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INTRODUCTION

Mussel on the Galician coastline classified as Mytilus
galloprovincialis (Sanjuan et al. 1989, Crespo et al.
1990) is an important species of commercial interest.
Thus, matters concerning growth, reproduction and
factors that may affect aspects of their biology are of
particular interest. This species has 2 spawning peri-
ods in Galicia, one in autumn and another, of greater
intensity, in spring (Aguirre 1979, Quintana 1986, Fer-
rán 1991). The presence of alterations in the germinal
cells during the most important spawning period may
affect reproductive success.

A tumour is defined as any swelling or abnormal
mass of tissue that is characterised by autonomous
uncontrolled growth (Sparks 1972). Over the past
20 yr, there has been an increase in research into
tumours of invertebrates, since previously, it was con-
sidered that invertebrates were not susceptible to
developing neoplasias (Engel 1930). Since then, an
increasing number of tumours has been detected in
these organisms.

In bivalve molluscs, most identified neoplasms have
been diagnosed as sarcomas of haematopoietic origin
(Lauckner 1983, Peters 1988, Elston et al 1992, Bower
et al. 1994, Rodriguez et al. 1997). This type of neo-
plasm has been associated with shellfish mortalities
on the east and west coasts of the USA and Europe
(Alderman et al. 1977, Appeldoorn & Oprandy 1980).
In Spain, particularly in Galicia, a similar case of
haemocytic sarcoma has been reported (Gutiérrez &
Sarrasquete 1986). This may be considered as the first
neoplasm described in Galician mussels. Other cases
of haemocytic sarcomas have also been found in
Ostrea edulis (Alderman et al. 1977), in Mytilus gallo-
provincialis (Figueras & Montes 1988, Figueras et al.
1991) and in Ruditapes decussatus (Villalba et al. 1995).

In contrast, only a few gonadal germinomas have
been reported in marine bivalve molluscs, mainly Mya
arenaria (Yevich & Barszcz 1976, 1977, Gardner et al.
1991, Peters et al. 1994, Barber 1996) Mercenaria spp.
(Barry & Yevich 1972, Hesselman et al. 1988) and 2
cases of germinoblastomas in Crassostrea virginica
(Peters et al. 1994). In M. arenaria it has been shown
that gonadal neoplasms have a negative impact on
reproduction, decreasing the number of eggs pro-
duced per individual (Barber 1996). The relation be-
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tween sex and size (Hesselman et al. 1988, Bert et al.
1993, Barber 1996), season (Hesselman et al. 1988) and
reproductive cycle (Ford et al. 1997) with the occur-
rence of gonadal neoplasia has been described.

In most cases of gonadal neoplasm, attempts were
made to link occurrence with environmental contami-
nation either from hydrocarbons (Barry & Yevich 1975,
Yevich & Barszcz 1976, 1977, Brown et al. 1977) or her-
bicides (Gardner et al. 1991, van Beneden et al. 1993),
as well as virus-like and unidentified infectious agents
(Farley et al. 1972, Harshbarger et al. 1979, Ford et
al. 1997) or even from biotoxins (Landsberg 1996). A
genetic mechanism in the etiology of the disease has
also been proposed (Bert et al. 1993, van Beneden et al.
1993). The etiology remains uncertain.

This paper reports for the first time the presence of a
gonadal neoplasm in Mytilus galloprovincialis from the
Ria of Vigo, Spain, and describes the occurrence of a sea-
sonal and sexual prevalence. We also form a hypothesis
about the possible etiology of this type of tumour.

MATERIAL AND METHODS

In this study we examined 850 males and females of
Mytilus galloprovincialis collected from the same loca-
tion in the Ria of Vigo (NW Spain) between June 1993
and July 1994, and between April 1996 and May 1997.
Thirty individuals were collected in the first sampling
and 10 in the second.

Samples were collected at 15 d intervals during the
collection periods and they were taken of the same size
(market size 7 cm long) and from approximately the
same depth (0.5 to 1 m).

