dry weight of soft tissues
(DW) was also clearly conditioned by food abun-
dance. The three experiments constituted very dif-
ferent situations and may be envisaged as positive,
zero and negative energy balance (Bayne and
Newell, 1983; Delgado and Pérez-Camacho, 2003).
The high ration (H: 1 mg OM. g live weight! .day!)
showed a considerable increase in DW, which can
be interpreted as general tissue and gonadal growth.
The intermediate ration (I: 0.5 mg OM. g live
weight!.day') may be interpreted as a maintenance
ration, since DW was approximately constant. In
addition, the energy supply of the nutritionally
restricted ration (R: 0.25 mg OM. g live weight
l.day!) did not satisfy the basic requirements of the
organism, causing a decrease in DW during the first
41 days (Table 2). From this date on DW stabilised,
probably as a consequence of the decrease in the
energy expenditure of the clams, which has a direct
relationship with DW (Bayne and Newell, 1983).
These differences in energy balance would therefore
be responsible for the rate at which the gonadal
development occurs in this species.

The direct relationship between the increase in
DW and advancement of gametogenesis, reported
by various authors in studies of R. decussatus in nat-
ural populations (Pérez-Camacho, 1980; Arnaiz and
Pereira, 1984; Rodriguez-Moscoso, 2000), was
established in our study only under favourable nutri-
tional conditions (ration H). The decrease in DW for
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experiment R during the first 70 days did not neces-
sarily reflect the emission of gametes or the total
regression in the development of the gonadal tissue,
as interpreted by the above authors. Rather, we sug-
gest a loss of reserve (non-reproductive) tissue as a
consequence of the deficient feeding regime. The
evolution of DW indicates the energy status of the
organism, and the volume of gonad produced.

To summarise, provided that the experimental
temperature is adequate (18-20°C; Pérez-Camacho,
1977), R. decussatus channels the energy from
ingestion mainly to reproduction, especially in nutri-
tionally restricted situations. Thus, the clams were
able to sexually mature under the experimental con-
ditions, both with a somatic growth and with a loss
of body mass. However, food supply maintained a
direct relationship with the rate of gonadal develop-
ment and with the total quantity of gonad generated
(Delgado and Pérez-Camacho, 2003). Equally, food
supply restriction can limit the gonadal recovery
after spawning episodes.
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