In the Ria of Vigo, mussels are cultured on floating
rafts. A raft consists of a system of floats to support the
wooden grating from which mussels hang on lines.

Specimens collected from the same place on the raft
were dissected in the laboratory, and the gonads were
removed and fixed in Bouin’s fluid.
Subsequently, gonadal tissues were
processed using routine histological
techniques, sectioned at 5 µm and
stained with Mayer’s haematoxylin and
eosin. Additional slides were stained
with the Masson trichrome method to
visualise fibres of the connective tissue
and with periodic acid-Schiff reaction
counterstained with haematoxylin to
show mucosubstances.

Small pieces of the gonads were
fixed in 1% paraformaldehyde and
0.5% glutaraldehyde in cacodylate
buffer, then postfixed in 1% osmium
tetroxide, dehydrated in graded alco-

hol and acetone, and embedded in Spurr’s resin. Semi-
thin sections (0.7 µm) were stained with toluidine blue
for examination with a light microscope.

The degree of disease developed in mussels was
classified according to criteria defined by Peters et al.
(1994) and Barber (1996): Stage 1, neoplasm compris-
ing undifferentiated germ cells filling the lumens of 1
or more follicles; Stage 2, neoplasm is characterised by
the presence of undifferentiated germinal cells in 50%
of the visible follicles; Stage 3, all the follicles are
invaded, losing their architecture, and the neoplasm is
characterised by metastasis. Neoplastic cells appear in
the vascular sinuses and blood vessels. Characteristi-
cally, intra- and extra-follicular fibrosis appears.

RESULTS

A total of 850 individuals were analysed, 6% of
which presented pathological alteration in the devel-
opment of germinal cells and were considered as
gonadal neoplasms. In the individuals affected, we
noted that the proportion of follicles with neoplastic
characteristics was not constant, but rather ranged
from individuals with all the follicles affected to those
with a small proportion of altered follicles. Of the
gonadal neoplasm, 32 cases were in Stage 1, 18 cases
in Stage 2 and 5 cases in Stage 3. Gonads of both sexes
were affected, but males were more likely than fe-
males to have neoplasms, the latter appearing only in
sampling year 1993-94. This may have been because
the number of individuals sampled in year 1993-94 was
higher than in sampling year 1996-97 and because of
the low prevalence of females (Fig. 1).

Gonadal neoplasms were found only between March
and July for the first sampling, and from April to June
for the second. The highest prevalences were noted at
the start of spring, coinciding with an intense gameto-
genesis, and began to decrease in the early summer
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Fig. 1. Graph showing both monthly and sex prevalences of the gonad neoplasm
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just before the main spawning period of Mytilus gallo-
provincialis off the Spanish coastline (Fig. 1). Mussels
with heavy neoplasia (Stage 3) were present in April
and May.

No gross abnormalities were recognisable in the
neoplastic specimens, although histopathological ana-
lysis of the gonad tissue showed follicles filled with
abnormal cells. The follicles in these individuals

75

Figs 2 to 4. Gonad of
male mussels showing
abnormal cells invad-
ing adjacent tissues.

Fig. 2. Neoplastic cells
inside the gonoduct
(arrows), which show
a ciliated epithelium.
Haematoxylin and eo-
sin stain. Scale bar:
20 µm

Fig. 3. Gonadal follicles
showing the breach of
the basal membrane
and the infiltration of
the neoplastic cells in
the connective tissue
(arrows). Masson tri-
chrome stain. Scale
bar: 100 µm

Fig. 4. Neoplastic cells
inside a sinusoid (ar-
rows). Haematoxylin
and eosin stain. Scale
bar: 20 µm
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showed a heavy population of neoplastic cells, which
emptied into the gonoducts being observed in their
lumina (Fig. 2). In some cases, the basal membrane
surrounding the follicles was breached and the follicu-

lar cells infiltrated the adjacent connective tissue
(Fig. 3). A heavy concentration of neoplastic cells was
also found in vascular spaces (Fig. 4). In summary, a
range of lesions was observed: in situ or intra-follicular
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Figs 5 to 8. Gonadal folliccles of
males with cell changes. 

Fig. 5. Gonadal follicle affected
by neoplasia showing cells with
irregularly shaped chromatin
(arrowhead), large mononucle-
ated cells (arrow) and ghost
cells (thick arrows). Semithin
sections stained with toluidine
blue. Scale bar: 10 µm

Fig. 6. Multinucleated cells
showing 2 to 3 nuclei inside a
gonadal follicle affected by the
neoplasia (arrows). Semithin
sections stained with toluidine
blue. Scale bar: 10 µm

Fig. 7. The inside of a gonadal
follicle affected by the neoplasia
where it is possible to observe
picnotic (thick arrows) and kar-
riorhesis (arrows) nuclei, as
well as ghost cells (arrowheads).
Semithin sections stained with
toluidine blue. Scale bar: 10 µm

Fig. 8. Intrafollicular fibrosis
where it is possible to observe
thick basophile (arrows) and
thin eosinophile (white arrows)
fibres. Masson trichrome stain.
Scale bar: 20 µm
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neoplasia as well as infiltrating tumour, with features
suggesting vascular invasion, which may be the means
of metastatic dissemination.

The individuals affected had follicles with diverse de-
grees of cell changes where abundant mitotic figures
were noted, some presenting a considerable increase in
irregularly shaped chromatin (Fig. 5). We also found
mononucleated and multinucleated hypertrophied cells
that were larger than normal germinal cells. The nu-
cleus of the mononucleated cells was often eccentric
and the nucleolus was difficult to discern in the abun-
dant, clumped chromatin; moreover, nucleus to cyto-
plasm ratios were high (Fig. 5). Multinucleated cells
contained from 2 to 5 nuclei (Fig. 6). In addition, some
cells showed pycnotic and sometimes karyorhesis
nuclei (Fig. 7). Features of necrosis were observed with
karyorhesis, karyolisis and ghost cells (Figs 5 & 7).

Intra- and extra-follicular fibrosis was present in the
neoplastic areas representing a desmoplastic reaction
of the stroma around tumoural cells. The Masson
trichrome stain revealed 2 types of fibres. Basophile
fibres form thick walls between the germinal cells and
the connective tissue, and in vessels and gonoducts.
Eosinophile fibres, however, form a fine lattice be-
tween neoplastic cells (Fig. 8).

We noted no inflammatory lesion caused by any type
of parasite, nor did we find any abnormal haemocyte
invasion, although in specimens with follicles in
Stages 2 and 3, individuals were found with a moder-
ate to large profusion of haemocytes forming ‘nodules’
or dense groupings in the follicular lumen and gonod-
ucts. Tentatively, we related this to a mechanism of
eliminatory abnormal cells and to the recovery of the
connective tissue of the gonad.

On the basis of these morphological characteristics of
the neoplastic cells and their distribution in the tissue,
we have considered this abnormal gonadal condition
as a possible germinoma. We have found, however,
that most of the affected gonadal follicles contained
sperm or oocytes in all stages of normal maturation,
which appears to indicate that not all germinal cells
were affected.

DISCUSSION

Two types of gonadal neoplasms occur in marine
bivalves. The first major type of proliferating gonadal
disorder is called germinoma. The origin of this tumour
is found in the germinal cells. The second type,
reported in Crassostrea virginica (Peters et al. 1994), is
termed gonadoblastoma, which suggests a more pluri-
potent cell of origin, a gonadoblast.

In this work, mussels collected directly from rafts
located in the Ria of Vigo presented, from March to

July, a high percentage of gonadal disorders. Mam-
malian neoplastic cells have mainly 3 cytodiagnostic
characteristics: anisokaryosis, nuclear hyperchroma-
tism and anisocytosis (Lauckner 1983). Neoplastic cells
of Mytilus galloprovincialis appear to share these diag-
nostic properties with mammalian cancerous cells.

Contrary to what occurs in mammals, in molluscs
with an infiltrating tumour, some of the follicles contain
not only altered germinal cells but also some final
product of spermatogenesis, although the possible
viability of these gametes and the normality of the sub-
sequent embryonic and larval development remain to
be determined. Molluscs, however, have a shorter life
span, so the development of malignant neoplasms is a
briefer process (Cheng 1993).

On basis of the traditional classification of tumours,
we have considered this disorder as a gonadal neo-
plasm. Furthermore, this tumour appears to originate
only in the germinal cells, so that we consider it to be a
germinoma similar to those described in Mya arenaria
(Yevich & Barszcz 1977), Mercenaria mercenaria (Hes-
selman et al. 1988) or other mollusc species (Barry &
Yevich 1972, Hesselman et al. 1988, Peters et al. 1994).

Over the 2 yr sampling period, the majority of the
specimens affected presented a low percentage of
follicles where alteration occurred in the germinal
cells. A few individuals, however, also presented folli-
cle breakage and invasion of the connective tissue.
This suggests a progressive and potential lethal nature
of the tumour (Barry & Yevich 1975, Yevich & Barzcz
1976, 1977, Peters et al. 1994), although in Mytilus this
has not been shown. But if we take into account the
presence of nodules of phagocytes during some stages
of the disease, the absence of affected individuals for
most of the year and prevalences of as much as 50% in
certain months, we may hypothesise a possible recov-
ery of some individuals. Remission of disseminated
neoplasia has been hypothesised in molluscs with a low
level of the disease (for revision see Elston et al. 1992).

The appearance of lesions only in certain months of
the year leads us to consider that tumour development
may be linked to environmental or environmental pol-
lution factors affecting reproduction, since most of the
lesions coincide with the most important spawning
months. This fact may be associated with observations
by the farmers of a gradual decrease in capturing spat
from this mollusc, which is starting to affect the eco-
nomic development of the sector.

The seasonal appearance of neoplasia has also been
studied in Mercenaria spp. (Hesselman et al. 1988)
where no strong relation has been noted between dis-
ease development and season. These authors found a
correlation between water temperature and percent-
age of Mercenaria spp. with gonadal neoplasia. In
our study, the appearance of neoplastic individuals is
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clearly related to the season. However, water tempera-
ture in the Ria of Vigo showed no annual fluctuations,
maintaining an average value of 18 to 20°C, so that this
factor appears to be unimportant in terms of the
appearance or progress of the disease.

The presence of gonadal neoplasm has often been
linked with hydrocarbon pollution (Barry & Yevich
1975, Yevich & Barszcz 1976, 1977, Brown et al. 1977),
but attempts to induce the disease by exposure to oil-
derived hydrocarbons proved unsuccessful (Carajav-
ille 1991). In Mytilus galloprovincialis, exposure to low
and intermediate doses of oil-derived hydrocarbons
delays gamete release, but high doses induce spawn-
ing. Nevertheless, in none of the examined cases has
the appearance of neoplasias in exposed mussels been
proved (Cajaraville 1991). Other pollution factors, such
as waste water and water for agricultural use (herbi-
cides), have been associated with the presence of this
type of pathology (Poole & Arnold 1985), suggesting a
chemical etiology for this disease. Therefore, the pre-
cise origin of this disease is still unknown.

We consider that the presence of individuals affected
by the described germinoma only in the spring months
may be due to a certain chemical contamination event.
In both years the only contaminating event that coin-
cided with the appearance of the tumour was probably
linked with mussel raft cleaning and maintenance,
these tasks being carried out according to climatic con-
ditions, although generally conducted in early spring,
just 15 to 30 d before the appearance of neoplasia.
More detailed studies, however, should be conducted
to confirm the possible carcinogenic effects of the
chemical substances used in raft maintenance and
their classification as steroidic xenobiotics.

The highest prevalence of this germinoma in males
differs from that described in the literature cited by
other authors, where this type of tumour has a higher
frequency in females (Barry & Yevich 1972, Yevich &
Barszcz 1976, Hesselman et al. 1988, Gardner et al.
1991, Bert et al. 1993, Barber 1996). There is support
for the existence of a close relation between the sex of
the individual and a hormonal disorder.
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